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Abstract

Thisresearch was conducted to analyze drinking water quality of Kathmandu valley. Total 969 water samples (392
from dug wells, 287 from deep boring, 218 from treated water, 46 from tap and 26 from other water sources) received
from different places of Kathmandu, Lalitpur and Bhaktapur districts during March 2012 to March 2013. These
samples were analyzed for the determination of physical (pH, temperature, conductivity, turbidity), chemical
(hardness, chloride, iron, arsenic, anmonia, nitrate) and microbiological (total Coliform) parameters. It wasfound
that the temperature and nitrate were within the WHO standards while pH, conductivity, turbidity, chloride, iron,
arsenic, anmonia, and Coliform bacteriaexceeded the WHO standard guideline. In ground water (well and Boring),
pH, conductivity, hardness, turbidity, iron, arsenic, chloride, ammonia and total Coliform count crossed WHO
standards as 5%, 2%, 0.8%, 36%, 51%, 0.1%, 2%, 11% and 86 % respectively. Hardnesswaswithin the standard in
both treated and tap water samples. Compared to treated water, pH, arsenic and chloride werewithin the standard in
tap water. The common problematic parameters of different sources of drinking were turbidity, iron, ammoniaand
conductivity. Coliform bacteriawere found in 36% samples of treated water whereas 80% tap water sampleswere
contaminated from Coliform bacteria
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I ntroduction and water borne diseases are responsible for a large
Water isthelifegiving aswell aslifemaintaining element. number of mortalitiesand morbidities (Prasai 2007). So,
Itisessential for all sorts of living aswell as non-living the safe water quality isamajor concern with reference
dementsandisanindispensablefactor. Itisafundamental to public health importance as health and well being of
natural resource and vital to the society (Pandey 2012). the human race is closely tied up with the quaity of
The presence of safe and reliable source of water isthus water used (Sharma2005). Globally, over 834 million people
an essential prerequisite for the establishment of stable have no access to safe water and nearly two million
community. Onethird of the earth’sspaceis occupied by children die every year from diarrhea. Nepal is not
water. But only 0.3% is safe for drinking purpose. Safe exception to this where five and haf million have no
drinking water isdefined aswater withmicrobia, chemical accessto safedrinking water. Dueto this 10,500 children

and physical characteristics that meet WHO guidelines dieevery year inNepal (Shrestha2012). TheKathmandu
or nationa standards on drinking water quality (WHO valley constitutes the country’s single largest urban
2007). Thequality of water isdetermined by natural and economy and hasapopulation of 1.5 million. Thecurrent

anthropogenic activities. I such activitiesalter, thenatural piped water supply of groundwater and surface water in
water quality is no longer fit for use and is said to be the dry season varies between 65 and 85 MLD. Evenin
contaminated or polluted water. the wet season, the supply only reaches 140MLD

(Khatiwada2002). Duetothis, approximately 50% of the

WHO has estimated that up to 80% of all sickness and urban water supply of Kathmandu valley isobtained from
diseasesin theworld is caused by inadequate sanitation, groundwater sources and is also widely exploited for
pollution or unavailability of water. Polluted drinking water private, domesticand industrial uses (Pant 2010). Thisin
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turn pressurizes the groundwater sources. The water
quality of Kathmandu valley isin degraded state and not
inagreement withthe WHO guiddine (Prasai 2007). This
is due to the contamination from sewage, septic failure,
and open pit, leaching from landfill site, latrines and
disposal of domestic and industrial wastes in open area
(Karn2001). Theprincipa contaminantsof drinking water
sources include arsenic, iron, nitrate, anmonia and
pathogens. So, such water is not suitable for drinking
purpose and appropriate treatment methods need to be
employed before using such water.

M ethodology

Altogether 969 drinking water sasmpleswerereceived
at the laboratory of Nepal Academy of Science and
Technology, Khumaltar, Lalitpur (NAST) from
different places of Kathmandu valley.
Physicochemical and microbiological (total Coliform
count) quality of the samples were assessed as per
the methods described in APHA (2005). Test
parameters, methods of analyses and instruments
used for analyses are shown in Table 1 below.

Tablel. Test parameter s, methodsof analysesand instrumentsused

SN. Parameters Unit M ethods of analyses Instruments & Kit
Physiochemical

1 pH - pH meter Sensionl, Hach

2 Conductivity ps'em Conductivity meter Conductivity meter, Toa, Electronics, Japan

3 Temperature Celsius Thermometer

4 Turbidity NTU Turbidimeter Nephelometer, Elico, India

5 Hardness mg/I EDTA titrimetric method -

6 Chloride mg/l Argentometric method -

7 Iron mg/l Phenanthroline method Spectrophotometer

8 Ammonia mg/l Kit method Machegery Nagd test kit

9 Nitrate mg/l Kit method Machegery Nagal test kit

10 Arsenic mg/l Kit method Machegery Nagal test kit
Bacteriologocal

11 Totd Coliform cfu/100 Membrane filtration (MF) Millipore membrane filter

Table2. Samplesof exceedingWHO standard guidelinevalues

SN | Parameters Units Tap Treated Well samples| Boring samples | WHO
samples samples that| that crossed the| that crossed the | standard
that crossed | crossed  thel WHO guideline| WHO guideline | guideline
the WHO | WHO values values values
guiddine guiddine
values values
No. % | No. % No. % No. %

1 Temperature °c - - - -

2. pH - 11 5 11 3 22 9 6.5-8.5

3. Conductivity puSem | 1 2 3 1 12 3 1 04

4. Turbidity NTU 3 7 12 6 132 36 85 36 10

5. Total hardness | mg/l - - 5 1 - 500

6. Chloride mg/l - 3 1 9 2 2 0.8 250

7. Iron mg/l 7 15 | 33 15 168 46 136 58 0.3

8. Arsenic mg/l - - - 1 04 0.05

9. Ammonia mg/l 1 2 20 9 40 11 27 11 15

10 Nitrate mg/I - - - - 50

11. | Tota Coliform 37 80 | 79 36 329 91 187 79 0 (0/100 ml)

count

Results and Discussion

A total of 969 water samples (392 fromdugwell, 287 from
deep boring, 218 from treated water, 46 from tap and 26
from other water sources) were received from different
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places of Kathmandu, Lalitpur and Bhaktapur districts

and wereanalyzed for the determination of physical (pH,
temperature, conductivity, turbidity), chemical (hardness,
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chloride, iron, arsenic, ammonia, nitrate)
andmicrobiologicdl (total Coliform) parameters.  The
physical parametersi.e. temperature, pH, turbidity and
conductivity have been considered as a non- health
related factors (Prasai 2012). From this study except
temperatureall thephysical parametersand except nitrate
all thechemical parametersexceeded the WHO guideline
vauesin different water sourceswhich have been shown
inTable2.

Out of thetotal the temperature and nitrate content of
all the samples was within the permissible limits of
WHO standards. In compare to boring water except
pH and arsenic, well water is more contaminated both
chemically and bacteriological. Themajor problematic
parameter of drinking water sources of Kathmandu
valley arepH, conductivity, turbidity, total hardness,
iron, arsenic, anmoniaand total Coliform. Thegraphical
representations of physico- chemical parameters of
different sourcesthat exceed the Nepal Standard were
representedinFig. 1.
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Fig. 1. Different parametersof different water sourcesexceeding
WHO guidelinesvalues

Bacteriological analysis

Eighty-six percent groundwater samples, 80% tap water
and 36% treated water samples contained Coliforms
(Max. 300 CFU/100 ml) by MF technique indicating
possible contamination of bacteriafromfaeca origin. The
maximum numbersof total Coliformwerefoundinwell
water sourceswhichwas shownin Fig. 2.
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Fig. 2. Presence of Coliformin different sources of water
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Total Coliform test theoretically indicates the presence
of all Coliform group bacteria, both in vegetative and
fecd inorigin. Thefairly highvauesof total Coliformare
indicative of increasing pollution of the drinking water
by organic means particularly through the discharge of
sewage and domestic effluents into sources. Similarly,
the other reasons for microbial contamination could be
unhygienic handling of water and poor sanitation around
different water sources.

The study revealed that 9 % of the boring samples, 3%
well water and 5% trested water sampl es showed the pH
values below the permissible guideline value as
prescribed by WHO. In drinking water, acidic pH may
cause corrosion of metal pipesinthedistribution system
and dkainepH adversdly affectsthedisinfection process.
pH is not a static, it changes over time, and in fact are
changes over the course of asingle day. Theleaching of
soils, organic matter and rocks is influenced by pH.
According tothe WHO, therange of desirable pH values
of water prescribed for drinking purposes is 6.5 — 8.5
(WHO2004).

Conductivity of wel water (3%) wascomparatively higher
than other sources of drinking water. It does not reveal
direct in health however, high conductivity for the most
of thetime indicates addition of some pollutantstoit.
Thirty-six percent of ground water samples crossed the
permissiblelimit for turbidity whichwassmilar to previous
sudies(Prasai 2007, Bgracharya2007, Manandhar 2010).
Turbidity indicated clarity of water and is caused by the
presence of suspended and colloidal matters. Usually,
water with high turbidity has offensive appearance,
colour, tasteand odor. Turbidity also correlateswithiron
content of water samples. Turbidity in natural water is
caused by clay, silt, organic matter, phytoplankton and
other microscopic organisms.

Hardness of most of all water sampleswerefound within
theacceptablelimit proposed by WHO guiddlinevalues.
Only five water sample from well contained hardness
above the WHO Guiddline values. Water hardness has
no known adverse effects;, however, some evidence
indicates its role in heart disease (Schroeder 1960).
Hardness in water is due to dissolved calcium and to a
lesser extent, magnesium. Sewage and industrial wastes
are important sources of calcium and magnesium. The
mainimpact of hardnessisdeposition of scaleand scum
formation as well as consumption of more soap to
produce lather.
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Overdl, 11 (2%) groundwater samplesin which 9 well
sample and 2 boring water samples exceeded the WHO
recommended values for chloride which was similar to
previousstudies (Maharjan 2000, Jayana2009). Chloride
indrinking water entersthrough natural sources, sewage
and industrial effluents, urban runoff containing de-
ionizing saltsand salineintrusion. High concentration of
chloride gives a salty taste to water and beverages.
Excessive chloride concentrations increase rate of
corrosion of metalsin the distribution system.

Overal 301 (51%) groundwater samples crossed WHO
guideline values for iron which was aso similar to
previousstudies (Prasai 2007, Bajracharya2007, Jayana
2009, Manandhar 2010, Pant 2010). Similarly, 15% of tap
and 15% treated water sampleswere contaminated from
iron. Themaximum use of bleaching powder in tap water
leads to corrode a pipe line and found iron in tap water
Ssources.

Of the total water samples, 64 (11%) exceeded the
alowable limit for ammonia content in groundwater.
Previousresearchers (Upadhaya2004, Bajracharya2007,
Jayana 2009) also found similar results. Similarly, 9%
treated water and 2% tap water also contained ammonia.
Ammoniain water is an indicator of possible bacterial,
sewage and animal waste pollution. Ammoniacontentin
water may be harmful to health sinceit can be converted
to nitrate (Upadhaya2004).

All thetested water sampl es contained nitrate withinthe
WHO permissible values. Nitrate can be added to water
fromindustria effluents, agricultural and domesticwastes.
Nitrateitself isnot toxic but the effects are hazardous. It
is converted to nitrite by microbia action. It leadsto a
disease in infant known as Blue baby syndrome. This
disease can even lead to death, as aresult of prolonged
consumption of nitraterich water (Jayana2009).

Presence of arsenic is one of the emerging problemsin
drinking water asit may causecancer and skinlesions. In
the present study, 0.4% boring water samples crossed
WHO guiddiinevauesfor arsenic. Arsenicisintroduced
into drinking water sources primarily by dissolution of
naturally occurring minerals and ores. And aso from
industrial effluents, and atmospheric deposition,
concentrations in ground water in some areas are
sometimes elevated as a result of erosion from natural
Sources.
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Eighty-six percent of groundwater samples were
contaminated from Coliformswhichissimilar to previous
results (Prasai 2007, 2012). Similarly, 80% tap water and
36% treated water samplesa so were contaminated from
Coliform bacteria. The reason behind a microbial
contamination in drinking water sources may be due to
direct discharge of untrested sewage or municipal wastes
into surfacewatersor in open places near to water sources.

A comparative study of different water sources was
carried out by taking certain important parameters like
temperature, pH, conductivity, turbidity, nitrate, chloride,
total hardness, ammoniag, iron, arsenic and total Coliform.
Theleve of contaminantsin different sourcesof drinking
water were determined as pH, turbidity, conductivity,
arsenic, iron, ammonia, chloride, hardness and total
Coliformswhich were detected above WHO guidelines.
Turbidity, iron, ammoniaand total Coliform count were
the major problematic parameters. The maximum
concentration estimated for arsenic, iron, turbidity,
ammonia, and coliformwere0.08 mg/l, 9mg/l, 1100FNU
and 3mg/l and more than 300 respectively. The results
clearly showed the deteriorating conditions of water
quality of Kathmanduvaley. Thus, thequality of drinking
water is degraded and we concluded that groundwater,
tap and treated water are not directly suitable to drink
due to the presence of microbiological and inorganic
pollutants beyond the WHO guidelines. The appropriate
trestment approaches should be undertaken depending
on the defects, in order to make water potable and rules
and regulations of environment protection should be
strictly adopted to conserve groundwater resources and
to protect these sources from contamination.
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