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Abstract: Research findings on Heavy metal analysis have shown seasonal variations in heavy metal concentration in
groundwater of Kangra district, H.P., India, consecutively for both years (2014-2016). Groundwater samples were collected
during Pre-monsoon, Rainy and Post-monsoon seasons for two years from 2014-15 & 2015-16 from the selected 17 sampling
spots of kangra district. Heavy metals viz. B, Fe, Zn, Mn, Pb, Cu, Ni, Cr & Cd were estimated by using atomic absorption
spectroscopy. Groundwater samples from seventeen prominent sampling spots of Kangra district were analysed for seasonal
variations for two years. During these investigations, no traces of Copper (Cu), nickel (Ni), Chromium (Cr) and Cadmium (Cd)
were found at selected sampling spots during all seasons. Significant variations were observed in concentration of B, Fe, Zn &
Mn among most of the sampling spots during all the seasons at 5% level of significance (<0.05) consecutively for both years.
Though the heavy metal concentration was found to be within permissible limits; yet increasing concentration of B, Fe & Zn in
drinking groundwater could pose a serious threat on public health in the coming years. Correlation coefficient were also analysed
to find out the correlation among various heavy metals studied.

Index Terms—Seasonal variations, Heavy metals, Groundwater analysis, Boron, Iron, Zinc, Manganese, Lead

l. INTRODUCTION

Groundwatercan be polluted by heavy metals leaching from industrial and consumer waste; this could be further aggregated

by acid rain releasing heavy metals trapped in soils. Toxic heavy metals causebioaccumulation in organisms, as they are hard to
metabolize. The concentrationof these heavy metals increases at each level from producers to consumersand leads to the process
of biomagnification. Heavy metal carries harmful effects on the living beings by distorting their biological functions [1].
A large number of studies have been done on heavy metal analysis of surface water and groundwater all over the worldby
various researchers [2-11]; a very little work has been done on ground water analysis& seasonal variations of Kangra
district, Himachal Pradesh; considering these facts, current investigations were carried out to evaluate the groundwater
quality of the region. Heavy metal toxicity has been aggregated by Modern agricultural and industrial practices [12]. Though
heavy metals are essential for life when prsent in traces but it may pose serious health problems if taken in excess
amounts.Increasing population, Industrialization & Urbanization has led to the introduction of heavy metals in to the
environment that by agricultural run-off and leaching out, contaminate the soil & pollute the surface as well as groundwater
[13-15].As metals are endocrine disruptors, they also disturb the synthesis, metabolism and transport of hormones or receptors
[16-17].

Il. MATERIALS AND METHODS
Samples collected from the 17 selected sampling spots (S1-S17) of Kangra district, in high-grade polyethylene bottles, are
given below:

S1=Shahpur, S-2=Samlana, Jawali, S-3=Indora, S-4=Mata Rani Chowk, Haripur,
S-5=Sukka Talab Chowk, Haripur, S-6=Garli, S-7=Sapadi, S-8=Jawalaji, S-9=Dehra,
S-10=Nagrota Bagwan, S-11=Dharamsala, S-12=Bod, S-13=Thural, S-14=Baijnath,
S-15=Chougan, Bir, S-16=Palampur, S-17=Main Bazar Kangra

Sampling spots were selected on the basis of accessibility in all seasons of the year and availability of facilities to take water
samples. During these investigations, the entire chemicals used were of analytical grade. In the study, nine elements, B, Fe, Zn,
Mn, Pb, Cu, Ni, Cr & Cd were studied for each groundwater sample during Pre-monsoon, Rainy & Post-monsoon season
consecutively for two years.
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Heavy metals were estimated by Atomic Absorption Spectrophotometery method. Absorbance was recorded for each sample.
Standard solutions of metals were prepared for the calobration curve. Absorbance of the samples was then compared with the
calibration curve to get the concentration of the heavy metals. Statistical analysis was done by using One-Way-ANOVA at 5%
level of significance. Correlation coefficient was also calculated to understand the relationship among various haevy metals.

11l. RESULTS AND DISCUSSION

Heavy metal Analysis of groundwater of selected spots of Kangra district for two years (2014-2016) has given the following
results:
3.1 Boron (B)

Boron is very much essential in maintaining a good balance of sex hormones, estrogen and testosterone and helps our bodyto
absorb magnesium in better way. Exposure to large amounts of boron over short periods of time can cause many health problems
in human beings.
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Figure-3.1 (a): Seasonal variations in B concentration of groundwater samples during Pre-monsoon,
Rainy &Post-monsoon in district Kangra, H.P. (2014-15)

Figure 3.1 (a) shows that in 2014-15, boron concentration varied from 0.028 to 0.537 ppm during Pre-monsoon season. In rainy
season, boron varied from 0.015 to 0.066 ppm whereas during Post-monsoon season it varied from 0.023 to 0.165 ppm. Boron
concentration was found to be highest during Pre-monsoon season.

In 2014-15, boron concentration was found to be highest at Sampling spot S-5 (0.537 ppm) followed by S-1 (0.271 ppm) & S-4
(0.24 ppm) during Pre-monsoon. Boron concentration was found to be lowest at S-16 (0.028 ppm). During rainy season, boron
concentration was found to be highest at Sampling spot S-8 (0.066 ppm) followed by S-14 (0.054 ppm) & S-6 (0.047 ppm).
Boron concentration was found to be lowest at Sampling spot S-10 (0.015 ppm). During Post-monsoon, boron has shown
maximum concentration at S-8 (0.165 ppm) followed by S-5 (0.1 ppm) & S-17 (0.097 ppm). Boron has shown minimum
concentration at S-13 (0.023 ppm) during Post-monsoon. During these investigations, insignificant variations were found in boron
concentration among sampling spots S-10, S-13 & S-16 during rainy season.
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Figure-3.1 (b): Seasonal variations in B concentration of groundwater samples during Pre-monsoon,
Rainy &Post-monsoon in district Kangra, H.P. (2015-16)

Figure 3.1 (b) shows that in 2015-16, boron concentration of groundwater samples varied from 0.066 to 0.541 ppm
during Pre-monsoon season. Boron concentration varied from 0.018 to 0.74 ppm during Rainy season whereas during Post-
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monsoon season it varied from 0.023 to 0.175 ppm.In 2015-16, boron concentration was observed maximum at Sampling spot S-5
(0.541 ppm) followed by S-1 (0.277 ppm), S-4 (0.248 ppm) during Pre-monsoon. Boron concentration was found to be lowest at
S-10 (0.066 ppm). During rainy season, boron concentration was found to be highest at Sampling spot S-5 (0.74 ppm) followed
by S-8 (0.068 ppm) & S-14 (0.057 ppm). Boron concentration was found to be lowest at Sampling spot S-10 (0.018 mg/l). During
Post-monsoon, boron concentration has shown maximum concentration at S-8 (0.175 ppm) followed by S-5 (0.16 ppm) & S-17
(0.15 ppm). Minimum boron concentration was observed at S-15 (0.023 ppm).During these investigations, insignificant variations
were found in boron concentration between sampling spots S-15 & S-16 during Post-monsoon season and sampling spots S-6 &
S-17 during rainy season at 5% level of significance (p<0.005).

3.2 Iron (Fe)

Iron is an important component of haemoglobin; therefore plays very important role in supplying fresh oxygen to body
tissues. The deficiency of iron can augment lead absorption and toxicity. At high concentration, iron can damage the blood
vessels and affect the liver and kidneys.
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Figure-3.2(a): Seasonal variations in Fe concentration of groundwater samples during Pre-monsoon,
Rainy &Post-monsoon in district Kangra, H.P. (2014-15)

Figure 3.2 (a) signifies that in 2014-15, Fe concentration varied from 0.1 to 3.56 ppm during Pre-monsoon season. In
rainy season, boron varied from 0.1 to 1.2 ppm whereas during Post-monsoon season it varied from 0.15 to 5.6 ppm. Fe
concentration was found to be highest during Post-monsoon season. Sampling spots S-1, S-2, S-9, S-10, S-11 & S-14 have shown
negligible Fe concentration during all the seasons. In 2014-15, Fe concentration was found to be highest at Sampling spot S-13
(3.56 ppm) followed by S-17 (1.3 ppm) & S-7 (0.54 ppm) during Pre-monsoon. Fe concentration was found to be lowest at S-16
(0.028 ppm). During rainy season, Fe concentration was found to be highest at Sampling spot S-13 (1.2 ppm) followed by S-15
(0.21 ppm) & S-4 (0.2 ppm). During Post-monsoon, Fe has shown maximum concentration at S-13 (5.6 ppm) followed by S-17
(2.1 ppm) & S-4 (1.97 ppm). During these investigations, significant variations were found in Fe concentration among most of the
sampling spots during rainy season.
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Figure-3.2(b): Seasonal variations in Fe concentration of groundwater samples during Pre-monsoon,
Rainy &Post-monsoon in district Kangra, H.P. (2015-16)

Figure 3.2 (b) signifies that in 2015-16, Fe concentration varied from 0.047 to 4.5 ppm during Pre-monsoon season. Fe
concentration varied from 0.01 to 1.8 ppm during Rainy season whereas during Post-monsoon season it varied from 0.064 to 6.3
ppm. In 2014-15, insignificant Fe concentration was observed at Sampling spot-10 but significant Fe concentration was found at
this spot during all the seasons in 2015-16.In 2015-16, Fe concentration was observed maximum at Sampling spot S-13 (4.5 ppm)
followed by S-17 (1.5 ppm), S-7 (0.57 ppm) & S-5 (0.47 ppm) during Pre-monsoon. During rainy season, Fe concentration was

JETIR1904095 ‘ Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org ‘ 687


http://www.jetir.org/

© 2019 JETIR April 2019, Volume 6, Issue 4 www.jetir.org (ISSN-2349-5162)

found to be highest at Sampling spot S-13 (1.8 ppm) followed by S-7 (0.25 ppm) & S-15 (0.22 ppm). During Post-monsoon, Fe
concentration has shown highest concentration at S-13 (6.3 ppm) followed by S-17 (2.4 ppm), S-4 (2.1 ppm) & S-15 (1.9 ppm).
During these investigations, significant variations were found in Fe concentration among most of the sampling spots during Post-
monsoon season at 5% level of significance (p<0.005).

3.3 Manganese (Mn)

Industrial waste, mining and acid mines are responsible for causing Manganese pollution. At higher concentration, it is more toxic
to plants than animals.
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Figure-3.3(a): Seasonal variations in Mn concentration of groundwater samples during Pre-monsoon,
Rainy &Post-monsoon in district Kangra, H.P. (2014-15)

Figure 3.3 (a) represents that in 2014-15, Mn concentration varied from 0.03 to 0.26 ppm during Pre-monsoon season. In
rainy season, Mn varied from 0.01 to 0.09 ppm whereas during Post-monsoon season it varied from 0.08 to 0.35 ppm. Mn
concentration was found to be highest during Post-monsoon season. Mn was found only sampling spots S-6, S-9, S-12, S-13 & S-
15; rest sampling spots have shown negligible Mn concentration during all the seasons. In 2014-15, Mn concentration was found
to be highest at Sampling spot S-12 (0.26 ppm) followed by S-15 (0.05 ppm) & S-9 (0.042 ppm) during Pre-monsoon. During
rainy season, Mn concentration was found to be highest at Sampling spot S-12 (0.09 ppm) followed by S-15 (0.025 ppm) & S-9
(0.024 ppm). During Post-monsoon, Mn has shown maximum concentration at S-12 (0.35 mg/l) followed by S-9 (0.16 ppm) & S-
13 (0.11 ppm).
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Figure-3.3(b): Seasonal variations in Mn concentration of groundwater samples during Pre-monsoon,
Rainy &Post-monsoon in district Kangra, H.P. (2015-16)

As shown in Figure 3.3 (b), in 2015-16, Mn concentration varied from 0.033 to 0.29 ppm during Pre-monsoon season.
Mn concentration varied from 0.015 to 0.1 ppm during Rainy season whereas during Post-monsoon season it varied from 0.089 to
0.38 ppm. In 2015-16, Mn concentration was observed maximum at Sampling spot S-12 (0.29 ppm) followed by S-15 (0.055
ppm), S-6 (0.052 ppm) & S-9 (0.048 ppm) during Pre-monsoon. During rainy season, Mn concentration was found to be highest
at Sampling spot S-12 (0.1 ppm) followed by S-15 (0.029 ppm) & S-9 (0.026 ppm). During Post-monsoon, Mn concentration has
shown maximum concentration at S-12 (0.38 ppm) followed by S-9 (0.19 ppm) & S-6 (0.17 mg/l). Significant variations were
found in Mn concentration all the seasons at 5% level of significance (p<0.005).
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3.4 Lead (Ph)

Mining activities, industrial effluents, coal and gasoline are main sources of lead pollution. Elevated concentration of
lead carries adverse effects on aquatic life and nervous system of animals. Lead could bio-accumulate in humans when ingested
with fish. Lead toxicity may cause osteoporosis, anaemia, reproductive disorders & behavioural problems.
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Figure-3.4(a): Seasonal variations in Pb concentration of groundwater samples during Pre-monsoon,
Rainy &Post-monsoon in district Kangra, H.P. (2014-15)

Figure 3.4 (a) indicates that in 2014-15, Pb was observed at Sampling spots S-3 & S-8 only during Pre-monsoon, Rainy
and Post-monsoon seasons. Highest concentration was observed at S-3 (0.22 ppm) followed by S-8 (0.1 ppm) during Pre-
monsoon season. During rainy season, highest concentration was observed at S-3 (0.21 ppm) followed by S-8 (0.12 ppm).
Likewise, highest concentration was observed at S-3 (0.26 ppm) followed by S-8 (0.15 ppm) during Post-monsoon season; rest of
the spots have shown negligible Pb concentration.
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Figure-3.4(b): Seasonal variations in Pb concentration of groundwater samples during Pre-monsoon,
Rainy &Post-monsoon in district Kangra, H.P. (2015-16)

Figure 3.4 (b) indicates that in 2015-16,Pb was observed only at Sampling spots S-3 & S-8 only during Pre-monsoon,
Rainy and Post-monsoon seasons. Highest concentration was observed at S-3 (0.24 ppm) followed by S-8 (0.17 ppm) during Pre-
monsoon season. During rainy season, highest concentration was observed at S-3 (0.22 ppm) followed by S-8 (0.19 ppm).
Likewise, highest concentration was observed at S-3 (0.28 ppm) followed by S-8 (0.21 ppm) during Post-monsoon season; rest of
the spots have shown negligible Pb concentration. Permissible limit for Pb is 0.1 ppm for drinking water. In current observations,
Pb has surpassed the drinking standards at sampling spots S-3 & S-8 that insists on water treatment technology before using this
as drinking water.Data has shown insignificant variations in Pb concentration among all the seasons at 5% level of significance
(p<0.005).
3.5 Zinc (Zn)

Zinc is one of the most common heavy metal pollutants found in surface & groundwater. Zn is very essential for many
metallo-enzymes and toxic to plants at higher levels. At high concentration, Zinc causes structural & behaviour problem in fishes.
Zn accumulation in fish causes hypoxia & haematological structures distortion [19-20].
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Figure-3.5(a): Seasonal variations in Zn concentration of groundwater samples during Pre-monsoon,
Rainy &Post-monsoon in district Kangra, H.P. (2014-15)

Figure 3.5 (a) implies that in 2014-15, Zn was observed at all the Sampling spots during Pre-monsoon, Rainy and Post-
monsoon seasons. Highest concentration was observed at S-15 (8.16 ppm) followed by S-14 (2.08 ppm), S-13 (1.7 ppm) and S-5
(1.58 ppm) during Pre-monsoon season. Minimum Zn concentration was found at S-10 (0.03 ppm). During Rainy season, highest
concentration was observed at S-15 (5.8 ppm) followed by S-14 (1.2 ppm), S-6 (1.1). Minimum Zn concentration was found at S-
10 (0.017 ppm). Likewise, highest concentration was observed at S-15 (11.4 ppm) followed by S-14 (2.85 ppm) & S-13 (2.44
ppm) during Post-monsoon season. Minimum Zn concentration was found at S-10 (0.06 ppm).
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Figure-3.5(b): Seasonal variations in Znconcentration of groundwater samples during Pre-monsoon,
Rainy &Post-monsoon in district Kangra, H.P. (2015-16)

Figure 3.5 (b) implies that in 2015-16, Zn was observed at all the Sampling spots during Pre-monsoon, Rainy and Post-
monsoon seasons. Highest concentration was observed at S-15 (8.2 ppm) followed by S-14 (2.2 ppm), S-13 (1.7 ppm) and S-13
(1.8 ppm) during Pre-monsoon season. Minimum Zn concentration was found at S-10 (0.035 ppm). During rainy season, highest
concentration was observed at S-15 (5.9 ppm) followed by S-14 (1.5 ppm), S-6 (1.4). Minimum Zn concentration was found at S-
10 (0.02 ppm). Likewise, highest concentration was observed at S-15 (11.8 ppm) followed by S-14 (2.9 ppm) & S-13 (2.5 ppm)
during Post-monsoon season. Minimum Zn concentration was found at S-10 (0.06 ppm).

Zn concentration was found within permissible limits at all the sampling spots except at sampling spot S-15. Though it may be
extended up to 10 ppm; still during post-monsoon, Zn exceeded the extended limit also.

Zn has shown significant variations in its concentration among all the sampling spots during all the seasons at 5% level of
significance (p<0.005).

3.6 Cu,Ni,Cr & Cd

During these investigations, no traces of Copper (Cu), nickel (Ni), Chromium (Cr) and Cadmium (Cd) were found at
selected sampling spots during all seasons consecutively for both years.
3.7 Correlation Matrix of heavy metals

Heavy metals are positively correlated with each other that shows that increase in the concentration of one heavy metal
results in to in to increase in the concentration of another heavy metal except boron that is negatively correlated with Fe & Zn
during all the seasons in 2014-15 as well as in 2015-16. Fe has shown positive correlation with PO4, K, COD and Zn during all
the seasons & negative with all others parameters in 2014-15 as well as in 2015-16. Zn showed positive correlation with COD &
Fe consecutively for both years (2014-16) during all the seasons and negative correlation with all other parameters.

IVV. CONCLUSION

It has been concluded from these studies that most of the heavy metal have shown their concentration within permissible

limits only at most of the selected sampling spots but escalating levels of Fe, Zn, B at some sites is worrisome as the water is
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being used for household activities and other domestic purposes; on the other side, negligible concentration of most toxic
elements like Cu, Ni, Cr & Cd in groundwater is a sigh of relieve.Though, state pollution control board has set certain guidelines
& laws to dispose of the waste in a proper way; these anti pollution laws become ineffective due to improper monitoring system
on regular basis. Hence, it is very much advisable for the public living in that region to opt for filtration technique like reverse
osmosis before using groundwater for drinking to avoid any deleterious effect on their health.

ACKNOWLEDGEMENT
Authors are very much gratified to the laboratory support from HPSPCB, Parwanoo, Himachal Pradesh, India

REFERENCES

[1] S. D. McCormick, M. F. O‘Dea, A. M. Moeckel, D. T. Lerner and B. T. Bjornsson, Endocrine disruption of parr-smolt
transformation and seawater tolerance of Atlantic Salmon by 4-nolyphenol and 178 estradiol, General and Comparative
Endocrinology, vol. 142, pp. 280- 288, 2005.

[2] B. Abida, S. Harikrishna & K. Irfanulla. Analysis of heavy metals in water, sediments and fish samples of Madivala lakes of
Bangalore, Karnataka, International Journal of Chem Tech Research, 1(2), 245-249, 2009.

[3] S.K. Acharyya & B.A. Shah. Groundwater arsenic contamination affecting different geologic domains in India - a review:
influence of geological setting, fluvial geomorphology and Quaternary stratigraphy, Journal of Environmental Science and
Health Part A, 42(12), 1795-1805, 2007.

[4] G.M. Carr & J.P. Neary. Water quality for ecosystem and human health. UNEP/Earthprint, 2008.

[5] D. Chakraborti, B. Das, M.M. Rahman, U.K. Chowdhury, B. Biswas, A.B. Gowswami & A. Hossain. Status of groundwater
arsenic contamination in the state of West Bengal, India: A 20 year study report. Molecular nutrititon & food research,
53(5), 542-551, 2009.

[6] M. Chetia, S. Chatterjee, S. Banerjee, M.J. Nath, L. Singh, R.B. Srivastava & H.P. Sarma. Groundwater arsenic
contamination in Brahmaputra river basin: a water quality assessment in Golaghat (Assam), India, Environmental
monitoring and assessment, 173(1-4), 371-385, 2011.

[7] K. Jaspreet, R. Gorkaand R. kumar. Hydrogeochemistry and groundwater quality assessment of Poonch district, Jammu and
Kashmir, India. Journal of applied geochemistry, 20(2), 192-204, 2018.

[8] K. Kumar, N. Gupta, V. Kumar, S. Arya and S. Deepak, Physicochemical analysis of selected groundwater samples of
Agra City, India, Recent research in science and technology, 4(11), 51-54, 2012.

[9] V. Sahuand & P. Sohoni. Water quality analysis of River Yamuna — The Delhi stretch, International Journal of
Environmental Studies, VVol.4, No.6, p1177-1189, 2014.

[10] S. Kaur & P. Malik. Impact of industrial development on groundwater and surface water quality in industry dominating
sectors of Chandigarh, India, Journal of Envirinment & Ecology, 3(1), 57-71, 2012.

[11] N. Singal, & S. Kaur. Comparative analysis of heavy metal concentration in pharmaceutical effluents before and after
treatment in CETP, Baddi, Himachal Pradesh, India, International journal of research and analytical reviews. 6(1), 72-78,
2019.

[12] A. Giguere, P. G. C. Campbell, L. Hare, D. G. Mc Donald and J. B. Rasmussen, “Influence of Lake Chemistry and Fish Age
on Cadmium, Copper and Zinc Concentrations in Various Organs of Indigenous Yellow Perch (Perca flavescens), Canadian
Journal of Fisheries and Aquatic Sciences, vol.61, pp.1702— 1716, 2014.

[13] M. Muchuweti, J. W. Birkett, E. Chinyanga, R. Zvauya, M. D. Scrimshaw and J. N. Lester, “Heavy Metal Content of
Vegetables Irrigated with Mixture of Wastewater and Sewage Sludge in Zimbabwe: Implications for Human Health”,
Agriculture, Ecosystem and Environment, vol. 112, pp.41-48, 2006.

[14] K. P. Singh, D. Mohan, S. Sinha and R. Dalwani, “Impact Assessment of Treated/ Untreated Wastewater Toxicants
Discharged by Sewage Treatment Plants on Health, Agricultural and Environmental Quality in the Wastewater Disposal
Area”, Chemosphere, vol. 55, pp. 227-255, 2004.

[15] Y. Chen, C. Wang, andZ. Wang, “Residues and Source Identification of Persistent Organic Pollutants in Farmland Soils
Irrigated by Effluents from Biological Treatment Plants”, Environment International, vol. 31, pp. 778-783, 2005.

[16] S. Manjappaand E.T. Puttaioh. Evaluation of trace metals in the sediments of river Bhadra near Bhadravathi town,
Karnataka, India, Journal of Industrial Pollution Control, 21(2): 271-276, 2005.

[17] D.J. Riddell, J.M. Culp and D.J. Baird. Behavioural response to sublethal cadmium within an experiment aquatic food web,
Environmental Toxicology and Chemistry, Vol.24, p431-441, 2005.

[18] A. Gupta, D.K. Rai, R.S. Pandeyand B. Sharma. Analysis of some heavy metals in the riverine water, sediments and fish
from river ganges at Allahabad, Environmental Monitoring and Assessment, Vol.157, p449-458, 2009.

[19] Wright, A. David and P. Welbourn, Environmental Toxicology, Cambridge University Press, Cambridge, U.K, 2002.

[20] V. Ochoa-Herrera, G. Leon, Q. Banihani, J. A. Fiela and R. Sierra-Alvarez, “Toxicity of Copper (II) lons to Microorganisms
in Biological Wastewater Treatment Systems”, The Science of the Total Environment, vol.380(5), pp.412-413, 2011.

JETIR1904095 | Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org 691


http://www.jetir.org/

