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ABSTRACT

Due to the increasing demand of Snakeskin Gourami fish, one of the very
popular freshwater fish consumed by Thai people, Snakeskin Gourami fish raising in
Samut Songkhram Province has been expanding rapidly in recent years. In the fish
raising system, heavy metals flow into the system from various sources and arg
accumulated in the system components, especially in Snakeskin Gourami fish, which
is of the highest concern, as human food. In order to understand and figure out the
amount of heavy metal flow, the concept of Materia Flow Analysis (MFA) was
applied in a study of lead (Pb) in the Snakeskin Gourami fish raising pond in Phraek
Nam Daeng Sub-district, Amphawa District, Samut Songkhram Province, Thailand
The raising period of one cycle is about eight months from May to December.

The study found that the sources of lead, in deceasing order, were from grain
feed, sediment of the Phi Lok canal, dry pig manure, water of the Phi Lok canal and
liquid fertilizer, at 0.7682 kg/cycle, 0.0985 kg/cycle, 0.0774 kg/cycle, 0.0618 kg/cyclg
and 0.0031 kg/cycle, respectively. The total lead input was 1.0090 kg/cycle. Sources
of lead outputs, in decreasing order, were from other living organisms, i.e., cat fish
other fish and various mollusks, pond water, pond sediment and Snakeskin Gourami
fish yield, at 0.2398 kg/cycle, 0.1513 kg/cycle, 0.0048 kg/cycle and 0.0033 kg/cycle
respectively. The total lead output was 0.3992 kg/cycle. Therefore lead accumulated in
the system was 0.6201 kg/cycle. The results suggest that although the level of lead
accumulation in fish is under the limit of CODEX and is safe for human consumption
the high amount of lead can cause problems to ecosystems from discharges of the
raising pond water and sediment. As grain feed is the major source of lead input, it ig
important to inform the farmers and al concerned parties in order to solve the
problem. Also afurther study on other living organisms is needed as they accumulated
the highest lead amount. These organisms are harvested and used as human food.
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CHAPTER|
INTRODUCTION

1.1 Statement of the Problems

Development of the industry and agriculture without a proper management of
the environment is proving to be disastrous because all kinds of wastes from various
factories and agriculture polluted ecosystems. Many industrial processes result in the
release of heavy metals in the natural water systems. This has led to an increasing
concern about the effect of toxic metals as environmental contaminations. Lead (Pb) is
one of the major hazardous components discharged from industries. It is used as raw
materials for storage battery manufacturing, printing, pigments, fuels, photographic
materials and explosive manufacturing (Jalali et a., 2002). It cannot be degraded or
destroyed easily. It is accumulated in water, soil, sediment and is taken up and
subsequently accumulated by organisms through food web and food chain. Human
beings are normally at the top of food chain and accumulate Pb viafood and water.

Aquaculture has been tremendously developed in recent years to serve two
major purposes. food security and income generation. To satisfy the demands for
aquatic animal products, aguaculture has been undergoing diversification of cultured
gpecies and intensification of production systems. As a consequence, aguaculture
development requires a larger share of natural resources and creates greater
environmental impacts. As aquaculture production intensifies, the feed inputs increase
as well as waste materials including organic matters, nutrients, and suspended solids in
ponds increase. These materials cause impacts on receiving waters from oxygen
depletion, eutrophication, and turbidity (Jimenez-Montealeagre et al., 2002; Kwe and
Yi, 2003). Therefore, the expanding fish culture has raised issues concerning resource
use conflicts and water quality problem. A magor concern is pollution from heavy
metals discharged into the environment from feed wastage and fish excretion because

of their toxicity, long resistance, bioaccumulation, and biomagnification in food chains
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(Galope-bacaltos et a., 1999). The situation calls for increased assessment and
monitoring of the environmental impacts of aquaculture. FAO/WHO (1993) had
elaborated an agreed code of conduct for responsible fisheries, which include
provisions for both aquaculture and inland fishery management.

In the fish raising pond system, fish are of particular interest because they are
commercia importance for farmers and they tend to bioconcentrate or bioaccumulate
heavy metas and organic chemicals from feed, water and sediment. The fish
bioaccumulation is very important as means by which heavy metas a low
concentration in feed, water and sediment become concentrated by higher orders of
magnitude, therefore this causes potentia hazards to the fish and to other organisms
consuming the fish (Mackay, 1991). The sources of Pb inputs into the fish raising
pond system are from various feed types, fertilizers and canal water. At present the
intensive system of fish culture needs grain feed and fresh feed (fermented aquatic
plants) and fertilizers (liquid fertilizer and animal manure) for aguatic plant growth.

In Thailand, Snakeskin Gourami (Trichogaster pectoralis Regan) fish raising
pond had increased markedly over the last 20 years. To satisfy the demand for
Snakeskin Gourami fish, the fish production has changed to the intensive culture
system by adding grain feeds for fish and animal manures for aquatic plant growth.
Moreover, Snakeskin Gourami fish culture is one of the activities that use canal water
receiving discharged water from activities in the vicinity such as industry, paddy field
and pig farm (Saeuy, 2007). The studies of Sirichotiwong (2006) and
Chalermsupanimit (2006) in the Snakeskin Gourami fish raising pond in the Phi Lok
Cana (apart of the Mae Klong River) found Pb contents in water, sediments, aquatic
plants and fish, i.e., Snakeskin Gourami fish (Pla Salid), one of important sources of
protein in the regular diet of many Thai people.

The Mae Klong River, one of the four magjor rivers of Thailand, runs into the
Gulf of Thailand at Samut Songkhram Province. The canal system in Samut
Songkhram Province receives wastewaters from upstream of the Mae Klong River.
Major activities of the upstream are agriculture and various types of industries in
Kanchanaburi and Ratchaburi Provinces. Moreover, Samut Songkhram Province is an
agriculture-based province with shrimp farms, fish farms, paddy fields and orchards.
The Mae Klong River and its canal systems are sources of raw water used for all
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agricultural activities in the area. Fish farms are increasingly importance in the fresh
water area. At present, paddy field is being changed into fish farms due to higher
benefits and lower production costs (Sirichotiwong, 2006).

The study area of the Phi Lok Canal, Phraek Nam Daeng Sub-district,
Amphawa District, Samut Songkhram Province is one part of the cana systemsin the
Mae Klong River. The land use activities along the canals consist of fish farms, paddy
fields and factories in the freshwater part while shrimp farms are major activity in the
satwater part. The cana has a water gate that separates between the freshwater part
and the saltwater part. Unfortunately the water gate created the stagnant condition in
the canal. Toxic substances including heavy metals suspending on the water canal tend
to settle down to the canal bottom. The fish raising pond of the present study is located
not far from the water gate and next to the scrap plant and the Rama 2 highway. In the
scrap plant various kinds of old and used materials including iron, batteries and
plastics were stored.

The distribution and magnitude of Pb in the fish raising pond system was
estimated by Mass Flow Analysis (MFA) (Brunner and Rechberger, 2003), based on
inputs and outputs of mass and Pb flows in feeds, organisms (aquatic plants and
Snakeskin Gourami), water, bottom mud (sediments). The MFA model has been
applied in many studies on the flow of wastes and environmental loadings and it is
expected to be used as an efficiency tool for pollution control and management.
Therefore the present study is not only to generate more understanding on fish raising

pond system but also to test the concept of MFA.

1.2  Goal and Objectives of the Study

The goal of the present study is to predict Pb flow in the Snakeskin Gourami
fish raising pond system by using Mass Flow Analysis (MFA).

The objectives of the study are as follows.

1.2.1 Toidentify the inputs and outputs of Pb in the Snakeskin Gourami fish
raising pond system,

1.2.2 To study the process of accumulation of Pb in the Snakeskin Gourami
fish raising pond system,
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1.2.3 To apply the Mass Flow Anaysis (MFA) to predict Pb contents in
water, sediment, Snakeskin Gourami fish and aquatic plants in the Snakeskin Gourami
fish raising pond system.

1.3  Scope of the Study

1.3.1 The study area is the Snakeskin Gourami (Trichogaster pectoralis
Regan) fish raising pond that is located at the Phi Lok Canal, Phraek Nam Daeng Sub-
district, Amphawa District, Samut Songkhram Province. The fish pond is about 1 km
from the water gate (distance along the canal) and close to the scrap plant and the
Rama 2 highway. The area of the fish pond isaround 9 rais.

1.3.2 The period of data collection is six months from June to November
2004 covering the rainy season and the beginning of the cold season.

1.3.3 Model assumption

In the present study, the fish raising pond system is assumed to be a batch
culture with defined inputs of Pb from variation of occasions and only one discharge
from the fish raising pond system. Some source of inputs, i.e. rain water, was omitted
owing that Pb is very rare. Also seepage as a source of Pb output was not in

consideration owing to its low mobility and strong association to soil surface.

1.4  Operational Definitions

1.4.1 Accumulation: The amount of Pb in fish feeds, water, sediments,
aquatic plants, other living organisms and Snakeskin Gourami in the fish raising pond.

1.4.2 Fish: Snakeskin Gourami fish.

1.4.3 Manure: Dry pig manure.

144 Aquatic plants: The plants grow in the fish raising pond. They are
Cyperus pilosus Vahl., Ipomoea aquatica Forsk. and Panicum repens Linn.

1.45 Sediment: The bulk of materials on the bottom of the fish raising pond.

1.4.6 Other living organisms refer to both flora and fauna except Snakeskin
Gourami fish living in the fish raising pond. Examples of these organisms are
phytoplankton, zooplankton, aquatic insects, golden apple snail, snakehead fish and
climbing fish.
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15 Conceptual Framework
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Figure 1-1 Conceptual Framework

16  Expected Outcome

To obtain the processes of Pb flow of the Snakeskin Gourami fish raising pond
system which can be used for managing the inputs used in the system and the outputs
discharged from the system.
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CHAPTERIII
LITERATURE REVIEW

2.1 Biology of Snakeskin Gourami (Trichogaster pectoralis Regan)
2.1.1 Classification
Pla Salid: common name isSnakeskin Gourami scientific name is
Trichogaster pectoralis Regan
Boonsom (1982) referred to Regan’s description of the fish in 1910 and had
placed this fish under Family Anabantidae and the systematic arrangement is shown as
the followings:
Phylum Vertebrata
Subphylum Craniata
Series Gnathostomata
Class Teleostomi
Order Labyorinthici
Suborder Ananbantoidae
Family Anabantidae
Genus Trichogaster Bloch.
Species Trichogaster pector&sgan
The common name of the fish in Thailand and Laos is Pla Salid; in Malaysia,
Singapore and Indonesia is Sepat Siam; in Vietnam is Ca Sot Ran and the English

name is Gourami, Snakeskin Gourami, Damsel fish or Bubble nest builder.
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Figure 2-1 Trichogaster pectoralis Regan (Snakeskin Gourami)
Sour ce: http:// www.chanathip.exteen.com

2.1.2 General Morphology

Trichogaster pectoralisRegan is the biggest size fish among the local
Trichogaster group. The recorded size is 24 cm in total length and 200 gm in weight.
The general average adult size of 6-8 months old is 16-21 cm in length and 95-120
gm in weight (Boonsom, 1982). It is a tuft fish. Since it belongs to the suborder
Anabantid which contains suprabrachial organ that helps the fish breathe directly from
air. The fish can survive the condition with dissolved oxygen of zero mg/L. Moreover,
the young fry can also stand the low pH level of 4.5, better than other fish fry (Sitasit,
1969).

Morphology of T. pectoralisas described by Boonsom (1982) is as follows;
body: compressed, oblong; depth of body of 2.5-3.0 cm; length of 2.4-2.5 cm or up to
3.1 cm; mouth: small, terminal and directed obliquely upward, lip thick, continuous.
For dorsal fin, in male the tip is pointed and extended beyond the caudal base; while in
female the tip is rounded and not reaching the caudal base. Pectoral fin is large, longer
than head and the first soft ventral fin ray prolongs into a long filament reaching to the
posterior end of anal fin. Caudal fin slightly emarginates. Lateral line contains 27—42
scales or up to 52 scales in specimen from Laos. The male has longer and more

pointed dorsal fin than the female.
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2.1.3 Reproduction

T. pectoralisis a heterosexual fish. The differentiation between both genders is
explicit. This was described by Indrabaya in 1930 (Smith, 1945) which is the most
important issue of practical value in fish culture.

The fish is nearly a whole year round breeder. The spawning season starts from
February to November which peaks between May to August. On an average, the fish
will spawn twice a year and the total eggs are 13,000-62,000 annually (Tongsanga,
1965 cited by Boonsom, 1982). The study of embryology found that the fish laid
30,000 eggs and the larvae started to feed within 6—7 days after they hatched out
(Potongkaun, 1968 cited by Boonsom, 1982). Boonsom (1982) carried out the study
by counting 20 female fish at size of 17-21 cm in total length, and found that the
average fish contained about 40,000 eggs. The breeder contained 7,000 to 8,000 eggs
but a nest seldom yielded more than 4,000 larvae. However at the latter part of the
breeding season, the small size nest diameter about 14 cm contained only 1,700 larvae.
Male fish will prepare the bubble nest in between the grass blades. Nest size is
different according to the size of the fish and the thickness of the grass. The range of
the nest size is from 10-20 cm in diameter. Potongkaun (1968 cited by Boonsom
1982) reported that the nest diameter is about 10-15 cm and exposed above the water
level at about 2 cm. Some studies reported that the nest diameter is about 5 cm (Hora
and Pillay, 1962 cited by Boonsom, 1982). The male collected the fertilized eggs and
deposits the eggs attached to the bubble nest. Eggs hatched within a day and started to
feed within 6 days (Potongkam, 1968 cited by Boonsom, 1982). The early feed of the
fry is zooplankton especially rotifer and after its size is about 1.3 cm the fish turns to
feed on epiphyte (Boonsom, 1982). Some reports stated that the embryo hatched out in
36—48 hours after fertilization. Tha situ experiment studied by Boonsom showed
that larvae can be found under the nest in a day after the eggs were first seen in morula
stage and started to feed on the fifth day after hatching. Egg size was about 1.2 mm in

diameter, yellowish in color and contained oil globules (Boonsom, 1982).
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2.1.4 Feeding Habit

When yolk sac had been absorbed, the fish fed on zooplankton especially
Brachionus sp, while Cladocera, nauplii and protozoa played a secondary role and
when they reached 1.5 cm in length the fish turned to feed on detritus and algae
(Boonsom, 1982). Most reports on feeding habit of the fish suggested that the adult
fish fed on epiphyte and the larvae fed on phytoplankton and zooplankton such as
bacillariophyceae, cyanophyceae, and flagellate, ciliate, rotifer, cladocerans, copepods
and detritus (Chinabut, 1973 cited by Boonsom, 1982).

2.1.5 Distribution

T. pectoralisis widely distributed and common in swamps, canals, lakes and
paddy fields or in any shallow water and sluggish current of the central plain of
Thailand. It is indigenous species and its distribution extends to Cambodia and
Vietnam.T. pectoralisis indigenous species to the central plain of Thailand, extending
from the Chao Phaya River Basin to Cambodia and Vietnam, Laos. The fish is
naturally absent from Southern peninsula, Northern or Western Thailand (Smith,
1945). T. pectoralisoccurs in Indochina Peninsula and is adwidely distributed to
Singapore, Malaysia and Java. There was evidence that the fish had been introduced to
Singapore in late nineteen century and to Krien District, Perak (Malaysia) in the early
twentieth century (1913), where the fish is called Sepat Siam. The fish is well
established in Krien District. Smith (1945) recorded about this fish in his book that the
fish introduced to Malaysia from Thailand is now widely distributed, abundant and an

important food commodity.

2.2 Aquaculture System

2.2.1 History of Trichogaster pectoralis Regan Culture

Trichogaster pectoralisRegan (Snakeskin Gourami) is often cultured
successfully in paddy fields in South East Asia (Vromant et al., 200Thailand, the
Department of Fisheries had tried to promote Pla Salid culture since 1939 and after
that time the seeds and brooders had been sent all over the country (Boonsom, 1982).
In the past the most tasted dry Pla Salid came from a specific area of Don Kam Yan,

Suphanburi Province. But since 1943, pectoralishad vanished from that area and

the fame had transferred to the areas of Bang Pli and BarabBot 30 km Southeast
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of Bangkok) Samut Prakan Province. These areas formerly were estuarine swamp. The
Thai government reclaimed the land for rice cultivation in 1931 by building the
earthen dike along the sea shore. The dike became the Sukumvit road until the present
day. In 1957, the Department of Fisheries started rice cum fish project in several well
irrigated areas in the central plain and these areas were parts of the proje@t sites.
pectoralis along with the other fish species in the project was found to be most
suitable for Samut Prakan Province and yielded higher income than rice production.
Paddy field was no longer interesting. The farmer had converted the paddy fleld to
pectoralisculture since 1962T. pectoralisfish field culture had increased markedly
over the last 20 years. The annual production reached over 20,000 tons which was
about 40-50 percent of the total freshwater fish farming production. Until recently,
due to the encroachment of industry and other economic activities including the
housing area, the production has declined from previous record to about 13,000 tons
which was only 20 percent of the total freshwater fish farming production (Department
of Fisheries, 1985).

Boonsom(1982) described two aquaculture systems in Thailand as the old

traditional and developed systems.

2.2.2 Old Traditional System

The Department of Fisheries had introduced the rice cum fish culture to
farmers in many well irrigated areas since 1962 in order to use fish excreta as
fertilizers for the paddy field to increase rice production and at the same time to
harvest some fish as by products. The instruction to farmers was to build a peripheral
ditch with a high bunk surrounding their paddy field. Rice was planted on the center
platform area while fish can more throughout the field and in the ditches. The result
was not all satisfactory. Some areas have problems with insecticides and herbicides
which kill all the fish or with the salty soil and low pH, such as Samut Prakan
Province, which was an irrigated area and a reclaimed land. Although the rice
production was very low but the fish productions such.ggectoralis, Ophiocephalus
striatuswere very high in spite of the less labour inputs. Therefore, the farmers in the
areas deserted rice plantation and cultured fish in their fields. The center platform area
was left for the native weeds to grow. Thus, the beginnings of fish field culture had
been established particularly in the Samut Prakan Province and some parts of the
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adjacent province of Chachengsao. It is the only place in Thailand that has developed
and succeeded in fish field culture. The size of these fish fields ranged from 3-20 ha
(Boonsom, 1982). The farmers stocked their field with the spawner that was retained
from their previous harvest. They did not select the sex nor the physical health of the
fish but rather, they stocked by weight. The rate of stocking varied from 40-220 kg/ha
(Boonsom 1982). Before stocking, the fish had to be kept very crowded in a small
pond without any additional feed or fertilizers. This practice is to get lean fish which
they believe are very good brood fish. Normally, the culture season starts in early
February. The brood fish is released in the peripheral ditch for a while before raising
water level to flood the center platform area about 35-50 cm high. A few days later
the fish spawn and nurse their fry, and the fry grow out to adult size in the field.
During the preparation period of raising pond, if the farmer finds out that the water
condition in the field is not good due to the low pH level which can be distinguished
by the water color, they drain out all the water and flush the field with fresh water. For
some years the farmers had to wash the soil two times before they are satisfied with
the soil condition.

The only fertilizer used in the fish field culture is the green manure. The
farmers cut the weeds two times per week and pile or scatter on the field to ferment.
During the rearing period, the farmers had only to keep the water level well above the
platform area and maintain the good water condition. If the water turned black or has a
strong smell due to weed fermentation, the water must be drained out and fresh water
is pumped in. Harvesting is done during the dry season which starts from November to
January. Therefore, the rearing period is about 8—10 months and may even be longer
depending on the size and the prevailing market price of the fish. The optimum
marketable size of the fish is 100 gm in weight. The yield of this type of culture ranges
from 450-1700 kg/ha which vary from farmer to farmer and year to year (Boonsom,
1982).
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2.2.3 Developed System

The simple traditional system and the uncertain yield show that the farmer
knowledge of modern fisheries is poor. Moreover, most of them believe in
superstitious practices. Variable yields are explained by way of the unseen power such
that good or bad behavior of farmers may influence their farm yields.

Farmers always overstock their field to guarantee the production. They are not
aware of the carrying capacity of the field, as a result of overstocking; small fish
predominate and command a low market price per kilogram. In spite of the heavy
stocking, fry production by farmers is only 6-23 fry/pair of brood fish (Boonsom,
1984). This is quite low when compared to the fecundity of the fish. The high
mortality of the fry is due to many factors such as low water quality, inadequate feed
at the early stages of life and predation. The poor water quality is mainly due to pH
level and salinity at the early culture season. The long exposure of the field to the sun
during the dry season creates the pH problem. Bigger size fields which need more
water create water shortage in the area hence salinity and pH problems follow.

The technique of washing and cleaning land with water to improve pH level of
the water, consumed a tremendous amount of water. For example, 20 ha field will
need about 60,000%of water to cover 30 cm above the platform which means that it
needs the whole column of 5 m wide, | m deep and 12,000 m long of a supply canal. It
is impossible to supply such amount of water to the farmer with 16,000 ha fish field
during the dry season. Thus, size of the field is causing problems and needs to be
changed especially during the dry season when breeding and nursing periods take
place. Feed of the fry is also very important. The fry need more feed than adults per
unit body weight. As mentioned above, the only source of fertilizer is the fermented
grass. The green manure needs 7—-10 days before it can release sufficient nutrients to
be an effective fertilizer. This is insufficient for the amount of larvae produced by
125-250 kg/ha of brood fish. Animal manure is more effective fertilizer than the green
manure. In rotifer culture, using dry chicken manure at 0.7 gm/L, the number of rotifer
increased to 1,515 x ithdividual/L on Day 5 and to 3,795 x Jliddividual/L on Day
7 (Montien-art, 1985 cited by Boonsom, 1982). A study of the stomach content had
revealed tha@. pectoralisfry took rotifera as their main feed items during the early

stages (Boonsom, 1984). The experiment also showed that the fry fé&tbioa
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macrocopa grew faster than that fed with rice bran (Bumnengsuk, 1970 cited by
Boonsom, 1982). A report on fish nutrition stated that the most suitable feed for fish
fry is rotifer (Horvath, 1978 cited by Boonsom, 1982). Therefore, fertilizer should be
applied to increase survival rate of the fry per pair of brood fish. Predation from the
wild carnivorous fish is the most serious problem. A preliminary experiment showed
that a 6-10 cm size of snakehead fingerling consumed about 6 individudls of
pectoralisfingerling size 3-5 cm/day. It is impossible to eradicate these predaceous
fish from the big field area especially during the high water level season because the
process incurred high cost and heavy labor inputs. However, if the field area was
decreased, closer attention given to the breeding period and more care for the young
helpless fry under 2 months, then culture will be more beneficial. Therefore, from the
above discussions, a number of solutions had been presented in order to improve fish
production and expectedly will result to a more consistent yield as follows (Boonsom,
1984).

1. Brood fish has to be properly selected and fed with appropriate feed for a
certain period of time. Good brood fish will bear a great number of healthy
eggs and fry.

2. Breeding pond should be separated from the rearing field and should be well
protected from predators.

3. Fertilizers, other than green manure, should be added to help increase the
natural feed production for the fry. Animal dung is preferred.

4. The fry should be kept in the breeding pond for about 2 months before
releasing to the rearing field to improve the survival rate by minimizing if not

totally eliminating predation.

2.3  Supplement for Fish Culturing

2.3.1 Fish Nutrition and Supplemental Feeding

Fish graze and feed on a wide range of plant and animal, preferences however
vary among species as well as with the stage of development within species. For
example, among cyprinids, the common carp, have the widest range in feed and can
feed on a variety of plant and animal. The other important factor is the presence or

abundance of feed organisms, for example juveniles of the rice-consuming aquatic
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snails Pelvetia canaliculata) may become a major feed item of the common carp in
rice fields (Halwart and Gupta, 2004).

Supplemental feed often comprises what is available in the locality.
Consequently rice bran is common supplemental feed in practically all rice producing
countries. In Bangladesh, wheat bran and oil cake are employed and in the Philippines,
where coconut is an important product, copra meal is used. The use of supplemental
feeding results in higher survival rate of 67.0 percent as against 56.1 percent without
supplemental feeding and with a corresponding increase in unit yield of 337.5 kg/ha and
only 249.0 kg/ha, respectively. Moreover, it should be kept in mind that most
supplemental feeds either incur a direct cost, by having to purchase the feeds, or an
opportunity cost in that the input could be put to order uses (for example fed to
livestock) or solid. In addition, when employing supplemental feeds, water quality
may become an important issue because it can deteriorate rather quickly if the farmers
overfeed the field (Halwart and Gupta, 2004).

2.3.2 Ingredientsin Fish Feed

Protein, carbohydrate and lipid, as energy sources, need for maintenance and
growth for fish. Energy is released by the oxidation of amino acids, carbohydrates and
lipids, with mean values of 23.6, 17.2 and 39.5 MJ/kg, respectively. However, as there
are major differences among how well different species of fish digest the energy
sources from different feed ingredients, as well as major differences between feed
ingredients, it is very crucial to understand the bioavailability of energy from different
feed ingredients before formulating diets. Comprehensive descriptions of the pathways
of energy flow in fish can be found in NRC (1993) and Tacon (1990 cited by Allan,
2004). The major losses from ingested energy occur in faeces (excretory loss). The
remainder is called digestible energy. From digestible energy, losses occur in gill and
urine excretions (the remainder is metabolically energy). From metabolically energy,
losses occur in energy needed for waste formation and digestion and adsorption (the
remainder is net energy). From net energy, any energy not used for maintenance (basal
metabolism, voluntary activity and any thermal regulation), becomes recovered energy
and is that energy contained in the fish carcass (NRC, 1993 cited by Allan, 2004). In
contradiction of warm-blooded terrestrial animals, fish are cold blooded, and once

excretory losses of energy are accounted for, the other losses are minimum, and
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discrepancy between different feed ingredients and fish species are relatively minor.
Thus, determination of digestible energy is usually focused on ingredient evaluation in
fish nutrition. Nevertheless, the inconvenience in collecting fish faeces to determine
excretory losses remains a major obstacle to the fish nutritionist. Different techniques
include collecting faeces after settlement (problems with overestimating digestibility

because of leaching) or collecting faeces by stripping fish or after dissection (problems
with underestimating digestibility as digestion is incomplete when faeces are

collected). When evaluating the potential for any ingredient to be used in fish feeds the
factors need to be taken into consideration as described below (Allan, 2004).

1. The nutrient composition of the ingredient: in general, the higher the protein
content the more valuable the ingredient (provided there is no contamination or anti-
nutritional factors present). Consistency of composition is also very important. Many
animal waste products, such as slaughterhouse wastes, vary greatly in composition and
this can present considerable difficulties to diet formulators.

2. Availability and price: obviously, feed ingredients that are easily available
and relatively cheap are preferable.

3. Presence and concentration of anti-nutrients: anti-nutrients are usually found
in plant ingredients and can cause serious problems, ranging from reduced feed intake,
feed efficiency and growth, as well as pancreatic hypertrophy, hypoglycemia, liver
damage and other pathologies (De Silva and Anderson 1995 cited by Allan, 2004).
Fortunately, most anti-nutrients are heat labile and are easily deactivated by cooking.
Some of the major anti-nutrients are described in Table 2-1.

4. Presence of contamination (e.g. from pesticides, hydrocarbons from fuel or
oil or toxins from fungal contamination).

5. Digestibility and how well energy and nutrients are utilized.

6. Effects on attractiveness and palatability of feeds: in general, aquatic
products like fish meals, and animal meals, tend to make feeds more attractive (i.e.

bring animals to the feeds) and palatable (i.e. make fish keep eating the feeds).
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Table 2-1 Major anti-nutrients and contaminants in feed ingredients

Anti-nutrient

Description

Example of ingredien

IS Treatment

Trypsin Substances that inhibit | Most cereals, most | Most protease
inhibitors protein metabolism. Mar oilseeds (soybean, | inhibitors are
different kinds but most | peanut, rapeseed, | heat labile and
bind trypsin and/or cottonseed etc.), mosare deactivated
chrysotrypsin. legumes. by cooking.
Haem- Proteins with a specific | Barley, potato, rice | Heat labile
agglutinising | affinity for sugar bran, lentils, many

agents (lecting

s)molecules. Causes

legumes, peanut,

agglutination of red bloo soybean
cells. Can reduce

absorption of nutrients

and can cause internal
hemorrhage.

Gossypol Polyphenolic reactive | Cottonseed Not heat labile
pigments that exhibit acid and not
properties. Reduce prot¢ deactivated by
quality, especially lysine, soaking. Dietary
Symptoms include iron and other
reduced feed intake and minerals
growth. sometimes

reduce
undesirable
effects.

Mimosine Unusual amino acid Ipil-ipil Mimosine

thought to affect
production of thyroxin
and fish growth.

(Leucaenasp.)

content can be
reduced by
soaking in

water.
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Table 2-1 Major anti-nutrients and contaminants in feed ingredi@utst.)

Anti-nutrient

Description

Example of ingredier

Treatment

Glucosinolates

5 When hydrolysed,
glucosinolates release
thiocynate ion,
iIsothiocynates, goitrin af
nitrates all of which

Rapeseed (canola i
a name given to
rapeseed cultures
with low

glucosinolate

sHeating and
soaking in water
can reduce but
not deactivate

anti-nutrient

function as anti-thyroid | content) properties.
agents.

Phytic acid Approximately 70% of | Soybean meal and| No effective
the phosphorus in many plant treatment.
soybean meal and many ingredients Should increase
other plant-based mineral
ingredients is in the form] supplementation
of phytate which is in soy and plant-
largely unavailable to based diets.
fish. Phytates form
strong protein—phytic
acid complexes that
reduce the availability of
protein and several
minerals including zinc,
manganese, copper,
copper and iron.

Cyclopropenoi¢ Can cause lesions, increasedottonseed No treatment

fatty acids glycogen deposition and

(CFAs) elevated saturated fatty acjd

content in liver. Powerful

carcinogens when fed in

combination with aflatoxins.

]
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Table 2-1 Major anti-nutrients and contaminants in feed ingredi@utst.)

Anti-nutrient Description Example of ingredients  Treatment

Erucic acid Monounsaturated fatty Rapeseed No treatment
acid that can cause
lipid accumulation ang
necrosis in the heart
and

problems with skin,

gills and kidneys.

Mycotoxins Fungi grow well on Peanut (groundnut)| Proper storage in
many ingredients meal is particularly | cool, dry
especially when stored susceptible but conditions. Do not
in warm and damp or | can affect many use mouldy feeds
humid conditions. Can ingredients. or feed

produce mycotoxins ingredients.

that are carcinogenic,

cytoxic or neurotoxic.

Oxidative Oxidation of Marine and some | Add antioxidants
rancidity unsaturated lipids plant oils and to feed. Do not
produces free radicalg, ingredients or diets | use rancid oils.
peroxides, with unsaturated
hydroperoxides, lipids.
aldehydes and ketone

which can be toxic.

Heavy metals | Metals may be both | Sometimes a Metal chelators
nutrients and toxins. | problem in fishmeal| such as EDTA can

Major toxic metals are reduce toxicity
mercury, cadmium, when added to the
arsenic, copper, lead, diet.

aluminum, zinc.

Sour ce: Australian Centre for International Agricultural Research Canberra (2004)
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2.3.3 Fertilization in Fish Raising Pond

Application of organic or inorganic fertilizers benefits both weed and fish. The
presences of adequate nutrients increase the growth of phytoplankton, which may be
consumed directly by the fish or indirectly through supporting zooplankton
production. Moreover, fertilizers can act as substrates for the growth of aquatic plants.
Animal manure should be considered an input to benefit the fish in addition to
inorganic fertilizers applied primarily for the rice. It should be applied several weeks
before transplanting and the fields are kept flooded for complete decomposition to

avoid any toxic effects (Halwart and Gupta, 2004).

2.4 Fish Raising Pond of the Present Study

In the study area, the Snakeskin Gourami fish raising pond is located at the Phi Lok
Canal, Phraek Nam Daeng Sub-district, Amphawa District, Samut Songkhram
Province. The canal has a water gate that separates between the freshwater part and the
saltwater part. The fish raising pond of interest is located not far from the water gate
and next to the scrap plant and the Rama 2 highway. It was observed that wastewater
was discharged from the scrap plant located next to the fish raising pond into the Phi
Lok Canal. The farmers pumped canal water into the fish raising pond to use for fish
culture. So the toxic substances from these sources can be transferred into the pond
and accumulated in the aquatic system. The culture season starts in early February.
The brood fish, is released in the peripheral ditch for a while before raising water level
to flood the center platform area about 35-50 cm high. A few days later the fish spawn
and nurse their fry, and the fry grow out to adult size in the figid.intensive culture
pond resembles the traditional grow out field with peripheral ditch about 3—-4 m wide
and 0.75 m deep. The ditch should be wider and deeper at the harvesting site. The
central platform area is planted with grass which can be used as green fertilizer, also
for protection of the fingerlings and as base for periphyton which serve as the main
feed of Snakeskin Gourami (Boonsom, 1982). Aquatic plants found in the pond, are
Cyperus pilosu¥ahl. (Kok Sam Liam)|pomoea aquatica Forsk (Pak Bung; Morning
glory) andPanicum repend.inn (Ya Chan Kad) (Sirichotiwong, 2006). Moreover,

animal manures as well as artificial gain feeds are added to generate the fish
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production. Around November, Snakeskin Gourami fish, as well as other fish, are

harvested. Pond water and sediments are discharged into the Phi Lok Canal.

2.5 Water Quality in the Phi Lok Canal

The canal systems, including the Phi Lok, Rang Thap Tap, Huai Rong, Wan
Dao and Pradu canals, is a network of small waterways that branches out from the
Mae Klong River. The canals flow into the Yi San canal and finally into the Gulf of
Thailand at Bangtaboon District, Phetchaburi Province. The Phi Lok canal is the
small canal in Phraek Nam Daeng Sub-district. The canal water has been used for
many activities such as domestic consumption, agriculture, aquaculture, fishing,
industry and transportation (Figure 2-4). Since 1999, the canal water was very polluted
especially in the dry season owing to direct and indirect discharges of industrial,
agricultural, and municipal wastes. This strongly impacted on the villagers’ livelihood
and ecological system.

The physico-chemical parameters of water quality of the Phi Lok Canal in
March 2004 to January 2005 studied by Roachanakanan (2005) were reported 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 us/ cm of condictivity, 304.33-6,701.33 mg/ L of TDS, 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.

Lertprasert (2006) studied Pb contents in water and sediment at the Phi Lok Canal
system during June, 2004 to May, 2005 and found that the maximum concentrations of
Pb in water (17.00_ #.83 pg/L) were determined at the sampling site C (located
around 10 m in front of the water gate) in June, 2004 and the maximum concentrations
of Pb in sediment (70.00 $4.14 mg/kg) were determined at the sampling site D

(located about 100 m from the Samnga junction) in December, 2004.

The study of Sirichotiwong (2006) shown five heavy metals contaminated in
the Snakeskin Gourami fish raising pond in descending orders as follows;
Pb>Cu>Zn>Fe>Cd in water, Fe>Zn>Cu>Pb>Cd in sediment, Fe>Zn>Cu>Pb>Cd in
muscle of Snakeskin Gourami fish and Fe>Zn>Cu>Pb>Cd in internal organ of
Snakeskin Gourami fish. The amount of accumulated heavy metals in the internal organ

was higher than that in the muscle. Lead is not usually found in nature, but by human
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activities. The study of Sirichotiwong (2006) explained that high contents of Pb in the
water may be due to wastewater discharged from the scrap plant located very close to
Snakeskin Gourami fish raising pond. Since the Snakeskin Gourami is a famous edible
economic fish, high volume of ingestion could be accumulated and affect to human
health.

50000 Sa2500 S0E000 503500 4000 500 55000 505500 506000 06500 sa7000 Sa7s00 0R000 Rs00

Map of Sample
Sites in The
Phi Lok Canal

Symbols

A Site

/N Pheelok Canal

A Camal

/M Road
[ Sub-district
Landuse 1996
[ Paddy field
|:| Broadcasted

paddy field
[ ] Mixed orchard
Cacomit
- Swine
B Shimyp
Coniferous plantation
[ ] Bush and Shrub
Swamp
EE City town and
commercial land

Village
|:| Ingtitutional land

W

S
03 0 03 06Km
e e

1476000

147750

1477000

1476500

1476000

1475500

1475000

1474500

1474000

1473500

Figure 2-2 Map of the Phi Lok Canal at Phraek Nam Daeng Sub-district
Sour ce: Land Development Department (2000)

26 Lead

2.6.1 General Information on Lead

As for the properties of lead (Pb), its atomic number of 82, atomic mass is
207.29, specific gravity is 11.4, melting point is 327G boiling point is 1,725C
and oxidation numbers are 0, +2, and +3. But most compounds of Pb have an
oxidation number of +2 (Rilley, 1980).

Lead in rivers comes from runoff (largely anthropogenic), erosion (mostly
natural) and direct deposition from air (anthropogenic). In large lakes, most of the lead

probably comes from air bone deposition. In general, freshwater contains more
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inorganic suspended materials than marine water and these materials have a strong

tendency to adsorb any dissolved lead (Hutchinson and Meema, 1987).

2.6.2 Leadin Fish Raising Pond

The concern on the effects on anthropogenic pollution of freshwater ecosystem
is growing. Heavy metal from natural and anthropogenic sources is continually
released into aquatic ecosystems, and it is serious threat because of its toxicity, long
persistence, bioaccumulation, and biomagnifications in food chain and food web
(Papagiannis et al., 2004). Many fish species are among the top carnivores of trophic
food chains in aquatic ecosystems. As a consequence, they are endangered by diet-
borne pollutants transferred along the food chains though the process of
bioaccumulation. The accumulation of lead depends on uptake via both contaminated
feeds and via water and sediments (Dallinger et al., 1987).

In aquatic ecosystems, availability of heavy metals to organisms depends on
physico-chemical factors as well as biological factors. Availability is influenced by the
chemical speciation of ionic metal forms, the chemistry of water and the relative
distribution of metals between soluble and particulate fractions. The speciation of a
metal in aqueous solutions depends on the number and properties of ionic species and
binding states (Stumm and Keller, 1984 cited by Dallinger et al., 1987). As a
consequence, the pathways of metal flux into aquatic organisms depend on specific
features of water chemistry, sediments, and on the biological characteristics of the
organisms. As far as fish are concerned, there are three possible means by which
metals can enter the body: the body surface, the gills, and the alimentary tract
(Dallinger et al., 1987). Uptake of particulate metal fractions by fish occurs from
contaminated suspended matters, sediments, and organisms as feed sources, the only
feasible route being the alimentary tract. In many aquatic systems, pollution has led to
metal contamination of the food organisms of various fish species. Furthermore,
metal-containing feed represents a much more highly contaminated source than water,
in which the concentrations, even from highly polluted sites in the field, are lower.
Thus feed may be an important source of metal contamination in fish (Dallinger et al.,
1987).
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2.7 Material Flow Analysis(MFA)

MFA is a systematic assessment of the flows and stock of materials within a
system defined in space and time (Brunner and Rechberger, 2003). It connects the
source, the pathway, and the intermediate and final sinks of a material. Because of the
law of the conservation of matter, the results of an MFA can be controlled by a simple
material balance comparing all inputs, stocks, and outputs of a process. The basic mass
balance equation can be expressed as follows:

Flow in — flow out + generation — consumption = accumulation.

Each of these terms can differ, depending on the system nature. The distinct
characteristic of MFA makes the method attractive as a decision-support tool in
managements of resource, waste, and environment (Brunner and Rechberger, 2003).

The MFA delivers a complete and consistent set of information about all flows
and stocks of a particular material within a system. Through balancing inputs and
outputs, the flows of material loading are determined, and sources can be identified.
The depletion or accumulation of material stocks is identified early enough either to
take countermeasures or to promote further buildup and future utilization.
Furthermore, minor changes that are too small to be measured in short time scales but
that could slowly lead to long-term damage also become evident (Brunner and
Rechberger, 2003).

2.7.1 Objectivesof MFA

MFA can be used to fulfill the following objectives (Brunner and Rechberger,
2003):

1) Delineate a system of material flows and stocks by well-defined, uniform
terms.

2) Reduce the complexity of the system as far as possible though still keeping
a basis for sound decision making.

3) Assess the relevant flows and stocks in quantitative terms, thus applying
the balance principle and revealing sensitivity and uncertainty.

4) Present results about flows and stocks of a system in reproducible,
understandable, and transparent way.

5) Use the results as a basis for managing resources, the environment, and

wastes, in particular for:
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5.1) early recognition of potentially harmful or beneficial accumulation
and depletion of stocks, as well as for prediction of future environmental loading;

5.2) the setting of priorities regarding measures for environmental
protection, resource conservation, and waste management;

5.3) the design of goods, processes, and systems that promote environmental
protection, resource conservation, and waste management (such as green design, eco-

designfor recycling, design for disposal).

2.7.2 Application of MFA

MFA has been applied as basic tool in many diverse fields as economics,
environmental management, resource management, and waste management (Brunner
and Rechberger, 2003).

2.8  Estimation of the Quantity of Water Demand and Wastewater from
Aquaculture

Pollution Control Department (2004) reported factors affecting the estimation
of the quantity of water demand and wastewater in raising four major aquatic
organisms in Thailand, i.e. snakehead fish, catfish, Nile tilapia and shrimp as shown in
Table 2-2.
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Table 2-2 Factors affected the quantity of wastewater

Relevant factor of quantity ) S _
Snakehead | Catfish Niletilapia | Shrimp
wastewater

Frequency of water pumping
. : 30.0 2.5 0.4 10.00
into the pondtime/ month)
Time of water pumping into

. 13.0 10.0 12.0 12.00
the pond (hrs/ time)
Dimension of pipe (inch) 16.0 8.0 12.0 10.00
Pumping ratem®/ min 6.0 3.7 5.0 4.09
Quantity of wastewatets 80.0 50.0 30.0 80.00
Harvesting period (day) 15-0 10.0 5.0 20.00
Time to raise Iin period
month) 5.0 5.0 6.5 12.00
Product (ton/rais 27.0 15.0 0.9 1.10
Area of raising pondais 0.5 0.8 9.0 8.00
Depth m 3.0 2.5 1.5 1.70

Sour ce: Pollution Control Department (2004)

2.8.1 Calculation of Quantity of Water Demand and Wastewater
The quantity of water demand and wastewater can be calculated by using

equations 2.1 to 2.4 (Pollution Control Department, 2004).

Volume of water demand @n- Volume of water in raising pond fin+ Volume of

refilled water (m) 2.1)
Where
Volume of water in raising pond @n= Area of raising pond (rais) x 1600*m
x water depth (m) (2.2)

Volume of refilled water (1) = Area of raising pond (rais) x Refilled water
depth x Time per a culture cycle (2.3)
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Volume of wastewater during the harvest)m Volume of water in raising pond {n
(2.4)

2.9 Egtimation of Pollutant Load in Effluent Discharged from Fish Raising Pond

Wastewater from generating-source normally is from production process or
related activities. Wastewater can be either directly discharged or received some
treatment before discharging. Quantity of wastewater or effluent depends on
production capacity or other factors that generate wastewater. For example, quantity of
industrial wastewater or effluent commonly depends on daily quantity of raw material
or products. Likewise, quantity of domestic wastewater usually depends on numbers
of population in such community. Consequently, effluent flow rate and wastewater
pollutant loading, or effluent pollutant depending on generating source, will be used in
estimation method for quantity of pollutant in effluent being generated from point
sources. Effluent flow rate and pollutant loading are then multiplied with wastewater
generating unit of each type of source, as shown in an equation 2.5 (Pollution Control
Department, 2005).

210 & X B (2.5)
Where

L = Wastewater pollutant load or effluent pollutant load from
generating source of interest (g/day)

C Ny Average wastewater pollutant or effluent pollutant from
generating source of interest (§Jjm

vV = Quantity of wastewater or effluent per wastewater
generating unit of the source of interest/(mit)

P = Numbers of wastewater generating unit for the source of

interest (unit/day)



Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Technology of Environmental Management) / 27

2.10 Relevant Research

Keenan et al. (1991) compared Cd and Pb accumulations both in water and in
sediment between a neutral freshwater reservoir and Wavy Lake, an acidic lake in
Canada. The results showed that concentrations in water and sediment of Nepahwin
Lake were 0.24+0.04 and 196.11+1.88 ug/L, respectively where are Pb concentrations
in those of Wavy Lake were 0.32+0.04 and 110£1.04 ug/L, respectively.

Oultremont and Gutierrez (2002) developed the model of the behavioral and
physiological biology of resource acquisition and allocation for heterotrophic
nanoflagellates (HNF), ciliates rotifers, cladocerans, Nile tilagaeochromis
niloticus L., Clarius gariepinusBurchell and plankton species. They used Chapra’s
model (1997) for describing nutrient and water dynamics. Among the other processes
modeled were the dynamics of particulate non-living organic carbon, dissolved
organic carbon, ammonium ion, nitrification, and soluble reactive phosphorus as well
as water balance and heat flux. These submodels were linked to the meta-species
population dynamics models to capture the effects of nitrogen acquisition and
recycling on system dynamics. Phosphorus was assumed not to be limiting in their
model. Simulation experiments were used to explore the dynamics of the pond food
web, the bottom-up effects of factors that blocked nutrient recycling, and the top-down
role of Tilapia in system dynamics and nutrient recycling. The model successfully
predicted tilapia growth.

Mendil et al. (2004) determined concentrations of heavy metals in seven fish

speciesCyprinus carpio,Leiciscus cephalysCapoeta tinca, Silurus glani€apoeta

capoeta, Alterrina bayerand Carassius gibelio) which were collected from seven
different lakes (Hampinar, Akbelen, Dutluca, Almus, Guzelce, Kizik, and Uluoz) in
Tokat, Turkey between Spring and Summer, 2003. Eight heavy metals, i.e., Fe, Mn,
Zn, Cu, Pb, Cr, Ni, and Cd were determined and the results showed that Fe had the
highest concentrations of 64.3-197.0 ug/g followed by the concentrations of Mn, Zn,
Cu, Pb, Cr, Ni, Cd of 11.7-72.9, 11.9-38.6, 1.0-4.1, 0.7-2.4, 0.6-1.6, 1.2-3.4 and 0.1-
1.2 pgl/g, respectively.

Demirak et al (2005) determined concentrations of five heavy metals (Cd, Cu,
Cr, Pb and Zn) in water, bottom sediment and tissues (muscle and gllsyi@$cus
cephalusfrom the Dipsiz stream in the Yatagan (southwestern Turkey). They found
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that Cd, Pb, Zn and Cr concentrations accumulated in gills were higher when
compared with those in muscle.

Licata et al (2005) was carried out the study on the bluefin turfaugnus
thynnu$ collected in April 2003 from the Straits of Messina, Italy. They determined
concentrations of six heavy metals (Cd, Cu, Hg, Mn, Pb and Zn) in liver and muscle
tissues of 14 bluefin tuna of different ages and sex and investigated the relationships
between fish sex and size (length and weight) and metal concentrations in the tissues.
The results showed significant variatioqs<(.01) for Hg and Zn concentrations in
muscle than in liver. Concentrations of Cd and Pb are below the instrumental detection
limits in almost all muscle samples.

Wittmer (2005) studied nutrient loads discharged from freshwater aquaculture
systems in the Thachin River Basin, Thailand. A model based on a material flow
analysis was set up to quantify the loads to canals and rivers as well as to identify the
key factors (parameters) that influenced the system. The focus was placed on Catfish
(Clarias batrachuy SnakeheadGhanna striatus Tilapia (Oreochromis niloticus
and tiger shrimp Ranaeus monodorR. vannamgi culture systems. For all four
considered systems, the amount of feed and nutrient concentrations in feed has the
highest influence on the nutrient loads to the canals and rivers.

Alves and Wood (2006) studied the impact of elevated dietafy @athe
responses to chronic dietary Pb exposure in juvenile rainbow trout. Trout were fed
reference (0.3 ugPb/g,~20 md®g) and Pb-enriched diets (~50 or 500 pgPb/g) in
presence of background £g~20 mgCA&'/g) or (~60 mgC4/g) of added C& (as
CaCQ) for 42 days. The gquantitative order of Pb accumulation in tissues reflected the
exposure pathway of lead via the diet (per tissue wet weight):
gut>bone>kidney>liver>spleen>gill>carcass>brain>white muscle. The anterior
intestine accumulated the highest Pb per tissue wet weight, while the bone
accumulated the highest Pb per fish weight. Lead concentrations were much higher in
the posterior kidney than the anterior kidney. It is interesting to find out that
simultaneous addition of &ato the diet had an overall protective effect in all the
tissues analysed in reducing Pb accumulation.

Chalermsupanimit (2006) and Sirichotiwong (2006) studied heavy metal
contents in Snakeskin Gourami fisfrithogaster pectolarifRegan), water, sediment
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and three aquatic plant€yperus pilosud/ahl., I[pomoea aquatica Forsk. arithnicu
repensLinn.) of the Snakeskin Gourami fish raising pond at Phraek Nam Daeng Sub-
district, Amphawa District, Samut Songkhram Province during June to November,
2004. The resultsshowed the order of heavy metal concentrations as follows:
Cu>Zn>Fe>Pb>Cd in water; Fe>Zn>Cu>Pb>Cd in sediment; Fe>Zn>Cu>Pb>Cd in
both shoots and roots of all three aquatic plants, while the amounts of all heavy metals
in three aquatic plants were higher in roots than in shoots and Fe>Zn>Cu>Pb>Cd in
muscle and Fe>Zn>Cu>Pb>Cd in internal organs while the amounts of all heavy metals
were higher in internal organs than in muscle.

Vitex et al. (2007) analyzed concentration of total-Hg, Cd, Pb, Cr, Cu, Zn, and
Ni in water, sediment, zoobenthos and brown tr@aro trutta m.fario) muscle and
liver tissues at four sampling sites of the Loucka river in Czech Republic. The highest
Pb concentrations of 4.634-12.050 mg/kg were found in sediments. Pb concentrations
in the brown trout muscle and liver were 0.108+0.073-1.010+0.506 mg/kg wet matter
and 0.107+0.066-0.223+0.078 mg/kg wet matter, respectively.
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CHAPTER Il
MATERIALS AND METHODS

The mathematically material flow analysis (MFA) for physical flows is used to
describe, quantify and model the material and Pb flows of a Snakeskin Gourami fish
raising pond system considered. The method consists of four steps; system analysis,
sample collection, estimation of Pb in fish raising pond system and calculation of mass

balance.

3.1 System Analysis

The aim of the system analysis is to gather knowledge on the system of
interest, to define temporal and spatial boundaries of the system, to define and balance
the different flows of inputs and outputs of materials and lead.

3.1.1 System Boundary: Spatial and Temporal Scales

The spatial system boundary of the present study is a plot of a Snakeskin Gourami
(Trichogaster pectolaris Regan) fish raising pond located at Phraek Nam Daeng Sub-
district, Amphawa District, Samut Songkhram Province with an area of about 9 rais.
This fish raising pond belonged to Mr. Sanaun. The fish raising pond is about 500 m
from the water gate of the Phi Lok canal (Figures 3-1 and 3-2). A period of data
collected is six months from June to November 2004 of a fish raising period covering the

rainy season and the beginning of the cold season



Fac. of Grad. Studies, Mahidol Univ.

3.1.2 Process of the Fish Raising

The knowledge of the process of raising the Snakeskin Gourami fish was
gathered from the indepth interview of Mr. Sanaun, the owners of the fish raising
pond. The qualitative method is used to obtain information and data relating to the

process of the fish raising. Preparation process of the fish raising pond, application of

feeds (grain feed, liquid fertilizer and dry pig manure), and water sources and
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wastewater management were information obtained from the interview.
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Figure 3-1 Map of the fish raising pond at Phraek Nam Daeng sub-district, Amphawa

district, Samut Songkhram Province
Source Land Development Department (2002)
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3.2 Data Collection

Data acquisition for the system parameters was carried out in four different ways;
water quality analysis (primary data), literature review, interviews with farmers and
statistical data from government departments. Control measurements of nutrient
concentration in pond water were conducted in order to compare the aquaculture
systems and to check the results of the model. The types and source of both primary

and secondary data are listed and described as follows.

3.2.1 Primary Data

3.2.1.1 Lead content in Grain Feed, Liquid Fertilizer and Manure

Fish feed and liquid fertilizer(Ami-ami as called by the formers),
widely used in the study area were chosen for analysis of heavy metal content, which
were bought from retailers in Phraek Nam Dang sub-district, Samut songkhram
province. Manure samples were collected from fish raising pond in the study area.

The samples of fish feed and manure were collected with plastic bags prior
to analyse in the laboratory. Sample digestion was performed using a Milestone
Laboratory System model MLS-1200 MEGA. Water samples (liquid fertilizer) of 10
ml and solid samples (fish feed and manure) of 0.5 g were placed into the digestion
vessels and 6 ml of concentrted nitric acid for liquid fertilizer sample and 10 ml of
concentrated nitric acid for fish feed and manure samples were then added. The
digestion was performed in a microwave digester to prepare the samples for heavy

metal analysis.

The concentrations of lead in the filtered digested samples were
determined by flame atomic absorption spectrometer (FAAS), performed using a
Varian atomic absorption spectrophotometer model spectraAA-55 (Varian spectrAA
220FS flame atomic absorption spectrophotometer) using air-acetylene flame. The
absorption lines for metals were 217.0 nm of lead. Standard with appropriate
concentrations for made from 1,000 ppm AAS stock standards (Sirichotiwong, 2006).

3.2.1.2 Determination of Dry Matter

1) Snakeskin Gourami(Trichogaster pectoralis Regan)

The Snakeskin Gouransamples were collected randomly from fish
raising pond in the study area. The Snakeskin Gourami samples were selected by

weight about 6-7 fish per kilograms and were further measured wet weight in the
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laboratory. Wet weight of the Snakeskin Gourami samples was measured by four digit
weighting machine and wet weight in gm was obtained. Then the Snakeskin Gourami
samples were dried at ambient air condition for a week and then oven-drietCat 80
until constant weight. The dried The Snakeskin Gourami samples were then weighed
and dry weight in gm was obtained.

2) Aquatic Plant (Cyperus pilosus Vahl., |pomoea aquatica Forsk. and
Panicum repens Linn.)

Samples ofCyperus pilosus Vahl., Ipomoea aquatica Forsk. and
Panicum repens Linn were collected from two-50x50 énmuadrantsthat were
randomly placed on the surface of fish raising pond located at the same pond of fish
sampling. Aquatic plant samples were thoroughly washed with running tap water and
rinsed with distilled water to remove soil/ sediment particles attached to the plant
surface. Wet weight was determined and wet weight in gm per unit aréavias
obtained. Then the aquatic plant samples were dried at ambient air condition for a
week and ground before drying in the oven &iC7Qntil constant weight. The dried
samples were then weighed and dry weight in gm per unit aréa\jes obtained.

3) Sediment

The sediment samples were collected using the bottom grab saanpler
the top 20 cm of the bottom sediment from the Phi Lok canal.where near the scrap
plant. In the field the volume of sediment was determined by placing the sediment
sample in the known volume container. The sediment samples were put into the plastic
bag for further measurement of wet weight in the laboratory. Wet weight of sediment
samples was measured by four digit weighting machine and wet weight in gm per
sediment volume (cfh was obtained. Then sediment samples were dried at ambient
air condition for a week and then oven-dried al@0ntil constant weight. The dried
sediment samples were then weighed and dry weight in gm per sediment volujne (cm
was obtained.

3.2.1.3 Determination of Sedimentation Rate

Most surface waters contain suspended material. Gravity seperation
historically has meant sedimentation, where water is introduced into large quiescent
basin for long enough period of time so that the majority of the particles in the water
settle to the bottom of the basin (Crittenden et al., 2005 cited by Krisuwansan, 2007).
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The standard test for settleable solids consists of placing a water sample in a one litter
Imhoff cone and solid that accumulates in the bottom of the cone after 60 minutes is
reported as ml/ L (Tchobanoglous et al., 2003 cited by Krisuwansan, 2007).

3.2.1.4 In-depth Interview

The gqualitative method is used to obtain information and data relating
to the fish raising the owners of the fish raising ponds located around the Phi Lok
canal were interviewed. Preparation process of the fish raising pond, application of

feed (grain feed, liquid fertilizer and manure), and waseurce and wastewater
management were information obtained from the interview.

3.2.2 Secondary Data
The following data are collected from the records and previous works of

government agencies and published theses.

Table 3-1 Data of fish culturing in study area

Data Type Source

Lead contents in the canal system of the Phi Lok canal Lertprasest (2006)

Lead contents in the fish raising pond of the Phi L8krichotiwong (2006)

canal

Lead contents in aquatic plafiyperus pilosus Vahl., | Chalermsupanimit (2006)
Ipomoea aquatica Forsk. andPanicum repens Linn.)

of fish raising pond

Aerial photo of Phraek Nam Daeng sub-distribtfp//:www.pointasia.com

Amphawa district (2005)

Factors that effected the quantity of wastewater Pollution Control Department
(2004)

Snakeskin Gouramil( pectoralis) culture Department of Fisheries

Snakeskin Gouramil( pectoralis) and Research| Tokthong (2006)

Database of Snakeskin Gourami ponds in Sgridgpartment of Livestock

Songkhram province (2005)
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3.3 Estimation of Pb in Fish Raising Pond System

In the study, the fish raising pond system is a batch culture with only one
source of input of water from the canal system and one discharge of wastewater from
the system during the harvesting period. During the raising cycle, the farmer added
some certain amounts of grain feed, liquid fertilizer, and dry pig manure in the fish
raising pond. Therefore the estimation of Pb content in fish raising pond system is
calculated as shown in Table 3.2 and the estimation of mass and Pb flow of the fish
raising pond system as shown in Table 3.3.
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3.4  Methodology of Mass Balance

Each flow and each balance volume is mathematically defined. A flow may
depend on other flows in the system and on system parameters. The accumulation of
lead therefore was calculated from equation 3-13 based on the assumption that Pb
inputs are higher than Pb outputs.

Accumulation in fish raising pond\§) = Yinputs - Youtputs (3-13)

Yinputs are defined as sources of Pb from grain fésgdpig manure, liquid
fertilizer, water inflow (canal water) and sediment inflow

Y outputs are defined as Pb contents that out floviseofish raising pond. If
there is positive element balance is

Yinputs > dutputs
Therefore the Pb contents must accumulate in the fish raising pond.



M.Sc. (Technology of Environmental Management) / 43

Fac. of Grad. Studies, Mahidol Univ.

Arepunoq waisAs ayj ul sisAjeue mojj ssei £-¢ ainbi4

lepunog walsAs

MOJINO
JUSWIPaS

MOINO
1arepA

{}

wisiuebiQ
Buin 1Yo

PISIA UsiH

puod Buisrey ysi4

/4

JUSWIPSS |10S

- I

wsiueblio __
Buia Jey10 ;

|

o ——

(‘uebay sirejoyad *|)
Iwelnes) upsayeus

|

1a1e M\

‘lyeA snso|id snedAD-

"¥S104 eairenbe eaowod |-

"uuI] suade J wndiued-
wueld onenby

MOJJU]
JUsWIPaS
reue)

1T 1T

1918\
reue)

paad urelo

1T 1T

1821|1184
pinbrT




Tinnawat Kaewsawee Materials and Methotis

3.5 Pb Loading Estimation of Fish Raising Pond in Phraek Nam Daeng Sub-
district, Amphawa District, Samut Songkhram Province

The prediction of Pb content discharged into the Phi lok canal is calculated from
the total Snakeskin Gourami raising pond area in Phraek Nam Daeng Sub-district,
Amphawa District, Samut Songkhram Province (data from Department of Livestock
of Samut Songkhram Province (2005)) and amount of Pb discharged per unit area of the

fish raising pond obtained from the present study.



Fac. of Grad. Studies, Mahidol Univ. M. Sc. (Technology of Environmental Managedtent) /

CHAPTER IV
RESULTS AND DISCUSSIONS

The results of the study are presented and discussed as follows:

1) Description of the fish raising pond system in the Phi Lok Canal

2) Analysis of Pb contents in grain feed, liquid fertilizer and dry pig manure

3) Mass and Pb flows in the fish raising pond system

4) Pb loading estimation of fish raising pond in Phraek Nam Daeng Sub-
district, Amphawa District, Samut Songkhram Province

5) Overall discussion

4.1 Description of the Fish Raising Pond System in the Phi Lok Canal

The fish raising pond of the present study in Phraek Nam Daeng Sub-district,
Amphawa District, Samut Songkhram Province belonged to Mr Sanaun Kadmoon.
The pond area is about nine rais. From the in-depth interview of Mr. Sanaun
Kadmoon, the practical culture method can be described as the following. Owing that
the farmer used both fermented grasses and grain feed to feed Snakeskin Gourami fish
(Trichogaster pectoralis Regan) (Pla Salid), therefore the fish raising pohdhe
present study is considered as the semi-natural fish raising pond. During the study
period, several species of aquatic plants were found su@ypesus pilosus Vahl.
(Kok Sam Liam),|pomoea aquatica Forsk.(Pak Bung; Morning Glory) anBanicum
repens Linn. (Ya Chan Kad). These plant species were used as fermented grasses to
feed the fish.

After the completion of last fish harvest around November to December, the
farmer pumped water and sediment out from the fish raising pond into the Phi Lok
Canal in order to expose and dry the pond for one month. Grasses growing in the pond
were burnt. The new period of culturing Snakeskin Gourami fish started in April.
Water of the Phi Lok Canal was pumped directly into the fish raising pond until the

depth of water level was around 1.5 m. and then liquid fertilizer (local people
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called it as ami-ami) of 200 L/rai/time was also added. Liquid fertilizer helps increase
the abundance of insect larvae which are fish feed. Liquid fertilizer was also applied
with the same amount for one more time. Moreover, the farmer put dry pig manure of
around 100 kg/rai/time into the fish raising pond. The dry pig manure was nutrients for
growing grass in the fish raising poadd soil conditioner. Altogether for the whole
culture cycle the farmer added dry pig manure for three times with around 100 kg/rai
each. For the first time, dry pig manure was applied to the fish raising pond during the
pond drying period in March. Whereas the other two times, dry pig manure was
applied in June and September. Grasses in the fish raising pond are not only feed but
also shelter for fish. Grasses were cut in row in alternate pattern every month. The
farmer cut grasses and piled them up in the fish raising pond for the fermentation. The
roots and stalks of grasses were placed 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 cooking oil into the fish raising pond and repeated once a month for
fingerling. The purpose of adding the used pig cooking oil is for getting rid of
wormlike parasite in the fish. Moreover the farmer added the grain feed around 1,500
kg/rai/time (twice for the whole culture cycle). In the study of the fish raising pond
system, the farmer did not discharge water during the whole culture cycle; however
water was refilled to keep the proper water level (around 1.5 m deep). During the hot
season from April to July, canal water was pumped into the pond twice a month
(altogether eight times for the whole culture cycle). For the other four months from
August to November, rain waters filled up the fish raising pond therefore it was not
necessary to pump canal water into the fish raising pond. The fish was harvested when
they were 8 months old in November. Production of the fish raising pond was around
9,000 kg/9 rais or 1,000 kg/rai and the average fish size was around 7-8 fish/kg.
Therefore one culture cycle of Snakeskin Gourami was about ten months as illustrated

in Figure 4.1.
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Figure 4-1 The Snakeskin Gourami fish culture cycle of the present study

4.2  Analysis of Pb Contents in Grain Feed, Liquid Fertilizer and Dry Pig
Manure

The Pb contents in grain feed, liquid fertilizer adrgf pig manure determined
by Flame Atomic Absorption Spectrometer (FAAS) using air-acetylene flame are
showed in Table 4-1.

Table 4-1 Pb contents in grain feed, liquid fertilizer and dry pig manure

Source Pb Contents
Grain feed (mg/kg DM) 40.600
Liquid fertilizer (mg/L) 0.863
Dry pig manure (mg/kg DM) 28.600

Remark: DM = Dry matter

The highest Pb content is found in grain feed a6G@®Mmg/kg DM, followed
by 28.600 mg/kg DM in dry pig manure and the lowest Pb content of 0.086 mg/L in
liquid fertilizer. The Pb content in dry pig manure was higher than these reported in
literature (UBA, 2004 cited by Schultifieet al., 2004) (Table 4-2).

Table 4-2 Pb contents in livestock manumeéEngland

Pig Manure Pb (mg/kg DM)
Pig slurry (mixed) 5.7
Slurry weaners/ growers 3.4
Pig farmyard manure 1.9

Source: UBA (2004) cited by Schulthgiet al. (2004)
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4.3 Mass and Pb Flows in the Fish Raising Pond System

Components of the fish raising pond system consist of Snakeskin Gourami,
water, grain feed, liquid fertilizer, dry pig manure, aquatic plaGigpdrus pilosus
Vahl. (Kok Sam Liam),|pomoea aquatica Forsk. (Pak Bung: Morning glory) and
Panicum repens Linn. (Ya Chan Kad)), other living organisms and sediment (Figure
4.2). The calculation presented is basedoe culture cycle as described in section

4.1. Mass and Pb flows of each component are described in the following sections.

Input
Grain feed Liquid Dry pig
fertilizer manure

! il 1l

Fish raising pond
Water [ —N : Y i
infow V| Aquatic Fish _l/_'\ Fish yield
plants
i Water
Sediment | —~
inflow V] Other living || Other living
organisms — V| organisms
Input Soil sediment
Output

il U

Water Sediment
outflow outflow

Output

The canal system

Figure 4-2 Components of the fish raising pond system
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4.3.1 Mass and Pb flows of added grain feed, added liquid fertilizer and

added dry pig manure
4.3.1.1 Added grain feed
The farmer used added grain feed, for fish culture to increase fish

growth rate and production. Total amount of application of added grain feed was

27,030kg. Therefore Pb loading can be estimated as 0.K§8RM of added grain

feed as shown in Table 4-3.

Table 4-3 Pb loading of added grain feed in the fish raising pond

Value of Quantity
Flow Model Approach Variable of Flow
Mass flow AL =a; X g x Time 27,030
A1 = Added grain | & = Area of fish raising pond (raf) 9.01
feed (kg) & = Added grain feed per rai 1,500
(kg/rai)
Time: Time per a culture cycle 2
Pb flow Aspp = (Acx Pby)/10° 0.7682
(kg) A; = Added grain feed (kg DM) 18,900
Pb, = Pb content in grain feed 40.600
(mgrkg)

4.3.1.2 Added liquid fertilizer

The farmer used added liquid fertilizer of 200 L/rai/time. Liquid
fertilizer helps increase the abundance of insect larvae which are fish feed. Total
amount of application of liquid fertilizer was 3,604 Therefore Pb loading can be

estimated as 0.0031 kg DM of liquid fertilizer as shown in Table 4-4.

Table 4-4 B loading of added liquid fertilizer in the fish raising pond

Value of | Quantity
Flow Model Approach Variable of Flow
Mass flow A= x ag*x Time 3,604
A, = Added liquid | & = Area of fish raising pond (rai) 9.01
fertilizer (L) as = Added liquid fertilizer per rai
(L/rai) 200
Time: Time per a culture cycle 2
Pb flow Aspr, = (A x Phy)/10° 0.0031
(kg) A, = Added liquid fertilizer (L) 3,604
Pk, = Pb content in liquid fertilizer
(mg/L) 0.863
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4.3.1.3 Added dry pig manure

The farmer put dry pig manure of 100 kg/rai/time into the fish raising
pond. It was nutrients for growing grass and fish feed. Total amount of application of
added pig dry manure was 2,703 kg. Therefore Pb loading can be estimated as 0.0773
kg DM of added dry pig manure as shown in Table 4-5.

Table 4-5 Pb loading of added dry pig manure inftbl raising pond

Value of | Quantity
Flow Model Approach Variable of Flow
Mass flow As =g x ay % Time 2,703
Az = Added dry pig| aa= Area of fish raising pond (rai) 9.01
manure
(kg) a, = Added dry pig manure per rai 100
(kgfrai)
Time: Time per a culture cycle 3
Pb flow Agpp = (Agx Pb3)/10° 0.0774
(kg) Az= Added dry pig manure 2,703
8 R =/ L
Ph; = Pb content in dry pig 28.600
manure (mg/kg)

4.3.2 Mass and Pb flows of water inflow and water outflow

Water inflow from the Phi Lok Canal into the fish raising pond system is
calculated by equations 3-1 to 3-4 of Chapter lll. In the beginning of the culture cycle
the farmer filled up the fish raising pond up to 1.5 m of pond depth. Therefore amount
of water in fish raising pond can be calculated as 21,616 able 4-6). During the
culture cyclecanal water was pumped to refill into the fish magspond. The total
amount of refilled water is 34,598°n{Table 4-6). For the whole culture cycle, the
overall amount of water inflow from the Phi Lok Canal is 56,83 Table 4-6). The
estimation of Pb loading of water input is 0.0618 kg.

Water outflow from the fish raising pond into the Phi Lok Canal is calculated
by equations 3-5 to 3-7 of Chapter Ill. In the end of the culture cycle the farmer
released 21,615 Hrof the culture water into the canal (Table 4-7) and Pb content in
culture water before harvesting is 0.0070 mg/ L (Sirichotiwong, 2006). The estimation
of Pb loading of water outflow is 0.513 kg.

Pb accumulation in water in the fish raising pond can be calculated from
0.0618 kg of water inflow into the fish raising pond, 0.0031 kg of added liquid
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fertilizer, 0.0773 kg of dry pig manure and 0.7673 kg of grain feed and water outflow

of 0.1513 from the fish raising pond (Tables 4-6 and 4-7).

Table 4-6 Pb contents in water inflow into the fish raising pond

M. Sc. (Technology of Environmental ManageBient) /

Value of | Quantity
Flow Model Approach Variable | of Flow
Mass flow As=a + &g 56,213
A, = Water inflow into | as = Amount of culture water (H
the fish raising pond (M| = Area of fish raising pond (rai) x
1600 rAx pond depth (m) 2116

a = Amount of refilled water ()
= Area of fish raising pond (rai)
1600 mx Refilled water depth (m)

N

x Time 34,38
Time: Time per a culture cycle 8
Pb flow Aupp = (As % Pbg)/100C 0.06183
(kg) A, = Water inflow (i) 56,213
Ph, = Pb content in canal water
(mg/L)! 0.0011
Source:'Lertprasert (2006)
Table 4-7 Pb contents in water outflow from the fish raising pond
Value of | Quantity
Flow Model Approach Variable | of flow
Mass flow Lo\ N7 21,615
As = Water outflow a = Amount of culture water (H 21,615
from the fish raising = Area of fish raising pond (rai)>
pond (i) 1600 A x pond depth (m)
Pb flow Aspp = (As X Pbs)/1000 0.1513
(kg) As = Water outflow (rm) 21,615
Ph; = Pb content in pond water
before harvesting (mg/L) 0.0070

Source:'Sirichotiwong (2006)

Pb content in water inflow from the Phi Lok canal of 0.0011 mg/ L is lower
than that reported from Lok River in Czech Republic, the river is dividedoifibur
fishing yards with salmonid stocking (Vitek et,aP007), but is higher than those
reported from Nepahwin and Wavy Lake in Canada and the freshwater reservoir in
Ontario, Canada (Keenan and Alikhan, 1991) (Table 4-6). It was found that the culture
water in fish raising pond of 0.0224 mg/L was in the limit of Water Quality Standard for
culturing freshwater animals of 0.05 mg/L (The Institute of Thailand Freshwater
Fishery, 1987).
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Table 4-8 Pb content in water sources in literature

. Water quality standard for
Location Pb content (mg/L) ) . 3
culturing freshwater animals
Loucka River 0.00190
Nepahwin Laké 0.00024 0.05 mg/ L
Wavy Laké 0.00023

Sources:'Vitek et al. (2007)
’Keenan and Alikhan (1991)
*The Institute of Thailand Freshwater Fishery (1987)

4.3.3 Mass and Pb flows of sediment inflow and sediment outflow

Sediment inflow from the Phi Lok Canal into the fish raising pond is calculated
by equation 3-9 of Chapter lll. When the farmer pumped the water from the Phi Lok
Canal into the fish raising pond, sediment in the form of total suspended solid was also
transferred into the fish raising pond. The amount of sediment in the fish raising pond
can be calculated as 7,335.2898 kg (Table 4-9). Pb content in sediment is 22.9167
mg/kg. The estimation of Pb loading of sediment input is 0.0985 kg.

Sediment outflow from the fish raising pond into the Phi Lok Canal is
calculated by equation 3.9 of Chapter lll. At the end of culture cycle, it was estimated
that amount of sediment of 21,615 or weight of sediment of 3675.1641 kg (Table 4-

10) was released into the Phi Lok Canal. Pb content in sediment before harvesting is
2.2250 mg/kg (Sirichotiwong, 2006). The estimation of Pb loading of sediment
outflow is 0.0048 kg.

Pb accumulation in sediment in the fish raising pond with component can be
calculated from 0.0985 kg of sediment inflow into the fish raising pond and sediment
outflow of 0048 kg from the fish raising pond (Tables 4-9 and 4-10).
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Table 4-9 Pb contents in sediment inflow into the fish raising pond

Value of | Quantity
Flow Model Approach Variable of Flow
Mass flow Ag =((As % a; x 1000) xag)/ag/10’ 7335.2898
As = Amount of A, = Water inflow () 56,213
sediment inflow into | & = Sedimentation rate (ml/L) 0.0967
the fish raising pond| as = Weight of sediment (g) 950
(kg) a = Volume of sediment (f 0.000704
Pb flow Agpb = (As*Pbg)/10° 0.0985
(kg) As = Amount of sediment (kg DM) 4,298.4077
Phs = Pb content of sediment in
canal water (mg/kb) 22.9167

Source:'Lertprasert (2006)

Table 4-10Pb contents in sediment outflow from the fish raising pond

Value of | Quantity

Flow Model Approach Variable | of Elow
Mass flow A7 =(( As x @ x 1000)x ag)/ag/10” 3,675.1641
A7 = Amount of As = Water outflow (i) 21,615

sediment outflow from
the fish raising pond | a;0 = Sedimentation rate in fish

(kg) raising pond (ml/L) | 0.126
ag = Weight of sediment (g) 950
2 = Volume of sediment (ﬁ 0.000704
Pb flow Azpt = (A7 x Pby)/10° 0.0048
(kg) A7 = Amount of sediment outflow
(kg DM) 2,154.1619

Pb; = Pb content of sediment in
pond water before harvesting
(mg/kg) 2.2250

Source:'Sirichotiwong (2006)

4.3.4 Pb contents in Snakeskin Gourami

Production of Snakeskin Gourami was 9,000 kg or 998.89 kg/rai for one
culture cycle. This can be calculated as 1,767.8085 kg DM. Pb content in Snakeskin
Gourami is 1.865 mg/kg. Therefore, the estimation of Pb loading of Snakeskin

Gourami is 0.0033 kg as shown in Table 4-11.
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Table 4-11Pb contents in Snakeskin Gourami in the fish raising pond

Value of | Quantity
Flow Model Approach Variable | of Elow
Mass flow Ag=ai1 X ay 9,000
Ag=Fish yield (kg) a= Fresh fish yield (kg/ rai) 998.89
a; = Area of fish raising pond (rai 9.01
Pb flow Asgpp= (Ag x Phg)/10° 0.0033
(kg) Ag= Dry fish yield (kg DM) 1,767.8085
Phks = Pb content in fish (mg/ky) 1.865

Source:'Sirichotiwong (2006)

When compared Pb contents in Snakeskin Gourami with those in seven fish
species from seven different lakes in Tokat, Turkey (Mendil et al., 2005), it was found
that Pb contents in Snakeskin Gourami are higher than those in fish from Hampinar,
Akbelen and Almus canals, but are lower than those in fish from Dutluca and Guzelce
canals as shown in Table 4-12. Moreover, Pb contents in Snakeskin Gourami is under
the limit of Pb contamination in human food of 1 mg/kg (The Declaration of Ministry
of Public Health Issue 98, B.E. 1986).

Fish are often at the top of the aquatic food chain and they concentrate large
amounts of heavy metals from water. Moreover, fish are considered as one of the main
protein food sources for human. Water pollution leads to fish contaminated with toxic
heavy metals from various sources such as scrap plant, natural runoff and
transportation. Pb can be accumulated by fish through both the food chain and water.
Essentially, fish assimilate heavy metals by ingestion of particulate materials
suspending in water, ingestion of food, ion-exchange of dissolved heavy metals across
lipophilic membranes such as the gills and adsorption on tissue and membrane
surfaces (Mendil et al., 2005).
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Table 4-12 Pb contents in various fish species

Location Fish species Pb content (mg/kg)
Phi Lok candl T. pectoralis 1.9
Hampinaf Capoeta capoeta 1.1
Cyprinus carpio 1.3
Akbelerf Capoeta capoeta 1.4
Dutluce Carassius gigelio 2.1
Cyprinus carpio 1.8
Almus” L. cephalus 1.3
Cyprinus carpio 1.0
S glanis 1.3
Capeota tinca 1.1
Atherina bayeri 0.9
Guzelcé Capeota tinca 2.0
Kizik * L. cephalus 1.9
L. cephalus 2.1
UluoZ’ Capoeta capoeta 2.4
Limit of Pb content in human food 1.0

Sources:* Sirichotiwong (2006)
’Mendil et al. (2005)

4.3.5 Pb contents in aquatic plants

The covering areas d@yperus pilosus Vahl., Ipomoea aquatica Forsk. and
Panicum repens Linn. in the fish raising pond in Phraek Nam Daeng Sub-district,
Amphawa District, Samut Songkhram Province are estimated from the aerial photo
(from Google Earth) (Figure 4-3). The covering areaCopilosus is estimated as
3,820 nf and fresh weight is calculated as 24,218.80 kg. From the average Pb
contents in shoot and root of 2.7233 mg/kg DM (Chalermsupanimit, 2006) and dry
weight of 5,136.3826 kg DM, the estimation of Pb loadin@opilosus is 0.0140 kg
(Table 4-13).

The covering area df aquatica is estimated as 3,924° and fresh weight is

calculated as 13,734 kg. From the average Pb contents in shoot and root of 1.4939 mg/kg
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DM (Chalermsupanimit, 2006) and dry weight of 1,582.7374 kg DM, the estimation of Pb
loading ofl. aquatica is 0.0024 kg (Table 4-14).

The covering area dP. repen is estimated as 3,924°nand fresh weight is
calculated as 5,415.12 kg. From the average Pb contents in shoot and root of 1.3431
mg/kg DM (Chalermsupanimit, 2006) and dry weight of 5,415.12 kg DM, the estimation

of Pb loading ofC. pilosusis 0.0012 kg (Table 4-15).

Table 4-13Pb contents il€yperus pilosus Vahl. in the fish raising pond

Value of | Quantity
Flow Model Approach Variable of Flow
Mass flow Ag = (a2 X &3)/ar)/10° 24,218.800
Ao = Amount of a2 = Covering area of C. pilosus
C. pilosus (kg) (nf)* : 3,820
a3 = Fresh weight of C. pilosus
perm (g) 6,340
a4 = Area of sampling plot (fr 1
Pb flow Agpt = (Ag X Phy)/10° 0.0140
(kg) Ag = Dry weight of C. pilosus 5,136.3826
(kgDM) |
Ply = Pb content in C. pilosus
(mg/kd) 2.7233
Sources:" Estimation from http//: www.pointasia.com (2005)
? Chalermsupanimit (2006)
Table 4-14Pb contents ihpomoea aquatica Forsk. in the fish raising pond
Value of | Quantity
Flow Model Approach Variable of Flow
Mass flow Ao = ((ags % 8_16)/314)/103 13,734
A10= Amount of a;s = Covering area df aquatica
|. aquatica (kg) (nf)* 3,924
ai6 = Fresh weight of. aquatica
per m(g) 3,500
a3 = Area of sampling plot (fh 1
Pb flow A1opr = (A]_c X F)blc)/lo6 0.0024
(kg) A1 = Dry weight ofl. aquatica
(kg DM) 1,582.7374
Phyp = Pb content in |. aquatica
(mg/ked 1.4939

Sources:' Estimation from http//: www.pointasia.com (2005)
2 Chalermsupanimit (2006)
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Table 4-15Pb contents iPanicum repen Linn. in the fish raising pond

Value of | Quantity
Flow Model Approach Variable of Flow
Mass flow A11 = ((aq7 X aj_s)/al4)/103 5,415.1200
A11 = Amount of a7 = Covering area d®. repens
P. repens (kg) (n9)* 3,924
ayg = Fresh weight oP. repens
per r(g) 1,380
a4 = Area of sampling plot (fh 1
Pb flow A11pr = (A11 X F)b_u)/lo6 0.0012
(kg) A1 = Dry weight of P. repens
(kg DM) 917.4549
Pbi; = Pb content in P. repens
(mg/kdd 1.3431

Sources:' Estimation from http//: www.pointasia.com (2005)
% Chalermsupanimit (2006)
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4.3.6  Amount of required grain feed

During the culture cycle of Snakeskin Gourami, the farmer added 27,000 kg of
grain feed into the fish raising pond. Feed exchange rate of Snakeskin Gourami is 2.97
(Department of Fisheries, 1997). Amount of grain feed that was required by Snakeskin
Gourami was only 26,759.70 kg. So, there were 270.30 kg of uneaten grain feed that
were decomposed by bacteria and precipitated onto the bottom of the fish raising
pond. Dry weight of required grain feed was calculated as 18,731.79 kg DM and Pb
content of grain feed was 28.60 mg/kg. Pb loading of required grain feed was 0.5351
kg DM (Table 4-16).

Table 4-16Estimation of mass and Pb flows of required grain feed eaten by Snakeskin

Gourami
Value of | Quantity
Flow Model Approach Variable of Flow
Mass flow Ao=Agxaq9 26,730
A1z = Amount of Ag= Fish yield (kg) 9,000
required grain feed | A,4= Feed exchange rate
(kg) (kg feed/ kg fisH) 2.9700
Pb flow | Awzpb = (Asz x Pbyp)/10° 0.5351
(kg) A1, = Dry weight of required
grain feed (kg DM) 18,711.0000
Pby, = Pb content of grain feed
(mg/kg) 28.6000

Source:* Department of Fisheries (2005)

4.3.7 Amount of dry pig manure eaten by Snakeskin Gourami

At the beginning of the culture cycle of Snakeskin Gourami, the farmer added
2,703 kg of dry pig manure into the fish raising pond. It can be estimated that 50.00 %
of dry pig manure was eaten by fish (Wittmer, 2005). So amount of dry pig manure
eaten by Snakeskin Gourami was 1,351.5 kg. Pb content in dry pig manure was 28.6
mg/kg. Therefore, Pb content in dry pig manure eaten by Snakeskin Gourami was
0.0387 kg (Table 4-17).
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Table 4-17 Estimation of mass and Pb flows of dry pig manure eaten by Snakeskin

Gourami
Value of | Quantity
Flow Model Approach Variable of Flow
Mass flow Az = &g X Az 1,351.5000
A3 = Dry pig manureg ay= Part of dry pig manure eaten
eaten by fish (kg) by the fish 0.5000
A3 = Added dry pig manure (kg) 2,703
Pb flow A1zpp = (A1z X Pbya)/10° 0.0387
(kg) Ai3 = Dry weight of dry pig manure
eaten by fish (kg DM) 1,351.5000
Pbis =Pb content in dry pig nmare
(mg/kg) 28.6000

4.3.8 Amount of aquatic plants eaten by Snakeskin Gourami

The farmer cu€. pilosus, |. aquatica andP. repens in the fish raising pond to feed
Snakeskin Gourami. Aquatic plants eaten by Snakeskin Gourami can be estimated as
30.00%. Therefore, fresh weight of aquatic plants eaten by Snakeskin Gourami was
13,010.3760 kg and dry weight as 2,290.9735 kg DM. Average Pb content in aquatic
plants was 1.8534 mg/kg. Therefore, Pb content in aquatic plants eaten by Snakeskin
Gourami was 0.0386 kg (Table 4-18).

Table 4-18 Estimation of mass and Pb flows of aquatic plants eaten by Snakeskin Gourami

Value of |Quantity of

Flow Model Approach Variable Flow
Mass flow Aisa= apg X (A9+A10+A11) 13,010.3760
A14 = Aquatic plantg a; = Portion of aquatic plants eaten
eaten by fish (kg) by fish 0.3000

(=)

Ag = Fresh weight of. pilosus (kg) |24,218.800
Aic = Fresh weight of. aquatica (kg)13,734.000

(=)

A11 = Fresh weight dP. repens (kg) | 5,415.1200
Pb flow Axspt = (Arg X Pbyg)/10° 0.0042
(kg) A14 = Dry weight of aquatic plants
eaten by fish (kg DM) 2,290.9735

c

Pb4 = Average Pb content in aqu
plants (mg/kg) ar
Source:* Chalermsupanimit (2006)

1.8534
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4.3.9 Amount of sediment in the fish raising pond

During the culture cycle of Snakeskin Gourami, the farmer pumped water and
sediment from the canal into the fish raising pond. The farmer added dry pig manure,
grain feed and liquid fertilizer and c@ pilosus, |I. aquatica and P. repens for the
fish raising pond and then some of them were not eaten by Snakeskin Gourami.
Finally, they were decomposed by bacteria and settable on the bottom of the fish
raising pond. They became soil sediment accumulated in the fish raising pond.
Amount of soil sediment was 475,162.9300 kg as fresh weight or 278,704.5642 kg
DM as dry weight. Sedimentation rate in the fish raising pond was 0.0029 ml/L. and
the number of day was 90 days. So, the amount of soil sediment was 0.6201 kg (Table
4-19).

Table 4-19Estimation of mass and Pb flows of sedimarthe fish raising pond

Value of | Quantity of
Flow Model Approach Variable Flow

Mass flow  Ais =((As*ass*ars*1000)*ag)/ag/10’ 475,159.546
A15 = Amount of| A4 = Water inflow into fish raising
sediment(kg) | pond(@ | 56,2134

a2 = Sedimentation rate (ml/L) | 0.0029

a3 = A culture cycle (day) 950

ag = Weight of sediment (g) 0.000704

a = Volume of sediment (m3) 90
Pb flow Asspr = (A15*Pb15)/10° 0.6201
(kg) A= = Amount of sediment (kg DM) 278,702.5810

Pbis = Pb content in pond water 2.2250

before harvesting (mg/kg)

Source:'Sirichotiwong (2006)

4.3.10 Pb contents in other living organisms

Other living organisms such as phytoplankton, zooplankton, aquatic insects,
apple snail and various types of fish and so on in the fish raising pond were not studied
in detail. However according to the principle of mass balance, the Pb contents in other
living organisms can be estimated by using equation 3-13 of Chapter Il and the data
used are shown in Table 4-20. The results of Pb contents in other living organisms are
0.2398 kg/cycle.
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Table 4-20 Estimation of Pb contents in other living organisms

Value of | Quantity
Flow Model Approach Variable | of flow
Pb flow A16pb = ((Ar2pstA13prtA1aph)-Agpn) +(A1pp-A12ph)
+(Apo-A13pr)+(A24pt-A1apt)-Alspr 0.2398
A1epp=Pb flow in A12pp=Pb flow of required grain feed
other living organism (kg) 0.5351
(kg) A13pp= Pb flow of manure eaten by
fish (kg) 0.0387
A14pp= Pb flow of aquatic plant eaten
by fish (kg) 0.0042
Asgpr = Pb flow of fish yield 0.0033
A1pt = Pb flow of grain feed (kg) 0.7682
Aspr = Pb flow of manure (kg) 0.0774
A4pp= Average of Pb flow of
aquatic plants (kg) 0.0176
Aisp; = Pb flow of sedimentation (kg) 0.6201

4.4  Estimation of Pb Loading in Snakeskin Gourami Fish Raising Pond
Department of Livestock (2005) reported the fish raising pond area of
Snakeskin Gourami in Phraek Nam Daeng Sub-district, Amphawa District, Samut
Songkhram Province was 2,018,906 an 1,261.813 rais. Then the total amount of
water discharged was 2,944,230.3 and Pb loading from the fish raising pond area
therefore Pb loading was 21.198458 kg/cycle that discharged into the Phi Lok canal

every year.

45 Overall Discussion

Aquacultures in the fish raising pond, fish grow and eat either offered feed or
available live feed. They excrete their waste products into the water and the products are
later decomposed by bacteria or drained into canals and rivers. Additionally, inorganic
nutrients and sunlight stimulate primary production, and bacteria decompose all kinds of
organic matter back into inorganic nutrients. The water is lost through evaporation,
seepage and draining, and renewed through rain and surrounding water bodies (canal,
river). The nutrient rich sediment on the pond bottom is sometimes removed and
deposited next to the pond (Wittmer, 2005). The build up of metals in sediments has

significant environmental implication for local communities, as well as for canal water
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quality. For example, many freshwater invertebrates process sediment as a food source
and can be susceptible to bioaccumulation of toxic metal (Demirak et al., 2006).

According to the results found from the present study, the total Pb inputs to the
fish raising pond were 1.0090 kg/cycle. The highest Pb amount was 0.7682 kg/cycle of
grain feed (about 76.13% of total Pb inputs) but the Snakeskin Gourami consumed
0.5351 kg/cycle of grain feed (about 69.66% of total grain feed input). So the 0.2331
kg/cycle of grain feed (about 30.34%) remained in the Snakeskin Gourami fish raising
pond.

Moreover, the farmer put dry pig manure around 0.0774 kg/cycle. Snakeskin
Gourami fish consumed 0.0387 kg/cycle of dry pig manure (about 50% of total dry pig
manure input). Around 30% of grain feed and 50% of dry pig manure were over used,
therefore Pb amount remained in the system. The problems concerning the Pb
contamination will be increasing not only on the ecosystem but also on the human
health. Thus, the farmer should apply grain feed and dry pig manure in suitable amount
for Snakeskin Gourami fish.

The main outputs of Pb from the Snakeskin Gourami fish raising pond (during
the harvesting) were water and sediment discharged into the Phi Lok canal in around
November of 0.1513 kg/cycle (about 14.99 %) and 0.0048 kg/cycle (about 0.48 %),
respectively. When considered Pb concentration in water of the Phi Lok canal at the
sampling site near the Snakeskin Gourami fish raising pond, it was found higher Pb
concentration in December, 2004 of 0.0027 mg/L than that in October, 2004 of 0.0018
mg/L (Lertprasert, 2006). This suggested some effects of Pb contents in water and
sediment discharged from the pond during the harvesting period in November to the
Phi Lok Canal. The highest sink of Pb content of 0.6201 kg/cycle (about 61.45%) in
sediment was accumulated in the bottom of Snakeskin Gourami fish raising pond. The
suitable management on sediment of the fish raising pong is needed owing to the high

Pb content. Table 4-21 shows the Pb contents in the compartments as described above.
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Process of fish culture, liquid fertilization is usually necessary to provide
phytoplankton with adequate nutrients for growth, much the same as liquid fertilizing
fields increases crop vyields. Proper liquid fertilization increases food availability
throughout the food chain and indirectly increases the total amount of fish a pond can
support. When used the fertilizer is too much as a result, the water is too nutrient rich
in the last situation. Try to determine the source of nutrient entering the pond. The
pond may have been over fertilized. Over feeding fish can result in excess nitrogen
and phosphorus loads. Not only the liquid fertilizer has too much nitrogen and
phosphorusut also the liquid fertilizer were found Pb. Howe®b contents in liquid
fertilizer is 0.863 mg/L that lower than Pb contents in grain feed, 40.600 mg/kg DM.
So most of Pb content in the fish raising pond came from grain feed. At the end of the
culture cycle, the farmer will dispose water in the pond into the natural canal. In this
study, the canal is the Phi Lok canal. The quantity of Pb content in the water is 0.0011
mg/ L (Lertprasert, 2006) and some is from activity of the fish raising pond, usage
liquid fertilizer and grain feed.

However, in this study, Pb content in liquid fertilizer is lower than that from
grain feed which is the main feed in the fish raising pond. Besides Pb input (grain feed
and liquid fertilizer) accumulated in water sources and also accumulated in Snakeskin
Gourami fish in the fish raising pond (0.0033 kg). During the culture cycle, water was
discharge water is 21,000°rand contaminated around 0.1512 kg Pb. When calculate
discharged from all Snakeskin Gourami culturing in Phraek Nam Daeng Sub-district,
Amphawa District, Samut Songkhram Province found that the total Snakeskin
Gourami discharges are 2,944,2303 tmerefore the total Snakeskin Gourami loading of
21.1984 kg flowed into the Phi Lok canal and the Gulf of Thailand.

An important organism in fish raising pond is aquatic organism, aquatic weeds,
are common problem in farm ponds. Rooted aquatic vegetation furnishes habitat for
some small aquatic animals, increasing available food. Vegetations also provide small
fish with cover to hide from predators. However, if left unchecked, aquatic plant can
take over the entire pond and remove the nutrients required for phytoplankton
production Furthermore, the study found that there is usage of manure to increase
growth of aquatic plant, natural food for the fish raising pond. The farmer will cut the

grasses and throw them back into the pond, then the fish are fed naturally. The grasses
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are biodegradation. Pb content in dry pig manure was 0.0772 kg/cycle and the
aquatic plant includingC. pilosus, I. aquatic and P. repens. Pb content was 0.0140
kg/cycle, 0.0024 kg/cycle and 0.0012 kg/cycle, respecti{Relyepens < |. aquatic <

C. pilosus). While Pb content accumulated @ pilosus was highest. Figure 4-4

shows the distribution of Pb in the compartments as described above.

Liquid fertilizer
0.0031 kg Snakeskin Gourami Fish vield
. \ 3 - . | rishyield
—.V\gagegl'gf:?w % ﬁ o E Pb =0.5780 kg 0.0033 kg
ooiska 2 e i
Sedimentinflgy 2§ 2 S Tlw Other living
0.0985 kg 28 g 8 o é‘ Other living organism
Dry pig manure 5 E SR |= organisms 0.2398 kg
0.0774 kg v v v
Grain feed Pb = 00176 k 0.1513 kg
0.7682 kg
Water Sediment outflow
—_—
0.0048 kg
h 4

Pb accumulation in the fish raising pond
0.6201 kg System boundary

Figure 4-4 Mass balance of Pb in the fish raising pond

Some data used in the calculation are from the previous studies in the present
system boundary. These secondary data are from various sources and different period
of study or record therefore the concreted conclusion can not be available. The present
study can be considered as an attempt in applying mass balance and material flow
analyses as the synthesizing tool for understanding the heavy metal flow based on all

available data studied in the study area.
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From the present study, the Snakeskin Gourami fish raising pond in Phraek
Nam Daeng Sub-district, Amphawa District, Samut Songkhram Province generated
and discharged 0.1594 kg Pb/culture cycle into the Phi Lok Canal (Figure 5-1).
Whereas the major input of Pb into the fish raising pond was from grain feed which is
now increasing important in fish culture. Moreover it can be observed that other

sources of Pb inputs with similar important are dry pig manure, water inflow and
sediment inflow (Figure 5-1). Fortunately Pb content in Snakeskin Gourami fish
cultured in the study area is under the limit of human food. Most of Pb content is

accumulated as sediment in the fish raising pond.

Liquid fertilizer|

0.0031 kg

Water inflow
0.0618 kg

Sediment inflow
0.0508 kg
Dry pig manure
0.0774 kg

Grain feed
0.7682 kg

C. pilosus Vahl.

d
<
d

0.0140 kg
|. aquatic Forsk.
P. repensLinn.

0.0024 kg
0.0012 kg

Pl

4 4

Snakeskin Gourami

Pb =0.5780

Aquatic plants
Pb=0.0176 kg

A 4

Other living
organisms
Pb = 0.2398 kg

Water

Fishyield

0.0033 kg

Other living

organisms
Pb =0.2398 kg

Water outflow
0.1513 kg

Sediment outflow
0.0048 kg

Pb accumulation in Snakeskin Gourami raising pond

0.6201 kg

System boundary

Figure 5-1 Mass balance of Pb in the Snakeskin Gourami fish raising pond system
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Owing that the total area of Snakeskin Gourami fish culture in Phraek Nam
Daeng Sub-district, Amphawa District, Samut Songkhram Province is 2,018,900 m? or
1,261.813 rais, therefore it can be estimated that Pb loadings of about 21.20 kg was
released into the Phi Lok Canal and the Gulf of Thailand.

Although Pb is not very toxic but the high amount in environment can cause
adverse effects on al living organisms along the food chain. In the aguatic ecosystem,
cana water, sediment and aguatic plants and animals deposited and accumulated Pb
from runoff and agriculture and industrial effluents. Heavy metal balance shows the
budget of both heavy metal inputs and outputs, which make the useful for integrated
evauation of both heavy metal inputs by different sources and for analysis of the
partitioning of metal flux in different compartments. Proper use of heavy metal mass
balance requires attention to definition of the system, inputs to and outputs out of the
system, the reliability of data from literature and measurement. Therefore, the adapted
mass balance can be used as a tool for estimating input, accumulation and output of
heavy metals in the canal system and for managing water quality and other
environmental problemsin relation to the agricultural activities.

5.2 Recommendations
5.2.1 Recommendation for Application

1) At first, the farmer should apply the suitable amount of grain feed and dry
pig manure and by doing this, farmers will save costs. Also as grain feed is the maor
source of Pb content, to change from grain feed to other natural feed is strongly
recommended to save the ecosystem and human health, as well.

2) The highest sink of Pb content was found in sediment at the bottom of
Snakeskin Gourami fish raising pond. The suitable management on sediment is needed
to prevent the contamination of Pb to the Phi Lok Canal.

5.2.2 Recommendation for the Further Study

Mass balance and material flow analysis are applied in the aguaculture area of
the present study. However, more and reliable data on other living organisms (process
and quantity) which are one of the magjor sink of Pb content and pond sedimentation
are needed to be collected. Application of the present analysis to other Snakeskin

Gourami fish raising pond areas will be very useful for devel oping the model.
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APPENDIX A

THE MEANSOF LEAD CONCENTRATION IN WATER, SEDIMENT,
AQUATIC PLANTS AND SNAKESKIN GOURAMI

Table A-1 The Concentration of Pb in Water (mg/L) and Sediment (mg/kg) at
The Phi Lok Canal

Phi Lok (After Fac)
Month
Water (mg/L) Sediment (mg/kg)

June ND 13.3300
August 0.00090 11.0000
October 0.00170 31.5000
December 0.00260 24.6700
February 0.00010 34.3300
April 0.00002 22.6700

Source: Lertprasert (2006)

Table A-2 The Concentration of Pb in Snakeskin Gourami Raising Pond

Snakeskin Gourami raising pond
Month Snakeskin Gourami
Water (mg/L) | Sediment (mg/kQ)
(mg/kg)
June 0.0183 2.3400 1.2781
July 0.0032 2.5000 1.5716
August 0.1332 2.4800 1.3745
September 0.5713 2.3800 ND

October 0.5513 2.2250 2.9912
November 0.0695 2.4060 2.1104

Sour ce: Sirichotiwong (2006)
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Table A-3 The Concentration of Cuin Aquatic Plant (mg/kg, dry weight)

Aquatic plantsin Snakeskin Gourami raisng pond
Month Cyperuspilosu Vahl. | pomoea aquatica Panicum repens
(mg/ko) Forsk. (mg/kg) Linn. (mg/kg)

June 1.2067 1.1235 0.9930
July 3.9427 1.5256 1.5804
August 3.7494 2.0773 1.3500
September 3.9510 1.1612 1.6317
October 1.3296 0.9763 0.9082
November 2.1605 2.0995 1.5951

Sour ce: Chalermsupanimit (2006)
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APPENDIX B

DATABASE OF SNAKESKIN GOURAMI RAISING POND IN PHRAEK
NAM DAENG SUB-DISTRICT, SAMUT SONGKHRAM PROVINCE

Table B-1 Database of Snakeskin Gourami Raising Pond

Address T Area Product
Moo Sub-district District ype m? kg
2 Phraek Nam Daeng Amphawa farm 32,000 2,000
2 Phraek Nam Daeng Amphawa farm 8,000 3,000
2 Phraek Nam Daeng Amphawa farm 24,000 3,000
2 Phraek Nam Daeng Amphawa farm 12,800 700
2 Phraek Nam Daeng Amphawa farm 6,400 500
2 Phraek Nam Daeng Amphawa farm 8,000 1,000
2 Phraek Nam Daeng Amphawa farm 9,600 2,100
2 Phraek Nam Daeng Amphawa farm 12,800 5,000
2 Phraek Nam Daeng Amphawa farm 4,800 700
2 Phraek Nam Daeng Amphawa farm 24,000 3,000
2 Phraek Nam Daeng Amphawa farm 60,800 5,000
2 Phraek Nam Daeng Amphawa farm 16,000 2,500
2 Phraek Nam Daeng Amphawa farm 8,000 1,500
2 Phraek Nam Daeng Amphawa farm 8,000 1,000
2 Phraek Nam Daeng Amphawa farm 8,000 900
3 Phraek Nam Daeng Amphawa farm 27,200 7,250
3 Phraek Nam Daeng Amphawa farm 8,000 1,200
2 Phraek Nam Daeng Amphawa farm 6,400 900
2 Phraek Nam Daeng Amphawa farm 19,200 5,000
2 Phraek Nam Daeng Amphawa farm 80,000 5,000
3 Phraek Nam Daeng Amphawa farm 44,800 8,000
4 Phraek Nam Daeng Amphawa farm 11,200 1,500
4 Phraek Nam Daeng Amphawa farm 14,400 2,000
4 Phraek Nam Daeng Amphawa farm 27,200 3,000
4 Phraek Nam Daeng Amphawa farm 27,200 3,000
4 Phraek Nam Daeng Amphawa farm 16,000 1,000
4 Phraek Nam Daeng Amphawa farm 43,200 6,000
4 Phraek Nam Daeng Amphawa farm 32,000 2,000
4 Phraek Nam Daeng Amphawa farm 24,000 4,000
4 Phraek Nam Daeng Amphawa farm 9,600 2,000
4 Phraek Nam Daeng Amphawa farm 8,000 3,000
4 Phraek Nam Daeng Amphawa farm 54,400 2,500
4 Phraek Nam Daeng Amphawa farm 32,000 5,200
4 Phraek Nam Daeng Amphawa farm 11,200 1,500
4 Phraek Nam Daeng Amphawa farm 8,000 2,300
2 Phraek Nam Daeng Amphawa farm 6,400 700

Sour ce: Department of Livestock (2004)
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Table B-1 Database of Snakeskin Gourami Raising Pond (cont.)
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Address T Area Product
M 00 Sub-district District ype m’ kg
4 Phraek Nam Daeng Amphawa farm 24,000 6,000
4 Phraek Nam Daeng Amphawa farm 80,000 10,000
4 Phraek Nam Daeng Amphawa farm 16,000 1,500
6 Phraek Nam Daeng Amphawa farm 60,500 4,000
6 Phraek Nam Daeng Amphawa farm 80,000 15,000
6 Phraek Nam Daeng Amphawa farm 24,000 8,500
6 Phraek Nam Daeng Amphawa farm 24,000 2,600
6 Phraek Nam Daeng Amphawa farm 19,200 2,400
6 Phraek Nam Daeng Amphawa farm 16,000 7,000
6 Phraek Nam Daeng Amphawa farm 16,000 4,000
6 Phraek Nam Daeng Amphawa farm 112,000 25,000
3 Phraek Nam Daeng Amphawa farm 40,000 4,500
3 Phraek Nam Daeng Amphawa farm 24,000 2,000
6 Phraek Nam Daeng Amphawa farm 17,600 6,500
6 Phraek Nam Daeng Amphawa farm 67,200 5,000
3 Phraek Nam Daeng Amphawa farm 11,200 800
9 Phraek Nam Daeng Amphawa farm 48,000 7,000
3 Phraek Nam Daeng Amphawa farm 16,000 4,500
3 Phraek Nam Daeng Amphawa farm 24,000 500
3 Phraek Nam Daeng Amphawa farm 73,600 22,000
3 Phraek Nam Daeng Amphawa farm 8,000 3,100
3 Phraek Nam Daeng Amphawa farm 24,000 7,000
3 Phraek Nam Daeng Amphawa farm 4,800 1,300
2 Phraek Nam Daeng Amphawa farm 72,000 9,800
6 Phraek Nam Daeng Amphawa farm 24,000 1,700
4 Phraek Nam Daeng Amphawa farm 16,000 1,500
3 Phraek Nam Daeng Amphawa farm 8,000 1,500
4 Phraek Nam Daeng Amphawa farm 9,600 1,000
4 Phraek Nam Daeng Amphawa farm 16,000 2,000
4 Phraek Nam Daeng Amphawa farm 56,000 2,900
4 Phraek Nam Daeng Amphawa farm 8,000 5,800
2 Phraek Nam Daeng Amphawa farm 40,000 3,000
6 Phraek Nam Daeng Amphawa farm 56,000 8,500
3 Phraek Nam Daeng Amphawa farm 16,0000 30,000
3 Phraek Nam Daeng Amphawa farm 40,000 7,000
2 Phraek Nam Daeng Amphawa farm 4,800 1,000
2 Phraek Nam Daeng Amphawa farm 16,000 5,000
2 Phraek Nam Daeng Amphawa farm 16,000 4,900
2 Phraek Nam Daeng Amphawa farm 16,000 2,000
2 Phraek Nam Daeng Amphawa farm 16,000 1,500
2 Phraek Nam Daeng Amphawa farm 80,000 3,000

Sour ce: Department of Livestock (2004)
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