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Abstract 

 

Water quality assessment for ambient water resources is paramount important in 

order to control water pollution and impact on human health. This paper aims to assess 

current situations of water quality of streams affected by urban land use expansion in Nay 

Pyi Taw and to propose policy suggestion for water quality management related urban area 

concerning sustainable green city development, Nay Pyi Taw. Primary data of water quality 

parameters: pH, Temperature, Conductivity, Turbidity, Total Dissolved Solid (TDS), 

Potassium (K+ ), Nitrate (NO3), Sodium (Na+ ), Calcium (Ca+ ) were collected by using 

Multi Parameter Water Quality Meter (Horiba,U-52G) and portable analyzers from six 

sampling points in two main streams which are flowing through Nay Pyi Taw Union 

Territory all year round, 2019. Moreover, laboratory experimental results of Biological 

Oxygen Demand (BOD) and Chemical Oxygen Demand (COD) were determined. High pH 

values were observed in dry season October-December. BOD values were observed higher 

than the guideline values of EPA and Thailand surface water quality standards. The nitrate 

value is resulted in seasonal and spatial variation due to the greater agricultural farming 

practices in the dry and rainy season than in the winter season. These results showed that the 

water quality of sampling point no.3 of Ngalite stream was polluted due to urban 

wastewater (Grey water) discharging from market and residential area of Pyinmana 

Township. Thus, this study revealed that urban and agricultural land-use affected nutrients 

concentration and water quality parameters seasonally and spatially. 

 

Keywords: Water quality parameters, nutrient concentration, urban landuse, sustainable 

development 
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စဉ်ဆက်မပြတ်ဖွံ့ဖဖိုးသော အစိမ်းသောင်ဖမို့သတာ် ပဖစ်သြါ်လာသစေန် ဖမို့ပြသပမအေံုးချမှု 

သ ကာင့် သနပြည်သတာ်အတွင်း ပဖတ်ေန်းစီးဆင်းသနသော သချာင်းများ၏ သေအေည်အသေွး 

ထိခိကု်နိုင်မှုအား တိုင်းတာအကဲပဖတ်ပခင်း 

စိမ့်၊ ဦးစီးအရာရှိ 

ပတ်ဝန်းကျင်ထနိ်းသိမ်းရရးဉီးစီးဌာန 

စာတမ်းအကျဉ်း 

ရရထုညစ်ညမ်းမှုနှင့် လူတ့ုိ၏ကျန်းမာရရးအရပါ်ထိခုိက်မှုတ့ုိအား ကာကွယ်ထိန်းချုပ် 

နုိင်ရန်အတွက် ပတ်ဝန်းကျင်ရရထုအရည်အရသွး ဆန်းစစ်အကဲဖြတ်ဖခင်းသည် အရရးကကီး 

ရသာလုပ်ငန်းတစ်ခု ဖြစ်ပါသည်။ ဤရလ့လာမှုသည် ဖပည်ရထာင်စုနယ်ရဖမ၊ ရနဖပည်ရတာ် 

အတွင်း မမို့ဖပ ဧရိယာြံွ့မြိုးလာမှုရ ကာင့် ရနဖပည်ရတာ်အတွင်း ဖြတ်သန်းစီးဆင်းရနရသာ 

ရချာင်းများ၏ ရရအရည်အရသွး ထိခုိက်နုိင်မှုနှင့် လက်ရိှအရဖခအရနအား တုိင်းတာ အကဲ 

ဖြတ်ဖခင်း၊ စဉ်ဆက် မဖပတ် ြံွ့မြိုးရသာ စိမ်းလန်းရသာ မမို့ရတာ်ဖြစ်ရပါ်ရစရန် စံညွှန်းတစ်ခု 

ဖြစ်သည့် မမို့ဖပဧရိယာအတွင်း ရရ အရည်အရသွးစီမံခန့်ခဲွမှုနှင့် စပ်လျဉ်း၍ မူဝါဒဆုိင်ရာ 

အကကုံဖပုချက်များအဆုိဖပုရန် ရည်ရွယ်ပါသည်။ Study area အရနဖြင့် ရနဖပည်ရတာ်အတွင်း 

ရိှ မမို့နယ်များဖြစ်သည့် ပျဉ်းမနားမမို့နှင့် လယ်ရဝးမမို့နယ်များအတွင်း ဖြတ်သန်းစီးဆင်း 

လျက်ရိှရသာ ငလုိက်ရချာင်း၊ ပတ္တာရချာင်းနှင့် ဆင်အံုကန်တ့ုိတွင် sampling points (၆) 

ရနရာမှရကာက်ယူခ့ဲသည့် ရရနမူနာများ၏ ရရအရည်အရသွးအား အကဲဖြတ်ဖခင်းဖြစ်ပါ 

သည်။ ၂၀၁၈-၂၀၁၉ ခုနှစ်အတွင်း Multi Parameter Water Quality Meter (Horiba, U-50) 

နှင့် Portable Analyzers တ့ုိအား အသံုးဖပု၍ ငလုိက်ရချာင်း၊ ပတ္တာရချာင်း နှင့် ဆင်အံုကန် 
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တ့ုိတွင် လစဉ်ကွင်း ဆင်းတုိင်းတာခ့ဲသည့် water quality parameters (pH, Temperature, 

Conductivity, Turbidity, Total Dissolved Solid (TDS), BOD, COD, Potassium (K+), 

Nitrate (NO3), Sodium (Na+), Calcium (Ca+) ဆုိင်ရာ ကိန်းဂဏန်း အချက်အလက် 

များအား (U.S.EPA), ASEAN (Thailand, Vietnam) မျက်နှာဖပင် ရရထုအရည်အရသွး စံချန်ိ 

စံညွှန်းတ့ုိဖြင့် နှိုင်းယှဉ်အကဲဖြတ်ဖခင်း ဖြစ်ပါသည်။ pH, TDS, Dissolved Oxygen (DO) 

တန်ြုိးများသည် သတ်မှတ်ထားရသာ မျက်နှာဖပင်ရရထု အရည်အရသွး လမ်းညွှန်ချက် (EPA, 

ASEAN surface water quality guidelines) တ့ုိနှင့် ကုိက်ညီမှုရိှမပီး BOD နှင့် nutrient 

တန်ြုိး NO3 များသည် သတ်မှတ်စံချန်ိစံညွှန်းတ့ုိထက် သိသာစွာ ရကျာ်လွန်ရနမပီး 

ရာသီဥတုနှင့် ရနရာအရပါ်လုိက်မပီး ရဖပာင်းလဲမှုရိှရ ကာင်း ရလ့လာရတွ့ရိှရပါသည်။ 

ရလာဒ်များအရပါ် သံုးသပ်ချက်များအရ sampling point ၆ ရနရာအနက် ငလုိက်ရချာင်း၏ 

sampling point no.3 ရနရာ(ပျဉ်းမနား မမို့ ရောဂသီရိကားကွင်းအနီး)သည် 

အဖခားရနရာများထက် ပုိမုိ ညစ်ညမ်း ရနရ ကာင်း ရတွ့ရိှရပါသည်။ 

ရနဖပည်ရတာ်(၈)မမို့နယ်မှ လူရနအိမ်ယာများအား အဓိက ရရရပးရဝသည့် 

အရင်းအဖမစ်များမှာ ဆည်များဖြစ်မပီး အချ ို ့မမို့နယ်များတွင် ရဖမရအာက်ရရ၊ 

အဝီစိတွင်းရရတ့ုိသံုးစဲွ ကသဖြင့် ငလုိက်ရချာင်းနှင့် ပတ္တာရချာင်းရရသည် စုိက်ပျ ို းရရး 

လုပ်ငန်းများအတွက်သာ အသံုးဖပုဖခင်း ဖြစ်ပါသည်။ တုိင်းတာရရိှရသာ ရလဒ်များအရ အဆုိ 

ပါ ရချာင်းများ၏ ရရအရည်အရသွးသည် စုိက်ပျ ို းရရးလုပ်ငန်းများအတွက် သံုးစဲွရန် 

သင့်ရတာ်ရသာ အရဖခအရနတွင်ရိှပါသည်။ အစုိးရအရနဖြင့် စဉ်ဆက်မဖပတ် ရရအရည် 

အရသွး စီမံခန့်ခဲွမှုဆုိင်ရာ မူဝါဒချမှတ်ဖခင်း၊ အမျ ို းသားအဆင့်၊ တုိင်းရဒသကကီးအဆင့် 
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လုပ်ငန်းအစီအစဉ်များရရးဆဲွဖခင်းတ့ုိကုိ ရဆာင်ရွက်ထားရိှမပီး ၎င်းအား အရကာင်အထည် 

ရြာ်ရာတွင် ရဒသခံဖပည်သူ လူထုပူးရပါင်းပါဝင်ရန်မှာအရရးကကီးရသာ ကဏ္ဍတစ်ခု ဖြစ်ပါ 

သည်။ ဤရလ့လာမှုမှ မမို့ဖပြံွ့မြိုးတုိးတက်လာဖခင်းသည်ရချာင်းများအရ ရရအရည်အရသွး 

အား ထိခုိက်မှုရိှရ ကာင်း ရလ့လာရတွ့ရိှရသဖြင့် လူရနရပ်ကွက်များမှ စွန့်ပစ်သည့်ရရဆုိး 

များအား စနစ်တကျ စီမံခန့်ခဲွဖခင်း၊ ဖပန်လည်သန့်စင်ဖခင်း၊ ရပ်ကွက်အလုိက် ရရဆုိးသန့်စင် 

သည့် ကန်များ တည်ရထာင်ရပးဖခင်းတ့ုိကုိ တုိင်းရဒသကကီးအဆင့် အစုိးရမှ ရဆာင်ရွက်ရန် 

လုိအပ်ပါသည်။ အမျ ို းသားအဆင့်အရနဖြင့် စဉ်ဆက်မဖပတ် ြံွ့မြိုးတုိးတက်မှု ပန်းတုိင် - ၆.၆ 

(SDG 6.6) အားဖပည့်မီှရန် ရရချ ို ရဂဟစနစ် ထိန်းသိမ်းဖခင်း၊ ရရချ ို ရရိှသည့် အရင်းအဖမစ်များ 

ဖြစ်သည့် သစ်ရတာများ၊ ရရရဝရရလဲရဒသများနှင့် ဆက်စပ်သည့် ရဂဟစနစ်များ ထိန်းသိမ်း 

ဖခင်း လုပ်ငန်းများအား မမို့ဖပရဖမအသံုးချမှု အစီအစဉ်တွင်ရပါင်းစပ် ရဆာင်ရွက်သင့်ပါရ ကာင် 

အကကံဖပုထားပါသည်။ 
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Assessment of Water Quality of Streams Affected by Urban Land-Use for Sustainable 

Green City Development: Case Study in Nay Pyi Taw, Myanmar 

1. Introduction 

Clean water access is one of the key indicators of environmentally sustainable cities 

development and identifies as one goal in Sustainable Development Goals (SDGs) as well. 

Water quality varies significantly according to different ecosystems, land use pattern and 

human intervention [1]. Water contamination can be caused by human activities in two main 

ways: point sources and non-point sources [2]. Pollution control requires a better 

understanding of water quality and the impact by land use particularly during urbanization 

[3]. Rapid urban development is the main causes of serious environmental degradation 

related to air and water pollution [4]. In urban areas, the main sources of water pollution are 

untreated sewage, industrial and household wastes directly discharges into water bodies. 

Therefore, urban areas development has the potential that can impact on ecology and 

environment at a great extent. 

The key indicators of Sustainable Green City Development are clean air, clean water 

and clean land. Sustainable management of water and improve water quality by reducing 

pollution is identified as a goal in Sustainable Development Goals: SDG-6. This study focus 

on water resources and associated land uses particularly urban area and its impact on water 

quality. In the context of Nay Pyi Taw, Nay Pyi Taw city has been awarded the 

Environmentally Sustainable Cities (ESC) award in 2017. In order to maintain this situation, 

the water quality of two main streams flowing through the Nay Pyi Taw Union Territory 

will be assessed by comparing with international standards such as WHO drinking water 

quality and ASEAN (Thailand and Vietnam) surface water quality standards to reveal the 

current situation and impacts of urban land use. The results will be evidence to support the 

improvement of sustainable green city development. 

The integration of environmental considerations into the development process is the 

sustainable way to enhance the quality of life of all its citizens (NSDS, 2009) [6]. 

Sustainable management of water resources has become a major concern in many countries 

since it can affect human health and the sustainability of agriculture (NSDS, 2009) [6]. 

Correlation between land use change and water quality has been studied in previous several 

researches. Thus, this study focuses on water quality management as a key indicator in 

order to achieve sustainable green city development of Nay Pyi Taw. 

At present day, population pressure is leading factor for land use changes such as 

urban development and agricultural land expansion. As a consequence, environmental 

quality (air and water) degradation occurs, especially, water pollution is becoming the most 

important issue for human’s well-being and directly impact on ecosystem health as well. In 

Nay Pyi Taw, the Ngalite stream provides natural freshwater resource for agricultural 
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purposes and recreation facilities. Thus, water quality assessment, management and 

monitoring plan are required to conduct by relevant organization in order to control water 

pollution and specific water quality standards for surface water (ambient) is important to 

specify in order to support effective management of water resources. This study aims to 

assess current situations of water quality of streams affected by urban land use in Nay Pyi 

Taw and to propose policy suggestion for water quality management in urban area 

concerning sustainable green city development, Nay Pyi Taw. 

2. Objectives 

 To assess current situations of water quality of streams affected by urban land 

use in Nay Pyi Taw 

 To propose policy suggestion for water quality management in urban area 

concerning sustainable green city development, Nay Pyi Taw. 

3. Materials and Methods 

3.1 Study area 

Naypyidaw is located between the Bago Yoma and Shan Yoma mountain ranges in 

central part of Myanmar with a total area of 7,054.37 km
2
 (2,723.71 sq mi) and geographic 

coordinates are 19.75 Latitude and to 96.13 Longitude. The major freshwater resources for 

residential area receive from the Chaungmagyi Dam which is located to the northern part of 

Naypyidaw, the Ngalite Dam is at the south and the Yezin Dam in the north-east of 

Naypyidaw. Average temperature is determined as 36-40 °C in summer (March-May), 

30-32 °C in rainy season (June-September), 14-29 °C in winter (November-February). 

Average rainfall amount are 2-1.3 inches (January-April), 5.2-9.0 inches (May-October), 

0.3-1.5 inches (November-February). In residential area, a total population is 1,109,630 in 

Nay Pyi Taw Union Territory. 

The study area is selected six sampling points in two streams namely Ngalite stream 

and Patta stream which are flowing through Nay Pyi Taw Union Territory and Sin Ohn lake. 

Three sampling points of Ngalite stream flowing through Pyinmana township and two 

sampling points of Patta stream flowing through Lawe township are selected to measure 

water quality because that places located near residential area. The location map of study 

area is shown in Figure (1). 
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Figure 1. Location map of study area 

3.2 Data collection 

Desk study conducted to collect baseline information of water quality management 

and policy from various resources such as scientific records, academic research papers, and 

article in the study area. Quantitative Methods was applied for data collection. Primary data 

of water quality were collected from six sampling points in two main streams flowing 

through Nay Pyi Taw Union Territory all year round (2019). Multi Parameter Water Quality 

Meter (Horiba, U-52G) and portable analyzers were applied to measure water quality 

parameters: pH, Temperature, Conductivity, Turbidity, Total Dissolved Solid (TDS) and 

nutrients level: Potassium (K), Nitrate (NO3), Sodium (Na
+
), Calcium (Ca

+
). Moreover, 

experimental results of Biological Oxygen Demand (BOD) and Chemical Oxygen Demand 

(COD) in laboratory were statistically analyzed to assess amount of oxygen available in 

water for survival of aquatic organisms. 

3.3 Data analysis 

The descriptive statistics was used to reveal the seasonal and spatial variation of the 

values of water quality parameters, and analyze the collected water quality data by 

comparing the standard values of EPA and ASEAN surface water quality as an assessment 

strategy. The results are interpreted through percentages, text, graphs and figures. 
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4. Results and Discussion 

4.1 Seasonal and spatial variation of water quality of Ngalite and Patta streams  

The pH value of water body is an important indicator to assess water quality because 

it can determine the solubility, nutrients (phosphorus, nitrogen, and carbon) and heavy 

metals [7]. For example, metals tend to be more toxic at lower pH because they are more 

soluble [7]. In this study, the pH value of water samples in six sampling points was 

determined by seasonally. The pH value of water samples of two streams were observed 

8.00 - 8.34 in October to December, 7.17 - 7.74 in June to September, 7.02 – 7.65 in 

February to May (Figure 2).  High pH values were observed in dry season whereas pH 

values were stable in rainy season. These results showed that the water quality of the two 

streams was slightly alkaline in winter season. However, the average annual value of pH is 

being within the optimum range of EPA (6.5-8.5) and ASEAN (5.5-9) surface water quality 

standards. 

 

Figure 2. Seasonal variation of pH value in Ngalite and Patta streams 

Average annual values of Total Dissolved Solids (TDS) in six sampling points, 

243.42 mg/L, 290.27 mg/L, 310.18 mg/L, 191.36 mg/L, 245.73 mg/L, 125.91 mg/L 

respectively, were determined under the guideline value of EPA standard (≤ 500 mg/L). 

However, in Ngalite stream, the TDS value was higher in March than other months and it 

exceeded the guideline value of EPA standard in March. 

Dissolved oxygen enters the water from the atmosphere and through the 

photosynthesis by aquatic plants, and is depleted through chemical oxidation and respiration 

by aquatic animals and microorganisms, especially during the decomposition of plant 

biomass and other organic material [9]. Dissolved oxygen (DO) and pH are the critical 

indicators of water quality for the survival of aquatic plants and animals. The DO values of 
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stream water were examined in the range of 5.2 - 6.25 in March and April. These values are 

> 4 which is acceptable level of EPA standard and Thailand surface water quality standard.  

The amount of dissolved oxygen in water can vary seasonally, and decreases with 

higher temperature, salinity, and depth. The maximum solubility of oxygen in water at 1 atm 

pressure (standard air pressure at sea level) ranges from about 15 mg/L at 0°C to 8 mg/L at 

30°C, that is, ice-cold water can hold twice as much dissolved oxygen as warm water [9]. 

Warm water is less capable of holding dissolved oxygen. For this reason, temperature 

should be measured at the same place within the stream at which dissolved oxygen is 

measured. This allows the correlation between the two parameters to be observed. The 

problem of low dissolved oxygen levels is caused by increasing the metabolic rates of 

aquatic plants as water temperature rises, thus increasing their biochemical oxygen demand.  

Biochemical oxygen demand (BOD) means the amount of oxygen consumed by 

bacteria and other microorganisms while they decompose organic matter under aerobic 

(oxygen is present) conditions at a specified temperature [7]. BOD is a measure of the 

amount of oxygen required to remove waste organic matter from water in the process of 

decomposition by aerobic bacteria. High level of BOD value indicates the high amount of 

organic matter present in water. High BOD levels affect dissolved oxygen (DO) levels by 

decreasing the oxygen available in water is consumed by the bacteria. Then less dissolved 

oxygen available in water can impact the survival of aquatic organisms. The causes of high 

BOD value are related to high level of nitrate present, organic pollution and untreated 

wastewater discharged.  

In the study area, the average annual value of BOD in Nalite stream was examined 

as 9.50 mg/l of sampling point no.1, 13.50 mg/l of sampling point no.2, 15.45 mg/l of 

sampling point no.3 and 6.14 mg/l of sampling point no.1 and 9.29 mg/l of sampling point 

no.2 in Patta stream. These amounts of BOD were observed higher than the guideline values 

of EPA and Thailand surface water quality standards (Figure 3). The sampling point no.3 of 

Ngalite stream was determined the highest average annual value of BOD than other places 

and the high level of nitrate value as well. The reason could be wastewater (Grey water) 

from market and residential area of Pyinmana township discharging into the Ngalite stream, 

the sampling point no.3, located in that area. Therefore, the water quality of sampling point 

no.3 of Ngalite stream was assessed as pollution occurred.  
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Figure 3. Seasonal variation of BOD value in study area 

COD is normally higher than BOD because more organic compounds can be 

chemically oxidized than biologically oxidized [10]. In the study area, the highest value of 

COD was observed 119.2 mg/l in February to May for sampling points in Ngalite stream. 

The highest average annual value of COD was examined 105.69 mg/l for sampling point 

no.2 in Ngalite stream. There was bridge construction site at sampling site no. 2, Pyinmana 

township. It could be the reason of higher COD level in water sample of that sampling point. 

All COD values of water samples were exceeding the standard of 10 mg/l of EPA standard. 

Table 1. Water Quality Parameters of Six Sampling Sites in Nay Pyi Taw (2019) 

Parameters Sampling 

Sites 

Season Standard 

Feb.-May June-Sept. Oct.-Dec. EPA ASEAN 

pH  

(Mean± SD) 

Point 1 

Point 2 

Point 3 

Point 4 

Point 5 

Point 6 

7.02±0.49 

7.65±0.79 

7.17±0.61 

7.53±0.72 

7.44±0.83 

7.21±1.06 

7.26±0.45 

7.23±0.46 

7.17±0.52 

7.74±0.22 

7.72±0.13 

7.74 ± 0.44 

7.96±0.25 

8.09±0.05 

7.78±0.27 

8.34±0.40 

8.10±0.06 

7.30±0.27 

6.5–

8.5 

5-9 

(Thai) 

5.5-9 

(Vietnam) 

Temperature Point 1 

Point 2 

Point 3 

Point 4 

Point 5 

Point 6 

32.55 

32.31 

33.64 

31.34 

31.50 

30.64 

25.34 

24.81 

25.89 

24.65 

24.03 

23.79 

30.2 

31.73 

28.63 

31.22 

30.12 

30.23 

NC NC 

Total Point 1 312.5±197.45 188±73.26 230±15.52 ≤500  
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Dissolved 

Soilds 

(mg/l) 

(Mean±SD) 

Point 2 

Point 3 

Point 4 

Point 5 

Point 6 

430.25±216.89 

445 

131±89.5 

272 

93.26 

190±59.2 

210±76.68 

180±55.98 

190±48.67 

108±52.69 

237±10.97 

264±2 

288±10.6 

285±16.37 

194±14.73 

Oxidation 

Reduction 

Potential 

(ORP) 

Point 1 

Point 2 

Point 3 

Point 4 

Point 5 

Point 6 

289 

272.75 

227.25 

226.5 

181 

154 

314 

322.5 

307.5 

338.75 

329 

281 

376.33 

373.33 

366.67 

405.67 

377.33 

254.67 

NC NC 

Turbidity 

(NTU) 

(Mean±SD) 

Point 1 

Point 2 

Point 3 

Point 4 

Point 5 

Point 6 

22±5.31 

46.45±22.54 

64.95±26.13 

78.95±28.43 

102.5±14.18 

20.5±2.29 

169.75±7.37 

137.25±18.08 

92.13±5.75 

870.5±44.28 

900.5±132.57 

84.1±3.72 

43.67±4.51 

89.17±2.61 

87.1±5.21 

333±321.05 

336±130.22 

30.03±1.16 

<700 15 

Salinity 

(ppt) 

(Mean±SD) 

Point 1 

Point 2 

Point 3 

Point 4 

Point 5 

Point 6 

0.25±0.17 

0.26±0.15 

0.33±0.19 

0.3±0.12 

0.3±0.12 

0.1±0.05 

0.55±0.77 

0.5±0.67 

0.48±0.55 

0.5±0.73 

0.55±0.77 

0.33±0.52 

0.63±0.75 

0.77±0.98 

0.83±1.09 

0.73±0.92 

0.73±0.92 

0.47±0.64 

NC NC 

BOD (mg/l) 

(Mean±SD) 

Point 1 

Point 2 

Point 3 

Point 4 

Point 5 

Point 6 

26 

23 

19.5 

 

 

15 

8.25±1.89 

18.25±12.45 

11.75±9.18 

8±2.94 

12.5±6.95 

9±2.94 

5.67±0.57 

4±3.36 

15±6.93 

3.67±0.58 

5±1.73 

5.67±2.89 

5 2 (Thai) 

<25 

(Vietnam) 

COD (mg/l) 

(Mean±SD) 

Point 1 

Point 2 

Point 3 

Point 4 

Point 5 

Point 6 

118.4 

119.2 

116 

 

20.64 

25.32 

75.85±21.05 

118.83±93.72 

50.23±26.04 

49.8±18.20 

27.38±21.41 

28.33±19.30 

96±36.37 

83.67±56.58 

105.6±85.91 

115±67.55 

71.67 

58 

10 40 (Thai) 

<35 

(Vietnam) 

Point 1, 2, 3: Ngalite stream, Point 4, 5: Patta stream, Point 6: Sin Oun Lake 

NC= Not of concern 
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4.2 Nutrients concentration of water samples 

Nutrients concentration in water body is influenced by the land-use pattern in 

surrounding area. Nitrate (NO3) and potassium (K
+
) are the nutrient parameters of water 

quality particularly derived from agricultural farming by using chemical fertilizer. 

According to the results, the nitrate concentration in water sample exceeds the guideline 

value of EPA and ASEAN standards. In seasonally, the nitrate value in two streams were 

higher in dry season and monsoon (February to September) than winter (October to 

December). In this study, average nitrate values were observed to be 27.5 -75.5 ppm in hot 

season, 38.25- 59.25 ppm in rainy season and 5.67-6.67 ppm in cold season (Figure 2). This 

study showed that nitrate level is higher in dry season and rainy season than the cold season. 

This could be attributed to the greater agricultural farming practices in the dry and rainy 

season than in the winter season. 

 

Figure 4. Seasonal and spatial variation of nitrate value in study area 

Moreover, the nitrate value in the two streams, Ngalite and Patta, were higher than 

the Sin Oun lake because there are agricultural farming surrounding these two streams. It 

means that the nitrate value is resulted in seasonal and spatial variation. The highest nitrate 

concentrations were observed in sampling point no.3, Ngalite stream flowing through 

Pyinmana township. Discharging wastewater including large amount of organic wastes, and 

other wastes like sewage disposal from market and residential area could be the reason of 

the higher results in the sampling point no.3 comparing with other places.  

An excess amount of nitrogen in a waterway may lead to low levels of dissolved 

oxygen and negatively alter various plant life and organisms. Nitrate pollution in water 

often impacts aquatic ecosystems and the causes are due to natural and/or human 

intervention such as discharged wastewater waste: septic tank systems and landfills, 
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intensive husbandry, agricultural farming practices with nitrate over application of manure, 

chemical fertilizers [11,12]. Nitrate guideline value for drinking water established by the 

World Health Organization (WHO, 2006) is 50 mg/L, EPA standard recommends 10 mg/L 

in drinking water, and ASEAN standards set 5 mg/L in Thailand and 15 mg/L in Vietnam in 

surface water. Nitrate levels from 0 – 40 ppm are generally safe for fish but it can be toxic if 

it will be greater than 80 ppm.  

When a significant rainwater component was present; relatively high concentrations 

were measured in waters draining cultivated and farmed areas and were associated to 

relatively high potassium (K
+
) contents [12]. Nutrient parameters correlate directly with 

rainfall due to water runoff [13]. Heavy rainfall can cause nutrient loads in water bodies by 

runoff from residential and agriculture area, as a result it affected on water quality [14]. 

These observations prove that there is seasonal variation of nitrate transport in surface 

water. 

Higher concentration of nitrate in water body occurs due to draining mostly from 

agricultural and farming practices in surrounding areas. Therefore, appropriate management 

of livestock manure and suitable use of fertilizers will help for controlling nitrate 

accumulation in the soil, and also reducing its transport by leaching. Supply of Nitrogen 

may be restricted for agriculture activity where the high concentrated aquifer water is found 

[15]. 

Sodium (Na
+
) concentration was observed that it exceeded the acceptable level of 

EPA drinking water standard. The average annual values of sodium were examined of 214.5 

ppm, 232.78 ppm, 237.44 ppm, 181.86 ppm, 180.71 ppm, 120.29 ppm in six sampling points 

respectively. These values are higher than 30 to 60 mg/L of EPA drinking water standard. 

Hence, the water quality of sampling area was not suitable for drinking without specific 

treatment. 

Calcium carbonate concentrations in water body below 60 mg/l is generally 

considered as soft; 60–120 mg/l, moderately hard; 120–180 mg/l, hard; and more than 180 

mg/l, very hard (McGowan, 2000). The maximum and minimum levels of calcium (Ca
+
) are 

40–80 ppm (WHO, 2003). The average annual values of calcium were examined of 33.56 

ppm, 33.11 ppm, 35.11 ppm, 35.43 ppm, 33.29 ppm, 20.71 ppm in six sampling points 

respectively. Hence, these values were under the range of acceptable level of EPA and WHO 

standard.  
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Table 2. Nutrient Parameters of Six Sampling Sites in Nay Pyi Taw (2019) 

Parameters Sampling 

Sites 

Season Standard 

February-May June-September October-December EPA ASEAN 

Calcium 

(Ca
+
) 

Point 1 

Point 2 

Point 3 

Point 4 

Point 5 

Point 6 

14.75 

18 

22.25 

 

 

54 

51.5 

52.5 

46.75 

43.75 

25.5 

17.33 

18.33 

20 

20.33 

19.33 

14.33 

NC NC 

Potassium 

(K
+
) 

Point 1 

Point 2 

Point 3 

Point 4 

Point 5 

Point 6 

2 

1.5 

2.5 

 

295.25 

234.75 

424 

327.5 

284.5 

237.75 

12.67 

12.33 

20 

12.33 

21.67 

11.67 

NC NC 

Nitrate 

(NO3) 

(Mean±SD) 

Point 1 

Point 2 

Point 3 

Point 4 

Point 5 

Point 6 

48.75±1.5 

55.5±6.35 

75.5±10.97 

27.5±27.14 

35.5±35.22 

9±2.31 

38.25±30.51 

41.75±29.97 

56±58.23 

59.25±36.12 

57.75±33.17 

36.25±29.51 

5.67±0.58 

5.67±0.58 

6.33±0.58 

6.67±1.53 

6.67±1.15 

6.33±0.58 

10 5 (Thai) 

15 

(Vietnum) 

Sodium 

(Na
+
) 

Point 1 

Point 2 

Point 3 

Point 4 

Point 5 

Point 6 

300 

280 

315 

 

 

244.5 

270.5 

291 

222.5 

221.25 

154 

119.33 

121 

147.67 

127.67 

126.67 

75.33 

NC NC 

Point 1, 2, 3: Ngalite stream, Point 4, 5: Patta stream, Point 6: Sin Oun Lake 

NC= Not of concern 

 

5. Limitation 

To collect water quality data, only two streams (Ngalite and Patta streams) was 

selected to study among three main streams and one river because of limitation of staff, and 

transportation facility. Water quality parameters (pH, Temperature, Conductivity, Turbidity, 

TDS, DO and nutrients level: Potassium (K), Nitrate (NO3), Sodium (Na
+
), Calcium (Ca

+
)) 

were assessed by using only portable devices: Multi Parameter Water Quality Meter (Horiba 

U-52G, Japan) and portable nutrient analyzer equipment and there was no laboratory 
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experiment. Only BOD and COD parameters were experimented in laboratory. Heavy metal 

cannot be measured by these portable devices. In EPA and ASEAN guidelines, there is no 

standard value for some nutrient parameters such as Calcium (Ca
+
), Potassium (K

+
), 

Sodium (Na
+
), thus, it can be assessed with acceptable level. Water depth may slightly affect 

the value of water quality parameters. In the field work, we can collect water sample data in 

shallow part of the streams because of limitation of transportation facility. 

6. Conclusion and recommendations 

This study revealed that the average annual values of pH in six sampling points are 

being within the optimum range of EPA (6.5-8.5) and ASEAN (5.5-9) surface water quality 

standards and suitable for irrigation and aquatic life. The amount of BOD values were 

observed higher than the guideline values of EPA and Thailand surface water quality 

standards. All COD values of water samples were above the standard of 10 mg/l of EPA 

standard. The nitrate (NO3) value is resulted in seasonal and spatial variation. The highest 

nitrate (NO3) concentrations were observed in sampling point no.3, Ngalite stream flowing 

through Pyinmana township. These results showed that urban and agricultural land use 

affect nutrients concentration and water quality parameters seasonally and spatially. 

Therefore, this study suggests that the stream water is suitable condition for agriculture and 

irrigation purpose but it could not be used for drinking purpose.  

The regional government should implement domestic wastewater management and 

build wastewater treatment systems for residential area in Pyinmana township. The National 

level government should implement integrated urban management including protection and 

restoration of water-related ecosystems, including forests, wetlands, rivers, aquifers and 

lakes in order to fulfill SDG – 6.6. 
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