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a b s t r a c t

Groundwater is the major source of water to the Palestinians. Efficient management of this
resource requires a good understanding of its status. This understanding necessitates
a characterization of the quality of the utilizable volumes. This paper focuses on the
assessment of nitrate concentrations in the aquifers of the West Bank, Palestine. A prelimi-
nary statistical analysis is carried out for the spatial and temporal distributions of the nitrate
concentrations. GIS is utilized to facilitate the analysis and to efficiently account for the
spatiality of nitrate concentrations. The analysis was carried out at different spatial levels and
key parameters including soil type, watersheds, depth, population, and rainfall. It is observed
that elevated nitrate concentrations in the groundwater greatly coincide with increasing
rainfall, particularly in the last few years. Results confirm that the annual mean nitrate
concentration in the Western groundwater basin has an increasing trend over the period
from 1982 to 2004 indicating its vulnerability to contamination. This result can be attributed
to the agricultural activities along with the high groundwater recharge. However, leaking
septic and sewer systems are considerably causing nitrate contamination of groundwater in
populated areas. Overall, the recommendations call for an immediate intervention to
manage the quality problems in the West Bank aquifers.

� 2009 Elsevier Ltd. All rights reserved.

Introduction

Nitrogen (N) is an essential input for the sustainability of agriculture (Delgado, 2002; Lake et al., 2003; Schröder, Scho-
lefield, Cabral, & Hofman, 2004). However, nitrate contamination of groundwater is a worldwide problem (Birkinshaw &
Ewen, 2000; Saãdi & Maslouhi, 2003). Nitrate is soluble and negatively charged and thus has a high mobility and potential for
loss from the unsaturated zone by leaching (Chowdary, Rao, & Sarma, 2005; DeSimone & Howes, 1998). Elevated nitrate
concentrations in drinking water can cause methemoglobinemia in infants and stomach cancer in adults (Addiscott, Whitmore,
& Powlson, 1992; Hall, Shaffer, Waskom, & Delgado, 2001; Lee, Dahab, & Bogardi, 1991; Wolfe & Patz, 2002). As such, the US
Environmental Protection Agency (US EPA) has established a maximum contaminant level (MCL) of 10 mg/l NO3-N (50 mg/l
NO3) (US EPA, 2000).

Groundwater pollution due to point and nonpoint sources is caused mainly by agricultural practices (noticeable is the use
of inorganic fertilizers, pesticides, and herbicides), localized industrial activities (organic pollutants and heavy metals), and
inadequate or improper disposal of wastewater and solid waste (including hazardous materials) (Almasri & Kaluarachchi,
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