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ABSTRACT 
Mining is a devastating operation that not only destroys the natural ecosystem, particularly whether it may 
be surface mining or underground mining, but also introduces tremendous distortions into the social fabric. 
The associated problems of waste disposal, water pollution, air pollution, dereliction, vibrations and blasting, 
land collapse and drop in water table are, of course marked and perhaps to be expected in any mining 
operation. But little attention has been paid to the fact that mining in remote areas and the impact on health, 
hygiene nutrition, sanitation, accidents, and increased intensity of work, market prices, prostitution & 
antisocial activity is a necessary corollary of mining as it is being practiced today”. Present study relates to 
the impact study of mining on the quality of water which is the main source of drinking water supply to the 
state capital city that falls in world’s second largest valley- Doon Valley. The present review was focused on 
impact of phosphorite mining to the water quality of River Bandal of Maldeota. Water samples were 
collected and were tested in the laboratory for various physico chemical parameters. 
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INTRODUCTION 

Mining is the extraction of valuable minerals or other geological materials from the earth, usually from an ore 
body, vein of (coal) seam materials recovered by mining includes base metals, precious metals, iron, uranium, coal, 
diamond, limestone, oil shale, rock salt and potash. Any material that cannot be grown through agricultural 
processes or created artificially in a laboratory or factory is usually mined. Mining in a wider sense comprises 
extraction of any non-renewable resource. Mining has a severe impact on environment & ecology of a particular 
area in both short and long term. It is hazardous enterprise adversely affecting both man and nature. It is one of 
the main causes of deforestation. In order to mine, trees & vegetation are cleared & burned. The people who are 
exposed to the toxic waste from the tailings become sick and develop skin rashes headaches, vomiting and 
diahorrea. 

Mining wastes generated from active and inactive mining sites & from beneficiation activities and its impact on 
human health & the environment are a continuing problem for Govt. entities, private industry & the general public. 
The nation reported volume of mining waste is immense. The type of mine waste problems are numerous but the 
most difficult one to address is the Acid mine drainage (AMD) that emanates from both surface & underground 
mine workings, waste and development rock, tailings piles & ponds. AMD is defined as drainage that occurs as a 
result of sulphide oxidation in rock exposed to air and water. AMD can be characterized by low pH and in increased 
acidity elevated heavy metals, sulphate & total dissolved solids (TDS). 
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Objectives 

1. To quantify pollution level in Bandal river from portability point of view. 
2. To identify the major sources and types of pollutants in River Bandal. 

Study Area 

River Bandal Maldeota Dehradun is a perennial river originated from spring fed streams from Surkanda hills 
of Tehri Garhwal Himalaya. It is one of the most important sources of drinking water for Dehradun city, out of 
total 30.8 million litre daily availability of water from water sources, the contribution of Bandal River is about 6.75 
MLD. Present study has been carried out at Maldeota in Dehradun district, Uttarakhand, India (Figure 2). 
Maldeota is having an elevation ranging from 650m to about 1050m above mean sea level.  

Intensive mining activities in the catchments of Bandal River especially by pyrite phosphorite and Chemical 
limited (PPCL) near at Maldeota has deteriorated the quality of river water considerably. The present study was 
undertaken to know the extent of different anthropogenic activities undertaken in the catchments on the river 
water quality. Hence, about 10 Km stretch of river Bandal before its confluence with river song seems to have 
severely exposed to mining and mining related activities as well as agricultural runoff cause severe pollution of 
river water making it unfit for drinking and irrigation uses.  

 
Figure 1. Map showing study sites of River Bandal 
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Sampling Sites of Bandal River 

The physico-chemical analysis of river Bandal water was conducted from five selected sampling stations before 
it meet the river Song near at Maldeota. Site I is the Up-stream area where no anthropogenic activities were 
observed and river water seems to be in natural condition having no anthropogenic pressure and water at this site 
has been diverted to water Treatment Works of Dehradun meant for drinking water supply in the city. Whereas 
site II is located just about 5km downstream from the site-I. Site III is Bandal River located just beside the PPCL. 
Site IV and site V are located before and after confluence of river Bandal and Song. The details of each selected 
sites are as follows: 
Table 1. Showing sampling sites of Bandal River 
 

SL. NO. SAMPLING SITES SITE CODE 
1 Up stream of River Bandal 01 
2 PPCL Mining Effluent Site 02 
3 Bandal River flowing along PPCL 03 
4 Bandal River before confluence of Song 04 
5 Bandal river after confluence of Song at Maldeota 05 

 

Research Site-I (up-stream) 
This site is located in the clear water stretch of up-stream about 2 km above the PPCL mining. At this point 

about 40 per cent of river water has been diverted through canal meant for drinking need of the city. The river 
also provides water for domestic need such as washing clothes and others for the people residing close to the river. 
Dense forest vegetation exists in both the banks of river Bandal. The forest of this zone has been demarcated as 
Reserve Forest by the MOEF. The water at this site appears as crystal clear with its natural colour. Therefore, this 
site is selected as control site of the study area. 

 
Figure 2. Map showing study area River Bandal 
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Research Site-II (PPCL effluent drained into Bandal) 
This site is about 30 meters below the site 1. Mining operation in surroundings of Koklial Gaon, but here is 

not limestone but phosphorite that is being mined for Government of India undertaking Pyrite Phosphorite and 
Chemical Ltd. (PPCL) on the southern flank of the river Bandal. The site was subjected to extensive underground 
mining previously but now it is officially abandoned after Apex Court Order in 1983.As the mining operation was 
underground hence mine water still discharged into the river causing considerable contamination to the river water. 
The effluent was highly turbid and muddy black in appearance. 

Research Site-III (Bandal River near at PPCL) 
Research Site-III is located at about 200mts downstream from site second. It is located below the bridge on 

Raipur-Musoorie road. The over burden of solid wastes produced due to mining operation were dumped along 
the river and the mining water seeping continuously to the river water. 

Research Site-IV (Bandal River before confluence of song) 
Research Site- IV is located just about 5 km down from the Upstream, near bridge of river Song at Maldeota 

Village. This site is a confluence point where river Banda! Meets the Song. The catchment area of river Bandal is 
phosphorite mineral belt. In the past, extensive mining of phosphorite and limestone had been done. However, 
mining of phosphorite minerals by PPCL had been closed after the Apex Court Order, but illegal mining activities 
are still going by mining mafia. 

Research Site-V (Bandal River after confluence of Song) 
This site is located just about half km down from the site IV, near Maldeota Village. This site is a confluence 

point after river Bandal meets the Song. 
Hundreds of trucks load building materials and limestone excavated every day in the area. Furthermore, mining 

water from abandoned PPCL quarries still discharged into the river Bandal. The survey reveals that this site has 
been extensively threatened mainly due to mining activities. The forest cover in the catchment of both Song and 
Bandal seems to have highly degraded with high soil erosion processes in the region. 

RESULTS AND DISCUSSION 

Based on the monthly data collected for six months (November 2010 to April 2011) from five selected sites 
of Bandal River, the range and mean values of physico- chemical parameters are depicted in Tables 2-6. Physical 
test do not directly measure the safety of water supply; however, they do give an indication of its acceptability from 
portability point of view. 
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Table 2. Variation in Physico-Chemical characteristics of Bandal River water for the month of November 2010 
to May 2011 

S.no PARAMETERS/SITES November 
2010 January 2011 May 2011 Mean value Max, Value Min, value 

A. Physical Parameters 
1 Transparency (%) 56 50 50 52 56 50 
2 Total Dissolved solids TDS (mg/L) 114 148 302 188 302 114 
3 Conductivity (µho/cm) 0.171 0.228 0.550 0.316 0.550 0.171 
4 Ambient temp. (°C) 22.0 22.0 34.0 26.0 34.0 22.0 
5 Water Sample Temp. (°C) 19.0 19.5 32.0 23.0 32.0 10.0 
B. Chemical parameters 
1 Ph 7.0 6.5 7.0 6.83 7.0 6.5 
2 Total Hardness (mg/l) 240 250 180 226.66 260 180 
3 Total Alkalinity (mg/l) 200 250 200 216.66 250 200 
4 Chloride (cl-) 26.0 20.0 26.0 24.0 26.0 20.0 
5 Dissolved oxygen (mg/l 8.10 8.8 4.9 7.26 8.10 4.9 
6 Phosphate Phosphorus (PO4-P) 0.96 0.83 0.57 0.615 0.057 0.96 
7 Sodium (Na⁺) mg/l 1.0 1.0 2.0 1.33 2.0 1.0 
8 Potassium (K⁺) mg/l 3.0 3.0 3.0 3.0 3.0 3.0 
9 Calcium (Ca++) mg/l 48.096 56.112 64.12 56.109 64.12 48.096 
10 Magnesium Mg⁺⁺ (mg/l)) 1.464 1.22 1.46 1.381 1.464 1.22 

All the values, except pH are in mg/l, otherwise mentioned. 
 
Table 3. Monthly variation in Physico-Chemical characteristics of Bandal River water from Site 1st to 5th 

 
 PARAMETERS/SITES November 2010 January 

2011 May 2011 Mean value Max, Value Min, value 

A. Physical characteristic 
1 Transparency (%) 32 21 30 27.66 32 21 
2 Total Dissolved solids TDS (mg/l) 361 359 725 481.66 725 359 
3 Conductivity (µho/cm) 0.585 0.580 0.110 o.425 0.585 0.110 
4 Ambient temp.(°C) 24.0 21.2 35.0 26.73 35.0 21.2 
5 Water Sample Temp.(°C) 21.0 17.0 32.0 23.33 32.0 17.0 
B. Chemical characteristic 
1 pH 6.5 7.0 7.5 7.0 7.5 6.5 
2 Total Hardness (mg/l) 1100 1040 740 960 1100 740 
3 Total Alkalinity (mg/l) 250 300 280 276.66 3oo 250 
4 Chloride (cl-) 20.0 22.0 28.03 23.34 28.03 20.02 
5 Dissolved oxygen (mg/l 5.8 5.6 6.0 5.8 6.0 5.6 
6 Phosphate Phosphorus (PO4-P) 0.60 0.78 0.059 0.47 0.78 0.059 
7 Sodium (Na⁺) mg/l 2.0 1.0 3.0 2.0 3.0 1.0 
8 Potassium (K⁺) mg/l 5.0 4.0 4.0 4.33 5.0 4.0 
9 Calcium (Ca++) mg/l 105.60 165.93 124.48 132.0 165.93 105.60 
10 Magnesium Mg⁺⁺ (mg/l)) 10.22 7.63 5.24 7.696 10.22 5.24 

All the values, except pH are in mg/l, otherwise mentioned. 
 
Table 4. Monthly variation in Physico-Chemical characteristics of Bandal River water from Site 1st to 5th 

S.no PARAMETERS/SITES November 2010 January 2011 May 2011 Mean value Max, Value Min, value 
A. Physical characteristic 
1 Transparency (%) 80.0 90.0 80.0 83.33 90.0 80.0 
2 Total Dissolved solids TDS (mg/l) 98.0 89.0 222.0 136.33 222 89 
3 Conductivity (µho/cm) 0.155 0.153 0.330 0.213 0.330 0.153 
4 Ambient temp. (°C) 23.0 21.0 35.0 26.33 35.0 21.0 
5 Water Sample Temp. (°C) 20.0 19.0 32.0 23.67 32.0 19.0 
B. Chemical characteristic 
1 pH 7.0 6.5 7.0 6.833 7.0 6.5 
2 Total Hardness (mg/l) 190.0 200.0 172.0 187.33 200 172 
3 Total Alkalinity (mg/l) 200 200 220 206.66 220 200 
4 Chloride (cl-) 20.0 20.0 24.02 21.34 24.02 20 
5 Dissolved oxygen (mg/l) 8.2 8.4 7.7 8.1 7.7 8.2 
6 Phosphate Phosphorus (PO4-P) 0.67 0.57 0.56 0.61 0.56 0.67 
7 Sodium (Na⁺) mg/l 1.0 1.0 2.0 1.33 2.0 1.0 
8 Potassium (K⁺) mg/l 2.0 3.0 4.0 3.0 4.0 2.0 
9 Calcium (Ca++) mg/l 35.27 49.69 44.08 43.01 35.27 44.08 
10 Magnesium Mg⁺⁺ (mg/l)) 1.24 0.92 0.75 0.97 1.24 0.75 

All the values, except pH are in mg/l, otherwise mentioned. 
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DISCUSSION 

Sanitary Condition in Catchments of Bandal River 

One of the striking features of stream/river water is the way in which they interact with and are affected by the 
surrounding environment. Drainage and discharge from the surrounding catchment affect both quantity and 
quality of water flowing downstream, and it is thus essential that water quality is assessed in the context of 
catchments condition. From sanitary point of view the condition of sampling sites II, IV and V of Bandal River 
were observed to be highly unhygienic mainly due to various anthropogenic activities. 

General Appearance, Colour and Odour of Bandal Water 

The water at upstream was observed natural and transparent while the effluents discharged into the river seems 
to have caused considerable changes and water appeared muddy-black in appearance. A thin layer appeared on 
water surface especially in effluent water of PPCL that might be due to presence of pyrite minerals. From the 
results it is evident that high amount of suspended load as well as floating material brought by surrounding 
catchments of the mining area may be responsible for impairment of general appearance of water, color and odour. 

Transparency 

Transparency means water clarity which is opposite of turbidity. It is affected due to presence of suspended 
matter in water bodies. Presence of high suspended load in water reduce the transparency and may be dangerous 

Table 5. Monthly variation in Physico-Chemical characteristics of Bandal River water from Site 1st to 5th 
S.No PARAMETERS/SITES November 2010 January 2011. May 2011 Mean 

value Max. value Min. Value 

A. Physical characteristic 
1 Transparency (%) 60.0 80.0 70.0 70.0 80.0 60.0 
2 Total Dissolved solids TDS (mg/l) 177 150 592 306.33 592 150 
3 Conductivity (µho/cm) 0.270 0.234 0.302 0.268 0.302 0.234 
4 Ambient temp. (°C) 21.0 23.0 34.0 26.26 34.0 21.0 
5 Water Sample Temp. (°C) 19.0 20.0 33.0 24.0 33.0 19.0 
B. Chemical characteristic 
1 pH 6.5 6.0 6.5 6.33 6.5 6.0 
2 Total Hardness (mg/l) 460 300 200 320 460 200 
3 Total Alkalinity (mg/l) 180 190 190 186.66 190 180 
4 Chloride (cl-) 21.0 90.0 21.0 44.0 90.0 21.0 
5 Dissolved oxygen (mg/l) 8.0 8.0 6.4 7.46 8.0 6.4 
6 Phosphate Phosphorus (PO4-P) 0.77 0.61 0.79 0.723 0.61 0.79 
7 Sodium (Na⁺) mg/l 2.0 1.0 2.0 1.66 2.0 1.0 
8 Potassium (K⁺) mg/l 3.0 2.0 3.0 2.66 3.0 2.0 
9 Calcium (Ca++) mg/l 89.77 97.79 96.19 94.58 97.79 89.77 
10 Magnesium Mg⁺⁺ (mg/l)) 2.87 2.63 3.24 2.91 3.24 2.63 

All the values, except pH are in mg/l, otherwise mentioned. 
 
Table 6. Monthly variation in Physico-Chemical characteristics of Bandal River water from Site 1st to 5th 

S.no PARAMETERS/SITES November 
2010 

January 
2011 May 2011 Mean 

value Max, Value Min, value 

A. Physical characteristic 
1 Transparency (%) 50.0 60.0 60.0 56.66 60.0 50.0 
2 Total Dissolved solids TDS (mg/l) 192 215 412 273 412 192 
3 Conductivity (µho/cm) 0.315 0.340 0.272 0.309 0.340 0.272 
4 Ambient temp. (°C) 23.0 22.4 33.0 26.13 33.0 22.4 
5 Water Sample Temp. (°C) 20.0 19.6 31.0 23.53 31.0 19.6 
B. Chemical characteristic 
1 pH 6.5 7.0 6.5 6.66 7.0 6.5 
2 Total Hardness (mg/l) 482 400 190 357.33 482 190 
3 Total Alkalinity (mg/l) 310 310 230 283,33 310 230 
4 Chloride (cl-) 20.0 18.0 20.0 19.33 20.0 18.0 
5 Dissolved oxygen (mg/l) 8.8 8.4 6.8 8.0 8.8 6.8 
6 Phosphate Phosphorus (PO4-P) 0.28 0.58 0.60 0.489 0.28 0.60 
7 Sodium (Na⁺) mg/l 2.0 2.0 1.0 1.66 2.0 1.0 
8 Potassium (K⁺) mg/l 3.0 2.0 2.0 2.33 3.0 2.0 
9 Calcium (Ca++) mg/l 90.58 106.61 96.19 97.79 106.61 90.58 
10 Magnesium Mg⁺⁺ (mg/l)) 3.123 2.63 3.46 3.071 3.123 2.63 

All the values, except pH are in mg/l, otherwise mentioned. 
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from health point of view mainly because there is possibility that harmful substances may be observed. Suspended 
load clog the gills of fish, reduces their growth rate and decreases the resistance to diseases. According to CPCB 
guideline Seechi-disc transparency of water bodies (when observed above 100 cm.) should be regarded as excellent” 
above 76 cm- good, above 50 cm-safe and below 25 cm-unsafe for any use. In the present study Seechi-disc 
transparency was observed less than 50 cm in mining effluents sites whereas in other sites it was quite good as 
transparency was above 50 cm. 

Temperature 

The water temperature fluctuated monthly in the selected sites of Bandal River. The surface water temperature 
was ranged from 19.0 to 32.0 °C; 17.0 to 32.0 °C; 19.0 to 32.0 °C; 19.6 to 31.0 °C; and 19.0 to 33.0 °C; respectively 
from site I to Site V. Water temperature closely followed the ambient temperature at all the sites except site II. 
Bandal is a shallow and narrow river, hence, a rise or fall in the atmospheric temperature due to increase or decrease 
in solar radiation may be attributed to corresponding rise or fall in atmospheric temperature. The sharp differences 
between the two may be attributed to presence of dense forest in both the bank of the river that protects heating 
of river water. Furthermore, the inorganic and organic load present in the water may be responsible for increase 
in water temperature. 

pH 

The pH of the river Bandal water in the present study was found to be slightly alkaline to moderate alkaline 
throughout the study period. It ranged from 6.5 to 7.5; 6.5 to 7.5; 6.0 to 7.0; 6.0 to 7.0; respectively from site I to 
site V as seen in Tables 2 to 6. The river water seems to have high buffering capacity as evidenced by pH 
fluctuations within a narrow range. In the present investigation pH values were recorded well within the permissible 
limit of BIS (1993) set for drinking. 

Total Hardness (TH) 

The hardness of water is not a pollution indicator parameter but it indicates water quality mainly in terms of 
calcium and magnesium. Total hardness in the present investigation ranged from 180 to 260 mg/L; 740 to 1100 
mg/L; 172 to 200 mg/L; 190 to 482 mg/L; 200 to 460 mg/L; from site I to site V respectively. Total hardness 
value in the present investigation ranged 460 mg/l to 740 mg/l that crossed the permissible limits of BIS (1991) 
and WHO (1984) guidelines set for drinking purpose. 

Total Alkalinity (TA) 

In the present investigation carbonate alkalinity was observed only at site V while on the rest of the sites it was 
absent. Total alkalinity concentration was ranged from 200.0 to 250 mg/l; 250 to 300 mg/l; 200 to 220 mg/l; 230 
to 310 mg/l & 180 to 190 mg/l respectively from site I to site V as shown in Tables 2 to 6. 

Chloride (Cl) 

In the present study the chloride content in Bandal river ranged in between 20.0 mg/l to 26.0 mg/l and are well 
within the permissible limit of BIS (1993) standard set for drinking purpose. The mineral Nacl occur widely and 
are easily dissolved among the halogens, chloride are most energetically stable and vary featly from place to place. 
The concentration of chloride - an important ion required by the photosynthesizing cells - was fairly low through 
out the water bodies of Doon Valley. 

Phosphate 

Agricultural wastes are generally organic materials. It includes crop residues, animal manure, poultry manure, 
Agricultural wastes also includes the fertilizers and pesticides. The problem of soil erosion in the catchments area 
of Bandal is acute. However, due to the increased use of commercial fertilizers, as well phosphorite mining effluents 
containing high phosphate is being discharged into river which greatly influences the biological activities in the 
riverine system. In the present study the phosphate phosphorus content in Bandal river ranged in between 0.057 
to 0.96 mg/l; 0.059 to 0.78 mg/l; 0.56 to 0.67 mg/l; 0.28 to 0.60 mg/l; 0.61 to 0.79 mg/l; respectively from site I 
to V. The level of phosphate was found well within the permissible limit of BIS (1993) standard set for drinking 
purpose. 

Dissolved Oxygen (DO) 

The concentration of dissolved oxygen in an aquatic environment is a function of biological processes such as 
photosynthesis or respiration and physical process such as water movement and temperature. It does not have any 
direct bearing on health risks of human and other animals but can predict the health of the water quality of the 
system. A minimum of 5 mg/L of DO is required to support fish life. In the present study, level of DO never 
touched optimum level of which is essential for fish growth. It was ranged from 4.9 to 8.10 mg/L in the present 
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investigation. The present study of DO establish a direct impact of organic pollution in the investigated area which 
indicates that the entire study area completely turned in to nutrient rich condition i.e. heavily eutrophic. The decline 
of DO (average value of DO mg/l) at PPCL effluent site may be attributed to presence of high organic and 
inorganic load which deplete the level of DO content at this site. 

Total Dissolved Solids 

Dissolved solids or Total Dissolved solids denote mainly the various kinds of minerals present in the water. 
Concentration of dissolved solids is an important parameter in drinking water and other water quality standards. 
They give a particular taste to the water at higher concentration & also reduce its palatability. High concentration 
of dissolved solids near 3000 mg/l may also produce distress in cattle and livestock. Plants are also adversely 
affected by the higher content of solids in irrigation water which increases the salinity of soil. 

Conductivity 

Conductivity is the measure of capacity of a substance or solution to conduct electric current. Conductivity is 
reciprocal of resistance. The conductivity of distilled waters ranges between 1 to 5umho/cm but the presence of 
salts & contamination with waste water increases the conductivity of the water. Consequently a sudden rise in 
conductivity in the water will indicate addition of some pollutants to it. 

In the present study on Bandal river conductivity ranged from 0.171 to 0.550 umho/cm; 0.110 to 0.585 
umho/cm; 0.153 to 0.330 umho/cm; 0.272 to 0.340 umho/cm; 0.234 to 0.302 umho/cm; respectively from site I 
to site V. 

CONCLUSION 

The overview of the interactions between surface mining and the environment Leads to some fundamental 
general conclusions. It demonstrates that the Industry’s environmental problems are interconnected and that they 
have an international character. The solution for environmental problems related to mining involves both the 
mining company and wider community in action at all levels from personal to international/Governmental. 
Environmental problems related to mining, particularly the health aspect, soil & water quality are a course of 
concern taking in consideration the safety of mine workers, surrounding agricultural land and the water quality. 

On the basis of present study it may be concluded that although Mining activities have been stopped in 
Maldeota region by the Apex Court Order, still its effects are seen on the water quality of river Bandal. Hence a 
comprehensive study should be undertaken so that mining effluent runoff does not contaminate the surrounding 
areas. The application of ecofriendly mining method and reclamation through proper sustainable manner of this 
area also reduce the health risks and help in improving the agricultural production and vegetation cover. 
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