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Abstract: Water and life are two sides of the same coin,esimater sustains all life
processes. The quality of water is of vital conckn mankind since it is directly
linked with human health and environmental protectiDue to its outstanding
significance to the consumer its parameters muktwahe permissible limits set by
international water regulating agencies. The presterdy was therefore undertaken to
assess the quality of drinking water in some vé&g@f Nagar valley. Some physical,
biological and chemical parameters were examineah fiap, channel and tank water.
Among the tested characteristics, temperature sdluetuated between 12.10-13.50
°C, electric conductivity values ranged from 1995BB.0Qis/cm, turbidity values
differed from 0.20-0.38 NTU, pH values varied betwer.00-7.93, total alkalinity
values ranged between 57.00-102.33 mg/l, totabldisd solids ranged from 118-357
mg/l, calcium hardness contents fluctuated betwle@6-16.66 mg/l,cynuric acid level
varied between 35.33-52 mg/l. Similarly, total fmin count ranged from 47.25—
54.00 cfu/ml while the investigated samples weee firom faecal contamination. All
the inspected characteristics were within the amatstandards set by WHO and EPA.

Keywords: Drinking water quality, physico-chemical charadds, contaminants,
WHO, EPA, Gilgit-Baltistan.
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INTRODUCTION

Water is one of the best gifts to all living craatwgiven by the nature. It is compulsory for ¢fnewth and
maintenance of human body and also for many bio#gictivities. It plays a vital role for the survival of
all forms of life on earth and works as a univessvent >

Pure water is an essential resource for life. Ms@sut for different purposes like drinking, washim
agriculture, food processing and in other applicafi Good quality of drinking water is essentially
needed for all the people throughout the worlthe best quality potable water free from hazasdou
materials and contaminants must be available ptlblic to avoid disease incidence and it is el as

a powerful environmental tool, required to detemnthe health of public. Good quality drinking water
means keeping away public from dangerous watetetldiseasés’. Superior quality of water not only
enhances human productivity but also add bonus ey human lifé

Good quality of drinking water is one of the biggesoblems in developing countriesAccording to
GWSSAR, 1.1 billion population use poor qualitydoinking water from different sources including dsk
rivers, hand pumps, wells and from others. 20% i A42% of sub Saharan Africa and 2.2 billion peop
of the world need safe drinking walerDue to absence of safe drinking water and thegmee of
microbial contamination, health problems occur lmast all the population in developing counttfesn
Pakistan, up to 66% of drinking water is obtaineuagh pipes and hand purpdt is of great interest
that about 30% of waterborne diseases and 40%afi@doses their lives due to unavailability ofarte
and safe watét.

Pure water for human use is not always availabtaraly due to occurrence of suspended or dissolved
impurities®. Among the environmental pollutants, heavy metais considered as more problematic.
Heavy metals in air, marine, ground water and itrchiswater are most noxious pollutants threatening
safety of human lifé. Heavy metals are introduced into environment gioanthropogenic as well as
natural phenomenon. In water systems, metal conttimh is possible from direct atmospheric
deposition, weathering or either the release ofcaljural, communal, residential or manufacturing
runoff'®,

Due to regular emission of waste products into fqusystem the contamination of heavy metals
concentration rises up by deposition. Heavy matatgate to food chain where they can show adverse
effects on human and aquatic {feWHO has published that up to 17 types of bacteiabe found in tap
water which can cause water borne diseases tteat &ffiman health The most dangerous disease related
to water is diarrhea, which causes majority of kleah infants and children in Pakistan, and evéth f
person is suffered from diseases caused by coraseninvatef’. According to reports more than three
million Pakistanis are suffered from diseases ahixgepoor quality of water each year and out ofchhi
0.1 million lost their live®. These situations necessitate the need of assessfmeater quality to assure
the protection of environment and precious humamesli Thus the present study was designed to
investigate the water quality of some villages @ighir valley, District Hunza-Nagar to compare thiada
with world standards.

MATERIAL AND METHOD

Study area The villages selected from Nagar valley i.e. Gietl, Thole and Nilt are located at 74.501038

longitudes and 36.233197 latitude, 74.448509 lowigis and 36.236243 latitude, 74.436493 longitudes
and 36.223227 latitude respectively. It is a ranaa composed of 6,000 residents. A 7788 metets hig
peak Rakaposhi glaciers are the only main sourgeatdr for the communitgFig. 1).
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Sampling procedure Water samples were collected in pre sterilizeabtd bottles of 500 ml capacity in
triplicate from three main sources of drinking waite. channel, tank and tap water. The sampleg wer
transferred to the Department of Agriculture anabd=@echnology for physic-chemical and microbial
study.
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Fig. 1. Map of study area of Nagar valley, Gilgit-Baléist Pakistan.

Parameters tested: Various water quality characteristics were measuosing standard testing
procedures outlined by standard method of AG%®d EPA* 2 Physical parameters like temperature of
all the samples were measured by using conductimigyer, turbidity was determined using turbidity
transparency tubes and electric conductivity (E@swneasured by using a conductivity meter. For
microbial analysis total viable count method waseduto test total coliform bacteffawhile membrane
filtration technique was used to test total faecaliform bacteria (EPA Method 1103.1). Chemical
parameters like pH were analyzed using digital pttemand total dissolved solids (TDS) were assessed
by conductivity meter. Total alkalinity, calcium rdaess and cynuric acid were determined by using a
Lovibond Mini Kit. All the solutions were preparéy using distilled water in triplicate. The resulisre
statistically analyzed using one way ANOVA and elifnces were compared with least significant
difference (LSD) test using statix-8 statistical software.

RESULTS AND DISCUSSION

The present study was carried out to assess tHaygofadrinking water from three villages of Nagar
valley for some physico-chemical and biological gmaeters. These characteristics were temperature,
turbidity, EC, total coliform count, total faecabldorm, pH, TDS, total alkalinity, calcium hardreand
cynuric acid contenfTable 1 and 2).
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Table-1:- Physical and biological parameters of driking water tested from three villages of Nagar

Area Source Parameters
Temp. Turb. EC TCC TFC
®) (NTU) (ns/cm) (cfu/ml) (cfu/ml)
Ghulmet Tap 12.63bc 0.25de 312.33¢ 49.33bc 0
Channel| 12.99ab 0.20e 199.10h 49.33bc 0
Tank 12.10c 0.20e 318.33d 48.66h¢ 0
Thole Tap 13.13ab 0.35ab 389.67¢ 53.00ab 0
Channel 13.50a 0.35ah 582.33b 54.00a 0
Tank 13.16ab 0.31bc 588.004 50.33ahc 0
Nilt Tap 12.76b 0.29cd 292.33f 48.50b¢ 0
Channel| 12.86ab 0.33abg 275.339 48.00¢ 0
Tank 12.90ab 0.38a 293.33f 47.25c 0
WHO | - | - 5 1400 100 0
Limits

e Temp= temperature, Turb= turbidity, EC= electric ndoctivity, TCC=total coliform count,
TFC-= total faecal coliform count

» All the values are means of three replications.

* Means followed by the same alphabets are not ignifly different at alpha = 0.05

Temperature is biologically an important factor @fhplays a vital role in proper functioning of Eing
things. Microbial load in water will be lower ifrigperaturé® remains below 15°C.

Examination of Ghulmet tap water, channel water tanét water for temperature resulted 12.63 °C,42.9
°C and 12.10 °C. Thole tank water, channel watdrtank water tests for temperature observed 1313 °
13.50 °C and 13.16°C. Nilt tap water, channel wated tank water assessment for temperature found
12.76 °C, 12.86 °C and 12.90 °C. Temperature exatinim revealed a little fluctuation in results betm
12.10-13.50 °C. Highest value was determined inld bbannel water while lowest was found in Niltkan
water Table-1). Variation in temperature might be due to the i@t chemical reactions and the nature of
biological processes taking place in aquatic sySteBPA and WHO has provided no guideline and
standards for temperature of drinking water, howeitehas been suggested that the temperature of
drinking water must be less than 15°C because watar holds less oxygen content.
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Table-2: Chemical parameters of drinking water tesed from three villages of Nagar

Area Source Parameters
pH TDS (mg/L) | TA(mg/L) |C.Hard. | C. Acid
( mg/L) (mg/L)
Ghulmet | Tap 7.80ab 187.37e 61.66f 7.33cd 41.03c
Channel| 7.93a 118.40h 57.00g 4.66d 40.66¢C
Tank 7.86ab 192.13d 61.33f 6.33cd 38.00cd
Thole Tap 7.23c 233.67c 92.33b 13.00b 52.00a
Channel| 7.13cd 352.00b 99.66a 15.33a 48.66ah
Tank 7.00d 357.67a 102.33a 16.66 a 48.00b
Nilt Tap 7.86ab 175.70f 71.33e 6.00cd 40.33c
Channel| 7.73b 166.40g 80.33c 8.66¢ 36.00d
Tank 7.83ab 176.23f 76.33d 6.33cd 35.33d
WHO | - 6.5-85 1000 600 100 100
Limits

e TDS= total dissolved solids, TA= total alkalinig, Hard.= calcium hardness, C. Acid= cynuric acid

Turbidity is the measurement of relative clarity we@ter. Turbidity in water is due to the presen€e o
suspended substances like clay, silt and microsamgianisms and it can also be a source of nusrient
micro organism Turbidity values examined from Ghulmet tap watdrarmel water and tank water
revealed 0.25 NTUs, 0.20 NTUs and 0.20 NTUs respadgt Thole tap water channel water and tank
water turbidity tests found 0.35 NTUs, 0.31 NTUsl @131 NTUs. Evaluation of turbidity from Nilt tap
water, channel water and tank water revealed 0.33, and 0.38 NTUs respectively. A little fluctumatiin

the findings of tested samples was observed tha¢d/detween 0.20-0.38 NTUs. Maximum turbidity
value was found in Nilt tank water, while the lowealues were found in Ghulmet tap and tank water
(Table-1). According to WHO and EPA turbidity must not eedes NTUs and water having turbidity less
than 1.00 NTUs is excellent for domestic consunmptidigh turbidity cause problems during purificatio
(flocculation and filtration) and increases thetment expenses. It also diffuses light and hemwers the
rate of photosynthesis and may cause plants ¥eafurbidity results of all the samples in the present
study were in confirmation with the recommendectlsthat shows the suitability of tested water dasp
for drinking purpose.

Electrical conductivity (EC) is the calculation whter tendency to pass electric current througlit it.
indicates the total amount of dissolved salts. BlDas for drinking water depends on the concenpinadf
dissolved salts and ionic particles through whibtdcteic current passes, it will be higher with more
electrolytes in watéf. EC values determined for Ghulmet tap water, chamaéér and tank water were
312.33us/cm, 199.1Qis/cm and 318.38s/cm respectively. Thole tap water, channel watertank water
examination for EC revealed 389.63/cm, 82.331s/cm and 588.0Qs/cm. Determination of EC values in
Nilt tap water, channel water and tank water wed2.23 us/cm, 275.33us/cm and 293.33s/cm. EC
values examined for different samples fluctuatetiveen 199.10-588.@8&/cm. Maximum value for EC
was found in Thole tank water, while the lowestuealvas observed in Ghulmet channel watab(e-1).
Thole tank water has highest value of EC, whichhmige due to presence of high concentrations of
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dissolved salts and ionic particles then othertetesamples of different localities. According t¢H@ and
EPA, electrical conductivity of drinking water musiat exceed 1400s/cm. Thus the EC values analyzed
for the samples under investigation were withinghescribed standards of WHO and EPA.

Total coliform examination provides indication diethygienic condition of water used for drinkingdan
other purposes. Total coliforms include bacteriacttare found in the soil, water and animal or hnma
waste. The total coliform bacteria occurrence ismbigher when the water temperature is above 1% °C
Total coliform colonies detected from Ghulmet tagtev, channel water and tank water were 49.33 ¢fu/m
49.33 cfu/ml and 48.66 cfu/ml. Results for totalifoom bacteria from Thole tank water, channel wate
and tank water were found as 54.00 cfu/ml, 53.@0ndf and 50.33 cfu/ml respectively. Nilt tap water,
channel water and tank water showed 48.50 cfu/@&QGcfu/ml and 47.25 cfu/ml respectively. Accoglin
to WHO and EPA, the number of total coliform baietenust not exceed 500 bacteria per ml. The present
results for total coliform bacteria assessed fraffer@nt sources and locations varied between 434260
cfu/ml. Highest no of coliform colonies were cakigld in Thole tank water, while the lowest numbfer o
colonies were calculated in Ghulmet channel walable-1). Microbial contamination of drinking water
is caused by the human activities and livestbdkhe results for all investigated samples weretimgehe
international standards set by WHO and EPA.

Presence of faecal coliform in aquatic environmenéy indicate that the water has been contaminated
with the faecal material of humans or other animiisecal coliform bacteria can enter rivers anaoth
water sources through direct discharge of waste fneammals, human sewadsrds, storm runoff and
agricultural waters. Large quantities indicate ghbr risk of pathogens, which cause ear infections,
dysentery, typhoid fever, viral and bacterial gaesteriti§* and hepatitis AAll the investigated samples
from different sources and locations were free ffagtal coliform bacteriar@ble-1).

pH is the intensity of acid or alkaline conditiooEa solution; naturally all waters are slighthkaline
which results in the presence of carboridtesH values from Ghulmet tap water, channel water @mnk
water found 7.80, 7.93 and 7.86 respectively. Eration of pH values from Thole tap water, channel
water and tank water revealed 7.23, 7.13 and Wolle pH values from Nilt tap water, channel watad
tank water observed 7.86, 7.73 and 7.83. pH restilesxamined samples fluctuated between 7.00-7.93.
Highest pH value was determined in Ghulmet chamweser and lowest value was found in Thole tank
water sampleTable-2). Water having pH at around 8.0 is helpful forcassful chlorination while supply
pipes are also safe from corrosion. Similarly, ok values can leach metal ions like Fe, Zn, Pb,avid
other elements, which damage water supply insi@fisit. Prescribed limits for pH values set by WHO
and EPA ranges from 6.5-8.5 and the obtained sewdte under the prescribed limits.

TDS is the calculation of inorganic salts and ménatnounts of organic substances present in a water
solution. The key compounds are usually calciumgmaaium, sodium, and potassium cations and
carbonate, hydrogen carbonate, chloride, sulplaaie,nitrate aniort& Outcomes of Ghulmet tap water,
channel water and tank water for total dissolvditissanged 187.37 mg/L, 118.40 mg/L and 192.13.mg/
respectively. Thole tap water, channel water amdt taater showed TDS contents about 233.67 mg/L,
352.00 mg/L and 357.67 mg/L. The evaluated redaftd’ DS in Nilt tap water, channel water and tank
water found around 175.70 mg/L, 166.40 mg/L and.2¥2ng/L. The overall results obtained for TDS
content of water samples varied between 118-357 nidighest TDS levels were determined in Thole
tank water, while the minimum values were found@imuimet tap waterT@able-2). Water which has TDS
levels less than 600 mg/l is regarded as good,ewhifiter having TDS more than 1000 mg/L is
unacceptable for human consumptforigh TDS values are unacceptable because it is\piter taste to
drinking water and cause scaling of supply pipdevdied TDS content also indicates contaminants lik
iron, manganese, arsenic, sulphates and other eienfeurthermore, increased concentration may also
affect individuals who are suffering from kidneydaheart problems and also has constipation effects
TDS values of Thole tank water were higher as coathdo other samples which might be due to the
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presence of higher amount of calcium, magnesiund, @imer cations and anions. However all the
parameters tested were following the permitteddsteds of WHO and EPA.

The capability of water to neutralize a strong dsidalled alkalinity; hence alkalinity of water dsie to
existence of bicarbonates, carbonate and hydraddepounds of calcium, sodium and potasSiufine
results pertaining to total alkalinity in Ghulmaptwater, channel water and tank water were foorttd
range of 61.66 mg/L, 57.00 mg/L and 61.33 mg/L eesipely. The findings for total alkalinity in Thel
tap water, channel water and tank water were fas82.33 mg/L, 99.66 mg/L and 102.33 mg/L, while
for the three sources of Ghulmet locality reveardd33 mg/L, 80.33 mg/L and 76.33 mg/L. Overall
results for total alkalinity varied between 57.002Img/L. Highest value was obtained for Thole tank
water and the lowest was calculated from Ghulmanhnokl water Table-2). This fluctuation might be due
to presence of different concentrations of calcisadium and potassium and other compounds which may
have accompanied the water from the catchment arehthe ways through which water passes.
According to the WHO and EPA standards, total atikgl of drinking water must not exceed 600 mg/L.
Water having alkalinity less then 100mg/L is bast domestic uséand the findings of all the samples
were within the approved standards.

Calcium content enters into the water by the leaghirocess of rocks and its high content may cause
hardness of watét Examined values for Ca hardness of samples fromiret tap water, channel water
and tank water found 7.33 mg/L, 4.66 mg/L and 6188L. Ca hardness from Thole tap water, channel
water and tank water ranged 13.00 mg/L, 15.33 nagitl 16.66 mg/L, while finding for Nilt tap water,
channel water and tank water were determined & @@L, 8.66 mg/L and 6.33 mg/L respectively.
Results of investigated samples of drinking watercalcium hardness from the different sourceshdd
localities varied between 4.66—16.66 mg/L. Higherel of Ca hardness was found in Thole tank water,
while the lowest was determined from Ghulmet chhmrsger (Table-2). Ca hardness level in Thole tank
water was higher than other samples, which mighdidee to high content of calcium in the rocks of the
catchment area of the locality. According to WH@ &PA, Ca hardness must not exceed 100 mg/L and
the values found for the present study fall undeseé limits.

Cynuric acid is a conditioner or stabilizer whichddded to water to slow down the disintegration of
chlorine from the sun rays. By using proper levetynuric acid, up to 80% of normal chlorine can b
saved from break down during bright sunny daye determined levels of cynuric acid of drinkingter
from Ghulmet tap water, channel water and tank mateged from 41.33 mg/L, 40.66 mg/L and 38.00
mg/L respectively. Similarly, the findings for cymieiacid from Thole tap water, channel water amkta
water were found as 52.00 mg/L, 48.66 mg/L and3@8/L, while the results for Nilt tap water, chahn
water and tank water ranged from 40.33 mg/L, 3&n@0L and 35.33 mg/L respectively. WHO and EPA
have recommended 100 mg/L of cynuric acid contéimé must not exceed in drinking water. The
analyzed results for cynuric acid of different séaamshowed fluctuation between 35.33-52 mg/L. Highe
level of cynuric acid was found in Thole tap watghile the lowest was found in Nilt tank watdiaple-

2). The levels of cynuric acid in the investigatathples were under the prescribed standards of WHdiO a
EPA.

CONCLUSION

The results pertaining to water quality from diéfet villages of Nagar valley revealed that all tested
parameters i.e. temperature, pH, turbidity, eleatriconductivity, total dissolved solids, total ifmim
bacteria, total faecal bacteria, calcium hardnegsuric acid and total alkalinity were meeting the
prescribed standards of WHO and EPA. However, ohraftention towards contamination of water
sources is recommended so that future risk in tefmemvironmental pollution and human health conser
could be minimized or controlled. Similar studies also recommended in all human settlements gaia
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and towns) so that reliable data could be availdbtehealth care departments, planners, community
welfare organizations and researchers.
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