ACCUMULATION AND DISTRIBUTION OF HEAVY METALS
IN GIANT TIGER PRAWN, Penaeus monodon Fabricius, 1798
IN THE UPPER GULF OF THAILAND

USANEE KLINRARUE

A THESIS SUBMITTED IN PARTIAL FULFILLMENT
OF THE REQUIREMENTS FOR
THE DEGREE OF MASTER OF SCIENCE
(TECHNOLOGY OF ENVIRONMENTAL MANAGEMENT)
FACULTY OF GRADUATE STUDIES
MAHIDOL UNIVERSITY
2005

ISBN 974-04-6739-3
COPYRIGHT OF MAHIDOL UNIVERSITY



Thesis
Entitled

ACCUMULATION AND DISTRIBUTION OF HEAVY METALS
IN GIANT TIGER PRAWN, Penaeus monodon Fabricius, 1798
IN THE UPPER GULF OF THAILAND

Prof. ML.R. Jisnuson Svasti,
Ph.D.
Dean
Faculty of Graduate Studies

Miss Usanee Klinrarue
Candidate

rof. Raywadee Roachanakanan,
Ph.D. (Ecology, Evolution and Systematics)
Major-Advisor

.......

Prof. Phaibul Naiyanetr,
M.Sc. (Zoology)
Co-Advisor

Asst. Prof. Raywac'lee Roachanakanan,
Ph.D. (Ecology, Evolution and Systematics)
Chair

Master of Science Programme in
Technology of Environmental Management
Faculty of Environment and Resource
Studies



Thesis
Entitled

ACCUMULATION AND DISTRIBUTION OF HEAVY METALS
IN GIANT TIGER PRAWN, Penaeus monodon Fabricius, 1798
IN THE UPPER GULF OF THAILAND

was submitted to the Faculty of Graduate Studies, Mahidol University
for the degree of Master of Science
(Technology of Environmental Management)
on
November 4, 2005

Miss Usanee Klinrarue
Candidate

Asst. Prof. Raywadee Roachanakanan,

Ph.D. (Ecology, Evolution and Systematics)
Chair »

..................................................

Prof. Phaibul Naiyanetr,
M.Sc. (Zoology)

.............................

3

\_Ph.D. (Chemical Engineering)

Member
?ﬁus / » ﬂ
Prof. M.R. Jisnuson Svasti, Assoc. Prof. Anuchtat Poungsomlee,
Ph.D. Ph.D. (Human Ecology)
Dean Dean
Faculty of Graduate Studies Faculty of Environment and Resource
Mahidol University Studies

Mahidol University



ACKNOWLEDGEMENT

The success of this thesis can been attributed to extensive support and
assistance from my major advisor, Assist. Prof. Raywadee Roachanakanan and my co-
advisor, Prof. Phaibul Naiyanetr who always give valuable advice, guidance
comments, especially kindness, suggestions and also sacrifice their time for me.
Besides, | would like to extend my sincere thanks to Assoc. Prof. Prayad
Pokethitiyook, who offers me his valuable time to be one of my thesis committees,
including his advice and suggestions that are useful to make my thesis more
comprehensive.

This research work is support by the grant from the Post-Graduate Education,
Training and Research Program in Environmental Science, Technology and
Management under Higher Education Development Project of the Commission on
Higher Education, Ministry of Education. | am also grateful to P’Aom, P’Pan, P’Ton
and P’Aey and every staff at ESTM for providing me with their kindness, advice and
assistance for my experiment.

I am really grateful to all the lectures and staff of the Faculty of Environment
and Resource Studies, Mahidol University, especially to laboratory staff, librarians
and education staff for their cordial service.

I wish to thank P’Jim and Lung Moo for their assistance and kindness in
collecting sample. My special thanks are contributed to all my friends, especially
ET29, ET30, P’Leng and P’Aueam for their encouragement, helpful, friendship,
happiness and all enjoyable things that we have done throughout my study.

Most of all, I would like to express the sincere thanks to my father, my
mother, my brother, my family and my best friend, Noy, who give me their love,
entirely care, understanding, trustfulness, assistance, financial support and continuous
encouragement throughout my study time. The usefulness of this thesis, | dedicate to
my family whom I always remind.

Any mistake in this research will be absorbed by me in order to make better

improvement in the next occasions.

Usanee Klinrarue



Fac. of Grad. Studies, Mahidol Univ. Thesis/ iv

ACCUMULATION AND DISTRIBUTION OF HEAVY METALS IN GIANT TIGER PRAWN, Penaeus
monodon Fabricius, 1798 IN THE UPPER GULF OF THAILAND

USANEE KLINRARUE 4537637 ENTM/M
M.Sc. (TECHNOLOGY OF ENVIRONMENTAL MANAGEMENT)

THESIS ADVISORS: ROACHANAKANAN R., Ph.D. (ECOLOGY, EVOLUTION AND
SYSTEMATICS), NAIYANETR P., M.Sc. (ZOOLOGY)

ABSTRACT

The distribution of five heavy metals, i.e., Cd, Cr, Cu, Pb and Zn were determined from Penaeus monodon
samples collected from fresh markets of ten provinces around the Eastern, Central and Western Gulf of Thailand (one
fresh market per province). Three marketable sizes of P. monodon samples were collected once a month in the rainy
and cold seasons from June to November 2004. The accumulations of heavy metals in the cephalothorax and abdomen
of male and female P. monodon were measured. The samples were digested in a microwave digestion system and
analyzed by using Flame Atomic Absorption Spectrophotometer for Cu and Zn and Graphite Atomic Absorption
Spectrophotometer for Cd, Cr and Pb. Statistical analysis was carried out with SPSS for Windows 11.5 and a
reliability interval of 95 % (P<0.05) was set for data analysis.

All P. monodon samples were from prawn farms located in the province where the samples were collected.
For heavy metal concentrations in P. monodon collected from ten provinces in the rainy and cold seasons, the
maximum Cd, Cr, Cu, Pb and Zn concentrations as 0.13, 0.41, 8.29, 0.07 and 4.13 mg/kg dry weight were found in P.
monodon collected from Rayong, Samut Sakhon, Rayong, Samut Sakhon and Samut Sakhon, respectively in the rainy
season. Whereas the maximum Cd, Cr, Cu, Pb and Zn concentrations as 0.02, 0.04, 3.29, 0.02 and 2.47 mg/kg dry
weight were found in P. monodon from Prachuap Khiri Khan, Chanthaburi, Chon Buri, Chon Buri and Chanthaburi,
respectively in the cold season. The results showed that heavy metal concentrations in the rainy season were higher
than those in the cold season. When comparing heavy metal concentrations in P. monodon between the rainy and cold
seasons, it was found that heavy metal concentrations were significantly different for Pb concentrations in the large
size of P. monodon from Chanthaburi and Samut Songkhram and Zn in the large size of P. monodon from Samut
Prakan. For heavy metal concentrations in male and female P. monodon collected from ten provinces, the maximum
Cu, Pb and Zn concentrations as 5.18, 0.09 and 3.33 mg/kg dry weight were found in female P. monodon from
Rayong, Samut Sakhon and Chanthaburi, respectively. Whereas, the maximum Cd and Cr concentrations as 0.17 and
0.40 mg/kg dry weight were found in male P. monodon from Rayong and Bangkok, respectively. The results showed
that heavy metal concentrations except Cr concentrations in female P. monodon were higher than in male P.
monodon. When comparing heavy metal concentrations between male and female P. monodon, it was found that
heavy metal concentrations were significantly different for Cr concentrations in the medium size of P. monodon from
Phetchaburi. For heavy metal concentrations in cephalothorax and abdomen of P. monodon from ten provinces, the
maximum Cd, Cr, Cu, Pb and Zn concentrations as 0.05, 0.91, 9.68, 0.06 and 4.97 mg/kg dry weight were found in
cephalothorax of male P. monodon from Samut Prakan, Chon Buri, Rayong, Samut Songkhram and Chon Buri,
respectively. Similar to previous studies, the results suggested that heavy metal concentrations in the cephalothorax
were higher than those in the abdomen. When comparing heavy metal concentrations between cephalothorax and
abdomen of P. monodon, it was found that Cd, Cu and Zn concentrations in the large and medium sizes of male P.
monodon and Cu, Pb and Zn in the large and medium sizes of female P. monodon were significantly different in some
provinces.

It is interesting to find that five heavy metal concentrations in P. monodon determined from the study were
lower than those found in the previous studies on P. monodon cultured in the provinces around the Gulf of Thailand.
However this did not suggest lower levels of heavy metal pollution in the water and sediments in the area. Finally, it
was concluded that the five heavy metal concentrations in P. monodon did not exceed the permissible limits and
guidelines of the Office of the National Codex Alimentarius Committee and Ministry of Public Health. In conclusion,
P. monodon from the Upper Gulf of Thailand were found to have safe levels of heavy metal concentrations for human
health.

KEY WORDS: GIANT TIGER PRAWN/ Penaeus monodon / HEAVY METAL ACCUMULATION
AND DISTRIBUTION/ THE UPPER GULF OF THAILAND
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CHAPTER 1
INTRODUCTION

1.1 Problems and importance

The giant tiger prawn, Penaeus monodon is one of the most popular farmed
penaeid prawn in Thailand owing to its good taste, high nutrition and low price. It also
became one of a top price among all seafoods in the world’s market. Frozen seafood,
especially frozen shrimp product has been Thailand’s major export item. The
important exported markets are USA, EU and Japan. The penaeid prawn farming areas
in Thailand are located along the Gulf of Thailand and the Andaman Sea where
seawater and sediments are contaminated with all types of pollution especially heavy
metals. Although in the past the intensive prawn farming system was very popular but
at present the extensive prawn farming system is in practice. The extensive prawn
farming system needs very minimum inputs and management. Seawater was directly
used to raise prawns and no or very minimum amount of artificial food is added.
Prawns therefore feed on natural foods. P. monodon is a benthic organism which
gathers foods from the sediment. Owing to its food gathering habit, it can accumulate
all kind of pollutants into its body tissue. The exposure of P. monodon to the heavy

metals during the raising period can be by both water and food.

The Upper Gulf of Thailand consists of three areas i.e. the Central, Eastern
and Western areas. These areas are enclosed with several major rivers i.e., Chao Praya,
Bang Pakong, Mae Klong and Tha Chin. The areas are the destination for all kinds of
wastes from human activities i.e. industry, agriculture and community which enter into
the Gulf of Thailand, finally. Heavy metal is one of the pollutants which is of great
concern in the Upper Gulf of Thailand. Previous studies showed increasing amount of

heavy metals accumulating in the sediments. The study of sediments along
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the Eastern Gulf of Thailand by Phanutrakul et al. (2000) in 1999 reported the
following amounts of heavy metals; Cd 0.07, Cu 46.51, Pb 29.06 and Zn 77.2 ug/g dry
weight. In 2001 Cd, Cu, Pb and Zn concentrations in coastal sediments of the Eastern
gulf of Thailand were 0.01 to 0.55, 1.27 to 63.12, 2.27 to 36.63 and 0.66 to 133 ug/g
dry weight, respectively. It was also found that Pb concentrations in sediments of 2.27
to 30.31 ug/g dry weight in the wet season were higher than those of 6.02 to 36.63
ug/g dry weight in the dry season. At Samut Prakan in the Central Gulf of Thailand,
Cd, Cr, Cu, Pb and Zn concentrations in the sediments around the Bangpoo Industrial
Estate were 1, 147, 1380, 76 and 790 mg/kg dry weight, respectively (Brigden et al.,
2003). Cu and Zn concentrations exceeded the standard of sediment quality for marine
habitat that may be toxic to organisms.

Heavy metal concentrations in coastal waters of the Gulf of Thailand varied
depending on seasonal variation and sampling locations in relation to point and non-
point sources. Musika et al. (2003) investigated dissolved metals in seawater along the
Eastern Gulf of Thailand and reported as follows: Cd < 0.001 to 0.104, Cu 0.16 to
1.68, Pb < 0.02 to 0.75 and Zn 0.16 to 6.81 ug/l. The concentrations found were still
lower than the Standard of Coastal Water Quality of Thailand. Moreover they found
that heavy metal concentrations in the dry season were higher than those in the wet
season. At Chanthaburi River Mouth, Cd was reported at levels of 0.7 mg/kg, Pb of
222.8 mg/kg at Laem Chabang Sea Port and Zn of 77.7 mg/kg at Chon Buri Bay
(Pollution Control Department, 1999; Sophon and Rungnapa, 1999). Also
determination in coastal water showed high concentrations of Pb and Zn (52 and 114.3
po/l, respectively) in the cold season at Somboon Beach, Bang Saphan District,
Prachuap Khiri Khan Province. These levels exceeded the Standard of Coastal Water
Quality of Thailand. Only Pb concentration (52 pg/l) exceeded the Standard in the

rainy season.

Heavy metals are stable compounds. Most of toxic heavy metals such as Cd,
Cr, Cu, Fe, Pb and Zn are non-biodegradable, then they can accumulate in the tissues
of living organisms and such an accumulation will increase in intensity further up the

tropic levels of food chains. Therefore, the pollution of heavy metals in water does not
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only affect the quality of water or harm aquatic lives but is also dangerous to human if
seafoods that contain a high concentration of heavy metals are consumed. In Japan,
there are the two well-known diseases of Minamata and Itai-itai caused from people

who consumed fish contaminated with Hg and Cd, respectively.

There are many factors effecting to heavy metal accumulation in shrimps and
prawns. Hossain and Khan (2001) found that heavy metal concentrations in muscle
were lower than those in cephalothorax of P. monodon from the offshore fishing
grounds of the Bay of Bengal in pre-monsoon, monsoon and post-monsoon. Wanpen
(2000) found the amount of some heavy metals (Cd, Cr, Cu, Fe, Mn, Ni, Pb and Zn)
accumulated in the cephalothorax much higher than in abdomen of P. monodon
around outer-part of the Songkhla lake. Osuna and Mayen (1996) measured level
concentrations of Cd, Cu, Fe, Mn, Ni and Zn in organs of females and males of P.
vannamei. They found that heavy metal concentrations in exoskeleton, gills,
hepatopancreas and antennal organs between male and female were significantly
different and heavy metal concentrations in male showed higher concentrations than in

female.

Therefore, it is interesting and important to study heavy metal accumulations
in P. monodon, a commercial prawn species, harvested from prawn farms in the
provinces around the coastal areas of the Upper Gulf of Thailand. Also the data gained
from the study will be useful as a response to the need to assess potentially heavy

metal levels for the human nutritional standpoint, and to respond to food safety policy.
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1.2 Conceptual framework

Independent variable

Sampling period

-Rainy
-Cold

Sex of P. monodon
-Male

Introduction / 4

Dependent variable

v

-Female

Body parts of P. monodon
-Cephalothorax
-Abdomen

Five heavy metal concentrations
(Cd, Cr, Cu, Pb and Zn) in three
marketable sizes of P. monodon
in the Upper Gulf of Thailand

1.3 Objectives of the study

1.3.1. To compare the distribution pattern of five heavy metal concentrations

in ten provinces of the Upper Gulf of Thailand and amongst the Central, Eastern and

Western Gulf of Thailand.

1.3.2. To compare five heavy metal concentrations in P. monodon between

the rainy and cold seasons.

1.3.3. To compare five heavy metal concentrations between male and female

P. monodon.

1.3.4. To compare five heavy metal concentrations between cephalothorax

and abdomen of P. monodon.
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1.4 Scope of the study

1.4.1. P. monodon samples were taken from the fresh markets in ten

provinces of the Upper Gulf of Thailand.
1.4.2. P. monodon samples were collected from June to November 2004.
1.4.3. Five heavy metals measured in this study are Cd, Cr, Cu, Pb, and Zn.

1.4.4. Three variables was studied affecting to heavy metal concentrations in
P. monodon are seasons (the rainy and cold seasons), sexes (male and female), and

two body parts (cephalothorax and abdomen).

1.5 Operational definitions

1.5.1 Heavy metal concentration is the amount of metal determined in P.
monodon samples.
1.5.2 Accumulation is the heavy metal concentration determined in three

marketable sizes of male and female and body parts of P. monodon samples.

1.5.3 Distribution means the heavy metal concentration determined from P.
monodon samples collected from ten fresh markets of the Upper Gulf of Thailand

during June to November 2004.

1.5.4 The Upper Gulf of Thailand covers ten provinces and is divided into
three areas as follows:
-the Central Gulf of Thailand includes four provinces of Bangkok,
Samut Prakan, Samut Sakhon and Samut Songkhram.
-the Eastern Gulf of Thailand includes four provinces of Chanthaburi,
Chon Buri, Rayong and Trat.
-the Western Gulf of Thailand includes two provinces of Phetchaburi
and Prachuap Khiri Khan.
1.5.5 Marketable size means length of P. monodon that sold in the fresh
market in the Upper Gulf of Thailand. The three sizes are as follows: large, medium
and small sizes of 10.0 to 12.5 cm, 12.6 to 13.5 cm and 13.6 to 16.0 cm, respectively.
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CHAPTER 2
LITERATURE REVIEW

2.1 Biology and ecology of Penaeus monodon Fabricius, 1798

The giant tiger prawn or black tiger shrimp, Penaeus monodon is one of the
largest penaeid prawns in the world and is of commercial importance in Southeast

Asian countries.

Source: Chan (1998)
(A)
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(B)
Figure 2-1 (A) Black and white drawing of Penaeus monodon (B) Photograph of
Penaeus monodon (taken on September 6, 2005)

Classification
Phylum  Arthropoda
Class Crustacea
Subclass  Malacostraca
Order Decapoda
Suborder  Natantia
Family Penaeidae
Subfamily  Penaeinae
Genus Penaeus
Species Penaeus monodon
FAO name (Chan, 1998): Giant tiger prawn
Common name (Holthuis, 1980): Supo, Jumbo Tiger prawn, Leader, Blue
tiger or panda

Thai name : fagais - Kung Kula Dam

Diagnostic characters (Chan, 1998): Carapace with grooves and crests
distinct, rostrum generally armed with 6 to 8 upper teeth (including those on carapace)
and 3 lower teeth; postrostral crest well developed and reaching nearly to posterior

margin of carapace, with or without a feeble median groove; adrostral crest extending
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to just before last postrostral tooth; gastrofrontal crest absent; hepatic crest almost
horizontal and extending far behind antennal crest. Fifth leg without exopod. Petasma
(see Figures 2-2 and 2-3 A) of males with distomedian projections slightly
overhanging distal margin of costae. Thelycum (see Figures 2-2 and 2-3 B) of females
formed by 2 suboval lateral plates with tumid lips; anterior process concave and
rounded distally; posterior process subtriangular and partly inserted between lateral
plates. Telson without lateral spines.

Colour (Chan, 1998): body grayish greenish or dark greenish blue; becoming
reddish brown in large adults; carapace covered with mud-yellow transverse bands,
while abdomen bears dark brown and mud-yellow cross bands; eyes light brown with
many black dots; antennal flagella uniformly greenish brown; legs of same colour as
body but sometimes reddish or provided with bright yellow and blue bands; pleopods
somewhat reddish or pale red, with bases bright yellow and blue; distal half of uropods
dark blue or dark brown with a red or mud-yellow median transverse band, and
margins reddish.

Habitat, biology, and fisheries (Chan, 1998): From the coastline to depths of
about 150 m. usually less than 30 m, on bottoms of sand, mud, or slits. Juveniles
usually inhabit seagrass beds, mangrove swamps, and estuaries. In Thailand P.
monodon is fished in offshore waters.

Size (Holthuis, 1980): Maximum total length of 336 mm and weight of 60 to
130 g.

Distribution (Naiyanetr, 1998): Samut Prakan, Samut Sakhon, Samut
Songkhram, Chachoengsao, Chon Buri, Rayong, Chanthaburi, Trat, Phetchaburi,
Prachuap Khiri Khan, Surat Thani, Nakhon Si Thammarat, Songkhla, Pattani,
Narathiwat, Chumphon, Gulf of Thailand; Trang, Phuket, Phangnga, Krabi, Andaman

Sea.
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Figure 2-2 Black and white drawing: (A) petasma of male P. monodon (B) thelycum

of female P. monodon
Source: Hall (1962)

(A) (B)
Figure 2-3 Photographs of (A) petasma of male P. monodon and (B) thelycum of
female P. monodon (taken on September 6, 2005)

2.2 Heavy metals
Heavy metals in the study are Cd, Cr, Cu, Pb and Zn. These heavy metals are
naturally present in seawater. However, these metals are also found as contaminant in

wastewater from various industries and development.
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2.2.1 CADMIUM (Cd)
2.2.1.1 Availability of cadmium

Cadmium is available in many forms including foil, granules, pellets, sheet,
powder, rod, shot, sticks and wire.

Cadmium is also found in industrial paints and may represent a hazard when
sprayed. Operations involving removal of Cd paints by scraping or blasting may
similarly pose a significant hazard. Cd is also present in the manufacture of some
types of batteries. Cd emits a characteristic brown fume (CdO) upon heating, which is
relatively non-irritating, and thus does not alarm the exposed individual (Winter,
2003).
2.2.1.2 Uses of cadmium

Cadmium is used to a small extent as coatings (often achieved by
electroplating) to protect metals such as iron. Cd is a component of Ni-Cd batteries.
Cd is used in some control rods and shields within nuclear reactors. Cd is used in
black and white television phosphors and in blue and green phosphors for color TV
tubes. Some semiconductors contain Cd. The sulphide (CdS) is used as a yellow
pigment. Some compounds are used as stabilizers for PVC. In addition, Cd is used in
pigment in coloring glass, elastics, textiles, paper, and rubber, printing inks, ceramic
glaze and fireworks (Winter, 2003).
2.2.1.3 Biological role of cadmium

Cadmium is a highly toxic non-essential metal and has no advantage to
human. Once absorbed by the body, Cd tends to be concentrated in the liver and
kidney on a low molecular weight protein called thionein. This protein contains large
numbers of sulfurhydryl group, which attract Cd as well as other heavy metals. Cd can
accumulate inside other organs such as, spleen, pancreas and testicles. Furthermore Cd
also exists in small trace inside the bones, muscle and nervous system.

Inhalation of Cd dust causes problems for the respiratory tract and for the
kidneys. Death may follow. Ingestion of any significant amount of Cd causes
immediate poisoning and damage to the liver and the kidneys.

The most serious effects of Cd poisoning usually involve damage to the
kidney, liver, lung and bone. The toxic action of Cd seems to involve the replacements

of Zn in certain enzymes. Liver and kidney that contain too much Cd will not function
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properly because their structures have been damaged and as a consequence of this,
protein urea will be produce. Apart from this, Cd also affects many systems within the
body, such as digestive tract, reproductive system, and nervous system. The placenta is
also damaged by Cd and this will later induce abnormalities within the infant.
Furthermore, bone and spinal cord are also impaired by Cd (Winter, 2003).
2.2.1.4 Cadmium toxicology

Acute: Metal fume fever may result from acute exposure with flu-like
symptoms of weakness, fever, headache, chills, sweating and muscular pain. Acute
pulmonary edema usually develops within 24 hours and reaches a maximum by three
days. If death from asphyxia does not occur, symptoms may resolve within a week.

Chronic: The most serious consequence of chronic Cd poisoning is cancer
(lung and prostate). The first observed chronic effect is generally kidney damage,
manifested by excretion of excessive (low molecular weight) protein in the urine. Cd
also is believed to cause pulmonary emphysema and bone disease (osteomalcia and
osteoporosis). The latter has been observed in Japan (“ltai-itai” disease) where
residents were exposed to Cd in rice crops irrigated with Cd-contaminated water. Cd
may also cause anemia, teeth discoloration (Cd forms CdS) and loss of smell
(anosmia) (Winter, 2003).

2.2.2 CHROMIUM (Cr)
2.2.2.1 Availability of chromium

Pure Cr metal has a bluish-white color, reflects light well and takes a high
polish. Cr can occur in various oxidation stages ranging from -2 to +6 but the most of
which contain Cr in the stable trivalent state (Cr I11) or hexavalent state (Cr VI) in the
natural system. Chemical characteristic and toxicity of Cr are very different,
depending on oxidation state (Chang, 1996).
2.2.2.2 Uses of chromium

Chromium was used to harden steel, to manufacture stainless steel, and to
form alloys

- Used in plating to produce a hard, beautiful surface and to prevent

corrosion.
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- Used to give glass an emerald green color. It is responsible for the green
color of emeralds and the red color of rubies.

- Wide use as a catalyst.

- Dichromates such as K,Cr,O; are oxidizing agents and are used in
quantitative analysis and also in tanning leather.

- Lead chromate as chrome yellow is a pigment.

- Compounds are used in the textile industry as mordant.

- Used by the aircraft and other industries for anodizing aluminium.

- The refractory industry uses chromite for forming bricks and shapes, as it
has a high melting point, moderate thermal expansion, and stable crystalline structure.

- Tanning leather (Winter, 2003).
2.2.2.3 Biological role of chromium

Chromium is an essential trace element and has a role in glucose metabolism.
It seems to have an effect in the action of insulin. In anything other than trace
amounts, Cr compounds should be regarded as highly toxic (Winter, 2003).

2.2.2.4 Chromium toxicology

The deficiency in human leads to impaired glucose tolerance and weight loss.
Hexavalent compounds are more toxic than trivalent compounds in human. Acute
expose to hexavalent compounds such as chromates produces nausea, vomiting,
diarrhea, liver and kidney damage, internal hemorrhage, dermatitis and respiratory
problems. When very large amounts of chromates are ingested, death may soon result
from blood loss into the gastrointestinal tract and at other sites causing cardiovascular
shock (Parreggiani, 1983; Sriboonlue, 1996; Juengprasert and Soonthorntum, 1999).

In the serious case, the cancers in respiratory organs, such as lung cancer, are
induced. In addition, systemic Cr exposure leads principally to kidney and liver

damage in human.

2.2.3 COPPER (Cu)
2.2.3.1 Availability of copper
In compounds found in the environment it usually has a valence of 2 but

excite in metallic, +1 and +3 valence states. Cu is found naturally in a wind variety of
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mineral salts and organic compounds, and in the metallic form. The metal is sparingly
solution in water, salt or mildly acidity solutions, but can be dissolved in nitric and
sulfuric acids as well as basic solutions of ammonium hydroxide or carbonate (Winter,
2003).

2.2.3.2 Uses of copper

Pure Copper is extensively used for electrical current, electrical contracts,
cables and wires, and electroplating and alloys, panels for absorbing solar energy, and
automobile radiation. It is widely used in many forms; for example, Cu sulfate
(CuS04.5H,0) has the greatest amount of uses in agriculture, animal husbandry, steel
making, treatment of natural asphalt and petroleum industry. Copper oxide (CuQO) has
many uses in catalyst, batteries, desulfurizing oils, paints, insecticides and ceramic
colorant. Copper acetate (Cu (CzH30,) 2H,0) is used in pigment, insecticides,
fungicide, mordant and mildew preventive. Copper carbonate (CuCOs5.Cu (OH)y) is
used in pigments pyrotechnics, insecticide, fungicide, and brass coloring. Copper
chloride (CuCly) is used as a disinfectant, in metallurgy, preservation of wood pulp,
deodorizing and desulfurizing and desulfurizing petroleum distillates, and
photography and water purification (Winter, 2003).
2.2.3.3 Biological role of copper

Copper is required in the formation of hemoglobin, red blood cell, and elastin,
as well as collagen. It has an important role in oxidative enzyme system including
ascorbate oxidase, cytochrome C oxidase, polyphenol oxidase and amine oxidase. Cu
deficiencies in body may led to increased fat levels, anemia, osteoporosis, thinning of
bones, thyroid gland dysfunction, defection in collagen and elastin synthesis, and heart
disease.

The storage organs for excess amount of Cu is the liver and bone narrow,
while the bile is the normal excretory pathway and plays a primary role in Cu
homeostasis. Even though Cu is an essential trace element in biological function but at
high concentration Cu can cause of chronic effects in unusual genetic patients, such as
Wilson’s disease. The symptom of this disease is higher than normal quantity of Cu is
accumulated in the liver due to the excessive Cu can not be eliminated via to bile and
ceruloplasmin that act as transport agents of Cu (Winter, 2003).
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2.2.3.4 Copper toxicology

Copper is an oligoelement essential for the good function of the constitution
of living organisms. In particular, Cu is essential for human beings and animals that
have to absorb several milligrams of it per day to form hemoglobin. The Cu quantities
in living organisms vary from 1 to 10 mg/day. The lack of Cu, rarely diagnosed in
man, provokes anaemia, nervous and depigmentation problems. Even though, Cu is an
essential trace element in biological function but at high concentration Cu can cause of
chronic effects in unusual genetic patients, such as Wilson’s disease. The symptom of
this disease is higher than normal quantity of Cu is accumulated in the liver. Acute
poisoning resulting from ingestion of excessive amounts of Cu salt can lead to nausea,
vomiting, stomachache and diarrhea and may produce death (Poirier and Littlefield,
1996).

2.2.4 LEAD (Pb)
2.2.4.1 Availability of lead

Lead is a malleable metal. It is very soft and tends to creep or flow under
sustained pressure; it is therefore readily cut and shaped and has long been on roots or
as pipes. Pb is a bluish-white, and a corrosion resistant material (World Health
Organization, 1977; Davies, 1994).
2.2.4.2 Uses of lead

The primary use of lead was in the production of Lead-acid storage batteries.
Lead monoxide (PbO) is used to make Pb crystal and flint glass, in the vulcanizing of
rubber and as a paint pigment. Lead dioxide (PbO;) is used in Lead-acid storage
batteries. TriLead tetra oxide (PbsO,4) is used to make a reddish-brown paint that
prevents rust on outdoors-steel structures. Lead chromate (PbCrQ,) is used to produce
chrome yellow paint. The alloy of Pb with tin and antimony is a material used in
printing presses and plates. Pb is also used as covering on some wire and cables to
protect them from corrosion, as material to absorb vibrations and sounds and in the
manufacture of ammunition (Winter, 2003).
2.2.4.3 Biological role of lead

Lead is a biological nonessential element and generally metabolic poison.

When absorbed by the body, Pb tends to be accumulated in the bone narrow, where
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red blood cell formation occurs. Pb is also responsible for destroying the nervous
system because it slows down the sensory neurons thus paralyzing hands, feet, and
other muscles. Organic compounds Pb can dissolve easily into organs that contain a
high amount of fats, such as the brain, thus the cells of the nervous system are
destroyed (Winter, 2003).
2.2.4.4 Lead toxicology

From a mass balancing point of view, the transport and distribution of lead
from stationary or mobile sources are mainly via air. Although large amounts are
probably also discharged into soil and natural water systems. The effect of Pb
poisoning is thought to have caused mental retardation in many children. Mild Pb
poisoning caused anemia. On the other hand, it is indicated that the expected effects on
animals such as fish would be changed in behavior, disruption of hematological
metabolism and inhibition of certain enzymes. There may be a strong correlation with
calcium metabolism. This metal is implicated in causing liver damage, central nervous
system and metabolism unusual on human. The victim may have headache and sore
muscles and may feel irritable (Harrison, 1990; Manahan, 1993; World Health
Organization, 1977).

2.2.5 ZINC (Zn)
2.2.5.1 Availability of zinc

Zinc is available in many forms including dust, foil, granules, powder, pieces,
nanosize-activated powder, shot, and a mossy form. Plating thin layers of Zn on to
iron or steel is known as galvanizing and helps to protect the iron from corrosion
(Winter, 2003).
2.2.5.2 Uses of zinc

Zinc is used to galvanize metals such as iron so as to prevent corrosion.
Typically this involves dipping the object to be coated in molten Zn for a short time
but electroplating or paining methods are also used. Zn protects any exposed iron
sacrificially because of the relative positions of Zn and iron in the electrochemical
series. Zn metal is used for dry batteries, roof cladding, and to protect iron structures
from corrosion by attaching Zn as sacrifical anodes. The oxide (ZnO) is used in the

manufacture of paints, rubber products, cosmetics, pharmaceuticals, floor coverings,
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plastics, printing inks, soap, textiles, electrical equipment, and other products. It is also
used in ointments. The sulphide (ZnS) is used in making luminous dials, X-ray and TV
screens, paints (relatively non-toxic) and fluorescent lights (Winter, 2003).

2.2.5.3 Biological role of zinc

Zinc is essential in the diets of plants and animals. Zn shortage in soils around
the world is an important problem. Zn is the key component of many enzymes. The
protein hormone insulin contains Zn. Zn plays a role in reproduction and also sexual
maturation. Zn deficiency results in stunted growth and in male sexual immaturity.
This is reversed on the addition of Zn in the diet. Some organisms seem to accumulate
Zn.

Zn is also necessary for a health immune system, cell division, and synthesis
of protein and collagen, which is great for wound healing and health skin. Too much,
however, can cause stomach cramps, nausea and vomiting. For long periods, it can
cause anemia, pancreas damage and lower levels of high-density lipoprotein
cholesterol. In addition, the breathing large amounts of Zn can cause a specific short-
term disease called metal fume fever (Winter, 2003).
2.2.5.4 Zinc toxicology

Zinc can cause stomach cramps, nausea and vomiting. For long periods, it can
cause anemia, pancreas damage and lower levels of high density lipoprotein
cholesterol (Poirier and Littlefield, 1996).

2.3 The Upper Gulf of Thailand

The three areas of the Upper Gulf of Thailand consist of the Inner, Eastern
and Western Gulf of Thailand (Pollution Control Department, 1999). Land use pattern
in each area has an effect on water quality and sediments.

2.3.1 The Inner Gulf of Thailand

There are four provinces in the Inner Gulf of Thailand which are
Chachoengsae, Samut Prakan, Samut Sakhon and Samut Songkhram. The total area is
4,774,592 rais (Pollution Control Department, 1999). Major activities in the Inner Gulf
of Thailand were industry, coastal aquaculture and community. There was some
remnant of mangrove forest with an area of about 22,442 rais (Pollution Control
Department, 1999).
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Pollution Control Department (1999) reported heavy metal concentrations in
coastal water of the Inner Gulf of Thailand as follows: Pb as ND in the cold season
and ND to 14 pg/l in the rainy season, Cu as 2.5 to 6.03 pg/l in the cold season and 1.0
to 15.8 g/l in the rainy season and Zn as 7.5 to 31.0 pg/l in the cold season and 11.0
to 52.0 pg/l in the rainy season.

Types of the sediments in the Inner Gulf of Thailand were silty clay, silty
sand, clayed sand, and silty coarse sand. Pollution Control Department (1999) reported
Cd, Cr, Cu, Pb and Zn concentrations in the sediments as showed in Table 2-1.

Table 2-1 Heavy metal concentrations in the sediments from the Central Gulf of
Thailand

Range Average \
Heavy metal Maximum area
(mg/kg) (mg/kg)

Cd ND-0.5 0.4 | East side of Chao Praya River Mouth
Cr 18.8 - 57.6 38.9 | West side of Chao Praya River Mouth
Cu 1.4-335 17.2 | East side of Chao Praya River Mouth
Pb 14.7-36.9 28.2 | Leam Cha Bang Deepsea Port

Zn 26.0-75.4 53.8 | West side of Chao Praya River Mouth

Remark: ND: non detectable

Source: Pollution Control Department (1999)

2.3.2 The Eastern Gulf of Thailand

The area consists of four provinces which are Chanthaburi, Chon Buri,
Rayong and Trat with an area of 10,670,000 rais (Pollution Control Department,
1999).

There are two industrial estates i.e. Laem Chabang Industrial Estate in Chon
Buri and Maptaput Industrial Estate in Rayong. Besides coastal fisheries, the major
activities in the Eastern Gulf of Thailand are industry, tourism, coastal aquaculture and
community. A larger remnant of mangrove forest with an area of about 81,548 rais
still existed (Pollution Control Department, 1999).

Pollution Control Department (1999) reported heavy metal concentrations in

coastal water of the Eastern Gulf of Thailand as follows: Pb as ND in the cold season
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and ND to 21pg/l in the rainy season, Cu as 3.0 to 7.3 pg/l in the cold season and 0.5
to 9.5 pg/l in the rainy season and Zn as 11.5 to 37.5 pg/l in the cold season and 5.5 to
28.8 pg/l in the rainy season. Musika et al. 2003 report the distribution of some heavy
metals i.e., Cd, Cu, Pb, and Zn along the Eastern coast of Thailand from Bang Pakong
River Mouth to Trat River Mouth showed the range of heavy metal concentrations
were as follows; Cd (<0.001 to 0.104 ug/l), Cu (0.16 to 1.68 ug/l), Pb (0.02 to 0.65
pg/l) and Zn (0.16 to 6.81 pg/l). The concentrations found were still lower than the
Standard of Coastal Water Quality of Thailand.

Types of the sediments in the Eastern Gulf of Thailand were silty clay, silty
sand, clayed sand, and silty coarse. Pollution Control Department (1999) reported Cd,

Cr, Cu, Pb and Zn concentrations in the sediment as showed Table 2-2.

Table 2-2 Heavy metal concentrations in the sediment from the Eastern Gulf of
Thailand

Range Average )
Heavy metal Maximum area
(mg/kg) (mg/kg)
Cd ND -0.7 0.3 | Chantraburi River Mouth
Cr ND -51.1 19.8 | Veru River Mouth
Cu ND - 27.4 10.8 | Sattahip Seaport
Pb 5.4-222.8 31.3 | Leam Cha Bang Deepsea Port
Zn 3.1-77.7 22.6 | Ao Chon Buri

Note: ND: non detectable
Source: Pollution Control Department (1999)

2.3.3 The Western Gulf of Thailand

The Western Gulf of Thailand consists of nine provinces which are
Phetchaburi, Prachuap Khiri Khan, Chumporn, Suratthani, Nakhon Si Thammarat,
Patthalung, Songkhla, Pattani and Narathiwat with a total area of 36,668,678 rais
(Pollution Control Department, 1999).

Major activities along the coast of The Western Gulf of Thailand were
recreation, fisheries, coastal aquaculture, and community. The largest mangrove forest

existed with an area of about 95,849 rais (Pollution Control Department, 1999).
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The ranges of heavy metal concentrations in coastal water were as follows; Pb
as ND to 6.0 in the cold season and ND to 14 ug/l in the rainy season, Cu as 6.0 to
10.0 pg/l in the cold season and 5.8 to 12.3 pg/l in the rainy season and Zn as16.0 to
23.3 pg/l in the cold season and 65.5 to 166.0 pg/l in the rainy season (Pollution
Control Department, 1999).

Types of the sediments in the Western Gulf of Thailand were silty clay, silty
sand, clayed sand, and coarse sand. Pollution Control Department (1999) reported Cd,
Cr, Cu, Pb and Zn concentrations in the sediments as showed in Table 2-3.

Table 2-3 Heavy metal concentrations in the sediment from the Western Gulf of
Thailand

Range Average \
Heavy metal Maximum area
(mg/kg) (mg/kg)
Cd ND-0.9 0.4 | Hua Hin fishing pier
Cr ND -40.5 18.6 | Klong Bang Taboon
Cu ND - 28.8 10.1 | Lang Suan River Mouth
Pb ND - 86.7 20.2 | Tapi-Pumdong River Mouth
Zn 3.7-280.9 23.2 | Pak Panang River Mouth

Note: ND: non detectable
Source: Pollution Control Department (1999)

2.4 Heavy metal accumulation in aquatic organisms

Agquatic crustaceans take up trace metals from both water and food.
Crustaceans burrowing in sediments may ingest that sediment as a food source
(perhaps but not necessarily to the exclusion of other food sources) and will be
exposed to the water in the burrow. The bioaccumulation of trace metals depends on
the physiological accumulation pattern of the species concerned for a particular metal.
If organisms with accumulation pattern with increasing dependence on storage
accumulation follow sequentially along a food chain, the effect will mimic
biomagnification of trace metals along food chains (Triquet et al., 1993; Wang, 2002).
The factors that affect the uptake (bioavailability) of trace metals from solution and

food, either of which may involve or be affected by metals in sediments, are crucial in
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determining the kinetics of uptake, and potentially of subsequent accumulation. In
solution many of these factors are external physico-chemical factors such as salinity
and the presence of chelating agents (Rainbow, 1995; 1997). Factors affecting uptake
from food include the nature of metal binding in the food and the digestive
(assimilatory) powers of the animal (Wang, 2002). The bioavailability of metals in
ingested sediments is also affected by factors such as the organic and inorganic
constituents of the sediment, affecting relative binding affinities for the metals (Luoma
and Fisher, 1997; Bryan and Langston, 1992).

2.5 Relevant researches

Tongra-ar et al. (1989) studied some heavy metals in economic marine
animals (fish, squid, blue swimming crab, mantis shrimp, oyster and shrimp) collected
from the four fishing ports along the Eastern coast of Thailand at Ban Pae in Rayong,
Bang Salei, Ang Sila and Kao Sammuk in Chonburi during the period of October 1987
to September 1988. The collected samples were analysed for five heavy metals i.e.,
Cd, Cu, Hg, Pb and Zn by atomic absorption spectrophotometry. It was found that the
accumulation of heavy metals in marine animals varied with the type of heavy metals
and species of marine animals. Among the five metals, Zn appeared to be the highest
concentration in all marine species. Average Zn, Pb, Cu, Cd and Hg concentrations in
P. monodon were 13.464, 0.960, 1.963 0.074, and 0.010 pg/g wet weight, respectively.

Osuna and Fernandez (1995) studied trace metal concentrations (Cd, Co, Cr,
Cu, Fe, Mn, Ni, and Zn) in estuarine postlarvae, juveniles, and marine adults of the
Mexican shrimp, Penaeus vannamei collected along the Pacific coast of Mexico. With
the exception of Fe, the trace metal concentrations fell within the ranges of similar
organisms collected elsewhere. Size-dependent relationships were observed only for
Fe, Ni, and Zn and varied depending on the element considered. Small individuals had
higher concentrations of Fe and Ni than larger individuals. For Zn, the opposite
tendency occurred. This may reflect different metabolic requirements of young and old
shrimps.

Osuna and Mayen (1996) studied concentration and distribution of Cu, Cd,
Fe, Mn, Ni, and Zn among the tissue of wild and farmed pre-adult shrimp P. vannamei
from the north-west coast of Mexico. Distinct inter-tissue and inter-site differences in
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metal concentrations were observed. In general, highest concentrations of Zn, Ni, and
Cd were found in hepatopancreas while higher levels of Cu and Fe occurred in gills.
The highest Mn concentrations were noted in the antennal organs and exoskeleton.
Differences between shrimps were evident in the exoskeleton (for both sexes) and
hepatic material (females). The farmed shrimp (larger in size) accumulated more Fe
than the wild shrimp. Similarly, in the hard tissues (exoskeleton and antennal organs)
the farmed shrimp accumulated more Cu than the wild shrimp for both sexes, while
the wild shrimp accumulated more Mn than the farmed shrimp in the hard tissues of
both sexes.

Srisutiwarakul and Suwaree (2002) studied heavy metal levels in water and
sediments at Klong Sumrong, Samut Prakan. They found that Cd and Pb
concentrations were 0.009 and 0.098 to 0.238 mg/l, respectively in canal water
collected in November 1998. Cd and Pb concentrations determined in canal water
collected in January 1999 varied from 0.015 to 0.018 and 0.137 to 0.504 mg/I,
respectively. All heavy metal concentrations determined in the study exceeded the
Surface Water Quality Standard. Also they found that Cd and Cu concentrations in
sediments were 0.725 t0 9.175 mg/l and 242.85 mg/I, respectively.

Pollution Control Department (1999) studied accumulation of heavy metal in
shrimp (Penaeus merguiensis) collected in the Gulf of Thailand and the Andaman sea
and found that Zn concentrations varied from 47.50 to 137.00 mg/kg dry weight.
Average Zn concentrations collected was 64.68 mg/kg dry weight. The maximum dry
weight value converted to wet weight value was 37.95 mg/kg which was far below the
Standard of Department of Fisheries which allowed maximum permissible Zn level of
100 mg/kg wet weight in marine animals. Hot spots for Zn in P. merguiensis were
found at Chumporn and Phetchaburi River Mouths.

Copper concentrations in P. merguiensis varied from 9.65 to 18.40 mg/kg dry
weight. Average Cu concentration collected was 13.59 mg/kg dry weight. The
maximum dry weight value converted to wet weight value was 5.10 mg/kg which was
far below the Standard of Department of Fisheries which allowed maximum
permissible Cu level of 20 mg/kg wet weight in marine animals. Hot spots for Cu in P.
merguiensis were found at Lungsuan, Bang Prakong, Pranburi, Tapi Phumduang and
Phetchaburi River Mouths (Pollution Control Department, 1999).
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Cadmium concentrations in P. merguiensis varied from 1.59 to 2.48 mg/kg
dry weight. Average Cd concentrations collected was 2.01 mg/kg dry weight. The
maximum dry weight value converted to wet weight value was 0.69 mg/kg which was
far below the Australia Standard which allowed maximum Cd content of 2 mg/kg wet
weight in fish and fisheries products and shrimp, mantis shrimp, crabs and their
products. Hot spots for Cu in P. merguiensis were found at Pak Panang, Tapi
Phumduang and Pranburi River Mouths (Pollution Control Department, 1999).

Guhathakurta and Kaviraj (2000) studied heavy metal concentration in water,
sediment, tiger shrimp (P. monodon) and mullet (Liza parsia) in some brackish water
ponds of Sunderban, India and found that Cd, Zn, Pb, and Fe concentrations in pond
water varied from 0.004 to 0.100, 0.01 to 9.66, 0.003 to 0.160 and 14.13 to 170.00
ug/ml, respectively. The metals were found highly concentrations in the pond
sediment. Zn concentrations in the surface layer of the sediment varied from 40.8 to
3,448.3 ng/g while that of Fe concentrations varied from 7,115.0 to 10,068.8 ng/g.
Background concentration of Fe in the sediment was very high. P. monodon and L.
parsia reared in the ponds accumulated all the metals at a high rate. Cd, Zn, Pb and Fe
concentrations in P. monodon’ s muscle varied from 0.11 to 3.20, 7.30 to 4,809.50,
22.9t0 42.1 and Fe 5.0 to 495.0 ng/g, respectively.

Nongnuch (2000) studied types and amounts of heavy metals that
contaminated in P. monodon that were raised in the east of Thailand. The results
revealed that prawns at the rearing period of 11 to 180 days old were contaminated
with Zn at the highest amount when comparing to other heavy metals of the study.
Furthermore Pb, Zn, Cd and Cu concentrations contaminated in muscle of P. monodon
varied from 7.000 to 21.500, 0.590 to 3.040, 0.021 to 0.430 and 0.004 to 0.080 mg/kg
dry weight, respectively. Mercury also existed in traces but its amount was not
detectable (less than 0.001 mg/kg dry weight).

Wanpen (2000) studied the accumulation of some heavy metals in tiger prawn
(P. monodon) rose around outer part of the Songkhla lake. The major aim was to
determine the amount of some heavy metals contaminated in the abdomen and
cephalothorax. The results showed that heavy metals i.e., Cd, Cr, Cu, Fe, Mn, Ni, Pb
and Zn determined were accumulated much higher in the cephalothorax than in the
abdomen and these heavy metals generally increased with increasing age of prawn.
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Fortunately, heavy metals which were accumulated in the abdomen did not exceed the
toxic threshold reported by the other researchers. It was concluded that consumers
should avoid eating the cephalothorax portion of the prawns.

Hossian and Khan (2001) studied seasonal variation of trace metals i.e., Cu,
Pb, Zn, Ni, Cd, Mn, Fe and Cr in abdomen and cephalothorax of penaeid shrimp (P.
monodon) and spiny lobster (Panulirus polyphagus) from the offshore fishing grounds
of the Bay of Bengal, Bangladesh coast from January to December 1996 by atomic
absorption spectrophotometry. They found metal concentrations in muscle of P.
monodon (ug/g dry weight) varied from 12.2 to 21.3 for Cu, 0.8 to 1.3 for Pb, 24.2 to
35.7 for Zn, 2.9 to 5.9 for Ni, 0.2 to 0.3 for Cd, 3.1 to 6.5 for Mn, 9.1 to 15.7 for Fe
and 1.7 to 2.9 for Cr. The heavy metal concentrations in cephalothorax of P. monodon
(1g/g dry weight) ranged from 62.8 to 71.3 for Cu, 2.1 to 3.1 for Pb, 76.2 to 108.2 for
Zn, 3.4 to 8.9 for Ni, 0.3 to 0.5 for Cd, 7.3 to 11.8 for Mn, 48.0 to 53.1 for Fe and 2.6
to 4.1 for Cr. Heavy metal concentrations in the muscle tissue (abdomen) were found
to be lower than those in the cephalothorax.

Somyunsub (2001) studied the altering of heavy metal concentrations in
some bottom feeders in mangrove area receiving wastewater from Phetchaburi
Municipal treatment system. She was found that the effects of seasonal variation on
heavy metal concentrations in most aquatic organisms (Periophthalmodon schlosserti,
Sesarma sp.and Cassidula sp.) were not significantly different.

Wongwiwatanawute et al. (2002) studied heavy metal determination in the
water in the tiger prawn (P. monodon) culture area, Chachoengsao province between
June 1999 and March 2000. They found that concentrations of Fe, Mn, Cu, Zn and Cd
in water varied from 241.00 to 1,246.60 nug/l, 0.10 to 10.89 ug/l, 1.60 to 78.90 ug/l,
1.22 to 50.46 ug/l and 0 to 0.55 pg/l, respectively. Total Cu concentrations drastically
increased from 1.60 to 78.90 g/l and the average Cu concentration was 24.33+18.57
ug/l. The average Zn and Cd concentrations were 15.34+12.30 ug/l and 0.19+0.18
ug/l, respectively. In the rainy season, heavy metal concentrations in water were
higher than those in the dry season.

Brigden et al. (2003) surveyed the Bangpoo Industrial Estate in Samut Prakan
in June 2001 and May 2003 by sampling canal sediments from within and near to the
Industrial Estate Results showed that heavy metal concentrations contaminated in
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sediments of the Bangpoo Industrial Estate found that As, Cd, Cr, Co, Cu, Pb, Mn, Hg,
Ni and Zn concentrations of the canal sediments from the Northwest canal in June
2001 varied from <40 to 54, <1 to 2, 69 to 1,076, 15 to 21, 35 to 4,781, 40 to 2,965,
762 to 1,110, 0.28 to 0.73, 42 to 3,485 and 543 to 12,498 mg/kg dry weight,
respectively and of the canal sediments from the Southeast canal in May 2003 varied
from <40, <1 to 4, 58 to 210, 11 to 16, 53 to 1,380, 47 to 76, 590 to 918, <0.2 to 0.6,
48 to 1,130 and 242 to 979 mg/kg dry weight, respectively.
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CHAPTER 3
METHODOLOGY

3.1 Research plan

Research plan of the study is showed in Figure 3-1.

P. momodon
samples

Collecting from ten fresh
markets around the Upper
Gulf of Thailand

Determining Cd, Cr, Cu, Pb
and Zn concentration

v

Comparing heavy metal concentrations

Sampling locations Sexes Body parts Seasons
-Ten fresh markets -Male -Cephalothorax -Rainy
-Three areas of the Upper Gulf -Female -Abdomen -Cold
of Thailand

Figure 3-1 Research plan
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3.2 Study area, sampling site and duration

P. momodon samples were collected each month during June to November
2004 from fresh markets of ten provinces in the Upper Gulf of Thailand. Table 3-1
shows the fresh market’s names and provinces where P. momodon samples were
collected. Figure 3-2 shows ten provinces around the Upper Gulf of Thailand where

the fresh markets are located.

Table 3-1 Sampling location of fresh markets in ten provinces in the Upper Gulf of

Thailand
No. Provinces Market’s name
1 Bangkok Bang Khae
2 Samut Prakan Paknam
3 Samut Sakhon Mahachai
4 Samut Songkhram Mae Klong
5 Chon Buri Wat Klang
6 Rayong Star
7 Chanthaburi Laos
8 Trat Amphoe Muang
9 Phetchaburi Amphoe Muang
10 Prachuap Khiri Khan. | Amphoe Muang
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3.3 Sample collection and storage

Three marketable sizes i.e. 10.0 to 12.5, 12.6 to 13.5 and 13.6 to 16.0 cm of
P. momodon were collected. For each sex, ten P. momodon samples were collected
and then wrapped in pre-cleaned polyethylene packets, kept in an icebox and

transported to the laboratory. Then sample were stored at —20 °C prior to analysis.

3.4 Sample analysis for heavy metals
3.4.1 Sample preparation

P. monodon samples were rinsed with distilled water. The identification and
sex separation of individuals was done by direct examination of morphologic
characteristics after Hendrickx (1995). Then all individuals were measured for length
and fresh weight, after that P. monodon’s exoskeleton were eliminated and dissected
into two parts i.e. cephalothorax and abdomen (Figures 3-3, 3-4 and 3-5). Each
composite sample of each part (cephalothorax and abdomen) was dried to a constant

weight at 80°C and homogenized by grinding in a teflon mortar.

Figure 3-1 Cephalothorax and abdomen of P. monodon
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(A) (B)

(A) (B)
Figure 3-3 Cephalothorax (A) and abdomen (B) without exoskeleton

3.4.2 Sample digestion
The method of analysis follows the procedures that have been described by
the Association of Official Analytical Chemists (AOAC) (Horwitz, 2000).

The 0.5 g dried weight samples were digested in digestion vessel of microwave
digestion (Figure 3-6) with conc. nitric acid 10 ml. Samples were processed in an
automatic microwave digestion system (CEM-MARSX) (Figure 3-7) by using
pressure of 200 psi and temperature of 130 °C. After completion of the microwave
heating programme, the vessels were cooled down. The vessels were removed from
the microwave digestion. All samples were transferred to 50 ml volumetric flasks by
filtering with Whatman filter paper No. 42 and then diluted to 50 ml with deionized

distilled water. The samples were stored in acid-washed 60 ml
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polyethylene bottle and kept in refrigerator until analysis with atomic absorption
spectrophotometer.

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

Figure 3-2 Microwave digestion system

3.4.3 Sample analysis by atomic absorption spectrophotometer

The measured parameters were Cd, Cr, Cu, Pb and Zn. Standards with
appropriate concentrations for each element was made from 1,000 ppm AAS stock
standards. Cu and Zn were determined by flame atomic absorption spectrophotometer
model Varian SpectrAA 220 FS (FAAS) (Figure 3-8) using air-acetylene flame. Cd,
Cr and Pb were determined by graphite furnace atomic absorption spectrophotometer
model Varian SpectrAA 220 Z (GAAS) (Figure 3-9).
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Figure 3-4 Graphite atomic absorption spectrophotometer

Optimum conditions for using FAAS and GAAS in measuring each heavy

metal are showed in Table 3-2.
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Metals:

Cd

Cr

Cu

Pb

Zn

Fuel:

Argon

Argon

Acetylene

Argon

Acetylene

Slit width (nm):

0.5

1.0

Support:

Air

Air

Flame stoichiometry:

Oxidizing

Oxidizing

Optimum working

range (ng/ml):

0.03-10.00

0.01-2.00

Lamp current:

4 mA

7 mA

4 mA

5 mA

5mA

Wavelength (nm):

228.8

357.9

324.8

283.3

213.9

Riplicate% RSD
Limit:

Correlation

Coefficient Limit:

0.998000

0.998000

0.998000

Required Detection
Limit (ng/l):

0.25

1.00

2.00

Instrument Detection

Limit (ug/l):

0.007

0.050

0.060

Spectral Bandwidth

0.5 nm

0.2R mA

0.5 nm

Maximum

Absorbance:

0.7

2.0

14

MSR%

87

100

92

Remark: RSD" = relative standard deviation, MSR* = microwave scanning radiometer
Source: Rophery, 1998 and Rophery, 1999

3.5 Calculation of heavy metal concentration in mg/kg dry weight unit
Diluted samples for analysis with atomic absorption spectrophotometer
heavy metal concentrations (mg/l) were calculated in mg/kg dry weight with the
following formula (Wijitjunyakul, 1997).
Heavy metal concentration (mg/kg dry weight) = (A x B) /(weight (g) x D)
A = concentration of heavy metal digested with acid (mg/l)
B = diluted volume of solution digested with acid (ml)
D = total solid (%)



Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Technology of Environmental Management) / 33

3.6 Statistical analysis

Statistical analysis of data was carried out with the SPSS statistical program.
Independent T-Test was used to compare the heavy metal concentrations accumulated
in P. monodon between the rainy and cold seasons, female and male and
cephalothorax and abdomen. Then, the average heavy metal concentrations in P.
monodon samples were compared with the guidelines and limits of FAO/WHO (1997)
and Ministry of Public Health (1986) (Table 1 in Appendix A).
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CHAPTER 4
RESULTS AND DISCUSSIONS

Chapter IV describes the results of five heavy metal concentrations i.e., Cd,
Cr, Cu, Pb and Zn that accumulated in Penaeus monodon collected from fresh markets

in ten provinces around the Upper Gulf of Thailand during June to November 2004.

4.1 Availability of P. monodon samples during the collection period

All P. monodon samples collected from fresh markets of the study were the
product from aquaculture. P. monodon farms were located in every province around
the Upper Gulf of Thailand. Most of farmed P. monodon product were normally
distributed within the province except in Trat where farmed P. monodon product was
bought directly from farms and exported overseas. Therefore in Trat P. monodon
samples were not collected (Table 4-1). During the sampling period, samples of the
large and medium sizes were always collected while samples of the small size were
not collected in the Western Gulf of Thailand at all. Also samples of the small size
were not collected from the Eastern and Western Gulf of Thailand in the cold season
(September to November). Only few samples were collected from the Eastern Gulf of
Thailand in August and September. Both male and female samples of P. monodon

were always collected.
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Table 4-1 Availability of P. monodon samples from fresh markets around the Upper
Gulf of Thailand during June to November 2004

Month
Province
June July August | September | October | November
The Central Gulf of Thailand
1. Bangkok M", S M M", S M, S L -
2. Samut Prakan L,s" | L.,S L, s T4 L, M L, M
3. Samut Sakhon LM | LM | M,S M & S M
4. Samut Songkhram M - - L, M L L
The Eastern Gulf of Thailand
5. Chantaburi L, M 54 M - L, M M
6. Chon Buri - 5 M, S - Ly M”
7. Rayong L s - - - L L
8. Trat - - - - - -
The Western Gulf of Thailand
9. Phetchaburi L L - - L, M M
10. Prachuap Khiri Khan | L~ M L, M L, M - M”
Remarks: (L) = large size (10.0-12.5 cm)
(M)  =medium size (12.6-13.5 cm)
(S) = small size (13.6-16.0 cm)
™ = both male and female samples were collected.
“) = no samples were collected.

4.2 Physical characteristics of P. monodon samples

4.2.1 Average length and wet weight of P. monodon samples

Average length and wet weight of the three marketable sizes (large, medium

and small) of male and female P. monodon samples were determined and the results

are presented in Tables 4-2, 4-3 and 4-4. Average length of the large, medium and
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small sizes of male P. monodon ranged from 14.16 to 15.30, 12.29 to 13.22 and 10.92
to 11.05 cm, respectively. Average wet weight of the large, medium and small sizes of
male P. monodon ranged from 17.97 to 23.05, 11.92 to 13.83 and 7.77 to 8.50 cm,
respectively. Average length of the large, medium and small sizes of female P.
monodon ranged from 14.27 to 15.44, 12.30 to 13.21 and 10.89 to 10.97 cm,
respectively. Average wet weight of the large, medium and small sizes of female P.
monodon ranged from 17.49 to 23.51, 11.79 to 14.21 and 7.83 to 8.44 cm,

respectively.

It is interesting to find that within each size, samples from the Eastern Gulf

of Thailand were smaller and lighter than those from the Central and Western Gulf of

Thailand. There were no different for average length and weight between male and

female samples in all sampling sites.

Table 4-2 Average length and wet weight of the large size of P. monodon collected

during June to November 2004

Large size
Male Female
) ¢ Wet Wet
Sampling location Length Length
SD | weight | SD SD | weight | SD
(cm) (cm)
9) 9)
1. The Central
1530 1.06| 23.05| 6.15| 15.12| 1.09| 2258 | 5.70
Gulf of Thailand
2. The Eastern
1416 | 040 | 1797 | 1.93| 14.27| 0.47 17.49 | 1.56
Gulf of Thailand
3. The Western
1503 | 1.22| 2257 | 7.14| 1544 | 1.60| 23.51| 7.62
Gulf of Thailand
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Table 4-3 Average length and wet weight of the medium size of P. monodon collected
during June to November 2004

Medium size

Male Female

Sampling location Wet Wet

Length | SD | weight | SD | Length | SD weight | SD
(cm) (9) (cm) (9)

1. The Central
Gulf of Thailand

1297 | 036 | 1294 | 1.63| 12.93| 0.65 12.57 | 2.48

2. The Eastern
12.29 | 0.58 1192 | 2.01| 12.30| 0.58 11.79 | 2.09
Gulf of Thailand

3. The Western
13.22 | 0.31 1383 | 1.81| 13.21| 0.47 14.21 | 1.90
Gulf of Thailand

Table 4-4 Average length and wet weight of the small size of P. monodon collected

during June to November 2004

Small size
Male Female
) ] Wet Wet
Sampling location
Length | SD | weight | SD | Length | SD | weight | SD
(cm) (9) (cm) (9)

1. The Central
11.05| 0.27 7.77 | 1.05| 1097 | 0.48 7.83 ] 1.29
Gulf of Thailand

2. The Eastern
10.92 | 0.51 85| 1.24| 10.89 0.8 8.44 | 153
Gulf of Thailand

3. The Western

Gulf of Thailand

Remark: (-) = no samples were collected.
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4.2.2 Total solid of P. monodon samples
Values of total solid of cephalothorax and abdomen of P. monodon samples

were showed in Table 4-5.

Table 4-5 Total solid of P. monodon samples

) Average wet weight | Average dry weight | Total solid
Size Sex Body part
(9) (9) (%)
Cephalothorax 8.47 1.70 20.07
Male
Abdomen 41.50 9.26 22.31
Large
Cephalothorax 17.39 2.93 16.85
Female
Abdomen 108.16 22.71 21.00
Ml Cephalothorax 15.12 2.52 16.67
ale
Abdomen 66.78 14.36 21.50
Medium
Cephalothorax 12.80 2.18 17.03
Female
Abdomen 63.75 14.00 21.96
Cephalothorax 3.56 0.54 15.17
Male
Abdomen 29.15 o 20.96
Small
Cephalothorax 5.01 0.80 15.97
Female
Abdomen 30.51 6.02 19.73

Remark: Total solid (%) = Dry weight (g) x 100 /Wet weight (g)

When comparing total solid values between cephalothorax and abdomen of
P. monodon samples, it was found that despite sex, total solid values of abdomen were
higher than those of cephalothorax.

4.3 Heavy metal concentrations in P. monodon
4.3.1 Heavy metal concentrations in P. monodon in the rainy and cold seasons
In Thailand, the rainy season begins in June until September and the cold
season from October to January. During six months (June to November, 2004) of the
study, the rainy season covered four months and only two months for the cold season.
Almost all of maximum concentrations of five heavy metals in P. monodon

samples were determined in the Eastern Gulf of Thailand (Table 4-5). Maximum Cd
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concentration was found in samples collected from the Eastern Gulf of Thailand in
both the rainy and cold seasons. Maximum Cr and Pb concentrations were found in
samples collected from the Central Gulf of Thailand in the rainy season. Only
maximum Zn concentration was found in samples collected from the western Gulf of

Thailand in the cold season.

Table 4-6 Maximum concentrations of heavy metals in P. monodon samples colleced

from the Upper Gulf of Thailand in the rainy and cold seasons

Maximum Area of the Upper Gulf of Thailand
Heavy
Season Concentration
metal / Central Eastern Western
(ng/kg dry weight)
Rainy 46.0 X
Cd
Cold 16.0 X
Rainy 175.0 X
Cr
Cold 27.0 X
Rainy 5,549.0 X
Cu
Cold 3,171.0 X
Rainy 36.0 X
Pb
Cold 9.0 X
Rainy 3,249.0 X
Zn
Cold 2,201.0 X

4.3.1.1 Comparison of Cd concentrations of P. monodon between the rainy and
cold seasons

Cadmium concentrations in P. monodon collected from fresh markets of ten
provinces in the Upper Gulf of Thailand between the rainy and cold seasons are
showed in Figure 4-1 and Table 2 in Appendix B. Cd concentrations in the large,

medium and small sizes of P. monodon varied from 5.75 to 126.50, 4.88 to 38.83 and
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4.75 to 89.5 nug/kg dry weight, respectively in the rainy season and 2.40 to 22.00, 2.29
to 23.00 and 9.00 to 21.75 ug/kg dry weight, respectively in the cold season. T-test of
Cd concentrations in P. monodon samples collected from ten provinces between the
rainy and cold seasons were not significantly different.

Cd concentrations in P. monodon collected from the Central, Eastern and
Western Gulf of Thailand between the rainy and cold seasons are showed in Figure 4-
2 and Table 10 in Appendix C. Average Cd concentrations in the large size of P.
monodon of the Central, Eastern and Western Gulf of Thailand were 4.00, 46.00 and
21.00 ug/kg dry weight, respectively in the rainy season and 3.00, 16.00 and 4.00
ug/kg dry weight, respectively in the cold season. For the medium size of P. monodon,
average Cd concentrations of the Central, Eastern and Western Gulf of Thailand were
13.00, 5.00 and 11.00 ug/kg dry weight, respectively in the rainy season and 3.00,
3.00 and 11.00 ug/kg dry weight, respectively in the cold season. For the small size of
P. monodon, average Cd concentrations of the Central and Eastern Gulf of Thailand
were 13.00 and 26.00 ug/kg dry weight, respectively in the rainy season and of the
Central Gulf of Thailand as 9.00 pg/kg dry weight in the cold season. T-test of Cd
concentrations in P. monodon collected from the Central, Eastern and Western Gulf of
Thailand between the rainy and cold seasons were not significantly different.
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Cd concentration (ug/kg)
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Figure 4-1 Comparison of average Cd concentrations between the rainy and cold

seasons of P. monodon collected from ten provinces during June to November 2004
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Figure 4-2 Comparison of average Cd concentrations between the rainy and cold
seasons of P. monodon collected from the three areas of the Upper Gulf of Thailand

during June to November 2004

4.3.1.2 Comparison of Cr concentrations of P. monodon between the rainy and
cold seasons

Chromium concentrations in P. monodon collected from fresh markets of ten
provinces in the Upper Gulf of Thailand between the rainy and cold seasons are
showed in Figure 4-3 and Table 2 in Appendix B. Cr concentrations in the large,
medium and small sizes of P. monodon varied from 4.00 to 228.75, 6.00 to 408.50 and
4.00 to 11.4 ng/kg dry weight, respectively in the rainy season and 3.00 to 16.75, 5.00
to 35.17 and 5.75 ug/kg dry weight, respectively in the cold season. T-test of Cr
concentrations in P. monodon collected from ten provinces between the rainy and cold
seasons were not significantly different.

Cr concentrations in P. monodon collected from the Central, Eastern and
Western Gulf of Thailand between the rainy and cold seasons are showed in Figure 4-

4 and Table 11 in Appendix C. Average Cr concentrations in large size of P. monodon
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of the Central, Eastern and Western Gulf of Thailand were 10.00, 10.00 and 6.00
ug/kg dry weight, respectively in the rainy season and 9.00, 8.00 and 7.00 ug/kg dry
weight, respectively in the cold season. For the medium size of P. monodon, average
Cr concentrations of the Central, Eastern and Western Gulf of Thailand were 175.00,
120.00 and 87.00 pg/kg dry weight, respectively in the rainy season and 10.00, 27.00
and 10.00 pg/kg dry weight, respectively in the cold season. For the small size of P.
monodon, average Cr concentrations of the Central and Eastern Gulf of Thailand were
10.00 and 6.00 ug/kg dry weight, respectively in the rainy season and of the Central
Gulf of Thailand as 6.00 pg/kg dry weight in the cold season. T-test of Cr
concentrations in P. monodon collected from the Central, Eastern and Western Gulf of

Thailand between the rainy and cold seasons were not significantly different.
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Figure 4-3 Comparison of average Cr concentrations between the rainy and cold

seasons of P. monodon collected from ten provinces during June to November 2004
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Figure 4-4 Comparison of average Cr concentrations between the rainy and cold
seasons of P. monodon collected from the three areas of the Upper Gulf of Thailand

during June to November 2004

4.3.1.3 Comparison of Cu concentrations of P. monodon between the rainy and
cold seasons

Copper concentrations in P. monodon collected from fresh markets of ten
provinces in the Upper Gulf of Thailand between the rainy and cold seasons are
showed in Figure 4-5 and Table 2 in Appendix B. Cu concentrations in the large,
medium and small sizes of P. monodon varied from 1.94 to 8.29, 1.86 to 4.44 and 1.42
to 5.11 mg/kg dry weight, respectively in the rainy season and 0.96 to 3.84, 0.63 to
2.58 and 2.02 mg/kg dry weight, respectively in the cold season. T-test of Cu
concentrations in P. monodon collected from ten provinces between the rainy and cold
seasons were not significantly different.

Cu concentrations in P. monodon collected from the Central, Eastern and
Western Gulf of Thailand between the rainy and cold seasons are showed in Figure 4-

6 and Table 12 in Appendix C. Average Cu concentrations in the large size of P.
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monodon of the Central, Eastern and Western Gulf of Thailand were 3.95, 5.55 and
2.36 mg/kg dry weight, respectively in the rainy season and 2.12, 1.92 and 0.96 mg/kg
dry weight, respectively in the cold season. For the medium size of P. monodon,
average Cu concentrations of the Central, Eastern and Western Gulf of Thailand were
3.66, 3.28 and 4.01 mg/kg dry weight, respectively in the rainy season and 1.91, 0.92
and 1.46 mg/kg dry weight, respectively in the cold season. For the small size of P.
monodon, average Cu concentrations of the Central and Eastern Gulf of Thailand were
2.02 and 4.04 ng/kg dry weight, respectively in the rainy season and of the Central
Gulf of Thailand as 3.17 pg/kg dry weight in the cold season. T-test of Cu
concentrations in medium size of P. monodon collected from the Central and Eastern

Gulf of Thailand between the rainy and cold seasons were significantly different.
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Figure 4-5 Comparison of average Cu concentrations between the rainy and cold

seasons of P. monodon collected from ten provinces during June to November 2004
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Figure 4-6 Comparison of average Cu concentrations between the rainy and cold
seasons of P. monodon collected from the three areas of the Upper Gulf of Thailand

during June to November 2004

4.3.1.4 Comparison of Pb concentrations of P. monodon between the rainy and
cold seasons

Lead concentrations in P. monodon collected from fresh markets of ten
provinces in the Upper Gulf of Thailand between the rainy and cold seasons are
showed in Figure 4-7 and Table 3 in Appendix B. Pb concentrations in the large,
medium and small sizes of P. monodon varied from 4.00 to 34.33, 4.50 to 66.67 and
9.50 to 37.25 ug/kg dry weight, respectively in the rainy season and in the large and
medium sizes from1.00 to 14.00 and 4.00 to 18.50 and ug/kg dry weight, respectively
in the cold season. In the cold season samples of the small size were not collected. T-
test of Pb concentrations between the rainy and cold seasons in the large size of P.
monodon collected from Chanthaburi and Samut Songkhram were significantly
different.



Fac.of Grad. Studies, Mahidol Univ. M.Sc. (Technology of Environmental Management) / 47

Pb concentrations in P. monodon collected from the Central, Eastern and
Western Gulf of Thailand between the rainy and cold seasons are showed in Figure 4-
8 and Table 13 in Appendix C. Average Pb concentrations in the large size of P.
monodon of the Central, Eastern and Western Gulf of Thailand were 20.00, 16.00 and
12.00 ug/kg dry weight, respectively in the rainy season and 0.40, 0.50 and 1.00 pg/kg
dry weight, respectively in the cold season. For the medium size of P. monodon,
average Pb concentrations of the Central, Eastern and Western Gulf of Thailand were
36.00, 23.00 and 18.00 ug/kg dry weight, respectively in the rainy season and 0.00,
9.00 and 0.002 ng/kg dry weight, respectively in the cold season. For the small size of
P. monodon, average Pb concentrations of the Central and Eastern Gulf of Thailand
were 23.00 and 15.00 ug/kg dry weight, respectively in the rainy season and of the
Central Gulf of Thailand as non detectable in the cold season. T-test of Pb
concentrations between the rainy and cold seasons in large size of P. monodon

collected from the Central and Eastern Gulf of Thailand were significantly different.
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Figure 4-7 Comparison of average Pb concentrations between the rainy and cold

seasons of P. monodon collected from ten provinces during June to November 2004

Remark: Due to not enough number of samples, SD cannot be calculated.
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Figure 4-8 Comparison of average Pb concentrations between the rainy and cold
seasons of P. monodon collected from the three areas of the Upper Gulf of Thailand
during June to November 2004

4.3.1.5 Comparison of Zn concentrations of P. monodon between the rainy and
cold seasons

Zinc concentrations in P. monodon collected from fresh markets of ten
provinces in the Upper Gulf of Thailand between the rainy and cold seasons are
showed in Figure 4-9 and Table 3 in Appendix B. Zn concentrations in the large,
medium and small sizes of P. monodon varied from 2.50 to 3.55, 2.65 to 3.56 and 2.72
to 4.13 mg/kg dry weight, respectively in the rainy season and 1.79 to 2.47, 1.88 to
2.33 and 2.15 mg/kg dry weight, respectively in the cold season. T-test of Zn
concentrations between the rainy and cold seasons in the large size of P. monodon
collected from Samut Prakan were significantly different.

Zn concentrations in P. monodon collected from the Central, Eastern and
Western Gulf of Thailand between the rainy and cold seasons are showed in Figure 4-
10 and Table 14 in Appendix C. Average Zn concentrations in the large size of P.
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monodon of the Central, Eastern and Western Gulf of Thailand were 2.88, 3.25 and
2.99 mg/kg dry weight, respectively in the rainy season and 1.88, 2.00 and 2.20 mg/kg
dry weight, respectively in the cold season. For the medium size of P. monodon,
average Zn concentrations of the Central, Eastern and Western Gulf of Thailand were
2.87, 3.25 and 2.65 mg/kg dry weight, respectively in the rainy season and 1.89, 2.03
and 2.20 mg/kg dry weight, respectively in the cold season. For the small size of P.
monodon, average Zn concentrations of the Central and Eastern Gulf of Thailand were
3.09 and 3.01 ug/kg dry weight, respectively in the rainy season and of the Central
Gulf of Thailand as 2.15 ug/kg dry weight in the cold season. T-test of Zn
concentrations different between the rainy and cold seasons in the large and medium
sizes of P. monodon collected from the Central and Eastern Gulf of Thailand were

significantly.
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Figure 4-9 Comparison of average Zn concentrations between the rainy and cold

seasons of P. monodon collected from ten provinces during June to November 2004
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Figure 4-10 Comparison of average Zn concentrations between the rainy and cold
seasons of P. monodon collected from the three areas of the Upper Gulf of Thailand
during June to November 2004

4.3.1.6 Discussion on heavy metal concentrations accumulated in P. monodon in
the rainy and cold seasons

The results of heavy metal concentrations in the rainy and cold seasons
varied depending on type of heavy metal. It was found that Cd concentrations in all
sizes of P. monodon varied from 4.00 to 46.00 and 3.00 to 16.00 pg/kg in the rainy
and cold seasons, respectively and Cr concentrations varied from 6.00 to 175.00, 6.00
to 27.00 pg/kg in the rainy and cold seasons, respectively. When comparing Cd and Cr
concentrations between the rainy and cold seasons of the three areas of the Upper Gulf
of Thailand, the results were not significantly different. This is in agreement with the
study of Somyunsub (2001). Cu concentrations in the medium size, Pb concentrations
in the large size and Zn concentrations in both the large and medium sizes of P.
monodon collected from the Central and Eastern gulf of Thailand were significantly

different. However, heavy metal concentrations in P. monodon from the rainy season
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were higher than those from the cold season. Previous studies by Pollution Control
Department (1999) and Phanutrakul et al. (2003) found that Cu concentrations in the
rainy season were higher than those in the cold season. According to Phanutrakul et al.
(2003), they described that higher Cu concentrations were absorbed with suspended
solid in fresh water especially suspended solid containing Fe and organic materials in
the component. Cu was desorbed in the solution form when the compound moved into
sea water. Therefore in the cold season, salinity in water is higher than in the rainy
season, thus Cu concentrations were accumulated higher in the rainy season than in the
cold season.

The present results also suggested that seasonal fluctuations in heavy metal
concentrations were irregular and those of Cd (4.0 to 46.0 pg/kg dry weight), Cu
(0.921 to 5.549 mg/kg dry weight), Pb (0.0 to 36.0 ug/kg dry weight) and Cr (6.0 to
175.0 ng/kg dry weight) were greater than those of Zn (0.877 to 3.249 mg/kg dry
weight). Hossian and Khan (2001) also found similar pattern and they suggested that
the fluctuations probably depended on accumulating efficiency, molting frequency and
environmental availability of the metals.

The other means for P. monodon uptaking heavy metals is from water and
the study of Musika et al. (2003) found that average heavy metals content in the water
of the Central and Western Gulf of Thailand in the rainy season were higher than in

the cold season.

4.3.2 Heavy metal concentrations in male and female P. monodon

It was found that most of male and female P. monodon samples collected
from the Central and Eastern Gulf of Thailand contained maximum heavy metals
concentrations as showed in Table 4-7. Maximum Cd and Pb concentrations in female
P. monodon were higher than those in male P. monodon and vice versa for maximum
Cr and Cu concentrations. However there was not much different of maximum Zn

concentrations between male and female P. monodon.
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Table 4-7 Maximum concentrations of heavy metals in male and female P. monodon

collected from the Upper Gulf of Thailand
Maximum Area of the Upper Gulf of Thailand
Heavy metal Sex Concentration
Central Eastern Western
((9/kg dry weight)
Male 14.0 X
Cd
Female 44.0 X
Male 3,156.0 X
Cr
Female 2,897.0 X
Male 4,320.0 X
Cu
Female 3,760.0 X
Male 20.0 X
Pb
Female 47.0 X
Male 3,089.0 X
Zn
Female 3,019.0 X

4.3.2.1 Comparison of Cd concentrations between male and female P. monodon

Cadmium concentrations in male and female P. monodon collected from
fresh markets of ten provinces in the Upper Gulf of Thailand are showed in Figure 4-
11 and Table 4 in Appendix B. Cd concentrations in the large, medium and small sizes
of male P. monodon varied from 4.75 to 23.00, 1.50 to 33.33 and 4.75 to 170.00 (g/kg
dry weight, respectively and 2.89 to 77.5, 3.75 to 44.33 and of female P. monodon as
4.75 to 18.50 (g/kg dry weight, respectively. T-test of Cd concentrations between male
and female P. monodon were not significantly different.

Cd concentrations in male and female P. monodon collected from the
Central, Eastern and Western Gulf of Thailand are showed in Figure 4-12 and Table
15 in Appendix C. Average Cd concentrations in the large size of male P. monodon of
the Central, Eastern and Western Gulf of Thailand were 3.00, 11.00 and 14.00 ng/kg
dry weight, respectively and in the large size of female P. monodon as 4.00, 44.00 and
21.00 pg/kg dry weight, respectively. For the medium size of male P. monodon,
average Cd concentrations of the Central, Eastern and Western Gulf of Thailand were

10.00, 2.00 and 10.00 ug/kg dry weight, respectively and for the medium size of
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female P. monodon as 11.00, 5.00 and 12.00 pg/kg dry weight, respectively. For the
small size of male P. monodon, average Cd concentrations of the Central and Eastern
Gulf of Thailand were 11.00 and 12.00 ug/kg dry weight, respectively and for the
small size of female P. monodon as 14.00 and 43.00 pg/kg dry weight, respectively. T-
test of Cd concentrations between male and female P. monodon collected from the

Central, Eastern and Western Gulf of Thailand were not significantly different.
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Figure 4-11 Comparison of average Cd concentrations between male and female P.

monodon collected from ten provinces during June to November 2004

Remark: Due to not enough number of samples, SD cannot be calculated.
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Figure 4-12 Comparison of average Cd concentrations between male and female P.
monodon collected from the three areas of the Upper Gulf of Thailand during June to
November 2004

4.3.2.2 Comparison of Cr concentrations between male and female P. monodon

Chromium concentrations in male and female P. monodon collected from
fresh markets of ten provinces in the Upper Gulf of Thailand are showed in Figure
4-13 and Table 4 in Appendix B. Cr concentrations in the large, medium and small
sizes of male P. monodon varied from 4.25 to 404.50, 6.0 to 331.33 and 5.0 to 12.25
ug/kg dry weight, respectively and of female P. monodon as 4.6 to 91.50, 4.5 to 80.75
and 2.5 to 12.20 ug/kg dry weight, respectively. T-test of Cr concentrations between
male and female of the medium size of P. monodon collected from Phetchaburi were
significantly different.

Cr concentrations in male and female P. monodon collected from the Central,
Eastern and Western Gulf of Thailand are showed in Figure 4-14 and Table 16 in
Appendix C. Average Cr concentrations in the large size of male P. monodon of the
Central, Eastern and Western Gulf of Thailand were 100.00, 10.00 and 6.00 ug/kg dry
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weight, respectively and in the large size of female P. monodon as 31.00, 7.00 and
6.00 ng/kg dry weight, respectively. For the medium size of male P. monodon,
average Cr concentrations of the Central, Eastern and Western Gulf of Thailand were
243.00, 119.00 and 64.00 ug/kg dry weight, respectively and for the medium size of
female P. monodon as 10.00, 45.00 and 10.00 ug/kg dry weight, respectively. For the
small size of male P. monodon, average Cr concentrations of the Central and Eastern
Gulf of Thailand were 3,156.00 and 5.00 pg/kg dry weight, respectively and for the
small size of female P. monodon as 2,897.00 and 7.00 ug/kg dry weight, respectively.
T-test of Cr concentrations between male and female of P. monodon collected from
the Central, Eastern and Western Gulf of Thailand were not significantly different.
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Figure 4-13 Comparison of average Cr concentrations between male and female P.

monodon collected from ten provinces during June to November 2004
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Figure 4-14 Comparison of average Cr concentrations between male and female P.
monodon collected from the three areas of the Upper Gulf of Thailand during June to
November 2004

4.3.2.3 Comparison of Cu concentrations between male and female P. monodon

Copper concentrations in male and female P. monodon collected from fresh
markets of ten provinces in the Upper Gulf of Thailand are showed in Figure 4-15 and
Table 4 in Appendix B. Cu concentrations in the large, medium and small sizes of
male P. monodon varied from 1.62 to 3.84, 1.40 to 4.85 and 1.64 to 5.03 mg/kg dry
weight, respectively and of female P. monodon as 1.53 to 4.33, 1.17 to 3.97 and 0.96
to 5.18 mg/kg dry weight, respectively. T-test of Cu concentrations of P. monodon
between male and female were not significantly different.

Cu concentrations in male and female P. monodon collected from the
Central, Eastern and Western Gulf of Thailand are showed in Figure 4-16 and Table
17 in Appendix C. Average Cu concentrations in the large size of male P. monodon of
the Central, Eastern and Western Gulf of Thailand were 3.10, 3.14 and 1.63 mg/kg dry
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weight, respectively and in the large size of female P. monodon as 3.20, 3.12 and 2.56
mg/kg dry weight, respectively. For the medium size of male P. monodon, average Cu
concentrations of the Central, Eastern and Western Gulf of Thailand were 3.11, 2.05
and 2.57 mg/kg dry weight, respectively and for the medium size of female P.
monodon as 3.38, 2.15 and 2.53 mg/kg dry weight, respectively. For the small size of
male P. monodon, average Cu concentrations of the Central and Eastern Gulf of
Thailand were 3.16 and 4.32 mg/kg dry weight, respectively and for the small size of
female P. monodon as 2.90 and 3.76 mg/kg dry weight, respectively. T-test of Cu

concentrations between male and female P. monodon were not significantly different.
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Figure 4-15 Comparison of average Cu concentrations between male and female P.

monodon collected from ten provinces during June to November 2004
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Figure 4-16 Comparison of average Cu concentrations between male and female P.
monodon collected from the three areas of the Upper Gulf of Thailand during June to
November 2004

4.3.2.4 Comparison of Pb concentrations between male and female P. monodon

Lead concentrations in male and female P. monodon collected from fresh
markets of ten provinces in the Upper Gulf of Thailand are showed in Figure 4-17 and
Table 5 in Appendix B. Pb concentrations in the large, medium and small sizes of
male P. monodon varied from 2.00 to 22.67, 5.00 to 18.75 and 11.67 to 33.5 pg/kg dry
weight, respectively and of female P. monodon as 5.00 to 27.80, 8.50 to 26.50 and
2.00 to 41.00 pg/kg dry weight, respectively. T-test of Pb concentrations of P.
monodon between male and female were not significantly different.

Pb concentrations in male and female P. monodon collected from the Central,
Eastern and Western Gulf of Thailand are showed in Figure 4-18 and Table 18 in
Appendix C. Average Pb concentrations in the large size of male P. monodon of the
Central, Eastern and Western Gulf of Thailand were 10.00, 14.00 and 10.00 ug/kg dry

weight, respectively and in the large size of female P. monodon 22.00, 14.00 and
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12.00 pg/kg dry weight, respectively. For the medium size of male P. monodon,
average Pb concentrations of the Central, Eastern and Western Gulf of Thailand were
17.00, 15.00 and 14.00 ug/kg dry weight, respectively and for the medium size of
female P. monodon as 47.00, 18.00 and 13.00 pg/kg dry weight, respectively. For the
small size of male P. monodon, average Pb concentrations of the Central and Eastern
Gulf of Thailand were 20.00 and 9.00 ug/kg dry weight, respectively and for the small
size of female P. monodon as 28.00 and 21.00 pg/kg dry weight, respectively. T-test
of Pb concentrations between male and female P. monodon were not significantly
different.
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Figure 4-17 Comparison of average Pb concentrations between male and female P.
monodon collected from ten provinces during June to November 2004

Remark: Due to not enough number of samples, SD cannot be calculated.
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Figure 4-18 Comparison of average Pb concentrations between male and female P.
monodon collected from the three areas of the Upper Gulf of Thailand during June to
November 2004

4.3.2.5 Comparison of Zn concentrations between male and female P. monodon

Zinc concentrations in male and female P. monodon collected from fresh
markets of ten provinces in the Upper Gulf of Thailand are showed in Figure 4-19 and
Table 5 in Appendix B. Zn concentrations in the large, medium and small sizes of
male P. monodon varied from 1.65 to 2.73, 1.85 to 3.04 and 2.72 to 3.28 mg/kg dry
weight, respectively and of female P. monodon as 1.97 to 3.30, 1.89 to 3.10 and 2.46
to 3.28 mg/kg dry weight, respectively. T-test of Zn concentrations of P. monodon
between male and female were not significantly different.

Zn concentrations in male and female P. monodon collected from the
Central, Eastern and Western Gulf of Thailand are showed in Figure 4-20 and Table
19 in Appendix C. Average Zn concentrations in the large size of male P. monodon of
the Central, Eastern and Western Gulf of Thailand were 2.30, 2.26 and 2.70 mg/kg dry

weight, respectively and in the large size of female P. monodon as 2.60, 2.57 and 3.02
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mg/kg dry weight, respectively. For the medium size of male P. monodon, average Zn
concentrations of the Central, Eastern and Western Gulf of Thailand were 2.70, 2.70
and 2.49 mg/kg dry weight, respectively and for the medium size of female P.
monodon as 2.59, 2.58 and 2.36 mg/kg dry weight, respectively. For the small size of
male P. monodon, average Zn concentrations of the Central and Eastern Gulf of
Thailand were 3.07 and 3.09 mg/kg dry weight, respectively and for the small size of
female P. monodon 2.89 and 2.94 mg/kg dry weight, respectively. T-test of Zn

concentrations between male and female P. monodon were not significantly different.
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Figure 4-19 Comparison of average Zn concentrations between male and female P.
monodon collected from ten provinces during June to November 2004

Remark: Due to not enough number of samples, SD cannot be calculated.
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Figure 4-20 Comparison of average Zn concentrations between male and female P.
monodon collected from the three areas of the Upper Gulf of Thailand during June to
November 2004

4.3.2.6 Discussion on heavy metal concentrations in male and female P. monodon

When comparing between male and female, the results were not significantly
different. However, average Cd, Cu, Pb, and Zn concentrations in female were higher
than those in male but vice versa for average Cr concentrations.

The reasons for heavy metal accumulations probably depended on individual
variability including growth rate, accumulation efficiency, taken up efficiency,
excretion efficiency (Osuna and Mayen, 1996). They studied concentration and
distribution of heavy metals in tissue of wild and farmed shrimp Penaeus vannamei
from the Northwest coast of Mexico. Results for the differences in heavy metal (Cu,
Mn, Cd, Ni, Fe, and Zn) levels between male and female were that females grow faster
and to a larger size than male, only small differences in trace metal accumulation

among individuals of different sex could occur because of the variation in growth rates
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between the sexes. Sex based differences in trace metal concentrations may also be
due to differences in the preferred diets of males and females.

4.3.3 Heavy metal concentrations in cephalothorax and abdomen of P. monodon

It was found that almost all of cephalothorax and abdomen of P. monodon
samples collected from the Central and Eastern Gulf of Thailand contained maximum
heavy metal concentrations as showed in Table 4-8. It was also clear that all maximum
heavy metal concentrations in cephalothorax were much higher than those in

abdomen.
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Table 4-8 Maximum concentration of heavy metals in cephalothorax and abdomen of
P. monodon collected from the Upper Gulf  of  Thailand

Maximum
) Avrea of the Upper Gulf of Thailand
Concentration
Heavy metal | Sex Body part
(Hg/kg
b Central Eastern Western
dry weight)
Cephalothorax 23.0 X
Male
Abdomen 2.0 X
Cd
Cephalothorax 71.0
Female
Abdomen 1.0
Cephalothorax 584.0 X
Male
Abdomen 18.0 X
Cr
Cephalothorax 88.0 X
iy Abdomen 19.0 X
Cephalothorax 6,262.0 X
Male - bdomen 12880 X
Cu
Cephalothorax 5,776.0 X
Female
Abdomen 540.0 X
Cephalothorax 28.0 X
Male
Abdomen 13.0 X
Pb
Cephalothorax 111.0 X
Female
Abdomen 15.0 X
Cephalothorax 4,525.0
Male
Abdomen 1,657.0
Zn Cephalothorax 4,155.0 X
Female
Abdomen 1,883.0 X
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4.3.3.1 Comparison of Cd concentrations between cephalothorax and abdomen of

P. monodon

1) Male P. monodon
Cadmium concentrations in cephalothorax and abdomen of male P. monodon

collected from fresh markets of ten provinces in the Upper Gulf of Thailand are
showed in Figure 4-21 and Table 6 in Appendix B. Cd concentrations in cephalothorax
of the large, medium and small sizes of male P. monodon varied from 4.80 to 40.67,
3.00 to 47.50 and 5.33 to 49.50 pg/kg dry weight, respectively and in abdomen as 0.33
to 1.00, 0.33 to 5.00 and 1.00 to 3.00 pg/kg dry weight, respectively. T-test of Cd
concentrations between cephalothorax and abdomen in the large size of male P.
monodon collected from Samut Songkhram and the medium size from Bangkok were
significantly different.

Cd concentrations in cephalothorax and abdomen of male P. monodon
collected from the Central, Eastern and Western Gulf of Thailand are showed in
Figure 4-22 and Table 20 in Appendix C. Average Cd concentrations in cephalothorax
of the large size of male P. monodon collected from the Central, Eastern and Western
Gulf of Thailand were 6.00, 16.00 and 23.00 pg/kg dry weight, respectively and in
abdomen as 0.30, 0.70 and 0.80 pg/kg dry weight, respectively. For the medium size
of male P. monodon, average Cd concentrations in cephalothorax collected from the
Central, Eastern and Western Gulf of Thailand were 17.00, 9.00 and 16.00 pg/kg dry
weight, respectively and in abdomen as 1.00, 0.80 and 0.00 pg/kg dry weight,
respectively. For the small size of male P. monodon collected from the Central and
Eastern Gulf of Thailand, average Cd concentrations in cephalothorax were 22.00 and
18.00 pg/kg dry weight, respectively and in abdomen as 2.00 and 1.00 pg/kg dry
weight, respectively. T-test of Cd concentrations between cephalothorax and abdomen
in the large size of male P. monodon collected from the Central and Eastern Gulf of
Thailand and the medium size from the Central Gulf of Thailand were significantly
different.
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Figure 4-21 Comparison of average Cd concentrations between cephalothorax and
abdomen of male P. monodon collected from ten provinces during June to November
2004

Remark: Due to not enough number of samples, SD cannot be calculated.
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Figure 4-22 Comparison of average Cd concentrations between cephalothorax and
abdomen of male P. monodon collected from the three areas of the Upper Gulf of
Thailand during June to November 2004

2) Female P. monodon
Cadmium concentrations in cephalothorax and abdomen of female P.

monodon collected from fresh markets of ten provinces in the Upper Gulf of Thailand
are showed in Figure 4-23 and Table 8 in Appendix B. Cd concentrations in
cephalothorax of the large, medium and small sizes of female P. monodon varied from
4.40 to 103.00, 2.50 to 64.00 and 5.67 to 170.00 pg/kg dry weight, respectively and in
abdomen as 0.25 to 1.00, 0.50 to 1.00 and 1.00 to 19.00 pg/kg dry weight,
respectively. T-test of Cd concentrations between cephalothorax and abdomen in all
sizes of female P. monodon collected from ten provinces were not significantly
different.

Cd concentrations in cephalothorax and abdomen of female P. monodon
collected from the Central, Eastern and Western Gulf of Thailand are showed in
Figure 4-24 and Table 20 in Appendix C. Average Cd concentrations in cephalothorax

of the large size of female P. monodon collected from the Central, Eastern and
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Western Gulf of Thailand were 6.00, 58.00 and 31.00 pg/kg dry weight, respectively
and in abdomen as 0.20, 0.001 and 0.00 pg/kg dry weight, respectively. For the
medium size of female P. monodon, average Cd concentrations in cephalothorax
collected from the Central, Eastern and Western Gulf of Thailand were 18.00, 3.00
and 20.00 pg/kg dry weight, respectively and in abdomen as 0.80, 0.30 and 0.50 pg/kg
dry weight, respectively. For the small size of female P. monodon collected from the
Central and Eastern Gulf of Thailand, average Cd concentrations in cephalothorax
were 18.00 and 71.00 pg/kg dry weight, respectively and in abdomen as 1.00 and 1.00
pg/kg dry weight, respectively. T-test of Cd concentrations between cephalothorax
and abdomen in the large size of female P. monodon collected from the Central Gulf
of Thailand and the medium size from the Eastern and Western Gulf of Thailand were

significantly different.
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Figure 4-23 Comparison of average Cd concentrations between cephalothorax and
abdomen of female P. monodon collected from ten provinces during June to
November 2004

Remark: Due to not enough number of samples, SD cannot be calculated.
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Figure 4-24 Comparison of average Cd concentrations between cephalothorax and
abdomen of female P. monodon collected from the three areas of the Upper Gulf of
Thailand during June to November 2004

Remark: Due to not enough number of samples, SD cannot be calculated.

4.3.3.2 Comparison of Cr concentrations between cephalothorax and abdomen of

P. monodon

1) Male P. monodon
Chromium concentrations in cephalothorax and abdomen of male P.

monodon collected from fresh markets of ten provinces in the Upper Gulf of Thailand
are showed in Figure 4-25 and Table 6 in Appendix B. Cr concentrations in
cephalothorax of the large, medium and small sizes of male P. monodon varied from
4.00 to 292.00, 5.67 to 912.00 and 3.00 to 18.00 pg/kg dry weight, respectively and in
abdomen as 4.00 to 99.00, 4.00 to 41.00 and 5.00 to 7.00 pg/kg dry weight,
respectively. T-test of Cr concentrations between cephalothorax and abdomen of male
P. monodon collected from ten provinces were not significantly different.

Cr concentrations in cephalothorax and abdomen of male P. monodon from

the Central, Eastern and Western Gulf of Thailand are showed in Figure 4-26 and
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Table 21 in Appendix C. Average Cr concentrations in cephalothorax of the large size
of male P. monodon collected from the Central, Eastern and Western Gulf of Thailand
were 217.00, 9.00 and 8.00 pg/kg dry weight, respectively and in abdomen as 15.00,
7.00 and 4.00 pg/kg dry weight, respectively. For the medium size of male P.
monodon collected from the Central, Eastern and Western Gulf of Thailand, average
Cr concentrations in cephalothorax were 584.00, 271.00 and 7.00 pg/kg dry weight,
respectively and in abdomen as 4.00, 18.00 and 120.00 pg/kg dry weight, respectively.
For the small size of male P. monodon collected from the Central and Eastern Gulf of
Thailand, average Cr concentrations in cephalothorax were 15.00 and 5.00 pg/kg dry
weight, respectively and in abdomen as 6.00 and 5.00 pg/kg dry weight, respectively.
T-test of Cr concentrations between cephalothorax and abdomen of male P. monodon
collected from the Central, Eastern and Western Gulf of Thailand were not

significantly different.
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Figure 4-25 Comparison of average Cr concentrations between cephalothorax and
abdomen of male P. monodon collected from ten provinces during June to November
2004

Remark: Due to not enough number of samples, SD cannot be calculated.
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Figure 4-26 Comparison of average Cr concentrations between cephalothorax and
abdomen of male P. monodon collected from the three areas of the Upper Gulf of

Thailand during June to November 2004

2) Female P. monodon
Chromium concentrations in cephalothorax and abdomen of female P.

monodon collected from fresh markets of ten provinces in the Upper Gulf of Thailand
are showed in Figure 4-27 and Table 8 in Appendix B. Cr concentrations in
cephalothorax of the large, medium and small sizes of female P. monodon varied from
5.00 to 311.00, 5.00 to 147.50 and 2.00 to 16.50 pg/kg dry weight, respectively and in
abdomen as 2.50 to 95.00, 4.00 to 14.00 and 2.00 to 9.33 pg/kg dry weight,
respectively. T-test of Cr concentrations between cephalothorax and abdomen of
female P. monodon collected from ten provinces were not significantly different.

Cr concentrations in cephalothorax and abdomen of female P. monodon
collected from the Central, Eastern and Western Gulf of Thailand are showed in
Figure 4-28 and Table 21 in Appendix C. Average Cr concentrations in cephalothorax
of the large size of female P. monodon collected from the Central, Eastern and
Western Gulf of Thailand were 46.00, 12.00 and 7.00 pg/kg dry weight, respectively
and in abdomen as 19.00, 8.00 and 6.00 pg/kg dry weight, respectively. For the
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medium size of female P. monodon collected from the Central, Eastern and Western
Gulf of Thailand, average Cr concentrations in cephalothorax were 14.00, 88.00 and
17.00 pg/kg dry weight, respectively and in abdomen as 6.00, 9.00 and 4.00 pg/kg dry
weight, respectively. For the small size of female P. monodon collected from the
Central and Eastern Gulf of Thailand, average Cr concentrations in cephalothorax
were 10.00 and 10.00 pg/kg dry weight, respectively and in abdomen as 6.00 and 4.00
pg/kg dry weight, respectively. T-test of Cr concentrations between cephalothorax and
abdomen of male P. monodon collected from the Central, Eastern and Eastern Gulf of

Thailand were not significantly different.
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Figure 4-27 Comparison of average Cr concentrations between cephalothorax and
abdomen of female P. monodon collected from ten provinces during June to
November 2004

Remark: Due to not enough number of samples, SD cannot be calculated.
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Figure 4-28 Comparison of average Cr concentrations between cephalothorax and
abdomen of female P. monodon collected from the three areas of the Upper Gulf of

Thailand during June to November 2004

4.3.3.3 Comparison of Cu concentrations between cephalothorax and abdomen of

P. monodon

1) Male P. monodon
Copper concentrations in cephalothorax and abdomen of male P. monodon

collected from fresh market of ten provinces in the Upper Gulf of Thailand are showed
in Figure 4-29 and Table 6 in Appendix B. Cu concentrations in cephalothorax of the
large, medium and small sizes of male P. monodon varied from 2.66 to 7.09, 2.53 to
6.38 and 1.87 to 9.68 ug/kg dry weight, respectively and in abdomen as 0.10 to 0.52,
0.13 to 0.33 and 0.26 to 0.49 pg/kg dry weight, respectively. T-test of Cu
concentrations between cephalothorax and abdomen in the large size of male P.
monodon collected from Samut Prakan and the medium size from Samut Sakhon and
Phetchaburi were significantly different.

Cu concentrations in cephalothorax and abdomen of male P. monodon

collected from the Central, Eastern and Western Gulf of Thailand are showed in
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Figure 4-30 and Table 22 in Appendix C. Average Cu concentrations in cephalothorax
of the large size of male P. monodon collected from the Central, Eastern and Western
Gulf of Thailand were 5.54, 5.90 and 2.79 mg/kg dry weight, respectively and in
abdomen as 0.46, 0.38 and 0.24 mg/kg dry weight, respectively. For the medium size
of male P. monodon collected from the Central, Eastern and Western Gulf of Thailand,
average Cu concentrations in cephalothorax were 5.47, 3.79 and 4.09 mg/kg dry
weight, respectively and 1.29, 0.31 and 0.30 mg/kg dry weight, respectively in
abdomen. For the small size of male P. monodon collected from the Central and
Eastern Gulf of Thailand, average of Cu concentrations in cephalothorax were 6.02
and 6.26 mg/kg dry weight, respectively and in abdomen as 0.30 and 0.44 mg/kg dry
weight, respectively.

T-test of Cu concentrations between cephalothorax and abdomen in the large
and medium sizes of male P. monodon collected from the Central, Eastern and
Western Gulf of Thailand, the small size from the Central Gulf of Thailand were

significantly different.
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Figure 4-29 Comparison of average Cu concentrations between cephalothorax and
abdomen of male P. monodon collected from ten provinces during June to November
2004

Remark: Due to not enough number of samples, SD cannot be calculated.
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Figure 4-30 Comparison of average Cu concentrations between cephalothorax and
abdomen of male P. monodon collected from the three areas of the Upper Gulf of
Thailand during June to November 2004

2) Female P. monodon
Copper concentrations in cephalothorax and abdomen of female P. monodon

collected from fresh market of ten provinces in the Upper Gulf of Thailand are showed
in Figure 4-31 and Table 8 in Appendix B. Cu concentrations in cephalothorax of the
large, medium and small sizes of male P. monodon varied from 2.91 to 7.40, 2.10 to
7.35 and 1.87 to 9.70 mg/kg dry weight, respectively and in abdomen as 0.17 to 0.70,
0.17 to 0.54 and 0.33 to 0.66 mg/kg dry weight, respectively. T-test of Cu
concentrations between cephalothorax and abdomen in the large size of female P.
monodon collected from Samut Prakan and Samut Sakhon and the medium size from
Bangkok, Samut Sakhon, Phetchaburi and Prachuap Khiri Khan were significantly
different.

Cu concentrations in cephalothorax and abdomen of female P. monodon
from the Central, Eastern and Western Gulf of Thailand are showed in Figure 4-32 and

Table 22 in Appendix C. Average Cu concentrations in cephalothorax of the large size
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of female P. monodon collected from the Central, Eastern and Western Gulf of
Thailand were 5.74, 5.78 and 4.81 mg/kg dry weight, respectively and in abdomen as
0.48, 0.47 and 0.31 mg/kg dry weight, respectively. For the medium size of female P.
monodon collected from the Central, Eastern and Western Gulf of Thailand, average
Cu concentrations in cephalothorax were 5.66, 4.00 and 4.33 mg/kg dry weight,
respectively and in abdomen 0.35, 0.33 and 0.37 mg/kg dry weight, respectively. For
the small size of female P. monodon collected from the Central and Eastern Gulf of
Thailand, average Cu concentrations in cephalothorax were 5.44 and 5.37 mg/kg dry
weight, respectively and in abdomen as 0.35 and 0.54 mg/kg dry weight, respectively.
T-test of Cu concentrations between cephalothorax and abdomen in the large size of
female P. monodon collected from the Central Gulf of Thailand, the medium size from
the Central, Eastern and Western Gulf of Thailand and the small size from the Central

Gulf of Thailand were significantly different.

Cu concentration (mg/kg)

10 7777) Cephalothorax
8 B2 Abdomen
%

44 Small
0-] : : L =
10 §
o] ;L
6 Medium
4]
4L o
0 : :
16 S
12
Large
8] g
“%%% 0.
0] %1 Provinces
L et
L PR s \\m\“ v

ot
ea“g\ko\ksa“‘ a7 cprit 7 ot pon ‘p\aﬂo‘\g <t ?“e\cx\ b\xa"““ap
Figure 4-31 Comparison of average Cu concentrations between cephalothorax and
abdomen of female P. monodon collected from ten provinces during June to

November 2004

Remark: Due to not enough number of samples, SD cannot be calculated.
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Figure 4-32 Comparison of average Cu concentrations between cephalothorax and
abdomen of female P. monodon collected from the three areas of the Upper Gulf of

Thailand during June to November 2004

4.3.3.4 Comparison of Pb concentrations between cephalothorax and abdomen of

P. monodon

1) Male P. monodon
Lead concentrations in cephalothorax and abdomen of male P. monodon

collected from fresh markets of ten provinces in the Upper Gulf of Thailand are
showed in Figure 4-33 and Table 7 in Appendix B. Pb concentrations in cephalothorax
of the large, medium and small sizes of male P. monodon varied from 8.67 to 22.50,
13.00 to 27.00 and 16.50 to 40.00 pg/kg dry weight, respectively and in abdomen as
2.00 to 17.00, 5.00 to 15.00 and 1.00 to 2.00 pg/kg dry weight, respectively. T-test of
Pb concentrations between cephalothorax and abdomen of male P. monodon collected
from ten provinces were not significantly different.

Pb concentrations in cephalothorax and abdomen of male P. monodon

collected from the Central, Eastern and Western Gulf of Thailand are showed in
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Figure 4-34 and Table 23 in Appendix C. Average Pb concentrations in cephalothorax
of the large size of male P. monodon collected from the Central, Eastern and Western
Gulf of Thailand were 20.00, 15.00 and 13.00 pg/kg dry weight, respectively and in
abdomen as 4.00, 13.00 and 11.00 pg/kg dry weight, respectively. For the medium
size of male P. monodon collected from the Central, Eastern and Western Gulf of
Thailand, average Pb concentrations in cephalothorax were 23.00, 22.00 and 18.00
pg/kg dry weight, respectively and in abdomen as 9.00, 7.00 and 120.00 pg/kg dry
weight, respectively. For the small size of male P. monodon collected from the Central
and Eastern Gulf of Thailand, average Pb concentrations in cephalothorax were 25.00
and 28.00 pg/kg dry weight, respectively and in abdomen as 2.00 and 1.00 pg/kg dry
weight, respectively. T-test of Pb concentrations between cephalothorax and abdomen
of male P. monodon collected from the Central, Eastern and Western Gulf of Thailand

were not significantly different.
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Figure 4-33 Comparison of average Pb concentrations between cephalothorax and
abdomen of male P. monodon collected from ten provinces during June to November
2004

Remark: Due to not enough number of samples, SD cannot be calculated.
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Figure 4-34 Comparison of average Pb concentrations between cephalothorax and
abdomen of male P. monodon collected from the three areas of the Upper Gulf of

Thailand during June to November 2004

2) Female P. monodon
Lead concentrations in cephalothorax and abdomen of female P. monodon

collected from fresh markets of ten provinces in the Upper Gulf of Thailand are
showed in Figure 4-35 and Table 9 in Appendix B. Pb concentrations in cephalothorax
of the large, medium and small sizes of female P. monodon varied from 6.00 to 61.50,
8.50 to 159.50 and 3.00 to 41.00 pg/kg dry weight, respectively and in abdomen as
0.50 to 14.00, 0.01 to 16.00 and 2.00 pg/kg dry weight, respectively. T-test of Pb
concentrations between cephalothorax and abdomen in the large size of female P.
monodon collected from Samut Songkhram were significantly different.

Pb concentrations in cephalothorax and abdomen of female P. monodon
collected from the Central, Eastern and Western Gulf of Thailand are showed in
Figure 4-36 and Table 23 in Appendix C. Average Pb concentrations in cephalothorax
of the large size of female P. monodon of the Central, Eastern and Western Gulf of
Thailand were 41.00, 19.00 and 14.00 pg/kg dry weight, respectively and in abdomen
as 7.00, 9.00 and 7.00 pg/kg dry weight, respectively. For the medium size of female
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P. monodon collected from the Central, Eastern and Western Gulf of Thailand,
average Pb concentrations in cephalothorax were 111.00, 21.00 and 25.00 pg/kg dry
weight, respectively and in abdomen as 15.00, 14.00 and 7.00 pg/kg dry weight,
respectively. For the small size of female P. monodon collected from the Central and
Eastern Gulf of Thailand, average Pb concentrations in cephalothorax were 28.00 and
19.00 pg/kg dry weight, respectively and in abdomen from the Eastern Gulf of
Thailand as 5.00 pg/kg dry weight. Pb concentrations in cephalothorax of the small
size of female P. monodon collected from the Central Gulf of Thailand were non
detectable. T-test of Pb concentrations between cephalothorax and abdomen of female
P. monodon collected from the Central, Eastern and Western Gulf of Thailand were
not significantly different.
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Figure 4-35 Comparison of average Pb concentrations between cephalothorax and
abdomen of female P. monodon collected from ten provinces during June to
November 2004

Remark: Due to not enough number of samples, SD cannot be calculated.
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Figure 4-36 Comparison of average Pb concentrations between cephalothorax and
abdomen of female P. monodon collected from the three areas of the Upper Gulf of
Thailand during June to November 2004

4.3.3.5 Comparison of Zn concentrations between cephalothorax and abdomen of

P. monodon

1) Male P. monodon
Zinc concentrations in cephalothorax and abdomen of male P. monodon

collected from fresh markets of ten provinces in the Upper Gulf of Thailand are
showed in Figure 4-36 and Table 7 in Appendix B. Zn concentrations in cephalothorax
of the large, medium and small sizes of male P. monodon varied from 2.07 to 4.00,
2.43 to 4.51 and 3.82 to 4.97 mg/kg dry weight, respectively and in abdomen as 1.23
to 1.80, 1.28 to 1.73 and 1.57 to 1.80 mg/kg dry weight, respectively. T-test of Zn
concentrations between cephalothorax and abdomen in the large size of male P.
monodon collected from Samut Prakan, Samut Songkhram and Rayong and the
medium size from Bangkok, Chanthaburi, Samut Prakan, Samut Sakhon, Phetchaburi

and Prachuap Khiri Khan were significantly different.
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Zn concentrations in cephalothorax and abdomen of male P. monodon
collected from the Central, Eastern and Western Gulf of Thailand are showed in
Figure 4-37 and Table 24 in Appendix C. Average Zn concentrations in cephalothorax
of the large size of male P. monodon collected from the Central, Eastern and Western
Gulf of Thailand were 3.14, 3.02 and 3.77 mg/kg dry weight, respectively and in
abdomen as 1.47, 1.50 and 1.63 mg/kg dry weight, respectively. For the medium size
of male P. monodon collected from the Central, Eastern and Western Gulf of Thailand,
average Zn concentrations in cephalothorax were 3.91, 3.74 and 3.50 mg/kg dry
weight, respectively and in abdomen as 1.49, 1.66 and 1.48 mg/kg dry weight,
respectively. For the small size of male P. monodon collected from the Central and
Eastern Gulf of Thailand, average of Zn concentrations in cephalothorax were 4.48
and 4.53 mg/kg dry weight, respectively and in abdomen as 1.65 and 1.65 mg/kg dry
weight, respectively. T-test of Zn concentrations between cephalothorax and abdomen
in the large, medium and small sizes of male P. monodon collected from the Central,

Eastern and Western Gulf of Thailand were significantly different.
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Figure 4-37 Comparison of average Zn concentrations between cephalothorax and

abdomen of male P. monodon collected from ten provinces during June to November

2004

Remark: Due to not enough number of samples, SD cannot be calculated.



Fac.of Grad. Studies, Mahidol Univ. M.Sc. (Technology of Environmental Management) / 85

Zn concentration (mg/kg)

X XXX
R

X X
RS

ST
255
KK

[T

ITTTTITITTTH

ST

X
KR

Central ' Eastern ' Western Gulf of Thailand

[ Cephalothorax, Large [ Cephalothorax, Medium [l Cephalothorax, Small
1777} Abdomen, Large B2 Abdomen, Medium E—] Abdomen, Small

Figure 4-38 Comparison of average Zn concentrations between cephalothorax and
abdomen of male P. monodon collected from the three areas of the Upper Gulf of
Thailand during June to November 2004

2) Female P. monodon
Zinc concentrations in cephalothorax and abdomen of female P. monodon

collected from fresh markets of ten provinces in the Upper Gulf of Thailand are
showed in Figure 4-39 and Table 9 in Appendix B. Zn concentrations in cephalothorax
of the large, medium and small sizes of female P. monodon varied from 1.00 to 4.58,
2.55 t0 4.44 and 3.57 to 11.03 mg/kg dry weight, respectively and in abdomen as 1.31
to 2.03, 1.23 to 1.76 and 1.75 to 1.89 mg/kg dry weight, respectively. T-test of Zn
concentrations between cephalothorax and abdomen in the large size of female P.
monodon collected from Samut Prakan, Samut Sakhon, Samut Songkhram and
Phetchaburi and the medium size from Bangkok and Prachuap Khiri Khan were
significantly different.

Zn concentrations in cephalothorax and abdomen of female P. monodon

collected from the Central, Eastern and Western Gulf of Thailand are showed in
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Figure 4-40 and Table 24 in Appendix C. Average Zn concentrations in cephalothorax
of the large size of female P. monodon collected from the Central, Eastern and
Western Gulf of Thailand were 3.62, 3.48 and 4.16 mg/kg dry weight, respectively and
in abdomen as 1.57, 1.66 and 1.88 mg/kg dry weight, respectively. For the medium
size of female P. monodon collected from the Central, Eastern and Western Gulf of
Thailand, average Zn concentrations in cephalothorax were 3.58, 3.69 and 3.18 mg/kg
dry weight, respectively and in abdomen as 1.59, 1.47 and 1.53 mg/kg dry weight,
respectively. For the small size of female P. monodon collected from the Central and
Eastern Gulf of Thailand, average of Zn concentrations in cephalothorax were 3.91
and 4.08 mg/kg dry weight, respectively and in abdomen as 1.86 and 1.80 mg/kg dry
weight, respectively. T-test of Zn concentrations between cephalothorax and abdomen
in the large, medium and small sizes of male P. monodon collected from the Central,

Eastern and Western Gulf of Thailand were significantly different.
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Figure 4-39 Comparison of average Zn concentrations between cephalothorax and
abdomen of female P. monodon collected from ten provinces during June to
November 2004

Remark: Due to not enough number of samples, SD cannot be calculated.
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Figure 4-40 Comparison of average Zn concentrations between cephalothorax and
abdomen of female P. monodon collected from the three areas of the Upper Gulf of
Thailand during June to November 2004

4.3.3.6 Discussion on heavy metal concentrations in cephalothorax and abdomen
of P. monodon

When comparing Cr and Pb concentrations between cephalothorax and
abdomen of both male and female P. monodon, the results were not significantly
different but only Zn concentrations were significantly different. Cd and Cu
concentrations were significantly different in some cases. However, in general, heavy
metal concentrations in cephalothorax were higher than in abdomen. The reason for
higher metal concentrations in the cephalothorax could be due to the organs, such as
the liver, gonads, kidney, antennal organ, were in the cephalothorax. They were
metabolically active tissues and accumulated heavy metals in high values (Allen,
1994; Allen, 1995). P. monodon uptakes heavy metal from water, sediment and food.
After entering from one of these, the gill or digestive tract, heavy metals can be

accumulated in the liver or hepatopancrease or digestive gland. The present results
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were in agreement with previous studies (Peerzada et al., 1992; Wanpen, 2000;
Hossain and Khan, 2001).

4.4 Overall discussions

Although farmed P. monodon is one of the important prawn species for Thai
consumers, the information concerning toxic contaminations in P. monodon was very
little. There are only few studies on heavy metal concentrations accumulated in P.
monodon carried out. However the similar studies on prawns and other crustaceans in
Thailand and overseas are available but the results varied. The variation of heavy
metals accumulated in organisms depends on the ability of organisms to uptake heavy
metals from food and environment i.e. water and sediments. Also it should be due to a
different metabolic bioavailability in a variable environment such as pH, salinity,
dissolved oxygen.

From the overall average heavy metal concentrations of the study, the
descending order can be presented as follows: Cu> Zn> Cr> Cd> Pb. In contrast, the
previous study of Tongra-ar (1989) found that the maximum level accumulated in
shrimp was Zn followed by Cu, Pb and Cd, respectively. Similar to Kanongdech
(2005), the result of her study showed the overall average heavy metal concentrations
in descending order as follows: Zn> Cu > Cr> Cd> Pb. Both Cu and Zn are essential
elements in crustaceans. Cu is the essential element in the blood pigment,
haemocyanin, of crustaceans (Chanphongsang, 1977) and Zn is an important
biochemical catalyst of enzyme systems (Tongra-ar et al, 1989). Therefore higher
levels of these two heavy metals in crustaceans are normal but the different amongst
the results may be due to the present of these metals as contaminants in environment
and food.

The Eastern Gulf of Thailand areas received pollution from two large
industrial zones. One is Lamchabang Industrial Estate in Chon Buri and the other is
Maptaput Industrial Estate in Rayong. From data of Industrial Estate Authority of
Thailand (2003), there were 4,009 Type 3 factories located in the Eastern Coastal area.
Copper is one of the major raw materials in Type 3 factories for blenching or dipping
or pumping or melting metal and it is used in electrical equipment, alloys, chemical

catalyst, antifouling paint for ships’ hulls, as algicide and as a wood preservative.
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From the study of heavy metal concentrations in water and sediments in Klong
Sumrong, Samut Prakan by Srisutiwarakul and Suwaree (2002), they found very high
levels of Cd, Cu and Pb concentrations in water and sediments. Cd and Pb
concentrations in water varied from 0.009 to 0.238 and 0.137 to 0.504 mg/I,
respectively and Cd and Cu concentrations in sediment were 0.725 to 9.175 mg/l and
242.85 mgl/l, respectively.

Nongnuch (2002) studied types and quantity of heavy metals in water of the
P. monodon ponds in the Eastern provinces of Thailand including Prachinburi, Chon
Buri, Chachoengsao, Rayong and Chanthaburi during the period of February 1997 to
January 1998. Among the five heavy metals, Zn appeared to be the highest
concentration in all water samples followed by Cu, Pb and Cd. Concentrations of Zn,
Cu, Pb and Cd in water samples varied from 0.020 to 0.810, 0.001 to 0.407, 0.001 to
0.153 and 0.001 to 0.007 mg/l, respectively.

Heavy metals were dispersed in the environment through industrial effluents;
organic wastes refuse burning, transport and power generation. Metallic pollutants
were ultimately washed out of the air by rain onto land or the surface of the
waterways, especially the rainy season then accumulated in the coastal area around the
Upper Gulf of Thailand. Farmers have used water from peripheral canal connecting
the estuary for prawn farms located along the coastal area. Heavy metals suspending in
water could precipitate into sediment thus into food chain in prawn pond.

The overall average heavy metal concentrations of Cu, Zn, Cr, Pb and Cd
found in the present study were as follows: 2.92, 2.63, 0.05, 0.02 and 0.01 mg/kg dry
weight. Pollution Control Department (1999) collected shrimp from the Gulf of
Thailand and the Andaman Sea and the results showed that Zn concentration was
highest of 64.68 mg/kg dry weight and followed with Cu and Cd of 13.59 and 2.01
mg/kg dry weight, respectively. Nongnuch (2002) found that Zn, Cu, Pb and Cd
concentrations contaminated in P. monodon samples collected from the Eastern
provinces of Thailand varied from 7.0 to 21.5, 0.59 to 3.046, 0.021 to 0.43 and 0.004
to 0.08 mg/kg dry weight, respectively. When comparing to the previous studies, it
was found that the heavy metal concentrations found in the present study were lower.

Wanpen (2000) also suggested that the amounts of the heavy metals found in

the cephalotherax generally increased with increasing age of the prawns. However the
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results of the present study did not support the study of Wanpen. It was found that
each heavy metal showed different behaviours. Cu concentrations were very close
despite sizes. Cd and Cr concentrations varied amongst sizes but the tendency of the
medium size of P. monodon accumulated highest concentrations can be observed. Zn

concentrations accumulated higher in the small size of P. monodon.
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CHAPTER 5
CONCLUSION AND RECOMMENDATION

5.1 Conclusion

5.1.1 Heavy metal concentrations in P. monodon

Heavy metal concentrations in P. monodon varied amongst ten fresh markets
around the Upper Gulf of Thailand and were related to proximity of input of local
pollution along the coastal areas and drainage from the rivers into the Upper Gulf of
Thailand. When considering amongst five heavy metals, the overall average heavy
metal concentrations determined can be presented in descending order as follows; Cu>
Zn> Cr> Pb> Cd.

However when considering heavy metal concentrations within each area of
the Upper Gulf of Thailand, the results are as follows:

The average heavy metal concentrations in P. monodon collected from the
Central Gulf of Thailand can be presented in descending order as follows: Cu> Zn>
Cr> Cd> Ph.

The average heavy metal concentrations in P. monodon collected from the
Eastern Gulf of Thailand can be presented in descending order as follows: Cu> Zn>
Cr>Pb> Cd.

The average heavy metal concentrations in P. monodon collected from the
Western Gulf of Thailand can be presented in descending order as follows: Zn> Cu>
Cr>Pb> Cd.

When comparing heavy metal concentrations amongst ten fresh markets
around the Upper Gulf of Thailand, each of the overall average heavy metal
concentrations can be presented in descending order as follows;

Cd: Rayong> Phetchaburi> Samut Songkhram> Prachuap Khiri Khan> Chon

Buri> Chanthaburi = Samut Prakan = Samut Sakhon>Bangkok.
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Cr: Samut Sakhon> Chon Buri> Samut Songkhram> Bangkok> Prachuap
Khiri Khan> Chanthaburi> Samut Prakan> Rayong = Phetchaburi.

Cu: Rayong> Bangkok> Chon Buri> Samut Prakan> Samut Sakhon>
Prachuap Khiri Khan> Samut Songkhram> Chanthaburi> Phetchaburi.

Pb: Samut Sakhon> Samut Songkhram> Bangkok> Chanthaburi> Prachuap
Khiri Khan> Chon Buri> Rayong> Samut Prakan> Phetchaburi.

Zn: Chon Buri> Bangkok> Samut Sakhon> Chanthaburi> Prachuap Khiri

Khan> Phetchaburi> Samut Prakan> Samut Songkhram> Rayong.

5.1.2 Heavy metal accumulated in P. monodon between the rainy and cold seasons

When comparing heavy metal concentrations in P. monodon between the
rainy and cold seasons, the results were significantly different for Cu concentrations in
the medium size, Pb in the large size and Zn in both the large and medium sizes of P.
monodon from the Central and Eastern Gulf of Thailand.

The average heavy metal concentrations in the rainy season can be presented
in descending order as follows: Cu> Zn> Cr> Cd> Pb.

The average heavy metal concentrations in the cold season can be presented
in descending order as follows: Zn> Cu> Cr> Cd> Ph.

When comparing heavy metal concentrations between the rainy and cold
seasons, it was found that for all heavy metals, the average concentrations in the rainy

season were higher than in the cold season.

5.1.3 Heavy metal accumulated in male and female P. monodon

When comparing heavy metal concentrations between male and female P.
monodon, the results were not significantly different. The highest Cu, Cr and Zn
concentrations of 4.320, 3.156, 3.089 mg/kg dry weight, respectively were found in
the small male P. monodon. The highest Pb and Cd concentrations of 0.047 and 0.044
mg/kg dry weight, respectively were found in female P. monodon.

The average heavy metal concentrations in male can be presented in
descending order as follows: Cu> Zn> Cr> Cd> Pb.

The average heavy metal concentrations in female can be presented in

descending order as follows: Cu> Zn> Pb > Cr >Cd.
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When comparing heavy metal concentrations between female and male, it
was found that for Cd, Cu, Pb and Zn, the average concentrations in female were
higher than in male whereas average Cr concentrations in male were higher than

female.

5.1.4 Heavy metal accumulated in cephalothorax and abdomen of P. monodon

When comparing Cr and Pb concentrations between cephalothorax and
abdomen of male and female P. monodon, the results were not significantly different.
For Zn concentrations between cephalothorax and abdomen of male and female P.
monodon, the results were significantly different. For Cd and Cu concentrations
between cephalothorax and abdomen of male and female P. monodon, the results were
significantly different in some cases.

The average heavy metal concentrations in cephalothorax of male P.
monodon can be presented in descending order as follows: Cu> Zn> Cr> Pb> Cd.

The average heavy metal concentrations in cephalothorax of female P.
monodon can be presented in descending order as follows: Zn> Cu > Cr> Pb> Cd.

The average heavy metal concentrations in abdomen of male and female P.
monodon can be presented in descending order as follows: Zn> Cu> Cr> Pb> Cd.

It was found that for all heavy metals, the average concentrations in

cephalothorax were higher than in abdomen.

5.1.5 Acceptable levels of heavy metals in P. monodon to human consumption

Cd, Cr, Cu, Pb and Zn concentrations determined in the study were lower
than the acceptable limits and guidelines for human consumption designated by health
organizations, both national and international standards i.e., Standard of contaminated
food (Ministry of Public Health, 1986) and Codex (FAO/WHO, 1997). Therefore the
heavy metals concentrations determined did not pose a health hazard for consumers.

Finally the heavy metal concentrations determined in the present study
provided a useful baseline against which to measure any future change in local
pollution to the Upper Gulf of Thailand.



Usanee Klinrarue Conclusion and Recommendation / 94

5.2 Recommendations

5.2.1 Recommendations for further study

5.2.1.1 The more detail study on environmental factors i.e. water quality and
sediments and food components i.e. heavy metal impurities on heavy metal
accumulation in the farmed P. monodon should be studied. Also age and size in
relation to heavy metal concentrations should be carried out.

5.2.1.2 Mass balance on heavy metals in the farm system of P. monodon
should be studied. This will be very useful for better understanding of heavy metal
accumulation and distribution in the system.

5.2.1.3 The study on the effect of current and tide on the distribution of
heavy metals within the Gulf of Thailand will increase understanding on seasonal

variation of heavy metal concentrations in water and sediments.

5.2.2 Recommendations for application

5.2.2.1 Although heavy metals accumulated in P. monodon were lower than
maximum permissible levels for human consumption. To prevent heavy metal poison,
consumer should avoid eating cephalothorax since cephalothorax accumulates heavy
metal higher than abdomen. If possible consumers should choose P. monodon cultured
in the Western Gulf of Thailand where heavy metal concentrations (except Cd) were
lower than those in the Central and Eastern Gulf of Thailand.

5.2.2.2 Amongst the three areas of the Upper Gulf of Thailand, the results
suggested that farmed P. monodon collected from the Western Gulf of Thailand
contained lower heavy metals than from the other areas. The suitable areas for
culturing P. monodon should be studied and suggested to the responsible government
agencies.

5.2.2.3 For health concerns, the effect of temperature and time used for

cooking P. monodon should be studied.



Fac. of Grad. Studies, Mahidol Univ. M.Sc.(Technology of Environmental Management) / 95

BIBLIOGRAPHY

Allen, P. (1994). Accumulation profiles of lead and the influence of cadmium and
mercury in Oreochromis aureus during chronic exposure. Toxicological and
Environmental Chemistry, (44), 101-112.

Allen, P. (1995). Chronic accumulation of cadmium in the edible tissues of
Oreochromis aureus: modification by mercury and lead. Archives of
Environmental Contamination and Toxicology, (29), 8-14.

Brigden, K., Labunska, L. and Stringer, R. (2003). Bangpoo industrial estate, Samut
Prakarn, Thailand; An investigation of environmental pollutants [Online].
Available: http://www.greenpeace.to/puldications_pdf/Bangpoo2003.pdf
[2004, Jul 1].

Bryan, G.W. and Langston, W.J. (1992). Bioavailability, accumulation and effects of

heavy metals in sediments with special reference to United Kingdom
estuaries: a review. Environmental Pollution, (76), 89-131.

Chan, T.Y. (1998). Shrimps and prawns. FAO species identification field guide
living marine resources of the Western Pacific. (Vol. 2). Rome: Food and
Agriculture Organization of the United Nations.

Chang, L.W. (Ed.). (1996). Toxicology of metals: concepts on biological markers
and biomonitoring for metal toxicity. n.p.: Lewis.

Chanphongsang, O. (1997). Accumulation of some heavy metals in tissue of sea fish
and economic marine organisms in the Gulf of Thailand. Master’s thesis
in Marine Science, Faculty of Graduate Studies, Chulalongkorn University.

Davies, B.E. (1994). Heavy metals in soil: lead. New York: Blackie and Professional.

FAO/WHO. (1997). General standard for contaminants and toxins in foods, (1A).
Geneva: The Organization.

Guhathakurta, H. and Kaviraj, A. (2000). Heavy metal concentration in water,
sediment, shrimp (Penaeus monodon) and mullet (Liza parsia) in some
brackich water ponds of Sunderban, India. Marine Pollution Bulletin, (40),
914-920.



Usanee Klinrarue Bibliography / 96

Hall, D.N.F. (1962). Observations on the taxonomy and biology of some Indo-
West-Pacific Panaeidae (Crustacea, Decapoda). London: Her majesty's
stationary office.

Harrison, R.M. (1990). Effects and control: pollution cause (2" ed.). Great Britain:
Atheneaum.

Hendrickx, M.E. (1995). Los Camarones. In W. Fisher, F. Krupp, W. Schneider, W.
Sommer, C. Carpenter and K. Niem (Eds). Gufa FAO para la identification
de especies para los fines de Id pesca (pp. 417-537). Roma: Pacifico Centro-
oriental. F.A.O.

Holthuis, L.B. (1980). FAO species catalogue. (Vol. 1). Rome: Food and Agriculture
Organization of the United Nations.

Horwitz, W. (2000). Official methods of analysis of AOAC international. (Vol. 1,
17" Ed). Gaithershurg, USA: AOAC International.

Hossain, M.S. and Khan, Y.S.A. (2001). Trace metals in Penaeid shrimp and Spiny
lobster from the Bay of Bengal. ScienceAsia, (27), 165-168.

Industrial Estate Authority of Thailand. (2003). Database of factories (following by
areas) [Online]. Awvailable: http://www.diw.go.th/diw_web/html [2005,
February 12].

Juengprasert, W. and Soonthorntum, S. (1999). Occupational medicine: toxicology

issue. Bangkok: Text book project of Department of Health. Ministry of
Public Health. Public Health Association of Thailand.

Kanongdech, S. (2005). Accumulation and distribution of heavy metals in banana
prawn, (Penaeus merguiensis de Man 1888) in the Upper Gulf of
Thailand. Master’s thesis in Technology of Environmental Management,
Faculty of Graduate Studies, Mahidol University.

Luoma, S.N. and Fisher, N.S. (1997). Uncertaintics in assessing contaminant exposure
from sediments. In C.G. Ongersoll, T. Dillon and G.R. Biddinger (Eds).
Ecological risk assessment of contaminated sediments (pp. 211-237).
Pensaxola, FL: n.p.

Manahan, S.E. (1993). Water pollution: fundamental of environmental chemistry.

Michigan: Lewis.



Fac. of Grad. Studies, Mahidol Univ. M.Sc.(Technology of Environmental Management) / 97

Ministry of Public Health. (1986). Standard of contaminated food [Online]. Available:
http://www.fda.moph.go.th/fda-net/html/product/food/ntfmoph/net098.htm
[2005, May 25].

Musika, C., Mokkgongpai, P. and Wongsudawan, W. (2003). Distribution of some

heavy metals in sea water along the eastern coast of Thailand. Symposium
on aquatic resources and environment: Integrated coastal pollution
management. 5-6 August 2003. Paper presented at Pollution Control
Department, Ministry of Resource and Environment.

Naiyanetr, P. (1998). Checklist of crustacean fauna in Thailand. Bangkok: Office of
Environmental Policy and Planning Vol. 5 OEPP Biodiversity Series.
National Statistical Office. (2005). Administraion boundaries map 1: 50,000. [CD-

ROM]. (1995). Available: National Statistical Office [2005, September 18].

Nongnuch, S. (2000). Study on heavy metals in tiger shrimp (Penaeus monodon)
ponds in the eastern part of Thailand. Master's thesis in Environmental
Science, Faculty of Graduate Studies, Kasetsart University.

Osuna, F.P. and Fernandez, C.R. (1995). Trace metals in the mexican shrimp Penaeus
vannamei from estuarine and marine environments. Environmental
Pollution, (87), 243-247.

Osuna, F.P. and Mayen, L.T. (1996). Concentration and distribution of heavy metals
in tissues of wild and farmed shrimp Penaeus vannamei from the north-west
coast of Mexico. Environmental International, (22), 443-450.

Parreggiani, L. (1983). Encyclopaedia of occupational health and safety, Vol. 1 A-
K (3" ed). Geneva: Geneva International Labour Office.

Peerzada, N., Nojok, M. and Lee, C. (1992). Distribution of heavy metals in prawns
from Northern Territory, Australia. Marine Pollution Bulletin, (24), 416-
418.

Phanutrakul, S., Muksika, C. and Mokkongpai, P. (2003). Behaviour of some heavy
metals in the Bangpakong river estuary. Symposium on Aquatic Resources
and Environment: Integrated Coastal Pollution Management. 5-6 August
2003. Paper presented at Pollution Control Department, Ministry of Resource

and Environment.



Usanee Klinrarue Bibliography / 98

Poirier, A.L. and Littlefield, A.N. (1996). Toxicology of metals: metal interactions
in chemical carcinogenesis. n.p.: Lewis.

Pollution Control Department. (1999). A survey of coastal water quality along the
Andaman Sea and the western Gulf of Thailand. (Main Report 4, 1% ed.).
Bangkok: Ministry of Science, Technology and Environment.

Rainbow, P.S. (1995). Biomonitoring of heavy metal availability in the marine
environment. Marine Pollution Bulletin, 31 (4-12), 183-192.

—. (1997). Ecophysidlogy of trace metal uptake in crustaceans. Estuarine, Coastal
and Shelf Science, 44 (2), 169-175.

Rophery, E. (1998). Analytical methods of graphite tube atomizers. Mulgrave
Victory Australia: Varian.

Rophery, E. (1999). Flame atomic absorption spectrometry analytical methods.
Mulgrave Victory Australia: Varian.

Somyunsub, K. (2001). Changes of heavy metals concentration in some bottom
feeders at mangrove area receiving wastewater from Phetchaburi
municipal treatment system. Master's thesis in Environmental Science,
Faculty of Graduate Studies, Kasetsart University.

Sophon, A. and Rungnapa, S. (1999). The Gulf of Thailand: Source of heavy metal
accumulation, Scientist warns to beware toxic from aquatic organisms [online].
Available: http://www.chula.ac.th/research/activity/journal/vijai6_2.htm. [2004
October, 5].

Sriboonlue, U. (1996). Effects of cadmium, chromium and their combinations on

Puntius gonionotus bleeker. Master’s thesis in Environmental Biology,
Faculty of Graduate Studies, Mahidol University.

Srisutiwarakul, P. and Suwaree, P. (2002). The comparison study of heavy metal
concentrations in water and sediment in Klong Sumrong, Samut Prakan
Province. Senior project in Environmental Science and Technology, Faculty
of Environment and Resource Studies, Mahidol University.

Tongra-ar, W., Tattawasart, P., Sungsila, R., Thitatummo, S. and Monwiset, A.

(1989). A study of some heavy metals in economic marine animals from the



Fac. of Grad. Studies, Mahidol Univ. M.Sc.(Technology of Environmental Management) / 99

eastern coast of Thailand. In P. Manasawate, et al. (Eds.). Aquatic animal
resources (pp. 359-370). Bangkok: Chulalongkorn University.

Triquet, A.C., Jeantet, A.Y. and Berthet, B. (1993). Metal transfer in marine food
chains: bioaccumulation and toxicity. Acta Biologica Hungarica, (44), 387-
409.

Wang, W.X. (2000). Interactions of trace metals and different marine food chains.
Marine Ecology, Progress Series, 295-3009.

Wanpen, P. (2000). Accumulation of some heavy metals in tiger prawn (Penaeus
monodon) raised around outer part of the Songkhla lake. Master's thesis
in Environmental Sciences, Faculty of Graduate Studies, Naresuan
University.

World Health Organization. (1977). Environmental health criteria 134 Cadmium.
Geneva: The Organization.

Wijitjunyakul, M. (1996). The study of comparison of the heavy metals digestion
by hot air oven and hot plate method. Master's thesis in Environmental
Technology, Faculty of Graduate Studies, Mahidol University.

Winter, M. (2003). Chemistry: Web Elements periodic table [Online]. Available:
http://www.webelements.com/ [2004, May 15].

Wongwiwatanawute, C., Jiayaratana, P. and Chomanee, K. (2002). Heavy metal
determination in the water in the tiger prawn (P. monodon) culture area,
Chachoengsao province. (Technical paper No. 7/2002). Chachoengsao
Coastal Aquaculture Development Center, Department of Fisheries.



Usanee Klinrarue Appendix / 100

Copyright by Mahidol University



M.Sc.(Technology of Environmental Management) / 101

Fac. of Grad. Studies, Mahidol Univ.

(1ySrom A1p 3/Sur) pue[rey, jo
200 yonusuoN 80°0-700°0 €7°0-120°0 < 9P0'€-650 | SIT0L
umerd 1930 juern JIn3 uio)seq
1yS1om jom 3/311 ueqe 0
6861 B 1 Je-EIBuOL L0"0 96°0 - €96'1 POr €l o o PEAITALY
umerd 1031 jueID) JnS urojseyq
(y3rom A1p 3/3ur) pue[rey, jo
¥10°0 €100 00 €eee w9
unmeld 1031 jueIn) JInS uI10Isop
(hySrom A1p Sy/3ur) pue[rey[, jo
Apms yuosaxd ay [, 800°0 ¥20°0 $90°0 Ivle 689°C
unmeld 1031 jueID) JInS enua)
(1ySrom A1p 3/Sur) pue[rey, jo
6100 S10°0 [400) 060°¢ 889°C
umerd 1930 juern JIn3 uioyseq
(L661) OHM/OVA 07¢ S0 - : : dwiyg
pue[rey ],
(9861) HION a 1 [4 0C 001 poo
BoIy
SOOUQIJOY wnupe) peoT wnwoy) Jaddop oury 1onpoid
/Anuno))

V X1AN3ddV

so1pnys snoradid

pue Apn3s 1udsaid Y} Ul UONRIIUIIUOD [eIdW AABIY pue (JYSIoM Jom S¥/3wr) pooy pue dwLiys ur s[eldw AABIY JO JIWI] WNWIXBN T 9|geL




Appendix / 102

Usanee Klinrarue

- L1$TFSTST - - €6 1F6L'1 - - 66'STF00 €T - pIoD uRy LYY
- 06'STTFO0LS | YL YFLI9 - 0L €FI0Y|60'PF19°T - TETIF88°01| 88°9FLSS Aurey denyoeid 01
- L8TFSL9 0S 1FSL'9 = L1 IF6Z 1|68 0796°0 - CCLFOS | 89°GFSLE pIoD .
; . - : : ; Lmqeyoeyd ‘6
- - 85 TF00V - - 61 TF6'1 - - SP9STFOCE | Aurey
- - ) - - y - - - pIoD
eIl 8
- - a - - - = - - Aurey
- 99°CHFLISE | 66°9FSLSI = LY 0F€9°0/66°0FSO' ) 6TTF6TT | IL0F0S9 pIoD
unqeyiuey) */
00°S LTSIFSL6] 8SHF00'6 | Y9 OFCH 1 [€STFLS T|E0 EFISTISY LIFOSSI| 86788y | T9'SFSL'S Aurey
- 2 9C CTFEY € = . ISTFLY'T & - LSYIFYIOL | PIOD
3uokey ‘9
L1'TFSL'9 - 18 LF000T |0ESFILS = L8'SF6T 8|PS CTTFS 68 - 7' 0LTFOS9TT|  Aureyq
- 0S'6FEE 11 SOVTSL6 = 0S IFOS T|¥T EF6T € c v6'CF00t | 1t 1F00°CC pIoD T —
8STFO0'S | 90°69¥FSL 0TE = T0°STOTY (9L VFIL'Y - 96' 67076 | 80 TFEEC'S - Aurey .
- = 79°8FSL91 < = 16'1F70CC = ¥ 20°9FEE Y pIoD
WeI3uos jnwes 4
- €S8FOIT  [2C0'66CFO0TIT z 8€TTIS 1|VT v T8¢ = 96'CSTE]'8E| LIPFSL'E Aurey
6S €FSL'S 78°0F0°S I 1F00°S | SO'TFTOT|0S TFIS'T = 68°01F00°6 | TI'VFOSE | S8 SFLI'E pIoD
uoyyes mnwes ‘¢
91°€F00Y |S6'19Z1F0S 80P|6S TEIFSLTTI| ¥0'TFS6'T |06 EFTS €| 18 EFHS € = TT6T09L | CTESTSTY Aurey
- SPIIFSTTI 68°7T68°9 = IS IFLS T|ESTFLIOL|ILETTSL 1T 08 VFSTE | 69 €F0V' T pIoD
ueyeld nwes'g
SHOIF0001 3 19°0TFEYTT | TLPFI6°E = 69 VFET Y 3 = LYYFET'E Aurey
- - = = = 0S'EFIT'E 2 - - pIoD
Sjoy3ueq ‘|
€SSTH 11 SCEF009 |6 CTEFSL'STT TOYFILT |VS Vvt v 2 LESFSLY | TI'9FE6'S | L' SFOSH Aurey
[rews WNIpaN o816 [rews WNIPIA o81e] [rews WNIPA og1e]
mﬁOmwom muoﬁbwo.um
(ySrom A1p 3y/31) 1D (ySrom A1p Sy/3wr) n) (ySrom A1p 3y/31) pD .
00T IOqUISAON

0} dun{ FuLINp SUOSBIS P[OD puB AUTRI J) UI SIUIA0Ld U} WOIJ PAJII[[0I UOPOUOW "d UI SUOTIBIUIIUOD [BIdW AABIY dSRIOAY Z 3|(eL

d X1dN3ddV




M.Sc.(Technology of Environmental Management) / 103

Fac. of Grad. Studies, Mahidol Univ.

- ST IFEECT - - 00v - PIOD
ueyy gy denyoeid ‘01
g CCIFSOT| STIFISC - TEVIFOS'LT [IFOIFET Y1| Aurey
- S6'0FEI'C| 80 IF0CT - - 00T PIOD LINQeYORYd 6
- 3 99 1FLT € 5 - 00°$F0S9 | Aurey ’
- = = = - - PIOD
Jel] 'g
- - - - - - Kurey
- I8°0FSO'C | 00 IFLY'C 3 00'vF00v | 61°SFOOY PIoD
Lnqgeueyn L
ITTIFILT | S TF60°E | #L TFSS € | 06°6F00°61 | €L TEFOS LT |[TE TIFST ST Aurey
- - 89°0FS8'1 1 E LO'LFOO VI | PIOD Suokey ‘g
CIIFCLT - 6C IFS6'C|0E6FLICI 3 PL8FLYTT | Aurey
- €8°0F00°C | LYOFIS' I 3 C0'CIF0S 81 - PIOD g WO S
08 IF8CEC | [T'CFIS € = CTTTFECYI| 1L°0FOSY |16°SFSTHI | Aurey ’
£ s 6S0FI6°T - - 1L°0F0S°0 PIOD
WeIP[Suos JNWes “y,
= P8 IFLOE | ST IF0S'C 7 LT 6IFECTT |07 8TFECHE| Aurey
PO TFSTT| S8 0F8Y'L | 6L°0F6L'T i r 001 PIoD
uoyes nuwes "¢
ST'TFEL Y | 19 TFSL T | EL'TIFITE z TE6IIFLI 99| TV IF00Y | Aurey
- L90F68° ] | C9°0FES'T 7 al - PIOD
. . . . 7 5 : : uedeld mues ¢
LETF86'C - 1€ TFI6'T| 8S8F0S6 5 Y6 0TFE Y1 | Aurey
- - 1L0F66°1 S - - PIoD -
8T IF98°C | 0S IF68°C 4 LO6'9EFSTLE| STCIFSLOT - Aurey
[rews WNIPOA ag1e] [rews WNIPIA] a81e]
Suoseag SOOUIAOI]
(ySrom A1p Sy/Swr) uz (y3rom A1p 8¥/31) qd

(panunuod) $()()Z JQUISAON 03 dun[ SuLINp SUOSEIS P[Od pue Aurel

oy} ur soouTA0Id Ud) WO} P[0 UOPOUOW "d UT SUOTIBIIUIIUOD [BIOW AABIY 93BIIAY € 9|geL




Appendix / 104

Usanee Klinrarue

- L6'0CFC Y 00°CF00'9 - SEEFOLE | 0S'SFOS € - V' OIFOS¥I| €I'GFLIET | dletxvg ueyy
- 9 TETFER 66 | TV IFOTL - LI EFSEE | SOTFII'] - C8IIFEESI| TOSFSL'Y | SIBIN Ly denyoeld 01
- 00 IF0SY 6C 1F0S9 = 90 TFLI'T | LOTFEST - LY 6F0S'8 |VY eSFECYT| dleliag LINGRYIOYq ‘6
- 91'CF00°6 66’ CFSTY - 0 TFOV'T | 1TTFES'] - ELTFOST |ITSPFEROT| CIBIN
- - - - - - - - - orewo |
- - - = = S N - - SN L8
- [LTEFEY YT | 1TLFOOTI 960 | SI'TFLI'L | €STFCOT |SLYTFOS 8| 67 OTFLS' S | TS GFLI9 | d[eWRg LnqEEEY
00°¢ LTTEFOC8T | SO'9FSTYI |00 TFLET| €OCFCS'T | OF'CTFE]'T (9CTOIFOSTL| FS8IF00C | VO VFEE'S SN
17 1F00Y - 8SEFOY [0V 9F8I'S 78'9F86'¢ 006 - 88 CTIFSLL| letdg Suokey 9
66 F0S°6 - OV’ LFOT9 85 9FE0°S 0CTTFLL'E 00°0L1 . 09 CIFCIT | °l_IN
€8°CFO0Y | 06'8CIFSL08 [V 1F0°6  [YOTFYLE| 86 EFIBT | 68 CFVLC | 6L°01IFLI8 | S9TFO0'S 00°1¢ SILEEE | Lng wouy s
€8°CF009 |8EPOSFEETEEl BLLFSOL |L9€FO9Y| 96 €EFO6LE | 69 VFP8'E |ELCIFO00I| SLTFSTY 00°¢C S[eIN
- 9T 0IFL9CI SI'6TES'8 7 P IF0ET | SSEFS8T i COILFEEC VY| €8'SFLS Y | QoW wenpSuos jnwes b
- 6V'8F00°01 [CEEVEFEC OS] y CTEFIV'T | 16°CF6L'C i PETPFEL EE| 66 CFEV'E SN
ELIFST 0V’ 9FLS'8 [ €6 LITFOST6 [PETFSET| CIPFLEE | €TEFLOT | 9S'SIFOTL | LO69FEY'S | €V 9OF0OV' Y | Slewdf OB eS¢
€9 TFSTL CO'LFIL'L | 00°09FEE VY (09" IFY 1| [TEFLTE | TLEFEL'E | 06°6F00°L | ¥ 6FEr'L | 99VF08'C | PIBIN
C6'8FSL'L CEECIFSTEL | S88FPOI |61 FFEV €| OL TFOS'T | [¥' EFOEE |69 TCFSL'LT| YTIFSL'E | 80'FF68C | Sletvg ueEI NS T
69°CIFSTCl | ITTIFST I Y OFE9'L [PSSFOY Y| SSTIFVOL | 06 VFOV € |SY LTFSL'ST| LL'EFSL'T | 9THFIST | SlBIN
€CLFOTTI CO'TFO0'9 | 6€°6SFO0'ES |6SVFCLT| CEVFLO'E | STSTFEEY | LL'EFSL'Y | SYOFEY'S | 67'8F00°9 | dletag T
I¥'01F09°01 CEYF00'9 (PO CEYFOS YOV|COVFE]C| 86 VFS8 Y | I8 IF88'[ | OS'EFSLY | VYT OFEY'9 | ¥THF00'E SN
[rews WNIPIIA 9d1e] [[ews | wWnIpajn a81e] [rews WNIPIA od1e]
(3ySrom A1p 3/31) 1D (ySrom A1p 3y/Sw) nH (3ySrom A1p 3y/31) pD S9%38 SIouIAOId

00T 1oqQUIAON 0} aunf MQCSHU

SUOSBAS P[0 pue AUTeI AY) Ul SIOUIA0Id Ud) WO} PAJOI[[09 UOPOUOW ‘d [BWRJ PUL J[BW Ul SUOT)BIIUIIUOD [BJOW AABIY 9FRIDAY 7 d|qeL




M.Sc.(Technology of Environmental Management) /105

Fac. of Grad. Studies, Mahidol Univ.

- Y1 1F6S5°C YO IF76'C - 8L LF0S 61 SO CIFSL ST S[ewia{
ueyy gy denyoeid ‘01
- 0€1F96°C 9¢'TFL9°C = r9IF00 Y1 CL'LFOSCI S[BIN
- LLOF68'T 1L T1F0T°€ - - 1T EFECT Sewd |
Hnqeys19yd ‘6
- MU JFLED Y IFEL'T - g €8'CTF00°01 S[BIN
- - - - - - orewd
Jell '8
- 5 - 2 - - SN
6'0F91°C €S IF0SC 99 1F0¢°€ 00°CI €€ 8CF008I SO9IFSLTI o[ewia|
unqgetpueyn L
6L TFLOE Y1 1F49°C SCTIFELT 009¢C €0°'LTF09°91 06'CIFL9°0C S[eIN
cL'9°d - CTIF8TT 20 CIFOS 01 - 0061 oewd |
Suokey ‘9
9GS IFCL'T - 88°0FSI'C 00°LI 3 9T LFO0' 11 SN
Y6 TF8C € 98 IFVL'T Y6 0FLO'T 00'C €O TIFLIET LO'LFOO'LT Sewd {
Lng uoy) ¢
96’ 1F8C' € C8'IFC8'C 6S0FS9'1 8S°LTF0S 0C 00°S S6'VFSII I[BIN
- 86 [F0I'¢ LO'TFYET ; 89°LTIFS 9T 69 T€F08°LT lewia |
WeIPSuos JNWes “y,
- 00 CF70°€ C8'0FLO'T 7 Ol TTFSL'8I S 8CFLITT o[eIN
[6'IFLOE LY TIF6EC S8 IFIOE \ C9L1FCL'LS 00°S oewd
uoyes nuwes "¢
61 CFITE 19°'TF9L°C V' IFSY'C = C9LIFEE 9T I 1+00°C o[eIN
61 IFI8T LLOFE6'T STIFE9'C 00°¢ F r6TT8 61 o[ewia|
ueyelq Jnwes'g
€O IFVI'¢ L90FS8'T STIFLY'C LOG6FLOTI 3 00°LFEEL S[BIN
ST TFER'T 7' 1F06°C Y6 0F81°C SV TrF00° v 61°6F0S'8 - SILNEN |
soySueq ‘|
67 1F68°C 89 FLY'C 0L 0F08'T 8CLYFOS €€ 8€'8IFO0ECT - I[BIN
[rews WNIPaA] ad1e] [rews wWnIpajn ad1e]
(JySrom A1p 8y/3w) uz (yySrom A1p 3y/31) q4 S9XOS soouA0ld

(ponunuod) (7 JqUIDAON 03 dun( SuLmp

SUOSBAS P[Od pue Aurel 3y} Ul Ss9ourA0xd ud) woij pajod[[0d UOPOUOW ‘d [EWJ Pue [eW Ul SUOBIIUIIUOD [BJoW AABIY 9FBIIAY G 3|geL




Appendix / 106

Usanee Klinrarue

- 6’ SFO0'V 90 €FLOV - ST'0FS6E 0| ¥TOFEE0 - - - uawopqy ueyy
- COVFLIS | 06°6F00°TI 2 €O EFLY Y | CETFCO'T - 8ESIF00°€T| 69°SFEC9 | xereyoreydo) gy denyoerd 01
- I 1F00°8 17 1700V - €E0F8C0 | 8O0FOI0 i - €L 1F00°1 uswopqy
Hnqeys19yd ‘6
- €8°CFO00I | SO6VFOST - €I'0FES T | TV'TFI9°C x 00°¢ 99°C9FL9°0p| xereyoreyds)
_ - - - - - 4 - - uowopqy
JeIL '8
- - - - - - - - - xereyjoreydo)
- 66'CFSL9 €8°CF00°L - 1L°0FST0 | 2O0F61°0 001 8S°0FEC0 001 uswopqy
Lngepueyn “/
- SY'0EF0O'LS 0061 00'0FL8 [ | CETFOL'E | SSTFLY € 009¢ 01°SIF0S6 | ZI'TFOSL | xereqiofeyda)
00°¢ y 8S¥F00°S 8¢0 - €COFSTH 0 y - 1L°0F0S°0 uswopqy
FuoAey ‘9
00°¢ 3 €8 CFOy  |8E0F89°6 - L8 SF60°L 006 P YT 11F€¢ 81| xereyiofeyda)
- ST'SSFOO T 00°0T 6%°0 CL'0OFPY 0 S0 00°T 00T - uawopqy
5 ung uoyy ¢
€8°CF00°9 00CI6 00°8 €6'0FSL9| 66'VF61'S SI'L COCIFOSCI| 1L°0F0S9 00°€C xereyoreyda)
- 00v 80°CFLI' 8 2 CL'OFEL'0 | 8TOFLYO S 00°¢ - uswopqy
wenPSuos nuwes 4
- 0091 0C ¥8YF00°C6C - 0T EFOLY | SL'TFISY - 6L 8YF0S LY| LEE€F00'9 | xereyoreyda)
IV 1F00°9 | OL°EF0SY | TE€TIFO00L |T0°0FICTO| #1°0FLY 0 | SO0F6E0 = ST'IFLI0 | 8S0FEC0 uawmopqy
uoyes nuwes "¢
PSEF0S'8 | 68'8F00CI | 00°0FO0°ECIT |ET°0FEOE| 68 [FLO9 | 877 EF8]°S 00v1 STOTFOSTI| 9€°9F0S 01 | Xereyoreydo)
€8°CF00°L 00°¢ 68°0F09Y |LTOFEE 0| 0C0FOF0 | 0E 0OFLY O 00'C 3 8S°0F0S°0 uswopqy
ueyelq Jnwes g
60'61F0S LTSS VITFOS LT| LO'6FLITT |86 HFS9'S| 8L 0F6ST | 6S SFSH9 | TI'TFOS 67 | ¥S €F0S'S | 9L +F08 v | xereyioreyda)
80°CFLYS | 00°CFO0' Y 00766 S8I'0F8C 0| SE9FEECE 19°0 00°¢ €L IF00°T - uawmopqy yoyBueg ‘|
96 SIF00°81 00°CI 00°01L SSPFREC| LEEFRE9 AP POPFEE'S | €6VF0S 01 00°CI xexeyio[eyda)
[rews WNIPOA ogd1e [rews WNIPIA ad1e] [rews WNIPA ogd1e
sued Apog S9OUIA0I]
(ySrom A1p Sx/31) 1D (yySrom A1p Sy/8ur) n) (ySrom A1p 8/31) pD .

£007 I9QUIAON 0} dun[ SuLnp SUOSLIS P[0 pue Aurel

oy ur soourA0Id U9} WO} PAIIJ[0d UOPOUOW "d d[BW JO USWOPQE pue XeIoyjo[eydad ur Suonenudduod [ejow AAedy 95eIdAY 9 3|ge|




M.Sc.(Technology of Environmental Management) / 107

Fac. of Grad. Studies, Mahidol Univ.

- Yy OFrS T | SP0F08'1 - 00°¢1 [€TIF00CI| UsWopqy
ueyy] gy denyoeid o]
- 00°TF8S°E | OV IF6S¢E - €U TTFLYLT | LOLFOOET |xereyiofeyda)
z OTOFLE T | LTOFOV'T : - 00'8 Uswopqy
Lmqeyo1vyd 6
- Ye0FIC e | 9907001 S - 00°CI xereyporeydo)
- - - - - - uswopqy
Jell '8
- - - - - - xereyjoreydo)
081 €SOFEL T | LTOFEL'T : 67'8F00°8 00°LI Uswopqy
Lnqeyqueys “L
eey YLOFSS' €| CTCIFCL'E 00°9¢ 60'9EFEE TT | 89" LIF0S TT | Xeleypojeyda)
a1 - AR A 3 007l Uswiopqy
Suokey "9
8¢ - SS0F88°C 00°LT < ¥$"8F00°01 |Xereyiofeydo)
SO0F091 | 0E°0FCS'I £l 00°1 00°¢ 00'8 Uswopqy
Lmg uoyy s
9CTOFLOY | SLIFCLY LOC 00°0% g 00°sT xereyporeydo)
1 8V OFLS' T | SO'OFLET ” 9¢9F0S°0T | 8LLFOS9 usuopqy
weIyy3uos jnwes ‘4
- L' TFISY | €SOFLLT - Y6 €EF00°LT 00°¢s xereyporeydo)
C8OFLOT | TEOFYST | OTOFIV'I Z 06'6F00°L | I¥'IF00°C Uswopqy
Uoyes INWES *¢
90 CFSLY | IV IF86°C | SEIF0S'E - 00°S¢ - xereqioreydo)
90°0FCLT | €0°0F8TT | TE€0FS'T 00¢ i 6€01F09 Uswiopqy
ueyeld ynwes’g
CLOFLS Y | YO'OFEY'C | ITTFIEE | S6'VFOS 9T 7 90°€¥,9'8 |Xxereqioreydo)
0TOFLS'T | ¥TOFOS'I 0¢'l - i - uawopqy
: yoysueq ‘|
SSOFICY | ETTFSTY 6CC 8CLYTFOS EE | 8€8IF00°CT - xereyporeydo)
[rews WNIPA] o3re] [rews WNIPA a8re]
syed Apog SOOUIAOI]
(y3rom A1p 8y/3uwr) uz (y3rom A1p 8y/31) qd

(panunuod) $()()Z JQUISAON 03 dun( SuLINp SUOSEIS P[Od pue Aurel

oy ur soourA01d U9} WO} P[0 UOPOUOW "d J[BW JO USWOPQE pue XeIoyjo[eydad ur Suonenudduod [ejow AAedy 95eIdAY / 3|ge




Appendix / 108

Usanee Klinrarue

- 0TSF00Y | TE€TFLYS - 01°0FSY°0|CE 07910 - [L°0F0S5°0 - usuopqy ueyy]
- I7°0€F0S'6C | 00°L - |98TFYYS [6L9FTILY - 68'0CF0S' 1| €1'SFL9°€T | xereyiofeydo) Mgy dengoeid 01
- 00'Y CITF0S™9 = 90°0FSCO|IT0FLI O - IL°0F0S°0 - usuiopqy
Lmqeyd19yd ‘6
- [¥'1F00°S | 1L0F0S9 - LY TFOICTILI'TFIO6T - €SEFOS91 | YT ELFLY Y | xereyiofeyda)
- - - - - - - - - uowIopqy
JeIL '8
- - - - - - - - - xeregjoreydo)
- LLEFSL9 | CTI'TFOS6 z IT°0F¥¢C°0|C0°0F0C 0 00°1 8ETFOS1 00°1 Uswopqy
Lmqequeys °/
00°¢S YTrF00'8Y | LO'OFO0'61 | LT |9CTCFIRT|SYTFP8E| 009¢ 6T 1F0ST | ¥S'€F0S'6 | xereyporeydo)
009 3 PSEFOSCT | 990 - LT'OFLSO 3 2 00°1 Usawiopqy
Fuohey ‘9
00°¢l Y LO'6FL98 | OL'6 - SO6F0V'L| O0O0LI 3 1L '¥T1F00 €01 | Xereyporeydo)
00°C YTrFO0O V1 0091 0 [STOFPS 0| 0L°0 0061 00°1 - usuopqy
Lmg uoyy ¢
009 06'8LTFOS LY 00°S  [B8OFIV'S|I8EFSCTI| 8LV > €8°CF00°S 00°1¢ xereporeydo)
- YTrF00°L | ISPFEE9 H 8I'OFLIO(LTOFSY O ) 00°S - usuopqy
WeIp[Suos JNWes “y,
- 00'v¢ SOEIFECTI J SO TFCY T |\PLEFSTS & 01'68F00+9| 09'SF00'8 |Xxereygioeydo)
00°¢ 96" €F00°9  |Z8TEF0S9T|80°0FEE 0] 60'0F6E 0 (01 0FFE0 . - 8S0FEE0 usuopqy
uoyes nuwes "¢
€8°CF00C | ¥S8F00TCI 00'TIE |ST'OF8E Y| TOEFSEL|EETFOS'S|  00°CC 9L'9F0S'6 | 9€0F0S9 |xereyiofeyda)
7' 1700 IV TF00°8 | 88°CF09L |0€0F8E 0] 9COF6E0|STOFSS 0| ¥ [F00°] ~ 0S°0F5C0 Uswopqy
ueyeld ynwes’g
PP EIFOSTT | 1S'0TFOS 8T |76’ TIFO0 T 1|66 €F8H 9| 16'1FC9'T|T6 TFSL S|ISOTFOS vE| 8L'LFOS'L | E€1'SFOF'y | Xereypojeydo)
80°CFEC6 0170t 00°S6  [PEOFPE 0| EC0FBEO| T90 00C 8S0FL90 - Usawiopqy yoyfurg ]
COTIFOSOL | CTI'TFOS'8 00'TT  |8S'SFIL'S|0TEFRI9| 8O YO'¥FL9'S | 8S°9F00°6 009 xereyoreyda)
[rews WNIPIA o31e] [[ews | wnipdpy | 98re] [rews WNIPIA o81e]
syred Apog S9OUIAOI]
(ySrom L1p 3/31) 1D (ySrom L1p 3/3w) n) (ySrom A1p 3/31) pD

#0077 J9QUAON 03 dun( SuLnp sUOSeas p[od pue Aurel

oy} ul s9ouIA0Id UQ) WO} PIO[[09 UOPOUOW "d S[BWd) JO USWOPqe pue XeIoy3o[eydad ur SuonenuIouO0d [BjoW AABIY 9FeIdAY g 9|geL




M.Sc.(Technology of Environmental Management) /109

Fac. of Grad. Studies, Mahidol Univ.

- 09°0F89°T | 09°0F£0°C - 00¥1 7' 1700V 1 Usuwiopqy
ueyy Lrgy denyoeld 1
- 89°0F0S°€ | 00'IFS8€C - 00°¢T €€°€TFOS'LT| Xereyporeydo)
2 6L0FETT | EVOFVL'T 5 - [L°0F0S°0 uauIopqy
X X 5 ; ; Lmqeyd19yd ‘6
2 YO 0FSSC | 9T TFOV'V » - 009 xereyporeydo)
- : - : - - usuwopqy
Jell "8
- = = - g - xereyjoeydo)
I8°1 CEOFSY'T | CE0FIOC R 10°0 61°6F05°L uauIopqy
Lnqeygueyy L
€011 SSIFSSE | YTIF8S Y 009¢ €V 1EF00VC [Y0'PTF0081 | Xereypojeyda)
88l - 8V 0FPS'I 00¢ r 006l Uswiopqy
Fuohey ‘9
LS - 9¢TFC0 ¢ 006l : - xereyporeydo)
CLOFSL'T | €C0FIST (R 00°C 0001 00°CI UauIopqy
—— = 3 . ¥ ; Hng uoyd s
SEIF8Y | YOCFLO'E ¥9°C = 9CIOIFOS S 00°¢Cc xexeofeyda)
S PEOFIL'T | €6°0F8Y'1 2 001 YToFEL'S usuiopqy
werySuog jnwes ‘f
- 0I'CFryy | C80FOCE 3 00°6¢ 8L°LF0S'19 | Xereyporeydo)
SS0FI8T | 9C0FFS'T | 0SOFIOL N 8C8IF0091 00°¢ Uswiopqy
UoyeS INWES *¢
8I'CFOCY | IL'TFETE | LSTFOV'Y - CYV TITFOS 651 - xexeofeyda)
9T'0F68[ | CLOFBCTT | €E°0FCI'1 - - ELTIFO0'6 usuIopqy
ueyeld ynwes’g
86°0FELE | STOFEST | V6 0F9'€ 00°¢ 3 91'8¢F00°LT | xereyofeydd)
9TTFPS'T | €E0FSS'I Sl 7 - - Uswiopqy
yoySueq |
89°0FE8°¢ | 16'0F60°Y 00°T 61°'6700°[¥7| 61'6F0S'8 - xereyporeydo)
[rews WNIPA o31e] [rews WNIPIA] o31e]
syred Apog SQOUIAOI]
(ySrom A1p Sy/3w) uz (ySrom A1p 8y/31) qd .

(panunuod) $()()Z JQUISAON 03 dun( SuLINp SUOSEIS P[Od pue Aurel

oy} uI $9ouTA0Id U} WOIJ PAIOA[[0d UOPOUOW "d O[BWAJ JO USWOPJE pue XeIoyjo[eydod Ul SUuonenudduod [ejow AAedY 95BIdAY @ 3|geL




Usanee Klinrarue Appendix / 110

APPENDIX C

Table 10 Average Cd concentrations of P. monodon samples in the rainy and cold

seasons during June to November 2004

Cd

Size | (ngkgdry weight) | gio ¢ gest
Rainy Cold
season season

1. The Central | Large 4+0.00 3+0.00 0.657

Gulf of Medium | 13£0.03 | 3£0.00 0.215

Thailand Small 13£0.02 | 9+0.01 0.669

2. The Eastern | Large 46+0.10 | 16+0.01 0.483

Gulf of Medium | 5+0.01 3+0.00 0.393
Thailand Small 26+0.05 - -

3. The Western | Large 21+0.04 | 4+0.00 0.431

Gulf of Medium | 11+0.01 | 11+0.02 0.986
Thailand Small - - -

Remark: <) =no samples were collected

Table 11 Average Cr concentrations of P. monodon in the rainy and cold seasons

during June to November 2004

Cr

Size (ng/kg dry weight ) | Sig t-test
Rainy Cold
s€ason s€ason

1. The Central Large 10+£0.00 | 9+0.22 0.057

Gulf of Medium | 175+0.81 | 10+0.01 0.491

Thailand Small 10+0.01 | 6+0.00 0.669

2. The Eastern Large 10+0.01 8+0.01 0.736

Gulf of Medium | 120+0.04 | 27+0.26 0.305
Thailand Small 6+0.00 - -

3. The Western | Large 6+0.00 7+0.00 0.690

Gulf of Medium | 87+0.21 | 10+0.01 0.376
Thailand Small - - -

Remark: (-) = no samples were collected
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Table 12 Average Cu concentrations of P. monodon in the rainy and cold seasons

during June to November 2004

Cu
Size (mg/kg dry weight ) | Sjg t-test
Rainy Cold
season season
1. The Central Large |3.952+4.23|2.148+2.27| 0.051
Gulf of Medium |3.656+3.95/1.910+1.84| 0.041 a
Thailand Small |2.018+4.08|3.171+2.05| 0.587
2. The Eastern Large |5.549+6.80|1.920+2.02| 0.180
Gulf of Medium [3.281+3.370.921+0.97| 0.037 a
Thailand Small |4.040+3.68 - -
3. The Western | Large |2.360+3.45/0.956+£0.90( 0.436
Gulf of Medium [4.008+3.70(1.455+1.36] 0.078
Thailand Small - - -
Remarks: (a) = significant difference

(-) = no samples were collected

Table 13 Average Pb concentrations in P. monodon in the rainy and cold seasons

during June to November 2004

Pb
Size (ng/kg dry weight) | Sig t-test
Rainy Cold
season season
1. The Central Large 20+0.02 | 0.4+0.00 | 0.003 a
Gulf of Medium | 36+0.07 0.000 0.518
Thailand Small 2340.03 - -
2. The Eastern Large 16+0.00 | 0.5£0.00 | 0.039 a
Gulf of Medium | 23+0.01 | 9+0.03 0.239
Thailand Small 15+0.01 - -
3. The Western | Large 12+0.01 1+0.00 0.307
Gulf of Medium | 18+0.01 ]0.002+0.00| 0.198
Thailand Small - - -
Remarks: (a) = Significant difference

(-) = no samples were collected
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Table 14 Average Zn concentrations in P. monodon in the rainy and cold seasons

during June to November 2004

Zn
Size (mg/kg dry weight ) | Sjg t-test
Rainy Cold
season season
1. The Central Large |2.881£1.37|1.877+0.61| 0.001 a
Gulf of Medium |2.868+1.58|1.889+0.69| 0.004 a
Thailand Small |3.093+1.47|2.154+1.04] 0.229
2. The Eastern Large |3.249+1.45|1.996+0.76| 0.048 a
Gulf of Medium |3.246+1.66(2.030+0.77| 0.036 a
Thailand Small |3.013+1.46 - -
3. The Western | Large |2.992+1.40(2.201£1.08| 0.301
Gulf of Medium |2.652+1.22|2.196+0.98| 0.325
Thailand Small - - -
Remarks: (a) = Significant difference

(-) = no samples were collected

Table 15 Average Cd concentrations in male and female P. monodon collected during

June to November 2004

Cd
Size (ng/kg dry weight) Sig t-test
Male Female

1. The Central Large 3+0.00 4+0.00 0.777
Gulf of Medium | 10+0.02 | 11+0.03 0.915
Thailand Small 11+0.02 | 14+0.02 0.763
2. The Eastern Large 11+£0.01 | 44+0.08 0.249
Gulf of Medium | 2+0.01 54+0.00 0.318
Thailand Small 12+0.01 | 43+0.07 0.323
3. The Western | Large 14+0.04 | 21+0.04 0.724
Gulf of Medium | 10+£0.01 | 12+0.02 0.738

Thailand Small - - -

Remark: (-) = no samples were collected



Fac. of Grad. Studies, Mahidol Univ. M.Sc.(Technology of Environmental Management) / 113

Table 16 Average Cr concentrations in male and female P. monodon collected during

June to November 2004
Cr
Size (ng/kg dry weight) Sig t-test
Male Female

1. The Central Large 100+0.24 | 31+0.07 0.244
Gulf of Medium | 243+£0.97 | 10+0.01 0.335
Thailand Small |3,156+0.01|2,897+0.01| 0.854

2. The Eastern Large 10+0.01 74+0.01 0.391
Gulf of Medium | 119+£0.28 | 45+0.08 0.409
Thailand Small 540.00 7+0.00 0.457

3. The Western | Large 6+0.01 6+0.00 0.852
Gulf of Medium | 64+0.18 | 10+0.02 0.384
Thailand Small - - -

Remark: (-) = no samples were collected

Table 17 Average Cu concentrations in male and female P. monodon collected during
June to November 2004

Cu
Size (mg/kg dry weight) Sig t-test
Male Female
1. The Central Large [3.096+3.89|3.204+3.33| 0.913
Gulf of Medium [3.109+3.68|3.376+£3.65| 0.915
Thailand Small (3.156+4.18(2.897+£3.69| 0.854
2. The Eastern Large |3.136+4.10|3.123+4.96| 0.994
Gulf of Medium [2.053£2.75|2.148+2.79| 0.318
Thailand Small |4.320+£3.94(3.760£3.74|  0.806
3. The Western | Large [1.629+£2.01|2.562+4.02| 0.496
Gulf of Medium [2.573+£3.01|2.527+2.87| 0.738
Thailand Small - - -

Remark: (-) = no samples were collected
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Table 18 Average Pb concentrations in male and female P. monodon collected during

June to November 2004

Table 19 Average Zn concentrations in male and female P. monodon collected during

Pb
Size (ng/kg dry weight) Sig t-test
Male Female

1. The Central Large 10+£0.02 | 22+0.03 0.215
Gulf of Medium | 17+0.02 | 47+0.10 0.383
Thailand Small 20+0.03 | 28+0.04 0.738
2. The Eastern | Large 14+0.01 | 14+0.01 0.977
Gulf of Medium | 15+0.02 | 18+0.02 0.802
Thailand Small 9+0.02 | 21+0.01 0.23
3. The Western | Large 10+0.01 | 12+0.01 0.768
Gulf of Medium | 14+0.02 | 13+0.01 0.931

Thailand Small - - -

Remark: (-) = no samples were collected

June to November 2004
/n
Size (mg/kg dry weight) Sig t-test
Male Female

| The Central | Large [2.304+1.13[2.597£1.29] 0.370
Gulfof | Medium |2.699+1.552.585+1.42| 0.784
Thailand g/ 11 13.065+1.61]2.886+1.30] 0.733

> The Eastern | Large  [2.260£1.02[2.567135] 0534
Gulfof | Medium |2.698+1.32[2.578+1.56| 0.841
Thailand g 11 [3.089+1.5802.937+1.44|  0.844

3 The Western | Large  [2.701:1.35[3.0191.43]  0.58
Gulfof | Medium |2.493+1.21[2.355+1.05| 0.768
Thailand Small _ _ _

Remark: (-) = no samples were collected
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Table 20 Average Cd concentrations in cephalothorax and abdomen of P. monodon

collected during June to November 2004

Cd )
, Sig
Size Sex (ng/kg dry weight) t-test
Cephalothorax | Abdomen
. Male 6+0.00 0.3+0.00 0.001 a
arge
I The Central 8 | Female 60.00 0.240.00 | 0.002a
Gulf of
Thailand ) Male 17+0.02 1£0.00 0.048 a
Medium
Female 18+0.04 0.8+0.00 0.155
Male 22+0.02 2+0.00 0.080
Small
Female 18+0.02 1+0.00 0.088
Male 16+0.01 0.7+0.00 0.013a
Large
2. The Eastern Female 58+0.09 0.001+0.00 0.441
Gulf of
g ) Male 9+0.01 0.8+0.00 0.179
Thailand Medium
Female 3+0.00 0.3£0.00 0.048 a
Male 18+0.01 1£0.00 0.197
Small
Female 71+0.09 1+0.00 0.354
Male 23+0.04 0.8+0.00 0.341
3. The Western Large
Gulf of Female 31+0.05 0.000 0.334
Thailand _ Male 16+0.02 0.000 0.052
Medium
Female 20+0.02 0.5+£0.00 0.035a
Male - - -
Small
Female - - -
Remark: (a) = significant difference

(-) = no samples were collected
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Table 21 Average Cr concentrations in cephalothorax and abdomen of P. monodon

collected during June to November 2004

Cr .
Sig
Size Sex (ug/kg dry weight) t-test
Cephalothorax | Abdomen
r Male 217+0.35 15+0.03 0.149
arge
1. The Central 1 Female 46+0.1 19+0.03 0.399
Gulf of
Thailand Medium Male 584+1.51 4+0.00 0.348
Female 1440.01 6+0.00 0.067
Male 15+0.01 6+0.00 0.146
Small
Female 10+0.01 6+0.00 0.406
Male 9+0.01 7+0.01 0.532
2. The Eastern Large
Gulf of Female 12+0.01 8+0.01 0.474
Thailagy _ Male 27140.43 1850.03 | 0323
Medium
Female 88+0.11 9+0.01 0.181
Male 5+0.00 54+0.00 1.000
Small
Female 10+0.00 4+0.00 0.334
o Male 8+0.01 4+0.00 0.365
arge
8- JpofVes el U 70.00 6:0.00 | 0.604
Gulf of
Thailand : Male 7+0.00 120+£0.25 0.377
Medium
Female 17+0.02 44+0.00 0.326
Male ~ - -
Small
Female - - -

Remark: (-) = no samples were collected
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Table 22 Average Cu concentrations in cephalothorax and abdomen of P. monodon

collected during June to November 2004

Cu .
Sig
Size Sex (mg/kg dry weight) t-test
Cephalothorax | Abdomen
Male 5.5434+4.10 0.461£0.23 | 0.000 a
Large
1. The Central Female 5.736+2.79 0.477+£0.19 0.000 a
Gulf of
Thailand : Male 5.465+2.56 1.288+3.48 | 0.002 a
Medium
Female 5.658+3.45 0.347+£0.20 | 0.000 a
Male 6.018+4.33 0.295+0.17 | 0.007 a
Small
Female 5.442+3.78 0.352+0.24 | 0.007 a
0 Male 5.896+4.31 0.376£0.21 | 0.026 a
arge
2. The Eastoly 5 | Female | 57765610 | 04702024 | 0.059
Gulf of
Thailand . Male 3.794+3.06 0.312+0.13 | 0.039a
Medium
Female 3.966+3.02 0.329+0.20 | 0.032 a
Male 6.262+3.28 0.437+0.08 0.077
Small
Female 5.370+3.60 0.540+0.17 0.149
Male 2.788+2.13 0.237+0.21 | 0.032a
Large
3. The Wester Female 4.812+4.83 0.312+0.27 0.071
Gulf of Male 4.091£3.06 | 0.295+0.02 | 0.029 a
Thailand Medium
Female 4.325+2 .81 0.370+0.13 | 0.018 a
Male - - -
Small
Female - - -
Remarks: (a) = significant difference

(-) =no samples were collected
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Table 23 Average Pb concentrations in cephalothorax and abdomen in P. monodon

collected during June to November 2004

Pb .
Sig
Size Sex (ng/kg dry weight ) t-test
Cephalothorax | Abdomen
7 Male 20+0.02 440.01 0.268
arge
1. The Cengyl 8 | Female 41£0.03 7:0.01 | 0.081
Gulf of
Thailand y Male 234+0.02 9+0.01 0.251
Medium
Female 111+0.02 15+0.2 0.433
Male 2540.03 2+0.00 0.532
Small
Female 28+0.04 - -
Male 15+0.01 13£0.00 0.784
Large
2. The Eastern Female 19+0.02 9+0.01 0.389
Gulf of
Thailand ; Male 224+0.04 7+0.01 0.540
Medium
Female 2140.03 144+0.01 0.727
Male 28+1.16 10.00 0.185
Small
Female 19+0.00 5+0.01 0.177
o Male 13+0.01 11+0.01 0.740
arge
3. The Weeteng 7 7 1420.02 740,01 0.540
Gulf of
Thailand . Male 18+0.02 120+0.01 0.377
Medium
Female 25+0.00 7+0.01 0.377
Male - - -
Small
Female - - -

Remark: (-) = no samples were collected
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Table 24 Average Zn concentrations in cephalothorax and abdomen of P. monodon

collected during June to November 2004

7/n .
Sig
Size Sex (mg/kg dry weight) t-test
Cephalothorax | Abdomen
Male 3.142+1.03 1.467+0.04 | 0.000 a
1. The Central Large
Gulf of Female 3.623+1.06 1.572+£0.30 | 0.000 a
Thailand . Male 3.908+1.33 1.491+0.27 | 0.000 a
Medium
Female 3.581+1.41 1.589+0.31 0.000 a
Male 4.479+0.95 1.650+0.33 | 0.000 a
Small
Female 3.911+£1.07 1.862+0.23 | 0.001 a
0 Male 3.024+0.90 1.496+0.28 | 0.003 a
arge
2. The Hastg 5 | Female | 3478£134 | 1657044 | 0019a
Gulf of
Thailand . Male 3.738+1.01 1.657+0.45 | 0.001 a
Medium
Female 3.687+1.52 1.470+£0.29 | 0.015a
Male 4.525+0.58 1.653+0.10 | 0.002 a
Small
Female 4.079+1.17 1.795+0.09 | 0.008 a
Male 3.771+1.05 1.631+£0.38 | 0.001a
Large
3. The Western g Female | 4.155£1.07 | 1.883+0.49 | 0.002a
Gulf of
Thailand ) Male 3.504+0.80 1.483+0.36 | 0.000a
Medium
Female 3.183+0.72 1.527+0.52 0.001a
Male - - -
Small
Female - - -

Remarks: (a) = significant difference
(-) = no samples were collected
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Table 25 Number of factory in nine provinces of the Upper Gulf of Thailand grouped

by type of industry (Industrial Estate Authority of Thailand, 2003)

Coastal . Type « «
areas Province T Type 2*| Type 3*| Total
Samut
Songkhram 17 58 279 354
Samut
Central Sakhon 61 148 3341 3550
Sl 209 | 911 | 6016 | 7136
Prakan
Chon Buri | 175 234 2108 2517
Eastern Rayong 287 128 1130 1545
Chanthaburi| 149 86 459 694
Trat 261 112 312 685
Prachuap
Western | Khiri Khan 26 151 495 el
Phetchaburi | 178 97 346 621

Type 1 = Power of the machine < 20 horse power, not bleaching, not

dipping or pumping or melting any metal

Type 2 = Power of the machine < 50 horse power, not bleaching, not

dipping or pumping or melting any metal

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