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ABSTRACT

Elevated arsenic concentration in the groundwater of the alluvial aquifers is a devastating environmental problem in Bangladesh. Millions of people are now exposed to the potential health hazard due to this arsenic poisoning. The underlying science of this widespread arsenic occurrence in the groundwaters is very complex, which requires more intensive investigations. Knowledge of spatial patterns of groundwater arsenic is critical to understand the complex processes of arsenic distributions and its spatial predictions in the unsampled areas of the country. The present study has performed a detailed examination of spatial patterns and prediction of arsenic and its relations with other groundwaters properties and ions by geostatistical and multivariate statistical methods. 

Spatial pattern of arsenic occurrence in groundwater has been examined in this study. The spatial correlation of arsenic both in t he upper shallow (0-25m) and the lower shallow (25-75m) aquifers in t he country is discernable over a large regional scale limited within 50 km to about 100 km. Spatial structures are mostly contributed by the small-scale variability indicating very high local fluctuations in arsenic concentrations. Spatial correlations of arsenic in different geologic-geomorphic units are also observed over large regional scales. These spatial correlation structures indicate t hat the widespread occurrences of arsenic in the alluvial aquifers are controlled by larger geological and hydrogeological features. High nugget values in the semivariograms indicate t hat some irregular and variable physico-chemical processes together with extremely heterogeneous sediments are responsible for the small-scale local variability of groundwater arsenic. Both deterministic and stochastic interpolation techniques are applied to predict the arsenic concentrations in unsampled locations of the country. But large errors and uncertainty are found in most of the prediction models of arsenic. Nevertheless, ordinary kriging (OK) on original and residual arsenic values, and radial basis multilog function (RBFML) on t he original arsenic values are found the most successful prediction algorithms for spatial arsenic prediction in Bangladesh. Moreover, conditional sequential Gaussian simulation (CSGS) method is found very effective for assessing the model uncertainty and for creating probability and confidence interval maps of different threshold limits of arsenic. Non-detectable arsenic values are also used for estimating the possible areas with non-detectable and measurable arsenic concentrations. 

Multivariate statistical methods examine the association of arsenic and other groundwaters properties and ions. Correlation, factor and cluster analyses are performed in this study. The correlation coefficient between As and Fe is found about 0.515 in a small village (Mandari) located in the mostly contaminated area of the country, while the average correlation coefficient is 0.401 regardless sample depth. Correlation coefficients between As and Fe are found very strong nearly in all geologic-geomorphic units, where the correlation coefficients range from 0.624 (Alluvial silt and clay) to about 0.784 (Alluvial sand), with the some poor correlations in the Chandina alluvium (r = 0.322), Barind Tract (r = 0.344) and the Madhupur Tract (r = 0.221). Similarly, a fairly strong correlation exists between groundwater As and P in t he country, where the average correlation coefficient is about 0.548 regardless sample depth. It is interesting that the correlation coefficient between As and P in Chandina alluvium is 0.775, where the highest correlation coefficient is found in the Alluvial sand unit (r = 0.78). Arsenic is also found fair to moderately correlated with Ba, Ca, K, and Mg. The semivariogram and cross semivariograms analysis has also demonstrated a fairly good spatial correlation among groundwater As, P and Fe. Cluster analysis has found that the similarity level between As and P is very high, which is also supported by factor analysis results. All these results convincingly support the most popular Fe oxyhydroxide reduction hypothesis as t he principal mechanism for arsenic mobilization in t he country, which might have been accelerated by the dominance of competitive ions like phosphorus in the groundwaters of the country. 
