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Abstract

The water quality of various resources is changing everywhere, including the high-altitude region, which may have
adverse health effects on animals and the human population. So far, not much study has been conducted on high-
mountain region water resources. Therefore, this study was conducted at Leh-Ladakh, a high-altitude region, to know
the water quality of different sources. For this, water samples were collected from irrigation, stagnant (pond), and Indus
river water resources and analyzed different physicochemical parameters as per standard methods and heavy metals
using inductively coupled plasma-optical emission spectrometry (Optima 7000 DV, Perkin Elmer) at the laboratory. The
results revealed that the total mean values of pH (7.58 + 0.04), electrical conductivity (EC-243.78 + 18.05 uS/cm), salinity
(0.12+0.01%), total dissolved solids (TDS-121.519.75 mg/L), turbidity (1.17£0.22 NTU) and chemical oxygen demand
(COD-31.45+0.73 mg/L) of Indus river water, pH (7.43£0.05), EC (231.86+ 11.00 uS/cm), salinity (0.11+0.01%), TDS
(113.31+£5.48 mg/L), turbidity (0.85+0.11 NTU) and COD (29.74 +0.49 mg/L) of irrigation water, and pH (7.46 £ 0.03),
EC (233.14£11.41 pS/cm), salinity (0.12+0.01%), TDS (115.03 £5.78 mg/L), turbidity (0.67 +0.13 NTU) and COD
(29.65 +0.57 mg/L) of pond water were within the prescribed limit by World Health Organization (WHO) for drinking
water. However, variances in the range of heavy metals were observed in Indus river water, irrigation water, and in stag-
nant water at different sites. Our results revealed that the As, Cd, and Pb were above the permissible limit of WHO for
drinking water. At the same time, the Ni and Cr levels were observed below the maximum permissible limit. Therefore,
these water resources, if used for more extended periods, may pose health-related issues to humans and animals from
these elements. So, this study finding will help develop specific mitigation strategies for water management for drinking
and other purposes.
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1 Introduction

In nature, the definitive minerals nutrient cycle occurs between soil and plants, plants and animals, and animals and
soil [1]. Homeostasis of these minerals is maintained through tightly regulated mechanisms of uptake, storage, and
secretion. The breakdown of minerals homeostasis can lead to the deficiency or toxicity of a particular mineral and
may affect the health and productivity of animals [2, 3]. Heavy metal pollution is a major global problem, posing
serious risks to humans, animals, and the environment [4]. Similarly, the presence of certain heavy metals in differ-
ent water sources from plain areas is one of the most important concerns that have received the attention of their
toxicological importance in ecosystems and impact on public health [5, 6]. The levels of heavy metals are varied in
the soils, water, river sediments, and plants, even in the Arctic region, due to natural and anthropogenic causes [7, 8].
However, in most developing countries, including India, water pollution is often attributed to industrialization with
improper waste disposal and leaching of some heavy metals from the parent materials, causing toxicity to animal and
human populations [9]. Further, irrigation using this water to crops and forage plants grown in polluted environments
may absorb toxic metals from the soil, irrigation water, and thereafter deposition in crop produce and may become
the metal source to animals and humans [10]. So, a high amount of heavy metals was reported in serum samples of
animals consuming the forages grown in contaminated land due to irrigation using polluted water [11, 12].

Heavy metals, at a higher level, are toxic to the body and are responsible for various cellular and tissue damages
due to free radical generation, oxidative stress, and suppression of immunity [4, 11-14]. Pb, Cd, As, etc., have recently
been implicated in gallbladder cancer, colon cancer, and neurodegenerative diseases [4, 10-13]. So, environments
like soil, plant, and food derived from animals and plants exposed to high heavy metal exposure may also pose bio-
magnifications in the food chain. Therefore, there is a need to monitor all environmental sources, including water, to
control heavy metal-induced diseases in the higher food chain, viz.,, human and animal [4, 14, 15].

Further, cold desert high altitude (CDHA) water systems are also susceptible to climate change because numerous
hydro-ecological processes react to even a small change in the climate [9, 16]. The river, pond, and lakes water ecosystem
hydrology are strongly linked with climate change, which further impacts flora and fauna. However, there is not much
information available on water quality and heavy metal statuses of various water resources in the high-altitude mountain
region. Therefore, the present work is designed to know the current status of physico-chemical and heavy metals levels
in different water resources at high altitude regions and the variation of water quality in different locations of this high
altitude region. This study may give deep insight into high-altitude water quality and their management for providing
safe drinking water in mountain regions and further helpful for local habitants for their healthy life.

2 Materials and methods
2.1 Survey of the study site

The present study was conducted in Leh district of UT Ladakh, which lies in the trans-Himalayan region of India.
Leh district is located between latitude 32° to 36°N and longitude 75° to 80°E and at an altitude ranging from 2946
to 5994 m above mean sea level. The study area lies between latitude 33°59.362 and 34°17.722 N and longitudes
77°12.023 and 77°45.669 E. Further details of study area and sites are given in Additional file 1: Tables S1, S2, and S3
(shown in file ‘Supplementary material’).

2.2 Water sample collection

Water samples were collected from the Leh-Ladakh area scattered over 70 km of ranges where most of the population
resides. Irrigation water, stagnant water (pond and lakes), and Indus River water were collected from eleven, eleven, and
seven sites, respectively, and from each site, six water samples were collected. So, a total of 66, 42, 66 irrigation, Indus
River, and stagnant water samples were collected, respectively. These water samples were collected in nitric acid (10%
v/v) pretreated plastic bottles, about 1.0 L of water sample was collected, and immediately 2-3 drops of pure toluene
were added as a preservative. Samples were directly taken into the laboratory and stored at 4 °C for further analysis.

@ Springer



Discover Water (2023)3:3 | https://doi.org/10.1007/543832-023-00027-z Research

2.3 Chemical and reagents

For the laboratory analysis of various water quality parameters, chemicals and reagents were GR grade purchased from
Merck Germany, and some acquired from Sigma Aldrich United States of America were AR grade. Standards used in esti-
mating heavy metals (As, Cd, Pb, Cr, and Ni) that were single and multi-element were purchased from Merck, Germany.

2.4 Laboratory methods for physico-chemical analysis

For the pH measurement, Orion 420 a (Thermo Orion, USA) pH meter was used with a glass electrode. In order to minimize
the change in pH due to interaction with the atmospheric CO, measurement was done at the time of sample collection.
The TDS measurement was done by dipping the TDS electrode in standard solution and calibrating at 500 mg/L, after
the calibration samples were tested. The COD was estimated by using the Closed Reflux using a Titration method. For the
estimation of heavy metals, 50 mL water samples were taken from the frost chamber and brought in a 500 mL conical
flask, and added 10 mL of 70% HNO; and kept at 80 °C for 30 min to evaporate up to 10 mL of sample, then cooled and
made volume 50 mL with Milli Q water as per APHA method [16].

2.5 Laboratory methods for heavy metals analysis

Thereafter, As, Cd, Pb, Cr, and Ni were estimated using ICP-OES (Optima 7000 DV, Perkin Elmer, USA) as the method pro-
vided by ICP-OES operating manual. Instrument validation was performed regularly for mineral detection limit through
running blank, and calibration standards, of different minerals. So when we got a satisfactory reading as the conc. of
particular minerals in the standards and their calibration curves, then only test samples were run. The limit of detection
was investigated using Kicinska's [17] formula. After subtracting a signal of any contamination from the blank, the solu-
tion was examined, and a correction was performed [18-20].

2.6 Statistical analysis

Data generated through the study were analyzed for mean and standard error (SE). Significant level (p <0.05) was deter-
mined among the different water resources (Indus river water, stagnant water (pond), and irrigation water by one-way
ANOVA using the SPSS statistical software (SPSS Inc. USA).

3 Results
3.1 Physico-chemical parameters of irrigation water, stagnant (ponds) water, and Indus river water

All the findings were compared among the sample collection sites, and the WHO standard was taken for further com-
parison and drawing a conclusion on water quality of the pond and Indus River. The physicochemical parameters of the
different water resources of cold desert high altitude microclimate are presented in Tables 1, 2 and 3. The results of our
investigation revealed pH ranged from 7.55-7.71, EC ranged from 195.20-418.20 uS/cm, salinity ranged from 0.10-0.20,
TDS ranged from 96.38-204.66 mg/L, turbidity ranged from 0.00-1.80 NTU and COD ranged from 25.79-36.06 mg/L in
irrigation water from all study locations (Table 1). However, the lowest pH, EC, salinity, TDS, turbidity, and COD level were
observed at sites 11, 7,6-8, 3, 1, and 5, respectively (Table 1). The highest pH, EC, salinity, TDS, turbidity, and COD level
were observed at sites 7, 2, 2, 2, 8, and 4, respectively (Table 1).

The value of pH, EC (uS/cm), Salinity (%), TDS (mg/L), Turbidity (NTU), and COD (mg/L) of stagnant (ponds) water is
presented in Table 2 and in Fig. 1A-E, which indicates these parameters are within the normal range and WHO standards.
The results of our investigation revealed that the pH ranged from 7.19-7.77, EC ranged from 119.4-324.6 uS/cm, salinity
ranged from 0.06-0.16%, TDS ranged from 56.58-168.44 mg/L, turbidity ranged from 0.00-1.80 NTU, and COD ranged
from 25.30-33.78 mg/L in stagnant (ponds) water from all study locations (Table 2). However, the lowest pH, EC, salinity,
TDS, turbidity, and COD level were observed at sites 9-10,9-11, 11, 11, and 4, respectively. The highest pH, EC, salinity,
TDS, turbidity, and COD level were observed at sites 2, 5, 5, 5, 7, and 2, respectively (Table 2).

The value of pH, EC (uS/cm), Salinity (%), TDS (mg/L), Turbidity (NTU), and COD (mg/L) of Indus river water is presented
in Table 3 and in Fig. 1A-E, which indicates these parameters are within the normal range and WHO standards. The
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Table 1 Physico-chemical properties of irrigation water from cold desert high-altitude trans-Himalayan region

Study sites pH EC (uS/cm) Salinity (%) TDS (mg/L) Turbidity (NTU) COD (mg/L)
1 7.612+0.08 317.60%+54.93 0.14°+0.02 157.56%F+29.87 0.00+0.00 26.922°+1.41
2 7.672+0.02 418.20+11.98 0.20°+0.00 204.669+12.02 0.60°+0.24 30.25%°9+0.89
3 7.647+0.07 202.50°°+9.31 0.10°°+0.00 96.38"+5.61 1.20°+0.80 26.20°+1.24
4 7.572+0.10 210.66°+6.90 0.10%°+0.00 101.22°+2.63 0.407+0.40 36.06°+0.82
5 7.58%+0.04 329.20°+43.14 0.14°+0.02 150.869 +22.14 0.60°+0.40 25.79%°+0.62
6 7.572+0.01 23740 +6.58 0.10%£0.00 113.92°%€+2.92 0.60°+0.40 30.54°9+2.18
7 7.712+0.03 195.20°°+18.86 0.10?°+0.00 102.36°+1.37 1.20°+0.37 29.39?9+2 38
8 7.667+0.02 226.00°9+4.72 0.10°°+0.00 108.94%9+2.30 1.80°+0.37 28.85%4+2 06
9 7.672+0.02 245989 +77.19 0.14°+0.02 165.46'9+29.82 1.20%+0.80 31.68%+0.66
10 7.597+0.02 231.60P%€+6.21 0.12°+0.02 108.52°9+1.33 0.80%+0.49 30.43°9+0.26
11 7.552+0.03 242.60°¢+7.68 0.12°+0.02 116.06°%€ +3.52 0.80%+0.37 31.65€£2.10
Mean 7.43+0.05 231.86+11.00 0.11+0.01 113.31+5.48 0.85+0.11 29.74+0.49
FAO-UN [21] 6.5-8.4 0-3 <0.75 0-2000 - -
Value (mean + SE, N=6) bearing different superscripts (> <) differ significantly (p <0.05) between the row
Table 2 Physico-chemical properties of stagnant water (pond) of cold desert high-altitude trans-Himalayan region
Study sites pH EC (uS/cm) Salinity (%) TDS (mg/L) Turbidity (NTU) COD (mg/L)
1 7.52°% + 0,02 27834+ 4873 0.14*°+0.02 138.4254+25.1 0.64%°°+0.39 30.68%°+2.09
2 7.77¢+0.05 259.40°°+10.51 0.10?*°+0.00 118.36°+4.60 0.80%°+0.37 33.78°+1.65
3 7.40%°<9+0.24 236.98°°+21.58 0.12?%°+0.02 121.24%°+10.6 0.40%°°+0.24 29.16%°+3.14
4 7.313¢10.17 209.48%°+27.08 0.122%°+0.02 105.66°+11.92 0.20%+0.20 25.30°+0.73
5 7.63°%€+0.03 324.60°+42.65 0.16°+0.02 168.449+22.24 0.60%°°+0.24 32.09°+0.56
6 7.48%<% 10,03 293.00°°+17.06 0.14*°+0.02 139.86°4+8.77 0.60%°°+0.24 28.55%°+0.96
7 7.56°%€+0.03 243.80*°+5.54 0.122°+0.02 117.725°+2.86 1.80°+0.92 27.65%+2.23
8 7.70%+0.05 307.86"°+66.81 0.14*°+0.02 164.2°9+28.98 1.60¢+0.81 29.17%°+1.85
9 7.197+0.06 119.40°+5.46 0.08%°+0.02 57.00°+2.63 0.04*+0.02 29.40°+2.50
10 7.197+0.06 119.40°+5.46 0.08%°+0.02 57.00°+2.63 0.04*+0.02 29.40°°+2.50
11 7.2222+0.07 119.522+5.30 0.06°+0.02 56.58%+2.52 0.00+0.00 29.86°°+2.08
Mean 7.46+0.03 233.14+11.41 0.12+0.01 115.03+5.78 0.67+0.13 29.65+0.57
WHO [22] 9.5 1200 0.12 1000 5 -
Value (mean +SE, N=6) bearing different superscripts (* > < 9) differ significantly (p < 0.05) between the row
Table3 Physico-chemical Study sites pH EC (uS/cm) Salinity %) TDS(mg/L)  Turbidity (NTU) COD (mg/L)
properties of Indus River
water from cold desert high- 4 7.38%+0.15 130347539  0.06°+0.02 61327243  040°+024  2821°+188
fé:tig:e trans-Himalayan 2 726°+006 22440P+414  0.10°+000 111.94°+148 0.00+0.00 2936+237
3 7.51%°£0.09 410.20°+29.74 0.20°+0.00 210.40°+14.77 1.60°°+0.51 30.25%°+1.51
4 7.879+0.02 195.80°°+12.45 0.10%°+0.00 94.44°+588 1.80°+0.37 32,76 +1.53
5 7.72%94£0.05 206.26°+6.40 0.12°+0.02 97.44°+3.63 2.00°+0.95 34.70°+2.27
6 7.64°9+0.07 184.28%°+13.11 0.12°+£0.02 89.14°°+6.33 1.00%+045  33.33%°+0.41
7 7.66°9+0.04 355205424 0.14°+£0.02 185.92°+2843 1.40%°+0.75  31.54%°+2.17
Mean 7.58+0.04 243.78+18.05 0.12+0.01 121514975 1.17+0.22 31.45+0.73
WHO[22] 95 1200 0.12 1000 5 -
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Fig. 1 A-E Graphical representation of different physico-chemical properties of different water sources of the trans-Himalayan high-altitude

region

results of our investigation revealed pH ranged from 7.26-7.87, EC ranged from 195.20-410.20 pS/cm, salinity ranged
from 0.06-0.20%, TDS ranged from 61.32-210.4 mg/L, turbidity ranged from 0.00 to 2.0 NTU, and COD ranged from
28.21-34.70 mg/L in Indus river water from all study locations (Table 3). However, the lowest pH, EC, salinity, TDS, turbid-
ity, and COD level were observed at sites 2, 1, 1, 1, 2, and 1, respectively. The highest pH, EC, salinity, TDS, turbidity, and
COD level were observed at sites 4, 3, 3, 3, 5, and 5, respectively (Table 3).

3.2 Heavy metals level in irrigation water, stagnant (ponds) water, and Indus river water

Again, all the findings on heavy metal were compared among the sample collection sites and the standard of WHO
was taken for further evaluation and concluding the water quality (Tables 4, 5, 6). These findings revealed that

Table 4 Heavy metals
concentration (ppm) in
irrigation water of the cold
desert high-altitude trans-
Himalayan region

Study sites As (@] Pb Cr Ni

1 0.031°°+0.009  0.020°+0.000 0.058%°+0.003  0.030°+0.005  0.030°+0.004
2 0.038°+0.007  0.025°f+0.001  0.1299+0.005 0.023°+0.002  0.002%+0.000
3 0.051940.002  0.023°+0.000 0.105°9+0.004  0.0212+0.001  0.003%+0.000
4 0.0649+0.003  0.026°+0.001 0.100+0.007  0.0212+0.000  0.001%+0.000
5 0.086%+0.008  0.025°+0.001  0.091°9+0.004  0.022°+0.001  0.001%+0.000
6 0.094%9+0.002  0.027%+0.001  0.096°9+0.006  0.023°+0.000  0.001%+0.001
7 0.1019+0.005  0.027%+0.000  0.092°°+0.002  0.023°+0.000  0.002%+0.000
8 0.1029+0.005  0.028°+0.000 0.097°¢+0.002  0.0222+0.001  0.001?+0.000
9 0.081+0.002  0.028%+0.001 0.083%°+0.004  0.0232+0.000  0.003%+0.000
10 0.0649+0.002 0.0279+0.000  0.088°°+0.001 0.0232+0.000  0.0022+0.001
11 0.0162+0.005 0.0319+0.002 0.069%°+0.002  0.0232+0.000  0.015°+0.000
Mean 0.075+0.006 0.024+0.001 0.111+0.006 0.024+0.000  0.016+0.002
Range 0.006-0.201 0.012-0.036 0.043-0.275 0.019-0.275 0.001-0.062
FAO-UN[21]  0.10 0.01 5.0 0.10 0.20

Value (mean+SE, N=6) bearing different superscripts (> > < 9) differ significantly (p <0.05) between the

row
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Table 5 He.avy metal§ Study sites  As cd Pb Cr Ni

concentration (ppm) in

stagnant water (pond) of cold 4 ND 0.020°+0.000  0.065%°+0.005  0.026°+0.001  0.016%+0.001

ﬂie;e;a;ghr’:;';ide trans- 2 ND 0.020°+£0.000 00840010  0.030°+0.002  0.021%9+0.003
3 0.0749+£0.001  0.025*+0.001  0.100°°¢+0.001 0.0212+0.000  0.011°%9+0.008
4 0.100£0.008  0.029°°+0.001  0.088°9+0.003  0.024°+0.001  0.004?°+0.001
5 0.087°+0.003  0.028%°°+0.001  0.093%°“+0.002  0.034°+0.004  0.002°+0.001
6 0.049°+0.002  0.028%°+0.001  0.091%°¢+0.002  0.023°+0.001  0.003%°+0.001
7 0.042°£0.003  0.025%+0.001 0.086%°°+0.001  0.025?+0.001  0.006°°°+0.000
8 0.021°+0.005  0.031°°+0.003  0.171°+0.035 0.034°+0.009  0.011°°9+0.002
9 0.042°£0.002  0.026°+0.002  0.050°+0.003 0.0212+0.001  0.013%¢+0.001
10 0.021°+0.002  0.026°°+0.001  0.052a+0.002 0.0222+0.001  0.0179¢f+0.001
1 ND 0.034°+0.005 0.126+0.004 0.028°+0.001  0.0269+0.002
Mean 0.034+0.004  0.027+0.001 0.095+0.005 0.030£0.003  0.013+0.001
Range 0.002-0.121 0.019-0.049 0.039-0.229 0.020-0.220 0.001-0.043
WHO[22] 0.1 0.003 0.003 0.05 0.02
ND not detected
Value (mean = SE, N=6) bearing different superscripts (> ® < 9¢f9) differ significantly (p <0.05) between the
row

Table 6 Heavy metal Study sites  As cd Pb Cr Ni

concentration (ppm) in Indus

river water of the cold desert 4 0.005°+0.003  0.020°+0.000  0.050°+0.003  0.029°40.002  0.018°+0.001

re'git:'t't“de trans-Himalayan 0.053°+0.008  0.022%+0002  0.104°+0.031  0.025°+0.001  0.035+0.009
3 0.023°°+0.011  0.028°+0.004  0.191°+0.011 0.024°°+0.003  0.003%+0.000
4 0.0949+0.002 0.027°°+0.000  0.108°+0.006 0.024?*+0.001  0.009°°+0.006
5 0.039*°+0.007  0.027°°+0.000  0.069%°+0.002  0.023%+0.000 0.011%*+0.000
6 0.039"°+0.006  0.026°°+0.000  0.051%+0.002 0.024*+0.000 0.0127+0.001
7 0.008%+0.005 0.026°°+0.000  0.051°+0.004  0.021°+0.000  0.015°°+0.004
Mean 0.037 +0.005 0.025+0.001 0.089+0.009 0.024+0.001 0.015+0.002
Range 0.001-0.099 0.019-0.045 0.039-0.228 0.020-0.035 0.001-0.051
WHO [22] 0.01 0.003 0.003 0.05 0.02

Value (mean+SE, N=6) bearing different superscripts (> < 9) differ significantly (p<0.05) between the

row

As, Cd, Pb, Cr, and Ni levels in irrigation water ranged from 0.016-0.102 ppm, 0.012-0.031 ppm, 0.058-0.129 ppm,
0.021-0.03 ppm, 0.001-0.03 ppm, respectively (Table 4). These heavy metal concentrations were compared with WHO
standards, which were higher than the permissible limit for As, Cd, and Pb. However, their levels varied significantly
(p <0.05) between the different collection sites (Table 4).

The level of heavy metals concentration (ppm) in stagnant water (pond) of cold desert high altitude region revealed
As, Cd, Pb, Cr, and Ni levels in the range of 0.021-0.1 ppm, 0.02-0.034 ppm, 0.05-0.171 ppm, 0.021-0.034 ppm,
0.002-0.026 ppm, respectively (Table 5). These heavy metal concentrations were compared with WHO standards,
which were higher than the permissible limits for As, Cd, and Pb. Furthermore, their levels varied significantly (p < 0.05)
between the different collection sites (Table 5). In stagnant water, the lowest As, Cd, Pb, Cr, and Ni levels were
observed at sites 8, 1-2, 9, 3, and 5, respectively. The highest As, Cd, Pb, Cr, and Ni levels were observed at sites 4, 11,
8, 8,and 11, respectively (Table 5).

The level of heavy metals concentration (ppm) in Indis river water of cold desert high altitude region revealed
As, Cd, Pb, Cr, and Ni levels in the range of 0.005-0.094 ppm, 0.02-0.028 ppm, 0.05-228 ppm, 0.020-0.035 ppm,
0.001-0.051 ppm, respectively (Table 6). These heavy metal concentrations were compared with WHO standards,
which were higher than the permissible limit for As, Cd, and Pb. Furthermore, their levels varied significantly (p <0.05)

@ Springer



Discover Water (2023)3:3 | https://doi.org/10.1007/543832-023-00027-z Research

between the different collection sites (Table 6). In Indus river water, the lowest As, Cd, Pb, Cr, and Ni levels were
observed at sites 1, 1, 1, 7, and 3, respectively. The highest As, Cd, Pb, Cr, and Ni levels were observed at sites 4, 3, 3,
1, and 2, respectively (Table 6).

4 Discussion
4.1 Physico-chemical characteristics in irrigation water, stagnant (ponds) water, and Indus river water

Results revealed that the pH values of stagnant, Indus River and irrigation waters (7.46 £ 0.03) were similar as compared
to permissible range (Tables 1, 2, 3) of 6.5 to 9.5 for the drinking water. This pH range of water is indicative of slightly
alkaline, which may be due to the presence of carbonate and bi-carbonates ions [23]. A water pH between 6.0 and 7.0
is normally considered to be the most desirable for irrigation. As it was reported that pH affects the dissolved oxygen
level in the water, photosynthesis of aquatic plants, metabolic rates of aquatic organisms, and the sensitivity of these
organisms to pollution, parasites, and disease [15, 24]. A change in water pH can also affect aquatic life, indirectly altering
water chemistry [25]. Furthermore, the present study showed normal ranges of turbidity for the Indus River, irrigation,
and stagnant waters (Tables 1, 2, 3) as compared to FAO and WHO [22]. Furthermore, the desirable limit of 5 NTU is for
drinking water for humans and animals.

The primary water quality guideline for crop productivity is the salinity hazard, as measured by EC [20]. In the present
study, the EC of Indus river water, irrigation water, and stagnant water level estimated as 243.78 + 18.05, 86.16 + 1.72, and
418.20+11.98 uS/cm (Tables 1, 2, 3); these values are under the permissible limit (< 1500 umohs/cm) for domestic use.
The BIS [26] has also recommended a drinking water standard of EC 750 uS/cm for humans and animals. Results from
our present study revealed the low salinity of the Indus River, irrigation, and stagnant waters (Tables 1, 2, 3), which are
safe for all kinds of animal’s drinking purposes rearing in this region. Most applications of COD determine the number of
organic pollutants found in surface water, so making COD a useful measure of water quality. In this study, COD for irriga-
tion, stagnant (pond), and Indus river water are near the permissible limit as per the standard guideline [18]. According
to BIS [27] and WHO [22] recommendations, water having a TDS of more than 1000 mg/L is not suitable for drinking
purposes, and the maximum desirable limit of TDS is 500 mg/L [24, 28]. In this study, the TDS level in all the sources is
within the higher limit (Tables 1, 2, 3). This high TDS level may cause calculi in various organs and disrupt the secretary
ability of the endocrine system in humans and animals. So, it is concluded that water needs to be filtrated before drinking.

4.2 Heavy metals concentration in irrigation water, stagnant (ponds) water, and Indus river water

In the present study, our results revealed the high levels of arsenic in irrigation water, stagnant water, and Indus river
water. However, the same trend was detected in stagnant waters at most of the study locations, whereas lower concen-
trations of As were determined in Indus River water samples (Fig. 2; Tables 4, 5, 6). This exposure to water could be due
to anthropogenic as well as leaching from arsenic-bearing rocks [29]. The maximum desirable limit of arsenic in drinking
water for human beings is 0.05 ppm [27],0.01 ppm [30], and CCME [30] guideline (0.025 ppm) for livestock. The recom-
mended limit of Arsenic for irrigation water for long term use is 0.10 ppm and for short-term use is 2.0 ppm [31]. High
arsenic may affect renal, hepatic, brain tissues, and other tissues in humans and animals [10, 11, 13].

Fig.2 Graphical representa- mAs(ppm) 5 Cd(ppm) = Pb (ppm) =Cr (ppm) = Ni (ppm)
tion of different heavy metals 0.14 -
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>
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In the present study, results revealed that the nickel concentration in irrigation water is low in most of the studied
sites as compared to the permissible limit of Ni (Fig. 2; Tables 4, 5, 6). According to WHO [22], USEPA, [31], and BIS [26],
the maximum permissible limit of Ni is 0.02 ppm in drinking water for human beings [26, 31, 32], and CCME [29] recom-
mended 1.0 ppm upper safe Ni level for livestock. However, the maximum permissible limit for Ni is 0.2 ppm for irrigation
water [33]. Furthermore, it is reported that the recommended limit of Nickel (Ni) in irrigation water for plants is 0.2 ppm
for long-term use and 2.0 ppm for short-term. However, it becomes toxic to several plants at 0.5 to 1.0 ppm [30]. However,
irrigation water’s alkaline pH decreases Ni's harmful effect on plants [30]. Water Ni level may vary due to the mobilization
of groundwater and water sources from igneous rock [34, 35].

The permissible limit of Pb as per WHO [22] for human drinking water is 0.01 ppm, whereas for irrigation purposes, it
is 5 ppm [22]. CCME [29] recommended 0.1 ppm safe upper levels of Pb in drinking water for livestock [29], and 0.01 ppm
for human health [26]. The present study revealed that the Pb in the river, stagnant, and irrigation water are at high
concentrations according to the above guidelines; in irrigation water, Pb level is higher than River and stagnant waters
(Fig. 2; Tables 4, 5, 6). According to our predictions, water resources from cold deserts and high altitude are not safe for
long-term drinking purposes to humans and livestock without treatment. At the same time, they may be suitable for
irrigation purposes. This high concentration of heavy metal may pose cellular stress through the mediation of oxidative
stress and may pose toxicity to the kidney, liver, brain, etc.[10, 11, 13]. These aspect needs to be studied further. However,
no published information on high-altitude water is available to compare present findings.

In the present study, chromium level was below in all the water sources as compared to WHO and other standards. The
desirable maximum limit of chromium in drinking water is 0.05 ppm for humans and livestock [22, 26, 29], for irrigation
water is 0.1 ppm for the long-term [30, 31] and 0.05 ppm [16]. Hence, in conclusion, Cr exposure to humans and animals
is minimal in high-altitude through water, as their concentration was low in all the water sources from the studies (Fig. 2;
Tables 4, 5, 6).

The maximum desirable limit of Cd in drinking water for human beings is 0.01 ppm [22]. The irrigation standard rec-
ommended by USEPA for Cd concentration in water is 5 ppm. CCME [29] recommended a safe upper level of Cd in water
is 0.08 ppm for livestock. The Cd level in studied water samples is significantly higher than the maximum permissible
limit, which is 0.01 ppm [22]. So, the use of these water sources for longer periods may pose renal and hepatic damage
in humans and animals [10, 11, 13]. This higher level of Cd in this cold desert high altitude region (Fig. 2; Tables 4, 5, 6)
may be due to the increasing pollution level by increasing tourism, other anthropogenic activities, and leaching from Cd
containing parent materials (rocks) available in this region [9, 36]. Sharma et al. [37] reported that irrigation water quality
in terms of different physicochemical and mineral levels was being altered due to increased anthropogenic activities
(farming, livestock breeding, tourism, small industry, etc.) near the Himalayan Rivers of Nepal. In another study on the
central Himalayan rivers, Smadja et al. [38] and Abbas et al. [39] found that global warming has a big effect on the loss
of water resources in high-altitude areas. Therefore, water resources of other high-altitude and mountain regions in the
world may also face similar issues due to anthropogenic sources of contamination. Hence, regular water quality and
metal bioaccumulation monitoring in the food chain needs to be investigated in these high-altitude areas.

4.3 Variation in physico-chemical and heavy metals properties in different sites

Most of the physico-chemical properties in different water resources were higher at sites 2, 3, 4, 5, 7, 8, and 10, which are
indicative of industrial and direct human factors affecting the water quality. In case of heavy metals levels in different
water resources, it has been found that sites 1, 2, 3, 4, 8, and 11 had significantly higher levels of As, Cd, and Pb heavy
metals. This could be due to exposure to effluents and discharge of domestic and city drains, as these sites are near to the
main city and highly populated. In some sites, there are small industries are present, and the drainage system is not well
developed. However, our recent studies indicated that this region has complex types of hydro-geochemical processes
that control the variation of physico-chemical and heavy metals levels in different water sources [20]. So, there is a need
to study these water drainage quality and further treatment before releasing to these water resources for improving the
water quality of this high-altitude region. Thus human population, increasing tourism, and industrialization are becom-
ing significant sources of metal pollution as in plain areas.

This study revealed that the water quality of high-altitude areas is also affected by heavy metals at some sites, which
needs further investigation on sources of these metals and the hydrochemical cycle to know the flow of these minerals.
Irrigation of land using this water should have inhibiting bioaccumulation in crops grown through crop rotation, using
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organic manure, microbial consortium having heavy metals chelating properties, etc., in those areas. This study will also
help in the selection of water treatment technology for household and community basis and policymakers for further
restoration of these water resources free from pollution.

5 Conclusions

As per the findings of physicochemical properties viz. pH, EC, TDS, turbidity, COD, and the salinity of studied water
resources, the water is suitable for irrigation to various crop plants. Furthermore, this study revealed As, Pb, and Cd are
above the permissible limit, whereas Ni and Cr levels were within the permissible limit. Therefore, these water resources,
if used for longer periods, may pose health-related issues to humans and animals from these elements. So, this study
finding will help in developing specific mitigation strategies for water if used for drinking and further planning of soil if
this water is used for irrigation through crop rotation, using organic manure, microbial consortium having heavy metals
chelating properties, etc. in those areas. However, a study on the minerals and heavy metals flow in different food chains
should be conducted in this high-altitude region to find the existence of bioaccumulation in animals.
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