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It should, therefore, be ensured that people have primary access to safe drinking 

water that adheres to the prescribed guidelines given by World Health Organization 

(WHO) for quality drinking water. 

According to the National water policy in Planning and Operation, the priorities 

related to water-based issues should be broadly classified as under: 

(i) Drinking water 

(ii) Irrigation 

(iii) Hydropower 

(iv) Ecology 

(v) Agro-industries and non-agricultural industries. 

Water is one of the most essential factors for the survival of the human 

race, and so its health and well being is closely related to the quality of water. However, 

the water available is being contaminated and polluted due to rapid urbanization, 

population explosion and industrialization etc. Water is also likely to become critically 

scarce in the coming decade due to continuous increase in its demand, rapid expansion of 

economy and rapid increase in population. In view of this significant uncertainty there is 

therefore an urgent need to monitor, analyze and study the quality of water sources, 

availability in the state and to find out and suggest remedies if any, for the benefit of the 

people ofNagaland at large. 

1.1 Introduction: Water 



Nagaland, the sixteenth state of the Indian Union is situated in the North-East_ 

region of India. Statehood came as a result of political agreement in 1963 and 

constitutional protection was specially provided for Nagaland under Article 371 A of the 

Indian constitution to safeguard the culture, traditions and way of life of the Nagas. The 

state of Nagaland lies between 25°60° and 27°40° latitude North of Equator and the 

Longitudinal lines 93°20'E and 95°15' E having an area of 16578 sq km1• The total 

population of Nagaland as per 2001 census is 19 .88 lakhs, with a population density of 

120 per sq km. The state consists of 11 major districts and is inhabited by 16 major tribes, 

each with its own distinct language, custom and traditions'. The state is predominantly 

rural with 82.26% of the population living in villages. The main economic activity is 

agriculture, engaging 68.03% of the working force. Besides agriculture, people are also 

engaged in rearing of livestock, weaving, black smithy and handicrafts. The state does 

not have any major industry and almost the 'entire urban population depends upon 

government services for employment and livelihood. The state is experiencing fast rate of 

growth in the urban centers. In 1981, the urban population of the state was 1.2 lakhs, 

which increased to 3 .5 lakhs in 2001. In the absence of urban development plans, this 

momentum of growth has created problems especially in Kohima, Dimapur and 

Mokokchung district as compared to the other urban centers of the state. This trend of in­ 

migration of people to the urban centers from rural areas and smaller urban centers in the 

state as well as influx of illegal immigrants has caused serious impact not only on the 

ecosystem but also the human environment. This is major is a cause for concern and as a 

result, the state is today struggling to cope with haphazard growth of main urban centers, 

traffic and congestion, pollution, inadequacy of water and sanitation facilities, sewerage 

systems, drainage and solid waste management. 

t.2 Nagaland State: A brief description 
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, 
on the environment and on the natural resources of the state. Loss of vegetation due to 

deforestation, shifting cultivation/jhum, unplanned agricultural practices and 

encroachment into forest land for agriculture and settlements, forest ~re, over grazirig is 

some important factors contributing to the degradation of Land and water resources in 

Nagaland. 

Apart from this, pollution from untreated sewage, industrial effluent, 

agricultural run-off etc. are also contaminating the water sources. The demand for water 

continues to escalate particularly in urban areas, thereby emphasizing the need to focus 

on activities for harnessing rain water and recharge of ground water. 

Water and Land resources degradation in Nagaland is both man-made as well as a 

natural phenomenon. Rapid population growth, improper land use, absence of land use 

policy, and the growing demands of increasing urbanization are exerting adverse pressure 

The state of Nagaland has no dearth of water resources. The predominant source 

of water is surface water in rivers, streams, ponds and natural springs and subsurface 

water occurring as ground water. Also the annual average rainfall of Nagaland is about 

2500 mm 2.The high rainfall in this region generally gives rise to abundant water supplies 

particularly during the monsoon session (May - Sept) and due to this high rainfall rate, 

the water availability in surface and ground water are also in abundance and are put to 

domestic, agricultural and industrial uses. However due to lack of proper management, 

destruction of the catchments areas and headwaters through shifting cultivation etc. the 

water resources in the State are facing a silent death. 

1.3 Water resources and availability in Nagaland 
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It is reported that thousand of underground water resources in north east India are 

unfit for consumption due to high toxic contamination. A staggering 32,077 water 

sources have been contaminated with naturally occurring inorganic minerals like arsenic, 

iron and fluoride. A study conducted by NERIW ALM revealed that 2~1, 181 water sources 

located in Assam have been contaminated with these inorganic materials, followed by 

2931 in Tripura, 566 in Arunachal Pradesh, 124 in Meghalaya, 76 in Sikkim, 37 in 

Manipur and 26 in Mizoram. In Nagaland alone, 136 water sources under studies were 

reported to be contaminated with excess inorganic materials 4. It was reported that the 

arsenic levels in Assam, Manipur, Tripura and Arunachal Pradesh were above 300 ppb 

(parts per billion).According to World Health Organization (WHO) consumption of water 

contaminated with arsenic levels of over 50 ppb can cause skin lesion and cancer. Thus 

the presence of these excess inorganic materials especially arsenic found in ground water 

could pose a serious health risks for the people of these regions. 

In the North Eastern region of India, natural spnngs and the dug well are 

primarily the only viable means of fulfilling the needs of fresh water for present 

population. In hilly areas, most of the drinking water is harnessed from rivers, ponds and 

natural springs. Many springs are reportedly becoming seasonal and dying. While in 

valleys, most of the drinking water is harnessed from ground water through dug and tube 

wells. And since most of the peoples in north east region of India use water from tube 

wells for drinking, cooking and agricultural purpose and this way the toxic elements 

especially arsenic enters the food chain. This could .cause chronic arsenic toxicity in the 

course of time resulting in arsenical skin lesion and dermities in the initial stage and 

cancer and death if patients are exposed to high concentration over prolonged periods. 

1.4 Literature review on quality of surface and ground water of India with special 

reference to North Eastern Region of India 
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The distribution of arsenic in carbonaceous materials like coal and bituminous 

materials across the four north eastern states of India including Nagaland has been 

reported, It is also· reported the distribution of total arsenic content in carbonaceous 

matter, Assam (lignitic): 80.0- 207, Assam (sub-bituminous): 44.0 - 78, Nagaland 

High concentration of arsenic in ground water has been reported from the West 

Bengal Delta plains in West Bengal and Bangladesh 7•11• Symptoms of arsenicosis are 

primarily manifested in the forms of different types of skin diseases like skin lesions, 

hyperkeratosis, melanosis etc. 12 Arsenic is also the cause of various carcinogenic 

manifestations. 

geographical extent is yet to be defined 6. 

It was also reported that a large number of people dwelling in the deltaic regions 

of West Bengal use water with arsenic in excess of the prescribed suitable limits for 

human health and since at present the primary source of drinking water in rural and urban 

areas are the private domestic tube wells, tapping water shallow aquifers (50-200 ft), data 

from different sources from eastern India indicate high Arsenic content in water from 

such shallow aquifers 5• However, in many areas the deeper (>500 ft) aquifers too show 

arsenic content above the permissible limit 0.05 mg/L according to Indian standards. Ever 

since the first detection of arsenic-induced hypo pigmentation and Keratosis in the 1980s, 

campaigns are being organized to create general awareness and several measures have 

been deployed to provide safe drinking water. The most common of these in rural West 

Bengal are the community based online fitters that work on the principle of arsenic 

removal by absorption, oxidation and precipitation by Fe, Al oxides hydroxides 5. In the 

early eighties, arsenic contamination of ground water was detected in six eastern districts 

of West Bengal, India, the concentration ranged from 0.06 mg/L. to 1.86 mg/L for in 

excess of World Health Organization drinking water provisional guidelines value of 0.01 

mg/L. It is estimated that over 1, 50,000 people were affected by arsenic and are suffering 

from arsen.ical dermatosis (black spots, eruptions, and even cracking of skin). Similar 

problems have also become apparent in Bangladesh in areas bordering India, but their 
I 
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Reports on arsemc concentration m groundwater in north fastem India also 

revealed that the arsenic concentration in many water sources exceeds the WHO 

permissible limit. It is reported that, the arsenic concentration in Jorhat, Lakhimpur, 

Nalbari and Nagaon districts of Assam was found to be in the ranges of 112-601µg/1. In 

Manipur, very high arsenic concentration in ranges 798-986 µg/1 was reported from 

Kakching block area of Thoubal district. While in Arunachal Pradesh, six districts were 

to have high arsenic concentration in the ranges 618 µg/1. In Tripura, part of West 

Tripura, North Tripura and Dhalai districts have arsenic concentration in between 65-444 

µg/1. In Nagaland several locations viz. Tzudikong, Tuli in Mokokchung and Naginimora, 

Namtula and its adjoining areas in Mon districts is reported to have high arsenic 

consideration above the permissible limits 15• 16• A trace of arsenic was also reported from 

Wokha and Zunheboto districts of Nagaland 15• 

(lignitic): 56.0-68.0, Meghalaya (sub-bituminous): 106.0-238.0 and Arunachal Pradesh 

(graphitic): 39.0-50.0 mg/Kg and warned for immediate continuous monitoring of the 

situation as it may cause a serious public-health concern to these heavily populated 

developing states. Although, increasing arsenic levels in ground water have been reported 

in neighboring Bangladesh and it (As) has been occurring in various natural systems. 

However, there is no detailed reports and studies available about the presence of As and 

other toxic elements in the North Eastern region of India particularly, Nagaland, even 

though the history of geological solution of sedimentary basins geographically located in 

West Bengal, and neighboring Bangladesh is similar to the north eastern states of India. 

Our attention has been drawn to the recent havoc of increasing arsenic level in the ground 

water in West Bengal, covering an area of 37.493 sq. km lying close to the metropolitan 

city of Kolkata 13: 14 with a maximum concentration being 3.7 mg/L (permissible limit of 

potable ground water is only 0.05 mg/L) which has caused a serious public health 

concern, particularly eastern part of India. Since the occurrence of such toxic elements 

are geologically related in the sedimentary environment with dominant carbonaceous 

materials and bears significant environmental consequences. 
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It was also reported that the concentration of iron in North eastern region is 

relatively high and almost all the states of this region contain iron above the permissible 

level in drinking water. Among the states the maximum amount of iron was observed in 

Assam, Meghalaya, Mizoram, Nagaland and Tripura 15• 

Study of fluoride concentration in ground water and its impact on human health in 

east Imphal district of Manipur have also been reported. It revealed that, out of the 

analysis of 60 samples collected from dug well and bore wells showed fluoride 

concentration in six ground water samples which were within the 'permissible limits of 

(minimum acceptable concentration 0.7 mg/L) whereas at 30 ground water samples 

fluoride concentration was below desirable limits and at 24 ground water samples it was 

below detectable limit18• It was recommended to maintain fluoride concentration within 

permissible limits, so as to prevent tooth decay, carries and other adverse effects on 

human befogs 22• 23. 

The presence of fluoride in ground water has also been reported in most of the 

states of India. Severe contamination of fluoride in ground water of Karbi Anglong and 

Nagaon districts of Assam and its manifestations in the form of fluorosis have been 

reported 11-19• Subsequently, reports about fluoride in ground water in certain parts of 

Guwahati, Assam have created confusion among the residents of concerned areas in the 

city 20• Ground water quality in Guwahati has been studied with special reference to the 

presence of fluoride. The Brahamaputra river in the North, hills in the East and South, 

and alluvial soil to the West surround the city. Fluoride above the guideline values of 

World Health Organization (maximum permissible limit is 1.0 mg/L) has been found in 

ground water of the Eastern and Southern plains of the Guwahati city, Assam. It was also 

reported that fluoride contents showed positive correlation with Na+, K+, total alkalinity 

and deep of source, and negative correlations with Mg2+, Ca2+ and total hardness 21• 
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A review on the reports of quality of surface and ground water in some parts of 

India also revealed large scale contamination of surface and ground water. Reports on the 

assessment of the extent of pollution with reference to fluctuation in C02 an pH and its 

impact on potable water quality of river Irai of Chandrapur district covering an area of 

nearly 25 kilometers that witnessed tremendous growth in the industrial field shows the 

minimum pH value of 6.3 mg/L during winter season and maximum of 8.93 mg/L in 

summer. The pH shows general decline from upstream to downstream. C02 was found to 

maximum in summer reaching up to 55.44 mg/1 and reduced to a minimum of 2.28 mg/L 

during rainy season-27. 

concentrations such as Fe, Cu, Zn, Ni, Cr, Pb, Cd, Mo, V, As, Se, Fe & Al were all within 

the WHO limits of potable water26. 

Analyses of trace elements in surface water in and around the uranium bearing 

area of Wahkyn uranium deposits West Khasi Hills district, Meghalaya is also reported, 

and that despite the close proximity of high grade uranium deposit, elemental 

Reports have also been made of the presence of trace heavy metals in the surface 

water of Pachin river in Itanagar, Arunachal Pradesh above the permissible level. The 

trace metals like Fe and Co were amongst the highest concentration of the rivers, while 

these metals and Cr, Mn, Cu and Se each exceeded the world average value24. These 

results clearly indicate that rivers draining pristine areas can be significantly modified by 

human activities and consequently, these must be monitored to ensure that useable water 

supplies meet the prescribed safety standards 23· 24. The trace element analysis of ground 

water samples of Karond area of Bhopal also revealed that the concentration of iron and 

manganese at certain locations exceeded the desirable limits prescribed for drinking 

water. The maximum concentration recorded for iron and manganese was 1.32 and 0.348 

mg/1 respectively. The presence of Fe and Mn above desirable limit affects taste and 

appearance of water supply 25. 



Analytical study of heavy metals of industrial effluents at Jaipur, Rajasthan also 

revealed the presence of heavy metals in waste· water in the range Cu (0.0-1.0 mg/l), 

Fe (0.1-0.4 mg/1), Mn (0.0-0.4 mg/1), Ni (0.01-0.07 mg/1) and Zn (0.68-60.84 mg/1). 

Copper, Iron, Manganese and Zinc were found above the prescribed limits. The Heavy 

metals contamination has been recognized as a major environmental,1concem and since 

heavy metals are not biodegradable, there need to develop a remediation technique, 

which should be efficient, economical and rapidly deployable in a wide range of 

settings 30. 

The physiochemical nature and its potential environmental impact of seepage 

water at various levels of coal mine of Pathakhera, Madhya Pradesh reports that the 

physiochemical characteristics such as water temperature, pH, dissolved oxygen, 

alkalinity, carbonate, bi-carbonate, total hardness, calcium hardness, magnesium hardness 

chloride and chemical oxygen demand varied in between the range of 15-36°c, 6.0-7.2, 

5.2-6.6 mg/I, 36-52 mg/I, 18-36mg/l, 12-24 mg/1, 330-404 mg/1, 233.1-352.8 mg/1 

11.245-24.034 mg/l, 46-71 mg/I and 608-752 mg/1 respectively 31• 

Surface and ground water pollution in some of the coal mining and industrial 

areas of Jharia coalfield Dhanbad was also reported and the result showed that surface 

and groundwater at many sites of the areas is contaminated and some parameters such as 

TDS, Fe, N03, hardness and conductivity exceeds the stipulated quality standards. It was 

reported that water quality at some of the locations of the area is found deteriorating and 

need immediate attention to restore the water quality in the region 28. Also report on study 

of water quality assessment of river Gomti in Lucknow City indicated the increase in the 

river's BOD, COD, alkalinity, chlorides, total hardness, conductivity, total solids but the 

dissolved oxygen (DO) and pH decreased which signify that the water is significantly 

polluted and is not fit for most beneficial uses except for irrigation, fish culture and 

industrial cooling . With regards to heavy metals, except Iron, all heavy metals such as 

lead, copper, zinc and chromium were reported to be well within the permissible limits 29. 
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Regarding the physiochemical characteristics of drinking water of all eight north 

eastern states of India, it was reported that the pH of water samples from six North 

Eastern state viz Assam, Meghalaya, Mizoram, Sikkim, Nagaland and Tripura showed a 

slightly acidic reaction. Whereas the pH of drinking water of Arunachal Pradesh and 

Manipur was reported to be within the permissible level as per BIS guidelines':'. The 

dissolved oxygen DO value in ch-inking water of seven North Eastern States was reported 

to have above the permissible level whereas in Nagaland state the DO value was found 

below the permissible limit in the ranges of 0.1-3.7mg/L 15• With regard to TDS in 

Reports on groundwater contamination in different parts of Delhi also revealed 

severely affected area and wide range of contaminants such as fluoride(<l-16.mg/L) and 

nitrate (<20-1600mg/L).It is reported that during the last decade, fluoride and nitrate 

levels in groundwater increased by 2-6 times. Due to public ignorance to environmental 

considerations and lack of provisional basic services, indiscriminate disposal of 

increasing anthropogenic wastes on land, into river and unlined drains, and unplanned 

application of agro-chemicals and improperly treated sewage water continued, resulting 

in excessive accumulation of pollutants on the land surface. Leaching of contaminants 

from landfills as well as seepage from canals/river and drains caused severe degradation 

of the groundwater at many places exceeding the WHO prescribed maximum limits in 

drinking water. It is also reported that in Punjab and Haryana, groundwater nitrate levels 

ranges from <25 mg/L to 1800 mg/L and fluoride level 1.5-45.8 mg/L. And in the 

absence of known major geological sources of fluoride and nitrate, excessive application 

of agro-chemicals and discharges from steel, aluminum, brick and tile industries and 

disposal of crop residues is a major cause of pollution. Trace to excessive amounts of 

heavy metals, such as, Zn (3-41 µg/L), Cu (5-182 µg/L), Fe (279-1067 µg/L), Mn (<1-76 

µg/L), Pb (31-6221 µg/L), Ni (<1-105 µg/L) and Cd (<1-202 µg/L) is also reported to 

have found in the groundwater at some places of Delhi near industrial sites, Haryana and ,I 

Uttar Pradesh 32• 
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There is very little information available on the quality of surface water and 

ground water in the State as it has not been studied extensively and monitoring of water 

bodies in the state is a very recent phenomenon and taken up on a very limited basis. In 

terms of quality, the surface water of the state is unprotected from untreated industrial 

effluents and wastewater, runoff pollution from chemical fertilizers and pesticides. No 

sewage treatment facilities exist in the State. The state has no proper drainage system, 

thus overflow of septic tanks and cesspools is very common particularly in urban areas. 

The contaminated water often flow into the open drains which then enter the natural 

streams and rivers further polluting water sources. 

1.5 Statement of the problem of surface and ground water in Nagaland 

A Physiochemical characteristic of surface water samples of Loktak Lake in 

Manipur has also been reported. The study reflected the average mean value of the 

parameters pH, conductivity and TDS has the mean value of 7.03, 599.62 µ mho cm2 and 

1180.5 mg/1 respectively. In chemical parameters, hardness and alkalinity respectively 

has the mean of 31.62 mg/1 and 121.87 mg/1. Among the cationic groups calcium has 

8.015 mg/1, Magnesium 304 mg/1, Sodium 6.75 mg/I and Potassium 2.25 mg/I; 

Phosphate, sulphate and chloride have 0.0198 mg/1, 0.058 mg/1 and 12.6 mg/1 

respectively and lastly total nitrogen has the mean of 40.6 mg/1. The study also revealed 

the dominance of Calcium in cationic and Chloride in anionic components and among the 

nutrient phosphate was found to be the lowest as compared to nitrogen 33. 

drinking water it was reported that the maximum TDS was observed in Assam and 

Tripura states while rest of the NE states contain lesser TDS 
15. 
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consumption of this water has a potential of posing serious health hazard to the local 

population. In the light of these reports, it is necessary to conduct an extensive and 

exhaustive study of the water quality of surface and ground water of Nagaland and to 

identify the sites of contamination so as to ensure that the people of the state have free 

access to safe drinking water. 

These alarming reports of the water quality in this region and continuous 
I 

The neglect of water sources has created a potential of all water bodies becoming 

polluted and toxic in the near future. The increasing pollution of water bodies constitutes 

the biggest threat to the public health. Since spring and well water are the main sources of 

drinking water for the people of Nagaland the larger mass of public are chiefly dependant 

00 the surface and ground water for potable water particularly in the rural areas. 

Although the Public Health Engineering Department (PHED) and in some urban areas, 

the private agencies supply drinking water to the general public, the quality of these 

drinking water cannot be ascertained as there is no reports of studies undertaken. Work 

carried out on water quality control in Nagaland by the government organizations are yet 

to be known. However, very recently a few reports have come up that in certain districts 

like Mokokchung and Mon districts of Nagaland the arsenic content is beyond the 

permissible limits 15' 16 of World Health Organization (WHO) guidelines and Bureau of 

Indian standards (BIS). Also report on groundwater quality of few sites in Dimapur show 

relatively high values of electrical conductivity up to 895 µmho/cm indicating higher 

degree of mineralization and high concentration· of Iron in the groundwater which is 

much higher than the national recommended limits and needs further investigation'. 
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The following are the main aim and objectives of the work: 

1. Collection of spring and well water samples from different districts ofNagaland. 

2. Analysis of physiochemical properties like colour, Temperature, electrical 
,I 

conductivity, Total Dissolved Solids, Dissolved Oxygen, Biological Oxygen 

Demand, Chemical Oxygen Demand, Total Hardness of Calcium and Magnesium 

and comparative study of the results with respect to World Health Organization 

and Bureau of Indian Standards. 

3. Determination of trace elements like Pb, Cd, As, Ag, Mn, Hg, Zn, Fe, Ni, Ca, Mg 

etc by atomic absorption spectroscopy. 

4. Element wise and district wise comparative study of the analytical results with 

respect to World Health Organization and Bureau of Indian Standards and 

5. Concluding discussions and suggestions on the above findings 

The aim of this research work is to ascertain the quality of drinking water of 

Nagaland as people of this state know very little of what is going on underground. The 

public ought to understand the severity of the condition of our rivers and address the 

situation before our water sources become parched with effluence. 

This research work emphases the physiochemical characteristics and trace heavy metal 

elemental analysis of drinking water from spring and well water in and around the major 

towns of Nagaland. The work mainly concentrates in the areas where there is no 

data/report in the literature. In fact, so far there is very little or no standard report on 

physiochemical characteristic and toxic trace heavy metal elemental analysis of spring 

and well water ofNagaland and therefore, the aim of this research work is that the public 

is made aware of the quality of their water sources and some remedial measures 

undertaken for the benefit of the health and economy of the people of the state. 

1.6 Aim and objectives of the research work 
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The natural water samples often contain a solid phase in addition to the normal 

liquid phase. The solid phase called turbidity, range from a colloidal particles size to 

coarse sand, and may be of inorganic or organic origin. The inorganic constituents may 

consist of clay, silt, calcium carbonate, silica, hydrated iron oxide, alumina and other 

The suspended particles/materials arise due to decaying vegetation of swampy 

areas which exist largely in the form of colloidal suspension. 

,I 

The soluble organic compound in water supplies is growing daily due to rapid 

industrial synthesis. The organic pollutants entering water supplies by way of sewage and 

industrial discharge are surfactants (synthetic detergents), phenol, lignin and tannin. 

The dissolved gas found in water supplies consists of air ( oxygen and nitrogen), 

carbon dioxide, hydrogen sulfide and methane. Surface water contains the largest amount 

of dissolved oxygen and lesser concentration of carbon dioxide and hydrogen sulfide. 

Methane, carbon dioxide and hydrogen sulfide may occur in significant concentration in 

ground water. 

The list of soluble minerals is extensive. However the common cation in soluble 

minerals is Calcium, Magnesium and · Sodium coupled with the anions bicarbonate, 

sulfate and chloride. 

The chemical composition of water sample generally consists of four types: 

soluble minerals dissolved gases, soluble organic compounds and suspended materials. 

2.1 Introduction 

CHAPTER-2 

MATERIALS AND METHODS 
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areas of Nagaland. 

Keeping in mind the over all objective of the study and the sample to be collected, 

all possible types of representations of the area, the locations of all the potable water 

sources were noted by mapping the area using a topo sheet on 1 :50000 scale. A large 

number of spring and well water sources were identified and samples collected seasonally 

in summer (June-August) and winter (January-March) starting from January 2005 to July 

2008 for four continuous years. Samples were collected seasonally from 20-30 locations 

each for every season from seven districts (Kohima, Dimapur, Mokokchung, Tuensang, 

· Wokha, Lumami under Zunheboto, Tseminyu and Ungma) covering mainly the urban 

2.2 Location of sampling sites. 

The removal of the soluble phases from water samples is important for a reliable 

result. The soluble phases was removed by a commonly approached method such as 

filtration, centrifugation etc. 

related minerals. The organic constituents may be of composed of microorganisms and 

finely divided animals and vegetables substances of various degrees of complexity. 
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Okm -TtJ%uR 

-· NH01 

a -..,,.:a:s:,, Source• 

egend 

N 

A 



16 

It was ensured that the samples for analyses of physiochemical characteristics 

such as pH, temp, electrical conductivity, TDS etc was determined as quickly as possible 

on the spot, using water quality testing kits ( eutech model cyperscan, Singapore) in order 

The relevant factors for any sampling technique are (a) frequency of sample 

collection (b) total number of samples ( c) size of each sample ( d) sites of sample 

collection (e) method of sample collection (t) data to be collected with each sample, and 

(g) transportation and care of samples prior to analysis 26. The collection of representative 

samples was insured by adequately flushing a service line until the water reaches a 

constant temperature, before actual collection was attempted. Ground water sample 

collection was done with prior pumping to obtain a sample that reflects the main body of 

water. This ensures that the composition of the sample is identical to that of the water 
,1 

body from which it is collected and the samples share the same physiochemical 

characteristics with the sampled water at the time and site of sampling. Analysis of 

physiochemical characteristics such as pH, conductivity, temperature, total dissolved 

substances and dissolved gases of water samples was collected in a clean plastic 

container of IL capacity. The entire container was tightly capped and the stopper, 

whenever necessary was replaced in such a manner so as to entrap as little air as possible. 

The collection of the sample is an important phase of the analyses. A sensible 

collection of sample technique was observed to guarantee a sample that presents a true 

picture of the stream or well that is being examined. 

2.3.1 Sampling 

2.3 Methodology for collection of spring and well water samples. 
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The trace heavy element was preserved by acidified with cone. HCl to a pH of 

about 3 to minimize precipitation and adsorption on the wall of the container 34• 

To preserve the dissolved oxygen balance, the sample was preserved by addition 

of, in quick succession a 0.7 mL conc.H2S04 and 1 mL NaN3 (2g per IOOml) well below 

the liquid surface and the bottle is well stoppered to prevent the access of air 34· 

There can be a change in physical and chemical composition when the time and 

analyses of water sample is prolonged. Some changes are -aluminum, chromium, copper, 

lead and zinc may be lost through adsorption or ion exchange with the walls of container. 

Iron and manganese may precipitate as a sediment or dissolve from the turbidity, 

depending on the redox potential of the sample. Sodium, silica and boron may be leached 

out of a glass container. Changes in the pH, alkalinity, and carbon dioxide can induce the 

precipitation of calcium carbonate thereby lowering the values of calcium and total 

hardness. Microbiological activity can change the nitrate-nitrite-ammonia balance, 

decrease the phenol content, and reduce sulfate to sulfide. Colour, odor and turbidity may 
,) 

increase, decrease or change in quality 34. Due to these considerations the analyses of 

water sample was undertaken within 12-48 hour of collection. However when the 

analysis was to be postponed for some unstated reason beyond the stated time limits, the 

sample was pretreated or fixed to preserve the samples. 

2.3.2 Preservation of sample 

The water samples under examination was collected seasonally (January-March) 

and (July-September) every year from various parts of the different districts ofNagaland 

for four consecutive years i.e 2005-2008. 

to get an accurate result. In some unavoidable cases, the samples were carefully brought 

to the laboratory for analysis using pH meter and conductometer. 



fig 3. Unprotected Stream 
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3.2.2 Temperature 

Temperature is primarily important and has a direct impact on the chemistry and 

biological reactions in the organism in water. The variety and distribution of aquatic 

organisms and other Iife forms greatly depend on water temperature. An increase in water 

temperature leads to faster rate of chemical and biological activities in water, decreases 

Water in nature is often coloured and this colour is due to the presence of various 

natural substances such as humus, peat materials, weeds, metallic ions like iron or 

manganese, sewage and industrial waste. Coloured water is not aesthetically acceptable 

to the general public and is also not accepted for certain uses in industries. 

The colour of water is extremely pH dependant. It increases as the pH of the water 

is raised. In this study, Colour was measured by visual comparison of the samples. 

3.2.1 Colour 

3.2 Nature, significance, principle and procedure of measurement of different 

parameters. 

The physiochemical characteristics of representative water samples was studied 

by analyzing the following quality parameters such as colour, pH, electrical 

conductivity, TDS, dissolved oxygen, BOD, COD, total hardness, calcium and 

magnesium hardness of water collected seasonally i.e.(Jan-March) and (June-August) 

from various part of Nagaland for four consecutive years (2005-2008). 

3.1 Introduction 

PHYSIOCHEMICAL PARAMETERS 

CHAPTER-3 
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3.2.3. pH 
pH is the negative logarithm of the hydrogen ion concentration in a solution. 

Mathematically pH = -log1o[H+] 

= log1ol/[l-r] 

pH is the measures of intensity of alkalinity and measures the hydrogen 

ion concentration in water. pH is one of the most characteristic features of water-quality 

which controls the aquatic environment. All chemical and biological reactions are 

directly dependant on hydrogen ion concentration. The pH of water also indicates the 

degree of pollution. The main sources that regulate the pH in natural water are C02, 

carbonic acid, bicarbonate ion and carbonate ion. An increased carbon dioxide 

concentration will therefore lower pH, where as a decrease will cause it to rise. 
,\ 

Temperature will also affect the equilibrium and the pH. In pure water, a decrease in pH 

of about 0.45 occurs as the temperature is raised by 25 °C. The pH of most drinking­ 

water lies within the range 6.5 - 8.5 35• Under natural condition the value of pH in surface 

water ranges from around 5.0 to 8.6. The pH of neutral water is 7.00 at 25°C. However 

significant change in pH occurs due to discharge of industrial waste, sewage and drainage 

etc. The effects of acids and alkalis depend on the strength of the acid or alkali and the 

concentration. Strong concentrated acids or alkalis are corrosive, whereas dilute and 

weak acids and alkalis are not corrosive. pH can affect the degree of corrosion of metals 

as well as disinfection efficiency. pH measurement was carried out on the spot using 

portable digital pH meter kits ( eutech cyperscan, Singapore) with temperature 

compensation arrangement. 

:i 

the solubility of gases and changes the taste and odour. Anaerobic decomposition is also 

largely affected by temperature change. Temperature is also important in the 

determination of various other parameters such as pH. Electrical Conductivity, saturation 

level of gases and various form of alkalinity etc. Water temperature is recorded using a 

portable water testing kit as well as a standard centigrade thermometer in o0c at the site 

of collection. 
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TDS comprise inorganic salts (principally calcium, magnesium, potassium, 

sodium, bicarbonates, chlorides and sulphates) and small amounts of organic matter that 

are dissolved in water. TDS in drinking-water originate from natural sources, sewage, 

urban runoff and industrial wastewater. Concentrations 'of TDS in water vary 

considerably in different geological regions owing to differences in the solubility of 
:I 

minerals. Reliable data on possible health effects associated with the ingestion of TDS in 

drinking-water are not available, and no health-based guideline value is proposed. 

However, the presence of high levels of IDS in drinking-water (greater than 1200 

mg/litre) may be objectionable to consumers. Water with extremely low concentrations of 

TDS may also be unacceptable because of its insipid taste 35, 36. 

TDS in water samples was measured using portable digital water testing kits ( eutech, 

cyperscan, Singapore) on the spot. 

3.2.5. Total dissolved solids (TDS) 

Electrical conductivity of water samples was measured by using portable digital 

Conductivity kits (eutech cyperscan, Singapore) on the spot as well as in the laboratory. 

Conductivity is used to measure the ability of water to conduct electric current. 

The conduct of electric current depends on the presence of ions as these ion transport the 

electric current in the solution. The conductivity increases as the concentration of ion in 

the solution increases. The conductivity test determines the total dissolved salt and can be 

made by measuring the electrical conductance of water samples. 

3.2.4 Electrical conductivity 
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Dissolved oxygen (DO) was measured by Wrinkler iodometric method using 

starch indicator. I 00 ml bottle was taken and filled with the water sample avoiding any 

kind of bubbling and trapping of air bubbles in the bottle after placing the stopper. A 

precipitate appears on addition of 1 ml each of MnS04 and alkaline KI solution well 

below the surface from the walls. 1-2 ml of cone. H2S04 was added to dissolve the 

The principle involved in the determination of DO is that when manganous sulphate 

is added to the sample containing alkaline (NaOH) potassium iodide, a white precipitate 
,I 

of manganous hydroxide is formed which is oxidized by the presence of dissolved 

oxygen of the sample, to a brown coloured basic manganic oxide. On addition of 

sulphuric acid, the basic manganese oxide liberates iodine equivalent to that of dissolved 

oxygen basically present in the sample. The liberated iodine is titrated against standard 

sodium thiosulphate solution using starch as indicator. 

Dissolved oxygen is one of the most important parameters and reflects the 

physical and biological processes prevailing in the waters. Its presence is essential to 

maintain higher life forms of biological life in water and the effect of waste discharge is 

largely determined by oxygen balance of the system. It is a key factor in water pollution 

and waste treatment and process controls. The presence of high concentration of organic 

matter depletes the dissolved oxygen and thereby upsets the oxygen balance. Besides the 

solubility of oxygen, dissolved oxygen determination is vital for ensuring aerobic 

conditions in water that receives polluting matter in the form of sewage or industrial 

waste. In liquid waste, dissolved oxygen is the most important factor in determining 

whether aerobic or anaerobic organisms carry out biological change. If sufficient DO is 

available, aerobic organisms oxidize the waste to innumerous products. If DO is 

deficient, anaerobic take part in the conversion and reduce the waste often to obnoxious 

end products. 

I I 
I 

3.2.6 Dissolved oxygen (DO) 
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BOD is determined immediately after the collection of samples .The same 

process for the determination of Dissolved Oxygen was followed but for BOD one set of 

sample was incubated for five days at 20° C, after which the DO content was again 

obtained. The difference in DO values indicated the amount of oxygen used up by the 

sample during the period and represents the five day BOD. 

BOD is the amount of oxygen utilized by bacteria and other microorganisms in 

stabilizing the organic matter. The demand of oxygen by microorganisms is proportional 

to the amount of organic waste to be degraded aerobically. Thus the BOD value can be 

used as a measure of waste strength. Generally, the higher the BOD, the greater is the 

amount of oxidizable organic matter present 37. BOD test is one of the most important 

tests to determine the strength of polluting power of sewage, industrial wastes, effluents 

and polluted water. Hence it is important in stream pollution control activities. The 

organic matters that exert BOD in water mostly consist of dissolved substances, volatile 

compounds and a mixed population of microbes. ·For non polluted river the BOD value 

should be less than 3 mg/L 38• Clean and fairly clean river water seldom exhibits a BOD 

in excess of 3 rng/L. The BOD of rivers water of doubtful purity may exceed 5 mg/L; On 

the other hand, polluted water may have 10 mg/L or more 34. BOD value of surface 
,I 

water is 3 mg/L as per BIS standard. It was suggested that a BOD level of 2.0 mg/1 be 

accepted as the maximum permissible limit for unpolluted water. 

3.2.7 Biological Oxygen Demand (BOD) 

precipitate. The whole content is then transferred in a conical flask and is then titrated 

against 0.025 N Na2S203 solution using starch as indicator. At the end point, the initial 

dark blue colour changes to colourless. 
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The principle involved in the determination of COD is that when the waste water 

sample is refluxed with a known excess of potassium dichromate in H2S04 solution in 

presence of AgS04 (as catalyst) and HgS04 (to eliminate interference due to chloride), 

the organic matter of the sample is oxidized to water, C02 and ammonia. The excess 
,I 

dichromate remaining unreacted in the solution is titrated with a standard solution of 

ferrous ammonium sulphate. 

In the dichromate reflux method, 50 ml of the sample was taken and the COD was 

determined by refluxing the samples with 25 ml of 0.125 N potassium dichromate in a 

strongly acidic medium in the presence of a catalyst AgS04 (5 ml) and HgS04. 30 ml of 

H2S04 is added and is refluxed for two hours. The excess of potassium dichromate 

remaining after reaction is titrated against a standard 0.1 N ferrous ammonium sulphate 

using ferroin as an indicator. The end point is indicated by a sharp colour change from 

blue-green to reddish brown. 
The same procedure was conducted for blank using 50 ml distilled water in place 

of sample. 

COD is the oxygen required by the organic substances in water to oxidize them 

by a strong chemical oxidant. It is used to measure the oxygen required for the oxidation 

and oxidizable inorganic matter, corrected for the influence of chlorides in the sample. 

COD indicate the amount of oxygen required to oxidize the carbonaceous matter. The 

organic matter includes both biodegradable as well as non biodegradable substances. 

The COD method is used as a supplement to BOD. The dichromate reflux method 

for COD test is selected to measure the pollution strength and wastes etc. The advantage 

of this test is the short time. COD is always greater than BOD and the difference gives a 

routine estimate of the non biodegradable part. The lower the ratio of BOD/COD, the 

higher is the fraction of slowly biodegradable compounds. 

3.2.8 Chemical Oxygen Demand (COD) 
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Total hardness is determined by EDTA titration method using Eriochrome black­ 

T as indicator. The principle involved in this titration is that, the Calcium and magnesium 

form a complex of wine red colour with Eriochrome black-Tat pH 10.0±0.1. EDTA has 

got a strong affinity towards Ca2+ and Mg2+ and, therefore, by addition of EDT A, the 

former complex is broken down and a new complex of blue colour is formed. 

Water about 150 mg/L of total hardness cause no harmful effects upon the health 

of the consumers. The use of hard waters however is limited because of excessive soap 

consumption in home and laundries 37. Depending on pH and alkalinity, hardness above 

about 200 mg/L can result in scale deposition, particularly on heating. Soft waters with a 

hardness of less than about 100 mg/L have a low buffering capacity and may be more 
,I 

corrosive to water pipes. Public acceptability of the degree of hardness may vary 

considerably from one community to another, depending on local conditions, and the 

taste of water with hardness in excess of 500 mg/L is tolerated by consumers in some 

instances 35. 

There are two types of hardness: temporary hardness and permanent hardness. 

Temporary hardness is caused by bicarbonates and carbonates of calcium and magnesium 

which can be removed simply by boiling the water on the other hand, the presence of 

sulphates and chlorides of calcium and magnesium in water causes permanent hardness. 

The hardness of water is not a pollution parameter, but indicates water quality, 

mainly in terms of Ca2+ and Mg2+ ions, expressed as Calcium carbonate39. Hardness in 

water is caused by dissolved calcium and, to a lesser extent, magnesium. Hardness is a 

property of water which prevents lather formation with soap and increases the boiling 

point of water. 

3.2.9 Total Hardness 

1: 
, I 

I 
I 

I,: 
I' 
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Calcium is determined by EDT A titration method.50ml of the sample was taken in 

a conical flask. Sufficient amount ofNaOH (20%) solution is then added to the sample to 

bring the pH to about 12. A pink colour develops on addition of 100 mg of murexide 

indicator. The content is then titrated with O.OlM EDTA solution until the pink colour 

changes to purple. 

Many indicators such as ammonium purpurate, calcon etc. form a complex with 

only calcium but not with magnesium at pH 12.3 (Mg2+ gets precipita\ed as Mg(OH)2) 
39. 

As EDTA has a higher affinity towards calcium, the former complex is broken down and 

a new complex is formed. However, EDT A has a property to combine with both Ca2+ and 

Mg2\ therefore magnesium is largely precipitated as its hydroxide at sufficiently higher 

pH. 

Calcium is one of the most abundant elements in natural waters. Calcium is 

usually one of the most important contributors to hardness. It is an essential element and 

human body requires approximately 0.7 to 2.0 gm of calcium per day as food element, 

which cannot be supplied even by hard water. Even though human body requires some 

amount of calcium per day as food element, excessive amounts can lead to formation of 

kidney or gall bladder stones. But high calcium content water causes more soap 

consumption and other cleaning agents for washing, bathing and laundering. Calcium is 

an important nutrient for plants as well as crops. · 

3.2.10 Calcium Hardness 

I I 

~)tt ml: of the water sample was taken in a 200 ml conical flask. lml of buffer 

solution was added. The solution became wine red after dissolving 1 OOmg of Erichrome 

black-T indicator. The content was titrated with O.OlM EDTA solution until red colour 

changed to blue. 
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Magnesium is estimated as the difference between total hardness and calcium as 

calcium carbonate. 

The principle involved in the estimation of calcium and magnesium is that, 

calcium and magnesium forms EDTA complex of wine red colour with Eriochrome 
,I 

Black-T at pH 10.0. The EDTA has stronger affinity for Ca2+ and Mg2+, the former 

complex is broken down and a new complex of blue colour is formed. The value of Mg2+ 

can be obtained by subtracting the value of calcium from the total of Ca2+ and Mg2+. 

Magnesium is an important parameter for assessing the physiochemical 

characteristic of water. The recommended value of magnesium content in domestic water 

supply is 30.0 mg/1. The daily magnesium requirement of an average person is 400 mg 42. 

Magnesium is relatively non toxic to man and is an essential element for human 

being. Magnesium is the fourth most abundant mineral in the body and is essential for 

good health 40. It helps and maintains normal muscle and nerve function, keeps hearth 

rhythm steady, supports a healthy immune system and keeps bones strong. It also helps to 

regulate blood sugar levels, promotes normal blood pressure and is known to be involved 

in energy metabolism and protein synthesis 41• Magnesium occurs in all kind of natural 

waters with calcium but its concentration remains generally lower than the calcium. 

Magnesium contributes to hardness. Magnesium in water is undesirable for industrial 

purpose as it is a major scale forming substance. 

3.2.11 Magnesium Hardness 



ll 

fig 6. A muddy pond in Mokokchung district 

fig 5. A River has been reduced to a puddle due to water shortage 

fig.4. A Public well in Kohima 
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In this study the trace elements analyzed include Pb, Cd, As, Ag, Mn, Hg, Zn, Fe, 

Ni, Ca and Mg. Many of these trace elements are found in polluted water due to the 

discharge of domestic sewage and industrial effluent directly to the surface and ground 

water. The presence of trace elements in water may also be because of the biogenic debris 

which may settle through the water column and deliver some minor elements such as 

chromium, copper, nickel and zinc. 

The term trace metal elements are generally found in little concentration in i:L~ 

natural bio-system 43. The trace elements are divided according to their importance to the 

human body into two groups. The trace elements which include the elements silver, 

aluminum, cadmium, gold, lead and mercury, which have no biological role, are non­ 

essential and potentially toxic to living organisms, especially microorganisms 44• The 

second group is called the essential trace elements which embrace calcium, cobalt, 

chromium, copper, iron, potassium, magnesium, manganese, sodium, nickel and zinc. 

These elements play an integral role in the life processes of living organisms. They serve 

as micronutrients and are utilized for redox-processes, to stabilize molecules via 

electrostatic interactions, as components of various enzymes and regulation of osmotic 

pressure. However, these metals, both essential and non-essential metals at high levels, 

can destroy cell membranes, modify enzyme specificity, disrupt cellular functions and 
} 

damage the structure of DNA 45• The trace heavy metals such as Pb, Cd and Hg present in 

water above the permissible limit are very serious and dangerous as these heavy metals 

have a great affinity for sulphur and sulphur bonds in the enzymes of living beings and 

may cause immobilizing to human being. 

4.1 Introduction 

TRACE ELEMENTS 
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Different elements show different characteristic radiation. Thus it enables us to determine 

different elements present in the sample quantitatively. 

Emission 
A+ Heat «; -->cs. A*<.- -:::::,, A+ hv 

Absorption 

The principle involved in AAS technique is that the sample is converted into 

atomic vapour by spraying the sample into a flame (air/acetylene). The flame volatilizes 

the solvent and ultimately causes dissociation of the minute, solid, solute particles into 

atoms. These atoms absorb heat energy by promoting electrons to a higher energy level 

and on relaxing to initial ground states the excess energy is released as characteristic 

radiation. 

The water samples of 1 (one) litre was added with about 5 ml of concentrated 

hydrochloric acid to acidify the sample upto pH 2.0 so as to minimize adsorption 39• 46 of 

metals on the container walls. The volume of the sample was concentrated to 50ml by 

keeping and evaporating the sample over the hot plate at 70° C - 80° C for 10-12 hours. 

The sample was allowed to cool and was taken for the analysis of trace elements using 

Atomic Absorption Spectrometry ( Perkin Elmer 3110) . 

4.2 Principle involved in the analyses of trace elements in water samples by 

Atomic Absorption Spectroscopy 
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Lead does not occur practically in any natural water. It is present in water to some 

extent as a result of its dissolution from natural sources but lead enters into water bodies 

primarily from industrial effluent, mine and smelter discharges or from dissolution of old 

leads and household plumbing systems in which the pipes, solder, fittings, or service 

The significant toxic effect associated with lead on the nervous system, kidney, 

liver etc have been recognized for a long time. It replaces calcium in bones and poisons 

the nerves and hence affects the brain. Besides, it produces slight alteration in the mental 

direction, dullness and weak memory. Moreover, it contradicts fertility besides having 

effects which distort embryos in rodents 50• 51 in animals including man, gastro-intestinal 

absorption of lead ranges between 5-15 percent of the total amount ingested. However 

children have been shown to absorb lead 4-5 times much more 52• 53 than the adults, about 

40 percent of it. More than 90 percent of the lead absorbed goes to blood, where it can be 

detected in red blood cell associated with its membrane and hemoglobin. Later it is 

distributed to liver, kidney and bones including teeth. 

4.3.1 Lead 

Lead is a physiologically unessential and potentially harmful metal which 

contaminates the environment. Lead is a serious cumulative body poison. Lead is 

classified as being potentially hazardous and toxic to most forms of life 47• It can 

accumulate in many biological system units and tends to deposit in the bones. The 

principal vehicle for the transport of lead from the intestine to the various body tissues is 

the red blood cell 48 in which lead is bound primarily to hemoglobin. Following its 

absorption, lead appears both in a soft tissue pool, consisting of the blood, liver, lungs, 

spleen, kidneys, and bone marrow, which is rapidly turned over, and in a more slowly 

tum over skeletal pool. The half-life of lead in blood and soft tissues is about 36-40 days 

for adults 49 so that blood lead concentrations reflect only the intake of the previous 3-5 

weeks. 

4.3. Trace elements in water 

1 
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4.3.2 Cadmium 
Cadmium is a non essential element for living organism 58. Cadmium occurs in 

nature in association with zinc minerals. It is highly toxic and is responsible for many 

cases of poisoning through food. Cadmium has the capability to inhibit the ion exchange 
;\ 

altering the permeability characteristics of the cell membrane. Moreover it replaces zinc 

in specific enzymes leading to the disability of the function of these enzymes as well as 

affecting of metabolism of glycogen, cholesterol and protein in the tissues of liver, 

kidney and the muscles of rats. It accumulates mainly in the kidney and the liver, where 

high concentration gives rise to chronic kidney dysfunction. However it is not certain 

whether they are human carcinogens, but cadmium replaces calcium in bones making 

them non rigid 59.Cadmium is considered as a significant environmental pollutant with 

profound toxic effects on aquatic animals. It causes coagulation of the external mucous 

layer in fishes leading to deficiency in the oxygen level in the tissues as well as changing 

the salt equilibrium and the incretion of the produced waste materials 45, 60. Small 

quantities of Cadmium cause adverse changes in the arteries of human kidney39.It is also 

In this study, the presence of lead in water sample was determined by taking lOrnl 

of the pre-concentrated sample using Atomic Absorption Spectrophotometer at 217 nm 

analytical wavelengths and 1.2 nm slit width 

connections to homes usually contains lead. PVC pipes also contain lead compounds that 

can readily be leached out resulting in high lead concentrations in drinking-water. The 

amount of lead dissolved from the plumbing system depends on several factors, including 

the presence of chloride and dissolved oxygen, pH, temperature, water softness, and 

standing time of the water, soft, acidic water being the most plumbosolvent 54• 55. The 

level of lead in drinking-water may be reduced by corrosion-control measures such as the 

addition of lime and the adjustment of the pH in the distribution system from <7 to 

8-9 56• 57.Natural waters generally contain lead up to iOOppb.The WHO standard for lead 

in drinking water is 0.01 mg/L 35. 
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The occurrence of arsenic in natural waters is rare. Arsenic is introduced into water 

through dissolution of rocks, minerals and ores, from industrial effluents, including 

mining wastes, and via atmospheric deposition35, industrial discharges or the application 

of insecticides and pesticides. Arsenic exists mostly in oxidation states of +5 and + 3. It is 

widely distributed throughout the Earth's crust, most often as arsenic sulfide or as metal 

arsenates and arsenide. In water, it is most likely to be present as arsenate, with an 

oxidation state of +5, if the water is oxygenated. However, under reducing conditions 

(<200 mv), it is more likely to be present as arsenite with an oxidation state of +3 35. 

4.3.3 Arsenic 

The presence of Cadmium in water sample was determined by taking 10 ml of 

the pre concentrated sample using Atomic Absorption Spectrophotometer at 229 nm 

analytical wavelengths. 

Cadmium metal is used i.rt the steel industry and in plastics. Cadmium compounds 

are widely used in batteries. Cadmium enters water through industrial discharges, mining 

and metallurgical operations, electroplating industry, plastics, nickel cadmium batteries, 

paints, and combustion of fossil fuels. Cadmium can be used in pigments to impart bright 

colours to toys in order to attract children 61• Cadmium contamination of water may also 

come from the use of metallic and plastic pipes. There is a progressive accumulation of 

cadmium in soft tissues of the body, particularly in kidney and liver 45. Due to its 

potential for gradual accumulation much concern has been expressed about the regularly 

growing levels of cadmium in cereals, vegetables and other materials. The metal can 

exert a number of detrimental effects on health. The maximum permissible limit for 

cadmium in drinking water is 0.003 mg/L 35. 

widely accepted that no level of lead or cadmium in blood should be considered safe for 

children and hence every efforts should be made to ensure that their environment remains 

free from any such toxic metals 61. 
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Silver is a non-essential trace element which has no biological role to the human 

body 45.Silver occurs naturally mainly in the form of its very insoluble and immobile 

oxides, sulfides and some salts. A sign of excess of silver in human body is argyria, a 

condition in which skin and hair are heavily discoloured by silver in the tissues 35. 

Silver at low concentration is not a toxic metal; however at higher concentration it 

becomes potentially toxic to living organism, especially microorganisms. The 

concentration of silver in the range 0.4 to 1 ppb is reported to cause pathologic changes in 

the kidneys, liver and spleen of rats 39. In drinking water the WHO permissible level of 

Silver is 0.05 mg/L. 

Silver in water sample was determined by taking 10 ml of the pre concentrated 

sample using Atomic Absorption Spectrophotometer at 328 nm analytical wavelengths. 

4.3.4 Silver 

Analyses of arsenic m the water samples was done after the arsenic was 

pre-reduced from As +5 to As +3 prior to determination to prevent any interferences. The 

pre-reduction was performed with KI solution (KI+Ascorbic acid) in semi-concentrated 

(5mol/L) HCl solution and the time for reduction was 30 minutes 24. lOml of pre-reduced 

water sample were analyzed using Atomic Absorption Spectrophotometer at 193.7 nm 

analytical wavelengths and 0.7 nm slith width. 

Arsenic in drinking water is highly undesirable because of its high toxicity. It is a 

cumulative poison and possesses carcinogenic properties. Symptoms of arsenicosis are 

primarily manifested in the forms of different types of skin diseases like skin lesions, 

hyperkeratosis, melanosis etc. General adverse health effects that are associated with 

human exposure to arsenicals include cardiovascular diseases, developmental 

abnormalities, neurological and neurobehavioral disorders, diabetes, hearing loss, fibrosis 

of the liver and lung, hematological disorders, black foot disease and cancers 62• 

Acute arsenic poisoning arises from ingestion of as little as 100 mg Arsenic. The WHO 

guideline for drinking water has prescribed a maximum permissible limit of 0.01 mg/1 for 
· 35 arseruc . 



33 

4.3.6 Copper 
Copper is one of the essential elements for human being. The daily requirement of 

Copper for humans is about 2.0 mg 39.Copper has a special importance as a respiratory 

pigment, which transfers electrons within the cytochrome system 65.Copper is essential as 

a constituent of some metaloenzymes and is required in hemoglobin synthesis and in the 

catalysis of metabolic oxidation 42' 66. Copper salts are used in water supply system for 

controlling the biological growths, in reservoirs and distribution pipes and for catalyzing 

:\ 

Iron presence in water sample was determined by taking 1 Oml of the pre-concentrated 

sample using Atomic Absorption Spectrophotometer at 248 nm analytical wavelengths 

and 0.2 nm slit width. 

4.3.5 Iron 

Iron usually exists in natural water both in Fe2+ and Fe3+ forms. It may occur in 

dissolved state as well as in the colloidal state that may be peptized by organic matter, in 

inorganic or organic complexes or in relatively coarse suspended particles. Surface 

waters contain less than 1 ppm of iron 39. However ground water and acid surface 

drainage contain much higher levels of iron. Iron is essential in the activation of the 

function of the living organisms. Iron has a special importance in the life of human 

beings as well as living organisms in the botanical and zoological kingdoms, where it 

functions as a respiratory pigment in addition to its engagement in the structure of the 

catalyze enzyme 45• 63. However, water containing more than 2 ppm iron c~uses staining 

of clothes, porcelain and gives a bitter astringent taste 39. The permissible limit for 

filterable iron in drinking water is 0.3mg/L 35. 

The presence of iron in drinking water creates problems when it is present in large 

amounts in water. It imparts colour and also develops turbidity when exposed to air due 

to its conversion into ferric states. The water becomes unacceptable for drinking purposes 

from an aesthetic point of view. Further it interferes with laundering operation, imparts 

objectionable stains, difficulties in the distribution system and imparts typical taste even 

at low concentration 64• 
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4.3.7 Zinc 
Zinc is an essential and beneficial trace element for both plants and animals. Zinc 

is essential as a constituent of many enzymes involved in several physiological functions, 

such as protein synthesis and energy metabolism 42' 70. It is an essential element in the 

conservation of the structure and functions of the cell membrane 71. It plays an important 

;I 

The presence of Copper in water sample was determined by taking 10 ml of the 

pre concentrated sample using Atomic Absorption Spectrophotometer at 324.8 run 

analytical wavelength 1.2 nm slit width. 

the oxidation of manganese 39· It is mainly through food and water that humans take up 

copper. Soluble copper concentration in drinking water ranges between 1.5 to 2.4 mg/Lin 

urban areas while in rural areas it is usually well below 1 mg/L. In plants low levels of 

copper are essential for normal activity of a number of enzymes and for chlorophyll 

synthesis. However, at a slightly higher concentration copper is the most toxic element 

after mercury. Inhibition of growth occurs at concentration less than 0.1 ppm in majority 

of plant species. Copper is found in surface water, groundwater, seawater and drinking­ 

water, but it is primarily present in complexes or as particulate matter 67• In an unpolluted 

zone of the river Periyar in India, copper concentrations ranged from 0.0008 to 0.010 

mg/litre 68. Copper concentrations in drinking-water vary widely as a result of variations 

in water characteristics, such as pH, hardness and copper availability in the distribution 

system with the primary source most often being the corrosion of interior copper 

plumbing 69. The corrosion of copper containing alloys in pipe fitting may introduce 

measurable amount of copper into the water in localized pipe system 39. Copper 

contamination of the environment is largely due to its release by industrial units 

producing non-ferrous metal, fertilizers, disposal of solid waste from mines and from fly 

ash produced by combustion of coal and organic matter. 
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Nickel is an essential trace element for human being. Nickel takes part in the 

ordinary metabolism in micro-organisms that fix the nitrogen by affecting the 

hydrogenise enzyme 71• A number of studies have pointed out that nickel has a nutrient 

importance, where it engaged in the composition of the nucleic acids, DNA and RNA. 

Nickel is needed in small amounts by human body to produce red blood cells; however, 

in excessive amounts, it can become mildly toxic. Short-term overexposure to nickel is 

not known to cause any health problems, but long-term exposure can cause decreased 

body weight, heart and liver damage, and skin irritation. Nickel related health effects 

4.3.8. Nickel 

Zinc in water sample was determined by taking 10 ml of the pre concentrated 

sample using Atomic Absorption Spectrophotometer at 21 8 nm analytical wavelength 
. ,\ 

0.8 nm slit width. 

Tue concentration of zinc above 5 mg/L causes bitter taste and opalescence in 

alkaline waters. In recent years, excessive use of zinc has been made in many industrial 

processes, which include welding and smelting or fabrication of molten metals. These 

leads to the increase in the concentration of zinc in water as this are not biodegradable 

and are directly enter into water body through various man made activities. High 

concentration (above 5 mg/L) of zinc in domestic water is undesirable from aesthetic 

consideration. 

role in the growth of plants and animals, where it is considered to be one of the important 

components for about 300 enzymes in plants as well as a number of enzymes in the 

humans such as RNA and DNA polymerase, alkaline phophatase and carbonic 

anhydrase 72. However, despite the fact that zinc has low toxic effect to humans, 

prolonged consumption of large amounts may give rise to some health complications like 

dizziness, fatigue and neutropenia. In addition, some reports demonstrated that zinc could 

be toxic to some aquatic organisms like fish 45, 73. 
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The WHO permissible level of Manganese in drinking water is 0.1 mg/L 35. 

The presence of Manganese in surface and ground water was determined using Atomic 

Absorption Spectrophotometer at 279.5 nm analytical wavelengths 0.5 nm slit width by 

taking 10 ml of the pre concentrated sample. 

Manganese is an essential element for activation of the functions of living 

organisms. It is engaged in building the connective tissues and bony tissues 65 in the 

living organisms. Although manganese is not a toxic element, presence of manganese 

imparts objectionable and. tenacious stains to laundry plumbing fixtures. It occurs in 

solids and rocks as manganese dioxide and can be dissolved in natural waters by the 
,I 

action of anaerobic bacteria39. Under reducing conditions, manganese can be leached 

from the soil and occur in considerable concentrations in ground water. It also occurs in 

domestic waste water, industrial effluents and receiving strums and thereby enters water 

bodies. 

4.3.9 Manganese 

Nickel in water sample was determined by taking 10 ml of the pre concentrated 

sample using Atomic Absorption Spectrophotometer at 232 nm analytical wavelengths. 

such as cardiovascular and renal effects in animals have been reported 74• Nickel toxic 

effects upon humans are related to dermal, lung and nasal sinus cancers 37. Nickel 

behaves similarly with copper and may be precipitated either as the oxide or as the 

metallic nickel in water 75. 

The discharge of metal plating wastes, increased use of stainless steel and other 

nickel containing alloys into water courses contribute nickel in water. In drinking water 

the WHO permissible level of nickel is 0.02 mg/L. 
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fig 8. A public well at Sangtamla ward, Mokokchung 

fig 7. A public well at upper Chandrnari, Kohima 

fig 9. A public well at Penli ward, Mokokchung 
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The result of the experimental observations of physiochemical characteristics of 

representative samples are given in the following tables (Table no. 5.1.1.1 to 5.1.8.2) 

It was ensured that, the samples for analysis of physiochemical characteristics was 

determined as quickly as possible on the spot ,using water quality testing kits (eutech 

cyperscan, Singapore) in order to get an accurate result. In some unavoidable cases, the 

samples were carefully brought to the laboratory for analysis using pH meter and 

conductometer. 

The analysis of physiochemical properties such as pH, conductivity, temperature, 

total dissolved substances and dissolved gases of water samples was collected in a clean 

plastic container of lL capacity. The entire container was tightly capped and the stopper, 

whenever necessary was replaced in such a manner so as to entrap as little air as possible. 

A large number of spring and well water sources from different districts of 

Nagaland were identified and samples was collected during winter (January-March) and 

summer (June-August) starting from January 2005 to July 2008 for four continuous 

years. The samples was collected from 20-30 sources each from seven districts (Kohima, 

Dimapur, Mokokchung, Tuensang, Wokha, Lumami under Zunheboto, Tseminyu and 

Ungma) for every season covering mainly the urban area ofNagaland. 

5.1. Physiochemical observations 

CHAPTER-5 
EXPERIMENTAL OBSERVATIONS 
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fig 12. A mini water tank at NH-39 

fig 10. A public well at Wokha town 

.,__.Jo&;;:.}'· •• 

fig 11. A spring near Tseminyu 
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The results of the experimental observation of trace elements of representative 

samples are given in the following tables (Table no.5.2.1.1. to 5.2.8.1 ). 
,I 

The water sample collected in a clean plastic container of llitre and was added 

with 5 ml of concentrated hydrochloric acid to acidify the sample to pH 2.0 so as to 

minimize adsorption of metals on the container walls 39'46. The volume of the sample was 

concentrated to 50 ml by evaporating the sample over the hot plate at 70° C - 80° C for 

10-12 hours. The sample was analyzed by Atomic Absorption Spectrometry (AAS) using 

different analytical wave lengths. 

A large number of spring and well water sources from different districts of 

Nagaland were identified and samples was collected during winter (January-March) and 

summer (June-August) starting from January 2005 to July 2008 for four continuous 

years. The samples was collected from 20-30 sources each from seven districts (Kohima, 

Dimapur, Mokokchung, Tuensang, Wokha, Lumami under Zunheboto, Tseminyu and 

Ungma) for every season covering mainly the urban area ofNagaland. 

5.2. Trace Elements observation 
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The experimental observation of the average concentration of physiochemical 

characteristics was calculated and is given in table 5.3.1. Similarly the average 

concentration for trace elements of the representative water samples was calculated and is 

given in the table no 5.3.2. The minimum and maximum concentration of trace elements 

and yearly wise comparative physiochemical characteristics of water sample is given in 

the table no 5.3.4, 5.3.5 & 5.3.6. The season wise comparative physiochemical 

characteristic of water sample is also given in the table no.5.3.7 and 5.3.8. 

5.3. Average and comparative concentration of physiochemical characteristics & 

trace elements in water samples. 
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Fig.12. Concentration of lead (mg/L) in water samples in Mokokchung 
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Fig.13. District wise average concentration of manganese (mg/L) 
in water samples Nagaland. 
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6.2.1 Colour. 
The colour of water samples was observed by visual method and it was found that 

the colour of almost all the water sample appeared colourless; however some ground 

water samples (Sample code.D-2, D-7, D-9,.D-22 and D-23) of Dimapur were slightly 

turbid which may be due to the presence of effluent and sedimentation of clays and soil 

and similar particulate matter detectable by the naked eye. Nevertheless the colour of 

water samples was all acceptable. 

parameters 

6.2 Results and discussions of the experimental observations of physiochemical 

The averages results of water quality of different water samples ofNagaland are 

also summarized in Table 5.3.1 to 5.3.7.' 

In this study, an attempt has been made to characterize and assess the qualities 

of spring and well water (surface and ground water) available in and around the major 

towns and its adjoining areas in Nagaland. The results of the physiochemical 

characteristics and the trace elemental (heavy toxic metal) analysis of the water sample 

collected from different districts for four continuous years (2005-08) are summarized in 

Table.5.1.1.1 to 5.2.8.1. 

6.1 Introduction 

RESULTS AND DISCUSSIONS 

CHAPTER-6 
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It was observed that the pH of water samples collected from different places of 

Nagaland showed the pH ranges: 5.691-7.18 in Kohima, 6.65-7.42 in Mokokchung, 

6.52-7.23 in Dimapur, 6.68-7.01 in Tuensang, 6.31-6.87 Wokha in, 6.36-7.56 in Ungrna 

village, 6.02-6.83 in Tseminyu and 7.24-7.66 in Lumami respectively. 

The pH of sample no.12, 14 &15 under Kohima and sample no.M-10, 12, 13 &15 

under Mokokchung Town was found to be acidic in the ranges of 5.56-5.61 and 5.64-5.80 

respectively. In addition the pH of sample no.U-4 under Ungma was found to be alkaline 

in the ranges of 7.89-8.34. Although, all the above values are closer to the maximum and 

minimum permissible limit, it is not highly alarming as the samples come within the 

tolerance limit 28. Regarding the change in pH value for the last four consecutive years it 

was observed that the value marginally decreases with the passage of years which 

indicate the water slightly turning acidic as the pH value of water samples slightly 

decreases in the latter part of the studies. It was also observed that the pH value of most 

of the samples collected during summer (Monsoon) was higher (more alkaline) as 

compared to winter season. 

6.2.3. pH. 

The ranges of Water temperature was found to be 13-22°C in Kohima, 14.6-23°C 

m Mokokchung,16.6-24°Cin Dimapur,14.7-22°C in Tuensang town,15.2-23°C in 

Wokha,14.5-23°C in Ungrna Village under Mokokchung district, 15-23°C in Tseminyu 

Sub- division under Kohima and 15.7-23° C in Lumami under Zunheboto district 

respectively. And as expected, the temperature of water samples collected in winter 

season (Jan-Mar) was lower by more than 5° C than the sample collected in summer 

(Jun-Sept) 

The temperature of all the water samples collected from different districts were within the 

permissible limit of 40 °c as per IS 2490-1983. 

6.2.2. Water temperature. 
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The result of TDS was found to be 31-612 mg/1 in Kohima, 60-461 mg/l in 

Mokokchung, 122-910 mg/I in Dimapur, 279-318 mg/1 in Tuensang town, 44-347 mg/1 in 

Wokha, 61-450 mg/1 in Ungma Village under Mokokchung district, 31.3-39.6 mg/1 in 

Tseminyu Sub- division under Kohima and 64-232 mg/1 in Lumami under Zunheboto 

district. TDS and electrical conductivity are directly correlated and as the TDS increases 

the electrical conductivity also increases. Therefore, in all the samples the value of TDS 

was found to be in proportion with electrical conductivity. The TDS value, like EC in 

6.2.5. Total dissolved substance (TDS) 

consecutive studies. 

The electrical conductivity (EC) of some ground water samples in Dimapur was 

found to be very high, in the ranges of 2023-2333 mg/L indicating the high minerals 

contents in water. Moreover, a comparison of electrical conductivity of different districts 

of Nagaland shows the highest electrical conductivity in Dimapur while Tseminyu areas 

have the lowest value of EC in ranges of 63- 72 mg/L. Kohima and Mokokchung have 

moderate and above moderate values of electrical conductivity. In addition, the value of 

EC in water samples collected in summer indicate lesser concentration as compared to 

winter and can be concluded that the particles, ions in water are washed away during 

monsoon, thereby decreasing the concentration of EC. It was also observed that the 

electrical conductivity was marginally higher at the latter part of these four years 

The results of the analyses of electrical conductivity of different districts in 

Nagaland was found to be 60-1380 µs cm·1 in Kohima, 120-912 µs cm·1 in Mokokchung, 

241-1820 µs cm·1 in Dimapur, 548-632 µs cm·1 in Tuensang, 169-669 µs cm·1 in Wokha, 

121-909 µs cm·1 in Ungma Village under Mokokchung district, 63-72 µs cm·1 m 

Tseminyu and 123-454 µs cm·1 in Lumami under Zunheboto district respectively. 

6.2.4. Electrical Conductivity. 
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It was observed that few samples: sample no.U-12, 13 and 14 in Ungma, K-2, 

k-4, k-30 & k-31 in Kohima, M-11 in Mokokchung, D-2, D-9, D15 & D-16 and R-5 in 

Tseminyu have lower DO contents. Despite lower contents of DO in some selected water 

samples, all the selected samples in Nagaland adhered to the guidelines of permissible 

limit. Regarding the comparison of DO content in summer and winter, it was observed 

that most of the samples in summer have lower DO contents than the samples in winter. 

The reduction of DO content in water bodies especially during sununer (monsoon) may 

be due to the presence of high oxygen demanding effluent and increase in organic load 

that entered into the water system during rainfall. 

respectively. 

The analysis of dissolved oxygen of surface and ground water of different 

districts in Nagaland was found to be in the ranges 10-23 mg/Lin Kohima, 9.5-22 mg/L 

in Mokokchung, 7.9-19 mg/L in Dimapur, 11-25 mg/L in Tuensang, 8.9-24 mg/L in 

Wokha, 8.2-24 mg/L in Ungma, 8.3-23 mg/L in Tseminyu and 10-24 mg/L in Lumami 
,I 

6.2.6 Dissolved Oxygen (DO) 

some selected sample in Dimapur district was found to be above permissible limit in the 

range of 1011-1166 mg/1. Besides, A comparisons of TDS of different districts of 

Nagaland shows the highest TDS contents in Dimapur while Tseminyu areas has the 

lowest value of TDS in ranges of 31.3-39.6 mg/1. The high concentration of TDS was 

mainly observed in ground water sample in Dimapur as well as a few samples in Kohima. 

Kohima, Mokokchung and Tuensang have moderate and above moderate values of 

electrical conductivity. Moreover, the value of TDS in water samples collected in 

summer indicate lesser concentration as compare to winter and can be concluded that the 

particles, ions in water are washed away during monsoon ,thereby decreasing the 

concentration of TDS. It was also observed that the electrical conductivity was 

marginally higher during the latter part of these four years consecutive studies. 



The Chemical Oxygen Demand of surface and ground water of different places of 

Nagaland were in the range 78-87 mg/Lin Kohima, 82-90 mg/Lin Mokokchung, 89- 

98mg/L in Dimapur, 78-84 mg/L in Tuensang, 76-85 mg/L in Wokha, 73-83mg/L in 

Ungma, 71-84mg/L in Tseminyu and 73-83 mg/Lin Lumami respectively. Regarding the 

COD contents in the. samples collected in summer and winter season, it was observed that 

water samples in summer show marginally higher percentage of COD than the samples in 

6.2.8. Chemical Oxygen Demand (COD). 

It was observed that, few samples: sample no.U-12,13 and 14 in Ungma, K-2,k- 

4,k-30 & k-31 in Kohima, M-11 in Mokokchung , D-2,D-9,Dl5 & D-16 and R-5 in 

Tseminyu have higher BOD contents. Despite higher contents of BOD in some selected 

water samples, almost all the selected samples in Nagaland adhered to the guidelines of 

permissible limit. Regarding the BOD content in summer and winter, it was observed that 

most of the samples in summer have higher BOD contents than the samples in winter. 

The increased value of BOD contents in water bodies especially during summer 

(monsoon) may be due to the presence of high oxygen demanding effluent and increase 

in organic load that entered into the water system during rainfall which indicates the 

BOD value. However, the BOD value of most of the water samples of Kohima, 

Tuensang, Lumami, Ungma, Tseminyu were well within the permissible limits. 

The BOD of surface and ground water of different places of Nagaland were in the 

range 1.9-3.3 mg/Lin Kohima, 2.2-3.1 mg/Lin Mokokchung, 1.4-2.8 mg/Lin Dimapur, 

1.9-3.2 mg/L in Tuensang, 2.5-3.4 mg/L in Wokha, 2.7-3.2 mg/L in Ungma, 2.5-3.3 

mg/Lin Tseminyu and 2.5-3.2 mg/Lin Lumami respectively. 

6.2. 7 Biological Oxygen Demand (BOD). 
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Based on the above table, the total hardness of water in Kohima, Mokokchung, 

Tuensang, Wokha, Ungma, Tseminyu and Lumami are found to be soft in the ranges of 

32-68mg/L approximately. However most of the water samples collected from Dimapur 

shows hardness value from moderate to hard. It was also observed that surface waters are 

softer than ground water as was evident from the samples collected from Dimapur area 

where the samples was all (tube well) ground water. As regard to the samples collected in 

Quality Hardness as CaC03 in (mg/L) 

Soft 0-75 

Moderate 75-150 ~ 

Hard 150-300 

Very hard Above 300 

Classification of Hardness 

The result of the total hardness of surface and ground water (spring and well 

water) of different places in Nagaland were in the range 32.4-44.3 mg/Lin Kohima, 44.5- 

65.3 mg/Lin Mokokchung, 43.4-120.3 mg/L in Dimapur, 34.6-43.1 mg/L in Tuensang, 

46.1-68.3 mg/Lin Wokha, 34.2-69.5 mg/Lin Ungma, 32.4-48.9 mg/Lin Tseminyu and 

34.6-76.3 mg/Lin Lumami respectively. 

According to the degree of hardness, the waters are commonly classified as follows30. 

6.2.9. Total Hardness 

winter. The result may be due to the presence of more organic compounds that may come 

and enter water bodies during monsoon. Nevertheless, the COD value of all the water 

samples in Nagaland was found to be within the tolerance limit of BIS standard of 

250mg/L. 
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The concentration of Magnesium in surface and ground water (spring and well 

water) of different places of Nagaland was done by EDTA titrimetric method as well as 

atomic absorption spectrophotometer. The average concentration were in the range 18 

mg/Lin Kohima, 17 mg/Lin Mokokchung, 35 mg/Lin Dimapur, 18 mg/Lin Tuensang, 

30 mg/Lin Wokha,_20 mg/Lin Ungma, 21 mg/Lin Tserninyu and 25 mg/Lin Lumami 

respectively. Thus in general, the presence of magnesium in almost all the water samples 

In general, the representative water samples collected from different districts of 

Nagaland was found to have calcium well within the tolerance limit. However, on 

comparison of samples collected from different district of Nagaland, the water samples 

from Dimapur shows higher concentration of calcium. Also when comparing the 

calcium concentration in surface and ground water, it was found that ground water 

showed higher concentration than the surface water. This may be due to the accumulation 
ii 

of organic and inorganic solid in the ground water sample as all ground water showed 

high contents of TDS. 

6.2.11. Magnesium 

The concentration of calcium in spring and well water of different places of 

Nagaland was analyzed by EDTA titrometric method as well as atomic absorption 

spectroscopy. The average concentration were in the range 25 mg/L in Kohima, 

29 mg/L in Mokokchung, 58 mg/L in Dimapur, 23 mg/L in Tuensang, 27 mg/L in 

Wokha, 34 mg/Lin Ungma, 26 mg/Lin Tseminyu and 46 mg/Lin Lumami respectively. 

The permissible limit of calcium in potable water is 7 5-100 mg/L. 

6.2.10. Calcium 

summer and winter season, it was observed that the hardness values in water samples 

collected in winter was higher than the sample collected during summer. 
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under study was found to be within the tolerance limit of 50- 75 mg/L. With regard to the 

samples collected from different district of Nagaland it was found that concentration of 

magnesium in samples from Dimapur and Wokha districts shows a higher concentration 

as compared to other districts. In Wokha it was found that the concentration of 

magnesium was higher than the calcium though in all the districts calcium concentration 

was more than the magnesium. Again, when comparing the magnesium contained in 

spring and well water, it was found that the sample collected from ground water showed 

higher concentration than the sample from surface water. This may be due to the 

accumulation of organic and inorganic solid in the ground water sample as all ground 

water showed high content ofTDS. 
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Regarding the district wise average concentration of lead in the samples, it was 

found to be in the range 0.08 mg/Lin Kohima, 0.11 mg/Lin Mokokchung, 0.08 mg/Lin 

Dimapur, 0.04 mg/L in Tuensang town, 0.08 mg/L in Wokha, 0.07 mg/L in Ungma 

Village under Mokokchung district, 0.06 mg/Lin Tseminyu Sub- division under Kohima 

') 

The result of concentration of Lead in surface and ground water (spring and well 

water) samples collected from various part of Nagaland indicate in the range 0.02-0.14 

mg/Lin Kohima, 0.05-0.14 mg/Lin Dimapur, 0.03-0.28 mg/Lin Mokokchung, 0.03-0.14 

mg/L in Wokha, 0.01-0.04 mg/L in Tuensang, 0.03-0.10 mg/L in Lumami, 0.03-0.09 

mg/Lin Ungma and0.05-0.09 mg/Lin Tseminyu respectively. 

6.3.1 Lead 

The result of the trace heavy metals analysis of representative water samples 

collected from different parts ofNagaland viz. Kohima, Dimapur, Mokokchung, Wokha, 

Tuensang, Ungma village, Tseminyu town and Lumami indicate Ag, As, Ca, Cd, Zn, Ni 

and Mg concentration are all within the permissible limit and adhere to the WHO 

guidelines for domestic water . However, Result of the analysis of water samples 

indicates some samples from Mokokchung and Kohima have lead (Pb) concentration 

high above the tolerance limit. Also Copper (Cu) and manganese (Mn) concentration 

above the permissible limit was detected in samples from Mokokchung and Kohima. The 

concentration of iron (Fe) much above the maximum permissible limit was detected in 

many samples ofDimapur district ofNagaland. 

6.3. Result and discussions of experimental observation of Trace elements 



The result of the analyses of arsenic in spring and well water collected from 

different district ofNagaland was found to be in the average range of 0.001 mg/L for all 

the samples (Table-5.3.2). All the representative samples showed concentration of arsenic 

well below the maximum tolerance limit of WHO guidelines O.Olmg/L. 28 

6.3.3 Arsenic 

6.3.2 Cadmium 
The analysis of cadmium in spring and well water indicate the average 

concentration of cadmium in the range 0.001 mg/L in Kohima, 0.001 mg/L in 

Mokokchung, 0.002 mg/Lin Dimapur, 0.001 mg/Lin Tuensang, 0.001 mg/Lin Wokha, 

0.001 mg/Lin Ungma Village under Mokokchung district, 0.001 mg/Lin Tseminyu Sub­ 

division under Kohima and 0.001 mg/Lin Lurnami under Zunheboto district and that all 

the ranges adhere to the guideline for domestic water of 0.03mg/L.28 

Comparing the district wise concentration of cadmium, it was found that the samples 

collected from Kohirna, Mokokchung and Dimapur shows higher concentration in the 

range 0.001-0.002 mg/L as compared to the samples from other districts in the range 

0.00-0.001 mg/L. indicating higher rate of pollution. Besides, it was also observed that 
,I 

water bodies in and around solid waste deposits have higher concentration of cadmium. 

For example sample No. k-7 (Table- 5.2.3.1). Nevertheless all the concentration was in 

the range within the WHO guidelines value of 0.03 mg/L 28. 

and 0.06 mg/Lin Lumami under Zunheboto district indicating the concentration of lead 

in most of the samples above the maximum permissible limit (Table 5.3.2). 

The following samples: m-I, m-2, m-3, m-10, m-12, m-15, m-16 under 

Mokokchung, k-5, k-7, k-8, k-11 under Kohima, w-1, w-2 under Wokha showed 

alarming increase in the concentration of lead which is a much higher value than the 

maximum permissible limit of0.1 mg/L. 



iron. 

The analysis of iron showed the average concentration in surface and ground 

water in the range 0.05-0.58 mg/L in Kohima, 0.03-0.34 mg/L in Mokokchung, 

0.05-0.68 mg/L m Dimapur, 0.05 mg/L in Tuensang, 0.05-0.26 °ing/L in Wokha, 

0.03-0.39 mg/L m Ungma Village under Mokokchung district, 0.05-0.09 mg/L in 

Tseminyu Sub- division under Kohima and 0.02-0.18 mg/L in Lumami under Zunheboto 

district (table no. 5.3.4). It was also observed that many samples under Dimapur shows 

higher concentration of iron and above the permissible limit for drinking water guidelines 

of 0.3 mg/L (BIS.10500-1983; WHO (2004). However, sample from other districts of 

Nagaland have iron concentration well within the permissible limits. 

Regarding the concentration of iron in different types of samples it was observed 

that the concentration of iron was higher in ground water than in the surface water as 

many ground water_ samples collected from Dimapur showed higher concentration of 

6.3.5 Iron 

Regarding the concentration of silver in spring and well water it was observed 

that many water samples have low concentration of silver and the presence of silver could 

not be detected in many samples especially from Wokha, Tseminyu and Ungma areas. 

The average concentration of silver in surface and ground water collected from various 

district of Nagaland was found to be in the range of 0.00- 0.001 mg/L (Table-5.3.2). All 

the values were below the maximum permissible limit of 0.05 mg/L 

6.3.4 Silver 

In fact, it is reported that water samples from the Tuli areas under Mokokchung district 

and some parts of Mon district in Nagaland have arsenic consideration above the 

tolerance limit 24• 25. However, this study does not cover the reported areas where arsenic 

consideration in drinking water is above the permissible limit. 
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The analyses of zinc in spring and well water of Nagaland indicates the range 

0.06-0.88 mg/Lin Kohima, 0.12-3.88 mg/Lin Dimapur.0.27-3.39 mg/Lin Mokokchung, 

0.27-2.39 mg/L in Wokha, 0.07-1.89 mg/L in Tuensang, 0.45-0.78 mg/L in Lumami, 

Zunheboto, and 0.13-0.99 mg/L in Ungma 0.06-1.99 mg/L in Tseminyu respectively 
,I 

, (table no.5.3.4) and the average concentration of zinc is 0.20 mg/Lin Kohima, l.Olmg/L 

in Mokokchung, 3.13 mg/L in Dimapur, 0.07 mg/L in Tuensang town, 0.12 mg/L in 

Wokha, 0.40 mg/L in Ungma Village under Mokokchung district, 0.17 mg/L in 

Tseminyu Sub- division under Kohima and 0.615 mg/L in Lumami under Zunheboto 

district (Table 5.3.2). 
It was observed that water samples from Kohima, Wokha, and Tseminyu have 

lesser concentration of copper as compared to the samples collected from other parts of 

the state. Nevertheless, the concentration of zinc in all the surface and ground water 

collected from various parts of Nagaland adhered to the WHO guidelines value for 

drinking water maximum permissible limit of 5.00 mg/L .28 

6.3.7 Zinc 

The result of copper analysis indicates the average concentration of copper in 

surface and ground water in the range 0.16 mg/Lin Kohima, 0.13 mg/Lin Mokokchung, 

0.06 mg/L in Dimapur, 0.05 mg/L in Tuensang, 0.05 mg/L in Wokha, 0.06 mg/L in 

Ungma Village under Mokokchung district, 0.07 mg/Lin Tseminyu Sub- division under 

Kohima and 0.06 mg/Lin Lumami under Zunheboto district. Regarding the comparison 

of copper concentration in samples collected from different district, it was observed that 

Kohima and Mokokchung have higher copper concentration than the samples from other 

districts of Nagaland. However the concentration of copper in surface and ground water 

ofNagaland were found to be within the tolerance limit of0.05 mg/L (BIS, 10500-1983). 

6.3.6 Copper 
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The result of the analysis of manganese in surface and ground water was found 

to be in the ranges 0.00-0.13 mg/Lin Kohima, 0 .03-0.16 mg/Lin Dimapur, 0.02-0.17 

rng/L in Mokokchung, 0.02-0.27 mg/Lin Wokha, 0.02-0.13 mg/Lin Tuensang, 0.04-0.21 

mg/L in Lumarni 0.04-0.18 mg/L in Ungma and 0.02-0.07 mg/L in Tseminyu 

respectively. The average concentration is 0.07 mg/L in Kohima, 0.13 mg/L in 

Mokokchung, 0.12 mg/Lin Dimapur, 0.09 mg/Lin Tuensang town, 0.07 mg/Lin Wokha, 

0.11 mg/L in Ungma Village under Mokokchung district, 0.05 mg/L in Tseminyu Sub­ 

division under Kohima and 0.14 mg/L in Lurnami under Zunheboto district respectively 

(table no.5.3.4). The concentration of manganese in sample no.K-2, 3, 4, 7, 19 & 20 
;1 

under Kohima ,sample no.M-8, 9, 11, 12, 13, 14, 15 & 16 under Mokokchung and L-4 & 

5 under Lumami was found to be above BIS and WHO guidelines values of 0.1 mg/L 35. 

The maximum permissible limit of manganese for potable water is 0.1 mg/L (BIS 10500- 

1983).However, the concentration of manganese in rest of the surface and ground water 

samples collected from various parts of Nagaland were found to be within the maximum 

permissible limit. 

6.3.9 Manganese 

The analyses of nickel in spring and well water samples collected from the 

various part of Nagaland indicates the concentration in the range 0.001-0.002 mg/L 

which shows that the water under studies so far is free from nickel pollution 

(table no.5.3.2). 

6.3.8 Nickel 



The analysis of dissolved Oxygen, biological oxygen demand and chemical 

oxygen demand of various water samples however indicates less or negligible pollution 

as most of the samples adhered to the standard guidelines values. As regards to 

comparison of the samples collected in different seasons, it was concluded that the value 

of dissolved oxygen marginally decreases in summer than in winter and the values of 

It was also observed that many water sources shows lower pH value in the latter 

part of the studies. The value of Electrical conductivities and total dissolved solid shows 

an increase with the passage of years which indicates that the water bodies are slowly 

becoming polluted as all these values largely depend on solid waste, anthropogenic 

waste. Regarding the comparison of pH, electrical conductivities and total dissolved 

substance of different samples in different seasons, it was concluded that the value of pH 
') 

marginally increases during summer than in winter and this may be due to the fact that 

during summer the rain water washes away many chemicals especially detergents, 

pesticides, insecticides, fertilizers containing more alkaline salts etc from surface land 

and these enter into the unprotected water bodies thereby turning water into slightly 

basic. The increase in pH during summer reduces potability of water 67. 

Based on the analysis of different physiochemical parameters and trace heavy 

metal elements in spring and well water (surface and ground water) it was observed that 

the physiochemical characteristics of drinking water sources is found deteriorating slowly 

with the passage of years and need immediate attention in order to restore the water 

quality in the State. 

6.1 Conclusion 

CONCLUDING DISCUSSION 

CHAPTER-6 



Analysis of water samples further revealed a higher value of Calcium and 

Magnesium especially in Dimapur district. The increase in concentration of Calcium and 

Magnesium is one of the reasons for the cause of hardness of water 75, 76. However in 

other districts of Nagaland, the total hardness of water was all within the permissible 

limits. 

Regarding the comparisons of yearly samples of four consecutive years, it was 

observed that the water bodies become slightly polluted in the latter parts although the 

values fluctuate in many samples and no constant correlation was obtained. However 

majority of the samples indicates higher rate of pollution in the latter parts of the studies. 

biological oxygen demand and chemical oxygen demand increases during summer season 

than in winter. The reasons for this may be that during summer the monsoon brings all 

the organic and inorganic load into the water bodies thereby increasing the number of 

oxygen demanding microorganisms leading to the reduction of oxygen content thereby 

decreasing the dissolved oxygen and increasing the values of biological and chemical 

oxygen demand. 

Concerning the values of different parameters in different districts ofNagaland, it 

was concluded that water samples from Kohima shows more acidity, and have lower pH 

value than the samples from other districts. The samples from Mokokchung have higher 

pH values and are hence more alkaline. The value of dissolved oxygen was almost all the 

same in all the representative samples in Nagaland. However the values of biological 

oxygen demand in water samples of Kohima, Mokokchung, Wokha and Tseminyu was 
!l 

higher, leading to the conclusion that the presence of organic matter was higher in the 

samples. The chemical oxygen demand on the other hand have higher value in the 

samples collected from Dimapur compare to the samples from other districts of 

Nagaland, indicating higher degree of pollution. 



It was also observed that many water sources of different districts in Nagaland 

have high concentration of iron above the permissible limits (Permissible limit is 

0.3 mg/L). The concentration of Iron was found to be in the ranges of 0.45-0.67 mg/L in 
i) 

some parts ofMokokchung and its adjoining areas. And also some parts ofKohima in the 

ranges of 0.05-0.58 mg/L. In Dimapur the concentration of iron was in the range 

0.06- 0.68 mg/L. 

Studies of water samples also revealed the concentration of manganese in many 

sources above the permissible limit conforming that many solid substances are dissolved 

by the presence of bacteria. 

This high concentration of lead in water confirms that many surface and ground 

water sources are unprotected from domestic sewage and industrial effluents as most of 

the heavy metals and in particular the lead metal is generated from street dust. 

The concentration of lead in some parts of Mokokchung and its adjoining areas 

was found to be in the ranges of 0.15-0.22 mg/L (Permissible limit is 0.05-0.10 mg/1 

as per Indian Standard). Similar concentration of lead was also observed in some parts of 

Wokha, Kohima and Dimapur. 

The trace (heavy metal) elemental analyses of spring and well water shows 

some metals concentration above the maximum permissible limits. The concentration of 

Pb (lead) and Iron (Fe) in some areas of Kohima, Dimapur, Wok.ha, Mokokchung, 

Ungma and its adjoining areas showed far above the permissible limit prescribed by 

WHO and Indian Standard. 
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The authority and local bodies must ensure the protection of catchments areas of all 

surface water as well as the dug well by making proper constructions, complete ban on 

disposal of domestic waste & garbage near the sources, discouraging the use of detergent 

in and around the sources, discouraging the use of chemicals and fertilizers, maintaining 

proper drainage, setting up water treatment plants and strict legislation and regulation to 

preserve and protect water sources. There should also be facilities to educate and train 

personnel in water management skills. If possible, the government agencies should create 

a water testing laboratory in all the districts and set up a laboratory inspection mechanism 

for ensuring that the quality of water adheres to the prescribed guidelines. Water security 

should be achieved. by harvesting rain water and facilities to recycle municipal waste 

water created by setting up water treatment plants. 

It is therefore suggested that the government machineries, the local bodies as well 

as the individuals concerned give the utmost importance to protect and preserve the water 

sources. The public should be made thoroughly aware of the dangers of pollution and 

academia, NGOs, and local communities should be involved in the extension of such 

efforts. 

6.2 Suggestions 

The physiochemical characteristics of water in Nagaland shows a marginal 

increase in pollution level with the passage of years, although it does not reveal a high 

alarming rate. However, trace elemental analysis shows toxic elements such as lead, 

cadmium, iron and manganese present in many samples above the permissible standard 

limits. The concentration of lead above the permissible limit affect the central nervous 

system as lead is potentially hazardous and toxic to most forms of life 47; the presence of 

cadmium causes adverse renal arterial change in kidney and the high concentration of 

iron makes the water objectionable and imparts an inky flavor to the water. The presence 

of Manganese imparts objectionable and tenacious stains to laundry plumbing fixtures, 

although it is not a potent toxic element. 
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