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Abstract: Physicochemical parameters determining Dal Lake water quality were evaluated at four
different sites during 20162017 in four different seasons Spring (April), Summer (July), Autumn
(October), and Winter (January). The observed physicochemical values were analyzed by statistical
(discriminant analysis) and arithmetic (WQI) methods to ascertain sources and levels of pollution.
Discriminant analysis helped to access the contribution of each physicochemical parameter in
water quality in the context of sampling sites (spatial) and seasons (temporal) to discriminate
pollution loading between sites and as well as seasons. Factors such as temperature, alkalinity,
ammoniacal nitrogen, total phosphorous, and orthophosphorous exhibited a strong contribution in the
discrimination of sampling sites, while factors such as temperature, alkalinity, hardness, BOD, nitrate
nitrogen, and total phosphorous exhibited a strong contribution in the discrimination of sampling
seasons. The WQI values for four sampling sites were calculated and indicated that the water at Site
I was the most contaminated followed by Site IV, while Site III was the least contaminated. Thus,
highlighting that the pressure of anthropogenic activities is subjecting Dal Lake to an unnatural death.

Keywords: physicochemical parameters; Dal Lake; discriminant analysis; water quality index;
seasons; sites

1. Introduction

Dal Lake—known as the ‘Jewel of Kashmir’ is one of the most attractive tourist destinations in
the world. The lake is surrounded by mountains on its three sides, Zabarwan in the east, Kohimaraan
in the west, and Shankacharya in the south and is adjoined by beautiful Mughal gardens [1]. It is well
known for its tourism and economic potential, as a multi-basin lake, covering an area of 16.6 km?
and with a water holding capacity of 15.45 x 10® m3 [2]. Dal Lake has evolved as eutrophic in nature
because of the discharge of organic rich effluents, sewage, sediments, and other nutrients from the
surroundings and the floating gardens established within it. Several anthropogenic activities and
ecological stress have forced the lake to shrink like other cases of the world, such as the Aral Sea [3]
and the Dead Sea [4], in terms of its surface area, water quality as well as the nature of biodiversity [5].
The beauty of Dal Lake (Figure S1 in the Supplementary Materials) has been described and appreciated
for centuries. Walter Roper Lawrence, as Resettlement Commissioner of Srinagar in 1887, wrote about
the Dal Lake: “Perhaps in the whole world there is no corner as pleasant as Dal Lake”. Praising the
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water of Dal Lake, he mentioned “The water of the Dal is clear and soft as silk, and the people say that
the shawls of Kashmir owe much of their excellence to being washed in the soft waters of the lake” [6].

Lake waters hold a well-defined part of freshwater sources, which are essential for the survival
and well-being of different forms of life in an ecosystem. These serve in multidimensional activities,
such as sources of drinking water, irrigation, fishery, landscape entertainment, trade, and energy
production. However, these functions depend on the water quality, which needs to be kept at a
certain level to maintain a well-balanced environment in terms of its physical, chemical, and biological
variables. Moreover, a few elements are necessary when their concentrations are under sure cutoff
points: trace metals become toxic when they exceed certain concentration limits, organic matter makes
water eutrophic, and excess minerals may make water of awful quality [7]. Lamentably, in the most
recent couple of decades, these characteristic freshwater assets are being contaminated because of
unpredictable human intercession for the sake of advancement and urbanization [8]. The serious issue
in lake wellbeing is the nutrient advancement, which invigorates the development of plants and at last
prompts the decrease in water quality and the whole ecosystem [7]. Globally, the greater part of the
lakes have been overwhelmed by this progression of eutrophication and as an outcome, the attributes
displayed are non-consumable water, reduced fish production, undermined biodiversity, and poor
flood retention limit [9]. Surface water quality in a water body is subjective to both natural and
anthropogenic processes. Dumping of sewage, household squanders, use of fertilizers, and pesticides
and over abuse of lake services and products in and around water bodies engenders stress on these
biological systems, which changes the physical and chemical factors [10]. It has been reported that such
activities have imparted huge pressure on aquatic ecosystems, resulting in a decrease in water quality
and biodiversity, loss of critical habitats, and an overall decrease in quality of life for people living in
the vicinity [11-13]. Hence, periodical monitoring of physicochemical parameters is imperative for the
assessment of water quality.

The lake has tremendous ecological, cultural, and socio-economic importance in the region as it
is a major tourist attraction in the Kashmir valley, which attracts tourists from whole world and is
an important source of vegetables, fisheries, and recreation to the people of Srinagar city. Therefore,
the present study was designed to assess the pollution sources, levels, and causes of spatiotemporal
variations in lake water quality by determination of both similarity and differences in physicochemical
attributes of water during the four seasons at four sites of Dal Lake using a multivariate technique
(discriminant analysis) and arithmetic approach (water quality index).

2. Material and Methods

2.1. Study Area

This study was aimed at the assessment of physicochemical parameters of the surface waters of
Dal Lake (Figure 1), which is situated in Srinagar, India, and lies between the geographical coordinates
of 34°5’-34°9’ N and 74°49’-74°53’ E at an altitude of 1585above sea level. The criteria for selection of
sampling sites were based on the population density and lake catchment areas. Therefore, a total of
four different sites were selected; Site I (Hazratbal Dhobi Ghat), Site II (near Tailbal Nallah), Site III
(near Sher-i-Kashmir International Conference Centre (SKICC)), and Site IV (near the Dal Lock-Gate).
Based on the designed criteria Site I is heavily populated area, Site II is near major inlet, Site III is least
populated, and Site IV is near the outlet and populated as well.
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Figure 1. Map of Dal Lake showing layout of study area(Google maps).
2.2. Methodology

Surface water samples were drawn thrice from the selected sites of Dal Lake in each season
for the year 2016-2017 and were analyzed for several physicochemical parameters, which include
temperature, pH, alkalinity, conductivity, chlorides, total hardness, dissolved oxygen (DO), biological
oxygen demand (BOD), chemical oxygen demand (COD), nitrate nitrogen, ammoniacal nitrogen, total
phosphorous, and orthophosphorous. However, temperature, pH and the samples for dissolved
oxygen estimation were fixed at the sampling sites at the time of sampling. The analysis was performed
as per the standard methods [14-16]. In this spatiotemporal study, four different sampling sites
(spatial) and four seasons (temporal) were taken into account for comparative assessment of water
quality parameters.

2.3. Statistical Analysis

Discriminant analysis (DA), a multivariate statistical technique, was used to evaluate obtained
datasets and illustrate conclusions regarding the similarities and dissimilarities existing amongst
sampling sites and monitoring periods, as well as to identify variables specific to spatial and temporal
water quality variations in Dal Lake [17].

2.4. Water Quality Index (WQI)

In this study, water quality was estimated using Brown’s Water Quality Equation [18]. The water
quality index (WQI) demonstrates the water quality in terms of index number and offers a
valuable introduction of general water quality for open or any expected use, in addition to the
pollution remediation programs and in-water quality management [19]. WQI was calculated by the
following equation:

WQI = ZqnWn/ZWn 1)

qn=100(Vn — Vi)/(Vs — Vi) 2)
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where, qn = quality rating; Vn = observed value; Vi = ideal value; Vs = standard permissibility limit;
Wn = k/Sn 3)

k=[1/(X1/Sn =12, ... n)] @)

where, Wn = unit weight for nth parameter; Sn = standard permissible value for nth parameter;
k = proportionality constant;

In this study, a total of 8 physicochemical parameters (as given in Table 1) were used as indicators
for calculation of WQI. The suitability of WQI values for human consumption is rated from “excellent
water” to “water unfit for use”. These WQI values are prescribed in such a way that 0-25(Excellent);
26-50(Good); 51-75(Bad); 76-100(Very Bad), and above 100(Unfit). The Equations (2)—(4) were applied
to various indicators and annotated values were further incorporated into Equation (1) to obtain the
results [20].

Table 1. Relative weight of parameters used for WQI calculation.

Parameter BIS/ICMR Standard (Vs) Unit Weight (Wn)

pH 8.5 0.210471
Alkalinity 120 0.014908
Conductivity 300 0.005963
Chlorides 250 0.007156
Hardness 300 0.005963

DO 5 0.3578

BOD 5 0.3578
Nitrate-N 45 0.039756
~Wn 0.999817

3. Results and Discussion

3.1. Physicochemical Analysis

Evaluation of physicochemical factors is basic to the understanding of the trophic status of the
concerned water body. These deduced characteristics of the lake water analyzed in different seasons at
different sites 2016-2017 are presented as whisker and mean plots with standard deviations in Figure 2.
In present study, most of the physicochemical parameters showed a high standard deviation, which is
an indication of spatiotemporal variations expectedly caused due to anthropogenic activities and
climatic aspects. Water temperature, a characteristic seasonal feature, ranged from a minimum of 3 °C
in winter at Site I to a maximum of 25.5 °C in summer at Site IV. pH recorded during the course of
study was in alkaline range and ranged from 7.0 at Site III during autumn to 8.5 in summer at Site
IV, suggesting the lake as well buffered and productive in nature [21]. Total alkalinity ranged from
110 mg/L at Site III during spring to 190 mg/L at Site IV during winter. The alkaline nature of the
lake may be attributed to photosynthetic activity of primary producers [5,21]. Electrical conductivity
was found to be maximum in autumn at Site IV and minimum during summer at Site II. The higher
conductivity during autumn may be attributed to a higher rate of decomposition and decreasing
water levels in the lake. The low values in summer may be due to higher rates of assimilation by
lake biota [22]. The catchment areas of lake are rich in limestone and dolomites, the wealthy sources
of calcium and magnesium ions [23]. Total hardness was maximum 378.6 mg/L at Site IV during
summer and minimum 60 mg/L at Site III during autumn. Maximum water flow, precipitation of
calcium carbonate, and photosynthetic activity of primary producers may be the other reasons for
higher hardness during summer. Chloride concentration was minimum 18.3 mg/L at Site III during
winter and maximum 43 mg/L at Site IV during summer. Higher chloride values at Sites I and IV
are indicating higher anthropogenic pressures in these areas [24]. DO and water temperature are
negatively related because warm water can hold less DO than cold water as the solubility of oxygen
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decreases with increase in temperature [25]. DO was minimum 5.1 mg/L at Site I during summer and
maximum 8.5 mg/L at Site III during winter. Maximum BOD and COD were recorded at Site I and IV
during autumn and minimum at Site II in winter. Sites I and IV have higher BOD and COD, which is in
accordance with previous studies and is attributed to higher loads of agricultural runoff and domestic
wastewater [26]. Higher proportions of ammoniacal nitrogen, nitrate nitrogen, total phosphorous,
and orthophosphorous were observed during summer and low during winter, which may be attributed
to the increased pollution loads and agricultural runoff during summer [26,27].
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Figure 2. Whisker and mean plots showing spatiotemporal dynamics of physicochemical parameters.
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Water quality monitoring and assessment is not only obliging to assess the impact of different
sources of pollution but also to protect aquatic life and to establish efficient management of water
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sources [28]. Temperature, pH, DO, and orthophosphate are among some physicochemical parameters
that need to be monitored continuously for water quality management. The safety ranges of pH,
alkalinity, DO, and ammonia nitrogen leads to health growth and avoids mortalities. Higher values of
alkalinity (>100 mg/L) helps the assimilation of nitrogen by heterotrophic bacteria and nitrification
process by chemoautotrophic bacteria [29]. Higher levels of total nitrogen, ammonia nitrogen, and total
phosphorous are of common concern because of their ability to cause nuisance algal growth [30].
Chlorides are harmful to freshwater vegetation, and its presence in water is responsible for increased
rate of corrosion [31]. The presence of enormous biodegradable organic matter in water leads to
consumption of DO by bacteria and consequently drops the DO levels below the threshold point.
This exhibits negative impact on aquatic life including fish as they are unable to grow and reproduce [32].
DO above 4.0 mg/L is considered good for fish, shrimp, microbiota respiration, and growth. DO
concentrations exhibit an inverse relationship with BOD/COD levels. Low BOD/COD indicate good
water quality, whereas high levels of BOD/COD indicate polluted water and cause harm to aquatic
life [33].

This study was aimed at analysis of physicochemical parameters to evaluate the drift in physical
and chemical properties of lake water in the context of anthropogenic pressure and different climatic
conditions of a year as a function of water quality. However, more advanced techniques, such as
geographic information system (GIS) and remote sensing technology, can be used for real-time
monitoring and assessment of this resource to track the encroachments for settlement and infrastructural
development as the natural population growth increases the amount of land cover by urban and
agricultural development over this time period as well as the groundwater demand due to an increase
in drinking water demand, urban water usage, and irrigation [34-36].

3.2. Discriminant Analysis

Stepwise DA was used to assess the spatial and temporal variations in physicochemical parameters
of Dal Lake waters. On analysis, three discriminant functions (DFs) were found for each sampling
site and season to discriminate between the quality of these sites and seasons. All the functions were
found statistically significant (p < 0.05) by Wilks” Lambda test.

For spatial variations, the first two DFs accounted for 96.2% total variance between the four
sampling sites, where the first and second DF accounted for 82.5% and 13.7% of total spatial
variance, respectively. The factors temperature, alkalinity, ammoniacal nitrogen, total phosphorous,
and orthophosphorous exhibited a strong contribution in first group (DF1) followed by BOD and
nitrate in second group (DF2) and putative for the majority of expected temporal variations in lake,
while the remaining parameters exhibited a relatively weak contribution in discrimination of four
sampling sites. The relative contribution of each parameter in each DF is given in Table 2. Canonical
discriminant plot for spatial variations (Figure 3a) elucidated that DF1 best discriminates Sites III and
IV than Sites I and II, while the y-axis shows that DF2 best discriminates Sites I from IV than Sites
IT and III. Site IV followed by Site I exhibited positive loadings for DF1 factors, which implies that
these sites were characterized by elevated levels of temperature, alkalinity, ammoniacal nitrogen, total
phosphorous, and orthophosphorous, however Sites II and III exhibited a negative association with
these factors. For DF2 factors, Site IV exhibited positive loadings followed by Site II, which implies
that these sites were characterized by elevated levels of BOD and nitrate nitrogen whereas, Sites I and
III exhibited negative association with these factors. The high loading values for these parameters may
be directly attributed to higher anthropogenic pressures and agricultural runoff, sewage, and waste
disposal because of a high human population living in these hamlets (Sites I and IV).

For temporal variations, the first two DFs accounted for 97% total variance between the four
sampling seasons, where the first and second DF accounted for 85.8% and 11.3% of total variance,
respectively. Temperature, alkalinity, hardness, BOD, nitrate nitrogen, and total phosphorous exhibited
a strong contribution in first group (DF1) followed by DO in second group (DF2) and putative for
majority of expected temporal variations in lake, while remaining parameters exhibited a relatively
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weak contribution in discrimination of four sampling seasons. The relative contribution of each
parameter in each DF is given in Table 3. A canonical discriminant plot for temporal variations
(Figure 3b) elucidated that DF1 best discriminated summer and winter than spring and autumn,
which lie close to each other. Summer exhibited positive loadings for DF1 factors, which indicate that
summer was characterized by elevated levels of temperature, alkalinity, hardness, BOD, and nitrate
nitrogen, whereas winter exhibited strong negative association with these factors. For DF2 factors,
spring and autumn exhibited positive loadings with less difference, which implies that these sites
were characterized by elevated levels of DO, whereas summer exhibited a negative association with
DO. These temporal variations may be attributed to increasing volumes of inlet waters from spring to
summer and higher anthropogenic pressures during summer.

Table 2. Summary of canonical discriminant functions for spatial variations in lake water.

Standardized Canonical Discriminant Function Coefficients

Functions
1 2 3
Water Temperature -3.031 1.188 5.123
pH 1.725 2.490 0.832
Alkalinity 2421 0.947 1.737
Hardness —0.696 0.891 -1.135
Chlorides -1.813 0.241 -0.512
BOD -0.267 -1.107 -0.052
Nitrate -0.977 1.179 -3.231
Ammonia 2.162 —0.046 -0.834
Total Phosphorous 2.478 1.214 -0.196
Orthophosphorous 3.615 —-4.431 0.433
Eigenvalues
Eigenvalue 50.181 8.360 2.282
% of Variance 82.5 13.7 3.8
Cumulative% 82.5 96.2 100.0
Canonical Correlation 0.990 0.945 0.834
Wilks” Lambda
Wilks” Lambda 0.001 0.033 0.305
Chi-square 294.411 136.997 47.539
Df 30 18 8

Sig. 0.000 0.000 0.000




Water 2020, 12, 2365

9of 15

a) Canonical Discriminant Functions b) Canonical Discriminant Functions
g 'Slte 0 Sea'?‘on
O1 Site | (1 Spring
2 Site ll 2 Summer
3 Site lll 3 Autumn
04 site IV O4 Winter
B Group Centroid B Group Centroid
51 20
o
2 &
| c 1
o~ o~ 3
c c m] %
o o
©° 07 e 07
c c
u:., o I.E
w3
A1 m]
oOWpo
-5- 0 =20
10+ -40
T T T T T T T T T T
10 5 0 5 10 -40 20 0 20 40
Function 1 Function 1

Figure 3. Canonical discriminant plot showing (a) spatial variation and (b) temporal variation of physicochemical parameters of Dal Lake water.



Water 2020, 12, 2365 10 of 15

Table 3. Summary of canonical discriminant functions for temporal variations in lake water.

Standardized Canonical Discriminant Function Coefficients

Functions
1 2 3
Water Temperature 2.406 0.526 0.544
Alkalinity —2.589 0.537 0.553
Conductivity 0.319 0.844 0.126
Hardness -2.135 -1.385 0.728
DO -0.172 1.374 1.028
BOD 1.643 0.467 0.132
Nitrate 3.164 0.328 0.089
Total Phosphorous —-0.916 0.857 -1.077
Eigenvalues
Eigenvalue 391.282 51.633 13.136
% of Variance 85.8 11.3 29
Cumulative% 85.8 97.1 100.0
Canonical Correlation 0.999 0.990 0.964
Wilks’ Lambda
Wilks” Lambda 0.000 0.001 0.071
Chi-square 515.946 271.095 108.598
Df 24 14 6
Sig. 0.000 0.000 0.000

3.3. Water Quality Index

Calculation of WQI by weighted arithmetic index method initiates with the estimation of unit
weight (Wn) for each physicochemical parameter used in the calculation of WQI. Water quality
standards and the assigned unit weights for each physicochemical parameter used for WQI calculation
are given in Table 1. On the basis of Wn, DO and BOD were of highest significance, as these were
assigned a maximum weight of 0.3578 each. WQI was calculated for each season at each site and is
given in Tables 4-7.
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Table 4. Calculation of WQI at Site 1.

Spring Summer Autumn Winter

Parameter
Vn On OnWn Vn On OnWn Vn On OnWn Vn On OnWn
pH 7.77 51.33333 10.80416 7.73 48.66667 10.2429 7.36 24 5.051294 7.23 15.33333 3.227216
Alkalinity 122.3 101.9167 1.519408 132 110 1.639917 130.3 108.5833 1.618797 151.67 126.3917 1.884289
Conductivity 204 27.2 0.064881 176.3 58.76667 0.350445 284.3 94.76667 0.565125 238.67 79.55667 0.474423
Chlorides 30.7 12.28 0.087876 36.7 14.68 0.10505 31 124 0.088734 22.67 9.068 0.064891
Hardness 130.7 43.56667 0.259803 326.6 108.8667 0.649208 86.3 28.76667 0.171545 201 67 0.399543
DO 8.6 62.5 22.3625 513 98.64583 35.29548 5.96 90 32.202 8.13 67.39583 24.11423
BOD 12.5 250 89.45 21.5 430 153.854 243 486 173.8908 10.16 203.2 72.70496
Nitrate-N 1.38 3.066667 0.121917 1.43 3.177778 0.126334 1.23 2.733333 0.108665 0.919 2.042222 0.08119
>WnQn 124.6705 >WnQn 202.2633 XWnQOn 213.697 2WnQn 102.9507
WQI 125.1412 WQI 202.3003 WQI 213.736 WQI 102.9696

Average WQI = 161
Table 5. Calculation of WQI at Site II.
Spring Summer Autumn Winter

Parameter
Vn On QnWn Vn On QOnWn Vn On OnWn Vn On QOnWn
pH 7.57 38 7.997882 7.63 42 8.839765 7.2 13.33333 2.806275 7.43 28.66667 6.03349
Alkalinity 130.3 108.5833 1.618797 125.67 104.725 1.561275 141.67 118.0583 1.760053 120.3 100.25 1.49456
Conductivity — 264.3 35.24 0.084059 140.3 46.76667 0.278885 289.67 96.55667 0.5758 281.3 93.76667 0.559162
Chlorides 28.3 11.32 0.081006 31 12.4 0.088734 29 11.6 0.08301 20 8 0.057248
Hardness 143.3 47.76667 0.284849 255 85 0.506883 63 21 0.12523 162.3 54.1 0.322616
DO 8.07 68.02083 24.33785 11 37.5 13.4175 6.6 83.33333 29.81667 8.27 65.9375 23.59244
BOD 8 160 57.248 21.6 432 154.5696 14.5 290 103.762 6.5 130 46.514
Nitrate-N 1.57 3.488889 0.138703 1.63 3.622222 0.144003 1.43 3.177778 0.126334 0.737 1.637778 0.065111
~WnQn 91.79115 XWnQn 179.4066 2WnQOn 139.0554 XWnQOn 78.63863
WQI 92.13767 WQI 179.4395 WQI 139.0808 WQI 78.65301

Average WQI =122
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Table 6. Calculation of WQI at Site III.

Spring Summer Autumn Winter

Parameter
Vn On OnWn Vn On OnWn Vn On OnWn Vn On OnWn
pH 7.83 55.33333 11.64604 8.07 71.33333 15.01357 7.06 4 0.841882 7.03 2 0.420941
Alkalinity 110 91.66667 1.366597 101.3 84.41667 1.258512 125 104.1667 1.552951 161.3 134.4167 2.003928
Conductivity 236 31.46667 0.075058 166.3 55.43333 0.330567 297.67 99.22333 0.591702 248.3 82.76667 0.493565
Chlorides 23.67 9.468 0.067753 28.3 11.32 0.081006 24.67 9.868 0.070615 18.3 7.32 0.052382
Hardness 119.67 39.89 0.237877 239.67 79.89 0.476411 60.66 20.22 0.120579 119.3 39.76667 0.237142
DO 8.5 63.54167 22.73521 54 95.83333 34.28917 6.4 85.41667 30.56208 8 68.75 24.59875
BOD 8 160 57.248 11.27 2254 80.64812 13.3 266 95.1748 7.6 152 54.3856
Nitrate-N 1.318 2.928889 0.11644 1.35 3 0.119267 1.27 2.822222 0.112199 0.79 1.755556 0.069793
>WnQn 93.49297 >WnQn 132.2166 >WnQn 129.0268 XWnQn 82.2621
WQI 93.84591 WQI 132.2408 WQI 129.0504 WQI 82.27715

Average WQI =109
Table 7. Calculation of WQI at Site IV.
Spring Summer Autumn Winter

Parameter
Vn On QnWn Vn On QOnWn Vn On OnWn Vn On QOnWn
pH 8.1 73.33333 15.43451 8.53 102 21.468 7.47 31.33333 6.594745 7.47 31.33333 6.594745
Alkalinity 140.3 116.9167 1.743033 130.3 108.5833 1.618797 169 140.8333 2.09959 190.67 158.8917 2.36881
Conductivity 221.67 29.556 0.070501 121.3 40.43333 0.241117 318 106 0.632113 233.3 77.76667 0.463749
Chlorides 27.3 10.92 0.078144 43 17.2 0.123083 35.3 14.12 0.101043 28.3 11.32 0.081006
Hardness 167.83 55.94333 0.333609 378.67 126.2233 0.752712 80.3 26.76667 0.159619 191.3 63.76667 0.380262
DO 7.77 71.14583 25.45598 5.6 93.75 33.54375 5.47 95.10417 34.02827 7.53 73.64583 26.35048
BOD 13 260 93.028 14 280 100.184 18.5 370 132.386 13 260 93.028
Nitrate-N 1.54 3.422222 0.136052 1.62 3.6 0.14312 1.35 3 0.119267 0.97 2.155556 0.085695
~WnQn 136.2798 XWnQn 158.0746 XWnQn 176.1206 XWnQn 129.3527
WQI 136.7943 WQI 158.1035 WQI 176.1529 WQI 129.3764

Average WQI =150
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The WOQI values elucidated that the water of Dal Lake is excessively polluted and unfit for
human consumption. The average WQI for Site I, Site II, Site III, and Site IV are 161, 122, 109,
and 150 respectively, demonstrating that the maximum deteriorated water quality was observed at
Site I—a highly populated area—and least at Site IIl—the least populated area—thus suggesting that
anthropogenic pressures are the main reason behind the deterioration of water quality of Dal Lake.
Spatiotemporally, Site I was observed as the most contaminated during autumn followed by summer.

4. Conclusions

The main focus of this study was to evaluate spatiotemporal variations in the surface water quality
of Dal Lake using statistical and arithmetic exploratory techniques to ascertain pollution sources.
The results of these methods exhibited that the variation in water quality of the lake is more subjected
to anthropogenic pressures than change in the climatic conditions. The discriminant analysis separated
sampling sites and seasons in a simpler, illustrative manner and highlighted the contribution of each
physicochemical parameter. The water quality index is helpful in assessment and management of water
quality. Based on obtained WQI values, this study provides necessary understanding into the status of
overall suitability of the Dal Lake water. The WQI helped in the transformation of complex datasets into
a numeric expression and presented the status of water quality as a single number, which elucidates
that indiscriminate anthropogenic pressures by (population loads) are pushing the lake ecosystem
towards an unnatural death. Thus, as a result of this study, it can be concluded that the lake is moving
towards its definite end. For restoration of this aesthetic asset and biologically diverse natural habitat,
effective treatment measures are urgently required; encroachments for settlement and infrastructural
development must be banned and existing ones should be removed, in addition to regulation of sewage
and waste disposal into the lake to conserve this ecosystem of high socio-economic importance.

The overall water quality was evaluated using WQI, which has some limitations, so it may not
convey enough information about the actual situation of the Lake, but in the future, this study can be
used as a case study to strengthen the research findings related to Dal Lake water quality management.
Our results can be helpful to decision makers to elucidate priorities in pollution prevention efforts
and management of the lake. Besides this, geographic information system (GIS) and remote sensing
technology can be further employed for real-time monitoring and assessment of this resource as
urbanization is forcing the lake to shrink.

Supplementary Materials: The following are available online at http://www.mdpi.com/2073-4441/12/9/2365/s1,
Figure S1: Dal Lake.
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