Assessment of Drinking Water Quality in Longding District, Arunachal Pradesh, India

ABSTRACT: Access to safe and potable water remains a critical challenge in ecologically fragile and rural regions of Northeast India. The present study assesses the physicochemical quality of drinking water sources across 32 villages in Longding District, Arunachal Pradesh. Water samples were collected from various rural settlements and analyzed at the State Water Testing Laboratory, Itanagar, using standards prescribed by the Bureau of Indian Standards (BIS) for drinking water quality. A total of 20 parameters were examined, including pH, turbidity, total dissolved solids (TDS), electrical conductivity, total hardness, alkalinity, chloride, sulphate, fluoride, nitrate, iron, and selected heavy metals. The results indicate that most physicochemical parameters fall within acceptable BIS limits, although localized variations were observed in turbidity, sulphate, fluoride, and iron concentrations in certain villages. Heavy metals such as arsenic, cadmium, lead, and mercury were found below detectable limits. The study highlights spatial variability in water quality influenced by geological, environmental, and anthropogenic factors. The findings provide baseline information for local water management planning and emphasize the need for periodic monitoring to ensure safe drinking water supply in the district.
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INTRODUCTION
Water is an indispensable natural resource essential for sustaining life, ecological balance, and socio-economic development. In rural and mountainous regions, access to safe drinking water remains a significant concern due to limited infrastructure, dispersed settlements, and dependence on natural water sources. Ensuring water quality is as important as ensuring water availability, particularly in regions characterized by shifting cultivation practices and fragile ecosystems. Longding District, located in southeastern Arunachal Pradesh, represents one such ecologically sensitive and rural landscape. The district, predominantly inhabited by the Wancho tribe, relies largely on natural streams, springs, and surface water sources for domestic consumption. Increasing population pressure, deforestation, and land use practices such as shifting cultivation may influence the quality of surface and groundwater resources.
Water quality assessment provides critical information regarding the suitability of water for drinking and domestic purposes. The Bureau of Indian Standards (BIS) has established permissible limits for various physicochemical and biological parameters to ensure safe consumption. Deviations from these standards may pose health risks including gastrointestinal disorders, fluorosis, and other water-borne diseases. In this context, the present study aims to evaluate the physicochemical characteristics of drinking water sources across 32 villages of Longding District and to compare the observed values with BIS standards. The study provides baseline data to support future water resource planning and public health management in the region.
STUDY AREA
[bookmark: _Hlk115037630]                   Longding was formed in the year 2012, which was formerly part of Tirap District. The district covers an area of 1192 km. It is bounded by Nagaland in the west, Assam to the north, Tirap to the east, and shares an international boundary with Myanmar in the south. The district is inhabited by the Wanchos. The Wanchos are one of the major tribes of Arunachal Pradesh. It has a population of 56953. The literacy rate of the district is 68.50%, as per the 2011 Census report. The majority of the population in the district is engaged in shifting cultivation. The practice of shifting cultivation on a large scale has resulted in the reckless cutting of forests and deforestation in the area. The climate of the district is directly related to the terrain, where the areas of high elevation experience a cold and humid climate. The monsoon season is marked by heavy rainfall, which occurs during the months from June to September. The winter months from November to February are marked by cold and dry weather. The vegetation comprises tropical, subtropical, and temperate forests, which are directly related to the variability in rainfall and elevation. Various species of flora and fauna are found in the area. The study area is marked by its rich culture and history. They share cultural similarities with the Konyaks of Mon district of Nagaland. 
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Fig.1. Location map of the study area
Methodology
Water samples were collected from 32 villages across different administrative circles of Longding District. Sampling was carried out during the pre-monsoon season to ensure uniformity in climatic conditions. Samples were collected in clean, sterilized polyethylene bottles following standard sampling procedures. Before collection, containers were rinsed thoroughly with the sample water to avoid contamination. The samples were labeled properly and transported to the State Water Testing Laboratory, Itanagar, for analysis.
The collected samples were analyzed for 20 physicochemical parameters following standard procedures prescribed by the Bureau of Indian Standards (BIS) for drinking water quality. The parameters analyzed included: temperature, turbidity, pH, and total dissolved solids (TDS), Electrical Conductivity (EC), Total Hardness, Total Alkalinity, Chloride, Sulphate, Fluoride, Nitrate, Iron, Arsenic, Copper, Lead, Mercury, Zinc, Cadmium, Total Coliform, Faecal Coliform
The results were compared with the acceptable and permissible limits specified under BIS drinking water standards.
Data Analysis
The obtained values were compiled and tabulated village-wise. Descriptive statistical analysis was carried out to determine the range and variation of each parameter across the study area.
The measured concentrations were compared with BIS standards to assess the suitability of the water for drinking purposes. Parameters exceeding permissible limits were identified to evaluate potential health risks and spatial variability in water quality.

Water Quality:
Water is the most important resource for the sustenance of life on the planet Earth. With increasing demand and limited water supply, there is an urgent need to ensure the quality of water for different purposes. Access to safe drinking water is a basic human right (WHO,2001) and is also a target of the Millennium Development Goals (MDGs). Water samples from different sources were collected and tested in the State Water Testing Lab, Itanagar. Samples were taken from all circles in the study area, across 32 villages. For this purpose, the standards developed by the Bureau of Indian Standards (BIS) were adopted. The BIS has set standards for safe drinking water. 20 parameters were tested.

Table.1.
	Sl. No.
	Parameter (unit)
	Acceptable Unit
(BIS)
	Permissible Limit
(BIS)

	1.
	Temperature (◦C)
	-
	-

	2.
	Turbidity (NTU)
	1
	5

	3.
	pH
	6.5-8.5
	No Relaxation

	4.
	Total Dissolved Solid (mg/L)
	500
	2000

	5.
	Electrical Conductivity (µS/cm)
	-
	-

	6.
	Total Hardness as CaCO3(mg/L)
	200
	600

	7.
	Total Alkalinity (mg/L)
	200
	600

	8.
	Chloride (mg/L)
	250
	1000

	9.
	Sulphate (mg/L)
	200
	400

	10.
	Fluoride (mg/L)
	1.0
	1.5

	11.
	Nitrate (mg/L)
	45
	No Relaxation

	12.
	Iron (mg/L)
	1.0
	No Relaxation

	13.
	Arsenic (mg/L)
	0.01
	No Relaxation

	14.
	Copper (mg/L)
	0.05
	1.5

	15.
	Lead (mg/L)
	0.01
	No Relaxation

	16.
	Mercury (mg/L)
	0.001
	No Relaxation

	17.
	Zinc (mg/L)
	5
	15

	18.
	Cadmium
	0.003
	No Relaxation

	19.
	Total Coliform Bacteria (per 100 mL) CFU
	0
	No Relaxation

	20.
	Faecal Coliform Bacteria (per 100 mL) CFU
	0
	No Relaxation




Table 2. Values and concentrations of different parameters
	VILLAGE
	Temp

	Turbidity

	pH
	Dissolved Solid
	Electrical Conductivity
	Total  Hardness
	Total Alkalinity

	SENUA
	22.7

	3.77

	7.02

	47.3

	72.8

	32

	28


	LONGSOM 

	22.6

	0.87

	6.9

	79.1

	121.7

	56

	42


	WANU
	22.6

	0.14

	7.01

	104.9

	161.4

	78

	57


	NGINU
	22.6

	7.1

	7

	157

	241.5

	125

	64


	NGISSA
	22.1

	10

	7.02

	130

	200.5

	95

	40


	CHANU
	21.9

	0.08

	6.59

	58.9

	90.6

	52

	45


	LONGDING
	21.8

	0.21

	7.5

	47.4

	72.9

	59

	38


	NIAUNU
	21.6

	0.17

	7.52

	110.3

	169.7

	69

	54


	NIAUSA
	22.6

	2.24

	6.5

	174

	267.7

	146

	72


	KANUBARI
	21.7

	1.49

	7.46

	128.6

	197.8

	164

	86


	TISSING
	21.7

	0.17

	7.52

	93.8

	144.3

	98

	48

	OZAKHO
	21.7

	0.08

	6.59

	81.2

	124.9

	62

	40

	ZEDUA
	21.6

	1.49

	7.46

	114.3

	175.8

	75

	56

	TISSA

	21.6

	0.17

	7.52

	31.6

	48.6

	22

	18

	CHATTING
	25.7

	11.88

	6.55

	53.3

	82

	46

	28

	KONNU
	25.7

	0.57

	8.05

	29.7

	45.7

	32

	20

	LONGPHONG
	26.4

	3.13

	7.5

	39.7

	61.07

	39

	24

	PONGCHAO
	22.5

	0.21

	7.7

	97.1

	149.3

	64

	48

	BONIA
	22.4

	0.75
	7.84
	87.2
	134.1
	59
	42

	MINTONG
	22.5
	0.15
	7.75
	42.6
	65.5
	36
	22

	LONGKAI
	25.4
	2.05
	7.65
	55.5
	85.5
	52
	34

	K.NOKNU
	25.6
	4.89
	8.16
	91
	140
	86
	56

	WAKKA
	22.5
	0.05
	7.68
	130.3
	200.4
	96
	72

	HASSE RUSA
	22.4
	0.06
	7.52
	271
	416.92
	184
	106

	VOTNU
	22.5
	22.5
	0.14
	7.45
	81.1
	124.7
	60

	K.NOKSA
	22.5
	0.05
	6.5
	90.8
	130.02
	68
	25

	LONGNAKSHIE
	25.2
	10
	5
	66.07
	109
	40
	40

	RANGLUA
	21.6
	0.5
	6.8
	6.9
	40.5
	55
	50.2

	KAMKUH RUSA
	22.5
	4.8
	7
	140
	39.8
	50.8
	66.8




	Village
	Chloride
	Sulphate
	Fluoride
	Nitrate
	Iron

	SENUA
	8
	1.52
	0.12
	0.84
	0.05

	LONGSOM
	12
	1.87
	0.14
	0.68
	0.02

	WANU
	26
	2.68
	0.15
	1.39
	0.02

	NGINU
	34
	5.28
	0.02
	1.8
	0.02

	NGISSA
	29
	2.89
	0.04
	1
	0.05

	CHANU
	18
	2.24
	0.08
	0.86
	0.01

	LONGDING
	22
	2.45
	0.04
	0.56
	0.01

	NIAUNU
	16
	2.3
	0.05
	1.28
	0.03




	Village
	Temp

	Turbidity
	pH
	Dissolved Solid
	Electrical Conductivity

	NIAUSA
	48
	6.83
	0.05
	1.74
	0.01

	KANUBARI
	46
	8.36
	0.03
	2.14
	0.01

	TISSING
	31
	4.6
	0.06
	0.66
	0.01

	OZAKHO
	12
	1.2
	0.02
	1.06
	0.02

	ZEDUA
	20
	3.56
	0.04
	1.53
	0.05

	TISSA
	8
	0.84
	0.01
	0.39
	0.01

	CHATTING
	8
	1.06
	0.08
	0.62
	0.03

	KONNU
	6
	0.95
	0.06
	0.39
	0.02

	LONGPHONG
	6
	0.96
	0.05
	0.57
	0.01

	PONGCHAO
	16
	2.01
	0.21
	1.03
	0.1

	BONIA
	14
	2.35
	0.19
	1.14
	0.21

	MINTONG
	8
	1.63
	0.09
	0.52
	0.21

	LONGKAI
	10
	1.54
	0.06
	0.84
	0.02

	K.NOKNU
	14
	192
	0.03
	1.32
	0.07

	WAKKA
	18
	2.89
	0.2
	1.87
	0.2

	HASSE RUSA
	32
	4.65
	0.38
	2.96
	0.1

	VOTNU
	31
	10
	1.54
	0.08
	0.92

	K.NOKSA
	28
	5.99
	0.07
	1.54
	0.44

	LONGNAKSHIE
	8
	1.52
	0.06
	0.56
	0.01

	RANGLUA
	10
	4.2
	0.2
	0.22
	0.08

	KAMKUH RUSA
	32
	6.7
	0.08
	0.04
	0.22


	
	

	
	

	
	

	
	

	
	

	Results and Discussion:
Hydrogen Ion Activity (pH): It expresses the hydrogen ion concentration and measures the intensity of acidic or alkaline conditions. Values less than 7 are acidic while those with more than 7 are alkaline. Low pH does not cause any harmful effects (Boominathan and Khan, 1994). The values were found to be between 0.14 to 8.16. Lowest pH was found  in Votnu village and the highest value was found in Kamhua Noknu.
	

	


Electrical Conductivity (EC): It is a measure of the ability of water to pass electrical flow. Low values indicate pure water and vice-versa. The value of electrical conductivity was found between 39.8 to 416.92. The lowest electrical conductivity was found in Kamkah Rusa and highest in Hasse Rusa.

	

	Total Hardness: The total hardness is the measure of the capacity of water to precipitate soap. It is expressed as the concentration of calcium carbonate. It was found between the range of 22 and 184. The lowest capacity was found in Tissa and the highest in Hasse Rusa.

Turbidity: Turbidity is caused by the particles suspended or dissolved in water. It signifies the reduction in the clarity of water. Turbidity of the samples tested ranged between 0.05 to 22.5. The lowest value was recorded in Wakka village and the highest was found in Votnu village.

Dissolved Solid: It refers to the amount of minerals, salts, metals, cations, or anions dissolved in water. It is measured as the mass of residue remaining when a measured volume of filtered water is evaporated. The values are low for fresh water. The values for dissolved solid were found between 6.9 to 271. Lowest level was found in Ranglua and the highest level of concentration was found in Hase Rusa.

Alkalinity: It is the concentration of ions which neutralizes the hydrogen ion. The value was found between the range of 18 to 106. Lowest levels in alkalinity was found in Tissa and the highest concentration in Hasse Rusa Village.

Chloride: It is one of the major inorganic anions present in water. Chlorides are found to be harmless when they are found in lower amounts. However, high concentrations may lead to damage to plants and bring an unpleasant taste to drinking water. High chloride content in drinking water may result in heart disease. The values varied between 6 and 48. The lowest values were found in Konnu and Longphong village. The highest concentration was found in Niausa Village.

Fluoride: It can occur in water due to the geological composition of soils and rocks. It varied between 0.01 and 1.54. The lowest levels of fluoride were found in Tissa, and the highest level of concentration was found in Votnu village.

Sulphate: It is found in the natural environment and is released by many terrestrial, aquatic and geological processes. It also gets into the water through waste and industrial discharges. Sodium, magnesium and potassium sulphates are mainly found in water as they are highly soluble. High concentrations of sulphates in drinking water result in dehydration and diarrhoea. The values ranged between 0.84 and 192. The highest concentration of sulphate was found in Kamhua Noknu village, and the lowest levels in Tissa.
	

	



Nitrate: It contains Oxygen and Nitrogen atoms and is a naturally occurring organic compound. Nitrate is soluble in water, and it gets into water through domestic, agricultural and industrial sources. As it gets dissolved with water, it is transported from the surface to the subsurface water. High levels of nitrate in drinking water lead to blue baby syndrome. It varied from 0.04 to 2.96. The lowest value was found in Kamkah Rusa, while the highest concentration was recorded in Hasse Rusa.

[bookmark: bbib0020]Iron: Iron contamination may be caused by natural and geological processes, as well as through domestic and industrial effluents into the water body. It is one of the most abundant elements on the Earth’s surface. Iron-containing water after reacting with tea and coffee appears inky black in colour (Colter and Mahler, 2006). It was found between 0.01 and 0.92. The lowest value of 0.01 was recorded in Longphong, while the highest concentration was found in Votnu village.


Temperature: The temperature of water samples tested varied between 21.6 and 26.4 degrees Celsius. The highest temperature of water was found in the stream water of Longphong village, while the lowest was recorded in Ranglua and Zedua Village and the Tissa River. 

The values for the parameters of arsenic, copper, zinc, cadmium, total coliform bacteria and total faecal bacteria were found to be below the detection levels of the Bureau of Indian Standards limit.

Conclusion 
The present investigation provides a comprehensive assessment of drinking water quality across selected villages in Longding District, Arunachal Pradesh. The analysis of 20 physicochemical parameters indicates that the majority of water samples fall within the acceptable limits prescribed by the Bureau of Indian Standards. However, localized variations in turbidity, sulphate, fluoride, nitrate, and iron concentrations were observed in certain villages, suggesting the influence of geological formations, land use practices, and environmental conditions.

The absence of detectable levels of arsenic, cadmium, lead, and mercury is a positive indicator of limited heavy metal contamination in the region. Nevertheless, continuous monitoring is essential to prevent potential deterioration of water quality due to increasing anthropogenic activities and environmental changes. The findings of the study serve as baseline data for local authorities and policymakers to implement effective water quality management strategies. Periodic assessment, awareness programs, and decentralized water treatment measures are recommended to ensure sustainable and safe drinking water supply in the district.
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