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ABSTRACT 

Multivariate statistical analysis has been applied to assess the chemical characteristics of high arsenic groundwater from central-southern part of 
Bangladesh. A total of 43 shallow groundwater samples were collected and analyzed. The groundwater is almost neutral. The results of cations and 
anions trends are Na>Ca>Mg>K and HCO3>Cl>SO4>NO3, respectively. Alkalinity has significant positive correlation with Mg, Ca and K, which 
suggest silicate weathering as the major processes of controlling groundwater geochemistry. The significant positive correlation between Na and Cl 
indicates the seawater intrusion into groundwater. R-mode cluster allows variables into four groups. Alkalinity, Mg, K in the first, Ca in the second 
and Na and Cl in the third cluster, indicate silicate weathering, carbonate dissolution and seawater intrusion, respectively. R-mode factor analysis 
allows variables into four components having eigen values more than 1 which represent 72.5% of total variances. Component 1 is positively loaded 
with K, Mg, P and Alkalinity suggesting the silicate weathering. Component 2 positively loaded with Na and Cl, suggests seawater influences into 
groundwater. Component 3 positively loaded with Ca, suggest the carbonate dissolution. The Q-mode cluster analysis indicates that the as shows 
highest concentrations with highest Fe concentrations and lowest Mn concentration, suggesting the relatively high anoxic conditions of aquifer.  
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INTRODUCTION 

Bangladesh is rich in surface and groundwater. The 
microbiological contamination of surface water cause 

diarrhea among  infant; people depend on groundwater for 
drinking purposes (Mukherjee and Bhattacharya, 2001). 
Since 1960s, UNICEF installed about 4.5 million shallow 
tube well in Bangladesh to provide pure drinking water 

(Black, 1990). After several decades of abstraction, in 1993s 
the groundwater was chemically tested after observing skin 
liaison, and As was detected (Chowdhury et al., 1999a). 
There are several anthropogenic (i,e, wooden pole treated 

by arsenic, pesticides) and natural sources that are 

responsible for groundwater As contamination, although 
anthropogenic sources are not prominent (Survey and Ltd, 
1999; Welch et al., 2000). The sedimentary succession 
during late quaternary to Holocene having fine silt and clay 

aquifer shows arsenic contaminated groundwater 
(Bhattacharya et al., 1997).  These facies also contain high 
organic matter (Nickson et al., 1998) with arsenic rich 
material (Chowdhury et al., 1999b). 

The geochemical characteristics of As-rich groundwater in 

Bangladesh have been studied by various investigators 
(Nickson et al., 1998; Mukherjee and Bhattacharya, 2001; 
Swartz et al., 2004). The primary focus of those studies was 
to explore the sources and mechanisms of arsenic release 

into groundwater. To reveal the understanding of As release 
mechanisms and sources, the investigators have analyzed 
the geochemical properties of As-rich groundwater using 
dissolution ratios of different elements. These studies 
primarily focused on dissolution properties, ratios of 

different elements and some conventional statistical 

methods. Such methods are widely used to identify the 
geochemical processes in aquifers (Kumar et al., 2006; 
Nasher and Ahmed, 2021). There are several suggestions 
regarding As release mechanisms; Fe-oxyhydroxide 

reduction (McArthur et al., 2001; Ravenscroft et al., 2005); 
pyrite oxidation (Chowdhury et al., 1999b); entry of new 
organic carbon for Fe-oxyhydroxides reduction (Harvey et 

al., 2002) and silicate weathering (Akai et al., 2004; 

Shamsudduha et al., 2008) etc.  

Multivariate statistical analysis is widely used to study the 

geochemical properties of groundwater.   Factor analysis 
(FA) and Hierarchical Cluster Analysis (HCA)  have been 
used by various researchers to know the geochemical 
process in aquifers (Etikala et al., 2019; Igibah and Tanko, 

2019; Paul et al., 2019;  Umarani et al., 2019; Awomeso et 
al., 2020; Chai et al., 2020; Elumalai et al., 2020; Nguyen et 

al., 2020; Panghal and Bhateria, 2020; Ravish et al., 2020; 
Saleh et al., 2020; Xiang et al., 2020; Farzaneh et al., 2021; 

Hui et al., 2021; Kale et al., 2021; Sheikhi et al., 2021; Silva 
et al., 2021; Zahra et al., 2021). These methods have also 
been used for hydrogeochemical investigations in various 
regions of Bangladesh (i.e.Molla et al., 2015;  Bhuiyan et 

al., 2016; Islam et al., 2018a,b; Bodrud-Doza et al., 2019; ). 
The high as groundwater (As concentration more than 10 
ppb) is considered for the present study. The main objective 
of this study is to classify the geochemical processes in high 

as groundwater. Factor Analysis (FA) and Hierarchical 

Cluster Analysis (HCA) have been used in the analysis of 
hydro chemical data studying the hydrogeochemical 


