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ABSTRACT 
 Environmental pollution is a world-wide problem and heavy metals are 
belonging the most important pollutants. Intense activity in the industrial and 
agricultural sectors has inevitably increased the levels of heavy metals in nature. For 
these reasons, it is essential to determine and compare the concentrations of heavy 
metals (Cd, Cu, Fe, Pb and Zn) in (fish and mollusk) and to examine the correlation of 
heavy metals between those in the Rang Thap Tab canal, from June 2004 to April 
2005, being an important canal of the Mae Khlong River. The canal is in Phraek Nam 
Daeng district, Samut Songkhram province, Thailand. The study also investigated the 
effect of monthly variation on physico-chemical water quality as well as accumulation 
and distribution of the heavy metals in sediment, water and aquatic organisms in the 
Rang Thap Tap canal. A microwave digestion system was used to prepare the samples 
for analysis. The metal analysis of samples were carried out by using Atomic 
Absorption Spectrophotometer (AAS)  

The results showed that the sequence of heavy metal concentrations in the 
samples was Fe > Zn > Cu > Pb > Zn. The concentrations of heavy metals in sediment 
found at site A were the highest, contrasting to site B which had the lowest levels. The 
highest concentrations in water were found at site C, while the lowest concentrations 
were found at site D. The highest concentrations in aquatic animals were found at site 
A, while site C had the lowest concentrations. Most the heavy metal concentrations 
were highest in April and lowest in December. The comparison of the heavy metal 
contents between the samples followed the order as follows: sediment > mollusk > fish 
> water. The levels of some heavy metals exceeded the acceptable values for human 
consumption designated by various health organizations. 

The results presented above showed that variation of months affected water 
quality as well as accumulation and distribution of heavy metals in sediment, water 
and aquatic animals. Accumulation of heavy metals in aquatic animals correlated to 
that in sediment more than in water. 
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CHAPTER I 

INTRODUCTION 

 

1.1 Rationale 

 

The heavy metal pollution has long been recognized as a serious environmental 

concern. Intense activities in the industrial and agricultural sectors, the principal cause, 

have inevitably increased the levels of heavy metals in natural waters. After pollutants 

are discharged into the water, they accumulate in sediments and aquatic organisms, 

especially fish and mollusc, and subsequently transferred to man through the food 

chain. The contamination of heavy metals is a serious threat because of their toxicity, 

long persistence, bioaccumulation, and biomagnification. All heavy metals are 

potentially harmful to most organisms at some level of exposure and absorption. 

Metals such as iron, copper, zinc, and manganese, are essential metals since they play 

an important role in biological system, on the other hand mercury, lead, and cadmium 

are non-essential elements, as they are toxic, even in traces. The essential metals can 

also produce toxic effects when the metal intake is excessively elevated (Mustafa, 

2003). 

Fish and mollusc are the major part of the human diet. They are at the higher 

levels of the food web and may accumulate large amounts of certain metals from the 

water. Accumulation patterns of contaminants in fish and other aquatic organisms 

depend both on uptake and elimination rates. Heavy metals are taken up through 

different organs of the fish because of the affinity between them. In this process, many 

of these heavy metals are concentrated at different levels in different organs of body 

(Karadede et al., 2004). 

Pollution is pervasive. Few countries, whether developing or industrialized, 

have adequately safeguarded water quality and controlled water pollution. Many 

countries do not have standards to control water pollution adequately, while others 

cannot enforce water quality standards. Increasingly, international development 
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agencies are urging that developing countries devote more attention to protecting and 

improving water quality. The developed world also must spend more and do more to 

clean up degraded waterways, or economic development will stall and the quality of 

life will fall. Pollution is a vexing problem in countries where the population is 

growing rapidly, development demands are great, and governments have other 

investment priorities. In developing countries, on average, 90% to 95% of all domestic 

sewage and 75% of all industrial waste are discharged into surface waters without any 

treatment what so ever (Canter, 1984). 

Thailand is a developing country. There are so increasingly development of 

industrial and agricultural sectors. As a consequence, industry and agriculture 

discharged wastes into environment such as rivers and canals, resulting in 

environmental pollutions. The main pollutant is toxic metal that has seriously affected 

on ecosystem. In the aquatic ecosystem, heavy metals are accumulated in sediment 

and aquatic organisms such as fish and mollusc which both are considered as the main 

protein sources of food for Thai people.  

The Rang Thap Tap Canal is a small water way which branches out from the 

Wat Pradu Canal, a tributary of the Mae Klong River that is one of the principal and 

important rivers in the central part of Thailand. The canal flows into the Yi San Canal 

and the Gulf of Thailand at Bang Tabun District, Phetchaburi Province. It has been 

used for many activities such as agriculture, industry, aquaculture, and transportation. 

At present water quality of the canal is very polluted due to direct and indirect 

discharges of industrial, agricultural and domestic wastes. The main source of wastes 

has been discharged from pig farms in Pak Tho District, Ratchaburi Province. There 

were 357,475 pigs in the district (Department of Livestock Development, 2000) and it 

is one of the most populated areas of pig in Thailand (Department of Livestock 

Development, 2001). The major hazardous pollutant from the pig farms is heavy 

metal. Furthermore, the canal water is used for paddy field and shrimp and fish 

farmings in Amphawa District, Samut Songkhram Province (Phangsombut, 2005).  

In the study, amounts of five heavy metals (Cd, Cu, Fe, Pb, and Zn) were 

determined from samples of water, sediment, and aquatic organisms in the Rang Thap 

Tap canal. 
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1.2 Objectives of the Study 

 

The goal of the study were aimed to study the accumulation and distribution of 

five heavy metals (Cd, Cu, Fe, Pb and Zn) in water, sediment and aquatic animals (fish 

and mollusc) in the Rang Thap Tap Canal, Amphawa District, Samut Songkhram 

Province. To fulfill the goal, the specific objectives are set as follows:  

1.2.1 To determine heavy metal concentrations (Cd, Cu, Fe, Pb and Zn) in water, 

sediment and aquatic animals (fish and mollusc, Pomacea canaliculata (Lamarck, 

1819)) in the Rang Thap Tap canal. 

1.2.2 To compare the heavy metal concentrations in water, sediment and aquatic 

animals in the monthly variation. 

1.2.3 To determine the physico-chemical characteristics of the Rang Thap Tap 

canal water  

 

1.3 Scopes of the Study 

 

1.3.1 The Rang Thap Tap Canal, Amphawa District, Samut Songkhram 

Province, a small water way branches out from the Wat Pradu Canal, a tributary of the 

Mae Klong River, is the study area covering the distance of about 5.5 km. : the section 

about 1 km. from the Huai Rong canal to the Pradu canal in Pak Tho district, 

Ratchaburi (site A), the section about 2 km. from the Pradu canal to the Rang Thap 

Tap canal (site B), and the section about 2.5 km. of the Rang Thap Tap canal in 

Amphawa district, Samut Songkhram provinces (site C, D and E). There were three 

sampling sites located in freshwater area and two sampling sites in seawater area. 

1.3.2 The period of this study is from June 2004 to April 2005 covering three 

seasons of the rainy, cold and hot seasons. Samples were collected every two months 

i.e., June 2004, August 2004, October 2004, December 2004, February 2005 and April 

2005.  

1.3.3 The heavy metals, including cadmium (Cd), copper (Cu), iron (Fe), lead 

(Pb), and zinc (Zn), were determined in the study. 

1.3.4 At least one of the native species of fish was chosen in each sampling site 

of study area depending on the monthly variation. 
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1.3.5 Pomacea canaliculata found only in freshwater was collected while in 

seawater, sample of mollusc cannot be collected. 

 

1.4 Limitation of the Study 

 

Some samples of aquatic animals cannot be collected in some months.  

 

1.5 Operational Definitions 

 

1.5.1 Heavy metals refered to Cadmium (Cd), Copper (Cu), Iron (Fe), Lead 

(Pb) and Zinc (Zn) 

1.5.2 Accumulation of heavy metals refered to the concentrations of heavy 

metals in water, sediment and aquatic animals (fish and mollusc). 

1.5.3 Distribution of heavy metals refered to a process which heavy metals 

accumulated in five sampling sites and sampling period of one year (from June 2004 

to April 2005). 

1.5.4 Aquatic animals refered to fish and mollusc collected from the Rang 

Thap Tap Canal. 

 1.5.5 Pomacea Canaliculata refered to mollusc species determined in the 

study.  
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1.6 Conceptual Framework 

 

The conceptual framework of the study is shown in Figure 1-1. 

 

 

Figure 1-1 Conceptual Framework of the Study 
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CHAPTER II 

LITERATURE REVIEW 

 

 

2.1 Water Quality Situation of the Mae Klong River 

The Mae Klong river is one of the main river basin in the Chao Phraya delta. 

The Chao Phraya delta comprises of three major basins, Chao Phraya, Tha Chin and 

Mae Klong basins. The Mae Khlong river supplies water supports fisheries, 

transportation and recreation and receives wastewater discharge. There are many 

environmental problems such as water pollution and ecological deterioration in these 

basins. Deterioration of river water quality has the greatest environment impact 

(Simachaya et al., 2002). 

The Mae Klong river is classified in class 3 of the Surface Water Quality 

Standard. Water quality monitoring results during the last decade (1984-1995) were to 

be fair and good water quality. The Mae Klong river is less polluted. The major 

contributors to pollution in this section were generated mainly from domestic and 

industrial activities. The first three major polluted contributors in the Mae Klong river 

regarding the respective parameters are high fecal and total coliform bacteria, high 

total solid and high turbidity (Simachaya et al., 2002). 

 

2.2 Water Quality Situation of the Rang Thap Tap Canal 

The Rang Thab Tap Canal is a small waterway that branches out from the Wat 

Pradu canal, a tributary of the Mae Klong River that is one of the main and important 

rivers in the central part of Thailand. The canal flows into the Yi San canal and the 

Gulf of Thailand at Bang Tabun District, Phetchaburi province. The water source from 

the canal has been used for many activities such as consumption, agriculture, 

aquaculture, fishing, industry, and transportation (Phangsombut, 2005). 
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2.2.1 Material Flow of the Heavy Metals in the Rang Thap Tap Canal 
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At present water quality of the canal is very pollutated especially in the hot 

season owing to direct and indirect discharges of industrial, agricultural, and 

municipal sectors. In the aspect of wastewater source discharged into the canal the 

major source comes from pig farm sewage in Pak Tho District, Ratchaburi Province. 

There were 357,475 pigs in the district (Department of Livestock Development, 2000) 

and it is one of the most populated areas of pig in Thailand (Department of Livestock 

Development, 2001). Unfortunately water source from the canal is also used for paddy 

rice growing and shrimp and fish farmings in Amphawa District, Samut Songkhram 

Province. The conflict between the uses of the water source of the Rang Thap Tap 

canal has already existed and the situation is getting more and more serious 

(Phangsombut, 2005). 

 

2.3 Sources and Characteristics of Water Pollution 

The sources of water pollution can be divided into two groups. 

2.3.1 Anthropogenic Sources  

The major anthropogenic sources of water pollution can be classified as 

municipal, industrial, and agricultural sources.  

2.3.1.1 Municipal Water Pollution 

The municipal water pollution consists of wastewater from households and 

commercial establishments. For many years, the main goal of treating municipal 

wastewater was simply to reduce its content of suspended solids, oxygen-demanding 

materials, dissolved inorganic compounds, and harmful bacteria. In recent years, 

however, more stress has been placed on improving means of disposal of the solid 

residues from the municipal treatment processes. The basic methods of treating 

municipal wastewater fall into three stages: primary treatment, including grit removal, 

screening, grinding, and sedimentation; secondary treatment, which entails oxidation 

of dissolved organic matter by means of using biologically active sludge, which is then 

filtered off; and tertiary treatment, in which advanced biological methods of nitrogen 

removal and chemical and physical methods such as granular filtration and activated 

carbon absorption are employed. The handling and disposal of solid residues can 
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account for 25 to 50 % of the capital and operational costs of a treatment plant 

(Lenntech Water Treatment & Air Purification Holding, 2005). 

2.3.1.2 Industrial Water Pollution 

The characteristics of industrial waste waters can differ considerably both 

within and among industries. The impact of industrial discharges depends not only on 

their collective characteristics, such as biochemical oxygen demand and the amount of 

suspended solids, but also on their content of specific inorganic and organic 

substances. Three options are available in controlling industrial wastewater. Control 

can take place at the point of generation in the plant; wastewater can be pretreated for 

discharge to municipal treatment sources; or wastewater can be treated completely at 

the plant and either reused or discharged directly into receiving waters (Lenntech 

Water Treatment & Air Purification Holding, 2005). 

2.3.1.3 Agricultural Water Pollution 

Agriculture, including commercial livestock and poultry farming, is the source 

of many organic and inorganic pollutants in surface waters and groundwater. These 

contaminants include both sediment from erosion cropland and compounds of 

phosphorus and nitrogen that partly originate in animal wastes and commercial 

fertilizers. Animal wastes are high in oxygen demanding material, nitrogen and 

phosphorus, and they often harbor pathogenic organisms. Wastes from commercial 

feeders are contained and disposed of on land; their main threat to natural waters, 

therefore, is from runoff and leaching. Control may involve settling basins for liquids, 

limited biological treatment in aerobic or anaerobic lagoons, and a variety of other 

methods (Lenntech Water Treatment & Air Purification Holding, 2005). 

2.3.2 Natural Sources 

The natural sources include: 

- Seasonal turnover of lakes and embayments, 

- Siltation due to floods, 

- Eutrophication of lake due to seasonal changes, 

- Acid rain caused by natural volcanic discharges or smog from factories, 

- Acid pollution of rivers and lakes by runoff from naturally acid soils, 
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- Carbondioxide discharges and runoff, volcanic or mineral. 

 

2.4 Effects of Water Pollution 

The effects of water pollution are varied. They include poisonous drinking 

water, poisionous food animals (due to these organisms having bioaccumulated toxins 

from the environment over their life spans), unbalanced river and lake ecosystems that 

can no longer support full biological diversity, deforestation from acid rain, and many 

other effects. These effects are, of course, specific to the various contaminants 

(Lenntech Water Treatment & Air Purification Holding, 2005). 

 

2.5 Heavy Metals 

The term heavy metal refers any metallic chemical element that has a relatively 

high density and is toxic or poisonous at low concentrations. Example of heavy metals 

include mercury, cadmium, chromium,and lead. Heavy metals are natural components 

of the Earth’s crust. They cannot be degraded or destroyed. To a small extent they 

enter our bodies via food, drinking water and air. As trace elements, some heavy 

metals are essential to maintain the metabolism of the human body. However, at 

higher concentrations they can lead to poisoning. Heavy metal poisoning could result, 

for instance, from drinking water concentration (lead pipes), high ambient air 

concentrations near emission sources, or intake via the food chain. Heavy metals are 

dangerous because they tent to bioaccumulation. Bioaccumulation means an increase 

in the concentration of a chemical in a biological organism over time, compared to the 

chemical’s concentrations in the environment. Compounds accumulate in living things 

any time up and stored faster than they are broken down(metabolized) or excreted. 

Heavy metals can enter a water supply by industrial and consumer waste, or even from 

acidic rain breaking down soils and releasing heavy metals into streams, lakes, rivers, 

and groundwater (Lenntech Water Treatment & Air Purification Holding, 2005).  

2.5.1 Sources of Heavy Matals  

Sources of heavy metals are as follows: 
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2.5.1.1 Geochemical Sources 

In geological terms heavy metals are included in the group of elements referred 

to as ‘trace elements’ shich together constitute less than 1% of the rocks in the earth’s 

crust; the macroelements (O, Si, Al, Fe, Ca, Na, K, Mg, Ti, H, P and S) comprise 99% 

of the earth’s crust. The natural enrichment of metals in the soils may still give rise to 

harmful effects in living organisms. 

2.5.1.2 Agricultural Materials 

Agriculture constitutes one of the very important non-point sources of metal 

pollutants. The main sources are: 

- impurities in fertilizers: Cd, Cr, Mo, Pb, U, V, Zn (e.g. Cd and U in 

phosphatic fertilizers); 

- pesticides: Cu, As, Hg, Pb, Mn, Zn (e.g. Cu, Zn and Mn-based 

fungicides, Hg seed dressings, historical Pb-As orchard sprays); 

- desiccants: As for cotton; 

- wood preservatives: As, Cu; 

- wastes from intensive pig and poulty production: Cu, As; 

- composts and manures: Cd, Cu, Ni, Pb, Zn, As; 

- sewage sludge: especially Cd, Ni, Cu, Pb, Zn (but many other elements); 

- corrosion of metal objects (e.g. galvanized metal roofs and wire fences: 

Zn and Cd). 

2.5.1.3 Metallurgical Industries 

Many heavy metals are used in specialist alloys and steels: V, Mn, Pb, W, Mo, 

Cr, Co, Ni, Cu, Zn, Sn, Si, Ti, Te, Ir, Ge, Tl, Sb, In, Cd, Be, Bi, Li, As, Ag, Sb, Pr, Os, 

Nb, Gd. Hence both the manufacture and disposal, or recycling, of these alloys in 

scrap metal can lead to environmental pollution of wide range of metals. 

2.5.1.4 Waste Disposal 

Many metals, especially Cd, Cu, Pb, Sn and Zn, are dispersed into the 

environment in leachates from landfills, which pollute soils and groundwaters, and in 

fumes from incinerators. 
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2.5.1.5 Other Sources 

Other significant sources of heavy metal pollution in manufacture (sometimes 

in use) and disposal include: 

- Batteries – Pb, Sb, Zn, Cd, Ni, Hg, Pm 

- Pigments and paints – Pb, Cr, As, Sb, Se, Mo, Cd, Ba, Zn, Co, I, Ti 

- Catalysts – Pt, Sm, Sb, Ru, Co, Rh, Re, Pd, Os, Ni, Mo, I 

- Polymer stabilizers – Cd, Zn, Sn, Pb (from incineration of plastics) 

- Printing and graphics – Se (xerox process), Pb, Cd, Zn, Cr, Ba 

- Medical uses: dental alloy – Ag, Sn, Hg, Cu, Zn 

drugs/medicinal perparations – As, Bi, Sb, Se, Ba, Ta, Li, Pt 

- Additives in fuels and lubricants – Se, Te, Pb, Mo, Li (Alloway and 

Ayres, 1993) 

2.5.2 Cadmium 

2.5.2.1 Chemical Properties of Cadmium 

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

atomic mass of 112.4. The melting point is at 3210C and boiling point is at 7670C. The 

density is 8.7 g.cm-3 at 200C and the number of isotope is 15. 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 is dissoloved in 

hot HCl, H2SO4 and more readily in HNO3. Some of cadmium salt such as haloginated 

salt, sulphate and nitrate are soluble in water, while sulfide, hydroxide, and carbonates 

cadmium are insoluble. Cadmium can be oxidized in moist air at room temperature. At 

high temperature, the oxidation is more rapid and producing a browning cadmium 

oxide fume (CdO) (Lenntech Water Treatment & Air Purification Holding, 2005). 

2.5.2.2 Uses of Cadmium 

Cadmium is primary used in electroplating. A thin layer of cadmium is 

deposited by electrolysis on metal objects made of steel, iron and brass to prevent 

corrosion. It provides good electric conductivity, high ductile and good corrosion 

resistance to tropical atmosphere, saltwater, and alkali substances. Also, cadmium is 
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used as the anode in nickel-cadmium batteries. The advantage of these batteries are 

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

temperature of these batteries is their low energy density and high cost. In addition 

cadmium is used in pigment in coloring glass, elastics, textiles, paper, and rubber, 

printing inks, ceramic glaze and fireworks (Bunsong, 2003). 

2.5.2.3 Effects of Cadmium on Human Health 

Cadmium can mainly be found in the earth's crust. It always occurs in 

combination with zinc. Cadmium also consists in the industries as an inevitable by-

product of zinc, lead and copper extraction. After being applied it enters the 

environment mainly through the ground, because it is found in manures and pesticides. 

Human uptake of cadmium takes place mainly through food. Foodstuffs that are rich 

in cadmium can greatly increase the cadmium concentration in human bodies. 

Examples are liver, mushrooms, shellfish, mussels, cocoa powder and dried seaweed. 

An exposure to significantly higher cadmium levels occurs when people smoke. 

Tobacco smoke transports cadmium into the lungs. Blood will transport it through the 

rest of the body where it can increase effects by potentiating cadmium that is already 

present from cadmium-rich food. Other high exposures can occur with people who 

live near hazardous waste sites or factories that release cadmium into the air and 

people that work in the metal refinery industry. When people breathe in cadmium it 

can severely damage the lungs. This may even cause death. Cadmium is first 

transported to the liver through the blood. There, it is bond to proteins to form 

complexes that are transported to the kidneys. Cadmium accumulates in kidneys, 

where it damages filtering mechanisms. This causes the excretion of essential proteins 

and sugars from the body and further kidney damage. It takes a very long time before 

cadmium that has accumulated in kidneys is excreted from a human body. 

Other health effects that can be caused by cadmium are: 

- Diarrhoea, stomach pains and severe vomiting 

            - Bone fracture 

            - Reproductive failure and possibly even infertility 

            - Damage to the central nervous system 

            - Damage to the immune system 
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            - Psychological disorders 

            - Possibly DNA damage or cancer development (Lenntech Water Treatment & 

Air Purification Holding, 2005) 

2.5.2.4 Effects of Cadmium on Environments 

Naturally a very large amount of cadmium is released into the environment, 

about 25,000 tons a year. About half of this cadmium is released into rivers through 

weathering of rocks and some cadmium is released into air through forest fires and 

volcanoes. The rest of the cadmium is released through human activities, such as 

manufacturing. Cadmium waste streams from the industries mainly end up in soils. 

The causes of these waste streams are for instance zinc production, phosphate ore 

implication and bio industrial manure. Cadmium waste streams may also enter the air 

through (household) waste combustion and burning of fossil fuels. Because of 

regulations only little cadmium now enters the water through disposal of wastewater 

from households or industries. Another important source of cadmium emission is the 

production of artificial phosphate fertilizers. Part of the cadmium ends up in the soil 

after the fertilizer is applied on farmland and the rest of the cadmium ends up in 

surface waters when waste from fertilizer productions is dumped by production 

companies. Cadmium can be transported over great distances when it is absorbed by 

sludge. This cadmium-rich sludge can pollute surface waters as well as soils. 

Cadmium strongly adsorbs to organic matter in soils. When cadmium is present in 

soils it can be extremely dangerous, as the uptake through food will increase. Soils that 

are acidified enhance the cadmium uptake by plants. This is a potential danger to the 

animals that are dependent upon the plants for survival. Cadmium can accumulate in 

their bodies, especially when they eat multiple plants. Cows may have large amounts 

of cadmium in their kidneys due to this. Earthworms and other essential soil organisms 

are extremely susceptive to cadmium poisoning. They can die at very low 

concentrations and this has consequences for the soil structure. When cadmium 

concentrations in soils are high they can influence soil processes of microrganisms and 

threat the whole soil ecosystem. In aquatic ecosystems cadmium can bio accumulate in 

mussels, oysters, shrimps, lobsters and fish. The susceptibility to cadmium can vary 

greatly between aquatic organisms. Salt-water organisms are known to be more 
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resistant to cadmium poisoning than freshwater organisms. Animals eating or drinking 

cadmium sometimes get high blood-pressures, liver disease and nerve or brain damage 

(Lenntech Water Treatment & Air Purification Holding, 2005). 

2.5.3 Copper 

2.5.3.1 Chemical Properties of Copper 

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

mass of 63.546. The melting point is 10830C and boiling point is 25950C. The density 

is 8.9 g.cm-3 at 200C and the number of isotopes is 6.Copper is reddish colored, a 

bright metallic luster, malleable, ductile and holds good conductivity of heat and 

electricity. It is soluble in nitric acid, hot sulfuric acid and dissolved slowly in 

ammonia water, but is insoluble in hot or cold water. Other forms 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 (Lenntech Water Treatment & Air Purification 

Holding, 2005).  

2.5.3.2 Uses of Copper 

Pure copper is extensively used for electrical current, electrical contracts, 

cables and wires, and electroplating and alloys, panels for absorbing  solar energy, and 

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

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

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

many uses in catalyst, batteries, desulfurizing oils, paints, insecticides 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 pigments pyrotechnics, insecticide, fungicide, and brass coloring. Copper 

chloride (CuCl2) is used as a disinfectant, in metallurgy, preservation of wood pulp, 

deodorizing and desulfurizing petroleum distillates, photography and water 

purification (Bunsong, 2003). 
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2.5.3.3 Effects of Copper on Human Health 

Copper is a very common substance that occurs naturally in the environment 

and spreads through the environment through natural phenomena. Humans widely use 

copper. For instance it is applied in the industries and in agriculture. The production of 

copper has lifted over the last decades and due to this copper quantities in the 

environment have expanded. Copper can be found in many kinds of food, in drinking 

water and in air. Because of that we absorb eminent quantities of copper each day by 

eating, drinking and breathing. The absorption of copper is necessary, because copper 

is a trace element that is essential for human health. Although humans can handle 

proportionally large concentrations of copper, too much copper can still cause eminent 

health problems. Most copper compounds will settle and be bound to either water 

sediment or soil particles. Soluble copper compounds form the largest threat to human 

health. Usually water-soluble copper compounds occur in the environment after 

release through application in agriculture. Copper concentrations in air are usually 

quite low, so that exposure to copper through breathing is negligible. But people that 

live near smelters that process copper ore into metal do experience this kind of 

exposure. People that live in houses that still have copper plumbing are exposed to 

higher levels of copper than most people, because copper is released into their 

drinking water through corrosion of pipes. Occupational exposure to copper often 

occurs. In the work place environment copper contagion can lead to a flu-like 

condition known as metal fever. This condition will pass after two days and is caused 

by over sensitivity. Long-term exposure to copper can cause irritation of the nose, 

mouth and eyes and it causes headaches, stomachaches, dizziness, vomiting and 

diarrhoea. Intentionally high uptakes of copper may cause liver and kidney damage 

and even death. Whether copper is carcinogenic has not been determined yet. There 

are scientific articles that indicate a link between long-term exposure to high 

concentrations of copper and a decline in intelligence with young adolescents. 

Whether this should be of concern is a topic for further investigation. Industrial 

exposure to copper fumes, dusts, or mists may result in metal fume fever with atrophic 

changes in nasal mucous membranes. Chronic copper poisoning results in Wilson’s 

Disease, characterized by a hepatic cirrhosis, brain damage, demyelination, renal 
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disease, and copper deposition in the cornea (Lenntech Water Treatment & Air 

Purification Holding, 2005). 

2.5.3.4 Effects of Copper on Environments 

The world's copper production is still rising. This basically means that more 

and more copper ends up in the environment. Rivers are depositing sludge on their 

banks that is contaminated with copper, due to the disposal of copper-containing 

wastewater. Copper enters the air, mainly through release during the combustion of 

fossil fuels. Copper in air will remain there for an eminent period of time, before it 

settles when it starts to rain. It will then end up mainly in soils. As a result soils may 

also contain large quantities of copper after copper from the air has settled.Copper can 

be released into the environment by both natural sources and human activities. 

Examples of natural sources are wind-blown dust, decaying vegetation, forest fires and 

sea spray. A few examples of human activities that contribute to copper release have 

already been named. Other examples are mining, metal production, wood production 

and phosphate fertilizer production. Because copper is released both naturally and 

through human activity it is very widespread in the environment. Copper is often 

found near mines, industrial settings, landfills and waste disposals. When copper ends 

up in soil it strongly attaches to organic matter and minerals. As a result it does not 

travel very far after release and it hardly ever enters groundwater. In surface water 

copper can travel great distances, either suspended on sludge particles or as free ions. 

Copper does not break down in the environment and because of that it can accumulate 

in plants and animals when it is found in soils. On copper-rich soils only a limited 

number of plants has a chance of survival. That is why there is not much plant 

diversity near copper-disposing factories. Due to the effects upon plants copper is a 

serious threat to the productions of farmlands. Copper can seriously influence the 

proceedings of certain farmlands, depending upon the acidity of the soil and the 

presence of organic matter. Despite of this, copper-containing manures are still 

applied. Copper can interrupt the activity in soils, as it negatively influences the 

activity of microrganisms and earthworms. The decomposition of organic matter may 

seriously slow down because of this. When the soils of farmland are polluted with 

copper, animals will absorb concentrations that are damaging to their health. Mainly 
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sheep suffer a great deal from copper poisoning, because the effects of copper are 

manifesting at fairly low concentrations (Lenntech Water Treatment & Air 

Purification Holding, 2005). 

2.5.4 Iron 

2.5.4.1 Chemical Properties of Iron 

The chemical symbol of iron is Fe with an atomic number of 26 and atomic 

mass of 55.85. The melting point is at 1536 0C and boiling is at 2750 0C. The density is 

7.8 g.cm-3 at 200C and the number of isotopes is 8. Iron is a silver-white, hard brittle, 

fairly fusible, and ductile. Iron is also one of the three naturally magnetic element, 

other are cobalt and nickle. Iron has four allotropic forms i.e., alpha, beta, gamma,and 

delta. The alpha form is magnetic, but when transformed into the beta form, the 

magnetism dissipates. The pure iron is very reactive chemically, and rapidly corrodes, 

especially in moist air at elevated temperature. It is readily dissolved in dilution 

mineral acid and organic acid (Lenntech Water Treatment & Air Purification Holding, 

2005). 

2.5.4.2 Uses of Iron 

About 98% of iron ore are used for making steel, one of the greatest inventions 

and most useful materials ever created. Iron alloys with small amounts of chromium 

improve durability and prevent rust; nickel increases durability and resistance to heat 

and acid; manganese increase strength and resistance to wear; and vanadium increase 

strength and springiness. These alloys are used to make construction, automobile, and 

other form of transportation such as trucks, trains and train trucks. In addition, power 

iron is used in metallurgy products, magnets, auto parts, and catalyst. Iron blue is used 

in paints, printing inks, plastic, cosmetics, artist colors, laundry blue, paper, drying and 

fertilize. Black iron oxide is used in pigment, metallurgy, medicine, magnetic inks, 

and in ferrets for electronic industry (Bunsong, 2003). 

2.5.4.3 Effects of Iron on Human Health 

Iron can be found in meat, whole meal products, potatoes and vegetables. The 

human body absorbs iron in animal products faster than iron in plant products. Iron is 
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an essential part of hemoglobin; the red colouring agent of the blood that transports 

oxygen through our bodies may cause conjunctivitis, choroiditis, and retinitis if it 

contacts and remains in the tissues. Chronic inhalation of excessive concentrations of 

iron oxide fumes or dusts may result in development of a benign pneumoconiosis, 

called siderosis, which is observable as an x-ray change. No physical impairment of 

lung function has been associated with siderosis.Inhalation of excessive concentrations 

of iron oxide may enhance the risk of lung cancer development in workers exposed to  

pulmonary carcinogens. LD50 (oral, rat) = 30 gm/kg. (LD50: Lethal dose 50, Single 

dose of a substance that causes the death of 50% of an animal population from 

exposure to the substance by any route other than inhalation. Usually expressed as 

milligrams or grams of material per kilogram of animal weight (mg/kg or g/kg) 

(Lenntech Water Treatment & Air Purification Holding, 2005). 

2.5.4.4 Effects of Iron on Environments 

Iron (III)-O-arsenite, pentahydrate may be hazardous to the environment; 

special attention should be given to plants, air and water. It is strongly advised not to 

let the chemical enter into the environment because it persists in the environment 

(Lenntech Water Treatment & Air Purification Holding, 2005). 

2.5.5 Lead 

2.5.5.1 Chemical Properties of Lead 

The chemical symbol of lead is Pb with an atomic number of 82 and atomic 

weight of 207.2. The melting point is at 3270C and boiling point is at 17550C. The 

density is 11.34 g.cm-3 and the number of isotopes is 13. The usual state of lead are +2 

and +4. Lead is a bluish-white lustrous metal. It is very soft, highly malleable, ductile, 

and a relatively poor conductor of electricity. It is very resistant to corrosion but 

tarnishes upon exposure to air. The salt of Pb(II) such as lead oxide and lead sulfide 

are insoluble in water, while lead acetate, lead chloride and lead chlorate are soluble in 

water (Lenntech Water Treatment & Air Purification Holding, 2005). 
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2.5.5.2 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 and as a paint pigment. Lead dioxide (PbO2) is used in lead-acid storage 

batteries. Trilead tetraoxide (Pb3O4) is used to make a reddish-brown paint that 

prevents rust on outdoors steel structures. 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 cables to 

protect them from corrosion, as material to absorb vibrations and sounds and in the 

manufacture of ammunition (Bunsong, 2003). 

2.5.5.3 Effects of Lead on Human Health 

Lead is a soft metal that has known many applications over the years. It has 

been used widely since 5000 BC for application in metal products, cables and 

pipelines, but also in paints and pesticides. Lead is one out of four metals that have the 

most damaging effects on human health. It can enter the human body through uptake 

of food (65%), water (20%) and air (15%). Foods such as fruit, vegetables, meats, 

grains, seafood, soft drinks and wine may contain significant amounts of lead. 

Cigarette smoke also contains small amounts of lead. Lead can enter (drinking) water 

through corrosion of pipes. This is more likely to happen when the water is slightly 

acidic. That is why public water treatment systems are now required to carry out pH-

adjustments in water that will serve drinking purposes. For as far as we know, lead 

fulfils no essential function in the human body, it can merely do harm after uptake 

from food, air or water. 

Lead can cause several unwanted effects, such as: 

- Disruption of the biosynthesis of haemoglobin and anaemia 

- A rise in blood pressure 

- Kidney damage 

            - Miscarriages and subtle abortions  

- Disruption of nervous systems 

- Brain damage 

- Declined fertility of men through sperm damage 
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- Diminished learning abilities of children 

- Behavioural disruptions of children, such as aggression, impulsive behaviour 

and hyperactivity 

Lead can enter a foetus through the placenta of the mother. Because of this it 

can cause serious damage to the nervous system and the brains of unborn children 

(Lenntech Water Treatment & Air Purification Holding, 2005). 

2.5.5.4 Effects of Lead on Environments 

Lead occurs naturally in the environment. However, most lead concentrations 

that are found in the environment are a result of human activities. Due to the 

application of lead in gasoline an unnatural lead-cycle has consisted. In car engines 

lead is burned, so that lead salts (chlorines, bromines, oxides) will originate.These lead 

salts enter the environment through the exhausts of cars. The larger particles will drop 

to the ground immediately and pollute soils or surface waters, the smaller particles will 

travel long distances through air and remain in the atmosphere. Part of this lead will 

fall back on earth when it is raining. This lead-cycle caused by human production is 

much more extended than the natural lead-cycle. It has caused lead pollution to be a 

worldwide issue. Not only leaded gasoline causes lead concentrations in the 

environment to rise. Other human activities, such as fuel combustion, industrial 

processes and solid waste combustion, also contribute. Lead can end up in water and 

soils through corrosion of leaded pipelines in a water transporting system and through 

corrosion of leaded paints. It cannot be broken down; it can only converted to other 

forms. Lead accumulates in the bodies of water organisms and soil organisms. These 

will experience health effects from lead poisoning. Health effects on shellfish can take 

place even when only very small concentrations of lead are present. Body functions of 

phytoplankton can be disturbed when lead interferes. Phytoplankton is an important 

source of oxygen production in seas and many larger sea-animals eat it. That is why 

we now begin to wonder whether lead pollution can influence global balances.Soil 

functions are disturbed by lead intervention, especially near highways and farmlands, 

where extreme concentrations may be present. Soil organisms then suffer from lead 

poisoning, too. Lead is a particularly dangerous chemical, as it can accumulate in 
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individual organisms, but also in entire food chains (Lenntech Water Treatment & Air 

Purification Holding, 2005).  

2.5.5.5 Lead in Freshwater Environment 

Beside the normal changes in freshwater due to metals, lead has it own 

characteristics. The chemical properties of lead make it a useful material, so it is used 

widely in pipes, battery cases, paints, ect. and tetraethyl lead is used as a petrol 

additive. A total of 4 million tons of lead are mined worldwide in one year. It becomes 

extracted from the galena ore (PbS). The latter has been the most important source of 

organic lead to the environment and has been widely dispersed, with contamination 

increasing sharply from the 1950’s, even in remote areas, with the growth in the 

number of automobiles. The use of lead in ammunition has created some serious 

environmental problems. Organolead compounds have been used extensively for 

control of caterpillars on fruit crops. 

Scientific research has displayed that lead of several concentrations in 

freshwater fish. Exposure of a freshwater fish to several sublethal concentrations of 

lead for a period of 30 days showed significant accumulation of lead in the blood and 

tissues. Lead bioaccumulated in the study showed organ-specific distribution, with 

high levels in the blood followed by the kidney, gill, liver, brain and comparatively 

lesser amounts in the ovary and muscle tissues. The lead accumulation in tissues was 

found to increase with lead in water up to concentrations of 5 mg/L, and at 

concentrations of 10 and 20 mg/L the lead accumulation in the tissues, although 

indicating an increase, was not proportional to the concentration in water. Exposure of 

the freshwater fish Anabas testudineus to a sublethal (5 ppm) concentration of lead 

nitrate for a period of 30 days during the preparatory phase of its annual reproductive 

cycle reduced the total lipids, phospholipids, and cholesterol levels in the liver and 

ovary tissue (Lenntech Water Treatment & Air Purification Holding, 2005). 

2.5.6 Zinc 

2.5.6.1 Chemical Properties of Zinc 

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

weight of 65.37. The melting point is 4200C and boiling point is 9070C. The density is 
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7.11 g.cm-3 and the number of isotopes is 10, but Naturally occurring zinc consist of 

five isotopes. Pure zinc is bluish-white, shiny metal and strong ductile. It is grittle at 

ordinary temperature but malleable at 100 to 1500C. 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 (Lenntech Water Treatment & Air 

Purification Holding, 2005). 

2.5.6.2 Uses of Zinc 

Zinc is widely used in the production of alloys and in galvanization to protect 

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

equipment. Brass is one of the most important zinc alloys, which consists of mixture 

of 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 fluids (Bunsong, 2003). 

2.5.6.3 Effects of Zinc on Human Health 

Zinc is a very common substance that occurs naturally. Many foodstuffs 

contain certain concentrations of zinc. Drinking water also contains certain amounts of 

zinc, which may be higher when it is stored in metal tanks. Industrial sources or toxic 

waste sites may cause the zinc amounts in drinking water to reach levels that can cause 

health problems.Zinc is a trace element that is essential for human health. When 

people absorb too little zinc they can experience a loss of appetite, decreased sense of 

taste and smell, slow wound healing and skin sores. Zinc-shortages can even cause 

birth defects.Although humans can handle proportionally large concentrations of zinc, 

too much zinc can still cause eminent health problems, such as stomach cramps, skin 

irritations, vomiting, nausea and anaemia. Very high levels of zinc can damage the 

pancreas and disturb the protein metabolism, and cause arteriosclerosis. Extensive 

exposure to zinc chloride can cause respiratory disorders. In the work place 

environment zinc contagion can lead to a flu-like condition known as metal fever. This 

condition will pass after two days and is caused by over sensitivity. Zinc can be a 

danger to unborn and newborn children. When their mothers have absorbed large 
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concentrations of zinc the children may be exposed to it through blood or milk of their 

mothers (Lenntech Water Treatment & Air Purification Holding, 2005). 

2.5.6.4 Effects of Zinc on Environments 

Zinc occurs naturally in air, water and soil, but zinc concentrations are rising 

unnaturally, due to addition of zinc through human activities. Most zinc is added 

during industrial activities, such as mining, coal and waste combustion and steel 

processing. The world's zinc production is still rising. This basically means that more 

and more zinc ends up in the environment. Water is polluted with zinc, due to the 

presence of large quantities of zinc in the wastewater of industrial plants. This 

wastewater is not purified satisfactory. One of the consequences is that rivers are 

depositing zinc-polluted sludge on their banks. Zinc may also increase the acidity of 

waters.Some fish can accumulate zinc in their bodies, when they live in zinc-

contaminated waterways. When zinc enters the bodies of these fish it is able to bio 

magnify up the food chain.Large quantities of zinc can be found in soils. When the 

soils of farmland are polluted with zinc, animals will absorb concentrations that are 

damaging to their health. Water-soluble zinc that is located in soils can contaminate 

groundwater. Zinc cannot only be a threat to cattle, but also to plant species. Plants 

often have a zinc uptake that their systems cannot handle, due to the accumulation of 

zinc in soils. On zinc-rich soils only a limited number of plants has a chance of 

survival. That is why there is not much plant diversity near zinc-disposing factories. 

Due to the effects upon plants zinc is a serious threat to the productions of farmlands. 

Despite of this zinc-containing manures are still applied. Finally, zinc can interrupt the 

activity in soils, as it negatively influences the activity of microrganisms and 

earthworms. The breakdown of organic matter may seriously slow down because of 

this (Lenntech Water Treatment & Air Purification Holding, 2005).  

 

2.6 Heavy Metals Distribution and Accumulation in Aquatic Ecosystems 

Heavy metals can exist in water in different states. They can be dissolved or 

they can be in suspension, which means that they exist in the form of droplets or 

particles. The heavy metals can also be dissolved in droplets or absorbed by particles. 

All states of the heavy metals can travel great distances through water in many 
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different ways. Particulate matter may fall to the bottom of streams and lakes or rise to 

the surface. 

When the pH in water falls, metal solubility increases and the metal particles 

become more mobile. That is why metals are more toxic in soft waters. Metals can 

become ‘locked up’ in bottom sediments, where they remain for many years. Streams 

coming from draining mining areas are often very acidic and contain high 

concentrations of dissolved metals with little aquatic life. Both localized and dispersed 

metal pollution cause environmental damage because metals are non-biodegradable. 

Unlike some organic pesticides, metals cannot be broken down into less harmful 

components in the environment.  

Campbell and Stokes (1985) described two contrasting responses of an 

organism to a metal toxicity with declining pH: 

- If there is little change in speciation and the metal binding is weak at the 

biological surface, a decrease in pH will decrease owning to competition for binding 

sites from hydrogen ions. 

- Where there is a marked effect on speciation and strong binding of the metal 

at the biological surface, the dominant effect of a decrease in pH will be to increase 

the metal availability. 

Generally the ionic form of a metal is more toxic, because it can form toxic 

compounds with other ions. Electron transfer reactions that are connected with oxygen 

can lead to the production of toxic oxyradicals, a toxicity mechanism now known to be 

of considerable importance in both animals and plants. Some oxyradicals, such as 

superoxide anion (O2
-) and the hydroxyl radical (OH-), can cause serious cellular 

damage. 

Some inorganic pollutants are assimilated by organisms to a greater extent than 

others. This is reflected in the Bioconcentration Factor (BCF), which can be expressed 

as follows: 

BCF = concentration of the chemical in the organism/ concentration of the 

chemical in the ambient environment. 

The ambient environment for aquatic organisms is usually the water or 

sediments. With inorganic chemicals, the extent of long-term bioaccumulation 

depends on the rate of excretion. Toxic chemicals can be stored into tissues of species, 
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especially fat tissues. Bioaccumulation of cadmium in animals is high compared to 

most of the other metals, as it is assimilated rapidly and excreted slowly. Also the 

sensitivity of individuals of a particular species to a pollutant may be influenced by 

factors such as sex, age, or size. In general the concentrations of metals in 

invertebrates is inversely related to their body mass. In fish, the embryonic and larval 

stages are usually the most sensitive to pollutants. 

Benthic organisms are likely to be the most directly affected by metal 

concentrations in the sediments, because the benthos is the ultimate repository of the 

particulate materials that are washed into aquatic systems (Lenntech Water Treatment 

& Air Purification Holding, 2005). 

 
Source: Lenntech Water Treatment & Air Purification Holding (2005) 

Figure 2-2 The Fate of Heavy Metals in Aquatic Environment 
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2.6.1 Material Flow of Accumulation and Distribution of Heavy Metals in 

Environments 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2-3 Material Flow of Accumulation and Distribution of Heavy Metals in 

Environment 
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2.7 Biology and Ecology of Aquatic Animals 

2.7.1 Fish 

2.7.1.1 Anabas testudineus (Bloch, 1792) 

 

 
    Source: Butler (2003) 

Figure 2-4 Physiology of Anabas testudineus 

2.7.1.1.1 Taxonomy 

Kingdom : Animalia 

     Phylum : Chordata 

          Subphylum : Vertebrata 

               Class: Actinopterygii (ray-finned fishes) 

                    Order: Perciformes (perch-likes) 

                         Family: Anabantidae (Climbing gouramies) 

                              Genus : Anabas 

                                   Species : Anabas testudineus 

Common Name: Climbing perch 

2.7.1.1.2 Description 

Size: 25 cm. (male/unsexed) 

Diagnosis: Dorsal spines (total): 16-20; Dorsal soft rays (total): 7-10; Anal 

spines: 9-11; Anal soft rays: 8-11. Color in life dark to pale greenish, very pale below, 

back dusky to olive; head with longitudinal stripes ventrally; posterior margin of 

opercle with a dark spot; iris golden reddish. Body form variable, affected by age and 
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amount of food consumed. Scaled head with 4-5 rows between eye and rear margin of 

preoperculum. Scales large and regularly arranged, ciliate. 

Global Importance: fisheries: commercial; aquaculture: commercial; 

aquarium: commercial 

Dangerous: harmless 

2.7.1.1.3 Reproduction 

Fertilization: external 

Spawning Frequency: one clear seasonal peak per year 

Life Cycle and Mating Behavior: Guards eggs at the surface of hypoxic 

waters 

2.7.1.1.4 Biology and Distribution 

Biology: Found mostly in canals, lakes, ponds, swamps and estuaries. Occurs 

in medium to large rivers, brooks, flooded fields and stagnant water bodies including 

sluggish flowing canals. Often found in areas with dense vegetation. Can tolerate 

extremely unfavorable water conditions and is associated mainly with turbid, stagnant 

waters. Remains buried under the mud during the dry season. Feeds on macrophytic 

vegetation, shrimps and fish fry. Reported to undertake lateral migration from the Mae 

Klong mainstream, or other permanent water bodies, to flooded areas during the flood 

season and return to the permanent water bodies at the onset of the dry season. During 

the dry season, it stays in pools associated with submerged woods and shrubs. 

Possesses an accessory air-breathing organ. Able to survive for several days or weeks 

out of water if the air breathing organs can be kept moist. Fish famous for its ability to 

walk; important food fish in SE Asia, considered a tasty food fish but not of the finest 

quality since it is bony.  

Climate: tropical; 22 – 30°C; 28°N – 10°S 

Distribution: Asia: India to Wallace line including China. May have been 

distributed in more areas than were commonly reported (Butler, 2003). 
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2.7.1.2 Cirrhina jullieni Sauvage, 1878 

 

 
       Source: Butler (2003) 

Figure 2-5 Physiology of Cirrhina jullieni 

2.7.1.2.1 Taxonomy 

Kingdom : Animalia 

     Phylum : Chordata 

          Subphylum : Vertebrata 

               Class: Actinopterygii (ray-finned fishes) 

                    Order: Cypriniformes (carps) 

                         Family: Cyprinidae (Minnows or carps) 

                              Genus : Cirrhina 

                                   Species : Cirrhina jullieni 

Common Name: Jullien’s mud carp 

2.7.1.2.2 Description 

Size: 20 cm. (male/unsexed) 

Diagnosis: Dorsal spines (total): 0-0; Dorsal soft rays (total): 14-16; Vertebrae: 

34-35. Predorsal profile relatively steep; rostral barbels well developed, length more 

than one-half eye diameter; maxillary barbels absent. Somewhat similar to the much 

larger species C. molitorella, from where it differs markedly in coloration. Also, it is 

deeper bodied, especially anteriorly, and has a larger, more falcate anal fin, the distal 

end of which extends posteriorly to below posteriormost scales on caudal fin;13-14 

branched dorsal-fin rays; 65-68 gill rakers on lower arm of first arch; faint dark blotch 

on body above pectoral fin; smooth upper lip, lower lip weakly papillate. Body 
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without reticulate pattern; pectoral, pelvic, anal and lower caudal lobe usually bright 

red. 

Dangerous: harmless 

Global Importance: commercial fisheries  

2.7.1.2.3 Reproduction 

Fertilization: external 

Spawning Frequency: one clear seasonal peak per year 

2.7.1.2.4 Biology and Distribution 

Biology: Inhabits midwater to bottom depths of rivers, occurring in the main 

stem and on the floodplains, including freshwater areas that undergo tidal fluctuation. 

Feeds on algae, detritus and occasionally benthic invertebrates. Often marketed fresh 

and used to make prahoc. 

Climate: tropical 

Distribution: Asia: Chao Phraya and lower Mae Klong basins (Butler, 2003). 

2.7.1.3 Channa striata (Bloch, 1793) 

 

 
        Source: Butler (2003) 

Figure 2-6 Physiology of Channa striata 

2.7.1.3.1 Taxonomy 

Kingdom : Animalia 

     Phylum : Chordata 

          Subphylum : Vertebrata 
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               Class: Actinopterygii (ray-finned fishes) 

                    Order: Perciformes (perch-likes) 

                         Family: Channidae (Snakeheads) 

                              Genus : Channa 

                                   Species : Channa striata 

Common Name: Snakehead murrel 

2.7.1.3.2 Description 

Size: 100 cm. (male/unsexed) and max. published weight: 3,000 g 

Diagnosis: Dorsal spines (total): 0-0; Dorsal soft rays (total): 38-43; Anal 

spines: 0-0; Anal soft rays: 23-27. Body sub-cylindrical; head depressed; caudal fin 

rounded. The dorsal surface and sides is dark and mottled with a combination of black 

and ochre, and white on the belly; a large head reminiscent of a snake's head; deeply-

gaping, fully toothed mouth; very large scales. 

Dangerous: potential pest 

Global Importance: fisheries: highly commercial; aquaculture: commercial; 

aquarium: public aquariums 

2.7.1.3.3 Reproduction 

Fertilization: external 

Life Cycle and Mating Behavior: Breeds in ditches, ponds and flooded paddy 

fields. Young shoal at the surface and are guarded by parents, hiding below the surface 

water. In captivity, as soon as the male bends its body close to the female during 

mating, milt is released following the release of the eggs 

2.7.1.3.4 Biology and Distribution 

Biology: Inhabits ponds, streams and rivers, preferring stagnant and muddy 

water of plains. Found mainly in swamps, but also occurs in the lowland rivers. More 

common in relatively depth (1-2 m.), still water. Very common in freshwater plains. 

Occurs in medium to large rivers, brooks, flooded fields and stagnant waters including 

sluggish flowing canals. Survives the dry season by burrowing in bottom mud of 

lakes, canals and swamps as long as skin and air-breathing apparatus remain moist and 

subsists on the stored fat. Feeds on fish, frogs, snakes, insects, earthworms, tadpoles 
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and crustaceans. Undertakes lateral migration from the Mae Klong mainstream, or 

other permanent water bodies, to flooded areas during the flood season and returns to 

the permanent water bodies at the onset of the dry season. During the cold and dry 

seasons, its flesh around coelomic cavity is heavily infested by a larval trematode, 

Isoparorchis hypselobargi. Other parasites infecting this fish include Pallisentis 

ophicephali in the intestine and Neocamallanus ophicepahli in the pyloric caecae. 

Processed into pra-hoc, mam-ruot, and mam-ca-loc (varieties of fish paste) in 

Kampuchea. Perhaps the main food fish in Thailand, Indochina and Malaysia. Firm 

white flesh almost bone-free, heavy dark skin good for soup and usually sold 

separately. In Hawaiian waters the largest specimen taken reportedly exceeded 150 

cm.  

Climate: tropical; 23 – 27°C; 35°N – 18°S 

Distribution: Asia: Pakistan to Thailand and south China (Butler, 2003). 

2.7.1.4 Oxyeleotris marmorata (Bleeker, 1852) 
 

 
    Source: Butler (2003) 

Figure 2-7 Physiology of Oxyeleotris marmorata 

2.7.1.4.1 Taxonomy 

Kingdom : Animalia 

     Phylum : Chordata 

          Subphylum : Vertebrata 

               Class: Actinopterygii (ray-finned fishes) 

                    Order: Perciformes (perch-likes) 

                         Family: Eleotridae (Sleepers) 
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                              Genus : Oxyeleotris 

                                   Species : Oxyeleotris marmoratus 

Common Name: Marbled sleepy goby, Sand goby, Marble goby 

2.7.1.4.2 Description 

Size: 65 cm. (male/unsexed) 

Diagnosis: Dorsal spines (total): 7-7; Dorsal soft rays (total): 9-9; Anal spines: 

1-1; Anal soft rays: 8-8. With 60-65 predorsal scales; without ocellus on caudal 

peduncle. 

Dangerous: harmless 

Global Importance: fisheries: commercial; aquaculture: commercial; 

aquarium: commercial 

2.7.1.4.3 Reproduction 

Fertilization: external 

Life Cycle and Mating Behavior: Distinct pairing 

2.7.1.4.4 Biology and Distribution 

Biology: Found in rivers, swamps, reservoirs and canals. Enters flooded forest. 

Feeds on small fishes, shrimps, aquatic insects, molluscs and crabs. Considered a 

delicacy over much of eastern Asia. Exported fishes command a high price. Maybe the 

largest species of the goby-like fishes 

Climate: tropical; 22 – 28°C; 23°N – 18°S 

Distribution: Asia: Mae Klong and Chao Phraya basins, Malay Peninsula, 

Indochina, Philippines and Indonesia (Butler, 2003). 
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2.7.1.5 Puntius schwanenfeldi (Bleeker, 1853) 

 

 
    Source: Kasetsart University (2005) 

Figure 2-8 Physiology of Puntius schwanenfeldi 

2.7.1.5.1 Taxonomy 

Kingdom : Animalia 

     Phylum : Chordata 

          Subphylum : Vertebrata 

               Class : Actinopterygii (ray-finned fishes) 

                    Order : Cypriniformes (carps) 

                         Family : Cyprinidae (Minnows or carps) 

                              Genus : Puntius 

                                   Species : Puntius schwanenfeldi 

Common Name : Schwanenfeld’s tinfoil barb 

2.7.1.5.2 Description 

Size: To 6 inches (15 cm), although rarely larger than 4 inches (10 cm) in 

captivity. 

Physical Description: The rosy barb has no barbels and has slight lateral 

compression. The back is copper to green-gold. The flanks are bright orange to red and 

metallic looking. Near the caudal penuncle is a black spot. The reddish fins may be 

elaborate with the anal and dorsal fins have black borders along the upper-parts. Males 

turn a deep, but bright red color at spawning times. 

 



Chonthicha Atthabordee  Literature Review / 36 

2.7.1.5.3 Reproduction  

Sex: Males are smaller and more colorful. 

2.7.1.5.4 Biology and Distribution 

Social Benaviour: A lively, schooling species that may disturb quieter species 

in a community tank. Adults may nibble fine or soft leafed plants. 

Food: Plant matter; spinach; lettuce; live; crustaceans, insects, insect larvae, 

fish fry; pellets; flakes. A greedy feeder.  

Habitat: Inhabits still and moving waters. Asia; Bengal and Assam 

(Northeastern India), Southeast Asia; Borneo, Malaysia, Sumatra, Thailand (Butler, 

2003). 

2.7.1.6 Tilapia nilotica (Linnaeus, 1758) 
 

 
       Source: Kasetsart University (2005) 

Figure 2-9 Physiology of Tilapia nilotica 

2.7.1.6.1 Taxonomy 

Kingdom : Animalia 

     Phylum : Chordata 

          Subphylum : Vertebrata 

               Class : Actinopterygii (ray-finned fishes) 

                    Order : Perciformes (perch-likes) 

                         Family : Cichlidae 

                              Genus : Tilapia 

                                   Species : Tilapia nilotica 
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Common Name : Nile tilapia 

2.7.1.6.2 Description 

Physical Description: Similar in body shape to bluegill. Two-part lateral line 

with front portion higher on body than rear portion. Long, unbroken dorsal fin and 

anal fin with pointed ends. Length: 4 to 8 inches. Weight: 6 ounces to over 5 pounds. 

2.7.1.6.3 Biology and Distribution 

Food: Primary vegetation and algae eaters, although they will take insects and 

worms. 

Habitat: Found in freshwater and estuarine rivers and in the network of canals. 

Distribution: Exotic from Africa. Introduced in 1960’s. They generally distribution in 

Asia : Indonesia, Japan, Taiwan, Thailand and Malaysia. Extensive hybridization often 

makes identification difficult (Butler, 2003). 

1.1.1.1 Trichogaster trichopterus (Pallas, 1770) 

 

 
 Source: Butler (2003) 

Figure 2-10 Physiology of Trichogaster trichopterus 

2.7.1.6.4 Taxonomy 

Kingdom : Animalia 

     Phylum : Chordata 

          Subphylum : Vertebrata 

               Class : Actinopterygil 

                    Order: Perciformes (perch-likes) 
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                         Suborder : Anabantoidei 

                              Family: Osphronemidae(Gouramies) 

                                   Subfamily: Luciocephalinae 

                                        Genus : Trichogaster 

                                             Species : Trichogaster trichopterus 

Common Name: Three-spot gourami 

2.7.1.6.5 Description 

Size: 15 cm (male/unsexed) 

Diagnosis: Dorsal spines (total): 6-8; Dorsal soft rays (total): 7-10; Anal 

spines: 9-12; Anal soft rays: 30-38. Color in life brown; shoulders with irregular dark 

marks, yellowish on opercles and thorax; median fins and pectorals brown, ventrals 

yellowish. Mouth very small, very oblique, upper jaw vertical and somewhat 

protractile, lower jaw prominent. Scales of moderate size, irregularly arranged. Lateral 

line curved, irregular. Caudal fin slightly emarginate or truncate. With 8-9 dorsal-fin 

branched rays; 33-38 branched anal-fin rays; black spot in middle of side and at 

caudal-fin base. Body with numerous narrow irregular oblique bars. 

Dangerous: harmless 

Global Importance: fisheries: minor commercial; aquaculture: commercial; 

aquarium: commercial 

2.7.1.6.6 Reproduction 

Fertilization: external 

Life Cycle and Mating Behavior: Builds bubble nest, usually at the surface. 

Male usually gathers the eggs, places them in the nest and guards them until they reach 

free-swimming stage. Male drives the female away.  

2.7.1.6.7 Biology and Distribution 

Biology: Found in marshes, swamps and canals. Inhabits shallow sluggish or 

standing-water with a lot of aquatic vegetation. Occurs in seasonally flooded forests 

throughout the middle and lower Mae Klong. Undertakes lateral migrations from the 

Mae Klong mainstream, or other permanent water bodies, to flooded areas during the 

flood season and returns to the permanent water bodies at the onset of the dry season. 
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Feeds on zooplankton, crustaceans and insect larvae. Processed into salted, dried fish 

in Java. Also marketed fresh and commonly seen in the aquarium fish trade. Aquarium 

keeping: minimum aquarium size 100 cm. 

Climate: tropical; 22 – 28°C; 26°N – 10°N 

Distribution: Asia: Mae Klong basin in Laos, Yunnan, Thailand, Cambodia 

and 

Viet Nam; Southeast Asia (Butler, 2003). 

2.7.1.7 Valamugil seheli (Forsskal, 1758) 
 

 

Figure 2-11 Physiology of Valamugil seheli 

2.7.1.7.1 Taxonomy 

Kingdom : Animalia 

     Phylum : Chordata 

          Subphylum : Vertebrata 

               Class: Actinopterygii (ray-finned fishes) 

                    Order: Mugiliformes 

                         Family: Mugilidae (Mullets) 

                              Genus : Valamugil 

                                   Species : Valamugil seheli 

Common Name: Bluespot mullet 

2.7.1.7.2 Description 

Size: 60 cm (male/unsexed) and max. published weight: 8,000 g. 

Diagnosis: Dorsal spines (total): 4-5; Dorsal soft rays (total): 8-9; Anal spines: 

3-3; Anal soft rays: 8-10. Bluish brown or green dorsally; flanks and abdomen silvery; 
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dusky spots on upper row of scales, giving indistinct longitudinal stripes. Dorsal and 

upper lobe of caudal fin with dark-blue tip. Anal, pelvic, and pectoral fins yellow. 

Pectorals also with dark blue spot dorsally at origin. Pectoral-fin axil scale very long. 

Dangerous: harmless 

Global Importance: fisheries: commercial  

2.7.1.7.3 Reproduction 

Fertilization: external 

2.7.1.7.4 Biology and Distribution 

Biology: Inhabits coastal waters but enters estuaries and rivers where it feeds 

on microalgae, filamentous algae, forams, diatoms, and detritus associated with sand 

and mud. Forms schools. Also caught using stakenets, barrier nets, and pouch nets 

during spawning; also taken as bycatch. Marketed fresh and perhaps salted, boiled 

(Thailand), canned or frozen (Australia); roe salted. 

Climate: tropical; 32°N – 23°S 

Distribution: Indo-Pacific: Red Sea south to Transkei, South Africa  and east 

the Hawaiian and Marquesan islands, north to southern Japan, south to New Caledonia 

and Norfolk Island (Butler, 2003). 

2.7.2 Mollusc 

2.7.2.1 Pomacea canaliculata (Lamarck, 1819) 

 

 
  Source: Ghesquiere (2005) 

Figure 2-12 Physiology of Pomacea canaliculata 

2.7.2.1.1 Taxonomy 
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Kingdom : Animalia 

     Phylum : Mollusca 

          Class : Gastropoda (snails) 

               Subclass : Prosobranchia 

                    Order : Caenogastropoda 

                         Superfamily : Ampullarioidae 

                              Family : Ampullariidae (apple snails) 

                                   Genus : Pomacea 

                                        Species : Pomacea canaliculata 

2.7.2.1.2 Description 

Shell: The shell of this apple snail species is globose and relatively heavy 

(especially in older snails). The 5 to 6 whorls are separated by a deep, indented suture 

(hence the name 'canaliculata' or 'channeled'). The shell opening (aperture) is large and 

oval to round. Males are known to have a rounder aperture than females. The 

umbilicus is large and deep. The overal shell shape is similar to that of Pomacea 

lineata, except the deeper sutures and more globose shape in canaliculata. The size of 

these snails varies from 40 to 60 mm wide and 45 to 75 mm high depending on the 

conditions. The colour varies completely yellow and green (cultivated forms) to brown 

with or without dark spiral bands (wild form). The shell growth of this species occurs 

mainly in spring and summer, while it stagnates in fall and winter. 

Operculum: The operculum is moderately thick and corneous. The structure is 

concentric with the nucleus near the centre of the shell. The colour varies light (in 

young snails) to dark brown. The operculum can be retracted in the aperture (shell 

opening). 

Body: The colour of the body varies from yellow (cultivated), brown to nearly 

black, with yellow spots on the siphon. When at rest, the tentacles are curled under the 

shell (Ghesquiere, 2005). 

2.7.2.1.3 Reproduction 

Reproduction: Pomacea canaliculata is sexual mature at the size of 2.5 cm/1 

inch.  
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The reproductive rate of this snail varies with the temperature and partly by the 

availability of food. During fall and winter, the reproduction rate is at its lowest point, 

while with the raising temperatures in spring their reproduction rate increases. 

Eggs: The reddish (due to the high carotenoid content) eggs are loosely 

attached to each other. They are attached on object above the waterline and their size 

varies from 2.2 to 3.5 mm (0.5 to 0.9 inch) diameter. An average clutch contains 200 

to 600 eggs. 

 
Source: Ghesquiere (2005) 

Figure 2-13 Eggs of Pomacea canaliculata 

2.7.2.1.4 Biology and Distribution 

Food: Eats almost all types of plants; can also be fed with fish food; is not 

suited for planted aquaria at all; to be avoided unless you do not have plants or other 

vegetation in your aquarium. 

Behaviour: amphibious animal; submerged during the day, hidden in the 

vegetation near the border and the surface. More active during the night, also leaves 

the water in search for fresh vegetation. The activity rate of this snail varies highly 

with the water temperature. Below 18°C they hardly move around, this in contrast 

with higher temperatures (25°C). Nevertheless, P. canaliculata is more resistant to 

lower temperatures than most other snails from the genus Pomacea. 

Habitat and Distribution: P. canaliculata is widely distributed in the lentic 

habitats throughout the Amazon Inferior Basin and the Plata Basin: Southeast Brazil, 

Argentina, Bolivia, Paraguay and Uruguay. P. canaliculata is one of the most 

Southern occuring P. species in South America (Argentina). Last decades P. 

canaliculata has spread to south-east Asia and can now be found in Indonesia, 
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Thailand, Cambodia, Hong Kong, southern China, Japan and the Philippines. The snail 

also invaded in the Southern parts of the USA (Texas and Florida, upto central Ohio) 

and is expected to spread futher in the comming years (Ghesquiere, 2005). 

 

2.8 Relevant Researches 

Facetti et al. (1998) measured heavy metal concentrations (Fe,Mn, Cr, Cu, Zn 

and Pb) in surface sediment in the Paraguay River. Samples collected at 11 locations, 

along a distance of 570 km, between the cities of Bahia Negra and Alberdi in 

Paraguay, for six different periods between November 1991 and 1993, were analyzed. 

The Paraguay sediments appeared to have features of an unpolluted river even though 

significant amounts of domestic and industrial effluents are discharged near the river 

channel. The relative heavy metal enrichment in sediments between Bella Vista and 

Asuncion, caused by local domestic sewage and industrial outfalls, is less than for the 

shale standard values. The heavy metal content of the sediments exhibited seasonal 

variations. Enhanced organic matter content and biochemical oxygen demand of the 

river load in winter caused most likely a retainment of the heavy metals in a dissolved 

state. Consequently, the sediments deposited in the winter were relatively depleted in 

these elements. 

Unlu et al. (2000) measured the concentration of heavy metals (Cd, Co, Cu, Fe, 

Hg, Mn, Mo, Ni, Pb and Zn) in water, sediment and fish species (Acanthobroma 

marmid, Chalcalburnus mossulensis, Chondrostoma regium, Carasobarbus luteus, 

Capoetta trutta and Cyprinus carpio) from the Ataturk Dam Lake, Turkey. Among the 

heavy metals studied Cd, Co, Hg, Mo and Pb were not detected in water, sediments 

and fish samples, while Ni was undetectable levels in fish samples. Levels of Cu, Fe, 

Mn and Zn varied depending on different tissues. The results of this study indicated 

that a general absence of serious pollution in the dam lake is due to heavy metals, 

where as the concentrations of elements found could mainly be attributed to geological 

sources. 

Rashed (2001) determined the heavy metal concentrations (Co, Cr, Cu, Fe, Mn, 

Ni, Sr and Zn) in different tissue of Tilapia nilotica (ages 1.0, 1.5, 2.0, 2.5 and 3.0 

years), which include the muscle, gill, stomach, liver, vertebral column and scales, to 

assess the fish pollution with heavy metals. In addition, the study was extended to 
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determine these elements in the aquatic plant (Najas armeta), sediment and water of 

Khor El-Ramel in Nasser Lake (Egypt).The study showed that of all the fish parts, fish 

liver accumulated the highest levels of Cu and Zn. Manganese presented in the 

intestine and stomach in the highest concentration. Scales exhibited the highest levels 

of Co, Cr, Ni and Sr, while the gill and vertebral column contains the lowest level of 

the studied elements. Heavy metals in different parts of T. nilotica differ with the fish 

growth and extraction rate of these elements from sediment, aquatic plant and lake 

water. Heavy metals under study in the edible parts of the investigated fish were in the 

safety permissible levels for human uses. 

Topcuoglu et al. (2002) collected macroalgae, sea snail, mussel, fish and 

sediment samples at different stations of the Turkish Black Sea coast, during the 

period 1997-1998, in order to establish the concentration of selected heavy metals. 

Heavy metals analyzed were Cd, Co, Cr, Ni, Zn, Fe, Mn, Pb and Cu. The results 

showed that the Turkish Black Sea coast is facing heavy metal pollution. The metal 

concentrations in macroalgae, sea snail, mussle and sediment samples are very high. 

However, Cd, Pb and Cu concentrations in anchovy fish decreased, while Co, Fe, Zn, 

Cr, Mn and Ni contents had changed when compared with previous data. The metal 

concentrations in macroalgae did not follow the same pattern as concentrations in 

sediments as the same station. On the other hand, concentrations of Cd, Co, Cr, Zn, Fe 

and Cu in sea snail, mussel and fish samples were related to sediment data in the 

examined stations. 

Usero et al. (2003) compared metal concentrations in water and sediment with 

those in the muscle and livers of three species of fish (grey mullet, Liza aurata, eel, 

Anguilla anguilla and common sole, Solea vulgaris) caught in four seawater reservoirs 

(two in the Odiel estuary and two in the Bay of Cadiz). The concentrations of a large 

number of metals in the water, sediment and fish were higher in the Odiel reservoirs 

than in those in Cadiz. We found high metal-enrichment factors in the liver as 

compared to muscle (over 100 for Fe and Cu and around 5 for Zn, Ni, Cd and Pb). The 

three fish species showed differences in metal content. For example, eels accumulated 

more metals in muscle and grey mullet in the liver. The metal levels found in muscle 

in the three species were reservoirs, and Zn levels in liver were over the maximum in 
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eels from one of the Odiel marshes. Significant correlations (p<0.05) were obtained 

for the levels of numerous metals in water, sediment and fish. 

Sekhar et al. (2003) measured the concentration of selected heavy metals, Zn, 

Cu, Cd, Pb, Cr, Ni and Co in sediment sample and three edible fish (Channa striata, 

Catla catla and Oreochromis mossambicus) in Kolleru lake, the largest fresh water in 

the districts of East and West Godavari of Andhra Pradesh, India. The investigation 

aimed at revealing differences in the accumulation pattern of heavy metals in fish 

inhabiting sediments characterized by varying metals bioavailability. The metal 

concentrations were found to be greater than the background concentrations of 

sediments indicating the anthropogenic origin of metals. Good recovery values were 

obtained for metal contents in sediments and fish. Large fractions of Zn, Cd and Cu 

were associated with mobile fraction of sediment and showed greater bioaccumulation 

in fish whereas Ni and Co were least mobilisable. The results clearly indicate that the 

fish of Kolleru lake are contaminated with metals and not advisable for human 

consumption. 

Machiwa et al. (2003) measured concentrations of Cd, Cr, Cu, Pb, Hg and Zn 

in sediment samples by using AAS. The highest concentrations (ppm) for Cu 

(26.1±4.8), Hg (0.20±0.05), Pb (30.7±5.6) and Zn (45.4±13.1) were found at 

approximately 25 m from the shoreline. Generally, heavy metals concentration in the 

sediment decreased with increasing distance from the shoreline except for Cd and Cr 

whose highest concentrations were found at approximately 2000 m from the shoreline. 

The data also indicated that sediment samples which were collected at the shores 

within the urban area of Mwanza showed elevated levels of Pb (54.6±11.1 ppm) and 

Zn (83.7±21.5 ppm). However, the highest concentrations of Cd (7.0±2.1 ppm), Cr 

(12.9±1.0 ppm) and Hg (2.8±0.8 ppm) were recorded at sampling stations which were 

adjacent to river mouths. 

Tuzen (2003) determined The concentrations of heavy metals (Pb, Cd, Fe, Cu, 

Mn and Zn) in fish samples using graphite furnace atomic absorption spectrometry 

after dry ashing and wet ashing methods. Different matrix modifiers were used for the 

stabilization of the analyte. Good accuracy was assured by the analysis of biological 

reference materials. Recoveries were quantitative for all elements studied (≥95%). The 

relative standard deviations were less than 7% for all elements. 
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Yilmaz (2003) determined concentrations of Fe, Cu, Ni, Cr, Pb, and Zn in the 

muscle, skin and gonads of Mugil cephalus and Trachurus mediterraneus caught at 

three stations in Iskenderun Bay, Turkey. Heavy metal concentrations in the tissues 

tended to vary significantly among stations, and two stations thought to be 

contaminated by untreated domestics waste and surrounding industrial environment 

showed particularly high metal concentrations. Generally, skin and gonads showed 

higher metal concentrations than muscle. The ranges of mean concentrations (µg/g wet 

wt) in M. cephalus were as follows: the range of Fe concentration was 70.28, 149.77 

and 382.51, that of Cu was 1.45, 5.36 and 35.37, that of Ni was 1.22, 2.72 and 7.35, 

that of Cr was 1.46, 3.22 and 10.06, that of Pb was 7.45, 37.39 and 62.33 and that of 

Zn was 38.23, 100.56 and 281.51 in the muscle, skin and gonads, respectively. The 

ranges of mean concentrations (µg/g wet wt) in T. mediterraneus were as follows: the 

range of Fe concentration was 41.84, 49.86 and 74.20, that of Cu was 1.29, 3.33 and 

11.37, that of Ni was 0.94, 2.02 and 0.99, that of Cr was 1.28, 10.90 and 10.60, that of 

Pb was 1.03, 4.78 and 8.41 and that of Zn was 19.55, 60.79 and 38.44 in the muscle, 

skin and gonads, respectively. The concentrations of some metals in some tissues 

exceeded the acceptable levels for a food source for human consumption. The results 

of this study indicated that the metals present in the bay were taken up by two fish 

species through food, water and sediment, and regardless of their biological needs 

showed high metal concentrations. 

Karadede et al. (2004) studied distribution of some heavy metals (Co, Cu, Fe, 

Mn, Mo, Ni and Zn) in three different organs of mullet, Liza abu, and catfish, Silurus 

triostegus, from Ataturk Dam Lake located on Eupharates (Turkey). Co and Mo 

concentrations were below limits of detection in all fish organs, whereas Ni was also 

below limits in organs of mullet. The metal accumulation in the liver and gill of L. abu 

and S. triostegus was found to be quite high in comparison with the muscle. In general, 

the concentrations are similar to those determined in Tigris River. The analysed metals 

(Co, Cu, Fe, Mn, Mo, Ni and Zn) were found in fish muscle at mean concentrations 

under the permissible limits proposed by FAO. 

Papagiannis et al. (2004) evaluated the level of contamination of two essential 

heavy metals (Cu and Zn) appearing at high concentrations in four fish species, 

Cyprinus carpio, Silurus aristotelis, Rutilus ylikiensis, and Carassius gibelio, in Lake 
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Pamvotis. The Lake Pamvotis (NW Greece) is a typical Mediterranean ecosystem of 

great importance in regard to biodiversity and to aesthetic value. Metal concentrations 

were measured by atomic absorption spectroscopy in three different tissues (muscle, 

liver, gonads) in order to assess the fish contamination. A two-factor analysis of 

variance, based on the procedure of general linear models, was employed in which fish 

species (four levels) and fish tissue (three levels) were examined for potential 

influence on Cu and Zn concentrations. Differences between level means per factor 

were treated using Tukey’s multiple comparisons of means.The study showed that C. 

carpio and R. Ylikiensis presented the highest metal content. Tissue analysis revealed 

that liver and gonads accumulated the highest levels of Cu and Zn. Metal 

concentration in the edible part of the examined fish (muscle) were in the safety-

permissible levels for human consumption. 

Diagomanolin et al. (2004) determined the concentration of heavy metals (Ni, 

Cr, Cu) in water from the Karoon river, the biggest and only navigable river in the 

South of Iran. Along the Karoon industrial units such as piping, steel, paint making, 

agriculture, paper mill, abbottiors, fish cultivation, electroplating industries drain their 

wastewater into river. Samples were collected from 16 stations along the river, in 

winter and spring 1996. Heavy metal concentrations were measured by graphite 

furnace atomic absorption spectrometry. The minimal and maximal concentrations of 

these metals in winter were 69.3-110.7, 1.7-118.3 and 5.5-70.3 µg/l, for Ni, Cr and Cu, 

respectively. The minimal and maximal concentrations of these metals in spring were 

41.0-60.7, 0.7-19.8 and 0.5-28.7 µg/l, for Ni, Cr and Cu, respectively. The results 

show that the pollution has increased along the river, down to the estuary at the 

Persian Gulf. 

Turkmen et al. (2005) determined concentrations of Cd, Fe, Pb, Zn, Cu, Mn, 

Ni, Cr, Co and Al in three commercially valuable fish species, Saurida undosquamis, 

Sparus aurata and Mullus barbatus, from Iskenderum Bay in August 2003. The 

concentration of metals was measured by atomic absorption spectrophotometry 

(AAS). Concentrations of the heavy metals in examined fish species ranged as 

follows: Cd 0.01-4.16; Fe 0.82-27.35; Pb 0.09-6.95; Zn0.60-11.57; Cu 0.04-5.43; Mn 

0.05-4.64; Ni 0.11-12.88; Cr 0.07-6.46; Co 0.03-5.61; Al 0.02-5.41 mg kg-1 dry 

weight, respectively. The concentration of metals was significantly affected by the 
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sampling site and fish species. Heavy metals in the edible parts of the investigated fish 

were in the permissible safety levels for human users. 

Usero et al. (2005) determined concentration of heavy metals in the two most 

abundant species of bivalve molluscs along the Atlantic coast of southern Spain 

(Donax trunculus and Chanelea gallina) and in the sediments where they live. The 

results show that the area near the mouth of the Huelva estuary is where the highest 

metal concentratrions are found in sediments and in the two bivalve species. This is 

not surprising, considering that the Huelva estuary is the mouth of the Tinto and Odiel 

rivers, which have one of the highest levels of metal pollution of all the rivers of 

Europe. The two species of bivalves have different amounts of metals in their tissues. 

The concentrations of Cr, Cu, Pb, Zn, As and Hg in D. trunculus were significantly 

higher (p<0.05) than in C. gallina; however, C.gallina contained more Ni and Cd. In 

Both species the most abundant elements were Cu and Zn, while Hg showed the 

lowest values. There is a significant correlation (p<0.05) for concentrations of Cu, Pb, 

Zn and Hg in D. trunculus and C. gallina relative to their concentrations in surface 

sediments. 
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CHAPTER III 

MATERIALS AND METHODS 

 

3.1  Study Area 

3.1.1 Location and Land Uses 

The canal system of Ratchaburi and Samut Songkhram provinces was 

composed of the Rang Thap Tap, Huai Rong and Pradu canals. The Rang Thap Tap 

canal is a small waterway that branches out from the Pradu canal, a tributary of the 

Mae Klong river that is one of the main and important rivers in the central part of 

Thailand. The canal flows into the Yi San canal and the Gulf of Thailand at Bang 

Tabun district, Phetchaburi province. The water from the canal has been used for 

many activities such as consumption, agriculture, aquaculture, fishing, industries and 

transporations (Phangsombut, 2005). Major land uses in study area around the Rang 

Thap Tap canal comprised paddy fields, pig farms, fish farms, shrimp farms and 

communities. For some major activities in the area and the time periods of the water 

use and discharge of waste water are described as follows. 

- The paddy fields in the study area are farmed about 2-3 times per year 

subjected to water quantity. Normally, farmers in the area begin rice growing in May 

and harvest around October. During the first few months, rice needs water therefore 

sometimes farmers have to pump water from the Rang Thap Tap canal for rice 

growing. However, 1 month before harvesting, farmers have to drain the water and 

sediments from the field into the canal. The paddy fields were found in large area at 

sites A, B and C. 

- For the pig farms in the study area, the wastewater was discharged into the 

surroundings and the canals everyday all year round. Most wastewater released into 

the Rang Thap Tap canal came from pig farms in Pak Tho district, Ratchaburi 

province (Phangsombut, 2005). The pig farms were the major landuse in site A and 

affected on the concentrations of the analysed heavy metals in the study area.  
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- Fish (Tricogaster pectoralis: Snakeskin Gaurami) are cultured about 8 

months starting in April and harvesting around December. Water used in the ponds 

were pumped from the Rang Thap Tap canal before culture and when water is not 

enough. After the fish are harvested, the culturers drain off the water and sediment 

from the farms to the Rang Thap Tap canal so as to dry the ponds for 1 month 

(Sirichotiwong, 2006). Most the fish farms were situated in site C. 

- The shrimp farming in the study area is an extensive practice. The shrimp 

farmers normally pumped brackish water from the nearby canal at the high tide period 

of every month into the ponds. The water and sediments were discharged from the 

ponds into the canal between February and May for cleaning and exposing the ponds. 

The shrimp farms were the major land uses of the seawater part at sites D and E. 

- The communities are located in all sites, but those are densely located at site 

A. The waste water from the communities are discharged into waterways and water 

bodies including untreated wastes, untreated or minimally treated effluents, partially 

treated effluents, and septic tank effluents. There are including human bodily wastes, 

litter, household rubbish, and kitchen and bathing wastes, and laundry wastes 

(ESCAP, 1998). 

3.1.2 Sampling Sites 

All the samples were taken from five sampling sites showed in Figure 3-1 

along the Rang Thap Tap canal. Sites A, B and C were in the freshwater part and sites 

D and E were in the seawater part. The freshwater and seawater parts are separated by 

the water gate. 
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Site A : Khok Khi Lek 

Site A, presented in Figure 3-2, was located in Amphawa district, Samut 

Songkhram province. The canal section was about 21 m wide and 2 m deep. Both 

banks were covered by grasses and few big trees. Slope of both banks was about 70-

80º. There were floating plants on water surface. Major land use characteristics were 

communities, paddy fields and pig farms. 

 

Figure 3-2 Site A : Khok Khi Lek 

 

Site B : Pradu Canal 

Site B, presented in Figure 3-3, was located in Amphawa district, Samut 

Songkhram province. This sampling site was situated in open area. The canal section 

was about 14 m wide and 2 m deep. Slope of both banks was about 80-90º. There 

were floating plants on water surface. Major landuse characteristics consisted of paddy 

fields and communities.  
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Figure 3-3 Site B: Pradu Canal 

 

Site C : Near the Water Gate of the Rang Thap Tap Canal 

Site C, presented in Figure 3-4, was located in Amphawa district, Samut 

Songkhram province. This station was situated in open area. The canal section was 

about 36 m wide and 3 m deep. Slope of both banks was about 45-60º. There were 

floating plants on water surface. Major land use characteristics consisted of paddy 

fields, Snakeskin Gaurami fish raising ponds and communities.  

 

Figure 3-4 Site C : Near the Water Gate of the Rang Thap Tap Canal 
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Site D : Mangrove Forest 

Site D, presented in Figure 3-5, was located in Amphawa district, Samut 

Songkhram province. The canal section was about 18 m wide and 2 m deep. Slope of 

both banks was about 70-80º. Major landuse characteristics consisted of communities 

and shrimp farmings.  

 

Figure 3-5 Site D : Mangrove Forest 

 

Site E : The Estuary 

Site E, presented in Figure 3-6, was located in Amphawa district, Samut 

Songkhram province. The canal section was about 20 m wide and 3 m deep. Both 

banks were covered by mangrove trees. Slope of both banks was about 60-70º. Major 

landuse characteristics were shrimp farmings and communities. 
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Figure 3-6 Site E : The Estuary 

 

3.2 Sampling Duration  

All samples were collected from each station between June 2004 and April 

2005. The first sampling campaign was taken in June 2004: the second, third, fourth, 

fifth, and sixth collections were carried out in August 2004, October 2004, December 

2004, February 2005 and April 2005, respectively.  

 

3.3 Analysis of Physico-chemical Parameters of Water Samples 

3.3.1 Collection and Preservation 

Water samples were collected from five sites along the Rang Thap Tap canal. 

The width of the canal and the depth of each sampling point were measured. Samples 

of the canal water were taken from three sampling points: at one-third of the width of 

the canal, in middle of the canal, and at two-thirds of the width of the canal. Water 

samples were collected using grab water sampler. The water samples were put into 

1000 mL polyethylene bottles and BOD glass bottles. The preservatives were added 

into the bottles as shown in Table 3.1. All the bottles were placed in an ice box during 

transportation to the laboratory. Then the water samples were transferred into the 

refrigerator at 4°C until analysis. 
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3.3.2 Physico-chemical Analysis of Water Quality 

In the study, six parameters i.e., pH, conductivity, sanility, air temperature, 

water temperature and transparency were measured using equipments in the field. The 

other six parameters i.e., dissolved oxygen (DO), biochemical oxygen demand (BOD), 

total dissolved solid (TDS), hardness, nitrate and total phosphorous were preserved as 

described in section 3.3.2 and analysed in the laboratory. The preservation and 

methods in analysis of water samplers were despicted in Standard Method for 

Examination Water and Wastewater (1995) and presented in Table 3.1 

Table 3-1 Physico-chemical Parameters of Water Samples 

Parameters determined by using equipments in the field 

Parameter Preservation Container Method/Equipment 

pH - - pH Meter 

Conductivity (ms/cm) 
- - 

Conductivity  

Meter 

Salinity (ppt) - - Conductivity Meter 

Air Temperature (°C) - - Thermometer 

Water Temperature (°C) - - DO Meter 

Transparency (cm) - - Secchi Disc 

Parameters analysed in the laboratory 

Dissolved Oxygen (mg/L) 
Freeze 

condition 
DO Bottle 

Azide Modification of 

Iodometric Method 

Biochemical Oxygen 

Demand (mg/L) 

Freeze 

condition 

Polyethylene 

Bottle 

Azide Modification of 

Iodometric Method 

Total Dissolved Solid 

(mg/L) 

Freeze 

condition 

Polyethylene 

Bottle 

Gravimetric Method 

Hardness (mg/L) 
Freeze 

condition 

Polyethylene 

Bottle 

EDTA Titrimetric 

Method 

Nitrate (mg/L) Freeze 

condition 

Polyethylene 

Bottle 

Bruzine Method 

Total Phosphorous (mg/L) 
Freeze 

condition 

Polyethylene 

Bottle 

Ascorbic Acid 

Method 
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3.4 Heavy Metal Analysis 

3.4.1 Advance Instruments 

3.4.1.1 Microwave digestion system 

3.4.1.2 Flame atomic absorption spectrophotometer (FAAS, Model Varian 

spectrAA 220FS) 

3.4.1.3 Graphite furnate atomic absorption spectrophotometer (GAAS, Model 

Varian SpectrAA 220Z) 

3.4.2 Sample Collection 

3.4.2.1 Water 

At each sampling site, the composite samples of three water samples collected 

from the surface water at about 30 cm deep and at one-third of the width, in the middle 

of the width and two-thirds of the width were talen by using the water sampler. The 

water samples were acidified with 1 mL of concentrated HNO3 (Diagomanolin et al., 

2004). The samples were stored in 1000 mL polyethylene bottles and kept in an ice 

box during transpotation to the laboratory. Then the samples were transferred into the 

refrigerator at 4°C until analysis. 

3.4.2.2 Sediment 

About 0.5 kg of sediment samples were collected from each sampling site 

using the bottom grab sampler. The top 20 cm.of the bottom sediment was obtained 

using this sampling equipment (Lau et al., 1998). The sediment samples were 

immediately sealed with labelled plastic bags and transported to the laboratory. After 

their arrival, they were suddenly air-dried (Usero et al., 2005). 

3.4.2.3 Fish 

Fish samples were taken by a professional fisherman using a net (a local 

equipment), which were shown in Figure 3-7. Fish species were chosen from each 

random catch. The fish samples were removed from the net and wrapped in plastic 

bags. They were put into an ice box during the transportation to the laboratory. Then 

they were stored in the freezer at around -20°C until dissection (Sekhar, et al., 2003). 
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Figure 3-7 Fish Sample Collection 

3.4.2.4 Mollusc 

Pomacea canaliculata was commonly found in every sampling site and all 

year round. The P. canaliculata samples were collected by hand-picking by the local 

people. Depending on size, 5-10 individuals of P. canaliculata were collected from 

each site. The P. canaliculata samples were kept in labelled plastic bags. The samples 

were immediately stored in an ice box during the transportation to the laboratory. Then 

they were stored in the freezer at around -20°C until dissection (Sekhar, et al., 2003). 

3.4.3 Sample Preparation 

3.4.3.1 Sediment  

The sediment samples were air-dried then oven-dried at 80ºC until a constant 

weight. The samples were crushed and homogenized in a baked clay mortage and were 

sieved through a 2 mm sieve. The fraction < 2 mm was chosen for chemical analysis 

(Sekhar et al., 2003; Kishe and Machiwa, 2003). The powdered samples were 

preserved in clean and dry plastic bags and kept in the silica gel cabinets until analysis. 
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3.4.3.2 Fish 

Fish samples were thawed at room temperature and their total body lengths 

were recorded (Henry et al., 2004). The whole fish samples were cut into small pieces 

with a stainless steel knife and washed with tap water followed by distilled water 

(Rashed, 2001). They were dried at 80ºC in an oven to the constant weight. Then they 

were homogenized with the baked clay mortage. The fine sample were stored in 

plastic bags and kept in the silica gel cabinets until analysis. 

3.4.3.3 Mollusc 

The mollusc samples were thawed at room temperature and their body sizes 

were recorded. Tissues of the mollusc were removed from the shell and cut into small 

pieces using the stainless steel knife. The samples were oven-dried at 80°C to the 

constant weight. The dried tissues were ground in the baked clay mortage. The 

homogenized samples were kept in the plastic bags and then stored in the silica gel 

cabinets for further analysis (Lau et al., 1998). 

3.4.4 Sample Digestion 

3.4.4.1 Water 

10 ml of the water samples were placed into the digestion vessels and 6 ml of 

concentrated nitric acid was then added. The digestion was performed in a microwave 

digester to prepare the samples for analysis using the microwave digestion 

programme. The advantages of microwave digestion against the classical methods are 

the shorter time, less consumption of acid and keeping volatile compounds in the 

solutions (Karadede and Unlu, 2000). After digestion, the completely digested samples 

were cooled to room temperature, filtered and diluted to 50 ml in volumetric flasks 

with 1% of nitric acid, and then transferred into the polyethylene bottles for further 

analysis. 

3.4.4.2 Sediment 

The homogenized sediment samples were weighed to approximately 0.5 g on 

an analytical balance and transferred into the digestion vessels (Kishe and Machiwa, 

2003). The sediments were digested with 10 ml of concentrated nitric acid. The 
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digestion was carried out in a microwave digester using the microwave digestion 

programme. The digested contents were cooled to room temperature, filtered and 

diluted to 50 ml in volumetric flasks with 1% of nitric acid, and placed into the 

polyethylene bottles for further analysis. 

3.4.4.3 Fish 

The powdered fish samples were weighed to approximately 0.5 g into the 

digestion vessels. The fish samples were digested with 8 ml of concentrated nitric acid 

using the microwave digestion programme. The digested samples were cooled to room 

temperature, filtered and diluted to 50 ml in volumetric flasks with 1% of nitric acid. 

Then the samples were kept in the polyethylene bottles for further analysis. 

3.4.4.4 Mollusc 

Approximately 0.5 g of the tissue samples were weighed and transferred into 

the digestion vessels. Concentrated nitric (8 ml) were added and performed in a 

microwave digester using the microwave digestion programme. The completely 

digested samples were cooled to room temperature, filtered and diluted to 50 ml in 

volumetric flasks with 1% of nitric acid. The digested solutions were placed into the 

polyethylene bottles for further analysis.  

3.4.5 Preparation of Reagents and Standard Solutions 

All reagents were analytical reagent grade. All the plastic containers and 

glasswares were washed in 10% of nitric acid for 10 min and rinsed with distilled 

water before use. Standard solutions of each metal were prepared by appropriate 

dilution of stock solutions of 1000 ppm J.T. Baker/E Merck standards and 

instrumental calibrated standard solutions were prepared from commercially available 

materials. High purify argon was used as inert gas (Karadede et al., 2004). 

3.4.6 Sample Analysis 

All the digested samples were analyzed three times for the metals; Cd, Cu, Fe, 

Pb, and Zn by using atomic absorption spectrophotometer. Cu, Fe and Zn were 

determined in an air-acetylene flame atomic absorption spectrophotometer (Model 

Variance spectrAA 220FS). The absorption wavelenght and detection limits were as 
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follows: Cu 324.7 nm. and 0.003 ppm., Fe 248.3 nm. and 0.005 ppm. and Zn 213.9 

nm. and 0.002 ppm. (Turkmen et al., 2005). Cd and Pb were analyzed in a graphite 

furnace atomic absorption spectrophotometer with an auto sampler (Model Variance 

spectrAA 220Z). FAAS and GAAS were presented in Figures 4-7 and 4-8. 

 

 

Figure 3-8 Flame Atomic Absorption Spectrophotometer (Model Variance SpectrAA 

220FS) 

 

 

Figure 3-9 Graphite Furnace Absorption Spectrophotometer (Model Variance SpectrAA 

220Z) 
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3.4.7 Statistical Analysis 

Statistical analysis of the data of five heavy metals i.e. Cd, Cu, Fe, Pb and Zn 

in different samples were carried out using one-way anova for analysis of significant 

difference of heavy metal concentrations in different months. Spearman Test was used 

for analysis of correlation coefficients amongst sediment, water and aquatic animals. 



Fac. of Grad. Studies, Mahidol Univ.                M.Sc.(Technology of Environmental Management) / 63 

CHAPTER IV 

RESULTS 

 

4.1  Physico-chemical Characteristics of Water Samples of the Rang Thap Tap 

Canal 

The physico-chemical parameters measured in water samples from the Rang 

Thap Tap canal were pH, temperature, dissolved oxygen (DO), biochemical oxygen 

demand (BOD), salinity, conductivity, transparency, hardness, total dissolved solids 

(TDS), phosphate (PO4
2-) and nitrate (NO3

-). The water samples were taken from five 

sites along the Rang Thap Tap canal during June 2004 to April 2005. 

4.1.1 Physico-chemical Characteristics of Water Quality at Site A 

The physico-chemical parameters of the water samples at site A were 

presented in Table 4-1.  

The pH varied from 7.29 in October, being the lowest value, to 7.81 in June, 

being the highest value. The values in all months were within the range of the legal 

value of Thailand’s surface water quality standards (1994) for class 3 of water quality 

determined for agricultural water which restricted pH values at 5-9 (PCD, 2004). 

Temperature varied from 23.92ºC in December, being the lowest value, to 

31.01ºC in April, being the highest value. 

Salinity varied from 0.10 ppt in June, being the lowest value, to 1.29 ppt in 

February, being the highest value. 

Conductivity varied from 0.24 ms/cm in April, being the lowest value, to 2.58 

ms/cm in February, being the highest value. 

Transparency varied from 28.34 cm in February, being the lowest value, to 

82.78 cm in October and December, being the highest value. 

Total dissolved solids (TDS) varied from 146.00 mg/L in April, being the 

lowest value, to 672.67 mg/L in December, being the highest value. 

Dissolved oxygen (DO) varied from 1.28 mg/L in February, being the lowest 

value, to 7.02 mg/L in June, being the highest value. Most of the DO values with the 
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exception of the DO value in February, were over the lowest legal value of 

Thailand’s surface water quality standards (1994) for class 3 of water quality 

determined for agricultural water which restricted DO value at 2.00 mg/L (PCD, 

2004). 

Biochemical oxygen demand (BOD) varied from 0.43 mg/L in April, being the 

lowest value, to 7.00 mg/L in June, being the highest value. Most of the BOD values 

with the exception of the BOD values in June and August, were below the highest 

legal value of Thailand’s surface water quality standards (1994) for class 3 of water 

quality determined for agricultural water which restricted BOD value at 4.00 mg/L 

(PCD, 2004). 

Hardness varied from 97.00 mg/L in December, being the lowest value, to 

2,416.67 mg/L in April, being the highest value. 

Phosphate (PO4
3-) varied from 0.35 µg/L in April, being the lowest value, to 

46.90 µg/L in February, being the highest value. 

Nitrate (NO3
-) varied from 0.07 mg/L in April, being the lowest value, to 6.12 

mg/L in December, being the highest value. Most of the nitrate values with the 

exception of the nitrate value in December, were below the highest legal value of 

Thailand’s surface water quality standards (1994) for class 3 of water quality 

determined for agricultural water which restricted nitrate value at 5.00 mg/L (PCD, 

2004). 

4.1.2 Physico-chemical Characteristics of Water Quality at Site B 

The physico-chemical parameters of the water samples at site B were presented 

in Table 4-1. 

pH varied from 7.20 in August, being the lowest value, to 7.72 in June, being 

the highest value. The pH values in all months were within the range of the legal 

values of Thailand’s surface water quality standards (1994) (PCD, 2004). 

Temperature varied from 23.87°C in December, being the lowest value, to 

30.61°C in April, being the high value. 

Salinity varied from 0.20 ppt in June and August, being the lowest value, to 

0.69 ppt in December, being the highest value. 
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Conductivity varied from 0.41 ms/cm in April, being the lowest value, to 1.38 

ms/cm in December, being the highest value. 

Transparency varied from 20.33 cm in August, being the lowest value, to 93.89 

cm in October, being the highest value. 

Total dissolved solids varied from 247.33 mg/L in April, being the lowest 

value, to 768.00 mg/L in December, being the highest value. 

DO varied from 1.35 mg/L in August, being the lowest value, to 6.06 mg/L in 

December, being the highest value. Most of the DO values with the exception of the 

DO values in August and October, were over the lowest legal value of Thailand’s 

surface water quality standards (1994) (PCD, 2004). 

BOD varied from 0.23 mg/L in April, being the lowest value, to 13.57 mg/L in 

June, being the highest value. Most of the BOD values with the exception of the BOD 

values in June and August, were below the highest legal value of Thailand’s surface 

water quality standards (1994) (PCD, 2004). 

Hardness varied from 116 mg/L in October, being the lowest value, to 3,000 

mg/L in April, being the highest value. 

Phosphate varied from 0.40 µg/L in April, being the lowest value, to 49.39 

µg/L in August, beimg the highest value. 

Nitrate varied from 0.09 mg/L in April, being the lowest value, to 6.05 mg/L in 

December, being the highest value. Most of the nitrate values with the exception of the 

nitrate value in December, were below the highest legal value of Thailand’s surface 

water quality standards (1994) (PCD, 2004). 

4.1.3 Physico-chemical Characteristics of Water Quality at Site C 

The physico-chemical parameters of the water samples at site C were presented 

in Table 4-1. 

pH varied from 7.29 in October, being the lowest value, to 7.95 in April, being 

the highest value. The pH values in all months were within the range of the legal value 

of Thailand’s surface water quality standards (1994) (PCD, 2004). 

Temperature varied from 24.96ºC in December, being the lowest value, to 

30.97ºC in April, being the highest value. 
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Salinity varied from 0.10 ppt in August, being the lowest value, to 10.08 ppt in 

February, being the highest value. 

 Conductivity varied from 0.26 ms/cm in April, being the lowest value, to 16.96 

ms/cm in February, being the highest value. 

Transparency varied from 22.33 cm in August, being the lowest value, to 

125.11 cm in October, being the highest value. 

TDS varied from 143.67 mg/L in April, being the lowest value, to 986.67 mg/L 

in December, being the highest value. 

DO varied from 0.48 mg/L in February, being the lowest value, to 2.74 mg/L 

in June, being the highest value. The DO values in most months with the exception of 

the DO values in February and October, were over the lowest legal value of Thailand’s 

surface water quality standards (1994) (PCD, 2004). 

BOD varied from 0.68 mg/L in April, being the lowest value, to 6.79 mg/L in 

June, being the highest value. Most of the BOD values with the exception of the BOD 

values in June and August, were below the highest legal value of Thailand’s surface 

water quality standards (1994) (PCD, 2004). 

Hardness varied from 110.67 mg/L in June, being the lowest value, to 2,408.33 

mg/L in April, being the highest value. 

Phosphate varied from 0.34 µg/L in April, being the lowest value, to 32.11 

µg/L in June, being the highest value. 

Nitrate varied from 0.07 mg/L in April, being the lowest value, to 4.72 mg/L in 

December, being the highest value. The nitrate values in all months were below the 

highest legal value of Thailand’s surface water quality standards (1994) (PCD, 2004).  

4.1.4 Physico-chemical Characteristics of Water Quality at Site D 

The physico-chemical parameters of the water samples at site D were 

presented in Table 4-1. 

pH varied from 7.47 in August, being the lowest value, to 8.03 in April, being 

the highest value. The pH values in all months were within the range of the legal value 

of Thailand’s coastal water quality standards (1994) for class 4 of coastal water quality 

determined for aquatic animal culturing water, which proposed pH values at 7.0-8.5 

(PCD, 2004). 
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Temperature varied from 24.69ºC in December, being the lowest value, to 

32.10ºC in April, being the highest value. The temperature values in all months were 

below Thailand’s coastal water quality standards (1994) for class 4 of coastal water 

quality determined for aquatic animal culturing water, which proposed the highest 

value at 33ºC. 

Salinity varied from 0.20 ppt in June, being the lowest value, to 22.70 ppt in 

February, being the highest value. Most of the salinity values were below the legal 

limit of Thailand’s coastal water quality standards (1994) for class 4 of coastal water 

quality determined for coastal farms, which proposed the highest limit at 10 ppt (PCD, 

2004). 

Conductivity varied from 0.59 ms/cm in June, being the lowest value, to 36.13 

ms/cm in February, being the highest value. 

Transparency varied from 18.00 cm in August, being the lowest value, to 58.56 

cm. in October, being the highest value. 

TDS varied from 200 mg/L in August, being the lowest value, to 27,244 mg/L 

in February, being the highest value. 

DO varied from 4.40 mg/L in August, being the lowest value, to 6.89 mg/L in 

December, being the highest value. The DO values in all months were over the lowest 

legal value of Thailand’s coastal water quality standards (1994) for class 4 of coastal 

water quality determined for coastal farms, which proposed the lowest limit at 4.0 

mg/L (PCD, 2004). 

BOD varied from 2.96 mg/L in June, being the lowest value, to 5.61 mg/L in 

October, being the highest value.  

Hardness varied from 109.00 mg/L in June, being the lowest value, to 4008.33 

mg/L in April, being the highest value. 

Phosphate varied from 0.37 µg/L in April, being the lowest value, to 27.82 

µg/L in June, being the highest value. 

Nitrate varied from 0.09 mg/L in April, being the lowest value, to 6.63 mg/L in 

December, being the highest value.  



Chonthicha Atthabordee        Results / 68 

4.1.5 Physico-chemical Characteristics of Water Quality at Site E 

The physico-chemical parameters of the water samples at site E were presented 

in Table 4.1. 

The pH varied from 7.44 in August, being the lowest value, to 7.97 in April, 

being the highest value. The pH values in all months were within the range of the legal 

value of Thailand’s coastal water quality standards (1994) (PCD, 2004). 

Temperature varied from 24.96ºC in December, being the lowest value, to 

31.81ºC, being the highest value.The temperature values in all months were below the 

legal limit of Thailand’s coastal water quality standards (1994) (PCD, 2004). 

Salinity varied from 0.30 ppt in June, being the lowest value, to 22.59 ppt in 

February, being the highest value. The salinity values, except those in February, April 

and December, were below the legal limit of Thailand’s coastal water quality 

standards (1994) (PCD, 2004). 

Conductivity varied from 0.75 ms/cm. in June, being the lowest value, to 35.95 

ms/cm. in February, being the highest value. 

Transparency varied from 7.93 cm. in June, being the lowest value, to 53.22 

cm. in December, being the highest value. 

TDS varied from 200.00 mg/L in August, being the lowest value, to 26,015.33 

mg/L in February, being the highest value. 

DO varied from 4.05 mg/L in October, being the lowest value, to 6.08 mg/L in 

December, being the highest value. The DO values in all months were over the lowest 

legal value of Thailand’s coastal water quality standards (1994) (PCD, 2004). 

BOD varied from 1.33 mg/L in February, being the lowest value, to 4.93 mg/L 

in December, being the highest value. 

Hardness varied from 127.00 mg/L in August, being the lowest value, to 

4,058.33 mg/L in April, being the highest value. 

Phosphate varied from 0.43 µg/L in April, being the lowest value, to 30.00 

µg/L in June, being the highest value. 

Nitrate varied from 0.09 mg/L in April, being the lowest value, to 7.23 mg/L in 

December, being the highest value. 
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4.2 Heavy Metals 

4.2.1 Site A 

4.2.1.1 Concentrations of the Heavy Metals in Sediment 

The heavy metal concentrations in sediment samples of the Rang Thap Tap 

canal were determined at five sites from June 2004 to April 2005. The mean heavy 

metal concentrations in sediment were presented in Table 1 of Appendix. These 

concentrations expressed in milligram of metal per kilogram dry weight (mg/kg dry 

wt) of sediment samples. Distribution of the heavy metals in sediment samples at site 

A was showed in Figure 4-1.  

The mean concentrations of Cd in sediment varied from the lowest 

concentration at 0.0010 mg/kg in April to the highest concentration at 0.0091 mg/kg in 

August.  

The mean concentrations of Cu in sediment varied from the lowest 

concentration at 6.867 mg/kg in October to the highest concentrations at 53.300 mg/kg 

in February. 

The mean concentrations of Fe in sediment varied from the lowest 

concentration at 9,846.90 mg/kg in October to the highest concentration at 19,987.87 

mg/kg in April. 

The mean concentrations of Pb in sediment varied from the lowest 

concentration at 3.667 mg/kg in June to the highest concentration at 68.667 mg/kg in 

December. 

The mean concentrations of Zn in sediment varied from the lowest 

concentration at 33.40 mg/kg to the highest concentration at 154.30 mg/kg in 

February. 

 The mean Cd and Pb concentrations in sediment at site A were below the legal 

values of the soil quality standards of Thailand (1994), being the standards for surface 

soil, which recommended the heavy metal values for Cd and Pb in soil at 37 and 400 

mg/kg (PCD, 2004), respectively. The Cu, Fe and Zn concentrations were not 

specified in the standards. 
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4.2.1.2 Concentrations of the Heavy Metals in Water 

The mean concentrations of heavy metals in the Rang Thap Tap canal water 

carried out at five sites were presented in Table 2 of Appendix. These concentrations 

were reported as microgram of metal per liter (µg/L) of water samples. Distribution of 

the heavy metals in water samples at site A was presented in Figure 4-2. 

The mean concentrations of Cd exhibited the lowest concentration at 0.003 

µg/L in June and the highest concentration at 0.069 µg/L in December, whereas the 

concentration in April was undetectable. 

The mean concentrations of Cu exhibited the lowest concentration 2.000 µg/L 

in February and the highest concentration at 70.667 µg/L in December. On the other 

hand, the concentrations in April and June were undetectable. 

The mean concentrations of Fe exhibited the lowest concentration at 34.000 

µg/L in February and the highest concentration at 153.000 µg/L in June, while the 

concentration in August was undetectable. 

The mean concentrations of Pb exhibited the lowest concentration at 0.227 

µg/L in April and the highest concentration at 2.283 µg/L in October. In contrast, the 

concentration in June was undetectable. 

The mean concentrations of Zn exhibited the lowest concentration at 17.567 

µg/L in June and the highest concentration at 134.233 µg/L in October. 

The mean Cd, Cu, Pb and Zn concentrations in water at site A were below the 

legal values of Thailand’s surface water quality standards (1994), which recommended 

the Cd, Cu, Pb and Zn values at 0.05, 0.1, 0.05 and 1.0 mg/L (PCD, 2004), 

respectively. The Fe concentration was not specified in the standards. 
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4.2.1.3 Concentrations of the Heavy Metals in Aquatic Animals 

The aquatic animal samples cannot be separated into different organs because 

size of the samples was small. The average length of each aquatic animal samples was 

showed in Table 4.2.  

The mean concentrations of heavy metals in aquatic animals collected from 

five sites were listed in Table 3-7 of Appendix. These concentrations expressed in 

milligram of metal per kilogram dry weight (mg/kg dry wt) of aquatic animal samples. 

Distribution of the heavy metals in aquatic animal samples at site A was showed in 

Figure 4-3. 

Table 4.2 The Average Lengths ± Standard Deviations of Aquatic Animal Species 

Aquatic Animals Species Average Length (cm) ± SD 

Anabas testudineus (Bloch, 1792) 10.128 ± 1.644

Channa striata (Bloch, 1793) 10.200 ± 0.000

Cirrhicea jullieni Sauvage, 1878 11.300 ± 3.558

Oxyeleotris marmorata (Bleekler, 1852) 6.560 ± 1.170

Puntius schwanenfeldi (Bleekler, 1853) 6.010 ± 1.779

Tilapia nilotica (Linnaeus, 1758) 17.000 ± 0.000

Trichogaster trichopterus (Pallas, 1770) 11.700 ± 0.000

Valamugil siheli (Forsskal, 1775) 11.429 ± 1.880

Pomacea canaliculata (Lamarck, 1819) 4.856 ± 1.093

4.2.1.3.1 Fish 

Fish species collected from site A were C. jullieni, P. schwanenfeldi, T. 

nilotica and T. trichopterus. 

C. jullieni and P. schwanenfeldi were found in February. The mean Cd 

concentrations of the two species were undetectable. The mean Cu concentrations of 

the two species were 2.500 and 2.300 mg/kg, respectively. The mean Fe 

concentrations of the two species were 125.867 and 82.267 mg/kg, respectively. The 

mean Pb concentrations of the two species were 0.181 and 0.244 mg/kg, respectively. 

The mean Zn concentrations of the two species were 81.537 and 64.470 mg/kg, 



Chonthicha Atthabordee        Results / 76 

respectively. T. nilotica was found in April. The mean Cd, Cu, Fe, Pb and Zn 

concentrations were 0.0024, 6.367, 1,068.400, 1.049 and 76.747 mg/kg, respectively.  

T. trichopterus was found in almost all the months, except February and June. 

The mean Cd concentration of the species in April, 0.0021 mg/kg, was higher than the 

other months. On the other hand, the mean Cd concentrations in October and 

December were undetectable. The mean Cu concentrations varied from 0.990 mg/kg 

in October, being the lowest concentration, to 7.120 mg/kg in December, being the 

highest concentration. The mean Fe concentrations varied from 140.300 mg/kg in 

December, being the lowest concentration, to 1,006.800 mg/kg in April, being the 

highest concentration. The mean Pb concentrations varied from 0.301 mg/kg in 

December, being the lowest concentration, to 1.262 mg/kg in April, being the highest 

concentration. The mean Zn concentrations varied from 29.200 mg/kg in August, 

being the lowest concentration, to 82.613 mg/kg in April, being the highest 

concentration. 

Cd, Cu and Pb concentrations in these fish were in the permissible levels for 

fish recommended by FAO/WHO (1976) which proposed the levels of 0.4286 

mg/kg/day for cadmium (Tuzen, 2003), the European Communities which established 

the threshold values for Cd and Pb at 0.05 and 0.20 mg/kg (Henry et al., 2004), FAO 

(1983) which permitted the limits of Cu and Pb in fish at 10 and 4 mg/kg/day (Sekhar 

et al., 2003), the Recommended Dietary Allowance (RDA) which established the legal 

concentrations for Cu, Fe and Zn at 7-13, 8-18 and 8-13 mg/kg/day (Bunsong, 2003), 

respectively, as well as WHO (1993) which set the legal levels of Cu and Zn in fish at 

35.17 and 21.429-71.429 mg/kg/day (Bunsong, 2003), respectively. In the opposite, 

the Fe and Zn concentrations were over the acceptable values proposed by WHO 

(1993) and RDA (Bunsong, 2003). There were also legislations in other countries 

regulating the maximum concentrations of the metals. The Canadian Food Standards 

had the levels for Cu and Zn at 100 mg/kg while the Hungarian Standards had those at 

60 and 80 mg/kg. Also the Australian Accepted Limits had those at 10 and 150 mg/kg 

(Papagiannis et al., 2004) and the Western Australian Food and Drug Regulations List 

limited the legal value at 40 mg/kg for Zn (Usero et al., 2003). The Cu and Zn contents 

did not exceeded these limits, except the latter. 
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4.2.1.3.2 Mollusc 

Mollusc species chosen in the study was P. canaliculata. At site A, the mollusc 

samples were found in all months. The mean cadmium concentrations were the lowest 

concentration at 0.0012 mg/kg in December and the highest concentration at 0.0095 

mg/kg in February.  

The mean concentrations of Cu were the lowest concentration at 27.400 mg/kg 

in April and the highest concentration at 280.917 mg/kg in August. 

The mean iron concentrations of Fe were the lowest concentration at 9.967 

mg/kg in June and the highest concentration at 1,787.300 mg/kg in December. 

The mean concentrations of Pb were the lowest concentration at 0.993 mg/kg 

in October and the highest concentration at 3.322 mg/kg in December. 

The mean concentrations of Zn were the lowest concentration at 38.753 mg/kg 

in August and the highest concentration at 235.090 mg/kg in October. 

The Cd and most Pb concentrations were below the legislations for bivalve 

molluscs suggested by European Communities (2001), which established the 

maximum permissible concentrations for Cd and Pb at 1.0 and 1.5 mg/kg (Ureso et al., 

2005), respectively and the Australia New Zealand Food Standards Code, which also 

limited the Cd and Pb concentrations in molluscs at 2.0 mg/kg (Ureso et al., 2005). 

While the Fe, Cu and Zn surpassed the limits proposed by RDA (Bungsong, 2003). 

The Cu concentrations were also below the limit values of the Canadian Food 

Standards, the Hungarian Standards and the Australian Accepted Limits (Papagiannis 

et al, 2004). But any of the Zn concentrations were over those of the legal limits of the 

Western Australian Food and Drug Regulations List (Usero et al., 2003). 
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4.2.2 Site B 

4.2.2.1 Concentrations of the Heavy Metals in Sediment 

Distribution of the heavy metals in sediment samples at site B was showed in 

Figure 4-4. The mean concentrations of cadmium in sediment varied from the lowest 

concentration at 0.0004 mg/kg in April to the highest concentration at 0.0043 mg/kg in 

August. 

The mean concentrations of Cu in sediment, which were detectable in five 

months, varied from the lowest concentration at 2.933 mg/kg in December to the 

highest concentration at 15.433 mg/kg in June, whereas the copper concentration in 

August was undetectable. 

The mean concentrations of Fe in sediment varied from the lowest 

concentration at 7,581.37 mg/kg in December to the highest concentration at 

17,260.40 mg/kg in June. 

The mean concentrations of Pb in sediment were detectable in five months. 

These concentrations varied from the lowest concentration at 3.000 mg/kg in August 

to the highest concentration at 55.667 mg/kg in December. While the lead 

concentration was undetectable in February. 

The mean concentrations of Zn in sediment varied from the lowest 

concentration at 29.400 mg/kg in December to the highest concentration at 69.400 

mg/kg in June. 

The Cd and Pb concentrations in sediment at site B were below the legal values 

of the soil quality standards of Thailand (1994) (PCD, 2004).  
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4.2.2.2 Concentrations of the Heavy Metals in Water 

Distribution of the heavy metals in water samples at site B was presented in 

Figure 4-5. The mean Cd concentrations exhibited the lowest concentration at 0.012 

µg/L in June and the highest concentration at 0.106 µg/L in October. 

  The mean concentrations of Cu exhibited the lowest concentration at 3.333 

µg/L in February and April, as well as the highest concentrations at 77.667 µg/L in 

October and December. On the contrary, the concentration in August was 

undetectable. 

 The mean concentrations of Fe exhibited the lowest concentration at 23.000 

µg/L in April and the highest concentration at 80.000 µg/L in December, while the 

concentration in August was undetectable. 

 The mean concentrations of Pb exhibited the lowest concentration at 0.223 

µg/L in April and the highest concentration at 2.347 µg/L in December. In contrast, 

the concentration in August was undetectable. 

 The mean concentrations of Zn exhibited the lowest concentration at 6.533 

µg/L in August and the highest concentration at 146.300 µg/L in October. 

Cd, Cu, Pb and Zn concentrations in water at site B were below the legal 

values of the surface water quality standards of Thailand (1994) (PCD, 2004).  
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4.2.2.3 Concentrations of the Heavy Metals in Aquatic Animals 

Distribution of the heavy metals in aquatic animal samples at site B was 

presented in Figure 4-6.  

4.2.2.3.1 Fish 

Fish species collected from site B were A. testudineus, C. jullieni, C. striata, P. 

schwanenfeldi and T. trichopterus. 

A. testudineus was found in October. Cu, Fe, Pb and Zn concentrations were 

0.833, 224.767, 0.415 and 35.833 mg/kg, respectively. On the other hand, the 

cadmium concentration was undetectable.  

C. striata was found in December. The copper, iron, lead and zinc 

concentrations were 3.000, 60.567, 0.125 and 21.043 mg/kg, respectively. In contrast, 

Cd concentration was undetectable.  

P. schwanenfeldi was found in April. Cd, Cu, Pb and Zn concentrations were 

0.0010, 2.333, 56.833 and 51.793 mg/kg, respectively, while Fe concentration was 

undetectable.  

C. jullieni was found in October and December. Cd concentrations in October 

and December were undetectable. Cu concentrations in October and December were 

0.967 and 5.833 mg/kg, respectively. Fe concentrations in October and December 

were 162.767 and 85.667 mg/kg, respectively. Pb concentrations in October and 

December were 0.356 and 0.246 mg/kg, respectively. Zn concentrations in October 

and December were 60.423 and 71.093 mg/kg, respectively.  

T. trichopterus was found in almost all the months, except October and April. 

Cd concentration in June, 0.0037 mg/kg, was higher than that in August. On the 

contrary, Cd concentrations in December and April were undetectable. Cu 

concentrations varied from 0.817 mg/kg in August, being the lowest concentration, to 

21.733 mg/kg in June, being the highest concentration. Fe concentrations varied from 

229.967 mg/kg in August, being the lowest concentration, to 621.900 mg/kg in June, 

being the highest concentration. Pb concentrations varied from 0.293 mg/kg in August, 

being the lowest concentration, to 1.710 mg/kg in June, being the highest 

concentration. Zn concentrations varied from 229.967 mg/kg in August, being the 

lowest concentration, to 621.900 mg/kg in June, being the highest concentration.  
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Cd, Cu and Pb concentrations in these fish were below the limit values of the 

Canadian Food Standards, the Hungarian Standards, the Australian Accepted Limits 

(Papagiannis, et al., 2004) and the permissible levels proposed by FAO/WHO (1976) 

(Tuzen, 2003), FAO (1983) (Sekhar, et al., 2003), WHO (1993) and RDA (Bunsong, 

2003). Only the latter was higher than the threshold levels suggested by the European 

Communities (Henry et al., 2004). Whereas Zn concentrations were lower than those, 

with the exception of the legal levels permitted by RDA and the limits of the Western 

Australian Food and Drug Regulations List (Usero et al., 2003). 

4.2.2.3.2 Mollusc 

At site B, P. canaliculata was found in most months, except in June. Cd 

concentrations were the lowest concentration at 0.0006 mg/kg in February and the 

highest concentration at 0.0125 mg/kg in August. 

Cu concentrations were the lowest concentration at 29.400 mg/kg in February 

and the highest concentration at 146.460 mg/kg in August. 

Fe concentrations were the lowest concentration at 890.233 mg/kg in February 

and the highest concentration at 2,090.367 mg/kg in December. 

Pb concentrations were the lowest concentration at 0.446 mg/kg in February 

and the highest concentration at 1.760 mg/kg in April. 

Zn concentrations were the lowest concentration at 39.967 mg/kg in August 

and the highest concentration at 229.533 mg/kg in April. 

Cd and Pb concentrations were in the legal levels of the Australian New 

Zealand Food Standards Code and the limits proposed by the European Communities 

(2001) (Ureso et al., 2005). As most of the copper and zinc concentrations exceeded 

the permissible limits set by RDA (Bunsong, 2003), the legal values of the Canadian 

food standards, the Hungarian standards and the Australian accepted limits 

(Papagiannis et al., 2004). But all Fe concentrations were over the values of the 

standards and limits. 
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4.2.3 Site C 

4.2.3.1 Concentrations of the Heavy Metals in Sediment 

The distribution of heavy metals in sediment samples at site C was showed in 

Figure 4-7. The mean concentrations of Cd in sediment varied from the lowest 

concentration at 0.0019 mg/kg in April to the highest concentration at 0.0062 mg/kg in 

June. 

The mean concentrations of Cu in sediment varied from the lowest 

concentration at 5.933 mg/kg in February to the highest concentration at 34.767 mg/kg 

in June. 

The mean concentrations of Fe in sediment varied from the lowest 

concentration at 10,303.43 mg/kg in February to the highest concentration at 

20,455.47 mg/kg in April. 

The mean concentrations of Pb in sediment, which were detectable in five 

months, varied from the lowest concentration at 6.667 mg/kg in June to the highest 

concentration at 73.000 mg/kg in October. On the contrary, the lead concentration in 

February was undetectable. 

The mean concentrations of Zn in sediment varied from the lowest 

concentration at 41.877 mg/kg in April to the highest concentration at 135.100 mg/kg 

in June. 

 Cd and Pb concentrations in sediment were below the limit values of the soil 

quality standards of Thailand (1994) (PCD, 2004).  
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4.2.3.2 Concentrations of the Heavy Metals in Water 

Distribution of the heavy metals in water samples at site C was showed in 

Figure 4-8. The mean concentrations of Cd exhibited the lowest concentration at 0.009 

µg/L in June and the highest concentration at 0.139 µg/L in August. 

The mean concentrations of Cu exhibited the lowest concentration at 3.667 

µg/L in April and the highest concentration at 75.333 µg/L in October. On the other 

hand, the concentration in June and February were undetectable. 

The mean concentrations of Fe exhibited the lowest concentration at 11.667 

µg/L in February and the lowest concentration at 93.333 µg/L in June, whereas the 

concentration in August was undetectable. 

The mean concentrations of Pb exhibited the lowest concentration at 0.253 

µg/L and the highest concentration at 2.217 µg/L in October, while the concentration 

in June was undetectable. 

The mean concentrations of Zn exhibited the lowest concentration at 10.167 

µg/L in February and the highest concentration at 178.767 µg/L in October. 

The mean Cd, Cu, Pb and Zn concentrations were below the limit values of the 

surface water quality standards of Thailand (1994) (PCD, 2004).  
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4.2.3.3 Concentrations of the Heavy Metals in Aquatic Animals 

Distribution of the heavy metals in aquatic animal samples at site C was 

showed in Figure 4-9. 

4.2.3.3.1 Fish 

Fish species taken from site C were C. jullieni and T. trichopterus  

C. jullieni was found in April and August. Cd concentration in April, 0.0016 

mg/kg, was higher than in August, 0.0011 mg/kg. Cu concentration in August, 35.200 

mg/kg, was higher than in April, 2.830 mg/kg. Fe concentration in April, 145.600 

mg/kg, was higher than in August, 66.033 mg/kg. Pb concentration in April, 0.519 

mg/kg, was higher than in August, 0.054 mg/kg. Zn concentration in April, 57.417 

mg/kg, was higher than in August, 42.000 mg/kg. 

T. trichopterus was found in August. Cd, Cu, Fe, Pb and Zn concentrations 

were 0.0007, 3.033, 763.700, 1.219 and 29.533 mg/kg, respectively. 

The mean Cd and Pb concentrations in the fish species were lower than the 

limits established by FAO/WHO (1976) (Tuzen, 2003) and FAO (1983) (Sekhar et al., 

2003), respectively. In the opposite, most of the latter exceeded the threshold values 

recommended by the European Communities (Henry et al., 2004).While the copper 

level in April was lower than the limit levels proposed by FAO (1983) (Sekhar et al., 

2003), WHO (1993), RDA (Bunsong, 2003), the permissible values of the Canadian 

Food Standards, the Hungarian Standards and the Australian Accepted Limits 

(Papagiannis et al., 2004). In contrast, the copper level in August exceeded those 

standards and limits, except the limit level set by WHO (1993), the legal values of the 

Canadian Food Standards and the Hungarian Standards. The iron and zinc 

concentrations were higher than the limits recommended by RDA (Bunsong, 2003), 

FAO (1983) (Sekhar et al., 2003) and the legal limits of the Western Australian Food 

and Drug Regulations List (Usero et al., 2003). But the latter were in the permissible 

levels set by WHO (1983), the levels of the Canadian Food Standards, the Hungarian 

Standards and the Australian Accepted Limits (Papagiannis et al., 2004). 

 

 

 



Fac. of Grad. Studies, Mahidol Univ.                M.Sc.(Technology of Environmental Management) / 91 

4.2.3.3.2 Mollusc 

At site C, P. canaliculata was found in almost all the months.  

Cd concentrations were the lowest concentration at 0.0007 mg/kg in October 

and the highest concentration at 0.0144 mg/kg in June. 

Cu concentrations were the lowest concentration at 13.400 mg/kg in April and 

the highest concentration at 100.600 mg/kg in August. 

Fe concentrations were the lowest concentration at 14.233 mg/kg in June and 

the highest concentration at 1861.400 mg/kg in February. 

Pb concentrations were the lowest concentration at 0.564 mg/kg in October and 

the highest concentration at 2.165 mg/kg in February. 

Zn concentrations were the lowest concentration at 11.300 mg/kg in August 

and the highest concentration at 250.983 mg/kg in December. 

Cd and Pb concentrations, except Pb contents in February, were lower than the 

limits of the Australia New Zealand Food Standards Code and the legal levels 

recemmended by the European Communities (2001) (Usero et al., 2005). While the 

copper, iron and zinc concentrations in December surpassed the limit levels of the 

Canadian Food Standards, the Hungarian Standards, the Australian Accepted Limits 

(Papagiannis et al., 2004), the Western Australian Food and Drug Regulations List 

(Usero et al., 2003) and the legal values proposed by RDA (Bunsong, 2003)  
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4.2.4 Site D 

4.2.4.1 Concentrations of the Heavy Metals in Sediment 

Distribution of the heavy metals in sediment samples at site C was showed in 

Figure 4-10. The mean concentrations of Cd in sediment varied from the lowest 

concentration at 0.0031 mg/kg in February to the highest concentration at 0.0055 

mg/kg in August. 

The mean concentrations of Cu in sediment, which were detectable in five 

months, varied from the lowest concentration at 6.067 mg/kg in December to the 

highest concentration at 14.000 mg/kg in June, while Cu concentration was 

undetectable in August. 

The mean concentrations of Fe in sediment varied from the lowest 

concentration at 13,764.60 mg/kg in October to the highest concentration at 22,311.17 

mg/kg in June.  

The mean concentrations of Pb in sediment varied from the lowest 

concentration at 10.00 mg/kg in February to the highest concentration at 71.00 mg/kg 

in August. 

The mean concentrations of Zn in sediment varied from the lowest 

concentration at 38.100 mg/kg in December to the highest concentration at 63.067 

mg/kg in August. 

Cd and Pb concentrations in sediment were below the legal values of the soil 

quality standards of Thailand (1994) (PCD, 2004).  
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4.2.4.2 Concentrations of the Heavy Metals in Water 

Distribution of the heavy metals in water samples at site D was presented in 

Figure 4-11. The mean concentrations of Cd exhibited the lowest concentration at 

0.007 µg/L in August and the highest concentration at 0.138 µg/L in October. 

The mean concentrations of Cu exhibited the lowest concentration at 18.333 

µg/L in August and the highest concentration at 70.333 µg/L in October. On the 

contrary, the concentration in February, April and June were undetectable. 

The mean concentrations of Fe exhibited the lowest concentration at 52.000 

µg/L in February and the highest concentration at 101.333 µg/L in December. On the 

other hand, the concentration in August was undetectable. 

The mean concentrations of Pb exhibited the lowest concentration at 0.057 

µg/L in April and the highest concentration at 2.737 µg/L in October, whereas the 

concentration in June was undetectable. 

The mean concentrations of Zn exhibited the lowest concentration at 4.233 

µg/L in June and the highest concentration at 130.567 µg/L in October. 

The mean heavy metal concentrations in water at site D were below the legal 

values of Thailand’s coastal water quality standards (1994), which recommended the 

highest values of Cd, Cu, Pb, Fe and Zn at 0.005, 0.05, 0.05, 0.3 and 0.1 mg/L (PCD, 

2004), respectively. Fe concentration was not specified in the standards. 
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4.2.4.3 Concentrations of the Heavy Metals in Aquatic Animals 

Distribution of the heavy metals in aquatic animal samples at site D was 

showed in Figure 4-12. P. canaliculata, the freshwater species, cannot be collected 

from this site. 

4.2.4.3.1 Fish 

Fish species catched from site D was V. siheli found in April and August. 

The mean concentration of Cd in August, 0.0026 mg/kg, was higher than in 

April, 0.0024 mg/kg. The mean concentration of Cu in August, 22.900 mg/kg, was 

higher than in April, 3.033 mg/kg. The mean concentration of Fe in April, 1,277.700 

mg/kg, was higher than in August, 84.733 mg/kg. The mean concentration of Pb in 

August, 1.510 mg/kg, was higher than in April, 0.372 mg/kg. The mean concentration 

of Zn in April, 51.487 mg/kg, was higher than in August, 15.867 mg/kg. 

Cd and Pb concentrations were below the legal limits established by 

FAO/WHO (1976) (Tuzen, 2003) and FAO (1983) (Sekhar et al., 2003), respectively. 

However, the latter were also below the threshold limits suggested by the European 

Communities (Henry et al., 2004). Cu concentration in April was lower than the limit 

values set by FAO (1983) (Sekhar et al., 2003), WHO (1993) and RDA (Bunsong, 

2003), the limit values of the Canadian Food Standards, the Hungarian Standards, the 

Australian Accepted Limits (Papagiannis et al., 2004). On the contrary, Cu 

concentration in August was lower than those standards and limits, with the exception 

of the permissible levels suggested by RDA, FAO (1983) and the levels of the 

Australian Accepted Limits. Zn concentrations in April were below those standards 

and limits, except the legal limit proposed by FAO (1983) (Sekhar, et al., 2003) and 

RDA (Bunsong, 2003), and the level of the Western Australian Food and Drug 

Regulations List (Usero et al., 2003). Whereas Zn concentrations in August were 

lower than those standards and limits, with the exception of RDA and the Western 

Australian Food and Drug Regulations List. Fe concentrations exceeded the 

permissible levels proposed by RDA (Bunsong, 2003). 
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4.2.5 Site E 

4.2.5.1 Concentrations of the Heavy Metals in Sediment 

Distribution of the heavy metals in sediment samples at site E was showed in 

Figure 4-13. The mean concentrations of Cd in sediment varied from the lowest 

concentration at 0.0021 mg/kg in June to the highest concentration at 0.0057 mg/kg in 

August. 

The mean concentrations of Cu in sediment varied from the lowest 

concentration at 7.433 mg/kg in April to the highest concentration at 27.733 mg/kg in 

June. 

The mean concentrations of Fe in sediment varied from the lowest 

concentration at 16,167.53 mg/kg in December to the highest concentration at 

24,982.67 mg/kg in August. 

The mean concentrations of Pb in sediment varied from the lowest 

concentration at 9.000 mg/kg in August to the highest concentration at 71.667 mg/kg 

in October. 

The mean concentrations of Zn in sediment varied from the lowest 

concentration at 45.000 mg/kg in December to the highest concentration at 71.700 

mg/kg in June. 

Cd and Pb concentrations were below the limit values of the soil quality 

standards of Thailand (1994) (PCD, 2004).  
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4.2.5.2 Concentrations of the Heavy Metals in Water 

Distribution of the heavy metals in water samples at site E was showed in 

Figure 4-14. The mean concentrations of Cd exhibited the lowest concentration at 

0.004 µg/L in April and the highest concentration at 0.091 µg/L in December. 

The mean concentrations of Cu exhibited the lowest concentration at 56.667 

µg/L in August and the highest concentration at 70.000 µg/L in October. 

The mean concentrations of Fe exhibited the lowest concentration at 32.333 

µg/L in February and the highest concentration at 150.667 µg/L in October. In 

contrast, the concentration in August was undetectable. 

The mean concentrations of Pb exhibited the lowest concentration at 0.220 

µg/L in April and the highest concentration at 2.633 µg/L in October, while the 

concentration in June was undetectable. 

The mean concentrations of Zn exhibited the lowest concentration at 54.433 

µg/L in April and the highest concentration at 113.633 µg/L in October. 

The concentrations of all heavy metals were below the limit values of the 

coastal water quality standards of Thailand (1994) (PCD, 2004).  
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4.2.5.3 Concentrations of the Heavy metals in Aquatic animals 

Distribution of the heavy metals in aquatic animal samples at site E was 

presented in Figure 4-15. P. canaliculata cannot be collected from this site. 

4.2.5.3.1 Fish 

Fish species collected from site E were O. marmorata and V. siheli.  

O. marmorata was found in April. The mean Cd, Cu, Fe and Zn concentrations 

were 0.0033, 2.267, 22.300 and 49.500 mg/kg, respectively. On the other hand, Pb 

concentration was undetectable.  

V. siheli was found in August and April. The mean concentration of Cd in 

August, 0.0066 mg/kg, was higher than in April, 0.0024 mg/kg. The mean 

concentration of Cu in August, 14.100 mg/kg, was higher than in April, 4.233 mg/kg. 

The mean concentration of Fe in April, 69.700 mg/kg, was higher than in August, 

56.067 mg/kg. The mean concentration of Pb in August was 8.701 mg/kg and that in 

April was undetectable. The mean concentration of Zn in April, being 85.017 mg/kg, 

was higher than in August, 43.667 mg/kg. 

All Cd and most of Cu concentrations were lower than the limit values 

recommended by FAO/WHO (1976) (Tuzen, 2003), FAO (1983) (Sekhar et al., 2003), 

WHO (1993) and RDA (Bunsong, 2003), the limit values of the Canadian Food 

Standards, the Hungarian Standards, the Australian Accepted Limits (Papagiannis et 

al., 2004). In addition, one of Pb concentration, which were detectable, was more than 

the threshold levels proposed by the European Communities. As Fe concentrations 

were over the legal limits suggested by RDA (Bunsong, 2003). Almost all Zn 

concentrations were below those standards and limits, except the legal levels 

established by RDA, and the limits of the Western Australian Food and Drug 

Regulations List (Usero et al., 2003). 
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4.3 Human Consumption 

From the legistrations mentioned above, it can be showed that almost all of Cd 

and Pb concentrations in the fish and mollusc samples from the Rang Thap Tap canal 

were lower than the legal levels of many organizations. Whereas most of Cu, Fe and 

Zn concentrations in the fish and mollusc samples were significantly higher than the 

legal levels set by laws and, therefore, the fish and mollusc analysed were not fit for 

human consumption. The results of other researches, such as the studies of Usero et al. 

(2003), Karadede et al. (2004), Karadede and Unlu (2000), Rashed (2001) and Henry 

et al. (2004), clearly expressed that heavy metals were accumulated in internal organ 

of fish significantly more than in muscle. Thai people consume whole small fish 

species for calcium and as fermented fish so they can more expose to heavy metals 

than people in other countries that seldom consume internal organ in fish.  

The heavy metal concentrations in the mollusc samples (P. canaliculata) 

considerably exceeded those in all fish species. In the present study, the mollusc 

species tends to be consumed by human beings and duck (as feed) more at present 

than in the past. Thus heavy metals can be greatly accumulated in people and food 

web. Also it has been recommended to use P. canaliculata in producing effective 

microorganism (EM) therefore it has to be keep in mind of the high contanimation of 

heavy metals in the EM products. 

 

4.4 Correlation between Sediment, Water and Aquatic Animals 

Correlation coefficients between the heavy metal concentrations in sediment, 

water and aquatic animals were presented in Table 4-3. 

4.4.1 Site A 

Most of the correlation coefficients of Cd and Cu concentrations between 

sediment and aquatic animals were positive. On the contrary, those of Zn 

concentrations between sediment and aquatic animals were negative. Cd, Cu and Zn 

concentrations in aquatic animals correlated to the concentrations in sediment more 

than in water. On the other hand, Pb concentrations correlated to the concentrations in 

water more than in sediment. Fe concentrations did not relate to the concentrations in 

water and sediment. 
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4.4.2 Site B 

With the exception of Pb and Fe concentrations, the correlation coefficients 

close to negative were found for Cd, Pb and Zn concentrations. Almost all the 

concentrations of those in aquatic animals correlated to the concentrations in sediment 

more than in water. In the opposite, Cu and Fe concentrations correlated to the 

concentrations in water more than in sediment. Cd concentrations in aquatic animals 

did not relate to those in sediment. Contrasting to Zn concentrations that did not relate 

to the concentrations in water. 

4.4.3 Site C 

The correlation coefficients close to negative, except Cu concentration, were 

found for Cd, Pb and Fe concentrations. The concentrations of Cd, Pb and Fe in 

aquatic animals correlated to those in water more than in sediment. Fe concentrations 

in aquatic animals did not only relate to those in sediment, but also Zn concentrations 

did not relate to those in both sediment and water. 

4.4.4 Site D 

Only Cu concentrations in fish correlated to those in both sediment and water. 

The correlation coefficient of Cu concentration between sediment and fish was 

negative, in contrast, the coefficient of that between water and fish was positive. Cu 

concentration in fish related to that in water more than in sediment. 

4.4.5 Site E 

The correlation coefficients between sediment and fish close to negative were 

found for Pb and Zn concentrations. On the other hand, those between water and fish 

close to negative were found for Fe and Pb concentrations. The others did not correlate 

to the concentrations in sediment or in water. Pb concentration in fish related to that in 

water more than in sediment. 

Correlation coefficients close to zero or negative, such as the coefficient 

between Cd concentration in water and in T. nilotica at site A, indicated that Cd 

concentration in the water was not directly reflected in T. nilotica. This can be 

explained if it was considered that Cd concentration was low in water, probably lower 
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than the threshold below which the species was able to regulate the accumulation of 

the metal in its body (Usero et al., 2005). 

Table 4-3 Correlation Coefficients between the Heavy Metal Concentrations in 

Sediment, Water and Aquatic Animals with the Significant level at 0.05 

Sediment Water 
Site 

Aquatic Animal 

Species Cd Cu Fe Pb Zn Cd Cu Fe Pb Zn 

A Cirrhicea jullieni - - - - - - 1.00 - 1.00 - 

 Puntius 

schwanenfeldi 
- -1.00 - - - - - - -1.00 1.00 

 Tilapia nilotica 1.00 1.00 - - - -0.90 - - - - 

 Trichogaster 

trichopterus 
- 0.79 - -0.96 -0.67 - - - - - 

 Pomacea 

canaliculata 
0.55 0.61 - 0.81 -0.62 -0.52 - - - - 

B Anabas testudineus - - 1.00 -1.00 -1.00 - - - - - 

 Cirrhicea jullieni - -0.88 - 0.88 - - - - -0.83 - 

 Channa striata - - - - - - - - - - 

 Puntius 

schwanenfeldi 
- - - - -1.00 - - - - - 

 Trichogaster 

trichopterus 
- 0.79 - 0.61 -0.81 -0.60 0.77 0.70 - - 

 Pomacea 

canaliculata 
- -0.87 - - -0.74 - - - - 0.59 

C Cirrhicea jullieni -0.81 - - - - -0.75 - - -0.94 - 

 Trichogaster 

trichopterus 
-1.00 - - - - 1.00 - - - - 

 Pomacea 

canaliculata 
- 0.57 - -0.48 - -0.60 - -0.82 - - 

D Valamugil siheli - -0.88 - - - - 0.94 - - - 

E Oxyeleotris 

marmorata 
- - - - - - - - - - 

 Valamugil siheli - - - -0.89 -0.93 - - 0.93 0.92 - 

Note: - = non computable 
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CHAPTER V 

DISCUSSIONS 

 

5.1 Physico-chemical Characteristics of Water Quality of the Rang Thap Tap 

Canal 

The results indicated that monthly variation influenced on the physico-

chemical characteristics of water quality of the Rang Thap Tap canal and the order of 

water quality of each month for sites A, B, C, D and E are presented as follows: 

Site A; April < December < October < February < June < August 

Site B: April < February < December < October < August < June 

Site C: April < December < February < October < August < June 

Site D: April < February < December < October < June < August 

Site E: February < April < December < October < June < August. 

 The data expressed that the physico-chemical characteristics of water quality in 

April were higher than those in the other months, but some parameters had the lowest 

values such as nitrate and phosphate. In contrast, the physico-chemical characteristics 

of water quality in August were lower than those in the others. In comparison with the 

surface and coastal water quality standards of Thailand (1994), it was disclosed that 

pH, temperature, salinity and DO values in the Rang Thap Tap canal were in the legal 

limits. Nitrate values at sites A, B and C in all months, except those in December, 

were more than the highest legal limits. Whereas those at site D and E were in the 

coastal water quality standards of Thailand (1994) for Class 3 of saltwater quality.  

 

5.2 Heavy Metals 

5.2.1 Heavy Metal Concentrations in Sediment 

When comparing among five sites, heavy metal concentrations in sediments 

can be presented as the followings: 

Cd concentrations at sites A > C > D > E > B 

 Cu concentrations at sites A > C > E > D > B 
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Fe concentrations at sites E > D > C > A > B 

 Pb concentrations at sites A > E > D > C > B 

 Zn concentrations at sites A > B > C > E > D. 

 These patterns lucently indicated that sediment of site A was found the highest 

levels of heavy metals, except Fe. On the contratry, site B was found the lowest levels, 

except Zn. Cd and Cu concentrations at site A were higher than those at the other sites 

because there were many pig farms located at site A which released wastes 

contaminated with Cd and Cu. Pb and Zn concentrations were also found the highest 

valus because major land uses of site A were paddy fields which discharged wastes 

contaminated Pb and Zn into the canal. 

 The heavy metal concentrations in sediment at sites A, B and C can be 

presented as the followings: Fe > Zn > Cu > Pb > Cd, whereas those at sites D and E 

can be presented as the followings: Fe > Zn > Pb > Cu > Cd. It can be summarized 

that in sediment the highest heavy metal concentration was Fe whereas the lowest one 

was Cd. 

 During the study period from June 2004 to April 2005, all heavy metal 

contents in sediment at each site can be presented as the followings:  

Site A in April > December > June > August > February > October 

Site B in August > June > April > October > February > December 

Site C in April > August > October > June > December > February 

Site D in June > April > August > February > December > October 

Site E in August > April > June > February > October > December. 

 The result distinctly presented that, in August, all heavy metals were found in 

sediment more than the other months whereas in October and December the heavy 

metals were found less than the other months. Additionally, the results also exhibited 

that each of the heavy metals accumulated were different from February to December, 

so they can buttressed that monthly variation influenced on heavy metal accumulation 

in sediment. 

 The present result apparently disclosed that Cd concentrations in sediment 

were lower than the limit value of the soil quality standards of Thailand (1994), being 

the standards for surface soil, which had the levels for Cd and Pb at 37 and 400 mg/kg 

(PCD, 2004), respectively and the Swedish Environmental Protection Agency 



Chonthicha Atthabordee  Discussions / 110 

Standard (1991), being the standard for bottom sediment, which recommended the 

heavy metal values given for low, moderate and high levels of sediment metals at 0.2-

0.7, 0.7-2.0 and 2.0-5.0 mg/kg for Cd; 10.0-25.0, 25.0-50.0 and 50-150 mg/kg for Cu; 

5.0-30.0, 30.0-50.0 and 50.0-400.0 mg/kg for Pb; and 70.0-175.0, 175.0-300.0 and 

300.0-1,000.0 mg/kg for Zn (Bunsong, 2003), respectively. While Cu, Pb and Zn 

concentrations showed the moderate levels. Pb concentrations were also lower than the 

limit values of the soil quality standards of Thailand (1994) (PCD, 2004). The 

legistrations of these organizations are showed in Table 5-1. 

The heavy metal concentrations in sediment in the different months exhibited 

significant differences at the 95% confidence level. This supported that the heavy 

metal concentrations in sediment in the Rang Thap Tap canal depended on monthly 

variation. 

 

Table 5-1 The Legistrations of Heavy Metal Concentrations (mg/kg dry wt.) in 

Sediment of Various Organizations 

Standards Cd Cu Pb Zn Reference 

1 Thailand’s Soil Quality  

    Standards (1994) 

2 The Swedish Environmental 

    Protection Agency Standard 

    (1991) 

37 

 

0.2-0.7a 

0.7-2.0b 

2.0-5.0c 

- 

 

10.0-25.0a 

25.0-50.0b 

50.0-150.0c 

400 

 

5.0-30.0a 

30.0-50.0b 

50.0-400.0c 

- 

 

70.0-175.0a 

175.0-300.0b 

300.0-1000.0c 

PCD, 2004 

 

Bunsong, 

2003 

Notes : a = low level, b = moderate level, c = high level 

 

 The results of the present study demonstrated that Cd and Cu concentrations in 

sediments from the Rang Thap Tap canal were considerably lower than those in 

sediments from Turkish Coast of the Black sea (Topcuoglu et al., 2002), from Mwanza 

Gulf of Lake Victoria, Tanzania (Kishe and Machiwa, 2003), from Kolleru lake in 

India (Sekhar et al., 2003) and from salt marshes on the southern Atlantic Coast of 

Spain (Usero et al., 2003) but the results of the present study were slightly greater than 

those in sediments from the Ataturk Dam Lake (Euphrates), Turkey (Karadede et al., 

2000) (Table 5-2). Cu, Pb and Zn concentrations in the study were significantly higher 

than those in sediments from the Paraguay River (Facetti et al., 1998), from Sg. 
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Sarawak Kanan in Sarawak, Malaysia (Lau et al., 1998), whereas they were extremely 

lower than those from Nasser Lake, Egypt (Rashed, 2001). Moreover, Fe, Pb and Zn 

concentrations in this study were also greatly higher than those in sediments from the 

Paraguay River (Facetti et al., 1998), from the Ataturk Dam Lake (Euphrates), Turkey 

(Karadede et al., 2000), from Nasser Lake (Rashed, 2001), from Turkish Coast of the 

Black sea (Topcuoglu et al., 2002) whereas they were considerably lower than those in 

sediments from Mwanza Gulf of Lake Victoria, Tanzania (Kishe and Machiwa, 2003). 

Only Pb concentration in sediments of the present study was slightly higher than that 

from Kolleru lake in India (Sekhar et al., 2003). In addition, almost all heavy metal 

concentrations in sediment, except Cd, were higher than those of the Mae Klong river 

(Chaiyabut 1997) and the rivers and klongs around Ayuthaya Island (Tangam, 2000). 
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Table 5-2 Comparison of the Concentrations (mg/kg dry wt.) of Heavy Metals in 

Sediment from the Rang Thap Tap Canal and Other Literature Values 

Location Cd Cu Fe Pb Zn Reference 

1  The Mae Klong 

    river (µg/L) 

2  Sg. Sarawak, 

    Malaysia 

3  The Paraguay 

    river, Paraguay 

4  The Ataturk Dam 

    Lake, Turkey 

5  The River and 

    Klong around 

    Ayuthaya Island 

6  Nasser Lake, 

    Egypt 

7  Turkish Coast of 

    the Black Sea, 

    Turkey 

8  The Southern 

    Atlantic coast of 

    Spain 

9  Mwanza Gulf of 

    Lake Victoria,  

    Tanzania 

10 The Atlantic  

     coast of south  

     Spain 

11 The Rang Thap  

    Tap canal,  

    Thailand 

0.12- 

0.41 b 

nd-0.67b 

 

-c 

 

nda 

 

0.23- 

0.37 b 

 

-c 

 

0.02-0.93b 

 

 

2.5d 

 

 

0.3-19b 

 

 

0.26-0.38b 

 

 

0.0004-

0.0091b 

6.36-15.89 b 

 

1.13-4.40b 

 

0.7-27b 

 

14.57-

22.70b 

11.58-

24.80 b 

 

109d 

 

4.0-95.5b 

 

 

21.6d 

 

 

25-757b 

 

 

9.2-90b 

 

 

nd-53.3b 

-c 

 

-c 

 

0.14-2.40b 

 

12,587-

19,265b 

-c 

 

 

51,500d 

 

0.5-5.4b 

 

 

-c 

 

 

7,480-

55,500b 

 

-c 

 

 

7,581.37-

24,982.67b 

6.18-52.37 b 

 

0.55-3.5b 

 

1.4-23b 

 

nda 

 

13.22-

23.58b 

 

-c 

 

0.05-31.1b 

 

 

29.6d 

 

 

26-285b 

 

 

0.74-1.92b 

 

 

nd-73.00b 

33.65-

53.47 b 

3.23-21.17b 

 

0.7-54b 

 

59.14-

60.79b 

50.71-

70.07 b 

 

143d 

 

33.9-267.4b 

 

 

36.4d 

 

 

98-3,450b 

 

 

61-92b 

 

 

29.4-154.3b 

Chaiyabut, 

1997 

Lau et al., 

1998 

Facetti et al., 

1998 

Karadede and 

Unlu, 2000 

Tangam, 2000 

 

 

Rashed, 2001 

 

Topcuoglu  

et al., 2002 

 

Kishe and 

Machiwa, 

2003 

Usero et al., 

2003 

 

Usero et al., 

2005 

 

The present 

study 

Notes : a = not detectable   c = not analysed 

  b = minimum - maximum level  d = mean level 
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5.2.2 Heavy Metal Concentrations in Water 

The patterns of heavy metal concentrations in water can be presented as the 

followings:   

Cd concentrations at site C > D > B > E > A 

 Cu concentrations at site C > B > A > E > D 

 Fe concentrations at site E > D > A > B > C 

 Pb concentrations at site C > A > E > B > D 

 Zn concentrations at site E > C > B > A > D. 

The results showed that heavy metals were intensely accumulated at site C, 

while they were slightly accumulated at site D. 

The following descending order of heavy metal concentrations in water at each 

site was Fe > Zn > Cu > Pb > Cd. The results exhibited that Fe concentrations were 

significantly higher than the other elements, contrasting to Cd concentrations. 

The heavy metal concentrations found in water at each site differed from 

February to December as follows: 

Site A in October > December > June > August > April > February 

Site B in December > October > June > April > February > August 

Site C in October > December > August > June > April > February 

Site D in October > December > April > June > February > August 

Site E in October > December > April > June > August > February. 

The sequences mentioned above obviously expressed that heavy metals were 

intensely accumulated in October and December, while they were slightly 

accumulated in August and February. In addition, each heavy metal was differently 

accumulated in these months. 

The present results lucidly displayed that the heavy metals in water at sites A, 

B and C of the Rang Thap Tap canal were below the legal values of Thailand’s surface 

water quality standards (1994) of class 3 for agricultural activities, which 

recommended Cd, Cu, Pb and Zn levels at 0.05, 0.1, 0.05 and 1.0 mg/L (PCD, 2004), 

respectively. Fe was not specified in this standard. As heavy metal concentrations at 

sites D and E were below the legal limits of Thailand’s coastal water quality standards 

(1994) of class 4 for coastal farms, which recommended Cd, Cu, Fe, Pb and Zn levels 

at 0.005, 0.05, 0.3, 0.05 and 0.1 mg/L (PCD, 2004), respectively. The legistrations for 
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surface water quality standards and coastal water quality standards of PCD are 

presented in Table 5-3. 

Heavy metal concentrations in water in different months expressed significant 

differences at the 95% confidence level. As the consequence, this suggested that heavy 

metal concentrations in water of the Rang Thap Tap canal depended on monthly 

variation. 

 

Table  5-3 The Legistrations of Heavy Metal Concentrations (mg/L) of Water Quality 

Standards (1994) 

Standards Cd Cu Fe Pb Zn Reference 

Freshwater 

1  Thailand’s surface water 

    quality standards (1994)a 

0.050 0.10 -c 0.05 1.0 PCD, 2004 

Coastal water 

2  Thailand’s coastal water 

    quality standards (1994)b 

0.005 0.05 0.3 0.05 0.1 PCD, 2004 

Notes : a = Thailand’s surface water quality standards for class 3 of freshwater quality 

 b = Thailand’s coastal water quality standards for class 4 of coastal water quality 

 c = Fe was not specified in the standards 

 

The present results unveiled that heavy metal concentrations in water samples 

were significantly higher than those in water from the Ataturk Dam Lake (Euphrates), 

Turkey (Karadede and Unlu, 2000) and from salt marshes on the southern Atlantic 

coast of Spain (Usero et al., 2003) (Table 5-4). Cd concentrations in the latter were 

only higher than those in the present study. In addition, Cu, Fe and Zn concentrations 

in water samples from the study were much lower than those from Nasser Lake, Egypt 

(Rashed, 2001). Furthermore, the results of Cu concentrations were also considerably 

lower than those from the Karoon waterway river, Iran (Diagomanolin et al., 2004). 

Additionally, Cd and Pb concentrations in water of the present study were below those 

from the Mae Klong river (Chaiyabut, 1997) and the rivers and klongs around 

Ayuthaya Island (Tagnam, 2000).  
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Table 5-4 Comparison of Heavy Metals Concentrations in Water of the Rang Thap 

Tap Canal and Other Literature Values 

Location Cd Cu Fe Pb Zn Reference 

1  The Mae Klong river 

    (µg/L) 

2  The Ataturk Dam 

    Lake, Turkey (mg/L) 

3  The River and Klong 

    around Ayuthaya 

    Island (µg/L) 

4  Nasser Lake, Egypt 

   (µg/L) 

5  The Southern  

    Atlantic coast of 

    Spain (µg/L) 

6  The Karoon  

    waterway river, Iran 

    (µg/L) 

7  The Rang Thap Tap  

    canal, Thailand  

    (µg/L) 

0.23-0.67b 

 

nda 

 

0.29-1.40b 

 

 

-c 

 

0.1-3.4b 

 

 

-c 

 

 

nd-0.138b 

1.79-5.07 b 

 

0.025-

0.22b 

1.26-1.92b 

 

 

220d 

 

1.6-11.0b 

 

 

5.5-70.3b 

 

 

nd-75.333b 

-c 

 

nd-

0.062b 

-c 

 

 

1,420d 

 

8-32b 

 

 

-c 

 

 

nd-153b 

2.24-

18.17 b 

nda 

 

4.65-

11.40b 

 

-c 

 

0.5-1.3b 

 

 

-c 

 

 

nd-

2.737b 

7.72- 

19.52 b 

0.064-

1.197b 

5.19-

15.87 b 

 

230d 

 

12-57b 

 

 

-c 

 

 

4.233-

178.767b 

Chaiyabut,1997 

 

Karadede and 

Unlu, 2000 

Tangam, 2000 

 

 

Rashed, 2001 

 

Usero, et al., 

2003 

 

Diagomanolin, 

2004 

 

The present 

study 

Notes :  a = not detectable    c = not analysed 

   b = minimum-maximun level  d = mean level 

5.2.3 Heavy Metal Concentrations in Aquatic Animals 

5.2.3.1 Fish 

Each of the following heavy metal concentration can be presented as the 

followings: 

Cd concentrations at site E > B > A > D > C 

Cu concentrations at site A > C > B > D > E 

Fe concentrations at site A > B > C > D > E 

Pb concentrations at site E > A > B > D > C 

Zn concentrations at site A > B > E > C > D. 



Chonthicha Atthabordee  Discussions / 116 

 The sequences overted that heavy metal concentrations at site A were found to 

be very high, while those at site C were found to be very low. Cd and Cu 

concentrations at site A were higher than the other sites because site A was located by 

many pig farms which released waste contaminated Cd and Cu. Fe and Zn 

concentrations were found the highest values because main land uses of site A were 

paddy fields which discharged waste contaminated Pb and Zn. Fe is the major element 

in the earth crust, so it accumulates in high amount in environment. 

 The pattern of heavy metals accumulated in fish species at sites A, B, C and D 

was as the followings: Fe > Zn > Cu > Pb > Cd whereas the pattern of those at site E 

was as the followings: Zn > Fe > Cu > Pb > Cd. 

 Heavy metal concentrations at each site were monthly variartion as the 

followings: 

Site A in April > October > August > February > December 

Site B in June > February > December > August > April 

Site C in April > August 

Site D in April > August 

Site E in April > August. 

(In some months, the fish samples can not be collected.) 

 The decending orders vividly showed that fish were accumulated heavy metals 

in April more than the other months and vice versa in August. Additionally, heavy 

metal concentrations varied among these months.  

The results in the study lucidly uncovered that all Cd and most of Pb 

concentrations in fish samples from the Rang Thap Tap canal were below the 

permissible doses for fish of 0.4285 mg/kg/day for Cd and 0.0714 mg/kg/day for Pb 

permitted by FAO/WHO (1976) (Tuzen, 2003), the threshold values for Cd and Pb in 

fish at 0.05 and 0.2 mg/kg recommened by the European Communities (Henry et al., 

2004) and the legal limits in fish for Cu, Pb and Zn at 4, 10, 50 mg/kg/day 

recommended by FAO (1983) (Sekhar et al., 2003), respectively. On the other hand, 

Fe, Zn and most of Cu concentrations in fish exceeded the Canadian Food Standards 

which set the legal limits for Cu and Zn at 100 mg/kg, the Hungarian Food Standards 

which proposed the levels of 60 and 80 mg/kg, the Australian Accepted Limits which 

suggested the limits at 10 and 150 mg/kg (Papagiannis et al., 2004), the permissible 
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levels proposed by FAO (1983) (Sekhar et al., 2003), the acceptable levels of Cu and 

Zn at 35.710 and 21.429-71.429 mg/kg/day, respectively set by WHO (1993) 

(Bunsong, 2003), the legal levels for Cu, Fe and Zn at 7-13, 8-18 and 8-13 mg/kg/day, 

respectively, established by the Recommended Dietary Allowance (RDA) and the 

legislation of 40 mg/kg/day for Zn proposed by the Western Australian Food and Drug 

Regulations List (Usero et al., 2003). The legistrations of these organizations were 

presented in Table 5-5. 

 

Table  5-5 The Legistrations of Heavy Metal Concentrations (mg/kg/day) in Fish by 

Various Organizations 

Standards Cd Cu Fe Pb Zn Reference 

1  FAO/WHO (1976) 

2  FAO (1983) 

3  WHO (1993) 

 

4  European  

    Communities 

5  The Canadian Food  

    Standards 

6  The Hungarian Food 

    Standards 

7  The Australian  

   Accepted Limits 

8  The Recommended 

   Dietary Allowance 

   (RDA) 

9  The Western 

   Australian Food and 

   Drug Regulations List 

0.4285 

- 

- 

 

0.05 

 

- 

 

- 

 

- 

 

- 

 

 

- 

- 

4 

35.71 

 

- 

 

100 

 

60 

 

10 

 

7-13 

 

 

- 

- 

- 

- 

 

- 

 

- 

 

- 

 

- 

 

8-18 

 

 

- 

0.0714 

10 

- 

 

0.2 

 

- 

 

- 

 

- 

 

- 

 

 

- 

- 

- 

21.429-

71.429 

- 

 

100 

 

80 

 

150 

 

8-13 

 

 

40 

Tuzen, 2003 

Sekhar et al., 2003 

Bunsong, 2003 

 

Henry et al., 2004 

 

Papagianis et al., 

2004 

Papagianis et al., 

2004 

Papagianis et al., 

2004 

Bunsong, 2003 

 

 

Usero et al., 2003 

Note : - = The heavy metal was not specified in the standard. 
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The present results revealed that Cu, Fe, Pb and Zn concentrations except Cd 

in fish were found to be significantly lower than the results studied by Sekhar et al. 

(2003). Whereas Cu, Fe, Pb and Zn concentrations of the present study were 

considerably higher than the results in fish from Turkish Coast of the Black sea, 

Turkey of Topcuoglu et al. (2002) with the exception of Cd found to be very low. 

Tilapia nilotica from Nasser Lake in Egypt contained Cu, Pb and Zn concentrations, 

except Cd and Fe were not analysed, lower than the results of the present study. 

Karadede et al. (2004) found that Cu, Pb and Zn concentrations in the detected fish, in 

mullet, Lisa abu and catfish, Silurus triostegus from the Atarturk Dam Lake 

(Euphrates), Turkey were higher than the results of the present study. Three fish 

species, Solea vulgaris, Anguilla anguilla and Lisa abu, from salt marshes on the 

southern Atlantic coast of Spain contained higher concentrations of Zn, Cu and Fe 

than the present study and vice versa for Cd and Pb (Usero et al., 2003). Karadede et 

al. (2000) found that Cd and Cu concentrations in fish species from the Ataturk Dam 

Lake (Euphrates), Turkey were higher than those in the present study whereas Fe, Pb 

and Zn concentrations were lower than those in the present study. Four fish species 

from the French coast of the Eastern English Channel and Southern Bight of the North 

Sea contained higher Cu, Fe and Zn concentrations than those of the present study 

(Henry et al., 2004). Turkmen et al. (2005) found that Cd and Pb concentrations in 

three commercially valuable fish species (Saurida undosquamis, Sparus autara and 

Mullus barbatus) from Iskenderun Bay, Northern East Mediterranean Sea, Turkey, 

were higher than those of the present study. Some freshwater fish species from Lake 

Pamvotis (Greece) contained lower Cu and Zn concentrations than those of the present 

study (). Mugil cephalus and Trachurus mediterraneus from Iskenderun Bay, Turkey 

(Yilmaz, 2003) contained higher Pb and Zn concentrations than those of the present 

study. Furthermore, Cu, Fe, Pb and Zn concentrations, with the exception of Cd, in 

this study were higher than those from the rivers and klongs around Ayuthaya Island 

(Tangam, 2000). Heavy metal concentrations in fish from the Rang Thap Tap canal 

and other literature values were exhibited in Table 5-6. 
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Table  5-6 Comparison of the Concentrations of Heavy Metals in Fish from the Rang 

Thap Tap Canal and Other Literature Values 

Location Cd Cu Fe Pb Zn Reference 

1  The Ataturk Dam Lake, 

   Turkey 

- Chondrostoma regium 

 

- Acanthobrama marmid 

 

- Capoetta trutta 

 

- Chalcalburnus mossulensis 

 

- Carasobarbus tuteus 

 

- Cyprinus carpio 

 

2  The River and Klong 

   around Ayuthaya Island 

- Mystus vittatus 

 

- Puntius gonionotus 

 

 

nda 

 

nda 

 

nda 

 

nda 

 

nda 

 

nda 

 

 

 

0.06-0.65b 

 

0.06-0.27b 

 

 

2.29-

17.03b 

0.81-

3.84b 

1.68-

4.13b 

2.41-

6.42b 

1.14-

30.74b 

2.23-

9.52b 

 

 

0.25-

24.62b 

0.25-

36.33b 

 

 

9.74-

185.36b 

5.30-

171.34b 

3.64-

169.78b 

20.70-

113.58b 

8.95-

173.73b 

11.51-

60.96b 

 

 

-c 

 

-c 

 

 

 

nda 

 

nda 

 

nda 

 

nda 

 

nda 

 

nda 

 

 

 

0.51- 

2.59b 

0.51- 

7.88b 

 

 

7.93-

34.40b 

8.71-

36.50b 

5.32-

32.02b 

17.96-

59.63b 

9.39-

51.66b 

9.72-

76.46b 

 

 

7.22- 

31.54b 

7.22-

31.54b 

Karadede 

and Unlu, 

2000 

 

 

 

 

 

 

 

 

 

 

 

Tangam, 

2000 

 

 

 

 

Notes :  a = not detectable   c = not analysed 

  b = minimum- maximum level  d = mean level 
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Table  5-6 Comparison of the Concentrations of Heavy Metals in Fish from the Rang 

Thap Tap Canal and Other Literature Values (continued) 

Location Cd Cu Fe Pb Zn Reference 

3  Nasser Lake, Egypt 

- Tilapia nilotica 

 

4  Turkish Coast of the  

    Black Sea, Turkey 

- Engraulis encrasiocolus 

 

- Merlagius euxinus 

 

- Dicentrarchus labrax 

- Alosa bulgarica 

 

5  The middle Black Sea,  

    Turkey 

- Alosa caspia 

- Engraulis encrasiocholus 

- Trachurus trachurus 

- Sarda sarda 

- Clupea sprattus 

 

6  The Southern Atlantic 

    coast of Spain 

- Liza abu 

 

- Anguilla anguilla 

 

- Solea vulgaris 

 

-c 

 

 

 

0.10- 

0.16b 

nd-0.02b 

 

0.24d 

0.02d 

 

 

 

0.35d 

0.20d 

0.47d 

0.09d 

0.30d 

 

 

 

0.013-

0.510b 

0.015-0.48b 

 

0.01-0.43b 

 

0.26-7.5b 

 

 

 

2.21-

3.09b 

1.86-

4.54b 

1.01d 

4.23d 

 

 

 

2.93d 

1.94d 

1.52d 

1.28d 

1.79d 

 

 

 

0.2- 

164b 

0.5- 

32.5b 

0.4- 

129b 

 

2.18-6.98b 

 

 

 

37-61b 

 

46-57b 

 

30d 

48d 

 

 

 

16.08d 

10.45d 

32.40d 

9.52d 

25.48d 

 

 

 

4.11-397 b 

 

4.11-560b 

 

2.13-326b 

 

- c 

 

 

 

0.05- 

0.60b 

nd-0.05b 

 

0.05d 

0.05d 

 

 

 

0.52d 

0.38d 

0.85d 

0.22d 

0.74d 

 

 

 

0.03-

0.48b 

0.03-

0.60b 

0.03-

0.42b 

 

0.63-2.28b 

 

 

 

35.7-44.2b 

 

30.2-43.1b 

 

25.7d 

26.4d 

 

 

 

20.41d 

17.38d 

12.05d 

11.20d 

9.50d 

 

 

 

3.10-81.8b 

 

10.1-44.6b 

 

4.17-25.6b 

 

Rashed, 

2001 

 

Topcuoglu  

et al., 2002 

 

 

 

 

 

 

 

Tuzen, 

2003 

 

 

 

 

 

 

Usero et 

al., 2003 

 

 

 

 

 

Notes :  a = not detectable   c = not analysed 

  b = minimum- maximum level  d = mean level 
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Table  5-6 Comparison of the Concentrations of Heavy Metals in Fish from the Rang 

Thap Tap Canal and Other Literature Values (continued) 

Location Cd Cu Fe Pb Zn Reference 

7  The French coast of  

   the North Sea, France 

- Pleuronectes platessa 

 

- Limanda limanda 

 

- platichthys flesus 

 

- Gadus morua 

 

8 Iskenderun Bay, Northern 

  East Mediterranean Sea,  

  Turkey 

- Saurida undosquamis 

 

- Mullus barbatus 

 

- Sparus aurata 

 

 

 

0.007-0.42b 

 

0.003-1.1b 

 

0.003-0.61b 

 

0.004-0.08b 

 

 

 

 

0.08-4.16b 

 

0.02-2.92b 

 

0.09-3.70b 

 

 

 

1.1- 

11.7 b 

0.83- 

20.8b 

0.78- 

52.2b 

0.9-9.5b 

 

 

 

 

0.04- 

3.56b 

0.24- 

5.43b 

0.08- 

3.46b 

 

 

- c 

 

- c 

 

- c 

 

- c 

 

 

 

 

0.82-

11.28b 

2.45-

17.92b 

4.59- 

27.35b 

 

 

0.01-0.38b 

 

nd- 

0.18b 

0.008- 

0.26b 

nd- 

0.21b 

 

 

 

1.12-6.95b 

 

0.32-4.83b 

 

0.19- 

6.23b 

 

 

- c 

 

- c 

 

- c 

 

- c 

 

 

 

 

0.60-8.70b 

 

0.72-9.85b 

 

0.86- 

11.57 b 

Henry  

et al., 

2004 

 

 

 

 

 

 

 

Turkmen 

et al., 

2005 

 

 

 

 

 

 

Notes :  a = not detectable   c = not analysed 

  b = minimum- maximum level  d = mean level 
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Table  5-6 Comparison of the Concentrations of Heavy Metals in Fish from the Rang 

Thap Tap Canal and Other Literature Values (continued) 

Location Cd Cu Fe Pb Zn Reference 

9 The Rang Thap Tap 

   canal, Thailand 

- Anabas testudineus 

- Cirrhicea jullieni 

 

- Channa striata 

- Oxyeleotris marmorata 

- Puntius schwanenfeldi 

 

- Tilapia nilotica 

- Trichogaster trichopterus 

 

- Valamugil siheli 

 

 

nda 

nd-0.0016b 

 

nda 

0.003d 

nd-0.001b 

 

0.0024d 

nd-0.0037 b 

 

0.0024-

0.0066b 

 

 

0.99d 

0.967- 

35.2b 

3.000d 

2.267d 

2.300-

2.333b 

6.367d 

0.667-

21.733b 

3.033-

22.900b 

 

 

224.767d 

66.033-

945.60b 

60.567d 

22.3d 

56.833-

82.267b 

1,068.4d 

140.3-

1006.8b 

56.067-

1,277.7 b 

 

 

0.415d 

0.054-

0.519b 

0.125d 

nda 

nd-0.244b 

 

1.049d 

0.277-

1.262b 

nd-8.701b 

 

 

35.833d 

42-

81.537b 

21.043d 

49.500d 

51.793-

64.470b 

76.747d 

23.3-

82.613b 

43.667-

85.017b 

The 

present 

study 

Notes :  a = not detectable   c = not analysed 

  b = minimum- maximum level  d = mean level 

5.2.3.2 Mollusc 

The results vividly showed that the sequences of each the heavy metals in 

mollusc (Pomacea canaliculata) at all sites were as the followings: 

 Cd concentrations at site B > C > A 

 Cu concentrations at site A > B > C 

 Fe concentrations at site C > A > B 

 Pb concentrations at site A > C > B 

 Zn concentrations at site A > B > C. 

The patterns expressed that most of the highest levels of heavy metals were 

found at site A and most of the lowest levels were found at site C. Cd and Cu 

concentrations at site A were higher than the other sites because site A was located by 

many pig farms which released waste contaminated Cd and Cu. Pb and Zn 

concentrations were found the highest values because the major land use of site A was 
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paddy fields which discharged waste contaminated Pb and Zn. Fe is a major element 

in the earth crust and thus it may be bioaccumulated in aquatic animals.  

 The following order of heavy metal concentrations in mollusc was as the 

followings: Fe > Zn > Cu > Pb > Cd. 

During the sampling period, heavy metal concentrations at each site varied as 

the followings:  

Site A in December > February > October > April > August > June 

Site B in December > April > August > October > February 

Site C in February > April > December > August > October > June. 

(The mollusc samples in June at site B can not be collected.) 

 The descending order exhibited that heavy metal concentrations in the mollusc 

samples in December were highest while those in June were lowest.  

 The results clearly presented that Cd and almost all of Pb concentrations in 

molluscs were lower than the European Union legislations for bivalve molluscs 

proposed by the European Communities (2000), which established the maximum 

permissible concentrations for Pb at 1.5 mg/kg and Cd at 1.0 mg/kg (Usero et al., 

2005). On the contrary, Fe, Zn and most Cu concentrations exceeded the maximum 

permitted levels of 100 mg/kg for Zn and 30 mg/kg for Cu permitted by the Food Act 

(1983) of Malaysia (Lau et al., 1998), the Canadian Food Standards which set the legal 

limits for Cu and Zn at 100 mg/kg, the Hungarian Food Standards which proposed the 

levels of 60 and 80 mg/kg for Cu and Zn, the Australian Accepted Limits which 

suggested the limits at 10 and 150 mg/kg for Cu and Zn (Papagiannis et al., 2004), the 

legal levels for Cu, Fe and Zn at 7-13, 8-18 and 8-13 mg/kg/day, respectively 

established by the Recommended Dietary Allowance (RDA) (Bunsong, 2003) and the 

legislation of 40 mg/kg/day for Zn proposed by the Western Australian Food and Drug 

Regulations List (Usero et al., 2003). The legistrations of these organizations were 

presented in Table 5-7. 

The heavy metal concentrations in fish and molluscs in different months 

expressed significant differences at the 95% confidence level. As a result, the 

concentrations in the fish and mollusc species depended on monthly variation. 
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Table  5-7 The Legistrations of Heavy Metal Concentrations (mg/kg/day) in Mollusc of 

Various Organizations 

Standards Cd Cu Fe Pb Zn Reference 

1  The European Union  

     legislations (2000) 

2  The Food Act (1983)  

    of Malaysia 

3  The Canadian Food  

    Standards 

4  The Hungarian Food  

    Standards 

5  The Australian  

    Accepted Limits 

6  The Recommended  

    Dietary Allowance   

    (RDA) 

7  The Western Australian  

    Food and Drug  

    Regulations List 

1.0 

 

30 

 

- 

 

- 

 

- 

 

- 

 

 

- 

- 

 

 

 

100 

 

60 

 

10 

 

7-13 

 

 

- 

- 

 

 

 

- 

 

- 

 

- 

 

8-18 

 

 

- 

1.5 

 

 

 

- 

 

- 

 

- 

 

- 

 

 

- 

 

 

100 

 

100 

 

80 

 

150 

 

8-13 

 

 

40 

Usero et al., 2005 

Lau et al., 1998 

 

Papagiannis  

et al., 2004 

Papagiannis  

et al., 2004 

Papagiannis  

et al., 2004 

Bunsong, 2003 

 

 

Usero, et al., 

2003 

Note : a = The European Union legislations for bivalve molluscs 

 

The present results of Cd, Cu, Pb and Zn concentrations in molluscs from the 

Rang Thap Tap canal were higher than those in freshwater molluscs (Brotia costula 

and Melanoides tuberculata) at Sg. Sarawak kanan in Sawarak, Malaysia (Lau, et al., 

1998) (Table 5-8). Usero et al. (2005) found that Zn concentrations in molluscs 

(Donax trunculus and Chamelea gallina) from the Atlantic coast of southern Spain 

were lower than those of the present study. Cd and Zn concentrations in molluscs from 

Turkish Coast of the Black Sea, 1997-1998 (Topcuoglu et al., 2002) were higher than 

those of the present study. 
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Table  5-8 Comparison of the Concentrations of Heavy Metals in Mollusc from the 

Rang Thap Tap Canal and Other Literature Values  

Location Cd Cu Fe Pb Zn Reference 

1  Sg. Sarawak kanan,  

   Malaysia 

-  Brotia costula 

 

-  Melanoides turberculata 

 

-  Clithon sp. 

 

2  The Atlantic coast of 

    southern Spain 

-  Donax trunculus 

-  Chamelea gallina 

 

3  The Rang Thap Tap 

    canal, Thailand 

-  Pomacea canaliculata 

 

 

nda 

 

nda 

 

nda 

 

 

 

0.15-0.24b 

0.29-0.38b 

 

 

0.0006-

0.0144b 

 

 

58.33-

83.33b 

85-115b 

 

29.5- 

35.5b 

 

 

60-383b 

9.2-90b 

 

 

13.40-

280.92b 

 

 

-c 

 

- c 

 

- c 

 

 

 

- c 

- c 

 

 

9.97-

2,090.37b 

 

 

nda 

 

nda 

 

nda 

 

 

 

1.1-9.5b 

0.74-1.92b 

 

 

0.45- 

3.32b 

 

 

173.33-

185.00b 

110-

126.67b 

90- 

160.13b 

 

 

63-152b 

61-92b 

 

 

11.30-

250.98b 

Lau et al., 

1998 

 

 

 

 

 

 

Usero et al., 

2005 

 

 

The present 

study 

Notes : a = not detectable b = minimum- maximum level c = not analysed 

 

 Various fish species accumulated heavy metals in different levels. Butler 

(2003) mentioned that fish species uptake heavy metals by consumption more than 

other paths. Tilapia nilotica and Trichogaster trichopterus, associated with sediment 

more than water, contained higher heavy metal concentrations than the other species. 

Because both fish species feed on benthic invertebrates, worms, insect larvae, algae, 

diatom and detritus which lived in mud, sand and sediment (Butler, 2003). Also the 

present study suggested that heavy metal concentrations in sediments significantly 

influenced on the heavy metal concentrations in these fish. If the heavy metal 

concentrations in sediment were high, those in the fish will be high. 

 Heavy metal concentrations in the samples of P. canaliculata, were 

considerably greater than those in the fish samples. Because the mollusc species 

submerged in the sediment during the day. They normally eat and hide in the 
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vegetation (Ghesquiere, 2005). Their behaviour support that this mollusc can 

accumulate the heavy metals more than the fish samples. 

 

5.3 Accumulation and Distribution of Heavy Metals in Sediment, Water and 

Aquatic Animals 

Heavy metal concentrations in sediment, water, fish and mollusc at sites A, B 

and D were as the followings: sediment > mollusc > fish > water whereas those at sites 

D and E were as the followings: sediment > fish > water. 

Although Cd and Pb concentrations in the samples were below the legal limits, 

exposure of those for long term can cause declining human health. Human uptake of 

Cd takes place mainly through food. Foodstuffs that are rich in Cd can greatly increase 

the Cd concentration in human bodies. When Cd enters the human body, it is first 

transported to the liver through the blood. There, it is bond to proteins to form 

complexes that are transported to the kidneys. Cd accumulates in kidneys, where it 

damages filtering mechanisms. This causes the excretion of essential proteins and 

sugars from the body and further kidney damage. It takes a very long time before Cd 

that has accumulated in kidneys is excreted from a human body (Lenntech Water 

Treatment & Air Purification Holding, 2005). Other health effects that can be caused 

by Cd are mentioned in section 2.5.2 

 For Pb, it can enter the human body through uptake of food (65%), water 

(20%) and air (15%). Foods such as fruit, vegetables, meats, grains, seafood, soft 

drinks and wine may contain significant amounts of Pb (Lenntech Water Treatment & 

Air Purification Holding, 2005). Pb can cause several unwanted effects as mentioned 

in section 2.5.3. 

 On the contrary, most Fe, Cu and Zn concentrations were over the limit values. 

They can severely effect on human health. Long-term exposure to Cu can cause 

irritation of the nose, mouth and eyes and it causes headaches, stomachaches, 

dizziness, vomiting and diarrhoea. Intentionally high uptakes of copper may cause 

liver and kidney damage and even death. As chronic Cu poisoning results in Wilson’s 

Disease, characterized by a hepatic cirrhosis, brain damage, demyelination, renal 

disease, and copper deposition in the cornea (Lenntech Water Treatment & Air 

Purification Holding, 2005). The human body absorbs Fe in animal products faster 
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than iron in plant products. May cause conjunctivitis, choroiditis, and retinitis if it 

contacts and remains in the tissues (Lenntech Water Treatment & Air Purification 

Holding, 2005). 

 When people absorb too little Zn they can experience a loss of appetite, 

decreased sense of taste and smell, slow wound healing and skin sores. Zn-shortages 

can even cause birth defects. Although humans can handle proportionally large 

concentrations of Zn, too much Zn can still cause eminent health problems, such as 

stomach cramps, skin irritations, vomiting, nausea and anaemia. Very high levels of 

Zn can damage the pancreas and disturb the protein metabolism, and cause 

arteriosclerosis. Extensive exposure to Zn chloride can cause respiratory disorders 

(Lenntech Water Treatment & Air Purification Holding, 2005). 
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CHAPTER VI 

CONCLUSIONS AND RECOMMENDATIONS 
 

6.1 Conclusions 

The results from the present study can be concluded as the followings. 

1. The average heavy metal concentrations of all the samples at sites A, B and 

C showed the descending order as the followings: Fe > Zn > Cu > Pb > Cd. On the 

contrary, the average heavy metal concentrations at sites D and E showed the 

descending order as the followings: Fe > Zn > Pb > Cu > Cd. 

2. The average heavy metal concentrations in sediment, water, fish and mollusc 

can be presented as the followings: sediment > mollusc > fish > water.  

3. The average heavy metal concentrations of five sites can be presented as the 

followings: sites A > B > C > E > D.  

4. Monthly variation influenced on physico-chemical parameters of water 

quality and on the accumulation of heavy metal concentrations as the followings. 

 4.1 The physico-chemical parameters of water qualitycan be presented 

from low to high quality as the followings: April < February < December < October < 

June < August. 

 4.2 The average heavy metal concentrations can be presented as the 

followings: April > August > June > February > October > December. 

5. Most of heavy metal concentrations in aquatic animals correlated to those in 

sediment more than in water. Almost all the correlation coefficients between heavy 

metal concentrations in aquatic animals and sediment were negitive. 

6. Physico-chemical parameters of water quality in the Rang Thap Tap canal 

were not suitable for agricultural use in the freshwater zone (sites A, B and C) and also 

for coastal farms in the saltwater zone (sites D and E). The heavy metal concentrations 

in sediment and water in all sites were lower than the legal values of Thailand (PCD, 

2004). While Fe and Zn concentrations in aquatic animals of most sites were higher 

than the legal values, Cd, Cu and Fe concentrations were lower than the legal values 

permitted by FAO/WHO (1976) (Tuzen, 2003), the European communities (Henry, et 
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al., 2004), FAO (1983) (Sekhar, et al., 2003), the Recommended Dietary 

Allowance (RDA), WHO (1993) (Bunsong, 2003), the Canadian Food Standards, the 

Hungarian Standards, the Australian Accepted Limits (Papagiannis, et al., 2004) and 

the Western Australian Food and Drug Regulations List (Usero, et al., 2003). 

7. The results revealed that the toxic heavy metal concentrations (Cd and Pb) 

were lower than the other elements (Fe, Cu and Zn) in sediment and water detected by 

the used analytical techniques. As suggested by (Usero, et al., 2003), the high 

concentrations of Fe, Cu and Zn could also be attributed to the geogical environment. 

Fe is the most abundant metal in the Rang Thap Tap canal because it is one of the 

common elements in the earth’s crust. 

8. Although most of the toxic heavy metal (Cd and Pb) concentrations in the 

whole fish and mollusc were acceptable for food samples. But the other elements (Fe, 

Cu and Zn) were not acceptable for human consumption. 

 

6.2 Recommendations 

6.2.1 Recommendations for Further Study 

1. Heavy metal concentration in different fish organs should be further 

carried out. The sufficient number of fish is therefore important for providing enough 

samples for analysis.  

2. Heavy metal concentrations from each major activity in the Rang Thap 

Tap canal should be studied in detail including the material flow analysis of toxic 

heavy metals. 

3. Other toxic heavy metals such as chromium, manganese, nickle etc. should 

be studied.  

3.2.2 Recommendations for Application 

1. It was found that in April and August, most of heavy metal concentrations 

in aquatic animal samples from the Rang Thap Tap canal were higher than those in the 

other months, thus people should aviod consuming the aquatic animal species in April 

and August.  

2. Though toxic heavy metal (Cd and Pb) concentrations in the fish and 

Pomacea canaliculata samples were lower than the permissible levels for human 
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consumption, the other metals (Cu, Fe and Zn) were higher than the permissible levels. 

So people should not consume the whole fish and mollusc. Moreover, the most serious 

concern is for the fish and mollusc samples taken from sites A and B which contained 

the highest heavy metal concentrations. Not only so people should not comsume of the 

fish and mollusc from site A and B, but the measures on reduction and treatment of the 

heavy metals have to be implement. 
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