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ABSTRACT
The Phromhot Canal is the only natural water source for consumption and agriculture the Sa Kaeo
special economic zone, Thailand. At present, the Phromhot Canal is facing a serious problem with
water quality. Our study carried out to analyze and assess the pollution carrying capacity of the natural
water resource. The sampling sites were examined 7 stations cut across the downstream areas. All
these stations were served as the control station to represent the actual condition of the Phromhot
Canal. The results indicated that the water quality of the Phromhot Canal after flowing through the
Aranyaprathet Municipality's wastewater treatment plant (AM's-WWTP) was severely contaminated.
Effluents from the AM's-WWTP does not meet the effluent quality standard of the Ministry of Natural
Resources and Environment, Thailand. In addition, it can flow into the water body up to 6,439.55
m3/day. The maximum amount of a pollutant (in terms of BOD loading) allowed to enter a water body
of the Phromhot Canal should be ≤ 0.08 kgBOD/day (dry period) and 16.52 kgBOD/day (wet period).
While the Phromhot Canal has to carry BOD loading up to 51.12 kgBOD/day. For this reason, the
Phromhot Canal at after flowing through the WWTP was unable to the pollution carrying capacity.
From the field survey, the AM's-WWTP is not suitable for wastewater treatment, which has a capacity
of 923.93 m3/day. Therefore, it is necessary to strictly control the drainage of the wastewater from the
Aranyaprathet Municipality's wastewater treatment system, both quantitative and geographic.
Keyword: Water quality; Municipal wastewater; Pollutant emission; BOD loading

INTRODUCTION
In many parts of the world, rapid economic growth combined with worsening climate change
puts pressure on water management, especially wastewater pollution (Schindler, 2006; Zhao
et al., 2012; Goh et al., 2017). Wastewater pollution is one of the greatest challenges
threatening management of rivers worldwide. In addition, wastewater pollution in aquatic
ecosystems is also a major cause of today's water quality crisis (Ruprecht, et al., 2021).
Despite nearly two-thirds of the world's wastewater produced each year and treated to some
degree, but domestic wastewater is a major source of widespread nutrient pollution (MateoSagasta, et al., 2015). This leads to eutrophication and other environmental changes (Wang et
al., 2019). Treatment of wastewater before drainage is very important to maintain the quality
of natural water sources. Various wastewater treatment technologies such as solvent
extraction, membrane filtration (Altaee et al., 2015; Ihsanullah, 2019; Quist et al., 2015),
adsorption (Sakulpaisan et al., 2016; Suzaimi, et al., 2019; He, et al., 2019), chlorination
(Bao, et al., 2019; Boyd, et al., 2005), and electrocoagulation–flocculation (Akyol, 2012;
Yang, et al., 2015) have been developed. However, many wastewater treatment methods are
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quite expensive and cannot treat large volumes of wastewater. Therefore, municipal
wastewater treatment systems are the ideal solution to eliminate water pollution, especially in
the treatment of domestic wastewater.
In 2014, Thailand has started a special economic zone development policy with the first
priority on border areas. At present, there are 10 special economic zone (SEZs) located in the
following provinces: Tak, Sa Kaeo, Trat, Mukdahan, Songkhla, Chiang Rai, Nong Khai,
Nakorn Phanom, Kanchanaburi, and Narathiwat. The Government of Thailand provides
supporting measures and other promotions for the development of basic infrastructure,
including tax and non-tax incentives, setting up One Stop Service Center (OSS) and other
facilitating measures. Location of all special economic zones in Thailand is shown in Figure 1.

Figure 1. Location of all special economic zones in Thailand and the Sa Kaeo special economic zone
(Thailand Board of Investment, 2015).

The Sa Kaeo SEZs are in border areas contiguous to Cambodia. There are also 4 subdistricts in the 2 districts of Sa Kaeo Province, including Aranyaprathet District (3 subdistricts including Ban Dan, Pa Rai, and Tha Kham), and Watthana Nakhon (Phak Kha subdistrict). In reference to the Government’s policy to develop border areas, the targeted
industries to promote in the Sa Kaeo can be divided into 12 industries as follows: (1)
agriculture, fisheries and agricultural products, (2) textile, and garment, (3) manufacturing of
furniture, (4) gems and jewelleries, (5) manufacture of medical equipment, (6) automotive,
machinery and parts, (7) electronics and electrical appliances, (8) chemical and plastic,
manufacture of plastic, (9) manufacture of medicine, (10) logistic businesses, (11) industrial
zones or industrial estates, and (12) businesses that support tourism (Thailand Board of
Investment, 2015).
Natural water sources are essential for infrastructure development in all areas of Thailand,
including the special economic zone in Sa Kaeo Province. The Phromhot Canal is a local
natural water resource which is a river branch of the Tonlé Sap River Basin. It is also a major
source of water is the only source that is used for consumption and agriculture of the Sakaeo
SEZs. In addition, the Phromhot Canal is considered a natural boundary that divides Thailand
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and Cambodia. At present, the Phromhot Canal is experiencing serious problems regarding
water quality. One of the main problems is the discharge of wastewater from many sources,
both from the community and the industrial plant. There is also a tendency that garbage from
the Aranyaprathet Municipality's Landfill can flow into the canal. Because, it is located by the
canal (Data from the field surveys). The measurement and analysis of water quality data,
types of water pollution, source of water pollution, and carrying capacity to handle the
pollution of canal is an essential tool for water management integrated.
Therefore, the objective of this study was to analyze the canal quality status, classify the
health of the canal according to Water Quality Index (WQI), assess the possibility of
contamination of pollutants from water pollution sources, assess the pollutant emission of
water pollution sources, and asses the pollution carrying capacity of the Phromhot Canal.
MATERIALS AND METHODS
The samples were collected in the area of the Phromhot Canal from Aranyaprathet District,
Sakaeo Province, Thailand. The Phromhot Canal is one of river branch of Tonlé Sap basin. It
is also a major source of water is the only source that is used for consumption and agriculture
of the Aranyaprathet sub-district, Sa Kaeo Province. In addition, the Phromhot Canal is
considered a natural boundary that divides Thailand and Cambodia (Figure 2).

Figure 2. Study area map and locations of selected water sampling point for the study.

In this study, sampling sites had been examined 7 stations cut across the downstream areas.
All these stations were served as the control station to represent the actual condition of the
Phromhot Canal. In addition, the samplings were conducted during 2 seasons; dry period
(June 2018) and wet period (December 2018), representing the characteristics of the canal.
The Sample collection locations are presented in detail on Table 1.
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Table 1. Sampling sites and their locations.

Sampling sites

Locations

GPS coordinates

Reference point

The provincial waterworks authority, Aranyaprathet branch

X 0225751 / Y 1518508

PH-01

Phromhot’s weir

X 0232100 / Y 1512395

PH-02.1

Landfills site of the Aranyaprathet Municipality
(Before the Phromhot Canal flowing through)
Landfills site of the Aranyaprathet Municipality
(After the Phromhot Canal flowing through)
Watwongchado Security point
(Temporary)
Taladrongkluea, Sakaeo Province
(Adjacent to the Tha Kham Subdistrict)

X 0232480 / Y 1512367

Thai-Cambodian Border Security Point

X 0234707 / Y 1511563

PH-02.2
PH-03
PH-04
PH-05

X 0232539 / Y 1512297
X 0233516 / Y 1511858
X 0234246 / Y 1511573

For water quality analysis, all samples were collected in polyethylene bottles previously
cleaned with metal-free detergent and rinsed with deionized water. After collection, samples
were promptly transported in a cool-box to the laboratory. The parameter analysis for this
research was divided into 3 parts, all of which were used to assess the pollution carrying
capacity of the Phromhot Canal. The first part is bacterial parameters. The analysis was
conducted as follows: total coliform bacteria (TCB) and fecal coliform bacteria (FCB) were
quantified by multiple-tube fermentation technique. All of the bacteriological parameters were
performed according to the standard methods (APHA, 2012). The second part is physicochemical parameters. The analysis was conducted as follows: Dissolved oxygen (DO) was
measured using the electrometric measurement method. The 5-day biochemical oxygen
demand (BOD5) test, a method widely used as the standard method for determining the
concentration of biodegradable organics in wastewater (Chang et al., 2004), was then carried
out. BOD5 was measured using the azide modification method. Ammonia-nitrogen (NH3-N)
is a measure of the ammonia content by the Nesslerization method. The method quantifies
solids, total dissolved solids (TDS) and total suspended solids (TSS), in water or wastewater
samples using gravimetric analysis following oven drying. The total nitrogen analysis (Total
Kjeldahl Nitrogen; TKN) method is based on the wet oxidation of nitrogen using sulfuric acid
and digestion catalyst. The methods for fat, oil and grease (FOG) measurement using hexane
as the extraction solvent and gravimetric analysis is now the standard method. All of the
physico-chemical parameters were performed according to the standard methods (APHA,
2012). And finally, the third part is the heavy metal parameters. The analysis was conducted
as follows: Arsenic (As), Cadmium (Cd), Hexavalent Chromium (Cr6+), Copper (Cu), Total
Mercury, (Hg) Lead (Pb) Manganese (Mn), Nickel (Ni), and Zinc (Zn) were determined
according to the standard methods (APHA, 2012).
The water quality situation is evaluated in the form of the water quality index (WQI). The
WQI is a rating that reflects the influence of different quality variables (Şener et al., 2017).
The Thailand WQI was developed by Thailand’s Pollution Control Department (PCD) that
has been practiced in various countries. The standard methods for the examination of surface
water source are used as a tool for guidelines in maintaining Thailand’s river water quality
(Prakirake et al., 2009). The five water quality parameters include DO, BOD5, NH3-N, TCB,
and FCB were used to determine WQI. In addition, WQI obtained by Calculator Online
(Pollution Control Department, 2016). The computed WQI values are classified into five
categories as Table 2.
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Table 2. WQI Interpretation.

Rating of water quality

a

WQI value a

Seriously Polluted
Poor

Descriptive language b

0-30
31-60

Unacceptable. Can be used for transportation only.
Freshwater resources that are not clean. Consumption
requires specific or advanced treatment process before use.
Fair
61-70
Freshwater resources that are medium clean. Consumption
requires conventional water treatment process before use.
Good
71-90
Freshwater resources that are very clean. Consumption
requires ordinary water treatment process which minor.
Excellent
91-100
Freshwater resources that are extra clean. Consumption can
use an ordinary process for pathogenic destruction.
a
b
Pollution Control Department (2016); Notification of the National Environmental Board (1994)

Assessment of the possibility of contamination of pollutants from water pollution sources
was using observation of sources of water pollution throughout the study area. The survey
was conducted from: field trip by boat and geographic photos (obtained from satellite images,
and the unmanned aerial vehicle; UAV). After that, assess the possibility of contamination of
pollutants from water pollution sources is in accordance with the environmental quality
inspection criteria of the PCD (Pollution Control Department, 2004).
In this section, the emission capability of pollution sources was assessed. The analysis was
conducted from: the result of water quality analysis, the result of assessment of the possibility
of contamination of pollutants from water pollution sources, the amount of pollutant, and the
flow rate of pollutant. All data are calculated according to equation (1) (adapted from the
Water Quality Management Bureau, 2010; Pollution Control Department, 2009).
Pollutant loading = Cp  Ap  Dy

(1)

Where, Cp is the concentration of pollutants (mg/l), Ap is the amount of pollutant (m3/d), and
Dy is the number of days that pollutants are loaded into water resource (d/y)
The pollution carrying capacity of the Phromhot Canal was assessed in this section. The
analysis was conducted by compared BOD loading value with the total maximum daily load
(TMDL) value. A TMDL is the calculation of the maximum amount of a pollutant (in terms
of BOD loading) allowed to enter a water body so that the water body will meet and continue
to meet water quality standards for that particular pollutant (U.S. EPA, 2018). A TMDL are
calculated according to equation (2) (Bulsathaporn, 2008; Ugbebor et al., 2012).
TMDL = Rr  Q

(2)

Rr = Ka (Cs – DO)

(3)

Ka =
Q = Qr + Qw

-

(4)
(5)

Where, Rr is the reaeration rate (mg/l/d), Q is the total flow rate (m3/s), Ka is the reaeration
coefficient (d-1), DO is the concentration of measured DO (mg/l), Cs is the concentration of
saturated DO (mg/l) at the pressure 1 atmosphere, V is the average stream velocity (m/s), T is
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the temperature of river (°C), H is the average stream depth (m), Qr is the flow rate of river
(m3/s), and Qw is the flow rate of wastewater (m3/s)
RESULTS AND DISCUSSION
Assess the water quality situation of the Phromhot Canal revealed that tends to deteriorate
from the sampling sites at PH-02.2 to the sampling sites at PH-05. The WQI values are 40.5 ±
16.9 and 49.0 ± 12.7, respectively. While the water quality after the sampling sites at PH-02.2
was fair to poor. When considering the depth of each season, it is also known that the water
quality of the Phromhot Canal is drastically worse during the dry period which has significant
differences at p-value < 0.05 (Table 3).

Sampling sites
Ref.

a

Table 3. Water quality situation of the Phromhot canal.
WQI
Dry period
Wet period
71.5 ± 0.7
72.0 ± 2.8

The average WQI
71.8 ± 1.7

PH-01

61.0 ± 2.8

68.5 ± 23.3

64.8 ± 14.2

PH-02.1

65.0 ± 10.5

78.0 ± 11.3

71.5 ± 10.5

PH-02.2

26.0 ± 4.2

55.0 ± 1.4

40.5 ± 16.9

PH-03

50.5 ± 7.8

55.5 ± 0.7

53.0 ± 5.4

PH-04

40.5 ± 9.2

50.5 ± 9.2

45.5 ± 9.5

PH-05

42.5 ± 17.7

55.5 ± 2.1

49.0 ± 12.7

62.1 ± 7.3

56.6 ± 10.1

51.0 ± 6.9 a
The average WQI
There are statistically significant differences at p-value < 0.05.

In addition, the level of the NH3-N was likely to increase after the Phromhot Canal flowing
through the landfills of the Aranyaprathet Municipality (PH-02.2) to the Thai-Cambodian
Border Security Point (PH-05). The contents of the NH3-N recorded at the waters are between
1.3 ± 1.8 - 2.1 ± 2.8 mg/L. High NH3-N values were measured at PH-02.2 where pollutants
were effective. The continuous increase of NH3-N can cause nutrient over-enrichment of a
water body at elevated concentrations and indirect effects on aquatic life, ammonia causes
direct toxic effects on aquatic life (U.S. EPA, 2013; Sener et al., 2013; Debels et al., 2005).
NH3-N is a toxic pollutant often found in landfill leachate and in waste products, such as
sewage, liquid manure and other liquid organic waste products. It can also be used as an
indicator of the natural health of the body, such as a river or lake or in man-made bodies of
water (Aziz et al. 2004; Manios et al. 2002). The optimum value for good water quality is not
over 0.5 mg/L of NH3-N, which ensures healthy aquatic life in a water body (The National
Environmental Board, 1994).
In the same way, other parameters (namely; BOD, TCB, and FCB) were likely to increase
from the sampling sites at PH-02.2 to the sampling sites at PH-05 when compared with
Reference point. The contents of the BOD recorded at the waters are between 2.5 ± 1.0 - 4.3 ±
3.3 mg/L. Generally, the aqueous DO concentration is considered as an overall quality of the
aquatic water body, and the increase in aqueous DO concentration usually results from the
decrease of oxygen-consuming contaminants in the aqueous phase (Fan et al., 2021). The
BOD is a measure of the amount of DO that bacteria will consume while decomposing
organic matter under aerobic conditions. Aerobic bacteria decompose these organic materials
(natural organic detritus and organic waste) using DO, thus reducing the DO present for

Pollution 2021, 7(4): 815-830

821

aquatic life especially fish (Northeast Georgia Regional Development Center, 2001). In term
of bacteriological parameter, the sampling sites at PH-04 was the worst water quality
compared with the other parts. The contents of the TCB and FCB recorded at the water is 4.3
 105 ± 7.8  1 05 and 4.2  105 ± 7.9  105 MPN/100 ml, respectively.
The TCB can be used as indicators of cleanliness and contamination of human and animal
waste in water body (Ashbolt et al., 2001; Eleria & Vogel, 2005). Whereas the FCB is found
only in feces of warm-blooded animals. Therefore, the FCB was used for good indicator of
the risk of contamination of pathogens in the gastrointestinal tract in water body (Ashbolt et
al., 2001). Some analysis parameters of water in each of the direction towards the source of
the Phromhot Canal are provided in Table 4.
In this section, a survey of water pollution sources around the Phromhot Canal that flows
through. There are a total of 13 survey points (SP). The survey found that there is both of the
wastewater treatment system and landfills of the Aranyaprathet Municipality between survey
points at SP-01 to SP-04. Therefore, there is a high chance of being contaminated with
various contaminants. The survey point at SP-01 to SP-04 found that there is a medium
chance of being contaminated with various contaminants. Since there are the riverbank
community areas. The possibility of pollution contamination from water pollution sources at
each survey point of the Phromhot Canal is shown in Figure 3.

Figure 3. The possibility of pollution contamination from water pollution sources at each survey point of the
Phromhot Canal.

4.5±0.6
1.5±1.0

17.3±18.4

168.0±32.8

5.2±1.3

1.3±0.5

16.5±11.7

98.5±78.4

DO (mg/l)

BOD (mg/l)

TSS (mg/l)

TDS (mg/l)

0.9x102±0.2x102

3.9x102±2.7x102

6.2x103±1.1x104

13.0x104±4.5x104
5.8x102±4.9x102

2.7x103±4.2x103

1.6±0.4

0.4±0.2

157.5±20.0

16.2±15.4

1.8±1.5

6.1±1.4

0.4±0.3

788.3±676.6

20.0±17.0

7.4±0.7

30.5±1.2

PH-02.1

8.9x104±1.4x105

1.1x105±1.3x105

1.8±0.4

2.1±2.8

205.5±57.7

15.6±13.7

4.3±3.3

4.6±2.9

0.5±0.3

865±593.2

22.8±14.7

7.3±0.5

30.8±1.7

PH-02.2

Sampling sites

7.1x103±5.3x103

1.0x104±6.3x103

1.6±0.3

1.4±2.1

214.5±58.9

17.2±14.2

2.5±1.0

4.5±2.4

0.3±0.3

593.8±599.6

20±20.6

7.2±0.3

30.1±2.0

PH-03

4.2x105±7.9x105

4.3x105±7.8x105

1.7±0.5

1.5±2.1

232.5±86.5

19.5±14.4

2.8±0.5

3.4±1.4

0.2±0.1

335.3±210.5

22.3±18.3

7.4±0.6

29.9±1.3

PH-04

PH-05

2.8x104±1.7x104

6.0x104±4.8x105

1.7±0.6

1.3±1.8

224±111.1

26.4±12.3

2.8±2.4

3.75±1.8

0.3±0.3

632.3±547.3

22.8±10.5

7.0±0.3

29.5±1.3

N = Be natural; NS = Not specified; 1/ = Water quality standards in surface water sources (Notification of the National Environmental Board, 1994)

(MPN/100 ml)

FCB

(MPN/100 ml)

TCB

1.4±0.5

0.1±0.1

0.3±0.2

Salinity (ppt)

1.3±0.5

218.9±75.4

530±415.7

Conductivity (µS/cm)

FOG (mg/l)

21.2±23.1

25.4±14

Turbidity (NTU)

0.4±0.2

7.5±0.6

7.2±0.3

pH

0.4±0.2

30.6±1.5

32±2.8

Temperature (Cº)

NH3 – N (mg/l)

PH-01

Ref.

Parameter

Table 4. Bacteriological and physicochemical parameters of the Phromhot Canal.

≤4.0x103

≤2.0x104

NS

0.5

NS

NS

≤4.0

≥2.0

NS

NS

NS

5-9

N

Std. 1/

822
Pratum et al.

Pollution 2021, 7(4): 815-830

823

From this study, the source of pollution that is important in area are the wastewater
treatment system and landfill of the Aranyaprathet Municipality. Therefore, the research team
has measured and analyzed the amount of pollutants in both pollution sources. The most of
pollutants are detected in the wastewater of the pollution sources (Table 5).
Table 5. The measurement and analysis of pollutants from the point source of water pollution.
Parameter

The point source water pollution

Std. 1/

Wastewater

Leachate

Temperature (Cº)

29

30

NS

pH

7.0

8.2

5.5 – 9.0

Turbidity (NTU)

3.69

112

NS

Conductivity (µS/cm)

743

12,900

NS

Salinity (ppt)

0.4

7.4

NS

DO (mg/l)

1.7

0.5

NS

BOD (mg/l)

4

56

≤20

TSS (mg/l)

100

255

≤30

TDS (mg/l)

184

8,456

NS

TKN (mg/l)

12.6

6.3

≤20

FOG (mg/l)

2.4

≤5

6.3
3

NS

TCB (MPN/100 ml)

4.0x10

FCB (MPN/100 ml)

4.0x103

2.7x102

NS

As (mg/l)

0.0003

0.0074

NS

Cd (mg/l)

0.006

0.006

NS

Cr (mg/l)

0.006

0.006

NS

Cu (mg/l)

0.006

0.355

NS

Total Hg (mg/l)

0.0005

0.0009

NS

Pb (mg/l)

0.031

0.031

NS

Mn (mg/l)

0.616

2.34

NS

Ni (mg/l)

0.020

0.230

NS

6+

3.0x10

3

Zn (mg/l)
0.007
0.772
NS
1/
NS = Not specified; = Standards for quality control of wastewater from wastewater treatment systems
(Ministry of Natural Resources and Environment, 2010)

When evaluating the potential for pollutants contamination from both pollution sources. It
revealed that the wastewater treatment system is a major pollution source. While pollutants
from the landfill are unlikely to be contaminated into the Phromhot Canal. Since it has a small
amount of pollution. Since it is a little sump (Figure 4) and away from the canal about 25
meters. In addition, the landfill site is still on a clay layer, with the Cation exchange capacity
(CEC) of 39.8 and 40.7 cmol/kg soil, respectively. The CEC values in the soil indicate the
ability to absorb pollutants (Darunsontaya et al., 2018). Therefore, causing sedimentation of
pollutants in the soil rather than flowing into the Phromhot Canal.
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(A)
(B)
Figure 4. The characteristics of (A) a little sump inside the landfill and (B) the color of leachate.

The amount of waste water flowing into the treatment system: The volume measurement of
wastewater shows that the wastewater flows into the wastewater treatment system at 6,439.55
m3/day. Field survey also found that the total amount of wastewater flows into the Phromhot
canal at sampling sites PH-02.2. The reason is that the size and form of the current wastewater
treatment system (Figure 5) is not suitable for carrying the amount of wastewater, which has a
capacity of only 923.93 m3 (Table 6).

Figure 5. The details of the wastewater treatment system;
Influent,

Wastewater treatment systems, and

Effluent.
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Table 6. Measurement and evaluation of the capacity of the wastewater treatment system.
Pond
Base area (m2)
Average depth (m.)
Pond capacity (m3)
1

70.14

1.00

72.95

2

89.40

2.80

124.90

3

123.20

2.40

149.90

4

388.67

1.50

576.20

Total

671.41

-

923.95

For the water pollution emission, the various pollutants that can be discharged into the
Phromhot Canal per year shown in Table 7. The survey also found wastewater come from the
Aranyaprathet Subdistrict. The most pollutants in wastewater are in the form of organic
substances, which can be decomposed by aerobic bacteria. The amount of organic matter in
water is commonly measured by the Biochemical Oxygen Demand (BOD). When the BOD in
the water is high. It shows that there are a lot of organic matter and putrid conditions will
easily occur (Water Quality Management Bureau, 2017). According to a study by Fan et al.
(2021) found that BOD must be significantly reduced to maintain water quality within
specified water quality criteria.
Table 7. The amount of water pollution emission into the Phromhot Canal.
The pollutants loading
Parameter
(Kg/day)
(Kg/year)
BOD

51.52

18,803.50

TSS

48.94

17,863.32

TDS

2,704.61

987,183.72

TKN

81.14

29,615.51

FOG

15.45

5,641.05

As

0.00

0.71

Cd

0.04

14.10

0.04

14.10

Cu

0.04

14.10

Total Hg

0.00

1.18

Pb

0.20

72.86

Mn

3.97

1,447.87

Ni

0.13

47.01

Zn

0.05

16.45

Cr

6+

In addition, factors that influence a domestic wastewater quality include: (1) a daily
activity of people living in the community and (2) the wastewater in each sub-community has
a primary treatment process before flowing into the municipal waste water treatment system.
This factors directly affect the efficiency of wastewater treatment. While the characteristics of
the wastewater system and methods of treatment play an important role in the treatment
process. (Panswad, 1994). Similar to a study of Cao et al. (2020) found that the water quality
of the Huangtian River is poor, mainly due to the abundance of production sewage, domestic
sewage, and garbage being poured into the river, especially in the dry season. In addition,
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Angriani et al. (2018) revealed that increasing population rates around the Kuin River,
Banjarmasin, South Kalimantan, Indonesia has resulted in serious degradation.
Assessment of the pollution carrying capacity of the Phromhot Canal is comparison
between a BOD loading with a total maximum daily load (TMDL). The results found that the
Phromhot Canal (since sampling point at PH-02.2) is unable to receive pollutants flowing
from the wastewater treatment system because the BOD loading value is greater than the
TMDL value (Table 8). The contents of the TMDL recorded at the is ≤ 0.08 kgBOD/day in dry
period and 16.52 kgBOD/day in wet period, respectively. In 2015, the Water Quality
Management Bureau has proposed to use the TMDL to control the water quality by using the
TMDLs as the determination of wastewater both quantitative and spatial, such as the use of a
permit system (Water Quality Management Bureau, 2015).
Table 8. The assessment of the pollution carrying capacity of the Phromhot Canal.
The water resources
The Phromhot Canal 1/
1/
2/

3/

Type of water
resources 2/

Std. BOD 2/
(mg/L)

BOD Loading
(kgBOD /day)

Dry period

Wet period

4

3.0

51.52

≤ 0.08 3/

16.52

TMDL (kgBOD /day)

The interval between the sampling site at PH-02.1 and the sampling site at PH-02.2
The standard for effluent controlling from community wastewater treatment system (Ministry of Natural
Resources and Environment, 2010)
One of the important variables in calculating TMDL is the velocity of the currents. The researchers
measured the velocity of the currents in the Phromhot Canal at the highest during the drought period at
0.04 m/s. As the velocity of the currents in many parts of the Phromhot Canal is not flow, which the
TMDL value should be less than or equal to 0.08 kgBOD/day.

Generally, the TMDL system has been recognized as an effective strategy for pollution
mitigation in addition to the concentration-based control measures of each country (Fan et al.,
2021). The TMDL system has become an attractive option for improving water quality since
the enforcement of effluent discharge standards may not be as effective as expected (Lai et al.,
2013; Leveque & Burns, 2017).
CONCLUSION
According to the results of the study, the effluents from the Aranyaprathet Municipal
Wastewater Treatment Plant (AM's-WWTP) is the main cause of water quality changes in the
Phromhot Canal. The effluents can also flow into the water body up to 6,439.55 m3/day. For
the assessment of the pollution carrying capacity, the Phromhot Canal (since flowing through
the AM's-WWTP) is unable to receive pollutants because the BOD loading value is greater
than the total maximum daily load (TMDL) value. The TMDL value allowed to enter a water
body of the Phromhot Canal should be ≤ 0.08 kgBOD/day (dry period) and 16.52 kgBOD/day
(wet period). While the Phromhot Canal has to carry BOD loading up to 51.12 kgBOD/day.
This research puts forward the following suggestions to provide effective basis for the
reduction of the water pollutants: (1) develop an integrated wastewater management strategy
by the local government organization (LGO) to be the main unit for coordinating operations
with relevant agencies, (2) the LGO must support the improvement of municipal wastewater
treatment systems to increase efficiency in treating wastewater treatment systems, (3) the
LGO should involve local people in wastewater management through the collection of
wastewater treatment fees, and (4) Encourage the private sector to invest in the wastewater
treatment business. In addition, financial institutions should provide loans at low interest rates
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certified by the LGO. To create incentives for the private sector to play a greater role in
investment in environmental protection.
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