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ABSTRACT

The study of heavy metal accumulation in sea sediment, in front of an industrial
development area, was aimed at indicating the effectiveness of the environmental policy and
the measures of the Eastern seaboard development project(Bang Lamung Bay). Three
locations (north, middle and south of bay) along the coast of bay were determined by
sediment core sampling. In the year before project development, 40 cm. of sediment core
equivalent to 57 year’s deposits were collected and separated into 3 cm. each of detritus.
Cadmium, Copper, Lead and Zinc deposits were investigated, as the representatives of
heavy metal accumulation.

The study found the concentration of zinc showed a significant increase
(P<0.05) at every 3 cm. increment (bottom to top, or past to present) of the sediment area.
While lead and copper showed a significant decrease (P>0.05) at every 3 cm. step (bottom
to top). Therefore, environmental measures tend to have partially mitigated the

environmental impact on Bang Lamung Bay.
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CHAPTER |
INTRODUCTION

1.1 Background

The policy on Eastern Seaboard Development Plan (Eastern Seaboard) has
been stated in the 5™ National Economic and Social Development Plan (1982-1986)
with guideline for area development designated to be the new Thailand's center for
export-oriented industries. The government sector plays crucial role as investor for
infrastructure and basic or upstream industry, while private sector invests in
downstream industry. This plan supports systematic economic and industrial activities
in order to distribute into the regions, especially Bang Lamung coastal area.

Bang Lamung coastal area were determined to be the focal area of projects
which included industrial estate, deep sea port and new sediment area with the
restricted policy and measures of environmental impact. Doubtedly, such actions could
be harmful to environment.

So the attempts of the study is to investigate the impacts of mentioned
project. Through the accumulation of heavy metals in the sea sediment, in front of
project location (Bang Lamung Bay), it shows that the more concentration of heavy
metal meant the higher impacts or the inefficiency of environmental policy and
measures. Moreover, the former study (1) had been identified the rate of sedimentation
in this area, so the study could conform the concentration at each layer depth of

sediment to reflect the deficiency of environmental measures, year by year.
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1.2 Conceptual Framework

Eastern Seaboard
Development Plan

v ' '

Laem Chabang Laem Chabang Industrial Laem Chabang etc.
Deep Sea Port Estate Community

Environmental

< Technology measure
v and policy
Heavy metal implementation

accumulation in
coastal soil sediment

A 4
Performance of heavy metal
content in sea sediment of
Bang Lamung Bay

Figure 1-1 Conceptual Framework

1.3 Objectives of the Study

1) To study the accumulation of heavy metal content in sediment layer of
Bang Lamung Bay area

2) To evaluate the environmental policies and measures of the area
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1.4 Research Hypothesis

If the environmental policy and measures for Eastern Seaboard
Development is efficiency. The heavy metal content in the soil layer is equivalent to
the date before and after Eastern Seaboard Development will be non-significant

difference.

1.5 Scope of Study

Sediment core sampling was collected from the east coastal area in front of
Eastern Seaboard Development Project which covered 3 zones of Northern Bang
Lamung Bay (Laem Chabang Temple), Central Bang Lamung Bay (Community
Development College and Na Klue Pier) and Lower Bang Lamung Bay (Bang Lamung).
Sediment core samples were collected for 40 cm. in depth and cut into layers (3 cm.
thickness). Exception the deeper sediment than 19 cm, the cut is at operated every 10
cm. Due to the equivalent date is far away of Eastern Seaboard Development period and
the limitation of equipment and financial support, the heavy metal in this study had
determined only cadmium (Cd), copper (Cu), lead (Pb) and zinc (Zn).

1.6 Expected Results

1) The performance of heavy metal in each depth of layer sediment core

2) The effectiveness of environmental policy and measure of study area
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CHAPTER Il
LITERATURE REVIEW

The study of heavy metal accumulation in the sea sediment of Eastern
Seaboard Thailand, to indicate the efficiency of environmental technology measures of
area: the case study of Bang Lamung Bay. The related studies and research documents
are reviewed as the research baseline and guidelines with five essential aspects.

2.1 Eastern Seaboard Development Project

2.2 Project site selection and Eastern Seaboard development policy

2.3 Sediment

2.4 Heavy metal

2.5 Estimation and Comparison of Accumulated Sediment Precipitation
Rate and Sediment Dating at Laem Chabang Area

2.6 Environmental Policy Measures

2.7 Related research

2.1 Eastern Seaboard Development Project

Various conditions and events favorable for setting up Eastern Seaboard
Development Projects are listed in the following.

1) The congestion location of industrial sites in Bangkok and nearby
provinces, Khlong Toey Port congestion and the lack of deep-water port are main
obstacles of industrial development, especially in exportation and importation.

2) Discovery of oil and natural gas sources in the Gulf of Thailand, in
particular, natural gas, could be useful in energy development and raw materials used
in major industries such as petroleum industries, chemical fertilizer and soda ash etc.

3) An agreement between the governments of Thailand and ASEAN sets
out to cooperate in investment of major industrial projects. The responsibilities are

separately assigned to each country with one project. Thailand is undertaken the
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project on soda ash industry and rock salt industry i.e. the iron and steel plants,
fertilizer and porous steel plants.

4) Concept of a newly industrialized country in national development
leads the planners to elaborate the scheme to achieve the country’s industrial base
strengthened enough with its further baseline industry.

From the preceding conditions, the Eastern Seaboard development plans
are setup with widely concrete framework due to high investment of large projects. In
addition, the scope of work is associated with several agencies both government and
private sectors as well as the source of loan and international organizations in order to

take responsibility for the policy, operations and monitoring & evaluation (2).

2.2 Project Site Selection and Eastern Seaboard Development Policy

In determining the development target area, the following supportive
reasons have to be taken into consideration according to the area suitability and the
environment.

1) The area where is located the natural gas pipeline from the Gulf of
Thailand coast and natural gas separation plant convenient for development of raw
material industries.

2) The location is in the open sea of the gulf, which would cause less
environmental impact to coastal areas than the upper area in Gulf of Thailand.

3) The place is not far from Bangkok but a far distance beyond the
influence of the development of Bangkok probably could recede the development
growth. This would enable the completely independent and autonomous source of
industry and community.

4) This area contains high potential to develop as a country’s major
industrial source because the land is large enough with less fertile soils for an
agriculture and is not densely populated, coupling with quite complete infrastructure
such as road and electricity.

In pushing forward the substantial policies and strategic plan around the
Eastern Seaboard area, 3 main policies for the area development are announced by the

government.
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1) To systematically decentralize the economic growth and activities from
Bangkok to regional area.

2) To restructure the nation’s industry structure in modernization; the first
phase of modernized industry is the key industries based on natural gas as raw
material.

3) To be the center establishing a linkage between the development and
the northeast region as well as to open new gateway for country development; in this
connection, Nakhonratchasima Province is designated to be the center of developing

linkage of the northeast region.

Laem Chabang Industrial Estate, Chonburi is the area designated for light
industry and industry for export promotion in assistance of the state in developing
infrastructure to accommodate the various industries to be occurred as follows.

1) Laem Chabang Commercial Port has the potential to accommodate
120,000 tons of docking ships.

2) Laem Chabang Industrial Estate and Export Processing Zone (EPZ)

3) Water pipeline from Nong Kho Reservoir to Laem Chabang area

4) Junction of new railway from Chachoengsao—-Laem Chabang to
Sattahip.

5) Housing for industrial workers and other related services.

6) Road improvement

7) Telecommunication system connecting both local and international services

Furthermore, the surrounding communities are designated to be
developing component to support the target areas; such as to improve Pattaya as the
business and commercial center.

Development of the Laem Chabang industrial has been planned in a
combination of goals and timeframe. The infrastructure service system to support
economic area is under the direct authority of government’s responsibility. The

scheme will include the following projects.
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1) Deep Sea Port

Laem Chabang Deep Sea Port is designed to accommodate the transshipment
of 8.5 million tons of goods on an area of 2,311 rai. The area includes ports for 4.5
million tons of cassava, 0.4 million tons of sugar, 0.2 million tons of molasses, and
other commodities with 3.4 million tons. In fulfilling this increasing requirement, the
port expansion is figured for 1.68 million tons of goods in 2001 to accommodate for
4.5 million tons of cassava, 1.4 million tons of sugar, 0.5 million tons of molasses and
other commaodities with 10.4 million tons. The project needs 4,098.2 million Baht for
investments.

2) Industrial Estate

Laem Chabang Industrial Estate and the community, Chonburi, are
covered approximately 2,800 rai on Sukhumvit Road between km. 125-128
Tungsukhla Sriracha District operated by the Port Authority of Thailand. Land
expropriation for sale, rent or lease to the entrepreneurs and industrial activities in this
area has been entitled to be non-impact medium and small industries with primary
investments of 1,819 million Baht.

3) Railway

Chachoengsao—Sattahip Line is a railway from Muang District, Rayong
Province to Sattahip in Chonburi. The distance is 140 km that connects the northeast
region with investment of 2,104.2 million Baht.

Map Ta Phut-Sattahip Line is a railway from Sattahip in Chonburi
Province to Map Ta Phut in Rayong Province. The distance is 20 km with investment
of 572.8 million Baht.

Chachoengsao—Northeast Line is a railway from Muang District in
Chachoengsao Province to the northeast region with investment of 1,451.9 million Baht.

Laem Chabang is the extension railway line connecting with Chachoengsao—
Sattahip Line with investment of 244.2 million Baht.

4) Fresh Water Pipeline

Nong Kho Water Pipeline-Laem Chabang in Chonburi is a water
transmission pipeline from Nong Kho basin water far from Laem Chabang Port
eastwards about 15 km. to render water services in Laem Chabang Industrial Estate

and its communities with investment of 309.9 million Baht.
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5) Electricity

230 kV high voltage power system with capacity of 1,820 MW is linked
from Bangpakong Power Plant to industrial area within Laem Chabang. The project
investment is approximately 44.7 million Baht (including communication system).

6) Other facilities

Laem Chabang will be developed to be residential communities operated
by the National Housing Authority along with including various facilities
development. The project investment is about 915.8 million Baht; separately for

residence 650.1 million Baht and community facilities 265.7 million Baht (2).

2.3 Sediment

Coastal sediments takes the most important role in sink deposition as a
source of particulate matters eroded from the continents. Sediment composition
reflects the sea’s historical antecedents. Marine sediments depend on many
components such as chemical composition, particle size, origin or source. Spatial
variability in sediment composition causes structural diversity and varying
composition. Sediment size in the range of larger than 256 mm. is of large boulders to
less than 0.002 mm. of clay soil; the other important soil group is sand with 0.063 to
2.0 mm. and smaller silt with 0.002 to 0.063 mm (grain sizes, fine sand or mud). Main
components of the sediment consist of clay, quartz, feldspar, silicate-mineral and
calcium carbonate.

For variation of sediment colors, the sediment is diversified in white or
yellow sand to tan or brown mud. Upon looking through microscope, the findings are
a variety of microscopic size shape and color of the sediment. The pattern reflects the
diversity of minerals in the sediment of each element displaying different types of
atomic elements which radically indicate their composition and crystal structure.
Natural processes in some areas can differentiate sediment sources, specially the beach
where has been disturbing by waves. Such process demonstrates the difference and

diversity of sediment (1).
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2.3.1 Definition and Meaning of Oceanic Sediments.

Oceanic sediments mean soil particles originate from parent materials
which is the sediment influenced by the seawater and brackish water into the land and
near the coastal areas influenced by sea tides. In the adjacent areas of the sea, in
particular, estuaries environments where the mangrove forest is generally grown up as
indigenous plant, and the soil forming materials found with parent materials of this
landform are new soil declined in low development. Some sediments deposited in the
estuary is drifted away to deep sea, while the process is ongoing, the development of
particle separation is taken place. Large particles will fall near shore while fine
particles are drifted into the ocean. Suspended into seawater at a distance, particulate
matters will then usually precipitate at great depth and are normally associated with
calm wind (3).

2.3.2 Accumulation of Heavy Metals in Sediment

At present, it is known that heavy metals can be accumulated in sediments
with quite higher concentrations than in water due to various chemical, physics and
biological processes. A part of heavy metals in sediment is those naturally occurred
from the deposition including mineral washing them on the ground or into water
sources; or is heavy metal composition of minerals available in that area by geological
process and dissolved into water; and the other crucial effect is direct result of the
dispensable use and release of heavy metals into the water sources following to human
activities.

In general, the sediments contain different elements. The key elements in
sediments affecting the accumulation of heavy metals such as carbonates, manganese
oxide and iron as well as organic components. These elements will naturally vary
according to the redox potential that occurs in the sediments. The components result in
concentration variability of heavy metals in sediments.

Heavy metals in the sediments can be separated into 2 types

1) Residual heavy metal is heavy metal of crystal lattice of the silicate
matrix accumulation in the sediment. Collected into the crystal lattice, residual heavy
metal settles little change under natural conditions.
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2) Non-residual heavy metal is heavy metal originated by adsorption
process between heavy metals’ particles and sediment particles in the form of
complexes compounds and organic compounds (organometallic complex). For
transition of non-residual heavy metal in time, it could result in erosion, leach through
in the form of dissolved water compounds.

When heavy metals leach into the sea, some parts will remain dissolved in
the sea water and the rest is accumulated in a thin layer of surface water or adsorbed
on suspended solids and then gradually precipitated from the water and then sunk
down. However, although heavy metals were precipitated, there is still an opportunity
to return to the seawater. Therefore, sediments could act as a buffer accumulating
various heavy metals for a long time. Even though release of heavy metals into the sea
is stopped, the levels of heavy metals in sediment at various areas are dependent to the
basin topography through where the water flow and sediment leaching. Where a mine
or a source of minerals also highly contain of heavy metals in sediments. Several
industrial business emit heavy metals into the environment (3).

2.3.3 Precipitation of Metal

lon of heavy metal in water could react with anion resulting in the
compounds in water. If the compounds are insoluble, the they will sink down under
the ground. The capability of occurred soluble compound can be determined by the
constants of multiplication of molars concentration (solubility product constant, Ksp)
in solution at any exponential number of moles of ions. The equation is as follows.

MX; (s) M (ag) + 2X (aq)

Ksp for MX, = [M?*] [X T2

<
<

Whereas [M? *] [X]? renders MX, precipitated. Whether the metal ions in
water can be precipitated or not, it is subject to the multiplier concentration of ions of
metals and the concentration of anionic species. For example high hydroxide
carbonate, sulfide and other heavy metal compounds, each will have the different
ability to dissolve depending on the properties of such compounds as shown in
Table 2.1
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Table 2-1 Negative Logarithms of the Constants of Dissolved Heavy Metals
Hydroxide, Carbonate and Sulfide at pH =7 and 25°c

Hydroxides -log K+ Sulfides -log Ksp Carbonates  -log Kgp
Cd(OH), (aged) 14.4 Cds 27.8 CdCO; 11.3
Cr(OH); (aged) 37.4
CuO+H,0 (active) 19.7 CusS 36.1 CuCOs 9.6
CuO+H,0 (tentorite)  20.5 Cu,S 48.0 Cuy(OH),CO;  33.8
PbO+H,0 (red) 15.3 PbS (galena) 27.5 PbCO3 13.1
Zn(OH); (amorphous  15.5 ZnS (wurtzite)  21.6 ZnCO3 10.8
ZnO+H,0 (aged) 16.8  ZnS (sphalerite) 23.6

Ksp = constant is the result of the concentration of the ion's Molasses.
K+ = Constants of fraction of the substance.
Source: (1)

For metal hydroxide, the dissolving ability can display with Kr. It cannot
be calculated due to the high solubility of metal hydroxide from the equilibrium but
can be calculated from the constants of the decomposition step. In addition to the
foregoing react, the precipitation of heavy metal interaction that can cause the metal
ions in water are such as interactions of oxidation-reduction and complexation in the

solution (1).

2.3.4 Distribution of Heavy Metals

Distribution of heavy metals in sediment is generally found that heavy
metals in sediment from the natural part is in the structure of silicate matrix being
stable with little change. The heavy metal is the strong adhesion. Therefore, the
concentration of heavy metals in sediment from the same source is constant. Causes of
increasing concentration of heavy metal in sediment beyond the existing in nature are

mainly from the use and release of heavy metals from human activities, anthropogenic
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input. These residual heavy metals are left over in soil, water, atmosphere and
ecological cycle in food chain. The process would cause a variety of environmental
pollution. Heavy metals in this section is easily to move and transit into life.
Therefore, the data presentation on the amount of heavy metal sediment need to
provide the people with how to extract soil and other variables or status of the control.

Otherwise, the offered amount is meaningless in comparative data (1).

Table 2-2 Sediment Classification by Diameter Grain Sizes

Classification Sediment Diameter (mm.)
Boulder 256 = 2°
128 = 27
Cobble 64 = 2°
Pebble 32 = 2°
16 = 2*
g = 2°
4 = 22
Granule ), = 2
Sand
Very Coarse 1 =2°
Coarse 1/2 =21
Medium =
Fine 1/8 =28
Very Fine 1/16 = 2
Silt
Coarse 1/16 = 2*
Medium 1/64 = 2°
Fine 1/128 = 27
Very Fine 1/256 = 278
Clay
Coarse 1/512 = 2°
Medium 1/1024 = 27710
Fine 1/2048 = 21
Very Fine 1/4069 = 2%
Colloid 1/4069 = 2*2

“Source: (1)
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2.3.5 Influence of Sediment Characteristics on the Distribution of
Heavy Metals.

Marine sediments are heterogeneous with regard to their different particle
sizes, chemical composition and other factors. The factors enhance the metal
concentration in sediment cannot be directly compared weight by weight. Grain size
effect influence the distribution of heavy metals in the following. For small sediment
(small sediment sludge which is smaller than 50 micrometers, such as clay, organic,
small squash, feldspar) of various shapes and sizes as well as features of an electric
charge, the properties are important in the integration between the sediment particles
and heavy metal with cohesion force (adhesion). Upon the sediment particles are
coated with organic substances, the metallic bond resulting in cohesion (adhesion)
effect would enhance more absorption. Adhesion of small metal sludge is naturally
often displayed in the manner of cation to be absorbed on the surface of clay minerals
or in the crystalline structure of minerals with regard to high retention capability for
heavy metal of small sediment. While large sediment (large sediment particles were
larger than 0.5 micrometers, mostly composed of quartz and feldspar) with less
sediment heavy metal accumulation will influence the reduction of ratio between
metal to sediment weight. As seen in the specimens, the diluted sediment represents
particle grain sizes are clearly found in remote area from the lake and the River Rhine.
Metal concentration would usually increase from coarse to fine size. Contrarily, the
metal concentration tends to augment at the time of sediment grain size is greater than
63 pum. The explanation could be given according to mineral corrosion composing of
several heavy metals. The metals abatement is also found in the sediment smaller than

0.2 um caused by the potential reduction of amorphous substances absorption (1).

2.3.6 Distribution of Heavy Metals with Sediment Depth

In considering depositional sediments influencing by the gravity, the
sediment-gravity flow process would align in layers in parallel to the sea surface.
According to systematically depositional environment, the precipitation of the lower
layer would represent the sedimentary antecedents. If using sediment drilling machine,
called corer, to collect sediment samples, the findings are that heavy metal

accumulation in the near-surface sediment layer is often highly concentrated than in
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the sediment floor. The extra metal is likely to derive from the human actions.
However, this method provides good results in case of non sediment disturbance both
physically and biologically. While the research on surface sediment would explicitly
indicate the current pollution. Sediment depth would describe well the antecedent
occurrence. At the sediment dept, prior to pollution period, the index of heavy metal could
be found accordingly. In this connection, using the geochronology in parallel with the

radioactive decay would support pollution history from the past till present (1).

Sediment

Figure 2-1 The Systematic Development of Sediment Aggregation Shows Lower
Sediment Layers of the Antecedent Sediment
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2.3.7 Sediment Dating

The sediment dating determination is performed by applying result from
the study on sedimentation rat (5). Dating of sediment cores by means of Pb-210
radiometric methods and therefore assist with each following sampling location.

At Ang Sila, the sediment core sample was collected at 24 cm depth. The
datums indicated that dating of sediment core sample was specified between 34 to 35
years. In other words, such sediment core sample deposited in 1964-1998.

At Sriracha sediment, the core sample was collected at 18 cm depth. The
datums showed that dating of sediment core samples was specified between 24 to 25
years. In the other word, such sediment core sample deposited in 1974-1998.

At Laem Chabang, the sediment core sample was collected at 9 cm depth.
The datums showed that dating of sediment core samples was specified between 15 to
16 years. In other words, such sediment core sample deposited in 1983-1998.

At Pattaya, the sediment core sample was collected at 18 cm depth. The
datums indicated that dating of sediment core sample was specified between 37 to 38
years. In other words, such sediment core sample deposited in 1961-1998.

At Map Ta Phut, the sediment core sample was collected at 24 cm depth.
The datums indicated that dating of sediment core sample was specified between 52
to 53 years or it can be stated that the sediment deposited in 1946-1998.

Soil sedimentation rate was estimated by Pb-210 radiometric dating
technique. It was - found that Laem Chabang is 0.57 cm/year, so sediment accumulation

rate for age determination of Laem Chabang is equal to 0.57 cm/year (1).
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0.57 cm/year

0.57 em/year

0.57 em/year

Figure 2-2 Detected Age, Sediment Accumulation Rate, and Precipitation Rate at

Laem Chabang is Equal to 0.57 cm/year.

2.4 Heavy Metals

Heavy metals mean chemical elements with a specific gravity that is at
least 5 times the specific gravity of water. Their status are solid (Excepted Hg is liquid
at normal condition). For physical properties, the heavy metals have well electric and
heat conductivity, luster, toughness, ductility having the capability to be deformed into
thin sheet without cleaving, with well reflecting light. An important chemical property
of heavy metal is the possession of multiple oxidation state. Therefore, heavy metals
can be combined with other substances to form complex-compound that is stable over
heavy metal free. Especially, when combined with the organic compounds, to a small
extent, they can be diffused into living organisms through the food chain. Many heavy
metals are serious danger when accumulated in living tissues. Bioaccumulation may
result in life, disability or death. Furthermore, the study also reveals that the
accumulation of heavy metal toxicity is increased through food chain steps (biological

magnification). Heavy metals and compounds of heavy metals can be accumulated in
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the tissues of living organisms and with major exposure pathway, transferred through
food chain. Plants can accumulate heavy metals following to intensity of heavy metals

contained in water and sediment (3).

2.4.1 Sources of Heavy Metals.

These heavy metals are toxic due to the utilization of compounds and
various equipments as well as the contamination to the environment. There are many
pollution point sources such as agricultural chemical substance (fertilizers and
pesticides, etc), smelter, burning, oil, industry and the residues of factories and
communities as well as solid waste treatment (Sanitary landfill). Such pollution point
sources cause the accumulation of heavy metals in soil. This indicates that the source
of contamination is important and clearly visual. Not only smelter is heavy metal
pollution point source but also include residues from industrial factory and vehicle’s
exhaust. For example, big cities with traffic congestion, such as Osaka, Tokyo or New
York City, Lead and Cadmium dust is diffused in ambient air with high concentration
levels. These heavy metals will deposit into ground and accumulate in soil over time.

In Thailand, volatile lead was not emitted from automobile exhaust only
but also from factories that use lead as raw material such as lead smelting factory of
used battery, battery plate separator factory, foundry letter factory, and galvanized
wire factory etc.

Another important pollution point source is industrial waste especially
sewage sludge that is released from both factories and communities. Because control
measures of waste disposal has yet taken in a good practice. Dumping into soil as a
landfill technique that heavy metals volume in soils is very variable according to the
amount of soil (3).

2.4.1.1 Cadmium (Cd)

Cadmium is a soft silvery metal among 2B of the periodic
table with atomic number 48, atomic weight 112.4, melting point 320.9°C, boiling
point 769°C, the specific gravity of 8.65. Cadmium oxidatio state +2 is only one value.
It can be dissolved in Nitric acid and Ammonium nitrate solution.

Cadmium element is rarely found in nature. It is usually found

in form of cadmium sulfide (CdS) compound or mixed small amounts in various zinc
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mineral. Therefore, most of cadmium metal is a by product from zinc smelting.
Cadmium found in nature in greenoekite (hexagonal CdS) about 0.5 micrograms per
gram and mixed with other minerals such as zinc, copper, lead. It can be found on the
earth’s surface about 0:15 to 0:20 micrograms per gram and zinc minerals 0.3 to 1.0
micrograms per gram. Cadmium is found in granite with less than 1 microgram per
gram. Cadmium in water and sediment may vary with characteristic of soil genesis,
environment, pH, and clayey soil or alkaline soil. Dissolved Cadmium Carbonate is
well absorbed by Alkaline soil for sandy soil or acid soil, cadmium can be less
absorbed.

Cadmium utilization increases rapidly according to world
cadmium consumption record. It is found that 11,000 tons of cadmium consumption in
1960 is increased up to 19,000 tons in 1985. There are many ways of cadmium
utilization such as metal rust protection by electroplate for automotives industry, dry
colorants mix, rubber mix, battery, stabilizer in plastic industry, Fungi removal, solar
cells, medical use, alloys e.g. cadmium-copper with highly durable resistance and high
temperature resistance, nickel-cadmium for rechargeable battery, silver - cadmium for
discolored prevention of silver exposure to sulfide. Moreover, mixing cadmium with
Diesel fuel, its high volume can be found in dust and soil along road.

For distribution of cadmium into the environment by volcanic
eruption and the erosion of rocks, the natural effect is less impacted than from human
activities. The latter release more effect of cadmium in to environment i.e. atmosphere,
land, water resource, lagoon, and ocean. Related industries of cadmium are such as
plastic, glass, color, fertilizers and dust from vehicles on the road are all affecting the
amount of cadmium that spread into the source of water. Cadmium in sediment is
directly proportional to the amount of organic matter lost of sediment. The important
component of muddy sediment is humic material that can absorb cadmium by
absorption process reducing the amount of cadmium in water by cadmium transfer in
the sediment accumulation. However, cadmium in sediment can be exchanged with
water when the salinity of the water is increased. It is desorption process. Furthermore,
an organic compound which is digested by microorganisms can reduce the
concentration of cadmium in the soil. Cadmium in the water can be found in form of

colloid or solution. Clay particles provide increasing amount of cadmium in the river.
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Factors affecting changes of cadmium in the environment is the physical and chemical
characteristics of living organisms in the water, pollution point sources, water volume
as well as the transfer of cadmium through to the food chain.

Effects of cadmium on humans throw away, according to report
in Japan during 1940-1965. The disease which is caused by cadmium is known as "Ai

Tai-Ai Tai (ltai-ltai disease) outbreak in the river Zinzu with 125 patients (3).

2.4.1.2 Copper (Cu)

Copper which is red-orange color is classified in 1B of the
periodic table with atomic number 29, atomic weight 63.54, specific gravity 8.9,
melting point 1083°C, boiling point 2730°C. It is well electric and heat conductivity,
luster and ductility. Oxidation number of copper is +1 and +2.

High volume of copper can be found in nature with the same as
zinc. Normally copper is found together with zinc. In nature, Copper is found in form
of chalcopyrite (CuFeS;), chalcocite (Cu,S), malachite (Cuy(COs3)(OH),), azurite
(Cu3z(CO3)2(0OH)y). It is also found in the form of cuprite (Cu,0). Chemical compound
of copper has various forms e.g. chloride, nitrate, sulfate, which has the ability to
dissolve well. The compounds that are carbonate hydroxide oxide and sulfide are
insoluble. Copper in surface water normally is 0.05 mg per liter.

In natural conditions, Copper mineral is in the form of many
sulfides. The mineral will disintegrate easily, especially in acid conditions. Therefore,
the copper is released in the form of ion. When copper is compared with common
heavy metals. It is classified as those who move well but when the rock or mineral is
became to soil component. Copper is a mineral element that easily reacts with organic
matter in soil and can easily be precipitated with various anions such as sulfide,
carbonate and hydroxide. Copper is classified as relatively dormant in the soil. Soluble
form of copper is the most common Cu?".

Copper and copper compounds are commonly found in
different environment. Mostly found in raw water sources, but kind of copper that
occurs in the water depends on the pH, concentration of carbonate in the water and
type of anion contained in the water. In general, copper compounds are usually found

oxidation state of +1 (Cu*) and +2 (Cu®"). They are called cuprous and cupric,



Achara Jiragulchaiwong Literature Review / 20

respectively, Cu® is likely to change as Cu®** which is a stable form rather than Cu*

when it dissolved in the water as shown in equation.

2 cu’ » Cu + Cu*

Most of Cu?* compounds can be easily dissolved. Its feature
results copper ion in form of Cu (H,02)s>* or Cu*".

For copper utilization, copper has been used in many activities.
Over 50 percent of copper is used for equipment industry required cables, electric
appliance and equipment, printed circuit, industrial metal plating and coating, wire
conductor, jewelry industry, textile industry, ceramic product, alloy product or
compound such as copper sulfate crystals (CuSog), fungicide. In addition these
products, the copper compounds are applied to remove algae and shells with no benefit
to water resource.

Copper is a essential element for many aquatic species such as
mollusks and crustacean. Copper is a component of haemocyanin in their blood. Even
if a little bit high amounts of copper may be toxic to aquatic animal. When the oysters
are the most likely to accumulate copper from the sediment, the copper will react with
substance that is discharged from fish gill and cause fish death due to gas exchange
abnormalities. Such substance will destroy cell in fish gill too. Moreover, copper will
effect to fish larvae (3).

2.4.1.3 Lead (Pb)

Lead is metal with metallic gray color among the 4A of the
periodic table with atomic numbers 207.19, specific gravity 11.35, boiling point
1,725 C, melting point 327.4°C. Lead can be easily melted and softened that can be
modified to any shape as requirement. Lead is vaporized well at high temperature,
soluble in dilute nitric acid. Insoluble in water but it is dissolved slowly by a mild acid
water. Lead can have multiple oxidation numbers that are +1, +2, +4, but most of the

lead in the +2 state is considered to be the most stable.
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Following to the natural decay series of Lead, Lead will be
slowly oxidized to be in carbonate form or be immobilized by clay mineral or being
oxide form of iron and aluminum or new organic matter. Lead is generally in the form
Pb?* rather than Pb ** and its properties are similar to alkaline earth. So it can replace
K, Ba, Sr and Ca in the minerals and ions of the elements where they are absorbed.

Lead is a heavy metallic element that its mobility is lowest.
The solubility is significantly decreased by being in high pH soil. Lead will precipitate
as hydroxyl, phosphate or carbonate or the complex organic compounds and it is quite
high stable. Increasing the acidity of soil, Lead solubility is slightly increased.
Furthermore, the amount of lead accumulated in the surface layer is related to the
amount of organic matter in soil especially in soil without tillage. Therefore, soil with
lead contamination in surface soil or organic matter is the important source of Lead
accumulation.

Soil is source for Lead supporting from moving pollution point
source and domestic or industrial waste. Generally it can be found in soil 10-30 mg/kg
dry weight while in the soil nearby road 100-500 mg/kg dry weight. Regarding the soil
surrounding Lead Industrial Factory, Lead contamination can increased up to 40,000
mg/kg dry weight.

There are two types of Lead compound. The first is inorganic
compound that can be found in form of salt or oxide. The other type is organic
compounds that is popularly used for adding in gasoline fuel is alkyl lead. In this
connection, Lead compound is found in other substances such as paints containing
lead are approximately 50 percent being in the form of cinnabar lead (Pb3O,),
chromium lead (PbCrQO,), white lead (2PbCOg3, Pb (OH),).

A variety of Lead utilization consists of soldering, welding,
electrode, battery, cable, fuse, ceramic, bearing, drug, pesticide, printed letter casting,
toner, glass industry. Lead is applied in radiation shielding screen, and noise pollution
control from machine & Jet plane due to very high density of Lead. It is also used as
an ingredient in house paints and added to gasoline to increase octane and reduce
metallic clattering noise (pinging) when rain washes Lead into the water source,
especially nearby the upstream. Lead contamination is probably found in far away

area. Lead contamination in urban soil is higher than those located in rural area.



Achara Jiragulchaiwong Literature Review / 22

The Lead contamination rate at South Pole which is applied for being standard is 10-
15 mg/kg.

Lead poisoning in humans can be classified into two main types
. organic lead poisoning and inorganic lead poisoning. Organic lead poisoning is a
disease of the central nervous system. Symptoms include headache, mind confusion,
insomnia, uneasy, irritability and nightmare, mistaken idea for thinking that they are the
great, weight and temperature loss, drowsiness, dimness, nausea in the morning, food
bored, fatigue and trembling, constipation in case of inorganic lead poisoning, decreased
sexual feelings, anemia, absence of menstruation, fell dry, thirsty, severe abdominal
pain, bored, sometimes diarrhea and vomiting, play less in case of kid patients, and
frequent leg cramp. In patients with high levels of lead have symptoms of use of
particular muscle groups in heavy exertions such as muscle of wrist and ankle. Patients
will suffer paralysis. This results broke wrist and ankle. In serious cases, the patients
will have cerebral edema, twitch, unconsciousness and death.

For distribution of Lead in the environment, Lead utilization in
daily life is a key factor for Lead distribution more and more, no matter what it is
distributed into air, water, land or living things tissue. Study and exploration on Lead
distribution in different environment has been performed. Lead distribution is caused

by nature and human’s activities (3).

2.4.1.4 Zinc (Zn)

Zinc is metallic chemical element that is classified in 2B of the
periodic table with atomic weight 65.37, atomic number 30, specific gravity 7.14,
melting point 419.5°C, boiling point 906 C. Corrosion resistant property of Zinc is
quite good. Therefore, adoption of the zinc for steel coating to help withstand of the
iron reacts with moisture in the air. Zinc has the only one oxidatio number is +2.

Zinc is one of the most common elements in the earth’s crust and
rock. Sphallerite (ZnS) is the major ore of Zinc. Mixed in a cadmium sulfide (CdS), Zinc
ore is also found in the natural minerals or compounds that can combine with the organic
matter. So the available zinc in a mineral soil is associated with organic matter. The

ecomposition of the mineral zinc will be seen in form of Zn“ moving well in aci
d t f th | Il b f f Zn? Il d
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environment. But zinc in a mineral soil will be absorbed by minerals and organic
compounds found in the topsoil and is mostly found in form of Zn*.

Regarding Zinc application, based on excellent corrosion
resistant properties, zinc is commonly used for metal coating for those easily rust but
more durable, such as coating steel for construction. Brass is an alloy of Zinc and
copper. Major compounds of zinc in industry is zinc chloride (ZnCl,) applied for
excellent wood preservative, dry battery and oil refinery; zinc oxide (ZnO) is used to
dye cloth and lacquer; zinc sulfate (ZnSQ,) is used to make adhesives and synthetic
fibers (rayon), etc. In addition to the mentioned uses, zinc is extensively used in many
industrial sectors: rubber, textile machine, printer, plating metal, coating metal
products, paint, cosmetics, skin treatment, pesticide. In agricultural use, Zinc is coated
on seeds to kill fungi. Fuel combustion could diffuse zinc into the environment and
water resources.

Zinc is an essential element of the human body but required a
little amount. The most abundant trace of Zinc elements is found in eyes, skin,
followed by liver, kidney and muscles. It is typically taken in by ingestion of food and
water. Absorption is firstly from gastrointestinal tract. Another part is excreted in
feces, urine and sweat. Zinc is a critical component of certain enzymes in the body,
such as carbonic anhydrase, carboxy peptidase and dehydrogenase which is found in
the liver and retina. Zinc is, therefore, found in these organs other than any parts of
body. In the plasma of people, zinc is typically between 70-114 mg per 100 ml.

For distribution of zinc in the environment, Zinc can widely
spread into the environment by water, especially from the waste water form zinc

smelter and from the use of pesticides etc (3).
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2.5 Estimation and Comparison of Accumulated Sediment Precipitation

Rate and Sediment Dating at Laem Chabang Area

The result of study on Distribution of Selected Labile and Non-Labile
Fractions of Heavy Metal Within Sediment Cores from the Eastern Coast of Thailand
(Chonburi and Rayong Provinces) revealed that accumulated sediment precipitation
rate at Laem Chabang Area was 0.57 cm./y. Therefore, sediment dating could be
estimated by applying precipitation rate of sediment as follows (1).

Soil layer 1 (28cm.-38cm.) is equivalent sedimentation dating during
1952- 1962

Soil layer 2 (18cm.-28cm.) is equivalent sedimentation dating during
1963-1973

Soil layer 3 (18cm.-28cm.) is equivalent sedimentation dating during
1974 -1979

Soil layer 4 (12cm.-15cm.) is equivalent sedimentation dating during
1980 — 1985

Soil layer 5 (9cm.-12cm.) is equivalent sedimentation dating during
1986-1991

Soil layer 6 (6cm.-9cm.) is equivalent sedimentation dating during
1992-1997

Soil layer 7 (3cm.-6cm.) is equivalent sedimentation dating during
1998 —2003

Soil layer 8 (1cm.-3cm.) is equivalent sedimentation dating during
2004 — 2009
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2.6 Environmental Policy Measures

Environmental policy measures address the statement of an intent, and
principles in integrated environmental management. To develop good environmental
condition of each society, this policy statement serves as the framework for setting
environmental objectives and targets.

Environmental policy measures are the key mechanism in driving
organization implementation and improving environmental management system to
sustain and improve environmental achievement in conformity with law and indicate the
intent complying with applicable law as well as continuous improvement for better
system.

Environmental policy measures must be clearly and simply communicated
to all employees and other interested parties. All environmental commitments should
be an integral part of the day to day activities, and elaborate up-to-date information.
Furthermore, the environmental policy measures should accord to other policies e.g.
quality policy, safety policy etc. In addition, the environmental policy measures may
address the changing condition and information. Applications to which part of an
organization must be clearly indicated. Environmental policy measures should be

provided in documentation (4).

2.6.1 Environmental Policy Measure and Mission Commitment

Policy commitment should be established in consideration of
organizational activities, products or services that may affect the environment. In
addition to follow the regulations and law, the following is a checklist of commitments
or principles that an organization may wish to consider including in the policy
statement:

Must address the intent to comply with applicable law and
other regulations related with environment.

- Must present the intent in policy and environmental
activities propagation with concerned parties.

- Reduce impact by means of Integrated Environmental

Management(IEM) and strategies.
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- Prepare the process in environmental implementation
practice and index related with environment measures

- Compile the way of thinking about Life Cycle Analysis (LCA)
and try to make the most of practice, not only to develop Environmental Management
System but also to prevent environmental impact in the future.

- Design friendly environmental products reducing environmental
impact in production, as well as application and waste discharge from the
manufacturing process.

- Prevent pollution, reduce waste and resources requirement
e.g. raw materials, fuel and energy; but intend to encourage water recycling and
extract the valuable contents from residue instead of wholly dumping.

- Provide education and training program for staffs, general
public, customer, consignor, subcontractor or even student trainee etc.

- Exchange the environmental experiences with concerned
agencies e.g. conference, public opinion

- Participate and contact with interest people to address the
intent in environmental management according to the policies

- Orient to sustainable development

- Enhance Environmental Management System (EMS) to
distributor or contractor of the organization in association of supporting them with
finance, techniques or personnel.

- Build environmental measures in reduction of resources
consumption or resource-use efficiency e.g. electricity, water, fuel oil.

- Assure to implement the environmental commitment in
accordance with environmental policy statement.

- Prepare annual report presenting the necessary information

implementing the status of organization’s environmental concern.

In conclusion, environmental policy measures have been well-documented
for the corporate image and measures of environmental management determined by

environmental policies. The environmental policy statement shows the target to
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control, improve an organizational environment concerns. Determination of
environmental policies is taken by 4 principles as following:

- Environmental policies must be supported and intended to pursue for
achievement.

- Improve or develop environmental management at suitable time.

- Stimulate policy propagation to public.

- Environmental policies must be reviewed for up-to date process, as well as
inspected for its regular practice. The activities must be implemented by EMS auditing

internal or external. The review is regarded as post audit review of the system (4).

2.7 Related Research

Kosalwit (1) studied the distribution of Selected Labile and Non-Labile
Fractions of Heavy Metal within Sediment Cores from the Eastern Coast of Thailand
(Chonburi and Rayong Provinces). The research showed that all heavy metals in
sediment cores were metal cadmium, chromium, copper, lead and zinc with average of
1.57, 3.04, 7.09 and 12.4 pg/g respectively. Most of contents of copper (69.12%) and
zinc (47.57%) were in labile forms for maximum availability. The elements were
easily released to the environment, even little changes in physically and chemically.
While contents of cadmium (68.75%), lead (69.65%) and chromium (94.29%) were in
non-labile forms being difficult to release into the environment at hazardous level. For
the spatial distribution of planes, the findings were that the concentration of total
chromium, lead and zinc were the highest volume in Laem Chabang Station with an
average of 5.55, 61.05 and 25.04 pg/g respectively were found in Map Ta Phut Station
and Pattaya Station respectively. Derived metal volumes were similar to other areas

where none of pollution condition was detected (Except cadmium).
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Thongraa, Muksikah, Wongsudawan and Manhaphon (5) studied the
contamination of heavy metals in water and sediment, coastal area east. The research
showed that the seasonality influence the concentration of heavy metals found in sea
water other than in sediment. Most heavy metals in sea water were negatively
correlated with salinity, but positively with colloid and dissolved organic matter
commonly detected in form of fluorescence. In sediment, it was found that most were
positively correlated with cation exchange capacity for organic matter, oxides of iron
and manganese, clay and silt but were negatively correlated with sediment pH.

Aphai (6) studied the feasibility Study on Developing Coastal Terminal
Project at Laem Chabang Port. The research showed that Laem Chabang is of high
potential and readiness for development of coastal port with one particular harbor to
distribute goods to the southern coastal area. The feasible route is Bangkok-Chonburi-
Songkhla and Bangkok—Chon Buri—Prachuapkhirikhan. This transshipment volume is
likely sufficient for business development. While the appropriate technical support, it
found that the project has perfect location and sufficient port infrastructure such as the
navigation channel, breakwater, supporting area, etc as well as transportation network
linking rail and road and river and well supported by the government in promoting the
country's main port instead of Port of Bangkok.

Cheevaporn (7) studied the Accumulation Rate of Heavy Metals Toxicity
in the Environmental Analysis on Sediment Cores at Eastern Coastal Area by Pb-210
Radiometric Dating Technique. The research showed that the sample sediment cores
from the East coastal region were collected to perform measurement and the rate of
sediments accumulation by Pb-210 radiometric dating technique at Ang Sila, Sri
Racha, Laem Chabang, Pattaya and Map Ta Phut. The results were 0.74, 0.69, 0.57,
0.48 and 0.46 cml/year respectively. The highest rate of sediment accumulation of
heavy metals were found at Sriracha. However, when comparing data with the
sediment samples from United States offshore, such as Santa Barbara Bay, the figure
showed a similar rate of accumulation. But comparing with industries such as
Narragansett Bay area, it found that rate of heavy metal accumulation in the East coast

was less than several times.
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Srichanthamit (8) studied the Motivating Factors of Labours Migration to
Lam Chabang Industrial Estate, Chonburi Province. The research showed that the
supporting and encouraging the private sector investment to Laem Chabang, the
Government prepared the readiness of labor workplace. The incentive measures were
established by the executives in workplace for labor workplace. They provided the
labors with appropriate wages or salary. The most motivated reason were economic
incentive that attracted immigrant worker for better job other than motivations.

Sangkhathip (9) studied the point of View of Industrial Impact on Laem
Chabang Community, Chonburi. The research showed that the comparative point of
view of industrial impact was made by gender, age, duration of stay in community and
education level. The results found that the gender factor did not affect any opinions.
Influenced factors were age, duration of stay in community and education level with
statistically significant difference at .05. Based on the static feedback of members in
Laem Chabang community, people mostly needed environment development and
environmental problems mitigation. As these were closely and directly relevant to
daily life of local people. Furthermore, the suggestions included systematic review of
housing improvement and other community problems.

Sriarunothai (10) studied the operational Efficiency at Container Terminals
of Public Sector and Private Sector: a Case Study of Bangkok Port and Laem Chabang
Port. The research showed that the report said that comparative operational efficiency
between container terminals of public sector and private sector on standard found the
operation of container terminal of public sector of Bangkok Port was efficient.
Following to evaluation from transshipment container volume per quay length, gantry
crane capacity, and berth hour. But there was no efficiency when evaluating berth
occupancy and waiting time. While private container terminal was efficient based on
evaluation of gantry crane and tug boat berth hour. But there was inefficient upon
evaluation of transshipment container volume per quay length, berth occupancy,

waiting time and ship berth hour.
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Sitthiwong (11) studied the concentrations of Some Heavy Metals:
Cadmium, Copper, Lead and Zinc in Coastal Sediment of Laem Pak Bia, Phetchaburi
Province. The research showed that the amount of organic matter, lead and zinc were
associated by seasonality with no significant difference. While cadmium and copper
were statistically significant difference at 99% confidence interval with maximum in
winter and decrease in summer and rainy season respectively. In the monsoon season,
the amount of metal cadmium and lead were high during the Northeast monsoon.
Copper and Zinc were high during Southwest monsoon. These were non-significant
difference at 95% confidence interval. Concentration of 4 kinds of heavy metals did
not exceed Canada’s standard limit of heavy metals in sediments.

Songsaengjan (12) studied the alternative Impact of development policy of
Leam Chabang port: A cast study on the opinions of Leam Chabang citizen,Chonburi.
The research showed that the according to sample group’s point of view, rather is
highly indicative of environmental and social impact resulting from policy
development of Laem Chabang. In overview, the measures in the impact management
arising from Laem Chabang development project could be accepted. The related
factors on environmental and social impact were age, main occupation, education
level, duration of stay in Laem Chabang Subdistrict, distance from the residence to
Laem Chabang Port, with statistically significant difference at 0.05. The acceptable
effective measures were enhancement of sustainable fishery extension and native
occupation. The comparison was made among acceptance of development policies
with the factors: age, main occupation, education level, duration of stay in Laem
Chabang Subdistrict, distance from the residence to Laem Chabang Port. The result
showed the statistically significant difference at 0.05.

Jannuan (13) studied the dynamics of Heavy Metals: Case Study of the
Relationship between Heavy Metals and Sediment Quality at Mae Klong River. The
research showed that the concentrations of cadmium, lead, copper and zinc in
sediments is between nd-2.31 ppm, 6.04-63.94 ppm, 1.36-228.95 ppm and 9.05-
146.38 ppm, respectively. The sediment quality found water content, total organic
matter, and the total sulfide in the sediments was between 17.63-73.63 ppm, 7.69-
126.22 ppm and nd-0.803 ppm, respectively. Following to statistical analysis, the

correlation showed that heavy metals in sediments were associated with water content
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in sediment, total organic matter in sediments with all three depth layers (0-3 cm). The
factors were also correlated with sediment particle sizes smaller than micrometers 63
micrometer. Furthermore, the findings were that heavy metals in sediments were
associated with seasonality and area with statistically significant difference (p <0.05).
In addition, the study revealed that the heavy metals at the middle part of the Mae
Klong River is increased markedly. The area needed serious management for human
activities putting demands on natural resources consumption.

Srichaninn (14) studied Laem Chabang Commercial Port and Industrial
Development in the Eastern Region. The research that the operation of the Laem
Chabang Commercial Port was made unidirectional to Gross Domestic Product (GDP)
of the Eastern industrial. Based on descriptive analysis of the employment in industrial
sector of the East region after operation of Laem Chabang Commercial Port, the
highly proportional employment was made, secondarily from Bangkok and its vicinity,
in comparison with other country regions. For the reason that the deep water port was
typically located adjacent to industrial areas sensitized to transport facilitation. This is
an important factor in location determination of a variety of industrial plants for
increasing industrial investment. The scheme tended to immensely industrial
production and employment in the Eastern industry.

Forstner & Muller (15) studied Heavy Metal Accumulation in River
Sediments: A Response to Environment Pollution. The research that result of high
level of heavy metal contamination of sediment in rivers of Germany. Especially, Lead
and Zinc revealed the highest contamination comparing with heavy metal
contamination in the past. It was also found that a combination of heavy metals in
suspended solid diffusion into sediment is approximately same as suspended solid
process of diffusion in sea water. That might be harmed to sea living things and impact
to food chain. In the future, in case heavy metal contamination in water supply system
will be continuously increasing, the incident might inevitably impact portable water

obtained from river and lake.
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Donazzolo (16) studied Heavy Metal Contamination in Surface Sediments
from the Gulf of Venice, Italy. The research that result on the diffusion of detected
heavy metal (Mercury, Lead, Cadmium, Copper, Nickel, Chromium, Zinc, Cobalt, and
Ferric) was detected at Venice Bay of Italy. By investigation, there areas where very
high heavy metal content considerably observed were Lido sea port and Malamocco
sea port. The highest heavy metal content was Zinc. These areas were the location of

industrial factories which discharged variety of wastes.
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CHAPTER Il
RESEARCH METHODOLOGY

The Study of Heavy Metal Accumulation in the Sea Sediment of
Eastern Seaboard Thailand, to indicate the efficiency of Environmental Technology
Measures of Area: Case Study of Bang Lamung Bay is conducted with 9
implementation processes of research methodology as following.

3.1 Study area

3.2 Data collection method

3.3 Data analysis

3.4 Determination of sampling locations

3.5 Core sampling process

3.6 Heavy metal analysis method

3.7 Statistical analysis of heavy metal

3.8 Data analysis conclusion

3.1 Study Area

The research is conducted at Bang Lamung Bay
S : T St

o1y Date: Jan 1, 2008

Figure 3-1 Bang Lamung Bay

Source: (17)
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3.2 Data Collection Method

Research objectives and scope in Chapter | frame the issues and viewpoint
for research analysis and implementation processes having on complete achievement
of research results according to its determination.

The research data consists of secondary data from textbooks, documents,
thesis, and reports from related agencies such as Industrial Estate Authority of
Thailand (IEAT), Office of National Resources and Environmental Policy and
Planning (ONEP), Pollution Control Department (PCD), Department of Inland
Fisheries (DOF), Department of Marine and Coastal Resources (DMCR), Marine
Environment Division of Pollution Control Department (PCD), libraries of related

agencies and academic institutes.

3.3 Data Analysis

Data analysis is separately performed following the research objectives in
terms of:

1) To study the accumulation of heavy metal content in sediment layer of
Bang Lamung Bay area

2) To evaluate the environmental policies and measures of the area

3.4 Determination of Sampling Locations

Determination of sampling location to study the heavy metal
contamination in the sea sediment of eastern coast to cover the land use area of the
Eastern coast. The area covers 4 places of Bang Lamung Bay determined according to
estuary sediment sources: Northern Bang Lamung Bay (Laem Chabang Temple),
Central Bang Lamung Bay (Community Development College and Na Klue Pier) and
Lower Bang Lamung Bay (Bang Lamung). Determination of sampling locations
followed the given process. The inspection was made at the estuary of each sampling

location where the sediment was found. The sediment collected from each location



Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Appro. Techn. for Resou. and Env. Dev.) / 35

must not be directly released from households. Classification of sampling locations
and Global Positioning System (GPS) were operated by Garmin-GPS 12 global
positioning system.

om
: S
Ao Hat Yao(s

Imagery Date: Jan 1, 2008 =

Figure 3-2 Sampling station

Source: (17)

Eye alt 185m

Figure 3-3 Station 1 Leam Chabang Temple
Source: (17
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Figure 3-4 Station 2 Community Development College

Source: (17)

Imagery Date: Jan 1, 2008

Figure 3-5 Station 3 Na Klue Pier
Source: (17)
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Figure 3-6 Station 4 Bang Lamung

Source: (17)

3.5 Core Sampling Process

Tools

- PVC pipe

- GPS

- Plastic bags for samples
- Foam box and labeling

Core sampling process at estuary was made by bringing a longitudinal cut
PVC mount dovetail and do pipe jacking into sediment at determined depths. The
samples were collected 5 points each location at 40 cm. depth. After that the core
samplings were cut in layer for 8 levels. In this regards, the level 3-8 were cut for 3
cm. (except 19 cm. depth or more). At level 1, 2 must be cut every 10 cm. As the soil
samples were needed to inspect the sediment prior to the project of Industrial Estate of
Eastern Seaboard Development. Then the sediment was soaked in cold bucket and

brought back to laboratory for heavy metal analysis.
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3 cm.

> 18 cm.

10 cm.

10 cm.

Figure 3-7 Sediment Depths in Core Sampling Process
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3.6 Heavy Metal Analysis Method

Heavy metal extraction was conducted by Nitric Acid and Hydrochloric
Acid. Absorbance was conducted by the technique of Atomic Absorption
Spectrophotometer.
3.6.1 Tools
Tools for sampling preparation and extraction
- Drying oven
- Desiccator
- High Performance Microwave Digestion Unit
- Atomic Absorption Spectrophotometer
- Plastic solution sample bottles
- Grinder set
- Sieve, size 65 microns
- Spatula
- Beaker, pipette, flask. Cylinder, etc.
- Weighing apparatus 4 digits
- Filter, whatman No. 44

3.6.2 Chemical substances

Conc.HNOj3 Analytical Reagent
Conc.HCL Analytical Reagent
Cadmium (Cd) stock solution 1000 mg/L
Copper (Cu) stock solution 1000 mg/L
Lead (Pb) stock solution 1000 mg/L
Zinc (Zn) stock solution 1000 mg/L

Distilled water

3.6.3 Soil sample preparation for heavy metal analysis

Expose soil for drying in shelter. After dried, finely grind and sieve with
65 microns mesh. Then drying in drying oven at least 12 hours at 105 °C. Weigh 0.5 g.
of dried soil and put in cylinders for High Performance Microwave Digestion Unit. Put
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3 ml. of conc.HNO3 and 9 ml. of conc.HCI respectively sealed off and bring them into
High Performance Microwave Digestion Unit. Take half of hour for extraction of
samples. After finished, take them from High Performance Microwave Digestion Unit
and loose heat by exposing in ambient temperatures. Filtrate the solution with
Whatman No. 44 filter. Diluted the volume of solution by distilled water for 50 ml in
plastic bottle (The plastic bottle has been soaked by HNO3; 10% for 1 night and rinsed
by distilled water) The sample throughput was brought for heavy metal analysis with
Atomic Absorption Spectrophotometer. Derived absorbance value was converted to
obtain the concentration of heavy metal in sediment. Statistical analysis was then
applied with SPSS applying One way ANOVA and Two Way ANOVA in order to test

the average of heavy metal distribution by each factor previously mentioned.

3.6.4 Quality Control Analysis

In inspection of quality control measures for analysis of heavy metal in
soil sediment, investigation of its accuracy is carried out by sampling duplication with
3 repetitions each. The use of blank samples is also applied for every soil sampling.

3.6.5 Calibration curve preparation

Preparation of stock solution of Cadmium (Cd), Copper (Cu), Lead (Pb),
and Zinc (Zn) 1000 mg/L and diluted by distilled water for standard concentration
(control the concentration of heavy metal in sediment samples) not less than 4 values.
After that, the absorbance was conducted by Atomic Absorption Spectrophotometer.

3.7 Statistical Analysis of Heavy Metal

Based on analytical laboratories sediment samples, the raw data showed
the concentration of heavy metal at 4 locations, the statistical analysis was then
applied by following procedures.

1) To analyze the heavy metal distribution from 2 factors. Firstly, the
place (4 locations) was located at Bang Lamung Bay determined according to

sediment estuary sources: Northern Bang Lamung Bay (Laem Chabang Temple),
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Central Bang Lamung Bay (Community Development College and Na Klue Pier) and
Lower Bang Lamung Bay (Bang Lamung); secondly, the depth of 8 levels was applied
by statistical analysis with on One Way ANOVA to test the difference of average of
heavy metal distribution of each factor previously mentioned by SPSS software package.
2) To compare the level value average of each station by the technique of

Ducan’s new multiple range (DMRT) with SPSS software.

3.8 Data analysis conclusion

As a result of secondary data analysis and statistical analysis of heavy
metal, the analytical result could be taken in the following procedures. Analyze the
heavy metal in determined sediment depth at sample locations within Bang Lamung
Bay in order to find out that the collected lowest layer sediment would present the
sediment prior to the project of Industrial Estate of Eastern Seaboard Development and
sediment in the middle layer and topmost layer present the effect of the Eastern
Seaboard till the present. Also the analytical result of derived heavy metal value.
Resulting values were accordingly concluded for measures and policies control and

development of the coastal area of Bang Lamung Bay.
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CHAPTER 1V
RESEARCH RESULTS

4.1 Result Analysis of Heavy Metal Quantity of each Location at
Bang Lamung Bay by Soil Profile

The study of heavy metal accumulation was conducted at Northern Bang
Lamung Bay (Location 1: Laem Chabang Temple 13 04°54.09”N, 100 52°43.26”E);
Central Bang Lamung Bay (Location 2: Community Development College
13°02°23.04”N, 100'55°07.50”E); Location 3: Na Klue Pier 13°00°39.33"N,
100'55°40.75”E; Lower Bang Lamung (Location 4: Bang Lamung 12°58°33.96"N,
100'54°32.76”E). The research result of heavy metal quantity of Copper, Lead, Zinc
and Cadmium was presented in Table 4.1, 4.2, 4.3 and 4.4 where the analysis of

average values was shown by soil profile as following:

4.1.1 Copper (Cu)
Result Analysis of Heavy Metal content of each location at Bang Lamung

Bay by Soil Profile
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Table 4-1 Average Value and SD Value of Copper (ppm.)

Community
Laem Chabang Bang
Soil Layer Development Na Klue Pier
Temple Lamung
College

lem.-3cm. (8) 113.40+11.24 66.98 £+ 20.69 83.40 £26.31 7.41 £5.87
3em.-6cm. (7) 129.10£2.92 104.60 + 23.42 98.66 = 35.15 1291+ 15.54
6cm. —9cm. (6) 135.43 £3.79 115.98 +99.46 101.79 + 6.67 16.57 = 17.63
9cm.-12cm. (5) 121.37 £3.18 101.72 +73.37 102.56 + 12.44 14.96 = 16.93
12cm.-15cm. (4) 137.61 £ 6.31 81.95+25.35 111.40+17.08 15.12 £15.29
15cm.-18cm. (3) 96.53 £4.50 122.42 £ 67.73 106.38 = 14.35 8.16+4.13
18cm.-28cm. (2) 120.93 + 8.31 93.07 £ 63.79 109.77 + 28.47 13.34 £ 12.16
28cm.-38cm. (1) 113.60 + 1.37 108.62 £95.73 128.02 £ 2291 7.97+0 .64
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Figure 4-1 Average Value of Copper
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The findings were that the average value of Copper at Laem Chabang
Temple Layer 1 was equivalent to 113.60 ppm.; Layer 2 was equivalent to 120.93
ppm.; Layer 3 was equivalent to 96.53 ppm.; Layer 4 was equivalent to 137.61 ppm.;
Layer 5 was equivalent to 121.37 ppm.; Layer 6 was equivalent to 135.43 ppm. Layer
7 was equivalent to 129.10 ppm.; Layer 8 was equivalent to 113.4 ppm.

The research result found that average value of Copper at Community
Development College at Layer 1 was equivalent to 108.62 ppm.; Layer 2 was
equivalent to 93.07 ppm.; Layer 3 was equivalent to 122.42 ppm.; Layer 4 was
equivalent to 81.95 ppm.; Layer 5 was equivalent to 101.72 ppm.; Layer 6 was
equivalent to 115.98 ppm. Layer 7 was equivalent to 104.6 ppm.; Layer 8 was
equivalent to 66.98 ppm.

The findings were that the average value of Copper at Na Klue Pier at
Layer 1 was equivalent to 128.02 ppm.; Layer 2 was equivalent to 109.77 ppm.;
Layer 3 was equivalent to 106.38 ppm.; Layer 4 was equivalent to 111.4 ppm.; Layer
5 was equivalent to 102.56 ppm.; Layer 6 was equivalent to 101.79 ppm. ; Layer 7 was
equivalent to 98.66 ppm.; Layer 8 was equivalent to 83.4 ppm.

The research result found that average value of Copper at Bang Lamung at
Layer 1 was equivalent to 7.97 ppm.; Layer 2 was equivalent to 13.34 ppm.; Layer 3
was equivalent to 8.16 ppm.; Layer 4 was equivalent to 15.12 ppm.; Layer 5 was
equivalent to 14.96 ppm.; Layer 6 was equivalent to 16.57 ppm. Layer 7 was
equivalent to 12.91 ppm.; Layer 8 was equivalent to 7.41 ppm.
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Result Analysis of Lead of each Location at Bang Lamung Bay by Soil

Profile

Table 4-2 Average Value and Average SD of Lead (ppm.)

Laem Community
Bang
Soil Layer Chabang Development Na Klue Pier
Lamung
Temple College
Iecm.-3cm.(8) 92.17+13.29 36.23 +0.73 65.75+5.11 32.61+2.21
3cm.-6cm.(7) 73.75 £ 15.45 36.37+1.05 77.15+4.79  28.56 +2.45
6cm. 9cm. (6)  86.06 +18.18 45.05+1.99 64.97+ 033  28.68 £5.06
9cm.-12cm. (5)  93.43 +£32.70 31.06 £ 1.07 70.45+0.65 50.62+1.05
12cm.-15cm.(4) 116.58 £13.36 41.07 £1.65 65.11+5.03 27.17+2.20
15cm.-18cm.(3) 91.74 +13.87 38.95+1.34 102.21 +£3.00 32.59+0.12
18cm.-28cm.(2)  90.57 + 14.38 55.59+0.70 70.78 £5.72  24.67 + 1.81
28cm.-38cm.(1)  89.05+10.20 40.70 £ 0.64 7996+ 698 1991 +0.87
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The findings were that the average value of Lead at Laem Chabang
Temple at Layer 1 was equivalent to 89.05 ppm.; Layer 2 was equivalent to 90.57
ppm.; Layer 3 was equivalent to 91.74 ppm.; Layer 4 was equivalent to 116.58 ppm.;
Layer 5 was equivalent to 93.43 ppm.; Layer 6 was equivalent to 86.06 ppm. Layer 7
was equivalent to 73.75 ppm.; Layer 8 was equivalent to 92.17 ppm.

The research result found that average value of Lead at Community
Development College at Layer 1 was equivalent to 40.7 ppm.; Layer 2 was equivalent
to 55.59 ppm.; Layer 3 was equivalent to 38.95 ppm.; Layer 4 was equivalent to 41.07
ppm.; Layer Swas equivalent to 31.06 ppm.; Layer 6 was equivalent to 45.05 ppm.
Layer 7 was equivalent to 36.37 ppm.; Layer 8 was equivalent to 36.23 ppm.

The findings were that the average value of Lead at Na Klue Pier at Layer
1 was equivalent to 79.96 ppm.; Layer 2 was equivalent to 70.78 ppm.; Layer 3 was
equivalent to 102.21 ppm.; Layer 4 was equivalent to 65.11 ppm.; Layer 5 was
equivalent to 70.45 ppm.; Layer 6 was equivalent to 64.97 ppm. Layer 7 was
equivalent to 77.15 ppm.; Layer 8 was equivalent to 65.75 ppm.

The research result found that average value of Lead at Bang Lamung at
Layer 1 was equivalent to 19.91 ppm.; Layer 2 was equivalent to 24.67 ppm.; Layer 3
was equivalent to 32.59 ppm.; Layer 4 was equivalent to 27.17 ppm.; Layer 5 was
equivalent to 50.62 ppm.; Layer 6 was equivalent to 28.68 ppm. Layer 7 was
equivalent to 28.56 ppm.; Layer 8 was equivalent to 32.61 ppm.
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Result Analysis of Zinc of each Location at Bang Lamung Bay by Soil

Profile

Table 4-3 Average Value and Average SD of Zinc (ppm.)

Laem
Community
Chabang Bang
Soil Layer Development Na Klue Pier
Temple Lamung
College
Iem.-3cm. (8) 391.56+9.79  289.40+25.88  397.73 £19.77 129.91+107.92
3em.-6cm. (7)  419.61+19.37 293.58 £49.28  415.65+17.33 100.60 = 74.25
6cm. —9cm. (6) 415.75+£19.16 267.12+17.77  488.57 £14.65 119.90 +93.42

9cm.-12cm. (5)
12cm.-15cm.(4)
15cm.-18cm.(3)
18cm.-28cm.(2)
28cm.-38cm.(1)

379.54 + 4.81
441.96+10.36
385.60 +4.01
477.53+£19.46
481.37+£23.92

198.06 + 29.56
198.13 +£51.03
218.19 +31.69
167.84 = 19.90

438.33 £ 102.44

113.25 £11.18
159.78 £ 1.04
163.57 +2.47
177.40 £16.27
427.57 £21.49

113.07 + 66.86
78.76 +47.30
70.80 £ 24.38
90.1 £45.08
57.6 £137.09
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The findings were that the average value of Zinc at Laem Chabang Temple
at soil Layer 1 was equivalent to 481.37 ppm.; Layer 2 was equivalent to 477.53 ppm.;
Layer 3 was equivalent to 385.6 ppm.; Layer 4 was equivalent to 441.96 ppm.; Layer
5 was equivalent to 379.54 ppm.; Layer 6 was equivalent to 415.75 ppm. Layer 7 was
equivalent to 419.61 ppm.; Layer 8 was equivalent to 391.56 ppm.

The research result found that average value of Zinc at Community
Development College at Layer 1 was equivalent to 438.33 ppm.; Layer 2 was
equivalent to 167.84 ppm.; Layer 3 was equivalent to 218.19 ppm.; Layer 4 was
equivalent to 198.13 ppm.; Layer 5 was equivalent to 198.06 ppm.; Layer 6 was
equivalent to 267.12 ppm. Layer 7 was equivalent to 293.58 ppm.; Layer 8 was
equivalent to 289.4 ppm.

The research result found that average value of Zinc at Na Klue at Layer 1
was equivalent to 427.57 ppm.; Layer 2 was equivalent to 177.4 ppm.; Layer 3 was
equivalent to 163.57 ppm.; Layer 4 was equivalent to 159.78 ppm.; Layer 5 was
equivalent to 113.25 ppm.; Layer 6 was equivalent to 488.57 ppm. Layer 7 was
equivalent to 415.65 ppm.; Layer 8 was equivalent to 397.73 ppm.

The research result found that average value of Zinc at Bang Lamung at
Layer 1 was equivalent to 57.6 ppm.; Layer 2 was equivalent to 90.1 ppm.; Layer 3
was equivalent to 70.8 ppm.; Layer 4 was equivalent to 78.76 ppm.; Layer 5 was
equivalent to 113.07 ppm.; Layer 6 was equivalent to 119.9 ppm. Layer 7 was
equivalent to 100.6 ppm.; Layer 8 was equivalent to 129.91 ppm.

4.1.4 Cadmium (Cd)

According to the research result on average value of Cadmium at Laem
Chabang Temple, Community Development College , Na Klue Pier and Bang Lamung
none of Cadmium were found in Layer 1, Layer 2, Layer 3, Layer 4, Layer 5, Layer 6,
Layer 7 and Layer 8. As the detected Cadmium was lower than Detection Limit 0.02
mg./l. by Atomic Absorption Spectophotometer.
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4.2 Total Heavy Metal Content at Bang Lamung Bay

Average heavy metal content at Bay by 4 locations were previously
distributed in Table 4.1, Table 4.2 and Table 4.3 to investigate the heavy metal
quantity in soil profile. This item was shown total heavy metal content at Bang
Lamung Bay in Table 4.5 to present the heavy metal content at Bang Lamung Bay in

soil profile. The findings of Copper, Lead and Zinc were as following:

Table 4-4 Average Value and Average SD of Copper, Lead and Zinc at Bang Lamung

Bay (ppm.)

Soil Layer Copper Lead Zinc
lem.-3cm.  (8) 63.15 + 44.60 58.05 +26.10 288.94 + 125.93
3em.-6cm.  (7) 89.61 +49.06 53.80 +23.86 300.84 + 151.70
6cm. -9cm. (6) 97.50 + 63.98 53.43 +23.33 326.55+ 157.39
9cm.-12cm. (5) 89.83 +52.93 58.45 +27.02 206.28 = 114.99
12cm.-15cm. (4) 91.28 +47.31 59.77 +35.93 208.82 + 144.45
15cm.-18cm. (3) 78.94 + 54.70 68.32 +32.47 212.21 +127.48
18cm.-28cm. (2) 84.28 +53.97 63.30 +£25.69 242.41 + 159.57
28cm.-38cm. (1) 93.66 + 66.74 55.29 +29.36 351.22 +£183.47
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According to the study of average value of Copper at Bang Lamung Bay, it
was found as follows: The average value in Layer 1 was equally 93.66 ppm.; the
average value in Layer 2 was equally 84.28 ppm.; the average value in Layer 3 was
equally 78.94 ppm.; the average value in Layer 4 was equally 91.28 ppm.; the average
value in Layer 5 was equally 89.83 ppm.; the average value in Layer 6 was equally
97.5 ppm.; the average value in Layer 7 was equally 89.61 ppm.; the average value in
Layer 8 was equally 63.15 ppm.

According to the study of average value of Lead at Bang Lamung Bay, it
was found that the average value in Layer 1 was equally 55.29 ppm.; the average value
in Layer 2 was equally 63.3 ppm.; the average value in Layer 3 was equally 68.32
ppm.; the average value in Layer 4 was equally 59.77 ppm.; the average value in Layer
5 was equally 58.45 ppm.; the average value in Layer 6 was equally 53.43 ppm.; the
average value in Layer 7 was equally 53.8 ppm.; the average value in Layer 8 was
equally 58.05 ppm.

According to the study of average value of Zinc at Bang Lamung Bay, it
was found that the average value in Layer 1 was equally 351.22 ppm.; the average
value in Layer 2 was equally 242.41 ppm.; the average value in Layer 3 was equally
212.21 ppm.; the average value in Layer 4 was equally 208.82 ppm.; the average value
in Layer 5 was equally 206.28 ppm.; the average value in Layer 6 was equally 326.55
ppm.; the average value in Layer 7 was equally 300.84 ppm.; the average value in

Layer 8 was equally 288.94 ppm.



Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Appro. Techn. for Resou. and Env. Dev.) / 55

4.3 Heavy Metal Quantity in each Location at Bang Lamung Bay
without Separation by Soil Profile

Heavy metal quantity in each location at Bang Lamung Bay without
separation by soil profile presented the total heavy metal of each location without
separation by soil profile at Bang Lamung Bay: Northern Bang Lamung Bay(Station
I: Laem Chabang Temple); Central Bang Lamung Bay (Station 2: Community
Development College and Station 3: Na Klue Pier); Lower Bang Lamung Bay (Station
4: Bang Lamung). The findings of Copper, Lead and Zinc were as following:

Table 4-5 Average Value and SD of Heavy Metal of each Location at Bang Lamung

Bay. (ppm.)
Location Copper Lead Zinc
Laem Chabang Temple 121.50 £ 13.97 91.65+18.11 424.77+41.44

Community Development College  99.56 £61.60  40.44 £6.97 260.82 + 96.57
Na Klue Pier 106.19 £22.09 74.39+11.95 304.99 £145.69

Bang Lamung 11.79£10.85  30.73+9.11  95.26 + 64.70
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Figure 4-5 Average Value and SD of Heavy Metal of each Location at Bang Lamung Bay.

The study result found that the average value of Copper at Laem Chabang
Temple was equally 121.5 ppm., at Community Development College was equally
99.56 ppm., at Na Klue Pier was equally 106.19 ppm. and Bang Lamung was equally
11.79 ppm.

The study result found that the average value of Lead at Laem Chabang
Temple was equally 91.65 ppm., at Community Development College was equally
40.44 ppm., at Na Klue Pier was equally 74.39 ppm. and Bang Lamung was equally
30.73 ppm.

The study result found that the average value of Zinc at Laem Chabang
Temple was equally 424.77 ppm., at Community Development College was equally
260.82 ppm., at Na Klue Pier was equally 304.99 ppm. and Bang Lamung was equally
95.26 ppm.
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4.4 Data Processing of Heavy Metal by SPSS

From the result analysis of heavy metal quantity in each location at Bang
Lamung Bay by soil profile, total heavy metal quantity and heavy metal quantity in
each location at Bang Lamung Bay without separation by soil profile, the data was
processed by SPSS; the data analysis of variance was conducted by One Way
ANOVA and Two Way ANOVA,; difference test of the average values of heavy metal
distribution of each preceding factors. The data of heavy metal quantity at
Bang Lamung Bay (Table 4.4) and heavy metal quantity in each location at Bang
Lamung Bay without separation by soil profile (Table 4.5) were analyzed by Two
Way ANOVA technique to investigate distribution of heavy metal based on each

factor as following:
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Table 4-6 The Analytical Result of Two Way ANOVA of the Average Values of

Copper, Lead and Zinc at Bang Lamung Bay. (ppm.)

Soil Layer Copper Lead Zinc
lem.-3cm. (8) 63.15+44.60 58.05 +26.10 288.94 £ 125.93
3cm.-6¢cm. (7) 89.61 +49.06 53.80 +23.86 300.84 + 151.70

6cm. —9cm. (6) 97.50 + 63.98 53.43 £23.33 326.55 +157.39
9cm.-12cm. (5) 89.83 £52.93 58.45+27.02 206.28 £ 114.99
12cm.-15cm. (4) 91.28 +47.31 59.77 + 35.93 208.82 + 144.45
15cm.-18cm. (3) 78.94 + 54.70 68.32 £32.47 212.21 £127.48
18cm.-28cm. (2) 84.28 +53.97 63.30 + 25.69 242.41 £159.57
28cm.-38cm. (1) 93.66 + 66.74 55.29 +29.36 351.22 + 183.47
Significant 358N 247N 7938

Remark : NS means none significant shown at 0.01significant level.

According to the analytical result of the total average values of Copper,

Lead and Zinc at Bang Lamung Bay (Table 4.6) of which the variance analysis was

conducted by Two Way ANOVA, the sediment layers showed none of all 8 soil layers

of Copper, Lead and Zinc at Bang Lamung Bay were significantly different at 0.01

significant level.



Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Appro. Techn. for Resou. and Env. Dev.) / 59

Table 4-7 The Analytical Result of Two Way ANOVA of the Average Values of
Copper, Lead and Zinc of each Location at Bang Lamung Bay (ppm.)

Location Copper Lead Zinc

Laem Chabang Temple 121.50 £ 13.97 91.65+18.11 42477 +41.44

Community Development College 99 56+ 61.60  40.44+6.97  260.82 + 96.57

Na Klue Pier 106.19+£22.09 7439+11.95 304.99 + 145.69
Bang Lamung 11.79 £ 10.85 30.73 £9.11 95.26 £ 64.70
Significant .000° .000° .000°

Remark : S means there was significantly different shown at 0.01significant level.

According to the analytical result of the total average values of each
location at Bang Lamung Bay (Table 4.7) of which the variance analysis conducted by
Two Way ANOVA, the layer sediment showed significantly different between
locations of Copper, Lead and Zinc at Laem Chabang Temple, Community
Development College, Na Klue Pier, and Bang Lamung at 0.01 significant level.

From the data processing of heavy metal quantity, the findings were that
total heavy metal (Table 4.6) displayed none different between sediment layers. While
considering the heavy metal of each location at Bang Lamung Bay without separation
by soil profile (Table 4.7), there were significantly different at 0.01 significant level.
So the data given must be processed by heavy metal analysis of each location at Bang
Lamung Bay by soil profile in order to investigate whether there were different
between two groups of data: heavy metal by soil profile in each location of designated
soil dept and the same level within the soil profile by location. Variance analysis of
difference among two groups was conducted by One-Way ANOVA with the technique
of Ducan’s new multiple range (DMRT) as following.
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The analytical result of heavy metal by soil dept of each location found
that Laem Chabang Temple is considering the statistical test, all 8 soil layers at Laem
Chabang Temple showed none significant at 0.05 significant level.

Community Development College is considering the statistical test, all 8
soil profiles at Pattana Chumchon College showed significant at 0.05 significant level.

Na Klue Pier is considering the statistical test, all 8 soil profiles at Na Klue
Pier showed significant at 0.05 significant level.

Bang Lamung is considering the statistical test, all 8 soil profiles at Bang

Lamung showed significant at 0.05 significant level.
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The analytical result of the average value of Lead from the same level

within the soil profile by location found that Layer 1 is considering the statistical test,

all 4 locations in Soil Layer 1 showed significantly different at 0.05 significant level.

Layer 2 is considering the statistical test, all 4 locations in Soil Layer 2

showed significantly different at 0.05 significant level.
Layer 3 is considering the statistical test,
showed significantly different at 0.05 significant level.
Layer 4 is considering the statistical test,
showed significantly different at 0.05 significant level.
Layer 5 is considering the statistical test,
showed significantly different at 0.05 significant level.
Layer 6 is considering the statistical test,
showed significantly different at 0.05 significant level.
Layer 7 is considering the statistical test,
showed significantly different at 0.05 significant level.
Layer 8 is considering the statistical test,

showed significantly different at 0.05 significant level.

all 4 locations

all 4 locations

all 4 locations

all 4 locations

all 4 locations

all 4 locations

in Soil Layer 3

in Soil Layer 4

in Soil Layer 5

in Soil Layer 6

in Soil Layer 7

in Soil Layer 8
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The analytical result of Copper by soil depth of each location found Laem
Chabang Temple is considering the statistical test, all 8 soil profiles of Laem Chabang
Temple showed significantly different at 0.05 significant level.

Community Development College is considering the statistical test, all 8
soil profiles of Community Development College showed none significant at 0.05
significant level.

Na Klue Pier is considering the statistical test, all 8 soil profiles of Na
Klue Pier showed none significant at 0.05 significant level.

Bang Laumng is considering the statistical test, all 8 soil profiles of Bang

Laumng showed none significant at 0.05 significant level.
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The analytical result of comparative average value of Copper from the
same level within the soil profile by location found that Layer 1 is considering the
statistical test, all 4 locations in Soil Layer 1 showed none significant at 0.05
significant level. Layer 2 is considering the statistical test, all 4 locations in Soil Layer
2 showed significantly different at 0.05 significant level.

Layer 3 is considering the statistical test, all 4 locations in Soil Layer 3
showed significantly different at 0.05 significant level.

Layer 4 is considering the statistical test, all 4 locations in Soil Layer 4
showed significantly different at 0.05 significant level.

Layer 5 is considering the statistical test, all 4 locations in Soil Layer 5
showed significantly different at 0.05 significant level.

Layer 6 is Considering the statistical test, all 4 locations in Soil Layer 6
showed none significant at 0.05 significant level.

Layer 7 is considering the statistical test, all 4 locations in Soil Layer 7
showed significantly different at 0.05 significant level.

Layer 8 is considering the statistical test, all 4 locations in Soil Layer 8

showed significantly different at 0.05 significant level.
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The analytical result of Zinc by soil depth of each location found that
:Laem Chabang Temple is considering the statistical test, all 8 soil layers of Laem
Chabang Temple showed significantly different at 0.05 significant level.

Community Development College is considering the statistical test, all 8
soil layers of Community Development College showed significantly different at 0.05
significant level.

Na Klue Pier is considering the statistical test, all 8 soil layers of Na Klue
Pier showed significantly different at 0.05 significant level.

Bang Lamung is considering the statistical test, all 8 soil layers of Bang

Lamung showed none significant at 0.05 significant level.
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The analytical result of the comparative average value of Zinc by soil
depth from the same level within the soil profile by location found that Laem Chabang
Temple is considering the statistical test, all 4 locations in Soil Layer 1 showed
showed significantly different at 0.05 significant level.

Layer 2 is considering the statistical test, the Soil Layer 2 of all 4 locations
showed significantly different at 0.05 significant level.

Layer 3 is considering the statistical test, the Soil Layer 3 of all 4 locations
showed significantly different at 0.05 significant level.

Layer 4 is considering the statistical test, the Soil Layer 4 of all 4 locations
showed significantly different at 0.05 significant level.

Layer 5 is considering the statistical test, the Soil Layer 5 of all 4 locations
showed significantly different at 0.05 significant level.

Layer 6 is considering the statistical test, the Soil Layer 6 of all 4 locations
showed significantly different at 0.05 significant level.

Layer 7 is considering the statistical test, the Soil Layer 7 of all 4 locations
showed significantly different at 0.05 significant level.

Layer 8 is considering the statistical test, the Soil Layer 8 of all 4 locations

showed significantly different at 0.05 significant level.
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CHAPTER V
CONCLUSION AND DISCUSSION

This chapter discusses heavy metal accumulation in sea sediments of
Eastern Seaboard of Thailand, To indicate the efficiency of environmental technology

measures of area : case study of Bang Lamung Bay is also included in this study.

5.1 Estimation of Accumulation Rates of Sediments at Bang Lamung

Bay

The result of study (1) revealed that accumulation rates of sediments at
Bang Laem Chabang Area (Lamung Bay) was 0.57 cm./y. Thus, ages of sediments can
be estimated by applying accumulation rates of sediments follows.

Prior to the construction of the Eastern Seaboard, the first, second and
third layers of sediments were deposited during 1952-1962, 1963-1973, and 1974-
1979 respectively.

During 1980-1985 and 1986-1991, the fourth and fifth layers of sediments
were identified, which were the survey and construction phases, respectively.

During 1992-1997, 1998-2003, 2004-2009, the sixth, seventh and eighth
layers of sediments took place, which was the duration when the Eastern Seaboard

project was completed.
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5.2 Relationship between Heavy Metal Contents in Sediments at
Bang Lamung Bay and the Laem Chabang Industrial Estate

Development Project

When heavy metal contents in sediments were compared, it was found that
the Eastern Seaboard implementation plan was established in early 1981, and in-depth
development plans, including the physical development plan, were assigned to
relevant agencies during 1981-1982. The construction was, then, initiated in October
1988. It can be said that heavy metal contents of sediments at Bang Lamung Bay were
accumulated during 1952-2009.

The above data showed that during 1952-1979, when the first, second and
third layers of sediments were accumulated, the concentration rates of lead and copper
were low and zinc contamination were observed in the sediments because the Eastern
Seaboard Project was not initiated yet. These data were employed as a baseline to
compare heavy metal contents during the construction period and at present in order to
determine the trend of heavy metal contents at different times. In review of the most
record period data of the heavy metal accumulation, the result accords to those in
1977 (18) which, the Tyne Estuary, the Tees Estuary, and the Humber Estuary of
British Isles that were close to the borderline of Scotland were developed into
industrial estates. As a result, 11 types of heavy metals (cadmium, chromium, cobalt,
copper, lead, manganese, mercury, nickel, silver, vanadium, and zinc) were detected in
the area. Later, factories in the area were investigated to identify whether pollution
emitted in the area could be the indicator of heavy metal contamination in sediments.
The finding shows that this industrial zone was the key indicator of heavy metal
contamination in sediments.

During 1980-1991, when the fourth and fifth layers of sediments were
accumulated and the Eastern Seaboard was developed, a high level of copper was
found in sediments whilst the concentration rates of lead and zinc were found
decreasing. During this period of time, there were many factors contributing to
increased levels of heavy metals in sediments at Laem Chabang Industrial Estate
Development Project including growing communities, tourist attractions and improved

transportation systems. Past research (19) yielded similar results showing that in 1989,
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heavy metal contents in sediments in Java Sea, the Netherlands, continuously
increased, especially at Estuaries and in the brackish water environment, where
contents of heavy metals, namely copper and zinc, were found especially high.

During 1992-1997, when the sixth layer of sediments was collected,
contamination levels of copper and zinc increased while the contamination level of
lead was found decreasing due to the completion of the Laem Chabang Industrial
Estate Project. This finding is consistent with that of Deely & Fergusson (20) who
reported detection of heavy metals such as copper, lead and zinc at the Estuary of
South Island, New Zealand, since 1850. It can be concluded from the evaluation data
concerning heavy metal contents of sediments along rivers and at Estuaries that human
activities are the main determinants of increased amounts of heavy metals.

During 1998-2003, when the seventh layer of sediments was accumulated,
and the Laem Chabang Industrial Estate Project was completed with fully industrial
activity operation, copper and zinc contents were found slightly higher whilst the lead
content decreased. This is not in compliance with the research (21) result of Esslemont
(1998) who studied heavy metal contents in the Great Barrier Reef Marine Park and
sediments on Magnetic Island and Orpheus Island of Queensland. This research found
that copper and zinc were highly contaminated in the Great Barrier Reef Marine Park
while the lead content was not so high. This outcome is similar to the study of
Magnetic Island and Orpheus Island.

During 2004-2009, when the eighth layer of sediments was accumulated,
and the construction project was started, it was found that copper and zinc contents
clearly decreased and, on the other hand, the lead content slightly increased. During
this time period, laws and environmental impact mitigation measures were issued to
regulate industrial activities. Moreover, people in affected areas became more aware
of their rights and duties related to environmental protection. This finding is consistent
with that of Harikumar and Nasir (22) studied contents of heavy metals, including
iron, manganese, nickel, copper, zinc, cadmium, lead, and mercury, in the Cochin
Estuary, southwest coast of India, which was engaged in moderately high industrial
activities. After investigation, it was found that heavy metal contents of upper layers
were slightly higher than deeper layers, and heavy metal contents of top layers over

the standard limit were detected. As a result, the biological system was severely
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impacted. Heavy metal contents were found increasing in the Pathalam industrial area.
This research aimed to identify severity and significance of environmental problems in

the Cochin Estuary, where there was a high level of heavy metal accumulation.

5.3 Study of Environmental Policies of Heavy Metal Content Control
Related to Development of the Laem Chabang Industrial Estate

Development Project

Based on the study on environmental measures and policy, both official
use in law enforcement and provisions concerning law enforcement such as the
Environment Act 1993, Environmental Impact Assessment (EIA) and Monitoring
were studied, it was found that marine control activities were insufficient in many
aspects providing unsustainable maritime activities that were inefficient tools for
protection of national maritime benefits (23).

According to analysis results consideration of significant different or non-
different of heavy metal contents at each sediment layer at Bang Lamung Bay, in
which each layer indicated different ages of sediments, and the study of the Laem
Chabang Industrial Estate Development Project, it can be concluded that from past to
present, the copper content of each sediment layer is slightly changed. A lower content
of lead was also detected while the zinc content was found increasing. Apparently,
environmental measures and policies can partially mitigate the environmental impact

of the Laem Chabang Industrial Estate Development Project on Bang Lamung Bay.

5.4 Conclusion

This study estimates period of sediments based on heavy metal
accumulation before and after the introduction of the Eastern Seaboard Project. During
1952-1979, accumulation levels of heavy metals were low because the Eastern
Seaboard Project was not in place yet. During 1980-1991, considerably high
concentrations of heavy metals were detected at Bang Lamung Bay because Eastern
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Seaboard Project had growing communities, populations, tourist attractions and
transportation system in the Laem Chabang Industrial Estate. During 1992-1997, when
the Laem Chabang Industrial Estate was fully industrial, copper and zinc contents
were found increasing while the lead content decreased. During 1998-2003, when the
Laem Chabang Industrial Estate construction was completed, copper and zinc contents
slightly increased whilst the lead content decreased. During 2004-2009, concentration
levels of copper, lead and zinc significantly decreased compared to other periods of
time.

Based on environmental measures and policies on heavy metal contents in
each location, it can be summarized that a small change in concentration of copper
contents was found during different periods. The level of lead in sediments decreased
as time passed. Consequently, environmental measures seem to partially control and
prevent the environmental impact on Bang Lamung Bay. Regarding effective
measures, detected heavy metal concentrations have been remarkably decreasing.
Moreover, the study would like to note that it the mentioned measures is quite good,
the gradually decrease of heavy metal had to perform from the bottom to top layer.
The evidence of this study still identify that the measures of area is sometime effective

and sometime is not effective.
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APPENDIX A

The data analysis of variance was conducted by Two Way ANOVA

The Analytical Result of Two Way ANOVA of the Average Values of Copper at
Bang Lamung Bay

Layer = B.C.2004 - B.C.2009
Descriptive Statistics (a)

N Minimum Maximum Mean Std. Deviation
Cu 13 2.69 120.41 63.1562 44.60356
Valid N (listwise) 13

Layer = B.C.1998 - B.C.2003

Descriptive Statistics (a)

N Minimum  Maximum Mean  Std. Deviation
Cu 13 3.77 135.36 89.6138 49.06074
Valid N (listwise) 13
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Layer = B.C.1992 - B.C.1997
Descriptive Statistics (a)

N Minimum Maximum Mean  Std. Deviation
Cu 15 5.68 259.65 97.5027 63.98826
Valid N (listwise) 15

Layer = B.C.1986 - B.C.1991
Descriptive Statistics (a)

N Minimum  Maximum Mean Std. Deviation

Cu 15 4.00 210.53 89.8367 52.93466
Valid N (listwise) 15

Layer = B.C.1980 - B.C.1985
Descriptive Statistics (a)

N Minimum Maximum Mean  Std. Deviation

Cu 15 4.90 145.09 91.2838 47.31947
Valid N (listwise) 15




Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Appro. Techn. for Resou. and Env. Dev.) / 83

Layer = B.C.1974 - B.C.1979

Descriptive Statistics (a)

N Minimum Maximum Mean Std. Deviation
Cu 14 5.66 200.61 78.9456 54.70697
Valid N (listwise) 14

Layer = B.C.1963 - B.C.1973
Descriptive Statistics (a)

N Minimum Maximum Mean Std. Deviation
Cu 16 5.27 185.46 84.2819 53.97650
Valid N (listwise) 16

Layer = B.C.1952- B.C.1962

Descriptive Statistics (a)

N Minimum Maximum Mean Std. Deviation
Cu 14 7.39 250.64 93.6657 66.74458
Valid N (listwise) 14
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The Analytical Result of Two Way ANOVA of the Average Values of Lead at
Bang Lamung Bay

Layer = B.C.2004 — B.C.2009

Descriptive Statistics (a)

N Minimum Maximum Mean  Std. Deviation

Pb 15 30.50 104.21 58.0597 26.10080
Valid N (listwise) 15

Layer = B.C.1998 — B.C.2003

Descriptive Statistics (a)

N Minimum Maximum Mean  Std. Deviation

Pb 14 25.29 89.52 53.8037 23.86193
Valid N (listwise) 14

Layer = B.C.1992 — B.C.1997

Descriptive Statistics (a)

N Minimum Maximum Mean Std. Deviation

Pb 14 21.35 106.32  53.4347 23.33214
Valid N (listwise) 14
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Layer = B.C.1986 — B.C.1991

Descriptive Statistics (a)

N Minimum Maximum Mean Std. Deviation
Pb 14 29.82 120.86 58.4586 27.02577
Valid N (listwise) 14

Layer = B.C.1980 — B.C.1985
Descriptive Statistics (a)

N Minimum Maximum Mean Std. Deviation
Pb 13 25.42 130.75 59.7726 35.93558
Valid N (listwise) 13

Layer = B.C.1974 - B.C.1979

Descriptive Statistics (a)

N Minimum Maximum Mean Std. Deviation
Pb 13 32.48 105.66 68.3273 32.47361
Valid N (listwise) 13
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Layer = B.C.1963 - B.C.1973

Descriptive Statistics (a)

N Minimum Maximum Mean Std. Deviation
Pb 14 22.58 111.42 63.3000 25.69159
Valid N (listwise) 14

Layer = B.C.1952 — B.C.1962
Descriptive Statistics (a)

N Minimum Maximum Mean Std. Deviation
Pb 15 18.87 100.28 55.2993 29.36451
Valid N (listwise) 15
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The Analytical Result of Two Way ANOVA of the Average Values of zinc at
Bang Lamung Bay

Layer = B.C.2004 — B.C.2009

Descriptive Statistics (a)

N Minimum Maximum  Mean Std. Deviation
Zn 14 39.55 415.30 288.9421 125.93660
Valid N (listwise) 14

Layer = B.C.1998 — B.C.2003

Descriptive Statistics (a)

N Minimum Maximum Mean  Std. Deviation
Zn 13 46.90 438.75 300.8462 151.70149
Valid N (listwise) 13

Layer = B.C.1992 — B.C.1997

Descriptive Statistics (a)

N Minimum Maximum Mean Std. Deviation
Zn 15 41.70 508.56 326.5520 157.39188
Valid N (listwise) 15
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Layer = B.C.1986 — B.C.1991

Descriptive Statistics (a)

N  Minimum Maximum Mean Std. Deviation
Zn 16 66.85 385.87 206.2850 114.99225
Valid N (listwise) 16

Layer = B.C.1980 — B.C.1985
Descriptive Statistics (a)

N Minimum Maximum Mean Std. Deviation
Zn 13 46.30 450.82 208.8223 144.45818
Valid N (listwise) 13

Layer = B.C.1974 - B.C.1979

Descriptive Statistics (a)

N Minimum Maximum Mean Std. Deviation
Zn 14 51.78 390.32 212.2100 127.48855
Valid N (listwise) 14




Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Appro. Techn. for Resou. and Env. Dev.) / 89

Layer = B.C.1963 - B.C.1973

Descriptive Statistics (a)

N Minimum Maximum Mean Std. Deviation
Zn 14 49.60 496.60 242.4157 159.57163
Valid N (listwise) 14

Layer = B.C.1952 — B.C.1962
Descriptive Statistics (a)

N Minimum Maximum Mean  Std. Deviation
Zn 16 30.77 589.03 351.2256 183.47759
Valid N (listwise) 16
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APPENDIX B

The Analytical Result of Two Way ANOVA of the Average Value of Heavy Metal

each Location at Bang Lamung Bay

The Analytical Result of Two Way ANOVA of the Average Values of copper each

Location at Bang Lamung Bay

Univariate Analysis of Variance

Between-Subjects Factors

Value Label N

Location 1 Laem Chabang Temple 30
2 Community Development College 29

3 Na-Klua Port 29

4 Bang Lamung 27

Layer 1 B.C.2004 - B.C.2009 13
2 B.C.1998 - B.C.2003 13

3 B.C.1992 - B.C.1997 15

4 B.C.1986 - B.C.1991 15

5 B.C.1980 - B.C.1985 15

6 B.C.1974 - B.C.1979 14

7 B.C.1963 - B.C.1973 16

8 B.C.1952- B.C.1962 14
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Tests of Between-Subjects Effects

Dependent Variable: Cu

Type 111 Sum of Mean

Source Squares df Square F Sig.
Corrected Model 220478.152(a) 31 7112.198 5279  .000
Intercept 803675.198 1 803675.198 596.479 .000
Location 196639.321 3 65546.440  48.648 .000
Layer 4976.867 7 710.981 528 811
Location * Layer 11740.847 21 559.088 415 .987
Error 111831.256 83 1347.365

Total 1189816.719 115

Corrected Total 332309.408 114

a R Squared = .663 (Adjusted R Squared = .538)

Descriptives

Location = Laem Chabang Temple

Descriptive Statistics (a)

N Minimum Maximum Mean Std. Deviation

Cu 30 90.73 145.09  121.5002 13.97968
Valid N (listwise) 30
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Location = Community Development College

Descriptive Statistics (a)

N Minimum Maximum Mean Std. Deviation

Cu 29 41.73 259.65  99.5697 61.60184
Valid N (listwise) 29

Location = Na-Klua Port

Descriptive Statistics (a)

N Minimum Maximum Mean Std. Deviation

Cu 29 54.23 155.58 106.1917 22.09945
Valid N (listwise) 29

Location = Bang Lamung

Descriptive Statistics (a)

N Minimum Maximum Mean

Std. Deviation
Cu 27

2.69 36.92 11.7904 10.85778

Valid N (listwise) 27
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The Analytical Result of Two Way ANOVA of the Average Values of lead each

Location at Bang Lamung Bay

Univariate Analysis of Variance

Between-Subjects Factors

Value Label N

Location 1 Laem Chabang Temple 27
2 Community Development College 27

3 Na-Klua Port 28

4 Banglamung 30

Layer 1  B.C.2004 - B.C.2009 15
2 B.C.1998 - B.C.2003 14

3 B.C.1992-B.C.1997 14

4 B.C.1986 — B.C.1991 14

5 B.C.1980-B.C.1985 13

6 B.C.1974-B.C.1979 13

7 B.C.1963 - B.C.1973 14

8 B.C.1952-B.C.1962 15
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Tests of Between-Subjects Effects

Dependent Variable: Pb

Type 111 Sum Mean
Source of Squares df Square F Sig.
Corrected Model 78533.974(a) 31 2533.354 32.681 .000
Intercept 386663.581 1. 386663.581 4988.060 .000
Location 67649.833 3 22549.944  290.900 .000
Layer 1523.534 7 217.648 2.808 011
Location * Layer 8593.970 21 409.237 5.279 .000
Error 6201.426 80 77.518
Total 470328.959 i
Corrected Total 84735.400 111

a R Squared = .927 (Adjusted R Squared = .898)

Descriptives

Location = Laem Chabang Temple

Descriptive Statistics (a)

N  Minimum Maximum Mean  Std. Deviation
Pb 27 57.24 130.75 91.6542 18.11139
Valid N (listwise) 27
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Location = Community Development College

Descriptive Statistics (a)

N Minimum Maximum

Mean Std. Deviation
Pb 27

29.82 56.28 40.4452 6.97787

Valid N (listwise) 27

Location = Na-Klua Port

Descriptive Statistics (a)

N Minimum Maximum Mean  Std. Deviation

Pb 28 58.76 105.66 74.3900 11.95545
Valid N (listwise) 28

Location = Bang Lamung

Descriptive Statistics (a)

N Minimum Maximum

Mean  Std. Deviation
Pb 30

18.87 52.00 30.7346 9.11230

Valid N (listwise) 30
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The Analytical Result of Two Way ANOVA of the Average Values of zinc each

Location at Laem Chabang Bay

Univariate Analysis of Variance

Between-Subjects Factors

Value Label N

Location 1 Laem Chabang Temple 29
2 Community

Development College o

3 Na-Klua Port 28

4 Bang Lamung 31

Layer 1 B.C.2004 - B.C.2009 14

2 B.C.1998 — B.C.2003 13

3 B.C.1992 - B.C.1997 15

4 B.C.1986 — B.C.1991 16

5 B.C.1980 — B.C.1985 13

6 B.C.1974 - B.C.1979 14

7 B.C.1963 - B.C.1973 14

8 B.C.1952 - B.C.1962 16
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Tests of Between-Subjects Effects

Dependent Variable: Zn

Type 111 Sum Mean
Source of Squares df Square F Sig.
Corrected Model ~ 2500965.265(a) 31 80676.299  40.378 .000
Intercept 7979485.190 1 7979485.190 3993.695 .000
Location 1629143.049 3 543047.683 271.793 .000
Layer 357763.601 7 51109.086  25.580 .000
Location * Layer 477712.498 21 22748.214  11.385 .000
Error 165835.720 83 1998.021
Total 10944843.331 115
Corrected Total 2666800.985 114

a R Squared = .938 (Adjusted R Squared = .915)

Descriptives

Location = Laem Chabang Temple

Descriptive Statistics (a)

N Minimum Maximum Mean Std. Deviation

Zn 29 375.21 508.35 424.7783 41.44797
Valid N (listwise) 29
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Location = Community Development College
Descriptive Statistics (a)

N Minimum Maximum Mean Std. Deviation
27 146.73 589.03 260.8274 96.57835

Zn
Valid N (listwise) 27

Location = Na-Klua Port
Descriptive Statistics (a)

N Minimum Maximum Mean Std. Deviation
Zn 28 100.38 508.56 304.9961 145.69573

Valid N (listwise) 28

Location = Bang Lamung
Descriptive Statistics (a)

N Minimum Maximum Mean  Std. Deviation
30.77 286.47 95.2674 64.70762

Zn 31
Valid N (listwise) 31
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APPENDIX C

The data analysis of variance analysis of difference among two groups was
conducted by One-Way ANOVA with the technique of Ducan’s new
multiple range (DMRT)

The Analytical Result of One Way ANOVA with the technique of Ducan’s new
multiple range (DMRT) of copper at Leam Chabang Temple

Duncan

Layer N Subset for alpha = .05
1 2 3 4 1

B.C.1974 - B.C.1979 4 96.5370
B.C.2004 - B.C.2009 3 113.4033
B.C.1952- B.C.1962 3 113.6000
B.C.1963 - B.C.1973 4 120.9375 120.9375
B.C.1986 - B.C.1991 4 121.3750 121.3750
B.C.1998 - B.C.2003 4 129.1050 129.1050
B.C.1992 - B.C.1997 4 135.4325
B.C.1980 - B.C.1985 4 137.6118
Sig. 1.000 101 .083 072

Means for groups in homogeneous subsets are displayed.
a Uses Harmonic Mean Sample Size = 3.692.
b The group sizes are unequal. The harmonic mean of the group sizes is used. Type |

error levels are not guaranteed.
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The Analytical Result of One Way ANOVA with the technique of Ducan’s new
multiple range (DMRT) of copper at Community Development College

Duncan

Layer N Subset for alpha = .05
1 1
B.C.2004 - B.C.2009 3 66.9867
B.C.1980 - B.C.1985 4 81.9550
B.C.1963 - B.C.1973 4 93.0725
B.C.1986 — B.C.1991 4 101.7275
B.C.1998 - B.C.2003 3 104.6067
B.C.1952 - B.C.1962 4 108.6275
B.C.1992 - B.C.1997 4 115.9825
B.C.1974 - B.C.1979 3 122.4267
Sig. 357

Means for groups in homogeneous subsets are displayed.
a Uses Harmonic Mean Sample Size = 3.556.
b The group sizes are unequal. The harmonic mean of the group sizes is used. Type |

error levels are not guaranteed.
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Layer N Subset for alpha = .05
4 2 1

B.C.2004 — B.C.2009 3 83.4000
B.C.1998 — B.C.2003 3 98.6633 98.6633
B.C.1992 — B.C.1997 4 101.7900  101.7900
B.C.1986 — B.C.1991 4 102.5625 102.5625
B.C.1974 - B.C.1979 3 106.3833  106.3833
B.C.1963 - B.C.1973 4 109.7725  109.7725
B.C.1980 — B.C.1985 4 111.4075 111.4075
B.C.1952 - B.C.1962 4 128.0225
Sig. 143 125

Means for groups in homogeneous subsets are displayed.

a Uses Harmonic Mean Sample Size = 3.556.

b The group sizes are unequal. The harmonic mean of the group sizes is used. Type |

error levels are not guaranteed.
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The Analytical Result of One Way ANOVA with the technique of Ducan’s new
multiple range (DMRT) of copper at Bang Lamung

Duncan

N Subset for alpha = .05
Layer 1 1

B.C.2004 — B.C.2009 4 7.4150
B.C.1952 — B.C.1962 3 7.9733
B.C.1974 - B.C.1979 4 8.1650
B.C.1998 — B.C.2003 3 12.9167
B.C.1963 - B.C.1973 4 13.3450
B.C.1986 — B.C.1991 3 14.9633
B.C.1980 — B.C.1985 3 15.1200
B.C.1992 — B.C.1997 3 16.5733
Sig. 400

Means for groups in homogeneous subsets are displayed.
a Uses Harmonic Mean Sample Size = 3.310.
b The group sizes are unequal. The harmonic mean of the group sizes is used. Type |

error levels are not guaranteed.
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The Analytical Result of One Way ANOVA with the technique of Ducan’s new
multiple range (DMRT) of lead at Leam Chabang Temple

Duncan

Layer N Subset for alpha = .05
| 2 1

B.C.1998 — B.C.2003 3 73.7543
B.C.1992 — B.C.1997 3 86.0687 86.0687
B.C.1952 — B.C.1962 3 89.0567 89.0567
B.C.1963 - B.C.1973 4 90.5700 90.5700
B.C.1974 - B.C.1979 4 91.7412 91.7412
B.C.2004 — B.C.2009 4 92.1787 92.1787
B.C.1986 — B.C.1991 3 93.4333 93.4333
B.C.1980 - B.C.1985 3 116.5883
Sig. 208 .057

Means for groups in homogeneous subsets are displayed.
a Uses Harmonic Mean Sample Size = 3.310.
b The group sizes are unequal. The harmonic mean of the group sizes is used. Type |

error levels are not guaranteed.
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The Analytical Result of One Way ANOVA with the technique of Ducan’s new
multiple range (DMRT) of lead at Community Development College

Duncan

Layer N Subset for alpha = .05
1 2 3 4 5 1

B.C.1986 — B.C.1991 4 31.0675
B.C.2004 - B.C.2009 3 36.2367
B.C.1998 — B.C.2003 3 36.3733
B.C.1974 - B.C.1979 3 38.9567
B.C.1952 - B.C.1962 4 40.7050
B.C.1980 - B.C.1985 3 41.0767
B.C.1992 — B.C.1997 4 45.0575
B.C.1963 - B.C.1973 3 55.5900
Sig. 1.000 .890 .053 1.000  1.000

Means for groups in homogeneous subsets are displayed.
a Uses Harmonic Mean Sample Size = 3.310.
b The group sizes are unequal. The harmonic mean of the group sizes is used. Type |

error levels are not guaranteed.
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The Analytical Result of One Way ANOVA with the technique of Ducan’s new
multiple range (DMRT) of lead at Na Klue Pier

Duncan

Layer N Subset for alpha = .05
1 2 3 4 1

B.C.1992 — B.C.1997 3 64.9767
B.C.1980 — B.C.1985 3 65.1133
B.C.2004 — B.C.2009 4 65.7575
B.C.1986 — B.C.1991 3 70.4567 70.4567
B.C.1963 - B.C.1973 4 70.7850 70.7850
B.C.1998 — B.C.2003 4 77.1550 77.1550
B.C.1952 - B.C.1962 4 79.9650
B.C.1974 - B.C.1979 3 102.2100
Sig. 170 .098 453 1.000

Means for groups in homogeneous subsets are displayed.
a Uses Harmonic Mean Sample Size = 3.429.
b The group sizes are unequal. The harmonic mean of the group sizes is used. Type |

error levels are not guaranteed.
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The Analytical Result of One Way ANOVA with the technique of Ducan’s new
multiple range (DMRT) of lead at Bang Lamung

Duncan

Layer N Subset for alpha = .05
1 2 3 4 1

B.C.1952 - B.C.1962 4 19.9100
B.C.1963 - B.C.1973 3 24.6700
B.C.1980 - B.C.1985 4 27.1773
B.C.1998 — B.C.2003 4 28.5623 28.5623
B.C.1992 - B.C.1997 4 28.6800 28.6800
B.C.1974 - B.C.1979 3 32.5967
B.C.2004 — B.C.2009 4 32.6100
B.C.1986 — B.C.1991 4 50.6200
Sig. 1.000 .056 .053 1.000

Means for groups in homogeneous subsets are displayed.
a Uses Harmonic Mean Sample Size = 3.692.
b The group sizes are unequal. The harmonic mean of the group sizes is used. Type |

error levels are not guaranteed.
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The Analytical Result of One Way ANOVA with the technique of Ducan’s new
multiple range (DMRT) of zinc at Leam Chabang temple.

Duncan
Layer N Subset for alpha = .05
1 2 3 4 5 1
B.C.1986 - B.C.1991 4  379.5400
B.C.1974-B.C.1979 4 385.6000
B.C.2004 -B.C.2009 3 391.5600 391.5600
B.C.1992 -B.C.1997 4 415.7525 415.7525
B.C.1998 - B.C.2003 3 419.6100 419.6100
B.C.1980 -B.C.1985 3 441.9600
B.C.1963 -B.C.1973 4 477.5325
B.C.1952 -B.C.1962 4 481.3700
Sig. .349 .054 748 073 .749

Means for groups in homogeneous subsets are displayed.
a Uses Harmonic Mean Sample Size = 3.556.
b The group sizes are unequal. The harmonic mean of the group sizes is used. Type |

error levels are not guaranteed.
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The Analytical Result of One Way ANOVA with the technique of Ducan’s new
multiple range (DMRT) of zinc at Community Development College

Duncan

N Subset for alpha = .05
Layer 1 2 3 4 1

B.C.1963 - B.C.1973 3 167.8400
B.C.1986 — B.C.1991 5 198.0640 198.0640
B.C.1980 — B.C.1985 3 198.1333  198.1333
B.C.1974 - B.C.1979 3 218.1967 218.1967 218.1967
B.C.1992 - B.C.1997 3 267.1233 267.1233
B.C.2004 - B.C.2009 4 289.4075 289.4075
B.C.1998 — B.C.2003 2 293.5800
B.C.1952 — B.C.1962 4 438.3375
Sig. .263 .052 .099 1.000

Means for groups in homogeneous subsets are displayed.
a Uses Harmonic Mean Sample Size = 3.158.
b The group sizes are unequal. The harmonic mean of the group sizes is used. Type |

error levels are not guaranteed.
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The Analytical Result of One Way ANOVA with the technique of Ducan’s new
multiple range (DMRT) of zinc at Na Klue Pier

Duncan

N Subset for alpha = .05

Layer 1 2 3 4 5) 1
B.C.1986 - B.C.1991 3 113.2567
B.C.1980-B.C.1985 3 159.7867
B.C.1974-B.C.1979 3 163.5733
B.C.1963-B.C.1973 4 177.4025
B.C.2004 - B.C.2009 3 397.7367
B.C.1998 - B.C.2003 4 415.6525 415.6525
B.C.1952 -B.C.1962 4 427.5775
B.C.1992 -B.C.1997 4 488.5750
Sig. 1.000 173 145 324 1.000

Means for groups in homogeneous subsets are displayed.
a Uses Harmonic Mean Sample Size = 3.429.
b The group sizes are unequal. The harmonic mean of the group sizes is used. Type |

error levels are not guaranteed.
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The Analytical Result of One Way ANOVA with the technique of Ducan’s new
multiple range (DMRT) of zinc at Bang Lamung

Duncan

Layer N Subset for alpha = .05
1 1

B.C.1952 - B.C.1962 4 57.6175
B.C.1974 - B.C.1979 4 70.8075
B.C.1980 — B.C.1985 4 78.7625
B.C.1963 - B.C.1973 3 90.1867
B.C.1998 — B.C.2003 4 100.6000
B.C.1986 — B.C.1991 4 113.0775
B.C.1992 — B.C.1997 4 119.9000
B.C.2004 — B.C.2009 4 129.9175
Sig. 216

Means for groups in homogeneous subsets are displayed.
a Uses Harmonic Mean Sample Size = 3.840.
b The group sizes are unequal. The harmonic mean of the group sizes is used. Type |

error levels are not guaranteed.
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