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Abstract
The paper deals with the seasonal variation of physico-chemical parameters in natural spring water sources collected from 
Pithoragarh city, Uttarakhand, India. A total of sixteen parameters were investigated for pre-monsoon and post-monsoon 
seasons during the study. Total dissolved solids have been found to range from 315 to 729 mg/L during pre-monsoon and 
245 to 704 mg/L during post-monsoon. Total hardness and total alkalinity were observed to be high for two samples. Water 
quality index was evaluated to determine whether the use of water samples for drinking purpose is safe or not and its values 
range between 35.71 and 74.39 during pre-monsoon and 31.66 and 72.60 during post-monsoon.
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Abbreviations
PRM	� Pre-monsoon
POM	� Post-monsoon
U	� Uranium
TDS	� Total dissolved solids
ORP	� Oxidation-reduction potential
EC	� Electrical conductance
DO	� Dissolved oxygen
T	� Temperature
TA	� Total alkalinity
TH	� Total hardness

Introduction

Water has always been a subject of great concern due to our 
dependency on this inevitable source for the survival of life. 
In the last few years, a lot of studies have been undertaken 

for the assessment of the potability of water. Various chemi-
cals present in water can cause adverse health effects and it 
depend upon the concentration of that particular chemical 
parameter. Like total dissolved solids (TDS) gives informa-
tion about inorganic (calcium, magnesium, bicarbonate, 
chloride, and sulfate) and organic matters that are dissolved 
in water. Oxidation-reduction potential (ORP) is also an 
important parameter as it measures the ability of water to 
oxidize contaminants [1]. Human beings are exposed to nat-
ural radioactivity since the inception of this earth. Uranium 
(U) is one of the radioactive elements that is found naturally 
in the water and its presence in water above the safe limit 
becomes very dangerous to human health. According to a 
report, more than 33% of total groundwater sources are not 
safe for drinking purposes [2]. Various toxic elements are 
introduced to water day by day with progression of human 
civilization and they lead to water pollution. Different fac-
tors which are responsible are natural (through mineraliza-
tion) as well as anthropogenic (through industrial and agri-
cultural activities) resulting in serious threats to the health 
[3]. Various health risks like kidney damage [4], genotoxic-
ity [5], breast cancer [6], and cardiovascular diseases can be 
caused due to the consumption of water containing uranium 
in long run [7, 8].

Various studies have been carried out worldwide to assess 
the water quality of springs. In 2019, a study was carried 
out in Turkey for the water quality assessment and sediment 
contamination assessment of Pazarsuyu stream [9]. Water 
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quality assessment and microbial assessment was conducted 
in spring water samples of Beni–Mellal Atlas, Morocco [10].

Uranium is introduced to water through natural deposits, 
uranium industries, combustion of coal and use of phos-
phate fertilizers [11]. Initially, the World health organization 
(WHO) had proposed a guideline value of 15 µg/L but now 
it has been changed to 30 µg/L and according to Atomic 
Energy Regulatory Board (AERB), the permissible limit of 
uranium in drinking water is 60 µg/L. Most of the natural 
water sources contain a detectable amount of uranium [12]. 
In recent years, several studies have undertaken regarding 
the concentration of uranium in drinking water [1, 8, 12–15].

A study was carried out for the quality assessment of 
spring water samples for drinking purpose in the Hima-
laya of South Kashmir, India [16], Almora [17], Arunachal 
Pradesh [18], Kerala [19], Pauri [20]. The present study 
focuses on the seasonal variation of uranium concentration 
and other physico-chemical parameters in the spring water 
samples of Pithoragarh city. In hill areas, naturally flow-
ing water is a prime source of drinking. Pithoragarh city 
also contains many springs which are serving people of the 
city from a long time. So, to confirm the potability of these 
springs, it becomes necessary to monitor these sources in a 
regular time interval. Uranium produce chemical toxicity 
as well as radiological toxicity. Keeping in view, the double 
toxicity of uranium and its health effects, the present analy-
sis has been undertaken to assess uranium levels and other 
physicochemical parameters in the spring water sources of 
Pithogarh city. No similar type of study has been conducted 
in this area earlier. The occurrence of uranium and physico 
chemical parameters along with their correlation have been 
discussed in the present study.

Study area

The study area covers nine sampling locations of Pithora-
garh city. These locations have been widely used as sources 
of water by the surrounding residents. This area is repre-
sented by mountains bounded by main central thrust (MCT) 
in Lesser Himalayan region. The rocks of this zone cover 
crystalline thrust sheet in the form of large klippen masses 
mostly occupying the higher topographical levels of moun-
tain ranges. Generally metamorphosed protrozoic rocks 
deposited by granites of variable ages along with metamor-
phosed to unmetamorphosed sedimentary rocks are exten-
sively found in this range [21]. Particularly, the selected 
sampling sites are in Tejam group [22]. The rock type in the 
surroundings of all the sampling locations was found to be 
sedimentary, consisting Mandhali (Sor + Thalkedar) forma-
tions. The land in the surroundings of study area is used for 
agriculture all over the year. The map of the study area is 
represented in Fig. 1. Rock type with their corresponding 

formations and GPS coordinates of the sampling sites are 
represented in Table 1. Uranium dissolves immediately in 
oxygen- rich water which is responsible for its presence in 
groundwater, surface water and sea water. Maximum time 
dissolved uranium enters in water through weathering of 
igneous rocks [11].

Experimental

The samples were collected in a clean polypropylene bot-
tle of 250 mL. The collection was done in pre-monsoon, 
April–May 2018 (PRM) and in post-monsoon seasons, 
November–December 2017 (POM). Samples were analyzed 
as soon as possible after the collection. Sixteen parameters 
were analyzed in the collected samples. GPS by Garmin 
Montana 680 has been used to identify the sampling loca-
tions. Various physico-chemical parameters like pH, total 
dissolved solids (TDS), electrical conductance (EC), tem-
perature (T), oxidation-reduction potential (ORP), dissolved 
oxygen (DO), total hardness (TH), total alkalinity (TA), 
fluoride (F−), nitrate (NO3

−), phosphate (PO4
−3), sulphate 

(SO4
−2), calcium (Ca+2), magnesium (Mg+2), Chloride (Cl−) 

and uranium (U) for collected samples were analyzed by 
following the standard protocols for estimation. For estima-
tion of uranium, the samples were acidified by concentrated 
nitric acid up to pH 2 after collection.

Methods used for the analysis of physico‑chemical 
parameters

pH, DO, TDS, EC, ORP, and T were analyzed immediately 
in the sampling site by using suitable probes by soil and 
water analysis kit (ITS-701) by ISO-TECH. The titration 
methods are standard and suitable methods to analyse TH, 
Ca–H, Cl− and TA parameters. For determining TH, ammo-
nia buffer was added to the water sample followed by the 
addition of indicator Eriochrome Black T and ethylediam-
minetetra acetic acid (EDTA) as a titrant. TA was measured 
using phenolphthalein and methyl orange indicator. For 
the estimation of calcium- hardness (Ca–H), NaOH was 
added to the samples followed by the Murexide indicator 
and EDTA titrant. Mohr’s method was used for the analysis 
of Cl− concentration in the samples. Ca+2 and Mg+2 were 
calculated from Ca–H and Mg–H respectively by using the 
following equation:

[Ca+2] = Ca− hardness/2.5 [15]
[Mg+2] = Mg− hardness/4.11

Water quality index (WQI)

The water quality index (WQI) is an important parameter 
to determine the potability and sustainability of drinking 
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Fig. 1   Map representing sampling locations
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water. For determining WQI, the standards prescribed by 
the Bureau of Indian Standards (BIS) and World Health 
Organization (WHO) are used. At first, all the parameters 
are assigned a weight or rank (wi) as per their importance 
in overall water quality for drinking purposes (Table 5) [15]. 
After that relative weight (Wi) is calculated by using the 
following equation

where,Wi= Relative weight, wi= weight/rank, n= number 
of parameters

The calculated relative weight is given in Table 5.
In the next step, quality assessment (qi) is done by using 

the following equation

where qi= quality rating Ci= concentration of parameter 
analyzed during the study Si= Standard value prescribed 
by BIS (2012)

Now, for calculating WQI, sub -index (SI) is determined 
for each parameter by using the following equation and then 
WQI is calculated by using the following equation

where SIi= sub- index of ith parameter

The classified range for water quality is given in Table 7 
[15]. From this table we can easily analyze the potability 
of water.

(1)Wi = wi∕

n
∑

i=1

wi

(2)qi =
Ci

Si
× 100

(3)SIi = Wi × qi

(4)WQI =
∑

SIi

Method used for the analysis of the uranium 
concentration

Laser fluorimeter model No. LF- 2A, with a wavelength of 
400 nm was used for the analysis of uranium concentra-
tion, which is used to measure the U concentration in trace 
and ultratrace levels. The method for estimation of uranium 
concentration using laser fluorimeter in aquatic environ-
ment was produced by Laser Instruments Sections of Raja 
Ramanna Centre for Advanced Technology, Department of 
Atomic Energy, India. The source of laser fluorimeter was 
LED [11]. For analysis 5 mL of water sample was trans-
ferred to a dry and clean cuvette and 0.5mL of 5% sodium 
pyrophosphate (SPP) of pH 7 was added to the sample and 
measured. For calibration of instrument, standard uranium 
solution of known concentration was used. To avoid any 
error, micropipettes and analytical balance were used.

The formula used for the estimation of the concentration 
of U in water samples was

where D1 = Fluorescence due to sample only D2 = Fluores-
cence due to sample and U standard spiked V1= Volume of 
U standard added (mL)V2= Volume of sample taken (mL)C 
= Concentration of U− standard solution (µg L−1)

Result and discussion

Physico‑chemical parameters

Statistical analysis of the physico-chemical parameters is 
represented in Table 2 with their corresponding standard 
values given by BIS and WHO [23, 24]. pH was reported to 
be slightly acidic to slightly alkaline. In both the seasons the 
value of pH is reported under the limit (6.5–7.5) prescribed 

U(�g L − 1) =
D1

D2 − D1
×
V1

V2
× C

Table 1   Sampling sites with geological informations

S.No. Location details GPS Coordinate Type of rocks

Latitude Longitude

1 Wadda(Hudkanna) 29.6 80.3 Sedimentary (Mandhali (sor + Thalkedar) forma-
tions) (Dolomites, limestones and grey calcareous 
slates)

2 MahadevDhara (Hudeti) 29.6 80.2
3 Rai- dhara 29.6 80.2
4 Gurna 29.5 80.2
5 MhadevDhara (vishard) 29.6 80.2
6 MahadevDhara (Market) 29.6 80.2
7 Marh-Kharayat 29.6 80.2
8 Chaira 29.6 80.2
9 Satsiling 29.6 80.2
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by BIS. TDS ranged from 315 to 729 mg/L during PRM 
and 245–704 mg/L during POM. TDS value of two samples 
(Mahadev dhara (Market) and Marh–Kharayat) in PRM and 
three samples (Mahadev dhara (Market), Marh–Kharayat 
and Chaira) in POM were higher than the desirable limit 
of 500 mg/L as prescribed by BIS [23]. TDS and EC are 
two important parameters that tells about the concentration 
of soluble salts in water. Both the parameters have strong 
correlation between them. The range of EC during PRM 
is found to be 448–1103 µS/cm and 365–1052 µS/cm dur-
ing POM. The study of regression analysis also reveals a 
strong association between TDS and EC (Fig. 2). The range 
of ORP lies between 165 and 261 mV during PRM and 178 
and 252 mV during POM. The maximum value of fluoride 
concentration in water was 0.35 mg/L in PRM with an aver-
age of 0.16 mg/L, and 0.28 mg/L in POM with an aver-
age of 0.14 mg/L. Magnesium concentration was lower for 
Gurna (26.05mg/L) during PRM and also lower for Satsil-
ing (23.31mg/L) during POM, than the prescribed value of 
30 mg/L by BIS. Chloride also influences the TDS [25] and 
gives an idea about the salinity of water. A regression analy-
sis was also done between TDS and Cl−, a good interrela-
tion between both the parameters was observed with the R2 
value equals to 0.58 (Fig. 3). In regression analysis TDS was 
taken as dependent variable while EC and Cl− were taken 
as independent variables. The average ionic concentration of 
parameters follows the order in Cl−>Mg+2>Ca+2>SO4

−2> 
NO3

−>PO4
−3> F−during PRM and Cl−>Mg+2>Ca+2> 

NO3
−>SO4

−2> PO4
−3> F−during POM. Uranium concen-

tration during PRM was reported to be 0.1–0.70 µg/L with 
an average of 0.20 µg/L, and during POM it was found to be 
0.1–0.64 µg/L with an average of 0.23 µg/L. A slight sea-
sonal variation in physico-chemical parameters of drinking 
water samples has distinctly been observed in the study area 
may indicate that the vicinity of these natural water springs 
was not heavily altered on seasonal change.  

Many studies in other parts of India have been undertaken 
for the assessment of uranium in drinking water which are 
mentioned below with their corresponding source of water 
and uranium concentration in Table 3. Sedimentary rocks 
are predominantly found in these study areas. Uranium is 
dependent on its oxidation state in which it prevails in the 
bed rock or surface rock and varies with the pH and ORP of 
water [26]. It is reported that if the ORP is high, there is high 
tendency of release and mobilization of U into deep aquifers 
[27, 28]. The average value of total alkalinity (TA) in PRM 
and POM is 272 and 301.33 mg/L respectively. The average 
value of pH is found below 8 in both seasons, i.e. there is no 
phenolphthalein alkalinity available or CO3

−2 concentration 
is zero in the water samples but the bicarbonate ions are pre-
sent in the form of alkalinity only. Following equations can 
be used for the estimation of CO3

−2 and HCO3
−.

PA<1/2 TA [18]
CO3

−2= 2* PA
HCO3

−−= TA− PA

Fig. 2   Regression analysis 
between TDS and EC y = 0.6751x - 3.1443 

R² = 0.9978
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Fig. 3   Regression analysis 
between TDS and Cl−
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Box- plots were plotted for pH, TDS, Cl−, SO4
−2, TH 

and U which are represented in Fig. 4. The ends in the box 
-plot are called upper and lower quartiles. The midpoint is 
the median, which divides the box into two parts. The two 
lines above and below the box are called whisker and end 
at the highest and lowest value of data. In the box plot of 
TDS and Cl− the value of median represents the difference 
in seasonal variation of the parameters, while the median 
for SO4

−2, TH and U represents that there is no noticeable 
change observed in both the seasons for these parameters.

A slight seasonal variation in physico-chemical param-
eters of drinking water samples has distinctly been observed 
in the study area may indicate that the vicinity of these natu-
ral water springs was not heavily altered on seasonal change.

Correlation analysis

Pearson correlation coefficient was used to determine the 
correlation between different physico-chemical parameters 
in both the seasons (Tables 4, 5). Uranium has good posi-
tive correlation with TDS (r= 0.77, p<0.05), EC (r=0.77, 
p< 0.05), and SO4

−2 (r=0.73, p<0.05) during pre-monsoon 
while in post-monsoon significant positive correlation has 
been observed between U and TDS (r=0.74, p<0.05), EC 
(r=0.75, p<0.05), T (r=0.7, p<0.05), F− (r=0.77, p<0.05) 
and SO4

−2 (r=0.87, p<0.01). Strong positive correlation 
of uranium with TDS and EC in both the seasons suggests 
that high TDS value in water samples implies the higher 

concentration of those ions which have a greater capacity to 
interact with uranium present in water [7]. TDS is showing 
a good positive correlation with most of the ions, TH, TA, 
and U. DO has significant negative correlation with TDS 
(r=− 0.9, p<0.01), EC (r=− 0.9, p<0.01), SO4

−2 (r=− 0.8, 
p<0.05) and TH (r=− 0.7, p<0.05), TH has positive corre-
lation with TA (r=0.75, p<0.05) and Mg (r=0.96, p<0.01) 
during pre-monsoon. DO has significant negative correlation 
with F− (r=− 0.69, p<0.05). Mg has strong positive cor-
relation with TA (r=0.98, p<0.01) during post-monsoon. 
Especially positive correlation of uranium in both the sea-
sons with TDS and EC specify the presence of uranium in 
its soluble higher oxidation states.

Assessment of Water quality index

Physico- chemical parameters were assigned a weight (wi) 
on the basis of their significance with respect to overall 
water quality for drinking purposes. The parameters with 
their relative weight and corresponding BIS standards are 
given in Table 6. A maximum weight of 5 has been assigned 
on the basis of the hazardous nature of the water quality 
parameter. U was assigned a weight of 5 due to its harmful 
effects [15]. Fluoride and nitrate are assigned a weight of 
4, as they are major ion contributing to the quality of water 
(Table 7).  

As mentioned in “Study area” section, by using equa-
tion 4, it is observed that the calculated WQI value lies 

Table 3   Uranium concentration 
in drinking water samples at 
different states of India

S.no.

1. Himachal Pradesh, Bilaspur Spring water 0.1–4.6 [29]
2. Himachal Pradesh, Kulu Ground water 0.3–2.5 [30]
3. Himalayas, Kumaun (Siwalik) – 1.1–35.8 [31]
4. Hyderabad Ground water 0.6–82.0 [32]
5. Punjab, Amritsar Ground water 3.2–45.6 [33]
6 Karnataka, Kolar Ground water 0.3–1442.9 [34]
7. Punjab, Malwa Ground water 5.4–43.4 [35]
8. Jhansi, Kanpur, Allahabad, Ground water 0.9–6.4, 3.3–9.1, 0.9–2.3 [36]
9. West Bengal Tap water 1.3–13.2 [37]
10. Ghaziabad Ground water 4.2–11.4 [36]
11. Rajasthan Tap water 0.9–3 [37]
12. Delhi Handpump 2.2–8.8 [37]
13. Uttar Pradesh, Gunnaur Ground water 0.11–39.76 [38]
14. SW- Punjab Ground water 0.5–579 [1]
15. Amritsar, Gurdaspur, Pathankot Ground water 0.6–65.3, 0.1–38.8, 0.1–18.5 [14]
16. West Bengal, Nadia Ground water 0.21–20.9 [15]
17. Uttarakhand, Pithoragarh Spring water 0.1–9.9 [39]
18. Uttarakhand, Bageshwar Spring water 0.1–28.4 [40]
19. Present study Spring water 0.1–0.7
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Fig. 4   Box plots of various physico-chemical parameters in both seasons. a pH, b TDS c Cl− d SO4
−2 e TH f U
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between 35.71 and 74.39 during pre-monsoon and 31.66 and 
72.60 during post-monsoon. The table representing the qual-
ity of water in collected water samples is given in Table 8. 
All the samples are either in the excellent category or in the 
good category. The map for water quality in the selected 
sampling sites is represented in Fig. 5. Water quality index 
pointed to use for drinking purpose as all samples were fall 
in excellent to good on the basis of chemical consideration, 
therefore, proper chlorination or boiling of water is recom-
mended prior to use for safe drinking purpose.  

Conclusion

•	 The physico-chemical properties of water samples were 
analyzed and found that TDS of two samples was higher 
than the prescribed limit. Total hardness and total alka-
linity were also found higher than their respective limits. 
There is no fluoride, nitrate pollution in the selected sam-
pling sites.

•	 Uranium concentration was analyzed for Pithoragarh 
city and found to be well within the prescribed value of 
WHO. Hence, the selected spring water samples are safe 
for drinking purposes with respect to uranium toxicity.

•	 The correlation analysis shows a significant correlation of 
TDS with EC, SO4

−2, TA and U during PRM. Similarly, 
U is also showing a strong correlation with TDS, EC and 
SO4

−2.
•	 Water quality index represents that two spring water sam-

ples were in excellent category and others were found to 
be in good category during PRM. Three samples were 
found to be in excellent category while others were in 
good category during POM.

•	 The spring water in these selected areas is in good con-
dition but requires continuous monitoring to avoid any 
water related issues in the future. Along with this, there 
is a great urge for educating the people of study areas 
through various awareness programs so that these natural 
spring water sources can be free from pollution and can 
be used for drinking for long.

Table 6   Relative weight of chemical parameters

Parameters Indian standard 
(BIS)

Weight (wi) Relative 
weight(Wi)

pH 8.5 3 0.091
TDS(mg/L) 500 2 0.061
F−(mg/L) 1 4 0.121
Cl−(mg/L) 250 3 0.091
NO3

−(mg/L) 45 4 0.121
SO4

−2(mg/L) 200 2 0.061
TH(mg/L) 200 2 0.061
Ca (mg/L) 75 3 0.091
Mg (mg/L) 30 3 0.091
TA (mg/L) 200 2 0.061
U (µg/L) 30 5 0.152

ƩWi=33 ƩWi=1

Table 7   WQI range and 
corresponding water quality can 
be given as

WQI Type of Water

<50 Excellent
50–100.1 Good
100–200.1 Poor
200–300.1 Very poor
>300 Not suitable 

for drinking 
purpose

Table 8   Classification of water quality for samples

S.No. PRM Water quality POM Water quality

1 47.9 Excellent 44.3 Excellent
2 54.7 Good 54.7 Good
3 60.6 Good 57.1 Good
4 35.7 Excellent 39.5 Excellent
5 61.7 Good 58.6 Good
6 74.4 Good 60.6 Good
7 73.5 Good 72.6 Good
8 67.6 Good 63.3 Good
9 51.4 Good 31.7 Excellent
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Fig. 5   Representation of water quality in different selected locations
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