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Abstract 

Traditional surface water resources like Talav, Nadi, Johad, Baori, Sarovar, Bandha etc. meet out the demand of drinking 

water in rural areas of western Rajasthan. Mining and its allied activities may affect the standards of surface water in the 

adjoining areas. Present investigation has been carried out in opencast mining and non-mining affected areas of Kolayat 

district Bikaner western Rajasthan for heavy metal evaluation in surface sources of water. During monsoon season sixteen 

samples of surface water sources of study area were collected by standard methods and evaluated for Iron, Manganese, 

Copper and Zinc by Atomic Absorption Spectrophotometer method and Sodium and Potassium by Flame photometer. The 

analyzed results were interpreted and compared with BIS of drinking water. Analysis of results and data interpretation 

reveals that the heavy metal assemblage in surface water sources of study area are below the recommended limit of drinking 

but mining affected areas have higher concentration than non-mining areas. Hence it is   suggested that the mining and 

related activities in study area should be properly planned and not to disturb the natural drainage system of local talav, nadi, 

johad, sarovar etc. So that the water of surface bodies could maintain its quality for drinking purpose of local peoples. It is 

our duty to preserve and protect to natural resources of water for better future of coming generations and for humanity. 
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Introduction 

Nadi, talab, johad, bandha, baori, tanka, beri and sarovar are 

very important traditional water resources system in western 

Rajasthan. These traditional methods of surface water storage 

meet the water demands in the rural areas of western Rajasthan. 

Mining and its related activities of minerals especially Lignite, 

Clay, Fullers earth and Gypsum at surroundings of Kolayat 

region of Bikaner district are on extremity. Owing to opencast 

method of mining in the area physiography and surroundings 

are disturbed and water quality of surface bodies and 

underground sources are also deteriorating. Water is the basic 

necessity of human being and is a major natural resource. 
 

There is need to make a proper planning, development and 

management to save water resources of terrain
1
.Indira Gandhi 

canal water and ground water is mainly utilized for irrigation 

and drinking purposes in the district, but surface water during 

rainy to winter season also the sole source of drinking and 

irrigation for local people of village’s at Kolayat region
2
. Mine 

wastes and dumps are filled across the natural drainage and 

catchment may affect the water quality of surface bodies by 

adding salts and other contaminations during flow through rain 

water to the water bodies
3
. Local people are using surface water 

for their needs and cattle’s are also get water from these sources. 
 

Present study is an attempt to evaluate the heavy metals 

concentration for Fe, Mn, Cu, Zn along with Na and K ions in 

bodies of surface water at mined and non-mined areas around 

Kolayat block of Bikaner district.   

 

Materials and methods 

Study area: Bikaner district makes the central part of the Great 

Indian Thar Desert and lies in the Northwestern part of 

Rajasthan. The present study area is situated about 50km SW of 

district headquarter (Figure-1). The rock sequences exposed 

here are mainly tertiary sediments and are part of Bikaner-

Nagaur basin.  Subsurface data indicates that the Tertiary 

sequences are extended up to Karnapur area of Ganganagar 

district. 
 

Sample collection: During monsoon season the surface water 

sources filled with rain water in catchment areas. Forthwith a 

total of 16 water samples, 8 from minerals mined out areas and 

8 from non-mined areas were collected in clean pet water bottles 

of one liter bottle as per standard recommendation (WHO, 

1993) of water quality presented in sample location map 

(Figure-2). Surface water bodies like Talav, Nadi, Johad and 

Baori occupied water from their catchment area during rainy 

season. Collected rain water in the mining pits, channels, 

trenches percolate in to sub surface with many contaminations. 
 

Methodology: The standard methods for analyses of water 

samples like sampling, preservation, digestion and preparations 

are made as prescribed
4
. To avoid precipitation and to preserve 
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metals add 5ml of concentrate nitric acid to samples and filtered 

by Whatman No. 42 filter paper. The organic impurities were 

removed by concentrated HNO3 to check interference in 

analyses. 10ml of HNO3 was added to 100ml of water in a 

250ml conical flask and evaporate this mixture to half its 

volume on a hot plate then cools it and filtered. Then water 

samples were analysed for concentration of heavy metals like 

iron, manganese, copper and zinc by Atomic Absorption 

Spectrophotometer (AAS-Varian-880) and sodium and 

potassium ion by Flame Photometer (ESICO) Model 1381
5
. 

 

Results and discussion 

The analyses result of water samples of surface bodies of mined 

out and non- mined out areas are presented in Table-1. The 

analyses results reveals that the samples of mining affected 

areas have higher concentration of heavy metals like Fe, Mn, 

Cu, Zn, and  Na and K than the samples of non-mining affected 

areas. 

 

The adoption of unscientific mining methods, extensive land 

transformations, scattered waste dumps, uncongenial land use 

causes land derogation, loss of natural beauty and aesthetic 

values, pollution of soil, water resources  and airborne in the 

area. Due to extreme pollution water sources also getting 

contaminated and deteriorate the quality. 

 

Removal of top soil, unmannered quarrying, and generation of 

dust and dumps of waste across the nallah and in catchment of 

water bodies may affect the water quality (Figure-3). Haphazard 

use of pesticides and fertilizers in agriculture contains 

constituents of heavy metals, various activities of human being 

like mining, untreated industrial waste disposal to water sources 

causes deterioration in water quality furnish serious 

environmental problems to human being and aquatic 

biodiversity
6,7

. The behavior of human being influenced by the 

heavy metals impede mental and neuro function strikes 

neurotransmitter production and affect various metabolic 

activities of human body
8
. The analyzed results of heavy metal 

concentration in the bodies of surface water around mined out 

and non- mined out areas at Kolayat are discussed as follows- 
 

Iron: Iron is the fourth most abundant element in the earth’s 

crust which makes about 5.8 percent of crustal abundance and 

the most abundant heavy metal. The BIS drinking water 

standard is 0.3ppm desirable for iron, which can be extend up to 

1ppm. In present investigation the iron concentration varies 

from 0.02ppm to 0.08ppm in non-mining areas and 0.12 to 

0.22ppm in mining areas (Figure-4). The result shows that iron 

concentration in water samples are less than the permissible 

limit of drinking standard. The presence of iron in natural 

surface water bodies can be attributed to the weathering of rocks 

and minerals, landfill leachates, sewage effluents and other iron-

related industries. In human body due to deficiency of iron 

anemia is caused and high iron content defect the organs like 

liver, kidney and cardiovascular system also
9
. Iron plays vital 

role in respiration, photosynthesis and production of healthy 

green leaves of plants. Due to iron deficiency plants suffer from 

chlorosis and stunted growth
10

. 

 

Manganese: According to the Bureau of Indian Standard,  the 

desirable limit for manganese is 0.1ppm, which may extend up 

0.5ppm for drinking purposes. The analyzed results for water 

samples for Mn shows the range of from 0.006 to 0.026ppm for 

non-mining areas samples and 0.01ppm to 0.056ppm for mining 

area samples which reveals that values are under the permissible 

limit (Figure-5). Manganese is an essential cofactor in enzyme 

activities and metabolic processes. Higher concentration of Mn 

in human body makes lethal and may leads to neurologic 

disorders
11

. 

 

Copper: Copper is an essential micronutrient of human 

body
12,13

. The analyzed results for water samples for Cu shows 

the range of 0.06 to 0.14ppm for non-mining areas samples and 

0.13pp to 0.18ppm for mining area samples (Figure-6). BIS 

drinking water standard desirable limit for coppers is 0.05ppm, 

which may be extend up to 1.5ppm. The Cu concentration in 

water samples shows somewhat higher than desirable limit
14

. 

Copper is an essential trace mineral necessary for survival of 

human being. It is found in all body tissues and play important 

role in production of red blood cells and maintains neuro and 

immune system. Copper maintain the mental retardation, 

hypothermia, neutropenia, diarrhea, cardiac hypertrophy, bone 

fragility, impaired immune function, impaired central-nervous-

system (CNS) functions, peripheral neuropathy, and loss of 

skin, fur (in animals), or hair color
15-18

. Hence copper is an 

essential element for life and health, its deficiency or excesses 

may cause adverse effects to the body. 

 

Zinc: The present study shows the zinc concentration in water 

samples are from 1.8ppm to 5.8ppm which under permissible 

limits (Figure-7). The maximum desirable limit of Zn is 5.0ppm 

allowing to BIS drinking water standard, which may be 

extended up to 10ppm. The higher concentration of Zn causes 

gastrointestinal problems like abdominal pain, vomiting, 

diarrhea, anemia and renal damage. Higher concentration of 

Zinc in body can damage the pancreas and may disturb the 

protein metabolism
19

. 

 

Sodium: Sodium (Na) is the major cation that occurs in water. 

Weathering of igneous rocks releases the soluble product are the 

main source of sodium in natural water. The concentration of 

sodium in the non-mining area varies from 9 to 13mg/l and 13 

mg/l to 53mg/l in mining areas. The WHO prescribed the 

maximum permissible limit of sodium is 200ppm. In our study 

area sodium concentration under the permissible limit. Higher 

concentration of sodium causes severe health issues like 

hypertension, heart and kidney problem
20

. 

 

Potassium: Granite rock is the main source of minerals 

potassium in feldspar, microcline, leucite and biotite etc. 

Weathering of these minerals may leads to K concentration in 

water bodies. The actions of K is normally same as Na content 
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in water however its concentration is too low than sodium in 

surface water. Potassium maintained the fluid balance of the 

human body. The excess amount of potassium present in the 

water sample may lead nervous and digestive disorder
21

. It is 

one of the essential macro minerals for plant survival. In present 

investigation potassium concentration are ranged from 4 to 8 

mg/l for mining affected areas and 3 to 18mg/l for mining areas 

(Figure-9). All the samples have potassium concentration in 

permissible limit. Potassium is an important constituent of 

animal fodders, soil fertility and plant development as well.

 

e  

Figure-1: Showing Location of study area in Google map. 
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Figure-2: Showing sample locations map of the study area. 

 

 
Figure-3: (a) whitish water in a quarry at Kotri. (b) dustry water in Jogira talab, (c) Whitish feculent water in treeh at Gurha Fanta, 

(d) Waste dump near nalla at Kotri.  
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Figure-4: Showing concentration of Fe in surface bodies water samples of study area. 

 

 
Figure-5: Showing concentration of Mn in surface water bodies samples of study area. 
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Figure-6: Showing concentration of Cu in surface water bodies samples of study area. 

 

 
Figure-7: Showing concentration of Zn in surface water bodies samples of study area. 
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Figure-8: Showing Na concentration in surface water bodies samples of study area. 

 

 
Figure-9: Showing K concentration in surface water bodies samples of study area. 
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Table-1: Concentration of heavy metal in water samples of surface water bodies of mining and non-mining vicinity of study area. 

Location Area Type Fe (mg/l) Mn (mg/l) Cu (mg/l) Zn (mg/l) Na (mg/l) K (mg/l) 

Nal 

N
o

n
-m

in
in

g
 a

re
a 

sa
m

p
le

s 

0.06 0.06 0.12 1.6 9 8 

Darbari 0.04 0.04 0.14 4.4 9 4 

Golari 0.08 0.006 0.14 2.1 10 5 

Chandasar 0.02 0.074 0.12 2.4 11 6 

Kodam-desar 0.04 0.045 0.1 3.6 12 7 

Jaimalsar 0.04 0.035 0.09 2.3 13 6 

Khari 0.05 0.026 0.08 2.4 10 5 

Gajner 0.02 0.028 0.06 2.1 9 4 

Sankhala Fanta 

M
in

in
g

 a
re

a 
sa

m
p

le
s 

0.12 0.078 0.18 5.6 13 8 

Kotri 0.22 0.082 0.16 5.4 14 9 

Gurha Fanta 0.18 0.01 0.13 3.9 19 3 

JogiraTalab 0.16 0.015 0.22 4.6 18 5 

Kolayat 0.14 0.056 0.16 4.2 53 18 

Madh 0.12 0.019 0.18 5.1 28 4 

Chani 0.16 0.012 0.22 5 32 3 

Indo kaBala 0.14 0.015 0.2 4.9 24 6 

 

Conclusion 

Evaluation of heavy metals in bodies of water  of mined out 

areas  and non-mined out areas of study area reveals that the 

concentration of  the Fe, Mn, Zn, Cu and Na and K are below 

the recommended limit of drinking purposes. The local people 

in study area use this water for drinking and household 

purposes. The analyzed results of samples of water bodies of 

mined affected and non-mined areas reveals that the mining 

affected areas have higher concentration of heavy metals than 

the non-mining affected areas. Even though, the results show 

the controlled situation of heavy metal contaminations in study 

area. Hence it is recommended that the mining and related 

activities which are continues in study area should be properly 

planned and not to disturb the natural drainage system of local 

talav, nadi, johad etc. so that water of surface bodies can be 

maintain its quality for purposed of local peoples and as well 

cattle. It is essential to preserve and protect to natural resources 

of water for better future of coming generations and for 

humanity.  

 

Acknowledgement 

Authors are thankful to Dr. Shishir Sharma, Professor of 

Geology and Principal, M. S. College Bikaner for their valuable 

suggestions and encouragements. 

 

References 

1. Yadav, J., Pathak, R.K. and Khan, E., (2013). Analysis of 

Water Quality using Physico-Chemical Parameters, Satak 

Reservoir in Khargone District, MP, India. Int. Res. J. 

Environment Sci., 2(1), 9-11.  

2. Pandey, H. K., Gakhar, S. and Chawala, G. (2006). Heavy 

Metal toxicity of Khajuwala area located in Bikaner 

division of western Rajasthan. Current World Environment, 

1(1), 41-44. 

3. Meghwal, D. R. and Parihar, R., (2018). Degradation in 

Surface Water Quality Due to Opencast Mining around 

Kolayat, Bikaner District, North-Western Rajasthan, India. 

Periodic Research, 7(1), 251-258. 



International Research Journal of Environmental Sciences ____________________________________________ISSN 2319–1414 

Vol. 11(3), 1-9, July (2022)  Int. Res. J. Environmental Sci. 
 

 International Science Community Association             9 

4. APHA (1998). Standard methods of the examination of 

water and wastewater (18
th

 edn). America Public Health 

Association, New York, pp 11-20. 

5. Vogal, I. A. (1978). Text Book of Quantitative Inorganic 

Analysis Including Elementary Instrumental Analysis. 4
th 

Edition, The English Language Book Society, London, ISBN 

0-470-2151 7-8. 

6. Rathore, J., Jain, S., Sharma, S., Choudhary, V. and 

Sharma, A., (2009). Groundwater quality assessment at 

Pali, Rajasthan (India). J. of Envir. Science and Engg, 51 

(4), 269-272. 

7. Karne A.V. and Kulkarni P.D. (2009). Studies on physico-

chemical characteristics of freshwater bodies in Khatav 

tahsil, Maharashtra. Nature Environment and Pollution 

Technology. 8(2), 247-251. 

8. Mumtazuddin, S., Azad, A.K, Kumar, M.  and Gautam, 

A.K. (2009). Determination of physico-chemical 

parameters in some groundwater samples at Muzaffarpur 

town. Asian Jour. of Chemical and Envir. Research. 2 (12), 

18-20. 

9. Elinge, C. M.  Iodo, A. U., Peni, I. J., Birninyauri, U. A.  

and Mbongo, A. N., (2011). Assessment of Heavy Metals 

Concentrations in Bore-Hole Waters in Aliero Community 

of Kebbi State. Advances in Applied Science Research, 

2(4), 279-282. 

10. Choi, J. M., Pak, C. H. and Lee, C. W., (1996).   

Micronutrient Toxicity in Frenchman gold, J. Plant Nut., 

19, 901-916. 

11. Sharma, B. K. (2005). Environmental Chemistry. 8
th

 Ed., 

Krishna Prakashan Media (P) Ltd., India. ISBN-

8182836832 

12. Underwood, E.J. (1977). Trace elements in human and 

animal’s nutrition. D.D. Hemphill. 4
th

 Edition Academic 

press, New York. ISBN-0323150144, 9780323150149 

13. Goyer, R.A. (1990). Lead toxicity from over to sub-clinical 

to subtle health effects. Enviro. Health Perspective, 86, 

177-181.doi: 10.1289/ehp.9086177 

14. BIS (1991). IS:10500. Specification for drinking water. 

Indian Standards Institution, New Delhi.  

15. Linder M. and C.A. Goode. (1991). Biochemistry of 

Copper. New York: Plenum Press.  ISBN 978-1-4757-

9432-8 

16. Uauy, R., Olivares, M., & Gonzalez, M. (1998). 

Essentiality of copper in humans. The American journal of 

clinical nutrition, 67(5), 952S-959S. 

17. Cordano, A. (1998). Clinical manifestations of nutritional 

copper deficiency in infants and children. Am. J. Clin. Nutr, 

67 (5), 1012-1016, DOI: 10.1093/ajcn/67.5.952S 

18. Percival, S.S. (1998). Copper and immunity. Am. J. Clin. 

Nutr., 67(5), 1064-1068, DOI: 10.1093/ajcn/67.5.952S 

19. Elinder, C. G., Zinc, L., Fryberg, G. F.  and Nordberg, V. 

B., (1986). Voak Handbook on Toxology of Metal. 2nd Ed., 

Elsevier Amsterdam pp. 664-679. 

20. Haritash, A. K., Kaushik, C. P., Kaushik, A., Kansal, A., & 

Yadav, A. K. (2008). Suitability assessment of groundwater 

for drinking, irrigation and industrial use in some North 

Indian villages. Environmental monitoring and assessment, 

145(1), 397-406. 

21. Tiwari, T. K., and Mishra, M. A., (1985). A Preliminary 

Assignment of Water Quality Index of Major Indian Rivers. 

Ind. J. Environ. Port, 5, 276-279. 

 

https://dx.doi.org/10.1289%2Fehp.9086177
https://doi.org/10.1093/ajcn/67.5.952s
https://doi.org/10.1093/ajcn/67.5.952s

