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Abstract 

To ascertain the precipitation and altitude effects on groundwater iron and manganese 

distribution in Chandrapur district, central India 36 groundwater sampling locations by 

stratified sampling methodology were identified. Water sampling was carried out by grab 

sampling methodology and heavy metals concentrations were analyzed by acid digestion 

method with the help of ICP-OES. The results revealed precipitation affects the distribution 

of groundwater iron and 1601-1700mm precipitation range has a maximum effect (n=4 

sampling locations have reported an increase in concentration in post-monsoon season). 

The minimum effect was observed in the precipitation range of 1801-1917mm (n=1 

sampling location has reported an increase in concentration). In the case of groundwater 

manganese, a similar trend as of groundwater iron was recorded. The distribution of iron 

and manganese concerning altitude has maximum sampling locations (n=25) in the medium 

attitude range (198-242 m asl). The average iron and manganese concentration concerning 

altitude is in the order of high > low > medium and medium > low > high respectively. It can 

be concluded that precipitation and altitude affect the distribution of groundwater iron and 

manganese from the study area. The plausible reasons for this perhaps may be the 

dissolution of these heavy metals in groundwater and their distribution in the earth crust at 

various altitudes. Inhabitants from these types of precipitation and altitude ranges should 

use groundwater cautiously if the presence of iron and manganese is reported from the 

groundwater samples. 
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Introduction 

Precipitation occurs in many forms of 

which rain is the most important. The 

amount of rainfall greatly influences the 

flora and fauna of a particular region 

furthermore, on other abiotic components 

such as soil, water table, and 

geochemistry. Rainfall range varies from 

region to region. Percolation of rain 

through soil controls the dissolution of 

ores and minerals along with the dilution 

of different metal ions. Altitude is the 

height in meters above sea level (m asl) of 

any location. The altitude of a particular 

place is governed by topography. 

Topographic factors are concerned with 

the physical geography of the Earth in the 

area. Earth’s surface is not similar, 
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different regions may show several 

irregularities. Such topographic factors 

not only influence biotic factors but may 

also influence minerals and ores present in 

the Earth’s crust. With the increase in 

altitude, there are changes in values of 

temperature, pressure, wind speed, 

humidity, the intensity of solar radiation 

etc. Due to variation in altitude which also 

leads to variation in the geology of the 

Earth crust and ultimately distribution of 

ores and minerals into it may be 

responsible for the distribution of heavy 

metals also (Sharma, 2016-2017).  

Agca et al. (2014), Borah et al. (2009), 

Chetia et al. (2008), Hazarika and Bhuyan 

(2013), Haloi and Sarma (2011), Khan et 

al. (2013a), Melegy et al. (2014), Merrill 

et al. (2010), Ngah and Nwankwoala 

(2013), Purushotham et al. (2013) and Rao 

(2007) reported elevated groundwater iron 

concentration. In the case of groundwater 

manganese elevated concentrations were 

reported by Agca et al. (2014), Alam and 

Umar (2013), Cobbina et al. (2012), 

Dragon and Gorski (2015), Hasan and Ali 

(2010), Homoncik et al. (2010), Melegy et 

al. (2014), Nawankwoala et al. (2011), 

Purushotham et al. (2013), Rajmohan and 

Elango (2005) and Utom et al. (2013). 

These studies highlight that elevated 

groundwater iron and manganese 

concentration in the natural aquatic 

environments is a regular observation. The 

presence of these elevated groundwater 

iron and manganese concentrations was 

attributed to geogenic/lithogenic origin by 

Alam and Umar (2013), Bhuyan (2010), 

Darko et al. (2006), Giri et al. (2012), Ibe 

et al. (2002), Langmuir (1997), 

Muhammad et al. (2011), Nwankwoala et 

al. (2011), Rao (2007), Satapathy et al. 

(2009), Subba Rao (2008) and Tiwari and 

Dubey (2012).  

The dissolution and dilution of these 

heavy metals depend on the percolation 

rate of precipitation from the soil of that 

area along with the presence of different 

ores and minerals present in the Earth’s 

crust. There is paucity of literature on 

studies carried out on the relationship 

between precipitation and altitude and 

prevalence of heavy metals. Except for 

Singhal and Gupta (1999) which reported 

in Assam, Orissa and Kerala which fall 

under the high rainfall zone of India the 

total iron concentration ranges from 6.83 

to 55 mg/L. No other study was carried out 

on the influence of precipitation on 

groundwater iron (Fe) and manganese 

(Mn). Thus, this knowledge gap was 

identified from the subject domain. 

Hence, to fill this knowledge gap with the 

new one the objective of the study is to 

investigate the effects of precipitation 

(rainfall) and altitude on groundwater iron 

and manganese concentration distribution 

from the study area. Furthermore, to 

assess the combined effect of these two 

environmental factors on the 

concentration of these two heavy metals. 

The outcomes of the study will provide 

new insight into the effects of 

precipitation and altitude on the 

distribution of groundwater iron and 

manganese.  

Study Area 
Chandrapur district (19o25′ N to 20o45′ 

N and 78o50′ E to 80o10′ E) is situated in 

the Vidarbha region of Maharashtra state 

of central India (Figure 1). The district has 

a geographical area of 11,364 sq km with 

elevation ranging from 106 m to 589 m 

asl, with the south-west part having a high 

level and the south-east part with low 

level. The climate of the district is 

characterized by wide climatic conditions 

ranging from hot summer (May, 

temperature up to 47oC) to cold winter 
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(December, temperature up to 7oC) and 

general dryness throughout the year. The 

district can be classified as a tropical hot 

climate. The humidity was observed as 

70% during monsoon and 20% during 

summer. The rainy season had reported 

rainfall from the south-west monsoon 

(June-September) with annual rainfall 

ranging from 1200-1450mm with an 

annual number of rainy days as 60 to 65. 

The rainfall is asymmetrically distributed 

in the district. The Warora tehsil receives 

comparatively minimum rainfall which 

gradually increases and reaches a 

maximum around Bramhapuri 

administrative block (CGWB, 2009). 

 

 
Fig. 1: Chandrapur district with administrative blocks (Satapathy et al., 2009) 

 

The groundwater in Chandrapur 

district exists under confined/semi-

confined and unconfined conditions. The 

depth of an unconfined aquifer generally 

extends up to 20 m bgl and can be tapped 

by a dug well. Pre-monsoon season 

reported the depth of water table in this 

aquifer in the range of 1.0-19.0 m bgl. The 

elevation of the water table varies from 

230 m (NW) to 160 m (SE) asl. According 

to MPCB (2006), the district has shown a 

declining trend in groundwater level at a 

rate of >20 cm per year (Pre-monsoon 

1995-2004). The groundwater flow is 

towards the Wardha River and its 

tributaries thereby confirming the affluent 

nature of the river” (Satapathy et al., 

2009). 

Geologically, the Chandrapur district 

forms a part of the Gondwana sedimentary 

basin. Lithologically Chandrapur district 

presents a variety of stratigraphic units 

right from Archean to recent alluvium and 

laterites. 
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Materials and Methods 

Groundwater Sampling Protocol   
Thirty-six groundwater sampling 

locations comprising of hand pumps and 

dug wells from the Chandrapur district 

were identified (Figure 2). Stratified 

sampling was carried out for groundwater 

sampling. Of these sampling locations, 34 

(94.44%) were from hand pumps and two 

(5.55%) from dug wells. The sampling 

locations were selected such that the 

maximum study area was to be covered. 

Furthermore, these sampling locations 

were selected from rural areas where 

inhabitants were mostly dependent upon 

groundwater as a source of potable water 

and to carry out other domestic activities. 

Groundwater sampling was carried out by 

the grab sampling method.  

 

 
Fig. 2: Groundwater sampling locations from the study area 

 

Samples Collection 
For collecting groundwater samples for 

analysis two different capacities of 

polyethylene containers (Polylab, India) 

were selected. For analysis of general 

parameters, a narrow mouth polyethylene 

container of 1000 mL capacity was 

selected; whereas, for heavy metals 

analysis a narrow mouth 100 mL capacity 

polyethylene container (Polylab, India) 

was used. Both the containers were 

thoroughly washed first with detergent 

then with distilled water followed by conc. 

HNO3 (16 N, Merck) further by repeated 

washing with distilled water in the 

laboratory. These containers were rinsed 

with a hand pump or dug well water before 

groundwater sampling and then the 
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sample was collected into it. Heavy metals 

samples were preserved by adding conc. 

HNO3, 2 mL per 100 mL at the time of 

sampling. All reagents used while 

carrying out physicochemical analysis 

were of AR grade (Merck) and glassware 

was of borosilicate make. Double distilled 

water was used for the preparation of 

reagents. All reagents were prepared as 

stated in APHA (2005).  

Groundwater temperature was 

measured in the field itself with the help 

of a mercury thermometer with 0.5oC 

division (Gera, GTI, India) and the 

temperature was recorded in degree 

centigrade.  

On-site Water Source Analysis  
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. During groundwater 

sampling from the source if any suspended 

matter or colour was observed the same 

was recorded. The surrounding platform 

of the groundwater source was examined 

for its construction type and presence of 

any red colour patches. 

Heavy Metals Analysis  
The concentrations of total heavy 

metals were determined after acid 

digestion with conc. HNO3. Groundwater 

samples especially collected for 

determination of iron and manganese were 

acid digested in a pre-leached glass beaker 

on a hot plate at 95oC and evaporated to 

5mL without boiling. While carrying out 

this, glass beakers were covered with 

clean watch glass. This process resulted in 

the total extraction of metals from 

groundwater. After cooling, into the 

digested sample a small quantity of 1:1 

conc. HNO3 (16 N, Merck) was added and 

further refluxed for 15 to dissolve any 

precipitate and residue resulting from 

evaporation. This digested sample after 

cooling was transferred into a 25 mL 

volumetric flask and diluted up to 25mL 

with double distilled water. This acid 

digested sample was used for the 

determination of iron and manganese 

concentrations. Heavy metals analysis 

was carried out by using ICP-OES (ICP-

OES, Perkin Elmer, Germany, Dv 7000). 

Auxiliary Information 
While carrying out groundwater 

sampling relevant data about hand 

pump/dug well depth, year of installation, 

usability, availability of water were also 

collected from inhabitants of the 

respective 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  

Distribution of Fe and Mn w.r.t. 

Precipitation 
Total precipitation during the rainy 

season of the respective administrative 

block is presented in Table 1 (Rainfall in 

Chandrapur district, 2013).  
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Table 1: Precipitation in different administrative blocks of Chandrapur district  

Month  June July August September October Total precipitation 

during the season   Block  A D A D A D A D A D 

Chandrapur 374.7 15 600.1 17 442.4 17 78.2 6 165.5 9 1660.9 

Mul 389.4 14 607.8 20 319.3 15 175.0 9 216.1 12 1707.6 

Gondpipari 294.8 10 746.8 15 307.4 13 164.3 9 207.7 10 1721 

Warora 604.3 11 739.5 23 221.9 16 107.6 6 159.2 7 1832.5 

Bhadravati 530.9 14 711.5 25 260.9 14 67.0 6 217.2 9 1787.5 

Chimur 544.6 16 688.8 21 286.7 22 42.0 6 97.7 7 1659.8 

Bramhapuri 503.2 14 703.5 23 403.2 16 115.1 7 186.7 10 1911.7 

Nagbhid 455.5 16 507.5 23 279.2 19 70.6 8 126.8 10 1439.6 

Sindhewahi 344.8 13 567.3 24 276.3 14 50.1 5 157.4 7 1395.9 

Rajura 343.7 12 785.0 18 276.3 13 150.1 7 170.4 9 1725.5 

Korpana 412.6 13 723.3 19 291.2 13 159.3 8 199.7 10 1786.1 

Sawali 264.5 15 546.5 23 337.4 13 117.6 8 187.6 12 1453.6 

Ballarpur 432.2 12 724.8 17 300.6 13 61.3 5 174.2 6 1693.1 

Pombhurna 287.7 12 839.4 18 421.1 18 79.0 6 289.0 11 1916.2 

Jivati 361.6 13 717.4 21 322.7 14 98.6 8 180.0 9 1680.3 

Precipitation is reported in mm. A - Actual precipitation in mm, D - Number of rainy days. 

(Source: http://maharain.gov.in/ Accessed December 4, 2016) 

 

The precipitation range was from 

1395.9mm (Sindhewahi) to 1916.2mm 

(Pombhurna) with an average 

precipitation of 1691.4mm. This 

precipitation range was divided into five 

classes as 1395-1500mm, 1501-1600mm, 

1601-1700mm, 1701-1800mm and 1801-

1917mm. Based on these classes, the 

administrative blocks of the district and 

further sampling locations in it were 

classified. It was found that a maximum 

five (33.33%) administrative blocks had a 

precipitation range of 1701-1800mm 

followed by four (26.66%) in 1601-

1700mm and three (20%) each in 1396-

1500mm and 1801-1917mm. No 

administrative block had precipitation in 

the range of 1501-1600mm. 

From Table 2, it can be seen that nine 

(25%) sampling locations had an increase 

in groundwater iron concentration as that 

of the summer season. Maximum four 

(44.44%) sampling locations which had 

reported an increase in groundwater iron 

concentration as that of the summer 

season where from 1601-1700mm 

precipitation class followed by two 

(22.22%) each from 1395-1500mm and 

1701-1800mm and minimum of one 

(11.11%) from 1801-1917mm class. In the 

case of groundwater manganese Table 3, 

nine (25%) sampling locations had an 

increase in groundwater manganese 

concentration in the post-monsoon season 

as that of the summer season. Maximum 

five (55.55%) sampling locations which 

had reported an increase in groundwater 

manganese concentration were from 

1601-1700mm precipitation class 

followed by two (22.22%) in 1701-

1800mm and one (11.11%) each from 

1395-1500mm and 1801-1917mm class.  

From these observations it can be 

pointed out, precipitation class of 1601-
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1700mm contributes the maximum 

increase in groundwater iron and 

manganese concentration and minimum 

by 1801-1917mm class. The plausible 

reasons that can be assigned for these 

observations include the geology of the 

study area and further solubility of iron 

and manganese with rainwater that gets 

percolated through the soil. Precipitation 

class of 1395-1500mm and 1801-1917mm 

which reported no significant sampling 

locations which had increased 

groundwater iron and manganese 

concentration perhaps may be due to the 

slow and rapid downward movement of 

rainwater in the Earth crust, respectively. 

On the contrary, 1601-1700mm which 

may have in between the velocities of 

these aforementioned precipitation classes 

thus may have resulted in such 

observations. 
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Table 2: Iron distribution w.r.t. precipitation   

1395-1500 mm 

n=3, 20% 

1601-1700 mm 

n=4, 26.66% 

1701-1800 mm 

n=5, 33.33% 

1801-1917 mm 

n=3, 20% 

Govindpur (0.034, 1.15) Sonegaon (0.052, 1.38) Dabgaon (1.457, 1.89)  Mowada (0.077, 1.47) 

Chikmara (0.487, 6.79)* Lohara (0.092, 1,34) Naleshwar (+0.205, 0.68) Dongargaon (+0.003, 0.99) 

Gunjewahi (0.135, 3.41) Chichpalli (0.037, 1.22) Karwan (0.015, 1.08) Pombhurna (0.191, 2.19) 

Mangali Chak (0.122, 1.84) Durgapur (0.35, 4.93)* Ganpur (0.124, 1.78) Jam (T.) (0.512, 5.45)* 

Pathri (+0.077, 0.76) Morwa (0.116, 1.53) Gondpipari (3.362, 19.07)* Dongar Haldi (0.109, 1.37) 

Ratnapur (+0.831, 0.50) Pethbhansouli (+0.332, 0.48) Telwasa (+0.278, 0.44) (n=5, 13.88%) 

(n=1, had reported increase in 

concentration) 

Antargaon (0.178, 2.81) Bhisi (0.28, 1.29) Belora (0.015, 1.09) 

(n=7, 19.44%) 

(n=2, had reported increase in 

concentration)  

Pimpalgaon (+0.999, 0.31) Sagra (0.084, 2.05) 

Visapur (+2.281, 0.43) Sasti (0.690, 4.41) 

Ballarpur (0.111, 1.02) Gowari (0.255, 2.74) 

Kem (T.) (+0.142, 0.88) Arvi (0.547, 2.54) 

(n=11, 30.55%) 

(n=4, had reported increase in 

concentration) 

Awarpur (0.449, 4.74) 

Lakhmapur (0.669, 6.39) 

(n=13, 36.11%) 

(n=2, had reported increase in 

concentration) 
Values in parenthesis indicate (increase or decrease in concentration in mg/L, times reduction or increase). The underline values indicate an increase in the 

concentration of the respective metal as that of the summer season. +ve sign indicates an increase in concentration and in other cases decrease in 

concentration (in mg/L). * Reported maximum decrease in concentration in that precipitation range.  
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Table 3: Manganese distribution w.r.t. precipitation   
1395-1500 mm 

n=3, 20% 

1601-1700 mm 

n=4, 26.66% 

1701-1800 mm 

n=5, 33.33% 

1801-1917 mm 

n=3, 20% 

Govindpur (0.007, 2.4) Sonegaon (+0.001, 0.9) Dabgaon (0.016, 1.12)  Mowada (0.003, 2.0) 

Chikmara (0.002, 1.11) Lohara (0.002, 3.5) Naleshwar (0.465, 52.66)* Dongargaon (0.076, 1.60) 

Gunjewahi (0.004, 3.0)* Chichpalli (+0.023, 0.73) Karwan (+0.011, 0.67) Pombhurna (0.007, 2.75) 

Mangali Chak (0.001, 1.25) Durgapur (+0.119, 0.618) Ganpur (0.009, 5.5) Jam (T.) (0.046, 3.87)* 

Pathri (0.004, 1.11) Morwa (0.0, 0.0) Gondpipari (0.166, 3.02) Dongar Haldi (+0.04, 0.1) 

Ratnapur (+0.078, 0.32) Pethbhansouli (0.013, 1.104) Telwasa (0.001, 1.16) (n=5, 13.88%) 

(n=1, had reported increase in 

concentration) 
Antargaon (0.002, 1.66) Bhisi (+0.672, 0.11) Belora (+0.001, 0.96) 

(n=7, 19.44%) 

(n=1, had reported increase in 

concentration) 

Pimpalgaon (0.008, 2.0) Sagra (0.004, 1.57) 

Visapur (0.003, 1.23) Sasti (0.045, 10.0) 

Ballarpur (+0.011, 0.57) Gowari (0.006, 4.0) 

Kem (T.) (0.091, 5.13)* Arvi (0.004, 1.66) 

(n=11, 30.55%) 

(n=5, had reported increase in 

concentration) 

Awarpur (0.007, 1.38) 

Lakhmapur (0.006, 4.0) 

(n=13, 36.11%) 

(n=2, had reported increase in 

concentration) 

 

 Values in parenthesis indicate (increase or decrease in concentration in mg/L, times reduction or increase). The underline value indicates an increase in the 

concentration of the respective metal as that of the summer season. +ve sign indicates an increase in concentration and in other cases decrease in 

concentration (in mg/L). * Reported maximum decrease in concentration in that precipitation range. 
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On comparison of all the four 

precipitation classes with sampling 

locations which had reported increase in 

groundwater iron and manganese 

concentration, 1601-1700 mm and 1701-

1800 mm combined had maximum 

sampling locations of six (66.66%) in case 

of iron and seven (77.77%) in case of 

manganese. Thus, it can be stated that the 

1601-1800 mm precipitation range 

contributes significantly to an increase in 

groundwater iron and manganese 

concentrations.  

For a decrease in concentrations of 

these two heavy metals from summer to 

post-monsoon in these precipitation 

classes, it was observed in 27 (75%) 

sampling locations. Decrease in iron 

concentration was in the order Gondpipari 

(19.07) > Chikmara (6.79) > Jam (T.) 

(5.45) > Durgapur (4.93) in precipitation 

classes of 1701-1800mm, 1395-1500mm, 

1801-1917mm and 1601-1700 mm, 

respectively. In the case of a decrease in 

manganese concentration, the order was 

Naleshwar (52.66) > Kem (T.) (5.13) > 

Jam (T.) (3.87) > Gunjewahi (3.0) in 

precipitation classes of 1701-1800 mm, 

1601-1700mm, 1801-1917mm and 1395-

1500mm, respectively. For the 

contribution of maximum dilution in the 

concentration of these two heavy metals 

precipitation class of 1701-1800mm was 

responsible; whereas, minimum of the 

maximum dilution in concentration in 

each class was from 1601-1700mm in case 

of iron and 1395-1500mm in case of 

manganese.  

Table 4 presents a summary of times 

average reduction and increase in iron and 

manganese concentration in these 

precipitation classes. From the table it can 

be seen that, average reduction in iron 

concentration was in the order of 4.34 

(1701-1800mm) > 3.2 (1395-1500mm) > 

2.62 (1801-1917mm) > 1.81 (1601-

1700mm). On the other hand, average 

increase in concentration was in the order 

of 0.99 (1801-1917) > 0.63 (1395-

1500mm) > 0.56 (1701-1800mm) > 0.52 

(1601-1700mm). Thus, it can be pointed 

out that the 1701-1800mm precipitation 

class contributed to a maximum reduction 

in groundwater iron concentration; 

however, 1801-1917mm contributed the 

maximum increase in concentration 

(Figure 3).  

 

Table 4: Average concentration, times reduction and increase in iron and manganese  

Precipitation range 1395-1500 

mm 

1601-1700 

mm 

1701-1800 

mm 

1801-1917 

mm Heavy metal  

Iron      

Average 

concentration  

0.356 3.142 0.790 0.464 

Average reduction  3.2 1.81 4.34 2.62 

Average increase  0.63 0.52 0.56 0.99 

Manganese       

Average 

concentration 

0.033 0.136 0.117 0.106 

Average reduction  1.75 2.59 7.80 2.55 

Average increase  0.32 0.58 0.81 0.10 
Average concentration is reported in mg/L. Average reduction and increase is reported in times reduction and 

increase respectively 
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Fig. 3: Average times increase in iron and manganese concentration 

 

In case of manganese concentration, 

average reduction was in order of 7.8 

(1701-1800mm) > 2.59 (1601-1700mm) > 

2.55 (1801-1917mm) > 1.75 (1395-

1500mm). Average increase in manganese 

concentration was observed in the order of 

0.81 (1701-1800mm) > 0.58 (1601-

1700mm) > 0.32 (1395-1500mm) > 0.10 

(1801-1917mm) (Figure 4). Thus, 

maximum average reduction and 

maximum average increase in manganese 

concentration both were observed in 

1701-1800mm precipitation class.  

 

 
Fig. 4: Average times reduction in iron and manganese concentration 
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In high rainfall zone of India such as 

Assam, Orissa, and Kerala it is reported 

that total iron concentration ranges from 

6.83 to 55mg/L (Singhal and Gupta, 

1999). The high rainfall zone of India has 

rainfall of >200cm (>2000mm). The 

results obtained for this study show 

groundwater iron concentration in the 

winter season in the range of BDL-

47.100mg/L, in summer 0.146-3.825mg/L 

and 0.055-4.022 in the post-monsoon 

season. The average iron concentration 

range was 0.081-18.21mg/L. Thus, results 

obtained for this moderate type of 

precipitation (1395-1917mm) from 

Chandrapur district is in agreement with 

Singhal and Gupta (1999). The heavy 

precipitation range (1701-1800mm) leads 

to the maximum average reduction of iron 

and manganese concentration, whereas, 

average increase in concentration 1801-

1917mm and 1701-1800mm for iron and 

manganese respectively. The percolation 

of precipitation (rainfall) through the 

Earth crust where different ores and 

minerals are present leads to weathering, 

leaching and dissolution of it in 

groundwater and thus such elevated 

groundwater iron concentrations were 

reported from the study area. 

Distribution of Fe and Mn w.r.t. Altitude 
Sampling locations’ altitude was in the 

range of 152m asl (Visapur, HP) to 287m 

asl (Bhisi, HP). The average altitude was 

211 m asl. The altitudes were divided into 

low, medium and high altitude classes as 

152-197m asl, 198-242m asl and 243-

287m asl respectively. Sampling locations 

having altitude in these classes were six 

(16.66%) in 152-197m asl, 25 (69.44%) in 

198-242m asl and five (13.88%) in 243-

287m asl. The average groundwater iron 

and manganese concentration were 

distributed accordingly in these altitude 

classes (Table 5). The average 

concentration for the respective class for 

these two heavy metals was calculated 

(Table 6). 
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Table 5: Iron and manganese distribution w.r.t. altitude 

Low altitude (152-197 m asl) Medium altitude (198-242 m asl) High altitude (243-287 m asl) 

Visapur (152, 5.766, 0.131) Sonegaon (215, 0.110, 0.008) Bhisi (287, 0.647, 0.376) 

Kem (T.) (178, 1.779, 0.057) Telwasa (207, 0.251, 0.004) Pimpalgaon (246, 0.873, 0.027) 

Gondpipari (195, 1.562, 0.287) Belora (210, 0.109, 0.047) Govindpur (271, 0.195, 0.031) 

Pombhurna (189, 0.310, 0.008) Sagra (240, 0.081, 0.007) Ballarpur (243, 18.213, 0.045) 

Jam (T.) (174, 0.257, 0.060) Pethbhansouli (209, 5.090, 0.412) Lakhmapur (243, 1.280, 0.006) 

Dongar Haldi (187, 0.790, 0.091) Mowada (198, 0.173, 0.003) (n=5, 13.88%) 

(n=6, 16.66%) Dongargaon (222, 0.871, 0.372) 

Lohara (202, 1.457, 0.011) 

Chichpalli (226, 0.124, 0.144) 

Dabgaon (T.) (215, 2.236, 0.222) 

Naleshwar (215, 0.693, 0.779) 

Karwan (205, 0.128, 0.053) 

Chikmara (214, 0.410, 0.022) 

Pathri (240, 0.190, 0.057) 

Gunjewahi (230, 0.081, 0.003) 

Mangali Chak (224, 0.176, 0.003) 

Ratnapur (225, 1.441, 0.113) 

Antargaon (230, 0.164, 0.003) 

Sasti (198, 2.270, 0.088) 

Gowari (198, 0.308, 0.003) 

Arvi (202, 0.524, 0.005) 

Awarpur (216, 0.230, 0.034) 

Ganpur (199, 0.601, 0.004) 

Durgapur (201, 0.256, 0.286) 

Morwa (218, 0.251, 0.003) 

(n=25, 69.44%) 
 Values in parenthesis (altitude in m asl, average iron concentration in mg/L, average manganese concentration in mg/L). 
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Table 6: Average iron and manganese w.r.t. altitude  

Altitude  

 

Low altitude 

(152-197 m asl) 

Medium altitude 

(198-242 m asl) 

High altitude 

(243-287 m asl) 

Heavy metal 

Iron  1.730 0.720 4.241 

Minimum  0.257 0.081 0.195 

Maximum  5.766 5.090 18.213 

Manganese  0.105 0.107 0.097 

Minimum  0.008 0.003 0.006 

Maximum  0.131 0.779 0.376 

Heavy metals average concentrations are reported in mg/L. Attitude is reported in m above sea 

level (asl). 

 

It was found that the average 

groundwater iron concentration in the 

altitude class of 152-197m asl was 

1.730mg/L for 198-242m asl was 

0.720mg/L; whereas, 4.241mg/L in 243-

287m asl. The groundwater manganese 

concentration was 0.105mg/L in 152-

197m asl, 0.107mg/L in 198-242m asl and 

243-287m asl it was 0.097mg/L. The 

average iron concentration order was 243-

287 > 152-197 > 198-242m asl; however, 

for manganese it was 198-242 > 152-197 

> 243-287m asl.  

Noticeable distribution of groundwater 

iron w.r.t. altitude can be observed with 

higher altitude (243-287m asl) having 

elevated groundwater iron concentration 

followed by lower altitude (152-197m 

asl). The minimum average iron 

concentration of 0.720mg/L was 2.4 times 

lesser than the concentration observed in 

152-197m asl (1.730mg/L) and 5.8 times 

the maximum average concentration of 

4.241mg/L (243-287m asl). Average 

manganese concentration was comparable 

in all three altitude classes and closely 

followed by each other in 152-197m asl 

and 198-242m asl class. 

Thus, it can be pointed out from the 

observations that higher and lower altitude 

sampling locations as compared with 

medium altitude had elevated 

groundwater iron concentrations. Higher 

and lower altitudes may be due to the 

presence of ores and minerals in close to 

the Earth crust can be a plausible reason 

for these observations. Attempt to 

compare these findings with results 

reported by other authors could not yield 

any output. This attempt may be perhaps 

the first attempt of this kind.   

Distribution of Fe and Mn w.r.t. 

Altitude and Precipitation Combined 
The distribution of iron and manganese 

based on altitude and precipitation 

combined is presented in Table 7. The 

three altitude classes sampling locations 

were assessed based on precipitation (in 

mm) during the rainy season. The assessed 

outcome is presented in Table 8. From this 

table, it can be seen that low altitude class 

sampling locations were confined into 

three precipitation classes viz. 1601-

1700mm (n=2, 33.33%), 1701-1800mm 

(n=1, 16.66%) and 1801-1917mm (n=3, 

50%). In the case of medium-altitude 

class, all four precipitation classes had the 

presence of sampling locations. It was six 

(24%) in 1395-1500 mm, four (16%) in 

1601-1700mm, 13 (52%) in 1701-

1800mm and two (8%) in 1801-1917mm. 

In the case of high altitude class, the 

observations were obtained from three 

precipitation classes, one (20%) each in 

1395-1500mm and 1701-1800mm and 

three (60%) in 1601-1700mm. 
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Table 7: Distribution on the basis of altitude and precipitation combined 

Low altitude  

(152-197 m asl) 

Medium altitude  

(198-242 m asl) 

High altitude  

(243-287 m asl) 

Visapur (152, 3) Sonegaon (215, 3) Bhisi (287, 3) 

Kem (T.) (178, 3) Telwasa (207, 4) Pimpalgaon (246, 3) 

Gondpipari (195, 4) Belora (210, 4) Govindpur (271, 1) 

Pombhurna (189, 5) Sagra (240, 4) Ballarpur (243, 3) 

Jam (T.) (174, 5) Pethbhansouli (209, 3) Lakhmapur (243, 4) 

Dongar Haldi (187, 5) Mowada (198, 5) (n=5, 13.88%) 

(n=6, 16.66%) Dongargaon (222, 5) 

Lohara (202, 3) 

Chichpalli (226, 3) 

Dabgaon (T.) (215, 4) 

Naleshwar (215, 4) 

Karwan (205, 4) 

Chikmara (214, 1) 

Pathri (240, 1) 

Gunjewahi (230, 1) 

Mangali Chak (224, 1) 

Ratnapur (225, 1) 

Antargaon (230, 1) 

Sasti (198, 4) 

Gowari (198, 4) 

Arvi (202, 4) 

Awarpur (216, 4) 

Ganpur (199, 4) 

Durgapur (201, 4) 

Morwa (218, 4) 

(n=25, 69.44%) 

Precipitation class: 1395-1500mm as 1, 1501-1600mm as 2, 1601-1700mm as 3, 1701-1800mm as 

4 and 1801-1917mm as 5. 

 

Table 8: Altitude and precipitation vs. Fe and Mn distribution  

Altitude range Low,  

152-197 m asl 

Medium,  

198-242 m asl 

High,  

243-287 m asl Precipitation 

class 

1 Nil 6 (24%) 1 (20%) 

2 Nil Nil Nil 

3 2 (33.33%) 4 (16%) 3 (60%) 

4 1 (16.66%) 13 (52%) 1 (20%) 

5 3 (50%) 2 (8%) Nil 

 n = 6 (16.66%) n = 25 (69.44%) n = 5 (13.88%) 

 Fe = 1.730 mg/L 

Mn = 0.105 mg/L 

Fe = 0.720 mg/L 

Mn = 0.107 mg/L 

Fe = 4.241 mg/L 

Mn = 0.097 mg/L 

Precipitation class: 1395-1500mm as 1, 1501-1600mm as 2, 1601-1700mm as 3, 1701-1800mm as 

4 and 1801-1917mm as 5. Iron and manganese concentration are average values in that altitude 

class. 
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Iron concentration had a noticeable 

distribution over altitude classes; 

however, manganese concentrations were 

comparable. The minimum average iron 

concentration of 0.720mg/L in medium-

altitude class (198-242 m asl) can be 

assigned to the presence of maximum 

sampling locations (n=13, 52%) in the 

1701-1800mm precipitation class. This 

class had reported an average reduction of 

4.34 times of iron concentration as that of 

the summer season and 0.56 times 

increase in concentration (Table 4). This is 

followed by six (24%) sampling locations 

where the average reduction was 3.2 times 

and the average increase was 0.63 times. 

Thus, about 76% (n=19) sampling 

locations had reported average reduction 

which may have resulted in such 

minimum average iron concentration. In 

the case of high altitude (243-287 m asl), 

which reported the maximum average iron 

concentration of 4.241mg/L had three 

(60%) sampling locations in 1601-1700 

mm precipitation range which had an 

average reduction in concentration (from 

summer to post-monsoon) of 1.81 times. 

On the contrary, only one sampling 

location each from 1395-1500mm and 

1701-1800mm had an average iron 

concentration reduction of 3.2 and 4.34 

times, respectively. Due to a greater 

number of sampling locations (n=3) in the 

minimum average iron reduction (1.81 

times) precipitation range, thus the 

maximum average iron concentration was 

observed.  

Low altitude class (152-197 m asl) had 

an average iron concentration of 

1.730mg/L which was in between medium 

and high altitude class. Three (50%) 

sampling locations in the 1801-1917mm 

precipitation range had an average iron 

reduction of 2.62 times; whereas, the 

average increase was maximum 0.99 

times. Two (33.33%) sampling locations 

were from the 1601-1700mm 

precipitation range where 1.81 times an 

average iron reduction in concentration 

was. In the precipitation range of 1701-

1800mm, only one (16.66%) sampling 

location was observed where iron 

reduction average was maximum (4.34 

times). Thus, it can be seen that maximum 

(n=5, 83.33%) sampling locations had not 

so significant average iron reduction and 

only one sampling location was from 

maximum average iron reduction (1701-

1800mm, 4.34 times) whose effect seems 

to get nullified by these sampling 

locations, thus resulted into the average 

iron concentration of 1.730mg/L. From 

these observations, it can be stated that 

altitude and precipitation together also 

contribute to the distribution of iron in 

groundwater. However, the distribution of 

manganese seems not affected by these 

attributes. The precipitation range of 

1701-1800mm contributes to the 

maximum average reduction in iron and 

manganese concentration from summer to 

post-monsoon season.   

 

Conclusion 

The conclusions drawn from the results 

obtained in the study indicate precipitation 

affects the distribution of groundwater 

iron and manganese. The ores and 

minerals present in the earth’s crust get 

dissolved at a moderate precipitation 

range. The post-monsoon season should 

have shown the dilution effect on the 

concentration of these heavy metals as 

compared with the summer season, 

however, at number of sampling locations 

increase in concentration was reported. 

Similarly, altitude also affects the 

distribution of groundwater iron and 

manganese. Higher altitude sampling 

locations may contain ores and minerals 
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containing iron whereas, lower altitude for 

manganese. In addition, the pressure 

exerted by the earth crust, solubility 

product constant of the chemicals and 

groundwater quality may also be 

responsible for the distribution of these 

heavy metals into consideration. The post-

monsoon season poses a major threat to 

the quality and safety of the groundwater 

in terms of heavy metals into 

consideration. In changing climatic 

conditions, precipitation may further 

exacerbate metal threats to water system 

by leaching them into water sources. 

Inhabitants staying at similar 

precipitation and altitude conditions 

should ensure that the groundwater is free 

from these heavy metals in consideration. 

Appropriate removal methodologies 

should be adopted for the removal of these 

heavy metals from groundwater and 

making the water suitable for potable 

purposes. An in-depth study by 

incorporating other sampling locations 

will further strengthen the findings 

obtained in this study.  
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