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ABSTRACT

The relationship between air quality and ant distribution were examined over
the area surrounding Ratchaburi Power Plant (RBPP), Ratchaburi province. The ants
were collected in two seasons, the dry season (February to April 2003) and the wet
season (July to September 2003). By quadrat and direct sampling techniques, the
ground-dwelling ants and ants on trees were taken at 2, 4, 6, and 8 kilometers along
four transect lines - Northeast, Southeast, Southwest, and Northwest, which run
roughly from RBPP according to the annually monsoon direction.

Results of the study revealed that the total species of ants or species richness
within the area are 94 species. Considering along the transect lines, the species
richness fluctuated from 26 to 59 species. However, only 2 species were found at NE2
- 2 km from RBPP in Northeast direction. Between two seasons, the average total
number of species in the dry season were significantly lower than the wet season with
the values of 14.79 and 17.49 respectively (F=4.800, p=0.031). Among the nine
dominant species, Stepwise Multiple Regression analysis indicated that the increase of
Oj; concentration tends to decrease the species richness of ants within the study area
and the abundance of Plagiolepis sp.3 of AMK. In contrast, it tends to increase the
abundance of Monomorium floricola and Paratrechina longicornis. For SO, and NO,,
the increase of the concentration tends to decrease the abundance of Plagiolepis sp.3
of AMK and Paratrechina longicornis respectively. The regression analysis showed
the low values of 7 but high level of confidence of which most of the p values are less
than 0.01. In addition, Canonical Correspondence Analysis (CCA) also showed a
similar relationship between the ants and air pollutants - SO, and NO,. In conclusion,
the species richness and the abundance of Monomorium floricola, Paratrechina
longicornis, and Plagiolepis sp.3 of AMK seem to show the preliminary potential to be

an air pollution bioindicator.

KEY WORDS : AIR QUALITY / AIR POLLUTION / ANT DISTRIBUTION
BIOINDICATOR / RATCHABURI POWER PLANT
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CHAPTER 1
INTRODUCTION

1.1 Rationale and Justification

The ambient air quality monitoring in the year 2002 showed that air quality in
Bangkok Metropolitan area and major cities are below the standards, especially
concentration of ozone (Osz) and particulate matters smaller than 10 micrometers
(PMjo) (Pollution Control Department, 2003b). Air pollution problem is occurred
from natural and anthropogenic sources. Comparing to natural sources, air pollutants
emitted from human activities are more significant. For example, the concentration of
sulfur nearby industrial areas could be higher than that emitted from natural sources
five to twenty times (Limpaseni er al, 1995). For anthropogenic sources of air
pollution, they can be divided into two types, which are non-point source such as
mobile vehicles, etc., and point source such as industrial plants, and electricity power

plant, etc.

Ratchaburi Power Plant (RBPP) is located in Ratchaburi province, middle part
of Thailand. RBPP has operated since the year 2000 with the highest electricity
generating in Thailand. It consists of the thermal and the combined cycle units, which
use the natural gas as a major fuel. In addition, the heavy oil and diesel oil are used as
minor fuels respectively. For the combustion of natural gas, an emission has less
concentration in air pollutants. But in case of the heavy oil and diesel oil, it would be
emitted higher concentration of air pollutants, particularly SO,. Thus, RBPP had
mitigated an air pollution problem by installing the Gas Desulfurization system (FGDs)
for reducing sulfur dioxide (SO,) and installing the low NOy burner for reducing
nitrogen oxides (NOy) concentration (Ratchaburi Electricity Generating Co., Ltd,

2003a).
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In order to monitor air quality, the high technology and advance instruments
had been used. But in the past three decades, living organisms were also applied as a
bioindicator. Lichens were used to indicate the heavily polluted areas. They were
intolerant to atmospheric pollution and rapidly die out in high-polluted areas.
In Epping forest, Northeast of London, for example, SO, was probably the main
pollutants for the decline of lichens (Ferry et al., 1973; Brimblecombe, 1996). Not
only lichens, but also ants were used as a bioindicator. Katayev et al. (1983) reported
that the number and size of ant hills, Formica rufa, reduced in heavily polluted areas.
In Poland, the study of Petal (1980) showed that both of the size of ant colonies,
Myrmica spp. and Lasius niger, and biomass of the ant workers reduced along
an industrial pollution gradient which mainly polluted by SO,. Moreover, in
Czechoslovakia, population of Formica spp. was observed decreasing in the forests

affected by atmospheric pollution (Stary and Kubiznakova, 1987).

As the studies mentioned above, ants would be useful indicator to monitor
effects of atmospheric pollution. Thus, this study will be concentrate on the
relationship of air quality and ant distribution surrounding Ratchaburi Power Plant.
The result of the study would reveal the potential of the ants as an air pollution
bioindicator. Ants may be used to monitor air quality cooperate with an advance
instruments or used instead of high technology instruments in the area lacking of the
budgets and the specialized operators. In addition, local people in the study area may
also use ants as a simple indicator to indicate the adverse effect that may occur from
RBPP. This would encourage the public participation in order to monitor and audit the

operation of the air pollution sources in their community.

1.2 Objectives

1.2.1 To identify the ant distribution patterns in Ratchaburi Power Plant and
the surrounding area within a radius of 8 kilometers.
1.2.2 To identify the relationship of air quality and ant distribution in

Ratchaburi Power Plant and the surrounding area within a radius of 8 kilometers.
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1.3 Scope of the Study

To examine the relationship of air quality and ant distribution, it consists of the
processes as follows.

1.3.1 For this study, RBPP was considered as a major point source of air
pollution in the study area. Ambient air quality data from four stations surrounding
RBPP were collected. The parameter included sulfur dioxide (SO;), nitrogen dioxide
(NO»), ozone (Os), Particulate Matters smaller than 10 micrometers (PM), and Total
Suspended Particulates (TSP). Ambient air quality monitoring stations comprise Ban
Don Mottanoi, Ban Bang Kado, Ban Khlong Khae, and Ban Chao Nuea station.

1.3.2 Meteorological data, which are temperature and relative humidity, were
collected from Ban Chao Nuea station.

1.3.3 Ambient air quality data from four stations in the same period of ant
sampling were interpolated in order to have the ambient air quality data cover the
whole study area.

1.3.4 For ant sampling, the ground-dwelling ants and ants on trees from three
places in RBPP and sixteen places from surrounding area within a radius of 8
kilometers in four transect lines, which included Northeast, Southeast, Southwest, and
Northwest were collected. For surrounding area, the ants were collected at 2, 4, 6, and
8 kilometers in each line transect. The sampling periods were divided into two seasons,
the dry season (February to April 2003) and the wet season (July to September 2003).

1.3.5 The relationship of air quality and ant characteristics in terms of species
richness and relative abundance was identified in order to evaluate the potential of the

ant as an air quality bioindicator.

1.4 Hypothesis of the Study

1.4.1 Air quality would be affected to the ant distribution.

1.4.2 In the area with higher of air pollution, both the species richness and

abundance of ants would be less than the area with lower of air pollution.
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1.5 Conceptual Framework

To identify the relationship of air quality and ant distribution surrounding
Ratchaburi Power Plant, independent variables are air quality, which consist of SO,
NO,, O3, PMyy, and TSP. Meanwhile, dependent variables are species richness and

relative abundance of ants.

The response of ants

to air quality

Air quality:

- Sulfur dioxide

- Nitrogen dioxide

- Ozone

- Particulate Matters smaller
than 10 micrometers

- Total Suspended Particulates

Introduction / 4

1.6 Expected Outcomes

1.6.1 Distribution pattern of ants in Ratchaburi Power Plant and the

4

Ants characteristics:

- Species richness

- Relative abundance

The relationship of air quality

and ant distribution

!

Potential of the ant

as an air quality bioindicator

Figure 1-1 Conceptual framework

surrounding area within a radius of 8 kilometers.

1.6.2 The relationship of air quality and ant distribution surrounding

Ratchaburi Power Plant.

1.6.3 Potential of the ant as an air quality bioindicator.
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CHAPTER 2
LITERATURE REVIEW

In the Chapter 2, literature review, the general information of ants, air
pollution, the general information of Ratchaburi Power Plant, and relevant researches

were reviewed and summarized as follows.

2.1 Ants

2.1.1 Description of Ants

The ants are classified in the order Hymenoptera, family Formicidae, which
includes the bees, wasps, sawflies, ichneumon flies, and similar forms (Holldobler and
Wilson, 1990). There are 16 subfamilies of ants, with 296 genera and approximately
more than 9,000 identified species (Bolton, 1994). Nevertheless, about 100 genera are
likely unrecognized, especially the tropic ants (Holldobler and Wilson, 1990). In
Thailand, 9 subfamilies of ants from totally 16 subfamilies throughout the world are

recorded (Wiwatwitaya and Chaitrong, 1999).

The ants are eusocial insects, form perennial colonies, with strong physical
differences separating the queen and workers castes. One nest of ants comprises male
and female (queen and workers) castes (Holldobler and Wilson, 1990). The body of
the ants is divided into four segments, which are head, alitrunk, petiole, and gaster
(Figure 2-1). Morphological features of ants are useful for taxonomic classification.
Ants have geniculate antenna, from nine to thirteen segments for male and four to
twelve segments for female. Second abdominal segment reduced, forming a node or

scale that called petiole (Bolton, 1994).
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Figure 2-1 Illustration of Pachycondyla castanea,

showing the general morphological features

Source: Holldobler and Wilson, 1990

2.1.2 Advantages of Ants on Environmental Monitoring

Ants have numerous advantages that make them ideal for biodiversity and
environmental monitoring studies. These advantages include high diversity, numerical
and biomass dominance in almost every habitat throughout the world, fairly good
taxonomic knowledge, ease of collection, stationary nesting habits that allow them to
be resample over time, sensitivity to environmental change. According to the habitats,
ants can be divided into two groups, which are arboreal ants (ants that live on tree) and
ground-dwelling ants. Ground-dwelling ant community is a good candidate for use in
biodiversity inventory and environmental monitoring program due to its relative

sensitivity, moderate diversity, and sensitivity to microclimate (Alonso and Agosti,
2000).
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2.1.3 Environmental Stress and Disturbance for Ants

Andersen (2000) concluded environmental stressors and disturbance for ants as

summarized follows.

1) Low Temperature

Usually, ants are thermophilic, hibernate in winter and avoid cold shade
(Kaspari, 2000). Thus, low temperature is a primary stress controlling patterns of
productivity and community structure of ants. From ant’s perspective, temperature is

regulates by climate and habitat structure (Andersen, 2000).

2) Nest Site Availability

The availability of nest sites is an importance influence on productivity and
community structure of ants. The range of types of nest sites varies with the structural
complexity of the habitat. For example, structurally complex habitats, such as lowland
tropical rainforests, provide nest sites (e.g., leaf litter, rotting logs, and epiphytes) that

are often not available in other habitats (Andersen, 2000).

3) Food Supply

The availability of food supply is an importance stressor for the species, which
have specialized foods. For most ants, however, food supply is not clearly influence
on their productivity compares with temperature and nest site availability (Andersen,

2000).

4) Microhabitat Structure and Resource Capture

The complexity structure of the foraging surface also influences on the ability

of ants such as, epigaeic ants to capture food resources. This factor has a major effect

on productivity and community structure of ants (Andersen, 2000).
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In addition, anthropogenic activities also directly affect to ants. Significant

factors that influence on diversity of ants are summarized as follows.

1) Land Use Changes

Changing of land use can be affect to biodiversity of ants. For agricultural
areas, agricultural practices such as heavy grazing, irrigation, drainage, fertilization,
insecticide and/or herbicide application, conventional tillage, ploughing, and reseeding
might reduce biodiversity and/or biomass and colony densities of ants. However, ants

seem to tolerate to agricultural practices and can be recover in the disturbed areas.

2) Pollution

Atmospheric pollution can also be affect to biodiversity of ants. Petal (1980)
reported that the reduction on size of Myrmica spp. and Lasius niger colonies and
biomass of the ant workers in Poland were caused by an industrial pollution. Similarly,
Katayev et al. (1983) also reported that the population of ant hills, Formica rufa was
also decreased in high polluted areas. Moreover, the study of Hoffman ez al. (2000)
and Andersen et al. (2002) found that ant communities in semi-arid tropical Australia

responded to SO, emitted from smelters.

3) Invasion

Either natural or anthropogenic introduction, exotic ants, especially aggressive
tramp species have shown negatively effects to native ants. They will be invade and
compete to the native ants for the foods and habitats.

2.1.4 Field Techniques for the Study of Ground-dwelling Ants

Field techniques for the study of ground-dwelling ants that are commonly used

to study ant communities are summarized as follows (Bestelmeyer et al., 2000).
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1) Baiting

This technique is commonly used to estimate the composition and
richness of the active ground-foraging ant fauna, to examine ant activity and behavior
patterns in studies of community structure, and to estimate the contributions of
particular ant species to ecosystem processes such as seed redistribution or scavenging.
The abundance of ant foragers at baits may help to measure ecological and behavioral

dominance and provides a general measure of ant foraging efficiency.

Baits are appropriate to use on the surface of soil or litter as well as in
vegetation and underground. Ant species that differ in foraging behavior and
behavioral dominance tend to discover and occupy baits at different times after the

baits are placed.

2) Pitfall Trapping

Pitfall trapping is the technique that places the open containers that
filled killing and preserving agent in the ground. Ants that fallen into these traps will
be collected. This method is used to estimate the abundance and richness composition
of ground surface-active ants. The diameter of the mouth of the trap has affected the
efficacy of pitfall traps for ants. Traps with a very small diameter (18 millimeters)
may bias against larger ant species and collect fewer of the species present in an area

than larger traps.

Traps should be places so as to minimize the disturbance of the surface
around the trap because surface texture conditions may affect ant capture rates.
Moreover, traps should be placed in the ground with the lip of the trap flush with the
soil or leaf litter surface or a few millimeters below the surface. If possible, traps
should be allowed to settle for about a week before they are opened, in order to avoid
the digging-in effect. This effect is an abnormally high capture rate of ants when traps

are placed in the ground and opened immediately.
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3) Quadrat Sampling

By this technique, ants are sampled directly by the investigator from
within a quadrat-delimited sample area. Like pitfall trapping, this method is used to
estimate the abundance and species composition of surface-active ants in an area.
A fixed, transportable quadrat made of wood and plastic pipe is used to delineate the

observation area.

Data may be collected in two ways : all the ants in the quadrat maybe
collected or, the number of ants may be tallied by species onto data sheets. Quadrats

are best used in open-ground situations at different times of the day or year.

4) Litter Techniques

This method is designed to measure the abundance and composition of
ants inhabiting a volume of leaf litter and particularly appropriate for use in forest and
woodland habitats, where many ant species inhabit the litter layer. However, this
method is not particularly successful during very dry periods. When the leaf litter is dry,
ants move their nests deep into the soil or up into the vegetation. Two techniques are

described as follows.

Winkler Extraction

In this technique the collected litter is first sifted to remove large leaves
and twigs from the sample. The sifted litter is then placed in the Winkler sack to
process. During this time, ants from within the litter sample migrate out of the litter as
a behavioral response to disturbance of their habitat and eventually fall into a

container.

The Berlese Funnel
In the Berlese funnel technique, a quantity of leaf litter is placed
directly into one or more of funnels to process. The funnels are then placed under a

lamp or in the sun until the litter is dry or for 2 to 4 days, depending on the condition
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of the litter, the temperature, and the humidity. As the upper portions of the litter
column dry, mobile invertebrates are driven down the litter column to the bottom of

the funnel and fall into a collecting receptacle.

Both the Winkler and Berlese techniques produce the data, which are
richness, composition, relative abundance and frequency of occurrence among litter

samples.

5) Colony Sampling

In colony sampling, ant colonies in a defined area are identified and
counted to estimate colony density and monitor changes in population. Frequently,
colonies are also mapped so that demographic processes, spatial relationships among
colony and between colonies, and environmental features may be studied. The data
produced by colony sampling include richness, composition, colony density, and

colony location. Colony sampling would best serve a single-species study.

6) Intensive Sampling

The primary goal of intensive sampling is to gather data on the total
number of ants in an area by searching for and collecting all the ants within fixed plots.
This approach allows precise estimation of the number of ant colonies and ant species
per unit area, as well as an estimate of the total species richness of the site. This
method can be used in all habitat types. It is particularly appropriate for structurally
complex habitats with abundant leaf litter. The data produced by intensive sampling
include richness, composition, the abundance of colonies and foragers, and the
frequency of occurrence of colonies and foragers in set of plots. Intensive sampling is
able to provide a complete representation of ant fauna in a sample plot but this method

also requires more time than other methods.
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7) Direct Sampling

Direct or hand sampling involves searching for and collecting ants in
different microhabitats within an area. Unlike intensive sampling, in which the
objective is to provide a precise estimate of colony or forager density in relatively
small area, direct sampling may be spatially extensive, and the primary goal is to
record the number of species inhabiting an area. The samples taken at different times
of the day will include different ant species. This method is used to estimate richness,

composition, and the frequency of occurrence of species in plots.

Direct sampling alone is inappropriate for long-term monitoring. This
technique frequently used as a supplement to other techniques, such as pitfall trapping.

Time unit sampling should be used to limit the sampling duration per each plot.

In addition, the techniques used to sample arboreal and herbaceous strata ants
are mentioned as follows (Bestelmeyer et al., 2000).

1) Insecticidal fogging or malaise traps to sample ants high in forest canopy.

2) Sweeping vegetation with insect nets to collect ants.

3) Beating vegetation with a stick to dislodge ants onto sheets or trays.

4) The use of sticky traps to capture ants on tree trunks or limbs.

5) Collecting ants by hand, especially by breaking open twigs and branches
and searching epiphytes. Tree-falls after storms offer a good opportunity to

collect arboreal species.

2.2 Air Pollution

2.2.1 Definition of Air Pollution

Air pollution is the presence of foreign matter (either gaseous or particulate or

combinations of both) in the air, which is detrimental to the health and/or welfare of

man (Hesketh, 1972).
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Air pollution is the presence in the outdoor atmosphere of one or more
contaminants in a sufficient quantity and duration to cause them to be injurious to
human health and welfare and animal and plant life and to interfere with the

enjoyment of life and property (Painter, 1974).

Air pollution is the situation when gases or aerosol particles, emitted
anthropogenically, build up in concentration sufficiently high to cause direct or
indirect damage to humans, plants, animals, other life forms, ecosystem, structures, or

works of arts (Jacobson, 2002).

2.2.2 Types of Air Pollutants

Liu et al. (2000) categorized the air pollutants into two major types as follows.

1) Gaseous : they are air pollutants that exist in gaseous phase, for examples,
sulfur dioxide, nitrogen oxides, ozone, carbon monoxide, carbon dioxide, and
hydrocarbon, etc.

2) Particulates : they are air pollutants that exist in solid or liquid phase at
normal temperature and pressure. Their sizes are varying, for examples, dusts, smoke,
aerosols, fog, etc.

2.2.3 Sources of Air Pollution

Sources of air pollution can be categorized into two generic sources, which
include natural sources and anthropogenic sources (Painter, 1974; Suwachittanan et a/.,
2001; Cunningham ef al., 2003).

1) Natural Sources

There are many sources of air quality degradation. Some of the smoke came

from natural fires. Volcanoes spew out ash, acid mists, hydrogen sulfide, and other
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toxic gases. Sea spray and decaying vegetation are major sources of reactive sulfur
compounds in the air. Dispersion of soil particles, spores, and pollens can be increased

suspended particles in the air (Suwachittanan et al., 2001; Cunningham et al., 2003).

2) Anthropogenic Sources

Commonly, air pollution is caused by anthropogenic or human activities. The
most significant source of anthropogenic air pollution is the combustion of fuels
(Brimblecombe, 1996). Anthropogenic sources can be simply subdivided into two
sources, which are mobile sources and stationary sources Mobile sources can be
concluded as traffic and transportation activities, which air pollutants were emitted
from the combustion of the automobiles. For Thailand, air pollution tends to be better
than the past decade but it still serious in the areas that lack of adequate measures and
management, especially near the roadsides of Bangkok and major cities. Particulates
and Oj; are significant pollutants. (Pollution Control Department 2000; 2003a; 2003b;
The World Bank et al., 2002) For stationary sources, there are many sources of air
pollution, such as industrial factories, power plants, solid waste incinerator,
combustion of fuels from households, and the burning of residual materials in

agricultural sectors (Suwachittanan et al., 2001; Cunningham ef al., 2003).

Air pollutants emitted to the atmosphere can disperse to any places. The
dispersion depends on direction and velocity of the wind, temperature, humidity, and
topographic features. These pollutants do not remain in the atmosphere forever. Two
common deposition mechanisms are dry deposition (the removal of both particles and
gases as they came into contact with the Earth’s surface) and wet deposition (the
removal of particles and gases from the atmosphere to the ground by precipitation)

(Spellman, 1999).

2.2.4 Major Air Pollutants and Their Effects

Four major air pollutants concerned in this study are sulfur dioxide, nitrogen

oxides, ozone, and particulate matter. Their effects are described as follows.
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1) Sulfur dioxide

Sulfur dioxide (SO,) is a colorless corrosive gas. Sulfur dioxide is produced by
both the natural and anthropogenic activities. Natural sources include volcanoes,
decaying organic matter, and sea spray, while anthropogenic sources include
combustion of sulfur-containing fuel (coal and oil), purification of sour (sulfur-
containing) natural gas or oil, and industrial processes, such as smelting of sulfide ores
(Spellman, 1999; Cunningham ef al., 2003). The largest single source of SO, is from
the burning of fossil fuels to generate electricity (Spellman, 1999). Once in the
atmosphere, SO, can be oxidized to sulfur trioxide (SO;3), which reacts with water

vapor to form sulfuric acid (H,SO4) (Cunningham et al., 2003).

For the effects of sulfur dioxide, SO, and H,SO4 can harm the respiratory
tissues (Jacobson, 2002). The haze of sulfurous smog can reduce the visibility. For the
acid rain, it can threat to the environment such as plants and aquatic life in the lakes
(Spellman, 1999). Acid rain also can corrode and damage buildings and sculptures,

especially which made from limestone (Cunningham et al., 2003).

2) Nitrogen oxides

Two important of oxides of nitrogen are nitric oxide (NO) and nitrogen
dioxide (NO,). In the atmosphere, NO combines with oxygen to form NO,. These two
oxides of nitrogen are usually referred as nitrogen oxides (NOy). NOy is highly
reactive gas, formed naturally by lightning and by decomposing of organic matter.
For anthropogenic activities, 50% of NOy is emitted by automobiles, about 30%
emitted from power plants, and the other 20% produced by industrial processes
(Spellman, 1999). NOy can be combined with water vapor to form nitric acid (HNO3)
(Cunningham et al., 2003).

NO; is about four times more toxic than NO, and is much more serious air
pollutants. High concentration of NO; is believed to contribute to heart, lung, liver and

kidney damage. Moreover, brownish haze of NO, can reduce the visibility. When
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HNO; precipitates as acid rain, it can damage plants, vegetations and corrode building

materials (Spellman, 1999).

3) Ozone

Ozone (O3) is a secondary air pollutant. It is a relatively colorless gas at typical
mixing ratio. Os is not emitted from sources, it naturally formed in the stratosphere by

photochemical reaction.

In the stratosphere, O3 provides a valuable shield for the biosphere by
absorbing the incoming ultraviolet radiation. At ground level, however, it has caused
serious air pollution problems. Oj is a strong oxidizing agent. It can damage sensitive
tissues such as eyes and lungs, plants and vegetations, and building materials

(Spellman, 1999; Jacobson, 2002; Cunningham et al., 2003).

4) Particulate Matters

Atmospheric particulate matters are defined as any dispersed matters, solid or
liquid. This includes dust, ash, smoke, pollen, and other suspended matters. Dust, the

burning of fuels, and forest fires are the sources of particulates in the atmosphere.

Particulates can reduce the visibility and leave dirty deposits on material
surfaces. Respirable particles such as particulate matters smaller than 10 micrometers
(PM)y), especially particulate matters smaller than 2.5 micrometers (PM;s) are the
most dangerous because than can be breathed into the lungs and damage respiratory

tissues (Spellman, 1999; Cunningham et al., 2003).

2.3 General Information of Ratchaburi Power Plant

According to Ratchaburi Electricity Generating Co., Ltd. (2003a), the general

information of Ratchaburi Power Plant is briefly described as follows.
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2.3.1 Location of Ratchaburi Power Plant

Ratchaburi Power Plant (RBPP) located in the area of three districts, which are
Amphoe Mueang, Amphoe Damnoen Saduak, and Amphoe Photharam, approximately
seven kilometers in the Northeast from Ratchaburi province. The area of RBPP is
approximately 2,000 Rai. The existing land use surrounding RBPP are mainly by
paddy fields and aquaculture areas.

2.3.2 Performance of an Electricity Generating Units

The total electricity generating capacity of RBPP is 3,645 megawatts (MW).
It consists of two types of generating units, which are thermal and combined cycle

units.

1) Thermal Units

RBPP has two thermal units with total generating capacity of 1,470 MW.
Each thermal unit consists of a single furnace boiler and a single steam turbine.

Natural gas is used as primary fuel and low sulfur residual fuel oil is used as back up

fuel.

2) Combined Cycle Units

There are three units of combined cycle with total generating capacity of 2,175
MW. Each unit consists of two combustion gas turbine generators and a steam turbine
generator. Natural gas is used as primary fuel and diesel oil is used as back up fuel.

2.3.3 Mitigation Measures for the Operation

To control an emission and minimize the impact of air pollution as specified in

the Ambient Air Quality Standard (The National Environment Board, 1995; 2001),

mitigation measures were implemented as follows.
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1) Emission of sulfur dioxide from the thermals unit was controlled by the
Flue Gas Desulfurization system (FGDs) with an efficiency of 97.2%. Limestone and

water were injected to react with SO, to form the gypsum.

2) Emission of nitrogen oxides from thermal units was minimized by
installing the low NOy burners. For combined cycle units, the low NOy burners were
also installed. Demineralized water were injected into the burner in case of operate by

diesel oil.

2.3.4 Monitoring Programs for the Operation

1) Continuous Emission Monitoring System (CEMS) were installed at all of

stacks in order to monitor SO,, NOy, and percentage of opacity continuously.

2) Ambient Air Quality Monitoring System (AAQMS) were installed at four
monitoring stations surrounding RBPP in order to monitor ambient air quality through
24 hours. The air quality parameters are SO, NOy, Oz, PMjo, and total suspended
particulates (TSP). Four ambient air quality monitoring stations includes Ban Don
Mottanoi, Ban Bang Kado, Ban Khlong Khae, and Ban Chao Nuea, which far apart
from RBPP 5, 4.5, 8, and 1.5 kilometers in the direction of Southeast, nearly North,

Southwest, and Southeast respectively.

2.4 Ambient Air Quality Surrounding Ratchaburi Power Plant

Since January 2002, Ambient Air Quality Monitoring System (AAQMS) were
installed to monitor the ambient air quality and climatic characteristics surrounding

RBPP (Table Al to A3, Appendix A).

For the year 2002, 1-hr average of SO, was in the range of non-detectable to
30 parts per billion (ppb). 24-hr average of SO, was in the range of non-detectable to
26 ppb. 1-hr average NO, was in the range of non-detectable to 78 ppb. The maximum
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values of 1-hr average of SO,, 24-hr averages of SO,, and 1-hr average NO, were
found at Ban Khlong Khae station in September (Ratchaburi Electricity Generating
Co., Ltd., 2002; 2003b).

For O, 1-hr average was in the range of 6 to 114 ppb. The maximum value
was found at Ban Khlong Khae station in January. For PM,, and TSP, 24-hr average
was in the range of 2 to 195 micrograms per cubic meter (ug/m’) and 9 to 250 pg/m’
respectively. The maximum values were found in January at Ban Bang Kado station

(Ratchaburi Electricity Generating Co., Ltd., 2002; 2003b).

According to the air quality reported above, most of the parameters were not
exceeded the Ambient Air Quality Standards, excepted O3 and PM;,, which likely
exceeded the standard in dry season. These are probably caused by the photochemical
reaction of Os that occurred well in the strongly sunlight radiation condition.
Moreover, the dry climate can make the dusts highly dispersed. Nevertheless, ambient
air quality also depended on the type of fuels used by RBPP. In case of operation by
using the oil as primary fuel, SO, emitted more over than operating by uses the natural
gas as primary fuel. These due to the higher content of sulfur in the fuel oil than the

natural gas.

For the climatic characteristics, meteorological data were recorded at Ban
Chao Nuea station. Average monthly temperature was in the range of 24.8 °C to
29.7 °C. The minimum and maximum values were recorded in January and April
respectively. Relative humidity was in the range of 68% to 81%. The minimum and
maximum values were recorded in April and October respectively (Ratchaburi

Electricity Generating Co., Ltd., 2002; 2003b).

2.5 Relevant Researches

Ants were studied and applied in various aspects. For examples, ants were

evaluated the potential as indicators of the biodiversity of other organisms (Alonso L.
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E., 2000). In Thailand, ants in Khao Yai National Park were collected and investigated
the diversity (Wiwatwitaya and Rochanawong, 1999) and the relationship of ants and
plant communities (Phoonjumpa, 2002). For other aspect, ants were used to monitor
environmental change (Kaspari and Majer, 2000). Perfecto and Vandermeer (1996)
studied the indirect loss of ants diversity that affected by microclimate changes in an
agroecosystem of Costa Rica. Vanderwoude et al. (1997) studied the effects of
different fire regimes on ant communities in Bauple State Forest, Southeast
Queensland, Australia. Peck et al. (1998) observed the relationship of ants and soil
characteristics and the management practices which applied in an agroecosystem in
North Carolina and Virginia in order to evaluate the potential of ants as indicators of

agroecosystem.

For the researches relevant to the ant and their response to the air pollution

were reviewed as follows.

In Poland, Petal (1980) found that an industrial pollution, which mainly by
SO, probably affected to the ants by decreases the size of Myrmica spp. and Lasius
niger colonies and biomass of the ant workers. Katayev et al. (1983) found that the
number and size of ant hills, Formica rufa were decreased in high-polluted areas.
In Czechoslovakia, Stary and Kubiznakova (1987) reported that population of

Formica spp. in the forest that affected by air pollution was decreased obviously.

In addition, the study on the effects of air pollution on natural enemies of the
leaf beetle, Melasoma lapponica in Kola Peninsula, Northwestern Russia reported that
the density of wood ants and zoophagous bugs, which are the natural predators of
M. lapponica were decreased in the polluted area affect by the nickel-copper smelter

(Zvereva and Kozlov, 2000).

Hoffman et al. (2000) had studied on the response of ant communities to the
dry deposition of sulfur from mining emissions in semi-arid tropical Australia.
The results found that the abundance of ants was lowest in the habitat that had high

deposition of sulfur. Moreover, the abundance and richness of ants were negatively
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correlated with the concentration of SO4 in soil and positively correlated with the
species richness of plants and the distance from the smelters. The study concluded that
ants were sensitive to SO, emissions and appears to be the good indicator for the study

arca.

Andersen et al. (2002) also studied ants in semi-arid tropical Australia to
assess the response of ants to SO, emission from a large copper and lead smelter at Mt.
Isa. The study revealed that mean occurrence decreased significantly with increasing
level of SO, (p=0.02). Moreover, three of the eight most common species, which are
Camponotus sp.A (denticulatus group), Camponotus fieldae, and Camponotus sp.D
(novaehollandiae group) showed significantly responses to SO, (»=0.001, 0.02, and
0.05 respectively).

In Thailand, Senthong (2003) studied the relationship between ant distribution
and air quality variation in urban communities of Bangkok. According to the Stepwise
Multiple Regression analysis, it reveals that the abundance of Paratrechina
longicornis and Paratrechina sp.5 of AMK (The Ant Museum of Kasetsart University)
were negatively correlated with O;. The abundance of Paratrechina sp.5 of AMK and
Tapinoma melanocephalum were negatively correlated with carbon monoxide (CO)
while Pheidole bugi was positively correlated with NO,. The study concluded that

ants could be preliminary use to monitor air quality in urban area.

From the numerous advantages of ants, for examples, high diversity, almost
found in every habitat throughout the world, ease of collection and resample over the
time, and sensitivity to environmental change, etc. and result of the researches
reviewed above, ants might be good candidates for use in air quality monitoring
program. Therefore, in this study, ants surrounding Ratchaburi Power Plant were

collected and analysed to identify the relationship of air quality and ant distribution.
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CHAPTER 3
METHODOLOGY

Data, materials and steps of the study to identify the relationship of air quality

and ant distribution surrounding Ratchaburi Power Plant were described as follows.

3.1 Data and Materials

3.1.1

Statistical Data

Ambient air quality data

Meteorological data

Surveying Materials

Topographic map, 1:50,000, Royal Thai Survey Department 2003,
sheets 4936 11, Ratchaburi Province
Global Positioning System Receiver (GPS)

Camera

Ant Collecting Materials

50 meters measuring tape

Quadrat of 30 x 30 centimeters

Soil digger

Sieve of 0.5 centimeters screening size and tray
Forceps

Vials with 70% ethyl alcohol solution

Software

Species Diversity and Richness 2.64

PC-ORD for Windows 4.17

Geographic Information System Software : ArcView 3.1
SPSS for Windows 11.0
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3.2 Ambient Air Quality and Meteorological Data

3.2.1 The ambient air quality data were collected from four stations
surrounding Ratchaburi Power Plant. The data were recorded by Ambient Air Quality
Monitoring System (AAQMS) along 24 hours. The detection methods were specified
by The National Environment Board (The National Environment Board, 1995; 2001)
and Pollution Control Department (Pollution Control Department, 2003c). The
ambient air quality data and standard detected methods were shown as follows.

1) Sulfur dioxide (SO;) was detected by UV-Fluorescence method.

2) Nitro dioxide (NO,) was detected by Chemiluminescence method.

3) Ozone (O3) was detected by UV Photometric method.

4) Particulate Matters smaller than 10 micrometers (PM,o) was detected
by Beta Gauge method.

5) Total Suspended Particulates (TSP) was detected by Beta Gauge
method.

Four ambient air quality monitoring stations surrounding Ratchaburi Power
Plant (RBPP) were described as follows.

1) Ban Don Mottanoi station, located at 5 kilometers in Southeast
direction from RBPP.

2) Ban Bang Kado station, located at 4.5 kilometers in nearly North
direction from RBPP.

3) Ban Khlong Khae station, located at 8 kilometers in Southwest
direction from RBPP.

4) Ban Chao Nuea station, located at 1.5 kilometers in Southeast
direction from RBPP.

3.2.2 Meteorological data, included temperature and relative humidity, were
collected from Ban Chao Nuea station.

3.2.3 Average monthly ambient air quality data from four stations in the same
period of ant sampling were interpolated in order to have the ambient air quality data
cover the whole study area. The interpolation manipulated by Geographic Information
System software, ArcView 3.1. The interpolated data were used to examine the

relationship of air quality and species richness and abundance of ants in the next step.
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3.3 The Study on Ant Distribution Patterns
3.3.1 Sampling Points

The ground-dwelling ants and ants on the trees were collected from nineteen
sampling points, which consist of three points from RBPP and sixteen points from
surrounding area within a radius of 8 kilometers. For the surrounding area, four
transect lines run roughly from RBPP according to annually monsoon direction that
included Northeast, Southeast, Southwest, and Northwest. The ants were gathered at

2,4, 6, and 8 kilometers in each line transect (Figure 3-1).

The sampling points were named as described follows. The three points in
Ratchaburi Power Plant were named RBPP1, RBPP2, and RBPP3. The others were
named by two alphabets and follow with a number. The two alphabets abbreviated
from a transect line direction, and a number was a distance from RBPP. For example,

NE2 means a sampling point in Northeast transect line at 2 kilometers from RBPP.

535000 600000 605000

520000
)
Amphog/hotharam
‘ Amphoe Bz
)
1
"

Study Area

% Sampling Points

00001

?-— Air Quality Monitoring Station

Ratchaburi Power Plant

2 (1] 2

— F—

? Kilometers

The Relationship of Air Quality and Ant Distribution

Surrounding Ratchaburi Power Plant,
Ratchaburi Province

Figure 3-1 The sampling points and ambient air quality monitoring stations
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3.3.2 Sampling Methods

The systematic sampling (Watcharakitti, 1982), line plot sampling method was

utilized for the collection of ants.

1) Ground-dwelling Ants

For the ants that lived in leaf litter, ten samples were taken per a
sampling point. A quadrat technique, which is best used in open-ground situations at
different time, was chosen for the sampling of ants to estimate the abundance and
composition of surface-active ants in a sampling area (Bestelmeyer et al., 2000).
A quadrat of 30 x 30 centimeters was placed along a sampling line plot. Each plot was
far apart from others at least 5 meters. The litter inside quadrat was taken and sieved.

Then, the ants were preserved in a vial with 70% of ethyl alcohol solution.

For the ants that lived in soil, five samples were taken. A quadrat was
also placed along a sampling line plot. The soil inside quadrat was dig out for 3 to 5
centimeters of depth and sieved. Then, the ants were preserved in a vial with 70% of

ethyl alcohol solution.

2) Ants on the Trees

The ants on trees were collected directly from twenty trees by using
forceps (Bestelmeyer et al., 2000). The ants from each tree were preserved in a vial
70% of ethyl alcohol solution, while the trees were identified for the scientific name

by using “Thai plant name book™” (Bunkoet et al., 1982; Smitinand, 2001).

In addition, land use types and environmental characteristics of each sampling

point were also recorded.
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3.3.3 Sampling Periods

The sampling periods were divided into two seasons, the dry deposit season
(February to April 2003) and the wet deposit season (July to September 2003). The

ants were collected in every months of a season.

3.3.4 Ant Identification

The specimens were identified up to the genus and species level according to
the keys by using “Identification guide to the ant genera of the world” (Bolton, 1994).
The specimens were also compared and checked with the ant collection in the Ant
Museum, Faculty of Forestry, Kasetsart University. For the ants that could not be
identified the species, they were named as sp.1 of AMK, sp.2 of AMK, and so on.

3.3.5 Data Analysis

After identification, the specimens in each sampling point were counted. Then,

the species richness and ecological values were calculated as follows.

1) Presence : A presence value is the proportion of the number that
finding a species in total time of sampling (Kreb, 2001). It was calculated by using the

equation as follow.

presence = number finding of speciesx 100
total time of sampling

. resenceof species x
relaitive presence = P )/ sp x 100

sum of presence values for all species

2) Frequency : A frequency value is the probability of finding a
species in any sampling point (Kreb, 2001). It was calculated by:
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number plots of species x < 100

requency =
Jreq 4 total plots of all species

frequency of species x

relative frequency = x 100

sumof frequencyvalues for all species

3) Abundance : An abundance value is the proportion value of number
of individuals of each species and number of plots which found that species (Kreb,

2001). It was calculated by:

number individuals of species x

abundance = x 100

number plots of species x

abundance of species x

relative abundance = x 100

sumof abundancevalues for all species

4) Similarity Index or Sorensen Index : The degree of similarity in
species composition between each pair of samples within a site was analysed using
Sorensen’s index which represents the proportion of total species in a sample pair

which is present in both samples (Kreb, 2001). It was calculated by:

— 2W x 100
A+ B
where C = Similarity index
A = number of ant species in area A
B = number of ant species in area B
W = antspecies common to both areas

5) Species Diversity Index : The Shannon-Wiener (or Shannon’s)

index was used to calculated the diversity of ant community. The Shannon’s index had
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probably been the most widely used index in community ecology (Ludwig and

Reynolds, 1988; Barnes et al., 1997). It was computed by:

H = - Z (P i In p i)
i=1
where H’ = Shannon’s index
s = the number of species
pi = the proportion of individuals or abundance

of the i™ species

In = logbase,

6) Evenness Index or Equitability : When all species of ants in a
sample are equally abundant, it seems intuitive that an evenness index should be
maximum and decrease toward zero as the relative abundance of species diverge away

from evenness (Ludwig and Reynolds, 1988; Barnes et al., 1997). It was computed by:

H'
J =
H' max
where J = Evenness index or Equitability
H' = Shannon’s index
H' max = Ins

For this study, Shannon’s index and evenness index were computed by

utilize the Species Diversity and Richness 2.64 program.

3.4 Two Way Indicator Species Analysis

Two way indicator species analysis (TWINSPAN) was the process of
clustering sites and species. The TWINSPAN classified the sites and also constructed
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a two-way ordered table from a sites-by-species matrix. One of the basic ideas in
TWINSPAN stems from the original idea in phytosociology that each group of sites
can be characterized by a group of differential species, species that appear to prevail in
one side of a dichotomy (van Tongeren, 1995). PC-ORD for Windows 4.17 program
was used to computes and constructs a two-way ordered table. The table showed the

widely distribute ants which will be selected to study the relationship with the air
quality.

3.5 The Analysis of the Relationship between Environmental Factors and Ants

To analyse and identify the relationship between environmental factors
(climatic data and air quality) and ants, SPSS for Windows 11.0 program was utilized
for the study.

3.5.1 Firstly, one-way ANOVA was used to analyses the effect of seasons to
the ants. The differences of the means of species richness and abundance of ants
between 2 seasons were examined (Wonnacott and Wonnacott, 1990).

3.5.2 Next, Pearson Product Correlation was used to analyses the
relationship between environmental factors and ants (Wonnacott and Wonnacott,
1990). The correlation coefficient (r), was analysed to indicate the degree of
relationship between environmental factors and species richness and abundance of
ants.

3.5.3 Multiple Regression Analysis, Stepwise method was used to
strengthens the Pearson Correlation analysis and creates the model of the relationship
between independent variables (environmental factors) and dependent variables
(species richness and abundance of ants) (Wonnacott and Wonnacott, 1990). The
environmental factors comprise temperature, relative humidity, SO,, NO,, O3, PMy,

and TSP. The equation is formed as follows.

Y = a+bX +bX, +bX, +bX, + Db X, +bX, + bX,
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where Y
a, b
Xy
X5
X3
X4
Xs
Xs
X7

3.5.4 Finally, Canonical

Methodology / 30

species richness or abundance of ant

regression coefficients

temperature

relative humidity

sulfur dioxide

nitrogen dioxide

ozone

particulate matters smaller than 10 micrometers

total suspended particulates

Correspondence Analysis (CCA), canonical

ordination technique was also used to identify the relationship pattern between the ant

species and environmental factors, which were air quality parameters (ter Braak,

1995). PC-ORD for Windows 4.17 program was used to computes and creates the

ordination diagram. The ordination diagram expressed a pattern of variation in species

composition of ants and the main relationship between the ant species and each air

quality parameters.
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CHAPTER 4
RESULTS AND DISCUSSION

4.1 Climatic Characteristics and Ambient Air Quality

4.1.1 Climatic Characteristics

Climatic data within the study area were collected from Ban Chao Nuea
air quality monitoring station, which had recorded the climate data since the year
2002. According to the studying period, for the dry season (February to April 2003),
average monthly temperature was in the range of 26.78 °C to 29.52 °C. Average
monthly relative humidity was in the range of 70.55% to 75.84%. In the wet season,
from July to September 2003, average monthly temperature was in the range of 26.72
°C to 27.80 °C. Average monthly relative humidity was in the range of 77.00% to
80.03% (Table 4-1). Compare to the year 2002, the average monthly temperature and
the average monthly relative humidity in both years are in a similar pattern (Figure 4-1

and Figure 4-2).

Table 4-1 Average monthly temperature and average monthly relative humidity

of the year 2003
Average Monthly Average Monthly
Season/Month Temperature (°C) Relative Humidity (%)
February 26.78 (£0.18) 71.53 (£0.74)
Dry Season March 27.51 (+0.13) 75.84 (+0.64)
April 29.52 (£0.14) 70.55 (£0.68)
July 27.11 (£0.12) 81.17 (20.18)
Wet Season August 27.80 (+0.12) 77.00 (+0.18)
September 26.72 (0.12) 83.03 (=0.18)

Source : Ratchaburi Electricity Generating Co, Ltd. (2003c)
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Figure 4-1 Average monthly temperature of the year 2002 and 2003
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Figure 4-2 Average monthly relative humidity of the year 2002 and 2003
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4.1.2 Ambient Air Quality

The ambient air quality data were collected from four air quality monitoring
stations surrounding Ratchaburi Power Plant (RBPP), which included Ban Don
Mottanoi, Ban Bang Kado, Ban Khlong Khae, and Ban Chao Nuea station. The
ambient air quality data were monitored since the year 2002. From the year 2002,
almost air quality parameters within the study area were low concentration (Table A-1
to A-3, Appendix A). This is probably due to the major source of air pollution, RBPP
operated by using natural gas as a primary fuel. In the dry season, however, it was
found that Os; and PM;o at four stations likely exceeded the Ambient Air Quality
Standards. For Os, it probably caused by the photochemical reaction that highly
occurred when sunlight radiation was strong. Meanwhile, the particulates was

probably caused by the higher dispersion in the dry season.

In the study period, the average concentration of SO,, NO,, O3, PM,, and
TSP, particularly SO, and NO,, were low and did not exceed the Ambient Air Quality
Standards (Table A-4 and A-5, Appendix A). These may be caused by RBPP’s
operation that used natural gas for a fuel. The air quality data are summarized as

follows.

1) Sulfur dioxide

The lowest average monthly SO, was found at Ban Chao Nuea station in April,
whereas the highest average monthly SO, was found at Ban Bang Kado in September.
The lowest and highest concentrations were 0.0 and 1.71 ppb respectively. Compares
to the Ambient Air Quality Standard, not exceed 300 ppb, those concentrations were

very low.

2) Nitrogen dioxide

The lowest average monthly NO;, was found at Ban Don Mottanoi station in

August, while the highest average monthly NO, was found at Ban Khlong Khae in
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February. The lowest and highest concentrations were 1.83 and 14.13 ppb
respectively. Similar to SO,, the concentration of NO, were also low and did not

exceed its standard of 170 ppb.

3) Ozone

The lowest average monthly O; was found at Ban Bang Kado station in
August, while the highest average monthly O3 was found at Ban Chao Nuea in March.
The lowest and highest concentrations were 5.00 and 26.27 ppb respectively. Those
level not exceed its standard of 100 ppb. The results show that the concentration of O3
was low in the wet season and increases in the dry season. These are probably due to

the higher of photochemical reaction in the dry season.

4) Particulate Matters smaller than 10 micrometers

For PM,, the lowest average concentration was found at Ban Khlong Khae
station in July, while the highest concentration was found at Ban Don Mottanoi in
February. The lowest and highest concentrations were 10.81 and 92.53 pg/m’
respectively. The observes did not exceed its standard of 120 pg/m’. According to the
data, the concentration of PM increases in the dry season. These may occur from the

higher dispersion of particulates in dry season.

5) Total Suspended Particulates

For TSP, the lowest average concentration was found at Ban Chao Nuea
station in September, while the highest concentration was found at Ban Khlong Khae
in February. The lowest and highest concentrations were 10.81 and 92.53 pg/m’
respectively. They were under its standard of 120 pg/m’. As same as PM;y, TSP
concentration was also highest in February. These probably caused by the higher

dispersion in the dry season.
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Next, the ambient air quality data from four stations were interpolated by
utilizing the GIS software, ArcView 3.1, in order to have the air quality data
throughout the study area. The air quality at each ant sampling point was used to

evaluate the relationship to the abundance of ants.

4.2 Ant Community

4.2.1 Sampling Points

Topographic of the study area is mostly flat, opened-area. The major land uses
include paddy fields, and orchards. For the total nineteen sampling points, the pictures

of each point are shown in Table B-1, Appendix B.

1) Ratchaburi Power Plant

RBPP1, RBPP2, and RBPP3 are the strips of mono-stand trees, which are
wattle (Acacia auriculaeformis) or Kra Thin Narong in Thai name, mango trees
(Mangifera indica) - Ma Muang in Thai name, and shingle trees (Acrocarpus
fraxinifolius) - Sadao Chang in Thai name respectively. These sampling points are
maintained regularly by RBPP. The ground is grown the grass. The leaf litters are

usually gathered out.

2) Northeast Transect Line

NE2 located at 2 kilometers from RBPP. The land use type is orchard, which
mainly by mango trees and coconut palms (Cocos nucifera) - Ma Phrao in Thai name.
The pesticide is applied in the area. Nearby areas of NE2 are paddy fields and
orchards. NE4 is scrub forest, connected to the small orchard in the resident area. It is
shaded, dense with the trees and shrubs. The adjacent land uses of NE4 is also the
orchards. NE6 is mixed ditched-orchards, mainly by mango trees. The pesticide is also

applied in the area. The last sampling points, 8 kilometers from RBPP, NES is a small



Pornpen Thienthaworn Results and Discussion / 36

orchard in the resident area. There are many species of trees, causing the shaded area.

Next to NES, there is a small canal.

3) Southeast Transect Line

SE2 is scrub forest, surrounded by aquaculture areas. It is dense with small
trees and shrubs. The area has low impact from human activities. SE4 is the mango
orchard, pesticide is applied in the area. The adjacent land uses of SE4 is vegetable
patches and orchards. SE6 is mixed ditched-orchard, mainly by mango trees,
mangosteen (Garcinia mangostana) - Mang Kut in Thai name, and areca palms
(Areca catechu) - Mak in Thai name. It is shaded, aboveground covers by leaf litters.
The same as SE6, SE8 is mixed ditched-orchard, mainly by mango trees and coconut
palms. It is shaded, aboveground covered by litters. SE6 and SE8 surrounded by

orchards.

4) Southwest Transect Line

SW2 is scrub forest that surrounded by aquaculture areas and paddy fields.
This sampling point is low disturbed from human activities. SW4 and SW6 are shaded
scrub forest. They located next to the single-track road, near the resident areas. SWS is
mixed ditched-orchard that mainly by mango trees. SW8 is shaded, aboveground

covers by litters.

5) Northwest Transect Line

NW?2 located in resident area of the aquaculture workers. The aboveground
covered with the grass. It surrounded by the large area of aquaculture areas. NW4 and
NW6 are the strip of trees along the irrigation canal, surrounded by resident areas and
paddy fields. NWS is the mixed orchard, mainly by Manila tamarind (Pithecellobium
dulce) or Makham Thet in Thai name. The ground covered with the grass. Next to
NWS is the single-track road that along to the irrigation canal. Land uses surrounded

NWS are orchards.
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For the whole study area, the Figure 4-3 illustrates the location of sampling
points and the land use types of the year 1993 (Department of Environmental Quality
Promotion, 2003). Although the land use data is not up-to-date, however, the site
surveying reveals that the land uses are slightly changed from the year 1993.

Land Use

#®  sampling Points “*Ratchaburi Power Plant
TP Air Quality Monitoring Station

Sugarcane
[ Integrated Farming
[ Mixed Farming
! Swine Farmhouse
| Cattle Farmhouse

|| Instituticnal
B Water Bodies

Kilometers

The Relationship of Air Quality and Ant Distribution
Surrounding Ratchaburi Power Plant,
Ratchaburi Pravince

Figure 4-3 The land use types within the study area

Source : Department of Environmental Quality Promotion (2003)

4.2.2 Ant Distribution

Ant communities within the study area comprise 94 species, which are
classified into 40 genera of 7 subfamilies (Table B-2, Appendix B). These subfamilies
consist of Myrmicinae (14 genera, 37 species), Formicinae (8 genera, 22 species),
Ponerinae (9 genera, 14 species), Dolichoderinae (6 genera, 8 species),
Pseudomyrmecinae (1 genera, 5 species), Cerapachyinae (1 genera, 2 species), and

Aenictinae (1 genera, 1 species).
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About one-third of total species, 37 species are identified into Myrmicinae.
According to Holldobler and Wilson (1990) and Bolton (1994), Myrmicinae is the
greatest subfamily with the highest number of ant species. The study on diversity of
ants at Khao Yai National Park (Wiwatwitaya and Rochanawong, 1999; Phoonjumpa,
2002) and the study on ant distribution based on air quality in Bangkok (Senthong,
2003) are also found that most of ants within those study areas are identified into
Myrmicinae. These indicated that ants in Myrmicinae subfamily are wide distribution,

which could be found in both the forest and urban area.

The species richness of ant along four transect lines in each season are shown
separately in Table 4-2 and Figure 4-4. As shown in the Table 4-2, the present species
along various distances from RBPP in four transect lines are fluctuate. Three highest
numbers of species are found at NE4, NW4, and NW8 with the species richness value
of 59, 53, and 50 species respectively. Meanwhile, the lowest species richness value
found at a mixed orchard - NE2, with only 2 species. This probably caused by some
stressed conditions or the human disturbance, such as the shortage of food sources,
high competitive condition, or the impact of pesticide application in the orchard. For

RBPP1, RBPP2, and RBPP3, have the same number of presence species of 29 species.

Considering for each season, species richness of ants in dry season are mostly
lower that wet season. It probably caused by the shortage of foods in dry season,
whereas in wet season, precipitation and moistures could contribute for the food

supply for ants.

Table 4-2 Species richness of ants along various distances in four transect lines

and Ratchaburi Power Plant

Distance from Ratchaburi Power Plant (kilometers)

Transect Lines

2 4 6 8
NE Dry Season 2 41 26 35
Wet Season 1 43 31 36

Total 2 59 39 49
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Table 4-2 Species richness of ants along various distances in four transect lines

and Ratchaburi Power Plant (Continued)

Distance from Ratchaburi Power Plant (kilometers)

Transect Lines

2 4 6 8
SE Dry Season 33 25 16 28
Wet Season 32 25 20 36
Total 43 34 26 44
SW Dry Season 29 30 29 26
Wet Season 87 38 35 34
Total 44 46 43 40
NwW Dry Season 24 39 25 32
Wet Season 28 38 32 37
Total 35 53 41 50
RBPPI Dry Season 23
Wet Season 17
Total £9
RBPP2 Dry Season 20
Wet Season 14
Total 29
RBPP3 Dry Season 14
Wet Season 23
Total 29

Remark : RBPP1, RBPP2, and RBPP3 located in Ratchaburi Power Plant

4.2.3 Relative Presence

For the relative presence value, 5 dominant species are Pheidole megacephala,
Paratrechina longicornis, Meranoplus bicolor, Paratrechina sp.6 of AMK, and
Tapinoma melanocephalum with the value of 5.15%, 4.98%, 4.28%, 3.83%, and
3.81%. Whereas, Camponotus sp.1 of AMK, Crematogaster sp.1 of AMK, Tapinoma
sp.1 of AMK, and Tetraponera attenuata have lowest relative presence with the value

of 0.04% (Table 4-3 and Figure 4-5).
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Figure 4-4 Species richness of ants along various distances in four transect lines

and Ratchaburi Power Plant

Source : The interpolation of species richness by utilizing GIS software, ArcView 3.1.

4.2.4 Relative Frequency

Five dominant species are Paratrechina longicornis, Meranoplus bicolor,
Pheidole megacephala, Paratrechina sp.6 of AMK, and Iridomyrmex anceps with the
relative frequency value of 6.96%, 6.43%, 5.86%, 4.32%, and 4.26% respectively.
Whereas, Camponotus sp.1 of AMK, Crematogaster sp.1 of AMK, Tapinoma sp.1 of
AMK, and Tetraponera attenuata have lowest relative frequency with the value of

0.02% (Table 4-3 and Figure 4-6).

4.2.5 Relative Abundance

Five abundance species are Paratrechina longicornis, Pheidole megacephala,

Monomorium destructor, Tapinoma melanocephalum, and Paratrechina sp.6 of AMK
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with the relative abundance of 5.90%, 5.74%, 4.32%, 4.10%, and 3.90% respectively.
Meanwhile, Camponotus sp.1 of AMK, and Tapinoma sp.l1 of AMK have lowest
relative abundance with the value of 0.01% (Table 4-3 and Figure 4-7).

The low values of relative presence could be explained that there are the
variations among the species composition within the study area. Most of the ants are
found in a particular habitat. Thus, within the same specie, it had the relative presence
value only at some sampling points, while the remaining points had no the values (the
value is equal to zero). Finally, when the values of each specie were calculated for the
average relative presence, it made the values became very low. For the low values of
relative frequency and relative abundance, they could be explained as same as the
relative presence. From the study, it could be proposed that the average might not suit

in case of most of the relative values are equal to zero.

Table 4-3 Relative presence, relative frequency, and relative abundance

of ant community within the study area

Unit : Percentage (%)

Relative Relative Relative
Subfamily Species
Presence Frequency Abundance
Aenictinae Aenictus sp.6 of AMK 0.09 0.03 0.04
Cerapachyinae Cerapachys sp.1 of AMK 0.19 0.10 0.34
Cerapachys sp.14 of AMK 0.19 0.06 0.12
Dolichoderinae Bothriomyrmex sp.1 of AMK 0.60 0.26 0.73
Dolichoderus thoracicus 0.50 0.46 0.30
Iridomyrmex anceps 2.67 4.26 343
Ochetellus sp.1 of AMK 1.46 1.12 1.14
Tapinoma melanocephalum 3.81 3.50 4.10
Tapinoma sp.1 of AMK 0.04 0.02 0.01
Technomyrmex kraepelini 0.35 0.19 0.40
Technomyrmex modiglianii 0.55 0.68 0.94
Formicinae Acropyga acutiventris 0.20 0.15 0.26
Anoplolepis gracilipes 1.17 1.25 1.28
Camponotus albosparsus 0.22 0.15 0.07
Camponotus (Myrmosericus) rufoglaucus 341 3.75 2.30
Camponotus sp.1 of AMK 0.04 0.03 0.01
Camponotus (Tanaemyrmex) sp.3 of AMK 0.18 0.07 0.06
Camponotus (Tanaemyrmex) sp.7 (group) of AMK 0.39 0.19 0.20

Camponotus sp.9 of AMK 0.26 0.12 0.13
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Table 4-3 Relative presence, relative frequency, and relative abundance

of ant community within the study area (Continued)

Unit : Percentage (%)

Relative Relative Relative
Subfamily Species
Presence Frequency Abundance
Lepisiota sp.1 of AMK 0.31 0.18 0.21
Oecophylla smaragdina 2.05 3.55 3.03
Paratrechina longicornis 4.98 6.96 5.90
Paratrechina sp.4 of AMK 1.11 0.72 1.00
Paratrechina sp.5 of AMK 0.94 0.71 1.40
Paratrechina sp.6 of AMK 3.83 4.32 3.90
Paratrechina sp.8 of AMK 1.83 1.14 1.44
Paratrechina sp.9 of AMK 1.47 1.07 1.23
Plagiolepis sp.1 of AMK 1.23 1.33 1.27
Plagiolepis sp.2 of AMK 0.65 0.45 0.63
Plagiolepis sp.3 of AMK 1.43 1.15 1.61
Polyrhachis (Cyrtomyrma) laevissima 1.34 0.96 0.68
Polyrhachis (Myrmhopla) bicolor 0.09 0.03 0.04
Polyrhachis (Myrmhopla) dives 0.82 0.92 0.73
Myrmicinae Cardiocondyla emeryi 3.17 2.81 2.10
Cardiocondyla nuda 0.80 0.50 0.53
Cardiocondyla wroughtonii 1.28 0.97 0.83
Cardiocondyla sp.3 of AMK 0.05 0.04 0.04
Carebara sp.1 of AMK 0.31 0.15 0.22
Cataulacus granulatus 0.43 0.18 0.17
Crematogaster rogenhoferi 1.77 1.55 1.99
Crematogaster (Orthocrema) sp.1 of AMK 0.39 0.20 0.24
Crematogaster (Orthocrema) sp.2 of AMK 0.15 0.06 0.14
Crematogaster sp.1 of AMK 0.04 0.02 0.03
Crematogaster sp.6 of AMK 0.59 0.28 0.61
Meranoplus bicolor 4.28 6.43 3.74
Monomorium destructor 2.75 3.63 4.32
Monomorium floricola 2.09 1.54 1.91
Monomorium latinode 0.12 0.05 0.04
Monomorium pharaonis 2.32 2.35 2.00
Monomorium talpa 0.23 0.10 0.15
Monomorium sp.1 of AMK 2.18 1.39 1.54
Monomorium sp.2 of AMK 0.17 0.08 0.23
Oligomyrmex sp.2 of AMK 0.08 0.03 0.12
Oligomyrmex sp.3 of AMK 0.29 0.15 0.44
Pheidole bugi 2.20 2.57 3.76
Pheidole butteli 1.01 1.19 2.17
Pheidole fervens 0.39 0.22 0.34
Pheidole megacephala 5.15 5.86 5.74

Pheidole parva 2.08 2.04 2.11
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Table 4-3 Relative presence, relative frequency, and relative abundance

of ant community within the study area (Continued)

Unit : Percentage (%)

Relative Relative Relative
Subfamily Species
Presence Frequency Abundance
Pheidole protea 0.63 0.56 0.77
Pheidole sp.14 of AMK 0.19 0.17 0.22
Pheidole sp.10 of AMK 0.35 0.30 0.34
Pheidologeton diversus 1.73 2.45 3.08
Rhopalomastix sp.1of AMK 0.09 0.07 0.04
Smithistruma sp.3 of AMK 0.57 0.23 0.33
Solenopsis geminata RO3 2.72 2.92
Tetramorium bicarinatum 1.03 1.48 1.26
Tetramorium lanuginosum 1.94 233 2.02
Tetramorium simillimum 0.44 0.27 0.38
Tetramorium smithi 1.56 1.54 1.95
Tetramorium sp.6 of AMK 0.87 0.78 0.90
Tetramorium sp.8 of AMK 0.28 0.15 0.19
Tetramorium sp.15 of AMK 0.61 0.57 0.52
Ponerinae Amblyopone reclinata 0.30 0.21 0.17
Anochetus graeffei 2.86 2.49 1.94
Diacamma rugosum 1.90 1.45 0.94
Diacamma vegans 0.26 0.11 0.11
Hypoponera sp.1 of AMK i) 1.77 2.84
Hypoponera sp.2 of AMK 1.08 0.92 1.27
Leptogenys penqueti 0.27 0.12 0.11
Leptogenys sp.2 of AMK 0.17 0.08 0.21
Leptogenys sp.23 of AMK 0.12 0.05 0.22
Odontomachus simillimus 0.67 0.50 0.34
Odontoponera denticulata 2.36 3.09 1.14
Pachycondyla astuta 0.41 0.16 0.19
Pachycondyla rufipes 0.81 0.45 0.42
Platythyrea parallela 0.09 0.04 0.04
Pseudomyrmecinae  Tetraponera alaborans 0.22 0.13 0.09
Tetraponera attenuata 0.04 0.02 0.04
Tetraponera difficilis 0.30 0.11 0.10
Tetraponera nigra 0.13 0.06 0.05
Tetraponera rufonigra 0.83 0.39 0.43

Considering for the whole three values, five dominant species are
Paratrechina longicornis, Pheidole megacephala, Meranoplus bicolor, Paratrechina

sp.6 of AMK, and Tapinoma melanocephalum.
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4.2.6 Similarity Index

Species richness of each sampling points was used to calculate for the degree
of similarity or similarity index, then the index are shown in a matrix Table 4-4. The

degree of similarity can be divided into five levels as follows.

Highest similarity, when the degree is in the range of 80 to 100
High similarity, when the degree is in the range of 60 to 79
Moderately similarity, when the degree is in the range of 40 to 59
Low similarity, when the degree is in the range of 20 to 39, or

Lowest similarity, when the degree is in the range of 0 to 19

As shown in the Table 4-4, most of the similarity index is in the moderate and
high similarity level. From the calculation, there is not the similarity index that

presents in highest level.

NES8 and NW8 have shown the highest of similarity index with the value of
78.79%. Then, NE8 and NE4, and NE8 and SW4 have shown the value of 77.78% and
76.60% respectively. In opposite, NE2 and NE6, NE2 and SE8, NE2 and RBPP1, and
NE2 and RBPP2 are not similar, with the value of zero.

For NE8 and NWS that shown the highest of similarity index, it is probably
due to they have the similar of physical characteristics. Both of them are shaded
orchard, dense of the trees, and also far apart from RBPP 8 kilometers. For NE4 and
SW4 that are similar to NES, they are the scrub forests, shaded and dense of trees.
Meanwhile NE6, SE8, RBPP1, and RBPP2 which are not similar to NE2, these could
be explained that only 2 species of ants, Pheidole megacephala and Monomorium sp.1
of AMK that present at NE2 are not found at NE6, SE§, RBPP1, and RBPP2. So,

these cause the similarity index values among those sampling points are zero.
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4.2.7 Species Diversity Index and Evenness Index

The highest species diversity index or Shannon’s index (H') and evenness
index (J) found at NE8 with the value of 3.2690 and 0.7212 respectively. The lowest
Shannon’s index and evenness index found at NE2 with the value of 0.0075 and
0.0017 respectively. Shannon’s index and evenness index along various distances in
four transect lines and at RBPP are separately shown in the Table 4-5, and the

interpolated Shannon’s index within the study area is shown in the Figure 4-8.

For NE2 that has lowest of species diversity, it caused by this sampling point
found only 2 species of ants, which are Pheidole megacephala and Monomorium sp.1
of AMK. For equitability, Pheidole megacephala is more abundant, which can be
found every time of samplings, whereas Monomorium sp.1 of AMK are found once of
sampling, with only 1 number of ant. However, Monomorium sp.1 of AMK is a very

tiny arboreal ant, it is probably caused the ant is difficult to be collected.

Table 4-5 Shannon’s index and evenness index along various distances

in four transect lines and Ratchaburi Power Plant

Distance from Ratchaburi Power Plant (kilometers)

Transect Lines

2 4 6 8
NE H’ 0.0075 3.2098 2.6785 3.2690
J 0.0017 0.7082 0.5909 0.7212
SE H' 2.8049 29119 1.9857 3.0840
J 0.6188 0.6424 0.4381 0.6804
SW H’ 3.0923 2.9185 2.9150 3.0633
J 0.6822 0.6439 0.6431 0.6758
NW H’ 2.6523 3.0378 2.7957 2.9804
J 0.5852 0.6702 0.6168 0.6576
RBPP1 H' 2.5688
J 0.5667
RBPP2 H' 2.4385
J 0.5380
RBPP3 H’ 2.5674
J 0.5664

Remark : RBPP1, RBPP2, and RBPP3 located in Ratchaburi Power Plant
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Figure 4-8 Shannon’s index of ants along various distances in four transect lines

and Ratchaburi Power Plant

Source : The interpolation of Shannon’s index by utilizing GIS software, ArcView 3.1.

4.2.8 Two Way Indicator Species Analysis

Two Way Indicator Species Analysis (TWINSPAN) is used to classify the

sampling points and ant species composition. The results of TWINSPAN analysis are

shown in a two-way ordered Table 4-6. The order of sampling points number are
listed at the top of table, which represent the NE2, NE4, NW14, NES, SE4, SW4,
NWS, SE6, SE8, SW8, NE6, SW2, SW6, NW6, SE2, NW2, RBPP1, RBPP2, and

RBPP3. The left column of the table presents the species number and abbreviated

scientific name of ants. The first ordered is an ant with a species number 89, Tetraatt

and the last ordered is a species number 6, Bothisp1 that abbreviate from Tetraponera

attenuata and Bothiomyrmex sp.l1 of AMK respectively. The numbers and signs,

which are “1” and “-” in a middle column represent to the present (1) or absent (-) of

the ant in each sampling point. The number in the bottom and the right column of the
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table are the dichotomized key for sampling points and ant species composition

respectively.

Table 4-6 Two-way ordered table from TWINSPAN analysis

11111 1

4577939015624886123

89 Tetraatt ---1l--———------———- 111111
78 Tapispl - — e il Rk
11 Campospl ------ 1 — i finle] 11 1
72 EBolybim % — == l=ll===c==g=== 111110
24 /Creorth? /——z&8 lo==llaemafg=== 111110
1/ Acroacuts  aEESEEESIBIEEE — 111110
42 Monosp2 =l=l=lomllomaaarg-—= 11110
79 Techkrae -1--1--1-1-----—--—- 11101
65 PheisplOEEESiEEEiBEEEs o= & 11101
34 Leptosp 2R B R~ vV 7 & 11101
91 Tetranig --1---—-—- =32 e 111001
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3 Amblrect -11----- -5 i1 1SN0 104l
86 Tetrasp6 -111-11--1---1----- 110100
61 Pheidmeg 11111111------ 11--- 1100
59 Pheidbut ---1111111-11-11--- 101
53 Parasp4 -1-11111111-11-1--- 101
50 Pachyast --1--1--11--1-1---- 101
30 Hyposp2 -111111111111----- 1 100
29 Hypospl -1111111111111---1- 100

19 Ceraspl -1--———- l-——-1---—- 100

5 Anoplgra -111-1---1-11----1- 100
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80 Techmodi ----11----- 1--1---- 011001
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1) Classification of the Sampling Points

As shown in the Table 4-6, at the fourth level, sampling points can be
classified into two groups as follows.

Group 1 : NES8, SE4, SW4 and NWS

Group 2 : SE6, SE8, and SW§

Corresponding to similarity index, the classified sampling points in the group 1
have shown the highest degree of similarity (see the details in 4.2.6 Similarity Index).
However, if considering for the direction and/or distance from RBPP, the classified
sampling points are not clearly separated based on the direction and/or distance from
RBPP. For the group 2, all of clustered sampling points have similar land use, which
are mixed ditch-orchards that mainly by mango trees, shaded and aboveground are

covered by leaf litter.

2) Classification of the Ant Species Composition

For species composition, at the sixth level, they can be classified into twelve

groups as follows.

Group 1 :  Tetraponera attenuata, Tapinoma sp.1 of AMK, and Camponotus
sp.1 of AMK

Group 2 :  Polyrhachis (Myrmhopla) bicolor, Crematogaster (Orthocrema)
sp.2 of AMK, and Acropyga acutiventris

Group 3 : Tetraponera nigra, Tetraponera alaborans, Rhopalomastix sp.1 of
AMK, Pheidole sp.14 of AMK, and Pheidole fervens

Group 4 : Oligomyrmex sp.2 of AMK, Monomorium latinode, and
Crematogaster (Orthocrema) sp.1 of AMK

Group 5:  Tetramorium sp.8 of AMK, Tetramorium simillimum, Pheidole
protea, Dolichoderus thoracicus, and Amblyopone reclinata

Group 6 :  Tetramorium sp.6 of AMK
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Tetraponera  rufonigra, Tetramorium  sp.15 of AMK,
Technomyrmex  modiglianii,  Polyrhachis (Cyrtomyrma)
laevissima, Pheidologeton diversus, Pheidole parva, Paratrechina
sp.8 of AMK, Monomorium sp.1 of AMK, Cardiocondyla
wroughtonii, Anochetus graeffei, and Aenictus sp.6 of AMK
Solenopsis geminata, Plagiolepis sp.3 of AMK, Plagiolepis sp.2
of AMK, Plagiolepis sp.1 of AMK, Pheidole bugi, Paratrechina
sp.9 of AMK, Paratrechina sp.6 of AMK, Paratrechina sp.5 of
AMK, Paratrechina longicornis, Odontoponera denticulata,
Monomorium  pharaonis,  Monomorium  floricola,  and
Cardiocondyla emeryi

Tetramorium  smithi, Monomorium destructor, Leptogenys
penqueti, Diacamma vagans, and Camponotus (Myrmosericus)
rufoglaucus

Tetramorium bicarinatum, Ochetellus sp.1 of AMK, Iridomyrmex
anceps, and Crematogaster sp.6 of AMK

Smithistruma sp.3 of AMK, Diacamma rugosum, Crematogaster
rogenhoferi, and Cardiocondyla nuda

Camponotus (Tanaemyrmex) sp.7 (group) of AMK

As shown in the two-way ordered table, the widely distributed ants present in

the middle part of the table. The distribution of ants is decrease gradually when they

apart from the middle part of table so far. From TWINSPAN analysis, the group 8 is

the greatest group with the number of species of 13 species. Compare to the others, the

classified ants in this group are wide distribution within the study area, which are the

good characteristics for the ants to be a bioindicator.

According to the relative presence, relative frequency, and relative abundance,

and TWINSPAN analysis, nine species are selected to analyse the effect of the

seasons on their abundance and the relationship to the environmental factors. Nine

species comprise

Cardiocondyla emeryi, Monomorium floricola, Monomorium

pharaonis, Paratrechina longicornis, Paratrechina sp.6 of AMK, Paratrechina sp.9



Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Technology of Environmental Management) / 55

of AMK, Pheidole bugi, Plagiolepis sp.3 of AMK, and Solenopsis geminata. All these
9 species have the appropriate characteristics to be the bioindicator, whether in terms
of widely distributed, frequently found, or abundant when compare to other species.

The pictures of the nine dominant species are illustrated in the Figure B-1, Appendix B.

4.3 The Analysis of the Relationship between Environmental Factors and Ants

4.3.1 The Effect of Seasons on Species Richness and Abundance of Ants

One-way Analysis of Variance (one-way ANOVA) reveals that the seasons
have significant effect on the species richness (£=4.800, p=0.031). The species
richness is lower in the dry season than in the wet season (Table 4-7). It is probably
explained that the food and water supply are likely shortage in the dry season and
become plenty in the wet season. From the result, it could be proposed that the study
have to collect in both the dry and wet season, or throughout the year in order to get

the different ant species that present in the different seasons.

The result of one-way ANOVA analysis is similar to the study on ant
distribution in Eastern of Thailand, which found that the species richness of ants in
Chanthaburi province significantly differ in various seasons (Uengwichanpanya et al,
2000). The species richness along the transect line was higher in the rainy season than
the cold and summer season respectively. However, considering for the whole study
area, the species richness was highest in the cold season with the value of 40, then

followed by the wet and dry season with the value of 36 and 27 respectively.

For the effect of seasons on abundance of ants, the analysis found that seasons
have significant effect on the abundance of Plagiolepis sp.3 of AMK and
Monomorium floricola, Paratrechina longicornis. In contrast, they do not have
significant effect on Cardiocondyla emeryi, Monomorium pharaonis, Paratrechina
sp.6 of AMK, Paratrechina sp.9 of AMK, Pheidole bugi, and Solenopsis geminata.
Plagiolepis sp.3 of AMK shows lower abundance in the dry season than the wet



Pornpen Thienthaworn Results and Discussion / 56

season (f= 11.640, p=0.001), whereas Monomorium floricola and Paratrechina
longicornis show higher abundance in the dry season than the wet season (F= 5.848,

p=0.017 and F=4.686, p=0.033 respectively) (Table 4-7).

Table 4-7 Average of the species richness, abundance of ants and F values

in the dry and wet season

Significant
Dry Season Wet Season F Values Values of F
(1)
Species richness of ants 14.79 (£0.79) 17.49 (£0.94) 4.800* 0.031
Abundance of ants

Cardiocondyla emeryi 2.13 (£0.36) 2.06 (£0.39) 0.016 0.901
Monomorium floricola 2.77 (£0.64) 1.04 (£0.32) 5.848%* 0.017
Monomorium pharaonis 2.19 (£0.44) 1.82 (£0.53) 0.280 0.598
Paratrechina longicornis 7.32 (£1.15) 4.49 (£0.62) 4.686* 0.033
Paratrechina sp.6 of AMK 4.74 (+0.95) 3.05 (£0.46) 2.562 0.112
Paratrechina sp.9 of AMK 0.97 (£0.35) 1.50 (+0.38) 1.059 0.306
Pheidole bugi 4.03 (£0.92) 3.49 (+0.90) 0.179 0.673
Plagiolepis sp.3 of AMK 0.32 (£0.29) 2.89 (£0.69) 11.640%* 0.001
Solenopsis geminata 3.43 (£0.85) 2.41 (£0.56) 0.997 0.320

Remark : * means significant at 95% of confidence (»p<0.05)

4.3.2 The Pearson Correlation Analysis

1) The Relationship between Climatic Factors and Ants

Pearson correlation analysis reveals that climatic factors, which are
temperature and relative humidity, do not correlate with the species richness and

abundance of ants (Table 4-8).

According to Andersen (2000), temperature, which is regulated by the climate
and the structure of habitat, is significant influence to the ants. The non-correlation

may happen because the climatic data is measured at about the height of 2 meters
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above the ground, whereas the ants were collected at the ground level. The general

climatic data, therefore, may not be appropriate for the study on ground-dwelling ants.

Table 4-8 Pearson correlation coefficient () of environmental factors

and species richness and abundance of ants

Temperature I-II{:III?:(IIYEy SO, NO, 0O; PM;, TSP
Species richness of ants 0.076 0.158 0.167 -0.149  -0.307** -0.275%* -0.209*
Abundance of ants
Cardiocondyla emeryi 0.112 -0.016 -0.031 -0.120 0.024 -0.066 -0.063
Monomorium floricola 0.116 -0.172 -0.132 0.037 0.218*  0.091 0.118
Monomorium pharaonis 0.052 -0.117 -0.019 0.125 0.004 0.055 0.088
Paratrechina longicornis 0.067 -0.155 -0.161 -0.015 0.248%*% (.143 0.121
Paratrechina sp.6 of AMK 0.098 -0.081 0.021 0.117 0.109 0.048 0.036
Paratrechina sp.9 of AMK 0.079 0.072 0.019 -0.078  -0.111 -0.164  -0.158
Pheidole bugi -0.058 0.014 0.073 0.057 0.095 0.091 0.068
Plagiolepis sp.3 of AMK -0.070 0.156 -0.138  -0.219* -0.307** -0.206  -0.232*
Solenopsis geminata -0.047 -0.082 -0.016 0.115 0.055 0.128 0.160

Remarks : * means significant at 95% of confidence (»p<0.05)

** means significant at 99% of confidence (p<0.01)

2) The Relationship between Air Quality and Ants

According to the Table 4.8, Ozone (O3), particulate matters smaller than 10
micrometers (PM)), and total suspended particulates (TSP) negatively correlate with
the species richness (r=-0.307, p=0.001; r=-0.275, p=0.003; r=-0.209, p=0.025
respectively). In contrast, sulfur dioxide (SO,) and nitrogen dioxide (NO) do not
correlate with species richness of ants. These indicate that the increase of Oz, PMy,

and TSP concentration would decrease the species richness of ants.

Among nine species of ants, the analysis of correlation reveals that SO, does
not correlate with any the abundance of ants (»>0.05), while NO; negatively correlates

with Plagiolepis sp.3 of AMK (=-0.219, p=0.019). Os positively correlates with
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Monomorium floricola and Paratrechina longicornis (r=0.218, p=0.020 and r=0.248,
p=0.008 respectively) but negatively correlates with Plagiolepis sp.3 of AMK (r=
-0.307, p=0.001). PM,( and TSP negatively correlate with Plagiolepis sp.3 of AMK
(¥=-0.206, p=0.028 and r=-0.232, p=0.013 respectively). From the result of analysis,
it could be explained that the increase of NO,, O3, PM o, and TSP concentration would
decrease the abundance of Plagiolepis sp.3 of AMK. Conversely, the increase of O;
concentration would also increase the abundance of Monomorium floricola and

Paratrechina longicornis.

The low concentration of SO; in the studying period probably does not have
the clear effect to the total number of species and abundance of ants. These might
result as the correlation analysis shows insignificant correlation between SO, and the
species richness and abundance of ants. For the other air pollutants that correlate with
ants, but show the low values of correlation coefficient (), it could be explained that
the concentration of each air pollutant within the whole study arca were closely.
Consequently, according to the scatter plots, the relationship data between ants and air
pollutant are grouped, hence they showed the unclearly correlation patterns which
may cause the low values of 7. The wider range of air pollutants might show more
clearly relationship patterns. In addition, the other environmental factors such as soil
characteristics, microclimate characteristics, food and water supply, even or human

activities might had the influences on the ants more than the air pollution.

4.3.3 The Multiple Regression Analysis

For the Stepwise Multiple Regression analysis, species richness and abundance
of ants are determine as dependent variables, while the environmental factors, which
consist of temperature, relative humidity, SO,, NO,, Os;, PM;,, and TSP, are
determined as independent variables. The following equations perform the

relationship patterns among the variables.
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1) Species Richness

= 20563 - 0283 O,

species richness

where =0.095, F(1,113=11.695, p=0.001, standard error of the estimate=6.40

From an equation, the species richness is negatively correlated with Os.
It could be predicted that the increase of Oz concentration would decrease the species

richness of ants within the study area.
2) Monomorium floricola

Y,

Monomorium floricola

0071 + 0117 O,

where =0.048, F,113=5.609, p=0.020, standard error of the estimate=3.83

In contrast to the species richness, the abundance of Monomorium floricola is
positively correlated with Os;. From the equation, it could be predicted that the
increase of O3 concentration would increase the abundance of Monomorium floricola,

which presents in the study area.
3) Paratrechina longicornis

= 3635 + 0384 O, - 1.000 NO,

Paratrechina longicornis

where °=0.101, Fp, 113=6.251, p=0.003, standard error of the estimate=6.787

As well as Monomorium floricola, the abundance of Paratrechina longicornis
is positively correlated with Oz but negatively correlated with NO,. It indicates that

the increase of O3 concentration tends to increase the abundance of Paratrechina
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longicornis, whereas the increase of NO, concentration tends to decrease the

abundance of Paratrechina longicornis.
4) Plagiolepis sp.3 of AMK

Y pvgiotepis sp3 oranx = 0086 - 0221 0; - 5209 SO,

where r2=0.152, F2,11379.970, p=0.0001, standard error of the estimate=3.91

The abundance of Plagiolepis sp.3 of AMK is negatively correlated with O;
and SO,. From the equation, it could be predicted that the increase of either the O3 or

SO, concentration would decrease the abundance of Plagiolepis sp.3 of AMK.

From the regression analysis, although the ¥ are quite low, but most of the
significant values of F (p values) are lower than 0.01, except Monomorium floricola,
which p value is equal to 0.020. The low values of ° could be explained as the same
of Pearson Correlation analysis. Therefore, it could be concluded that there are the
relationships among the air pollutants and species richness and abundance of

Monomorium floricola, Paratrechina longicornis, and Plagiolepis sp.3 of AMK.

However, with the low values of /°, the regression equations may not predict the

species richness and abundance of ants within the study area precisely.

The Stepwise Regression analysis and Pearson Correlation analysis show the
similar results, which points that the increase of O3 concentration would decrease the
species richness of ants, in contrast, it would increase the abundance of Monomorium
floricola and Paratrechina longicornis. Nevertheless, the regression analysis does not
show the relationship between particulates (PM;o and TSP) and the species richness
and abundance of ants as shown by the Pearson Correlation analysis, but it shows the

relationship between the SO, and the abundance of ant (Plagiolepis sp.3 of AMK).
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4.3.4 Canonical Correspondence Analysis

The results from Canonical Correspondence Analysis (CCA) are also used to
identify the relationship pattern between the ants and air pollutants. The ordination
between the sampling points of ants and air pollutants are summarized as follows. The

ordination diagrams are shown in the Figure 4-9.

1) The sampling points that dominantly related with the SO, are NE4, NE6,
NE8, NW6, NWS, and SE6 while, NW4, SE4, and SE8 are secondary dominant.
Interestingly, most of the dominant sampling points locate in the north direction from
RBPP, except SE6. The correlation coefficients () are 0.522 in axis 1 and 0.490 in
axis 2.

2) The sampling points that dominantly related with the NO, is SW8, while
SW6 is secondary dominant (»=0.260 in axis 1 and —0.471 in axis 2). Both of the
sampling points locate in Southwest transect line.

3) The sampling points that dominantly related with the O; are RBPP2 and
SE2, while RBPP3, SE4, and SE6 are secondary dominant (=-0.159 in axis 1 and —
0.144 in axis 2).

4) The sampling points that dominantly related with the PM;, is SE6, while
SE4 and SES are secondary dominant (7=0.669 in axis 1 and 0.275 in axis 2). All of
the sampling points locate in Southeast transect line.

5) The sampling points that dominantly related with the TSP are NE6, NES,
and NW6, while NE4, NW4, and NW8 are secondary dominant (»=0.162 in axis 1 and
0.339 in axis 2). All of the sampling points locate in north direction from RBPP.
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Canonical Correspondence Analysis
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Canonical Correspondence Analysis
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Canonical Correspondence Analysis
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(Continued)

The CCA analysis also reveals the relationship patterns between the ant

species and air pollutants through the joint plot diagram (Figure 4-10).

As shown in the Figure 4-10, the angle and the length of the line indicate the
direction and strength of the relationship respectively. The diagram shows the
relationship between SO,, NO,, and PM,y and the ants, similar to the result from the
regression analysis, which also found the relationship between SO, and NO; and the
ants. However, the lines of SO,, NO,, and PMy in the diagram are short, meanwhile
the #* that derived from the regression analysis are also low. These indicate that those
air pollutants might not strongly influence on the ants. The other environmental

factors are probably more significant to the ants that inhabit in the study area.
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Canonical Correspondence Analysis
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CHAPTER 5
CONCLUSION AND RECOMMENDATIONS

5.1 Conclusion
5.1.1 Ambient Air Quality

The concentration of SO,, NO,, O3, PM;, and TSP, especially SO, and NO,
were low and not exceed the Ambient Air Quality Standards. SO, was in the range of
0.0 to 1.71 ppb, which were under its standard of 300 ppb. NO, was in the range of
1.83 and 14.13 ppb (the standard, not exceed 170 ppb). Oz was in the range of 5.00
and 26.27 ppb (the standard, not exceed 100 ppb). PM;y was in the range of 10.81 and
92.53 pg/m’ (the standard, not exceed 120 pug/m>). TSP was in the range of 10.81 and
92.53 pg/m’ (the standard, not exceed 120 ug/m3). The low concentration of air
pollutants, particularly SO, and NO; could be explained that RBPP, which is the
major source of air pollution in the study area was operated by using the natural gas as

a primary fuel.
5.1.2 Ant Community

The ground-dwelling ants and ants on trees were collected in the dry season
(February to April 2003) and the wet season (July to September 2003) by the quadrat
and direct sampling techniques, the total species of ants or species richness within the
study area are 94 species, which are classified into 40 genera of 7 subfamilies. The
greatest subfamily is Myrmicinae, which comprises 14 genera, 37 species. Within
Ratchaburi Power Plant (RBPP), the number of ant species found at RBPP1, RBPP2,
and RBPP3 are equally that is 29 species. Along the four transect lines running
roughly from RBPP, the species richness fluctuated from 26 to 59 species, except NE2

which only 2 species of ants are found. The highest number of species found at NE4
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with the value of 59 species, then followed by NW4 and NW8 with the values of 53
and 50 species respectively. Dramatically low of species richness at NE2, it is
probably due to the environmental stressors and anthropogenic disturbances, for
examples, the high competitive condition among the ants, the shortage of food, even

or the application of pesticide in the area, etc.

Considering for the whole of study area, the nine dominant species in terms of
widely distributed, frequently found, and the abundance, consist of Cardiocondyla
emeryi, Monomorium floricola, Monomorium pharaonis, Paratrechina longicornis,
Paratrechina sp.6 of AMK, Paratrechina sp.9 of AMK, Pheidole bugi, Plagiolepis
sp.3 of AMK, and Solenopsis geminata.

In the dry season, the average total number of species is significantly lower
than the wet season with the values of 14.79 and 17.49 respectively (F=4.800,
p=0.031). Among the nine dominant species, Plagiolepis sp.3 of AMK are also higher
abundant in the wet season (F= 11.640, p=0.001), while Monomorium floricola and
Paratrechina longicornis are higher abundant in the dry season (= 5.848, p=0.017
and F=4.686, p=0.033 respectively). Generally, the species richness of ants is usually
higher in the wet season than in the dry season. It could be explained that the food and

water supply for the ants are more plenty in the wet season than in the dry season.

5.1.3 The Relationship between Environmental Factors and Ants

The Stepwise Multiple Regression analysis indicates that the air pollutants are
related with species richness and abundance of Monomorium floricola, Paratrechina

longicornis, and Plagiolepis sp.3 of AMK. The results of regression analysis are

concluded as follows.

The increase of O3 concentration tends to decrease the species richness of ants
within the study area (r2=0.095, p=0.001). But, the increase of Oz concentration, in
contrast, tends to increase the abundance of Monomorium floricola (r2=0.048,

p=0.020). For Paratrechina longicornis, the increase of Oj; concentration tends to



Pornpen Thienthaworn Conclusion and Recommendations /68

increase the abundance of Paratrechina longicornis, while the increase of NO,
concentration tends to decrease the abundance of Paratrechina longicornis (r’=0.101,
p=0.003). Lastly, the increase of O; and SO, concentration tends to decrease the
abundance of Plagiolepis sp.3 of AMK (+=0.152, p=0.0001). From the analysis, the
regression equations show the low values of 7. However, they show the high level of
confidence, which the most of p values are less than 0.01. So, these could be
mentioned that there are the relationship between the ants and the air quality, but the
regression equations might not give the accuracy prediction for the species richness

and abundance of ants under the variation of air pollutants.

For the low values of #°, however, it probably because the air pollutants
probably might not be significantly affected the ants, while the others environmental
stressors and some human-caused disturbances might cause stronger effect to the ants.
In addition, the concentrations of air pollutants were closely in the narrow range.
So, the relationship data between the ants and air pollutants were not scattered well in

order to showed the clearly relationship patterns.

Consistent with the regression analysis, Canonical Correspondence Analysis
(CCA) also shows the similar relationship between the ants and air pollutants (SO,
and NO,). But, the lines of air pollutants shown in the CCA joint plot diagram are
short. These could be explained that the air pollutants might not significantly influence

to the ants as similar to the low values of 7°.

5.2 The Problems in the Study

1) The application of pesticide in the sampling points and adjacent areas,
especially in the sampling points which are the orchards.

2) The land use changes in the sampling points, for examples, the cutting off
the trees for the fuel could affect the presence of the ants in the next sampling times.

3) The ambient air quality data were missed in some periods, thus the

calculation of the average data could be error.
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5.3 Recommendations

According to the hypothesis of the study, the study reveals that air quality
would affected the ant distribution. From the study on the relationship of air quality
and ant distribution surrounding Ratchaburi Power Plant, it could be stated that the
simple ecological values, such as the total number of species or the species richness
and the abundance of Monomorium floricola, Paratrechina longicornis, and

Plagiolepis sp.3 of AMK seem to show the preliminary potential to be an air pollution

bioindicator. Nevertheless, the further study are needed in order to understanding the
response patterns of the ants to the variation of the air pollutions concentration and

also clarify the related factors. The recommendations are proposed as follows.

5.3.1 Ant Community

1) According to the result that found the seasons could affect the species
richness and abundance of ants, the study period (three months per each season) is
probably short. The collecting of ants throughout the cycle of a year might show more
clearly variation of ant composition between the seasons.

2) The further study should be concerned about the canopy ants, which
probably better response to the air pollution than the ground-dwelling ants.

3) Soil characteristics should be concerned due to they serve as the habitats or
the nest sites of ground-dwelling ants.

4) The temperature and relative humidity at the ground level should be
measured and utilized for the further study in order to represent the climatic condition

of the habitat of ants.

5.3.2 Ambient Air Quality

1) The air quality surrounding RBPP need to be continuously monitored,
particularly in the period that RBPP was operates by using fuel oil or diesel oil.
2) Gaussian mathematical model should be utilized to predict the dispersion

of air pollution from the stationary source.
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3) The Particulate Matters smaller than 2.5 micrometers (PM,s) should be

also concerned due to it might has the effect to the ants more than PM,.

5.3.3 The Ants as Air Pollution Bioindicator

1) In order to have a clearer understanding the response of the ants to the air
pollution, the further study should be applied to the high polluted area, for examples,
the Mae Moh Power Plant, Lampang province or the industrial estates, etc.

2) The ants that show the preliminary potential to be an air pollution
bioindicator should be selected to study in the setting up experiments, which can be
controlled the environmental conditions and varied the concentration of air pollutants,
such as closed chamber, open-top chamber, or field-based experiment to clarify the
response mechanisms of the ants to the air pollution.

3) Finally, for environmental management aspect, the exactly responding
patterns of the ants to the air pollution should be informed and publicized. The
potential ants could be utilized in the area where lack of the advance air quality
monitoring instruments or the specialized officers. Moreover, the government sector
should contribute either the local people or the NGOs to use the ants as a simple tool
to monitor and audit the air pollution condition within their community that affected
by the operation of the air pollution sources. These could encourage the public

participation in the same time.
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Table A-1 Average monthly temperature and average monthly relative humidity

of the year 2002 at Ban Chao Nuea station

Month Temperature (°C) Relative Humidity (%)
Minimum  Maximum Average Minimum  Maximum Average
January 17.8 34.6 24.8 35 95 71
February 20.7 36.4 272 31 94 72
March 19.1 el 28.1 38 97 74
April 24.3 38.6 29.7 25 91 68
May 233 37.7 28.1 38 97 76
June 22.8 35.1 28.0 46 97 76
July 22.8 35.1 28.0 46 97 76
August 23.0 34.8 27.1 45 97 77
September 22.6 34.6 26.9 49 98 79
October 21.5 355 26.5 44 100 81
November 22.0 339 25.7 49 98 81
December 20.3 36.0 26.1 42 98 78

Source : Ratchaburi Electricity Generating Co, Ltd. (2002; 2003b)

Table A-2 Average monthly temperature and average monthly relative humidity

of the year 2003 at Ban Chao Nuea station

Month Temperature ("C) Relative Humidity (%)
Minimum  Maximum Average Minimum  Maximum Average
January 15.2 35.0 244 31 96 73
February 17.9 36.7 26.8 31 96 72
March 21.4 37.2 s 18 98 76
April 233 38.1 29.5 23 98 71
May 22.4 38.6 28.5 35 98 76
June 23.0 374 27.9 37 98 77
July 21.3 355 .78 47 98 81
August 22.4 35.7 27.8 44 98 77
September 223 343 26.7 51 98 83
October 22.4 34.6 26.6 49 98 83
November 19.9 35.0 26.9 41 98 72
December 15.4 323 23.8 33 94 67

Source : Ratchaburi Electricity Generating Co, Ltd. (2003c; 2004)
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Table A-3 The ambient air quality surrounding Ratchaburi Power Plant of the year 2002

Pollutants Concentration

Ban Don Mottanoi station

Month 1hr-SO,  24hr-SO,  1hr-NO, 1hr-O; 24 hr-PM;, 24 hr-TSP
(ppb) (ppb) (ppb) (ppb) (ug/m’) (ug/m*)

Min Max Min Max Min Max Min Max Min Max Min Max

January ND 4 ND 1 8 42 30 94 NA NA 57 16l

February ND 7 ND 1 5 20 B3 94 NA NA 52 176

March ND 2 ND 1 3 22 30 113 N/A NA 35 123
April ND 2 ND 1 4 15 34 92 N/A NA 37 82
May ND 2 ND 1 ) 11 21 67 13 46 22 105
June ND 4 ND 1 = 9 12 38 12 38 25 71
July ND 4 ND 1 3 8 15 36 14 66 28 97
August 1 5 ND 3 3 8 13 41 5 48 28 61

September ~ ND 8 ND 4 4 12 10 43 4 37 12 40

October ND 8 ND 3 3 16 8 78 14 82 19 88

November ND 9 ND 3 4 2] 19 94 24 95 24 92

December ~ ND 7 ND 3 6 21 22 84 25 94 25 93

Standard* 300%* 120 170 100 120 330

Source : Ratchaburi Electricity Generating Co, Ltd. (2002; 2003b)

Remarks : ND means Non-Detectable
N/A means Data not Available
* Notification of National Environmental Board No. 10 (1992) under the Enhancement and
Conservation of National Environmental Quality Act B.E. 2535 (1992), published in the Royal
Government Gazette No. 112 Part 52, dated 25" May B.E. 2538 (1995)
** Notification of National Environmental Board No.21 (2001) under the Enhancement and
Conservation of National Environmental Quality Act B.E. 2535 (1992), published in the Royal
Government Gazette No.118 Part 39, dated 30™ April B.E. 2544 (2001)
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Table A-3 The ambient air quality surrounding Ratchaburi Power Plant of the year 2002
(Continued)

Pollutants Concentration

Ban Bang Kado station

Month 1hr-SO,  24hr-SO,  1hr-NO, 1hr-O; 24 hr-PM,, 24 hr-TSP
(ppb) (ppb) (ppb) (ppb) (ug/m’) (ug/m*)

Min Max Min Max Min Max Min Max Min Max Min Max

January ND 28 ND- 8 1 28 25 99 61 195 78 250
February 1% 12 SN 5. 22 32 90 37 178 62 234
March ND I3 ND 5 2 19 25 8 22 127 53 176
April ND 16 ND 10 4 17 38 72 18 70 42 103
May 1 16 ND 8 2 20 15 8 NA NA 32 99
June ND 17 ND 14 . ND_ 24~ 10 33 5 36 28 75
July ND 4 ND 10 2 9 9 27 NA NA 23 75
August 1 ORI (SN 9 11 36 2 25 21 45

September ~ ND 11 ND 1 2 16 10 40 3 30 21 47

October 1 4 ND 2 7/ 18 19 83 9 94 16 97

November 1 13 ND 2 N/A  N/A 10 58 1§/ 82 25 96

December  ND 4 ND 1 N/A NA 9 47 21 97 29 111
Standard* 300%* 120 170 100 120 330

Source : Ratchaburi Electricity Generating Co, Ltd. (2002; 2003b)

Remarks : ND means Non-Detectable
N/A means Data not Available
* Notification of National Environmental Board No. 10 (1992) under the Enhancement and
Conservation of National Environmental Quality Act B.E. 2535 (1992), published in the Royal
Government Gazette No. 112 Part 52, dated 25™ May B.E. 2538 (1995)
** Notification of National Environmental Board No.21 (2001) under the Enhancement and
Conservation of National Environmental Quality Act B.E. 2535 (1992), published in the Royal
Government Gazette No.118 Part 39, dated 30™ April B.E. 2544 (2001)
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Table A-3 The ambient air quality surrounding Ratchaburi Power Plant of the year 2002

(Continued)
Pollutants Concentration
Ban Khlong Khae station
Month 41150, 24hr-S0, 1hr-NO,  1hr-O;  24hr-PM,, 24 hr-TSP
(ppb) (ppb) (ppb) (ppb) (pg/m’) (pg/m’)
Min Max Min Max Min Max Min Max Min Max Min Max
January ND 5 ND 2 25 48 BS 114 41 149 67 182
February ND 3 ND 1 ND 30 19 103 34 127 55 165
March ND 5 ND 2 2 28 23 98 20 101 36 125
April ND 3 ND 1 5 16 29 89 17 55 36 78
May ND 3 ND ND ) 16 14 60 3 36 15 67
June ND 9 ND 1 6 27 14 31 7 377 24 62
July ND 3 ND 1 S5 14 14 34 10 62 23 71
August ND 14 ND 9 5 30 12 32 5 24 19 47
September  ND 30 ND 26 6 78 12 101 4 23 10 43
October ND 9 ND 2 8 32 21 72 20 54 16 101
November ~ ND 10 ND 1 12 34 21 92 NA NA 10 91
December ~ ND 4 ND 2 10 66 23 86 N/A NA 27 108
Standard* 300%** 120 170 100 120 330

Source : Ratchaburi Electricity Generating Co, Ltd. (2002; 2003b)

Remarks : ND means Non-Detectable

N/A means Data not Available

* Notification of National Environmental Board No. 10 (1992) under the Enhancement and

Conservation of National Environmental Quality Act B.E. 2535 (1992), published in the Royal
Government Gazette No. 112 Part 52, dated 25" May B.E. 2538 (1995)

** Notification of National Environmental Board No.21 (2001) under the Enhancement and

Conservation of National Environmental Quality Act B.E. 2535 (1992), published in the Royal
Government Gazette No.118 Part 39, dated 30™ April B.E. 2544 (2001)
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Table A-3 The ambient air quality surrounding Ratchaburi Power Plant of the year 2002

(Continued)
Pollutants Concentration
Ban Chao Nuea station
Month 4 hrS0,  24hr-SO, 1hr-NO,  1hr-O;  24hr-PM,, 24 hr-TSP
(ppb) (ppb) (ppb) (ppb) (pg/m’) (pg/m’)
Min Max Min Max Min Max Min Max Min Max Min Max
January ND 1 ND 4 5 35 34 93 36 151 38 214
February ND 1 ND 3 4 26 36 92 26 133 46 156
March ND 1l ND 17 8 37 9 77 9 32 33 120
April ND 1 ND 4 2 47 34 85 8 42 31 82
May ND 1 ND 6 ND 27 18 58 5 25 15 60
June ND ND ND 2 4 27 13 40 N/A  N/A 13 56
July ND 2 ND 1 3 8 17 36 N/A NA 18 74
August ND 2 ND 1 2 10 13 35 3 22 17 44
September ~ ND 2 ND ND 2 16 14 36 3 19 9 34
October ND 2 ND ND 3 27 6 77 6 67 15 75
November  ND 1 ND ND 6 21 23 97 12 71 30 74
December 1 5 ND 1 5 21 25 94 15 90 24 90
Standard* 300%** 120 170 100 120 330

Source : Ratchaburi Electricity Generating Co, Ltd. (2002; 2003b)

Remarks : ND means Non-Detectable

N/A means Data not Available

* Notification of National Environmental Board No. 10 (1992) under the Enhancement and

Conservation of National Environmental Quality Act B.E. 2535 (1992), published in the Royal
Government Gazette No. 112 Part 52, dated 25" May B.E. 2538 (1995)

** Notification of National Environmental Board No.21 (2001) under the Enhancement and

Conservation of National Environmental Quality Act B.E. 2535 (1992), published in the Royal
Government Gazette No.118 Part 39, dated 30™ April B.E. 2544 (2001)
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Table A-4 The ambient air quality surrounding Ratchaburi Power Plant of the year 2003

Pollutants Concentration

Ban Don Mottanoi station

Month 4, S0, 24hr-SO,  1hr-NO, 1hr-O; 24 hr-PM,, 24 hr-TSP
(ppb) (ppb) (ppb) (ppb) (pg/m’) (ng/m)

Min Max Min Max Min Max Min Max Min Max Min Max

January ND 6 ND 3 10 35 35 142 45 161 46 159

February ND 21 ND 2 5 19 23 121 49 166 42 158

March ND 12 ND 2 ND 29 ND 101 30 79 29 82
April ND 4 ND 2 1 19 ND 83 35 60 30 55
May ND 12 ND 1 1 15 1 63 28 59 23 47
June ND 1 ND ND ND 11 ND 37 8 33 13 43
July ND 10 ND 4 ND 14 ND 48 23 48 12 34
August ND 10 ND 4 ND 8 ND 27 7 54 15 46

September ~ ND 4 ND 2 ND 12 ND 56 5 37 15 43

October ND 10 ND 2 ND 20 ND 83 15 97 23 110

November  ND 6 ND ND 1 26 2 94 52 102 68 114

December ND 10 ND 5 1 34 1 94 S/ 122 78 175

Standard* 300%* 120 170 100 120 330

Source : Ratchaburi Electricity Generating Co, Ltd. (2003c; 2004)

Remarks : ND means Non-Detectable
N/A means Data not Available
* Notification of National Environmental Board No. 10 (1992) under the Enhancement and
Conservation of National Environmental Quality Act B.E. 2535 (1992), published in the Royal
Government Gazette No. 112 Part 52, dated 25" May B.E. 2538 (1995)
** Notification of National Environmental Board No.21 (2001) under the Enhancement and
Conservation of National Environmental Quality Act B.E. 2535 (1992), published in the Royal
Government Gazette No.118 Part 39, dated 30™ April B.E. 2544 (2001)
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Table A-4 The ambient air quality surrounding Ratchaburi Power Plant of the year 2003

(Continued)
Pollutants Concentration
Ban Bang Kado station
Month =\ hrS0,  24hr-S0, 1hr-NO,  1hr-O, 24hr-PM,, 24 hr-TSP
(ppb) (ppb) (ppb) (ppb) (pg/m’) (ug/m’)
Min Max Min Max Min Max Min Max Min Max Min Max
January ND ) ND 1 N/A NA 33 1324 385 149 87 177
February ND 14 ND 2 N/A  N/A 7 111 26 115 37 219
March ND 10 ND 1 N/A N/A ND 83 18 74 37 94
April ND 1 ND ND NA NA ND 62 21 44 33 67
May ND 10 ND 1 ND 9 ND 47 17 46 N/A  N/A
June ND 14 ND 6 ND 12 ND 30 10 40 16 35
July ND 16 ND 3 ND 18 ND 43 NA NA I5 49
August ND 8 ND 1 ND 15 ND 50 NA NA 18 40
September ~ ND 17  ND 8 ND 10 ND 43 NA NA 16 44
October ND §, SND 6 ND 23 1 72 N/A NA 25 145
November  ND 4 ND 1 1 31 1 73 N/A NA 63 133
December  ND 30 ND 3 ND 40 1 88 73 137 83 167
Standard* 300%* 120 170 100 120 330

Source : Ratchaburi Electricity Generating Co, Ltd. (2003c; 2004)

Remarks : ND means Non-Detectable

N/A means Data not Available

* Notification of National Environmental Board No. 10 (1992) under the Enhancement and

Conservation of National Environmental Quality Act B.E. 2535 (1992), published in the Royal
Government Gazette No. 112 Part 52, dated 25" May B.E. 2538 (1995)

** Notification of National Environmental Board No.21 (2001) under the Enhancement and

Conservation of National Environmental Quality Act B.E. 2535 (1992), published in the Royal
Government Gazette No.118 Part 39, dated 30™ April B.E. 2544 (2001)
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Table A-4 The ambient air quality surrounding Ratchaburi Power Plant of the year 2003
(Continued)

Pollutants Concentration

Ban Khlong Khae station

Month 4} S0, 24hr-SO, 1hr-NO,  1hr-O; 24hr-PM,, 24 hr-TSP
(ppb) (ppb) (ppb) (ppb) (pg/m’) (pg/m*)

Min Max Min Max Min Max Min Max Min Max Min Max

January ND 4 ND 1 14 49 30 128 N/A NA 73 147

February ND 6 ND 1 6 54 29 110 N/A NA 40 158

March ND 16 ND 5 ND 28 ND 97 N/A NA 24 75
April ND 2 ND 1 ND 19 ND 74 N/A NA 26 71
May ND 18 ND 9 ND 20 ND 47 NA NA 21 55
June ND 15 ND 4 ND 13 ND 31 5 26 18 51
July ND 4 ND 1 ND 11 ND 46 3 25 13 34
August ND 12 ND 1 ND 10 ND 22 2 22 17 39

September  ND 7 ND 2 ND 11 ND 49 5 25 17 43

October ND 3 ND 1 1 22 ND 66 9 92 17 103

November  ND 3 ND 1 4 43 ND 90 44 101 61 118

December ~ ND 11 ND 2 12 117 1 99 54 137 72 174

Standard* 300%** 120 170 100 120 330

Source : Ratchaburi Electricity Generating Co, Ltd. (2003c; 2004)

Remarks : ND means Non-Detectable
N/A means Data not Available
* Notification of National Environmental Board No. 10 (1992) under the Enhancement and
Conservation of National Environmental Quality Act B.E. 2535 (1992), published in the Royal
Government Gazette No. 112 Part 52, dated 25" May B.E. 2538 (1995)
** Notification of National Environmental Board No.21 (2001) under the Enhancement and
Conservation of National Environmental Quality Act B.E. 2535 (1992), published in the Royal
Government Gazette No.118 Part 39, dated 30™ April B.E. 2544 (2001)
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Table A-4 The ambient air quality surrounding Ratchaburi Power Plant of the year 2003
(Continued)

Pollutants Concentration

Ban Chao Nuea station

Month 1hr-SO,  24hr-SO,  1hr-NO, 1hr-O;  24hr-PM,, 24 hr-TSP
(ppb) (ppb) (ppb) (ppb) (ng/m’) (ng/m’)

Min Max Min Max Min Max Min Max Min Max Min Max

January ND 4 ND 1 5 26 34 134 27 129 37 136

February ND 3 ND ND ND 22 26 115 26 127 29 141

March ND 1 ND ND ND 31 ND 102 21 62 24 76
April ND 1 ND ND ND 12 ND 78 10 46 21 55
May ND 2 ND ND ND 13 ND 64 12 47 18 56
June ND 1 ND ND ND 11 ND 37 8 33 13 43
July ND 2 ND ND ND 10 ND 45 6 25 10 30
August ND 1 ND ND ND 9 ND 38 11 51 12 37

September ~ ND 3 ND 1 ND 12 ND 35 8 31 12 28

October ND 1 ND ND ND 22 ND 82 11 128 14 123

November ND 3 ND 1 2 32 2 91 54 119 59 134

December ND 24 ND 4 3 38 1 118 78 167 93 191

Standard* 300%* 120 170 100 120 330

Source : Ratchaburi Electricity Generating Co, Ltd. (2003c; 2004)

Remarks : ND means Non-Detectable
N/A means Data not Available
* Notification of National Environmental Board No. 10 (1992) under the Enhancement and
Conservation of National Environmental Quality Act B.E. 2535 (1992), published in the Royal
Government Gazette No. 112 Part 52, dated 25™ May B.E. 2538 (1995)
** Notification of National Environmental Board No.21 (2001) under the Enhancement and
Conservation of National Environmental Quality Act B.E. 2535 (1992), published in the Royal
Government Gazette No.118 Part 39, dated 30™ April B.E. 2544 (2001)



Fac. of Grad. Studies, Mahidol Univ.

M.Sc. (Technology of Environmental Management) / 87

Table A-5 The average of ambient air quality surrounding Ratchaburi Power Plant

in the year 2003

Station 1 : Ban Don Mottanoi station

SO; (ppb) NO; (ppb) O; (ppb) PM; (ug/m’) TSP (ug/m’)
February 0.46 (£0.05)  4.43 (£0.19)  25.07 (£0.92)  92.53 (+2.42)  75.92 (£1.86)
March 0.36 (£0.03)  4.82(+0.10)  25.20(£0.74)  51.11 (£1.10)  49.50 (+0.82)
April 0.23 (£0.03)  4.03 (+0.08)  24.30(+0.72)  48.88 (x1.20)  43.36 (x0.82)
July 0.23 (£0.04)  2.92 (+0.08) 9.37 (0.32) 35.15 (¢1.34)  22.41 (+£0.61)
August 0.60 (£0.05)  1.83 (£0.05) 8.05 (£0.23) 22.02 (+0.93)  26.74 (£0.60)
September 0.43 (£0.03)  2.10 (£0.06)  10.92 (+£0.36) 19.42 (£0.66)  26.12 (+£0.55)
Station 2 : Ban Bang Kado station

SO; (ppb) NO; (ppb) O; (ppb) PM;, (ug/m’) TSP (ug/m’)
February 0.30 (0.06) No data 18.06 (£0.89)  71.69 (#2.43)  112.67 (+4.72)
March 0.10 (£0.03) No data 17.51 (£0.60)  40.52 (=0.96)  60.94 (+1.02)
April 0.02 (+£0.01) No data 1548 (£0.48)  32.30 (£0.75)  47.14 (£1.25)
July 0.37 (£0.06)  3.81 (+0.07) 6.23 (£0.23) No data 26.12 (£0.75)
August 0.04 (£0.01)  2.66 (+0.06) 5.00 (£0.18) No data 27.30 (£0.56)
September 1.71 (£0.16)  3.15 (£0.06) 7.33 (£0.27) No data 29.11 (£0.77)
Station 3 : Ban Khlong Khae station

SO; (ppb) NO; (ppb) O; (ppb) PM;, (ng/m’) TSP (ug/m’)
February 0.08 (£0.02) 14.13 (£0.40) 21.86 (0.86) No data 79.49 (£1.95)
March 0.21 (£0.06)  6.16 (0.14)  22.25 (+0.69) No data 50.17 (+0.77)
April 0.05 (£0.01)  4.51 (£0.08)  18.06 (+£0.55) No data 42.19 (£0.66)
July 0.05 (£0.01)  2.93 (+0.07) 5.94 (£0.23) 10.81 (£0.60)  23.66 (£0.53)
August 0.12 (£0.02)  3.81 (+0.07) 5.27 (£0.17) 11.00 (£0.58)  26.45 (+£0.53)
September 0.21 (£0.03)  4.22 (+0.08) 7.19 (£0.27) 14.13 (£0.70)  28.51 (+£0.61)
Station 4 : Ban Chao Nuea station

SO; (ppb) NO; (ppb) Os (ppb) PM,y (ng/m’) TSP (ug/m’)
February 0.05 (£0.01)  4.72 (+0.18)  25.45(+0.94)  63.77 (£2.04)  74.21 (£1.99)
March 0.01 (£0.00)  3.89 (£0.14)  26.27 (£0.70)  38.11 (+0.98)  46.69 (+0.92)
April 0.00 (£0.00)  2.56 (£0.07)  23.26 (£0.58)  29.86 (+0.83)  34.24 (+0.59)
July 0.03 (£0.01)  2.15 (£0.06) 9.43 (£0.28) 13.49 (£0.61)  18.33 (+£0.39)
August 0.04 (£0.01)  2.19 (£0.06) 9.25 (+0.23) 27.87 (£0.95)  21.96 (+0.46)
September 0.08 (£0.01)  2.39(£0.07)  12.40 (£0.34)  22.40 (£0.76)  21.16 (+0.48)

Source : From calculation
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Sampling
Point

Land Use Picture

RBPP1

RBPP2

RBPP3

NE2

NE4

NE6

Land Use

UTM Coordinate

North

East

opened-areas with mono-
stand of wattle trees

the ground is grew the
grass

maintained regularly by
RBPP

leaf litters are usually
gathered out

0595992

1504653

opened-areas, mainly by
the mango trees

the ground is grew the
grass

maintained regularly by
RBPP

leaf litters are usually
gathered out

0597006

1503412

opened-areas with mono-
stand of shingle trees

the ground is grew the
grass

maintained regularly by
RBPP

leaf litters are usually
gathered out

0595820

1503290

orchard, mainly with
mango trees and coconut
palms

the pesticide is applied in
the area

nearby areas are paddy
fields and orchards

0597658

1505342

scrub forest connected to
the small orchard in the
resident area

shaded, dense with the
trees and shrubs

nearby areas are orchards

0599545

1506910

mixed ditched-orchards,
mainly by the mango
trees

the pesticide is applied in
the area

0600886

1508063
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Table B-1 The ant sampling points within the study area (Continued)

Sampling
Point

Land Use Picture

NES

SE2

SE4

SE6

SE8

SW2

Land Use

UTM Coordinate

North East

small orchard in the
resident area

shaded, many species of
trees

0602022 1509357

scrub forest located on the
opened-area

dense with small trees and
shrubs

nearby areas are
aquaculture areas

0598064 1502303

mango orchards

the pesticide is applied in
the area

nearby areas are
vegetable patches and
orchards

0599664 1501159

mixed ditched-orchard
mainly by the mango
trees, mangosteen, and
areca palms

shaded, aboveground
covers by leaf litters

nearby areas are orchards

0600552 1500258

mixed ditched-orchard
that mainly by mango
trees and coconut palms

nearby areas are orchards

0601369 1498100

scrub forest

nearby areas are
aquaculture areas and
paddy fields

0594684 1501620
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Table B-1 Ant sampling points around Ratchaburi Power Plant (Continued)

Sampling UTM Coordinate

Point Land Use Picture Land Use North East

- shaded scrub forest
- located near the road and

. 0594134 1501077
resident areas

Sw4

shaded scrub forest
- located near the road and
resident areas

SW6 0592434 1499832

mixed ditched-orchard,
mainly by the mango
trees 0591266 1498167
- shaded, aboveground
covers by leaf litters

SW8

- resident area of the
aquaculture workers

- aboveground covered
with the grass

- nearby areas are
aquaculture areas

NwW2 0595061 1504941

- strip of trees along the
irrigation canal

- nearby areas are resident
areas and paddy fields

Nw4 0593601 1507056

- strip of trees along the
irrigation canal

- nearby areas are resident
areas and paddy fields

NW6 0592672 1508469
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Table B-1 Ant sampling points around Ratchaburi Power Plant (Continued)
Sampling . UTM Coordinate
Point Land Use Picture Land Use North East
- mixed orchard, mainly by
NWS S aggpind 0590791 | 1509471

- aboveground covered
with the grass




Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Technology of Environmental Management) / 93

Table B-2 The presence of ant within the study area

Found at
Subfamily Species
Litter Soil Tree
Aenictinae Aenictus sp.1 / - -
Cerapachyinae Cerapachys sp.1 of AMK - / -
Cerapachys sp.14 of AMK / / -
Dolichoderinae Bothriomyrmex sp.1 of AMK / / /
Dolichoderus thoracicus / / /
Iridomyrmex anceps / / /
Ochetellus sp.1 of AMK / / /
Tapinoma melanocephalum A / /
Tapinoma sp.1 of AMK / - /
Technomyrmex kraepelini / / /
Technomyrmex modiglianii / / /
Formicinae Acropyga acutiventris / / -
Anoplolepis gracilipes / / /
Camponotus albosparsus / / /
Camponotus (Myrmamblys) sp.7 of AMK - - /
Camponotus (Myrmosericus) rufoglaucus / / /
Camponotus sp.1 of AMK / - /
Camponotus (Tanaemyrmex) sp.3 of AMK / / -
Camponotus (Tanaemyrmex) sp.7 (group) of AMK / / /
Camponotus sp.9 of AMK / / /
Lepisiota sp.1 of AMK / - /
Oecophylla smaragdina / / /
Paratrechina longicornis / / /
Paratrechina sp.4 of AMK / / /
Paratrechina sp.5 of AMK / / /
Paratrechina sp.6 of AMK / / /
Paratrechina sp.8 of AMK / / /
Paratrechina sp.9 of AMK / / /
Plagiolepis sp.1 of AMK / / /
Plagiolepis sp.2 of AMK / / /
Plagiolepis sp.3 of AMK / / /
Polyrhachis (Cyrtomyrma) laevissima / / /
Polyrhachis (Myrmhopla) bicolor / - /

Polyrhachis (Myrmhopla) dives / / /




Pornpen Thienthaworn Appendix B /94

Table B-2 The presence of ant within the study area (Continued)

Found at
Subfamily Species
Litter Soil Tree
Myrmicinae Cardiocondyla emeryi / / /
Cardiocondyla nuda / / /
Cardiocondyla wroughtonii / / /
Cardiocondyla sp.3 of AMK / - /
Carebara sp.1 of AMK / / -
Cataulacus granulatus / - /
Crematogaster rogenhoferi / / /
Crematogaster (Orthocrema) sp.1 of AMK A / /
Crematogaster (Orthocrema) sp.2 of AMK / - /
Crematogaster sp.1 of AMK / - /
Crematogaster sp.6 of AMK / / /
Dilobocondyla sp.2 of AMK - - /
Meranoplus bicolor / / /
Monomorium destructor / / /
Monomorium floricola / / /
Monomorium latinode / / /
Monomorium pharaonis / / /
Monomorium talpa / / -
Monomorium sp.1 of AMK / / /
Monomorium sp.2 of AMK / / /
Oligomyrmex sp.2 of AMK - / -
Oligomyrmex sp.3 of AMK / / /
Pheidole bugi / / /
Pheidole butteli / / /
Pheidole fervens / / /
Pheidole megacephala / / /
Pheidole parva / / /
Pheidole protea / / /
Pheidole sp.14 of AMK / / /
Pheidole eg-94 / / /
Pheidologeton diversus / / /
Rhopalomastix sp.1of AMK / / -
Smithistruma sp.3 of AMK / / -

Solenopsis geminata / / /
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Table B-2 The presence of ant within the study area (Continued)

Found at
Subfamily Species
Litter Soil Tree
Tetramorium bicarinatum / / /
Tetramorium lanuginosum / / /
Tetramorium simillimum / / -
Tetramorium smithi / / /
Tetramorium sp.6 of AMK / / /
Tetramorium sp.8 of AMK / / -
Tetramorium sp.15 of AMK / / -
Ponerinae Amblyopone reclinata A / -
Anochetus graeffei / / /
Diacamma rugosum / / /
Diacamma vegans / / /
Hypoponera sp.1 of AMK / / /
Hypoponera sp.2 of AMK / / -
Leptogenys penqueti / / -
Leptogenys sp.2 of AMK / / /
Leptogenys sp.23 of AMK / / /
Odontomachus simillimus / / /
Odontoponera denticulata / / /
Pachycondyla astuta / / -
Pachycondyla rufipes / / /
Platythyrea parallela / - /
Pseudomyrmecinae  Tetraponera alaborans / - /
Tetraponera attenuata / - /
Tetraponera difficilis / / /
Tetraponera nigra / / /
Tetraponera rufonigra / - /

Remarks : / means present
- means absent
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Cardiocondyla emeryi Monomorium floricola

Monomorium pharaonis Paratrechina sp.6 of AMK

Paratrechina longicornis Paratrechina sp.9 of AMK

Figure B-1 Illustration of the dominant ants found at the study area
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Pheidole bugi Plagiolepis sp.3 of AMK

Solenopsis geminata

Figure B-1 Illustration of the dominant ants found at the study area (Continued)

Copyright by Mahidol University
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