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ABSTRACT 

Das TK, Mamun  MA, Shaibur MR (2019) Hydro-geochemistry and quality assessment of deep groundwater in Shyamnagar Upazila, 
South-Western Bangladesh. Int. J. Expt. Agric. 9(1), 14-21. 

 

The Shyamnagar Upazila is located in southern most part of Bengal basin, which is characterized by extensive natural 

geochemical activities, brackish water and huge organic deposits. The hydro-geochemical data were collected from 50 

deep aquifer water samples during July, 2018 were used for evaluating water quality and to determine process that 
control water chemistry. The collected samples were analyzed for pH, electric conductivity (EC), total dissolve solids 

(TDS), salinity, total hardness (TH), Na+, K+, Ca2+, Mg2+, SO4
2-, NO3

-, PO4
-, Cl-, and HCO3

- concentration. The results 

illustrated that the dominations were in the order of Na+>Ca2+>Mg2+>K+ for cations and Cl->HCO3
->PO4

->NO3
->SO4

2- 
for anions. The scatter diagram represented that Na+ion in groundwater comes from silicate weathering while both 

silicate and carbonate weathering were equally responsible for Ca2+ and Mg2+ ion. The piper diagram indicated that 

Na-HCO3, mixed NaCaHCO3 and NaCl are dominated in the hydro-geochemical facies. The Gibbs diagram showed 
that rock weathering was the main source of ions in groundwater, while sea water intrusion and precipitation has 

negligible effect on it. The Wilcox diagram indicated that most of the water sources were suitable for irrigation. The 

controlling factor of groundwater chemistry was mostly related to geologic factors, while the anthropogenic factors 
have not any significant effects. 
 

Key words: coastal zone, deep groundwater, hydro-geochemistry, quality assessment  
 

INTRODUCTION 
 

Water is the most fundamental prerequisite for life on earth.  In recent times, the provision of safe drinking 

water remains a major target for both the developed and developing countries. In the recent past three decades, 

excessive installation of rural groundwater supplies through tube wells have led to increasing contamination in 

groundwater (Mostafa et al. 2017; Gupta et al. 2009). This is the exact scenario of rural Bangladesh. 

Groundwater is used extensively for drinking water throughout Bangladesh. In the coastal region most of the 

groundwater used for water supply is pumped from the top 150 m, but many them are saline (Chowdhury 2010). 

Being a low-laying deltaic country of high density of population, Bangladesh is susceptible to a variety of 

environmental stresses, which can exacerbate the difficulties accessing the quality of potable water especially in 

coastal zone (Abedin et al. 2014). For example, the south-western part of Bangladesh was severely affected by 

Cyclone Sidr in 2007 and cyclone Aila in 2009. These types of disaster in the Southwestern parts of Bangladesh 

may cause due to climate change (Shaibur et al. 2017a). Due to Sidr and Aila, many drinking water sources 

were inundated with saline tidal water and became unusable for drinking purposes (Food & Agricultural 

Organization, 2009; Mallick et al. 2011). In the certain areas of coastal Bangladesh, both shallow and deep tube 

wells are off-use due to high salinity and natural causes as in the groundwater and it is for salinity rather than 

arsenic (Islam et al. 2011). Not only groundwater, the soils of some coastal Upazilas (e.g. Shyamnagar) of 

Bangladesh is saline even after few years of Sidr and Aila (Shaibur et al. 2017b). The groundwater quality 

depends on the quality of recharged water, atmospheric precipitation, inland surface water and on sub-surface 

geochemical processes. Temporal changes in the origin and constitution of the recharged water, hydrologic and 

human factors, may cause periodic changes in groundwater quality (Vasanthavigar et al. 2010).  
 

Geochemical process, occurring within the groundwater and their reactions with the aquifer materials are 

responsible for changes in groundwater chemistry and quality (Rao and Rao, 2009). Some researchers reported 

that, groundwater salinization is due to over pumping, excess irrigation, fertilizer leaching and nitrate pollution 

from wastewater leakage (Mukherjee et al. 2006; Umezawa et al. 2009). Therefore, it is impossible to control 

the dissolution of undesirable constituents in the waters once they enter into the ground (Johnson 1979). 

Therefore, a basic concept of groundwater chemistry is a pre-requisite condition for water resource 

management. The groundwater is an important source for drinking, agricultural, industrial and commercial 

purpose in Bangladesh (Oladipo et al. 2011). It is the single largest source of drinking water in most of the 

developing countries and estimated that approximately one-third of the world’s population is depending on 

groundwater where the general assumption of groundwater is being safe to drink (Nickson et al. 2005). The 

groundwater is quite different from other water sources as it doesn’t contain any microbial contamination and its 

availability plays a vital role in socio-economic development of any country.  
 

A lot of research has been conducted in coastal zone of Bangladesh with very few in south-western parts for 

analysis of deep aquifer groundwater.  A complete geochemical knowledge of groundwater is important for 

sustainable groundwater resource development, that’s why a study on hydro-geochemistry and groundwater 

quality assessment was conducted. The aim of the study was to determine the groundwater type and hydro-
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geochemical process controlling the groundwater quality to determine the suitability of groundwater for 

drinking purpose.  
 

MATERIALS AND METHODS 
 

Study Area 
 

The study area was Shyamnagar upazila under Satkhira district in Bangladesh, which is situated in south-

western corner of the country and very close to Sundorban mangrove forest and Bay of Bengal (Fig. 1). The 

geological position makes it hard to reach area with acute scarcity of saline free water sources. It lies between 

21º36' and 22º54' N latitudes and between 88º54' and 89º20' E longitudes (Bangladesh Bureo of Statistics, 

2013). The water sample were collected from six union which were selected depending on geological position, 

drinking water scarcity and hard to reach area.  
 

 

Fig. 1. Groundwater sample location and geology map of the study area.  

(a) Bangladesh, (b) Shyamnagar upazila, and (c) Sampling point 
 

Water Sample Collection and Analysis 
 

A total of 50 water samples were collected from deep tube well during July, 2018. The depth of all tube well 

varied between 450 to 600 feet’s. The samples were collected in one litter potable water bottles. At first the 

bottle were washed with tap water and socked in 0.1 N HNO3 for 24 h. During sample collection the bottle were 

prewashed and rinsed properly with sample water to avoid contamination. Before sample collection, tube well 

were pumped exact times with respect to the depth of the aquifer in feet (i.e. a 500 feet tube well was initially 

pumped for 500 times). After collection of water sample, it was immediately carried to the Environmental 

Chemistry Laboratory of Jashore University of Science and Technology and analyzed. The water temperature, 

pH, EC and TDS were measured at the sampling site using Microprocessor pH meter (model- HANNA 

instrument pH 211) and conductivity meter (model- HI 8033). The measurement of Na
+ 

and K
+ 

were done by 

flame photometric method (flame photometer- PEP7). The TH, Ca
2+

, Mg
2+ 

and HCO3
- 
were analyzed by titration 

colorimetric method and Cl
-
 by Ergonometric method. The NO3

-
, PO4

-
, and SO4

2-
 were analyzed by Turbid 

metric method with Spectrophotometer (model- UV-visible spectrophotometer, helios 949923045811) 

(American Public Health Association; APHA 1995). 
 

Data Analysis 
 

The water quality data were analyzed by MS Excel 2017, SPSS version 20 and Aqua cham Version 4. Hydro-

chemical classification and groundwater evaluation were discussed by using Carbonate vs Silicate Weathering, 

Gibbs Diagram, Piper Diagram and Wilcox Diagram. For drinking water quality assessment, the results were 

compared with World Health Organization (WHO), United States Environment Protection Agency (USEPA) 

and Bangladesh Standard and Testing Institute (BSTI) drinking water quality. The Gibbs Diagram is widely 

used to establish the relationship of water composition and aquifer lithological characteristics (Gibbs 1970). 

Gibbs ratio I (for anion) = Cl
-
/(Cl

-
+HCO3); Gibbs ratio II (for cation) = Na

+
/(Na

+
+Ca

+2
), where all the ionic 

(a) (b) 

(c) 
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concentration were expressed in meq/l. The Wilcox Diagram represents the suitability of water for irrigation and 

domestic purposes (Wilcox 1955).  
 

RESULTS AND DISCUSSION 
 

General Hydro-Geochemistry 
 

The statistics of the water chemistry is represented in Table 1. The pH values do not show any meaningful 

changes among the groundwater samples. It ranges from 7.23 to 8.03, which indicate that the groundwater were 

slightly alkaline in nature. The pH value in all the water samples were within WHO (WHO 2008) and BSTI 

drinking water quality standard. The EC values show a long range from 248 to 4532 µscm
-1

. A similar result 

was found in another study in Shyamnagar area (Das et al. 2017). The EC value signifies the amount of 

inorganic pollutant and TDS in water (Mostafa et al. 2017). High EC values indicate a high ion concentration or 

a high content of dissolved solids in the groundwater (Yadav et al. 2018). 
 

Table 1. Characteristics of deep aquifer water samples 
 

Parameter Min Max Mean ± SD 
Standard 

WHO  BSTI 

pH 7.23 8.03 7.69 ± 0.22 6.5-8.5 6.5-8.5 

EC  248 4532 1395 ± 1031 1000-1500 2000 

TDS  161 2929 905.88 ± 664.57 1000 1000 

Salinity  0.1 2.5 0.67 ± 0.65 - - 

Na
+
 26.13 281 106.63 ± 48.91 200 200 

K
+
 2.12 41.57 9.49 ± 6.52 12 12 

Ca
2+

 24 224 90.56 ± 53.13 75 75 

Mg
2+

 12 91.2 36.08 ± 20.83 30 30-35 

PO4
3-

 0.01 6.1 1.32 ± 2.04 45 6 

SO4
2-

 0.02 8.31 0.92 ± 1.75 200 200 

NO3
-
 0.54 3.23 1.02 ± 0.61 10 10 

Cl
-
 17.73 1134 539.85 ± 288.99 200 150-600 

HCO3
-
 115.9 585.6 373.66 ± 107.22 200-600 600 

BSTI = Bangladesh Standard and Testing Institute; SD = Standard Deviation, TDS = Total Dissolve Solids, WHO = World 

health Organization. N.B: Unit: EC (Electrical Conductivity) = µscm-1, Salinity = ppt & others = mg/l. 
 

The TDS values of the water samples ranged from 161 to 2929 mg/l with the mean value of 905 (±664.57) mg/l. 

Among 50 water samples, 12 exceeded the limit of WHO and BSTI drinking water quality standard. The water 

with TDS up to 500 mg/l is considered desirable for drinking, 500–1000 mg/l is permissible for drinking, up to 

3000 mg/l is useful for irrigation and the greater than 3000 mg/l is unsuitable for drinking and irrigation 

purposes (Nadeem et al. 2016). The mean concentration of salinity was 0.66 (±0.65) ppt.  
 

Major Cation Chemistry 
 

 
Fig. 2. Box plot for major ions (in mg/l) of deep aquifer water sample 

 

The concentration of major cations and anions in groundwater sample were represented in Fig. 2. The mean 

concentration of Na
+
 in the study area was found with an average of 106.63 (±48.91) mg/l. There is no 

internationally recognized standard for Na
+
, while USEPA suggested that, Na

+ 
concentration in drinking water 

didn’t exceed 20 mg/l and the entire water sample exceed the limit (USEPA 1994). The Ganges alluvial 

sediments consist of feldspars ranged from 6.0 to 12.0 percent at different locations along its course. The results 

Hydro-geochemistry and quality assessment of deep groundwater in Shyamnagar Upazila, South-Western Bangladesh 
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suggested that Na
+ 

was derived from weathering of halite and feldspar rocks sources in this area (Tripathi et al. 

2007). The K
+
 concentration in the water sample varied from 2.12 mg/l to 41.57 mg/l (Fig. 2). The BSTI and 

WHO drinking water standard for K
+
 in drinking water was 12 mg/l and one-fourth of the samples exceeded the 

limit.  
 

The Ca
+ 

ion concentration in water samples ranged from 24 to 224 mg/l and most of the samples were within 

standard limit. While the magnesium concentration ranged from 12.0 to 91.20 mg/l with an average value of 

36.08 (±20.83) mg/l. Among 50 water samples, 19 exceed the limit of BSTI and WHO drinking water quality 

standard. Magnesium usually occurs in lesser concentration than calcium due to the fact that the dissolution of 

Mg-rich minerals is slow process and that of Cais more abundant in the earth’s crust (Garg et al. 2009). 
 

Major Anion Chemistry 
 

The water samples contains negligible amount of PO4
3-

 with mean value of 1.37 (±2.04) mg/l. Phosphate occurs 

widely in nature such as plants, micro-organisms, animal wastes and so on. Phosphate also occurs in ground 

water from domestic sewage, detergents, fertilizers and industrial waste water (EPA 2001). The value of NO3
-
in 

water samples ranged from 0.5 to3.43 mg/l, while the BSTI and WHO recommended value of NO3
-
 in drinking 

water was 45 mg/l. The low concentration of NO3
-
 in water indicates the lack of bacterial mediated reaction in 

the aquifer (Chauhan et al. 2009). The mean concentration of SO4
2-

 in study area was 0.92 (±1.75) mg/l and all 

the water samples were within recommended standard. The results were similar to another study of Shyamnagar 

(Das et al. 2017) and Jashore areas (Shaibur et al. 2012).  

 

Fig. 3. Spatial distribution map of (a) chloride and (b) bicarbonate concentrations in study areas 
 

The Cl
-
 was the most abundant ion in water samples in the study area. The minimum value of Cl

-
 was 17.73 and 

maximum 1134.40 mg/l, while the average value was 539.85 (±288.99) mg/l. About 50% of water sample in the 

study area exceed the BSTI and WHO drinking water quality standard. The Cl
-
 in groundwater arises from 

natural geochemical activities and leaching from upper soil layers (Mostafa et al. 2017). The mean 

concentration of HCO3
-
 in ground water samples were 373.66 (±107.21) mg/l (Fig. 3). If the HCO3

-
 

concentration in drinking water exists within 300 mg/l, it has no adverse health impact. If the concentration of 

HCO3
-
ishigher than 300 mg/l, it leads to kidney stones in the presence of the higher concentration of Ca, 

especially in dry climatic regions (Mostafa et al. 2017). 
 

Scatter Diagram 
 

 

 

Fig. 4. The scatter diagram (a, b) for carbonates weathering VS silicate weathering process of groundwater 

samples 

 

(a) (b) 

(a) (b) 
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The HCO3
-
 VS Na

+ 
scatter diagram (Meybeck 1987) shows that, two thirds of the sample falls above the 

1:1equiline, which indicated that carbonate weathering is the dominate process for releasing Na
+
 ion in 

groundwater. More specifically about 70% of Na
+
 ions in groundwater originate from weathering of carbonate 

rocks such as dolomite, limestone and gypsum, while 30% originate from silicate weathering (Fig. 4a). The 

(Ca
+2 

+ Mg
+2

) VS (SO4
- 
+ HCO3

-
) scatter diagram (Datta and Tyagi, 1996) represented that, half of the water 

samples were above the 1:1 equiline. This indicated that, silicate and carbonate weathering were equally 

responsible for releasing Ca
+
 and Mg

2+
 in deep aquifer groundwater (Fig 4b). The increasing HCO3

-
 

concentration compared to Na
+ 

concentration in the groundwater indicates the dominancy of silicate weathering 

process; it is well supported by a high concentration of HCO3
- 
(Elango et al. 2003).  

 

Piper Diagram 

 

Fig. 5. Piper diagram showing the dominant water type within study area 
 

The Piper Trilinear Diagram (Piper 1944) shown in Fig. 5, indicated that Na-HCO3, mixed NaCaHCO3 and 

NaCl type domination in hydro-geochemical facies. The figure also indicates that silicate weathering and rock 

water domination is the major influencing factors for increasing ion concentration in groundwater. The 

combination of Na–HCO3 and NaKHCO3 fields in the piper diagram are indicative of natural geo-chemical 

process in the study area. (Jeevanandam et al. 2006). 
 

Gibbs Diagram 

 

Fig. 6. Gibbs plot (a, b) showing major processes controlling groundwater chemistry 
 

The Gibbs Diagram is used to detect the mechanisms that control the hydro-chemical components in 

groundwater (Sonkamble et al. 2012). Three distinct plot, precipitation dominance, rock dominance and 

evaporation crystallization dominance were observed in each Gibbs plot. Fig. 6 showed that, 90% of water 

samples were under rock dominance area, while 6% was evaporation crystallization dominance and 4% was 

precipitation dominance. The figure illustrated that, the majority of ions in deep aquifer groundwater came from 

rock weathering and negligible percentage came from sea water intrusion and precipitation.  

 

(a) (b)

CCC

CCC 
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Wilcox Classification of Water Samples 
 

 
 

Fig. 7. Wilcox diagram indicating groundwater suitability for agricultural use 
 

The Fig. 7 illustrated that, 12% of the water samples clustered in the zone of excellent to good, 30% was good to 

permissible, 12% was permissible to doubtful, 14% was doubtful to unsuitable and remaining 6% was 

unsuitable for agricultural purpose. Based on Wilcox classification most of water samples were suitable for 

irrigation in every types of soil. The EC and Na
+
 played a vital role in suitability of water for irrigation (Rao 

2005). 
 

CONCLUSION  
 

The results revealed that the deep aquifer groundwater was slightly alkaline in nature. The EC and TDS in most 

of the samples were within BSTI and WHO drinking water quality standard. The concentration of Na
+
, Ca

2+
, 

Mg
2+

 and K
+ 

in two third of water samples were within drinking water quality standard. Among the anions the 

concentration of Cl
-
 and HCO3

-
 were the dominating species and about half of the water samples exit the 

prescribed drinking water quality standard of BSTI and WHO. The Na
+
 in the groundwater originated from 

weathering of carbonate rocks; whereas Ca
+
 and Mg

2+
 originated from weathering of both carbonate and silicate 

rocks. The groundwater chemistry was mainly dominated by Na
+
, Ca

2+
, Cl

-
 and HCO3

-
. The minerals in the 

water came from weathering of underground bedrock. On the basis of Wilcox diagram, the deep aquifer water 

was suitable for irrigation. The evaporation concentration and groundwater mixing had very negligible effect on 

chemistry of groundwater in Shyamnagar area compared to rock dissolution. The natural geochemical activities 

were the controlling factors of deep aquifer groundwater chemistry compared to anthropogenic activities. 
 

REFERENCES 
 

Abedin MA, Habiba U, Shaw R (2014) Community perception and adaptation to safe drinking water scarcity: 

salinity, arsenic, and drought risks in coastal Bangladesh. International Journal of Disaster Risk Science, 5(2), 

110-124. 

American Public Health Association (APHA 1995) Standard methods for the examination of water and 

wastewater. Washington, DC. 

Bangladesh Bureau of Statistics (BBS; 2013) Census population and housing census 2011: socio-economic and 

demographicreport, national series, 4, 43-50.  

Chauhan VS, Nickson RT, Chauhan D, Iyengar L, Sankararamakrishnan N (2009) Groundwater geochemistry 

of Ballia district, Uttar Pradesh, India and mechanism of arsenic release. Chemosphere, 75, 83–91. doi:10.1016/ 

j.chemosphere. 2008.11.065. 

Chowdhury NT (2010) Water management in Bangladesh: an analytical review. Water Policy, 12(1), 32-51. 

Das TK, Choudhury M, Sultana M (2017) Determination of drinking water quality: A case study on saline prone 

coastal belt of Bangladesh. Journal of Environ. Sci. & Natural Resource, 10(1), 101-108. 

Datta PS, Tyagi SK (1996) Major ion chemistry of groundwater in Delhi area: Chemical weathering processes 

and groundwater flow regime. Journal of Geological Society of India, 47, 179–188. 

Elango L, Kannan R, Senthil K (2003) Major ion chemistry and identification of hydrogeochemical processes of 

groundwater in a part of Kancheepuram District, Tamil Nadu, India. Journal Environmental Geosciences, 10(4), 

157–166. 

Das et al. 



                                                                                              20                                             Int. J. Expt. Agric. 9(1): March 2019 

 

Environmental Protection Agency (EPA) (2001) Water quality criterion for the protection of human health: 

Methyl-mercury, Office of Water, EPA-823- R-01-001. 

Food and Agriculture Organization of the United Nations (FAO) (2009) Situation assessment report in 

southwest coastal region of Bangladesh for the livelihood adaptation to climate change (LACC) project. (Report 

BDG/01/004/01/99). 

Garg VK, Suthar S, Singh S, Sheoran A, Jain S (2009) Drinking water quality in villages of southwestern 

Haryana, India: assessing human health risks associated with hydrochemistry. Environmental Geology, 58(6), 

1329-1340. 

Gibbs RJ (1970) Mechanism controlling world water chemistry. The Sciences, 170, 795–840. 

Gupta S, Dandele PS, Verma MB, Maithani PB (2009) Geochemical assessment of groundwater around 

Macherla-Karempudi area, Guntur district, Andhra Pradesh. Journal of the Geological Society of India, 73(2), 

202-212. 

Islam M, Sakakibara H, Karim MR, Sakine M, Mahmud ZH (2011) Bacterial assessment of alternative water 

supply options in coastal areas of Bangladesh, Journal of Water and Health, 9(2), 415-428. 

Jeevanandam V, Russell H, Mather P, Furukawa S, Anderson A, Raman J (2006) Donor tricuspid annuloplasty 

during orthotopic heart transplantation: long-term results of a prospective controlled study. The Annals of 

Thoracic Surgery, 82(6), 2089-2095. 

Johnson CC (1979) Land application of waste—an accident waiting to Happen. Groundwater, 17(1), 69-72. 

Mallick B, Rahaman KR, Vogt J (2011) Coastal livelihood and physical infrastructure in Bangladesh after 

cyclone Aila. Mitigation and Adaptation Strategies for Global Change, 16(6), 629-648. 

Meybeck M (1987) Global chemical weathering of surficial rocks estimated from river dissolved 

loads. American Journal of Science, 287(5), 401-428. 

Mostafa MG, Uddin SH, Haque ABMH (2017) Assessment of hydro-geochemistry and groundwater quality of 

Rajshahi City in Bangladesh. Applied Water Science, 7(8), 4663-4671. 

Mukherjee A, Sengupta MK, Hossain MA, Ahamed S, Das B, Nayak B, Chakraborti D (2006) Arsenic 

contamination in groundwater: a global perspective with emphasis on the Asian scenario. Journal of Health, 

Population and Nutrition,  24, 142-163. 

Nadeem AB, Aijaz AB, Som N, Singh BP, Guha DB (2016) Assessment of drinking and irrigation water quality 

of surface water resources of south-west Kashmir, India. Journal of Civil and Environmental Engineering, 6(2), 

1-7. 

Nickson RT, McArthur JM, Shrestha B, Kyaw-Myint TO, Lowry D (2005) Arsenic and other drinking water 

quality issues, Muzaffargarh District, Pakistan. Applied Geochemistry, 20(1), 55-68. 

Oladipo MOA, Njinga RL, Baba A, Mohammed I (2011) Contaminant evaluation of major drinking water 

sources (boreholes water) in Lapai metropolis. Advances in Applied Science Research, 2(6), 123-130. 

Piper AM (1944) A Graphical interpretation of water–analysis. Transactions-American Geophysical Union, 25, 

914–928. 

Rao NS (2005) Seasonal variation of groundwater quality in a part of Guntur district, Andhra Pradesh, India. 

Environmental Geology, 49, 413–429. 

Rao NS, Rao PS (2009) Major ion chemistry of groundwater in a river basin: a study from India. Environmental 

Earth Science, 61(4), 757–775.  

Shaibur MR, Anzum HMN, Rana MS, Khan MAS (2012) Assessment of supplied water quality at Jessore 

Municipality (Pourashava), Bangladesh. Bangladesh Journal of Environmental Research, 10, 69- 87. 

Shaibur MR, Khan MH, Rashid MS (2017a) Climate change may cause natural disasters in Shyamnagar, 

Satkhira: The Southwestern parts of Bangladesh. Bangladesh Journal of Environmental Science, 32, 101-110. 

Shaibur MR, Shamim AHM, Khan MH, Tanzia FKS (2017b) Exploration of soil quality in agricultural 

perspective at Gabura and Buri Goalini Union: Shyamnagar, Satkhira, Bangladesh. Bangladesh Journal of 

Environmental Science, 32, 89-96. 
 

Hydro-geochemistry and quality assessment of deep groundwater in Shyamnagar Upazila, South-Western Bangladesh 



                                                                                              21                                             Int. J. Expt. Agric. 9(1): March 2019 

 

Sonkamble S, Sahya A, Mondal NC, Harikumar P (2012) Appraisal and evolution of hydrochemical processes 

from proximity basalt and granite areas of Deccan Volcanic Province (DVP) in India. Journal of Hydrology, 

438(1), 181–193.  

Tripathi JK, Ghazanfari P, Rajamani V, Tandon SK (2007) Geochemistry of sediments of the Ganges alluvial 

plains: evidence of large-scale sediment recycling. Quaternary International, 159(1), 119-130. 

Umezawa Y, Hosono T, Onodera S, Siringan F, Buapeng S, Delinom R, Tanicuchi M (2009) The source and 

mechanisms controlling nitrate and ammonium contaminations in groundwater at developing Asian-Mega cities, 

Metro Manila, Bangkok and Jakarta. Science of the Total Environment, 407(1), 3219-3231. 

United State Environmental Protection Agency (USEPA) (1994) Healthy drinking waters. 

https://ag.umass.edu/sites/ ag.umass.edu/files/fact-sheets/pdf/sodium.pdf 

Vasanthavigar M, Srinivasamoorthy K, Vijayaragavan K, Ganthi RR, Chidambaram S, Anandhan P, Vasudevan 

S (2010) Application of water quality index for groundwater quality assessment: Thirumanimuttar sub-basin, 

Tamilnadu, India. Environmental monitoring and assessment, 171(1-4), 595-609. 

Wilcox LV (1955) Classification and use of irrigation waters, USDA, circular 969. DC, USA: Washington. 

World Health Organization (WHO) (2008) Guidelines for drinking-water quality, 3rd edn, Incorporating the 

First and Second, Addenda, Vol 1, Recommendations. Internet website: 

http://www.who.int/water_sanitation_health/dwq/gdwq3rev/en/. Accessed 12 July 2011 

Yadav KK, Gupta N, Kumar V, Choudhary P, Khan SA (2018) GIS-based evaluation of groundwater 

geochemistry and statistical determination of the fate of contaminants in shallow aquifers from different 

functional areas of Agra city, India: levels and spatial distributions. The Royal Society of Chemistry, 8, 15876-

15889. DOI: 10.1039/c8ra00577j. 

 

 

Das et al. 


