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Abstract

Chemical composition from volatile organic compounds sources was carried out. The objective is to
identify chemical composition from stationary sources i.e., refinery industry, lubricant industry, printing industry,
painting industry and textile industry. In this study the air samples were collected by canister. The samples
were analyzed by preconcentrator-gas chromatograph/mass spectrometer. This study indicated that each
industry category has difference composition. The finding from this study can be used as a source profile data

to consider the major sources of VOCs for the further study.

Keyword: Volatile Organic Compounds, Chemical Composition, Stationary Sources
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Compounds, VOCs

Abstract

Status of ambient volatile organic compounds in Bangkok area was carried out during November
2006-September 2007. The VOCs samples were collected for 24 hrs using canister at roadside, residential and
background areas. The samples were analyzed by preconcentrator-gas chromatograph/mass spectrometer.
The results indicated that there are 5 groups of VOCs could be found in the study areas, i.e., aliphatic
hydrocarbons, aromatic hydrocarbons, aliphatic halogenated hydrocarbons, aromatic halogenated
hydrocarbons and oxygenated hydrocarbons. Moreover, it was found that average benzene concentration at
roadside areas in Bangkok was exceeded than the Ambient Air Quality Standard value of benzene

concentration which regulated for 1 year in Thailand about 5 times. However, among of 5 groups VOCs found



in this study, some of them are carcinogenic compounds, some of them may cause adverse affect to

human being i.e., respiratory, nervous system, liver and kidney. Some of them may contribute to photochemical
oxidants such as ozone. Therefore, it is necessary to continue investigation of VOCs for management

and mitigation of VOCs levels from sources.

Keyword: Volatile Organic Compounds, VOCs, Status of VOCs
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Chemical Composition of Wet Deposition in Suburban
Area of Bangkok, Thailand

H. Garivait®", K. Yoshizumi®, D. Morknoy?, D. Chanatorn?, J. Meepol®, and
| A. Mark-Mai®

ABSTRACT

Within the framework of the Acid Deposition Monitoring Network in East Asia (EANET), the monitoring
station at the Environmental Research and Training Center (ERTC) has been selected to represent the results
of wet deposition monitoring in suburban area of Thailand. Wet-only samples were collected on a daily basis
during 2001-2004 (total 287 precipitation samples) and were analyzed for their pH, conductivity and ionic
species. The ion chromatography technique was used for quantification of Na®, K*, Ca®™, Mg™, NH4*, cl, 8042’
and NOS'. The ionic abundance in precipitation (lleq/l) showed a general pattern as NH4+ > 8042’ > Ca” >
NOs' > CI' > Na" > H" > Mg”™ > K'. The volume weighted mean pH of precipitation during 2001-2004 ranges
between 4.85 and 5.30 indicated the pH tendency is toward acidity in this area. However, both of acidified
and neutralized rainwater during the period falls here at the frequency of almost fifty-fifty ratios with reference
to pH=5.6.

The calculation of volume-weighted mean concentration showed that NH4+ was the most abundant
specie in this area followed by SO42' and Ca’ at 33.1, 30.4 and 23. Weq/l, respectively. The arithmetic mean fo
r 2cations (114.6185.4) and for 2.anions (85.1£75.5) as well as the ratio of 2.cations/2anions is found to b
e 1.3 indicated the anion deficiency. This may be due to the exclusion of the HCOs' and some organic acids
such as formate (HCOO’) and acetate (CHaCOO") from the measurements. Comparisons between volume
weighted average and the arithmetic mean of ionic species in the rainwater suggested the effect of rainfall
amount to the amount of chemical composition, i.e., higher components concentrations were generally
associated with lower precipitation amounts. The observation showed about 62% of total acidic species of
8042' and NOS' would be neutralized by NH4+ and CaCO3. The calculation of neutralization factor during 2001-
2004 for Ca™, NH4*, Mg® and K* were 0.73, 0.85, 0.11 and 0.04, respectively. This feature suggested the effect
of crustal components in the neutralization process of rainwater at ERTC is prevailing. In this connection, the
major deposition of all components (meg/m®) was occurred during wet season.

The correlation between components and the cluster analysis revealed that the rain water
composition at ERTC during 2001-2004 was influenced by the local terrestrial source, agricultural activity and
secondary aerosols derived by photochemical reaction of acidic gases transported from Bangkok. The

contribution of sea salt to the rainwater in this area can be considered as minor source.

Keywords: wet deposition, suburban area, neutralization, chemical compositions, source contributions.
“Environmental Research and Training Center, Technopolis, Klong Luang Pathumthani 12120 Thailand

°Kyoritsu Women’s Uviversity, 2-2-1 Hitotsubashi, Chiyoda-ku, Tokyo 101-8433 Japan
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1. Introduction

Along with many South-East Asian
Countries, Thailand is experiencing a considerable
increase in air pollution because of a rapid growth
in population, economic development and
industrial productivity. As the country strives to
be industrialized, the environment suffers from
inadequate attention. Combustion of fossil fuels
for industrial activities and transport are among
the major anthropogenic causes of air pollution.
In Thailand, primary energy consumption in 2005
was 64,948 ktoe (oil equivalent). The major
energy source consumed in the country is coal,
accounting for 38% of the total in 2004. The total
primary energy consumption in 2016 is estimated
to be 124,636 ktoe, twice larger than in 2005
(JGSEE 2006). The high consumption of energy
increases the amount of toxic air pollutants in the
major cities, especially in Bangkok, may cause an
adverse effect to the human health (Garivait et al.,
1999, Garivait et al,, 2001). Besides increase in
energy consumption of fossil fuel may seriously
affect the ecosystems through the atmospheric
deposition if no effective measures are taken.
Preliminary results from the composition and
Acidity of Asian Precipitation (CAAP) workshop
held in Bangkok, in November 1998 (www.rapidc.
org), have clearly indicate that the level of acid
deposition received in several areas of Asia
including Thailand may exceed the carrying
capacity of their soil (Kuylenstierna et al.,1998).

The composition of wet deposition actually

reflects the composition of the atmosphere through

which it falls. In Thailand, during the last decade,
a number of studies have been carried out on
chemical composition of precipitation samples
(Simachaya et al., 1994; Khunasopa et al., 1998).
Recently, the relative contribution from national
emission sources to the potential acidification
problem has been studied in the co-operative
project between Environmental Research and
Training Center, Thailand and the Swedish
Environmental Research Institute (IVL) and Swedish
Meteorological and Hydrological Institute
(SMHI) during 2001-2003 (Technical Report
on Acidification in Thailand 2003). Based on
the measurements and modeling results generated
in this study, we conclude that 70-80% of the
anthropogenic total sulfur and oxidized nitrogen
deposition in Thailand arises from sources within
Thailand itself. Additionally it is clear that, in
comparison with other parts of Thailand, the
maximum amount of sulfur depositions of 3-10 g
S/m’/year occurred in Bangkok Metropolitan and
its vicinity (covering an area of ca. 200 x 200 km®).
However, acid deposition information in this area is
still limited as well as the causes and
consequences of deposition in the affected areas
also remain unclear.

This study has been conducted within the
framework of the Acid Deposition Monitoring
Network in East Asia (EANET). It was designed to
evaluate the chemical composition of rainwater in
the suburban area in Thailand. This is to provide
an understanding of the source types that

contribute to rainwater chemistry, and enhance the
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understanding of the local and regional dispersion
of pollutants and their potential impacts on
ecosystem through deposition processes, finally
to establish a baseline data of chemical
composition of rainwater at a suburban area of

Bangkok where proper data are still limited.

2. Experimental methods

2.1 Sampling location

The ERTC station is located in Pathumthani
province 50 km northeastern of Bangkok and
occupies the area of about 1,526 square kilometers
with population of about 500,000. There is no
significant man made air pollution sources are
found within the distance of 10 km radius. There is

a highway within 5 km radius to the southwest,

with the car density of 50,000 cars/day. Similar

to Bangkok, the climate of the province is
dominated by the monsoons, characteristic of
a tropical climate. A southwest monsoon
predominant during February-October (summer)
and with it comes the rainy season. A northeast
monsoon predominant during November-January
(winter) and with it brings drier air with relative
rainfalls. In terms of meteorological condition, there
is a little change in temperature and humidity
throughout the year in Pathumthani. The annual
average temperature ranges from 28-34 °C, the
average humidity is at 70-80% and the annual
rainfall of over 200 mm. The map of sampling
site and the picture of the sampling station at

ERTC are shown in figure 1 and 2, respectively.




According to the EANET site criteria for rural area,

the monitoring results at this station will be used
to evaluate the effects of acid deposition on agri-
culture, crops, forest and livestock farming.

2.2 Sample collection

Rainwater samples were collected on
a daily basis with an automated wet-dry sampler
(Graseby, model T87-100) during 2001-2004.
The wet collector is a HDPE bucket with 288 mm
diameter, and will automatically close its lid when
precipitation ceases. The sampling was done
according to the EANET guideline for the data
quality objectives. Most of the samples were
normally removed from the collector everyday at
9:00 am except the day when rain still continue
over the collecting time. The bucket was tightly
covered with a cleaned HDPE cap during transport
to the laboratory to prevent possible atmospheric
contamination to the sample everyday. The bucket
is replaced everyday in the sampler even though
there is no rainwater sample in the bucket. A total
of 287 samples were collected during this 4-year
period.

In the laboratory, the precipitation amount
was measured by weighing the rainwater sample
and the measurement of conductivity and pH were
done. A part of rainwater sample will be filtered
with a 0.45 Um pore-size cellulose nitrate membr
ane filter paper then sealed and stored at 4 °C
(in the dark) without any preservatives prior
to chemical analysis by lon Chromatography.

2.3 Chemical Analysis

The chemical analysis in this study was

done based on the Technical Documents for Wet
Deposition Monitoring in East Asia (EANET
Technical Document for Wet Deposition Monitoring
2000). The measurement of inorganic cations
and anions (NH ' Na', K', Mg*, Ca®, SO 7,
NOS' and CI) in precipitation samples at ERTC
were analyzed separately by 2 sets of lon
Chromatography (DIONEX DX-100) with self-
regenerating suppressors. The anion analysis was
performed using AS12A separator column with 4.25
mM Na2003/0.3 mM NaHCO3 mobile phase. While
cation analysis used CS12A separator column with
20 mM H2804 mobile phase. In both analyses, the
samples were filtered through cellulose nitrate
membrane filter or IC acrodisc 13 mm syringe
filter 0.45 llm and introduced by AS40 auto-sampler
with 100 LI sample loop and 1 ml/min flow rate of
mobile phase. The calibration curve was evaluated
by analysis of MERCK standards ranged between
0.02 and 10 ppm in duplicate, i.e., before and after
the analysis of a set of samples. Field blanks were
handled in exactly the same way as other samples
and analyzed. Levels of all the ions in the blanks
were found to be below the detection limits.
Measurement of pH and conductivity was made
using a pH meter (TOA HM30V with ST 5421C
glass electrode) and a conductivity meter (TOA
CM40 with CG 511B conductivity cell). The
detection limit and determination limit values were
mostly within the EANET guideline except for Na',
Mg™, Ca™ and SO,”. To assure the data quality,
ERTC has participated in the inter-laboratory

comparison project under the Quality Assurance/



Quality Control (QA/QC) Program of EANET

since 2001. The ERTC results of inter-laboratory
comparison on wet deposition during 2001-2004 are
shown in Table 1. The results showed good
accuracy for the analysis of high concentration
rainwater. In contrast with the one of low
concentration, only moderate accuracy could be
obtained especially for the year 2002 where cations
were found out of the range from the data quality

objectives given by EANET. However, this problem

was resolved well in the following year.

3. Results and Discussion

3.1 Rain Quantity and lonic Balance

A total number of 287 daily rainwater
samples were collected at the ERTC during 2001-
2004. The monthly average rainfall during the
study period depicted well the wet and dry
season in Thailand, i.e.,, May-October (wet season)

and November-April (dry season). It is clear that

The monthly average rainfall

a504

Rainfall amount (mm

dan Feb Mar Apr May Jun Jul Aug Scp O Nov Dee

the highest average rainfall was during September
followed by August and July. The highest levels of
precipitation were 373 mm in September (Figure 3).

As for the ratio of total cations to that
of anions (antions/Zanions), in this study, the
sum of cations was represented by Na’, NH4*, K7,
Mg*, Ca® and H' and the sum of anions were
represented by CI, NOS', 8042' and HCOG'. It should

be noted that the HCOS' was determined by

Table 1. Accuracy assessment using the artificial rainwater samples of the EANET Network Center.
(Lmol/T)

Year Rainwater
High conc.  4.16 747 86.4
2001
Low conc. 4.89 1.67 21.7
High conc.  4.35 3.62 411
2002
Low conc. 519 0.69 8.9
High conc.  4.56 3.36 432
Low conc. 4.80 1.52 129
High conc. 4.65 3.83 59.2
2004
Low conc. 5.04 1.35 17.6

93.3
18.9
511
8.5
30.8
22.6
40.4
18.2

1093 635 158 424 194 88.8
34.1 26.3 4.3 157 E 45E 155
32.7 143 6.2 19.6 7.1 44.0
94 60E 14E 94X 23X 13X
65.4 45.0 6.5 20.2 6.9 494
28.7 25.0 22 4.5 3.5 11.7 E
74.5 65.0 6.4 394 9.5 38.6
218 20.5 4.7 11.0 2.7 15.2

E : Value exceeded the Data Quality Objective (t15) by a factor of 2

X : Value exceeded the Data Quality Objective ('_|'15) more than a factor of 2
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calculation and it will be accounted in the

total anions only in the case of pH value was
greater than 6.0. The figure 4 showed fairly good
correlation between sum of cations and anions
(* = 0.79). Furthermore, the arithmetic mean for
Ycations (114.6185.4) and for 2anions (85.1175.5)
as well as the ratio of Xcations/2anions
was found to be 1.3 indicated the anion
deficiency. This may be due to the exclusion of the
HCOS’ and some organic acids such as formate
(HCOO’) and acetate (CHSCOO’) from the
measurements. The main source of organic acids in
the atmosphere is either the oxidation of
hydrocarbons emitted naturally or directly from
anthropogenic sources (Keene et al., 1988). Since
ERTC site is located in the rural area encompassed
by agricultural fields as well as being either leeward
or windward of Bangkok city where the population
and traffic density are the highest in the country,
both organic and bicarbonate ions might have
contributed in an appreciable quantity. Yoshizumi et

al. (1996) have also reported the existence of

Frequency distribution of pH during 2001-2004

CaCO3 in the atmosphere around the Pathumthani/

Bangkok area, which may derived from soil,
resulting in cation rich aerosols and rainwater.

3.2 Variation of pH

The variation of pH is shown by a
frequency distribution of pH during 2001-2004
(Figure 5). The naturally existing COQ, NOX
and 302 will dissolve into the clouds and rain
droplets then result in pH values of the rain in the
clean atmosphere to be between 5.0 and 5.6
(Atmospheric acidity 1992). In this study, the
frequency distribution showed both of acidified and
neutralized rainwater falls here at the frequency of
almost fifty-fifty ratios with reference to pH=
5.6. This observation is similar to that reported
by Migliavacca, et.al., 2005 for the chemical
composition in wet deposition at an urban site in
Brazil. The annual pH volume weighted mean was
calculated from the volume weighted concentration
of H" of the rain collected daily. The volume
weighted mean pH of precipitation at ERTC during
the study period ranged between 4.85 and 5.30



with no significant variation in pH values. Earlier

study reported that the volume weighted mean pH
in different location of Thailand lines between 4.82—
5.68 (Thephanondh, S., et al. 2005, personal
contact). Noting that the high acidity range of the
precipitation usually occurred during the beginning
of rainy season (May) where the prevailing wind
come from Southwest and the sampling site was
found down wind of Bangkok city. SOX and NOX
emission from emission sources in Bangkok might
result in the formation of sulfuric acid and nitric
acid in the atmosphere and thus affected the
acidity of this sampling site. The low acidity range
of the precipitation was usually found in the middle
of the monsoon period (September). This may due
to the neutralization of the precipitation during

strong wind and high soil dust in the atmosphere

as well as the dilution effect of the rain in September

where the highest average rainfall amount was found.
3.3 Chemical composition of precipitation
Table 2 shows the average, range values

and volume weighted average (VWA) for pH,

conductivity and major ion concentration of the

Average chemical composition of min water at Pathumthani
during 2001-2004

1[%
]3%
l.‘ﬂ-‘i K+
I'H'-

Table 2 Average, range volume weighted average (VWA), Lleq/l in rainwater at Pathumthani
during 2001- 2004 for pH, conductivity (LLS/cm) and major ion concentrations.

Components
pH 553
Conductivity 16.9
cr 15.7
NOS' 272
S0 4138
Na"* 143
NH4+ 46.2
K* 2.07
Mg* 6.08
Ca”™ 412

Wet precipitation (n = 287)
R IS

425 - 6.68 5.07
454 - 652 17.8
223 - 121 10.3
1.61 - 177 19.0
559 - 176 30.4
0.57 - 90.5 7.59
0.33 - 246 33.1
0.13 - 394 1.28
0.42 - 38.8 3.56
2.06 - 404 23.6

n = number of samples




287 daily samples of atmospheric precipitation. The
ionic abundance in precipitation (Lleqg/l) show
ed the general trend NH " > SO42' > Ca™ > NO," >
Cl' > Na' > H+ > Mg* > K", as shown in Figure 6.
Higher concentrations of NH4+ are expected due to
the agricultural activities. Na* and CI, indicate
marine influence, contributed about 15% whereas
SO42' and NOS’ together contributed about 34%. A
similar dominance of NH * and SO * were observed
in other studies (Migliavacca et al., 2005;
Kulshrestha et. al., 1996) where the sampling sites
were located nearby city, industrial and agricultural
areas. Comparisons of volume-weighted average
(VWA) and the average values illustrated the effect
of rainfall amount to the amount of chemical
composition in the rainwater. Most of the VWA

concentrations were lower than the average values,

indicating that higher concentrations were generally

associated with lower precipitation amounts.

When compare the data of this study with
those from other areas reveal that concentration of
major acidic ions in rainwater SO42' and NOS" are
in the same range which found in Rampur, where
the site is away from anthropogenic sources, but
significantly lower than the sites located in the
industrialized urban areas of Singapore and Jordan.
As for the neutralization species such as NH4+ and
Ca™, their concentrations found in this study are
relatively high, which the values are higher than
those of suburban sites in Singapore and Brazil. It
is obviously seen that the concentration of Ca® in
this study is significantly lower than in India and
Jordan, where the contribution of soil dust are very

important. The comparison is shown in Table 3.

Table 3 Volume weighted average concentration (Lleq/l) of major components in rainwater
at different sites

Present Thailand India
Study (Granat et al.,| (Singh et al.,
(Pathumthani,| 1996) SR 2001)
Thailand.) Rampur
pH 5.07 7.0 6.60
cr 10.3 6.0 257
NOS’ 19.0 4.0 13.0
sof' 30.4 13.0 29.1
Na* 7.59 50 13.9
NH4" 33.1 9.0 414
K* 1.28 1.8 10.9
Mg* 356 20 393

C a2+

23.6

9.0

52.2

India Brazil Singapore Jordan
(Mouli et al., | (Miglia-vacca| (Hu et al., |Al-Khashman
2005) Tirupati| et al., 2005) 2003) et al., 2005)

Guaiba
5.72 4.20 6.62

389 6.98 342 122

40.8 247 223 63.7

128 13.2 83.5 122

33.1 114 3238 85.1

204 28.1 191 43.0

33.9 2.81 7.20 51.1

5.5 3.85 6.54 134

151 8.41 16.1 192




Relntion berween (Cal+ + ™ Hae) mmd (SO + KOS ) in minwster samples
it Pt 3061 - 2004

3.4 Neutralization potentials

The acidification potential of precipitation is
usually due to the presence of acid forming ions
H2804, HNO3 and organic acids and the
neutralization of these species occurs in the
presence of alkaline species NH ", Ca” and Mg™
(Kulshrestha et al., 1996). Figure 7 shows the linear
regression between acidification variables (8042’
and NOS’) and neutralization potential (Ca®* and
NH4*) for the rainwater samples of the site in
Pathumthani during 2001-2004. The correlation
coefficient in the rainwater samples was 0.62
indicating that only moderate neutralization can be
seen by this relation. This may be consistent with
the fact that other ionic species such as HCOS’
and some organic acids (HCOO, CHSCOO') were
not measured in this study.

Neutralization factors (NF) were used to
evaluate the relative neutralization of precipitation
by crustal components and ammonia. NF were
calculated according to the following equations

(Possanzini et al., 1988)

Variation of NF for Cal+, NH4+, Mgl+ and K+ in the
ralnwater samples at Pathunthand during 2001-2004

5 1.8

=

| - T b
2 M —a—5F Mg
E —m-NFE

NFx = X
[SO,”] + [NO,]

where Xi is the chemical component of
interest and all the ions expressed in Lleg/l. In
this study, NF was computed for different alkaline
constituents such as Ca™, NH,", Mg* and K.
Average NF values during 2001-2004 were 0.73,
0.85. 0.11 and 0.04 for Ca™, NH ' Mg and K',
respectively. The results showed that NH4+ and
Ca” neutralize a larger fraction of the available
acid in the rainwater while the neutralization by
Mg®™ and K" were generally negligible. The feature
suggested the effect of crustal components in the
neutralization process of rainwater at ERTC is
prevailing. Figure 8 shows the annual variation of
NF for Ca™, NH ' Mg* and K" in the rainwater
samples at Pathumthani during 2001-2004. It is
obvious that NH4+ was the major neutralization
species in this area except for the year 2002. This

exceptional phenomena may explained by the fact




that there were many construction activities for the
establishment of new buildings in the Technopolis
nearby the location of ERTC.

3.5 Source contributions

In order to find possible association
between ions in precipitation and probable sources
of pollutants, correlation between ions in rainwater
samples was calculated. The results of the
correlation analysis suggested that (NH“)ZSO4
(r=0.73), MgCl2 (r=0.72), MgS0O4 (r=0.69), NaCl
(r=0.69), CaS0O4 (r=0.67) and NH4NO3 (r=0.66)
were formed in the studied area during the
neutralization processes of the precipitation
samples. The atmospheric ammonia may have
originated from the use or the production of
fertilizers, while the compounds with sulfate
and nitrate may be formed in the atmospheric
water droplets by scavenging of aerosols and
photochemical reaction of gaseous species
transported from Bangkok (Yoshizumi et al., 1996).
The partial dissolution of carbonate mineral such
as CaCOg3 is the most important reaction affecting
the rainwater composition viewed by the
neutralization factor of Ca. The correlation of NOS'
and 8042' is strong (r=0.78) indicating their
origin from anthropogenic sources. Similarly, a
strong correlation was seen between Ca* and Mg
(r=0.86), suggesting the common source of these
ions from natural source (crustal origin). NH4+ and
8042' (r=0.73) were correlated more closely than
that with NOa' (r=0.66). This is in agreement with
the observed ammonium/sulfate/nitrate system,

whereby the available ammonia will first react with

stO4 to form (NH4)ZSO4 and NH4HSOA, and then

the remaining ammonia will be taken by HNO3 to
form NH4NO3 (Seinfeld, 1986). Moreover, NH4N03
can be evaporated due to the high temperature
in the tropical climate (Yoshizumi et al., 1985).
The correlation between NH4 and Ca (r=0.64)
reflect the influence of agricultural activity. Major
source of NH4+ was probably the use of fertilizers
in the agricultural activities since the rice paddy
fields were still predominant in this area during
2001-2004. Cluster analysis was also applied to the
major ions in this study to confirm the association
of potential sources to the chemical composition of
the rainwater samples. Cluster analysis is an
exploratory data analysis tool which aims at sorting
different objects into groups in a way. In our case,
Ward’s method was applied using correlation
coefficients between 8 components i.e., Na“,
Cl, SO%, NH, NO,". K, Mg*, and Ca®. This
method uses an analysis of variance approach to
evaluate the distances between clusters. In short, it
attempts to minimize the sum of squares of any
two clusters that can be formed at each step. The
results of acidic rainwater (pH<5.6) showed close
association between sulfuric acid and nitric acid,
which implies that the photochemical reaction
commonly with OH radical in the ambient air is a
key process although the formation of sulfuric acid
is slower than nitric acid by a factor of about 10.
Therefore, the major acidity in and around Bangkok
is derived from the secondary formation of sulfuric
acid and nitric acid in the ambient air. These acidic

species would be at first neutralized by Ca® and



Mg® which are derived from the soil. Then K* and

NH4+ would neutralize the residual acidity. The
origin of K" is considered to be combustion and
crust component. NH4+ is derived from a cultivation
field and partially from motor vehicle exhaust
gas after a three-way catalytic converter (Wang
wongwattana, 2006 presented in the Third Country
Training on Emission Inventory and Modeling
for Acid Deposition Assessment, ERTC). The
findings by cluster analysis are in good accordance
to the justification of source contribution of the
components in the rainwater in a suburban area of

Bangkok assessed by correlation between ions.

4. Conclusion

An investigation of the chemical composition
of precipitation at ERTC, Pathumthani was carried
out during 2001-2004 and performed according
to the technical document for wet deposition
monitoring in East Asia. The purpose of the study
is to evaluate the chemical composition of
rainwater in the suburban area of Bangkok where
the proper data are still limited. The results show
that the rainwater at ERTC has the tendency
toward acidity with the volume weighted mean pH
of precipitation ranged between 4.85 and 5.30. The
ionic abundance in the 287 daily precipitation
samples (lleqg/l) showed the general trend
of NH'>S0>Ca”>NO >ClI>Na">H >
Mg®* > K'. Cations contribute about 58% in the
rainwater whereas remaining 42% is formed by
anions. Ammonium (NH4+) shows the maximum

contribution (23%), followed by 8042‘ (21%),

Ca” (20%) and NOs' (13%). The reason of high
concentration of NH4+ in the precipitation samples
may explained by the intensive use of fertilizer and
relatively poor treatment of waste from agricultural
and residential activities in the suburban area. The
result coincides with the fact that the emission
of ammonia in the Asian region is several times
higher than in the North America and Europe
(Erisman et al., 1998). The results of the correlation
analysis suggested that (NH4)2804 (r=0.73), MgCI2
(r=0.72), MgS0O4 (r=0.69), NaCl (r=0.69), CaSO4
(r=0.67) and NH4NO3 (r=0.66) were the major
compounds formed in the precipitation samples.
The results of NF calculation revealed that Ca”* and
NH4+ play an important role in neutralization of
precipitation in this area. In addition, the cluster
analysis result confirmed that the rain water
composition at ERTC during 2001-2004 was
influenced by the local terrestrial source, agricultural
activity and secondary aerosols due to
photochemical reaction of gaseous species
transported from Bangkok. The contribution of sea
salt to the rainwater in this study can be considered

as minor source.
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Abstract

After the airline industry has been rapidly growing up over the past 5 years, the aircraft movement of
all airports in Thailand also has been increased in order to support the demands of air passengers. This
increasing is the cause of aircraft noise during takeoff and landing which affected the health especially the
hearing of people who lived nearby the airport. Now, there is no guideline for airport land use management in
Thailand. Therefore, many people had complained about aircraft noise. In addition, there is also no aircraft
noise standard. So, Aircraft noise is still a serious problem. The Environmental Research and Training Center,
Department of Environmental Quality Promotion cooperated with Air Quality and Noise Management Bureau,
Pollution Control Department had carried out the study on aircraft noise effect of the airports in Thailand. As
the result, the airport of the aircraft movements more than 20,000 flights a year face with the noise pollution
especially in the area around the airport. Moreover, this study indicated that calculation method for Noise
Exposure Forecast (NEF) from sound exposure level (SEL) can be used instead of effective perceived noise
level (EPNL) which is a complicated method. The accuracy of the Integrated Noise Model (INM 6.2) for noise

exposure forecast was fair enough for aircraft noise prediction in Thailand.

Keywords: Aircraft Noise, Effective Perceived Noise Level (EPNL), Sound Exposure Level (SEL), Noise

Exposure Forecast (NEF)

s1vIuLavIu3IBAULESIeNazinousuduZonoadanl 2549 - 2550



HANTZNUAUIAENANNYINANAENU
Tutlszinalne
Aircraft Noise problem in

Thailand

I

1. unun
Hymuatsiuiasainainiasiuduiignn

Ayt nilaNRINaNIENUADF TN DIUTE TN TU

=b.

=p.

A
a1dwaglagsauvinennideiu Jegiudszinalne
Toldflunnsguiisaduidsssuniuainenniaenu
Fovsravdanmlunistestunazuiladaniiios
Woslifugnoulassouguiidouasinousndiu
feuwlndan mudma%u@mmwﬁlmam&au PREabT!
fndanisquaiweniAuasiies nsuAIUAN
wafy Feldanfdun1slasenisAnsinanssnudiiu
Lu9R NN INAEsIU Tmﬂﬁ‘mqﬂi:mﬁ Wiafnm
HANTENUFIULEEIIINTINaINIABUAINI WILLfia Ty
TasAnyysauifisunisaniiuniszeerine niAsIu
Lm’a:LLﬁaﬁwanszwuﬁami:ﬁuLﬁﬂﬂuﬁuﬁ"qmu
Taosauriteiniaetuadisls eilun1sfnele
A9 AT AULEBIINYIIDINIALIUIUIAAING FIUIU
8 uviv lun viemasugifin malnal aye Heese
el saunniu nsed uazuaswuN NWANIANEN
Wlimsuiarsssudesluiuiilassauviiennaenu
wazawniegluszivlauasdonasagumuiioglassey

281915 3NN LENATDURUUIIADINNATAAITAST

W lunisUssiiunansenudonindanininiia
gnﬁ”ammusj’nﬁﬂﬁm AanAUlLELUININITN1TINT9 TR
LE9TUNIUINNDINTABIU Lﬁﬂﬁﬂﬂéjﬂ’]iuﬁlﬂﬂﬂgﬂ’]

wafEaLEBs N M AL UAdugnSnasialy

2. smisAnx

2.1 Juasumsfnup

1. Anwmguiiiisadosfunisrmuiuen
ST LA HIRINDINIABIUNS DN AN IR FI LY T
e AFlunsdszifiuseduauguLsseaieeein
DINASIUARDATUANBIULLLINRDINIIATIAAINAS
AANNIAITEAULEBNAINNITATIRINIDINA

2. MeuwunsITelagnsidaninenniaenu
a1 lunns@inen

3. ﬁ'mumgmmaﬁmLﬁmuuuwuv”‘immﬂdm
1:50,000 Imﬂﬁﬁ;mms’mﬁ’mﬁv’amﬂTuvi'lmmﬂﬂfmé’wu'su
2 90 uaraansianeusnvine A uuas ugasy
ﬁagﬂuumﬁu I N GEDI

4. pansrTraLazAnslAIaviioTaLiEIIN

nuiindeyaidaediu LLaZﬁfTﬂﬂﬁdgﬁﬁﬁﬁﬁ%ﬂﬂdﬁgﬂ

529 TRz AULREN

MWIAQLMSASIDIQIFEDDINMOINFENU

s1vILavIu3IBAULESIeNazinousuduZonoadanl 2549 - 2550



12

HANTZNLAUIAENNNYINAN AU
lutlszinalne
Aircraft Noise problem in

Thailand

5. asiasssuieuuusiadies 7 T dmsy
vt e Winlvinsusauasensdiu Felasunf
zmruansenstuusiedad dmsuaimaa
fwas AlHlun19m919¥n Ao Leq(24 hrs) DNL uas
EPNL laglunisnsiataldnisnsratauuumenisal
Wfien (Single Event) wazn13nsaaiauuusaiilo

6. Awnieyasziudpsiiliannmsasiaia
Ysznaufumsnnstudildainvetiedunistu

7. wwSsndayasniuuuuIIanInIg
adladans (INM 62) laglddayansbuieaivdoys
mhliessdaseiudodlude 6 Feloyaild léud
Miagansadn Afamede Swawdiedtu @unens
fu paonsusilawooadasiuiiti-ag

8. MIENNITANTNRUS NEF filgann
N3059979 wazAfiLFAINLLLIIRaINAdnAIanS
(INM 6.2)

9. UIEIHUNANIENUAULRNTDIVINEINABNU
wsiazuviveagnzulaasawine ALY

2.2 msdiasr:ria:nlawa

mnwamsmaﬁm:ﬁuLﬁmua:ﬁagamsﬁuﬁ
Thandessiuasudanadeiunsuseoli

1. Awnzideyansduiemduiuiisaiu
Tuwdariu dadunsliniede dnsueiasduunsiay
yiiafildusnisivinanniaeusieg

2. Jpszrirssduiiesialulasiiascy @
Leq 24 Halus Aadpsziudealy 7 u 2893An399

Tosiwg Tagldgasmasuudil

s1vIEavIu3IBAULESIeNazinousuduZonoadanl 2549 - 2550

_ (<, 1010
L yeqr —101"%“{;(2'0 H e LaBLUa(e)

We n ABIIUIUATITEINITIA

L foszAuLReeil i

3. A=A ZAULAEY Ldn %39 DNL
Wwnzmgnisaiiaiaeiu Tael4e1 sound exposure
level (SEL) #l@a1nn1snsiainidevadiadaviuan

AMuUlaERENNTAIUIUGIT

Ly = Lay +10logN —49.4
o N = (N, + 10N)

N, = ﬁi’wu'ml,wqminil,ﬁmmmﬂ%m

v
a o

Puiernaluglgiian 07.00 u.
fiv 22.00 u.

N = aﬁu’mmqmmﬁﬁmmnm%‘m
Duttanualugienan 22.00 u.
fiv 07.00 u.

L = Anafunwdenusaean L 89

wANsallEeNLAE7

F9 AN L, fin sound exposure level
(SEL) I&e1nn1smsaaiadmanisalifiee wisanansn

Uszanaualganannis

Loy = Lax +1010G1o 7 /2



NANTZNUAUIEAENNNYINANAENU

Tutlszinalne
Aircraft Noise problem in
Thailand 43
e L A A19LAULRBIFITARIN 1
max A . Mpy , Mg .
o7 o S ) NEF, = Lpy ; =10log, | —+ -C
ﬂ'ﬁﬂi'ﬁnﬂIﬂﬂI‘ﬁ?GQiﬂ?Gu’]ﬂuﬂ A LLATANNITABDY : Y Kn K\; |

AUDIVDILATDILUY slow LA T AB AISZHZLIAN
maum@msail,ﬁmmnLﬂ%mﬁﬂuma L -10 #wnuae
max

Wuduni

4. 1A3LhA1 Leq 24 Faluspavinanisnl

nzaIasiiu Tasldannisnismuiusedl
L, =L, +10logN —49.4

Wa N = Inuvgmsalidesanniaiaeiu

v
o

NIVNA UM U

L = ALaRunasIIU09a L, 289

ex

4 a
wansallFesLAen

5. AA5129iA1 NEF 91n@n L, 58 DNL

n
fouddne L Tailgfanuduiuslaonsefiuan NEF
LATINITOUTZNIUAIANNTNAUSTEN I L W&z

NEF l@a1nannis

Ly, = NEF +35

aunsilfldfuanunisalidoeraginiag

Duffdusinu (Fly Over) Taaalusanaduiusaien

mmﬂmﬂmﬁauag’[umo + 3 wBiua

6. LA 1A1 NEF 91nA1 Effective
Percieved Noise Level (EPNL) #l#ann13ns2ain

Tosann15eil

NEF,

NEF =10log,, Zamilog

LﬁaL = Effective Perceived Noise

EPN,jj
Level
mineu PNdB
= L +D+T
EPN PN
FTaYaILAIDIDU

n19d9uasLdunienistiu
s
Frurutiisafuluiian
AU (07.00-22.00 1.
Truautfisaduluiaan
NaMAY (22.00-07.00 U.)
AaiifiAinty 20

= @Aesiiddwindy 1.2
Aasfifidnwiniu 88

A1 NEF zaviaiaedulu
wARZ IR UNIINITOU

Noisiness dvivieiiiu Noys

{
D =10log, 2
1o 15

T = 25dB

seazafiiadeaaiasiu

—
|

s1vIEavIu3IBAULESIeNazinousuduZonoadanl 2549 - 2550



HANTZNUAUIAENNNYINANABNU
lutlszinalne
Aircraft Noise problem in

Thailand

3. wamsAnwx

3.1 anmwunmisnivawynividgvliagsou
nImAgu

NNANIIATIVIATEAVLRENNTIIDINABAU
W 8 wre ldud vhmmﬂmugl,ﬁm M19INABIU
Fealvd WA uayy neinaauifeesny
719 INIALIUUATVUN Y19 INTAIUTDULAU 9N
g unsed wazvine A Iualna §nTa
aqﬂamummﬁuaﬁwwLﬁmé\’mmﬁumswﬁ 1

ziiuldd1 2uraN U NEF>30 azifin

a

FudioUsauni3as1aImeenIAdingy S9aann1s
Fariunuiiszdudeaads 7 Yuzssusdazyineamasu
Wui1 vineniasuiifivsuianfisaduninnin 64
Winasdetu ddanseaifevsuniuainieiaviusie
NBUlABIALYINB NI ALY \asanaurnneeiui
NEF>30 ueduagluizaiuiiiagendussnusu
Taesay MNULNTEAUANNTULSITBIR UM TINATY
nLaenenasulaslFsu1un1395195119
anaduinud e1aaqUladn mnieiniaeulad
Y3110UN199919511NT 20,000 isasedasfizuia
Huil NFF>30 flauraannndn 1 a1519Alaiuns

aspuaanluwumilouaclfiaamsis eenanaliiia

nansznuiuesseavuiinglassouvineiniasiu
oy

3.2 n1saso9as:QuIAgL N NIAYIU

iovenTuilegiudubifininsgiusiniy
190379 TALE 9NN AR IUD YU IS INARILARNTS
Uszgndldisn1snsaTaiissuuudieg anldiunis
a5y Taiesaniedeiu fed1e iy n9lE350s
AT TdEeTUNIU via mMansadaieslufouindan
Wly Leq 24 dalug Hudu S935massiilénanaani
flEazvouilgmveadeesuniuainiadasduiiudiade
Wasnidunisnsadaiddnsas unasidiades
Nnunas §m3uisnsildiuuwinaslusslszma
Aearun1snsedadosanadesiuil dealdhsase
a1 Sound Exposure Level (SEL) v3n@n Effective
Perceived Noise Level (EPNL) Fuiflun1snsaadn
WWosawrzimanisalzasiadesiulaslifnuunss
fdafoedug fetlun1snsratassduldeeain
Tasen139ienIAsIuLAazAs axfaduiunanis
avreimiulvieglugueaduriunseseduidoeildi
#ly @u NEF DNL Leq Folutszmalnanistssiiiu
NanTENUMULR e nualFlFduruisssduii e

NEF 393501357970 iiafusuna NEF 1 asdaeldis

mswon 1 Jsuiumsasiasnivaimanaziwun NEF>30 govnda:znioimagiu

aAUN Usnnauasasiusall (1en)

Usnnauasasiumaiu (1nen)

wuAudi NEF>30 (#5.n3.)

1 25,400
23,516
17,469

A W DN

5,526

1,146
9,125
4,161

0 N o O

2,190

70 257
64 1.35
48 0.87
15 0.35
3 0
25 0.50
11 0.30
6 0.32

s1vIuLavIu3IBAULESIeNazinousuduZonoadanl 2549 - 2550



HANTZNUAUIAENANNYINANAENU
Tutlszinalne
Aircraft Noise problem in

Thailand

15

A3 7ALLUY EPNL %@Lﬁuﬁ’aLLUiﬁugﬁuTumiﬁwmm
A1 NEF usiiinsa1nisnisnsiatndr EPNL tud
?ﬁ"’umauﬁ"ﬁ’uﬁauLLa:ﬁaoﬁqﬂﬂmiLmnmmﬁLﬁm
YsznaufuiaIaefiofsiarunenitedaeiiatnides
sFMAMAIBYin 8 msUAEMInTIe YAy SEL tulal
taennivilou EPNL stw:‘lsiﬁm‘l%qﬂmnil,wnmmﬁLﬁm
Winsusiordugunsailunisduiindeyauuudnlula
fnsun13Ane13Tei ldnasauisnisnsra Tauuy
SEL w3suiiisuiiuA1 EPNL 289 1n@nu 8 Lk
aqulddraransnldar SEL (Dudunu 289 EPNL
Tun1sduiIunial NEF 1§ iilpeainaiadnuduwus
R? §A1m1nnd1 0.9 WATAIANMNARIALARBUNIATIIU
fiAntosdszann 2.06 Fauandlunini 1

3.3 nmisnaasunuudiaavnivaiamiads
A1QMISNUS:QUIAYDINN1DINIALIU

NANTENUFIULAEIIINIATINITYINDINABY
snfudaslduvuirassmvadamansiiuiadaeiie
Tunrsmuaiudl niezsviaeiilésunansznuds
TunsniﬁLﬂuﬁuﬁmum%mmsmwi’ﬂLﬁﬂolaiawuﬁin
guflunisléionsn sufudeslduuudiane Tunis

ANANTITINANTENY LEITITvUALTuLdUINUIsT AU

A A a

W@ 8991n1ATINITHIBINABIUNT NS ENTY Noise
Exposure Forecast, (NEF) flaquufiuuudnaninig
AAAITATAIANITAITLAULR BN INVINDINABTURAN Y
Tusunsn wefifienld@e Integrated Noise Model, INM
Walunlae Federal Aviation Administration 284
Ui:mmﬁgam%m%aﬁm’mmm:au‘lumimﬂm‘mi
seaudaganniainiasuadesdumidsd ilesand
gwuﬁagaLﬁmmaom%mﬁuﬁmamqu pti1alsAmIN
mMsuuudtassneadiaaasu dlunisaianisal
JEAUIEBIAITHNNTMARBUANNYNFABILAT AN LU

PDIBUUIIABRY MTLAB TA15AANTallndL ARy

m’mn‘juﬁomnﬁqm Tuns@nsisedlénagauay

NEF (SEL)

=10 0 10 0 30 40 50

NEF (EPHL)

mwa 1 powauwuss:nowAr NEF AruoruoIn SEL na:
NEF Aruaruon EPNL govrmioinAenu 8 ko

madil MEF
] ]

= A7 MEF fsummnn SEL
a = @y MEF fTustinin EPRL

- L] II o] » 40 E "]
maas uned MEF

mwA 2 powauwuss:rowa1 NEF Aldoniuushaovd A
NEF Amuoruoin SEL na:An NEF Apusruoin
EPNL vovmenFenu 8 ko

LUUENDILULTIRBINNAMAAIEAS INM 2ty 6.2
Toemasau3puiiuiuassdudes NEF #ildainnis
73793AA1 SEL waz NEF #il§ann13nsiaindn EPNL
gulasnmsanniniduuudnasey Tunisaianisal
seauRBeaIniieIniAsIunnIUIe wudn dad
wsiughwayszana TapdiAanuauius R windu 0.79
WAz 0.75 WAZAIAINARIALARDUNIATIL WD 4.5
way 49 #@wsu NEF fidfuinain SEL way NEF 4
AUIUAIN EPNL mua1dy 3 ndnuiudaya 70

FDE FILEAI LA 2

s1vILavIu3IBAULESIeNazinousuduZonoadanl 2549 - 2550



16

HANTZNUAUIAENNNYINANABNU
lutlszinalne
Aircraft Noise problem in

Thailand

4. asUwana:golauaiiu:

Tunwﬁnuﬁé’aﬁa{aLﬁumsﬁnmwam:wwm
Favaniadesdunadiaddelaisandenansenuaas
devduilosnianifeszeniaedunmis Feiaanu
U (Tus:ﬂ:nmé"’uq) wnndaiaedunidind
nareirlasaniziadaedudula F9a23in19/nEA
nansznuzeviesadasdumsiiisegasy Tagams
reniaeu fdnesdusasfinisinduduyscsn
uazagluanidion Wu viemAsuguassil uas
vemapugaIsnil Wudu dmiuusuiiseduies
Wiy 7 Ju AlEdarhduaszfivsslenilunisdanis
maldfipusmsueuan sz lfdavunuiisysudes
aune 1:4000 sialdiauansliifusnmiudildaie
TALaU

fmsudinansraTassiuiesainadoodud
Tsdnsasoluadeilimuns dmsubluldlunisyszdiu
HanIznudwiesIna My deaziiuuuimiende
gnsuin T lun1sAeanaanunisalifeslaesey
WomAsIUgITIUNA Fadurienasuauialng
ffinaedeninndn 1 1939 leefifisaduaisTuas
Yszanne 700 ien

NMINANBULULINRIN NALAAEATAIANT0]
s:éfuLﬁmu%nm‘vhmmﬂmu”ﬁowamsmmaaumﬂlﬁiw
faawsiuswedszananiu msinisfnwseliney
YSuuiadnalsdeazmanisaildudur indidssiuany

\Juadeunign

5. nadnsswUs:nif

AUZ A “ﬂmaﬂnammﬁwaaamuﬁvmvhuﬁlﬁ
TﬁmwmgLﬂiﬂ:ﬂumiﬁmﬁy’oLﬂ%'aaﬁaﬁ’m::ﬁuLﬁm
ARDAIULIIMTINATBINTNNNTVUTINNDINALREUSEN
oA ulng e (WvnY) ARNTEAD

Tun1sfnmviaIasfiadnseduLRavusiiaine niAsny

s1vIuLavIu3IBAULESIeNazinousuduZonoadanl 2549 - 2550

2979UANUNTNYATBNINYILATVIENINYNITD UL

o o

Yszmalng 3109 N81u8ANTLAINLAL IHAIN

o o [

awmwzﬁﬁamsﬁmumui B LLaz@’ﬁLﬁmmamnﬂm

U
[ < '

FofiswlionAdeiidnSagaaslusni

6. 1ona1sia:a05103v

U3251U 815WA. 2549. fBHIILUIAANNTANATDY
fowradonfiauiniufinde (awizi3oadeg).
tena1sUsznaun1sduNu1Iaainaiang
U321 HUAITEAVLEBNAINNITITINININDINNA.
@juzﬁ%ﬂLLatﬂnamuﬁmﬁdLnﬂﬁauﬂvgumﬂ.

USETeINABIUE NN IV, 2548, T1B9U
atfusanysal n1sAnswansznudsuindon
Tmomivhmmﬁmuqaﬁmgﬁ Futlpganns
wissuglasansluddniuns)

Evans, G. 1998. “Airport Noise is harmful to the
health and well-being of children and may
cause lifelong problem.” (Online). http://
www.news.cornell.edu/releases/march98/
noise/stress. ssl.html, July 12, 2006.

ISO3891-1978(E) Acoustics - Procedure for
describing aircraft noise heard on the ground.

United States Federal Aviation Administration, Noise
Control and Compatibility for Airport, AC 150/
5020-1

David A Bies and Colin H. Hansen. 2003.
Engineering Noise Control Theory and
Practice. Third Edition. Spon Press, London

Federal Aviation Administration. 1999. Report on
Land Use Compatibility and Airports. Federal

Aviation Administration USA.



HANTZNUAUIAENANNYINANAENU
Tutlszinalne
Aircraft Noise problem in

Thailand

a7

Health Canada. 2003. Aircraft Noise in Vicinity of
Airports. (Online) www.hc-sc.gc.ca/iyh-vsv/
alf__formats/cmcd-dcmc/pdf/
AircraftNoiseE.pdf

Ministry of the Environment Japan. 2007.

“Environmental Quality Standards for Aircraft

Noise”. (Online)

ICAO Annex16- Environmental protection

Queen Mary University of London. 2005. “Children’s
reading and memory affected by exposure to
aircraft noise” (Online).

Winnipeg Airport Authority.2007. “Noise Abatement”
(Online). http://www.waa.ca.

International Civil Aviation Organization. 2006.
“Environmental (ENV) Unit Aircraft Noise.”
(Online) http://iwww.icao.init/icao/en/env/

noise.htm. &

s1vILavIu3IBAULESIeNazinousuduZonoadanl 2549 - 2550






VIUDAVNA:
inAlulagaiu




° msﬁnmno1u|é'iuociaa§umuma:auuiama\)|nuqsnsaouaTut'ﬁuﬁ’a:mfmh\)mnmslz?
aisnaAasy
Pesticide Risk Assessment in Tangerine Orchards on Fang Basin,
Chiang Mai, Thailand.

e Nmisnadauuds:ansmwdovadvvovanausdl (Neochetina spp.) Tunismaan
auso (Eichhornia crassipes) Tuilunguihiiu
Efficacy Test of Water Hyacinth Weevil (Neochetina spp.) on
Controlling of Water Hyacinth (Eichhornia crassipes) in Tachin Basin
Thailand

e Nisinasugeualivzovaisnaulolasmsuaugdiravuisssuyd
Transportation of toxic substance of hydrocarbon group to aquatic
environment



N1sAn¥IADINIATV GO ganIwNazouyZov
Ingasnsasuduviiunavuidivinnisigais

maAaswy
Pesticide Risk Assessment in Tangerine Orchards on
Fang Basin, Chiang Mai, Thailand.

YOUWiA Uysios dSSIudua NNSASovA wuuws ovuthu Juiny Inous:au lia: Sras Ao
C. Boonyoy, V. Patarasiriwong, P. Wongpan, W. Kaewprasom and A. Kam-Muang

unAQEd

mﬁLﬂmzﬁmmm"u“ﬁummmsﬁﬁ’mﬁ’mgﬁmn@juaa%m‘[uﬂaﬂW\Im (organophosphate) 311U 3 #ila leun
ARalWSWaa (chlorpyrifos) latamlsian (dimethoate) wardlsaau (ethion) WATNENATUILAM (carbamate) U 7
#ila Idud ArSiwun@a (carbendazim) Wluya1sy (fenobucarb) xfing 1 (amitraz) AI15UN3A (carbaryl) WALUNY
(captan) A13luFauny (carbosulfan) uaziamlafia (methomyl) Tusadiain Auuazeina vsnusudalusine
lapUsims wnese wazsnewsions Yontadeeival s 32 s Teefiudete 2 af Ae ’ﬁ’N[]QLﬁ‘]JLﬁEI’J
HANAR FTVIeTuil 10 - 28 unTAN 2548 u,a:’ﬁ'mwé'm@l,ﬁmﬁmwawﬁm seninetuil 13 funan - 1 Wweneu 2548
mnmmﬂmmmﬁuﬁwazﬂgmi‘]u 3 2UA AB IUIALEN (ﬁuﬁﬁaﬂn'jﬂ 10 15) U989 (ﬁuﬁﬁv’mwi 10 f 50 13)
wazzUA N (Wufisnnin 50 15) mummmiﬁjumaaéaanéawaaﬂm:msumsLLﬁlmﬂmwwawnnﬂiﬂsznau
fanssudnluiuiisneig sunelsedsins wazdunewions Tagvnsfiusegeenauauadn S 9 fu
SWIUIANAN 17U 14 87U URSEUIUIAM 11U 9 §u matfusetaiasfivanunaniluiufiaud
nERINI R mstﬁuﬁ’mamﬁu%Lﬁu'[uﬁuﬁmﬁzﬂgn miLﬁmﬁhaEi'mmmﬂﬁ'm'mﬁuu%nmﬁ’wmvjjﬂums‘lummz
ﬁﬁﬁmswumiﬁﬁmﬁmgﬁﬁ HANTIATIERIIANTAAR TN wm’ﬂuqqlﬁuLﬁmwawﬁmﬁ’mmaﬁuﬁmsﬂmﬁaumm
a13lawnlsien Blseau uazarsunia Aenudinduluzae 0.051-0.370, 0.027-10.049 uar 0.015-0.077 wn/nn.
muan fstvemeanunstuiileuseslawmlsioniiaanadadu 0009 un/auy. dmsuusnaguiuifsnandn
wuisegwiuiinstudieueslaumlsienuazdlsoou fiaudndu 0139 way 0.168-19.48 wn/nn. AINEIGU
Tushagsemadinsvuidouzedlaumlsion aaslnswes uazdloesu firnadaduluzing 0,004, 0.002-0.008 way
0.006-0.166 NN./AL.N. ANAIGU fiammLﬁu“ﬂ”wﬂa\m'ﬁLﬂﬁﬁmfmwuﬁ”’wumfag‘[us:ﬁuﬁﬂn'jwhmmig'mﬁﬁ'mum
Tae US. EPA region 9 ﬁfﬂﬂ%’uwamsﬂ‘s:LﬁumwLﬁﬂaﬁaqmnqwauﬂﬁﬂmaaansn‘s Q’lﬂﬂﬂﬂ‘ffﬁ’]iﬁ’ﬁ’ﬂﬁﬂ;ﬁ“ﬁ’ﬁﬁﬂ

aa%mﬂuvdaawmu,azm%mLuwwudﬂﬂ’oagﬁlui:ﬁuﬁﬂaaﬂﬁﬂ

AsAt: snamdadagiis nsUssiuanudes s gaehg sasnmluneaa Asuiam



Abstract

In order to assess the potential health risk associated with organophosphate and carbamate due to
agricultural practicing in tangerine orchards in Chaiprakarn, Fang, and Mae-Ai Districts, Chiang Mai province,
Thailand, air, water and soil samples were collected during pesticide applications twice, which were during
harvesting season (January 10-28, 2005) and out of harvesting season (March 13 - April 1, 2005). Sampling
sites were selected according to the area size of tangerine orchards which are small (<10 rai), medium (10-50
rai) and large (>50 rai) size for 9, 14 and 9 sites, respectively. The samples were analyzed for 2 groups of
pesticide including organophosphate (i.e. chlopyrifos, dimethoate and ethion) and carbamate (i.e. carbendazim,
fenobucarb, amitraz, carbaryl, captan, carbosulfan and methomyl). Daily practicing of pesticide applicators was
gathered in order to assess the health risk. Results of pesticide analysis of samples collected during
harvesting season showed that dimethoate, ethion, and carbary were detected in soil samples in the range of
0.051-0.370, 0.027-10.049 and 0.015-0.077 mg/kg, respectively, and dimethoate was found in air samples of
0.009 mg/m°®. For sample collected out of harvesting season, dimethoate and ethion found in soil samples
were 0.139 and 0.168-19.48 mg/kg, respectively. Dimethoate, chlorpyrifos and ethion found in air samples were
0.004, 0.002-0.008 and 0.006-0.166 mg/m3, respectively. Pesticide concentrations detected in samples did not
exceed the allowable value issued by the U.S. EPA region 9. The analysis of health risk estimates indicated

that the pesticides did not pose a direct hazard to human health.

Keywords: Pesticides, Risk Assessment, tangerine, Chiang Mai, organophosphate, carbamate
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Efficacy Test of Water Hyacinth Weevil (Neochetina
spp.) on Controlling of Water Hyacinth (Eichhornia
crassipes) in Tachin Basin, Thailand.
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Eichhornia crassipes, Tachin Basin, biological control

Abstract

Efficacy testing of water hyacinth weevil (Neochetina spp.) on controlling of water hyacinth (Eichhornia
crassipes) was conducted in 2 locations of the Tachin Basin, Thailand, namely, Moo 2, Tambon Ta Krachub,
Nakhonchaisri District, Nakhonpathom Province and Moo 8, Tambon Jarakhe Yai, Bang-pla-ma District,
Suphanburi Province. Eight thousand water hyacinth weevils were released in a 80 m’-test plot (Treated plot,
T) every 2 weeks from November 2005 to June 2006. Percentage of damaged leaf per plant, petiole length

and number of feeding scars on the second youngest leaf, number of stolons per plant and number of water
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hyacinth weevils per plant were measured and counted both in Treated and Controlled (C) plots before and
every 2 weeks after releasing of the weevil. The similar results were observed in both locations. Percentage of
damaged leaf, number of feeding scars on the second youngest leaf and number of water hyacinth weevils in
T plot were higher than in C plot significantly, while petiole length of the second youngest leaf and number of
stolons were not different significantly. The results indicated that water hyacinth weevils can control water
hyacinth effectively and should be promoted to be used in water hyacinth highly infested areas. As biological
control method, this agent could be used singly or associate with other methods to complement integrated
management program. Especially when herbicides are not desired in order to decrease environmental pollution
by the chemicals and to reduce cost of expenses paid for controlling of water hyacinth, the weevil could

provide a promising approach. Moreover, sustainable is one of advantages of this method in the long run.

Keywords: Water Hyacinth Weevil, Neochetina spp., Water Hyacinth, Eichhornia crassipes, Tachin Basin,

biological control
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Transportation of toxic substance of hydrocarbon
group to aquatic environment
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Abstract

Study on transportation of toxic substance of hydrocarbons from various sources to aquatic
environment was showed that compositions and concentrations of source samples and environmental samples
have correlations such as airborne particulate, soot from various kind of cars and street dust, which close to
traffic roads. Concentration of hydrocarbons in sediment from canals (512-8399 ng/g), river (33-590 ng/g), and
the upper gulf of Thailand (4-724 ng/g). Trend of hydrocarbon concentration was found that concentration
from sources were higher than environment around 10-1000 times, which depend on source of pollution. In
addition, this study applied statistical relation to explain hydrocarbon compositions as indicator. This study

showed that runoff flush dusts to sediment in canals, river.

Keywords: hydrocarbons, source, sediment, canal, river



1. unth
lagiunafisfiiAadusnianssuesuyssi
NRNBUTELAN 13U NaReN19eInIATiAnaNNNT L
sogufIUINiungamwy iiiiadymidusoss
vuviasoun n1svasslaldeansosud mawizeslui
Tav ldemeadsuazfusunsedaganm Faiu

nilvrasdymuafsd mivgnsudios (dudu uais

. v
a a =

fiinduainAanssuesuysdaaiinadniudartu
farsfiviliifansiSolénatsoile Wy asngulnd
Temdinanlsundn lalasansusu Polycyclic aromatic
hydrocarbons (PAHs) tHusnsngunisiiaglungs
endocrine disrupter compound (EDCs) Fefind
Ysznauvadlalasiau wazlalasanfueu ety
§nuauy benzene ring AIUA 26 ring LLa:miﬂ@:Nﬁﬁ
anufufisussfussionsse Sessmariannn

\aldanianssnzesayss [ARC 1983] 1y nstwbn

PNIATDIBUA DINALREAN nBomuqmmmsau LR

§13 PAHs fiindulaesssnsd wu lWlwdidh as
nzg'u‘lfmaﬂs:mmmﬂﬁhmnLLazmmsnmnﬁNu,a:
seanlunznoudu Tasanizegrebefanssnainiia
o) wu ngamms Aanssusineg seeaywifisonali
\ing1s PAHs warduitleuluuindenuvoléiiu
2 ﬂizmvﬂ‘wqjq fa PAHs a1nnsuwlngd (progennic
source) WarPAHs NWARAUTDIATIREN (petrogenic
source) aﬂinsjuﬁiﬁaﬂnﬁsiumﬂﬁuazuquﬁafmﬁu
sansoazanlaflulodu uazdeginlulufsundon
PAHs veafiafiuansnenzi59 1@y benzofa] pyrene
NMIANBIMINITILATIZHAIDEINIINUREN
Auflauariodedvuindon 1wy fegigeinidmg
’[unwmm wardsnuma 1wa1snsuflIzIaneneg
BINTABE B19308UR UTunapaufiliud 1ie

WSHUBUIAUTENAUTAYE1T PAHs Tudwndaniu

UWARINLIALAZAINAY U JuInauuLaziInu

wananuunsAnElaglEsnsn

100°E 105°E
_ 4 , o
. ‘j j) Thailand TkLans l ® 8UPDIN1T PAHs oilasn9q
[ J o & A
N |‘v J””ﬁ-ﬂf % . ﬁfg R Juddedoiinaee PAHs waz
(A) Bangkok Camhlndia N N _,/"_‘r Stl gy
J - —8 ™ waflanwaiin lunsthemuvas
T SLG 41 Bangkok
Vietnam /el o province ilarevans PAHs &1y
o-stc_
sth A A a v .
10N el Y s _ wmataiiianldAs Multiple
lL- N Samutprakan N T ) )
province StA @ Regression Analysis
South China Sea 7 °_Rivermouth
0 200 400
K &
N y " D) = e e 7
(‘_r.-—' 'Ir} ‘hn.r &?p :;U\mc— \I'a{r::fﬁ\-r
Clng Jsa |:1 ani arevnze ’
<) N - “anths mi&tl prace 'ﬁ’
o Eeng e el _____Jf‘ Ajrport
I/ ol P e
/:}j 303; . e{;"la S:'I:ory rnanumer]
! B _¢cpy  Bangkek % = Bangkok
& ST st6
: 1‘ D8 — JJ_”_— ,j; ! J.Jiﬁt £ Bangna [
o g SO Sarrutprakar (— r—‘III—
(A e — D L~
Samutprakan S ) _ Riirmpuih industrial stsh
provinee N oo indusiial estate
= Hver mauth




2. 3smisfinyn
WURANBT (Fennii1)
21 JuannusIInA duamiiay uasiu
annﬁmuuu‘%nmﬁmi%wwmLLuuTunEawauwﬂuﬂs
2.2 @HNI0BUAYILIANANT BLoa Wwudu)
23§08 19ATNOUAUIINARDY WHT LAY

USuaMnensuuy

3. sanUs:avA
WaAnein1siedauinsuaznisduilauans
wafisngulalasarsueauludegivdvuindonuar

fateNidunnaeniiile

4. wamsAnvma:dNsni
41 AN NTunaLaIAYISNaVYDIRIS

PAHs Tusatrsanunasniiia

Fmsuanuitntunnuludagigisiiiug

NLA3NEUAMTA wuAsdindulais 1154245
Talasn$w/nsu PAHs finulusetneduainenssosud
VrTunspduiilduda i daudadulszuin
1-2 v gendraadaduinuluguainouu 39819
a7Ulidn sranzmpelailganinananoes PAHs finy
Tuv!unuu NNt uveIa1s PAHs (Filter+PUF)
Tunqamwumum A9 INIAVTIUTNOUUTY
76-189 uﬂunﬁ"u/gnmﬂﬁmm %oﬁmflmﬁuﬁugo
NIUSINTULN (26-56 urlunsu/gnuiAfiumg)
waaaliindusnasauuluadasldSunanseny
INnsaTasHenuanudindulsnugs
25U1899AUIZNALDDIN1S PAHSs Tuv'gumn
UL AU IINRINMTAUIUN NEDALALHAIN
msiweszimaedidulyunafiordu uazuanedin

iainanA3EsBuARLEe Juainevsasud ezl




% 25
- Carel sediment
20 205

- Sreetdust

254

2k

- Runaf-1

- Ruof-2

AR A5
10R: 1
Il 5’“°|||Ii“||||| ]
.Illl llil. » Wl 0%.nl i |||q 1AL
R R N T T €& R A e T BN
5552455135mmm—~ E%‘EEE""ﬁb’.‘Dm%u;o Eézgggzugtmm@uFQ 255___‘2& 3 &%Ep
S0 A B e
Tire * Readside sir [fler) ~ Roadside air [PUF) _ Used engire ol
o 2 2%~
. 200, 20
3
19 1%
20
- Ak Ak .
o l-illql Illlqll M _Illll-|l I 0%_ i 'li ..... ¥ I‘l'll!l
LpsSooon
& -—:I‘i‘é:‘ﬁ%&:‘;b q—:iq_tma a§E$E=E{ m:ﬁ%ap ﬂégzgﬁ%m
25 4P A

Baed (eiesd vehicle)

Aupbal

Srad fyasaling vehicls)

1.000.000

E % +

£ 100,000 +

b i +

2 10000 - +

= ]

m

= 1,000 - $

£ : +

T 100

£ : I

i 10 % $ +

= 1 +
1

—
Global

Tokyce Thailand Malaysia

THudnduiinnaesnisnszaievesans PAHs Tur}gumn

ouu ldeysulidn 13 PAHs fiazanlunznauduf

a & ' a o o A
uaqﬂﬂiznauLmummnmgumnnuu ANNINN 3

4.2 padinduseeans PAHs Tudaatne
Founden
N1SANBINIINTEINBF IR UAATINIDDIET
Twalsadna15lsufa lalasaSueu Tunznau
fuvsiaunssinludssmalne 1y v5auAane
Wansdafuusbdwszsmuaudndu 512-8399
wnluniu/nfu (229012556 unlundu/niu; n = 8)
w1 msren 33-594 wilunu/nu (263%174
wilun$w/nsa: n = 11), thnwsith 30-724 wilun$a/nsu
(1791222 wlun$a/ndu: n = 9) uasTEiNNzLaDD9
Uszind 6-228 wlunsu/nsu (50456 ulunsu/ndu:
= 14). %amnwanﬁﬁnma?ﬂdﬁmiﬂuLﬁaumi
PAHs Tudszinalnoagluszduafiviiunaisiile
Wisupuiuiuiidneusinueass wituazseil
neiadug Wlan denmdl 4 ausnaauuanengzad

&’ v a a
smgnstueuss PAHs aguldnznaufunion



{a) Canal sediment {b) River sediment {c) Estuary sediment

20- 20- =

15 15 18

10 10 10-
N X Lol |||||
=
py 0 0 0 l.ll.
] EoNeT ged ruLan an s grooecgeg puwaa »a s SuNeCgpgrLLGd bay
2 PECEEERESARERTES|  MELULOERATERIAEES| RELIgfRAfENAALES
5 E E E
§
o {d) Coastal sediment (&) Strest dust {f) Sail
4 20
-..E 25 25-
E 20 15 20

15 10 15

10 10-

5 Liln I|I I

* DnlaluRlalunnann. - || ] |

TEgQFTopd pLLAn r&'a '5"?*.'9'75 -gz- :%'5 gEon YT gEdpLLLL mo )

BELSIZEREZA%AR i5° EEEEEEcaB58 A5 Tigsiicca58 84580

ARDYTRERIUNINWUFUUDY petrogenic Ap Uullau

nwanTuTdlasdaaie 2 sUuUUKaNTY AD PAHSs
M nsinazanransuritlngden fanwi 5
anududuses PAHs Tuusssiniaaguls
foil PAHs finuusiinudneauu (Filter+PUF: 76-189
wlunfu/gnurafiuns) fadadugendn PAHs
v3udiuuna (filter+PUF: 26-56 unlundu/
ANUIANLNAT) Faflasannsarasfiunuinlugioadu
sueman Anadaduiiduanuuy weight - based
vinasuauuianudntu (100135 lulasndu/nsu)
AN Nt ufiAuIMLUY Volume-based
P89 PAHs 21n@208N runoff AAnaidudiusieiunin
AawuadN Nt U9 291-4934 unlunsn/ans
AN NduAiAIUIMKLY weight - based #A273
Wudugauang (4.9-14.6 lulasnsu/nsy) uazla

WUANNUANAIININTNTEHINAUIINUINUTWAUYY

(10.8+2.4 lulasnsu/nsu, n = 13) ninHuINHY
WA (89134 lulasniw/niu, n = 9)

43 msmé’auz’iwmsﬁmmmsnéu‘la‘[m
e gunaathsssusi

NHANIIIATILRUSHIUTITANEISHIN
unasiiauaznisandeludouindan vildainisa
iinlaldansngulalasasusuiinanszasaginly
warfiovAusznavfidrefurnldigusansnuunas
ﬁmmaaﬂq’uﬁondn LRSIMNWANNANAFTINITO
s ldyssuraunaefinaiifinnsdrsimainunas
fidagasuandouilesainiesduseneviimilouu
n1sAnEInIsAdeuiinsnsasiniuasfiansma
N9RYTENa LT A auRUTTNINNFINaINTBIUNEY
fuflauazinarslufowindon uanainiunis
finnsurdeadudndufidrefuresdszinnaes

FIDEN LATIINVNANFIUNITRITIINALATIAIATIER




wuanNdndu PAHs iy runoff Sanuidindugs
dszannu 1 wizesanudiudu PAHs fiwulunznou
fu Fearmnsnaduiwldin PAHs NAUVUDUUYN
Wanruarazanfinznauduluaassviialndifss
usnantiunueadnduTes PAHs anfuanauu
(1.120.8 lulasn3u/nsy) Aenududuzas PAHs
si°1ndw§umn runoff (10.022.9 lulasnsu/nw)
AMNLANANTBIANNENTuENSaes U lFnIUe
?Jaaagmﬂvi’f[ﬁLﬁﬂmitmzﬁ’mwdw AUNIARUIN
auuszfoymainuasfivminiondedinazifiu high
molecular weight sutuislidosazatsludinu
ANNLENGUDDY PAHS mnvﬂu‘luﬁmu (runoff) § PAHs
FINTIBNINBUA N1TIATIEVRIY Multiple regression
analysis 93U1289AUILNOUDDIENT PAHS Tuv!umn
puufifienuduiusiuunasiindnsns PAHs @y 819
s00uf wEneIaseud WsuilEudn @umnﬁéﬁwu
udiu 97nnnsAule coefficient of determination
(RY) = 0.60 WAAITIANNENRUSVDIUNRITINARTNS
PAHs uaz PAHs figflufoinndonfudiauduius

fiu (R® %29 0.5-0.85)

5. asdwamisfinvmazdoiauaiiu:

NWANIIANETY PAHs aSunsnisiadauine
289815 PAHs gaswiadaulasnisiliouiiioy
p9AUIEnaULATANNdNIUTBINIINUENT PAHs Tu
M NUILLANANG 3NDVAYILNOUWDINEIT PAHs
ﬁLmdaﬁmmnv‘;lua:amﬁmmnmo‘mauﬁﬁﬁnniau
URZHTANDHUUOU wazizsfitinanniswnlndizes
A3 pepufUszIANAImasINien1 sl u auseeiniu
napduidundn '«nnwamiﬁnm@umnﬁémuﬁmnuu
(runoff) wuiwﬁmﬁﬂs:nauﬁmﬁaur‘fuafm’%’u@umn
nuuuaz@umnﬁwﬂu unnanuANdaduAinyd

Usmaufisansnsyulidies PAHs fifenszanelu

m’u‘mmﬂuazmﬂa:auuuﬁmuuﬂfummmgﬂﬁﬂm

Tmﬂﬁw\luLLaz\lwaaongdom VU AABYLUUSIIN
NJUNNANIUAT INUUNTT PAHs 9egniwvangunas

UBU 1wl nela

6. 1ona1s91vov

Ruchaya Boonyatumanond., Gullaya Wattayakorn.,
Ayako Togo., Hideshige Takada. (2006)
Distribution and origin of polycyclic aromatic
hydrocarbons (PAHSs) in riverine, estuarine,
and marine sediments in Thailand. Marine
Pollution Bulletin 52, 942-956

Ruchaya Boonyatumanond., Michio Murakami.,
Gullaya Wattayakorn., Ayako Togo., Hideshige
Takada. (2007) Source of polycylic aromatic
hydrocarbons (PAHs) in street dust in a
tropical Asian mega-city, Bangkok, Thailand.
Science of The total Environment, 384, 420-
432.

Ruchaya Boonyatumanond., Gullaya Wattayakorn.,
Atsuko Amano., Yoshio Inouchi., Hideshige
Takada. (2007) Reconstruction of pollution
history of organic contaminants in the upper
Gulf of Thailand by using sediment cores:
First report from Tropical Asia Core (TACO).
Marine Pollution Bulletin. 54, 554-565

Ruchaya Boonyatumanond., Michio Murakami.,
Hideshige Takada., Gullaya Wattayakorn
(2007). Sources and distribution of polycyclic
aromatic hydrocarbons (PAHs) in sediments,
Thailand. Japan Society for Environmental
Chemistry Conference, Japan, 21-25 June

2007



Ruchaya Boonyatumanond., Sunitra Thongklieng.
(2007) Distribution of persistent organic
pollutants (POPs) in water and sediment from
aquatic environment, Thailand. LIPI-JSPS
International Seminar on coastal marine
science Yogyakarta, Indonesia, August 3-5,

2007

IARC (1983). International Agency for search in

Cancer. Monographs on the evaluation of the
carcinogenic risk of chemical to humans
polycyclic aromatic compounds, Part |

chemical, environmental and environmental

data, Lyon, 32 &







VIUDYVNAWCY
inAlulagaiuun




o misUs:gndlds:uuthialndsninuiandinsuuhsuansauaian
Application of the appropriate wastewater treatment for small-sized
pig farm

e Insvnisinyinisduilougovaisus:noudunsgs:inavisluiildau usIomu
UANQAdIHNSSUMAIKUDIVHIQA WU
Volatile Organic Compounds (VOCs) in Groundwater at Northern Region
Industrial Estates (NRIE) Area, Lamphun province

o Insvms3iiiiowcuuis:uutitatndenuuivnsovis$oima laglddonavandaq
IKaoldsssuyd
Research on development of anaerobic filter tank by using natural
waste media



misUs:gndlgs:uuivaundoniiuiandinsu
whsugansauiaian

Application of the appropriate wastewater treatment
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Abstract

Wastewater from pig farms is composed majority of organic substances. Using Anaerobic Filter Tank
can decrease the BOD and COD more than 80 percent. Because of the pig farm wastewater has high organic
concentrations, the effluent should be further treated by constructed wetland. This experiment treated
wastewater from a pig farm about 5 m*day and could decrease the BOD concentrations from 2,000-3,000
mg/L to 200-400 mg/L and could decrease the COD concentrations from 2,000-4000 mg/L to 200-500 mg/L.
The constructed wetland could decrease the BOD further to less than 100 mg/L and could decrease the COD
further to less than 200 mg/L. The effluent standards of wastewater from small-sized pig farms indicate that
BOD and COD concentrations must not exceed 100 and 400 mg/l, respectively. However, the owners of
small-sized pig farms should have the knowledge, skill and interests to operate the wastewater treatment

plants themselves.

Keyword: Wastewater treatment plant, Anaerobic filter tank, Constructed wetland, Small-sized pig farm
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Volatile Organic Compounds (VOCs) in Groundwater
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Abstract

Volatile organic compounds (VOCs) have been found in groundwater in domestic wells near the
Northern Region Industrial Estates (NRIE). The VOC contaminants found are 1,1-dichloroethylene, trans-1,2-
dichloroethylene, cis-1,2-dichloroethylene, benzene, trichloroethylene, and toluene. The concentrations of 1,1-

dichloroethylene and cis-1,2-dichloroethylene exceeded the regulated groundwater standard.



The purpose of this project was to determine contaminant distribution and to delineate possible

source areas. Integrated studies of geologic settings, hydrogeology, and groundwater chemistry were
conducted. Field investigations found a complex geologic settings. In general, three aquifers were present
down to 80 meters below ground surface at approximately 10, 15-20, and 65-70 meters. Hydraulic
conductivities of each aquifer are 4x10° to 5x10™" m/d, 8x10° to 2x10® m/d, and 8x10? to 22.5 m/d,
respectively. The site’s topography generally slopes east to west to the Kuang River. Groundwater flows also east
to west to the Kuang river.

The groundwater flow and contamination transport models derived from field investigations defines an
east-west oblong contamination plume emanating from a defined point source located within the NRIE. Field
investigation also found VOC contamination in scattered monitoring wells throughout the site. The transport

model shows that there is possibly more than one source for the VOC contamination.

Keyword: contamination, volatile organic compounds, groundwater, Northern Region Industrial Estate

groundwater flow and contaminant transport model.
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Research on development of anaerobic filter tank
by using natural waste media
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Abstract

Three 5 L up flow anaerobic filter (AF) reactors, with sea shell, bamboo stick and plastic pall ring
packing, were employed to evaluate the treatment of simulated synthetic wastewater by using milk powder
and sugar as carbon sources under a wide range of hydraulic and organic loadings and operating conditions.

The organic loading rates (OLR) were increased from 0.8 to 6.0 g/I-d at a constant hydraulic retention time



(HRT) of 2.7 days and the operation period was more than 100 days. The performance results showed the COD

removal efficiency and methane production to be more than 90 % and 40-60%, respectively.

By measuring the COD concentrations at each sampling port which varied according to hydraulic
retention time, the sea shell reactor was found to have the highest efficiency of COD removal of more than 90%
and average methane gas production as 49.1% with operated the OLR up to 21.04 g/I-d at HRT of 16.1
hours. The bamboo stick reactor could remove more than 90% of COD and average methane gas production of
49.5% with operated the OLR of 13.7 g/I-d at HRT 21.5 hours; while the plastic pall ring reactor could remove
COD more than 90% with the OLR of only 3.33 g/I-d at a long of HRT 75 hours. Calculation of the Monod type
kinetics showed the [ of the sea shell and bamboo stick reactors to be 5 and 50 per day, respectively; and

the values KS of sea shell and bamboo stick reactors were 20 and 182 g COD/ |, respectively.

Keyword: anaerobic filter, natural media, COD, kinetic constant
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Abstract

Various compost formulas have been researched using available organic materials left over as
agricultural residues, branches, grass, weed from gardening, and vegetables, fish bones and fruits wastes from
the market. The materials were composted in the compost bin under aerobic process. The ratios of carbon and
nitrogen sources (C/N ratio) were measured throughout the composting process until the composts were
matured. The process temperature, humidity and pH were monitored throughout the process. The mature
composts were analysed according to the Thailand Compost Standards notified by the Department of Technical
Agriculture. On-farm testing (OFT) for 5 compost formulas with 7 kinds of vegetables,.e., holy basil, spring
onion, cockroach berry, water convolvulus, sweet basil, red salad bowl, and bird—eye chili were carried out in

the Wang Nam Kiew Educational Centre for Hazardous Chemical-Free Agriculture, Nakorn Rachasima Province

* swmiaindzmadvuindon 81, guiiveuazAnausududuwindon
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and Environmental Research and Training Centre. The results of the OFT has shown that the vegetables grown

in the plots which ERTC composts were applied have faster growth rate, and give more yields than the control
plots significantly. The holy basil, spring onion, cockroach berry, water convolvulus, sweet basil, red salad bowl,
and bird—eye chili in the plots which have been composted have total yields of 12.7, 11.5, 35.0, 37.7, 31.3, 29.9

and 39.1% more than the control ones.

Key Words: Compost, organic materials, On-farm testing (OFT), organic farming, global warming
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Q,(C,x (100 - M) + Q,(C,x (100 - M) + Q,(C_x (100 - M) + ...

R =
Q,(N,x (100 -M,) + Q(N,x (100 -M,) + Q (N x (100 - M) + ...
Taels
R = C/N ratio of compost mixture Cn = carbon (%) of material n
Q = mass of material n (“as is”, or n = nitrogen (%) of material n

— H o,
“wet weight”) Mn = moisture content (%) of

material n
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wdvoglulasiaulufuiviy dawsldfsoialulasiau

a a

UNING ﬂﬂau‘w’%'sj"'tiaaﬁawﬁolaiﬁugsnh:ﬁmiwu

A

158091 phytotoxin 1y Anpuanlauiils Fadufis

o A

o L% @ v 1 = U 1
fufis v liwdaiuflisen nievenudaliie

o
2

a a

wazaeluiign dewaliiineafdadodunidinldud

Tailéiwg)

o)

a 6 o

4) dqRun3daminuuaiiiiy BaAuacsn

a '

AU oy HreUsuYI9Au gauaa1adunsaans

3
TupuriliAudgTage fanalusengu Suge uas
é;uﬁ'ﬂ,ﬁﬁ uana’m%'ﬁ"sﬂLv‘\‘iua’sﬂ’ml,ﬁaﬁgﬁuw%ﬁmmﬁ
Fren1saraezednIsng ueymeiulufulinaedy
DIVTNY

2.5 msdias1Hwanisnaasu

U5 NI BNALAZILATIZTHEAIAINLANF

a

Y
fruvann1anIvaii 3501911 Least Significant

Difference (LSD) A8n1sfiifunismiaranauansie

a

ldfungrvunsnarsiianisidsuifisulunig
neasnssn esld@miuSeuiiisudnaivoesioya
Mfitieundn 10 ¢ wallAeiil awnsaidananseny

o

nilaseasusnfdn1TasuwdasluNuAfNvinIg

Tel6i

')

malaTitoya céfnﬁummgUZﬁ i

1) anfiunislaelddoyaaslu Analysis
worksheet

2) AR Variance NGRS

variance = D?  /(r-1)

3) ANUINUAY variance of the means 21N
gn9 variance of the means = variance/r

4) @A1UIUA" Standard error Wil standard
error = square root of the variance of the
means

5) @AIUIUAT Least Significant Difference

(LSD) tu A1 t-values N9¢AUAINLITINU JoBas



95 way 90 lps standard error x t-value = LSD

6) MAANLANA1REITTERAY 1as
Wasuisuan LSD fuan C,, i C,, fiopnd1 LSD
uaasdie 2 Seulefidnsseufioudu Liflaaw
uansvateltEAy C.. NN LSD WaAddn

9 2 WaulriAnwudSouisuiu Januuans1eiy

mswh 1 gaslodunss

3. wamsAnuvma:dnsni
3.1 aasidoudanaviuledunse

NAUAALALNANTY Azl lunlas

v o
v A o Hooa a6 4

NANAUIDINITITHANTIY & 5 GiZk] qgaumsa@uﬂ

Plad)

o

3 alu,a:ﬂnausuﬁmﬁmnmﬁaugmﬁ 1 (A1), 2 (A2),

3 (A3), 4 (A4) uaz 5 (A5) dpeAUTEnaUTRYTRQALN
Toninde ¢ fauandlumei 1

29RlsENaU Usuau (Alansn) RABLNG

ww/duiduduldng aunadssann 1-2 o,

Hw/AuDuBULRNg auadsean 1-2 Bu.

vwduiduiudng aunedszana 1-2 B,

ww/aududuldng aunadssann 1-2 o,

Walaudin

ww/dududuldng auadszann 1-2 o,

__ * sealifnssznauian fnlzsndaii

NEWARTNY WATLAINARTY TuLSHu

2ENAY 28 NN,




CIN aavi]adunaedluszuinenisusin

80 - x Hugas A1

70 - x + flegns A2

60 4 = {lagas A3
Z 50 1 flugns Ad
t: 40 1 < lagas A5
& 30 -

20 -

10 A

O T T T T T 1

anuunfl (aveaidas)

o]
o

aatunfiscuinvuiiniladunie

+ fagas A1
X = flugns A2

~
o
L

ilugeas A3

(2]
o
L

- flugns A4

w
o

x flugns A5

N
o

w
o
L

N
o

ms1h 2 Anaudaeovludunse

30.2 3.19 0.92 1.92 100

12.5:1
A2 53.9 10.4:1 214
A3 49.6 10.7:1 212
A4 53.6 12.6:1 2.61
A5 52.7 16.2:1 2.34
HINTFIU 30 < 201 > 1

0.67 0.84 81.8
1.23 0.50 934
110 093 88.4
0.95 112 927

205 205 > 80

3.2 wanisasovdagmunnu pH na:
oasidou C/N

+ o 2 ' a

ARDATTHELIAININANI]Y vUNNAUNNA

q U

savilelunsnnin uazdr C/N 2evty Aldluudas

NANDUII (On-farm Testing) Hafouaaslunmd 3

a

LRUIN STuzSNduYsENa 10 Juwsn ungd

U

Tunaetpninaziingsduionq lendnlissann

d

2 919108 DURNNIZLINAAAY LASNTZUIUNITRNNAL

9 U

suysallunaszann 1 e

3.3 wanisasodiAs1:HANANUGYDV
UJgdunsgnwaaaunadu
NAN13A5293LAs e RRuENTRae]ufinn

o o

AUAR Usznaudisel % aunseing onsnaid C/N,

]
%N, %P O, %KO uaz % nsgosaaisanysal
waasilumsneit 2 eagdlidn dedunidgas Ao,
flauandalanaiu Sesiduddunisinggenin
uasguiinmualy dudeideidnluld ez sredia

o

faialuduiinnsdepaasfianysald SeBuduléiain



mswn 3 slaiisnidlumsnagouludunss

gasiludunid yHANY

gmsfi 1 (A1) NENTILAY

gmsf 3 (A3) nij

fintivay, Tnsewn

K
gmsfl 5 (A5) wWinny

Adassau C/N (Fndwesgiunin uazlndidseiy
10:1) uazflwafidudnstissaapanysainnnnii 80%

3.4 wamsnaaesuus:ansnwaovnislide
nuwy

wipnulaszUgniisnaseulaslofiuudy
Wnauls 2 enfind amiwinisenssewsuduuasls
iJuiounnsdgn (Pre-treatment) 10 Alansu/ulas
wazANNIY Tui:ijmiﬂgn aaudpiann 2 U

saunuas 2 A5 i-Lfu Juiindayasgniwan e

T uardoyaniswiaunn 2 u Tudiadouusn uas

N 7 u vavdgniszanm 1 Whau

3.4.1 M5I95YUAYSHIUNANAR
1) nzwsumd (Holy basil)
ﬂgﬂnxmeLLmTﬁ%nﬁwazLuﬁm Win
21gld 2 1isu Fredundralgnlundasnasay
Tasusiazulasaztgnnainsiuey 2 undq ar 10 fu
FInTevNA 20 Fuspulas Tdijﬂ mw.gmﬁ 1 (A1)
A%afl 1 (Pre-treatment) Taelasasfiunaniiuiu
10 Alanfw/udas uazvdsanasudaemaaauld 14, 24
LAy 34 Idﬂﬂ (Post-treatment) ASaf 2, 3 uay
4 dwnu 7 Alansw/utavads muddy Tufindoya
3wy lasnsTaanugs, anuniwneng 7
uwandauazTufindmdnlasdaseansinsiuny
wilalaududszai 10 o0, Tevun 3 ﬂ%”’al,ﬁamq
161 8, 25 uaz 36 Fumueil FINTTULNAIMIN 36 Tu
NANIIANUIUANAN variance, variance of the
means, standard error LLaz@1 LSD LLNﬂd\lﬂum’ﬁ’Nﬁ

4 Uas 5 ANEIAY

amsi 4  MUOUHIAIADIIANGIVIOVLNHINS JUYOVN:IWS MAVAOu3E Least Significant Difference (LSD)
Completed sum of squares calculations: Total weight in each plot,g

Conditions

Difference (C)

Deviation
squared (D?)

Deviation (D)

——m

3890 3275

163 26406

4100 3320

107256

Totals 16010 14200

1810 Dzmt = 260325




ﬁmﬁhumﬁauamﬁ 1 (A1) Snalvinziwsuaslundas
mswn 5 WSsuifisud1 Least Significant Tapisyuazlivsanananinuinniudaslaildie
Difference (LSD) num Cavg e
2) viaNWLN (Spring onions)

Ugnvienudelaediniadagn Ygn 28 #u

douday Teie @, gmsil 2 (A2) a%adl 1 (Pre-

treatment) foutsNn1sUanaduad 7 Ju 91udu
LSD = standard error x t-values 378.53 ¥

10 Alansu/ulas LL@:LﬁawauLLﬁaﬁmq 15 wae 70 Ju
Tdily (Post-treatment) ASfl 2 WAy 3 71U

9

a

7 Alanfu/udav/ase Tufindnsinisiasaylaeda

Anags uazswanly unanfavdeaindgnld 81 Ju

TostufiniviiiniarIuIUITaInaN LY

ANULANANDDIUMENNANEALQRY ©,) Y

ANty 4525 nSn Aadudewar 127 wazannnsg
A1UMUAN Least Significant Difference (LSD) fiséiu

ANMNLTaAUN 95% HAwwindu 378.53 FeAnInA

NANIIAIUIUNIAT variance, variance of the
means, standard error LazA1 LSD LLﬂﬂalﬁuMWiﬂdﬁ

6 WAZ 7 ANNAIGU

¢ feagUladn msladedunidguiivouasiinovsy

avg

as1on 6 AUDUMIAIADIIANGIUIKUINSONZOVHOUNLUVGOB3S Least Significant Difference (LSD)
Completed sum of squares calculations: Total weight in each plot, g

Conditions Difference (C) Deviation (D) Deviation

squared (D?)

Blocks Treatment Control
25.20 635.04
1052 26.20 686.44
1122 1072 -56.80 3226.24
Averages av = 1038.6 av = 931.8 av = 106.8




mswn 7 WSeuifisum Least Significant
Difference (LSD) num Cavg

LSD = standard error x t-values 40.57

MEANG: N1IAUINYTIUTIEUAT T-values NULUALIAUNEWT LAY

ANNUANANTDIUIMTNNANAALRRY (C )

avg

PINNSFaiL 106.8 Aadudsray 11.5 wazanms

AU Least Significant Difference (LSD) fiau

o

Lmauu 95% 19\?1’1 LSD iy 40.57 ﬂﬁﬂ’ﬂﬂ’] C o

a

ok Niﬂ\lﬁ’]"l ﬂﬂi‘[ﬁﬂ'ﬂﬂuwiﬂﬂl‘lﬂ’)"ﬂﬂ wasinauIndu

Y

fowandion gasil 2 (A2) Analivenuwvsluualdile

wWiguaritSnaunandaninniudaslaladoeged

o o o

oAy uanmnifwauLLﬁoTuuﬂa\amu@u (EBIEN
ildie A3ewaznissanlndifveiu Ao¥ouaz 93.6
LAy 93.3 ANaGy

3) wzaLs1e (Cockroach berry)

Ugnuzidawsnelaeliismzisa e

anguszann 2 Wieu Eediuniastgnluulamesey
Tmmwia:uﬂma:ﬂgn 2 uod wodar 11 iy sawld
Fundusidowesionan 22 Fu/ula Tdﬂﬂ A,
gasil 2 (A2) AT 1 (Pre-treatment) Tnglaspoiiungn
w10 Alansa/udas wazvasanasulasmaaaule
18, 28, 38 uar 48 Tu [dily (Post-treatment)
adaft 2,3, 4 uay 5 1w 7 nn/ulavase mwEdy
Tuiindayanisiadnsesuzi@ansn: nmsiaanugs
AMENSNE FIUIUAEN uazuinHaNzd ey
NN 7 U TIWITBZINNTINY 62 U

NANIIANUIUANAN variance, variance of the
means, standard error LLlaz@1 LSD LLNﬂd\lﬂumi’Nﬁ

8 ULaT 9 ANEAY

ms1on 8  MuduMIAIAOIWIANGIvBoVLIHUINSOUYDVL:FoIUS1:Gou3E Least Significant Difference (LSD)
Completed sum of squares calculations: Total weight in each plot,g

Conditions

Blocks Treatment Control

Difference (C)

Deviation
squared (D?)

Deviation (D)

s | s | c-um

1645.00 1316.00

-135.31 18309.47

1330.25 1225.00 105.25 -359.06 128925.88

Totals 7158.25 5301 1857.25 thot = 356383.17




mswn 9 WSeuifisum Least Significant
Difference (LSD) num Cavg

LSD = standard error x t-values 442.90

ANHNUANANTDIUINUNNANAA LAY c,.)

FAvinny 464.31 Aaludasar 35.03 wa¥IINN1S

ANUIUAY Least Significant Different (LSD) fiszey

"

fowindengmsi 2 (A2) fnavilinandnzesnzidoisg

Tuwdasladonsn wasldsinunandnunniugas

o @

lilaipetnefidbady

=

4) Wnijs3u (Water convolvulus)
Ygnlanldd

o

wdasnunRaiuginteiudiiu 1 sovdeilindn

Sn19nduludn lasusay

Wugiszanas 1,000 AR Tdﬂﬂ A, gmﬁ 3 (A3)
asait 1 (Pre-treatment) riauﬁumsﬂgnmuﬂm 7 W
w10 Alanw/ulag LLazLﬁaﬁnﬁﬁuﬁmq 28 U
Idﬂﬂ (Post-treatment) ASsfi 2 §1uau 20 Alansw/
was Juiindasniseialasguinainugeossiulu
wiszuday unandandvaindgnld 34 u uiin
hminswlundazudastiofiuwanan
WAN13ATUIYIAT variance, variance of the
means, standard error LLaz@A1 LSD LLam\li’lum‘J’Nﬁ

10 ez 11 MNaIAY

AMNLTDNUN 95% HAWAY 442.90 Feanninan C,,

fa v

FeagulidnisladedunidguiiveuasRnausndiu

Y

aswn 10 ﬁ1uorumri1no1uuc1ncimu=1nﬁnsouuaooim'g’o"a'ud’os:')'s' Least Significant Difference (LSD)
Completed sum of squares calculations: Total weight in each plot, kg

Deviation
squared (D?)

Conditions

Difference (C) Deviation (D)

——

-0.82

] 5.40 3.00 2.40 1.38 1.91

Totals 22.30 16.20 6.1 D’ =353

tot




mswn 11 WSsuiisum Least Significant
Difference (LSD) num Cavg

LSD = standard error x t-values 0.89

ANMNUANANTDIUNAINNANARLRRY (C,) N

oy 1.01 Aadudeway 37.7 wazanmIduin
Least Significant Difference (LSD) finnaidasiu 95%
fiaviniu 0.89 Fesndndn C,, Feargulginnslaie

a &a o

dunidaudiTouariinausududsiindangnsi 3 (A3)

5) Tniszwn (Sweet basil)
Ugnlnszwilaanismizindalugamizsn
Lﬁamqﬂi:mm 2 Lhu ﬁﬂﬂﬁunﬁwaaﬂgnTuLLﬂaa
NANDL Tmmuﬁa:uﬂm%ﬂgn 2 un unay 10 fiu
sanlddundrlnszwiionun 20 du/udas Tais
AN, gmﬁ 3 (A3) adoft 1 (Pre-treatment) lagld
399fUnquIIUIU 10 Alansu/udas vavanas
wladnaaauld 15, 25 uar 35 Ju Tﬂ'ﬂﬂ (Post-
treatment) %97l 2, 3 uay 4 w7 Alanswulay
A ﬁ’uﬁnﬁagamsw%m&ma\ﬂm:wwmnmﬁmm’mgo
Anundenenng 7 Yu \iuwandauasiuiininin
Taosipanlnszwiwilolaugu 10 . svue 3 A%
Lﬁaaﬂqlﬁ 24, 45 LAY 66 TUANRIAY TINITBEINT
N19398 66 U
NANIIANUIUANAT variance, variance of the
means, standard error LLlaz@1 LSD LLam\l’ﬂumi’mﬁ

12 WAy 13 MNaIAY

fnalddnioduiaiyuarIdusuunaninindiudas

3

muaniilalaisatneiiisddny

mswn 12 musumimaouiandvgovtirinsougovlks:uidosss Least Significant Difference (LSD)
Completed sum of squares calculations: Total weight in each plot,g

Conditions Deviation

Difference (C) Deviation (D)

squared (D?)

7635 5485 2150 349.25 121975.56
6792 5265 1527 -273.75 74936.06

Totals 30203 23000 7203

= 273492.75




mswn 13 WSsuiisum Least Significant
Difference (LSD) nus1 Cavg

LSD = standard error x t-values 387.99

AMNULANANTDIUIMTNNANRALRRY C,,)

fAvinny 1800.75 Aavluiasar 31.3 wazaNN1S

A1UMUAN Least Significant Difference (LSD) fiséiu
ANNERuTl 95% AAwviniy 387.99 Fesnind Cavg

Seaqulidnnnslate Al gasit 3 (A3) Awavial#

nandnzasinsznilundasladoada uazlidunu
wawﬁmmnn’hLLﬂaolquﬂﬂatiﬁaﬁﬁ’ﬂﬁﬁﬁ’m
6) sanluuAY (Red salad bowl)
Ugnlasmnzindn lseiafszanm
1 et dhlddgnasudamassuudavay 28 #u
Iﬂ'ijﬂ AN, gmﬁ 4 (A4) adoft 1 (Pre-treatment) nau
L'%'Nmsﬂgnamﬂao 7 fu 9w 10 Alandu/udae
wazifloadnluunviiony 19 u Tdiy (Post-treatment)
ase 2 swau 7 Alanswudas Tufindnanaaiy
Tagfaaa1ngy Annenauasduiuly uwasifiv
wawdandeanugnld 43 Yu vufindmidndady
wazmiinTluusazuda
WAN1IATUINUYIAT variance, variance of the
means, standard error LazA1 LSD uanollumanedi

14 waz 15 MNAIAY

mswi 14 musumimaounandviirunsougovaaalulavdosds Least Significant Difference (LSD)
Completed sum of squares calculations: Total weight in each plot, g

Conditions

Difference (C)

Deviation (D) Deviation

squared (D?)

3364 2178 1186 1186 1406596

3639 2547 1092 1092 1192464

5256 3120 2136 2136 4562496

5326 2t = 3001987

Totals 23147 17821




mswn 15 WSsuiisum Least Significant
Difference (LSD) nurm Cavg

LSD = standard error x t-values 8129

ANMNLANANTIUINHANAALARY 6 ¢

©,) nnatawinty 8877 Anfiudesas 299 uay
INN13AUIN Least Significant Difference (LSD)
ANty 95% Aty 812.9 a‘gﬂ\lﬁ'jﬂm{[dﬂﬂ
dunddquiidbuazAnousndufowanion gns A4 §

HRLRARlULAYIRSY wasTUSIumandnfniiudas

muaniilalaisatneiiisddny
7) Winiwy (Bird-eye chili
ﬂgnw%nﬁwg‘[mﬂ'iﬁﬁwnmﬁm Woany
Uszunu 2 iU ﬁ'mﬁ”un51aaﬂgn’luuﬂmmaau
Tasusiazutaaztgn 2 und wadaz 11 du 5ld

v ¥

Aundiwindvyionue 22 du/udas Tade Al

gn3fl 5 (A5) A%adl 1 (Pre-treatment) laaldsa9

U

fiungu Fuau 10 Alandw/udas uasndsanasuuad
naaould 15, 25 uar 35 Ju ldidy (Post-
treatment)ﬂ%"’oﬁ 2, 3 WAL 4 977U 7 Alanfu/
wawass musey ﬁuﬁnﬁagamiw%mmmw%nﬁwg
INNTIAAINGY ANNTWND IIUIUADN URT
dminiiazeanindivynng 7 Ju samstoznanmsive
45 U

WANIANUIUMNAN variance, variance of the
means, standard error waze LSD uaaslilumsed

16 WAz 17 AN

ason 16 f‘i1uorumfi1no1uncmci1\)zjaoﬁ1nﬁnsouuauw§n§ngﬁos5§ Least Significant Difference (LSD)
Completed sum of squares calculations: Total weight in each plot, g

Conditions

Difference (C)

Deviation (D) Deviation

squared (D?)

322.5

4600

Totals 1761.5 1266.2

495.3 2. = 37450




mswn 17 WSeuiisum Least Significant
Difference (LSD) num Cavg

t-values at Ol = 0.10 2.02
LSD = standard error x t-values 122.85
C = 123.83

avg

ANLANANNIRIUENNARAARRY (C ) &

avg

ANy 123.83 Aaudauay 39.12 LaraNN1s
ATUINUAT Least Significant Difference (LSD) fizdiu

ANNLTRIUN 90% HAWINAL 112.85 Fem1nI1A1 C
avg

fa

5oa'§ﬂ1ﬁiﬂm'ﬂdﬂﬂﬁu‘w%ﬁﬂumwLLa:ﬂnamuﬁﬂu

U

fowdndon gnifl 4 (A4) fwaldinandnzevdiunin

1 a

Fvylunyaslaisiaiyualivsnnunananuinnii
uuaslailaipadnefitbady

ndoyalumsnit 1-17 @wsoagUnans
AnmSsuifisuanuuanagzedAiLaie c,, 189
HANAM LAY LSD LflaANIIANLANANTBINANAR

seniwmstaiouaz lailaoldlunsned 18

mswwn 18 asdwamsAnyIUSsUINgUADIIIANC10IOVANDAY C,.. dovwanaa na: LSD IWofNUY
AdWIandgovwawaas:rkdwmslddenaziuldds

variance | standard

1. NELWILLAY

twin 86775 2169375 14729 257
U

(N9W)

2. VinNLLLUY

dwnin 124570 24914 1578 257
PIREY
NANAR
RIGIEN

(NFW)

378.53

40.57

4525 ATAINLANFANDDIUIARTNTINLARE

PYOIHANARFADLLURY C g9 n31@1 LSD

(3zfuAINNLTau 95) wamddn

v
o

w2 WaulanAnwlSeufisuiiu

Ao o

danuandiupgits 1AL

106.80  ANAINLANANYAIUIRUNIINLARY

WanAaAouwday C gundin@n LSD

(3rAuAMNTRNUSUaT 90) LEAYIN

v
o

M 2 WaulanAnwlSeufisuiiu

Ao o

danuuanaiupgidbs 1AL



aison 18 (do) asdmamsﬁnwd's'umﬁuunmuuqnch\wawiuaé:u Cavg vovwawaa na: LSD ijofinu
AdwWIandvgovwawaas:Hdwmslddona:iildle

#iANT | variance | variance |standard| t-value

3. uzdalsne

thvin  118794.30 2969860 172.33
97U

(N3W)

4. Antjeu

ANNGS 28820  4.80 219
Ay

(LTURLNGT)

WIAUN 0.70 0.12 0.35
U

(Alan3w)

5. Tnszw

ﬁ;ﬂﬂﬁﬂ 9116425 22791.06 150.97

(NAW)

2.57

2.57

2.57

257

442.90

5.63

0.89

387.99

464.31

6.23

1.01

1800.75

ATAIINLANFAINDDIUIALNTINLARE
wandmsouday C gyndin@n LSD
(3=AUANNLITDNUSDEAS 95) UNANIN

v
o

w2 WaulaiAnwSeuifisuiiu

o o

danuuandiupg s 1AL

ﬂ"lm'mLmnwhwaommgm,aﬁﬂ
wandmfaulay C ganindn LSD
(Fsrduanadosiu Sopay 95) waadh
i 2 Feulafid@nmnyiouiiieuidu

danuuandniupg s 1AL

A1ANLANAINTBIUIIINTINLRAY
wandmsowday C gyndin@n LSD
(fseunnuidaiu Sopas 95) waash
i 2 Seulafid@nwnyiouiioudud

Ao o

ANANLANANNURLHNHTIE ALY

AAINULANANTBIUINTNIIN LAY
wandnsouwday C gendin@n LSD

(3zfuanNTaNUTaEa: 95) UEAYIN

v
o

w2 WeauladAnwlSeufisuiiu

R

danuuandiupg s 1AL



msion 18 (do) asdwanmsAnuIUSuUINYUADIVIANCIVYDVANIAY C, . vovwawaa na: LSD 1afinw
Ao WIandvgovwawaas:rHdwmslddona:iildde

variance | standard

6. AR LULAY

win 600397 100066 316.33 2.57

RIPEY

(N3W)

ﬁﬁﬂﬁﬂ 732138 122.02  11.046 257

a

LARNE

(NAW)

7. winiiny

ﬁ;ﬂﬂﬁﬂ 1248326 3120.81  55.86 2.02

(NAW)

812.9

28.39

112.85

887.67  AIAINNLANAINTAIUININTINLQAY

wanamsaulay C gendidn LSD @

o

seduanNdasiusauas 95) waavin

v
o

N

v
o

2 FaulaidnwSeuifisuiiu

Ao o

danuuanaiupg iR 1AL

346  AIAITNWLANAINTDIUNNINLRAE

nawdnAaulae C gendndl LSD (@

9 =

JrauANNITaNUSaNaY 95) LAAYIN

£
o

i\

v
o

2 WaulenAnwSauisuiu

Ao o

danuuandiusg s 1AL

12383  AIAINLANAIDBIUIMENTINLAAE

nawdnAaulae C gendndl LSD (@

o

LAUAMNTDNUSDER: 90) WEAYIN

£
o

N

v
o

2 FaulaiAnwSeuifisuiiu

o o

danuuandniupg s 1AL

3.4.2 9ATINTRSY VDN BNATIY

fa o

mﬁdﬂﬂﬁum%ﬁgmqumwu,azﬂnamuﬁm
fswlndan viliRwneasauddnsinisesafifniinig
Tailaile nadinenudslundasiiladedinisiasanisly

9
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