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ABSTRACT 
 

 Five heavy metals (cadmium, copper, iron, lead and zinc) were studied in water, sediment and 
aquatic plants (Cyperus pilosus Vahl., Ipomoea aquatica Forsk. and Panicum repens Linn.) collected 
from four sampling stations (inlet, outlet, far and middle) of the Snakeskin Gourami fish raising pond at 
Phraek Nam Daeng sub-district, Amphawa district, Samut Songkhram province, Thailand. Samples 
were collected for six months from June to November 2004. The research objective was to study the 
accumulation of the five heavy metals in water, sediment and aquatic plants and the distribution of 
heavy metals in four sampling stations of the fish raising pond. The samples were digested in a 
microwave digestion system and analyzed by using Frame and Graphite Atomic Absorption 
Spectrometers. Statistical analysis was carried out with SPSS for Windows 11.5 and a reliability 
interval of 95 % (p < 0.05). 
 The results show that; Cu>Zn>Fe>Pb>Cd in water, Fe>Zn>Cu>Pb>Cd in sediment and 
Fe>Zn>Cu>Pb>Cd in both shoots and roots of all three aquatic plants. The results show no significant 
differences in heavy metal concentrations in water, sediment, roots and shoots of four sampling stations 
but they were significantly different in heavy metal concentrations in water, sediment, roots and shoots 
in monthly variation. The heavy metal concentrations in aquatic plants accumulated were higher in 
roots than in shoots. 
 A correlation of heavy metals in water and sediment shows that Cd was related in a positive 
direction. In sediment and shoots of C. pilosus, it was found that Cd and Zn were related in a positive 
direction. In sediment and roots of C. pilosus, it was found that Cd and Pb were related in a positive 
direction, Cu was related in a negative direction. In sediment and shoots of I. aquatica, it was found 
that Cd and Zn were related in a positive direction, Cu was related in a negative direction. In sediment 
and roots of I. aquatica, it was found that Cd was related in a positive direction, Cu was related in a 
negative direction. In sediment and shoots of P. repens, it was found that Cd was related in a positive 
direction, Cu was related in a negative direction. In sediment and roots of P. repens, it was found that 
Cd was related in a positive direction, Cu and Pb were related in a negative direction. In water and 
shoots and roots of C. pilosus, it was found that Cu was related in a positive direction. In water and 
shoots of I. aquatica, it was found that Cu was related in a positive direction. In water and roots of I. 
aquatica, it was found that Cu and Zn were related in a positive direction. In water and shoots and roots 
of P. repens, it was found that Cu was related in a positive direction. In shoots and roots of C. pilosus 
and I. aquatica, it was found that Cd, Cu and Fe were related in a positive direction. In shoots and roots 
of P. repens, it was found that Cd, Cu, Fe and Zn were related in a positive direction.  
 From this study it was found that only Cu concentration in water was rather higher than the 
maximum permitted limits provided by WHO (1995). Cd and Pb concentrations in sediment were 
below the Soil Quality Standards of Thailand (PCD, 2006). While only Fe in roots were higher than the 
normal range (Bunsong, 2003). The suggestion is that heavy metal concentrations in roots of these 
aquatic plants can be used for monitoring the contamination levels of certain heavy metals and these 
aquatic plants can be used for absorbing heavy metals (phytoremediation).  
 
 
KEY WORDS: ACCUMULATION/ HEAVY METALS/ Cyperus pilosus Vahl./ Ipomoea aquatica 

Forsk. /Panicum repens Linn./ SNAKESKIN GOURAMI FISH RAISING POND 
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บทคัดยอ 
 การศึกษาการสะสมของโลหะหนัก 5 ชนิด ไดแก แคดเมียม ทองแดง เหล็ก ตะกั่ว และสังกะสีในน้ํา ในดินตะกอน และ
ในพืชน้ํา ไดแก กกสามเหลี่ยมเล็ก ผักบุง และหญาชันอากาศ ที่เก็บจากจุดศึกษาทั้ง 4 จุดในบอเลี้ยงปลาสลิด ต.แพรกหนามแดง อ.
อัมพวา จ.สมุทรสงคราม ระยะเวลาการเก็บตัวอยาง 6 เดือน ตั้งแตเดือนมิถุนายน ถึง เดือนพฤศจิกายน พ.ศ.2547 วัตถุประสงคของ
งานวิจัยเพื่อศึกษาการสะสมและการแพรกระจายของโลหะหนักในน้ํา ในดินตะกอน และในพืชน้ํา โดยทําการยอยตัวอยางทั้งหมด
ดวยเคร่ือง Microwave Digestion และวิเคราะหปริมาณโลหะหนักดวยเคร่ือง Flame และ Graphite Atomic Absorption 
Spectrometer วิเคราะหขอมูลโดยทดสอบทางสถิติของขอมูลโดยใชโปรแกรมสําเร็จรูป SPSS for Windows 11.5 ที่ระดับ
ความเชื่อมั่น 95% (p < 0.05) 
 ผลการศึกษาพบวาปริมาณโลหะหนักที่สะสมในน้ําเรียงจากมากไปหานอย ไดแก ทองแดง สังกะสี เหล็ก ตะกั่ว และ
แคดเมียม ตามลําดับ ในดินตะกอน ไดแก เหล็ก สังกะสี ทองแดง ตะกั่ว และแคดเมียม ตามลําดับ ในรากและยอดของพืชน้ํา ไดแก 
เหล็ก สังกะสี ทองแดง ตะกั่ว และแคดเมียม ตามลําดับ การเปรียบเทียบปริมาณโลหะหนักที่สะสมในน้ํา ดินตะกอน รากและยอดพืช 
มีคาไมแตกตางกันอยางมีนัยสําคัญทางสถิติในแตละจุดศึกษา แตการเปรียบเทียบปริมาณโลหะหนักที่สะสมในน้ํา ดินตะกอน ราก
และยอดพืช มีคาความแตกตางกันอยางมีนัยสําคัญทางสถิติในแตละเดือนที่ทําการศึกษา นอกจากนี้พบวาปริมาณโลหะหนักในพืชน้ํา
จะสะสมในรากมากกวาในยอด 
 การหาความสัมพันธระหวางปริมาณโลหะหนักในน้ํากับดินตะกอนพบวา แคดเมียมมีความสัมพันธในทิศทางเดียวกัน ใน
ดินตะกอนและยอดของกกสามเหลี่ยมเล็กพบวา แคดเมียม และสังกะสีมีความสัมพันธในทิศทางเดียวกัน ในดินตะกอนกับรากกก
สามเหลี่ยมเล็กพบวา แคดเมียม และตะกั่วมีความสัมพันธในทิศทางเดียวกัน ทองแดงมีความสัมพันธในทิศทางตรงขาม ในดิน
ตะกอนกับยอดผักบุงพบวา แคดเมียม และสังกะสีมีความสัมพันธในทิศทางเดียวกัน ทองแดงมีความสัมพันธในทิศทางตรงกันขาม 
ในดินตะกอนกับรากผักบุงพบวา แคดเมียมมีความสัมพันธในทิศทางเดียวกัน ทองแดงมีความสัมพันธในทิศทางตรงกันขาม ในดิน
ตะกอนกับยอดหญาชันอากาศพบวา แคดเมียมมีความสัมพันธในทิศทางเดียวกัน ทองแดงมีความสัมพันธในทิศทางตรงขาม ในดิน
ตะกอนกับรากหญาชันอากาศพบวา แคดเมียมมีความสัมพันธในทิศทางเดียวกัน ทองแดง และตะกั่วมีความสัมพันธในทิศทางตรงกัน
ขาม ในน้ํากับยอดและรากกกสามเหลี่ยมพบวา ทองแดงมีความสัมพันธในทิศทางเดียวกัน ในน้ํากับยอดผักบุงพบวา ทองแดงมี
ความสัมพันธในทิศทางเดียวกัน ในน้ําและรากผักบุงพบวา ทองแดง และสังกะสีมีความสัมพันธในทิศทางเดียวกัน ในน้ํากับยอดและ
รากหญาชันอากาศพบวาทองแดงมีความสัมพันธในทิศทางเดียวกัน ในยอดและรากกกสามเหลี่ยมเล็ก และในยอดและรากผักบุง
พบวา แคดเมียม ทองแดง และเหล็กมีความสัมพันธในทิศทางเดียวกัน ในยอดและรากหญาชันอากาศพบวา แคดเมียม ทองแดง เหล็ก 
และสังกะสีมีความสัมพันธในทิศทางเดียวกัน 
 จากการศึกษานี้พบวา การสะสมทองแดงในน้ํามีคาเกินมาตรฐานของ WHO (1995) สวนการสะสมแคดเมียมและตะกั่วใน
ตะกอนดินมีคาไมเกินมาตรฐานคุณภาพดินของประเทศไทย ในขณะที่การสะสมของเหล็กในรากของพืชน้ํามีคาเกินมาตรฐานของ
พืชที่พบปกติและผลจากการศึกษาแสดงวารากพืชน้ําเหลานี้สามารถใชในการเฝาระวังและสามารถนํามาใชในการดูดซับพืชโลหะ
หนักได 
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CHAPTER I 

INTRODUCTION 

 

1.1 Problems and importance 
 

Water pollution resulting from human activities is in serious situation. Major 

causes are from increasing urbanisation, intensive practice of agriculture and industrial 

developments. Pollutants in various forms are discharged into environment especially 

water courses. Heavy metals are one of the pollutants that are toxic to human health at 

certain amount. They can not easily be disintegrated or decomposed and can be 

bioaccumulated along the food chain and food web. Therefore, heavy metal 

contamination in aquatic ecosystems is dangerous to human beings who are at the top 

of trophic level. Link man-made aquatic ecosystems such as extensive fish raising 

pond can be considered as a system that recycles nutrients and accumulates toxic 

substances including heavy metals. 

Samut Songkhram province is one of the province with largest area of 

Snakeskin Gourami fish (Pla Salid) raising pond. Snakeskin Gourami fish is popular 

for breeding because it is easy to raise and contains high nutrition. Praek Nam Daeng 

sub-district has the largest number of fish pond in Samut Songkhram province 

(Thananivetkul and Vatthanasuk, 2003). According the statistic of Department of 

Fishery in 2000, Snakeskin Gourami fish is an important fish with 1,178.50 tons of 

production. Snakeskin Gourami fish is sold as fresh fish at the fish raising pond or the 

fish bridge, as well as to nearby provinces, rather than processed to other products, 

such as, dried fish or salted fish (Pla Ra), etc. (Thananivetkul and Vatthanasuk, 2003). 

Moreover, in breeding Snakeskin Gourami fish it is found that there are many 

problems, i.e., problems with fish itself: diseases, and enemies, such as, otter and 

egret, etc., problems from using chemicals, such as, herbicide, azolliacide in the pond 

and environmental problems due to Snakeskin Gourami fish breeding method that the 

water has to be pumped out of public canal from which the water is not treated 

(Thananivetkul and Vatthanasuk, 2003). These public canals are served as recipient 
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for wastewater contaminated various kinds of pollutants including with heavy metals 

which drained from domestic, industrial activities and agricultural activities, such as, 

paddy field, pig farm. This causes accumulation of heavy metals in Snakeskin 

Gourami fish’s pond. The accumulation can be in the water, sediment, and aquatic 

plants that Snakeskin Gourami fish eats in the pond, and in the Snakeskin Gourami 

fish itself. Some heavy metals such as may affect the growth of fish or be harmful to 

the consumer. In harvesting, the water will be pumped out and drained into the public 

canals without treatment. So heavy metals in the pond will be dispersed into public 

canals and affect the lives in the canals, and activities that use water from the canals. 

This continually occurs in cycle. 

Due to the above mentioned problems, it is interesting to study the 

accumulation and distribution of heavy metals in the water, sediment and aquatic 

plants that Snakeskin Gourami fish eat in fish raising pond, by selecting the most 

possible area of heavy metals accumulation, i.e., the fish raising pond in Phraek Nam 

Daeng sub-district, Amphawa district, Samut Songkhram province. This fish raising 

pond is located adjacent to the scrap plant of iron scraps, automobile batteries, etc. 

Wastewater from this scrap plant is also drained without treatment into public canals 

nearby, the Phi Lok canal. Moreover, agricultural activities: paddy fields, or pig farms 

along the canal also drained the wastewater into the canal. The study will be focused 

on the accumulation and distribution of heavy metals in the water, sediment and 

aquatic plants in fish raising pond. Five heavy metals in this study are Cadmium (Cd), 

Copper (Cu), Iron (Fe), Lead (Pb) and Zinc (Zn). Also a comparison of heavy metals 

accumulation in each part of plants (shoots and roots) will be carried out. The result 

from this study will be used as database in studying the effect of wastewater 

contaminated with heavy metals that has been used in agricultural and industrial 

sectors for fish breeding for consuming. It will also be used as information for 

studying the use of some plants that can absorb the heavy metals (phytoremediation). 
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1.2 Objectives of the study 

1.2.1 General objective 

To determine the accumulation and distribution of heavy metals in water, 

sediment and three aquatic plants in Snakeskin Gourami fish raising pond.  

1.2.2 Specific objectives 

1) To determine the physico-chemical parameters of water in Snakeskin 

Gourami raising fish pond. 

2) To determine heavy metal concentrations in water, sediment and aquatic 

plants (shoots and roots) in Snakeskin Gourami fish raising pond.  

3) To study relationship of heavy metal concentrations in water, sediment and 

aquatic plants in sampling stations in Snakeskin Gourami fish raising pond. 

 

1.3 Scope of the study 
 

1. The Snakeskin Gourami fish raising pond, is the study area covering the 

distance of about 9 rais (14400 m2), is located at the Phi Lok canal, Phraek Nam 

Daeng sub-district, Amphawa district, Samut Songkhram province. The fish raising 

pond is about 1 km from the water gate (distance along the canal) and near the scrap 

plant and the Rama II highway.  

2. Samples of water, sediment and aquatic plants were collected every month 

throughout six months (from June to November 2004) covering the rainy season and 

the beginning of the cold season. 

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

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

4. Three aquatic plants that are dominant species of the fish pond were chosen: 

(1) Cyperus pilosus Vahl., (2) Ipomoea aquatica Forsk. and (3) Panicum repens Linn. 

 

 

 
 



Supanat Chalermsupanimit                                                Introduction / 4 

1.4 Research diagram  
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Figure 1.1 Flow chart of research diagram 
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1.5 Conceptual framework 
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1.6 Operational definition 
 

1.6.1 Accumulation is the quantity of heavy metal concentrations in water, 

sediment and aquatic plants in Snakeskin Gourami fish raising pond. 

1.6.2 Aquatic plants is the plants that grown in Snakeskin Gourami fish 

raising pond. In this study is refered to C. pilosus, I. aquatica and P. repens. 

1.6.3 Shoot means the leaves and stem part of C. pilosus, I. aquatica and P. 

repens. 

1.6.4 Root means a plant structure of C. pilosus., I. aquatica and P. repens that 

obtains food and water from the soil, stores energy and provides support for the plant. 
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CHAPTER II 

LITERATURE REVIEW 

 

2.1 Water quality in the Mae Klong river 
 

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

Standards. Results of water quality monitoring during the period of 1984 to1995 were 

in fair to good water quality classes. Water pollution, through point and non-point 

sources, to the river basin includes domestic and industrial wastes discharged as well 

as some agricultural areas such as paddy fields, dry and vegetable farms, which 

constitute the main land uses in the basin (Simachaya, et al., 2002). The first three 

major polluted contributors in the Mae Klong river regarding the respective 

parameters are Fecal coliform bacteria (FCB) and Total coliform bacteria (TCB) (79% 

of all contributors), total solid (8%) and turbidity (6%). 

However, the most critical water quality parameter is the low concentrations of 

dissolved oxygen (DO) during the dry season in some years. DO levels of most 

monitoring stations were only higher than the regulated value in the established 

Surface Water Quality Standards for industrial use (not less than 4 mg/L). The average 

DO value since 1978 to 1999 was about 6.0 mg/L and the P20 (percentile at 20) value 

was 5.1 mg/L (Table 2.1), which was within the class 3 of the Surface Water Quality 

Standards. Most of DO values in the river were higher than the standard value 

especially from Dumnensaduk district, Ratchaburi province to Kanchanaburi province. 

Biochemical oxygen demand (BOD) levels were mostly below established water 

quality standard (not more than 2 mg/L) with averaging 1.7 mg/L and the P80 value 

2.3 mg/L. TCB values were found to be high with the maximum as 16,000,000 

MPN/100 mL, average as 200,000 MPN/100 mL and P80 as 160,000 MPN/100 mL. 

Concentrations of TP, NH3-N and NO3-N in the river were averaged 0.05, 0.14 and 

0.31 mg/L, respectively. For the lower part of Mae Klong river, FCB and TCB are the 

major problem parameter by averaging 44 and 43% of all monitoring stations during 
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1991 to 2000 (Table 2.2). The major contributors to pollution were generated mainly 

from domestic and industrial activities (Simachaya, et al., 2002). 

 

Table 2.1 The most critical water quality parameters of the Mae Klong river during 

1978 to 1999 

DO (mg/L) BOD (mg/L) TCB (MPN/100mL) Parameter 

Location Average P20 Average P80 Average P80 

Mae Klong 

river 

6.0 5.1 1.7 2.3 200,000 160,000 

Source: Simachaya, et al., 2002 

 

Table 2.2 Percentage of problems of each water quality parameter of the Mae Klong 

river during 1991 to 2000 

Parameter 

Location 

Turbidity 

(NTU) 

DO 

(mg/L) 

BOD 

(mg/L) 

FCB 

(MPN/ 

100mL) 

TCB 

(MPN/ 

100mL) 

NH3-N 

(mg/L) 

NO3-N 

(mg/L) 

Total Solid 

(mg/L) 

Mae Klong 

river 

8 1 0 44 43 3 3 9 

Source: Simachaya, et al., 2002 

 

 In summary, the Mae Klong river’s water quality was still in good condition 

with high DO and low BOD values. However, some parts of the river especially in the 

urban areas, TCB and FCB were very high and sometimes higher that the value of the 

water quality standard. The river’s water quality during 14 years (1985 to 1999) has 

slightly sloped down trend of DO and slightly sloped up trend of BOD and extremely 

sloped up trend of TCB (Simachaya, et al., 2002). 

 

2.2 Water quality situation in the Phi Lok canal  
 

The Phi Lok canal in Phraek Nam Daeng sub-district 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 Phi Lok canal is about 

4.5 km long. It runs from west to east. There are five branches i.e., the Rang Kwai, 
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Tamon, Khwang, Takeed and Jed canals. The Phi Lok canal flows into the Yi San 

canal and the Gulf of Thailand at Bang Tabun district, Phetchaburi province. The 

canal receives water mainly from the Wat Pradu canal and also water and wastewater 

from interconnected canals such as the Rang Kwai and Tamon canals.

Water of the Phi Lok canal has still been using for many activities such as 

household consumption, paddy rice growing, shrimp farming and pond fish raising, 

industry, and transportation (Figure 2.1). Also wastewaters from these activities are 

discharged directly into the canal without treatment. The physico-chemical parameters 

of water quality of the Phi Lok canal during March 2004 to January 2005 are as 

follows: 6.26-8.41 of pH, 24.9-30.9°C of temperature, 0.2-11.4 ppt of salinity, 329-

19,250 µs/cm of conductivity, 304.33-6,701.33 mg/L of total dissolved soild, 117-

3,607.33 mg/L of hardness, 20.65-55.23 mg/L of total phosphorous, 1.20-6.79 mg/L of 

nitrate, 0.04-6.30 mg/L of DO and 1.67-11.33 mg/L of BOD (Roachanakanan, 2005). 

Pipoplabanan (2002) described that wastewaters from shrimp farms and frozen 

shrimp factory were released into the canals in Phraek Nam Daeng sub-district. In 

1999, the canal water was much polluted and affected the villager’s water use. It was a 

big civil court case at that time between factory owners and local people. The 

wastewater from the factories and agricultural farms has strongly impacted the local 

fishery and ecological system. 
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Land use map 
of the Phi Lok 

canal 

Figure 2.1 Land use map of the Phi Lok canal at Phraek Nam Daeng sub-district (also 

shows the sampling stations) 

Source: Land Development Department, 2000  

 

2.3 Fish pond ecology 
 

A pond is characterized as being a small body of water that is shallow enough 

for sunlight to reach the bottom, permitting the growth of rooted plants at its deepest 

point (Lewis, 1992). Ponds are considered to be part of the freshwater habitat-which 

are divided into flowing water and standing water. Ponds are noted for their abundant 
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and rich varieties of plant and animal life, which all are maintained in a delicate 

ecological balance.  

2.3.1 Food webs and chains 

The components of a pond ecosystem are very diverse, but it can be divided 

into several basic units (Figure 2.2): (1) abiotic substances; (2) producer organisms; 

(3) macroconsumer organisms and (4) saprotrophic organisms.  

The abiotic substances that make up the pond include basic inorganic and 

organic substances such as water, carbon dioxide, oxygen, phosphorus salts, amino 

acids and nitrogen. Small portions of the necessary nutrients that organisms need in 

order to survive in the water are always available. The rates at which these nutrients 

are released into the water are regulated by the temperature cycle (seasons), the 

amount and availability of sunlight, and the climatic regimes.  

There are two different kinds of producer organisms that make up a pond: 

phytoplankton and rooted or large floating plants. Phytoplankton including algae can 

be found all over the pond, as long as there is sunlight to sustain its life. If the pond 

produces a large amount of algae, the water will have a green coloration. This can be 

hazardous to the pond community. The rooted or large floating plants are found 

growing in the shallow water area.  

Fish, crustaceans, and insect larvae are examples of the macroconsumer 

organisms that can be found in a pond. The primary macroconsumers consist of 

zooplankton and benthos. They are herbivores that feed directly on living plants and 

the remains of those plants. The secondary consumers consist of carnivores (insects 

and game fish) which feed on the primary consumers.  

Saprotrophic organisms are the aquatic bacteria, fungi, and flagellates which 

are widely distributed throughout the pond. Large numbers of these organisms can be 

found in the mud at the bottom of the pond where dead plants and animals accumulate. 

Under the correct climatic conditions, decomposition of the dead matter occurs 

rapidly. However, most of these organisms only feed on dead organic matter. 
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Figure 2.2 Pond community 
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Source: Na Chiangmai, 1990  
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2.3.2.3 Carbon dioxide 

Most of the carbon dioxide in water comes from the decay of organic 

materials and from respiration that occurs in both plants and animals. Carbon dioxide 

is also supplied to ponds dissolved in groundwater and rain. The amount of dissolved 

carbon dioxide is usually higher at the bottom of ponds. Carbon dioxide is used by 

plants during photosynthesis. Carbon dioxide plays an important role in determining 

the pH, the degree of alkalinity or acidity, of water. It combines with water forming 

weak carbonic acid which reacts with limestone or dissolved lime to form carbonates 

and bicarbonates. These compounds serve as buffers that regulate pH. The pH of water 

often determines what types of aquatic life are found in ponds.  

2.3.2.4 Oxygen 

There are two ways in which oxygen enters the water. One method is 

through photosynthesis of green plants in the water. The second method is by diffusion 

of oxygen from the atmosphere. The amount of oxygen that the waters retain is 

dependent upon the temperature, pressure, decomposition and pollution. Clean shallow 

surface water contains an average oxygen content of five to ten cubic centimeters per 

liter. Cold water will hold more oxygen than warm water; rapid moving waters contain 

more oxygen than stagnant waters. Water containing decaying organic matter will 

show a drop in oxygen content because the aerobic bacteria involved in decomposition 

uses the oxygen. 

2.3.2.5 Nutritional relationships 

Most of the biotic limiting factors involve food. The autotrophs, so 

called food producers, require inorganic nutrients from the environment to synthesis 

organic compounds. There are three different types of food producers found in the 

pond: (l) the emergent plants; (2) the submerged plants; and (3) the suspended algae 

which form the phytoplankton. Phytoplankton may increase so much that lake water 

turns to a dark green color. Small crustaceans such as ostracods and copepods feed 

well on the algae blooms. Since these animals feed on plants, they are called 

herbivores and are first food consumers of an ecosystem. The energy synthesized and 

stored by phytoplankton is transferred to the protoplasm of the herbivores. The 



Supanat Chalermsupanimit                                                 Literature Review / 14 

carnivores, flesh-eating animals are divided into two groups: (l) the first-level 

carnivores, which eat and use the energy of the herbivores; and (2) the second-level 

carnivores, which prey on the first-level carnivores  

The scavengers feed on dead organisms. They are important in the 

cycling of chemicals and the transfer of energy to the animals in the ecosystem that 

feed on them. Crayfish, some snails and fish are some examples of scavengers. The 

bacteria and yeast are representatives of decomposers in the pond. They break the 

excretions and tissues of organisms into simpler substances through the process of 

decay.  

2.3.3 The Snakeskin Gourami fish raising pond of the study 

 The study was carried out in the Snakeskin Gourami (Trichogaster pectolaris 

Regan) fish raising pond located at the Phi Lok canal, Phraek Nam Daeng sub-district, 

Amphawa district, Samut Songkhram province. The pond covers the area of about 9 

rais (14400 m2). It has been used for T. pectoralis culture for more than 30 years. The 

method of fish culture is still remaining unchanged from the past until now. The 

farmer has used only fermented grasses to feed the fishes without using additional 

artificial feed. Therefore the fish raising pond studied is considered as the natural fish 

pond system. During the study period several species of aquatic plants were found 

such as Cyperus pilosus Vahl. (Kok Sam Liam), Ipomoea aquatica Forsk (Pak Bung; 

Morning glory) and Panicu repens Linn. (Ya Chan Kad). These plant species were 

used as fish feed. 

2.3.3.1 Snakeskin Gourami fish raising 

   The whole period of fish raising is around 8 to 10 months depending on 

the growth of fish. The normal practice can be described as follow. When the harvest 

was completed around November to December every year, the farmer pumped the 

water and sediment out from the pond in order to expose the pond for one month. 

Grasses growing in the pond were burnt. The new period of culturing Snakeskin 

Gourami fish started in April. The canal water was pumped into the Snakeskin 

Gourami fish pond and organic fertilizers of around 200 kg per rai were applied into 

the Snakeskin Gourami fish raising pond. The organic fertilizers are nutrients for 
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grasses growing in the pond. Grasses in the pond are useful as feed and habitat for 

fish. The farmer cut weeds and grasses and piled them up as a heap in water for the 

fermentation process. Weeds and grasses were cut in row and every month in alternate 

pattern. The roots and stalks of grasses were place for fish breeding ground and for 

building the bubble net for laying eggs. When the fish were one month of age, the 

farmer added the used pig oil into the pond and repeated once a month. The purpose of 

adding the used pig oils is for getting rid of wormlike parasite in the fish. In the study 

of the pond system, the farmer did not discharge the water during the culturing period; 

however the water was refilled to keep the proper water level. In the beginning from 

June to September 2004, the water was refilled every other day. During heavy rains in 

October to November, rain waters filled up the pond therefore it was not necessary to 

pump the canal water into the pond. The fish were harvested when they were 8 months 

old in November. The average fish size was around 15 cm or 8-10 fish per kg 

(Sirichotiwong, 2006). 

2.3.3.2 Problems in Snakeskin Gourami fish raising  

During the study period, the discussion with the farmers and 

observation revealed the following problems. Pesticides used to kill golden apple snail 

in paddy fields. In Phraek Nam Daeng sub-district, both paddy fields and fish raising 

pond are in the same area. In some periods, rice farmers need to apply rather high 

amount of pesticides in the paddy fields. These pesticides are also very harmful to the 

fish. Therefore if the fish farmer pumps water with high amount of pesticides into the 

fish ponds, the fish will die, especially the young fish. The solution is that the rice 

farmers should notify the fish farmers so the water will not be pumped into the fish 

pond until chemicals in the water are diluted.  

Many pig farms upstream always discharge wastewater into the Phi 

Lok canal. This causes too high organic materials especially when the water quantity 

in the canal is low. 
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2.4 Aquatic plants  
 

Aquatic plant is the plant growing in the water, probably under water, above 

water, floating on the water surface or growing at the shore, also including the plant 

that grows in the wet area (Sripen, 1987). 

Aquatic plant is very important to the ecology of water resource. It is also 

relevant directly and indirectly to food and hiding of living beings in the water, such 

as, fish, etc. Many aquatic plants are used as food for human beings and animals, e.g., 

water chestnut, I. aquatica, water mimosa. Some are used as material in industrial 

process, building materials, fertilization. Aquatic plant’s qualification is to absorb 

mineral dissolved in the water and increase oxygen during microorganism process. 

These qualifications are relevant and very useful for human beings, since they will 

keep the water clean, and improve the water quality. However, the disturbance or the 

change of water structure may affect the growth of aquatic plant, and the human’s 

water resource.  

Aquatic plant is a group of plant that can grow in various water resources, for 

example, some can grow at water surface, under water, etc. That means the ecological 

conditions are different. The aquatic plant is classified as follows: 

(1) Submerged plants: this aquatic plant can grow under water, its root may or 

may not hold into the underground. Some kinds of plants, trunk and root grow in the 

water underground, some parts of trunk and leaves grow under the water. Sometimes, 

this kind of plant will uphold its flower to the water surface or above water and some 

kinds grow at the surface or underwater when becoming fruit, e.g. Hydrilla, Immersed 

Hornwort, etc. 

(2) Emerged plants: this plant can grow partly underwater and above water, 

root and trunk grow underwater, leave and flower grow above the water. For example, 

lotus, some kinds of Cyperus digitatus, etc. Some of this plant has Aeronochymatous 

tissue for storing air to breathe. This kind of plant cannot emerge from the water over 

1 m deep. 

(3) Floating plants: this aquatic plant grows at water level with root hanging in 

the water, trunk, leave, and flower are above the water. Some of this plant, its root can 
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touches the ground underwater, if the water is not so deep. Some small plants often 

float freely. 

Most of floating plant always changes its part as buoy so that its trunk can 

float, such as, water hyacinth, its stem is inflated as buoy. I. aquatica’s hollowed trunk 

is a big hole, so its trunk can float along the water surface. Water lettuce‘s stem is 

short and its leave is wide, and plump, which help to float. Floating plant can disperse 

in the water over 3 m deep. 

(4) Marginal plants: this aquatic plant always grows at shores, banks of canals, 

lakes. General conditions: root and stem grow in the water. Some parts of trunk, leave 

or both of root and flower are above water. This aquatic plant is similar to the 

emerging plants. It is found that some plants can be classified as both emerging and 

marginal plant, e.g. genus Sesbania, water hyacinth. 

Aquatic plants are classified into the above mentioned types, subject to the 

water resource they grow. All types of aquatic plants are quite different, except the 

emerging plants which are only marginal plant and cannot be separated absolutely. It 

is found that there are a lot of plants that can grow both on the land, and in the water, 

or in the water only. But if the area is lack of water, and begins to dry, these plants can 

survive, such as, Eclipta prostate Linn., water clover, leather fern, swamp fern, etc. 

(Mudchacheep, 1995). 

In this study, three aquatic plants were chosen since they are dominant species 

in the study area. The first species, C. pilosus, is the emerged plant. The second 

species, I. aquatica, is the floating plant. The third species, P. repens, is the marginal 

plant. Three aquatic plants can grow around the pond and throughout the year. These 

kinds of aquatic plants in the pond are useful as feed and habitat for fish. The farmer 

cut aquatic plants and piled them up as a heap in water for the fermentation process. 

Aquatic plants were cut in row and every month in alternate pattern.  
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2.5 Biology and ecology of aquatic plants in the study 

2.5.1 Cyperus pilosus Vahl. (Common name: no) 

2.5.1.1 Taxonomic hierarchy 

Kingdom: Plantae 

Division: Magnoliophyta 

  Class: Liliopsida 

   Family: Cyperaceae 

    Genus: Cyperus 

     Species: Cyperus pilosus Vahl. 
Source: Integrated Taxonomic Information System Organization, 2005 

2.5.1.2 Description 

C. pilosus looks like grass (Figure 2.3) and can grow in wet area 

through all the year. 

-Fibrous Root System, upright and smooth triangle-shape culms, 50-

100 cm tall.  

-Leaves: narrow and longer than culm, elliptic shape.  

-Spikelets: compound umbel. Inflorescence is hard triangle shape, with 

green bract to support the spikelets which composed of 3 small spikelets. The middle 

spikelet is the longest. Each flower has spike which has short inflorescence, composed 

of 5-7 flowers, flattened. Flower all through the year.  

-Fruit: achene, rather long, brown, most found in aquatic area, ditch, 

swamp, and paddy. Propagated by seeds blowing by the wind or floating in the water. 

It will grow, and propagate in suitable environment (Mudchacheep, 1995). 
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Figure 2.3 Cyperus pilosus Vahl. 

2.5.2 Ipomoea aquatica Forsk. (Common name: Morning glory)  

2.5.2.1 Taxonomic hierarchy 

Kingdom: Plantae 

Division: Magnoliophyta 

  Class: Magnoliopsida 

   Family: Convolvulaceae 

    Genus: Ipomoea 

     Species: Ipomoea aquatica Forsk. 

Source: Integrated Taxonomic Information System Organization, 2005 

2.5.2.2 Description 

A kind of weed can live both on the land and in the water. Perennial, 

hollow and smooth stem, trailing along the land or water surface. Due to the hollow 

stem so it floats. Roots and leaves develop at nodes, stem has white rubber, leaves 

develop alternatively at nodes. Oblong leaves: 5-15 cm long. Leaves are lanceolate in 

shape and narrow. Base of the leaves is curved into cordate shape. Margin of leaves 

are smooth, long internodes. Flowers: spike develops from stem at the node. Peduncles 

with flower upright, green sepal, narrow petal (Figure 2.4). Petals are formed in cone 
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shape, and flatten at the end in white, light pink or purple color. Center of the flower is 

purple, 5 Anthers in different length. Tip of style is stigma with slightly separation. 

Capsule-shape fruit, oval, with 24 brown to black seeds. Found in gardens, Chinese 

raised bed garden, aquatic area, canals, and tropical area, propagated by seeds, and 

stems (Mudchacheep, 1995). 

Use as herb. It can be used to treat neurosis, headache, bad vision, 

Diabetes Millitus, Haemorrhoids, nosebleed, contused wound, Leukorrhea, chronic 

cough. It is also mild laxative and can be eaten as normal food. 

 
Figure 2.4 Ipomoea aquatica Forsk. 

2.5.3 Panicum repens Linn. (Common Name: Torpedograss) 

2.5.3.1 Taxonomic Hierarchy 

Kingdom: Plantae 

Division: Magnoliophyta 

  Class: Liliopsida 

   Family: Poaceae 

    Genus: Panicum 

      Species: Panicum repens Linn. 

 

Source: Integrated Taxonomic Information System Organization, 2005 
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2.5.3.2 Description 

A kind of weed that can live both on land and in the water, can grow in 

the water, perennial, white hard rhizome, in sheath. Grow underground, and can sprout 

new shoots, upright stem, around 40-60 cm tall. The above ground stem is round and 

smooth, divided into rings which are usually purple, simple, alternate leaf, lanceolate, 

acuminate, cordate. Leaf surface is pubescent, fused to petiole, has ligule between 

axillary bud. Flower: panicle like rice but smaller, around 7-18 cm Long, composed of 

many spikelet, has 2 glumes, purple, each spikelet has 2 florets, each floret has lemma 

with 7-9 lines, palea is thin and translucent, with 2 lines, has 3 anthers, the pollen is 

yellow-orange (Figure 2.5). Stigma has purple hair. Fruit: caryopsis, long, glossy 

white or light yellow. Found in garden, ditch of paddy field, road, wet area. 

Propagated by rhizome and seeds (Mudchacheep, 1995). 

Use: Herb to treat urination, menstruation. 

 

  
Figure 2.5 Panicum repens Linn. 

 
2.6 Heavy metals  
 

The term ‘heavy metal”, normally refers to metals with densities greater than 5 

g cm-3. Not including alkali-earth metals, the atomic numbers of heavy metals are in 

the range of 23 to 92, and ranging from period 4 to 77 terms in the periodic chart of 

the elements (Martin, 1982). The examples of atomic numbers of heavy metals studied 
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are 48, 29, 26, 82 and 30 for cadmium (Cd), Copper (Cu), Iron (Fe), lead (Pb) and zinc 

(Zn), respectively. 

Heavy metal contamination, cause by either natural processes or by human 

activities is one of the most serious environmental problems. Because plants function 

as the principle entry points of heavy metals into the food chain leading to animals and 

man (Martin, 1982). 

2.6.1 Sources of heavy metals  

Sources of heavy metals can be divided as follows (Alloway and Ayres, 1993). 

2.6.1.1 Geochemical sources 

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

referred to as ‘trace elements’ which 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. 

2.6.1.2 Metalliferous mining 

The metals utilized in manufacturing are obtained from either the 

mining of ore bodies in the rocks of the earth’s crust, or the recycling of scrap metal 

originally derived from geological sources. Tailing disposal from current mining 

operation and continued weathering (chemical alteration) of ore minerals in historical 

and abandoned mining sites is an important source of heavy metals into the 

environment. 

2.6.1.3 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); 
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-Desiccants: As for cotton; 

-Wood preservatives: As, Cu; 

-Wastes from intensive pig and poultry productions: 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, Cd). 

2.6.1.4 Fossil fuel combustion 

A wide range of heavy metals is found in fossil fuels which are either 

emitted into the environment as particles during combustion, or accumulate in ash 

which may itself be transported and contaminate soils or waters, or may be leached in 

situ. Some of the metals arising as pollutants from fossil fuel combustion are Pb, Cd, 

Zn, As, Sb, Se, Ba, Cu, Mn and V. 

2.6.1.5 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. 

2.6.1.6 Electronics 

A large number of trace elements, including the heavy metals, are used 

in the manufacture of semi-conductors and other electrical components, These include 

Cu, Zn, Au, Ag, Pb, Sn, Y, W, Cr, Se, Sm, Ir, In, Ga, Ge, Re, Sn, Tb, Co, Mo, Hg, Sb, 

As and Gd. Environmental pollution can occur from the manufacture of the 

components and their disposal in waste. 

2.6.1.7 Waste disposal 

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

environment in leachates from landfills, which pollute soils and ground waters, and in 

fumes from incinerators. 
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2.6.1.8 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 (serox process), Pb, Cd, Zn, Cr, Ba 

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

-Drugs/medicinal perparations – As, Bi, Sb, Se, Ba, Ta, Li and Pt 

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

 

In the study, sources of heavy metals in the fish raising pond come 

from domestic activities and the scrap plant, is located near the fish raising pond, 

drained wastewater without treatment into public canals such as the Phi Lok canal. 

Moreover, agricultural activities: paddy fields, or pig farms along the canal system 

also discharged the wastewater into the Phi Lok canal. When the water is pumped into 

the fish raising pond, the heavy metals can accumulate in the fish raising pond. 

2.6.2 Accumulation of heavy metals in environment 

2.6.2.1 Accumulation of heavy metals in water 

Heavy metals in the water can spread by three directions (Tongraar, 

1998). 

(1) Spread along the water current. This will reduce the concentration 

of heavy metal and it will disperse into various directions. 

(2) Flow to places by moving with living being and suspended particles 

in the water. 

(3) Spread by integrating with suspended particles by chemical, 

physical and biological processes and then precipitated. So heavy metal accumulated 

in environment, especially in sediment. 
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Heavy metal accumulated in the water is in both dissolved and 

suspended solid types. The concentration of heavy metal in the water can be changed 

all the time because of the difference in the mixing capability of suspended and 

dissolved substance. Since the water moves all the time, the sediment is resuspended 

(Duinker, et al., 1978). Some water quality affects the accumulation of heavy metal 

both on and under the sediment, such as, salinity and pH, etc. From the study of 

Chunphongsaeng (1984), it is found that in the low salinity range and pH, heavy metal 

will separate out of water and be precipitated or absorbed by the suspension.  

Normally, water at the ground surface contains various heavy metals: 

Pb around 13.1 ppb (Reilly, 1980), Cu 0.05 mg/L (McNeely et al., 1979), Mn 0.2 

mg/L and Zn probably upto 10 mg/L (Onodera, 1985). In fresh water resources, the 

concentration of Mn may be varied by the depth. In the bottom of the canal, the 

concentration of Mn is high (Livingstone, 1963). In the natural water resources, Cd is 

around 0 to 0.5 mg/L but it may be higher, if the water resource is disturbed by human 

being (Fassett, 1980). Generally, the quantity of Cd in the water is low because Cd in 

sulfide and carbonate has low dissolved capability, and Cd is also absorbed by the 

particle of fat clay. 

2.6.2.2 Accumulation of heavy metals in sediment 

At present, it is known that the concentration of heavy metal 

accumulated in the sediment is higher than in the water because it is relevant to the 

chemical, physical and biological processes. The heavy metal in sediment partially 

occurs by natural accumulation, such as, the wash up of mineral salt on the ground to 

water resources or heavy metal in the mineral according to the geological conditions 

that dissolves into the water. And another important factor is that the result from the 

use and disposal of heavy metal to water resources due to the human’s activities 

(Jaturanon, 1983). The process of heavy metal accumulation begins when the heavy 

metal separates from the water and then integrates with particle of soil or suspended 

particles. The precipitation of heavy metal always has other relevant factors, such as, 

salinity, pH, hydrological mechanism, as well as timing and other external factors, i.e, 

conditions of area which are also relevant to the precipitation of heavy metals. The 

components of soil sediment that affects the accumulation of heavy metal, such as, 
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carbonate oxide of manganese (Mn), and iron (Fe), including the components of 

organic substances (Sitthiwong, 2000). Chester and Vontsinon (1981) separate the 

heavy metals in sediment into two types:  

(1) Residual heavy metal, which is crystal lattice of silicate matrix, 

accumulated in sediment. Since this type of heavy metal is crystal lattice, it is hardly 

changed in natural condition. 

(2) Non-residual heavy metal, which comes from absorption action 

between particle of heavy metal and particle of sediment in the form of complex 

compound. This type of heavy metal can dissolve out to be in the form of compound 

in the water. 

It is also found that pH of water has an influence on heavy metal 

sedimentation. Anderson and Brower (1978) found that when the water is alkaline, so 

it results to the fast precipitation of heavy metal by mixing with dead organisms in 

sediment. For Cu, Burton (1976) explained that when pH is higher, and the quantity of 

HCO3
- in fresh water is also high, Cu2

- will decrease because it becomes ion pair 

CuCO3. But when the concentrations of HCO3
- and C1- are high close to those of the 

sea water, 60% of Cu which is in the form of Cu2
- will become CuC2. This is not the 

effect of SO4
-2, and OH-. For sea water which pH is normal, it is found that most Cu is 

in the form of Cu(OH)2 and CuCO3. But if pH decreases, Cu2
+ (non complex and 

CuCO3 will become more important and Cu(OH)2 will disappear. For Cu and Hg that 

are held with humic material, Mantoura, et al. (1978) found that over 90% of Cu and 

Hg in fresh water are in complex compound with humic material; whereas, other 

metals are in complex compounds with humic material for only 10%. However the 

quantity of the mentioned complex substance will decrease quickly when the salinity 

increases. For sea water, around 90% of humic material will compound in complex 

with Ca2+ and Mg 2+ which are the main components in sea water and their 

concentrations are higher than other metals. Only 10% of Cu in sea water is in the 

form of complex compound with humic material that has salinity 35%. 

Heavy metal contents in sediments vary such as Cu, Pb, Cd and Mn 

containing 2 to 100 mg/kg., 10mg/kg, 0.15 to 0.12 mg/kg (Reilly, 1980) and 200 to 

3,000 mg/kg (Swaine and Mitchell, 1960), respectively. After flowing into water 

sources, the heavy metal quantity in sediment is subject to the chemical components, 
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and minerals in the sediment. Due that sediment in the same area can have different 

sizes and organic substance contents, the quantity of heavy metal is also different. 

From the study of Jiranirattisai (1991) on quantity of heavy metal in the sediment of 

the Mae Klong river, it is found that the quantities of Pb, Cd, Cu and Zn are 160, 0.43, 

16.04 and 62.14 mg/g. These values are higher than those from the survey of Division 

of Environmental Quality Standard (1990) from 1989 to 1990.  

It is also found that the quantity of heavy metal in sediment is relevant 

to the season change. Jiranirattisai (1991) found that the average of quantity of heavy 

metal in each season is different. The maximum values were in the dry season, except 

Cu and Cd which the maximum values were in the cold and rainy seasons.  

2.6.2.3 Accumulation of heavy metals in aquatic plants 

Plant roots were initially thought to function as holdfasts and element 

uptake was thought to occur though the leaves. Aquatic plants could accumulate heavy 

metals relative to concentrations in the surrounding water. Factors relating the 

concentration of metals in plants relative to water led many to believe that the plants 

were accumulating elements from the surrounding water. Aquatic plants were 

proposed to be general pollution monitoring organisms for aquatic systems. The 

source of most element nutrition for rooted aquatic plants is the sediments within 

which the plants are rooted. The element concentration of rooted plants is generally 

proportional to the metal’s concentration in the underlying sediments. Following root 

uptake elements are transported to above-sediment tissues (Jackson, 1998). Sediment 

pH, redox potential and organic content are three particularly important sediment 

variables that affect phase partitioning of metals, and their bioavailability. Metals 

contained within plant tissues can participate in cycling within the littoral zone, or at 

senescence, lost to the surrounding water in a dissolved from or exported out of the 

bound to shoot fragments (Jackson, 1998). 

 

2.6.3 Heavy metals flow in environment 

Nowadays, as the population increases, it is important to develop technology 

and all products to support. Then, the operation in modern society, produces the large 

amounts of waste, is the most serious environmental problem. Most of pollutants occur 
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from human activities, for example, industry, agriculture, and community. Generally, 

the contamination of heavy metals in aquatic ecosystem cause serious problem. Heavy 

metals exist in ecosystem for a long time and plants can uptake are, for example, 

cadmium, zinc and iron. They then get into food chain, and cause effect to human 

health. Figure 2.6 shows the heavy metal flow in environment. 
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Figure 2.6 Heavy metal flow in environment 
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2.7 Heavy metals in the study 

2.7.1 Cadmium (Cd) 

2.7.1.1 Properties of cadmium 

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

atomic weight of 112.40. The melting point is at 320.9oC and boiling point is at 766oC. 

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 dissolved in hot HCl, H2SO4 and more readily in HNO3. Some of the cadmium 

salt such as halogenated salt, sulphate and nitrate are soluble in water, while sulfide, 

hydroxide and 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 brownish cadmium oxide fume (CdO) (Bunsong, 2003; Lenntech Water 

Treatment & Air Purification Holding, 2005). 

2.7.1.2 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 

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

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

cadmium is used in pigment in coloring glass, elastics, paper, rubber, printing inks, 

ceramic glaze and fireworks (Bunsong, 2003). 

2.7.1.3 Biological effects of cadmium on organisms 

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

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

kidney on a low molecular weight protein called thionein. This protein contains large 
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numbers of sulfhydryl group, which attract cadmium as well as other heavy metals. 

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

metallothionein may present an intracellular defense mechanism in human body 

(Chunphongsaeng, 1984). Apart from this, cadmium can also accumulate inside other 

organs such as spleen, pancreas and testicles. Furthermore cadmium also exists in 

small trace inside the bones, muscle and nervous system. 

The most serious effects of cadmium poisoning usually involve damage 

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

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

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

functioning properly because their structures have been damaged and as a 

consequence of this, protein urea will be produced. Apart from this, cadmium also 

affects many systems within the body, such as digestive tract, reproductive system, 

and nervous system. The placenta is also damaged by cadmium and this will later 

induce abnormalities within the infant. Furthermore, bone and spinal cord are also 

impaired by cadmium. The most serious cases of environmental pollution by cadmium 

occurred in Japan. This disease was known as Itai-Itai, characterized by severe back 

and joint pains, kidney lesions, protein and sugar in the urine and decalcification of the 

bones, leading sometimes to multiple functions (Chunphongsaeng, 1984). 

The numerous effects of cadmium toxicity have been reported on the 

exposure of both freshwater and marine fish to cadmium (Tuntuvet, 1997). These 

include (1) a reduced gill tissue oxygen consumption in cunner (Tautogolabrus 

adspersus; (2) a reduced activity of aspartate aminotransferase and an increase activity 

of glucose-6 phosphate dehydrogenase in the liver of fish after 30 days of exposure to 

cadmium; (3) histopathological and hormonal changes in testicle of mature brook trout 

(Salvelinus fontinalis) following exposure to 25 µg Cd/L; (4) anemia, hypocalcemia, 

hypermagnesemia and hyperglycemia developed in rainbow trout (Salmo gairdneri) 

juveniles following exposure to 10 or 100 mg Cd/L and recover for 25 or 57 weeks in 

clean water (Haux and Larsson, 1984); and (5) an induced histological change in 

kidney of black sea bream, Mylio macrocephalus and the proximal tubules of kidney 

appeared to be the most sensitive segments to cadmium expose. 
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2.7.2 Copper (Cu) 

2.7.2.1 Properties of copper 

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

atomic weight 63.54. The melting point is 1083oC and boiling point is 2567oC. 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 

dissolves slowly in ammonia water but is insoluble in hot or cold water (Bunsong, 

2003). Other forms of copper such as copper oxide (CuO) are insoluble in water but 

are 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). 

2.7.2.2 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). 

2.7.2.3 Biological effects of copper on organisms 

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

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

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

oxidase. Copper deficiencies in body may led to increase fat levels, anemia, 
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osteoporosis, thinning of bones, thyroid gland dysfunction, defection in collagen and 

elastin synthesis, and heart disease (Bunsong, 2003). . 

The storage organs for excess amount of copper is the liver and bone 

narrow, while the bile is the normal excretory pathway and plays a primary role in 

copper homeostasis. Even though copper is an essential trace element in biological 

function but at high concentration copper can cause of chronic effects in unusual 

genetic patients, such as Wilson’s disease (Lenntech Water Treatment & Air 

Purification Holding, 2005). The symptom of this disease is higher than normal 

quantity of copper is accumulated in the liver due to the excessive copper can not be 

eliminated via to bile and ceruloplasmin that act as transport agents of copper. In the 

United State studies, copper levels in various, such as in copper in liver, kidney, brain, 

bone and cornea were 7.8, 2.8, 5.4, 2.9 and 3.8 µg/g, respectively. In Wilson’s disease, 

the concentrations of copper in those tissues were 99.2, 36.2, 54.9, 31.0 and 35.125 

µg/g, respectively. 

Acute poisoning result from ingestion of excessive amounts of copper 

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

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

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

membranes (Bunsong, 2003). 

Copper is an essential component of several enzymes, especially 

phenolase (tyrosinase) which plays an important metabolic role in plants. It is 

concentrated in root of plants and plays a part in nitrogen metabolism. Deficiencies of 

copper can cause die back of shoot tip, and terminal leaf develops brown spots. 

Copper deficiency also affects the quality of crop products such as smaller size for 

citrus fruits, discoloration and spongy texture in onions and discoloration in carrots. 

However, at high concentration of copper can be toxic to plants including delayed 

growth rate which subsequently caused to death (Bunsong, 2003). 

Copper is necessary trace element that at low level can result in anemia, 

gastrointestinal disturbances, bone development abnormalities and death (Eisler, 

1997). However, at higher levels in fish, copper can cause sublethal effects on 

respiration, osmoregulation, behavior, growth, metabolism and death (Handy, 1993). 
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2.7.3 Iron (Fe) 

2.7.3.1 Properties of Iron (Fe) 

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

atomic weight of 55.84. The melting point is at 1538oC and boiling point is at 2861oC. 

Iron is a silvery-white, hard, brittle, fairly fusible and ductile. Also, iron is one of the 

three naturally magnetic elements, other are cobalt and nickel. Iron has four allotropic 

forms as alpha, beta, gamma and delta. The alpha form is magnetic, but when 

transformed into the beta form, the magnetism disappears. The pure iron is very 

reactive chemically, and rapidly corrodes, especially in moist air or at elevated 

temperatures. It is readily dissolved in dilution mineral acid and organic acid 

(Bunsong, 2003; Lenntech Water Treatment & Air Purification Holding, 2005). 

2.7.3.2 Uses of iron 

About 98% of iron is 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 increase durability and 

resistance to heat and acid; manganese 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, powder 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, dying and fertilize. Black iron oxide is used in pigment, metallurgy, medicine, 

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

 

2.7.3.3 Biological effects of iron on organisms 

Iron is an essential element carrying oxygen, forming part of the 

oxygen-carrying proteins-hemoglobin in red blood cells and myoglobin in muscles. It 

is also a component of various enzymes and is concentrated in bone marrow, liver and 

spleen. It also needed for the oxygenation of red blood cells, a healthy immune system 

and for energy production (Bunsong, 2003). 
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The iron stored in the body is in the range of 20 to 150 mg/kg body 

weight. The major iron storage compounds are ferritin and hemosiderin, which are 

located primary in the liver, reticuloendothelial cells, and erythroid precursors of the 

bone narrow. The synthesis of metabolical active compounds is increased when body 

mobilization satisfies the increased body requirements (Bunsong, 2003). 

Deficiency of server iron results in anemia, and red blood cells that 

have a low hemoglobin concentration. Anemia in pregnancy increases the risk of 

having a premature baby or a baby with low birth weight. In young children, iron 

deficiency can manifest in behavioral abnormalities, reduced cognitive performance 

and slow growth (Merian, 1991). In adults, severe iron deficiency anemia impairs 

physical work capacity. Symptoms of iron deficiency may include fatigue, poor 

stamina, intestinal bleeding, excessive menstrual bleeding, nervousness, heart 

palpitations and shortness of breath. It may also cause your mouth corners to crack, 

brittle hair, difficulty in swallowing, digestive disturbances and spoon shaped nails 

with ridges running lengthwise. Toxicity and symptoms of high intake high iron 

content in the body have been linked to cancer and heart disease. 

In plant, iron is required for the functioning of enzyme, especially for 

synthesis chlorophyll, and reduction of nitrite and sulphate. Iron is a component of 

feredoxin and thylakoid unit, thus it has important functions in electron transport as 

well as in photosynthesis. Deficiencies are pale color of young leaves followed by 

yellowing of leaves and large veins (Kabata, 1984). 

2.7.4 Lead (Pb) 

2.7.4.1 Properties of lead 

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

atomic mass of 207.19. The melting point is at 327.5oC and boiling point is at 1,740oC. 

The usual stable oxidation states of lead are+2 and +4. Naturally occurring isotope of 

lead are 208 (52%), 207 (23%), 206 (24%) and 204 (1%). Lead is a bluish-white, soft 

metal and a corrosion resistant material (Rojarrayanon, 1989). The salts of Pb(II) such 

as lead oxide and lead sulfide are insoluble in water, while lead acetate, lead chlorate 

and lead chloride are soluble in water. 
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2.7.4.2 Uses of lead 

The primary use of lead was in the production of lead-acid storage 

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

vulcanizing of rubber 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 (Tunthanussarid, 1982). 

2.7.4.3 Biological effects of lead on organisms 

Lead is a biological nonessential element and generally metabolic 

poison. When absorbed by the body, lead tends to be accumulated in the bone narrow, 

where red blood cell formation occurs. At least five stages in the formation of heme 

part of hemoglobin are affected by lead but the two enzymes affected are δ-amino 

laevulinic dehydratese and ferrochelatase. This inhibition of heme synthesis results in 

anemia. Lead is also responsible for destroying the nervous system because it slows 

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

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

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

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

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

destroyed. Furthermore lead also harms the filtering unit of the kidneys, which causes 

the lymph gland to function improperly. The damage is associated with elevated levels 

of amino acid, sugar and phosphate in the urine (Manasavett, 1991). 

Several effects of lead toxicity have been reported on the exposure of 

fish to lead. These include (1) behavioral deficits in fish within a day of exposure to 

sub-lethal concentrations (Jones, 1964); (2) a deficit in metabolism and survival; (3) a 

decreasing in growth rates and development; (4) a deficit in behavior and learning; (5) 

increased mucus formation in fish (Eisler, 1997) and (6) the level of lead at 50 µg/g in 
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the diet are associated with reproductive effects in some carnivorous fish (Eisler, 

1997). 

2.7.5 Zinc (Zn) 

2.7.5.1 Properties of zinc 

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

atomic mass of 65.37. The melting point is at 419.5oC and boiling point is at 906oC. 

Pure zinc is bluish-white, shiny metal and strong ductile. It is brittle at ordinary 

temperature but malleable at 100 to 150oC. Naturally occurring zinc consists of five 

isotopes. Zinc is the most stable with a half-life of 243.8 days. It is found as a mineral 

in the earth’s crust usually associated with other metal such as copper and lead 

(Bunsong, 2003; Lenntech Water Treatment & Air Purification Holding, 2005). 

2.7.5.2 Uses of zinc 

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 forms of transportation such as trucks, trains. In 

addition, powder 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, dying and fertilize. Black iron oxide is used in pigment, metallurgy, medicine, 

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

2.7.5.3 Biological effects of zinc on organisms 

Zinc is an essential element for human, animal and certain types of 

plant. It can be found that the cell of living organisms contain zinc as one of the main 

components of various enzyme, such as, carbonic anhydrase, carboxy peptiase, 

superoxide dismutase, lactase dehydrogenase, phosphatase and glutamate 

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

division and synthesis of protein and collagen which is great for wound healing and 
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health skin. Too much, however, can cause stomach cramps, nausea and vomiting. For 

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

lipoprotein cholesterol. In addition, the breathing large amounts of zinc can cause a 

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

responds affecting the lungs and body temperature Lenntech Water Treatment & Air 

Purification Holding, 2005). 

Even though zinc is an essential trace element and helps in 

homeostatically control in fish, but at high concentration of zinc can be toxic to fish. 

Acute toxic zinc concentrations result in gill damage, which interferes with 

respiration, leading to hypoxia. Chronically toxic effects are generally extensive 

deterioration of the liver, kidneys, heart, muscle, gonad and spleen. Chronic sub-lethal 

zinc concentrations can also delay or inhibit the growth sexual maturity and 

reproduction of the fish (Bunsong, 2003). 

 

2.8 Relevant researches 
 

Rungsook (1995) studied the growth characters of vetiver grass (Vetiveria 

zizanioides Nash.) affected by domestic wastewater of Phetchaburi province. The 

results show heavy metals such as Pb, Cd and Hg accumulated in the stem and root 

parts of vetiver grass. 

 

Chaiyabutr (1997) studied some heavy metals in water, sediment and various 

tissues of some fish species in the Mae Klong river. The samples were collected in the 

hot season (April), the rainy season (July) and the cold season (October) in 1995. The 

results show that the concentrations of Zn, Pb, Cu, Cd and Mn in water and the 

concentrations of Pb, Cu and Mn in sediments reached their peaks in the cold season 

but decreased in the hot and rainy seasons. In contrary, the concentration of Cd in 

sediment reached its peak in the rainy season, but decreased in the cold and hot 

seasons. The concentration of Zn in sediment reached its peak in the hot season, but 

decreased in the rainy and cold seasons. When comparing the average concentrations 

of five heavy metals in water, the highest to the lowest concentrations were Zn, Pb, 
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Cu, Mn and Cd. In sediment, the highest to the lowest concentrations were Mn, Zn, 

Pb, Cu and Cd.  

 

Szymanowska et al. (1999) studied heavy metals in three lakes in West Poland. 

The results indicated that heavy metals, i.e., Zn, Cd, Cu, Pb and partly with Ni and Hg 

accumulated in water of the lakes. Strong positive correlations were found between 

concentrations of Cd in water and in plants, between concentrations of Cd in bottom 

sediments and in plants, between concentrations of Cr in water and in plants, between 

concentrations of Cr in bottom sediments and in plants, and between concentrations of 

Fe in water and in plants. A negative correlation was found between biomass 

production and Pb and Mn contents in water and Pb and Mn contents in bottom 

sediments. Cr and Cd accumulated in plants at a higher rate from bottom sediments 

than from water. The accumulation rate of Fe in plant tissues was higher with an 

increase in Fe in water than with increase in Fe in bottom sediment. 

 

Guhathakurta (2000) studied heavy metal concentration in water, sediment, 

shrimp (Penaeus monodon) and mullet (Liza parasia) in some brackish water ponds of 

Sunderban, India. Concentrations of Cd, Zn, Pb and Fe were determined in the 

brackish water ponds of Sunderban mangrove system of India at five different 

localities. Concentration of the metals in pond water were in the descending order of 

Fe > Zn > Pb > Cd, whereas in the accumulation of metals in the pond sediment, 

There was a significant variation of Zn and Fe concentrations in the sediment among 

the localities. In the surface layer of the sediment (upto 10.0 cm depth) was found that 

the concentrations of Fe were higher than Zn. Background concentration of Fe in the 

sediment (30.0 cm deep stratum) was very high in all the localities All the metals in 

the surface layer of sediment showed a characteristic pattern of partitioning among 

various chemical fractions of the sediment. 

 

Rai and Sinha (2001) studied the distribution of metals in aquatic edible plants: 

Trapa natans (Roxb.), Makino and Ipomoea aquatica Forsk. Most of the water bodies 

being used for the cultivation of edible aquatic plants (T. natans and I. aquatica) in 

Lucknow district, U.P., India, were found to be contaminated with a variety of toxic 
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metals (Fe, Cu, Cr, Mn and Pb). The edible parts of these plants bioconcentrated 

metals from their surrounding water significantly. Despite varying levels of metals 

found in various fruit parts of T. natans, the metal accumulation in kernel was 

alarming. However, metal content decreased significantly in various parts after boiling 

the fruit. Similarly, I. aquatica also accumulated significantly higher amounts of these 

metals in leaves; however the metal accumulating potential varied considerably 

depending upon level of metal contamination in the water body in which they were 

growing. The importance of these findings in the exploitation of these aquatic crops to 

meet the demand of food and health perspectives for human beings is highlighted. 

 

Chobtang (2002) studied six heavy metal residues as Hg, Pb, Cd, Cr, Ni and As 

in water collected in the mangrove at Royal Laem Phak Bia Environmental Research 

and Development Center, Amphoe Ban Laem, Phetcha Buri province. The results 

indicated that heavy metal levels before entering the mangrove forest were mostly 

within the standard criteria of coastal zone area except for Hg and the heavy metal 

levels which came out of the mangrove forest were higher than those before entering 

the mangrove forest. The heavy metal levels in both areas were within the standard 

criteria except for Hg and Cd. The statistical test of each heavy metal at three sites 

found that the difference was statistically significance (p < 0.05) for Cd. For Ni it was 

found that the levels found in the water and sediments were in the same direction. Hg 

had a relation in the opposite direction. In sediments the results showed that the 

mangrove forest near the wastewater releasing point had higher heavy metal levels 

(except for Hg and As) than the area far from releasing point. The mangrove forest at 

Ban Laem Phak Bia had higher heavy metal levels (except As) than the mangrove 

forest at Ban Laem Phanoen. The heavy metal levels in both areas were within the 

standard criteria. The statistical test of each heavy metal at three sites found that the 

difference was not statistically significance (p < 0.05) for all heavy metals. Pb, Cd, and 

Ni levels in sediments and crabs had a relation in the same direction while Cr and As 

levels had a relation in the opposite direction. 

 

Gothberg et al. (2002) estimated accumulation of lead (Pb), cadmium (Cd), 

total mercury (total Hg), and methylmercury in water spinach (Ipomoea aquatica) 
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cultivated in the Bangkok region, Thailand. Nine sites of cultivation of I. aquatica in 

the greater Bangkok region were sampled. The results showed that for seven sites, I. 

aquatica was cultivated for the local food market. The concentration of the metals 

were in the descending order of total Hg > Pb > methylmercury > Cd. At all sites at 

least one element showed relatively high concentrations. The concentrations of Hg 

were very high at some sites, and were higher in leaves than in stems. 

 

Bunsong (2003) studied the accumulation of eight heavy metals (Cd, Cr, Cu, 

Fe, Pb, Ni, Mn and Zn) in water, sediment, and selected tissues of aquatic organisms 

in Klong Phasicharoen from May 2002 to April 2003. Samples of water, sediment, 

plankton, aquatic plants, mollusks and fish were taken once a month at three sampling 

sites: Phasicharoen, Nongkham and Kratumbaen. The dry samples were digested with 

concentrated nitric acid in microwave digestion system and determination for heavy 

metals was carried out by using Flame Atomic Absorption Spectrometer (FAAS). The 

results were found that the concentrations of dissolved Fe, Mn and Zn in surface water 

showed the most variation and were highest at Kratumbaen. Concentrations of Cr, Cu, 

Fe, Pb, Mn and Ni in sediment were high at Nongkham. Plankton and water hyacinth 

from Nongkham and Kratumbaen contained very high concentrations of Cr, Cu, Ni 

and Zn, while concentrations of Fe and Pb were considerably high at Phasicharoen. In 

addition, the accumulation of heavy metals in target tissues of fish and mollusk was 

found at high concentrations at these areas as well. These heavy metals were higher in 

the roots of water hyacinth than in the leaves. Fish livers and kidneys accumulated 

high levels of Fe, Zn and Cu while Mn and Zn were detected in the gills at high 

concentrations. Mollusk accumulated high levels of Fe, Zn and Cu in the foot, while 

Mn was at high levels in the gills. Fe, Zn and Cu accumulated at high levels in both 

the foot and the gills, whereas the mantle had the lowest concentrations of these heavy 

metals. The result showed that bioaccumulation of heavy metals occured in the 

organisms at the lower levels of the food chain and no biomagnification was detected 

at the upper levels, except for Cu in mollusks and fish. This study indicated that 

copper showed bioaccumulation and biomagnification through the higher trophic 

levels. 
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Meepring (2003) studied the concentration of heavy metal accumulated in the 

parts of the grasses. The result indicated that the concentration of heavy metal was 

accumulated in the roots more than the leaves and stem. 

 

Deng et al. (2004) studied the accumulation of Pb, Zn, Cu and Cd accumulated 

in 12 wetland plant species thriving in metal-contaminated sites in China. The results 

showed that metals accumulation by wetland plants differed among species, 

populations and tissues. Populations grown in substrata with elevate metals contained 

significantly higher metals in plants. Metals accumulated by wetland plants were 

mostly distributed in root tissues, suggesting that an exclusion strategy for metal 

tolerance widely exists in them. The factors affecting metal accumulation by wetland 

plants include metal concentrations, pH and nutrient status in substrata. 

 

Baldantoni et al. (2004) assessed the macro and microelement accumulation 

capability of two aquatic plants in Lake Averno, Italy. The concentrations of trace 

metals (Cd, Cr, Cu, Fe, Mn, Ni, Pb and Zn) were measured in the leaves and roots of 

emergent plant, Phragmites communis Trin., and in the shoots and roots of the 

submersed Najas marina L. The study found that the roots exhibited significantly 

higher concentrations of trace metals. P. communis, available through the year, 

showing high capability to accumulate trace metals in the roots, appears a good 

monitor of contamination, better than N. marina. 

 

Huang et al. (2006) carried out the environmental assessment of small-scale 

vegetable farming systems in peri-urban areas of the Yangtze river delta region, China. 

They presented an integrated study of farming practices and the quality of water, 

sediment, soils and agricultural products. Application of large amounts of cow manure 

to vegetables in Nanjing, a vegetable-based peri-urban area, had caused an 

accumulation of N, P, Cu, Zn and available Cd in soil. This resulted in high Cd in 

some vegetables and high concentrations of N and P in surface water. Heavy metal 

pollution in the Wuxi area mainly came from atmospheric deposition of effluent from 

factories and was higher than in the less industrialized area in Nanjing. Development 

and dissemination of strategies for more efficient use of fertilizers in vegetable 
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farming could benefit both farm profitability and the environment and should be 

coupled with treatment of municipal waste before discharge and control of factory 

emissions. Bringing about change in farming, municipal and industrial practice will 

require good relationships amongst a number of stakeholders. 

 

Lertprasert (2006) studied the accumulation and distribution of heavy metals in 

water, sediment, I. aquatica and R. apiculata in the Phi Lok canal system, Samut 

Songkhram province. The results showed that five heavy metal concentrations in water 

can be presented in descending order as follows: Fe > Zn > Cu > Pb > Cd while the 

average heavy metal concentrations in sediment can be presented in descending order 

as follows: Fe > Zn > Pb > Cu > Cd, and the average heavy metal concentrations in 

shoots and roots of R. apiculata and I. aquatica can be presented in descending order 

as follows: Fe > Zn > Cu > Pb > Cd. When comparing heavy metal concentrations 

among water, sediment, shoots and root, it was found that for five heavy metals, each 

of the average concentrations can be presented in descending order as follows: Cd : 

root > sediment > shoots > water, Cu: sediment > root > shoots > water, Fe : sediment 

> root > shoots > water, Pb: sediment > root > shoots > water, Zn: sediment > root > 

shoots > water. When comparing the heavy metal concentrations in monthly variations 

in water, the results showed different trends in concentration. The present study 

showed that the mean difference is significant in concentrations of Cd, Cu, Fe, Pb and 

Zn in the periods of collection; whereas in sediment, it was found that the mean 

difference is significant in concentrations of Cd, Cu, Fe, Pb and Zn in the periods of 

collection, for the aquatic plants, the mean difference of Cd, Cu, Pb and Zn in roots 

was found, while significantly different mean concentration of Fe, Cu, Pb and Zn 

concentrations were found in shoots. 
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CHAPTER III 

MATERIALS AND METHODS 

 

3.1 Study site  
 

The Snakeskin Gourami (Trichogaster pectolaris Regan) fish raising pond 

with the area of about 9 rais (14,400 m2) is located at the Phi Lok canal, Phraek Nam 

Daeng sub-district, Amphawa district, Samut Songkhram province. The fish raising 

pond is about 1 km from the water gate (distance along the canal) and near the scrap 

plant and the Rama II highway.  

 

 
 

Figure 3.1 The Snakeskin Gourami (T. pectolaris) fish raising pond 
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3.2 Sampling stations in the fish raising pond 
 

 There are four sampling stations in the Snakeskin Gourami fish raising pond. 

For each sampling station, water, sediment and aquatic plants were collected. The map 

of the Snakeskin Gourami fish raising pond is showed in Figure 3.3.  

 3.2.1 Station 1 (Water inlet) was located near the point where water was 

pumped from the Phi Lok canal into the Snakeskin Gourami fish pond. The depth was 

about 1.50 m 

 3.2.2 Station 2 (Water outlet) was located near the point where water was 

discharged into the Phi Lok canal. The depth was about 2.00 m 

3.2.3 Station 3 (Far from water inlet and outlet) was located near the Rama 

II highway. The depth was about 1.00 m 

 3.2.4 Station 4 (Middle of the fish raising pond) was located in the middle of 

the fish raising pond. The depth was about 0.50 m 
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3.3 Sampling duration 
 

Samples of water, sediment and three aquatic plants (Cyperus pilosus Vahl., 

Ipomoea aquatica Forsk. and Panicum repens Linn.) from the four sampling stations 

in the Snakeskin Gourami fish raising pond were collected during six months from 

June to November 2004.  

 

3.4 Instruments 

3.4.1 Microwave digestion system 

Sample digestion was performed using Microwave digestion: Milestone 

Laboratory Systems Microwave digestion (Model MLS-1200 MEGA). 

3.4.2 Flame atomic absorption spectrometer (FAAS) 

The FAAS for heavy metal measurements was performed using a Varian 

laboratory Systems (SpectrAA 220FS) (Figure 3.4). 

 

 
 

Figure 3.4 Flame atomic absorption spectrometer (FAAS) 
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3.4.3 Graphite furnace atomic absorption spectrometer (GAAS) 

The GAAS for heavy metal measurements was performed using a Varian 

Laboratory Systems (SpectrAA-800/GTA-100, Varian) (Figure 3.5).  

 
 

Figure 3.5 Graphite furnace atomic absorption spectrometer (GAAS) 

 

3.5 Sample collection 
 

Samples of water, sediment and three aquatic plants (C. pilosus, I. aquatica 

and P. repens) were collected from each sampling station every two months from June 

to November, 2004. 

3.5.1 Water 

Water sample was collected at about 30 to 50 cm deep from the water surface 

by using water sampler. Before the water sample was collected, the 100 mL 

polyethylene bottle was rinsed twice with the water sample. Then, water sample was 

filled in the bottle and preserved with concentrated nitric acid. In each station the 

triplicate of water samples were collected. The bottles of water sample were kept in 

the ice box during the transportation prior to the laboratory. 
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3.5.2 Sediment 

The sediment sample was collected from the same sampling station with the 

water sample. The grab sampler was used to collect the sediment samples at about 10 

to 20 cm deep. In each station the triplicate of sediment samples were collected. The 

sediment was kept in plastic bags.  

3.5.3 Aquatic plants 

Three dominant species of aquatic plants were C. pilosus, I. aquatica and P. 

repens. For each species, the plant sample of about 1 kg of the whole plants per 

sampling station was collected (Bunsong, 2003). Then, plant samples were kept in 

plastic bags prior to analysis in the laboratory.  

 

3.6 Preparation of samples 

3.6.1 Water 

The water samples were directly analyzed. 

3.6.2 Sediment 

The sediment samples were dried at ambient air condition for a week. The 

dried samples were homogenized and passed through a sieve to remove larger 

particles. Then, they were dried in an oven at 70oC for 24 hours. 

3.6.3 Aquatic plants 

The plants samples were washed throughly with tap water and then with 

distilled water to remove soil and other foreign objects. They were separated into root 

and shoot. These separated parts were dried at ambient air condition for a week and 

ground before drying in the oven at 70oC for 24 hours. 

 

3.7 Analytical method of water quality 
 

Table 3.1 shows the list of physico-chemical parameters measured in the study. 

From 11 parameters, five parameters, i.e., water temperature, air temperature, pH, 

conductivity and salinity was measured in the field by the instruments as showed in 
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Table 3.1 and for the other six parameters, i.e., dissolved oxygen (DO), biochemical 

oxygen demand (BOD), nitrate (NO3
-), phosphate (PO4

2-), hardness and total dissolved 

solid (TDS)., water samples were collected and analysed in the laboratory using the 

methods as also listed in Table 3.1. 

 

Table 3.1 Physico-chemical parameters in the study 

 Parameters measured by instruments in the field 

 Parameters Instruments 

1 pH pH Meter 

2 Conductivity (µS/cm) Conductivity Meter 

3 Salinity (ppt) YSI model 3800 S-C-T meter 

4 Air Temperature (°C) YSI model 3800 S-C-T meter 

5 Water Temperature (°C) DO Meter 

6 Dissolved Oxygen (mg/L) DO Meter 

 Parameters analysed in the laboratory 

 Parameters Methods 

1 Biochemical Oxygen Demand 

(mg/L) 

Azide Modification of Iodometric 

Method 

2 Total Dissolved Solid (mg/L) Gravimetric Method 

3 Hardness (mg/L) EDTA Titrimetric Method 

4 Nitrate (mg/L) Bruzine Method 

5 Phosphate (mg/L) Ascorbic Acid Method 

 
 
 
3.8 Sample digestion 
 

All sample types were digested by using a Milestone microwave digestion 

system model MLS-1200 MEGA. Each sample was carried out in triplicate. Samples 

were digested in a closed system with concentrated nitric acid in microwave digestion 

system. 
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3.8.1 Water 

A 10 mL of water sample was filled into vessel and nitric acid (HNO3 6 mL, 

65%) was added to digest the samples. The digestion was performed in a microwave 

digester to prepare the samples for analysis using the microwave digestion 

programme.  

 

3.8.2 Sediment 

The fine fraction of dried sediment was weighed for 0.5 g (Kishe and 

Machiwa, 2003) and put into vessel. Nitric acid (10 mL, 65%) was added to remove 

organic matter in the sample. The digestion was carried out in a microwave digester 

using the microwave digestion programe. 

3.8.3 Aquatic plants 

The dried sub-samples of aquatic plants were weighed for 0.5 g and put into 

vessel. Nitric acid (8 mL, 65%) was added to digest the samples. The digestion was 

performed in a microwave digester to prepare the samples for analysis using the 

microwave digestion programme.  

After digestion, the samples were then left to cool down. The contents were 

filtered by filter paper (Whatman No.42) and transferred to 50 mL volumetric flask 

and the volume was made up to the mark with 1% nitric acid. Then, the digested 

solutions were stored in acid-washed 60 mL polyethylene bottle and kept in 

refrigerator until analysis with atomic absorption. A blank consisting of only nitric 

acid and digested in the method as the samples was also prepared. And all glassware 

and plastic were washed through with 10% nitric acid and distilled water. 

 

3.9 Heavy metal analysis 
 

All reagents were of analytical reagent grade. Distilled water was used 

throughout the study. All the plastics and glasswares were washed in 10% of nitric 

acid for 10 minutes 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. 
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Baker/E Merck standards and instrumental calibrated standard solutions were prepared 

from commercial materials 

According to the expected concentrations, Fe, Zn, Cu were analysed by frame 

atomic absorption spectrophotometer (FAAS) (SpectrAA 220FS) using air-acetylene 

flame. Cd and Pb were analyzed by graphite furnace atomic absorption 

spectrophotometer (GAAS) (SpectrAA-800/GTA-100, Varian) equipped with Zeeman 

background correction. Frame emission spectroscopy is complementary to atomic 

absorption spectroscopy in the sense that absorption represents excitation from ground 

state atoms, whereas emission represents the reverse. For a given element it is 

qualitatively clear that there is an optimum temperature at which the atomic population 

is at a maximum and another temperature at which the excited atoms are at a 

maximum and beyond which ionized atoms begin to take over. Flame methods which 

correspond to relatively low excitation temperatures are therefore best suited for 

elements of greatest volatility and lowest ionization potential (Herbert, 1975). 

The absorption lines for metals were 228.8 nm of Cd, 324.7 nm of Cu, 248.3 

nm of Fe, 217.0 nm of Pb and 213.9 nm of Zn. Standards with appropriate 

concentrations for each element were made from 1,000 ppm AAS stock standards. 

 

3.10 Data conversion 
 

Heavy metal contents of sediment and plant materials from analysis by 

atomic absorption spectrophotometer in mg/L (or µg/L) were converted into mg/kg (or 

µg/kg) by using the following formula. 

 

  Dried sample in mg/kg = (A-B) x (V/W) 

 

Where: A= concentration of heavy metal in the digested sample in mg/L 

  B= concentration of heavy metal in the digested blank in mg/L 

  V= total digested volume at the end of the digestion process in mL 

  W= weight of sediment and plant materials samples in g. 
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3.11 Statistical analysis 
 

Statistical analysis was carried out with the SPSS statistical program (SPSS for 

Windows 11.5) (Vanitbancha, 2005). One-way ANOVA and correlation were used in 

the study. Statistic explanation such as mean value, minimum value and maximum 

value were used to explain the results as well.  
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CHAPTER IV 

RESULTS 

 

4.1 Physico-chemical characteristics of water quality in the Snakeskin 

Gourami fish raising pond 
 

The physico-chemical parameters measured in water samples of the Snakeskin 

Gourami fish raising pond were temperature, salinity, total dissolved solid (TDS), pH, 

dissolved oxygen (DO), biochemical oxygen demand (BOD), hardness, conductivity, 

nitrate (NO3
-) and phosphate (PO4

2-). The water samples from four sampling stations 

in the Snakeskin Gourami fish raising pond were collected from June to November 

2004. The results of physico-chemical parameters are showed in Table 4.1. The BOD 

values varied from 3.60 mg/L in July of station 2 (water outlet) to 9.80 mg/L in 

August of station 4 (middle of the Snakeskin Gourami fish raising pond) while the DO 

values varied from 0.00 mg/L in August of station 2 (water outlet) and station 3 (far 

from water inlet and outlet), in September of station 3 (far from water inlet and outlet) 

and station 4 (middle of the Snakeskin Gourami fish raising pond), in October of 

station 2 (water outlet) and station 4 (middle of the Snakeskin Gourami fish raising 

pond) and in November of station 2 (water outlet) to 4.33 mg/L in September of 

station 1 (water inlet). Nitrate (NO-
3) varied from 0.40 mg/L in June of station 1 (water 

inlet) to 3.63 mg/L in October of station 4 (middle of the Snakeskin Gourami fish 

raising pond). Phosphate varied from 0.012 mg/L in October of station 4 (middle of 

the Snakeskin Gourami fish raising pond) and in November of station 1 (water inlet) to 

0.058 mg/L in November of station 3 (far from water inlet and outlet). The pH value 

ranged between 7.12 to 8.56. Total dissolved solid (TDS) varied from 628 mg/L in 

October of station 2 (water outlet) to 2,800 mg/L in August of station 3 (far from 

water inlet and outlet). Surface water temperature ranged between 27.34 to 29.50ºC. 

Conductivity varied from 938 µS/cm in November of station 1 (water inlet) to 2,190 

µS/cm in June of station 4 (middle of the Snakeskin Gourami fish raising pond). 

Salinity varied from 0.10 ppt in November of station 1 (water inlet) to 1.1 ppt in 
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August of station 3 (far from water inlet and outlet) and station 4 (middle of the 

Snakeskin Gourami fish raising pond). Hardness varied from 178.7 mg/L as CaCO-
3 in 

September of station 1 (water inlet) to 552.0 mg/L as CaCO-
3 in July of station 3 (far 

from water inlet and outlet). 
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4.2 Heavy metal concentrations in the Snakeskin Gourami fish raising 

pond 

4.2.1 Heavy metal concentrations in water 

The detectable heavy metal concentrations in water samples of four sampling 

stations (water inlet, water outlet, far from water inlet and outlet and middle of the 

Snakeskin Gourami fish raising pond during) during June to November 2004 are listed 

in Table 1 of Appendix. These concentrations are reported as microgram per litre 

(µg/L) of water samples. 

4.2.1.1 Cadmium (Cd) 

 The variation of Cd concentrations in the Snakeskin Gourami fish 

raising pond is showed in Figure 4.1. The average Cd concentrations varied from non-

detected values (nd) in July, October and November to 0.0393+0.0133 µg/L in June of 

station 1 (water inlet). At station 2 (water outlet), the average Cd concentrations varied 

from non-detected values (nd) in June, July, October and November to 0.0393+0.0133 

µg/L in August. At station 3 (far from water inlet and outlet), the average Cd 

concentrations varied from non-detected values (nd) in June, July, October and 

November to 0.0290+0.0010 µg/L in September. At station 4 (middle of the Snakeskin 

Gourami fish raising pond), the average Cd concentrations varied from non-detected 

values (nd) in June, July, October and November to 0.0370+0.0020 µg/L in August. 

The highest average value of Cd concentration was 0.0950+0.0548 µg/L in June of 

station 1 (water inlet). ANOVA, used to test the difference of Cd concentrations at the 

four sampling stations, shows that the differences were not statistically significant (p < 

0.05). However, when comparing Cd concentrations during six months, it was found 

that the differences were statistically significant (p < 0.05). 
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Figure 4.1 Monthly variation of Cd concentrations in water samples collected from 

four sampling stations. 

4.2.1.2 Copper (Cu) 

 The variation of Cu concentrations in the Snakeskin Gourami fish 

raising pond is showed in Figure 4.2. The average Cu concentrations varied from 

8.6667+6.6583 µg/L in August to 167.3333+4.9329 µg/L in November of station 1 

(water inlet). At station 2 (water outlet), the average Cu concentrations varied from 

16.0000+9.7125 µg/L in August to 168.3333+4.0415 µg/L in July. At station 3 (far 

from water inlet and outlet), the average Cu concentrations varied from 

13.0000+1.7321 µg/L in August to 165.6667+4.0415 µg/L in July. At station 4 

(middle of the Snakeskin Gourami fish raising pond), the average Cu concentrations 

varied from 15.6667+2.8868 µg/L in August to 172.0000+2.6458 µg/L in July. The 

highest average value of Cu concentration was 172.0000+2.6458 µg/L in July of 

station 4 (middle of the Snakeskin Gourami fish raising pond. When comparing Cu 

concentrations at the four sampling stations it was found that the differences were not 

statistically significant (p < 0.05). However, when comparing Cu concentrations 
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during six months, it was found that the differences were statistically significant (p < 

0.05). 
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Figure 4.2 Monthly variation of Cu concentrations in water samples collected from 

four sampling stations. 

4.2.1.3 Iron (Fe) 

The variation of Fe concentrations in the Snakeskin Gourami fish 

raising pond are showed in Figure 4.3. The average Fe concentrations varied from 

non-detected values (nd) in June, July and November to 38.0000+21.6564 µg/L in 

October of station 1 (water inlet). At station 2 (water outlet), the average Fe 

concentrations varied from non-detected values (nd) in June, July, August and 

November to 36.5000+19.3477 µg/L in October. At station 3 (far from water inlet and 

outlet), the average Fe concentrations varied from non-detected values (nd) in June, 

July and November to 8.0000+3.0000 µg/L in October. At station 4 (middle of the 

Snakeskin Gourami fish raising pond), the average Fe concentrations varied from non-

detected values (nd) in June, July, August and November to 11.6667+2.0817 µg/L in 

September. The highest average value of Fe concentration was 38.0000+21.6564 µg/L 
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in October of station 1 (water inlet). When comparing Fe concentrations at the four 

sampling stations it was found that Fe concentrations of station 1 (water inlet) and 

station 3 (far from water inlet and outlet), station 1 (water inlet) and station 4 (middle 

of the fish raising pond), station 2 (water outlet) and station 3 (far from water inlet and 

outlet) and station 2 (water outlet) and station 4 (middle of the Snakeskin Gourami fish 

raising pond) were statistically significant differences (p < 0.05). When comparing Fe 

concentrations during six months, it was found that the differences were not 

statistically significant (p < 0.05). 
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Figure 4.3 Monthly variation of Fe concentrations in water samples collected from 

four sampling stations. 

4.2.1.4 Lead (Pb) 

 The variation of Pb concentrations in the Snakeskin Gourami fish 

raising pond are showed in Figure 4.4. The average Pb concentrations varied from 

non-detected values (nd) in July and November to 6.5243+0.1599 µg/L in October of 

station 1 (water inlet). At station 2 (water outlet), the average Pb concentrations varied 

from non-detected values (nd) in July and November to 5.6937+1.2918 µg/L in 
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October. At station 3 (far from water inlet and outlet), the average Pb concentrations 

varied from non-detected values (nd) in July and November to 5.4633+1.7005 µg/L in 

October. At station 4 (middle of the Snakeskin Gourami fish raising pond), the 

average Pb concentrations varied from 0.1950+0.1136 µg/L in July to 8.9080+6.4180 

µg/L in September. The highest average value of Pb concentration was 8.9080+6.4180 

µg/L in September of station 4 (middle of the Snakeskin Gourami fish raising pond). 

When comparing Pb concentrations at the four sampling stations it was found that the 

differences were not statistically significant (p < 0.05). However, when comparing Pb 

concentrations during six months, it was found that the differences were statistically 

significant (p < 0.05). 
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Figure 4.4 Monthly variation of Pb concentrations in water samples collected from 

four sampling stations. 
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4.2.1.5 Zinc (Zn) 

 The variation of Zn concentrations in the Snakeskin Gourami fish 

raising pond are showed in Figure 4.5. The average Zn concentrations varied from 

4.0000+2.3094 µg/L in June to 138.5333+130.3155 µg/L in October of station 1 

(water inlet). At station 2 (water outlet), the average Zn concentrations varied from 

non-detected values (nd) in July to 70.7667+11.2882 µg/L in September. At station 3 

(far from water inlet and outlet), the average Zn concentrations varied from non-

detected values (nd) in November to 141.0333+41.7929 µg/L in July. At station 4 

(middle of the Snakeskin Gourami fish raising pond), the average Zn concentrations 

varied from 8.2500+6.1245 µg/L in July to 67.6000+15.8981 µg/L in October. The 

highest average value of Zn concentration was 141.0333+41.7929 µg/L in July of 

station 3 (far from water inlet and outlet). When comparing Zn concentrations at the 

four sampling stations, it was found that the differences were not statistically 

significant (p < 0.05). When comparing Zn concentrations during six months, it was 

found that the differences were statistically significant (p < 0.05). 
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Figure 4.5 Monthly variation of Zn concentrations in water samples collected from 

four sampling stations. 
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4.2.2 Heavy metal concentrations in sediment 

The detectable heavy metals in sediment samples of four sampling stations 

(water inlet, water outlet, far from water inlet and outlet and middle of the Snakeskin 

Gourami fish raising pond during) during June to November 2004 are listed in Table 2 

of Appendix. These concentrations were reported as milligram per kilogram dry 

weight (mg/kg dry weight) of sediment samples. 

4.2.2.1 Cadmium (Cd) 

 The variation of Cd concentrations in the Snakeskin Gourami fish 

raising pond are showed in Figure 4.6. The average Cd concentrations varied from 

non-detected values (nd) in August to 0.0210+0.0021 mg/kg dry weight in October of 

station 1 (water inlet). At station 2 (water outlet), the average Cd concentrations varied 

from non-detected values (nd) in August to 0.0356+0.0070 mg/kg dry weight in 

September. At station 3 (far from water inlet and outlet), the average Cd 

concentrations varied from non-detected values (nd) in August to 0.0366+0.0015 

mg/kg dry weight in September. At station 4 (middle of the Snakeskin Gourami fish 

raising pond), the average Cd concentrations varied from non-detected values (nd) in 

July and August to 0.0290+0.0011 mg/kg dry weight in November. The highest 

average value of Cd concentration was 0.0366+0.0015 mg/kg dry weight in September 

of station 3 (far from water inlet and outlet). ANOVA, used to test the difference of Cd 

concentrations at the four sampling stations, shows that the differences were not 

statistically significant (p < 0.05). However, when comparing Cd concentrations 

during six months, it was found that the differences were statistically significant (p < 

0.05). 
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Figure 4.6 Monthly variation of Cd concentrations in sediment samples collected from 

four sampling stations. 

4.2.2.2 Copper (Cu) 

 The variation of Cu concentrations in the Snakeskin Gourami fish 

raising pond are showed in Figure 4.7. The average Cu concentrations varied from 

non-detected values (nd) in June, July and August to 18.8667+0.6658 mg/kg dry 

weight in October of station 1 (water inlet). At station 2 (water outlet), the average Cu 

concentrations varied from non-detected values (nd) in June, July and August to 

18.1333+0.7095 mg/kg dry weight in October. At station 3 (far from water inlet and 

outlet), the average Cu concentrations varied from non-detected values (nd) in June, 

July and August to 17.8000+0.7810 mg/kg dry weight in October. At station 4 (middle 

of the Snakeskin Gourami fish raising pond), the average Cu concentrations varied 

from non-detected values (nd) in June, July and August to 18.6000+1.2767 mg/kg dry 

weight in November. The highest average value of Cu concentration was 

18.8667+0.6658 mg/kg dry weight in October of station 1 (water inlet). When 
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comparing, Cu concentrations at the four sampling stations it was found that the 

differences were not statistically significant (p < 0.05). However, when comparing 

concentrations during six months, it was found that the differences were statistically 

significant (p < 0.05). 
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Figure 4.7 Monthly variation of Cu concentrations in sediment samples collected from 

four sampling stations. 

4.2.2.3 Iron (Fe) 

 The variation of Fe concentrations in the Snakeskin Gourami fish 

raising pond is showed in Figure 4.8. The average Fe concentrations varied from 

15254.3333+2859.9638 mg/kg dry weight in November to 24775.8333+1393.3990 

mg/kg dry weight in September of station 1 (water inlet). At station 2 (water outlet), 

the average Fe concentrations varied from 13586.9333+1191.3657 mg/kg dry weight 

in November to 27888.7000+269.8754 mg/kg dry weight in September. At station 3 

(far from water inlet and outlet), the average Fe concentrations varied from 

19502.4000+3372.5195 mg/kg dry weight in November to 24627.8667+1287.9584 
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mg/kg dry weight in August. At station 4 (middle of the Snakeskin Gourami fish 

raising pond), the average Fe concentrations varied from 18046.0667+807.0279 mg/kg 

dry weight in August to 26255.0667+657.5374 mg/kg dry weight in September. The 

highest average value of Fe concentration was 27888.7000+269.8754 mg/kg dry 

weight in September of station 2 (water outlet). When comparing Fe concentrations of 

the four sampling stations, it was found that the differences were not statistically 

significant (p < 0.05). However, when comparing Fe concentrations during six 

months, it was found that the differences were statistically significant (p < 

0.05).
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Figure 4.8 Monthly variation of Fe concentrations in sediment samples collected from 

four sampling stations. 

4.2.2.4 Lead (Pb) 

The variation of Pb concentrations in the Snakeskin Gourami fish 

raising pond is showed in Figure 4.9. The average Pb concentrations varied from 

0.0200+0.0010 mg/kg dry weight in November to 0.0260+0.0000 mg/kg dry weight in 

August of station 1 (water inlet). At station 2 (water outlet), the average Pb 
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concentrations varied from 0.0213+0.0012 mg/kg dry weight in November to 

0.0250+0.0000 mg/kg dry weight in July. At station 3 (far from water inlet and outlet), 

the average Pb concentrations varied from 0.0237+0.0006 mg/kg dry weight in June, 

October and November to 0.2700+0.0000 mg/kg dry weight in August. At station 4 

(middle of the Snakeskin Gourami fish raising pond), the average Pb concentrations 

varied from 0.0233+0.0006 mg/kg dry weight in June to 0.0253+0.0006 mg/kg dry 

weight in July. The highest average value of Pb concentration was 0.02700+0.0000 

mg/kg dry weight in August of station 3 (far from water inlet and outlet). When 

comparing Pb concentrations at the four sampling stations it was found that Pb 

concentrations of station 1 (water inlet) and station 2 (water outlet), station 2 (water 

outlet) and station 3 (far from water inlet and outlet) and station 2 (water outlet) and 

station 4 (middle of the Snakeskin Gourami fish raising pond) were statistically 

significant differences (p < 0.05). When comparing Pb concentrations during six 

months, it was found that the differences were statistically significant (p < 0.05). 
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Figure 4.9 Monthly variation of Pb concentrations in sediment samples collected from 

four sampling stations. 
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4.2.2.5 Zinc (Zn) 

The variation of Zn concentrations in the Snakeskin Gourami fish 

raising pond is showed in Figure 4.10. The average Zn concentrations varied from 

42.2400+4.8706 mg/kg dry weight in November to 64.8333+10.6969 mg/kg dry 

weight in June of station 1 (water inlet). At station 2 (water outlet), the average Zn 

concentrations varied from 46.4567+4.3065 mg/kg dry weight in September to 

69.1000+15.7439 mg/kg dry weight in June. At station 3 (far from water inlet and 

outlet), the average Zn concentrations varied from 36.2233+3.6062 mg/kg dry weight 

in November to 57.8667+13.7573 mg/kg dry weight in June. At station 4 (middle of 

the Snakeskin Gourami fish raising pond), the average Zn concentrations varied from 

44.3833+1.6979 mg/kg dry weight in June to 57.7333+11.5370 mg/kg dry weight in 

June. The highest average value of Zn concentration was 69.1000+15.7439 mg/kg dry 

weight in June of station 2 (water outlet). When comparing Zn concentrations at the 

four sampling stations it was found that Zn concentrations of station 1 (water inlet) 

and station 3 (far from water inlet and outlet), station 1 (water inlet) and station 4 

(middle of the the Snakeskin Gourami fish raising pond), station 2 (water outlet) and 

station 3 (far from water inlet and outlet) and station 2 (water outlet) and station 4 

(middle of the Snakeskin Gourami fish raising pond) were statistically significant 

differences (p < 0.05). When comparing Zn concentrations during six months, it was 

found that the differences were statistically significant (p < 0.05). 
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Figure 4.10 Monthly variation of Zn concentrations in sediment samples collected 

from four sampling stations. 

4.2.3 Heavy metal concentrations in aquatic plants 

The accumulation of heavy metals in three aquatic plants (Cyperus pilosus 

Vahl., Ipomoea aquatica Forsk. and Panicum repens Linn.) in the Snakeskin Gourami 

fish raising pond was determined from four sampling stations (water inlet, water 

outlet, far from water inlet and outlet and middle of the Snakeskin Gourami fish 

raising pond during) during June to November 2004. The detectable heavy metal 

concentrations in roots and shoots of three aquatic plants are listed in Tables 3 to 5 of 

Appendix. These concentrations are reported as milligram per kilogram dry weight 

(mg/kg dry weight) of aquatic plant samples. 
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4.2.3.1 Cadmium (Cd) 

 The variation of Cd concentrations in shoots and roots of C. pilosus, I. 

aquatica and P. repens in the Snakeskin Gourami fish raising pond is showed in 

Figures 4.11 to 4.13.  

 In C. pilosus, Cd concentrations in shoots varied from non-detected 

values (nd) in August and September to 0.1171+0.0026 mg/kg dry weight in October 

of station 1 (water inlet). At station 2 (water outlet), Cd concentrations in shoots varied 

from 0.0005+0.0002 mg/kg dry weight in July to 0.1345+0.0030 mg/kg dry weight in 

October. At station 3 (far from water inlet and outlet), Cd concentrations in shoots 

varied from non-detected values (nd) in August to 0.1289+0.0008 mg/kg dry weight in 

September. At station 4 (middle of the Snakeskin Gourami fish raising pond), Cd 

concentrations in shoots varied from non-detected values (nd) in September to 

0.1144+0.0027 mg/kg dry weight in October. ANOVA, used to test the difference of 

Cd concentrations in shoots at the four sampling stations, shows that the differences 

were not statistically significant (p < 0.05). However, when comparing Cd 

concentrations during six months, it was found that the differences were statistically 

significant (p < 0.05). 

 Cd concentrations in roots varied from 0.0055+0.0011 mg/kg dry 

weight in July to 0.1645+0.0024 mg/kg dry weight in November of station 1 (water 

inlet). At station 2 (water outlet), Cd concentrations in roots varied from 

0.0076+0.0005 mg/kg dry weight in June to 0.1360+0.0024 mg/kg dry weight in 

October. At station 3 (far from water inlet and outlet), Cd concentrations in roots 

varied from 0.0034+0.0004 mg/kg dry weight in June to 0.1483+0.0054 mg/kg dry 

weight in October. At station 4 (middle of the fish raising pond), Cd concentrations in 

roots varied from 0.0054+0.0004 mg/kg dry weight in July to 0.1926+0.0063 mg/kg 

dry weight in September. When comparing Cd concentrations in roots at the four 

sampling stations it was found that the differences were not statistically significant (p 

< 0.05). However, when comparing Cd concentrations during six months, it was found 

that the differences were statistically significant (p < 0.05). 
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Figure 4.11 Monthly variation of Cd concentrations in shoots and roots of C. pilosus 

collected from four sampling stations. 

 

 In shoots and roots of I. aquatica, Cd concentrations in shoots varied 

from non-detected values (nd) in August to 0.1172+0.0010 mg/kg dry weight in 

October of station 1 (water inlet). At station 2 (water outlet), Cd concentrations in 

shoots varied from 0.0039+0.0003 mg/kg dry weight in June to 0.1194+0.0037 mg/kg 

dry weight in October. At station 3 (far from water inlet and outlet), Cd concentrations 

in shoots varied from non-detected values (nd) in August to 0.1171+0.0021 mg/kg dry 

weight in October. At station 4 (middle of the Snakeskin Gourami fish raising pond), 

Cd concentrations in shoots varied from 0.0025+0.0016 mg/kg dry weight in June to 

0.1634+0.0010 mg/kg dry weight in September. When comparing, Cd concentrations 

in shoots at the four sampling stations it was found that the differences were not 

statistically significant (p < 0.05). However, when comparing Cd concentrations 
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during six months, it was found that the differences were statistically significant (p < 

0.05). 

 Cd concentrations in roots varied from 0.0019+0.0004 mg/kg dry 

weight in August to 0.1765+0.0025 mg/kg dry weight in October of station 1 (water 

inlet). At station 2 (water outlet), Cd concentrations in roots varied from 

0.0035+0.0000 mg/kg dry weight in June to 0.1508+0.0054 mg/kg dry weight in 

October. At station 3 (far from water inlet and outlet), Cd concentrations in roots 

varied from 0.0060+0.0009 mg/kg dry weight in July to 0.1479+0.0023 mg/kg dry 

weight in September. At station 4 (middle of the Snakeskin Gourami fish raising 

pond), Cd concentrations in roots varied from 0.0044+0.0003 mg/kg dry weight in 

June to 0.1318+0.0016 mg/kg dry weight in October. When comparing Cd 

concentrations in roots at the four sampling stations it was found that the differences 

were not statistically significant (p < 0.05). However, when comparing Cd 

concentrations during six months, it was found that the differences were statistically 

significant (p < 0.05). 
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Figure 4.12 Monthly variation of Cd concentrations in shoots and roots of I. aquatica 

collected from four sampling stations. 
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 In shoots and roots of P. repens, Cd concentrations in shoots varied 

from non-detected values (nd) in September to 0.1137+0.0010 mg/kg dry weight in 

August of station 1 (water inlet). At station 2 (water outlet), Cd concentrations in 

shoots varied from 0.0018+0.0001 mg/kg dry weight in June to 0.1210+0.0016 mg/kg 

dry weight in October. At station 3 (far from water inlet and outlet), Cd concentrations 

in shoots varied from 0.0018+0.0001 in June to 0.1124+0.0015 mg/kg dry weight in 

October. At station 4 (middle of the Snakeskin Gourami fish raising pond), Cd 

concentrations in shoots varied from non-detected values (nd) in August to 

0.1209+0.0104 mg/kg dry weight in October. When comparing, Cd concentrations in 

shoots at the four sampling stations it was found that the differences were not 

statistically significant (p < 0.05). However, when comparing Fe concentrations during 

six months, it was found that the differences were statistically significant (p < 0.05). 

 Cd concentrations in roots varied from 0.0016+0.0002 mg/kg dry 

weight in June to 0.1627+0.0026 mg/kg dry weight in November of station 1 (water 

inlet). At station 2 (water outlet), Cd concentrations in roots varied from 

0.0037+0.0001 mg/kg dry weight in June to 0.1560+0.0049 mg/kg dry weight in 

September. At station 3 (far from water inlet and outlet), Cd concentrations in roots 

varied from 0.0028+0.0001 mg/kg dry weight in July to 0.1284+0.0008 mg/kg dry 

weight in October. At station 4 (middle of the Snakeskin Gourami fish raising pond), 

Cd concentrations in roots varied from 0.0066+0.0003 mg/kg dry weight in July to 

0.1328+0.0005 mg/kg dry weight in October. When comparing Cd concentrations in 

roots at the four sampling stations it was found that the differences were not 

statistically significant (p < 0.05). However, when comparing Cd concentrations 

during six months, it was found that the differences were statistically significant (p < 

0.05). 
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Figure 4.13 Monthly variation of Cd concentrations in shoots and roots of P. repens 

collected from four sampling stations. 

4.2.3.2 Copper (Cu) 

 The variation of Cu concentrations in shoots and roots of C. pilosus, I. 

aquatica and P. repens in the Snakeskin Gourami fish raising pond is showed in 

Figures 4.14 to 4.17.  

 In shoots and roots of C. pilosus, Cu concentrations in shoots varied 

from 2.5333+0.0577 mg/kg dry weight in July to 14.3667+0.5085 mg/kg dry weight in 

November of station 1 (water inlet). At station 2 (water outlet), Cu concentrations in 

shoots varied from 1.3767+0.2811 mg/kg dry weight in June to 15.0667+0.9018 

mg/kg dry weight in November. At station 3 (far from water inlet and outlet), Cu 

concentrations in shoots varied from 1.3000+0.1732 mg/kg dry weight in August to 

16.5000+0.3000 mg/kg dry weight in November. At station 4 (middle of Snakeskin 

Gourami the fish raising pond), Cu concentrations in shoots varied from 

2.1667+0.2517 mg/kg dry weight in June to 14.7667+0.2309 mg/kg dry weight in 

November. When comparing, Cu concentrations in shoots at the four sampling stations 
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it was found that the differences were not statistically significant (p < 0.05). However, 

when comparing Cu concentrations during six months, it was found that the 

differences were statistically significant (p < 0.05).

 Cu concentrations in roots varied from 5.4000+0.0000 mg/kg dry 

weight in August to 14.9333+0.6429 mg/kg dry weight in November of station 1 

(water inlet). At station 2 (water outlet), Cu concentrations in roots varied from 

1.9333+1.5308 mg/kg dry weight in August to 15.9667+0.75 06 mg/kg dry weight in 

November. At station 3 (far from water inlet and outlet), the variation of Cu 

concentrations in roots varied from 3.7333+0.1528 mg/kg dry weight in August to 

15.7667+0.2082 mg/kg dry weight in November. At station 4 (middle of the 

Snakeskin Gourami fish raising pond), Cu concentrations in roots varied from 

3.9667+0.1528 mg/kg dry weight in June to 15.6667+0.6351 mg/kg dry weight in 

November. When comparing, Cu concentrations in roots at the four sampling stations 

it was found that the differences were not statistically significant (p < 0.05). However, 

when comparing Cu concentrations during six months, it was found that the 

differences were statistically significant (p < 0.05). 
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Figure 4.14 Monthly variation of Cu concentrations in shoots and roots of C. pilosus 

collected from four sampling stations. 

 

 In shoots and roots of I. aquatica, Cu concentrations in shoots varied 

from 0.9333+0.2082 mg/kg dry weight in June to 15.3667+0.6429 mg/kg dry weight 

in November of station 1 (water inlet). At station 2 (water outlet), Cu concentrations in 

shoots varied from non-detected values (nd) in August to 15.2333+0.2082 mg/kg dry 

weight in November. At station 3 (far from water inlet and outlet), Cu concentrations 

in shoots varied from 1.2000+0.4359 mg/kg dry weight in July to 14.6333+0.4163 

mg/kg dry weight in November. At station 4 (middle of the Snakeskin Gourami fish 

raising pond), Cu concentrations in shoots varied from non-detected values (nd) in 

August to 15.1333+0.1528 mg/kg dry weight in November. When comparing, Cu 

concentrations in shoots at the four sampling stations, it was found that the differences 

were not statistically significant (p < 0.05). However, when comparing Cu 

concentrations during six months, it was found that the differences were statistically 

significant (p < 0.05). 
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 Cu concentrations in roots varied from 3.0000+1.1136 mg/kg dry 

weight in July to 15.6333+0.2082 mg/kg dry weight in November of station 1 (water 

inlet). At station 2 (water outlet), Cu concentrations in roots varied from 

2.0000+0.2000 mg/kg dry weight in June to 15.8333+0.2309 mg/kg dry weight in 

November. At station 3 (far from water inlet and outlet), Cu concentrations in roots 

varied from 1.5333+0.1155 mg/kg dry weight in July to 15.7333+0.4163 mg/kg dry 

weight in November. At station 4 (middle of the Snakeskin Gourami fish raising 

pond), Cu concentrations in roots varied from 3.5667+0.7572 mg/kg dry weight in 

July to 16.6333+0.1528 mg/kg dry weight in November. When comparing, Cu 

concentrations in roots at the four sampling stations, it was found that the differences 

were not statistically significant (p < 0.05). However, when comparing Cu 

concentrations during six months, it was found that the differences were statistically 

significant (p < 0.05). 
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Figure 4.15 Monthly variation of Cu concentrations in shoots and roots of I. aquatica 

collected from four sampling stations. 

 In shoots and roots of P. repens, Cu concentrations in shoots varied 

from 0.4500+0.3606 mg/kg dry weight in June to 14.4333+0.1528 mg/kg dry weight 
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in November of station 1 (water inlet). At station 2 (water outlet), Cu concentrations in 

shoots varied from 0.3000+0.2646 mg/kg dry weight in August to 14.7667+0.4933 

mg/kg dry weight in November. At station 3 (far from water inlet and outlet), Cu 

concentrations in shoots varied from 1.3000+0.6245 mg/kg dry weight in July to 

14.9000+0.1732 mg/kg dry weight in November. At station 4 (middle of the 

Snakeskin Gourami fish raising pond), Cu concentrations in shoots varied from 

1.5000+0.9644 mg/kg dry weight in July to 14.6667+0.6110 mg/kg dry weight in 

August. When comparing, Cu concentrations in shoots at the four sampling stations, it 

was found that the differences were not statistically significant (p < 0.05). However, 

when comparing Cu concentrations during six months, it was found that the 

differences were statistically significant (p < 0.05). 

 Cu concentrations in roots varied from 5.5333+0.0577 mg/kg dry 

weight in August to 16.0667+0.2517 mg/kg dry weight in November of station 1 

(water inlet). At station 2 (water outlet), Cu concentrations in roots varied from 

4.9367+0.3262 mg/kg dry weight in August to 15.4333+0.5859 mg/kg dry weight in 

November. At station 3 (far from water inlet and outlet), Cu concentrations in roots 

varied from 3.6667+0.1528 mg/kg dry weight in August to 16.2667+0.1155 mg/kg dry 

weight in November. At station 4 (middle of the Snakeskin Gourami fish raising 

pond), Cu concentrations in roots varied from 3.3333+0.2309 mg/kg dry weight in 

July to 18.5333+0.2517 mg/kg dry weight in June. When comparing, Cu 

concentrations in roots at the four sampling stations, it was found that the differences 

were not statistically significant (p < 0.05). However, when comparing Cu 

concentrations during six months, it was found that the differences were statistically 

significant (p < 0.05). 
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Figure 4.16 Monthly variation of Cu concentrations in shoots and roots of P. repens 

collected from four sampling stations. 

4.2.3.3 Iron (Fe) 

 The variation of Fe concentrations in shoots and roots of C. pilosus, I. 

aquatica and P. repens in the Snakeskin Gourami fish raising pond is showed in 

Figures 4.17 to 4.19.  

In shoots and roots of C. pilosus, Fe concentrations in shoots varied 

from 0.1333+0.0577 mg/kg dry weight in October to 129.5333+1.6166 mg/kg dry 

weight in July of station 1 (water inlet). At station 2 (water outlet), Fe concentrations 

in shoots varied from 5.7667+3.1660 mg/kg dry weight in September to 

87.2333+15.7297 mg/kg dry weight in July. At station 3 (far from water inlet and 

outlet), Fe concentrations in shoots varied from 0.1000+0.0577 mg/kg dry weight in 

November to 126.7333+2.6274 mg/kg dry weight in September. At station 4 (middle 

of the Snakeskin Gourami fish raising pond), Fe concentrations in shoots varied from 

0.2667+0.0577 mg/kg dry weight in November to 68.8000+1.6523 mg/kg dry weight 

in June. When comparing, Fe concentrations in shoots at the four sampling stations, it 
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was found that Fe concentrations of station 1 (water inlet) and station 2 (water outlet), 

station 1 (water inlet) and station 4 (middle of the Snakeskin Gourami fish raising 

pond) and station 3 (far from water inlet and outlet) and station 4 (middle of the 

Snakeskin Gourami fish raising pond) were statistically significant differences (p < 

0.05). When comparing Fe concentrations during six months, it was found that the 

differences were statistically significant (p < 0.05). 

 Fe concentrations in roots varied from 1187.9000+91.7321 mg/kg dry 

weight in October to 6778.4333+22.4603 mg/kg dry weight in August of station 1 

(water inlet). At station 2 (water outlet), Fe concentrations in roots varied from 

1248.4500+40.3294 mg/kg dry weight in October to 6127.1667+83.9318 mg/kg dry 

weight in August. At station 3 (far from water inlet and outlet), Fe concentrations in 

roots varied from 1314.4667+84.9144 mg/kg dry weight in June to 

9753.7667+111.5120 mg/kg dry weight in August. At station 4 (middle of the 

Snakeskin Gourami fish raising pond), Fe concentrations in roots varied from 

694.7000+90.0722 mg/kg dry weight in October to 5843.4667+107.3402 mg/kg dry 

weight in August. When comparing, Fe concentrations in roots at the four sampling 

stations, it was found that the differences were not statistically significant (p < 0.05). 

However, when comparing Fe concentrations during six months, it was found that the 

differences were statistically significant (p < 0.05). 
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Figure 4.17 Monthly variation of Fe concentrations in shoots and roots of C. pilosus 

collected from four sampling stations. 

 

In shoots and roots of I. aquatica, Fe concentrations in shoots varied 

from 0.3667+0.0577 mg/kg dry weight in October to 130.3333+15.0134 mg/kg dry 

weight in July of station 1 (water inlet). At station 2 (water outlet), Fe concentrations 

in shoots varied from 6.1000+1.6093 mg/kg dry weight in September to 

80.6000+6.9347 mg/kg dry weight in August. At station 3 (far from water inlet and 

outlet), Fe concentrations in shoots varied from 0.5333+0.2082 mg/kg dry weight in 

November to 248.9000+21.3382 mg/kg dry weight in August. At station 4 (middle of 

the Snakeskin Gourami fish raising pond), Fe concentrations in shoots varied from 

0.2667+0.0577 mg/kg dry weight in October to 74.1333+17.5249 mg/kg dry weight in 

September. When comparing, Fe concentrations in shoots at the four sampling stations 

it was found that Fe concentrations of station 1 (water inlet) and station 2 (water 

outlet) and station 1 (water inlet) and station 4 (middle of the fish raising pond) were 

statistically significant differences (p < 0.05). When comparing, Fe concentrations 

during six months, it was found that the differences were statistically significant (p < 

0.05). 



Fac. of Grad. Studies, Mahidol Univ.    M.Sc. (Technology of Environmental Management) / 81 

Fe concentrations in roots varied from 319.8000+50.8505 mg/kg dry 

weight in October to 1401.0000+236.4634 mg/kg dry weight in August of station 1 

(water inlet). At station 2 (water outlet), Fe concentrations in roots varied from 

46.7000+8.1019 mg/kg dry weight in July to 578.3667+26.4976 mg/kg dry weight in 

August. At station 3 (far from water inlet and outlet), Fe concentrations in roots varied 

from 168.5667+22.3487 mg/kg dry weight in October to 840.4333+31.8906 mg/kg 

dry weight in August. At station 4 (middle of the fish raising pond), Fe concentrations 

in roots varied from 124.4000+22.6325 mg/kg dry weight in November to 

1790.0667+84.1271 mg/kg dry weight in September. When comparing, Fe 

concentrations in roots at the four sampling stations, it was found that Fe 

concentrations of station 1 (water inlet) and station 2 (water outlet), station 1 (water 

inlet) and station 3 (far from water inlet and outlet) and station 1 (water inlet) and 

station 4 (middle of the Snakeskin Gourami fish raising pond) were statistically 

significant differences (p < 0.05). When comparing, Fe concentrations during six 

months, it was found that the differences were statistically significant (p < 0.05). 

June July August September October November
0

50

100

150

200

250

Shoot

Root

Fe
 C

on
ce

nt
ra

tio
n 

(m
g/

kg
, d

w
)

Month

 Station 1
 Station 2
 Station 3
 Station 4

0

500

1000

1500

2000

 
Figure 4.18 Monthly variation of Fe concentrations in shoots and roots of I. aquatica 

collected from four sampling stations. 
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In shoots and roots of P. repens, Fe concentrations in shoots varied 

from 5.0000+1.6093 mg/kg dry weight in October to 108.0333+23.8823 mg/kg dry 

weight in July of station 1 (water inlet). At station 2 (water outlet), Fe concentrations 

in shoots varied from 5.4650+1.3617 mg/kg dry weight in October to 

56.2333+10.3607 mg/kg dry weight in July. At station 3 (far from water inlet and 

outlet), the variation of Fe concentrations in shoots varied from 0.2333+0.0577 mg/kg 

dry weight in October to 36.6333+2.0232 mg/kg dry weight in July. At station 4 

(middle of the fish raising pond), Fe concentrations in shoots varied from 

0.2333+0.0577 mg/kg dry weight in November to 38.5667+3.8280 mg/kg dry weight 

in July. When comparing, Fe concentrations in shoots at the four sampling stations, it 

was found that Fe concentrations of station 1 (water inlet) and station 3 (far from 

water inlet and outlet), station 1 (water inlet) and station 4 (middle of the Snakeskin 

Gourami fish raising pond) and station 2 (water outlet) and station 3 (far from water 

inlet and outlet) were statistically significant differences (p < 0.05). When comparing, 

Fe concentrations during six months, it was found that the differences were 

statistically significant (p < 0.05). 

Fe concentrations in roots varied from 507.3000+54.4897 mg/kg dry 

weight in September to 1995.1000+19.3781 mg/kg dry weight in August of station 1 

(water inlet). At station 2 (water outlet), Fe concentrations in roots varied from 

154.4500+15.7862 mg/kg dry weight in October to 1155.2333+90.3202 mg/kg dry 

weight in August. At station 3 (far from water inlet and outlet), Fe concentrations in 

roots varied from 283.3000+24.4502 mg/kg dry weight in November to 

1116.4000+71.4826 mg/kg dry weight in September. At station 4 (middle of the fish 

raising pond), Fe concentrations in roots varied from 149.7000+34.3114 mg/kg dry 

weight in October to 1340.0000+151.3194 mg/kg dry weight in June. When 

comparing, Fe concentrations in roots at the four sampling stations, it was found that 

Fe concentrations of station 1 (water inlet) and station 2 (water outlet), station 1 (water 

inlet) and station 3 (far from water inlet and outlet) and station 1 (water inlet) and 

station 4 (middle of the Snakeskin Gourami fish raising pond) were statistically 

significant differences (p < 0.05). When comparing, Fe concentrations during six 

months, it was found that the differences were statistically significant (p < 0.05). 
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Figure 4.19 Monthly variation of Fe concentrations in shoots and roots of P. repens 

collected from four sampling stations. 

4.2.3.3 Lead (Pb) 

 The variation of Pb concentrations in shoots and roots of C. pilosus, I. 

aquatica and P. repens in the fish raising pond is showed in Figures 4.20 to 4.22.  

In shoots and roots of C. pilosus, Pb concentrations in shoots varied 

from 0.1200+0.0424 mg/kg dry weight in June to 0.5320+0.0560 mg/kg dry weight in 

September of station 1 (water inlet). At station 2 (water outlet), Pb concentrations in 

shoots varied from non-detected values (nd) in June to 0.5970+0.1357 mg/kg dry 

weight in October. At station 3 (far from water inlet and outlet), Pb concentrations in 

shoots varied from 0.1219+0.0281 mg/kg dry weight in July to 0.6327+0.0458 mg/kg 

dry weight in August. At station 4 (middle of the Snakeskin Gourami fish raising 

pond), Pb concentrations in shoots varied from 0.0663+0.0160 mg/kg dry weight in 

June to 0.5030+0.0702 mg/kg dry weight in August. When comparing, Pb 

concentrations in shoots at the four sampling stations, it was found that Pb 
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concentrations of station 1 (water inlet) and station 2 (water outlet) and station 2 

(water outlet) and station 4 (middle of the Snakeskin Gourami fish raising pond) were 

statistically significant differences (p < 0.05). When comparing Pb concentrations 

during six months, it was found that the differences were statistically significant (p < 

0.05). 

Pb concentrations in roots varied from 0.9540+0.0541 mg/kg dry 

weight in October to 3.2181+0.0047 mg/kg dry weight in July of station 1 (water 

inlet). At station 2 (water outlet), Pb concentrations in roots varied from 

0.7930+0.0487 mg/kg dry weight in June to 7.1703+0.7379 mg/kg dry weight in July. 

At station 3 (far from water inlet and outlet), Pb concentrations in roots varied from 

1.3200+0.0139 mg/kg dry weight in June to 5.6547+0.1955 mg/kg dry weight in 

August. At station 4 (middle of the fish raising pond), Pb concentrations in roots 

varied from 0.5427+0.0136 mg/kg dry weight in November to 5.9593+0.7211 mg/kg 

dry weight in August. When comparing, Pb concentrations in roots at the four 

sampling stations, it was found that Pb concentrations of station 1 (water inlet) and 

station 2 (water outlet), station 1 (water inlet) and station 3 (far from water inlet and 

outlet) and station 3 (far from water inlet and outlet) and station 4 (middle of the 

Snakeskin Gourami fish raising pond) were statistically significant differences (p < 

0.05). When comparing, Pb concentrations during six months, it was found that the 

differences were statistically significant (p < 0.05). 
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Figure 4.20 Monthly variation of Pb concentrations in shoots and roots of C. pilosus 

collected from four sampling stations. 

 

In shoots and roots of I. aquatica, Pb concentrations in shoots varied 

from non-detected values (nd) in June to 0.6100+0.0062 mg/kg dry weight in 

September of station 1 (water inlet). At station 2 (water outlet), Pb concentrations in 

shoots varied from 0.3510+0.0585 mg/kg dry weight in June to 0.7733+0.0302 mg/kg 

dry weight in August. At station 3 (far from water inlet and outlet), Pb concentrations 

in shoots varied from 0.1617+0.0309 mg/kg dry weight in September to 

0.1787+0.0290 mg/kg dry weight in November. At station 4 (middle of the Snakeskin 

Gourami fish raising pond), Pb concentrations in shoots varied from 0.1807+0.0458 

mg/kg dry weight in November to 0.5790+0.0480 mg/kg dry weight in June. When 

comparing, Pb concentrations in shoots at the four sampling stations, it was found that 

Pb concentrations of station 1 (water inlet) and station 2 (water outlet), and station 2 

(water outlet) and station 4 (middle of the Snakeskin Gourami fish raising pond) were 

statistically significant differences (p < 0.05). When comparing, Pb concentrations 
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during six months, it was found that the differences were statistically significant (p < 

0.05). 

Pb concentrations in roots varied from 0.2573+0.0890 mg/kg dry 

weight in June to 2.9553+0.0730 mg/kg dry weight in August of station 1 (water 

inlet). At station 2 (water outlet), Pb concentrations in roots varied from 

0.4720+0.0786 mg/kg dry weight in October to 1.5997+0.0915 mg/kg dry weight in 

August. At station 3 (far from water inlet and outlet), Pb concentrations in roots varied 

from 0.3910+0.0887 mg/kg dry weight in July 1.4943+0.0505 mg/kg dry weight in 

November. At station 4 (middle of Snakeskin Gourami the fish raising pond), Pb 

concentrations in roots varied from 0.6250+0.0324 mg/kg dry weight in August to 

4.6347+0.5553 mg/kg dry weight in November. When comparing, Pb concentrations 

in roots at the four sampling stations it was found that Pb concentrations of station 2 

(water outlet) and station 4 (middle of the fish raising pond) and station 3 (far from 

water inlet and outlet) and station 4 (middle of the Snakeskin Gourami fish raising 

pond) were statistically significant differences (p < 0.05). When comparing, Pb 

concentrations during six months, it was found that the differences were statistically 

significant (p < 0.05). 
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Figure 4.21 Monthly variation of Pb concentrations in shoots and roots of I. aquatica 

collected from four sampling stations. 

 

In shoots and roots of P. repens, Pb concentrations in shoots varied 

from 0.0500+0.0527 mg/kg dry weight in October to 0.3997+0.0351 mg/kg dry weight 

in September of station 1 (water inlet). At station 2 (water outlet), Pb concentrations in 

shoots varied from 0.2726+0.1274 mg/kg dry weight in July to 0.4813+0.0476 mg/kg 

dry weight in June. At station 3 (far from water inlet and outlet), Pb concentrations in 

shoots varied from 0.1265+0.0303 mg/kg dry weight in July to 0.4237+0.0081 mg/kg 

dry weight in August. At station 4 (middle of the Snakeskin Gourami fish raising 

pond), Pb concentrations in shoots varied from 0.1413+0.0340 mg/kg dry weight in 

November to 0.4893+0.0193 mg/kg dry weight in August. When comparing, Pb 

concentrations in shoots at the four sampling stations, it was found that Pb 

concentrations of station 1 (water inlet) and station 2 (water outlet) and station 2 

(water outlet) and station 3 (far from water inlet and outlet) were statistically 
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significant differences (p < 0.05). When comparing, Pb concentrations during six 

months, it was found that the differences were statistically significant (p < 0.05). 

Pb concentrations in roots varied from 0.1327+0.0446 mg/kg dry 

weight in June to 2.5853+0.4125 mg/kg dry weight in November of station 1 (water 

inlet). At station 2 (water outlet), Pb concentrations in roots varied from 

0.6400+0.0324 mg/kg dry weight in June to 2.0420+0.0506 mg/kg dry weight in 

September. At station 3 (far from water inlet and outlet), Pb concentrations in roots 

varied from 0.4950+0.0987 mg/kg dry weight in October to 1.8429+0.2718 mg/kg dry 

weight in July. At station 4 (middle of the Snakeskin Gourami fish raising pond), Pb 

concentrations in roots varied from 0.3353+0.0346 mg/kg dry weight in October to 

1.5367+0.1382 mg/kg dry weight in July. When comparing, Pb concentrations in roots 

at the four sampling stations, it was found that the differences were not statistically 

significant (p < 0.05). However, when comparing Pb concentrations during six 

months, it was found that the differences were statistically significant (p < 0.05). 
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Figure 4.22 Monthly variation of Pb concentrations in shoots and roots of P. repens 

collected from four sampling stations. 
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4.2.3.5 Zinc (Zn) 

 The variation of Zn concentrations in shoots and roots of C. pilosus, I. 

aquatica and P. repens in the Snakeskin Gourami fish raising pond is showed in 

Figures 4.23 to 4.25.  

In shoots and roots of C. pilosus, Zn concentrations in shoots varied 

from non-detected values (nd) in October to 29.6267+0.3470 mg/kg dry weight in 

August of station 1 (water inlet). At station 2 (water outlet), Zn concentrations in 

shoots varied from 8.1433+0.5095 mg/kg dry weight in August to 25.0700+0.2307 

mg/kg dry weight in July. At station 3 (far from water inlet and outlet), Zn 

concentrations in shoots varied from 4.3467+2.7405 mg/kg dry weight in November to 

19.5067+0.3153 mg/kg dry weight in August. At station 4 (middle of the fish raising 

pond), Zn concentrations in shoots varied from 5.0367+3.9321 mg/kg dry weight in 

November to 13.6500+0.7009 mg/kg dry weight in August. When comparing, Zn 

concentrations in shoots at the four sampling stations, it was found that Zn 

concentrations of station 1 (water inlet) and station 3 (far from water inlet and outlet), 

station 1 (water inlet) and station 4 (middle of the Snakeskin Gourami fish raising 

pond), station 2 (water outlet) and station 3 (far from water inlet and outlet) and station 

2 (water outlet) and station 4 (middle of the Snakeskin Gourami fish raising pond) 

were statistically significant differences (p < 0.05). When comparing, Zn 

concentrations during six months, it was found that the differences were statistically 

significant (p < 0.05). 

Zn concentrations in roots varied from 12.3367+2.3326 mg/kg dry 

weight in October to 63.5100+0.3274 mg/kg dry weight in July of station 1 (water 

inlet). At station 2 (water outlet), Zn concentrations in roots varied from 

18.5667+3.1806 mg/kg dry weight in September to 75.5167+0.6127 mg/kg dry weight 

in August. At station 3 (far from water inlet and outlet), Zn concentrations in roots 

varied from 12.1933+0.7135 mg/kg dry weight in June to 39.5167+10.8024 mg/kg dry 

weight in July. At station 4 (middle of the Snakeskin Gourami fish raising pond), Zn 

concentrations in roots varied from 20.5833+4.9846 mg/kg dry weight in November to 

75.5267+5.5243 mg/kg dry weight in September. When comparing, Zn concentrations 

in roots at the four sampling stations, it was found that Zn concentrations of station 1 

(water inlet) and station 2 (water outlet), station 1 (water inlet) and station 3 (far from 
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water inlet and outlet), station 2 (water outlet) and station 3 (far from water inlet and 

outlet), station 2 (water outlet) and station 4 (middle of the fish raising pond) and 

station 3 (far from water inlet and outlet) and station 4 (middle of the Snakeskin 

Gourami fish raising pond) were statistically significant differences (p < 0.05). When 

comparing, Zn concentrations during six months, it was found that the differences 

were statistically significant (p < 0.05). 
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Figure 4.23 Monthly variation of Zn concentrations in shoots and roots of C. pilosus 

collected from four sampling stations. 

 

In shoots and roots of I. aquatica, Zn concentrations in shoots varied 

from 10.1400+0.0436 mg/kg dry weight in October to 22.7500+0.4636 mg/kg dry 

weight in June of station 1 (water inlet). At station 2 (water outlet), Zn concentrations 

in shoots varied from 8.5367+1.7654 mg/kg dry weight in November to 

29.0933+0.8451 mg/kg dry weight in October. At station 3 (far from water inlet and 

outlet), Zn concentrations in shoots varied from 2.1300+0.2717 mg/kg dry weight in 

October to 18.1333+0.6258 mg/kg dry weight in August. At station 4 (middle of the 

fish raising pond), Zn concentrations in shoots varied from 8.0333+0.9018 mg/kg dry 
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weight in October to 26.5033+1.1705 mg/kg dry weight in June. When comparing, Zn 

concentrations in shoots at the four sampling stations, it was found that Zn 

concentrations of station 1 (water inlet) and station 2 (water outlet), station 1 (water 

inlet) and station 3 (far from water inlet and outlet) and station 3 (far from water inlet 

and outlet) and station 4 (middle of the Snakeskin Gourami fish raising pond) were 

statistically significant differences (p < 0.05). When comparing, Zn concentrations 

during six months, it was found that the differences were statistically significant (p < 

0.05). 

Zn concentrations in roots varied from 22.5433+6.4723 mg/kg dry 

weight in October to 76.6233+1.1042 mg/kg dry weight in August of station 1 (water 

inlet). At station 2 (water outlet), Zn concentrations in roots varied from 

16.9367+5.4412 mg/kg dry weight in September to 37.4400+0.1000 mg/kg dry weight 

in July. At station 3 (far from water inlet and outlet), Zn concentrations in roots varied 

from 13.4567+0.4110 mg/kg dry weight in October to 37.6533+4.8134 mg/kg dry 

weight in June. At station 4 (middle of the Snakeskin Gourami fish raising pond), Zn 

concentrations in roots varied from 22.7067+2.3402 mg/kg dry weight in October to 

57.2067+1.2501 mg/kg dry weight in August. When comparing, Zn concentrations in 

roots at the four sampling stations, it was found that the differences were not 

statistically significant (p < 0.05). However, when comparing Zn concentrations 

during six months, it was found that the differences were statistically significant (p < 

0.05). 
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Figure 4.24 Monthly variation of Zn concentrations in shoots and roots of I. aquatica 

collected from four sampling stations. 

 

In shoots and roots of P. repens, Zn concentrations in shoots varied 

from 1.5100+0.3989 mg/kg dry weight in October to 13.9933+0.3523 mg/kg dry 

weight in August of station 1 (water inlet). At station 2 (water outlet), Zn 

concentrations in shoots varied from 7.1567+0.0404 mg/kg dry weight in November to 

17.4200+0.2982 mg/kg dry weight in July. At station 3 (far from water inlet and 

outlet), Zn concentrations in shoots varied from 3.7850+3.9122 mg/kg dry weight in 

October to 17.7633+0.646 mg/kg dry weight in June. At station 4 (middle of the 

Snakeskin Gourami fish raising pond), Zn concentrations in shoots varied from 

1.1600+0.1308 mg/kg dry weight in October to 13.9200+2.1148 mg/kg dry weight in 

June. When comparing, Zn concentrations in shoots at the four sampling stations, it 

was found that Zn concentrations of station 1 (water inlet) and station 2 (water outlet), 

station 2 (water outlet) and station 3 (far from water inlet and outlet) and station 2 

(water outlet) and station 4 (middle of the Snakeskin Gourami fish raising pond) were 
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statistically significant differences (p < 0.05). When comparing, Zn concentrations 

during six months, it was found that the differences were statistically significant (p < 

0.05). 

Zn concentrations in roots varied from 14.0667+5.4847 mg/kg dry 

weight in June to 45.4700+0.0608 mg/kg dry weight in August of station 1 (water 

inlet). At station 2 (water outlet), Zn concentrations in roots varied from 

11.0100+2.0564 mg/kg dry weight in November to 54.1800+0.4943 mg/kg dry weight 

in July. At station 3 (far from water inlet and outlet), Zn concentrations in roots varied 

from 10.3367+1.5282 mg/kg dry weight in October to 39.4067+0.6906 mg/kg dry 

weight in June. At station 4 (middle of the Snakeskin Gourami fish raising pond), Zn 

concentrations in roots varied from 11.2333+0.1473 mg/kg dry weight in October to 

51.3533+2.9730 mg/kg dry weight in June. When comparing, Zn concentrations in 

roots at the four sampling stations it was found that Zn concentrations of station 1 

(water inlet) and station 2 (water outlet), station 2 (water outlet) and station 3 (far from 

water inlet and outlet) and station 2 (water outlet) and station 4 (middle of the 

Snakeskin Gourami fish raising pond) were statistically significant differences (p < 

0.05). When comparing, Zn concentrations during six months, it was found that the 

differences were statistically significant (p < 0.05). 
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Figure 4.25 Monthly variation of Zn concentrations in shoots and roots of P. repens 

collected from four sampling stations. 
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CHAPTER V 

DISCUSSIONS 

 

5.1 Physico-chemical characteristics of water quality in the Snakeskin 

Gourami fish raising pond 
 

The Snakeskin Gourami (Trichogaster pectolaris Regan) fish raising pond is 

located at Phi Lok canal, Phraek Nam Daeng sub-district, Amphawa district, Samut 

Songkhram province. The Snakeskin Gourami fish raising pond is about 1 km from 

the water gate (distance along the canal) and near the scrap plant and the Rama II 

highway. From the results of the study, it was found that the BOD values of water 

samples from all sampling stations were higher than 3.00 mg/L but not higher than 

10.00 mg/L. Therefore, all the BOD values from the present study are within the 

recommended value (< 10.00 mg/L) for water in the fish raising pond (Tuntuvet and 

Pornprapa, 1993) (see Table 9 of Appendix). The DO values were higher than 0.00 

mg/L but not higher than 5.00 mg/L. Most of the observed DO values were below the 

minimum recommended value (> 3.00 mg/L) for water in the Snakeskin Gourami fish 

raising pond (Tuntuvet and Pornprapa, 1993). Despite low DO values, Snakeskin 

Gourami fish can survive and grow well. The low DO values during the period of six 

months were caused by the fermentation process of aquatic plants in the Snakeskin 

Gourami fish raising pond system. These fermented aquatic plants are vital feed for 

fish. Moreover, the water in the Snakeskin Gourami fish raising pond was not 

discharged during the whole culturing period. Therefore, water quality in the pond was 

highly polluted due to the low turbulence. The nitrate and phosphate values were 

higher than the recommended values for water in the fish raising pond (0.15 and 0.008 

mg/L, respectively) (Tuntuvet and Pornprapa, 1993). The pH values varied in a narrow 

range and were neutral to weak base. The range of pH values was still in the 

recommended values for water in the fish raising pond (about 6.5 to 9.5) (Tuntuvet 

and Pornprapa, 1993). The range of hardness values from all sampling stations was 

much higher than 170.00 mg/L as CaCO3 but not higher than 500.00 mg/L as CaCO3. 
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The values of hardness were higher than the recommended values of Tuntuvet and 

Pornprapa (1993) for water in the fish raising pond (about 20 mg/L as CaCO3). The 

water quality in the fish raising pond was in excessively hard water level criteria 

(higher than 300 mg/L as CaCO3) according to Na Chiangmai (1990). Total dissolved 

solid (TDS) values varied in the range of 508 to 2800 mg/L. Most of the TDS values 

were higher than the recommended values of Na Chiangmai (1990) for water in the 

fish raising pond (< 1000 mg/L). High TDS values determined in June to September 

(> 2000 mg/L) were caused by the rain water that leached the organic materials from 

agricultural land, the scrap plant and the Rama II highway into the fish raising pond. 

Other recommended values i.e., temperature, conductivity and salinity are not 

available in literature. Water temperature values varied in rather narrow range between 

27.34 to 29.50ºC conductivity values varied in the range of 938 to 2190 µS/cm and 

salinity values varied in the range of 0.1 to 1.1 ppt. 

When comparing water quality in the Snakeskin Gourami fish raising pond 

and the Phi Lok canal (Lertprasert, 2006), it was found that hardness and BOD values 

in the Snakeskin Gourami fish raising pond were higher than those in the Phi Lok 

canal. For TDS, phosphate, nitrate and DO values in the fish raising pond were lower 

than those in the Phi Lok canal (Figure 5.1). The results showed that the Snakeskin 

Gourami fish raising pond can be used as a treatment system for phosphate and nitrate 

and be a sink for TDS. However, the raising practice of feeding fish using fermented 

aquatic plants can cause problem of low DO and high BOD.  
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Figure 5.1 Comparison between physico-chemical characteristics of water quality in 

the Snakeskin Gourami fish raising pond and the Phi Lok canal  

 

5.2 Heavy metal concentrations in the Snakeskin Gourami fish raising 

pond 

5.2.1 Heavy metal concentrations in water 

Heavy metals in water can be partitioned into dissolved and suspended 

fractions. It is well-known that most dissolved heavy metals are present as organic 

complexes in surface water (Prego, 2003). The concentrations of all metals analysed in 

the water from the Snakeskin Gourami fish raising pond in Samut Songkhram 

province are comparable with concentrations of heavy metals found in other areas 

receiving pollutions and with the maximum permissible limits provided by WHO 

(1995) (Table 5.1). 
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For the present study, Cu had the highest concentration of 172 µg/L, 

followed by Zn (141.00 µg/L), Fe (38 µg/L), Pb (8.9080 µg/L) and Cd (0.0393 µg/L). 

The present results of heavy metal concentrations in water were compared with the 

maximum permissible limits provided by WHO (WHO, 1995 cited by Rai et al., 2001) 

and the Surface Water Quality Standards of Thailand in class 2 for fisheries (Pollution 

Control Department, 2006). It was found that Cd, Fe, Pb and Zn concentrations in 

water were lower than the limit values, while Cu concentrations were much higher 

than the limit values. This might be due that most metals were adsorbed into the 

sediment. Several mechanisms indicated that heavy metal in water has been removed 

due to (1) adsorption onto particulate; (2) chemical transformation into the insoluble 

form; and (3) precipitation and sedimentation (Balasubramanian et al., 1994). Because 

farmers fed fish with fermented aquatic plants therefore from time to time they also 

applied organic fertilizers for growing aquatic plants into the fish raising pond. Cu 

contents can be found in high concentrations in organic fertilizers (Mhowyathai, 

2005). Actually Cu can be found in both organic and chemical fertilizers ((Bunsong, 

2003; Jantarawattana, 2006). Human activities along the Phi Lok canal used also both 

types of fertilizers. Whereas most farmers of fish raising pond and some orchards used 

organic fertilizers, most farmers of paddy fields still used chemical fertilizers. Other 

activity along the Phi Lok canal which contributes to Cu discharge into the canal is pig 

farms. Many small and medium scale farms located along the Phi Lok canal normally 

discharged untreated wastewater directly into the canal. However, it can be observed 

that Cu concentration from the present study was lowest in August when pH values 

were highest. The high pH condition can cause heavy metals precipitate (Anderson 

and Brower, 1978).  

In case of Cd concentrations were lowest among five heavy metal 

concentrations. The result is similar to the previous studies of Losussachan (2006) on 

heavy metal levels in water of the Phi Lok canal system, Chaiyabutr (1998) on heavy 

metal levels in water of the Mae Klong river and Szymanowska et al. (1999) on heavy 

metal levels in water of three lakes in West Poland. The results of the present study 

showed that Cd and Fe concentrations in water of the Snakeskin Gourami fish raising 

pond were lower than those of the Phi Lok canal system (Losussachan, 2006), the Mae 

Klong river in Thailand (Chaiyabutr, 1998), AKPINAR (Adiyaman) at the Ataturk 
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dam lake in Turkey (Karadede and Unlu, 2000) and Lake Averno in Italy (Baldatoni et 

al., 2004) but Cu, Pb and Zn concentrations of the present study were higher than 

those of the Phi Lok canal system (Losussachan, 2006), the Mae Klong river in 

Thailand (Chaiyabutr, 1998), AKPINAR (Adiyaman) at the Ataturk dam lake in 

Turkey (Karadede and Unlu, 2000) and Lake Averno in Italy (Baldatoni et al., 2004). 

While Cd, Cu, Pb and Zn concentrations in the present study were higher than those of 

BOZYAZI (Bozova) at the Ataturk dam lake in Turkey (Karadede and Unlu, 2000), 

Fe concentrations were lower than those of BOZYAZI (Bozova) at the Ataturk dam 

lake in Turkey (Karadede and Unlu, 2000).  

 

Table 5.1 Heavy metal concentrations in water from the present study and literature 

Location Cadmium Copper  Iron Lead  Zinc  References 
 (µg/L)  (µg/L) (µg/L) (µg/L) (µg/L)   

The fish raising pond, 
Samut Songkhram  
 

nd. a-
0.0393 

 

8.6667-
172.0000 

 

nd.- 
38.0000 

 

nd.- 
8.9080 

 

4.0000- 
141.0333 

 

Present study 
 
 

Phi Lok canal system, 
Thailand 

0.05 0.05 88.38 1.07 73.61 Losussachan, 
2006 

Mae Klong river, 
Thailand 

0.40 
 

3.41 
 

- 
 

8.66 
 

12.09 
 

Chaiyabutr, 
1998 

-Wielkie lake 
-BosZkowo lake 
-Dominickie lake, 
West Poland 

7810 
11400 

8470 
 

5460 
5630 
3930 

 

110000 
180000 
140000 

 

76500 
61200 
63400 

 

4070000 
6450000 
4130000 

 

Szymanowska 
et al., 1999 
 
 

-BOZYAZI (Bozova) 
-AKPINAR 
(Adiyaman) of the 
Ataturk dam lake, 
Turkey 

nd. 
nd. 

 
 

 

25 
22 

 
 
 

62 
nd. 

 
 
 

nd. 
nd. 

 
 
 

64 
197 

 
 
 

Karadede and 
Unlu, 2000 
 
 
 

Lake Averno 
in Naples, Italy 

17.20-
26.25 

1.95-
4.20 

nd.- 
100.00 

0.70-
4.45 

nd.- 
nd. 

Baldatoni et al., 
2004 

Maximum permissible 
limits provided by 
WHO, 1995 

5 
 
 

50 
 
 

300 
 
 

50 
 
 

- 
 
 

Rai et al., 2001
 
 

Class 2 of Surface 
Water Quality 
Standards, Thailand 

<5.00 
 
 

<100.00 
 
 

- 
 
 

<50.00 
 
 

<1000.00 
 
 

PCD, 2000 
 
 

Remark: nd.a = not detected 
 

5.2.2 Heavy metal concentrations in sediment 

The release of heavy metals into the environment seems to be an avoidable 

concomitant of heavy metal extraction, production and use ultimately, though all 

heavy metals discharged into the environment by human activities are eventually 
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incorporated into soil or sediment. While metals usually remain stored in these 

environmental compartments for considerable periods of time, these are not static or 

scaled reservoirs and heavy metals can be remobilized if sites are disturbed or 

environmental conditions change (Newson, 1992). 

In the present study for heavy metal accumulation in sediments of the fish 

raising pond, Fe had the highest value (27,888.7000 mg/kg dry weight), followed by 

Zn (69.1000 mg/kg dry weight), Cu (18.8667 mg/kg dry weight), Cd (0.0377 mg/kg 

dry weight) and Pb (0.0270 mg/kg dry weight). The result distinctly presented that, in 

September, all heavy metals were found in sediment higher than the other months 

whereas in November the heavy metals were found lower than the other months. In 

other words, the results exhibited that accumulations of each heavy metal were 

different from June to November, so they can buttress that monthly variation 

influenced on heavy metal accumulation in sediment. 

The present results apparently disclosed that Cd and Pb concentrations in 

sediment were lower than the limit values of the Soil Quality Standards of Thailand 

(1994) which suggest the levels for Cd and Pb values at 37 and 400 mg/kg dry weight 

(PCD, 2006), respectively (Table 5.2). Very high Fe concentrations in sediment 

suggest the possible contaminations from the scrap plants which the wastewater was 

discharged directly into the Phi Lok canal. In the plant various kinds of old materials 

including iron, batteries and plastics were stored. Therefore, the results of the present 

study showed that the heavy metal concentrations accumulated in the sediment can 

represent the activities in the nearby area and the accumulations are likely to be 

increased with growing industrial and agricultural activities (Kabata, 1984). As 

expected, Fe and Cu concentrations in water were much lower than those in sediments 

in every month. In the very low DO situation in the fish raising pond, Fe can not 

oxidize and dissolve in the water bodies therefore Fe still accumulated in high 

concentrations in sediment. A general trend of enrichment with respect to increase in 

salinity and temperature was observed in Fe concentrations. Fe is very reactive 

chemically, and rapidly corrodes, especially in moist air or elevated temperatures. It is 

readily dissolved in dilution mineral acid and organic acid (Bunsong, 2003; Lenntech 

Water Treatment & Air Purification Holding, 2005).  
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For Cu, copper salts are moderately soluble in water and the sorption 

reactions for Cu compounds depend on pH. The dissolved concentrations of Cu are 

typically higher at acidic to neutral pH than under alkaline conditions. Even in 

contaminated water, Cu tends to leave the water column and, like most contaminants, 

accumulates in sediments. Also pH may affect chemical toxicity in a variety of ways. 

In very acid conditions (pH < 5), the hydrogen ion itself may be detrimental to aquatic 

life and influence the toxicity of trace metals either by affecting their chemical 

speciation in water or by competing with metals for sites on biological membranes 

(Wright and Welbourn, 2002). In addition, metal concentrations in sediments can be 

influenced by variations in sediment texture, composition of sediment, 

reduction/oxidation reactions, adsorption/deposition, and physical transport or sorting, 

as well as anthropogenic metal inputs and fluctuation of the metal concentrations of 

sediments occurs in time and space; and bioavailability from sediments changes 

(Luoma et al., 1997). 

When comparing Cd, Cu, Fe, Pb and Zn concentrations of the present study 

with those from the Phi Lok canal system (Losussachan, 2006) and the world average 

sediment (Maneepong, 1996), it was found that Cu, Pb and Zn concentrations of the 

present study were lower than those of the Phi Lok canal and Cu, Fe and Zn 

concentrations of the present study were lower than those of the world average 

sediment. Also the present results of heavy metal concentrations in sediments were 

compared with the recommended values of the Swedish Environmental Protection 

Agency Standard (1991) (Bunsong, 2003) for low, moderate and high levels in 

sediment as 0.2 to 0.7, 0.7 to 2.0 and 2.0 to 5.0 mg/kg for Cd; 10 to 25, 25 to 50 and 

50 to 150 mg/kg for Cu; 5.0 to 30, 30 to 100 and 100 to 400 mg/kg for Pb; and 70 to 

175, 175 to 300 and 300 to 1000 mg/kg for Zn, respectively. Note that Fe was not 

specified in the standard. It was found that all heavy metal concentrations in sediment 

were lower than the minimum levels of the Swedish Environmental Protection Agency 

Standard. Moreover the results of the present study demonstrated that Cd, Cu, Pb and 

Zn concentrations in sediments were much lower than those in sediments from the 

lake Averno (Naples, Italy) (Baldatoni et al., 2004) and Kerkini lake (Maccedonia, 

northern Greece) (Sawidis et al., 1995). While Fe concentrations in the present study 

were higher than the Wielkie, BosZkowo and Dominickie lakes (West Poland) and the 
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lake Averno (Naples, Italy), Fe concentrations in sediments of Songkhla lagoon, 

southern Thailand (Maneepong, 1996) were higher than those of the present study. 

  

Table 5.2 Heavy metal concentrations in sediments from the present study and 

literature 

Location Cadmium Copper Iron Lead Zinc References 

 
(mg/kg 

dw) 
(mg/kg 

dw) 
(mg/kg 

dw) 

 
(mg/kg 

dw) 
(mg/kg 

dw)  

The fish raising pond, 
Samut Songkhram 
 

nd.a- 
0.0377 

 
 

nd.- 
18.8667 

 
 

13586.9333- 
27888.7000 

 
 

0.0200- 
0.0270 

 
 

36.2233- 
69.1000 

 
 

Present 
Study 
 
 

Phi Lok canal system, 
Thailand nd- 

0.011 

0.300-

40.100 

10593.600-

27035.000 

4.000-

77.000 

37.300-

91.900 

Losussachan, 

2006 

Songkhla Lagoon, 

Thailand - 4-15 8261-28022 - 22-13 

Maneepong, 

1996 

-Wielkie lake 
-BosZkowo lake 
-Dominickie lake,  
West Poland 
 

1.20 
1.80 
1.25 

 

2.05 
2.95 
2.65 

 

30.20 
98.90 
44.10 

 

9.70 
13.40 
12.90 

 

571.00 
1100.00 

475.00 
 

Szymanowska 
et al., 1999 
 
 
 

-BOZYAZI (Bozova) 
-AKPINAR 
(Adiyaman), of the 
Ataturk dam lake, 
Turkey 
 

nd.
nd.

 

 

 

 

14.57 
22.70 

 
 
 
 

12587.00 
19265.00 

 
 
 
 

nd. 
nd. 

 

 

 

 

60.79 
59.14 

 
 
 
 

Karadede and 
Unlu, 2000 
 
 
 
 

Lake Averno in Naples, 
Italy 
 

0.40- 
0.45 

 

5.49-
127.53 

 

16910.00-
18650.00 

 

47.37- 
92.57 

 

112.00- 
186.00 

 

Baldatoni et 
al., 2004 
 

Kerkini lake in 

Maccedonia, northern 

Greece 

1.4 

 

 

20.3 

 

 

- 

 

 

16.3 

 

 

70.0 

 

 

Sawidis et al., 

1995 

 

Swedish Standard for 

Sediment from Swedish 

Environmental 

Protection Agency 

Standards, 1991 

0.2- 

5.0 

 

 

 

10.0-

150.0 

 

 

 

- 

 

 

 

 

5.0-

400.0 

 

 

 

70.0-

1000.0 

 

 

 

Bunsong, 

2003 

 

 

  

Soil Quality Standards, 

Thailand 

37 

 

- 

 

- 

 

400 

 

- 

 

PCD, 2006 

 

World average 
sediment 
 

- 

 

33 

 

41000 

 

- 

 

95 

 

Maneepong, 
1996 
 

Remark: nd.a = not detected 
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5.2.3 Heavy metal concentrations in aquatic plants 

Aquatic plants contribute significantly to primary production in the littoral 

zone of the canal and support the detrital and herbivore food webs. Hence, the whole 

community may be influenced by trace element accumulation in plants (Baldantoni et 

al., 2004). Aquatic plants can use up high amounts of nutrients (Barko et al., 1986) 

and also metals (Jackson, 1998) from the environment and release them when the 

plants die and decay. Aquatic plants differ both in capacity to take up metals in root 

tissues and in the proportion of metals transferred to shoot parts (Baldantoni et al., 

2004). High concentration of heavy metals in aquatic plants led many authors to 

believe that they accumulate from water (Szymanowska et al., 1999) and/or from 

sediments (Baldantoni et al., 2004). The concentrations of metals in aquatic plants can 

be more than 100,000 times higher than in the associated water. For free floating 

macrophytes, this would be only source of metals (Albers and Camardese, 1993). In 

the present study, heavy metal concentrations in Cyperus pilosus Vahl., Ipomoea 

aquatica Forsk. and Panicum repens Linn. were much higher in roots than shoots (p < 

0.05) and the similar results were reported by Sawidis et al. (1995), Meepring (2003) 

and Baldantoni et al., (2004). Miller et al. (1983 cited by Bunsong, 2003) explained 

that higher accumulation in roots than shoots may indicate that roots are the primary 

sites of metals uptake and may also result from the mechanisms within the plant which 

favors this location for depositions. In the same direction, Deng et al. (2004) explained 

that plants species and populations differ widely in their ability to accumulate 

significantly grater concentrations of metals in roots than shoots, indicating high plant 

availability of the substrate metals as well as its limited mobility once inside the plant. 

Emergent and terrestrial plant species accumulate high concentrations of metals in 

their roots under natural conditions but much less so in their shoots, and the 

accumulation increased further with increased external concentration. The free-

floating species accumulated high levels of metals in both roots and shoots (Fritioff, 

2005). For the present study, a similar trend of higher accumulation in roots than 

shoots suggested that roots of C. pilosus, I. aquatica and P. repens are the main 

compartment for metal accumulation.  

For shoots of C. pilosus, Fe had the highest value (129.5333 mg/kg dry 

weight), followed by Zn (29.6267 mg/kg dry weight), Cu (16.5000 mg/kg dry weight), 
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Pb (0.6327 mg/kg dry weight) and Cd (0.1345 mg/kg dry weight). For roots of C. 

pilosus, Fe also had the highest value (9,753.7667 mg/kg dry weight), followed by Zn 

(79.9700 mg/kg dry weight), Cu (15.7667 mg/kg dry weight), Pb (5.9593 mg/kg dry 

weight) and Cd (0.1645 mg/kg dry weight). For shoots of I. aquatica, Fe had the 

highest value (248.9000 mg/kg dry weight), followed by Zn (29.0933 mg/kg dry 

weight), Cu (15.3667 mg/kg dry weight), Pb (0.7733 mg/kg dry weight) and Cd 

(0.1634 mg/kg dry weight). For roots of I. aquatica, Fe had the highest value 

(1,598.4333 mg/kg dry weight), followed by Zn (76.6233 mg/kg dry weight), Cu 

(16.6333 mg/kg dry weight), Pb (4.6370 mg/kg dry weight) and Cd (0.1765 mg/kg dry 

weight). For shoots of P. repens, Fe had the highest value (108.0333 mg/kg dry 

weight), followed by Zn (17.7633 mg/kg dry weight), Cu (14.9000 mg/kg dry weight), 

Pb (0.4893 mg/kg dry weight) and Cd (0.1210 mg/kg dry weight). For roots of P. 

repens, Fe had the highest value (1,995.1000 mg/kg dry weight), followed by Zn 

(54.1800 mg/kg dry weight), Cu (16.3667 mg/kg dry weight), Pb (1.8429 mg/kg dry 

weight) and Cd (0.1627 mg/kg dry weight). The present results of heavy metal 

concentrations in shoots and roots of C. pilosus, I. aquatica and P. repens were 

compared with the normal range in plants (Bunsong, 2003) which recommended the 

heavy metal concentrations given in plants as 0.05-2 mg/kg dry weight for Cd; 3-30 

mg/kg dry weight for Cu; 30-300 mg/kg dry weight for Fe; 0.05-10 mg/kg dry weight 

for Pb; and 10-150 mg/kg dry weight for Zn. It was found that Cd, Cu, Fe, Pb and Zn 

concentrations in shoots and roots of C. pilosus, I. aquatica and P. repens were lower 

than the recommended values, except Fe concentrations in roots of C. pilosus, I. 

aquatica and P. repens that were much higher than the recommended values. In the 

same direction, when comparing Cd, Cu, Fe, Pb and Zn concentrations in shoots and 

roots of C. pilosus with T. latifolia from Wielkie, BosZkowo and Dominickie lakes in 

west Poland (Szymanowska et al., 1999) and T. latifolia and C. malaccensis in China 

(Deng et al., 2004, it were found that Cd, Cu, Pb and Zn concentrations in the present 

study were lower than those in west Poland and China, except Fe concentrations were 

much higher than those in west Poland. When comparing Cd, Cu, Pb and Zn 

concentrations in shoots and roots of I. aquatica with I. aquatica in the Phi Lok canal 

(Lertprasert, 2006), the canal system of Ratchaburi and Samut Songkhram provinces 

(Jantarawattana, 2006) and the canal near the Vipavadee Rangsit road 
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(Chavengsuksopak, 2006), it were found that Cd and Cu concentrations of I. aquatica 

in the present study were lower than those of I. aquatica in the canal near the 

Vipavadee Rangsit road but higher than those of I. aquatica in the Phi Lok canal and 

the canal system of Ratchaburi and Samut Songkhram provinces. For Cu 

concentrations of I. aquatica in the present study were higher than I. aquatica in the 

canal near the Vipavadee Rangsit road, the Phi Lok canal and the canal system of 

Ratchaburi and Samut Songkhram provinces. While Fe and Zn concentrations of I. 

aquatica in the present study were lower than those of I. aquatica in the Phi Lok canal 

but higher than those of I. aquatica in the canal near Vipavadee Rangsit road and the 

canal system of Ratchaburi and Samut Songkhram provinces. When comparing Cd, 

Cu, Pb and Zn concentrations of I. aquatica with the Chinese safety standard (Huang 

et al., 2006) and permissible levels in food by WHO&FAO (Bahemuka and Mubofu, 

1999). Note that Fe was not specified in the standard. It was found that Cd, Cu, Pb and 

Zn concentrations in the Snakeskin Gourami raising pond were much higher than the 

limit values. Thus it is a high risk if people consume shoots and roots of I. aquatica 

harvesting from the Snakeskin Gourami fish of the study or any water bodies of 

similar condition. However, from the study of Sirichotiwong (2006) on the Snakeskin 

Gourami fish of the same study area, it was found that it was not safe to consume the 

fish because Fe and Zn concentrations in the muscle and Cu in the muscle and internal 

organs were unacceptable for human consumption according to FAO/WHO (1989). 

When comparing Cd, Cu, Fe, Pb and Zn concentrations in shoots and roots of P. 

repens with P. communis from Wielkie, BosZkowo and Dominickie lakes in west 

Poland (Szymanowska et al., 1999) and Averno lake in Naples, Italy (Baldatoni et al., 

2004), it were found that Cd, Pb and Zn concentrations were lower than those of the 

three lakes in west Poland and the lake in Italy while Cu and Fe concentrations were 

much higher than those of the three lakes in west Poland and the lake in Italy. 

The process of Fe uptake by plants involves the uptake of Fe from the soil 

into the roots and the transport of Fe from the roots to the leaves. The intake of Fe 

must be continuous as green plants grow, since Fe does not move from older to newer 

leaves. Before uptake by roots can occur, the very insoluble Fe present in the soil 

(mostly as ferric hydroxide) must be solubilized (Merian, 1991). One mechanism for 

the solubilization of Fe is the release of hydrogen ions by the roots which lowers the 
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pH in the root zone. This favors Fe (III) solubility; the reduction of Fe (III) to Fe (II) is 

achieved by special reducing agents secreted concomitantly with the hydrogen ions by 

the roots. The roots-absorbed Fe (II), which is oxidized to Fe (III) near the 

metaxyleme is chelated by citrate and transported in the metaxyleme to the top of the 

plants. Storage forms of Fe in plants include phyto-ferritin and ferric phosphate 

(Merian, 1991). And the Fe is solubilized by phenolic acids from plants, a process 

which has implications for Fe bioavailability. For instance, the leaf litter produces 

conditions for the persistence of organic ligands of the phenolic acid type in the soil 

and thus causes Fe mobilization on a long-term basis.  

Heavy metal concentrations in plant tissues are influence by metabolic 

requirements for essential micronutrient such as Cu and Zn, whilst non-essential 

metals including Pb tend to be excluded or compartmentalized. Cu is an essential 

micronutrient required in mitochondria and chloroplast reactions, enzyme systems 

related to photosystem II electron transport, cell wall lignification, carbohydrate 

metabolism and protein synthesis. Pb is non-essential and higher concentrations may 

be toxic to some species. Zn is an essential micro-nutrient of numerous enzyme 

systems, respiration enzyme activators, and biosynthesis of plant growth hormones. 

Uptake of excess metals by angiosperms can initiate sub-cellular metabolic reactions, 

which may cause damage at the cellular level, or lead to whole plant phyto-toxic 

responses, including visible inhibition of growth and increased mortality, with obvious 

consequences for species fitness (MacFalance and Burchett, 2002). 

The regulation of Cu uptake observed in C. pilosus, I. aquatica and P. 

repens is achieved in part by exclusion of acropetal transport initiated primarily at the 

roots endodermis (MacFarlance and Burchett, 2000). Cell wall adsorption and 

accumulation in vacuoles via poly-hydroxy phenolic compounds or phytochelatins are 

other postulated inhibitions to transport and tolerance (MacFalance and Burchett, 

2002). 

The main location for Pb accumulation in C. pilosus, I. aquatica and P. 

repens seems to be the epidermal layer of roots. A variety of cytoplasmic responses 

such as active pumping of Pb complexes into vacuoles and dictyosomol vesicles, 

complexing organic acids, specific metal binding proteins and immobilisation of Pb, 

as Pb pyrophosphate, along cell walls are reported to be other possible mechanisms for 
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the exclusion observed (Wozny and Krzeslowska, 1993 cited by MacFarlance and 

Burchett, 2002). 

Zn transport to the shoots was regulated, largely due to exclusion by the 

endodermal casparian strip (MacFarlance and Burchett, 2000). Zn may also be bound 

to cell walls at the roots level or conveyed into the cytoplasm, where it may be 

detoxified by chelation with organic acids, and often compartmentalised in vacuoles 

(MacFarlance and Burchett, 2002). Excess Zn reaching the shoots may also be 

excreted via the salt glands on the leaves. 

Mechanisms of plant tolerance to heavy metals are thought to include cell 

wall immobilisation, sequestering (Baker and Walker, 1990 cited by Defew et al., 

2005), barriers at roots epodermis exclusion of ions (Walsh et al., 1979, Baker and 

Walker, 1990 cited by Defew et al., 2005) and peroxidase induction (Dietz et al., 1999 

cited by Defew et al., 2005). When plants absorbed and accumulated heavy metals, the 

vessels became constricted and deposites of an unknown substance blocked the 

vascular system and retarded the water transportation (Wong et al., 1988 cited by 

Defew et al., 2005). 
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Table 5.3 Heavy metal concentrations in aquatic plants from the present study and 

previous studies 

Location Cadmium  Copper Iron  Lead  Zinc  References 

  
(mg/kg 

dw) 
(mg/kg 

dw) 
(mg/kg 

dw) 
(mg/kg 

dw) 
(mg/kg  

dw)   
C. pilosus              

Shoots 
nd.a-

0.1345 
1.3000- 
16.5000 

0.1000- 
129.5333 

0.0663- 
0.6327 

nd.- 
29.6267 Present study 

Roots 
0.0055-
0.1645 

3.7333-
15.7667 

694.7000-
9753.7667 

0.5427-
5.9593 

12.1933-
79.9700 Present study 

Wielkie lake 
-T. latifolia 

BosZkowo lake 
-T. latifolia 

Dominickie lake 
  - T. latifolia 

West Poland 

 
1.25 

 
1.59 

 
1.75 

 

2.05 
 

2.40 
 

3.60 
 

47.30 
 

102.00 
 

45.70 
 

6.90 
 

11.10 
 

19.30 
 

617.00 
 

1430.00 
 

1220.00 
 

 
Szymanowska et 
al., 1999 
 

T. latifolia 
- Shoots 
- Roots 

C. malaccensis 
       - Shoots 
        -Roots 
China 

< 10 
< 25 

 
5 

10 
 

30 
25 

 
8 

30 
 

- 
- 
 

- 
- 
 

125 
3250 

 
115 

1300 
 

200 
3000 

 
290 
400 

 
Deng et al., 2004 
 

I. aquatica             

Shoots 
nd.-

0.1634 
nd.- 

15.3667 
0.2667- 

248.9000 
nd.- 

0.7733 
2.1300-
29.0933 Present study 

Roots 
0.0019-
0.1765 

1.5333-
16.6333 

46.7000-
1598.4333 

0.2573-
4.6370 

13.4567-
76.6233 Present study 

I. aquatica of the 
Phi Lok canal 
system, Thailand             

Shoots 
0.0019-
0.0024 

3.7600-
7.3800 

159.60-
309.40 

0.51-
0.84 

22.97-
40.20 Lertprasert, 2006 

Roots 
0.0051-
0.0053 

5.7300-
12.5000 

1,614.00-
3,018.34 

1.36-
4.26 

63.95-
84.38 Lertprasert, 2006 

I. aquatica of the 
canal system of 
Ratchaburi and 
Samut 
Songkhram 
provinces, 
Thailand 

nd.- 
0.0038 

 

1.7300-
11.2000 

 

nd.-
508.7700 

 

0.2100-
1.2200 

 

5.0300-
40.1900 

 

Jantarawattana, 
2006 
 

I. aquatica of the 
canal near 
Vipavadee 
Rangsit Road, 
Thailand 

 
5.30 

 
 

12.92 
 
 

- 
 
 

13.33 
 
 

63.31 
 
 

Chavengsuksopak, 
1990 
 

Chinese safety 
standard 

0.05 
 

10.00 
 

- 
 

0.20 
 

20.00 
 

Huang et al., 2006 
 

Permissible 
levels in food as 
per WHO&FAO 

0.003 
 
 

0.400 
 
 

- 
 
 

0.050 
 
 

0.060 
 
 

Bahemuka and 
Mubofu, 1999 
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Table 5.3 Heavy metal concentrations in aquatic plants from the present study and 

previous studies (continue) 

Location Cadmium Copper Iron Lead Zinc References 

  
(mg/kg 

dw) 
(mg/kg 

dw) 
(mg/kg 

dw) 
(mg/kg 

dw) 
(mg/kg  

dw)   
P. repens             

Shoots 
nd.-

0.1210 
0.3000- 
14.9000 

0.2333-
108.0333 

0.1265-
0.4893 

1.1600-
17.7633 Present study 

Roots 
0.0016-
0.1627 

3.3333-
16.3667 

149.7000-
1995.1000 

0.1327-
1.8429 

10.3367-
54.1800 Present study 

Wielkie lake 
        -P. communis 
BosZkowo lake 

-P. communis 
Dominickie lake 

-P. communis 
West Poland 

1.85 
 

1.29 
 

1.75 
 
 

2.10 
 

2.22 
 

3.60 
 
 

75.90 
 

83.00 
 

45.70 
 
 

10.50 
 

8.56 
 

19.30 
 
 

1300.00 
 

1710.00 
 

1220.00 
 
 

 
 
Szymanowska 
et al., 1999 
 
 

Lake Averno  
P. communis 

- Leaves 
- Roots 

in Naples, Italy 

< 0.1 
< 0.4 

 
 

- 
- 
 
 

- 
- 
 
 

< 1.0 
6.5 

 
 

15.0 
65.0 

 
 

Baldatoni et 
al., 2004 
 
 

Normal range in plant 
0.05- 
2.00 

3.00-
30.00 

30.00-
300.00 

0.05-
10.00 

10.00-
150.00 

Bunsong,  
2003  

Remark:  nd.a = not detected 
 

5.3 Correlation of heavy metal concentrations in the Snakeskin 

Gourami fish raising pond 

 

The correlations of five heavy metal concentrations i.e., Cd, Cu, Fe, Pb and 

Zn in water, sediments and three aquatic plants (C. pilosus, I. aquatica and P. repens) 

during June to November 2004 were investigated by using the Partial Correlation 

Coefficient. 

5.3.1 Correlation of heavy metal concentrations between water and 

sediment 

The correlation analysis was used to infer whether there was a correlation 

between monthly variation and heavy metal concentrations in water and sediments. Cd 

concentration between water and sediments showed positively significant correlation 

with coefficient values of 0.2147 at the 0.05 level (Table 5.4). There are no positively 
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significant correlation for Cu, Fe, Pb and Zn concentrations between water and 

sediments.  

The positive correlation suggests the same direction of accumulation. 

Therefore Cd concentrations in water increase while those in sediments also increase. 

Metal transport in water is largely dependent on solubility. Parameters such as pH, 

salinity and dissolved organic matter greatly influence metal solubility in natural 

waters (Stumm et al., 1992, Ownby, 2001 cited by Adair et al., 2002). Particle 

flocculation in slow flowing water bodies such as lakes or estuaries cause increased 

metal deposition into sediments. Increases in ionic strength also accentuate metal 

deposition in estuarine sediment (Stumm et al., 1992, Schlesinger et al., 1991 cited by 

Adair et al., 2002). Ultimately soil and sediment serve as sinks for toxic metals (Goyer 

et al., 1995 cited by Adair et al., 2002). While water and air are primarily transport 

media (Adair et al., 2002). In case of Fe, Pb and Zn, the relations between the 

accumulation in water and sediments can not be established.  

From the study, it was found that Cu concentration was higher than the range 

0.001-0.100 µg/L in uncontaminated freshwater (Wright and Welbourn, 2002). 

Therefore, it is indicated that the Phi Lok canal water was contaminated by Cu. Pb 

concentration found in natural waters, including rain water, snow, and ice, surface 

waters, ground and spring waters, and ocean water have been given by Chow (1978) 

and Valenta, et al. (1986) cited by Merian (1991), the average Pb content of water in 

the present study is in the range of 0.1-10 µg/L. And Cd level was the lowest in water 

as reported by Lossusachan (2006) in the Phi Lok canal system and Chaiyabutr (1998) 

in the Mae Klong river. 
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Table 5.4 Partial correlation coefficients of heavy metal concentrations between water 

and sediments

Water 
Sediments 

Cd Cu Fe Pb Zn 

Cd 0.2147*     

Cu  0.0313    

Fe   0.0466   

Pb    0.0059  

Zn     0.0508 

*: Correlation is significant at the 0.05 level  

5.3.2 Correlation of heavy metal concentrations between sediments and 

parts of aquatic plants (shoots and roots)  

Cd and Zn concentrations between sediments and shoots of C. pilosus 

showed positively significant correlation with coefficient values of 0.5853 and 0.5127 

at the 0.05 level, respectively (Table 5.5). For Cd and Pb concentrations between 

sediments and roots of C. pilosus, the results showed positively significant correlation 

with coefficient values of 0.5369 and 0.2714 at the 0.05 level, respectively. On 

contrary, Cu concentrations showed negatively significant correlation with coefficient 

value of -0.5237 at the 0.05 level. 

Cd and Zn concentrations between sediments and shoots of I. aquatica 

showed positively significant correlation with coefficient values of 0.4421 and 0.4246 

at the 0.05 level, respectively (Table 5.5). On contrary, Cu concentrations showed 

negatively significant correlation with coefficient value of -0.4776 at the 0.05 level. 

For Cd concentrations between sediments and roots of I. aquatica showed positively 

significant correlation with coefficient value of 0.5163 at the 0.05 level. On contrary, 

Cu concentrations showed negatively significant correlation with coefficient value of -

0.6467 at the 0.05 level. 

Only Cd concentrations between sediments and shoots of P. repens showed 

positively significant correlation with coefficient value of 0.4476 at the 0.05 level 
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(Table 5.5). On contrary, Cu concentrations showed negatively significant correlation 

with coefficient value of -0.4913 at the 0.05 level. For Cd concentrations between 

sediments and roots of I. aquatica showed positively significant correlation with 

coefficient value of 0.5914 at the 0.05 level. On contrary, Cu and Pb concentrations 

showed negatively significant correlation with coefficient values of -0.5935 and -

0.4466 at the 0.05 level, respectively. 

The results from the present study suggested that when Cd and Zn 

concentrations increase in sediment, it can be found the increases of Cd and Zn 

concentrations in shoots of C. pilosus.  There are no relation between Cu, Fe and Pb 

concentrations in sediment and shoot of C. pilosus.  For heavy metal concentrations in 

sediment and roots of C. pilosus, when Cd and Pb concentrations increase in sediment, 

it can be found the increases of Cd and Pb concentrations in roots of C. pilosus.  The 

opposite direction can be observed for Cu concentrations and there is no relation for 

Fe and Zn concentrations. In case of heavy metal concentrations in sediment and 

shoots of I. aquatica when Cd and Zn concentrations increase in sediment, it can be 

found the increases of Cd and Zn concentrations in shoots of I. aquatica. The opposite 

direction can be observed for Cu concentrations and there are no relation between Fe 

and Pb concentrations in sediment and shoots of I. aquatica. For heavy metal 

concentrations in sediment and roots of I. aquatica when only Cd concentrations 

increase in sediment, it can be found the increases of Cd concentrations in roots of I. 

aquatica. The opposite direction can be observed for Cu concentrations and there is no 

relation for Fe, Pb and Zn concentrations. In case of heavy metal concentrations in 

sediment and shoots and roots of P. repens. When only Cd concentrations increase in 

sediment, it can be found the increases of Cd concentrations in shoots and roots of P. 

repens. The opposite direction can be observed for only Cu concentrations in shoots 

while in roots; it can be observed for Cu and Pb concentrations. There are no relation 

between Fe, Pb and Zn concentrations in sediment and shoots of P. repens. While 

there are no relation between Fe and Zn concentrations in sediment and roots of P. 

repens. 

From the results, it was found that for Cd concentrations, strong positive 

correlations were obtained between the metals in the sediment and plants. The similar 

result is also found by Szymanowska et al. (1999). In contrast, Fe concentrations have 
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shown poor correlations between metals and sediment. The similar result is also found 

by Deng et al. (2004). The most of Cu concentrations have shown poor correlations 

between metals and sediment. The similar result is also found by Deng et al. (2004). 

 

Table 5.5 Partial correlation coefficient of heavy metal concentrations between 

sediments and parts of aquatic plants (shoots and roots) 

*: Correlation is significant at the 0.05 level  

Sediments Parts of Aquatic 

Plants Cd Cu Fe Pb Zn 

C. pilosus  

           -  Shoots 0.5853* -0.3204 -0.1174

 

0.1901 0.5127*

           -  Roots 0.5369* -0.5237* -0.0662 0.2714* 0.1561

I. aquatica 

           -  Shoots 0.4421* -0.4776* 0.0076

 

-0.2541 0.4246*

            -  Roots 0.5163* -0.6467* -0.0395 -0.1403 0.2014

P. repens 

            -  Shoots 0.4476* -0.4913* -0.1821

 

0.0148 0.1258

            -  Roots 0.5914* -0.5935* -0.1816 -0.4466* 0.1703

5.3.3 Correlation of heavy metal concentrations between water and 

parts of aquatic plants (shoots and roots)  

Only Cu concentrations between water and shoots of C. pilosus showed 

positively significant correlation with coefficient value of 0.4894 at the 0.05 level 

(Table 5.6). For Cu concentrations between water and roots of C. pilosus, there is also 

positively significant correlation with coefficient value of 0.6215 at the 0.05 level.  

Only Cu concentrations between water and shoots of I. aquatica showed 

positively significant correlation with coefficient value of 0.4357 at the 0.05 level 

(Table 5.6). For Cu and Zn concentrations between water and roots of I. aquatica, the 
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results showed positively significant correlation with coefficient values of 0.3285 and 

0.5194 at the 0.05 level, respectively. 

Cu concentrations between water and shoots of P. repens showed positively 

significant correlation with coefficient value of 0.5296 at the 0.05 level (Table 5.6). 

For Cu concentrations between water and roots of P. repens, there is also positively 

significant correlation with coefficient value of 0.5666 at the 0.05 level. 

The results from the present study suggested that when only Cu 

concentrations increase in water, it can be found the increases of Cu concentrations in 

shoots and roots of C. pilosus.  There are no relation for Cd, Fe, Pb and Zn 

concentrations. In case of heavy metal concentrations in water and shoots of I. 

aquatica when only Cu concentrations increase in sediment, it can be found the 

increases of Cu concentrations in shoots of I. aquatica. There are no relation between 

Cd, Fe, Pb and Zn concentrations in water and shoots of I. aquatica. For heavy metal 

concentrations in water and roots of I. aquatica when Cu and Zn concentrations 

increase in water, it can be found the increases of Cu and Zn concentrations in roots of 

I. aquatica. There are no relation for Cd, Fe and Pb concentrations In case of heavy 

metal concentrations in water and shoots and roots of P. repens when only Cu 

concentrations increase in water, it can be found the increases of Cu concentrations in 

shoots and roots of P. repens. There are no relation between Cd, Fe, Pb and Zn 

concentrations in water and shoots and roots of P. repens. 
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Table 5.6 Partial correlation coefficient of heavy metal concentrations between water 

and parts of aquatic plants (shoots and roots) 

*: Correlation is significant at the 0.05 level  

Water Aquatic Plants 

Cd Cu Fe Pb Zn 

C. pilosus  

           -  Shoots 0.6272 0.4894* -0.2467

 

-0.1863 -0.1866

           -  Roots 0.6202 0.6215* -0.2856 0.2778 -0.1477

I. aquatica 

           -  Shoots 0.6065 0.4357* 0.0410

 

-0.2074 0.0552

            -  Roots 0.6055 0.3285* -0.0359 -0.2978 0.5194*

P. repens 

            -  Shoots 0.6263 0.5296* 0.2831

 

-0.2064 -0.1487

            -  Roots -0.2832 0.5666* 0.0282 -0.0620 -0.0315

5.3.4 Correlation of heavy metal concentrations between shoots and 

roots of C. pilosus, I. aquatica and P. repens 

Cd, Cu and Fe concentrations between shoots and roots of C. pilosus showed 

positively significant correlation with coefficient values of 0.9114, 0.5468 and 0.5549 

at the 0.05 level, respectively (Table 5.7). There are no positively significant 

correlations for Pb and Zn concentrations.  

Cd, Cu and Fe concentrations between shoots and roots of I. aquatica 

showed positively significant correlation with coefficient values of 0.8645, 0.5536 and 

0.5536 at the 0.05 level, respectively (Table 5.7). There are no negatively significant 

correlation for Pb concentrations and no positively significant correlation for Zn 

concentrations. 

Cd, Cu, Fe and Zn concentrations between shoots and roots of P. repens 

showed positively significant correlation with coefficient values of 0.6585, 0.7815, 
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0.2792 and 0.5970 at the 0.05 level, respectively (Table 5.7). There are no negatively 

significant correlations for Pb concentrations. 

The results from the present study suggested that when Cd, Cu and Fe 

concentrations increase in roots of C. pilosus, it can be found the increases of Cd, Cu 

and Fe concentrations in shoots of C. pilosus  There is no relation for Cd, Fe, Pb and 

Zn concentrations. The similar result is also found in case of heavy metal 

concentrations in roots and shoots of I. aquatica. In case of heavy metal 

concentrations in roots and shoots of P. repens when Cd, Cu, Fe and Zn 

concentrations increase in roots, it can be found the increases of Cd, Cu, Fe and Zn 

concentrations in shoots of P. repens. There is no relation between Pb concentrations 

in roots and shoots of P. repens. 

Early attempts to identify relative importance of roots and shoots in metals 

uptake were conducted under experimental and artificial conditions (McRoy and 

Barsdate, 1970; Bristow and Whitcombe, 1971; DeMarte and Harman, 1974; Twilley 

et al., 1977 cited by Jackson, 1998). The previous studies showed that plants could 

take up metals through roots and translocate them to shoots. 

 

Table 5.7 Partial correlation coefficient of heavy metal concentrations between shoots 

and roots of C. pilosus, I. aquatica and P. repens 

*: Correlation is significant at the 0.05 level  

Roots 
Shoots  

Cd Cu Fe Pb Zn 

C. pilosus  0.9114* 0.5468* 0.5549* 0.2177 0.2074

I. aquatica 0.8645* 0.5536* 0.5366* -0.1519 0.0583

P. repens 0.6585* 0.7815* 0.2792* -0.0069 0.5970*
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CHAPTER VI 

CONCLUSIONS AND RECOMMENDATIONS 

 

6.1 Conclusions 
 

From the study, the comparison of heavy metal concentrations accumulated in 

water, sediment and three aquatic plants of four sampling stations in the Snakeskin 

Gourami fish raising pond showed that when considering amongst the five heavy 

metals, the overall average heavy metal accumulations determined can be presented in 

descending order as follows: 

The average heavy metal concentrations in water can be presented in 

descending order as follows; Cu > Zn > Fe > Pb > Cd. 

The average heavy metal concentrations in sediment can be presented in 

descending order as follows; Fe > Zn > Cu > Cd > Pb. 

 The average heavy metal concentrations in shoots and roots of Cyperus pilosus 

Vahl., Ipomoea aquatica Forsk. and Panicum repens Linn. can be presented in 

descending order as follows; Fe > Zn > Cu > Pb > Cd. 

When comparing annual mean of heavy metal concentrations in water of the 

Snakeskin Gourami fish raising pond. It was found that the accumulation of the heavy 

metals amongst four sampling stations i.e., station 1 (water inlet), station 2 (water 

outlet), station 4 (far from water inlet and outlet) and station 4 (middle of the fish 

raising pond) showed no significantly difference (p < 0.05) except Fe concentrations 

in water. The results can be presented in the descending order as follows; 

Cd: station 1 > station 2 > station 3 > station 4, but not significantly difference 

Cu: station 2 > station 4 > station 1 > station 3, but not significantly difference 

Fe: station 1 > station 2 > station 3 > station 4 

Pb: station 2 > station 4 > station 1 > station 3, but not significantly difference 

Zn: station 3 > station 1 > station 2 > station 4, but not significantly difference 
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When comparing annual mean of heavy metal concentrations in sediment of 

the Snakeskin Gourami fish raising pond, it was found that the accumulation of the 

heavy metals amongst four sampling stations i.e., station 1 (water inlet), station 2 

(water outlet), station 4 (far from water inlet and outlet) and station 4 (middle of the 

fish raising pond) showed no significantly difference (p < 0.05) except Pb and Zn 

concentrations in sediment. The results can be presented in the descending order as 

follows; 

Cd: station 1 > station 4 > station 2 > station 3, but not significantly difference 

Cu: station 1 > station 2 > station 4 > station 3, but not significantly difference 

Fe: station 3 > station 2 > station 4 > station 1, but not significantly difference 

Pb: station 3 > station 4 > station 1 > station 2 

Zn: station 2 > station 1 > station 4 > station 3 

  

When comparing annual mean of heavy metal concentrations in shoots of C. 

pilosus in the Snakeskin Gourami fish raising pond, it was found that the accumulation 

of the heavy metals amongst four sampling stations showed Cd and Cu concentrations 

in shoots were not significantly difference (p < 0.05) except Fe, Pb and Zn 

concentrations in shoots. The results can be presented in the descending order as 

follows; 

Cd: station 2 > station 1 > station 3 > station 4, but not significantly difference 

Cu: station 3 > station 4 > station 2 > station 1, but not significantly difference 

Fe: station 1 > station 3 > station 2 > station 4 

Pb: station 2 > station 3 > station 1 > station 4 

Zn: station 1 > station 2 > station 3 > station 4 

 

When comparing annual mean of heavy metal concentrations in shoots of I. 

aquatica in the Snakeskin Gourami fish raising pond. It was found that the 

accumulation of the heavy metals amongst four sampling stations showed Cd, Cu and 

Zn concentrations in shoots were not significantly difference (p < 0.05) except Fe and 

Pb concentrations in shoots. The results can be presented in the descending order as 

follows; 

Cd: station 1 > station 4 > station 3 > station 2 
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Cu: station 4 > station 2 > station 3 > station 1 

Fe: station 1 > station 3 > station 4 > station 2, but not significantly difference 

Pb: station 2 > station 1 > station 4 > station 3, but not significantly difference 

Zn: station 2 > station 1 > station 4 > station 3 

 

When comparing annual mean of heavy metal concentrations in shoots of P. 

repens in the Snakeskin Gourami fish raising pond, it was found that the accumulation 

of the heavy metals amongst four sampling stations showed Cd and Cu concentrations 

in shoots were not significantly difference (p < 0.05) except Fe, Pb and Zn 

concentrations in shoots. The results can be presented in the descending order as 

follows; 

Cd: station 2 > station 1 > station 3 > station 4, but not significantly difference 

Cu: station 4 > station 2 > station 1 > station 3, but not significantly difference 

Fe: station 1 > station 2 > station 4 > station 3 

Pb: station 2 > station 4 > station 1 > station 3 

Zn: station 2 > station 4 > station 3 > station 1 

 

When comparing annual mean of heavy metal concentrations in roots of C. 

pilosus in the Snakeskin Gourami fish raising pond, it was found that the accumulation 

of the heavy metals amongst four sampling stations showed Cd, Cu and Fe 

concentrations in roots were not significantly difference (p < 0.05) except Pb and Zn 

concentrations in roots. The results can be presented in the descending order as 

follows; 

Cd: station 2 > station 1 > station 4 > station 3, but not significantly difference 

Cu: station 4 > station 2 > station 3 > station 1, but not significantly difference 

Fe: station 3 > station 4 > station 1 > station 2, but not significantly difference 

Pb: station 3 > station 2 > station 4 > station 1 

Zn: station 2 > station 4 > station 1 > station 3 

 

When comparing annual mean of heavy metal concentrations in roots of I. 

aquatica in the Snakeskin Gourami fish raising pond. It was found that the 

accumulation of the heavy metals amongst four sampling stations showed Cd and Cu 
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concentrations in roots were not significantly difference (p < 0.05) except Fe, Pb and 

Zn concentrations in roots. The results can be presented in the descending order as 

follows; 

Cd: station 1 > station 3 > station 4 > station 2 

Cu: station 4 > station 3 > station 1 > station 2 

Fe: station 1 > station 4 > station 3 > station 2, but not significantly difference 

Pb: station 4 > station 1 > station 2 > station 3, but not significantly difference 

Zn: station 1 > station 4 > station 2 > station 3, but not significantly difference 

 

When comparing annual mean of heavy metal concentrations in roots of P. 

repens in the Snakeskin Gourami fish raising pond, it was found that the accumulation 

of the heavy metals amongst four sampling stations showed Cd, Cu and Pb 

concentrations in roots were not significantly difference (p < 0.05) except Fe and Zn 

concentrations in roots. The results can be presented in the descending order as 

follows; 

Cd: station 2 > station 1 > station 3 > station 4, but not significantly difference 

Cu: station 2 > station 1 > station 4 > station 3, but not significantly difference 

Fe: station 1 > station 3 > station 4 > station 2 

Pb: station 2 > station 1 > station 4 > station 3, but not significantly difference 

Zn: station 2 > station 1 > station 3 > station 4 

 

When comparing annual mean of heavy metal concentrations in water of 

Snakeskin Gourami the fish raising pond, it was found that the accumulation of the 

heavy metals amongst six months (June to November 2004) showed the differences 

were statistically significant (p < 0.05) except only Fe concentrations in water. The 

results can be presented in the descending order as follows; 

Cd: June > August > September > July = October = November 

Cu: July > November > June > September > October > August 

Fe: October > September > August > June > July > November, but not 

significantly difference 

Pb: September > October > November > August > June > July 

Zn: October > July > September > November > August > June 
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When comparing annual mean of heavy metal concentrations in sediment of 

the Snakeskin Gourami fish raising pond, it was found that the accumulation of the 

heavy metals amongst six months (June to November 2004) showed the differences 

were statistically significant (p < 0.05). The results can be presented in the descending 

order as follows; 

Cd: September > October > November > June > July > August 

Cu: October > November > September > June = July = August 

Fe: September > October > July > June > August > November 

Pb: August > July > September > October > June > November 

Zn: June > July > August > October > September > November 

 

When comparing annual mean of heavy metal concentrations in shoots of C. 

pilosus, it was found that the accumulation of the heavy metals amongst six months 

(June to November 2004) showed the differences were statistically significant (p < 

0.05). The results can be presented in the descending order as follows; 

Cd: September > October > November > June > July > August 

Cu: November > October > September > July > August > June 

Fe: August > July > June > September > November > October 

Pb: August > September > October > June > July > November 

Zn: August > July > October > June > September > November 

 

When comparing annual mean of heavy metal concentrations in shoots of I. 

aquatica, it was found that the accumulation of the heavy metals amongst six months 

(June to November 2004) showed the differences were statistically significant (p < 

0.05). The results can be presented in the descending order as follows; 

Cd: October > September > November > August > July > June 

Cu: November > October > September > June > July > August 

Fe: August > July > September > June > November > October 

Pb: August > June > September > October > July > November 

Zn: June > July > August > September > October > November 
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When comparing annual mean of heavy metal concentrations in shoots of P. 

repens, it was found that the accumulation of the heavy metals amongst six months 

(June to November 2004) showed the differences were statistically significant (p < 

0.05). The results can be presented in the descending order as follows; 

Cd: October > September > November > August > July > June 

Cu: November > October > September > June > July > August 

Fe: July > August > September > June > November > October 

Pb: August > September > June > July > November > October 

Zn: September > August > July > June > October > November 

 

When comparing annual mean of heavy metal concentrations in roots of C. 

pilosus, it was found that the accumulation of the heavy metals amongst six months 

(June to November 2004) showed the differences were statistically significant (p < 

0.05). The results can be presented in the descending order as follows; 

Cd: October > September > November > August > July > June 

Cu: November > October > September > July > June > August 

Fe: August > September > July > November > June > October 

Pb: July > September > August > November > June > October 

Zn: July > August > September > June > November > October 

 

When comparing annual mean of heavy metal concentrations in roots of I. 

aquatica, it was found that the accumulation of the heavy metals amongst six months 

(June to November 2004) showed the differences were statistically significant (p < 

0.05). The results can be presented in the descending order as follows; 

Cd: October > September > November > June > August > July 

Cu: November > October > September > June > August > July 

Fe:  September > August > November > July > June > October 

Pb: November > August > July> September > June > October 

Zn: August > July > June > September > November > October 

 

When comparing annual mean of heavy metal concentrations in roots of P. 

repens, it was found that the accumulation of the heavy metals amongst six months 
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(June to November 2004) showed the differences were statistically significant (p < 

0.05). The results can be presented in the descending order as follows; 

Cd: October > September > August > November > June > July 

Cu: November > October > June > September > July > August 

Fe: August > June > September > November > July > October 

Pb: November > July > September > August > June > October 

Zn: August > June > July > September > November > October 

 

When comparing heavy metal concentrations among water, sediment, shoots 

and roots, it was found that for all heavy metals, each of the average concentrations 

can be presented in descending order as follows; 

Cd: Root > Shoot > Sediment > Water 

Cu: Sediment > Root > Shoot > Water 

Fe: Sediment > Root > Shoot > Water 

Pb: Root > Shoot > Sediment > Water 

Zn: Root > Sediment > Shoot > Water 

 

Finally the heavy metal concentrations determined in the present study 

provided a useful baseline against which to measure for any future change in local 

pollution of the fish raising pond. 

 

6.2 Recommendations 
 

6.2.1 Recommendation for further study 

 1) The present study only pay attention on the dominant aquatic plant species 

as feed sources in the Snakeskin Gourami fish raising pond. However it will be 

interesting to study the accumulation of heavy metals in other aquatic plant species, 

phytoplankton, zooplankton and organisms in the food chains and food webs in the 

fish raising pond. 

2) Plant samples should be taken with the same size and age but during the 

present study the farmers tended to cut the plants on their convenience.  
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3) Mass Flow Analysis (MFA) of heavy metals in the fish raising pond will be 

useful for more understanding of accumulation and distribution of heavy metals in the 

fish raising pond system and it can help for managing of water pollution in the future. 

The data obtained from the present study can be used as the starting point. 

4) From the present study, the rather well circulation and distribution of heavy 

metals was found in the fish raising pond area of nine rais and the pond system with 

peripheral groove. Therefore it is suggested that under the similar condition and 

constrains; only one sampling station can be the representative of the pond system.  

5) The similar system of shrimp farm has been operated in the same study area 

therefore the investigations should be carried out for more information on heavy 

metals accumulation in the farms and shrimp tissues.  

 

6.2.2 Recommendation of application 

1) The present study can be suggested that heavy metal concentrations in roots 

of C. pilosus, I. aquatica and P. repens can be used for monitoring the contamination 

levels of certain heavy metals and used C. pilosus, I. aquatica and P. repens for 

absorbing the heavy metals (phytoremediation).  

2) The heavy metals accumulated in the three aquatic plants suggested the 

possibility of heavy metals can be transferred to higher trophic levels. For I. aquatica 

is consumed by human being and aquatic animals. Though, the species is one of the 

very popular vegetables that can be cooked in many dishes for Thai, Cd, Cu, Pb and 

Zn concentrations were rather higher than the permitted levels in food as set by 

WHO&FAO. Thus, people should not consume the shoots or roots of I. aquatica. For 

C. pilosus, I. aquatica and P. repens are consumed by aquatic animals especially 

Snakeskin Gaurami fish (Pla Salid) that Thai people prefer eating them as dried fish or 

prepare them into various dishes. Thus, there are high risks that heavy metals can be 

transferred to people. 

3) The Snakeskin Gourami fish raising pond can be treated as a treatment 

system for the wastewater from the canal. It can help reducing the amount of organic 

matter, phosphate and nitrate. 
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4) The Snakeskin Gourami fish raising pond should not be located near the 

scarp plant or the industrial factory because the wastewaters from the factory may 

flow into the pond and toxic substances in the wastewaters can accumulate in sediment 

or aquatic plants. 
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Table 1 Dissolved heavy metal concentrations (µg/L) in water collected at four 

sampling stations in the fish raising pond 

*nd = non-detected 

Station Month Cd(µg/L) Cu(µg/L) Fe(µg/L) Pb(µg/L) Zn(µg/L) 

1 June *nd 157.3333+4.0415 *nd 0.5067+0.0929 4.0000+2.3094 

  July *nd 159.6667+6.6583 *nd *nd 27.6000+15.9349 

  August 0.0317+0.0067 8.6667+6.6583 17.0000+9.8150 2.2400+1.6864 22.6000+8.3612 

  September 0.0350+0.0017 161.3333+5.1316 24.0000+2.6458 4.4177+0.6019 70.2000+3.6510 

  October *nd 144.0000+5.2915 38.0000+21.6564 6.5243+0.1599 138.5333+130.3155 

  November *nd 167.3333+4.9329 *nd *nd 56.4000+33.5622 

Station Month Cd(µg/L) Cu(µg/L) Fe(µg/L) Pb(µg/L) Zn(µg/L) 

2 June *nd 167.3333+2.3094 *nd 0.0300+0.0173 *nd 

  July *nd 168.3333+4.0415 *nd *nd 27.8500+25.5453 

  August 0.0393+0.0133 16.0000+9.7125 *nd 1.8340+0.4553 23.5667+12.5480 

  September 0.0280+0.0026 144.0000+12.7671 19.0000+4.5826 5.0173+0.9021 70.7667+11.2882 

  October *nd 149.6667+17.0392 36.5000+19.3477 5.6937+1.2918 70.0000+12.0403 

  November *nd 166.6667+3.7859 *nd *nd 30.2000+27.8371 

Station Month Cd(µg/L) Cu(µg/L) Fe(µg/L) Pb(µg/L) Zn(µg/L) 

3 June *nd 160.6667+3.2146 *nd 0.1600+0.0924 20.3500+16.1976 

  July *nd 165.6667+4.0415 *nd *nd 141.0333+41.7929 

  August 0.0240+0.0050 13.0000+1.7321 5.0000+2.8868 0.5883+0.1328 17.5000+0.1000 

  September 0.0290+0.0010 151.0000+8.6603 4.0000+2.5166 4.5097+0.5503 57.2000+6.1612 

  October *nd 129.6667+3.5119 8.0000+3.0000 5.4633+1.7005 63.1333+6.5516 

  November *nd 165.0000+3.0000 *nd *nd *nd 

Station Month Cd(µg/L) Cu(µg/L) Fe(µg/L) Pb(µg/L) Zn(µg/L) 

4 June *nd 163.0000+6.2450 *nd 0.3200+0.1848 26.6000+15.3575 

  July *nd 172.0000+2.6458 *nd 0.1950+0.1136 8.2500+6.1245 

  August 0.0370+0.0020 15.6667+2.8868 *nd 0.6653+0.5668 16.2333+2.8024 

  September 0.0283+0.0075 145.3333+18.0093 11.6667+2.0817 8.9080+6.4180 53.3333+5.5338 

  October *nd 144.6667+2.3094 6.0000+4.5826 4.3713+0.3492 67.6000+15.8981 

  November *nd 164.3333+5.6862 *nd 4.1450+4.0967 32.5500+22.9941 
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Table 2 Heavy metal concentrations (mg/kg, dry weight) in sediment collected at four 

sampling stations in the fish raising pond 

*nd = non-detected 

Station 

 

Month 

 

Cd 

(mg/kg, dw) 

Cu 

(mg/kg, dw) 

Fe 

(mg/kg, dw) 

Pb 

(mg/kg, dw) 

Zn 

(mg/kg, dw) 

1 June 0.0075+0.0031 *nd 20871.5333+3827.6239 0.0240+0.0010 64.8333+10.6969 

 July 0.0024+0.0005 *nd 20723.7333+1743.5761 0.0247+0.0006 60.3667+1.0214 

 August *nd *nd 18709.9000+2418.9171 0.0260+0.0000 56.6333+5.6536 

 September 0.0377+0.0242 18.6333+2.3965 24775.8333+1393.3990 0.0243+0.0006 46.6233+1.3052 

 October 0.0210+0.0021 18.8667+0.6658 22401.0000+316.2407 0.0250+0.0010 60.8867+0.9750 

 November 0.0156+0.0015 17.7000+0.6000 15254.3333+2859.9638 0.0200+0.0010 42.2400+4.8706 

Station 

 

Month 

 

Cd 

(mg/kg, dw) 

Cu 

(mg/kg, dw) 

Fe 

(mg/kg, dw) 

Pb 

(mg/kg, dw) 

Zn 

(mg/kg, dw) 

2 June 0.0046+0.0009 *nd 22564.8333+4896.5168 0.0227+0.0006 69.1000+15.7439 

 July 0.0026+0.0006 *nd 23333.9667+5419.2209 0.0250+0.0000 66.9333+11.5001 

 August *nd *nd 23322.9000+4071.1721 0.0227+0.0006 49.4000+0.8718 

 September 0.0356+0.0070 15.6667+0.9292 27888.7000+269.8754 0.0237+0.0006 46.4567+4.3065 

 October 0.0088+0.0073 18.1333+0.7095 23354.6500+1439.4555 0.0220+0.0000 55.3600+3.6556 

 November 0.0134+0.0012 17.8000+0.4583 13586.9333+1191.3657 0.0213+0.0012 46.5900+4.3993 

Station 

 

Month 

 

Cd 

(mg/kg, dw) 

Cu 

(mg/kg, dw) 

Fe 

(mg/kg, dw) 

Pb 

(mg/kg, dw) 

Zn 

(mg/kg, dw) 

3 June 0.0038+0.0017 *nd 22933.5000+3857.3035 0.0237+0.0006 57.8667+13.7573 

 July 0.0008+0.0005 *nd 24032.0667+3189.3459 0.0247+0.0006 49.3667+1.4640 

 August *nd *nd 24627.8667+1287.9584 0.02700+0.0000 55.0333+3.0501 

 September 0.0366+0.0015 15.1333+0.5686 22447.6667+2483.4153 0.0263+0.0006 38.3333+2.2262 

 October 0.0118+0.0018 17.8000+0.7810 21940.8667+905.7972 0.0237+0.0006 38.7867+4.5812 

 November 0.0069+0.0021 17.3333+0.3786 19502.4000+3372.5195 0.0237+0.0006 36.2233+3.6062 

Station 

 

Month 

 

Cd 

(mg/kg, dw) 

Cu 

(mg/kg, dw) 

Fe 

(mg/kg, dw) 

Pb 

(mg/kg, dw) 

Zn 

(mg/kg, dw) 

4 June 0.0023+0.0003 *nd 19286.0000+1544.9830 0.0233+0.0006 57.7333+11.5370 

 July *nd *nd 18849.5000+3269.9351 0.0253+0.0006 49.9667+0.8737 

 August *nd *nd 18046.0667+807.0279 0.0247+0.0006 51.2333+3.4675 

 September 0.0290+0.0011 14.3333+0.9504 26255.0667+657.5374 0.0250+0.0010 39.9133+3.5797 

 October 0.0107+0.0017 17.9333+0.2082 22346.9000+1040.5944 0.0247+0.0006 44.9967+2.5995 

 November 0.0127+0.0046 18.6000+1.2767 19363.8333+3565.1045 0.0240+0.0000 44.3833+1.6979 
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Table 3 Heavy metal concentrations (mg/kg, dry weight) in shoots of Cyperus pilosus 

Vahl. collected at  four sampling stations in the fish raising pond 

 
Station 

 

Month 

 

Cd 

(mg/kg, dw) 

Cu 

(mg/kg, dw) 

Fe 

(mg/kg, dw) 

Pb 

(mg/kg, dw) 

Zn 

(mg/kg, dw) 

1 June 0.0018+0.0003 4.5667+0.4041 111.0333+10.5078 0.1200+0.0424 12.5300+3.5260 

  July 0.0024+0.0003 2.5333+0.0577 129.5333+1.6166 0.1849+0.1302 14.7033+1.9570 

  August *nd 3.0333+0.4509 103.2667+11.8052 0.3823+0.0398 29.6267+0.3470 

  September *nd 2.6667+1.6503 5.3667+0.9074 0.5320+0.0560 13.7333+1.2029 

  October 0.1171+0.0026 14.3000+0.2000 0.1333+0.0577 0.1300+0.0451 *nd 

  November 0.1156+0.0058 14.3667+0.5508 42.8167+21.3765 0.1350+0.0288 9.5600+0.1332 

Station 

 

Month 

 

Cd 

(mg/kg, dw) 

Cu 

(mg/kg, dw) 

Fe 

(mg/kg, dw) 

Pb 

(mg/kg, dw) 

Zn 

(mg/kg, dw) 

2 June 0.0017+0.0002 1.3767+0.2811 14.8667+0.8505 *nd 13.4033+0.4400 

  July 0.0005+0.0002 2.6333+0.3512 87.2333+15.7297 0.3603+0.0648 25.0700+0.2307 

  August 0.0197+0.0008 2.2667+0.0577 80.4667+2.2121 0.4970+0.0598 8.1433+0.5095 

  September 0.1157+0.0010 7.9333+5.9433 5.7700+3.1660 0.4027+0.0401 12.1033+2.9850 

  October 0.1345+0.0030 13.6000+0.7000 21.8500+3.4588 0.5970+0.1357 18.2400+3.9814 

  November 0.1030+0.0042 15.0667+0.9018 7.5000+3.9038 0.0910+0.0131 8.2300+4.8306 

Station 

 

Month 

 

Cd 

(mg/kg, dw) 

Cu 

(mg/kg, dw) 

Fe 

(mg/kg, dw) 

Pb 

(mg/kg, dw) 

Zn 

(mg/kg, dw) 

3 June 0.0014+0.0002 1.6067+0.0321 11.4667+2.8729 0.2147+0.0050 9.4333+0.5093 

  July 0.0005+0.0002 6.5933+0.4200 63.1667+1.7898 0.1219+0.0281 9.3767+0.7516 

  August *nd 1.3000+0.1732 98.7333+2.1127 0.6327+0.0458 19.5067+0.3153 

  September 0.1289+0.0008 12.1000+0.8660 126.7333+2.6274 0.3893+0.0845 8.5667+0.1305 

  October 0.1103+0.0027 12.9667+0.3512 7.9333+2.2942 0.1893+0.0454 6.6867+0.4629 

  November 0.0156+0.0010 16.5000+0.3000 0.1000+0.0577 0.1537+0.0049 4.3467+2.7405 

Station 

 

Month 

 

Cd 

(mg/kg, dw) 

Cu 

(mg/kg, dw) 

Fe 

(mg/kg, dw) 

Pb 

(mg/kg, dw) 

Zn 

(mg/kg, dw) 

4 June 0.0046+0.0008 2.1667+0.2517 68.8000+1.6523 0.0663+0.0160 6.6000+0.4176 

  July 0.0038+0.0001 2.2667+0.4041 13.7667+1.2662 0.0681+0.0148 7.5900+0.2166 

  August 0.0044+0.0014 2.3067+0.4706 43.6667+5.2729 0.5030+0.0702 13.6500+0.7009 

  September *nd 14.1667+1.0116 20.0000+3.2909 0.1073+0.0862 5.1300+5.9685 

  October 0.1144+0.0027 14.2667+0.6028 0.6333+0.1528 0.2417+0.0850 8.5200+0.0265 

  November 0.0015+0.0009 14.7667+0.2309 0.2667+0.0577 0.1067+0.0254 5.0367+3.9321 

*nd = not detected 
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Table 4 Heavy metal concentrations (mg/kg, dry weight) in shoots of Ipomoea 

aquatica Forsk. collected at  four sampling stations in the fish raising pond 

*nd = not detected 

Station 

 

Month 

 

Cd 

(mg/kg, dw) 

Cu 

(mg/kg, dw) 

Fe 

(mg/kg, dw) 

Pb 

(mg/kg, dw) 

Zn 

(mg/kg, dw) 

1 June 0.0029+0.0004 0.9333+0.2082 82.7667+9.7940 *nd 22.7500+0.4636 

  July 0.0041+0.0004 11.8667+0.1528 130.3333+15.0134 0.4079+0.0415 21.1267+1.4700 

  August *nd 3.1333+0.3786 79.7333+9.3516 0.4650+0.0439 14.7700+0.9590 

  September 0.1061+0.0032 9.7333+1.0263 73.1667+4.4613 0.6100+0.0062 17.1500+2.8950 

  October 0.1172+0.0010 12.9333+0.7095 0.3667+0.0577 0.2943+0.0165 10.1400+0.0436 

  November 0.1035+0.0006 15.3667+0.6429 104.2667+20.7885 0.2557+0.0950 12.6200+1.9834 

Station 

 

Month 

 

Cd 

(mg/kg, dw) 

Cu 

(mg/kg, dw) 

Fe 

(mg/kg, dw) 

Pb 

(mg/kg, dw) 

Zn 

(mg/kg, dw) 

2 June 0.0039+0.0003 13.3333+0.8083 9.5667+0.7767 0.3510+0.0585 23.5233+0.4917 

  July 0.0045+0.0005 1.8667+0.0577 59.8333+6.9169 0.4002+0.0484 23.1500+3.4093 

  August 0.0117+0.0019 *nd 80.6000+6.9347 0.7733+0.0302 12.3733+0.4650 

  September 0.0990+0.0010 10.3000+0.5000 6.1000+1.6093 0.4023+0.0160 13.5467+2.6968 

  October 0.1194+0.0037 13.6667+0.4726 17.7500+3.4771 0.4473+0.0253 29.0933+0.8451 

  November 0.0126+0.0016 15.2333+0.2082 10.7667+3.4196 0.5670+0.0140 8.5367+1.7654 

Station 

 

Month 

 

Cd 

(mg/kg, dw) 

Cu 

(mg/kg, dw) 

Fe 

(mg/kg, dw) 

Pb 

(mg/kg, dw) 

Zn 

(mg/kg, dw) 

3 June 0.0008+0.0001 13.8000+1.1533 30.4333+0.9452 0.4817+0.0083 20.0400+0.6798 

  July 0.0082+0.0004 1.2000+0.4359 41.2333+6.6018 0.2818+0.0017 17.7133+7.1343 

  August *nd 2.3000+0.2646 248.9000+21.3382 0.6603+0.0172 18.1333+0.6258 

  September 0.0831+0.0019 13.2000+0.7937 2.9333+0.8386 0.1617+0.0309 9.9333+1.9371 

  October 0.1171+0.0021 13.6667+0.5508 0.7000+0.1732 0.1750+0.0030 2.1300+0.2717 

  November 0.0035+0.0013 14.6333+0.4163 0.5333+0.2082 0.1787+0.0290 9.2000+6.1600 

Station 

 

Month 

 

Cd 

(mg/kg, dw) 

Cu 

(mg/kg, dw) 

Fe 

(mg/kg, dw) 

Pb 

(mg/kg, dw) 

Zn 

(mg/kg, dw) 

4 June 0.0025+0.0016 14.0667+0.1155 25.5000+4.2884 0.5790+0.0480 26.5033+1.1705 

  July 0.0032+0.0004 8.3333+1.1547 38.2333+8.0314 0.2757+0.0706 12.9500+3.1773 

  August 0.0048+0.0006 *nd 42.5667+0.7767 0.4633+0.0029 14.6867+0.0351 

  September 0.1634+0.0010 14.1667+0.5774 74.1333+17.5249 0.2273+0.0025 13.2900+1.3464 

  October 0.1200+0.0008 14.8667+0.2082 0.2667+0.0577 0.4717+0.0093 8.0333+0.9018 

  November 0.0197+0.0023 15.1333+0.1528 26.4000+7.3185 0.1807+0.0458 14.7833+3.3769 
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Table 5 Heavy metal concentrations (mg/kg, dry weight) in shoots of Panicum repens 

Linn. collected at  four sampling stations in the fish raising pond 

*nd = not detected 

Station 

 

Month 

 

Cd 

(mg/kg, dw) 

Cu 

(mg/kg, dw) 

Fe 

(mg/kg, dw) 

Pb 

(mg/kg, dw) 

Zn 

(mg/kg, dw) 

1 June 0.0004+0.0003 0.4500+0.3606 22.9000+8.6504 0.0590+0.0355 2.1700+0.2406 

  July 0.0028+0.0009 11.1667+1.2342 108.0333+23.8823 0.3510+0.0346 12.7633+0.6611 

  August 0.0042+0.0004 1.0433+0.0153 62.1667+2.9023 0.3340+0.0104 13.9933+0.3523 

  September *nd 7.4000+0.4359 20.6333+4.6199 0.3997+0.0351 12.6200+0.5071 

  October 0.1137+0.0010 14.1533+0.1266 5.0000+1.6093 0.0500+0.0527 1.5100+0.3989 

  November 0.1081+0.0031 14.4333+0.1528 24.9000+2.1166 0.1473+0.0256 3.5900+3.0332 

Station 

 

Month 

 

Cd 

(mg/kg, dw) 

Cu 

(mg/kg, dw) 

Fe 

(mg/kg, dw) 

Pb 

(mg/kg, dw) 

Zn 

(mg/kg, dw) 

2 June 0.0018+0.0001 13.3333+0.4619 16.4000+0.3606 0.4813+0.0476 9.8500+0.4951 

  July 0.0045+0.0004 2.4333+0.8505 56.2333+10.3607 0.2726+0.1274 17.4200+0.2982 

  August 0.0045+0.0009 0.3000+0.2646 53.2000+1.8735 0.2900+0.0427 10.4700+0.9215 

  September 0.0972+0.0014 12.6333+0.0577 27.5667+10.1928 0.3293+0.0777 16.0867+0.0651 

  October 0.1210+0.0016 13.3667+0.5132 5.4650+1.3617 0.3737+0.0247 14.6200+0.0265 

  November 0.1126+0.0012 14.7667+0.4933 17.6667+4.6876 0.3257+0.0132 7.1567+0.0404 

Station 

 

Month 

 

Cd 

(mg/kg, dw) 

Cu 

(mg/kg, dw) 

Fe 

(mg/kg, dw) 

Pb 

(mg/kg, dw) 

Zn 

(mg/kg, dw) 

3 June 0.0018+0.0001 3.2333+0.2082 4.0000+0.7000 0.1297+0.0072 17.7633+0.6466 

  July 0.0042+0.0005 1.3000+0.6245 36.6333+2.0232 0.1265+0.0303 6.3633+1.4492 

  August 0.0051+0.0009 2.1000+0.5292 7.0333+2.1595 0.4237+0.0081 9.8133+0.2157 

  September 0.0934+0.0043 12.8000+0.6083 5.3000+1.3748 0.2690+0.0500 8.8200+5.4785 

  October 0.1124+0.0015 14.833+0.1528 0.2333+0.0557 0.1717+0.0183 3.7850+3.9122 

  November 0.0052+0.0009 14.9000+0.1732 16.7067+4.9814 0.2533+0.0447 4.6133+1.9493 

Station 

 

Month 

 

Cd 

(mg/kg, dw) 

Cu 

(mg/kg, dw) 

Fe 

(mg/kg, dw) 

Pb 

(mg/kg, dw) 

Zn 

(mg/kg, dw) 

4 June 0.0014+0.0001 12.6333+0.2517 21.0667+0.4509 0.4283+0.0071 13.9200+2.1148 

  July 0.0044+0.0002 1.5000+0.9644 38.5667+3.8280 0.2372+0.0201 9.4467+1.4551 

  August *nd 1.5333+0.1528 32.7000+2.8478 0.4893+0.0193 12.2967+0.7580 

  September 0.0475+0.0011 14.6667+0.6110 24.9000+3.3061 0.2262+0.1438 10.1900+0.0200 

  October 0.1209+0.0104 14.5667+0.3055 4.0000+2.2605 0.2277+0.0124 1.1600+0.1308 

  November 0.0040+0.0006 14.6000+0.2646 0.2333+0.0577 0.1413+0.0340 3.3200+1.9168 
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Table 6 Heavy metal concentrations (mg/kg, dry weight) in roots of Cyperus pilosus 

Vahl. collected at  four sampling stations in the fish raising pond 

*nd = not detected 

Station 

 

Month 

 

Cd 

(mg/kg, dw) 

Cu 

(mg/kg, dw) 

Fe 

(mg/kg, dw) 

Pb 

(mg/kg, dw) 

Zn 

(mg/kg, dw) 

1 June 0.0058+0.0008 5.5000+0.3606 2766.1333+11.5786 1.3903+0.1570 45.2667+7.3166 

  July 0.0055+0.0011 6.1000+0.1732 2797.3667+9.6257 3.2181+0.0047 63.5100+0.3274 

  August 0.0422+0.0030 5.4000+0.0000 6778.4333+22.4603 1.4543+0.1411 46.1867+0.7073 

  September 0.0830+0.0019 6.9333+0.8327 1858.3333+6.0252 1.7173+0.0665 20.2533+4.9079 

  October 0.1384+0.0015 14.5667+0.8083 1187.9000+91.7321 0.9540+0.0541 12.3367+2.3326 

  November 0.1645+0.0024 14.9333+0.6429 3260.8667+137.6224 1.4587+0.0274 23.1650+3.4578 

Station 

 

Month 

 

Cd 

(mg/kg, dw) 

Cu 

(mg/kg, dw) 

Fe 

(mg/kg, dw) 

Pb 

(mg/kg, dw) 

Zn 

(mg/kg, dw) 

2 June 0.0076+0.0005 5.0667+0.0577 2604.1333+51.8958 0.7930+0.0487 52.6267+0.4771 

  July 0.0339+0.0006 14.8667+1.2858 2929.6000+83.6662 7.1703+0.7379 79.9700+7.6958 

  August 0.0743+0.0019 1.9333+1.5308 6127.1667+83.9318 3.1947+0.0766 75.5167+0.6127 

  September 0.1285+0.0037 10.3000+0.5000 1815.5667+22.9927 1.8390+0.0276 18.5667+3.1806 

  October 0.1360+0.0024 13.8000+0.6245 1248.4500+40.3294 1.1507+0.2350 31.4467+3.9244 

  November 0.1308+0.0007 15.9667+0.7506 3144.6000+132.2884 3.8400+0.0010 38.0967+8.8858 

Station 

 

Month 

 

Cd 

(mg/kg, dw) 

Cu 

(mg/kg, dw) 

Fe 

(mg/kg, dw) 

Pb 

(mg/kg, dw) 

Zn 

(mg/kg, dw) 

3 June 0.0034+0.0004 5.8333+0.1155 1314.4667+84.9144 1.3290+0.0139 12.1933+0.7135 

  July 0.0122+0.0001 7.6667+2.0033 3717.1000+101.3127 3.6472+1.4854 39.5167+10.8024 

  August 0.0776+0.0053 3.7333+0.1528 9753.7667+111.5120 5.6547+0.1955 29.4300+0.6264 

  September 0.1379+0.0037 13.3000+0.5568 4455.5000+65.4037 4.8570+0.3863 19.5500+6.1329 

  October 0.1483+0.0054 13.9000+0.3000 1983.4667+39.7367 1.3817+0.1094 18.3400+2.9008 

  November 0.0179+0.0023 15.7667+0.2082 1817.6667+2.5929 2.3140+0.0764 14.1067+0.7679 

Station 

 

Month 

 

Cd 

(mg/kg, dw) 

Cu 

(mg/kg, dw) 

Fe 

(mg/kg, dw) 

Pb 

(mg/kg, dw) 

Zn 

(mg/kg, dw) 

4 June 0.0061+0.0005 3.9667+0.1528 2810.0667+11.2900 0.7800+0.0193 23.0600+0.4431 

  July 0.0054+0.0004 11.4000+0.5292 2981.6667+31.1529 0.9999+0.2082 42.8400+4.7489 

  August 0.0643+0.0042 4.7667+0.1155 5843.4667+107.3402 2.6790+0.0550 40.2500+0.0889 

  September 0.1926+0.0063 15.1000+0.3606 4646.2000+147.4464 5.9593+0.7211 75.5267+5.5243 

  October 0.1229+0.0008 14.8000+0.6083 694.7000+90.0722 0.6740+0.0130 14.2400+4.4612 

  November 0.0147+0.0032 15.6667+0.6351 1919.3000+19.5824 0.5427+0.0136 20.5833+4.9846 
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Table 7 Heavy metal concentrations (mg/kg, dry weight) in roots of Ipomoea aquatica 

Forsk. collected at  four sampling stations in the fish raising pond 

 
Station 

 

Month 

 

Cd 

(mg/kg, dw) 

Cu 

(mg/kg, dw) 

Fe 

(mg/kg, dw) 

Pb 

(mg/kg, dw) 

Zn 

(mg/kg, dw) 

1 June 0.0037+0.0004 6.9333+3.2332 655.9667+11.1635 0.2573+0.0890 30.5333+0.5508 

  July 0.0054+0.0003 3.0000+1.1136 714.4667+27.4148 1.3075+0.2413 46.9800+0.3158 

  August 0.0019+0.0004 8.3000+0.0000 1401.0000+236.4634 2.9553+0.0730 76.6233+1.1042 

  September 0.1336+0.0013 8.6333+0.2517 893.5667+72.2548 0.7273+0.0193 36.3367+15.5054 

  October 0.1765+0.0025 13.5667+0.5033 319.8000+50.8505 0.5230+0.0108 22.5433+6.4723 

  November 0.1194+0.0038 15.6333+0.2082 1598.4333+81.2302 0.5603+0.0086 33.7300+8.5353 

Station 

 

Month 

 

Cd 

(mg/kg, dw) 

Cu 

(mg/kg, dw) 

Fe 

(mg/kg, dw) 

Pb 

(mg/kg, dw) 

Zn 

(mg/kg, dw) 

2 June 0.0035+0.0000 2.0000+0.2000 272.4333+38.6091 0.6320+0.1597 34.7267+3.9289 

  July 0.0051+0.0002 4.7000+0.3000 46.7000+8.1019 1.2200+0.0338 37.4400+0.1000 

  August 0.0061+0.0002 6.6333+0.0577 578.3667+26.4976 1.5997+0.0915 35.5667+2.3334 

  September 0.1102+0.0020 12.7000+0.8888 250.6333+17.9269 0.6053+0.0605 16.9367+5.4412 

  October 0.1508+0.0054 13.9667+0.1528 351.6000+20.5680 0.4720+0.0786 35.3400+3.3300 

  November 0.0239+0.0042 15.8333+0.2309 427.6667+63.5233 0.5267+0.0025 19.5767+2.8331 

Station 

 

Month 

 

Cd 

(mg/kg, dw) 

Cu 

(mg/kg, dw) 

Fe 

(mg/kg, dw) 

Pb 

(mg/kg, dw) 

Zn 

(mg/kg, dw) 

3 June 0.0180+0.0251 14.9333+1.1719 291.4000+29.3082 0.6773+0.0475 37.6533+4.8134 

  July 0.0060+0.0009 1.5333+0.1155 216.0667+6.5775 0.3910+0.0887 17.0367+3.7107 

  August 0.0082+0.0001 3.8667+0.0577 840.4333+31.8906 0.7673+0.1373 26.7133+0.5338 

  September 0.1479+0.0023 13.4667+0.1528 529.6333+61.7441 1.0757+0.0267 19.5100+3.4802 

  October 0.1381+0.0013 14.0333+0.2887 168.5667+22.3487 0.5353+0.0206 13.4567+0.4110 

  November 0.0342+0.0010 15.7333+0.4163 380.7000+21.5444 1.4943+0.0505 27.5067+1.7998 

Station 

 

Month 

 

Cd 

(mg/kg, dw) 

Cu 

(mg/kg, dw) 

Fe 

(mg/kg, dw) 

Pb 

(mg/kg, dw) 

Zn 

(mg/kg, dw) 

4 June 0.0044+0.0003 14.9667+0.2082 291.4000+29.3082 1.0450+0.0659 30.0600+0.0458 

  July 0.0066+0.0040 3.5667+0.7572 566.3667+18.9043 1.8181+0.6264 32.4400+5.0465 

  August 0.0103+0.0005 3.6000+0.1000 220.2000+18.0533 0.6250+0.0324 57.2067+1.2501 

  September 0.1044+0.0073 14.3667+0.8622 1790.0667+84.1271 0.8350+0.0364 41.8767+6.7959 

  October 0.1318+0.0016 14.6000+0.7810 454.2000+48.2793 0.9867+0.0065 22.7067+2.3402 

  November 0.0653+0.0485 16.6333+0.1528 124.4000+22.6325 4.6347+0.5553 23.7833+15.0113 

*nd = not detected 
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Table 8 Heavy metal concentrations (mg/kg, dry weight) in roots of Panicum repens 

Linn. collected at  four sampling stations in the fish raising pond 

*nd = not detected 

Station 

 

Month 

 

Cd 

(mg/kg, dw) 

Cu 

(mg/kg, dw) 

Fe 

(mg/kg, dw) 

Pb 

(mg/kg, dw) 

Zn 

(mg/kg, dw) 

1 June 0.0016+0.0002 15.1667+0.5686 900.0667+43.9756 0.1327+0.0446 14.0667+5.4847 

  July 0.0023+0.0006 13.9000+0.3606 752.1000+21.8488 0.9291+0.5088 28.0500+0.1600 

  August 0.0307+0.0016 5.5333+0.0577 1995.1000+19.3781 1.1223+0.0906 45.4700+0.0608 

  September 0.0734+0.0012 7.3667+0.5132 507.3000+54.4897 1.1880+0.0180 24.2800+5.3027 

  October 0.1353+0.0014 14.2667+0.4726 570.6667+41.4686 0.3300+0.1017 19.4467+4.1466 

  November 0.1627+0.0026 16.0667+0.2517 1139.1667+139.5509 2.5853+0.4125 19.3350+5.0858 

Station 

 

Month 

 

Cd 

(mg/kg, dw) 

Cu 

(mg/kg, dw) 

Fe 

(mg/kg, dw) 

Pb 

(mg/kg, dw) 

Zn 

(mg/kg, dw) 

2 June 0.0037+0.0001 13.4000+0.6083 356.0333+11.2095 0.6400+0.0324 41.3100+0.5730 

  July 0.0038+0.0001 13.5000+1.0000 266.2000+22.4829 1.0255+0.0754 54.1800+0.4943 

  August 0.1051+0.0065 4.9367+0.3262 1155.2333+90.3202 1.8113+0.0419 51.1367+1.5478 

  September 0.1560+0.0049 12.6667+0.5859 513.0333+25.8446 2.0420+0.0506 49.2200+4.7683 

  October 0.1233+0.0044 13.6667+0.1155 154.4500+15.7862 1.6493+0.1920 28.1167+0.0950 

  November 0.0147+0.0045 15.4333+0.5859 416.7667+43.4868 0.8170+0.0554 11.0100+2.0564 

Station 

 

Month 

 

Cd 

(mg/kg, dw) 

Cu 

(mg/kg, dw) 

Fe 

(mg/kg, dw) 

Pb 

(mg/kg, dw) 

Zn 

(mg/kg, dw) 

3 June 0.0046+0.0003 5.2667+0.2309 480.9333+20.7943 0.7020+0.1685 39.4067+0.6906 

  July 0.0028+0.0001 3.7333+0.3055 519.1333+7.2700 1.8429+0.2718 33.9433+0.8752 

  August 0.0718+0.0009 3.6667+0.1528 806.6000+8.1908 0.7577+0.0318 30.3100+0.9544 

  September 0.1197+0.0017 13.6667+0.1528 1116.4000+71.4826 1.4247+0.0208 20.1000+6.4660 

  October 0.1284+0.0008 13.6333+0.6028 288.7000+18.2978 0.4950+0.0987 10.3367+1.5282 

  November 0.0209+0.0027 16.2667+0.1155 283.3000+24.4502 0.7143+0.0626 17.9067+3.2781 

Station 

 

Month 

 

Cd 

(mg/kg, dw) 

Cu 

(mg/kg, dw) 

Fe 

(mg/kg, dw) 

Pb 

(mg/kg, dw) 

Zn 

(mg/kg, dw) 

4 June 0.0068+0.0002 18.5333+0.2517 1340.0000+151.3194 1.3990+0.0393 51.3533+2.9730 

  July 0.0066+0.0003 3.7667+0.1528 555.0333+3.0567 1.5367+0.1382 28.4267+1.2632 

  August 0.0326+0.0028 3.3333+0.2309 183.1000+8.2722 0.8020+0.0336 25.2067+0.5308 

  September 0.0695+0.0047 14.1667+0.4163 869.4333+24.8424 0.6477+0.0508 13.0267+3.6506 

  October 0.1328+0.0005 14.6667+0.3055 149.7000+34.3114 0.3353+0.0346 11.2300+0.1473 

  November 0.0323+0.0042 16.3667+0.1528 308.3000+19.7689 1.3963+0.0315 22.0700+4.5146 
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Table 9 The physico-chemical parameters of water in fish raising pond 

 

Parameters Concentration (mg/L) 

Iron (Fe2+)* 0.12  

Zinc (Zn2+)* 0.01 

Copper (Cu)* 0.004 

Lead (Pb)** 9.1 

Nitrate (NO3
-)* 0.15 

Phosphate (PO4
-)* 0.008 

pH* 6.5-9.5 

Hardness** 20 

DO* >3 

BOD* <10 

TDS** <1000 

Source: * Tuntuvet, 1993, ** Na Chiangmai, 1990. 
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