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Alum Dosage Reduction and Sensitivity Analysis in
Water Treatment System using Data Mining
Software: Case study of Provincial Waterworks
Authority, Udonthani, Thailand
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Environmental Engineering Department, Faculty of Engineeting,
Chulalongkorn University, Bangkok, 10330, Thailand
E-mail : petchporn.c@chula.ac.th

Abstract

This research applied Rapid Miner V.92 for alum dosage reduction and sensitivity analysis in
water supply system of PWA, Udonthani, Thalland. The input parameters were pH and turbidity of raw
water, pH and turbidity of pre-filtered water. The output parameter was alum dosage. The data were
used from October, 2004 to April, 2019 that collected 5,118 records. The theory used W-Linear
Regression W-MLP W-REPTree W-M5P W-M5Rules and GBT for medeling, alum dosage prediction, apply
to alum dosage reduction and sensitivity analysis. From all 24 scenarios experiment, in conclusion, 10
models could be the alum dosage prediction. When applied to reduce the alum using dosage and
sensitivity analysis, it was found model can the most alum reduction was model in summer by W-M5P
theory and model in winter by GBT. All two models were used in Banthon WTP to reduce the alum
dosage up to 21.69 percentage per year or 243,230 baht per year. The input parameters affected the
most sensitive model that were pH and turbidity of raw water, pH of pre-filtered water. Therefore, this

model could be applied to reduce cost of alum for PWA, Udonthani.

Keywords : Prediction; Raw Water Quality; Alum; Chernical; Water Treatment System; Sensitivity

Introduction

Tap water has a need for cur daily life
such as consumption, using tap water in product
process, cleaning of raw material, so tap water
has increase demand every day. Consegueritly,
tap water has important in every section. Water
supply system includes raw water source, water

treatment system, water transportation system

and water distribute systern [1]. In Thailand, the
maost water supply system includes coagulation,
flocculation,  sedimentation, filtration  and
disinfection. For Provincial Waterworks Authority,
Udonthani, it is the surface water supply system
(conventional) that 7t 7s used commenly in large
community [2, 3]. Raw water source uses from
river, canal, reservolr or dam because there is

more water volume for the water demand. Most
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of the raw water is high turbidity; then, the water
alum for turbidity
reduction of raw water [3-5]. The data of
Provincial Waterworks Authority, Udonthani is
collected from October, 2013 to April, 2019
It finds that much volume of alum using in water

treatment system uses

treatment system because the pre-filtered water
was 0.5 to 6.5 NTU. Most of pre-filtered water
was 0.5 to 2 NTU (5% of all data} which the
alum using was over necessary. The pre-filtered
water criteria of Provincial Waterworks Authority
must be less than 10 NTU [6]. f Provincial
Waterworks Authority, Udonthani must reduce
the volume of alum using, they will must control
the prefiltered water approximately 10 NTU. As
a result, this research aimed to alum dosage
reduction and sensitivity analysis in  water
treatment system using data mining software:
Case study of Provincial Waterworks Authority,
Udenthani by using RapidMiner V.9.2.

Previous research tried to use the WEKA
program to predict alum concentration demand.
The study used four prediction methods namely
M5Rules, and
REPTree with six parameters as an input
turbidity,

electroconductivity, color, and, total suspended

Multilayer Perception, M5P,

including water  hardness, pH,
solids. The best result from the research was the
M5ERules method, which was then used to create
an alum concentration predicting model that
helped reduced time used and limitations in jar
test [7]. Ancther research study the relationship
between pH and the amount of lime used using
Regression theory, which was done using pH as
an input into the Matlab program. The result was
an 89 percent effective correlation eguaticn
between pH and the amount of lime used [8].
Moreover, researcher studied the weight-based
growth model for Nile tilapia in waste water

treatment pond without feeding. it was growth

model for forecasting of tilapia weight and
sensitivity analysis of model for change the
recording of important information. The result
was that most sensitivity variables was pH
value [9]. Consequently, from literature review, it
was found that parameters that affect alum
dosage, Modeling methods, and the sensitivity

analysis of the model.

Methodology

Searching, collecting and requesting information

This research's data was data of Provincial
Waterwerks Authority, Udenthani from Cctober,
2013 to April, 2019 included 1} daily repert of
ravw water quality 2} daily report of process water
quality and 3} daily report of jar-test.

The input parameters, output parameters
and data preparation

From research review about the chemical
dosage prediction and the coagulation process, it
was found that the coasulation process was to
turbidity  from

coagulation process cccurred that the pH after

remove raww water. The
the coagulation process was neutral [1]. In this
research, the researchers considered pH and
turbidity of pre-filtered water. Sc, the researcher
had determined the input parameters which
were pH of raw water, pH of pre-filtered water,
turbidity of raw water (NTU} and turbidity of pre-
filtered water (NTU). The output parameter was
alum dosage (mg/l). Data preparation was two
excel files, as follows.

The set data 17 was used for parameter
adjustment each theory, modeling for alum dosage
prediction in 24 cases that consideration was
overall of three WTP, each WTF, each raw water
source and each season. The set data 17 was 4,029
data since Octcber, 2013 to April, 2018,
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The set data 2* was used for the alum
dosage prediction verffication n water supply
system in 24 cases. The set data 2™ was 1,089 data
since May, 2018 to April, 2019. In both excel data
file, the researchers cut the set data that some
input parameters were distorted or missing. In
addition, the data set couldn't have all data for
reduction the bias that would occur [10-11, 147,

Theory of experiment

There are six theories in total. W-Linear
Regression is a linear relationship between input
and the modeled carameters where the output
is continuous [1Z]. W-Multilayer Perceptron is a
multilayer perceptron where the first layer
received and calculated the input and weight of
the incoming data, then transfer it to the next
layer [13]. W-REPTree create a tree-like structure
from information gained, variance, and cutting,
which is similar to the C4.5 theory, but REPTree
is less prone to errors and faster [14]. W-MBP s
also a tree-like structure, but with lnear
regression function reglacing the last leaf of the
model. W-M5P is a way to predict numerical
data. The value of the node weighs less than the
variable resulting in a reduced error rate, which
makes this theory the most popular. Lastly,
W-MSRules, based on the M5 theory, is a theory
where a regression term in the form of If-Then
Rules is created. [15] Gradient boosted trees
(GBT) is a boosting algorithm using dedision
tree as weak leamners. So, the best of GBT is
the ability to learn from both discrete
and continuocus data due to its tree-based

structure. [16]

Experiment

First, this research used the Rapid Miner
V.9.2 program to adjust parameter each theory
such as W-Linear Regression, W-MLP, W-REPTree,
W-MSP, W-MbRules and gradient boosted tree
(GBT), so considered each of all 24 cases.
Second, the optimal parameter each theory was
applied to model creation for alum dosage
prediction. Then, the moedel was adjusted
parameter each theory to the operator addition,
such as Retrieve, Filter example, Select attributes
and Apply model. As show in Figure 1, for alum
dosage prediction, alum dosage reduction and
sensitivity analysis in water treatment system of
Provincial Waterworks Authority, Udonthani.

After that, we applied all model for alum
dosage reduction n  Provindal Waterworks
Authority, Udonthani, which turbidity of pre-filtered
water was selected that s 2 to 6.5 NTU. Finally,
sensitivity analysis of all four parameters would
have an effect that how much alum was change
(mg/l. This consideration would change each
parameter to +5 +10 +20 +50 and +90 percent
respectively, so the result was measured from MAE
of decreased variable, increased variable and total.
ff the average of MAE is high, the model is very
sensitive. Nevertheless, if the average of MAE s

low, the model is less sensitive.

,__-__

Figure 1 The model for alum dosage
prediction, alum dosage reduction and

sensitivity analysis
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Matrix in determining the effectiveness of
the model

1. Root Mean Square Error is a value of
error or difference between the predicted data
and the actual data. The closer the RMSE is to O
the moere accurate the medel is. The equation for
the RMSE is shown in eguation (1) [15].

RMSE = (1)

2. Mean Absclute Error is a mean value
of the absolute error value of the predicted
data. The closer it is to 0, the more accurate
the model is. The equation to calculate MAE is
shown in equation (2} [14].

Mﬁ:fx_x‘ @)
n

=1
X,= Actual alum (mg/1)
x = Predicted alum (mg/l}

- Number of data

3. Consider the amount of predicted
values set within the error +5 mg/l maore than
80% in both parts. Consideration of the best
model is the least RMSE and MAE from all six
theories of each case. Unless it has not the
best model, we must consider the amount of

Table 1 The model was passed the criteria each case

predicted values set within the errcr £5 mg/l
more than 80% in both parts.

Results and Discussion

From medeling and the optimum alum
dosage prediction, all 24 formats (1,440 cases),
the best efficiency model for each format was
showed in table 1. The result was found that
10 models had passed the criteria and the best
qualities each case.

From Figure 2, these was turbidity of
pre-filtered water in Provincial Waterwerks
Authority, Udonthani from May, 2018 to April,
2019 that turbidity of pre-filtered water was
0.5 to 6.5 NTU. Mest of turbidity of pre-filtered
water was 0.5 to 2 NTU that was 65 percent
of all data, so these was the overdose
alum using in coagulation, flocculaticn and
sedimentation. Since  Provincial =~ Waterworks
Authority defined criteria  for turbidity of
pre-filtered water less than 10 NTU [6];
therefore, 10 models were applied for alum
dosage reduction in Provincial Waterworks
Autherity, Udonthani. Turbidity of pre-filtered
water was selected that was 2 to 6.5 NTU,
which was approximately 35 percent. So, it was
nct to affect the model efficiency.

Model Condition Theory RMSE MAE
1 Banthon WTP (Format 1-3} GBT 4.784 3.259
2 Bannikom WTP (Format 1-4) GBT 3.949 2751
3 Raw water from Huailuang dam (Format 1-5) GBT 4886 3338
4 3 WTP {summer) (Format 1-7) W-MEP 5.407 4015
5 Banthon WTP (summer) (Format 1-13} W-MEP 4.140 3.208
6 Banthon WTP (rains) (Format 1-14) W-M5P 3651 1.642
7 Banthon WTP (winter) (Format 1-15) GBT 3.306 2797
3 Bannikom WTP (summer) (Format 1-16) GBT 2.049 1.264
9 Bannikom WTP (winter} (Format 1-18} GBT 3.351 2286
10 Raw water from Huailuang dam (winter} W-MEP 4.615 1.968
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Figure 2 The turbidity graph of pre-filtered water (May, 2018 to April, 2019)
Table 2 Comparison between the actual and predicted alum dosage
Actual Alum Alum Prediction
Ava. . Avg. . +Price +
Model | Dosage d Price Dosage q Price (Baht) "
per day per day a percen
(ke.) (Baht) (kg.) (Baht)
5 (kg./day) * (ke./day)
1 305,339 843 1,885,255 | 269,703 745 1,665,227 | -220,028 -11.67
2 290,094 795 1,791,126 | 263,615 722 1,627,628 | -163,498 9.13
3 621,408 667 3,836,758 | 591,937 635 3,654,794 | -181,964 474
a4 152,505 571 641,613 | 145,568 545 898,783 -42,830 -1.55
5 74,782 840 461,724 62,121 698 585,554 -78.170 -16.93
6 123,695 825 763,730 | 163,335 1,089 1,008,477 | 244,747 3205
7 106.862 869 659801 80,129 651 494,745 | -165.058 -25.00
8 65,674 738 405,489 73,042 821 450,981 45,492 11.22
9 91,394 743 564,293 87,035 708 537,380 -26,913 A7
10 203,356 711 1,255,582 | 199,548 698 1,232,070 | -25513 -1.87
Annotation: Price of Aluminium Sulphate was 6,174.30 baht per metric ton (excluding vat)
From table 2, comparison between the - Model 3™ used raw water data from

actual alum dosage and the predict alum
dosage showed that.

- Model 1% used Banthon WTP data that vear.

Huailuang dam that alum dosage reduced
4.74 percent per year or 163,498 baht per

alum dosage reduced 11.67 percent per
year or 220,028 baht per year.

Model 2™ used Bannkom WTP data that
alum dosage reduced 9.13 percent per

year or 163,498 baht per vear.

Model 4" used all three WTP (summer)
data that alum dosage reduced 4.55
percent per year or 181,964 baht per year.
Model 5" Used Banthon WTP (summer)
data that alum dosage reduced 16.93
percent per year or 78,170 baht per vear.
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- Model 6" used Banthon WTP (rains) data
that alum dosage increased 32.05 percent
per year or 244,747 baht per year.

- Model 7" used Banthon WTP winter) data
that alum dosage reduced 25.02 percent
per year or 165,058 baht per year.

- Model 8" used Bannikom WTP (summer)
data that alum dosage increased 11.22
percent per year or 45,492 baht per year.

- Model 9" used Bannikom WTP (winter)

reduced 4.77

percent per year or 26,913 baht per year.

data that alum dosage

- Model 10" used raw water data from
Huailuang dam (winter} that alum dosage
reduced 1.87 percent per year or 23,513

In summary, Model 15t, 2”d, 3@’ 4th, Sth, Yth,
9™ and 10" can reduce the actual alum dosage.
Model 5" uses Banthon WTP (summer) data that
uses W-M5P theory to modeling and Model 7
uses Banthon WTP (winter} data that uses GBT
theory to madeling. Consequently, both the
maodel is used in Banthon WTP that can reduce
the most actual alum dosage 2169 percent
per year or 243,230 baht per year. However,
Model 10" uses raw water data from Huailuang
W-M5EP - theory to
maodeling, so Model IOth can reduce the least

dam (winter) that wuses
actual alum dosage 187 percent per year or
23,513 baht per year. Cn the other hand,
Model 6th and 8th cannot reduce the actual alum

baht per year. dosage.
Table 3 Sensitivity Analysis each model
MAE MAE
ﬂ'é Input parameters E ’g E ’g & % Input parameters % ’E -‘5“ ’g =
= SE|EE| e = S E| LE| s
28| =8 28| £ 8
pH of raw water 1114 | 2244 | 1672 pH of raw water 3613 | 22.00 | 6757
. pH of pre-filtered water 1664 | 606 | 11.35 ‘ pH of pre-filtered water 1895 | 37.02 | 2799
Turbidity of raw water 525 6.98 6.11 Turbidity of raw water 3451 | 47.25 | 40.88
Turbidity of pre-filtered water 271 242 257 Turbidity of pre-filtered water | 3559 | 36.33 | 3596
pH of raw water 159 6.52 4.06 gH of raw water 1469 | 40.54 | 27.61
5 oH of pre-filtered water 535 | 2841 | 1688 . pH of pre-filtered water 9.30 6.36 7.83
Turbidity of raw water 6.45 7.20 6.83 Turbidity of raw water 1359 | 10.85 | 12.22
Turbidity of pre-filtered water 3.69 8.60 6.14 Turbidity of pre-filtered water | 1191 | 9.56 | 10.73
pH of raw water 5.64 8.75 7.20 pH of raw water 9.35 8.97 2.16
5 oH of pre-filtered water 1159 | 466 812 5 pH of pre-filtered water 7.68 9.82 8.75
Turbidity of raw water 3.58 4,66 4.12 rbidity of raw water 1034 | 1050 | 1042
Turbidity of pre-filtered water 3.8%9 4.24 4.07 Turbidity of pre-filtered water 9.75 9.39 9.57
pH of raw water 493 | 2103 | 1298 pH of raw water 3.15 2.58 2.87
y oH of pre-filtered water 143 | 3885 | 2214 5 oH of pre-filtered water 1662 | 1330 | 1496
Turbidity of raw water 2.18 5.84 4.01 Turbidity of raw water 0.66 0.46 0.56
Turbidity of pre-filtered water 0.89 0.70 0.80 Turbidity of pre-filtered water 2.26 7.23 4.75
pH of raw water 16.09 | 1666 | 16.38 pH of raw water 4.14 2077 | 1245
. pH of pre-filtered water 1651 [ 1609 | 16.30 - pH of pre-filtered water 1224 | 13.67 | 1296
Turbidity of raw water 1711 | 1162 | 14.36 Turbidity of raw water 2126 | 1320 | 17.23
Turbidity of pre-filtered water | 1694 | 14.6%9 | 15.82 Turbidity of pre-filtered water | 1764 | 891 | 1327
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From table 3, sensitivity analysis uses
10 models that is the best performance in
each case. To sum up, the pH of raw water is the
most sensitive to model ISt, 5th, 6th and Tth. The
pH of prefiltered water is the most sensitive to
model 2”d, Brd, 4th
turbidity of raw water is the most sensitive to

model Sth and 10“.

and 9th. Moreover, the

Conclusion

Model can use to alum dosage prediction in
water supply system of Provincial Waterworks
Authority, Udonthani. So, from all 24 formats (1,440
cases), the best efficiency model for each format.
The result finds that 10 models have passed the
criteria and the best qualities each case. For the
alum dosage reduction in water treatment system
of Provincial Waterworks Authority, Udonthani using
data mining software, the result finds Model 5th
uses Banthon WTP (summer} data that uses W-M5P
theory to modeling and Model 7" uses Banthon
WTP (winter) data that uses GBT theory to
modeling. Consequently, both the model is used in
Banthon WTP that can reduce the most actual
alum dosage 21.69 percent per vear or 243,230
baht per year. For the sensitivity analysis, the result
finds three parameters that are the most sensitive
to model, such as pH of raw water, pH of
pre-filtered water and turbidity of raw water. As a
result, the ocperator must accurately record
data and wverify the accuracy of water quality

instruments every six months to data isn't error.
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Assessment Case Study of Nong Wang Sok Phra,
Phon District, Khon Kaen, Thailand

Peerapong Pattarapunchai* and Wanpen Wircjanagud
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Abstract

Organic agriculture has been currently promoted by the governmental policy to mest
sustainable agriculture development. To enhance organic agriculture, Nong Wang Sok Phra, Phon
District, Khon Kaen, Thailand has designated organic agriculture  plot covering the area of 2,000 rai
(320 hectare} along the creek. It is necessary to identify boundary of organic agriculture plot with land
use and perception of organic agriculture plot member. The objective of this research, thus, was to
assess the large scale of organic agriculture plot by integrating Geoinformatic together with Unmanned
Arial Vehicle and Sub-glokal Assessment (SGAL The study steps and results are as follows. Firstly,
creating the study area and land use map with physical characteristics identified by photograghy and
video record. Secondly, establishing the systematic maps of large scale of organic agriculture. by criteria
weighting and rating scale for analysis of land suitability, using Geoinformatic and UAV Arial Photography
of 7 factors consisting of land use, soil suitability, water resource, transportation, average debt of village,
acceptation of member, organic agriculture plot definition. Social study using SGA approach was carried
out after getting systematic by focus group interview on debt of farmers and acceptation of organic
agriculture plot’s members. Thirdly, Arial Photegraphy taken from Unmanned Aerial Vehicle (UAV) for
the potential large organic agriculture plot covering many land parcels. Again, SGA identified the
suitable plot ranked from the potential large organic agriculture plot. Finally, with the overlay technic
with processing UAV Imagery and parcel maps, the output was the map of suitable organic agriculture
plot, located at Ban Kok Lam Village no 3, covering plot of 129 rai (20.64 hectare), where the agriculture
parcels were belonged to 25 owners. With technical and social acceptance would identify the actual

organic agriculture area.

Keywords : Organic Agriculture plot; UAY Arial Photography; Sub-Global Assessment
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Introduction

The promction of large scale agriculture
plot is the agriculture preferment system con plot
based apprcach by integration of the line
agencies and managing the plot along the supply
chain by the plot manager. The purpeose of the
large scale agriculture plot is to enhance
collaboration of farmers and co-managing in
order to co-production, co-sale with the known
market. With the large scale agriculture
promotion project, the farmers can reduce
production cost, increase product/unit as well as
qualified  products under integration of
governmental and private secters [1]. However,
the conventional agriculture both small and
large scales have still used chemical fertilizer
and pesticides which are potentially impacted on
soil and water ecosystem as well as health of
farmers. Data of illmness induced by chemical
pesticides reported in 2017 was 10,312 patients
being eguivalent to 17.12 to 100,000 people,
which increased frem 8,689 patients (1447 to
100,000 peoplel recorded in 2016. The highest
illness rate was found in Satoon province (144.06
to 100,000 people) followed by Prae Province
(127.26 to 100,000 people} and Uttaradit
Province (116.98 tc 100,000

respectively. Based on the number of patients,

people),

three provinces had the highest number of
patients were Phrae Province (572 patients),
Uttaradit Province (536 patients) and Buriram
Pravince (533 patients), respectively. Khan Kaen
Province (the study area) had 478 patients being
equivalent to 26.53 to 100,000 people [2].
Therefore, organic  agriculture is  the
sclution of agriculture practice that is safe to
human health and ecosystemn. The government
has policy on organic agriculture enhancement

by setting the tarset of increasing organic

agriculture plot and farmers, increasing the ratio
of organic agriculture market within the country
as well as leveraging the local wisdom organic
agriculture group toward the development of
orzanic agriculture of Thailand, as the regional
leader of production, consumption, marketing
and service of organic agriculture on the
international

sustainable concept and

acceptance following the National
Agriculture Development Strategy 2017-2021 [3].

In addition, it is still questionable to

Organic

identify the large scale of agriculture organic plot
in terms of land use map with boundary and
acceptance of farmers. In order to enhance
organic agriculture which is safe to human
health and envircnment, it requires an
of spatial data and Sub-Global
Assessment (SGA which is the social study to get

integration

the scientific informaticn toward decision
making} which reflect the spatial planning map
with acceptance of farmers. Consequently, this
study focused integration of Geoinformatic,
Sub-Global Assessment [4] in order to select the

large scale of organic agriculture plot.

Objective

The objective is to assess the site for large
scale organic agriculture plot using Integrated

Geoinformatic and Sub-Global Assessment.

Materials and Methods

Study area is crganic agriculture pilot area
designated in 4 year Development Plan (2017-
2021} of Nong Wang Sok Phra Sub-District
Administration Qrganization, Phon District, Khon
Kaen Province (Figure 1) [5]. Study methodology
consisted of following steps as subsequently
described (Figure 2}.
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Figure 1 Study Area on Organic Agriculture Pilot Area Designated in 4 year
Development Plan (2017-2021) of Nong Wang Sok Phra Sub-District

Administration Organization, Phon District, Khon Kaen Province
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Figure 2 Study Steps

1. First step was to create study area and
land use map by following sub-steps.

1} Creating the study area and land
use map by geo-referencing of Bing Maps Aerial
Imagery Web Mapping service and classify land
use on the organic agriculture pilot area.

Checking the study area through
field survey with video record and photography
by camera equipped paramoctor to illustrate
physical characteristics of the study area.

2. Second step was to establish the
preliminary  systematic maps of large scale
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of organic agriculture plot which included
following sub-steps.

1} Establishing the preliminary systematic
maps of large scale of organic agriculture by criteria
weighting and rating scale to analyze for land
suitability. The criteria consisted of land use, soil
suitability, water resource, transportation, average
debt of village, acceptation of member, crganic
agriculture plot defined by the Ministry of
Agriculture and Cooperaticn [4].

2} Collecting secondary data and field
survey by observations and phetography to define
the physical characteristics of the study area. In the
meantime, SGA had been employed to collect
agricultural data and information through focus
group and questionnaire in order to perceive and
understand the large scale organic agriculture plot.

3. Third check the
preliminary systematic maps of large scale of

step was to

organic agriculture by
3.1 PRecording image with UAY  and
processing UAV Imagery by

1} Site selected for fight recording

2) Ground control point [6] by creating
ground control targets [7].

3) Recording geographic coordinate
systems at ground control peint with GNSS.

4} Flight planning through flight control
program of UAY DJI GO.

5} UAY image processing by Agisoft
PhotoScan 145 Professional  Edition  software
with geometric correction and image tc map
rectification.

3.2 Establishing suitable large scale of
organic agriculture maps by

1) Creating parcel maps of the study

area and digitized imagery parcel owner on web

mapping service form Department of Lands
Headquarters, Ministry of Interior.

2) Overlay technic with processing
UAY Imagery and parcel maps to get the suitable
large scale of organic agriculture maps) of the
studly area.

Results and Discussion

Regarding the land use map created from
study steps 1 and 2, land use of organic
agriculture plot is defined in Figure 3. It is
classified as shown in Table 1, of which paddy
field was the most occupied area and forest
plantation was the lowest occupied area. With
the largest paddy field area, it is beneficial to
large scale organic rice field.

Based on the field survey with video
and photography with camera equipped at
Paramotor (Figure 4), physical characteristics of
the study area existed in May 2017, the creek
namely Huai Luek fulfilled with water along
the stream for 22 km distance. tt covered
cultivation area of 7 villages with an area of
2,000 rai (320 hectare). Through social approach
(preliminary SGA} by gquestionnaire interview to
collect data of the land owner and agriculture
data/information, the existing large scale of
organic agriculture area had 210 members,
cultivation area of 1,310 rai (210 hectare), rice
product of 453,000 kg with an average of
350 kg/rai or 2,186 ke/ha, classified as sticky
rice as RD 6 / RD 12 and jasmine rice 105.
Soil conditioning was mostly used manure
of cow and composting fertilizer averagely
100 kgfrai or 625 kgs/ha, as presented in
Table 1.
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Figure 3 Land use of Organic Agriculture Pilot Area

In crder to analyze for land suitability, it 1s
to create systematic maps of large scale of
organic agriculture by criteria weighting and rating
scale. Factors, index, and criteria for large scale
organic agriculture olot are presented in Table 2.
With overlay technic, it produced the preliminary
of systematic maps of large scale and organic
Agriculture as presented in Figure 5 indicating
land suitability of oreanic agriculture area.

Then, using SGA approach (SGA 1) with
such preliminary of systematic maps to find out
the perception of members through focus group.
Based on discussion with the membets, they had
still used both compost/manual fertilizer and
chemical fertilizer. Of 2,000 rai (320 hectare}
could be finally classified for organic agriculture
129 rai (20.64 hectare), which was only 15.50% of
total organic pilot area, as shown in Figure 6. In

order to present the existing status of the

suitable area for large scale organic agriculture,
two more steps were performed by using UAY for
the background and parcel map of land owner
(data taken from Land Use Department) as the
foreground as exhibited in Figure 7. Then, this
suitable organic agriculture with parcel map was
shown to the organic agriculture members for
(SGAZ).

Analysis results of the suitable area for large

deep perception and understanding
scale organic agriculture plot were evident

to all members. It enables acceptance of

the members towards organic agriculture
development including practice in terms of
meeting the ariteria leading to increasing organic
agriculture members. This integration of technical
mean (GIS and UAV) and social mean (5GA} can
be used for expansion of organic agriculture plot
to meet the target of 2,000 rai (320 hectare) as

designated plan.
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Table 1 Organic Agriculture Rice Types (from questionnaire)

Member Area Product Average Product
Rice seed
{person) (rai) (Ha) (Kg) (Kg./rai) (Ke/ ha)
RD 6 163 957 153.12 335,450 35052 2,190.75
RD12 1 5 0.8 1,750 350 2,187.50
Jusminel05 46 343 55.68 121,800 350 2,187.50
Total 210 1,310 209.6 459,000 350.38 2,185.88

o o

\ |

Figure 4 photography with camera equipped at Paramotor

Table 2 Factor, Index, and Criteria for Large Organic Agriculture Area

Factor Index Criteria Data used
Landuse Suitable level taken from Suitable score taken from  Landuse map
land use land use
Soil Suitable level of soil Suitable score taken from  Soil series map

Water resource

Transportation

Organic area

Average debt of village

Acceptation of member

Catchment area

Distance access to main
rcad and minor road,
railway line

Size of organic area of
Ministry of Agriculture.
Average debt/year

Acceptation for adjustment
of organic agriculture to

large scale

soil series

Score of catchment area

Score of distance (near or

far) access to road

Score based on size of
organic area

Score of average
debt/year

Score along with

acceptation

Water resource
map

Road map

Organic Area
map

Debt map

Accept map
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Table 3 Rating and Scaling

15

Review Researcher Member Rating Scale
Factor

(1 (2) (3) {4) (Organic) (5) (6)
Llanduse (P1) 0.09 2 0.1308%6 0.16 0.15 0.11
250l (P2) 0.01 0.25 0.326998 0.20 0.11 0.18
3 Water resource (P3) 0.25 - 0.296936 e2r 0.27 0.22
4 Transpotation (P4) - - 0.035088 0.08 0.08 0.04
5 Organic Area (P5) - 0.1 - 027 0.27 0.15
6.Debt of village (Pé) - - - 0.50 0.05 0.20
7 Acceptation (PT) = Q115 - 0.20 0.15 0.10

(1) Liu W, 2019 [3].

(2) Vogdrup-Schmidt M et al., 2019 [9].

(3) Sarath Midatana, Saran §, Ramana K, 2018 [10].

(4) Researcher form average of (1), (2}, (3), (5}, survey and observation

(5) Questionnaire
(8) Average of (1) - (5)

P v088 3300 345000 344000 ioe

0 0 0 ¥ v v

‘ Land Suitabilicy
1

H S1:Least Suitable area

‘ S2:Moderate Suitable area
i

-‘ S3:Most Suitable area

Figure 5 Systematic maps of Large Scale and Crganic Agriculture
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17Msm

170400

Ve

1
1w

Pacelin organic Ares
i toutput_djitit

SRaB

Red: Band_1 : ._ z - L pe .
B Geen Band 2
- Biue: Band 3

199000
13000

A
'

Figure 7 Suitakility Large Scale of Organic Agriculture Maps



Thai Envirenmental Engineering Journal Vol. 34 No. 1 (2020) 17

Conclusions

In accordance with the large scale of
organic agriculture plot promoted on the
sustainable agriculture concept and international
acceptance following the National Organic
Agriculture Development Strategy 2017-2021,
the organic agriculture pilot plot has been
designated in 4 year Develcprent Plan (2017-
2021} of Nong Wane Sok Phra Sub-District
Administration Organization, Phon District, Khon
Kaen Province. However, it is necessary to
identify the large scale of agriculture organic
plot in terms of land use map with boundary
and acceptance of farmers.

This  study

Geoinformatic and Sub-Global Assessment in

focused integration of
order to assess the large scale of oreanic
agriculture plot. The study process included 3
main steps; {1} creating the study area and land
use map by gec-referencing and classifying land
use on the organic agriculture pilot area, as well
as confirming through field survey with video
record and photography, (2) establishing the
preliminary systematic maps of large scale of
organic agriculture by criteria weighting and rating
scale to analyze for land suitability. The criteria
consisted of land use, soil suitability, water
resource, transportation, average debt of village,
acceptation of member, crganic agriculture plot
definition. This step consisted of characterizing
the physical characteristics and carrying cut
SGA  through focus group and questionnaire,
(3} checking such preliminary systematic maps
by UAV/ UAV Imagery, and creating parcel maps,
then overlay UAV Imagery and parcel maps to
establish the suitable large scale of organic
agriculture maps.

The existing agriculture organic pilot area of
2000 rai (320 hectare} was downsized to and

downsized to 129 rai (2064 hectare), which was
only 15.50% of total organic pilot area. The organic
agriculture map created through digital technology
GIS and UAV) and SGA (social mean) has enable
acceptance of the members towards organic
agriculture. This can be used for expansion of an
crganic agriculture to meet the designated target of
2,000 rai (320 hectare) of the 4 year plan.

References

(1] Ministry of Agriculture and Cocperatives.
Manual  for  large-scale  agricultural
extension system implementation [onlinel.
2016 [cited 2018, 1 November]. Available:
http:/Avww2.oae.go. th/EVA/download/
success/large scale.pdf

[2]  Bureau of Occupational and Environmental
Diseases. Report of Occupational and
Environmental Diseases 2017 [onlinel. 2018
[cited 2018, 30 Novernber]. Available:
http://envocc.ddc.moph.go.th/contents/
view/669

(3] Board of Agriculture National Organic
Strategic Plan for the Development of
Organic  Ploting 2008-2011 [online] 2017
[cited 2018, 15 November]. Available:
http://Avww.planning.dld.go.th/th/images/
stories/section-5/2560/strategy11.pdf

[4]  Millennium Ecosystem Assessment (Program),
editor. Ecosysterns and human well-being:
synthesis. Washington, DG Island Press;
2005, 137.

(5] Nong Wang Sok Phra  Sub-District
Administration  Crganization, Phon  District,
Khon Kaen Province. 4 year Development
Plan (2017-2021) [online] 2018 [cited 2019,
22 January]. Available:
http/Avvaw. nongwaeng-kk.go.th/userfiles/
lawfiles1134018102432018.doc



18

Thai Environmental Engineering Journal Vol. 34 No. 1 (2020}

Martinez-Carricondo P, Aglera-Vega F,
Carvajal-Ramirez F et al. Assessment of
UAV-photogrammetric mapping accuracy
based on wvariation of ground control
points. International Journal of Applied
Earth Observation and Geoinfermation
2018; 72: 1-10.
Kaewplang S.
of  Suitable

for  Topographic

Evaluating the Number

Ground  Control  Points
Mapping from  UAV-
derived imagery. SPECIAL  1SSUE
MAHASARAKHAM  RESEARCH CONFERENCE
2018; 14: 245-253.

Liu W, Zhan J, Zhao F, Yan H, Zhang F and
Wei X

land-use changes on eccsystem services:

aerial

Impacts of urbanizaticn-induced

A case study of the Pearl River Delta
Regicn, China.
Indicators. 2019; 98: 228-238.

Metropolitan Ecclogical

(%1

(10]

Vogdrup-Schmidt M, Olsen 5B, Dubgaard
A, Kristensen IT, Jorgensen LB, Normander
B, Fge C and Dalgaard T, Using spatial
multi-criteria decision analysis tc develep
new and sustainable directions for the
future use of agricultural land in Denmark.
Fcological Indicators 2019; 103: 34-42.
Sarath Midatana, Saran S, Ramana KV. Site
suitability analysis for industries using gis
and multi criteria decision making. ISPRS
Ann Photogram Remote Sens Spatial Inf.
Sci. 2018; 15: 447-54.



! ! Q Thai Environmental Engineering Journal Vol. 34 No. 1 (2020} : 19-26
www.eeat.or.th

=t At

Effects of Salinity and Nitrate

on Coral Health Levels of Acropora sp.

Kittiya Samlansinl, Petchporn Chawakitchareon’  and Sompop Rungsupa2
1De;:)ar’rmerrt of Envirenmental Engineering, Chulalongkorn University, Bangkok 10330, Thailand
2Aquaﬁc Resources Research Institute, Chulalongkorn University, Bangkok 10330, Thailand
E-mail : petchporn.c@chula.ac.th

Abstract

Changes of marine environmental conditions such as low salinity and nutrient enrichment in
seawater can be mainly affected on coral health levels or can adversely cause mass coral bleaching.
According to these unsuitable conditions, leading to the objective of this study is to study the effect of
salinity and nitrate on coral health levels in branching coral (Acropora sp.) at the salinity vary in 15, 20,
25, and 30 psu, the concentration of nitrate vary in 28, 60, and 10C pg-N/L with triplicate experiments.
The experimental results showed that 30 psu of salinity at 96 hours was unable to calculate LTs
(Lethal Concentration) because of insufficiently lower in declining coral health level or lower in motility
percentage. However, the results showed that 15 psu of salinity at 96 hours was able to calculate LGy,

using Probit analysis, LCsy 15 psu of salinity at 96 hours was equally to 89.50 pg-N/l Moreover, hich

nitrate concentrations showed more paling color and stimulating to release mucus in Acropora sp.

Keywords : salinity; nitrate; coral health levels; coral bleaching; LCs

Introduction

Corals and coral reefs play an important
role both direct and indirect way as providing
vital ecosystem services as a mainly source of
food and habitation, protecting the shoreline
from storms and wave action and conducting
economically valuable as tourist aftractions,
fishing and generating coastal developments for
the purpose of tourism that increasingly revenue
to government and private sector. In contrast,
human  activity by  expanding in  coastal
development is the main threat of coral, leading

to discharge wastewater into the sea, and

overtfishing. The status of coral reef in Thailand in
2015, was continually declining in both the Gulf
of Thailand and Andaman side. In 2015, the
percentage of live coral cover was 283%
remarked on high damage level and 50.0% in
live coral cover remarked on vary high damage
level, while the previous status in 2008 was
19.1% and 18% in live coral cover respectively.
Moreover, there are various factors, caused
declining coral health as low salinity events,
inducing salinity stress in coral by losing control
processes for homeostasis which leads to
the reduction of the

chlorophyll concentration, to against growth and

zooxanthellae  and
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reproduction, and to severely result in coral
bleaching [1]. Others declining coral health’s
factor as nutrient  enrichment, including
dominantly nitrate and ammonia from nutrient
runoff from human activites on coastal or
directly discharge untreated wastewater. Nutrient
enrichment can increasingly promote the growth
rate of coral reef organisms. The other studies
also found that high ammonia or nitrate
concentrations, resulting in loss of zooxanthellae
in coral from an imbalance between coral and
zooxanthellae [2]. Therefore, this study s
focused on the effects of salinity and nitrate on
the health status of branching coral (Acroporo
sp) with  acute  toxicity test. Coral health
evaluation conducted coral health chart, used
for calculating health status and  mortality
percentages and  conducted  photographic
assessment, used for analysis of the active polyp
percentages of Acopora sp. [3]. The acute
toxicity of nitrate concentrations resulting in
bleached coral at more than 50% (50% Lethal
Concentration: LC50) was calculated by Probit
analysis, in order 1o use as baseline information
for monitoring nitrate concentration in seawater
that adversely effects on coral health which can

result in coral bleaching.

Methodology

Acute Effects of Salinity and Nitrate

Branching coral or Acroporo sp., colony
size 15 centimeter or more, was kept in a filtered
seawater pond with continuous water flowing for
7 days for acclimation. Then the selected corals
were checked Tts color by using coral health
chart in the level of 6 and were cut into
3-4 centimeters from the tip of coral. Settling
3 pleces of selected coral into a chamber,
sizing of 14x22x16 centimeter. Salinity was
varied at 15 20 25 and 30 psu by mixing between
filtered seawater (30 psu) and filtered water
(0 psuwy. After that, adding potassium nitrate
(KNOs) to get the various concentration of nitrate
at 20 60 and 10C pg-N/L respectively as shown in
Figure 1. Temperature and pH were constantly
controlled at 30°C and pH 8. In monitoring, coral
health status was recorded and photographed
by using Olympus stylus TG-4 in Macro mode at
012 24 48 72 and 96 hours. After that, replacing
seawater with regular seawater without adding
nitrate. Coral health status was recorded at
24 and 48 hours with the aim of monitoring coral
health recovery which was lower than Level 3 or

corals with bleaching on both pieces and parts.

Figure 1 Experiment kit example
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Active Polyp Percentages

Converting the pictures, photographed in
macro mode at 0, 12, 24, 48, 72 and 96 hours
from true color (RGB color) nto grayscale. The
extend polyps or active polyps obviously appear
white spots in grayscale. Counting the active
polyps in fixed coral’s areas and calculating
active polyp percentages [3] using the equation (1)
below. [ts percentage can be comparable to

coral health status, shown in Table 1.

" MNumber of active polypx 100
Active polyp percen‘[ageS: -

Total of polyp counted

Table 1 Active polyp percentages and health

status
Active polyp percentages Remark
> 50 Good health
25-50 Decline health
<25 Poor health
Coral Health Status Evaluation
Evaluation of coral health status in

Acropora sp. could apply Coral Health Chart [4] in
Figure 2 to estimate its health status. The color of
each side was divided into 4 groups and classified
into 6 levels in each side [5]. In level 6 is the

representative of coral In good health (bast

health} and level 1 is representative for declining
health). After

the coral health status based on colors, these

coral  health  (worst evaluating

statuses were calculated into percentages as

shown in Table 2.

: WATCH
2 | CORAL HEALTH CHART

2
= =
‘ ia

Figure 2 Coral health chart [5]

12

El

Data Analysis

Pictures and amounts of color at ©, 12,
24, 48 and 96 hours were used for converting
into health status and mortality percentages
with Table 2. The corals with health status
lower than level 3 or having a mortality
percentage higher than 50 would be inducted
to calculate the acute toxicity test (LT by

using Probit analysis [6].

Table 2 Health status and mortality percentages from the coral health chart

Level Remark Health status percentages Mortality percentages
1 Worst health 16.67 83.53
2 Poor health 3385 66.67
3 Declining health 50.00 50.00
a4 Fair health 66.67 5258
5 Good health 83.33 16.67
6 Best health 100.00 0.00
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Results and Discussion

The result in Table 3 found that coral at
salinity 30 psu at 24 and 96 hrs showed in health
status levels 4 to 5 (72.22-83.33% in health status}
as remarked cn fair to good health. The lowest
mortality percentage was found in  nitrate
concentration at 20 pg-NA which had 16.67% in
health status. Salinity at 15 psu at 72 hrs, showed

in health status level 3 to 4 as remarked on

declining to fair health. The lowest health status
percentage was found in nitrate concentration at
100 pg-N/U at 72 hrs which had 55.56% in health
status or which it was lower than 50% in mortality.
Mertality percentages lower than 50 would prevent
the calculation of nitrate concentraticns and their
effects on coral bleaching or LC50. Therefore, at
72 hrswith 44.44% in mortality could not be

calculated into LCy,.

Table 3 Health status and mortality percentages at salinity 15, 20, 25 and 30 psu.

Salinity 15 psu

Healthy Status (%)

Mortality (%)

Nitrate {pg-N/)  Ohr.  12hr. 24 hr. 48 hr. 72hr. 96 hr. 956 hr.
20 100.00 8333 8333 8333 71718 66.66 3333
60 100.00 8333 8333 8333 7222 6111 38.8%9
100 100.00 8333 8333 8333 5556 4444 55.56

Salinity 20 psu

Nitrate {pg-N/)  Ohr.  12hr. 24 hr. 48 hr. 72hr. 96 hr. 96 hr.
20 100.00 8333 8333 8333 8333 7222 27.78
60 100.00 8333 8333 8333 7222 6667 3333
100 100,00 8333 8333 8333 6667 50.00 50.00

Salinity 25 psu

Nitrate (pg-N/)  Ohr.  12hr. 24 hr. 48 hr. 72hr. 96 hr. 96 hr.
20 100.00 8333 8333 8333 8333 7778 2222
60 100.00 8333 8333 8333 7778 7778 22.27
100 100,00 8333 8333 8333 8333 8333 16.67

Salinity 30 psu

Nitrate (ug-N)  Ohr.  12hr. 24 hr. 48 hr. 72 hr. 96 hr. 9 hr.
20 100.00 8333 8333 8333 8333 8333 16.67
60 100,00 8333 8333 8333 8333 7778 2222
100 100.00 8333 8333 8333 7222 7222 27.78

Whereas, at salinity 15 psu and 96 hrs, the
coral showed in health status
(44 44-66 66%
on poor to declining health. The lowest health

levels 2 to 3
in health status) as remarked

status  percentage found in nitrate

concentration at 100 pg-N/l which had 44.44% in
health status or 55.55% in mortality that it was

Was

higher than 50% in mortality. Therefore, at 96 hrs
with 55.55% in mertality could be calculated
LCq Probit Nitrate
concentrations that affected on coral bleaching

into using analysis.
or 50-percent coral mortality at 36 hrs was equal

to 89.50 pg-N/L, shown in Figure 3.
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In table 3, the results showed the effect of
salinity on the coral separately. In constant nitrate
concentration, the lowest concentration of nitrate
at 20 ug-NA at salinity 15, 20, 25 and 30 psu at
96 hr had mortality percent as 3333, 27.78, 2222
and 16.67 respectively. It can be condluded that
morttality in Acropora sp. was dominantly caused
by lower salinfties (15, 20 and 25 psu} than normal
salinity (3¢ psu). Mortality In corals after exposure
to low salinity was influenced by tissue sloughed-
off [7]. Morecver, the result alse showed that
the coral at same salinity (15, 20, 25 and 30 psu)
had the lowest mortality percentages, showed
in nitrate concentration at 20 ug-N/A  while
highest mortality percentages showed in nitrate
concentration at 100 pg-NA (n salinity 15, 20
and 30 psu). Indicating that stressed in Acropora sp.

in salinity between 15-30 psu was also caused by

Calculating LD50/LC50 using Probit Analysis
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higher nitrate concentration (100 pg-N/. Also,
stressed in coral, caused by nitrate has the effects
of decreasing the Zoowanthellae density and
chlorophyll in the coral tissue [8]. Even ff,
nitrate can increase Zooxanthellae density and
chlorophyll in the coral fissue at first [9, 10].
Different coral species have individual resistance
and response for nitrate concentration differently,
for example, Pogdllopora damicornis  mainly
affected by nitrate while Porites lobate Dano
can resist temperature and nitrate concentration
in 2324 ugN/. However, Acgopora sp. also
responses to ammoenia which is an important form
of nitrogen in seawater. There was research
confirmad that LCs, of ammonia concentration at
054 meN/A can cause coral bleaching or

50-percent coral mortality in 48 hrs. [11].
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Figure 3 Calculating LCsp using Probit analysis at salinity 15 psu.

According to Figure 4 a), the highest active
polyp percentages at salinity 3¢ psu and 0 hr in
nitrate concentrations of 20, 60 and 100 pg-N/L
were equal to 70 74 and 43% in active polyp.
Similarly, at salinity 15 psu and ¢ hr, Figure 4 b)
had the highest active polyp percentages which
were respectively equal to 85 75 and 95% in
active polyp.

Next more hour, between 24 and 96 hrs
at salinity both 15 and 30 psu found decreasing
of active polyp percentages. At salinity 15 psu in
Figure 4 b) showed decreasing with rapid in
48 hr, unlike at salinity 30 psu showed
decreasing with slightly. Likewise, at salinity
15 psu and 48 hr, the coral started releasing

mucus in Figure 5. Also, the lowest active polyp
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percentages were found in salinity 15 psu and
96 hr, Figure 4 b), including 0, 2 and 0% in
active polyp that cormrelated with the highest
Table 3, ranged
between 33.33-55.56% in mortality.

Moreover, in testing at salinity 15 psu with

mortality percentages in

a nitrate concentration of 100 pg-N/l found that

B

0 66
~ 60
z
= 50 4
£ i - 044
24 32
£30
k- n
<20

§ -

0 24 48 n

Time (hrs)

a =20 =60 =100 pg-N/| of nitrate

17
]
4
=
96

Acropora sp. released mucus coat themselves at
first time in 48 hours, shown in Figure 5 and its
mucus increasingly thicker in 72 and 96 hrs
respectively. Releasing mucus in coral is affected
by living in severe environmental conditions that
triggered defence mechanism of coral to against

exposing severe environment.

%0 8
30 L
70 6k
Feo 56 57
50
Su
=
£,
2 30
20
0 O R T R T
6 - = -
0 24 43 72 9%
Time (hrs)
b 820 w60 =100 pg-N/I of nitrate

Figure 4 Active polyp percentages for Acropora sp. a) Salinity at 30 psu b) Salinity at 15 psu

= B 2h B , 4br I n1 48hr H ."

Figure 5 Acropora sp. at nitrate concentrations of 100 pe-N/l with salinity 15 psu in 0 to 96 hirs

Though, extremely releasing mucus can
cause to tissue sloughed-off which coral can

unable to

recovety themselves in natural

seawater, unlike to paled coral which can
recovery themselves completely under natural
condition [12] shown Tn 72 and 96 hour relating
with color health level into poor to fair health
(in levels of 2 and 3) or healthy status percent
in 44.44 to 77.78 which shown in Table 3. Thus,
nitrate is one of the severe factors that

threatening coral health.

Conclusion

In this study, the result of the salinity and
nitrate effects on the coral health status of
branching coral (Acropora sp.) at the salinity
varied in 15, 20, 25, and 30 psuand the
concentration of nitrate varied in 20, 60, and
100 pe-N/, during 0-96 hrs. the result showed
that at salinity 15-30 psu along with nitrate
concentrations increasingly caused mortality or
tricged to bleaching coral. Mortality in coral
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related to higher nitrate concentrations, affected
on more paling color and stimulating to release
At salinity 15 psu with a nitrate
concentration of 100 pg-N/L and 96 hrs, coral had
the highest mortality percentages (33.33-55.56%
in mortality} which contrarily related to the

Mucus.

lowest active polyp percentages (0-2% in active
polyp).
mechanism, trigged from stress or irritating in
severe environmental conditions by reduced

Indicating that coral has a defense

polyp activity and using mucus to cover itself to

unexposed these conditions. Therefore, at
salinity 15 psu with a nitrate concentration of
100 pg-N/l and 96 hrs had the highest mortality
percentages, more than 50% in mortality, which
could be calculated into LC50 using Probit
analysis. Then, nitrate concentrations that effect
on coral bleaching or 50-percent coral mortality

at 96 hrs was equal to 89.50 pg-N
Acknowledgements

The authors would like to thank the staff
of Sichang Marine Science Research Station,
Chenburi, Thailand, for their assistance and
support in the experiments. This research is also
in part supported by Graduate School of
Chulalongkorn University.

References
[1] Connell, D. W. and Hawker, D. W. 1992,

Pollution in tropical aguatic systems. 1,
Boca Raton: CRC Press.

2] Zhuy, B. H, Wang, G C, Huang, B.
and Tseng, C. K 2004 Effects of
temperature, hypeoxia, ammonia and

nitrate on the bleaching among three
coral species. Chinese Science Bulletin,
49(18): 1923-1928.

(3]

(5]

[10]

25

Rungsupa, S,  Chawakitchareon, P,
Hansuebsai, A, Sasaki, S. and Kiyoki, Y.
2018. Photographic Assessment of Coral
Stress: Effect of Low Salinity to Acrocpora
sp. Goniopora sp. and Pavona sp. at
Sichang Island, Thailand.
Conference on

International
Information Modelling
and Knowledge Bases XXX, 301,
I0S Press, 137-148.

Coralwatch. 2002. Coral Health Chart
[Onlinel.  https://coralwatchold.org/web/
guest/coral-health-chart.

Siebeck, U. E., Marshall, N. J.,, Kluter, A.
and Hoegh-Guldberg, O. 2006. Monitoring
coral bleaching using a colour reference
card. Coral Reefs, 25(3): 453-460.

1971, Probit Analysis. 3"

Cambridge University: Cambridge

Finney, D. .
edition.
University Press.

Kerswell, A. and Jones, R. 2003. Effects of
hypo-osmosis on the coral Stylophora
pistillata: Nature and cause of 'low-salinity
bleaching. Marine Ecology-progress Series -
MAR ECOL-PROGR SER, 253, 145-154.
Nordernar, 1., Nystrorm, M. and Dizon, R.
2003, Effects  of
temperature and nitrate enrichment on

elevated  seawater
the branching coral Porites cylindrica in
the absence of particulate food. Marine
Biology, 142(4}. 669-677.

Schloder, C. and DCroz, L 2004.
Responses of massive and branching coral
species to the combined effects of water
temperature  and nitrate  enrichment.
Journal of Experimental Marine Biology
and Ecology, 313(2) 255-268.

Marubini, F. and Davies, P. S. 1996. Nitrate
increases zooxanthellae population density
and reduces skeletogenesis in corals.

Marine Biology, 127(2): 319-328.



26

(11]

Thai Environmental Engineering Journal Vol. 34 No. 1 (2020}

Udomsap, B., Chawakitchareon, P. and
2018. The
termperature and ammaonia to coral health

Rungsupa S. effects of
level: A case study of hump coral (Porites
sp.) at Sichang island, Thailand. The
Proceedings of 56" Kasetsart University
Annual Conference. 30 January - 2 February,
2018. Kasetsart University. 279-286.

(12]

Jandang, S. 2015, Effect of chronic salinity
stress on bleaching and recovery of a

Staghorn coral  Acropora millepera.
The Proceedings of 6" Hatyai National
Conference. 26 June 2015. Hatyai

University. 1544-1553.



! ! : Thai Environmental Engineering Journal Vol. 34 No. 1 (2020) : 27-34
=Aay yww.eeat.or.th

Reduction of Methane and Nitrous Oxide from High
Strength Municipal Solid Waste Leachate by
Sequencing Batch Reactor with
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Abstract

This research investigated the performance and ereenhouse gas emission from high strength
municipal solid waste (MSW) leachate by sequencing batch reactor(SBR) with Alcalisenes faecalis No.4
(A. faecalls No.4). The SBR was carried out by anaerobic reactor followed by aerobic reactor. The
system was operated at hydraulic retention times (HRT) of 2 days during 130 operating days (Run 1) and
45 days with A. faecalis No.d (Run 2). At steady state, the organic removal efficiencies were found to be
62.7% for (Run 1) and 86.7% for (Run 2). The organic carbon and nitrogen were mainly removed in
aerobic reactor. The surface emission rates of methane and Nitrous oxide in aerobic reactor were

reduced 35% and 149, respectively with A. faecalis No.4.

Keywords : Alcaligenes faecalis No.4; Municipal Solid Waste Leachate; Greenhouse gas emission;

Seqguencing batch reactor
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Introduction

Leachate pollution from solid waste
disposal is receiving more attention as the
increase in the amount of solid waste collected
from urban areas is dumped into landfills or
open dumpsites, especially in developing
countries. More stringent regulations on leachate
control have been put forward for a better
management of solid waste disposal sites.
Municipal solid waste leachate contains other
compounds, including crganic substances and
toxic substances.

Sequencing batch reactor (SBR), which is
widely used for biological nutrient remowval (BNR) in
municipal  and  industrial  wastewaters  [1].
Sequencing batch reactor (SBR) has become a
global researcher's focus to optimize operational
flexibility, space saving, and operating costs [2, 3].

This study aims to develep a two-step SBR
process. However, greenhouse gases (GHGs) can
be produced significantly from biclogical activity
during treatment because methane (CH,)} can be
produced under anaerobic conditions in the
initial stages of treatment [4]. Significant CH,
emissions can occur at non-oxygenated areas of
the leachate system under high loading [5]. In
additicn, the appearance of high levels of
nitrogen in the leachate can cause the emission
of N,O significantly soon after the raw leachate is
aerated [6]. N,O is released during nitrogen
removal since N,O is produced by autotrophic
nitrifying bacteria, most of which are ammonia
oxidation bacteria [7] during the nitrification, but
most of them would be produced during
denitrification [8].

In order to overcome limitation of
indigenous nitrifying microorganisms, microorganisms
that have heterctrophic nitrification and aerobic
Paracoccus

denitrification  abilities  such  as

denitrificans,  Pseudomonas  stutzeri  and
Alcoligenes feacalis have been introduced as
potential microcrganisms that may be used to
overcome problems inherent in the conventional
method [9]. Among them, Alcalicenes faeccalis
No.d (A faecalis Nod), has several advantages
over other microorganisms such as (1} procedural
simplicity, where nitrification and denitrificaticn
can take place simultaneously, (2} shorter
acclimatization period, (3} lesser buffer quantity
needed because alkalinity generated during
denitrification can partly compensate for the
alkalinity consumption in nitrification. A. faecalis
No.4, was used to treat concentrated organic and
nitrogenous wastewater such as  anaerobic
digester, coking wastewater, cattle wastewater
(12,000 mgCOD/} as well as high strength
ammonium  wastewater (5000 mgN/L} from
chemical companies [10]. In greenhouse gas
emission perspective, A. faecalis No.d were
found to contribute to reduce methane
production whereas this specific microorganism
can remove 40-50% of ammonium through
denitrification and 90% of denitrified products
was in the form of N, [11, 12]. The rest of
remecved ammonium was convert to intracellular
nitrogen thus producing less N,O during its
process.

To explore the possibility in enhancing
of treatment performance of tweo-stage SBR
through bio-augmentation of A. faecalis Nod, an
experimental study was carried out to investigate
the oreanic and nitrogen  removals  and
greenhouse gas (CH, and N,O) emission from the
two-stage SBR system. Specific chjective of this
study was to determine appropriate operating
condition of two-stage SBR to achieve high
while

treatment efficiencies producing  low

greenhouse gas emission.
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Methodology

Lab-scale SBR unit with capacity of 5 /d
was used in this study. The schematic diagram
of the experimental system is shown in Figure 1.
The system consisted of two treatment steps.
The anaerchic and aerobic reactor, each has
0.010 m’ working volume. The aeration was
continuously supplied to the aerchic reactor
which  maintained DO level of 34 mel

(Controlled by aeration pump).

Hydraulic retention time (HRT) in both
fanks was kept at 2 days. The study was
conducted in two experimental systemns. Run 1
(without A. faecalis No.d, 130 days) and 2 (with
A faecalis Nod in aerobic tank, 45 days), are
operated continucusly from anaerchic (Stage )
to aerobic reactors (Stage II). The two run have
been used to provide stable conditicns in terms

of water guality and emissions.

Figure 1 Schematic of two-stage SBR systemn

Leachate preparation and water quality
analyses

Raw leachate was obtained from solid
waste collection trucks into waste disposal area,
collected at the staticn every week. Wastewater
samples were kept in a glass container and
at 4°C. Al

performed according to the standards for water

stored leachate analysis was
and wastewater [13]. The water parameters used
in the analysis include pH, DO, BOD, COD, TOC,
55, NH,, TKN, NO, and NO,. In the reactor, MLSS

concentrations were monitored. Total viable cell

numbers in aerobic tank (expressed as cell per
ml) was counted on L agar plates [14], while
greenhouse gases include CH, and N,O. Chemical
characteristics of leachate are shown in Table 1.
exhibited  high
concentrations in terms of BOD, COD and TOC

and was adidic in nature. SBR was prepared by

The leachate used crganic

mixing fresh leachate and tap water at a
ratio of 1: 3 w/v to maintain a censtant COD
concentration n leachate feed. The average
concentration was 8,050 mg COD/L and was to

be consistent in feed water.
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Table 1 Chermical characteristics of raw and feed leachate

Raw leachate Diluted leachate used in the experiment
Parameters Range Average
Range AveragelSD)
(Systam | &1} (System | & 1]
pH 32-51 4.25(0.82) 4.8-59 5.20(0.73}
BOD{me/ E8520-70,500 | 62,050(5,2100 | 5,150-5530 5, 2000210}
COD(me/ 1 T2,400-84,200 7d,320(5,2607 7.500-8,560 7,.8400340)
TOX e/ 16,550-23,540 Lo 87002,210; 2.580-3,380 2. Beni3to
S50/l 410-1,420 68032 82-550 235120}
NH 5Nl e/ 2,080-3,350 2,600(2907 T30-B50 77051
THMme/ 1 2,620-3 530 322003107 820-1,130 QO5(ED)
MO M {mef 1) 0.4-0.9 060040} 0.3-0.6 0.4(0 05}
MO M {rmer1) 09-28 2000600 0.3-23 1.70.8)
Mote: The numbers show ave. (S0} values
Deaterminatian af graenhause gas amissian - _FhcQ@sey (o
ASE(ZFI+T

During  the operation, a closed-flux
charmber was occasionally placed on top of
anaerobic and aerobic reactors to determine
ereenhiouse eas ernission from the systern. Close
flux charnber is @ chamber made of plastic plate
with 150-mim in diarmeter and 100-mm in height
During the measurernent, special care was taken
to make sure that there were not any gas
leakaees. The reactor surface area which covered
0.018 m. In

determine the ernission rate, gas samples from

the chamber was order  to
the closed-flux chamber were collected into a
G-l wial by a gas-tight syringe at different time
intervals {e.e. ewery 30 minutes) up to 120
minutes. Then, gas composition in a wial was
analyzed by using a gas chrormatoeraph (GO for
Hqand M2 analysis. Closed  flux  chamber
operated by allowing upward diffusive gas to
accurmulate in the chamber. As the area of flux
charmber and reactor was equal, the increasing
used  to

rate of eas in the chamber was

determine the mass of emitting 2as as follows.

Where Fyy = Mass of gas emitted from anaerchic
(gfmz.d} at 25°C ;% =volume of chamber (ms};
AC/AE = eas concentration  eradient (g/mg.d};
T = temperature measured in degree: Celsius
0 The eas emission was  measured  from
anaerobic reactor at different times during the
opergtion period. For the determination of gas
ernissicn from aerobic reacter, gas samples were
collected from the cover chamber equipped
with gas outlet port. The size of cover chamber
was identical to that used in anaerobic reactor.
The gas emission was determined from supplied
air flow rate and measured outflow  eas
concentration using the following equation.

Fae = Qg TFA (2
wWhere Fye = Flux of gas emitted from aerobic
reactor (gfmz.d}, Qa= supplied air flow rate
(msfd}, = outflow gas concentration (gfmz) and
A= area of the cover charmber (M.
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Results and Discussion

Treatment performance of SBR

During the 1" run (W/0 A faecalis No.4), the
BOD and COD efficiencies in the SBR system were
645% and 51.3%, respectively. NH; and TKN
removals were also higher than 50% as shown in
Table 2. Most of nitrified nitrogen was denitrified
resulting in low concentrations of oxidized nitrogen.
In the 2™ run (With A faecalis No 4}, slishtly higher
BOD COD and TKN removal efficiencies of 80.1%
£7.8% and 75.1%, respectively were obtained but
changed to indicating. At with A faecalis Nod
conditicns, much higher biodegradable organic
(BCD) concentrations were detected in the effluent
of aerobic reactor even though the effluents from
first stage anaerobic reactor were only moderately
elevated.

Figure 2 shows the variation of biomass
(MLSS} concentrations in anaerchic and aerobic
reactors as well as A faecalis No.d population.
In Run 1, MLSS in aerobic reactor gradually
increased from 7.1 to 9.2 gl’1 at an increasing rate
0017 glfld’1 while MLSS in the anaercbic reactor
were kept relatively constant at about 4.2 glfl.
When A foecalis Nod was introduced in the

aerobic reactor in Run 2, MLSS was continuously
increased to 133 gl'1 having higher biomass
increasing rate of 0.095 gl'd”. This sienificant
increase in biomass concentration in the aercbic
reactor was possibly associated with the growth
of A faecalis Nod. The results indicate that the
A. faecalis No.d could utilize carbon and nitrogen
compounds presented in the leachate efficiently
for their growth under aerobic condition. Their
cell concentrations were increasing from 6.5x10°
to 5.3x10° cells mU* during that period. Naturally,
the growth of A foecalis No.d were also found
associated with elevated pH condition as the pH
was found increase from 8-9 on day 132 and up
to more than 10 during initial period (day
141-145) of Run 2 during which a decrease in
A, foecalis
Subsequent operation with pH control (day
146-175) between 8 and 9 led to more stable
operation and steadily growth of A faecalis No.4.
Extremely high pH condition, e.g. more than 11,
was also reported toc inhibit the growth of
A. faecalis No.d in previous study [14]. These
results suggested that with A faecalis No.4 had
insignificant effect on the SBR performance cn

No.d4 population was observed.

orzanic and nitrogen removals.

Table 2 Effluent qualities from SBR during steady operation

Parameters | Without A. faecalis No.4 With A faecalis No.d

Eff. Eff. % Eff. Eff. %

(An-SBR} {Ae-SBR} Remaoval | (An-SBR} (Ae-SBR} Removal
pH 6.4(0.3} 7.3(0.2} - 6.5(0.2) 9.5(0.6} =
Do 0.0{0.02) 4.1(0.5} e 0.2(0.1} 2.1(0.3) =
BOD 3,915(137} | 1,860(138} | 645 4,035(154) | 803.0(206} | 80.1
CoD 6,482(94) 3,157(151) | 513 6,540(101) | 2,106(345} | 67.8
TOC 2,006(140} | 750(31) 62.7 2,098(140) | 279(432} 86.7
NH',-N 615(42) 300(30) 50.2 624(33} 619(126} 779
TKN 642(32) 285(14} 555 701(26} 175(62) 75.1
NO ,-N 0.16{0.06) 0.08(0.07} 433 0.21(0.11) 0.05(0.12) 725
NO,-N 0.64(0.16) 0.3(0.09} 55.4 0.88(0.3} 0.2(0.13) 773

Note: The numbers show avs. (SD} values
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Figure 2 Characteristic of A. faecalis No.4 and biomass concentration

Measurements of greenhouse gas emissions
from SBR

Table 3 presents surface emission rates of
CH, and N,O from anaerchic and aercbic reactors
during leachate treatment. During the 1" run
/O A foecalls No.d), average CH, emission rate
from anaercbic and aerobic reactors was (0.195
and 0.013 g/mz.d. This is equivalent to CHy mass
of 00035 and 00003 ¢/d. Meanwhile, N,O
emission rate was 00217 and 0.0022 g/mz.d.
These results show that both greenhouse gases
were mainly emitted from the anaerobic reactor.
When put A. faecalis No.d operated in the i
run, CHy and MO emission rates were found

decreasing in aerobic reactors. These results
show that both GHG were mainly emitted from
the anaerchic reactor. Similar ohservation on the
CH, emissicon trend during the treatment process
was reported in [1] The major source of CHy
emission came from the first reactor which

was favorable for methanogens. Meanwhile,
Anaercbic reactor N,O preduction could take
place where DO was maintained at about
0.5 me/l. In previous research, it was reported
that high N,O preduction was observed under a
BO level less than 2 me/l [5, 7] as MN,O was
preduced from denftrification instead of N, in low

oxygen condition [15].

Table 3 CHy and N0 emission from anaerobic and aercbic reactors of SBR system

Conditions GHGs Anaero bic(g/mz.d) Aerobic(g/mz.d)
Range Avg Range Avg
W/O A faecalis Nod CHy 0.127-0.297 @195 0.012-0.018 0.0132
N0 0.004-0.024 0.022 0.0020-0.0028 (.0022
With A. faecalis No.d CH, 0.142-0.267 0.209 0.007-0.012 0.0086
N,O 0.006-0.027 0.023 0.0017-0.0022 .0019
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Conclusion

An experimental study on greenhouse gas
emission from two-stage SBR treating highly
concentrated leachate suggested CH, gas were
mainly emitted from first anaerobic stage at an
average rate of 0.195 and 0.209 g/mz.d at Run |
and Run I. Meanwhile, the emissions from
second aerobic reactor were 0.0132 and 0.0086
g/mz.d, respectively. Decreases in Run Il in
aerobic reactor, decreased CH, emission by 35%.
Based on this conclusion, it is recommended to
run the system at a very high storage capacity,
which will improve the efficiency of wastewater
treatment and reduce greenhouse gas emissions.
A. faecalis Nod with heterctrophic nitrification
abilities  was
SBR  vielding
improved organic carbon and nitrogen removals.
High organic carbon (86.7%) and nitrogen (75%;
removals were achieved even the system was

and aerobic  denitrification

bio-augmented in  two-stage

operated with A. faecalis No 4.
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Abstract

Hazardous waste management of establishments motorcycle repair shop in Phuket municipality
area, Mueang district, Phuket province has the objective to study on types, guantity, and methods in
managing hazardous waste from motorcycle repair shop, as well as on problems, obstacles, and
suggestions for hazardous waste management. In this study, record forms were used to collect data on
type and guantity. Interview, observation, and taking photos were used to record on methods on
storing hazardous waste from 10 motorcycle repair shops. Questionnaire was used to study on
hazardous waste management, problems, obstacle, and suggestions from 55 motorcycle repair shops.
The data was collected from August - October 2018,

The result shows that in 100 percent of hazardous waste consists of the following types:
1} engine oll, 2} tyre, 3) inner tube, 4} grease can, and 5) engine oil can. In terms of quantity of
hazardous waste, engine oil, gear oil, and lubricant oil are 443.80 liters in total. The total amount of
tyre is 624 pieces and 2,431 pieces for total amount of inner tube. The result of the study on
hazardous waste management found shows that used oil buckets are used for storing engine oil, which
is a good way to reduce contamination. For used tyre and inner tube are stacked up in the shop
without any containers, which need to be improved in order to reduce contamination. Regarding the
methods for hazardous waste management, the most used method is waste buying companies, which
is accounted for 100 percent including engine oil, metal parts, chains, lubricant oil, and gear oil. Items
that are most disposed to municipality’s bin are gloves with engine ol stain and used face masks,
which accounted for 100 percent. Re-use is accounted for 90.90 percent, which include clothes with
engine oil stain. Selling is accounted for 21.82 percent and the items that most sold are lubricant and
engine oil cans. Other methods like putting in closed garbage bags and lay by municipality bins
accounted for 74.55 percent on waste that contaminated with engine oil. The study on prokblems and
obstacles found that the lack of discipline in managing hazardous waste is the major cause of improper

hazardous waste management, which is accounted for 85.47 percent. The study on suggestion for
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hazardous waste management found that most of the operators suggest that there should be bins for

each type of hazardous wastes specified clearly. This suggestion is accounted for 89.10 percent.

Keywords : Motorcycle repair shop; hazardous waste; hazardous waste management

Introduction

In Thailand nowadays, there is high
expansion of ecanomy, which the zovernment
imposed develocpment policies and improved
infrastructure  system in  all  forms of
transportation in order to increase the capacity
in traveling and goods shipment for both
domestic and internaticnal movements tc be
mare convenient, secure, and faster [1]. There
are many formats of transpertation in the
transportation system such as ships are used for
water transportation, planes are used for air
transportation, and for land transportation
different types of cars are used. However, the
most  used transportation  format s  land
transportation by using cars, which is easy and
convenient for public transportation or transport
of goods. For this reason, people are more prefer
to use cars in traveling more and more.
A smaller vehicle like motorcycle becomes
ancther alternative for working pecple because it
is flexible, can travel quickly on the road, low
maintenance cost, and its gas price is not tco
expensive  when  comparing tc  public
transportation or private car. This makes the
number of motorcycles increases rapidly.

The continual use of motorcycle in
traveling causes deterioration, which repair or
change of wvehicle parts like engine oil, tyre,
bulbs, battery, and lubricant are needed to be
done in motorcycle repair shops. If these
hazardous wastes are not manage properly and
envircnment  with

disposed to community

wastes, it will leak cut or spread to the

affect health.

Moreover, it can cause the destruction of

environment  and people’s
ecosystem, antique objects, and landscape [2].
Tourism development in Phuket has been
the area of Phuket
municipality, Mueang district, Phuket province is
the heart of the city, which consists of 2
sub-districts: Talad Nue and Talad Yai. These two
sub-districts are considered to be the center of

improved rapidly. In

many important governmental and private
orzanizations and tourist attractions like schools,
municipality office, banks, shopping malls, old
town, and hotels. In each day, there are many
people including tourists and working people
come to use services from these places. For this
reason, the number of tourist and latent
population in Phuket increase a lot. Hence, the
use of motorcycle for traveling increases. This
causes those who have knowledge in motorcycle
repairing make it a profession by operating
motorcycle repair shep. From this, the number
of motorcycle repair shops also  increases.
According the list of registered motercycle repair
shops, there are 25 shops registered [3]. The
additional survey was conducted by purposive
sampling due to there are many unregistered
operators in the area of study. Therefore, the
researcher is required to conduct a survey, which
found that there are another 34 shops in Phuket
Phuket

province. In total, there are 58 shops spread in

municipality area, Mueang district,
all area of Phuket municipality. Motorcycle repair
shops are the source of important hazardous
waste incurring frem repairing or changing parts
services after the use of motorcycle. From the
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problems mentioned above, it makes the
researcher became interested in studying on
hazardous waste management of motorcycle
repair shops in Phuket municipality area, Mueang
district, Phuket province in order to learn on
the types and quantity of hazardous wastes,
methods in managing hazardous  waste  in

motorcycle repair shops.

Materials and Methods

This research is conducted as a survey
research by wusing tocls and methods in
collecting data, and duration of data collecting
as follow:

1. Tools, sample groups, and duration of
research

In this research, outcome record and
questionnaire are used as tools in collecting data
as follow:

1.1 Data on types and guantity were
collected from 10 motorcycle repair shops, which
randomly selected from purposive sampling
because these 10 shops corporate in hazardous
waste management that can be goed for the study.
Moreover, there are similar services provide in
these 10 shops. The data is collected by using
outcome recerd once a week for the duration of
3 months within the area of Phuket municipality,
Mueang Phuket district, Phuket province.

1.2 Interview, observation, and taking
photos are  used in collecting information cn
storing hazardous waste in 10 motorcycle repair
shops, which randemly selected from purposive
sampling because these 10 shops corporate in
hazardous waste management that can be good
for the study.

1.3 For methods in hazardous waste
management, problems, cbstacles, and suggestions
of motorcycle repair shops in Phuket municipality
area, Mueang district, Phuket province, the data

was collected by using questionnaire. The
guestionnaire was divided into 3 parts: Part 1
cellects general information of respondents, which
includes gender, age, level of education, length of
cperation time, average number of motorcycles
receiving services per day, and type of services
provided. Part 2 collects information on methods
(methods

include using municipality services, reuse, storing in

of hazardous waste management
container to be disposed later, sell, buying
companies, or ather methods) Part 3 collects
information  on  problems,  obstacles, and
suggestions of motorcycle repair shops in managing
hazardous wastes.

The study on problems, chstacles, and
suggestions of moteorcycle repair  shops in
managing hazardous wastes, purposive sampling
was used to collect information from 55 shops.
There are 25 shops frem the list of registered
motorcycle repair shops of municipality office
and another unregistered 24 shops from self
survey within the studied area. In total, there are
59 shops in Phuket municipality, Mueang district,
Phuket province. The duration of data collection
started from August to October 2018. Moreover,
the data was collected from 55 shops because
the other 4 shops were not available willing to
corporate in responding to the guestionnaire.

2. Equipment used in collecting information
include sgloves, weighing scale, face mask,
garbage bag, sticky tape, pens, and outcome
record form.

3. In analyzing data, studying on types
and quantity of hazardous wastes in motorcycle
repair shops, the results were used to analyzed
by using basic statistics include percentage and
average value. Then, display the data in table.
Moreover, data from the study of methods in
hazardous waste management of motorcycle
repair shops was used to analyzed in terms of

narrative analysis in order to find a conclusion.
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Results and Discussion

1. The result of the study on types of
hazardous wastes incurring from motorcycle
repair shops

Types of hazardous wastes incurring from
motorcycle repair shops include used engine oil,
tyre, inner tube, lubricant can, and engine oil
can, which accounted for 100 percent due to a
motorcycle requires to discharge engine oil every
1,000-4,000 kilometer of riding in order to

maintain the capacity of engine to function well
always. This is relevant to the study of Suparat
Chanpetch [4] on hazardous waste management
of auto service centers in Phuket, which found
that the type of hazardous waste that can be
found the most is used engine oil.

2. The result of the study on gquantity of
hazardous wastes incurring from 10 randomly
selected motorcycle repair shops is displayed
in table 1.

Table 1 shows the total guantity of hazardous waste incurring in 3 months in 10 randomly selected

motorcycle repair shops

Rank Type of Hazardous Waste Quantity Unit
1 Oil 443.80 Liter
- used engine oil
- Gear ail
- Lubricant oil
2 Tyre 624 Piece
3 Inner tube 2,431 Piece
4 Metal remains such as bearing, chain, screw, spark plug, and brake lining 270.30 Kilogram

5 Aluminum can
- Rustproof Spray can
- Paint can

63.10 Kilogram

6 Plastic can
- Grease can

- Enzine cil can

163.40 Kilogram

7 Electrical wire

6.10 Kilogram

8 | Light

629 Bulb

9 Battery

225 Unit
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The study of quantity of hazardous waste
incurring in 10 randomly selected motorcycle
repair shop n the area of Phuket municipality,
Mueang Phuket, Phuket province found that the
amount of used engine cil, gear cil, and lubricant
ol is 443.80 liters in total. The operators of
maotorcycle repair shops provided information
that a motorcycle should discharge and change
engine oil once reached 1,000-4,000 kilometers
of usage in order to maintain the capacity of
engine for the effective functioning [5]. The
second highest amount of hazardous waste s
tyre, which there are 624 tyre in total. The total
amount of inner tube is 2,431 tubes due to the
usage of motorcycle caused fast deterioration of
tyre and inner tube. In terms of metal remains

like bearing, chain, screw, spark plug, and brake

lining, the total amount is 270.30 Klograms.
Plastic cans for grease and engine ol in total are
16340 kilograms, which is higher that the to
amount of aluminum cans, 63.10 kilograms, of
rustproof and paint spray [6]. The total amount
of electrical wire is 6.1 kilograms, motorcycle
lights is 649 bulbs, and battery is 225 pieces.
3. Results from the study of hazardous
waste management of motorcycle repair shops
31 Results from the study of
hazardous waste storing of motorcycle repair shops
From the study on hazardous waste
storing of motorcycle repair shops by using
interview, observation, and taking photos of
10 random selected motorcycle repalr shops
from purposive sampling, the results displayed in

table 2.

Table 2 shows the results on storing methods hazardous wastes incurring in 10 samples of motorcycle

repair shops, which are correctly and incorrectly according to academic theories

(reguire improvement)

Correct storaging method according to

academic theory

Incorrect storaging method according to

academic theory (Require improvement )

Engine oil, gear oil, lubricant oil

Tyre, inner tube

Cil bucks for storing
engine oll, gear oll, and

lubricant oil

Ol bucks for storing
engine oil, gear oll, and

lubricant oil

Used tyre and inner
tubes of motorcycle are
stack up in front of the
shops

Used tyre and inner
tubes of motorcycle are
stack up in front of the

shops
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Table 2 shows the results on storing methods hazardous wastes incurring in 16 samples of motorcycle

repair shops, which are correctly and incorrectly according to academic theories
(require improvement) (con’t)

Rustproof and paint spray can

Electrical wire

Paper box for storing
rustoroof and paint

stray cans

Sack for storing rustproof

and paint stray cans

__-_:“:
Paper box for storing

wasted electrical wire

Metal bucket for storing

wasted electrical wire

Motorcycle light

Metal remain

Plastic cup for storing
decayed and unusable

motorcycle lights

Paper box for storing
decayed and unusable

motorcycle lights

Metal bucket for storing
metal remains like
chains, bearing, and

sCrew

Paper box for storing
metal remains like
chains, bearing, and

SCrew

Engine oil and lubricant can

Storing engine and

lubricant oil can

Storing engine and

lubricant oil can

Storing unused battery
in a paper box and
placed in the shops

without any container

Storing unused battery

in the shops without

any container
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The results from the study of methods in
storing hazardous waste from motorcycle repair
shop shows that a strong closed container for
each type of hazardous wastes is required
in order to prevent spilling, leakage, and
contamination to environment. In case of
clothes contaminated with oil stains must be
disposed of properly by sending to the factory
that receives hazardous waste disposal to be
burned in a high temperature incinerator.

3.2 The study of hazardous waste
manazement of motorcycle repair shop
1} The study of respondents’
general information
From the study on respondents’
general information, it shows that there are more
male respondents than female ones, which is
accounted for 85.45 percent of all respondents.
The age of respondents between 40-49 years is
accounted for 50.9 percent due to the suitability
of men in serving in motorcycle repair shops
than women and right age for owning a business.
The level of education of most respondents are
in Vocational Certificate and High Vocational
Certificate level, which are accounted for 45.45
percent, as providing motorcycle repair services
requires specific knowledge. Therefore, choosing
to study in Vocational Certificate and High
Vocational Certificate levels is more suitable for
working in his field. The length of business
operation mostly between 11-15 years, which
accounted for 32.73 percent. Mostly, the average
number of motorcycles ta repair is  16-20
motorcycles a day. Most of the shops provide
services for motorcycles including changing tyre,
changing inner tube, discharging engine oil,
changing brake lining, battery, lights, spark plug,
brake oil, ring, gear oil, stretching and changing
chain, and changing bearing the most, which

accounted for 100 percent.

2} Results from the study of
methods in hazardous waste management of
maotorcycle repair shops

Methods in managing hazardous
waste of 55 motorcycle repair shops in Phuket
Phuket, Phuket
province, we found that eliminating hazardous

municipality area, Mueang
waste by selling to waste buying companies is
the most used method for used engine cil,
metal remains, chain, lubricant oil, and gear oil,
which is accounted for 100 percent. This is due
to used engine oil, Wubricant cil, and gear cil can
be sold to decrease quantity of waste. For metal
remains, there are garbage sorters come to buy
at the shops because metal remains can be melt
to produce the same or different product. This is
relevant to the study of Jintana Petchwang [7]
who conducted a study on hazardous waste
management of garages in Mueang district,
Phuket province. The study shows that selling to
waste buying companies is the most used
method for hazardous waste management of
garages in Mueang district, Phuket province. The
items with highest sales are engine oil, lubricant
oil, and metal remains.

3} The
obstacles, and

study of problems,

suggestions  in - managing
hazardous waste of motercycle repair shops

The study of problems, cbstacles,
and suggestions in managing hazardous waste of
motorcycle repair shops shows that most of the
respondents do not have any problems in
managing hazardous waste, which accounted for
83.64 percent. The problems that found the
most in managing hazardous waste in motorcycle
repair shops are lacking of bin for hazardous
waste, which accounted for 52.73 percent. This is
due to hazardous waste management in most
shops do not have bin for hazardous waste.

If the municipality or related organizations
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provide bins for hazardous wastes to these shop,
it can reduce contamination, spilling, and leakage,
as well as it can be disposed correctly and not
contaminate the environment.

The study on the causes of
hazardous  waste

incorrect  methods  of

management shows that most of the
respondents think that the lack of discipline is
the major cause of incorrect methods of
hazardous waste management, which accounted
for 85.47 percent. This is relevant to the study
of Chainarcng Phanomtheerakiat. In managing
hazardous wastes, it is required to classify the
type of hazardous waste in order to make it
easier for disposal. The dispcsal can  be
complicated for operaters. So, most of the
operators dispose hazardous waste with other
wastes like plastic bags and papers. From these
reasons, it caused operators to become lacking
of discipline in managing hazardous waste.

Suggestions from motorcycle repair
shop operators

1} For managing hazardous waste of
motorcycle repair shops in Phuket municipality
area, Mueang district, Phuket province, there
should be specific bins to classify the type of
hazardous waste.

2} Phuket municipality in Mueang district,
Phuket province should take a serious action in
managing hazardous waste.

3) Al operaters request for related
organizations to provide knowledge for managing
hazardous waste from motorcycle repair shops,
as some of the operators still lack of knowledge
and understanding in managing hazardous waste
from their shops.

4) Motorcycle repair  shop operators
should participate in responsible for disposal of

hazardocus waste and be disciplined in working

on classifying type of wastes to ease the
disposal process.

5} In buying hazardous waste from
operators, buying companies should be legally
registered. Moreaver, the companies should
concern on safety in collecting and transporting
hazardous waste to prevent leakage and
contamination to the environment.

Conclusion

The study on  hazardous  waste
management of motorcycle repair shop in
Phuket

Phuket province shows that the types of

municipality area, Mueang district,
hazardous waste mostly found are 1) engine oil,
2) tyre, 3} inner tube, 4} grease can, and
5) engine oil can, which accounted for 100
percent. Quantity of hazardous waste consists of
engine ocil, gear oil, and lubricant oil in total
443.80 liters, tyre in total 624 pieces, and inner
rubber in total 2,431 pieces. In terms of
methods in managing hazardous waste, we
found that for storing hazardous waste, used oil
bucket are used to store engine oil, which is the
best methed to reduce contamination. For used
tyre and inner tube, they are stacked up in the
shops without any container, which this methed
needs to be improved in order to reduce
contamination. For types of waste that are
mostly eliminated by selling to waste buying
companies are engine cil, metal remains, chain,
lubricant cil, and oil. Type of wastes disposed to
municipality bins the most are loaves with
engine oil stain and used face mask. The most
reused wastes are working cloth with engine oil
stain. The most sold wastes are lubricant can
and engine oil can. Wastes disposed by putting

in closed garbage bags and placed by
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with engine oil. The study on problems and

obstacles shows that lacking discipline in

managing hazardous waste is the main cause of
incorrect hazardous waste management. The
hazardous waste

study on suggestions for

management shows that most operators

suggest tc have specific bins to classify
hazardous wastes.
In this

hazardous waste from motoroycle repair shops

study, it is a collection of
once a week for 3 months, which is the amount
of accumulated waste per cycle. And the
researcher did not collect the number of
customers who came to use the service
Therefore can nct compare the proportion of
customers who use motorcycle repair service
with the amount of waste from motorcycle

repair shops that occurred.
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Abstract

This article presents site selection for special economic zone (SEZ) development at Nong Khai
Province, and appropriate industrial type for the selected suitable SEZ site. The study steps consisted
of spatial planning for site selection and industrial type by strategic environmental assessment (SEA).
Spatial planning was started with 11 SEZ potential sites previously declared by Nong Kai Province. Then,
11 potential SEZ sites were screened out by excluding the area where have already been designated
for other uses, including commercial area, tourism area, and industrial area; and with the criteria of
industrial estate; 11 SEZ potential sites was cut down to 7 and 3 SEZ potential sites, respectively.
Finally, overlaying of 3 SEZ potential sites on town planning mag, only one SEZ site was classified as
suitable SEZ site. It is Animal Raising Public area, Chai Ya Village, no 4, Sra Kai Sub-district,
Sra Kai District, Nong Kal Province, covering total area of 718 rai or 115 hectares. Later, SEA was applied
to assess the industrial altermatives proposed to such suitable site. Alternatives included no
development of industrial (no action), all types of industries permission, only eco-industrial type
permission. Impact assessment was performed through 3 implys; check list multi-criteria analysis
indicators, impact matrices analysis for assessing impact score of alternatives. The maximum assessed
impact score was calculated. With the maximum assessed impact score, eco industry was proposed to
such defined suitable SEZ site

Keywords : Special Economic Zone; Spatial Planning; SEA; Eco-industry
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Introduction

Sustainable Development Goals (SDG) are
the world development framework after 2015.
SDG has been continually desisnated by the
United Nation after ending of the Millennium
Development Goals (MDG). In accordance with
the 70th session of the United Nations General
Assembly, the 2030 Agenda for Sustainable
Development and SDGs have been endorsed for
the countries to implement and meet the
sustainable development; economic, social and
environmental perspectives for 15  years
(September 2015- August 2030) [1]. Currently,
Strategic Environmental Assessment (SEA) is the
significant  tool to  drive the country to
accomplish the SDG of the strategic level. SEA
alleviates effectively systematic decision rmaking
for considering policy, plan and programs [2].

Under the 12" National Economic and
Social Development Plan 2017-2021), SEA s
considered as the major tool for Special Economic
Zone (SEZ) defined in Strategy 9, Resgional, Town
and Economic Area Development [3]. National
Ecenomic and Social Development Board (NESDB}
has initiated the SEZ particularly at the border area
since 2000. SEZ has been established in order to
develop the area in conformance with the
potential area and the need of pecple as well as
the good governance that will increase the
economic competitiveness of the country.

Under the Committee of Social Economic
Zone Policy, SEZ phase 1 has been designated for
the area of Tak Sra Kaew, Mukdahan, Trad and
Songkla Provinces (declared on Jan 19, 2013); and
SEZ phase 2 has been designated for Nongkai,
Nakckn  Panom  and
Kanchanaburi Provinces(declared  on April 24,
2013) [4]. Although, SEZ is proposed to enhance
the economy of the provinces along the border

Narathiwas, Chiangrai,

area, site selection of SEZ might not cover all
concerning  perspectives. [t might consider only
economic concern and gecgraphical factors, but
not social and envircnmental concerns. For
geographical base, SEZ sites are considered in
terms of  advantagecus toward transportation,
border crossing, access to preduction  factors,
marketing, potential and readiness area for
development, standing out preduction  base,
expansion opportunity, available  infrastructures,
finance, labor, no disaster, no stability effect,
necessity o©r urgent need, memorandum of
agreement of the countries. Along with SEZ
development,  particularly with the industrial
estate development, site selection, raw material
procurement, production, transportation, waste
management are noted to cause environmental
impacts that further impact to people living nearby
relate social aspect or quality of life value. The
suitable location for SEZ is primary need followed
with the appropriate industrial type (environmental
friendly industry} on the basis of sustainable
considered as the balancing of three major pole;
economic, social and environmental dimensions.
Regarding with SEZ plan, Neng Kai
Province is the place designated for SEZ
establishment. SEZ sites were firstly considered
basing on the area of the state property or
public area together with industrial estate
criteria, the potential area located in 5 districts of
559,614 rai or 89,538 hectare. However, on the
basis of sustainable development, the eco-SEZ
social friendly SEZ) s

needed to re-consider for Nong Kai Province. In

lenvironmental  and

the implytime, the governmental peolicy has
recently declared for application of SEA to SEZ.
The concept of spatial planning (one of the SFA
tools) proposed to identify the suitable SEZ site
for Nong Kai Province, and appropriate industrial
type using SEA

approach  {consisting  of
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alternative and participation) are therefore

studied and presented herein.

Objective

The objectives of this work is to identify
the suitable sites for SEZ using spatial planning
apprcach and appropriate industrial type using
SEA approach.

Methodology

Research methodology is as following
1. Preliminary study

1} Studying and reviewing secondary
data of various documents including Policy of
National Economic and Social Development,
Environmental Quality Management Plan, Strategic
Environmental Assessment, Policy of Special
Economic Zone Development, National Logistic
Policy and Strategic Plan, Socio Economic and
Environment Status, and, Provincial and Provincial
Cluster Development Plam, as well as relevant
literature reviews and thecries.

2) Reviewing 11 SEZ potential sites
located in 5 districts previously declared by the
Province.

2. Research study

1} Spatial  planning for 11 SEZ

with  GIS

performed as folloves.

potential  sites application  was
(1} Primary screening out against
the criteria of excluding the area have already
been designated for other uses, including
commercial area, tourisrn area, and industrial
area, called as the primary SEZ potential sites,
(2} Secondary  screening  out
against the criteria of industrial estate (see
below} for the primary SEZ potential sites; called

as the seccndary SEZ petential sites

Physical

- sufficient  water quantity for
water uses

- Soil s not suitable soil for
agriculture

- area lccated near to the main
road and readily access toc road
network

Environment

- area should locate far away
water sources, for this study it
should be away of the Mekong
river, at least 200 meters.

- area is not located in the

and  wildlife

sanction area, and conservative

naticnal  park

forest area

- area is not in the reserve wildlife
habitat

- area is not at the crowded
community area

- area (is not located near the
conservative  water resources
and valuable ecosystem.

{(3)  Thirdly,

secondary SEZ potential sites on town planning

overlaying of the

map, only one SEZ site was identified as suitable
SEZ site.
2} SEA application
Assess the impact of the industrial type
alternatives by SEA approach with following steps.
{1} Setting the

economic, social and environmental dimensions

indicators  of

by formal and informal check list for industrial
type alternatives selection. This step included
following sub-steps.
- proposing  such  menticned
indicators.
- consulting  with  the experts
of economic, social and

environmental indicators.
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- collecting primary data (f needed)}
and secondary data for
completeness of  the indicators.

- consulting with the line asencies

additional

comments quality of data.

in  the area for

(2} Weighting the dimension and
indicatcrs using multi criteria analysis.

(3) Assessing
alternative by impact matrices analysis as

impact of each

following calculation.

For each dimension of each

alternative:

- multiplying weight score  with
impact score of each indicator,
the result was impact assessed
score

- Combining each impact assessed

score to be sub-total impact

assessed  score of  each
dimension.
For three dimensions of each
alternative
- Combining sub- total impact
assessed  score  of  each
dimension to be total impact
assessed score.
(4} Comparing total impact assessed
score of each alternative, the output was the
appropriate alternative site by considering the

maximum total impact assessed score

Results

As declared by Nong Kai Province, 11 SEZ
potential sites are presented in Table 1 and
Figure 1. Such petential sites were res-studied to
identify the suitable SEZ site.

Table 1 Preliminary Potential SEZ Using and Size of State Property Area or Public Area Industrial Estate Criteria

Location in Nong Kai Province
Name of Public Area Area Area
Sub-District, District
(Rai (Ha)
1. Nata railway station Nhong Kom Koa | Muang 219 35
2. Nong Kai railway station Nhong Kem Kea | Muang 152 24
3. Nong Kai railway station (old} Meechai Muang 100 16
4. Animal raising area Koke Nong Punsg, Kai Bok Whan Muang 201 32
Pone Tan Village no 3
5. Industrial Fstate Kai Bok Whan Muang 2,960 474
6. Pa Koke Yai Public Area (Plot 1) Wat Luang Pone Pisai 401 64
7. Pa Koke Yai Public Area (Plot 2} Wat Luang Pone Pisai 166 27
8. Anirmal raising area , Chai Ya Village, no 4 Sra Kai Sra Kai 718 115
2. Koke Scke Dindang Sra Kai Sra Kai 700 112
10. Nong Mung, Ban Pore Sa Ban Pore Sa Ta Bo 259 41
11. Animal raising area, Tha Kathin Village, no 4 | Ban Mho Sri Chiang Mai 462 74
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1960000

Figure 1 Eleven Potential SEZ Using State

Property or Public area together

with Industrial Estate Criteria

3. Study results
1) Spatial planning for the suitable
SEZ site. This section is re-studied of such 11
potential SEZ
described.

The first step was preliminary screening

site, which are subseguently

out the area have been already designated by
the Provincial Development Plan for future use
including commercial area, industrial area,
tourism area; the output of this screening out
was 7 screened feasible ZES potential sites

(Figure 2).

1

1990000
1900000

1980000
1980000

1970000

i

é

= 100

Remark: The sites where were cut cut

Figure 2 Seven screened SEZ Potential Sites

The second step was screening out the
feasible SEZ potential sites to be the feasible
alternative SEZ sites. With using industrial criteria
with some modification and GIS application,
7 SEZ potential sites were cut down to 3 SEZ

potential as shown in Figure 3.

1980000 1990000

Figure 3 3 SEZ potential sites

Finally, overlaying of 3 potential SEZ
sites on the town planning map, only one site
was defined to be the suitable SEZ zone, which
was Animal Raising Public area, Chal Ya Village,
no 4, Sra Kai Sub-district, Sra Kai District, Non Kai
Province, covering total area of 718 rai or 115

hectare. (Figure 4)

Figure 4 Sustainable SEZ site
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2} SEA
industrial type.

Although the suitable SEZ site was
accomplished,

apprcach  for  appropriate

industrial  types have to be
considered as well. SEA tool (halancing of
economic, social and environment dimension;
alternatives, participation} was used on the
principle  of sustainable development. Three
alternatives were proposed to carry out in such
suitable SEZ site as follows; no industrial estate
development (no action), all industrial types
permission, and only ecc-industry permission.
Then, SEA approach with expert judgement carried
out along SEA process was employed for assessing
to appropriate industrial type as follows.

Firstly, indicators of each economic,
social, and envircnmental dimensions were
listed by formal and informal check list with
expert comments [4, 5], indicators are listed in
Table 2.

Secondly, weighting of each economic,
social and environmental dimension, and
weighting of indicators under each dimension
were made by using MCA [6]. Weight of each
dimension was assessed on the sustainable
development concept which is the balancing of
economic, social and environmental dimensions.
In the other hand, weight score of each
dimension can be evaluated by MCA with
pairwise comparison as follows.

- Weight of column-indicator which is
the same as row- indicator, the score

was 0.

- Weight of column-indicator was higher

than row- indicator, the score was 3.

- Weisht of column-indicator was equal

as row- indicator, the score was 2.

- Weight of column-indicator was lower

than row- indicator, the score was 1.

For each dimension, weighting of all

indicators was calculated using MCA based on

pairwise comparison, as presented below, which
is the example of environmental dimension
presented herein.
- Weight of column-indicator which is
the same as row- indicator, the score
was 0.
- Weight of column-indicator was the
highest compared to the row- indicator,
the score was 5.
- Weight of column-indicator was higher
than the row- indicator, the score
was 4.
- Weight of columnr-indicator was equal
as row- indicator, the score was 3.
- Weight of column-indicator was lower
than row- indicator, the score was 2.
- Weight of column-indicator was the
lowest compared to the row- indicater,
the score was 1.
Weighting score of all indicators under
each dimension are summarized in Tables 5-1,
5-2 and 5-3, respectively.
- Thirdly, impact assessment of the
alternative  based on  matrices
analysis, the assessed impact score
are calculated as exampled for
environmental dimension shown in
Table &, of which the impact score is
assessed as below. Impact score 0.00-
0.20 imply the positive impact is the
lower level
- Impact score 0.21-040 imply the
positive impact is low positive
- Impact score 0.40-0.60 imply the
positive impact is moderate level
- Impact score 0.61-0.80 imply the
positive impact is higher level
- Impact score 0.81-1.00 imply the
positive impact is the highest level
Total  assessed  impact score  of

alternatives are presented in Table 7.
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Table 2 List of Indicators of Each Dimension

Economic Dimension

Social Dimension

Environmental Dimension

—

e

=

25

~

@

. National GDP

. Provincial GPP

Inflation rate

Tax collected by Revenue

Department

Unemployment rate

Economic growth of industrial sector
Economic growth of agriculture

sector

Economic growth of service sector

Ecanamic value

—

. Ratio of non-registered

population

N

Workers with social security

e

GIMI coefficient

b

Average household debt

o

Ratio of illness

B

Adeguacy and access to

education

4

Average education year of

pecple

w

Number of crimes against
property
2. Recreation area

10. Number of complaints to

enviranment

—

Ea T

&

o,

o

w

. Sufficient water use for all

sectors

. Surface water quality

Groundwater guality

Air guality

Capability to traffic

accornmodation

Sufficient of electrical

service/energy

Capability of domestic sclid

waste management

Capability of industrial waste

Table 3 Weighting of Economic, Social and Environmental

Dimension Economic Social Environment
Economic 0 2 2
Social 2 0 2
Environment 2 2 0
Total il 4 4
100 33.33 33.33 33.33

51



52 Thai Environmental Engineering Journal Vol. 34 No. 1 (2020)

Table 4 Example of Weighting Score of Indicator Under Environmental Dimension

Indicators

1. Sufficient water use for all sectors

2. Capability of industrial waste

3. Groundwater quality

5. Capability to traffic accommedation

6. Sufficient of electrical service/energy

7. Capability of domestic solid waste management
8. Capability of industrial waste

4. Air quality

1. Sufficient water use for all sectors

(=]
N
N
N
[\
N
[SN)
S\

2. Surface water quality 4 0 2 2 2 2 4 4
3. Groundwater guality 4 4 0 2 2 2 3 3
4. Air quality 4 4 4 0 3 2 4 4
5.Capability to traffic accommodation 4 4 4 3 0 2 4 4
6.Sufficient of electrical service/energy 4 4 4 4 4 0 5 5
7. Capabhility of domestic solid waste management | 3 2 3 2 2 1 0 4
8.Capability of industrial waste 3 2 3 2 2 1 2 0
Total weight of each indicator 26 29 22 17 17 12 25 27
Weight of each indicator for sociel dirnension score of 33.33 52 4.4 4.4 34 34 24 50 54

Remark Weight of each indicator = Total weight of each indicator/ Total weight of all indicator
Ex: Non-registered population indicater,

Total weight of each indicator = 26

Total weight of all indicator = 26422+422+17+17+12425+427 = 168

Weight of non-registered population = (26/168) x 33.33 = 5.2
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Table 5-1 Indicators and Weighting of Economic Dimension

Economic Dimension

. National GDP

. Provincial GPP

. Inflation rate

. Tax collected by Revenue Department
. Unemployment rate

. Economic growth of industrial sector

. Ecenomic growth of agriculture sector

. Economic growth of service sector

ST I RS NENC: TR S ORI N S

. Economic value

2.1
35
32
32
3.0
37
3.5
32
24

Table 5-2 Indicators and Weighting of Social Dimension

Social Dimension

. Ratio of non-registered population
. Workers with social security

. GINI coefficient

. Average household debt

. Ratio of illness

. Adequacy and access to education
. Average education year of peaple
. Number of crimes against property
. Recreation area

eI o TN IS N G N N O A

10. Number of complaints to

32
33
2.6
30
43
4.2
4.1
2.6
26
35

Table 5-3 Indicators and Weighting of Environmental Dimension

Environmental Dimension

. Sufficient water use for all sectors

. Surface water quality

. Groundwater quality

. Air guality

. Capability to traffic accommodation
. Sufficient of electrical service/energy
. Capability of demestic solid waste

-~ ON U1 RN

management
8. Capabhility of industrial waste

5:2
44
4.4
34
34
24
50

54
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Table 6 Example of Impact Assessment of Alternatives Under Environmental Dimension

weighting [ alternative 1 | alternative 2 | alternative 3
Indicator Weighting
impact | score |impact| score |impact| score
Score
1. Sufficient water use for all sectors 5.20 0.70 364 | 035 1.82 | 080 | d4.16
2. Surface water quality 4.40 0.55 24z | 040 | 176 | 080 [ 352
3. Groundwater quality 4.40 0.55 24z | 040 | 176 | 070 | 3.08
4. Air quality 340 0.40 136 | 030 [ 102 | 080 | 272
5. Capability to traffic accommodation 340 0.60 204 | 050 | 170 | 070 | 2.38
6. Sufficient of electrical service/energy 240 0.70 1.68 | 0.50 1.20 | 0.80 1.92
7. Capability of domestic solid waste 5.00 0.50 250 | 040 | 200 | 070 | 350
8. Capability of industrial waste 540 0.50 270 | 040 | 216 | 070 | 3.78
total 3356 18.76 1342 25.06
Table 7 Total Impact Assessment of Alternatives
Dimension Weight Alternative Alternative Alternative
1 2 3
Econamic 33.33 16.30 19.80 19.81
Social 33.33 19.98 19.58 20.28
Environmental 3333 18.76 13.42 25.06
Total 100 55.04 52.80 64.57
Conclusion SEZ site, SEA approach for the proposed

With spatial planning approach by GIS
application on the designated criteria step by
step; 11 SEZ potential sites preliminary declared
by the Province had been cut down to one
suitable SEZ site. Animal Raising Public area, Chai
Ya Village, no 4, Sra Kai Sub-district, Sra Kai
District, Non Kai Province, covering total area of
718 rai or 115 hectare. In order to accomplish
the sustainable development for the suitable

alternatives including no industrial development

(no action), all industrial type permission,

eco-industrial  type permission.  Academically,
eco-industry is advantageous to the environment
and social aspects but might not be economic
aspects. With SEA tool, it has proved that
eco industry is kind of balancing such three
Suitable SEZ  with eco-industry
would  be the

sustainable development.

dimensions.

most  important  path  of
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Abstract

The objective was to study the kinetics of the degradation of hydrogen sulfide, benzene and
xylene in a lab-scale biofilter. Pseudomonas aeruginosa 519 and Bacillus cereus 05-1/1 were fixed on
the surface of plastic pall rings and used as media in the lab-scale bicfilter. Synthetic polluted air
contained hydrogen sulfide, benzene and xylene was generated and introduced into the 106-liter
lab-scale biofilter. Various concentrations of hydrogen sulfide, benzene and xylene in the synthetic
polluted air were adjusted and introduced into the biofilter. The inlet flowrate of the synthetic polluted
alr was controlled about 5.0 liters/minute.  The concentrations of hydrogen sulfide, benzene and
xylene were measured at the inlet and also after passing through the media layers in the bicfilter at the
heights of 0.25, 0.50, 0.75, 1.00, 1.25 and 1.50 meters. Flowrate, temperature and humidity were
recorded.

The retention time of the synthetic polluted air in the biofilter (EBRT) was calculated at each
efficdiency, inlet and outlet concentration. Results data of each pollutant from the experiment were
plotted to determine the correlation according to the various kinds of the kinetic eguations. From the
results of the study can be concluded that the degradation of hydrogen sulfide, benzene and xylene in
the biofilter were zero-order reaction limited by bacterial degradation. The kinetic equations were

Co-C = kgt. The zero order reaction rate constants (kq) of these kinetic equations were:

- Hydrogen sulfide, ks = 0.0159 ppm. st
- Benzene, ko = 00219 ppm. s
- Xylene, ke = 0.0458 ppm. 5 .

Keywords : Biofilter; Kinetics; EBRT
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Introduction

Polluted air may be ftreated by
biotechnology technique that microorganisms
degrade some air pollutants to become non-
toxic or odotless gases. Biofilter is an air
pollution control system using this technique
highly effective in controlling mostly volatile
organic some

compounds  and inorganic

compounds.  In the case of petrochemical
wastewater treatment plant usually emitted
volatile organic compounds (VOCs) and hydrogen
sulfide gas (H,S). Biofilter can be used with
fluctuate air flow, very low concentration with
low operation and installation costs [1, 2].
Biofilter has been used in various industry, such
as, wastewater odor control, rubber industry,
paint and surface coating industry. Natural
materials such as wood chip, compost, soil have
been used as media for microorganisms in the
nature. The disadvantages of using natural
material as media is that it takes rather long time
to start up the system (about 1-2 weeks), difficult
to scaling up from lab-scale to actual scale, its
pressure drop will get higher and the effidency
natural  media

will  decrease  when the

deteriorate [3]. These disacivantages may lower

If synthetic media are applied [4-7].

Materials and Methods

Material Synthesis [8, 9]

Pseudomonas aeruginosa 519 ond Bacillus
cereus 05171 bacteria were isolated from a
petrochemical industry wastewater treatment plant
could effectively degrace volatile compound BTEX
group [10]. P.aeruginosa 519 and B.cereus 05-1/1
were cultured in nutrient broth at 37 degrees
Celsius for 48-72 hours. The bacteria were prepared
in a solution in a laboratory. Then prepare a

container for infusion of material with a capacity of

200 liters. Which contains 120 liters of bacteria
mixed and using distilled water to dilute the
solution to floed all media materials. The bacteria
were immobllized on the media at room
temperature for 3 days continuously [10]. These
bacteria were fixed on the surface of pall ring
plastic media (Figure 1. Vapor of benzene and
xylene were generated by passing cleaned air on
the surface of liguid kenzene and xylene.
Hydrogen sulfide was synthesized by a chemical
reaction between sodium sulfide and hydrochloric
acid. Synthetic polluted air used in this experiment
was produced by mixing benzene, xylene vapor
and hydrogen sulfide gas with cleaned air
in a mixing chamber to control the inlet
106-liter

lab-scale bicfilter contained the media fixed with

concentrations  and  fed into  the

bacteria. The inlet flowrate of the synthetic
polluted air was controlled about 5.0 Uters/minute.
The concentrations of hydrogen sulfide, benzene
and xylene were measured at the inlet and also
after the polluted air passing through the media
layer in the biofilter at the height of 0.25, 0.50, 0.75,
1.00, 1.25 and 150 meters. Flowrate, temperature
and humidity were recorded. The fieure of
the lab-scale biofilter is shown in Figure 2.
bicfilter

The schematic of the lab-scale

experimental system is shown in Figure 3.

Figure 1 Pall ring plastic media fixed with

bactetia on the surface
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7

Figure 2 The lab-scale biofilter

The study of the kinetic of the degradation
was done by analyzing the efficiency of the system
and the retention time of synthetic polluted air in
the biofilter (EBRT). Inlet (C) and outlet (O
concentrations of hydrogen sulfide, benzene and
xylene at each height of the lab-scale biofilter were
calculated for the efficencies (Eff) of the system.
EBRT at each efficiency was calculate according to

the volume flowrate of the polluted air and the

volume of the media (height of the media bed x
cross-sectional area of the lab-scale biofilter). C,, C,
Eff and EBRT were selected to plot to determine
the correlation among these parameters according

to various kinetic equations.

The Models of the kinetic of the degradation of
air pollutants [11-14]

The kinetic of the degradation of air
collutants in a lab-scale biofilter according to
microorganisms can be classified into 2 categories:

1. Zero order reaction

1} Zerc Order Reaction Limited.

The zero order with reaction limited is
the kinetic of the degradation of air pollutant in a
biofilter where the rate of reaction (biclogical
degradation) is slower than the rate of the diffusion
of the air pollutants to the biofilm. The process
would be reaction limited. The Knefic can be

written as the following equation:

Co— C = kot (Ea.l)

Where C, = Inlet concentration of pollutant
(pprm)
C = CQutlet concentration of pollutant
(pprm)
k,= zero order reaction rate constant
(reaction limited) (opm.s )
t = EBRT (s}
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Figure 3 Schematic of the lab-scale bicfilter system

2) Zerc order Diffusion limited.
The diffusicn limited model
the pollutant its
degradation akility in the biofilm at a depth that

OCCurs

when reaches maximum
is less than the actual biofilm thickness. In this
case, the diffusion limits the overall removal in
the biofilm. The equaticn for this type of the

kinetic is given by:

2
t
C=C, (1 - Bl_rc—) (Eq.2)
vCo
Ko f(Xy).D

2m

B1 = Ag

Where

t = EBRT(s) (ppm~ s

As = biofilm surface area per unit
volume of biofilter (m ™)

k, = zero order reaction rate
constant (Zero Crder Diffusion
Limitation) (ppm.s )

O = Diffusivity of the pollutant in
water (m’.s )

M = Henry's Constant of the
pollutant

fX,) = ratio of diffusivity of a

compound in the bicfilm to

that in water (dimensionless)
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2. First Oder Reaction e
First Order Reaction s the reaction where
the degradation of the pollutant in the biofilter

depends on the inlet concentration of the

pollutant. The first order reaction model
eguation is given by:
1 < kit (Eq.3)
n— = -k :
Co "

Where k; = first order reaction rate

constant (s )

Results and Discussions

Kinetics of the degradation of hydrogen
sulfide, benzene and xylene in the lab-scale
biofilter were studied according to the kinetic
equation in the form of 1) zero order reaction
with reaction limited (Plotting Ce-C vs EBRT)
2) zero order with diffusion limited (Plotting
(1—(C/CO)O'5) X (COO'S) vs EBRT), and, 3) first order
reaction (Plotting (n (C/Cy) vs EBRT). The results
are summarized as follows.

For hydrogen sulfide, the tests for kinetic
equations are as shown in Figure 4, Figure 5
and Figure 6. Considering the determination
coefficient (Rz), the kinetic equation model of
hydrogen sulfide degradation in the Lab-scale
bicfilter was found in zero-order with reaction
limited. The determination coefficient (R was
0.4512 with the first order reaction rate constant
(k) of 0.0006 5.

The tests for the kinetic eguations for
benzene are as shown in Figure 7, Figure 8
and Figure 9. Considering the determination
coefficient (RZ), the kinetic eguation model for
the degradation of benzene was found in zerc-
order with reaction limited. The determination
coefficient (RY) was 04512 with the first order
reaction rate constant (k) of 0.0006 &

For xylene, the tests for the kinetic
equations are as shown in Figure 10, Figure 11
and Figure 12. The kinetic equation model of the
degradation of xylene was found in zero-order
with reaction limited with the determination
coefficient (R} of 0.2575 and the zero order

reaction rate constant (k) of 0.0006 s
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Figure 4 Plotting Co-C vs EBRT for testing the
kinetic on zero order with reaction

limited of hydrogen sulfide
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Figure 5 Plotting (1-{C/Cy)"") x (Co ") vs EBRT for
testing the kinetic on zero order with

diffusion limited of hydrogen sulfide
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testing the kinetic on zero order with
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Figure 12 Plotting between In(C/CO) and EBRT for testing
the kinetic on first order of hydrogen sulfide

Table 1 Summary of the study of the degradation kinetic of hydrogen sulfide, benzene and xylene

Degradation Kinetic Equation k Determinatior;
coefficient, (R")

Hydrogen sulfide
Zero order reaction limited o< = |<Gt ks = 0.0159 ppm. st 0.4981
Zero order diffusion limited | (14C/C)™) =Bt | B=00015 pme's__c,'1 0.4815
First order reaction In (C/Cy) = —kl. k, = -0.0006 st 0.4512
Benzene
Zero order reaction limited < = kgt kg = 0.0219 ppm. s 0.2575
Zero order diffusion limited | (1 (C/CO) - Bt | B, =o0o0011 ppmo.s.sq 0.2460
First order reaction In (C/Cyh = —kl. k, = -0.0002 . 0.2328
Xylene
Zero order reaction limited o C = kot ks = 0.0458 ppp. st 0.6438
Zero order diffusion limited | (14c/c)™) - Bt | By = 00018 ppm™st 0.6325
First order reaction In (C/C = —kl. k, = -0.0003 st 0.5567

From the results of the kinetic study of
hydrogen sulfide gas degradation and benzene,
xylene in the lab-scale biofilter using bacteria
isolated from the wastewater treatment plant of
a petrochemical industry in the group P.
aeruginosa 519 and B. cereus 05-1 / 1 found that

the kinetics of hydrogen sulfide, benzene and

xylene was a zero order reaction which was
limited by the degradation reaction of bacteria
which can be summarized as in Table 1.

The study of kinetic decomposition of
hydrogen sulfide, benzene and xylene n a
lak-scale biofilter using bacteria (P. aerugincsa
S19 and B. cereus 05-1 / 1) isolated from the
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wastewater treatment plant of a petrochemical
industry were studied. Synthetic polluted air
were generated by mixing cleaned air with
sulfide,
According to the result of the study, the kinetic

hydrogen benzene and xylene.
of the degradaticn of hydrogen sulfide, benzene
and xylene in the biofilter were zero-order
limited by bacterial
degradation reaction. The kinetic equations were
CoC = kit. The zero order
constants (k,) for these kinetic equations were:

- Hydrogen sulfide, ko = 0.0159 ppm. s

reaction which was

reaction rate

- Benzene, ko = 0.0219 ppm. s
- Xylene, ks = 0.0458 ppm. 5.
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Abstract

Increasing amount of solid wastes due to land use change has been resulted by the intensive
tourism services in Pai District, Mae Hong Son Province. It has consequently affected the ecosystem,
especially in the higshland area, where are natural tourist attractions. The aims of this study are:
(1) to assess the environmental impact of the solid wastes generated from the generated point as well
as from the disposal point, and (2} to assess the environmental impact of land use change for tourism
sites in mountain areas or tourist attraction highlands, using the Geographic Information System (GIS).
GIS is an assessment tool for land use planning in accordance with sustainable urban development.
The study results presented that 6.07 tons/day being the amount of wastes generated by tourists of
urban areas. An average of 52.25 kg/sampling spot/day generated from varicus hotel sizes, while an
average of 66.63 kg/sampling spot/day generated from the tourist sites. There were 32 wastes disposal
points, using the Trench Method, Open dump and Open burning where are spatially distributed at
different areas and at different heights. Many areas are classified as sensitive areas, contamination risk
areas, spreading to other nearby areas. Conclusively, if wastes management s in conformance with
land use planning, legally wastes disposal to the right spots with academic performing, it would be
possible to minimize the environmental impact possibly occurred in the short and long term.
This could also lead to urban planning that promotes tourism while maintaining a balanced

environmental and ecological status.

Keywords : Highland tourism attractions; Solid wastes; Environmental impact; Land use
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Introduction

Tourism is considered as service industry,
consisting of hotels, resorts, travel azencies,
restaurants,  shops and
businesses  that are

currency  exchange

continuously  growing,
constituting an important source of income for
many countries [1]. When tourism occurs in any
area, especially if it attracts heavy tourist traffic, the
amount of solid wastes will increase rapidly [2].
Such wastes have a nesative impact on humans
and on the environment [3]. When tourism occurs
at the rountains, such as the highland adventures,
there are difficulties in managing the environmental
therefore  an

impact. Spatial management s

impertant  factor  in environmental
problems [4]. The problem  has  begsun to

intensify.Consequently, there have been studies of

solving

wastes management models, predicable systems
and future trend estimation of wastes, and
network collaboration, which can lead to creating
strategies related to wastes managerment in each
highland
tourism have been experiencing problems in

area [5]. Mountain  tourism  areas or

management of wastes from tourism or various
related activities. In particular, such establishments
often dispose of wastes by the Open dump
method, resulting in direct and indirect water
pollution in the environment [6]. Popular activities
for tourists in mountain areas or during highland
tourism are trekking, mountain  climbing and
camping. Most of these activities cause pollution in
various ways, such as water pollution and soil
pollution. The most obvious thing about tourism is
the occurrence of wastes. At present, several
studies investigate the impact of wastes generated
from wvarious sources. There have also been
modem and accurate technological developments
for measuring pollution. For example, Geographic
Information System (GIS}is one tool that can be
used for assessing the environmental impact along
with  mapping and mathematical models; for

example, a study by Davide (2009) using GIS to
study wastes disposal and its location in the
Ladakh region in India found that dumping directly
affects
Using Spatial Autoregression (SAR), Geographically
Weighted Regression (GWR), or Ordinary Least
Squares Regression (OLSR} with spatial data from

surface  water and  groundwater [7].

local to national levels assists in the analysis and
assessment of the problem of wastes, for the
purpose of policy formulation [8]. In addition, the
applicaticn of indicators is cne of the tools that has
received attention, because it is a tool for analysing
spatial data and works well en mountains, in cities,
local areas, and beaches; it is called the ISOST
index. There  are  interesting  environmental
indicators such as energy consumption, utilisation,
wastes generation, utilisation area and distribution
of tourist spots, which may affect the
environment [9]. There are cther tools also which
help to assess the environmental impact caused by
the increasing number of tourists in an area,
such as assessment of the environmental impact
that may occur from tourism,in order to
protect the Natural Protected Areas (NPA) or areas
with specific characteristics landscape (Protected
Landscapelusing the method of impact tourism,
the Tourism Impact Assessment (TIA] from the
activities of tourists.Evaluated results prove that the
number of tourists who have stayed overnight in
urban areas that have the infrastructure,
accommodation and services with high  growth
rates directly affect the environmenrt [10, 11].
In addition tc other activity forms according to
tourists' preferences, it is important to identify
increase in certain types of wastes that come from
purchasing gocds and services as well as staying in
hotels [12]. Apart from the satisfaction from tourism
activities, it is also found that tourists, especially
foreign tourists, have a positive attitude towards
the environment, as do the people who own the
area and resources[13]. Due to the increasing

popularity of ecotourism, in the years 2011-2012
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the Ministry of Tourism has begun to implement
policies to attract tourists and promote tourism
that is envircnmental friendly [14]. Later, many
tourists  travelled to the areaand caused a
noticeable nesative physical change, especially
due to the conrstruction of accommodation and
services, as well as various establishments
that relate to the tourism  business [15].
The environment is considered as one of three
main points in assessing the carrying capacity of
the pollution in an area [16]. The environmental
analysis  system  based on  sustainable
development consists of 3  groups, which
Examination : IEE,
: ElA, and

Environmental Health Impact Assessment : EHIA.

are Initial Environmental

Environmental Impact  Assessment

This analysis show that there are ecolegical issues
that have been considered in the EHIA by taking
ecological information together with general plan
and land use plan which is one of the ways that
economic, social, and environmental issues can be
linked [17]. The aims of this
1) assessing the environmental impact of solid

research  are:

wastes at generating point and disposal point,
which is the destination; and 2)assessing the
environmental impact due to land use of tourism
sites at the mountain areas or highlands, by using
the Geographic Informaticn System (GIS) as an
impact assessment tool.

Material and Methods

1. Study Area

Pai District is 1 of 7 districts in Mae Hong
Son Province, covering an area of 2,244.7 square
kilometres. It corresponds  to  the boundary
between Thai and Myanmar border, and its
territory is adjacent to the neighbor districts as
follows: North is bordered by Spin City, Tongki
Province, Shan State, Republic of the Union of
Myanmar; South, next to Samoeng District Mae

Chaem and Kalayaniwattana Districts; Fast of
Chiang Mai, adjacent to Wiang Haeng District
Chiang Dac District and Mae Taeng District Chiang
Mai Province; West, next to Muang Mae Hong
Son District and Pang Mapha District. Mae Hong
Son province with a population of 38,786 pecple
(2562 B.E.}. Pai District covers 7 sub-districts with
66 villages, including Wiang Tai Sub-district,
Wiang Nuea Sub-district, Mae Na Toens
Sub-district, Mae Na Toeng Sub-district, Mae Hi
Sub-district, Thung Yao Sub-district Chapin and
for Pong.Pai Province lies in the contact zone
between the mountaincus regions of Lacs to the
north and the Thongchai Road mountains to the
east and south. The average height above sea
level ranges from 470 metres to 2,005 metres.
There are narrow plains of the Pai River, which
have a height above mean sea level of between
470 to 650 metres. The Pai River flows through
Mae Hong son province and down into the Sal
River. The Win river flowing from Kayah State,
Myanmar, has a length of 135 kilometres in
Thailand, with water flowing all year round; there
are also many branch streams (Figure 1} Pai
District has the highest propertion of land use for
forestry in 2010, at 2,176.26 sg. Km., representing
95.27 percent of the total area, followed by
rice fields 2.6 percent, Shifting cultivaticn
1.09 percent, 054 percent farmland, 0.49%
percent urban area, and 0.047 percent fruit trees.
When separating land use by sub-district, it is
found that Mueang Paeng Sub-district has the
highest proportion of land use, which is 509.50
square kilometres or 22.29 percent. The sub-
district with the highest proportion of forest area
is Mueang Paeng Sub-district, at 494.19 sguare
kilometres, representing 1%.03 percent of the
total forest area. The sub-district with the highest
proportion of urban areas is Mae Hi Sub-district,
which is 2.3% square kilometres or 21.2 percent
of the total urban area.
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Figure 1 Study area

Determining future utilization area: the
country's economic and social systems according
to the National Economic and Social Development
Plan Neo. 11 have a transportation network policy
to support the expansion of Pai District in the
future and promote this district as an ecotourism
centre of Mae Hong Son Province. This involves
promoting service and tourism activities in the
cultural and culture conservation areas as well as
supporting the expansion of the commercial area
in the centre of the dty. Department of Public
Works and Town and Country Planning shown the
projected improvements in the land use from
7 categories to 13 categores, which are:
(1) Reserves for living, (2) Less dense residential
areas, (3) Moderately dense residential  areas,
(4) Commercial areas and very densely residential,
(5) Rural and agricultural areas, (6} Rural and
agricultural  conservation  areas, (7) Agricultural
land reform areas, (8) Open space for recreation
and  protecting  the  environment, (9) Forest

conservation  areas, (10) Educational  institution
areas, (11) Conservation areas for the promotion
of Thai art and culture, (12} Religious institution
areas, and (13) Government institutions, public
utilities and utilities with use areas. Later, there
were announcements of changes to the content
of the ministerial regulations. According to the

Government  Gazette 2015, the Pal Town

Community Plan was enforced in Mae Hong Son
province for 5 vears in the area of Mae Na Toeng
sub-district, Wiang Nuea sub-district, Wiang Tal
sub-district, Mae Hi sub-district and Thung Yao
sub-district, to guide the development and
maintenance of cdities and related areas or the
rural areas. Land use would be in accordance with
the development and maintenance of cities and
related areas or rural areas, the use of property,
fransportation  utiliies, public  service and  the
envircnment. One passage states the use areas for
hotel construction, because there s a tourism
industry in the area.

The beginnings of Pai tourism lay in its use
as a trading route in the past and a military route
from Chiang Mai to Burma during the Lanna
Kingdom. Later, during World War 2 (1939-1945j,
Japan created a way to transport soldiers from Mae
Taeng (Chiang Mai Province) to  the Union  of
Myanmar. This route was developed and improved
by the Office of Rural Development in Thailand in
1962 to allow motor vehicles to traveling. In 1977,
tourists began to go hiking in Pal. Therefore, the
road was developed from Mae Taeng to Mae Hong
Son  between 1978-1987. Transportation becarme
easier, resulting in tourists arrual for rest and
recupetation, and after that the tourism business
grew accordingly. From  the summary of the
situation of tourist stays during the year 2018, Mae
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Hong Son had 1,004,967 visitors, with an increase of
0.027 percent, and a tourism revenue of 4,980.71
million baht, an increase of 240 percent {Statistical
data for tourism, Mae Hong Son Province).

2. Study of waste data and final disposal
methods

1} Wastes quantity analysis by weighing
wastes from the garbage collection trucks to find
the total amount of wastes is divided between 2
areas: (1} urban area, including Pai Sub-district
municipality, and (2} outskirts of the city, ie, the
Thung Yac Sub-district Administration Crganization.
The urban area is a big tourist attraction. Therefore,
we managed to save wastes data divided into 2
types, which were hetels and accommodations
and tourist attractions which were 4 types: natural
tourist attractions, cultural attractions, historical
attractions and ecotourism. The wastes weighing
was divided into 2 pericds, cne during the tourist
season (Nov-Feb} and the other during the non-
tourist season (Mar-Oct), in order to check the
different amounts of wastes generated by tourists.

2} Study of the final wastes disposal
model was camied out in 8 administrative
districts, including 1 Pai Sub-district Municipality
and 7 Sub-District Administrative Organizations,
by surveying the disposal sites in the area as well
as recording geographic coordinates for the study
as displayed on the map using GIS.
3. Land use of tourist attractions in

mountainous regions or highland tourism

Pai District maps from Satellite imagery
interpretations from 2015, Google Earth, together
with the Land Development Department's land use
map were employed as base maps to show the
final wastes disposal sites. The height of the
garbage collection point, surface water and
groundwater rescurces are scoped throughout the
conservation forest areas and village locations.

4. Environmental Impact Assessment from the
interaction of wastes data and land use
All  garbage and spatial data were
displayed with ArcGis to show the likelyhood of
the areas that may be especially affected, in
orderto lead to the FIA and propose

management guidelines.

5. Research tools

This study employed weighing methods to
quantify wastes survey data. Data and geographic
information systems (GIS) were employed to store
geographical coordinates by GPS (Global Positioning
System} and the data display program ArcGis.

Results and Discussion

1. Wastes study results

1) Total wastes from the study using the
weighing method was equal to 6.07 tons/day
(Low Season} and 6.68 tons/day (High Season) in
Wiang Tai Sub-district. The total amount of
wastes outside the city was 1.90 tons/day in
Thung Yao Sub-district.

2} Amount of wastes from urban areas
This includes wastes from wvarious sized hotels
and the wastes from all 4 types of tourist
attractions during the high season and low
season. It was found that there was an increase
solid wastes from hotels of wvarious sizes in
high seascn during Nov-Feb, although  without
any statistically significant differences in  T-test
(T-Value = 115P-Value =0234) From the
observation, it was seen that 15-30 room hotels’
rooms generate the highest guantity of wastes. This
showed that hotels of this size were popular with
tourists. Therefore, the local authorities in the
area should focus on the supervision of medium-
sized hotels, in the area of wastes management.
(Table 1}
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Table 1 Hotel wastes

. 34 No. 12020}

. - Solid waste (Kg}
Hotel size classified by number of rooms -
High Season Low Season
Less than 15 rooms 47.03 11.30
15-30 rooms 72.34 50.70
More than 30 rooms 37.38 40.60
Average 52.25 342

As for wastes from all 4 types of tourist
attractions, the amount of increase in the High
Season was not statistically significant from the
test : T-test (T-Value =1.04 P-Value = 0.35).
However, data show that natural attractions have
the highest amount of wastes, and therefore the
autherities  should  first  pay attention and
promote the wastes management policy in such

types of tourist destinations. (Table 2)

2. Final wastes management model
As  for  the

manazement in all 8 areas, almost all are cpen

final form of wastes
dump and open burning. Only Pai Sub-district
Municipality uses the Trench Method. However,
it still lacks a complete waterprocfing system
Therefore, the wastes may leak out into natural
resources. The most common problem is that
open dumping lacks writing  systematically

hilly

Therefore, there may be a problem of washing

because of the conditions in area.
the garbage in the rainy season, resulting in soil
and water pollution and also the probability of
wastes entering the agricultural areas. (Table 3)
Open burning will cause a lot of problems during
January-February, because the fumes from the
burning will not rise and instead will fall into the
basin, causing the prcblem of burming haze,
which has adverse effects on health. (Fisure 2}

In addition, for other departments in the
study area such as Pai Hospital located in the

municipal area of Wiang Tai Sub-district, there

was a form of wastes management which can be
divided

wastes, i.e., infectious wastes. There was general

into  general wastes and hazardous

wastes being sent to the community for disposal
in the municipal area. Infectious wastes was
disposed by the legal private company. Although
the hospital has a wastes incinerator to eliminate
infectious wastes, as it is located in the centre of
the community it is not possible to use the
incinerater and it is currently inactive. Huai Nam
Dang National Park is a popular tourist
destination with wastes management systerns
where valuable wastes was separated first and

wastes disposal is done by incinerator.

3. Some types of land use in Pai District
Although the garbage disposal model is
but the distribution

characteristics of wastes cellection points in each

similar  in  each area,
sub-district might have differences in area height
and community proximity. Cne problem occurred
regularly in the area is that junk cars cannot reach
the disposal peint in the rainy season due to road
surface problems. From the geographic coordinates
of the total 32 collection points in the area, it was
found that the highest wastes collection point is
Huai Nam Dang National Park With a height of 1,649
metres above sea level, where as the lowest is Ban
Huai Bon, which is in the administrative district of
Muang Pang Sub-district, at a height of 436 metres
above sea level. In order to see the relaticnship of

some important land use in the area of Pai District.
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Table 2 Amount of wastes from all 4 types of tourist attractions

. . Solid waste (Kg)
Type of tourist attraction -
High Season Low Season
Natural attractions 110.20 84.23
Cultural attractions 86.73 29,13
Historical sites 37.83 40.60
Ecotourism 3107 1944
average 66.63 37.18
Table 3 Final wastes management model
Area The final form of disposal waste Issues

Pai Sub-district Municipality Trench Methad
Wiang Tal Sub-district
Wiang Nuea Sub-district
Mae Hi Sub-district

Mae Ma Toeng Sub-district
Thung Yao Sub-district
Mueang Pang Sub-District

Pongsa Sub-district

Open Dump

Open Dump, Open Burning
Open Dump, Open Buming

Open Dump, Open Buming
Open Dump, Open Burmning
Open Dump, Open Burning
Open Dump, Open Buming

No waterproofing system

There is only one disposal site

There is anly ane disposal site

There is anly one disposal site

Many places scattered in the village area
There is only one disposal site

There is only cne disposal site

There is only one disposal site

Figure 2 Various methods of wastes disposal

1} Characteristics of community housing
distribution
Figure 3 shows the distribution of
housing in various communities in Pai District.
Community distribution follows the same pattern
as the layout of water resources. There will be only
some areas that are far away from water scurces
because water is a natural resource that is vital to

life and is important for agricultural activities.

2) Characteristics of surface water sources

and groundwater sources
The nature of the upstream area
affects the surface water flow and the location
of the groundwater. Figure 4 shows the direction
of water flow from the upstream area to the
Pal  River and shows the location of
groundwater sources. As mentioned previously,

human settlement is closely tied to water
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sources, and so the map positioning with the
ArcGis can show the likelihood of a particular
area being affected by the wastes.
3) Scope of natural forest area

The green colour in Figure 5 shows the
natural forest areas and the forest areas. From
the statistics of the Royal Forest Department for
2015, Mae Hong Son Province hasa total
forest area of 11,103.93 square kilometres or
6,939,953.28 rai, which is 86.99 percent of the
total area. The province consists of national
forest reserves and a permanent forest zone.
According to the resolution of the Cabinet in
1966, the national park, wildlife sanctuary, forest
park and arboretum were established in the Pai
Basin wildlife sanctuary in the area of Mae Na
Toeng sub-district, Thung Yao sub-district, Wiang
Tai sub-dlistrict, Mueang Paeng sub-district, Pai
District, Som Pong sub-district, Tham Lod sub-
district, Pang Mapha sub-district, Na Pu Pom sul>-
district, Pang Mapha District, Pang Mu sub-district,
Huai Pha sub-district, Mok Champae sub-district,
Mueang District and Mae Hong Son Province
cover an area of 738,195rai or 1,181 square
kilometers.

4. Environmental impact assessment

Information related to  land  use
characteristics is mentioned in  section 3.3 once
overlapped with the disposal point, the possibility of
contamination or impact on surface water and
grounchwater resources might be considered, causing
the spread of pollution to other areas which are
unavoidably close, both directly and indirectly. The
scope of the final stage of wastes management
points has been spatially distributed in varicus parts
of the study area. There are different elevations
from the sea level and there is an ElA from various
points of origin at a radius of 10 kilometres from the
source. Some points have a radius overlay, indicating
that the area being affected by neighbor sources,
(Figure 6) depending on other factors related to the
promotion of fragmentation or the increased
severity of effects. Therefore, if wastes management
is Ineffective, it will have a widespread impact. The
area within the radius is an area where a public
awareness campaign should be caried out. In
particular, communities that are isolated on the high
ground should be cultivated and made aware, not
only about managing household wastes but also for

presenving the natural resources of upstream forests.
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Figure 3 Characteristics of community

housing distribution

Figure 4 Characteristics of surface water

sources and groundwater sources
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Figure 5 Characteristics of forest boundary

Conclusions

The study results from the environmental
impact assessment of the land use plan in the
study area show the boundaries of various areas
that are a source of pollution and also show the
scope of those areas that might be affected. Cne
of the aims of the research is to propose
guidelines for sustainably managing wastes from
tourism to solve the environmental issues in Pai
district at the present and also in the future.
These suggestions  will  be useful for the
consideration of the agency in charge at their
discretion, they are 1) To stipulate the policy to
use areas differently from general area, in the
form of special economic zones or specially
controlled zones that are able to effectively
manage wastes from tourist attractions, and to
limit the number of tourists staying in the area,
especially n sensitive areas such as national
parks and cultural attractions. 2} To support the
establishment of a centre for buying recyclable
wastes or recyclable junk in the area in the form
of private enterprises or with financial support
from the government, to stimulate the economy

in the community and encourage people to

Figure & Characteristics of environmental

impact from wastes disgosal sites

understand and participate in wastes segregation
activities. To develop garbage collection areas
for separation, such as temporary buildings of
separated wastes at high volume disposal points
or spaces to engage communities in the wastes
separation activities. To acknowledge people and
stimulate their responsibility as well as promote
sustainable community cooperation such as
through a recycling wastes fund, a bank for
recycling wastes, or other activities for motivating
the community to continuously participate in
short and long term activities  including
regular follow-up and evaluation of activities
3 To

provide suitable wastes disposal areas and to

encourage local  governments  to
eliminate existing wastes disposal points that
may carry the sk  of environmental
contamination. To determinate the form of
wastes management in each area to be
consistent in order to preserve the environment
of the upstream areas that are important areas
of the country. However, the determination of
land use in tourist areas needs to be actualised
in order to limit the expansion of the hotel
business, since 1t can cause spatial problems and

have an environmental impact.
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