www.nature.com/scientificreports

scientific reports

W) Check for updates

OPEN A systematic study on occurrence,

risk estimation and health
implications of heavy metals

in potable water from different
sources of Garhwal Himalaya, India

Mukesh Prasad®**, R. S. Aswal®*?, Abhishek Joshi3, G. Anil Kumar®* & R. C. Ramola®?3

The occurrence of heavy metals (HMs) in drinking water has been a critical water quality concern for
along time and can compromise its aesthetic value to the larger extent. Chronic exposure of human
beings to these toxic and non-toxic HMs through water ingestion can result in significant health risks.
To assess these associated health risks, the present study was planned, designed and carried out

for analyses of nine HMs namely, Al, Cr, Mn, Co, Ni, Cu, Zn, Cd and Pb in the potable water samples
collected from different sources located across the Mandakini valley of Garhwal Himalaya, India using
Inductively Coupled Plasma Mass Spectrometry. The measured values of Al, Cr, Mn, Co, Ni, Cu, Zn,

Cd and Pb were found in the range of BDL-27.4 pg I, 0.26-4.5 pg 12, BDL-139 pg I, 0.02-0.9 pg |2,
0.4-5.5pg 1, 0.07-9.2 pg I}, BDL-4164 pg I, BDL-0.8 pg I'Y, and BDL-11.2 pg I}, respectively. The
observed values of analyzed HMs except Zn and Pb were found below the reference values prescribed
by the WHO, USEPA and BIS. In addition, Zn concentration exceeded its maximum permissible limit
(4000 pg 1Y) recommended by WHO for infants at one station only. The observed indices show that
there are no health risks from HMs contamination via drinking water in the region. Moreover, the
estimated hazard quotients for children and adults also revealed no potential health risks. The results
of present study will be useful as baseline data for state and national regulatory agencies.

Water is considered as one of the valuable and important natural resources available in abundance and free of
cost on the earth. But, worldwide ever increasing population has led the problem of industrialization, urbani-
zation and over-exploitation of the available natural and manmade resources, which subsequently, accelerate
the problem of various types of pollutions. Among these pollutions, water pollution is considered as one of the
major pollution. It has become an overburden on available water resources due to the usage of water for drinking,
domestic, commercial and irrigation purposes. The over-exploitation of natural water sources has further dete-
riorated their water quality. Pollution generated from non-point water sources such as surface run-off and land
fill sites have degraded their water quality. In addition, contamination emerges from point sources i.e. untreated
and partially treated domestic, municipal, institutional and industrial effluents have also contributed to water
pollution due to presence of heavy metals to a large extent. The naturally occurring metallic elements are generally
categorized into two categories: non-heavy metals (NHMs) and heavy metals (HMs). The metals whose specific
gravity is above 4-5 g per cubic centimeter are known as HMs'. Some of these HMs are not desirable but non-
toxic, whereas others are toxic. It has been observed in a medical study that daily requirement of few essential
HMs include 2-5, 0.005, 0.0001, 15-20, 1-2 and 2-5 mg day™! concentrations of manganese (Mn), chromium
(Cr), cobalt (Co), zinc (Zn), iron (Fe) and copper (Cu), respectively**. Although the human body requires HMs in
a trace amount, the presence of HMs above their threshold limits may produce severe toxicity levels in the body*”.
Water pollution has rapidly deteriorated the quality of water worldwide for last few decades and recently several
researchers reported contamination of drinking water due to occurrences of various heavy metals®~!!. These
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heavy metals enter into the water system through hydrological cycle and keep continuously to degrade water
resource over the course of time'2. Groundwater while flowing through an area interacts with aquifer minerals
of the relevant area and determines its chemistry. However, the hydro-geochemical processes accountable for
affecting chemical composition of groundwater always vary spatially and temporally. The chemical composition
of groundwater sources is influenced by the geology of a particular area, interaction of rocks with water during
recharge of aquifers, groundwater flow etc.!® There are many natural water resources in Uttarakhand state of India
in the form of glaciers, lakes and snow fed rivers. The most of these water sources are surface type and are mainly
used for drinking, commercial and other domestic needs along with irrigation purpose. In addition, the peoples
also consume drinking water from groundwater sources on account of less availability of surface water sources.
Moreover, the reason of consuming groundwater sources for drinking purposes is the increased contamination of
surface water sources over the course of time. The water quality related aspects are more prominent, particularly
during the summer season, due to the drying up of drinking water sources owing to less or no rainfall due to
high turbidity because of increased precipitation rate'®. Thus, the local population is almost equally dependent
on groundwater sources for their daily needs, particularly during summer and rainy seasons, when the surface
water sources either dried up or become contaminated and supply networks are damaged due to heavy rainfall.
Kedarnath is one of the famous shrines (Dham) in the state of Uttarakhand and has religious faith, which attracts
millions of pilgrims from several parts of the country. Most of the sewage either partially treated or untreated,
released from hotel industries and households have toxic nature because of their chemical constituents, which
ultimately enter into groundwater through seepage. In addition, the water quality of the entire Mandakini valley
is also influenced due to the movement of millions of pilgrims and floating tourists almost throughout the year
along with its population density in rural and urban areas. The surface, subsurface and groundwater sources are
continuously being contaminated due to the dissolution of the metal ions, mixing of rocks and leaching in the
mountainous areas'>"'’. Agricultural run-off might also enter into groundwater and consequently contaminates
its water quality. Number of studies is available on the measurements of HMs in soil, sediments, and groundwater
sources of different parts of India. However, there are a few such studies from the mountainous regions of the
state of Uttarakhand'®. The area of present study lies on the route of the famous Kedarnath temple, which is one
of the four shrines in Uttarakhand (popularly known as Devbhoomi, i.e. the place of God) and is a large tourism
center (millions of pilgrims visit the temple every year). Thus, greater attention needs to be focused on reliable
qualitative and quantitative information on HMs concentrations in the municipal water distribution system. The
water contamination due to several toxic elements such as chromium (Cr) by Gupta et al.’®; lead (Pb), copper
(Cu) and iron (Fe) are reported by Kansal et al.?’ in mountainous region, while cadmium (Cd) by Gupta et al.'’;
arsenic (As) and mercury (Hg) by Kumar et al.?'; Fe, manganese (Mn), As, nickel (Ni) and Pb by Khan & Rai*
in the plain region of the Uttarakhand state. The occurrence of such toxic and non-toxic heavy metals in potable
water can lead serious health impacts to the consumer’s body. These metals after entering in the human body
get absorbed, adsorbed, and accumulated through bio-magnification process, which are further emerged in the
form of serious health impacts, such as neurological system damage, kidney dysfunction and ossification®***. Till
now, only few studies have been undertaken in Garhwal and Kumaun Himalayan regions highlighting concerns
of physico-chemical properties of groundwater? and presence of elevated concentrations of heavy metals in
perennial rivers?>*2%%, in soil*!, groundwater of major cities?** and surface and groundwater'? in Uttarakhand,
However, a detailed and comprehensive study of different drinking water sources with respect to occurrence
of potentially toxic heavy metals and associated pollution indices and ingestion doses in Garhwal Himalayan
region is still missing. Therefore, the present study was carried out to (1) quantify concentrations of HMs (Al Cr,
Mn, Co, Ni, Cu, Zn, Cd and Pb) in piped treated water and mountainous natural springs to characterize potable
water quality (2) calculate HPI and HEI for the classification of water sources and (3) estimate the health risks
in terms of LADD and HQs for the public.

Guideline values on HMs for human health

The drinking water guideline values laid down by the WHO are based on human health. These values are derived
on the basis of risk estimation processes decided at a global scale®"*2. The regulatory agencies of individual
countries generally set up their national standards on water quality parameters on the basis of WHO references.
The guideline values on drinking water provide information about the probability of associated health risks to
human health. Moreover, the guideline values for a specific country may vary from that for other countries due
to the priorities of individual countries such as economic considerations and availability of resources. In this
way, the decision is made on whether the health benefits of a particular standard justify the cost involved in it
is left to each individual country or n0t33.Taking these considerations into account, the limits set by India, Italy,
the European Union (EU), and US either may be consistent in line with the values as suggested by the WHO
or incorporated some modifications based on water quality, economic status, and available advanced treatment
technologies of their respective countries (Table 1). Legislations laid down concerning drinking water quality
require extensive, frequent, and regular monitoring to control the quality of potentially harmful contaminants.

Materials and methods

Description of study area. The study area lies in the Mandakini valley of the Garhwal Himalayan region
in Rudraprayag district, Uttarakhand state. The GPS coordinates (latitude and longitude) were recorded for
sampling locations during collection of samples. The sampling map was prepared using the GPS coordinates
of sampling locations through Arc GIS software, version 10.7.1 (Fig. 1). The Mandakini River flowing near the
investigated area is one of the major tributaries of the Alaknanda River, which further merged with the Upper
Ganges System. The Mandakini River emerges from Dudhganga and Chaurabari Glacier flows at an altitudinal
level of 12,800 ft. above the Mean Sea Level (MSL). It joins the Basuki Ganga at Sonprayag, and finally, conflu-
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Italian Law D.L. Italian Law EU directive EU directive

BIS limit 31/2001 drinking | DM 29/12/2003 1998/83/EC 2003/40/EC US-EPA guideli WHO guidel
S.N. Analyte | Unit (D.L.-P.L.) water®* mineral water®® drinking water mineral water®” value value
1 pH - 6.5-8.5 >6.5-<9.5 (g.v.) - >6.5-<9.5 (g.v.) - >6.5-<8.5 -
2 EC pSem | - 2500 (g.v.) - 2500 (g.v.) - - 1500
3 TDS mgl™! 500-2000 1000
4 Al 30-200 200 (g.v) _ 200 (g.v) - - 200
5 Cr 50-NR 50 50 50 50 100 50
6 Mn 100-300 50 (g.v.) 500 50 (g.v.) 500 - 400
7 Co - - - - - -
8 Ni pg 1! 20-NR - 20 20 20 - 70
9 Cu 50-1500 1000 1000 2000 1000 1300 2000
10 Zn 5000-15,000 - - - - - 4000*
11 Cd 3-NR 5 3 5 3 5 3
12 Pb 10-NR 10 10 10 10 15 10

Table 1. Guideline Values of different analytes in drinking water recommended by various international
regulatory agencies. D.L. desirable limit, PL. permissible limit, N.R. no relaxation, g.v. guideline value. "Legal
limit for water intended for infant consumption.
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Figure 1. Location map (prepared with ArcGIS, version 10.7.1, URL: https://www.esri.com/en-us/arcgis/produ

cts/arcgis-desktop/resources) of the study area in the Himalayan region of Uttarakhand, India.

ence with Alaknanda River at Rudraprayag. The outflow of groundwater from local springs is towards the Man-
dakini & Alaknanda Rivers.

Sample collection, preparation and analysis. Water samples were collected from 72 sources (bore
wells, taps and springs) from different locations in the study area. The process of purging was applied for a few
minutes before sample collection from each station. These samples were collected in high-density polyethylene
‘Tarson’ containers after 4-5 times rinsing with water sample to be collected prior to its collection in the con-
tainer. The collected water samples were filtered using a 0.45 um filter and acidified (pH less than 2) in situ with
ultrapure grade nitric acid (which prevents metal oxidation, adsorption, precipitation and biological growth)?.
The water samples were carried to the laboratory in an ice box by maintaining a cold chain after properly mak-
ing labels on each container for identification purpose. The prepared water samples were analyzed for HMs
measurements using Inductively Coupled Plasma Mass Spectrometry (ICPMS) (Make: Perkin Elmer, Model:
ELAN DRCe). The samples were preserved below 4 °C before ICPMS analysis. The preserved water samples
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S.N. | HPI specification | Class of heavy metals pollution
1 <25 Excellent

2 26-50 Good

3 51-75 Poor

4 76-100 Very poor

5 >100 Unsuitable for consumption

Table 2. Classification of heavy metals pollution based on calculated HPI*.

were carefully handled to avoid further contamination and appropriate precautions were followed to ensure the
reliability of data. The glass wares used for the experimental work were properly cleaned with analytical grade
reagents. The Milli-Q ultra-pure analytical grade water was used for analyses throughout the investigation. The
spectrometer system was linearly calibrated with multi-element standard solution (Merck, KGaA, 64, 271, Ger-
many) before analysis of water samples. The replicate analyses were carried out to check the precision of data,
which was within the range of 10% for all samples. An initial reagent blank determination was used to correct
the instrumental readings. The NIST-1640a and 1643e certified water reference solutions approved by National
Institute of Standards and Technology (NIST), USA were used to check the accuracy of applied method. In
addition, a calibration blank and an independent calibration verification standard were analyzed after every 10
samples to confirm the calibration status of the instrument.

Health risk assessment. The process of health risk estimation is generally adopted to provide significant
information about the probability of adverse health effects on stakeholders i.e. human beings. In the present
study, health risks associated with groundwater contaminated with HMs were calculated in terms of empirically
assessed HM Pollution Indices, Lifetime Average Daily Dose (LADD) through ingestion, and hazard quotients
(HQs).

Empirically assessed HM pollution indices. 'The observed concentrations of HMs were used to evaluate two
pollution indices; HPI and HEI***. Out of 72 samples, the concentrations of Al, Mn, Zn, and Cd for 23 samples
were measured below detection limit (BDL). The contributions of Al and Co have not been considered in the
computation of pollution indices. The BIS reference limits were taken into consideration for the calculation of
HPI and HEI*.

Heavy metal pollution index (HPI). Heavy Metal Pollution Index (HPI) is used to evaluate overall water qual-
ity of concerned water source with regard to the presence of HMs. For computation of HPI, a rating (an arbitrary
value ranging from 0 to 1) is assigned to each of the selected HM. The HPI for water samples is calculated as
follows*>*,

HPI — S WiQi
- Zn W > (1)
i=1 1
n
. |M; — I
Qi= Z # x 100, )

i=1 7t

where, 7 is the total number of analyzed HMs, W, is the unit weightage factor of ith HM, §; is the maximum
permissible limit of ith HM, Q; is the sub-index of ith HM, and I, is the maximum desirable limit of ith HM.
On the basis of calculated HPI, the potable water quality was categorized into five classes as summarized here
under in Table 2.

Heavy metal evaluation index (HEI). HEI provides overall information on water quality for analyzed HMs®.
In this method, the HEI value of a water sample is computed by dividing the measured concentration of any par-
ticular HM by the maximum permissible concentration (Si)*! of the corresponding HM as per the limits given
in Table 1. Since there is no critical value suggested for HEI, the evaluation of the pollution level in this metric
depends on the worker’s judgment. Hence, to identify the pollution level in the study area, the multiple of mean
approach* was adopted for classifying the water into three pollution categories such as low, moderate, and high.
This index was initially defined* by taking into account the possible additive effects of heavy metals on human
health, which helps in the quick evaluation of overall drinking water quality of any aquatic system. It is calculated
using the following Equation*®’.

N Ci
HEIl = Zi:l (MAC)’ )

where, N, C and MAC are the number of analyzed metals, the observed concentration of each metal in the ith
sample, and the maximum allowed concentration for a metal, respectively. On the basis of calculated HEI, the
HMs pollution in drinking water sources are divided into three classes®*** as depicted in Table 3.
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S.N. | HEI specification | Class of heavy metals pollution
1 Below 10 Low

2 Between 10 and 20 | Medium

3 Above 20 High

Table 3. Classification of Heavy metals pollution based on calculated HE[**,

S.N | HMs RD (pg kg day") | Reference
1 Al NA -
2 Cr (total) |3 2
3 Mn 140 3
4 Co NA -
5 Ni 20 o
6 Cu 5 >
7 Zn 300 5
8 Cd 0.5 7
9 Pb 36 s

Table 4. Reference dose (RD) for different HMs. NA not available.

Dose estimation and hazard quotients (HQ) for children and adults. In this study, we adopted the
methodology suggested by USEPA for the assessment of dose and hazard quotients via ingestion route**->. The
calculation of LADD received via ingestion of HMs was done as follows:

C x IR x EF x ED
LADD = ———————, (4)
BW x AT
where, LADD is the Lifetime Average Daily Dose (ug kg day™") due to ingestion of HMs via drinking water.
The abbreviations C, IR, EE, ED, BW and AT are used for the concentration of a HM (ug L™"), water intake rate
(L day™), exposure frequency (365 days y'), exposure duration (6 years for children and 30 years for adults),
average body weight (16 kg for children and 70 kg for adults) and average time (ED x 365), respectively.
The probability of health risk due to the ingestion of a particular HM is, thus, calculated in terms of HQ given
by the following relation™

HO — LADD
T RD’

(5)

where RD stands for reference dose (ug kg! day™!). The numerical values of reference doses for different HMs
are given below in Table 4.

The value of HQ greater than unity indicates the possibility of adverse health implications due to the con-
sumption of particular HM contaminated water. On the other hand, the value of HQ lying less than unity signifies
that there is no adverse health effect due to the consumption of a given heavy element. In order to estimate the
total potential health risks due to a mixture of HMs in water, the individual HQ values were added together for
all the analyzed HMs (for which R(D values were available) was computed as a sum of individual HQ values for
different metals such as:

> “HQ = HQc: + HQu, + HQy; + HQcy + HQzn + HQeq + HQpy,s (©)

The computed ¥ HQ > 1 indicates the possibility of non-carcinogenic health impact on the human body. On
the other hand, an individual is not expected to experience any harmful health impact due to the consumption
of water with HQ < 149°%,

Results and discussion

Physico-chemical parameters. The summarized statistical values of the analyzed physico-chemical
parameters of water samples are depicted in Table 5. Generally, water quality can be determined by total ionic
composition in terms of electrical conductivity (EC) and it ranged from 56.7-491.1 uS cm™ (AM=170.4 pS
cm™!). Table 6 demonstrates the suitability of analyzed groundwater samples for drinking purposes based on
their EC and TDS values™.

All of the water samples were found safe and thus suitable based on their detected low EC values for consump-
tion (Table 6). Similarly, the entire region was also observed safe to meet out drinking and other domestic needs
of the local population as well as visitors owing to low TDS values (< 500) (Table 6). The temperature and pH of
the collected water samples were found to fluctuate from 28.3-32.8 °C and 2.79-7.71, respectively. The observed
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Temperature | pH EC TDS
Unit °C - uS cm™! mgL™!
Range 28.3-32.8 2.79-7.71 56.7-491.1 39.3-383.3
AMP£S D 30.3+1.26 6.52+1.24 | 170.4+89.4 |130.0£63.2
GM<+S.D4 30.3+1.26 6.36+1.24 | 150.1+89.4 |117.2£63.2
Skewness 0.14 -1.84 1.18 1.48
Kurtosis -1.38 2.63 1.45 3.09
MPLe (BIS) - 6.5-8.5 - 2000
MPL¢ (WHO) - - 1500 1000
MPLe (USEPA) - >6.5-<85 | - -

Table 5. Statistical values of observed physico-chemical characteristics in water samples of Mandakini valley,
Uttarakhand, India (N*=72). *Number of samples, bArithmetic mean, “‘Geometric mean, 9Standard deviation,
‘Maximum permissible limit.

S.N. | Parameter | Measured unit | Classification | Suitability of water Ground water samples (%) | Source
<750 Desirable 100
750-1500 Permissible Nil

1 EC uS cm™! 0
1500-3000 Not permissible Nil
>3000 Hazardous Nil
<500 Desirable for drinking 100
500-1000 Permissible for drinking Nil

2 TDS mgl™! ol
1000-3000 Useful for irrigation Nil
>3000 Not suitable for drinking and irrigation | Nil

Table 6. Classification of water type and its suitability based on EC and TDS values (N =72)%.

Al Cr Mn Co Ni Cu Zn Cd Pb
Range BDL-27.4 |0.26-4.5 | BDL-139 |0.02-0.9 |0.4-5.5 0.07-9.2 | BDL-4164 | BDL-0.8 | BDL-11.2
AM.£S.D 3.5+%5 1.6+0.8 |9.8+26 0.1£0.1 1.6£09 |1+1.8 329+586 0.1+0.18 |09£1.9
Skewness 3.19 0.87 3.34 3.51 1.41 3.45 4.47 3.03 3.33
Kurtosis 11.91 1.01 11.60 13.09 3.44 11.91 25.88 9.12 12.52
MPL (BIS) 200 50 300 - 20 1500 15,000 3 10
MPL (WHO) 200° 50 400 - 70 2000 4000° 3 10
MPL (USEPA) - 100 - - - 1300 - 5 15

Table 7. Statistical values of observed HM concentrations (pug 17!) in the study area (N=72). {Legal limit for
water intended for the consumption of infant.

pH values of several water samples are very low in the study area as compared with the prescribed specification
of BISY. The observed low pH values indicate the acidic nature of respective analyzed water resources and may
be ascribed due to the natural carbonation processes in the natural mineral water source®.

Distribution of HMs and associated health implications. The statistical values of heavy metal con-
centrations in water sources are presented in Table 7. The analyzed nine HMs were observed in the order of
dominance: Zn>Mn > Al> Cr>Ni> Cu>Pb>Co > Cd. The presence of heavy metals based on their significance
has been taken into account to set up recommendation criteria of prescribed limits*"%*, The average values of the
concentrations of Al, Cr, Mn, Co, Ni, Cu, Zn, Cd and Pb were observed to be 3.450, 1.647, 9.791, 0.128, 1.605,
0.958, 329.530, 0.097 and 0.845 in the units of pg 1!, respectively. The average values of different elements were
found well below the corresponding reference values suggested by BIS, WHO, and US EPA*>#%4, The contribu-
tion of Co has not been taken into account for the investigation of water suitability for drinking purpose due
to the non-availability of its prescribed limit. Oral exposure to Al leads to several health implications viz. neu-
rological disorders and effects on the lungs®. So far, Cd is not recognized as an essential or beneficial element
biologically but it may cause renal arterial hypertension®. Moreover, Cr and Cd in high concentrations may
affect the liver and kidney®. Co, being a radioactive element, is a carcinogenic pollutant and is responsible for
damage to cells and tissues of the human body®®*’. It has been revealed that Ni can produce free radicals which
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Figure 2. Quantile—Quantile plots of different HMs in the study area.

contribute to the cancer causing developments in the human body. Cu is an essential metal for life, but its pro-
longed exposure to potable water can develop several health implications i.e. anemia, liver, and kidney damage®®.

The high Mn concentrations (104.167 pg L™! at Kokhri and 139.960 pg L™' at Gavani village) were observed
above the maximum desirable limit (MDL) and maximum permissible limit (MPL) suggested by BIS* and
WHO?, respectively. Similarly, the high concentration (4164.311 ug L™!) of Zn at Bairangna was found above
the MDL and MPL suggested by BIS* and WHO?!, respectively. The erosion of minerals present in the rock and
s0il®, water source, pipeline corrosion, traditional treatment plants and water dynamics might have influenced
the concentration of Mn and Zn in water samples of the studied sources’®”". It is worth highlighting that 18%
the total analyzed samples show Mn concentration below detection dection limit of the instrument. The high
concentration (0.1380 mg L™}, i.e. 138 pg L™!) of Mn exceeding its desirable limit has also been reported by Gupta
et al.*” at Kandighat station (Mussoorie) of Himalayan region in India. However, the low values of Zn concentra-
tion have been reported water samples (N =108) from Garhwal (mean value of 0.09 mg L™') and Kumaun (mean
value of 0.08 mg L) regions of Uttarakhand state?’. In Kosi river of Kumaun Himalaya region, Zn concentration
was reported in the range of 0.065-3.873 mg L™'%. High concentration of Mn is recognized as a cause of weak-
ness, muscle pain etc., whereas the shortage of Mn may cause impaired growth, skeletal abnormalities etc.”>73,
Similarly, the high Zn level in water may be responsible for irritability, muscular stiffness etc.®. In the present
study, the concentration of Pb was found to be highest (11.252 pg L™!) in the water sample collected from Kyunja
village. The high concentration of Pb in this sample may be due to the concentration of natural metal in the water
sample or due to corrosion of materials contained with lead or copper and household plumbing systems®. The
high value of Pb concentration is in agreement with a few more studies carried out in the state. The high occur-
rence of Pb (up to 1000 pg L™!) was reported by the Central Groundwater Board (CGWB) reports in Nainital
and Pithoragarh districts’”>. The concentration of Pb has also been reported higher than the prescribed limit
(50 ug L™) in potable water of Dehradun, Haridwar, Chamoli, Nainital, Champawat and Udham Singh Nagar
districts'® .The Pb concentrations in water samples from river and lake water systems of Uttarakhand state were
found higher than the guideline value prescribed by BIS?. The measured concentrations of Mn, Zn and Pb in
the present investigation are relatively lesser than the values reported in aforesaid studies. Chronic exposure to
high levels of Pb is related to renal failure, neurological disorders etc.”.

The symmetry among HMs distribution in water samples and the normality of the obtained data set (Table 7)
has been evaluated with the help of Quantile—Quantile plots. Figure 2 (Quantile—Quantile plots) inferred that
the distribution of all trace elements was found non-normal with heavy-tailed data as per computed kurtosis
values. All of the HMs illustrate positively skewed data sets such as Al (3.19), Cr (0.87), Mn (3.34), Co (3.51),
Ni (1.41), Cu (3.45), Zn (4.47), Cd (3.03), and Pb (3.33) for which, frequency distribution suggested non-
normal behavior. All elements viz. Al (K=11.91), Cr (K=1.01), Mn (K=11.60), Co (K=13.09), Ni (K=3.44),
Cu (K=11.91), Zn (K=25.88), Cd (K=9.12) and Pb (K=12.52) indicated Leptokurtic behavior with heavy
tails. However, none of the analyzed HMs reflects platykurtic behavior with flat tails. The concentrations of Al,
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Figure 3. Spearman correlation matrix for different HMs in the groundwater sources.

Ni, and Cu were within their prescribed limits and hence, do not pose any health hazard to the consumer324!,
Approximately, 4% of the analyzed water samples indicated no presence of Al as per the instrumental detection
limit. Its primary source in water is aluminum sulphate which is used as a coagulant for settling turbidity and
mineral weathering of feldspars. Nickel (Ni) may enter the surface & groundwater sources through surface run-
off & seepage, respectively. Cu is characterized by low mobility and therefore, reacts slowly with the water, which
supports its low concentration in the study area’®. Table 7 shows that Cr and Cd were also found with very low
concentrations in the study area. Owing to its highly carcinogenic nature, WHO?* and BIS*! have advocated
its minimal intake. One of the positive points of the study area is that approximately 10% of the studied water
samples showed no content for Cd. Apart from natural sources; other possible sources of Cd in water are surface
run-off or leaching from phosphate fertilizers used in agricultural land”. Generally, the relative concentrations of
eight HMs except Pb are within the safe limits. However, the high concentration of Pb at one station is a notable
point from health risk point of view.

Spearman correlation analysis. It has been observed on the basis of normality test performed for the
complete dataset that a non-normal distribution exists between different pairs HMs concentrations. Therefore,
Spearman correlation was applied to find the correlation between the pairs of analyzed HMs due to monotonic
relationship in available datasets. Figure 3 shows the Spearman correlation plot for the different HMs concentra-
tions. Legends show the color bar for correlation coefficient (r,) between — 1 to+ 1. The size of colored ellipse
shows the degree of correlation. The crossed values are used for the datasets with the p value greater than the
standard o value of 0.05 (p > «). In this case the null hypothesis cannot be rejected, i.e. there is no significant
relationship between any two parameters. Other correlation coefficients were significant with p value less than
0.05 and all of them were positive in nature. A positive correlation between a pair of HMs indicates that the pair
may have a common origin/source. Contrary to this, a negative correlation between a pair of HMs indicates dif-
ferent origin/source. A significant strong positive correlation has been found between Ni and Co (r;=0.79). A
moderate positive correlation exists between Pb and Al (r,=0.54), Zn and Cu (r,=0.54) and Cd and Zn (0.57).
Correlations established between Ni and Cr (r;=0.44), Zn and Mn (r,=0.45), Cd and Cu (r,=0.45) and Pb and
Cd (r,=0.46) are weak but positive.

Estimated pollution indices. Heavy metal pollution index (HPI). HPI based on 07 metals was calculated
using the concentrations of these HMs depicted in Table 7. The HPI values of studied water sources varied from
0.323 to 41.418 in the potable water samples (Table 8).

The suitability of water based on HPI values (<25) indicates that 97% of water sources are found to be safe
for consumption to the public owing due to the ‘excellent’ category. The location wise variation in HPI values
for all the tested water samples are shown in Fig. 4.

Heavy metal evaluation index (HEI). To obtain a complete picture of the water quality of the study area, HEI
values were also computed using given mathematical equations for seven HMs at all sampling sites individually.
The computed values of HEI are shown in Table 8. The variation of HEI over the sampling locations is shown in
Fig. 4. The HEI values for all drinking water sources were found within the safe range, i.e. less than 10 (low heavy
metal risk when HEI < 10), and observed to fluctuate between 0.067 and 1.577. It exhibits a total of 100% sharing
of the entire investigated area. The site-wise variation for both HPI and HEI over different sampling locations
revealed that the water is unpolluted regarding analyzed HMs (Supplementary Table 2).
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Category-wise contribution of
Pollution indices | Classification | Suitability of water | samples Percentage | Source of reference
<25 Excellent 70 97
26-50 Good 2 3
HPI 51-75 Poor Nil N.A a0
76-100 Very poor Nil N.A
>100 Unsuitable Nil N.A
<10 Low 72 100
HEI 10-20 Medium Nil N.A 3944
>20 High Nil N.A

Table 8. Suitability of water based on HPI and HEI and their percent sharing in the study area (N=72). N.A.
not applicable.
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Figure 4. Location-wise variation of HPI and HEI values in potable water of the study area.

Human health risk assessment. Exposure to different HMs via drinking water is one of the major health
concerns in humans, and therefore, it is very important to assess the health implications of these contaminants.
In this paper, an effort has been made to estimate the assessment of health risks due to HMs in the area of study.
The statistical parameters of the estimated data are shown in Table 9. The impact of ingested HM:s via drink-
ing water route on human health was estimated in terms of HQ. The estimated values of LADD (ug kg™ day™)
attributed to the ingestion of different HMs in potable water are shown in Table 9. The statistical parameters of
estimated HQs for different HMs and total HQ (X HQ) are presented in Table 10. The value of YHQ was found
to vary from 5.2x 107 to 1.1 x 107! with an average of 1.3x 107° and 2.9x 1072 to 2.1 x 10~* with an average of
8.2x107? for children and adults, respectively. It shows that the HQ values for all the studied elements as well
as THQ value are well below the unity indicating that there is no health risk due to the consumption of water in
the study area.

The variation of the estimated YHQ values for children and adults are shown in Fig. 5. It is also clear from the
figure that the estimated values of YHQ for children as well as for adults are well within the prescribed threshold
value of unity for the safe use of water for drinking purpose. The observed profiles of HQ and YHQ are found
similar over the different sampling locations. It is to be noted here that the contribution of Al and Co has not
been taken into account for the computation of YHQ.

Conclusion

The analysis of potable water samples from Garhwal Himalaya reveals that most of the water sources in the region
are safe from HM contamination for drinking purpose. However, in very few locations the concentrations of
Mn, Zn and Pb were found above the guideline values suggested by BIS, USEPA and WHO. The empirically
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[l = [ Mn [ Co Ni Cu Zn cd Pb
LADD through ingestion (ug kg™' day™!) for children
AM 42x10™* | 1.8x10™ | 1.4x1073 |1.5x107° |1.7x10™* |1.1x10™* |4.0x102% |1.3x10~° |1.0x10™*
SD 58x107* | 8.6x107° |3.2x107 |1.8x107° |1.0x10™* |2.0x10™* |6.8x102 |2.3x107° [2.3x10™*
Min 75%107° |2.9x107 | 1.1x107 |1.9x107° |4.6x107° |8.1x10° |58x10™* | 1.1x107 |3.4x107
Max 3.1x107 | 41x10™ | 1.6x1072 |1.0x10™* |6.2x10™* |1.0x107° |4.7x107' |9.7x10° |1.3x1073

LADD through ingestion (ug kg™! day™") for adults
AM L1x10™* | 4.6x107° |34x10™ |3.7x10° |4.4x10™ |29x10~ |1.0x102 |3.3x10° |2.6x107°
SD 1.5x10™ [2.2x107° [82x107* |[45%x107° |2.6x10™ |52x107° |1.7x107% |58x10°° |57x107°
Min 1.9x10° [7.4x107° [29%x107% [4.9%x107 |1.2x10~ |2.1x10° |1.5x10™* |2.9x10% |8.6x1078
Max 7.8x10™ | 1.0x10™ | 4.0x107 [2.6x10° |1.6x10™* |2.7x107* |1.2x107" |2.5x107° [3.2x107*

Table 9. Statistical parameters of the estimated LADD due to ingestion of HMs present in potable water.

\ Al \ Cr Mn \ Co \ Ni Cu Zn cd Pb YHQ

HQ for Children

AM NA |60x10° [9.7x107 |NA |87x10°° |[23x10° |1.3x10™* |[2.6x10™° |7.3x10° |8.2x1073
SD  |NA [29x10° [23x102 |NA |5.1x10° |4.1x10° |23x10™* |45x10° | 1.6x10* | 2.1x107
Min | NA [9.7x10° |80x107 |NA |23x10 | 1.6x10 |1.9x10 |23x107 |24x107 |52x10°
Max NA |14x10* | 1.1x107" |NA |3.1x107° |2.1x10* |1.6x103% |1.9x10* |[9.0x10™* |1.1x107!
HQ for Adults
AM  |[NA [15x107° [25%10° [NA |22x10 |58x10° |3.4x10° |65x10° | 19x10° |2.1x107
SD NA |72x10° |59x102 |NA |13x10° |1.0x10° |58x10° | 1.1x10™° |4.1x10™ |54x1073
Min NA |25x10° [2.0x107 |NA |59x107 |41x107 |49x107 |57x10°® |6.1x10% |1.3x107°
Max | NA [35x10° [29x102 |NA |7.9x10 |53x10° |4.0x10™* |49x10° |23x10* |29x107

Table 10. Statistical parameters of the estimated HQ for different HMs in potable water of the study area.
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Figure 5. Site-wise variations in the estimated HQ for children and adults in the study area.
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computed pollution indices viz. HPI and HEI have shown no considerable risk due to the consumption of HMs
through drinking water route. The study revealed that 97% of water sources possess HPI values below 25 showing
the ‘excellent’ water quality. However, only 3% of the analyzed sources possess HPI values greater than 25 but
less than 50, showing ‘good’ water quality. Similarly, the HEI values for drinking water sources were also found
within the safe range, i.e. less than 10 (low heavy metal risk when HEI < 10). The estimated low values of LADD
and HQs show that all investigated water sources are safe for drinking purpose. Results of the present study are
useful for water supplying agencies to adopt suitable remedial strategies to ensure the supply of HMs contamina-
tion free potable water to public. Results are also useful for future studies in hydro geochemistry, geoscientific
studies, etc. In future, it will be planned to perform systematic studies at large scale for apportionment and source
delineation of different toxic HMs in potable water of the state of Uttarakhand.
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