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Abstract

The current study attempted to evaluate the water quality in terms of physi-
co-chemical properties, metals, and bacteriological characteristics of the sur-
face water available in Shigar Valley located along Shigar River in sub-district
Shigar of district Skardu, Gilgit Baltistan (GB), Pakistan. A total of 17 water
samples were collected during 2020 and analysed to perform multivariate
analysis through principal component analysis (PCA) and cluster analysis
(CA). Spatial distribution using inverse distance weight (IDW) interpolation
was also utilised to determine the water quality in the valley to elucidate pub-
lic health concerns. The study reveals that physico-chemical characteristics
are the most important that affect water quality, followed by metals and bac-
teriological variables, according to a PCA application based on multivariate
analysis. Examinations found that some of the metals including arsenic (As),
copper (Cu), lead (Pb), iron (Fe), zinc (Zn), manganese (Mn), and molybde-
num (Mo) and all bacteriological parameters enlisting total coliform count
(TCCQ), total faecal coliform (TFC), and total faecal streptococci (TFES) are not
following the WHO guidelines that could be hazardous from the public
health viewpoint. The IDW-based spatial distribution indicates that water
samples have an intermittent and unusual distribution of observed parame-
ters. Having considerable community settlements, people in the valley have
limited options and have no choice except to consume the available water as
no alternate source is available. People hardly question the water quality and
rarely examine the water potability. The study also demonstrated that com-
bining PCA with IDW would be a powerful method for assessing water qual-
ity. It is suggested that the sources of contamination be investigated further in
detail to reduce the pollution load of the surface water in the valley, which
could aid in the development of sustainable ecotourism.
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1. Introduction

Water is essential for life and an important parameter to determine the public
health quality [1] and its monitoring is necessary for better water resources con-
servation [2]. However, the quality of drinking water in developing countries is
generally poor, especially in remote areas, and is a major source of a variety of
water-borne diseases [3]. As a result, it’s critical to examine and monitor the
water quality of available water resources, especially those that are predomi-
nantly used for drinking [4].

Across Pakistan, geospatial assessment of drinking water quality has been
conducted in multiple geographic areas including Khyber Pakhtun Khwa (KPK)
[5], Punjab [6], and Sindh [7]. Similarly, water quality in Gilgit Baltistan (GB) has
been assessed in various valleys and cities [8] and in Skardu springs [9] [10], and
Basho Valley [11]; however, studies comprising geospatial assessment [12] and
statistical analysis can be rarely found in GB.

Findings from a study conducted in KPK [5] revealed that the sodium and
chlorides concentration in water samples was not following the WHO guidelines
and therefore unsuitable for potable use. A study from Punjab [6] in the lower
Jhelum canal area showed that concentrations of observed parameters were within
permissible limits of WHO and NEQS guidelines except for E. coli Water quality
reported in the Nagarparkar area of Sindh [7] found that the majority of the ana-
lysed samples are exceeding the thresholds mentioned by WHO and the region is
prone to the spread of water-borne diseases. However, a study conducted in Nagar
Valley of GB [8] reported that drinking water in some villages of the valley is free
from faecal contamination and was well within the approved standards set by
WHO and EPA. Studies on Skardu springs’ water quality [9] [10] reported that
concentrations of the physico-chemical, microbial, and metals are within the safer
limits of drinking water as prescribed by the Pak-EPA and WHO and found suit-
able for bathing and other body contact activities. However, a study conducted in
Basho Valley [11] reported that water quality is satisfactory in terms of physi-
co-chemical characteristics but not in terms of metals and bacteriological profile.

This study has attempted to monitor the water quality of Shigar Valley which
is located along the Shigar River in the Skardu district of Gilgit Baltistan. The
goal of this study was to reveal the principal causes of contamination in the val-
ley’s drinking water. The discourse is made through advanced statistical and
geographical tools to perform the analysis. The study also contributes to the
achievement of SDG 6: Clean Water and Sanitation by issuing a call of action for
improved water quality in Pakistan’s remote and northern areas, where water

supplies are a major threat to public health.
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2. Methodology
2.1. Study Area

Shigar Valley is located in District Shigar of Gilgit Baltistan and stretches
from 35°29'14.24"N and 75°41'56.59"E to 35°23'54.36"N and 75°44'57.84" Ea-
long Shigar River. Skoro Lungma and Bauma-harel Lungma tributaries origi-
nating from the Shigar River also bypass the valley providing a flourished wa-
ter supply network. A number of settlements comprising small populated vil-
lages are located in the valley, economically depending on the agricultural
and livestock. These villages include Skoro, Sankhor, Namika, Qasimabad and
Hasnainabad.

The valley lies in the Karakoram mountains range area [10] and is accessible
by Shigar Valley Road which connects this region with Gilgit-Skardu road and
nearby regions. The valley experiences long winters and very short summer sea-
sons which provides only a limited time span for the growth of agricultural crops
[13]. The community of this region strongly followed traditional Balti culture,
particularly in housing infrastructure, agricultural and farming practices, cook-

ing, dressing and sports [14].

2.2. Water Sampling

In 2020, 17 water samples from Shigar Valley were gathered deterministically
using a random sampling approach (Figure 1). Water samples were collected
from drinking water sources which are regularly consumed by human settle-
ments in the valley and on the basis of site accessibility throughout the valley.
The samples were collected and stored in sanitised glass bottles in an icebox be-
fore being transported to the Institute of Environmental Studies at the Universi-
ty of Karachi.

2.3. Physico-Chemical Analysis

The pH, turbidity, salinity, and total dissolved solids (TDS) were determined on
site. Turbidity in the water samples was measured using a EUTECH meter (Model
No. TN-100) while HACH sensation 156 multi-parameter dissolved oxygen meter
was used to measure pH and salinity. Gravimetric and argentometric methods of
estimation were employed for TDS and chloride [15]. Sulphate was ascertained by
the gravimetric method while hardness was determined by EDTA titrimetric me-
thod. For nitrate and total phosphate, brucine-reagent and ascorbic acid methods
were employed respectively. Standard Methods for the Examination of Water and

Wastewater were used for the analysis of the above-mentioned parameters [15].

2.4. Metal Analysis

For analysis of metals, appropriate Merck NOVA 60-Germany kits were used to
estimate arsenic (As), copper (Cu), lead (Pb), iron (Fe), zinc (Zn), calcium (Ca),
magnesium (Mg), manganese (Mn), fluorine (inorganic form, fluoride, F-), and
molybdenum (Mo).
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Figure 1. Study area (Shigar Valley).
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2.5. Bacteriological Analysis

The bacteriological parameters were examined in the water samples including
total coliforms count (T'CC), total faecal coliforms (TFC) and total fecal strep-
tococci (TES). Single and double strength lactose broth (Merck, Germany) was
used for TCC while EC medium (Merck, Germany) was used for the determina-
tion of TFC. TFS was estimated by using sodium azide broth [16]. The most
probable number (MPN) technique was employed to determine the bacterial
load in the water samples [15].

2.6. Descriptive Statistics

The arithmetic mean, skewness, and kurtosis were used as descriptive statistics
for the above-mentioned parameters [17]. The results of descriptive statistics
were obtained using SPSS v22 [18].

2.7. Multivariate Analysis

PCA is a widely used multivariate analysis method that calculates the dynamics
of all observed parameters for a system with the goal of reducing the dimensio-
nality of multivariate data by giving meaningful information in small compo-
nents. All of the system’s usual characteristics are represented in the primary
components ultimately resulting [19] [20].

As a result, PCA is used for the acquired findings in order to obtain relevant
information about the water quality available in Shigar Valley and to examine
the most affecting water quality characteristics and their relationships. On the
water quality data, PCA was used, followed by cluster analysis using unweighted
pair group ordination and the Euclidean distance [21] [22]. To get the original
data matrix, a number of algorithms were used (Equation (1)), standardized data
after dimensionality reduction (Equation (2)), correlation coefficient matrix
(Equation (3)), eigenvalues and eigenvalues (Equation (4)) and finally the prin-
cipal components (Equation (5)), as shown below:

Xg oo X
x=(xij)n*p=5 IR (1)
an an
. xi._i.
X = ——— (2)
S
]
=) =3 XX 3)
P n-1%
Fo=UgX +UppX +-+Up X, (i=12,--,n) (4)
D S SN

+ n
M+, ++ A

n

= +
DAl et Ay L A Ay et A,
where n and p are the numbers of sampling sites and water quality parameters,

respectively; X; and X;; are originally measured data and standardized varia-
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is the standardized indicator variable; X;

is the standard deviation of /# indicator; ris the cor-

ble, respectively; X

. is the average

value for /* indicator; s;

relation coefficient; F is the principal component; and 4 and u; are ei-
genvalues and eigenvectors, respectively. All statistical analysis results were ob-

tained using SPSS [23], OriginPro [24] and RStudio [25] environment.

2.8. Spatial Distribution by Inverse Distance Weight (IDW)

Spatial distribution methods for water quality mapping by interpolation assist in
determining the values of unknown (unsampled) points using weighted mea-
surements and proximity focused assumptions that nearby points are more alike
than points located comparatively far away. Kriging and Inverse Distance
Weight are the most often used interpolation algorithms based on geostatistical
approaches (IDW). Kriging is divided into three types: simple, ordinary, and
universal kriging, and it entails applying weights to known or measured values
based on the spatial orientation of the measured places [26]. Unlike Kriging,
IDW relies solely on the proximity of known (sampled) points, based on the no-
tion that closer sample points have a stronger influence on the unsampled posi-
tion when linear-weighted combinations are applied [27] [28]. Therefore, IDW
is performed for this study using Equations (6) and (7).

Zin:1wi Z

Z= (6)
Zin:lwi
W, = dip (7)

where z is the unknown value for interpolation; z, is i data value of sampled

is the weight; d, is the hori-
zontal distance between the observed and interpolation points; and p is the

location; # is the number of sampling points; W,
power of distance. ArcMap 10.8.1 [29] Interpolation tool from ArcToolbox was
used to perform IDW analysis for all parameters.

3. Results and Discussion

This work used statistical and geographic tools such as PCA and IDW interpola-
tion to analyse water quality in Shigar Valley based on physico-chemical, metals,
and microbiological factors. The descriptive statistics of all parameters are pre-
sented in Table 1 along with WHO Guidelines [30].

3.1. Water Quality Status

The results of the physico-chemical parameters of the water samples were within
the prescribed WHO guidelines (Table 1). The mean pH value of the water
samples was 7.0 - 7.3 (7.135). Similarly, water quality studies on other areas lo-
cated near the Shigar Valley such as Basho Valley also reported a mean value of
pH as 7.135 ranging from 7.0 - 7.3 which depicted that the water is slightly alka-
line in the region [11]. Turbidity was found within the range of 0.09 - 0.38 NTU
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Table 1. Descriptive Statistics of 17 water samples from Shigar Valley.

WHO
Parameters Unit Min Max Mean Std. error Skewness Kurtosis .
Guideline 2011
Physico-chemical
pH - 7.0 7.3 7.135 0.023 0.224 -0.541 6.5-8.5
Turbidity NTU 0.09 0.38 0.216 0.020 0.480 —0.342 <5
Salinity %0 0.14 0.36 0.232 0.014 0.547 0.277 1.2
Total Dissolved 287 415 355059  9.353 0.298 0.997 <1000
Solids (TDS) ’ ’ ’ ’
Chloride 98.5 140 113.835 2.725 0.658 0.123 <250
Hardness 114 169 135.353 4.086 0.460 -0.794 <500
mg/L
Sulphate ( SOZ1 ) 77.8 142 109.065 5.537 0.255 -1.337 250
Nitrate ( NO;) 0.07 0.44 0.188 0.024 1.358 1.565 12
Phosphate ( PO; ) 0.56 1.63 1.084 0.069 0.056 -0.187 3
Metals
Arsenic (As) BDL 0.074 0.039* 0.006 0.010 -0.931 0.01
Copper (Cu) 0.32 0.91 0.608* 0.045 0.210 -1.212 0.2
Lead (Pb) 0.18 0.96 0.554* 0.057 0.124 —-1.008 <0.01
Iron (Fe) 0.24 1.88 1.080* 0.152 0.170 -1.792 0.3
Zinc (Zn) 0.55 1.88 1.352* 0.117 -0.328 -1.616 0.5
Calcium (Ca) mg/L 25.43 35.71 30.869 0.723 —-0.025 -0.957 150
Magnesium (Mg) 6.18 8.67 7.496 0.175 -0.021 —0.956 100
Manganese (Mn) 2.11 3.85 3.079% 0.125 -0.227 -0.973 <0.5
Fluoride (Fl) 0.028 0.091 0.064 0.004 -0.383 —0.548 1.5
Molybdenum
0.11 0.26 0.171* 0.011 0.376 —0.448 0.01
(Mo)
Microbial
Total Coliform <3 460 172353 35338 0.540 0.026 0
Count (TCC) ’ ’ ’ ’
Total Faecal
. MPN/100mL <3 240 77.765% 18.716 0.743 —0.436 0
Coliform (TFC)
Total Faecal
<3 9 4.882* 0.600 0.828 -1.128 0

Streptococci (TES)

*Mean values are above WHO Guidelines [30].

(0.216 £ 0.02 NTU) indicates that the results of the turbidity were insignificant
as compared to the WHO guidelines (<5 NTU). The results of the turbidity val-
ues are lesser than those found in the Basho Valley (0.48 + 0.15) [11] but in ac-
cordance with the previous studies of the nearby areas [31]. The observed water
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samples contain salt ranging from 0.14%o - 0.36%o0 with a mean value of 0.232 +
0.01%o is in compliance with the WHO guideline limit (1.2%o). However, this
value is relatively higher as compared to the water samples of the Gilgit city
(0.015%0 - 0.025%0) [31] and lesser than Basho Valley (0.29%o) [11]. Observed
TDS values are also found within WHO prescribed limit ranging from 285 - 415
mg/L (335.059 + 9.353 mg/L) but comparatively higher than TDS levels reported
in Basho Valley (254.0 + 37.95 mg/L) [11] and Nagar Valley of District Hunza
during 2013 (175.7 - 233.67 mg/L) [8]. Other studies have also reported a lower
mean value of TDS such as 104.8 mg/L and 284.4 mg/L [32] in water samples of
GB region. Chloride in the water samples of Shigar Valley was found in the
range of 98.5 to 149 mg/L with a mean value of 113.835 + 9.353 mg/L. The con-
centration of hardness as CaCO; was in the range of 114 to 169 mg/L having a
mean concentration of 135.353 + 4.086 mg/L. Studies conducted in Nagar Valley
[8], Basho Valley [11], and Danyore Valley [31] of GB also reported calcium
hardness and total hardness range from 4.66 - 16.66 mg/L, 83 - 131 mg/L and
160 - 190 mg/L, respectively. The concentration of nitrate and sulphate was in
the range of 0.07 - 0.44 mg/L and 77.8 - 142 mg/L having a mean value of 0.188
+ 0.024 mg/L and 109.065 * 5.537 mg/L, respectively. Phosphate was also de-
tected in the range of 0.56 - 1.63 mg/L corresponding to a mean value of 1.084 +
0.069 mg/L which is comparatively higher than the mean value of total phos-
phorus (0.0483 mg/L) reported in a recent study of GB region [33] but lesser
than the phosphate found in the water samples of Basho Valley (1.14 mg/L) [11].

The trend of mean metals concentration observed in the water samples of
Shigar Valley was Ca > Mg > Mn > Zn > Fe > Cu > Pb > Mo > Fl > As. Among
metals, only Calcium, Magnesium and Fluoride were detected within WHO
guidelines limit (Table 1). However, results revealed that other metals, including
heavy metals, are found in much higher concentrations as compared to WHO
guidelines [30]. These results are similar to other previous studies [34] [35] [36].
The continuous uptake of these heavy metals through the use of drinking water
is a potential threat to the public health [11].

Results showed that all the water samples obtained from the Shigar Valley are
heavily contaminated in terms of bacteriological parameters(>3 MPN/100mL) in-
dicating the presence of organisms of public health concerns as shown in Table 1.

The major sources of these bacteriological parameters are the direct and indi-
rect faecal contamination caused by the domestic sources in the surface water of
the valley [8] [33] [37]. It is evident that surface water and sewerage water infra-
structure is least developed in the Shigar Valley representing no facility for water
and wastewater treatment [11]. The indication of bacteriological pollution is a
major threat for water borne diseases in the valley communities. Moreover, it is

evident that water resources are not protected by any means.

3.2. Principal Component Analysis (PCA)

After data standardization and performance of normality tests, the results were
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analysed by PCA in order to reduce the dimensionality in the data and to find
the most influencing factors which alter the water quality of the Shigar Valley.
The results of PCA indicate that the influence of parameters can be described by
five principal components however; the first three are the most significant ones
having eigenvalues 9.131, 3.265 and 2.431 respectively. The first component go-
verns almost 41.504% of the total variance followed by 14.841% and 11.051% of
the variance for the second and third component, respectively (Table 2).

The results of variable loadings show that the first component is principally
accounted for the physico-chemical parameters and metals enlisting salinity,
TDS, chloride, hardness, sulphate nitrate, arsenic, copper, lead, iron, zinc, cal-
cium and magnesium. Contrary to it, the second principal component governs
the pH and microbial parameters including TCC, TFC and TFS while the third
principal component predominantly deals with manganese and fluoride. It was
observed that turbidity and phosphate have a major influence on the fourth
principal component and pH and molybdenum have also shown the influence as
the fifth principal component. Comparatively, the contribution of the parame-
ters involved in the fourth and fifth components is not much influencing as that

of the first principal component (Figure 2).

Table 2. Principal components.

Principal Components Eigenvalues Percentage of Variance (%)
PC1 9.131 41.504
pPC2 3.265 14.841
PC3 2.431 11.050
PC4 1.959 8.906
PC5 1.410 6.409
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Figure 2. Variable loadings in principal components.
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3.3. Cluster Analysis

The cluster analysis was performed to observe the individual sample on the basis
of its location. As divided into two groups (Group A and B), most of the sam-
pling locations fall within Group B, whereas Group A only comprises a few sam-
pling sites. It was observed that B2 is the largest subgroup comprising most of the
sampling locations. It indicates that the sampling points located in the southern
part of valley are highly ordinated with each other having similar characteristics

(Figure 3). These sites represent the major amalgam of human settlements.

3.4. Correlation Analysis

The correlation analysis was also separately performed for physico-chemical,
metal and microbial parameters. The correlation among physico-chemical pa-
rameters showed that salinity, TDS, chloride, and hardness are positively corre-
lated with each other; however, nitrate has shown a negative trend with other
physico-chemical parameters. The highest positive correlation was observed
between chloride and hardness (r = 0.86) (Figure 4). Among metals, the highest
positive correlation (r = 1.00) was observed between Calcium and Magnesium
followed by lead and iron (r = 0.76) while the rest of the metals do not show a
significant correlation among them (Figure 5). All microbial parameters have

shown a strong positive correlation among themselves (Figure 6).

3.5. Spatial Distribution

The IDW-based interpolation for the spatial distribution of the physico-chemical,

metals and microbial parameters found in the Shigar Valley water samples showed
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S - 7 < ¥ 9 - 7 0% - - =< g &5 v v -
- N N - T T N D T - - N D T - -
[
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8
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A 200
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250 Group B P
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Figure 3. Dendrogram derived from unweighted pair group ordination using the Euclidean distance.
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a non-uniform pattern throughout the valley. Higher pH and values are detected

in the northern and central parts of the Shigar Valley whereas turbidity is high in

the water samples collected from central areas of the valley. A similar pattern of

spatial distribution is observed for salinity. Whereas, TDS, chloride, hardness

phosphate and sulphate are found in elevated concentration in northern and

lower areas of the valley (Figure 7). Among metals, Arsenic, Copper and Lead

are spatially distributed in the southern part of the valley in very high concentra-

tions. Comparatively, higher concentrations of iron, zinc, Magnesium and Fluo-

ride are only confined to central parts of the valley (Figure 8). It was observed
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water samples.

that the northern part of the valley is contaminated in terms of microbial con-
tamination. Almost all the sampling sites are highly contaminated which is an

alarming situation for the public health (Figure 9).

3.6. Sources of Contamination and Public Health Concerns

As far as a public health concern is appraised, the health impacts of each para-
meter should be determined in comparison with the WHO guidelines [30]. The
water quality of the Shigar Valley is satisfactory in terms of physico-chemical
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Figure 9. IDW based spatial distribution of microbial parameters (a) Total Coliform Count (TCC); (b) Total Faecal Coliform
(TFC) Count; and (c) Total Faecal Streptococci (TFS) in Shigar Valley water samples.

features, as evident by the results, with mean values of all parameters falling
within the WHO recommended limit. As a result, no health risks are expected as
a result of physico-chemical characteristics. However, constant monitoring is
necessary to treat the contamination problem as and when desired.

In contrast, the mean values of Arsenic (0.039 mg/L), Copper (0.608 mg/L),
Lead (0.554 mg/L), Iron (1.080 mg/L), Zinc (1.352 mg/L), Manganese (3.079
mg/L) and Molybdenum (0.171 mg/L) are not within the permissible WHO
recommended threshold levels (0.01 for Arsenic, 0.2 mg/L for Copper, <0.01
mg/L for Lead, 0.3 mg/L for Iron, 0.5 mg/L for Zinc, <0.05 mg/L for Manganese,
and 0.01 mg/L for Molybdenum, respectively) in the water samples of the valley.
Due to documented health effects from ingestion as a source of food, drinking,
or skin contact, increased quantities of certain metals are likely to cause health
concerns. Metal contamination can occur due to natural processes such as natu-
ral weathering of rocks, as the source of water is usually surface and river water
available in the area, including Shigar River and its minor tributaries [38] and
anthropogenic sources, such as residential activities, transportation-related air
pollution, and other sources [34]. As a result, consuming contaminated drinking
water containing metals, notably heavy metals, can be hazardous to public
health, with neurotoxic, carcinogenic, and cardiovascular repercussions [39].
The effects of excessive metal concentrations on human health are well unders-
tood, and numerous studies have documented the negative effects on humans.
Copper poisoning from drinking water can result in anaemia, liver failure, and
renal problems [40] while lead poisoning can cause learning disabilities, memory
loss, and nervous system damage. Slight variations in exposure to certain trace
and important metals, such as Zinc and Manganese, may cause psychological ef-
fects [41] and neurological disorders [42], respectively. Anorexia, joint pain,
tremor, and loss of appetite have all been linked to long-term exposure to high
Molybdenum concentrations [43].

All of the water samples taken from the Shigar Valley were confirmed to be
contaminated with organisms of public health concern. The lack of sewerage in-
frastructure in the valley is the primary cause of this problem. Furthermore, there
is no water treatment facility. Similarly, there is no mechanism in place to check

the water quality. Domestic solid waste, in essence, is a possible source of high
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bacteriological load in the valley’s water supply. Domestic solid waste is typically
processed in soak pits before being discharged into open fields without discrimi-
nation. This is a problem that affects the entire Gilgit Baltistan region. Moreover,
livestock in the valley is also using similar water sources. In addition, the current
climate change scenario, which includes rising high temperatures and more vio-
lent heat waves, is contributing to the spread of infectious diseases [44].
Considering the challenging terrain of the region, the limitations faced during
the study were mainly the site accessibility, weather conditions and lack of prior
research studies on the water quality of the valley. Therefore, the conclusions
drawn are based on one-time water sampling conducted mainly from the easily

accessible areas and human settlements in the Shigar Valley.

4. Conclusions

The study highlights the water quality of Shigar Valley from three perspectives:
1) the water quality is satisfactory on the basis of physico-chemical characteris-
tics, 2) heavy metals are present in the high concentration making the water
quality unsuitable for drinking purposes, and 3) on the basis of bacteriological
load, the drinking water available in the area is highly unsuitable and can be a
potential source of health risk for the public.

Although the water’s physico-chemical qualities are good, principal component
analysis (PCA) computation reveals that the influence of a few physico-chemical
parameters is the greatest, making it a critical factor in determining the valley’s
overall water quality. Interpolation based on inverse distance weight (IDW) spatial
analysis indicated that contaminated drinking water may be found throughout the
valley’s northern, central, and lower reaches. The report advised that water quality
be monitored on a regular and frequent basis to examine pollution sources and
ensure public health in the area. Furthermore, water treatment should be created

to ensure that people have access to healthy and drinkable water.
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