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ABSTRACT
The present study is aimed to estimate the quality of drinking water and assessing its association with the increasing
number of health issues in Karimabad, Hunza. A total of 30 Samples of drinking water were collected from different
sampling sources (spring water and glacier water) in this rugged topography. The samples were analyzed for their
Physico-chemical parameters such as pH, temperature, TDS, turbidity, EC, Fluoride, Lead, Cadmium, Chromium, and
Arsenic. The Atomic Absorption Spectrophotometer assessed the heavy metals concentration in drinking water. The
data was processed in ArcMap software for the development of IDW interpolation Maps. For most of the physical
parameters, the values reported were within the WHO and EPA prescribed limits, while some parameters showed
higher values like turbidity.
It was deduced from the study that the heavy metal (chromium, cadmium, and lead) concentration was very high as
recommended for drinking water except for Arsenic. Therefore, the drinking water of the study area may be toxic and
threatens human health. It can be concluded that different diseases like the spread of cancer among natives may be due
to use of the contaminated water. It is therefore, strongly recommended that regular monitoring, assessment of Physicochemical and, microbiological testing of water in the vicinity of the study area is required for observing the dynamics
of water quality. Government and Non-Government organizations must come forward to provide clean water to the
natives of Karimabad-Hunza.
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INTRODUCTION
The selected area for the present study is Karimabad Hunza, Gilgit Baltistan (Fig 1). It is situated at the west
bank of Hunza River, opposite the Nager valley. It lies between latitudes 36.3264 0 N and longitude 74.66430 E. It is
located at an elevation of 2400m. In Karimabad, Hunza, there are two significant water sources, i.e., spring water
and glacier water. Glacier water is used for all purposes such as drinking, washing and irrigation systems, etc., but
spring water is mainly used only for washing, drinking, and other domestic chores (EPA GB, 2019). The people
have access to the water through streams and pipelines. None of the water supply systems has water system
facilities. People use the water without any treatment (Zafar and Ahmad, 2018).
The provision of safe drinking water is one of the foremost and critical concerns worldwide, especially in
developing countries like Pakistan (Maddocks, et al., 2015, Asian Water Development Outlook 2013). Water
pollution has become one of the most significant toxic loads in the history of our planet (Easton, 2013; Firmal,
2009). Like other parts of the world, freshwater is also vital for rural populations in northern Pakistan to support
various purposes, including drinking, washing, irrigation systems, etc (Islam et al., 2021). In the study area, glaciers
and snow are the significant sources of freshwater flowing down the hill through streams and springs, and the people
have access to the water through streams and pipelines. The locals considered this water safe and pure until it passed
through human settlements uncovered. The anthropogenic activities have negative impact on the fresh water due to
population growth, increased number of tourists urbanization, and unstable water consumption. As a result, several
unpleasant physical and chemical changes have occurred, prompting the deteriorating water quality for sustaining a
healthy ecosystem and human consumption (Marcovecchio, et al., 2007, Ashja Ardalan, 2007).
In the last 20 years, potential water pollution sources have risen globally primarily due to the utilization of
various chemical products such as fertilizers, pesticides, rodenticides, insecticides, disinfectants, etc., which
infiltrate into the groundwater and result in the water pollution (Asian Water Development Outlook 2016). Humans
are exposed to various heavy metals, including Chromium (Cr), mercury (Hg), Cadmium (Cd), Lead (Pb), Arsenic
(Ar), and Aluminum (Al) (Baig et al., 2019; WHO, 2011; Biber et al., 2011). A trim level of these metals in water
can be toxic to the environment and all the living organisms (Karacoban, 2017). At higher altitudes, the water bodies
could also be affected by the long-range transport of the pollutants (Kang, 2016; Tripathee, 2014). The world is
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facing severe water problems (Gandapur, 2015; Kahlown and Majeed, 2003). There are various illnesses caused by
water contamination, such as reproductive problems, gastrointestinal diseases, cancer, and neurological disorders
(Srebotnjak et al., 2012).

Fig. 1. Location Map of Study area.
Access to pure and safe drinking water is a vital millennium development goal. According to WHO 2011,
significantly fewer developing countries are supplied with good quality water, which is safe for public use (potable
water). According to Global Water Supply and Sanitation Assessment report 2010, 1.1 billion Pakistanis use bad
quality water for drinking from different sources, as hand pumps, lakes, rivers, wells, etc. and over 3 million
population suffer from water-borne diseases every year and of these 0.1 million lose their lives (PMDGR, 2006). In
Gilgit Baltistan, about 66% of drinking water is available to the end-users through pipes. Moreover, about 30% of
the water-borne diseases and 40% of deaths are due to the inaccessibility of safe and clean drinking water.
Therefore, it is vital to assess the water quality to ensure the safety of human lives and the protection of the
ecosystem (Baig et al., 2019).
According to a study conducted by GB-EPA (Gilgit Baltistan Environmental Protection Agency) in GilgitBaltistan to assess the drinking quality of “natural springs and surface water” in 2019, the water supplied to
households is unsafe for drinking and other domestic purposes (Prasad et al., 2014). The results of all parameters
were compared with the National Drinking water Quality Standard permissible limits, and it was observed that the
water sources were highly contaminated and unsafe due to chemical and microbiological contamination in the
district of Astore, Skardu, Hunza, Ghizer, Gilgit and Diamer. The contamination in Hunza was 80 % in water
sources. Further, it was also analyzed that the rivers of GB were highly contaminated (100%) followed by surface
water channels (82%), spring water (80 %) and groundwater (29%) (Tahir et al., 2010).
Issues related with drinking water sources are highly reliant upon the geographical attributes of the water
catchment, human interruptions in the watershed, and occasional hydrological varieties. Sediments and salts,
minerals, heavy metals, and other materials mix with drinking water and pollute it. Other significant causes of water
pollution are contamination from worn-out water pipelines, contamination from water storage tanks, and
mismanagement of water systems (Arshad, 2020).
Furthermore, the China-Pakistan Economic Corridor (CPEC) projects including development work on energy,
transportation, infrastructure, and industry in the Upper Indus Basin are also contributing to the contamination of
water sources, especially in Gilgit-Baltistan. The major impacts include worsening water availability, unsafe
drinking, irrigation, aesthetic, and ecological quality of water. Keeping these facts in mind, it was needed to evaluate
the quality of water resources used for domestic purposes, specifically drinking in the study area.
This research will help to generate some facts on the drinking water quality of a selected valley in the Hunza,
Northern Areas of Pakistan.
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LITERATURE REVIEW
Sohail et al., (2019), have analyzed the drinking water quality from ten districts of Gilgit-Baltistan and Khyber
Pakhtunkhwa, Pakistan, for drinking and irrigation purposes. Total 181 samples were gathered through random
sampling and all the samples collected were examined for their physical and chemical parameters like TDS (Total
Dissolved Solvents), temperature, pH, conductivity, turbidity, hardness, alkalinity, carbonates, fluoride, arsenic etc.
were tested. The results showed that some of the parameters i.e., EC, arsenic and turbidity exceeded the upper
permissible limits set by the National Environmental Quality Standards-Pakistan (NEQs-Pak) and World Health
Organization (WHO) for drinking water, other parameters were within WHO guidelines. Further, the multivariate
quality indexes were used to assess the quality of water; water quality index assessment showed that the water is
significant for drinking, but the health risks assessment assessed that overall quality of water is not safe as the
hazard index values (HI) were on the borderline of the of the limits (HI ≥ 1). The author suggested that planned
monitoring of water sources and the precautionary measures can enhance the water quality.
There are several reasons which contribute to reduce the water quality. These factors may include climate
change, urbanization, and intensive industrialization. The water contamination has detrimental impacts on the
ecosystem and human health (Talib, 2019, Radfard, et al., 2018). Heavy metal contamination is a major toxicity of
water whether it is groundwater or surface water and has harmful effects on environment and human health (Wai, et
al., 2019; Mishra, et al., 2019)
METHODOLOGY
Drinking-Water samples were collected from public water sources and supplies, including the main source
(spring, water from glacier), streams, storage tanks (inlet and outlet), and consumer taps.
Sampling and Preservation of Samples
The present study comprises a quantitative analysis of water samples. Thirty sampling sites of drinking water
were identified from the study area, i.e., Karimabad, Hunza. In this study, two primary sources of water are
analyzed, 1) water from spring used for domestic purposes, 2) glacier water used for all the purposes, including
domestic and agricultural purposes, which the residents receive through streams and Kuhls (Ali et al., 2016;
Rasheed et al., 2021).
Table 1 Sampling sites.
Spring Water
S.No
Sampling Site
1
Water directly from spring
2
1st storage tank inlet
3
1st storage tank outlet

Sample Code
S1
S2
S3

Glacier Water
Sampling Site
Glacier water source
Dilbar
Inlet

Sample Code
G1
G2
G3

4
5
6
7
8
9

2nd storage tank inlet
2nd storage tank outlet
Astana House
Ghaimash House
Aminabad House
Brongshall

S4
S5
S6
S7
S8
S9

Tank outlet
Harchi
Barbar
Khun
Qarqat
Toqat

G4
G5
G6
G7
G8
G9

10
11
12
13
14
15

Barashall
Thomin
Gharabares
Shanokushal
Ulobasi
Diramishal

S10
S11
S12
S13
S14
S15

Diramishal khun
Domat
2nd storage inlet
2nd storage outlet
Ulobasi
Beeshkar

G10
G11
G12
G13
G14
G15

Samples were collected from both the water resources (Table 1) and their respective replicas in 500mL
Polyethylene terephthalate (PET) bottles with a sealed lid. These bottles were pre-washed with detergent and soaked
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in an acid bath for 4 hours, then cleansed 3 times with tap water and two times with distilled water, after which they
were left to dry at room temperature. After collecting each sample, the bottle's lid was well tightened and sealed,
preventing air entrance. The coordinates of the sample site were also recorded with the help of GPS, and the bottle
was labeled with source, date, and time. Within 3 hours, these samples were transported to Karakoram International
University, Gilgit laboratory for analysis. Before analysis, the samples were left in the refrigerator at 40C.
METHODOLOGY
In the present study, only physical and chemical parameters were assessed. Then, all the parameters' results
were compared with water quality standards set by different organizations such as WHO (World Health
Organization) EPA (Environmental Protection Act) and PCRWR (Pakistan Council of Research in Water
Resources).
Physical parameters, i.e., temperature, pH, turbidity, Electrical conductivity, and some chemical variables, were
analysed on the spot with the help of a digital hydro lab. At the same time, taste, color, and odour were noted with
the use of senses.
In order to measure the amount of heavy metals in water samples collected from the study area Flame Atomic
Absorption Spectrometer (FAAS) was used at Fatima Jinnah Women University, Rawalpindi. And for this purpose,
respective standard solutions of known metals were prepared for each of the heavy metal to be tested. Then, the
results were managed, analyzed, and represented through Geo-Informatics, i.e., Arc Map10.6.
RESULTS AND DISCUSSION
Water samples collected from the study area were analysed for their physical and chemical parameters. The
parameters assessed are temperature, pH, Turbidity, EC, lead, cadmium, arsenic, and chromium.
Temperature
The temperature does not affect the quality of water, but it does affect other biological and chemical parameters
like bacterial concentration, pH, TDS etc (Alabaster, and Lloyd, 2013). Temperature affects the metabolic activities
of organisms present in water which in return affects the water quality. There are no specific guidelines for
temperature of drinking water, however it is proposed that it is better if temperature of drinking water is less than 15
0
C (Ali et al., 2012).
During the present study the average temperature of the water from spring source was in the range of 9.3-12 0C.
The temperature of glacier water in the present study was fluctuating between1-5 0C. At source the temperature
noted was very low i.e., 10C and the highest temperature was recorded at last consumers point i.e., 5 0C. It is noted
that moving from source to consumer’s point the temperature is decreasing (Fig 2, Fig 4, Fig 7a).
pH
It is important to check the pH of water to determine the acidic/ basic nature of water. According to US EPA
and WHO, 2007 the pH of drinking water should be 6.5-8.5 (Krishnan et al., 2007, WHO, 2007). The national
standards for drinking water quality (NSDWQ) set by Pakistan EPA also recommended the pH value ranged
between 6.5-8.5 (PAK-EPA, 2008). pH has no contrary impacts on human health directly. Though, it may affect the
taste of water such as the pH value less than 4 may cause acidic (bitter or sour) taste while greater than 8.5 cause
basic or alkaline taste. In the present study, the value of pH of spring water samples is changing from 6.83 to 8.12.
And values measured for pH of glacier water ranged between 7.01 and 8.57. The results showed that the pH value of
the samples was within the acceptable limits. (Fig 2, Fig 4, Fig 7b).
EC
EC of drinking water depends upon the electrolytes present in water which can allow to pass electric current
such as salts dissolve in water. 400 µS/cm is the permissible limit prescribed by WHO guidelines for drinking water.
In the present study, EC values for spring water source ranged between 361-407.5µS/cm, while for glacier water the
values were between 109.6-195.6 µS/cm. At source and first storage tank (inlet and outlet) of spring water the EC
analysed was 361 µS/cm, 365 µS/cm and 398 µS/cm which was below the guidelines of WHO proposed for EC in
drinking water. And at other sampling points the EC values recorded were slightly higher than the limits proposed
for EC, between 403.5-407.5 µS/cm. For both sources it is observed that the value of EC is lowest in the source and
highest in tap water of the house. The EC value is slightly increasing moving from the source (Fig 2, Fig 4, Fig 7c).
This may be due to the increase in the salinity, turbidity, and other contaminations in water, which cause higher
values for EC with increase in other parameters which causes contamination.
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Fig. 2. Variation in Physical Parameters of Spring Water.

Fig. 3. Variation in Heavy Metals of Spring Water

Fig. 4. Variation in Physical Parameters of Glacier Water.

INTERNATIONAL JOURNAL OF BIOLOGY AND BIOTECHNOLOGY 19 (4): 469-482, 2022.

473

474

NAILA JABEEN ET AL.,

Fig. 5. Variation in Heavy Metals of Glacier Water.

Fig. 6. Regression and Pearson's Correlation Analysis

Fig. 7a. Map showing Spatial variation of Temperature in water Samples.
TDS
TDS defines the presence of inorganic salts and in very small amounts organic material in water. Cations of
potassium, magnesium, sodium, calcium plus anions of sulphates, chlorides, nitrates, carbonates, bicarbonates are
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the main composites of TDS (Ali et al., 2012). In the present study TDS observed was ranging from 176-203.5 mg/L
for spring water samples, 55.7-97.75 mg/L for glacier water samples (Fig 2, Fig 4, Fig 7d). The results showed that
the TDS values of the selected samples were within the limits proposed by WHO and Pak EPA. The permissible
limits proposed for TDS is 1000 ppm. Correlation between TDS and EC showed a strong positive relationship,
which means that changes in EC is strongly correlated with changes in TDS. Correlation for TDS and EC assessed
was R2 = 0.9839 for spring water and R2 = 0.9786 for glacier water. Furthermore, the correlation is significant at
0.01 level for both water sources TDS and EC relation (Fig 6).

Fig. 7b. Map showing Spatial variation of pH in water Samples

Fig. 7c. Map showing Spatial variation of Electrical Conductivity in water Samples
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Fig. 7d. Map showing Spatial variation of TDS in water Samples

Fig. 7e. Map showing Spatial variation of Turbidity in water Samples
Turbidity
The values of turbidity of samples taken from spring water source were within the limits proposed by WHO,
(2008) and Pak EPA, (2008) for drinking water, which is 5 NTU, the recorded values were between 0.19 NTU and
1.17 NTU but the turbidity of glacier water was high in a range of 16.405-83.3 NTU, it was also observed in the
present study that the turbidity of samples was decreasing from source to tanks and houses (Fig 2, Fig 4, Fig 7e).
Heavy Metals
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Heavy metals and other light metals are present in drinking water in small concentrations but if these small
concentrations exceed it creates problems for environment and human health. The results showed that the
concentration of all the heavy metals (Cd, Cr, Ar, Pb) in both sources of drinking water are high and exceeding the
acceptable limits of WHO. Prescribed limits for heavy metals set by WHO and EPA are; Cd 0.003 ppm, lead 0.01
ppm, chromium 0.05 ppm, Arsenic, 0.01 ppm and the obtained results were higher than these limits except arsenic,
the value recorded for arsenic was very low as compared to standard values (Fig 3, Fig 5, Fig 7). GB-EPA, (2019)
assessed the water quality of surface water and natural springs of GB (Gilgit Baltistan). According to the study the
glacier water of Karimabad was found unhealthy for human consumption because it exceeded the NDWQS and
WHO guidelines for Barium (Ba), Manganese (Mn), Aluminum (Al), Chromium (Cr), and Nickel (Ni).

Fig. 7f. Map showing Spatial variation of Chromium in water Samples

Fig. 7g. Map showing Spatial variation of Lead in Water samples
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Fig. 7h. Map showing Spatial variation of Arsenic in water Samples

Fig. 7i. Map showing Spatial variation of Temperature in water Samples
Chromium
In the present study chromium concentration recorded for spring as well as glacier water samples was also high
as compared to the standards fluctuating between 0.0301-0.2705 ppm for spring water and 0.0792-0.3470 ppm for
glacier water. For the sample collected from Dilbar had the lowest value recorded 0.0792 ppm and the highest value
was in the Khurukushall sample (KS) i.e. 0.3470 ppm for glacier water. Whereas for spring water samples the
highest value measured was 0.2705 ppm for Barashall house sample (BR) and Aminabad house (AA) has the lowest
value noted (Fig 3, Fig 5, Fig 7f).
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Lead
The concentration of lead in spring water samples ranged from 0.0757 ppm to 0.1387ppm which is higher than
the permissible limits i.e., 0.01 ppm. The lowest concentration was found in sample of a house GM i.e., 0.0757 ppm
and the highest value was also recorded in Aminabad house i.e., 0.1387ppm. While in glacier water samples, the
value recorded was ranging between 0.0841 ppm and 0.1555 ppm (Fig 3, Fig 5, Fig 7g), which was also very high
compared to WHO and EPA standards.
Arsenic
The samples tested have very low concentration values for arsenic for both the spring and glacier water
samples. The values measured were in ppb. For the spring water the value measured was ranging between 0.5355
ppb and 1.0617 ppb. While for glacier water arsenic value was ranging from 0.001 ppb to 1.0717 ppb. It was noted
that the results analysed for arsenic concentration were within the permissible limits of WHO and EPA Pakistan (Fig
3, Fig 5, Fig 7h). The concentration of arsenic recommended by WHO and EPA is 10ppb in drinking water. The
highest value for arsenic in spring water was measured at a consumer’s point i.e., at Barashall house while the
lowest value measured was 0.5355 at source. For glacier water Drinking water contains different minerals including
heavy metals.
Cadmium
Cadmium is comparatively highly soluble than other heavy metals. The concentration of cadmium was varying
for every sample of both the spring and glacier water. The concentration measured for spring was between 0.03850.0447 ppm, while for glacier water the value was between 0.0400 ppm and 0.0468 ppm. For spring water, the
highest value was measured for Barashall house sample i.e., 0.0447 and the lowest value i.e., 0.0385 ppm was
measured for sample collected from the source of spring water; 0.0400 ppm was measured as the lowest value for
cadmium concentration in glacier water in Khurukushall water sample and for Qarqat water sample lowest value of
cadmium was recorded i.e., 0.0400 ppm (Fig 3, Fig 5, Fig 7i).
Drinking water contains different minerals including heavy metals. Heavy metals are vital for human health in
small amounts but if their concentration in water increases, show toxicity and becomes problematic. Mohod and
Dhote (2013) reviewed and described the heavy metal toxicity and reported the health effects of heavy metals such
as Alzheimer’s disease, Parkinson’s disease skeletal and muscle weaknesses, sclerosis etc. toxic heavy metals like
cadmium may cause renal damage.
Previously, research has been done on different factors which changes quality of water and threatens human
health. Khan et al., (2013) reported the higher concentrations of heavy metals in some of the drinking water samples
collected from different areas of Charsada, Pakistan. The permissible limits of Pb and Cd were exceeding and
ranging between 1.59 µg/L and 372.2 µg/L and 0.15 µg/L and 20.38 µg/L (Khan et al., 2013). Mohod and Dhote
reported similar results to current study for heavy metals. The author stated that the concentration of different heavy
metals like Pb, Cd, Cr and Cu are beyond the tolerated limits in drinking water. Pb concentration in water samples
reported was ranging between 0.020mg/L and 0.215 which was higher than the acceptable limits for Pb, which
results in blood and brain disorders. Moreover, Mebrahtu and Zerabruk (2011), reported similar results for heavy
metals of water samples of Tigray, northern Ethiopia, including Cd, Pb and Cr which were exceeding the excepted
concentration in drinking water. Similarly, Arain et al., (2009), stated related results to current study for lead and
chromium concentrations. Author reported that the level of cadmium and lead are exceeding the tolerable results in
water sources of Karachi. Morais et al., studied the varying concentrations of heavy metals like Pb, Cr, Cd, Co, Ni,
and Cu etc. in the environment and their respective human health hazard. The writer described higher concentrations
of different heavy metals in the natural environmental like water, air and soil. The author reported several health
effects caused by high concentrations of heavy metals. Khan et al., (2015) conducted a study to evaluate the heavy
metal contamination of drinking water in Nowshera, Pakistan. The results reported that the heavy metal like Cd, Cr
and Cr concentration were higher than the standards set for drinking water. Cd, Cr and Pb have been reported as
contaminants in drinking water. Comparable results to current study were reported by Hayder et al., (2009) for the
level of arsenic in drinking water. The author detailed that the concentration of arsenic in drinking water ranged
within the permissible limits of drinking water standards of NSDWQ, like the results of current study of drinking
water samples.
CONCLUSION
The study was carried out to assess the water quality and its association with cancer incidence in Karimabad,
Hunza, to acquire baseline data for the area for further decision making and investigation. Most of the
physicochemical parameters of water samples of Karimabad, Hunza were within the safe drinking water guidelines
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set by EPA and WHO. However, some physical and chemical parameters exceeded the standards in several
sampling points: turbidity, EC, and heavy metals, including Cd, Cr, and Pb. Arsenic ranged within the standards of
drinking water. It was concluded that heavy metals concentration such as lead, chromium, and cadmium was higher
than permissible limits of EPA-Pak and WHO. However, most of the physicochemical parameters were within the
allowable limit but still, drinking water of the study area cannot be considered safe, as selected heavy metals except
Arsenic in collected water samples were high compared to WHO and EPA standards. Thereby, it can be concluded
that diseases like cancer in the study area may be due to higher concentrations of toxic heavy metals. Incorporation
of GIS proved very effective to assess spatial variations of different parameters in an easy manner.
Recommendations
 Water is essential to good health; therefore, it is imperative to ensure drinking water is safe for people.
Different methods should apply to make drinking water clean and safe for drinking and other purposes,
according to the feasibility and availability of such resources.
 The water should be monitored regularly, so it should be safe from physical, chemical, and particularly
bacterial contamination.
This study highly recommends the treatment of drinking water in the vicinity of the study area.
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