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Abstract 

To assess groundwater iron and manganese occurrence and distribution from the study 

area 36 sampling locations were identified from the Chandrapur district, central India. The 

grab sampling method was adopted for groundwater sampling. Heavy metals 

concentration for iron and manganese were estimated by ICP-OES. Groundwater sources 

are divided into six levels and heavy metals concentration occurrence and distribution are 

assessed. It is found that in all three seasons iron and manganese concentration occurred 

in groundwater. The distribution of iron in groundwater depth has a resemblance in all three 

seasons. At water source depth 50-100 ft bgl first higher concentration was recorded 

followed by 250-300 ft bgl. Winter reported maximum concentration among the season 

studied. Maximum average iron concentration (5.398 mg/L) is observed at water source 

depth 51-100 ft bgl in winter. In the case of groundwater manganese as water source depth 

increases from ground level the concentration decrease. The first higher concentration is 

recorded at 100-150 ft bgl followed by 250-300 ft bgl. Maximum average manganese 

concentration (0.383 mg/L) is observed at water source depth 251-300 ft bgl in winter. The 

distribution of iron and manganese according to depth is comparable in three seasons. 

Sandstone and granitic geneisses contributed the maximum to groundwater iron 

concentration whereas granitic geneisses, sandstone, and limestone contributed the 

maximum for groundwater manganese.  
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Introduction 

Iron and manganese are the most 

abundant metals in the Earth’s crust. The 

origin of groundwater iron is attributed to 

the geogenic source (Hazarika and 

Bhuyan, 2013). Weathering processes 

along with corrosion products release iron 

in the water (Smith, 1981). Elevated 

manganese concentrations are associated 

with iron ores as well as lateritic mining 

(Tiwari et al., 2013). Manganese is 

naturally occurring in many surface water 

and groundwater sources, particularly in 

anaerobic or low oxidation conditions. 

Groundwater is the most important source 

of drinking water. In rural areas, 

groundwater exploitation is considered 

the only realistic option to meet the water 

demand (MacDonald et al., 2005). The 

reason for this is its easy accessibility and 
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minimum investment cost. Furthermore, it 

is less susceptible to pollution and 

seasonal fluctuation and of natural good 

quality (Habila, 2005; Bresline, 2007).  

The high concentration of iron in 

drinking water can cause 

hemochromatosis. The symptoms of it 

include chronic fatigue, cirrhosis, 

diabetes, arthritis, heart diseases, thyroid, 

impotency, and sterility (AHS, 2012). Iron 

also facilitates persistent hepatitis B or C 

infection, malignant tumours, colorectal, 

liver, and kidney cancers (Huang, 2003). 

There have been epidemiological studies 

that report adverse neurological effects 

following extended exposure to very high 

levels of manganese in drinking water 

(Hafeman et al., 2007 Khan et al., 2012). 

Print and online literature review revealed 

that no study was carried out on 

groundwater iron and manganese source 

distribution from the study area. Thus, this 

is the identified gap in the subject domain. 

The main aim of the study is to assess iron 

and manganese spatio-temporal 

occurrence and distribution in different 

groundwater source depths in the 

Chandrapur district of Central India. Also, 

seasonal impacts on them and to identify 

safe water source depth for extraction of 

groundwater for potable use. Furthermore, 

assess the contribution of geological 

segments from the study area in these two 

heavy metals concentrations. The study 

outcome will add a new understanding of 

iron and manganese distribution at 

different water source depth. Furthermore, 

to ascertain which water source depth may 

have a potential higher concentration of 

these two metals. Also, measures to be 

taken for future water source exploration 

through hand pump/bore well to reduce 

inhabitants’ exposure to these metals.  

 

 

Study Area  
Chandrapur district (19o 25′ N to 20o 

45′ N and 78o 50′ E to 80o 10′ E) is situated 

in Maharashtra state of Central India. The 

district has 15 administrative blocks. The 

geographical area of the district is 11,364 

km2 (Figure 1). The district has a hot 

climate. In summer maximum 

temperature reaches up to 47oC in May; 

whereas, the minimum temperature 7oC in 

December. The annual rainfall in the 

district is in the range of 1200-1450 mm 

with an annual number of rainy days 60-

65. The atmospheric relative humidity is 

70% during monsoon and 20% in summer. 

Geomorphologically the district can be 

divided into the plain region and upland 

hilly region (Figure 2). Groundwater 

hydrology of the district exists under 

confined/semi-confined and unconfined 

conditions. The depth of an unconfined 

aquifer generally extends up to 20 m 

below ground level (bgl) and can be 

tapped by a dug well (CGWB, 2009). Pre-

monsoon reported the depth of the water 

table in this aquifer in the range of 1.0-

19.0 m bgl. The groundwater flow is 

towards the river Wardha and its 

tributaries thereby confirming the effluent 

nature of the river (Figure 3). 

Geologically, the district forms a part of 

the Gondwana sedimentary basin. 

Lithologically it presents a variety of 

stratigraphic units from Archean to recent 

alluvium and laterites (Figure 4).  

As per the Census of India 2011, the 

distribution of households by the main 

source of drinking water in the rural areas 

of the district is 36.0% (n = 126,900) from 

hand pump followed by 7.2% (n = 25,380) 

by tube-well/bore-well (Census of India, 

2011). The combined percentage of these 

two main sources is 43.2% which 

highlights rural area inhabitant depends 

upon groundwater to meet their daily 
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requirement of drinking and domestic 

purpose.  

 

Material and Methodology 

Sample Collection 
To assess the occurrence and 

distribution of groundwater iron and 

manganese 36 groundwater sampling 

locations comprising of hand pumps and 

dug wells from the Chandrapur district are 

selected (Figure 5). Of the identified 

sampling locations, 34 (94.44%) were 

from the hand pump and 2 (5.55%) from 

the dug well. For the collection of 

groundwater samples, a stratified 

sampling methodology was adopted. It 

was ensured that the maximum study area 

will be covered. The sampling locations 

were from rural areas where inhabitants 

depend upon these groundwater sources to 

meet their domestic activities. Grab 

sampling methodology was adopted for 

the collection of groundwater samples. A 

narrow mouth polyethylene container of 

1000 mL capacity (Poly lab, India) was 

used for the collection of groundwater 

samples for physicochemical analysis 

(general parameters). To collect 

groundwater samples for iron and 

manganese a polyethylene container of 

100 mL capacity was used. These 

containers were thoroughly washed first 

with tap water followed by detergent, then 

with conc. HNO3 and finally with double 

distilled water. Samples for heavy metals 

assessment were preserved by the addition 

of 1 mL of conc. HNO3 (16 N, Merck) per 

100 mL of sample. Reagents used for 

assessing physiochemical parameters 

were AR grade (Merck) and glassware of 

borosilicate make. All reagents were 

prepared as per APHA (APHA, 2005). 

The acid digested sample was used for the 

determination of iron and manganese 

concentrations from groundwater. Heavy 

metals analysis was carried out by using 

ICP-OES (ICP-OES, Perkin Elmer, 

Germany, Dv 7000). The data obtained 

from analytical results were statistically 

assessed by employing various statistical 

tools which include minimum, maximum, 

average, median, range, standard 

deviation, variance, skewness, kurtosis, 

percentiles using Microsoft Office Excel 

2007® and SPSS 16.0 (IBM, USA). 

While carrying out groundwater 

sampling it was confirmed from 

inhabitants of sampling location regarding 

the usability of water for potable and/or 

domestic purpose, the magnitude of use by 

them, and frequency of use. Precise hand 

pump/dug well location for latitude, 

longitude, and altitude was recorded by 

using a handheld GPS (Map my India 

navigation 2.0). The hand pump was 

monitored for corrosion or other 

anomalies and the same was recorded in 

the field diary. In the case of a hand pump, 

they were pumped for five minutes to 

avoid stagnation of groundwater into it. At 

the time of allowing groundwater to flow 

from a hand pump, the internal and 

external pipe structure of its outlet was 

cleaned to remove any solids or foreign 

material that adhere to it. While carrying 

out groundwater sampling relevant data 

about hand pump/dug well depth, year of 

installation, usability, availability of water 

were also collected from respective 

inhabitants of the village. The respondent 

includes males and females having 

primary or above education background. 

The age of the individuals who were 

interviewed was above 18 years.  

 

Results and Discussion 

Seasonal Distribution of Fe and Mn 
The occurrence of groundwater iron 

and manganese in different seasons is 

presented in Table 1. From the table it can 
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be seen that the average maximum iron 

concentration is observed in Ballarpur 

(hand pump, HP) 18.213 mg/L; whereas, 

the minimum average in Gunjewahi (dug 

well, DW) 0.081 mg/L. Maximum 

average manganese concentration 0.779 

mg/L is observed at Naleshwar (HP). 

Minimum average manganese 

concentration 0.003 mg/L is observed 

from Mowada (HP), Antargaon (HP), 

Gowari (HP), and Morwa (HP). 

Higher iron and manganese 

concentrations from hand pumps are in 

agreement with results obtained by 

Satapathy et al. (2009); Rossiter et al. 

(2010). Hand pumps owing to their 

proximity to different ores and minerals 

present in the Earth's crust and water being 

a universal solvent tend to dissolve these 

ores and minerals may result in such 

elevated concentrations than dug wells. 

Also, redox conditions are the main reason 

for mobility and occurrence in water.  

Iron Distribution  
Table 2 and Figure 6 (a-d) present 

spatio-temporal distribution of 

groundwater iron concentration from the 

study area. Figure 7 (a-d) depicts 

groundwater iron occurrence and 

distribution in water source depth. The 

sampling locations from the study area are 

divided into six water source depths of 50 

feet interval (<50, 50-100, 100-150, 150-

200, 200-250, and 250-300 feet below 

ground level, ft bgl). The representative 

sampling locations are classified in this 

water source depth and average depth (ft 

bgl) is calculated. Maximum 15 (41.66%) 

sampling locations have groundwater 

source depth in the range of 51-100 ft bgl 

and a minimum one (2.77%) in 251-300 ft 

bgl. These observations indicate that 

groundwater available from the study area 

is at an accessible level. In winter, the 

minimum average groundwater iron 

concentration is found to be 0.080 mg/L at 

water source depth level <50 ft bgl; 

whereas, the maximum 5.398 mg/L in 51-

100 ft bgl. In summer, the minimum 

average 0.263 mg/L is observed in <50 ft 

bgl and the maximum average 3.084 mg/L 

at the depth level of 251-300 ft bgl. Post-

monsoon minimum average iron 

concentration is found to be 0.074 mg/L at 

<50 ft bgl and maximum 1.627 mg/L at 

251-300 ft bgl. Maximum average 

groundwater iron concentration 2.387 

mg/L from all the seasons studied is found 

at 51-100 ft bgl and minimum 0.139 mg/L 

at <50 ft bgl. 

On observations recorded at different 

water source depths, it can be seen that at 

water source depth <50 ft bgl, average 

groundwater iron concentration in winter, 

summer, and post-monsoon is within 

Indian Standard Drinking Water-

Specification for iron (IS 10500:2012, 

Iron 0.3 mg/L Max., Acceptable limit). At 

all other water source depths and sampling 

seasons, except at post-monsoon at water 

source depth 151-200 ft bgl, all have 

average groundwater iron concentrations 

more than IS 10500:2012 for the 

acceptable limit (0.3 mg/L Max.) of iron. 

Water source depth 251-300 ft bgl in all 

seasons has reported elevated 

groundwater iron concentration in the 

range from 1.627 mg/L to 3.084 mg/L. 

This water source depth can be assigned as 

harmful because of the groundwater iron 

concentration present in it. On the other 

hand, a water source depth <50 ft bgl can 

be assigned as a comparatively safe water 

source depth. Of all the depths at different 

seasons, winter has reported maximum 

times (three) highest groundwater iron 

concentration followed by summer (two) 

and least in post-monsoon (one). The 

plausible reason for this observation can 

be assigned to recharge of groundwater 
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rich in oxygen due to precipitation during 

monsoon which results in dilution of the 

heavy metal (iron). Thus, winter and 

summer can be assigned as harmful 

seasons. From the observations recorded 

from Table 3, it can also be stated that a 

dug well which has a depth normally <50 

ft bgl is safer than a hand pump/bore well 

which has a depth of >120-150 ft bgl.  

Applian and Zhao (1989); White et al., 

(1991) reported at greater depth with 

reducing conditions, the solubility of iron-

bearing minerals in water increases 

leading to an enrichment of dissolved iron 

in groundwater. From the study area at the 

water source depth level 251-300 ft bgl 

average groundwater iron concentrations 

are maximum in summer (3.084 mg/L) 

followed by winter (1.997 mg/L), which is 

comparable with post-monsoon’s average 

iron concentration (1.627 mg/L). 

The result pointed out by Subba Rao 

(2008) agrees with the results obtained 

from the study. Relatively higher 

groundwater iron concentration is 

observed in shallow well waters (up to 100 

ft bgl) than deep well waters (101-300 ft 

bgl), which can be attributed to the ready 

availability of shallow wells to chemical 

reactions, as they confined to the 

weathered zone. 

Hem (1991) has reported infiltrating 

water pass through soil and rock zones 

before reaching the groundwater table, 

thus dissolving minerals present in soils 

and rocks, depending upon the pH-Eh 

conditions. These observations are 

following the observations obtained from 

the study. 

Manganese Distribution  
Groundwater manganese occurrence 

and distribution with water source depths 

are presented in Tables 1 and 3 

respectively and Figures 8 and 9 (a-d). 

From Table 4, it can be seen that the 

maximum average manganese 

concentration (0.367 mg/L) in winter is 

observed at water source depth 251-300 ft 

bgl which is closely followed by 51-100 ft 

bgl (0.367 mg/L). In summer similar 

observations are recorded as of winter. In 

post-monsoon maximum average 

manganese concentration, 0.133 mg/L is 

observed at a depth level of 251-300 ft bgl 

followed by 0.107 mg/L at <50 ft bgl. The 

average groundwater manganese 

concentration in all three seasons 

maximum is 0.221 mg/L at 251-300 ft bgl 

followed by 0.198 mg/L at 101-150 ft bgl. 

On comparison of average manganese 

concentration between summer and post-

monsoon, it can be seen that in summer 

the concentration is more (0.039 mg/L). In 

post-monsoon the average concentration 

is reduced to 0.012 mg/L from 0.039 mg/L 

of summer. Furthermore, it is also 

observed that the range also got reduced 

significantly from 0.016-0.062 mg/L in 

summer to 0.008-0.016 mg/L in post-

monsoon. The reasons which can be 

assigned for these observations include, 

increase in the concentration of heavy 

metal in groundwater due to a decrease in 

groundwater level in summer, and in 

monsoon, due to precipitation, the 

accumulated concentration of the heavy 

metal got diluted due to increase in 

groundwater level. Also, in winter 

groundwater manganese concentration 

range and average concentration got 

increase. The reason that can be assigned 

for this observation is, minerals and ores 

present in the Earth’s crust got dissolved 

in groundwater. The solubility product of 

different compounds of manganese in 

groundwater is also a governing factor for 

this. Moreover, no dilution of 

groundwater is also responsible for this 

increase in groundwater manganese 

concentration observations.  
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The observations recorded for this 

water source depth level when compared 

with Indian Standards Drinking Water-

Specification (IS 10500:2012, 

Manganese, Acceptable limit 0.1 mg/L, 

Max.) it is observed that only maximum 

concentration (0.101 mg/L, Jam Tukum, 

HP) in winter is above the standard; 

whereas, other concentrations are within 

the acceptable limit. 

In all the water source depth levels 

maximum average groundwater 

manganese concentration is observed in 

winter. Thus, it can be stated that winter is 

comparatively harmful concerning 

average groundwater manganese 

concentrations. Of the different water 

source depth levels, 101-150 ft bgl and 

251-300 ft bgl are found to have higher 

average groundwater manganese 

concentrations. In four depth levels (101-

150 ft bgl, 151-200 ft bgl, 201-250 ft bgl, 

and 251-300 ft bgl), during post-monsoon 

average groundwater manganese 

concentration is minimum. In the 

uppermost layer of water source depth <50 

ft bgl, summer has reported a minimum 

average concentration (0.070 mg/L). 

Perhaps, presence of few or no ores in this 

layer of the Earth’s crust (<50 ft bgl) may 

have resulted in such observations. 

Furthermore, a reduction in groundwater 

level can be another plausible reason for 

it. The deepest water source level (251-

300 ft bgl) has maximum groundwater 

average manganese concentrations from 

all the seasons studied. It can be stated that 

this groundwater depth level is not safe for 

drinking purposes by inhabitants. In all 

water source levels, during the post-

monsoon increase in groundwater level 

leads to a reduction in groundwater 

manganese concentrations are observed. 

In winter, average groundwater 

manganese concentration is above the 

acceptable limit of Indian Standard 

Drinking Water-Specification (0.1 mg/L 

Max.) except at 201-250 ft bgl water 

source depth (0.078 mg/L).  

The results obtained by Dhar et al., 

(2008) as concentrations of groundwater 

iron and manganese rose during the dry 

season and dropped during the wet season 

agrees with the observations obtained in 

this study. It was further reported that iron 

concentration in groundwater may 

increase or decrease with the increasing 

depth of aquifers (Hossain and Huda, 

1997). 

As observed from the literature 

review, results about groundwater iron 

and manganese concentrations have 

traditionally reported in the light of space 

and time only. However, based on water 

source depth, no in-depth studies are 

reported previously. This is perhaps for 

the first time such in-depth results are 

being reported. From this attempt, it can 

be pointed out that, concentrations of 

these two heavy metals vary not only with 

space and time but also vary w.r.t. water 

source depth. Dug well, hand pump, 

shallow, deep, and very deep well-

reported remarkable findings pertaining to 

groundwater iron and manganese 

concentration distribution.  

Lithology and Iron and Manganese 

Concentration  
Groundwater sampling locations 

lithology and average pH, iron, and 

manganese concentrations is presented in 

Table 4. From the table, it can be observed 

that maximum sampling locations (n=15, 

41.66%) have granitic genesis lithology 

followed by sandstone (n=9, 25%), 

alluvium (n=7, 19.44%), limestone (n=3, 

8.33%), and minimum in cherty limestone 

(n=2, 5.55%). Sandstone and granitic 

genesis contributed maximum towards 

groundwater iron concentration whereas 
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granitic gneisses contributed the 

maximum to groundwater manganese 

concentrations followed by sandstone and 

limestone. The results obtained in this 

study corroborates with Langmuir (1997), 

Hesterberg (1998), Darko et al. (2006), 

Alam and Umar (2013), Ngah and 

Nwankwoala (2013) that groundwater 

iron and manganese has a geogenic origin. 

The presence of ores and minerals bearing 

iron and manganese may be perhaps 

unevenly distributed in the earth's crust as 

a result of which their concentration in 

different water source depth varies. Owing 

to the universal solvent property of water, 

all elements and minerals present in the 

earth's crust tend to get dissolved into it as 

a result of it such observations are 

recorded.  

 

Conclusion 

The distribution pattern of average 

iron concentration in different seasons 

concerning water source depth showed as 

water source depth increases average iron 

concentration also increases. Average 

groundwater manganese concentration at 

various depth ranges showed a steady 

increase in concentration from surface 

level and a decline in manganese 

concentration is observed up to 201-250 ft 

bgl range and from this range again 

increase in manganese concentration was 

observed in 251-300 ft bgl. The presence 

of ores and minerals in the Earth’s crust is 

responsible for the occurrence and 

distribution of iron and manganese in 

groundwater. Sandstone and granitic 

genesis contributed maximum towards 

groundwater iron; whereas, granitic 

genesis, sandstone, and limestone 

contribute the maximum for manganese. 

At lesser depth concentration of these 

heavy metals is less and as water source 

depth increases thus the concentration. 

This knowledge of the distribution of 

groundwater iron and manganese 

according to water source depth needs to 

be used in the future for policy 

formulation regarding depth below 

ground level to be decided for extraction 

of groundwater from different geological 

settings. 
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Table 1: Seasonal distribution of groundwater iron and manganese 
Sampling location 

(Water source) 

Altitude 

(m asl) 

Age 

(Years) 

Depth (ft 

bgl) 

Iron concentration (mg/L)  Manganese concentration (mg/L) 

Winter Summer Post-

monsoon 

Average  Winter Summer Post-

monsoon 

Average 

Sonegaon (HP) 215 3 100 0.006 0.188 0.136 0.110  0.005 0.009 0.010 0.008 

Telwasa (HP) 207 3 100 0.034 0.221 0.499 0.251  BDL 0.007 0.006 0.004 

Belora (HP) 210 10 100 BDL 0.171 0.156 0.109  0.078 0.031 0.032 0.047 

Sagra (DW) 240 57 50 BDL 0.164 0.080 0.081  0.004 0.011 0.007 0.007 

Pethbhansouli (HP) 209 3 100 14.313 0.312 0.644 5.090  0.972 0.138 0.125 0.412 

Bhisi (HP) 287 1 150 0.337 0.906 0.698 0.647  0.279 0.089 0.761 0.376 

Pimpalgaon (HP) 246 25 250 0.687 0.466 1.465 0.873  0.056 0.016 0.008 0.027 

Mowada (HP) 198 10 180 0.117 0.240 0.163 0.173  BDL 0.006 0.003 0.003 

Dongargaon (HP) 222 30 200 1.700 0.455 0.458 0.871  0.791 0.201 0.125 0.372 

Lohara (HP) 202 12 60 3.749 0.357 0.265 1.457  0.021 0.007 0.005 0.011 

Chichpalli (HP) 226 12 70 BDL 0.204 0.167 0.124  0.281 0.064 0.087 0.144 

Dabgaon (T.) (HP) 215 3 300 1.997 3.084 1.627 2.236  0.383 0.149 0.133 0.222 

Naleshwar (HP) 215 12 140 0.982 0.446 0.651 0.693  1.853 0.474 0.009 0.779 

Karwan (HP) 205 8 150 BDL 0.200 0.185 0.128  0.102 0.023 0.034 0.053 

Chikmara (HP) 214 25 100 0.575 0.571 0.084 0.410  0.030 0.019 0.017 0.022 

Pathri (HP) 240 20 100 BDL 0.246 0.323 0.190  0.096 0.039 0.035 0.057 

Gunjewahi (DW) 230 60 35 BDL 0.188 0.055 0.081  BDL 0.006 0.002 0.003 

Mangali Chak (HP) 224 25 200 0.117 0.266 0.144 0.176  BDL 0.005 0.004 0.003 

Govindpur (HP) 271 25 150 0.120 0.249 0.215 0.195  0.076 0.012 0.005 0.031 

Ratnapur (HP) 225 10 100 1.765 0.864 1.695 1.441  0.186 0.038 0.116 0.113 

Antargaon (HP) 230 15 200 0.117 0.276 0.098 0.164  BDL 0.005 0.003 0.003 

Visapur (HP) 152 9 100 11.536 1.741 4.022 5.766  0.363 0.016 0.013 0.131 

Ballarpur (HP) 243 5 60 47.100 3.825 3.714 18.213  0.093 0.015 0.026 0.045 

Sasti (HP) 198 10 180 5.715 0.892 0.202 2.270  0.208 0.050 0.005 0.088 

Gowari (HP) 198 6 120 0.378 0.401 0.146 0.308  BDL 0.008 0.002 0.003 

Arvi (HP) 202 23 100 0.317 0.901 0.354 0.524  BDL 0.010 0.006 0.005 

Awarpur (HP) 216 2 200 BDL 0.569 0.120 0.230  0.060 0.025 0.018 0.034 

Lakhmapur (HP) 243 8 200 2.922 0.793 0.124 1.280  0.009 0.008 0.002 0.006 

 Kem (T.) (HP) 178 8 150 2.927 1.134 1.276 1.779  0.037 0.113 0.022 0.057 

Ganpur (HP) 199 25 160 1.364 0.281 0.157 0.601  BDL 0.011 0.002 0.004 

Gondpipari (HP) 195 20 100 0.951 3.548 0.186 1.562  0.532 0.248 0.082 0.287 

Pombhurna (HP) 189 20 100 0.420 0.351 0.160 0.310  0.010 0.011 0.004 0.008 

Jam Tukum (HP) 174 20 250 0.030 0.627 0.115 0.257  0.101 0.062 0.016 0.060 



 

243 

 

Dongar Haldi (HP) 187 6 120 1.437 0.399 0.290 0.709  0.224 0.004 0.044 0.091 

Durgapur (HP) 201 4 20 0.241 0.439 0.089 0.256  0.354 0.193 0.312 0.286 

Morwa (HP) 218 15 100 0.207 0.331 0.215 0.251  0.004 0.003 0.003 0.003 

Min. 152 1 20 BDL 0.164 0.055 0.081  BDL 0.003 0.002 0.003 

Max. 287 60 300 47.100 3.825 4.022 18.21  1.853 0.474 0.761 0.779 

Average  211 15.27 133.2 3.522 0.730 0.582 1.38  0.257 0.058 0.058 0.106 

SD 26.00 13.00 63.55 9.01 0.90 0.92 3.15  0.39 0.09 0.13 0.16 

HP  - hand pump, DW - dug well, Altitude - in meters above sea level (m asl), Age - age of the water source from year of installation in years, Depth - in 

feet of water source below ground level (ft bgl). Groundwater iron and manganese concentrations are expressed in mg/L, BDL- Below detection limit, Min. 

- Minimum, Max. - Maximum
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Table 2: Iron distribution with water source depth 
Water 

source 

depth  

(ft bgl) 

Average 

depth  

(ft bgl)  

Water 

sample,  

n (%) 

Iron conc. range (average) in mg/L 

Winter Summer  Post-monsoon  Average  

<50 feet 35 3 (8.33) BDL-0.24 

(0.080) 

0.164-0.439 

(0.263) 

0.055-0.089 

(0.074) 

0.139 

51-100 92.66 15 (41.66) BDL-47.100 

(5.398) 

0.171-3.825 

(0.922) 

0.084-4.022 

(0.841) 

2.387 

101-150 140 7 (19.44) BDL-2.97 

(0.883) 

0.200-1.134 

(0.533) 

0.146-1.276 

(0.494) 

0.636 

151-200 190 8 (22.22) BDL-5.74 

(1.506) 

0.240-0.892 

(0.471) 

0.098-0.458 

(0.183) 

0.720 

201-250 250 2 (5.55) 0.030-0.687 

(0.358) 

0.466-0.627 

(0.546) 

0.155-1.465 

(0.810) 

0.571 

251-300 300 1 (2.77) 1.997 (1.997) 3.084 (3.084) 1.627  

(1.627) 

2.236 

BDL- Below detection limit 

 

Table 3: Manganese distribution with water source depth  
Water 

source 

depth  

(ft bgl) 

Average 

depth  

(ft bgl)  

Water 

sample,  

n (%) 

Manganese conc. range (average) in mg/L 

Winter Summer  Post-monsoon  Average 

<50 feet 35 3 (8.33) BDL-0.354 

(0.119) 

0.006-0.193 

(0.070) 

0.002-0.312 

(0.107) 

0.098 

51-100 92.66 15 (41.66) BDL-0.972 

(0.178) 

0.003-0.248 

(0.043) 

0.003-0.125 

(0.037) 

0.086 

101-150 140 7 (19.44) BDL-1.853 

(0.367) 

0.004-0.474 

(0.103) 

0.002-0.761 

(0.125) 

0.198 

151-200 190 8 (22.22) BDL-0.791 

(0.133) 

0.005-0.201 

(0.030) 

0.002-0.125 

(0.020) 

0.061 

201-250 250 2 (5.55) 0.056-0.101 

(0.078) 

0.016-0.062 

(0.039) 

0.008-0.016 

(0.012) 

0.043 

251-300 300 1 (2.77) 0.383 (0.383) 0.149 (0.149) 0.133  

(0.133) 

0.221 

BDL- Below detection limit 
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Table 4: Lithology of sampling location vs. average pH, iron and manganese concentrations  
Sampling location 

(water source) 

Lithology  Average pH Average iron 

conc. (mg/L) 

Average manganese 

conc. (mg/L) 

Sonegaon (HP) Alluvium  7.05 0.110 0.008 

Telwasa (HP) Sandstone, variegated shale 6.89 0.251 0.004 

Belora (HP) Cherty limestone, clay, sandstone and conglomerate 7.27 0.109 0.047 

Sagra (DW) Cherty limestone, clay, sandstone and conglomerate 7.25 0.081 0.007 

Pethbhansouli (HP) Sandstone, variegated shale 7.05 5.090 0.412 

Bhisi (HP) Granitic gneiss and granite hornblend schist, amphobolite 6.80 0.647 0.376 

Pimpalgaon (HP) Granitic gneiss and granite hornblend schist, amphobolite 7.02 0.873 0.027 

Mowada (HP) Alluvium 7.11 0.173 0.003 

Dongargaon (HP) Limestone/shale with limestone bands at places 6.80 0.871 0.372 

Lohara (HP) Sandstone, variegated shale 5.81 1.457 0.011 

Chichpalli (HP) Sandstone, variegated shale 6.93 0.124 0.144 

Dabgaon (T.) (HP) Granitic gneisses and migmatite 6.87 2.236 0.222 

Naleshwar (HP) Granitic gneisses and migmatite 6.57 0.693 0.779 

Karwan (HP) Sandstone/shale  7.33 0.128 0.053 

Chikmara (HP) Granitic gneisses and granite hornblende schist, amphobolite  6.98 0.410 0.022 

Pathri (HP) Granitic gneisses and granite hornblende schist, amphobolite  6.73 0.190 0.057 

Gunjewahi (DW) Granitic gneisses and granite hornblende schist, amphobolite  7.44 0.081 0.003 

Mangali Chak (HP) Granitic gneisses and granite hornblende schist, amphobolite  7.04 0.176 0.003 

Govindpur (HP) Granitic gneisses and granite hornblende schist, amphobolite  6.93 0.195 0.031 

Ratnapur (HP) Granitic gneisses and granite hornblende schist, amphobolite  6.87 1.441 0.113 

Antargaon (HP) Granitic gneisses and granite hornblende schist, amphobolite  7.49 0.164 0.003 

Visapur (HP) Alluvium   6.31 5.766 0.131 

Ballarpur (HP) Sandstone, variegated shale 6.12 18.213 0.045 

Sasti (HP) Alluvium 6.83 2.270 0.088 

Gowari (HP) Alluvium 7.08 0.308 0.003 

Arvi (HP) Alluvium 6.80 0.524 0.005 

Awarpur (HP) Limestone/shale with limestone bands at places 7.13 0.230 0.034 

Lakhmapur (HP) Limestone/shale with limestone bands at places 6.88 1.280 0.006 

Kem (Tukum) (HP) Alluvium 7.11 1.779 0.057 

Ganpur (HP) Sandstone, variegated shale 6.82 0.601 0.004 

Gondpipari (HP) Granitic gneisses and migmatite 6.80 1.562 0.287 
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Pombhurna (HP) Granitic gneisses and migmatite 6.96 0.310 0.008 

Jam Tukum (HP) Granitic gneisses and migmatite 6.90 0.257 0.060 

Dongar Haldi (HP) Granitic gneisses and migmatite 7.01 0.709 0.091 

Durgapur (HP) Sandstone, variegated shale 6.95 0.256 0.286 

Morwa (HP) Sandstone, shale, pebble bed, tillite  7.04 0.251 0.003 

DW- dug well, HP- hand pump.  

Underline concentrations are above the acceptable limit of the respective heavy metals of Indian Standard (IS 10500: 2012). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

247 

 

 
Fig. 1: Chandrapur district with different administrative blocks in central India  

(Satapathy et al., 2009) 

 

 
Fig. 2: Geomorphology of the study area (Satapathy et al., 2009) 
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Fig. 3: Hydrogeology of the study area (CGWB, 2009) 
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Fig. 4: Geology of the study area (Satapathy et al., 2009) 
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Fig. 5: Groundwater sampling locations 

         
a Winter                      b Summer 

      
c Post-monsoon      d Average  

Fig. 6: Iron concentrations from study area in different seasons (a-c) and average (d)
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Fig. 7: Groundwater iron distribution at water source depth (ft bgl) in different seasons (a-c) and average (d) 
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a Winter           b Summer  

 

 
c Post-monsoon                        d Average 

 

Fig. 8: Manganese concentrations from the study area in different seasons (a-c) and 

average (d) 
 

 

 

 

 

 

 

 

 

 

 

 

 

Ethiopian Journal of Environmental Studies and Management Vol. 14 no.2 2021 



 

253 

 

 
Fig. 9: Groundwater manganese distribution at water source depth (ft bgl) in different seasons (a-c) and average (d) 

 

 

 

 


