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This paper aims to apply Geoinformation technology for monitoring wastewater situation
in the coast of Chonburi Province. Water samples taken from surface waters receiving sewage from
residential area and outflow pipes were analysed for pH, Temperature, DO, BOD, TN, TP, NO,
and NH, . The highest BOD concentration flowing into coastal water was 129.2 mg/1 at Walking
Street, Pattaya. According to water quality standard, BOD in effluent samples from wastewater
treatment plant was lower than standard for sanitary wastewater treatment, while BOD and NH,
concentrations in surface water were higher than those of surface water quality standard (Class3).
Land use, and structure of sewage network were integrated into all of those data by GIS. Sewage
networks in the coast of Chonburi Province do not yet cover the studied area, especially for
Chonburi and Sriracha cities. Therefore, influent flowing to those wastewater treatment plants was
only in 50% of capacity. However, deterioration of water quality of surface waters in Chonburi and
Sriracha cities was clearly observed. It was due to poor coverage of sewage pipe networks huge

causing a huge discharge of untreated municipal wastewater to coastal waters.
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' 2 < o 2 y 2 ,
M350 4-1 gammima lvesgarudiegnailszimnmin@onazing (Sewage Outflow Pipe)

- 3 - St . TN TP
an1u NeacRYNaTHIU « o v pH Temp (C) BOD (mg/1)
NUANIDENY (mg/D) (mg/D)
Al Tseludgenmamihens.vals 9/6/2559 7.0 33 5.240.3 N/A N/A
18/8/2560 7.2 28.5 7.35+0.2 8.5+0.13 0.66:0.13
*A2  NOUTUFUIHIID 9/8/2560 7.1 31.2 13.51+0.31 1.154+0.4 0.57+0.01
*%22/8/2560 7.5 29.5 22.5+1.4 N/A N/A
A3 Tsadfudgenmuanmiueugumile *%12/5/2560 7.1 30.07 9.19+0.2 8.48+0.31 1.71£0.34
*%22/8/2560 7.43 30.1 11.33£1.5 N/A N/A
A4 vouauguld 9/8/2560 7.2 29.9 19.9£1.6 2.68+0.06 1.42+0.04
*%22/8/2560 6.9 28.6 20.5+1.7 N/A N/A
A5 Tsadfudgenmuambueguld *¥12/5/2560 7.12 30.07 9.52+0.5 3.84+0.23 1.65+0.21
*%22/8/2560 7.41 30.4 9.55+0.6 N/A N/A
*A6  Moauulny 21/8/2560 6.9 29.5 10.31+0.31 N/A N/A
mmgmqmn1w1§1ﬁw1mzuuﬂ1ﬁ'ﬂ1§1;’&ﬂymu
55-9.0 <40 <20 <20 <2

(DINMIVPNNANY, 2553)
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AT 1N 4-1 (99)
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- . . ) TN TP
a1 NeasiotnanIy « o pH Temp ('C) BOD (mg/l)
INUAIBY (mg/l) (mg/1)
A7 andguindediam 9/6/2559 7 30.2 65.3%1.5 6.07£0.12  2.05%0.05
21/8/2560 6.8 29.2 21.6+0.8 N/A N/A
*A8  "oldazwiunizaoy 9/6/2559 7.2 31.1 65.4+0.3 N/A N/A
21/8/2560 7.3 29.5 23.5:0.2 N/A N/A
A9 TsaSudlgeqanmeh *%10/6/2559 6.86 27.8 5.95+0.8 1.64£0.04  0.13£0.03
AT319 *%7/7/2560 7.2 25.4 12.340.2 N/A N/A
A0 TselSudgenmmmh 8/6/2559 6.7 25.6 17.47£1.2  1.68+0.18  2.19+0.06
nuodlng *%15/9/2560 7.4 33.5 12.540.3 N/A N/A
*All "9 Walking street 11/5/2559 7.23 29.7 126.6+10.3  4.33+0.137  1.25+0.01
*A12 venihlsasuunsug 11/5/2559 6.8 30.3 12.07+0.1  1.57+0.01  1.770.15
mmgmqmmm%ﬁammzuuﬂ1ﬁ'ﬂ1§1aﬁﬂ‘gmu
55-9.0 <40 <20 <20 <2

(DINMIVPNNANY, 2553)
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AT 1N 4-1 (99)

- - - Suudt . TN TP
anu NazRHUNTNU « o pH Temp (C) BOD (mg/1)
INUAIBY (mg/l) (mg/1)
Az TsalSudjeqmmmiriaym 4 *%15/5/2559 7.33 32.5 14.94+0.1 7.63£0.66  2.35+0.23
*%15/8/2560 7.15 30.1 15.64+0.5 N/A N/A
*Al4  nonihiugelan i 11/5/2559 7.53 29.5 66+5.2 3.9240.007  2.38+0.16
A5 Tsadfudgenmmminnaes 13/9/2560 6.9 31.8 N/A N/A N/A
*%15/5/2560 6.8 31.7 7.28+0.3 1.92+0.03  1.19+0.03
*Al6 el nihgmiwise 9/8/2559 7.1 31 75.6+0.3 1.928+0.31  0.58+0.02
20/8/2560 7.4 26.4 35.620.1 N/A N/A
*A17  N92 YuBUMANadai 9/8/2559 7.4 33 1292402 1.586£0.011  0.74+0.07
20/8/2560 6.9 30.2 117.8+1.3 N/A N/A

MNATFIHAMMWINRIINIZVUNTAN Ty MY
55-9.0 <40 <20 <20 <2

(MINAIVANNANY, 2553)

1 = VoA = %’ A Ao (D] o w [ %’ = 9
HUIGLHR AURAY = ANVIIULVUNIATITU (n=23), * nUYO uW!ﬁEJ‘VIENUIJJWTL!fﬂi‘]JT]Jﬂmﬂjﬂﬂﬁﬂﬂﬁﬂmﬂ"lwul ** U909 YBYAIIN

Y a oA [y %I [l 1 4 4 a ) ¥ 3’, 1 9
Woulfiamaveslsalsulgsnanminge, " = lulisundeiiesininsizd laesnsuned, N/A = lulidoya
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. 3 & 3 o 1 v Y a a
@nﬁ’]\ﬁ?l 4-2 ﬂmﬂﬁlwu'wnulﬂsllﬂ\‘iﬂqﬂlﬂll@]'l’ﬂflq\iﬂﬁglﬂﬂllﬁaqu']wjﬂu (Surface Water)

- 3 - it pH . DO BOD NO/, NH,-
amy  3gazduaaaIil Lo Temp('C)

INUAIDEN (mg/) (mg/1) (mg-N/I) (mg-N/I)

Bl LG 26/2/2559 7.33 28.2 0.34 60.3%1.2 0.1840.015 1.8940.17
18/8/2560 7.4 30.3 0.25 17542.1 N/A N/A

B2 Aapsulmaion 26/2/2559 7.4 27.8 0.47 22.9+0.5 0.34+0.01 2.140.02
18/8/2560 7.2 28.4 1.02 31.9240.4 N/A N/A

B3  AaoInIvazy 9/6/2559 7.2 35.6 1.9 18.840.2 0.46£0.01 1224003
18/8/2560 7.4 29.7 1.18 31.54+0.4 N/A N/A

B4 el 9/6/2559 7.7 332 3.4 9.4+0.3 0.17+0.06 2.16+0.14
9/8/2559 6.9 324 1.59 11.6+0.01 N/A N/A

BS AABIATITUL 9/6/2559 7.2 31.7 0.56 21.05+0.3 0.06+0.03 1.83£0.005
21/8/2560 7.3 28.7 2.03 5.88+0.3 N/A N/A
mmﬁm@mmwﬁﬂmmdaﬁﬁaau dszomi 3 5.5 5 4.0 <20 <s <o0s

(DFUMIVPNNANY, 2553) 9.0

] A VoA I a 1 1 = a = 9 1 A (Y
WM AURAY = AUVSUUHNINTIIU n=3),5 = L‘}Ju“lﬂmmmﬁmwuwﬂmﬂaﬂuuﬂmmu 3 ONAUY ALY, S = UDYNIINIDININ,

N/A = lifidoya
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AN 4-2 (99)

- - - Suudi pH . DO BOD NO, NH;-
aoi eazRyATIH L u Temp('C)
INUAIDENS (mg/) (mg/) (mg-N/I) (mg-N/I)
B6 ARBINIBEAT 9/6/2559 7.1 35.7 3.8 16.4+£0.2  0.460.04  1.92+0.04
21/8/2560 6.9 28.6 3.1 2.66+0.2 N/A N/A
B7 ADNBIUNYN 29/4/2559 7.3 304 0.74 175+1.2 0.01+0.02 0.07+0.03
8/6/2559 7.4 31.2 0.3 26.7+1.2 N/A N/A
BS ADAVEYIYIAY 29/4/2559 7.1 30 1.22 125.542.1  0.04£0.01  2.33+0.12
8/6/2559 7.4 31.2 1.43 15.8+0.2 N/A N/A
B9 Aaoelng 11/5/2559 7.8 27.7 2.3 56402 0.65+0.04  0.3%0.01
9/8/2559 7.1 31.2 1.4 11.540.3 N/A N/A
B10 ’eimﬁuﬁmummgﬁau 20/8/2560 7.3 303 3.1 9.03+0.1 N/A N/A
aJ1mgmﬂmmwﬁﬂmmdaﬁﬂaau dszionii 3 55-9.0 5 4.0 <20 <s <05

(NTNAIVAUNANY, 2553)

] A VoA I a 1 1 A a = 9 1 A (Y
WU AURAY = AUVSUUHNINTIIU n=3),5 = L‘]Jull‘]J@TNﬁiﬁiJGH"ImmllﬂJL‘]JafJLlLL‘]JﬁQLﬂLl 3 ONAUY ALY, S = UDYNIINIDININ,

N/A = lifidoya
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(NFNAIVAUNANY, 2553)
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Total nitrogen (mg/L) Standard = 20 mg/l
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NO3- mg-N/L)
std = 5 mg/l
O
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(TUAIUAUNANY, 2553)
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Abstract

This paper aims to identify source of wastewater in residential area of
Chonburi municipality and tourism area in Pattaya city. The steps taken into this study
include BOD, structure of sewage network, wastewater treatment plant, outflow
pipes, land use and then we integrated all of those data by GIS. BOD values of the
wastewater from municipalities were 19 - 60 mg/l and of Pattaya city was 18 mg/I.

According to land use classification, it clearly showed that human activities
were different between the two areas and wastewater quality in Pattaya city was better
than that of Chonburi municipality. It was likely due to untreated wastewater in
Chonburi municipality, had poor design of sewage network which were not covered
the whole area yet. Expansion of the sewage network in each municipality is needed
to receive wastewater that has increased with urban sprawls. Improvements of
wastewater network and water quality will help us to access effective wastewater
management in these areas.

Keywords: GIS; wastewater management; land use; Chonburi Province

1. Introduction

Chonburi Province is situated between 12° 30" and 13° 43’ N and 100° 45’
and 101° 45' E on the eastern coast of Thailand covering a total area of 4,363 square
kilometers. As such, this coastal region has become a major economic ecosystem for
fishing, recreation, tourism and most notably, human settlement. Due to these factors,
the province's population is growing rapidly, with currently more than 1.4 million
residents (National Statistical, 2016).

The rapid urbanization process as a result to the change of land use pattern
and utility in the area, Firstly, a growing population directly influences how much
additional water is required for personal and household uses. Secondly, population
growth expands economic activities, such as agriculture and industry, which also
requires additional demand of water. Overall, population growth results in an
increasing demand for water and also increases water pollution. According to BOI,
(2015), Thailand’s water demand is approximately 5.3 million cubic meters per day
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(Pariyada et al., 2013). Pattaya city consumes water at the amount of 70 million cubic
meter per year (Provincial Waterworks Authority, 2016). Demand for water in
Thailand was estimated at 70 billion cubic meters annually in the next 10 years. The
larger amount of water being consumed, the poorer treatment of wastewater which
can lead to the discharge of untreated or partially treated sewage directly to the sea or
indirectly via small rivers which finally reach the sea (WWDR, 2015).

Coastal water quality problems are caused by wastewater released from
various origins and human activities including houses, communities, industries and
agriculture. For instance, this can be seen from high nutrients and low dissolved
oxygen found in the marine water at the estuaries which receive water released from
rivers and canals (Thaiwater, 2017). Highly deteriorated water quality was found in
the inner Gulf of Thailand at the estuaries of 4 major rivers (ChaoPhraya, ThaChin,
MaeKlong and BangPakong) as well as their adjacent areas (Thailand State of
Pollution Report, 2010). Detected water quality problems were low dissolved oxygen
in coastal water, and high values of nutrients (ammonia, nitrate and phosphate). Major
detected problem in small canal and certain tourist beaches were high values of total
coliform bacteria (World Bank, 2011).

This study aims to identify the source of wastewater in Chonburi
municipality and tourism areas in Pattaya city including BOD, Nutrient analysis and
Land use classification by integrating GIS tools, in order to understand the status of
management and finding a way to access effective wastewater management in these
areas.
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Figure 1. Location of Chonburi Province and map of sampling sites.
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2. Materials and Methods
2.1. Study sites

Two study sites in Chonburi Province were selected (Fig. 1). Area of
Chonburi municipality of (13°21'43"N 100°58'45"E) and Pattaya city (12°55'39"N
100°52'31"E), which are known for different anthropogenic activities: local
settlements and tourism areas. A total area of 7.59 and 22.2 km?, respectively.

2.2. Sampling and Analysis

Wastewater sampling and measurements of water parameters were done at
4 stations in 4 canel which receiving wastewater in Chonburi municipality and
Pattaya city; Sungkep, Bangplasoy, Lamu and Khuy yai canels in Pattaya city during
the dry (February to May) and wet seasons (May to October) in 2016. Wastewater
samples were collected at outflow pipe nearshore. Water samples for BOD analysis
were churned directly into 300 mL glass BOD bottles, and kept on ice and in the dark.
Then samples were transported to the laboratory and incubation began the same day
as sample collection. Water parameters (water temperature, pH, dissolved oxygen
concentration, Conductivity) were measured with YSI 85 multiparameter with proper
calibration as described by the manufacturer. For the concentrations of total nitrogen
(TN) and total phosphorus (TP), water samples were taken at the surface. Water
samples were then immediately filtered through a Whatman GF/F glass fiber filter
(Whatman Inc., Clifton, NJ, USA) and stored in separate 50 mL polyethylene bottles.
The filtered samples were kept frozen until analysis. Ammonia, nitrite + nitrate, and
phosphate concentrations were determined colorimetrically (Grasshoff et al., 1983)
with a continuous flow system Auto Analyzer 3 (BRAN+LUEBBE, Germany)
(Natthamon and Thanomsak, 2013)

2.3 Land use classification methods

A modification of the Anderson scheme level | method was used to classify
land use (Ashraf et al., 2009; Anderson et al., 1976). Ten different land use pattern
were identified such as; settlement zone, commercial zone, road, route pipe,
wastewater treatment plant, outflow source, pump station, river, hotels and boundary
plant. In this research, ArcGIS 10.2 and a GIS method called Overlay were
implemented. This method enables the comparison of two site maps (Chonburi
municipality and Pattaya city) with using high-resolution imagery from Google Earth
(2016) image resolution 0.5 x 0.5 m. (Agisilaos et al., 2013). This is after digitizing
a topographical map and Google Earth image (Fig.3 and 4). In addition, geospatial
data including municipality boundaries and roads were used to produce GIS layers
from source such as Royal Thai Survey Department (RTSD, 2006) topographic map
(sheet no. 5135 | and 5134 I, scale: 1/50,000) as reference. Ultimately, it helped us to
understand the wastewater management situation in this area, the position of route
pipe, outflow source and the structure of the sewage network.
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3. Results and Discussion
3.1 BOD

BOD concentrations of Chonburi municipality wastewater (Sungkep canal,
Bangplasoy canel, Lamu canel) were significantly higher than Pattaya city (Khuy yai)
(Table 1). Sungkep canal has received untreate wastewater from high-density
residential areas of Chonburi municipality (Fig.3). Bangplasoy canal has received
wastewater from  settlement zone and commercial zone in low-
density residential areas. Therefore BOD concentration were lower than Sungkep
canal. Lamu canal has received treated wastewater from wastewater treatment plant
showing BOD values lower than other stations in Chonburi municipality. Results
from Pattaya city, Khuy yai canal which was outflow source from wastewater
treatment plant has the lowest BOD.

3.2 Total Nitrogen (TN) and total Phosphorus (TP)

The balanced relationship among carbon, nitrogen and phosphorus in
wastewater is crucial due to the effectiveness of biodegradation processes (Yan Sun
et al., 2016). These parameters can be a guide for treatment system design and
configuration in order to achieve maximum nutrient removal efficiency. For efficient
wastewater treatment, it has been widely stated that the BOD: N: P ratio should be in
the range between 100:10:1 and 100:5:1 for aercobic treatment and 250:5:1 for
anaerobic treatment (Tchobanoglous, 1991). High concentration of individual
substance and unfavorable nutrient ratios can reduce the degradation efficient of
micro-organism (Winkler et al., 2008).

Nitrogen and Phosphorus concentration in Sungkep canal were highest. TN
and TP in Sungkep, Bangplasoy, Lamu and Khuy yai canals ranged from 8.4 to 1.1
mg/L and 2.1 — 0.5 mg/L, respectively (Fig. 2a - b). TN and TP concentrations in
Khuy yai canal (Pattaya city) were significantly lower approximately 70% than those
in Sungkep canel (Chonburi municipality) due to wastewater in Pattaya city (Fig.4
only in boundary of plant) were treated on-site, (commercial establishments such as
hotels, restaurants and shopping malls are well equipped with wastewater treatment
facilities. On the other hand, wastewater in the settlement zone of Chonburi (Fig. 3)
were not treated. Similar to the comparison of BOD removal in 4 stations (Fig. 2d),
the greater removal efficiencies of nutrient were observed especially in Khuy yai
canal. Compared to the criteria on the national discharge standard (Table 2), the
average TN values of wastewater effluent in this study were satisfied.
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Table 1. Wastewater effluent quality and nutrients from different sources in this study

Parameter Sungkep Bangplasoy Lamu Khuy Yai
pH 7.3 7.4 7.0 7.0
Temperature (°C) 28.1 33.2 35.6 30.2
gfs?g#]‘;“"ity 27.06 19.56 23.7 7.8
DO (mg/L) 0.3 3.4 1.9 0.6
BOD (mg/L) 60.3 22.9 19.4 18.3
DIP (mg/L) * 1.298+£0.177 0.660+0.020 0.559+0.052 0.119+0.017
DOP (mg/L) * 0.549+0.015 0.355+0.009 0.041+0.013 0.211+0.029
PP (mg/L) * 0.273+0.255 0.137+0.119  0.422+0.056  0.172 +0.030
TP (mg/L) * 2.120+0.154 1.152+0.115 1.022+0.038 0.502 £ 0.017
DIN (mg/L) * 2.076 £0.180  2.441+0.008 1.691+0.040  0.957 +0.016
DON (mg/L) * 3.769+0.236  2.268+0.119 0.074+0.074  0.119+£0.027
PN (mg/L)* 2537+0.064 0.567+0.140 0.130+0.147 0.098 £ 0.016
TN (mg/L) * 8.409+0.087 5277+0.025 1.895+0.093  1.174 +0.007

* = Mean * Standard Division, n=3

Table 2. Water characteristics discharged into irrigation system, Pollution Control
Committee, 2010.
Source: APHA, 1998

Parameter Parameter Permitted level in the effluent
pH 55-9.0

BOD (mg/L) <20

SS (mg/L) <30

Fat, Oil and Grease (mg/L) <5

Total P (mg/L) <2

Total N (mg/L) <20
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Figure 2. Concentrations of Total Nitrogen (TN) (a), Total Phosphorus (TP) (b), TN and TP
(c) and BOD in wastewater in 4 sampling stations

3.3 Land use classification analysis

Land use classification analysis of Chonburi municipality is showed in Fig.
3. A boundary of treated wastewater covers 7.59 km? (gray area) in Chonburi
municipality including Bang Sai subdistrict municipality, Bansuan subdistrict
municipality and Mueng Chonburi municipality. Wastewater treatment plant located
on coastline close to Lamu canal, capacity at wastewater at 22,500 m?® per day,
however it operates only 15,000 m® due to insufficient development of sewer
collectors. The structure of the sewage network was observed on the north-south 4.5
km. along the shoreline, 2 pump stations at Sungkep and Bangplasoy canals. It serves
some 80,000 - 100,000 residents in the existing town center. The water quality of
Sungkep and Bangplasoy canals were highly polluted by phosphate, nitrogen and
BOD pollutants due to untreated wastewater from fresh markets in high-
density residential areas of municipality.
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Figure 3. Land use classification analysis of municipalities in Chonburi city

Land use classification analysis of Pattaya city is showed in Fig.4. A
boundary of treated wastewater covers 22 km? (gray area) in south side of Pattaya
city (Na-jomtien shoreline). Wastewater treatment plant located on Bonkanchana
road which was designed for a capacity of 20,000 m® per day, but actually treated
21,134 m? approximately 106% of carry capacity in 2010. Structure of the sewage
network was observed on the north-south 6 km. along the shoreline, which the
boundary of wastewater treatment plant covered is more than that of Chonburi
municipality, 6 pump station at Jomtien, Bonkanchana, Chaiyaphruek and Thepprasit
roads. It serves 130,000 - 150,000 residents in Pattaya city.

Wastewater quality in Pattaya city were significant better than that of
Chonburi municipality due to installation of on-site wastewater treatment and sewage
system according to the standards, determining regulations and criteria that business
operators shall establish wastewater and waste management guidelines in order to
request operating permit (Pollution Control Committee, 1996) but the carry capacity
of plant is in need of improvement.
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Figure 4. Land use classification analysis of Pattaya City.

4. Conclusion

According to land use classification analysis, it clearly showed that human
activities were different between the two areas and wastewater quality of Pattaya city
was better than that of Chonburi municipality. It was due to untreated wastewater in
municipality, as poor design of sewage network which hasn’t covered the whole area

yet.

However, this study represented status of wastewater management,
wastewater quality, sewage structure, outflow source in Chonburi Province. Thus
improvements of wastewater network and water quality will help us to access

effective wastewater management in this area.
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