
1 INTRODUCTION 

Occurrence of arsenic in groundwater has been a 

major problem worldwide since the last century. Ar-

senic related problems have been encountered re-

cently in several countries including Bangladesh, In-

dia, Indonesia, Nepal, Myanmar, Mexico Pakistan, 

Vietnam, Cambodia, China (Mukherjee et al., 2006) 

and Turkey (Baba and Gündüz, 2010). It is estimat-

ed that nearly 125-150 million people are exposed to 

the potential risk of arsenic toxicity (Bhattacharya et 

al., 2002). Recently, arsenic pollution is becoming a 

major topic in the agenda of Turkey as well. Particu-

larly, high arsenic levels have been detected in water 

resources flowing through volcanic rocks in western 

part of Turkey such as Afyon, Çanakkale, Isparta, 

Kütahya, Manisa, Muğla and Izmir (Gündüz et al., 

2010). In many of these locations, arsenic is natural-

ly found in the subsurface strata within volcanic, 

metamorphic and sedimentary formations as well as 

in areas of geothermal systems related to tectonic ac-

tivity. Based on this background, this study focuses 

on high arsenic levels in groundwater resources of 

the Gediz Graben located in western Turkey, which 

is one such area of complex geology with active tec-

tonics and high geothermal potential. 

2 GEOLOGY OF STUDY AREA 

The Gediz Graben is 140 km long and 3–40 km 

wide and has a WNW–ESE trending structure 

bounded by active normal faults (Fig. 1). The Gediz 

detachment fault is one of several crustal-scale de-

tachment faults that forms the southern margin of 

the Gediz Graben (Sözbilir 2001; Sözbilir, 2002). 

Many geothermal fields (i.e., Turgutlu (Urganlı), Sa-

lihli and Alaşehir) are present along the Gediz Gra-

ben with measured reservoir temperatures reaching 

as high as 287 °C. 

 

 
Fig. 1. Simplified tectonic map of Turkey showing major neo-

tectonic structures and neotectonic provinces (from Barka, 

1992; Bozkurt, 2001). 

 

Based on the tectonic characteristics and the geolog-

ical structure of Gediz Graben, wells drilled in arse-

nic containing geological formations and boreholes 

that are close to geothermal resources are likely to 

contain high arsenic levels. Majority of these wells 

cut hydrothermally altered and fractured metamor-

phic and sedimentary rocks due to the influence of 

active faults. These rocks are characterized by phyl-

lic, argillic, and silicic-hematitic alteration zones in 

Gediz Graben (Baba, 2010; Gündüz et al., 2010; Ba-

ba and Sözbilir, 2012). Especially along the detach-

ment fault, there are wide areas of alteration with 

mineral assemblages that range from advanced argil-

lic type through silicification to deeper level propy-

litization. Such areas are also enriched by arsenic. 
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3 METHODS 

A comprehensive water quality monitoring program 

with three sampling campaigns and a total of 750 

groundwater quality monitoring stations was con-

ducted in the Gediz River Basin during the wet and 

dry seasons of 2013-2014. About 60% of these sta-

tions were situated within the Gediz Graben area. 

Arsenic samples were collected into 50 mL plastic 

bottles and were later acidified with 0.5 N HNO3 to 

prevent the complex formation. In the laboratory, 

samples were filtered through 0.45 µm filter paper 

and measured with ICP-MS. 

4 SOURCE OF ARSENIC IN GEDİZ GRABEN 

Arsenic in the basin was found to be above the 10 

ppb limit value in 28% of the water samples. High 

concentrations of arsenic were observed in all parts 

of the basin but particularly in deep wells in the cen-

tral portions of the graben area (Figure 2). These lo-

cations are located around the geothermal fields and 

within alteration zones. The maximum arsenic con-

centration detected during the monitoring program 

was 3086 ppb whereas the average value was calcu-

lated to be 23.6 ppb with a standard deviation value 

of 131.5 ppb. 

 

 
Fig. 2. Distribution of groundwater arsenic in Gediz River Ba-

sin 

 

The analysis revealed that arsenic in the basin ex-

ceeded 10 ppb limit value for drinking water quality 

and the majority of water supply wells were not suit-

able for human consumption. The hydrogeochemical 

assessment in the basin also revealed that the main 

reason for obtaining high arsenic concentrations in 

the basin was associated with the long detention 

times of water in altered rocks located along the de-

tachment faults and strong water–rock interaction 

processes in these alteration zones as well as the 

strong anthropogenic influences within the geother-

mal fluid reservoir. 

5 CONCLUSIONS 

Due to its active extensional tectonics and presence 

of rich geothermal resources, Gediz Graben contains 

various altered rock that contain elevated levels of 

arsenic. Dissolution from these rocks are mostly re-

sponsible for the elevated arsenic concentrations in 

groundwater that exceed the maximum allowable 

limits for drinking water. Thus, it is important to 

continuously monitor arsenic in the basin and to in-

troduce arsenic removal practices for all residential 

areas in Gediz Graben that depend on local ground-

water. 
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