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บทคดัยอ่ 
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Abstract 

 Water quality issues in the Chao Phraya river have been well– documented in the 

literature. The government has enforced rules and regulations to mitigate the environmental 

problems in the river. However, problems still exist. In this research, we constructed a system 

dynamics (SD) model, called ChaoPSD. The proposed model included three subsystems: (1) 

household, (2) industry, and (3) agriculture. This model tracked the nitrogen load in the lower 

Chao Phraya river over time.  After the model validation, ChaoPSD was used as a tool for a 

better comprehension of the interrelationships among the actions of users and the health of 

the river. The simulation results showed that there will be an increasing amount of nitrogen in 

the Chao Phraya river from 2018 to 2023. We suggest that controlling the discharged nitrogen 

by increasing the efficiency of wastewater treatment and increasing people’ s awareness are 

essential for environmental sustainability in the Chao Phraya river. 

Keywords: System dynamics, Water pollution, Chao Phraya river, Nitrogen, Water 

management 
 

Introduction 

 Rapid population growth causes un-

controlled urbanization and industrialization 

growth and destruction of natural habitats (Coo-

ley et al., 2014; Khanh and Thanh, 2010; UN–

Water, 2016). The result of population growth 

is the growing generation of solid wastes, 

wastewater, and deterioration of the environ-

ment, such as air and water quality (Thitanu-

wat et al. 2016; Wang et al., 2012) An envi-

ronmental problem which in the 21st century 

society has been facing is water pollution.  It 

is a cause of declining global biodiversity due 

to intensifying water pollution (Convention on 

Biological Diversity, 2010; Pereira et al., 2010; 

UNESCO, 2018). As a result, the availability of 
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the world’ s scarce water resources has be-

come even more limited, and water scarcity is 

projected to worsen in the future. 

 The Chao Phraya river is a crucial river 

and plays an important role in the lives of Thai 

people in central Thailand. It flows southward 

for 372 kilometers from the central plains thro-

ugh Bangkok’s delta, the capital of Thailand’s 

politics, industries, and culture. Then, the Chao 

Phraya river drains out into the Gulf of Thai-

land. The drainage area is 160,000 km2, and 

it covers 30% of the country’s total land area. 

The Chao Phraya river has abundant food and 

space for utilization. There are approximately 

11. 5 million people living near the Chao 

Phraya river (Ministry of Science and Techno-

logy, 2012).  People gain advantages from 

rivers that they live close to, such as domestic 

consumption, trading, agriculture, and trans-

portation (Chen et al., 2004). 

 Factories use water from rivers to 

power machinery, to cool down machinery, or 

to wash raw materials. Industrial effluents lead 

to water degradation. Along the Chao Phraya 

riverbanks there are approximately 14,000 fac-

tories that use a large amount of water and 

chemicals in production processes. The factories 

generate a large amount of pollution such as 

chemical contamination in electroplating, textile, 

and chemical manufacturing industries (Depart-

ment of Industrial Works, 2008). These activities 

have negative effects on water quality. In 2015, 

approximately 2,942,739 m3 per day of waste-

water was released into the Chao Phraya river. 

Wastewater is released from domestic waste-

water, agricultural runoff, and industrial effluents 

(Carpenter et al., 1998; Huber et al., 2000; 

UNESCO, 2018). Only 26.9% of wastewater is 

collected for treatment (Department of Local 

Administration [DLA], 2015), whereas some un-

treated wastewater is directly discharged into 

the river. Releasing untreated wastewater, which 

has higher pollution than the river’ s capacity 

for self–purification, degrades water quality. 

 The Pollution Control Department (PCD) 

reported that the average water quality in the 

Chao Phraya river is below the surface–water 

quality standard in Thailand (PCD, 2017).  In 

particular, downstream water quality is currently 

at a low level. For water quality in the lower Chao 

Phraya river from 2008 to 2017 as shown in 

Table 1, the average Dissolved Oxygen (DO) 

is 2. 39 mg/ L and the average Biochemical 

Oxygen demand (BOD) is 3.48 mg/L. DO and 

BOD for a good water quality should be in the 

range of 7–11 mg/ L and less than 1.5 mg/L, 

respectively.  An acceptable level of the total 

phosphorus (TP) in the river should be close 

to 0.1 mg/L. Total Nitrogen (TTN) should be less 

than 0.3 mg/L to control eutrophication. How-

ever, the average total nitrogen in the Chao 

Phraya river is 3.12 mg/L, which is approxi-

mately 10 times over the guidelines. The Unit-

ed States Environmental Protection Agency (US 

EPA) developed guidelines to classify total nitro-

gen concentrations in the surface water of China 
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and other countries in order to improve water 

quality, protect human health and control eutro-

phication. Nitrogen concentrations in streams 

and rivers should not exceed 0.3 mg/L or 0.1 

mg/L in lakes and reservoirs, respectively (Xu 

et al., 2014). Thus, the TTN in the lower Chao 

Phraya river needs to be improved. 

Table 1 Water quality in the lower Chao Phraya 

river from 2008 to 2017 

Year DO 
(mg/L) 

BOD 
(mg/L) 

TP 
(mg/L) 

TTN 
(mg/L) 

2008 2.10 3.05 0.10 1.30 
2009 1.35 4.05 0.21 1.74 
2010 2.24 4.45 0.04 1.82 
2011 2.62 2.78 0.08 2.03 
2012 1.98 2.40 0.13 5.18 
2013 2.01 2.80 0.10 5.99 
2014 3.13 3.00 0.13 6.47 
2015 3.27 4.18 0.19 3.76 
2016 1.97 3.90 0.05 1.49 
2017 3.23 4.23 0.13 1.45 

Averages 2.39 3.48 0.12 3.12 
Standard 
values 

7–11 < 1.5 approach-
ing 0.1 

< 0.3 

 

 TTN is an important water quality pa-

rameter.  Nitrogen is an essential nutrient for 

plant growth, but the overloading of nitrogen 

in rivers can cause excess weed and algae 

growth, known as eutrophication which leads 

to low water quality (Smith et al., 1999). Fur-

thermore, nitrogen compounds such as nitrate 

NO3
- and nitrite NO2

- are pollutants that have 

negative effects on the environment and human 

and animal health (Bruning–Fann and Kaneene, 

1993; Morales–Suarez–Varela et al., 1995). Hu-

man activities can cause nitrogen in the runoff 

to go into rivers and contaminate a water body. 

We therefore study the patterns of the water 

quality to understand people’s behaviors that 

affect water pollution in the rivers. The patterns 

of water quality are studied by observing the 

TTN in the river. The amount of nitrogen in a 

water body mainly comes from municipal, in-

dustrial, residential, and agricultural sources that 

are interrelated.  Thus, water quality systems 

are complex systems which we need to under-

stand to find the root causes of water quality 

problems in rivers. 

 Many simulation approaches can ex-

plain complex systems, such as Discrete Event 

Simulation (DES), Agent–based Simulation (ABS), 

and System Dynamics (SD). Each method is 

useful for different situations. DES can track 

individual resources through the system, show 

the queuing behavior of process performance. It 

is used in Operations Research (OR) (Borsh-

chev and Filippov, 2004). ABS is used in many 

levels of abstraction, called bottom–up model-

ing. ABS is useful for the behavioral aspects of 

individuals under specific networks while SD 

looks for principles in system structures (Ma-

cal, 2010). SD is suited for a policy–making, 

such as utility policy, governmental planning 

for electricity markets, or any other issues that 

are not related to individual levels (Figueredo 

and Aickelin, 2011). Although ABS can simu-

late a system which is constructed from SD by 

disaggregating into individual levels, the SD 
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approach can help to observe the aggregated 

individuals (Borshchev and Filippov, 2004; Su-

mari et al., 2013). As a consequence, SD models 

typically aggregate individuals or agents into 

a relatively small number of states. 

 The SD approach has been applied 

in many fields, including water management, 

policy analysis, water quality, and waste ma-

nagement, etc. (Kato, 2005; Koch and Vögele, 

2009; Pluchinotta et al., 2018; Sukholthaman 

and Sharp, 2016; Venkatesan et al., 2011). De-

veloping an SD model for water resources is 

useful since users can understand the inter-

actions of variables and parameters that can 

affect a system or its subsystems. There are 

many studies that provide useful insights into 

applying SD to water resources modeling. The 

main categories of previous studies are cate-

gorized into three types of modeling approaches 

for water resources management: 1) predictive 

simulation models, 2) descriptive integrated 

models, and 3) participatory and shared vision 

models (Mirchi et al., 2012). Sukruay and Chay-

siri (2018) reviewed previous research into the 

applications of SD in the field of water quality 

systems and classified them into three sub-

systems: 1) household subsystem, 2) industrial 

subsystem, and 2) agricultural subsystem. All 

these studies are useful in simulating water 

quality systems by using the SD methodology. 

 Thus, we create an SD model by using 

Vensim software, to study the effects of peo-

ple’s behaviors on the water quality system in 

the Chao Phraya river. The proposed SD model 

is called the ChaoPSD model, which is an ex-

tension of the SD model proposed by Sukruay 

and Chaysiri (2018). We use this ChaoPSD 

model to analyze the influence of the variables 

related to water quality, and identify alternative 

ways to promote a sustainable solution for 

improving water quality in the long–term. 

 

Methodology 

 ChaoPSD model 

 The ChaoPSD model is developed 

from the system dynamics model proposed by 

Sukruay and Chaysiri (2018). Sukruay and Cha-

ysiri (2018) explained the interactions in a water 

pollution system which consisted of household, 

industrial, and agricultural subsystems.  The 

water pollution problem is intensified due to 

the influence of the amount of nitrogen. In this 

study, nitrogen was used to represent the water 

pollution in the Chao Phraya river. 

 Figure 1 demonstrates the ChaoPSD 

model. It shows the interrelationships among 

the amount of nitrogen in rivers and factors 

affecting nitrogen generation.  The amount of 

nitrogen in untreated wastewater and untreated 

solid waste that is discharged into a water 

body influence the water quality.  Another 

factor that affects the amount of nitrogen is 

the population growth. Population growth leads 

to urban expansion and increases in food and 

water demand. As a result, industrial develop-

ment and agricultural growth increase the nitro-
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gen discharge rate. The amount of nitrogen in 

rivers is accumulated from the amount of 

nitrogen in domestic wastewater, nitrogen in 

wastewater from farms, nitrogen leftover from 

fertilizer usage, nitrogen in solid waste, nitrogen 

in wastewater from factories, and the amount 

of water in the river. Increasing the capacity of 

wastewater treatment and solid waste treatment 

plants can reduce the amount of untreated 

wastewater and solid waste, respectively. More-

over, people’s awareness of health factors can 

indirectly reduce the wastewater discharge and 

solid waste generation. 

 

 
Figure 1 Stock and flow diagram of water quality, influenced by household sector, industrial sector, 

and agricultural sector 
 

 The ChaoPSD model simulates the 

amount of nitrogen discharge for the next five 

years in the lower Chao Phraya river. Table 2 

shows all of the functions that are used in this 

model. First of all, the population depends on 

the inflow of births and outflow of deaths. The 

average birth rate (1.209%) in Thailand is higher 

than the death rate (0.664%) (Official Statistics 

Registration Systems, 2016). Therefore, an in-

crease in population leads to a higher consump-

tion of water and food. Domestic wastewater 

generation is calculated from the water con-

sumption rate (108.6 m3/capita/year). Food de-

mand is generated from the food consumption 

rate (164.25 Kg/capita/year). These consump-

tion rates cause domestic wastewater and solid 

waste generation to be high. Municipal solid 

waste, which is approximately 1,520 kg each 
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year, is generated by people (PCD, 2014). 

Moreover, an increase in food demand results 

in industrial development and agricultural growth 

which are sources of wastewater generation. 

Industrial development is represented by the 

relationship between the volume of food 

demand and the percentage of GDP, reported 

by the World Bank (The World Bank, 2017). The 

volume of wastewater from factories in the 

lower Chao Phraya river area is related to the 

industrial growth (percentage of GDP). Indus-

trial development is generated from the rela-

tionship of percentage of GDP and the volume 

of food demand. For the function of wastewater 

from factories, we generate the function from 

the relationship between percentage of GDP 

and the volume of wastewater from factories 

in the lower Chao Phraya river area. Waste-

water from factories discharge rate is an un-

treated wastewater from factories. We assume 

that the percentage of wastewater treatment 

in factories is 90% of the total wastewater from 

factories. Some untreated solid waste, which 

is also a source of nitrogen, is dumped into 

the river. In addition, wastewater from farming 

is another source of high nitrogen contamina-

tion in rivers. The amount of agricultural waste-

water is influenced by the changing of agricul-

tural land each year (PCD, 2017). Some of the 

wastewater from each source is collected for 

treatment, but some of the untreated waste-

water is released into the river. These untreated 

wastewater is a source of nitrogen in the river. 

Furthermore, nitrogen in the river comes from 

leftover nitrogen in fertilizer which is from in-

creasing food demand. Approximately 50–70% 

of fertilizer is lost into the environment (Khanh 

and Thanh, 2010). The range of nitrogen in 

fertilizer is 1,161– 6,320 mg/ kg (Kathong and 

Ruangviriyachai, 2014).  We assume that the 

leftover nitrogen is 40% of the nitrogen in fer-

tilizer, which is approximately 960.80 mg/ kg. 

To conclude, the nitrogen discharge rate is a 

combination of all nitrogen sources. The last 

factor affecting the amount of nitrogen in the 

river is the water quantity in the river. The 

volume of water in the river depends on the 

annual rainfall, and rainfall is affected by the 

changing of temperature of the earth. The func-

tion of temperature is created by using the 

average of the temperature rate for each year. 

Moreover, the initial values that are used in 

the model are shown in Table 3. 

 Validation Analysis 

 Validation analysis is used to test the 

accuracy and acceptability of the model. There 

are three steps, which are conceptual model 

validation, computerized model verification, and 

operational validation that are used to test the 

reliability of the model (Martis, 2006). The Chao 

PSD model was developed iteratively until the 

forecasted data from the model was close to 

the reference data from the Pollution Control 

Department (PCD), from 2008 to 2014. Nitrogen 

discharges at both the upstream and down-

stream Chao Phraya river were simulated. As 
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Table 2 Equations used in the ChaoPSD model for the lower Chao Phraya river 

Variables Equations 

Population Birth – Death 

Domestic wastewater generation Population×Wastewater generation rate 

Food demand 164.25×Population 

Industrial development 130.21+ [(–7×108)×Food demand] 

Municipal solid waste 1520.5×[(–9×109)×Population] 

Wastewater from factories [(–1×108)×Industrial development]+2×1010 

Wastewater from factories discharge 

rate 

Wastewater from factories×Percentage of wastewater treatment 

in industry 

Wastewater from farm (8.04×106)+[(1.95×106)×Agricultural land] 

Agricultural land –421087+(0.079×Population) 

Fertilizer –7.97×108+(0.349×Food demand) 

Water quantity (–3.82×1010)+((2.98×107)×Rainfall) 

Rainfall 2531.69 – (1317.64×Temperature) 

Temperature (0.02×Time)+0.5486 

 

Table 3 Initial values used for calculation in the ChaoPSD model 

Variables Initial value Sources 

Population  7,910,700 National Statistic Office [NSO], 2017 

Solid waste (kg) 6.00×106 PCD, 2013; Yukalang et al., 2017 

Wastewater (m3) 8.59×108 Assumed 

Amount of the total nitrogen in the river (mg) 1.52×1013 Assumed 

Food generation rate (kg/capita/year) 164.5 Begum and D’Haese, 2010 

Domestic water generation rate 

(m3/capita/year) 

108.6 Royal Irrigation Department [RID], 

2017 

Percentage of wastewater treatment in 

factories (%) 

90 Assumed 

Solid waste treatment rate (%) 35 Towprayoon, 2007 

Wastewater treatment rate (%) 26.9 DLA, 2015 

Nitrogen loss (%) 50-70 Khanh and Thanh, 2010 

Nitrogen in wastewater (mg/L) 63.25 Water Quality Management Office, 

2017 

Nitrogen in solid waste (%) 70.19 Boonta et al., 2010 

Nitrogen in fertilizer (mg/kg) 960.80 Khanh and Thanh, 2010 
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a result, the forecast data from both points 

have a similar trend as the reference data, as 

shown in Figure 2. To see the average errors 

between the simulation and the observed data, 

the Mean–square–error (MSE) is used to test 

the system behavior (Sterman, 1984). The Mean 

Square Error (MSE) is 1.39 for upstream (Figure 

2a), and MSE is 1.04 for downstream (Figure 2b). 

 
(a) 

 
(b) 

Figure 2 Comparison of the total nitrogen dis-

charge from the model with the real data from 

2008–2014 at (a) upstream and (b) down-

stream 

 

Results and Discussion 

 The ChaoPSD model was described 

in the previous section. The model displays the 

dynamics of the nitrogen discharge in the Chao 

Phraya river. Figure 3 shows that the nitrogen 

discharge will increase from 2018 to 2023. 

 Uncertainties in our model may arise 

from the aggregated nature of the model 

because the parameters that are used in the 

model have been assumed, or selected based 

on the literature, with limited knowledge. The 

ChaoPSD model results may vary due to a 

number of factors, including the limited data on 

wastewater from farms and wastewater from 

factories. To assess the impact of each para-

meter, a sensitivity analysis was conducted. 

From the ChaoPSD model, the amount of the 

nitrogen discharge in the river depends on many 

factors. Some selected scenarios and related 

parameters are shown in Table 4. The base-

line scenario is compared with the scenarios 

that use the lower and upper bounds of each 

parameter value. This provides an insight into 

the uncertain parameters that impact the dyna-

mics of nitrogen in the model. 

 
Figure 3 Forecasted total Nitrogen discharge 

from 2008 to 2023 
 

 Human activity is the main cause of 

wastewater generation. The population is the 

primary determinant of higher water consump- 



J. Res. Unit Sci. Technol. Environ. Learning Vol. 12 No. 1 (2021) 

 

114 

tion. Figure 4a shows the change in population 

when the birth rate is varied. An increase in birth 

rate to 21.30% (upper bound) can increase the 

population.  On the other hand, a decrease in 

birth rate to 10.60% (lower bound) reduces the 

population. Figure 4b shows that an increase 

in population causes the nitrogen discharge to 

increase. Moreover, a decrease in population 

leads to a slight fall in the total discharged ni-

trogen when compared with the baseline sce-

nario. 

 
(a) 

 
(b) 

Figure 4 Impact of population on nitrogen dis-

charge (a) population change (b) amount 

of nitrogen discharge 

 

 Increasing the impact of wastewater 

treatment efficiency (WWTE)  can reduce the 

nitrogen release rate into the river. Scenario 3 

shows that an improvement in wastewater treat-

ment efficiency (upper bound) can reduce the 

amount of wastewater. In contrast, a diminish-

ing wastewater treatment efficiency (lower 

bound) results in an increase in wastewater as 

shown, in Figure 5a. An increase in wastewater 

causes an increase in the total nitrogen dis-

charge into the river, whereas reducing the 

amount of wastewater causes a decrease in 

the nitrogen discharge, as shown in Figure 5b. 

 
(a) 

 
(b) 

Figure 5 Impact of efficiency of wastewater 

treatment (WWTE) on nitrogen discharge 

(a) volume of wastewater, and (b) amount of 

nitrogen discharge 
 

 Nitrogen in untreated wastewater is 

another source of nitrogen in the river. The nitro-

gen in untreated wastewater can fluctuate based 
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on many factors such as the WWTE, amount 

of rainfall, and season. In Scenario 5, the nitro-

gen in wastewater and the nitrogen discharge 

rate were measured by changing the nitrogen 

in untreated wastewater. Figure 6a shows the 

nitrogen in untreated wastewater, which adds 

to the nitrogen discharge rate. A high amount of 

nitrogen in untreated wastewater (upper bound) 

causes a higher nitrogen discharge. A low amount 

of nitrogen in untreated wastewater (lower bound) 

causes a lower nitrogen discharge, which is 

presented in Figure 6b. 

 
(a) 

 
(b) 

Figure 6 Impact of nitrogen in wastewater on 

nitrogen discharge (a) amount of nitrogen 

in wastewater and (b) amount of nitrogen 

discharge 
 

 Lastly, Scenario 8 shows that an im-

provement in the impact of wastewater treat-

ment efficiency in factories (WWTEF) can reduce 

the wastewater from factories.  If WWTEF is 

reduced, wastewater from factories would in-

crease, which is shown in Figure 7a. When we 

improve WWTEF, the nitrogen discharge rate 

is reduced. In contrast, diminishing the waste-

water treatment efficiency results in an increase 

in the total nitrogen discharge, as shown in 

Figure 7b. 

 
(a) 

 
(b) 

Figure 7 Impact of wastewater treatment ef-

ficiency in factories (WWTEF) (a) amount of 

wastewater from industries and (b) amount 

of nitrogen discharge 

 

 According to the results of sensitivity 

analysis, the model shows that increasing the 

population and nitrogen in wastewater can in-

crease the nitrogen discharge rate. Moreover, 
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increasing the WWTE and WWTEF can reduce 

the wastewater and nitrogen discharge rates. 

Therefore, we conclude that human activities 

are the main cause of nitrogen discharge. We 

extend the SD model by assuming an aware-

ness function.  Thus, we can analyze human 

behavior in our model. We assume that aware-

ness increases from 0 to 1 when the amount 

of nitrogen discharge ranges from 0.3 mg/L to 

80 mg/L. The awareness function is as follows: 

Awareness = (1×10–15) × Nitrogen (the total of 

nitrogen in the river). After awareness increases, 

people are more aware of their health and they 

are willing to follow government policies by re-

ducing the discharge of wastewater into rivers. 

If the awareness is higher than 0.0035,  the 

wastewater discharge is reduced as follows: 

Wastewater discharge = (–3×1011) × Aware-

ness + (4×1011). If the awareness is higher than 

0.0035, the nitrogen discharge rate is reduced. 

Figure 8 illustrates the impact of awareness on 

the nitrogen discharge; increasing awareness 

can control the nitrogen discharge rate, which 

is below 0.3 mg/L following the US EPA guide-

lines. Consequently, the government should in-

crease the efficiency of wastewater treatment 

in communities and factories and present a 

campaign to raise people’s awareness. 

 

Recommendations 

 According to the “Statement for the 

Annual Budget Expenditures for Fiscal Year 

2018” of Thailand, the annual budget is set to 

 
Figure 8 Impact of awareness on total nitro-

gen discharge 
 

be 2.9 trillion baht, which is separated into six 

strategies. Some of the total budget (4.3%) was 

distributed for environmental management. Pol-

lution control accounts for 0. 45% of the total 

annual budget. The government aims to in-

crease the wastewater treatment efficiency to 

47% in 2018 from this budget. This goal was 

tested by the ChaoPSD model. We found that 

increasing the wastewater treatment efficiency 

to 47% can reduce the nitrogen discharge rate by 

approximately 25%, but the amount of nitrogen 

is still higher than the US EPA guidelines. 

Figure 9 shows a comparison of the nitrogen 

discharge rate between the current nitrogen 

discharge (base) and the increased wastewater 

treatment efficiency (goal). From the results of 

the ChaoPSD model, after adding the aware-

ness function to the model, the nitrogen dis-

charge rate is below the US EPA guidelines. 

Moreover, if nitrogen is discharged into the 

river at less than 3%, the amount of nitrogen 

discharge is less than 0.3 mg/L, which can 

control eutrophication. Thus, the government 

should improve the efficiency of wastewater 
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treatment along with raising people’s awareness. 

 
Figure 9 Nitrogen discharge when increasing 

wastewater treatment to 47% (Goal) 
 

Conclusion 

 The lower Chao Phraya river is an 

important river for Thai people. In this paper, the 

lower Chao Phraya river, which has poor water 

quality, was considered as a case study. We 

model the water quality system by observing 

the nitrogen discharge rate in the river. Nitrogen 

has negative impacts on human and animal 

health and nitrogen is a cause of eutrophic-

cation, which degrades water quality. The system 

dynamics method is used as a tool to under-

stand the behavior of discharged nitrogen in 

the river.  We found that the nitrogen discharge 

rate will increase in the next five years.  Ac-

cording to the scenarios of sensitivity provided 

in the model, the wastewater that comes from 

household, industrial, and agricultural sectors 

affects the amount of nitrogen in the river. 

Increasing in the efficiency of wastewater 

treatment in communities and industries can 

reduce the nitrogen discharge. Moreover, rais-

ing people’s awareness can reduce the dis-

charged nitrogen in the long term. In 2018, the 

government wants to increase the efficiency 

of wastewater treatment from 26.9% to 47%. 

This goal can reduce the amount of nitrogen 

in the Chao Phraya river. However, this goal 

still cannot control the amount of nitrogen to 

be under the US EPA guidelines.  Thus, the 

government should increase the efficiency of 

water treatment in treatment plants, improve 

wastewater collection for treatment, promote 

wastewater treatment in factories, and raise 

people’s awareness. This combination of actions 

will lead to environmental sustainability in the 

Chao Phraya river. 
 

Acknowledgement  

 This work was supported by SIIT Young 

Researcher Grant under Contract No. SIIT 2016–

YRG02. 
 

References 

Begum, M., and D'Haese, L. (2010). Supply 

and demand situations for major crops 

and food items in Bangladesh.  Journal 

of the Bangladesh Agricultural Univer-

sity 8(1): 91–102. 

Borshchev, A., and Filippov, A. (2004). From 

system dynamics and discrete event to 

practical agent based modeling:  rea-

sons, techniques, tools.  Proceedings of 

the 22nd International Conference of 

the System Dynamics Society. Oxford, 

England. 



J. Res. Unit Sci. Technol. Environ. Learning Vol. 12 No. 1 (2021) 

 

118 

Boonta, A. , Khanom, T. , and Kodwong, W. 

(2010). Total Nitrogen Content. Retrieved 

from http:// samkon-eve.blogspot.com/2010/ 

07/7-total-nitrogen-content.html, January 

3, 2020. 

Bruning–Fann, C. S., and Kaneene, J. (1993). 

The effects of nitrate, nitrite and N–nitroso 

compounds on human health: A review. 

Veterinary and Human Toxicology 35(6): 

521–538. 

Chen, J., He, D., Zhang, N., and Cui, S. (2004). 

Characteristics of and human influences 

on nitrogen contamination in Yellow River 

system, China. Environmental Monitor-

ing and Assessment 93(1): 125–138. 

Convention on Biological Diversity. (2010). 

Global biodiversity outlook 3.The Montréal, 

Canada: Secretariat of the Convention 

on Biological Diversity.  Retrieved from 

http://gbo3.cbd.int/, January 21, 2020. 

Cooley, H., Ajami, N., Ha, M.–L., Srinivasan, 

V., Morrison, J., Donnelly, K., and Chris-

tian–Smith, J. (2014). Global water gover-

nance in the twenty– first century.  The 

World’s Water (pp. 1–18). UK: Springer. 

Department of Local Administration [ DLA] . 

(2015). The Volume of Wastewater and 

the Efficiency of Wastewater Treatment 

in Each Region, Thailand 2015. Ministry 

of Social Development and Human Se-

curity Retrieved from https://www.msoci 

ety.go.th/ewt_news.php?nid=18962, Jan- 

 uary 15, 2020. 

Department of Local Administration [DLA]. (2015). 

The Volume of Wastewater and the 

Efficiency of Wastewater Treatment in 

Each Region, Thailand 2015. Ministry of 

Social Development and Human Security 

Retrieved from https://www.msociety.go. 

th/ewt_news.php?nid=18962, December 

25, 2019. 

Department of industrial works.  (2008) .  List 

of Factories which Tend to Release 

Water Pollution.  Chemical and Heavy 

Metal. Retrieved from http://www.diw.go. 

Th/hawk/ content. php?mode= laws&tabid

=1&secid=3&subid=0, January 4, 2020. 

Figueredo, G. P., and Aickelin, U. (2011). Com-

paring system dynamics and agent–based 

simulation for tumour growth and its inter-

actions with effector cells. Proceedings 

of the 2011 Summer Computer Simula-

tion Conference (pp. 15–22). England: Cor-

nell University. 

Kathong, S., and Ruangviriyachai, D. C. (2014). 

Determination of nitrogen, phosphorus 

and potassium in liquid organic fertilizer. 

KKU Research Journal (Graduate Stu-

dies) 14(4): 57–68. 

Kato, T.  (2005) .  Simulation of water quality 

with the application of system dynamics 

model for population and land–use changes. 

Paddy and Water Environment 3(2): 103–

109. 



วารสารหน่วยวจิยัวทิยาศาสตร ์เทคโนโลย ีและสิง่แวดลอ้มเพื่อการเรยีนรู ้ปีที ่12 ฉบบัที ่1 (2564) 

 

119 

Khanh, D., and Thanh, N. H. (2010). Manage-

ment of Agricultural Waste and Poten-

tial for Cobenefits. Retrieved from https:// 

www.iges.or.jp/en/archive/wmr/pdf/activit

y100728/15_Khanh_Day1_Session5.pdf, 

January 13, 2020. 

Koch, H., and Vögele, S. (2009) . Dynamic mo-

delling of water demand, water availabi-

lity and adaptation strategies for power 

plants to global change. Ecological Eco-

nomics 68(7): 2031–2039. 

Macal, C. M. (2010). To agent–based simula-

tion from system dynamics. Proceedings 

of the Winter Simulation Conference 

(pp. 371–382). Baltimore, USA. 

Martis, M. S. (2006). Validation of simulation 

based models: A theoretical outlook. The 

Electronic Journal of Business Research 

Methods 4(1): 39–46. 

Ministry of Science and Technology.  (2012) . 

Fundamental Information of the Chao 

Phraya Basin.Hydro and Agro Informatics 

Institute (HAII)  Retrieved from http://www. 

knowledge/128-hydro-and-weather/663-

25basinreports.html, December 2, 2019. 

Mirchi, A., Madani, K., Watkins, D., and Ahmad, 

S. (2012). Synthesis of system dynamics 

tools for holistic conceptualization of water 

resources problems. Water Resource Ma-

nagement 26(9): 2421–2442. 

Morales–Suarez–Varela, M. M., Llopis–Gon-

zalez, A., and Tejerizo–Perez, M. L. (1995). 

Impact of nitrates in drinking water on can-

cer mortality in Valencia, Spain. European 

Journal of Epidemiology 11(1): 15–21. 

National Statistic Office [NSO]. (2017). Popu-

lation Distribution. Retrieved from http:// 

statbbi.nso.go.th/staticreport/page/sector

/en/01.aspx, December 12, 2019. 

Official Statistics Registration Systems.  (2016). 

Demographic distribution in Thailand. 

Retrieved from http://stat.dopa.go.th/stat/ 

statnew/upstat_age_disp.php, January 9, 

2020. 

Pollution Control Department [PCD] . (2014). 

Solid waste situation in Thailand from 

2016. Retrieved from: http http://slbkb.psu. 

ac.th/jspui/handle/2558/1300, December 

10, 2019. 

Pollution Control Department [PCD] . (2017). 

Agricultural Wastewater Problem. Re-

trieved from http://www.pcd.go.th/info_serv/ 

water_Agricultural.htm, January 3, 2020. 

Pereira, H. M., Leadley, P. W., Proença, V., 

Alkemade, R., Scharlemann, J. P., Fer-

nandez–Manjarrés, J. F., and Cheung, W. 

W. (2010). Scenarios for global biodiver-

sity in the 21st century. Science 330(6010): 

1496–1501. 

Pluchinotta, I., Pagano, A., Giordano, R., and 

Tsoukiàs, A. (2018). A system dynamics 

model for supporting decision–makers in 

irrigation water management. Journal of 

Environmental Management 223: 815– 



J. Res. Unit Sci. Technol. Environ. Learning Vol. 12 No. 1 (2021) 

 

120 

 824. 

Pollution Control Department [PCD]. (2017). 

The Chao Phraya River Situation. Retri-

eved from http://www.pcd.go.th/info_serv/ 

water_Chaopraya50.html#s15, January 15, 

2020. 

Royal Irrigation Department [RID]. (2017). Water 

Quantity in Rivers of Thailand [Data file] . 

Bangkok: Author. 

Smith, V. H., Tilman, G. D., and Nekola, J. C. 

(1999). Eutrophication: impacts of excess 

nutrient inputs on freshwater, marine, and 

terrestrial ecosystems. Environmental Pol-

lution 100(1–3): 179–196. 

Sterman, J. D. (1984). Appropriate summary 

statistics for evaluating the historical fit of 

system dynamics models. Dynamica 10(2): 

51–66. 

Sukholthaman, P., and Sharp, A. (2016). A 

system dynamics model to evaluate ef-

fects of source separation of municipal solid 

waste management: A case of Bangkok, 

Thailand. Waste Management 52: 50–61. 

Sukruay, J., and Chaysiri, R. (2018). System 

dynamics model for estimating water pol-

lution.  International Scientific Journal of 

Engineering and Technology (ISJET) 2(2): 

45–52. 

Sumari, S. , Ibrahim, R. , Zakaria, N.  H. , and 

Ab Hamid, A. H. (2013). Comparing three 

simulation models using taxonomy: Sys-

tem dynamic simulation, discrete event 

simulation and agent based simulation. 

International Journal of Management 

Excellence 1(3): 54–59. 

The World Bank. (2017). Thailand: Share of 

industry. Retrieved from http://www.theglo 

baleconomy. com/Thailand/Share_of_ind

ustry/, November 12, 2019. 

Thitanuwat, B., Polprasert, C., and Englande, 

A.  J. (2016). Quantification of phosphorus 

flows throughout the consumption system 

of Bangkok Metropolis, Thailand.  Science 

of the Total Environment 542(Part B) : 

1106–1116. 

Towprayoon, S. (2007). Wastewater Flow and 

Solid Waste Stream in Thailand. Retri-

eved from http://www-gio.nies.go.jp/wgia/ 

wg4/pdf/20_II_05_Waste_Towprayoon_T

hailand.pdf, December 23, 2019. 

UN–Water. (2016). Towards a Worldwide As-

sessment of Freshwater Quality. Retri-

eved from http://www.unwater.org/pub lica 

tions/towards-worldwide-assessment-fresh 

water-quality/, January 14, 2020. 

UNESCO. (2018). The Global Water Quality 

Challenge & SDGs. Retrieved from https:// 

en.unesco.org/waterquality-iiwq/wq-chal 

lenge, January 14, 2020. 

Venkatesan, A. K., Ahmad, S., Johnson, W., 

and Batista, J. R. (2011). Systems dyna-

mic model to forecast salinity load to the 

Colorado River due to urbanization within 

the Las Vegas Valley. Science of the Total 



วารสารหน่วยวจิยัวทิยาศาสตร ์เทคโนโลย ีและสิง่แวดลอ้มเพื่อการเรยีนรู ้ปีที ่12 ฉบบัที ่1 (2564) 

 

121 

 Environment 409(13): 2616–2625. 

Wang, Q. S., Sun, D. B., Hao, W. P., Li, Y. Z., 

Mei, X. R., and Zhang, Y. Q. (2012). Hu-

man activities and nitrogen in waters. Acta 

Ecologica Sinica 32(4): 174–179. 

Water Quality Management Office. (2017). 

Domestic Wastewater. Pollution Control 

Department Retrieved from http://www. 

pcd.go.th/ info_serv/ water_wt. html#s1, 

Decomber 19, 2019. 

Yukalang, N., Clarke, B. D., and Ross, K. E. 

(2017). Solid waste management in Thai-

land:  An overview and case study (Tha 

Khon Yang sub–district). Reviews on En-

vironmental Health 32(3): 223–234. 


