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Abstract Aquifer vulnerability has been assessed in the
Senirkent-Uluborlu Basin within the Egirdir Lake catchment
(Turkey) using the DRASTIC method, based on a geo-
graphic information system (GIS). There is widespread
agriculture in the basin, and fertilizer (nitrate) and pesticide
applications have caused groundwater contamination as a
result of leaching. According to hydrogeological data from
the study area, surface water and groundwater flow are
towards Egirdir Lake. Hence, aquifer vulnerability in the
basin should be determined by water quality in Egirdir Lake.
DRASTIC layers were prepared using data such as rainfall,
groundwater level, aquifer type, and hydraulic conductivity.
These data were obtained from hydrogeological investiga-
tions and literature. A regional-scale aquifer-vulnerability
map of the basin was prepared using overlay analysis with
the aid of GIS. A DRASTIC vulnerability map, verified by
nitrate in groundwater data, shows that the defined areas are
compatible with land-use data. It is concluded that 20.8% of
the basin area is highly vulnerable and urgent pollution-
preventions measures should be taken for every kind of
relevant activity within the whole basin.
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Introduction

Nowadays, groundwater resources play on important role
in meeting demands on water supply because of regional

climate change and scanty surface-water sources or their
unsuitability. Pollution of groundwater is a major issue
because aquifers and the contained groundwater are
inherently susceptible to contamination from land use
and other anthropogenic impacts (Thirumalaivasan et al.
2003). There are several types of pollutants that appear to
predominate in groundwater such as heavy metals,
nutrients, pesticides and other organic chemicals, and
fertilizers. Leaching of various pollutants through the
unsaturated zone and groundwater zone gives rise to
contamination in these zones. These processes vary from
one location to another (Baalousha 2006).

Frequently, aquifer vulnerability assessments are car-
ried out in areas with water resources under stresses
originating from industrial and agricultural activities.
Therefore, the vulnerability studies can provide valuable
information for stakeholders working on preventing
further deterioration of the environment (Mendoza and
Barmen 2006). Additionally, aquifer vulnerability studies
are useful in the evaluation of the economic impacts of
waste disposal in highly vulnerable areas. Moreover, they
are providing preliminary information and criteria for
decision-making in such areas as designation of land-use
controls, delineation of monitoring networks, and man-
agement of water resources in the context of regional
planning as related to protection of groundwater quality
(Bachmat and Collin 1990).

The concept of vulnerability of groundwater to contam-
ination was introduced in the 1960s in France by Margat
(1968). Then, there were several approaches for developing
aquifer vulnerability assessment maps such as DRASTIC
(Aller et al. 1987), GOD (Foster 1987), AVI (Van
Stempvoort et al. 1993), and SINTACS (Civita 1994). A
thorough overview of existing methods is given in Vrba
and Zaporozec (1994) and in Gogu and Dassargues (2000).
These methods have been mainly applied to groundwater
protection in porous aquifers, except the EPIK (Doerfliger
and Zwahlen 1998; Doerfliger et al. 1999), PI (Goldscheider
et al. 2000), and COP (Vias et al. 2006) methods which were
specifically developed for the assessment of vulnerability in
karstic areas.

Conventional methods (i.e. DRASTIC, AVI, GOD,
SINTACS) are able to distinguish degrees of vulnerabil-
ity at regional scales where different lithologies exist
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(Vias et al. 2005). The DRASTIC method is a familiar
method developed in the US Environmental Protection
Agency (USEPA) by Aller et al. (1987) and this method
has been applied in several regions by different
researchers (Merchant 1994; Melloul and Collin 1998;
Kim and Hamm 1999; Cameron and Peloso 2001; Al-
Zabet 2002; Al-Adamat et al. 2003; Baalousha 2006;
Jamrah et al. 2007). Some of the researchers modified
the DRASTIC method and added different parameters
(Secunda et al. 1998; Lee 2003; Mendoza and Barmen
2006; Wang et al. 2007) such as land use index,
lineaments, aquifer thickness, and impact of contaminant.
Thirumalaivasan et al. (2003) developed a software
package AHP-DRASTIC to derive ratings and weights
of modified DRASTIC model parameters.

The DRASTIC method assumes that: (1) any contam-
inant is introduced at the ground surface; (2) the
contaminant is flushed into the groundwater by precipita-
tion; (3) the contaminant has the mobility of water; (4) the
areas evaluated using DRASTIC are 0.4 km2 or larger
(Rosen 1994). The DRASTIC system is composed of two
major parts: (1) the designation of mappable units, termed
hydrogeological settings; and (2) the application of a
numerical scheme of relative ranking of hydrogeological
factors (Lee 2003). Hydrogeological factors help to
evaluate the relative groundwater pollution potential of
any hydrogeological setting. Hydrogeological setting is a
composite description of all the geological and hydrolog-
ical factors controlling groundwater flow into, through,
and out of an area (Kim and Hamm 1999).

Recently, geographic information system (GIS) techni-
ques have been widely used in aquifer vulnerability mapping
(Hrkal 2001; Rupert 2001; Lake et al. 2003; Panagopoulos et
al. 2006; Jamrah et al. 2007; Rahman 2008). The major
advantage of GIS-based mapping is the combination of data
layers and rapid change in the data parameters used in
vulnerability classification (Wang et al. 2007).

The study area is located within the Egirdir Lake
catchment, namely the Senirkent-Uluborlu Basin (Fig. 1).
Egirdir Lake is the second largest freshwater lake in
Turkey which is used for different purposes such as
irrigation, tourism, fishing and 90% of the drinking water
supplied to the city of Isparta. Agricultural pesticides and
wastewater are the main causes of the degradation of
groundwater quality in the study area. The main aim of
this study is to evaluate the aquifer vulnerability in the
basin and determine the degree of contamination of
Egirdir Lake using the DRASTIC model based on GIS.
According to vulnerability, a map showing high, medium
and low vulnerability areas was produced for the basin.

The study area: Senirkent-Uluborlu Basin

The Senirkent-Uluborlu Basin is located within the Lake
District in the southwest of Turkey and covers an area of
685 km2 (Fig. 1). Egirdir Lake is one of the most
important freshwater lakes in Turkey, with potential to
supply 4×109 m3 of water. Also, Egirdir Lake has great

importance for the region because it supplies drinking
water to Isparta; hence, the Senirkent-Uluborlu Basin was
chosen for this study.

In the basin, groundwater discharge from the alluvium
aquifer is towards Egirdir Lake and the amount of
discharge has been calculated as 37,800,000 m3/year
(Seyman 2005). The most important surface water flowing
through the basin is Pupa Stream, which discharges
12.84 m3/year to Egirdir Lake (Tay 2005; Seyman 2005).

In the basin, agriculture is widespread, and fertilizer
and pesticides application practices have caused ground-
water contamination through leaching. Also, insecure
landfill of municipal wastes on permeable aquifer units,
mining activities and uncontrolled discharge of sewage
affect groundwater quality negatively. As a result of
surface and groundwater flow towards Egirdir Lake, the
variety of contaminants and their mixing in surface water
and groundwater threaten the lake water quality. Hence,
aquifer vulnerability in the basin should be determined for
the protection of the lake.

Geology and hydrogeology

There are several geological units with different ages and
lithologies outcropping in the study area. Mesozoic
carbonate rocks are the oldest rock units. Cenozoic age
clastic and volcanic units unconformably overlie the
Mesozoic carbonates. Clastic rocks consist of sandstone,
claystone, siltstone and conglomerates, namely Uluborlu
flysch. Incesu conglomerates contain carbonate cement
and are classified as a member of the Uluborlu flysch.
Volcanic units are known as Zendevi volcanics which
overlie carbonates and flysch unconformably (Koçyiğit
1983). Pliocene age terrestrial sediments and Pupacayı
conglomerates occupy limited areas in the basin. Terres-
trial sediments consist of clay, silt, sand and gravel.
Quaternary alluvium is composed of materials such as
clay, silt, sand and gravel, unconformably covering all of
the other lithological units (Tay 2005).

Hydrogeogical properties of the lithological units were
determined and the units were classified as permeable,
semi-permeable and impermeable. The main aquifer in the
basin, which is the most vulnerable to contamination, is
the Quaternary alluvium aquifer. The Mesozoic carbonate
rocks are classified as karstic aquifer due to having
fractures and swallow holes. Alluvium, karstic aquifers
and conglomerates in the basin are classified as permeable
units. Zendevi volcanic units are classified as semi-
permeable, depending on the volcanic gravel content.
Uluborlu flysh and terrestrial sediments are classified as
impermeable units because of high clay levels (Tay 2005).

Methodology

Description of the DRASTIC method
Several aquifer vulnerability mapping methods have been
developed by different researchers since 1970. However,
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DRASTIC has been the most commonly used for mapping
aquifer vulnerability in porous aquifers (Aller et al. 1987).
In this study, the DRASTIC method was selected for
determination of aquifer vulnerability in the basin because
the main contamination sources are fertilizer and pesticide
application practices in agricultural areas which are
represented mainly in alluvium aquifer areas.

A DRASTIC method was derived from ratings and
weights associated with the seven parameters. These are

depth to groundwater (D), net recharge (R), aquifer media
(A), soil media (S), topography (T), influence of the
vadose zone (I) and hydraulic conductivity (C) (Fig. 2).

Each parameter is subdivided into ranges and is
assigned different ratings in a scale of 1 (least contami-
nation potential) to 10 (highest contamination potential)
based on functional curves (Table 1). This rating is scaled
by a pesticide and DRASTIC weighting factors ranging
between 1 (least significant) and 5 (most significant). In

Fig. 1 Location map
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this study, pesticide weight was used for alluvium areas
and DRASTIC weight was used for the other areas of the
basin. The linear additive combination of the above
parameters with the ratings and weights was used to
calculate the DRASTIC Vulnerability Index (DVI) as
given below (Aller et al. 1987):

DVI ¼ DrDw þ RrRw þ ArAw þ SrSw

þ TrTw þ IrIw þ CrCw ð1Þ

where

Dr Rating for the depth to water table
Dw Weight assigned to the depth to water table
Rr Rating for aquifer recharge
Rw Weight for aquifer recharge
Ar Rating assigned to aquifer media
Aw Weight assigned to aquifer media
Sr Rating for the soil media
Sw Weight for the soil media
Tr Rating for topography (slope)
Tw Weight assigned to topography

Ir Rating assigned to impact of vadose zone
Iw Weight assigned to impact of vadose zone
Cr Rating for rates of hydraulic conductivity
Cw Weight given to hydraulic conductivity

The rating ranges were determined depending on the
properties of the study area only. The range component
divides each DRASTIC parameter into several classes, or
significant media types that may affect the potential for
pollution (Ehteshami et al. 1991). This rating range may
change from one study area to another. Good knowledge
of the geology and hydrogeology of the research area is a
prerequisite to determine rating ranges of the parameters.
In this study, the range of each parameter resulted in five
or six classes (Table 1). If minimum and maximum rating
values do not change, the number of range classes will not
affect the obtained result. For example, the depth to water
table parameter is divided into three classes and rating
values of 9, 5 and 1 were assigned for depths 0–10, 10–20
and 20–30 m, respectively. Then, the same parameter was
divided into six classes and rating values of 9, 8, 7, 5, 3
and 1 were assigned for depths 0–5, 5–10, 10–15, 15–20,

Fig. 2 Methodology flowchart for DRASTIC method
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20–25 and 25–30 m, respectively. When the DVI value
was calculated and the vulnerability classes (high,
medium, low) were determined using the quantile classi-
fication method, nearly the same results were obtained.
This shows that rating value is more important than the
range classes in the DRASTIC applications. The DRASTIC
system allows the user to determine a numerical value of
the DVI that shows areas more likely to be susceptible to
groundwater contamination relative to others. A higher
DRASTIC index shows greater groundwater pollution
vulnerability (Lee 2003).

DRASTIC has been the most commonly used aquifer
vulnerability assessment method; however, it is not
intended to predict the occurrence of groundwater con-
tamination (USEPA 1985). Recent work has further
improved upon this method, evolving the method beyond

a simple rating of vulnerability, to a descriptive approach
identifying areas with similar hydrogeologic character-
istics (i.e. hydrologic setting) and assessing individually
these areas for groundwater susceptibility to potential
contamination (Hearne et al. 1992).

In this type of vulnerability analysis, data obtained
from hydrogeological field investigations should be used
for weighting of DRASTIC parameters. Thus, disadvan-
tages of the DRASTIC method may be reduced to a
negligible level. Accuracy of the vulnerability map should
be checked with available pollutant data obtained from
field investigations such as nitrate and pesticides.

In this study, all parameter maps were prepared in a
GIS environment and vulnerability classification of the
basin was performed using GIS techniques. Seven data
layers were digitized and were converted to raster data sets

Table 1 DRASTIC rating and weighting values for the various hydrogeological parameter settings (Aller et al. 1987; Al-Zabet 2002)

DRASTIC Parameters Range Rating Weighta Total weight (rating x weight) Area
Pesticide Drastic (%) km2

Depth to water table (m) 5 5
0 to <10 10 50 8.86 60.63
10 to <20 7 35 8.57 58.64
20 to <30 5 25 7.32 50.09
30 to 40 3 15 0.77 5.27
>40 1 5 74.48 509.67

Recharge (mm) 4 4
490 to <520 1 4 1.44 9.85
520 to <550 3 12 9.04 61.86
550 to <580 5 20 24.28 166.15
580 to <610 7 28 24.78 169.57
610 to <640 9 36 28.98 198.31
640 to 670 10 40 11.48 78.56

Aquifer media 3 3
Alluvium 10 30 29.85 204.26
Limestone 9 27 38.73 265.03
Conglomerate 8 24 4.4 30.11
Volcanic 7 21 9.89 67.68
Flysch 3 9 17.13 117.22

Soil media 5 2
Absent 10 20 43.43 297.19
Gravel-sand 9 45 13.9 95.12
Gravel 8 40 12.13 83.01
Sandy clay 3 6 17.34 118.66
Clay loam 2 4 13.2 90.33

Topography (slope %) 3 1
0 to <2 10 30 33.64 230.20
2 to <6 9 27 16.95 115.99
6 to <12 5 15 13.32 91.15
12 to 18 3 3 7.49 51.25
>18 1 1 28.6 195.71

Impact of the vadoze zone 3 5
Limestone 10 50 38.36 262.50
Sand-gravel 8 24 12.06 82.53
Gravel-sandy clay 7 21 11.04 75.55
Sandy clay 6 18 5.61 38.39
Tuff 3 9 11.47 78.49
Clay 1 3 21.46 146.85

Conductivity(m2/s) 2 3
10−9 to <10−8 1 2 21.46 146.85
10−8 to <10−7 3 6 11.48 78.56
10−7 to <10−6 5 10 5.61 38.39
10−6 to <10−5 7 14 11.03 75.48
10−5 to <10−4 9 18 12.06 82.53
10−4 to 10−3 10 30 38.36 262.50

a Pesticide weight was used for alluvium areas and DRASTIC weight was used for the other areas of the basin
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using ArcGIS. Then, the DVI was computed and the
vulnerability map of the basin was prepared taken into
consideration hydrogeological field observations and
investigations. Weighting factors of the seven parameters
were determined depending on location properties which
are shown in Table 1. The DRASTIC and pesticide
weights were used in the DVI calculation. Pesticide
weights were specifically designed to address the impor-
tant processes offsetting the fate and transport of pesti-

cides in the soil (Wang et al. 2007). In the study area,
agricultural activities occur in the alluvium areas. There
are no agricultural applications of pesticide in the other
areas of the basin. The location of the pesticide application
area can see in Fig. 1.

Pesticides are used in agriculture to inhibit growth of
various organisms. Pesticides include herbicides, insecti-
cides, nematicides and fungicides which are used to control
weeds, insects, nematodes and diseases (Wischmeier and

Fig. 3 Depth to water table

Fig. 4 Net recharge
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Smith 1978). The application of pesticides, when combined
with sensitive groundwater areas, can have a large
impact on the water quality. Agricultural contaminants
such as pesticides and nitrate will dissolve in the
irrigation water and infiltrate through the soil profile
(Ahmed 2009). So, when the DVI was calculated,
pesticide weight was used for alluvium areas and
DRASTIC weight was used for the other areas of the
basin (Table 1; Aller et al. 1987; Al-Zabet 2002).

Evaluation of the DRASTIC vulnerability map was
carried out using groundwater quality data such as nitrate,

since high nitrate mainly originates from surface sources
like agricultural activities and urban pollution. Also, the
high nitrate content (> 5 mg/L) usually indicates anthro-
pogenic contamination (fertilizers, farm manures, septic
tank, etc.). Hence, nitrate can be a good water-quality
parameter to evaluate the DRASTIC index (Jamrah et al.
2007). In this study, groundwater from high, medium and
low vulnerability aquifer media was checked for nitrate
content. This evaluation was performed using analysis
results which were obtained by Seyman (2005). Spatial
distribution of nitrate (NO3) concentration was prepared.

Fig. 5 Aquifer media

Fig. 6 Soil media
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Preparation of the aquifer vulnerability map
(DRASTIC)
Input data used for assessment of aquifer vulnerability in
the study area were obtained from previous investigations,
the State Hydraulic Works (SHW), the State Meteorology
Works and the Management of Agriculture and Village
Works. The seven maps using vulnerability assessment of
the Senirkent-Uluborlu basin with DRASTIC method
were prepared using hydrogeological data based on GIS-
ArcView. Each parameter of the DRASTIC method is
explained in the following.

Depth to water table (D)
Depth to groundwater is important as it determines the
depth of the material through which a contaminant travels
before reaching the saturated aquifer (Al-Zabet 2002). For
this study, groundwater head measurements were made in
17 piezometers in October 2005 (Tay 2005). Then, the
absolute altitudes were measured by means of a differential
global positioning system (GPS). These data were recorded
in the GIS environment and a groundwater depth map (D)
of the basin was obtained (Fig. 3). The rating for depth to
water table varies from 10 (for 0–10 m) to 1 (for > 40 m,

Fig. 7 Topography

Fig. 8 Impact of the vadose zone
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Table 1). According to the groundwater head measure-
ments, the lake shore is the shallowest location in the basin.
Therefore, the highest rating value belongs to these areas.

Net recharge (R)
Contaminants can move with groundwater easily
depending on water quantity. Therefore, net recharge
is a very important factor for assessment of aquifer
vulnerability. Net recharge includes the average annual
amount of infiltration and does not take into consider-

ation the distribution, intensity or duration of recharge
events (Al-Zabet 2002). The amount of precipitation
that percolates through the aquifer varies from 30 to
40% of the annual rainfall (Baalousha 2006). Annual
rainfall has been measured at the seven stations
(Senirkent, Uluborlu, Dinar, Keciborlu, Kumdanlı, Ata-
bey, Barla) of the State Meteorology Works. The
rainfall map of the basin was prepared using measured
annual rainfall data and the inverse distance weight
(IDW) interpolation method of ArcGIS Spatial Analyst
(Fig. 4). The rating of net recharge varies from 10 (for

Fig. 9 Hydraulic conductivity

Fig. 10 Aquifer vulnerability map
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640 to less than 670 mm) to 1 (for 490 to less than
520) in the study area (Table 1).

Aquifer media (A)
The geological map of the basin was prepared from the
field studies, benefiting from previous investigations (Tay
2005, Seyman 2005). The aquifer map of the basin was
obtained using lithologic units and aquifer media (A)
ratings were established (Fig. 5). The DRASTIC ratings
were assigned according to the permeability of each
aquifer medium (Table 1). The alluvium aquifer is the
most vulnerable medium with respect to contamination
and it was assigned with a rating of 10. Furthermore,
karstic limestones and conglomerates, which are perme-
able karstic rock units, have high permeability; therefore,
these units were assigned with ratings of 9 and 8,
respectively. These permeability values were determined
by pumping tests results (Tay 2005, Seyman 2005).
Volcanic units were identified as semi-permeable and
flysch as the most impermeable in the basin. Therefore,
flysch is assigned a rating of 3.

Soil media (S)
Soil has a significant impact on the amount of recharge
that can infiltrate into the ground, and hence on the ability
of a contaminant to move vertically into the vadose zone
(Lee 2003). For this study, the soil map (S) of the basin

was taken from the Management of Agriculture and
Village Works hard copy and was digitized for use in
ArcGIS. The DRASTIC ratings were determined depend-
ing on soil classification and field investigations (Fig. 6).
Each class was assigned with a rating from 10 (no soil) to
2 (for clay loam, Table 1).

Topography (T)
Topography refers to slope of an area. Slope affects the
flow rate of water at the land surface. Hence, infiltration
and contaminant migration increase in the lower sloping
areas. For evaluation of topography of the basin (T),
1:25,000 scale topographical maps were digitized (con-
tour interval of 10 m). A digital elevation model (DEM)
was prepared with a triangular irregular network (TIN)
using digitized maps and ArcGIS 3D Analyst. The slope
map of the basin was derived from DEM and slope
ranges were assigned with a rating from 10 to 1 (Fig. 7;
Table 1).

Impact of the vadose zone (I)
The vadose zone is defined as the zone above the water
table and generally it is unsaturated or discontinuously
saturated zone. The vadose zone has an important role in
the percolation of rainfall and surface flow. The impact of
the vadose zone was evaluated using well logs in the basin
which were obtained from the SHW. Gravel, clayey, sandy

Table 2 Classes of aquifer vulnerability based on the DRASTIC Vulnerability Index

Classes of aquifer vulnerability Low Medium High

DRASTIC vulnerability index 30–105 106–180 181–255

Fig. 11 Spatial distributions of nitrate concentration in groundwater (Seyman 2005)
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gravel, clay and limestone are the main components
observed in the western side of the study area. Mainly
silty sand, clay, sand and gravel are observed in the eastern
side of the study area. The limestone, gravel and sand units
may contain groundwater in the vadose zone. Therefore,
these units are more sensitive to groundwater contamina-
tion than tuff and clay units. They were assigned with a
rating in the range from 1 to 10 according to vulnerability
properties. Vadose zone was mapped as shown in Fig. 8.

Hydraulic conductivity (C)
Hydraulic conductivity controls the rate of groundwater
movement in the saturated zone. Thus, contaminant migra-
tion is limited depending on hydraulic conductivity of the
medium. Hydraulic conductivity values used in this study
were derived from pumping test data. Hydraulic conductiv-
ity varies between 8.72 × 10−6 and 2.242 × 10−4 m/s in
alluvium (Seyman 2005). Limestones have high permeabil-
ity (10−3 m/s), whereas permeability of clayey units is 10−9

to 10−10 m/s. The range and rating distribution of hydraulic
conductivity are shown in Table 1 and Fig. 9.

The final vulnerability map was prepared using the seven
hydrogeological data layers in the GIS environment. Taking
into consideration the determined ratings and weights, the
range of the DRASTIC Vulnerability Index is between 30
and 255. According to data obtained from hydrogeological
investigations and field observations, vulnerability classes of
the study area were reclassified into three classes, i.e. high
(181–255), medium (106–180) and low (30–105) vulnerable
aquifer areas, which cover 20.8, 51.9 and 27.3% of the basin,
respectively (Fig. 10; Table 2).

For choosing category ranges, several applications have
been used in the different studies (Rahman 2008; Lee 2003;
Al-Adamat et al. 2003; Baalousha 2006). In this study, a
quantile classification method was applied, which distributes
a set of values into groups that contain an equal number of
values and produces distinct map patterns. This method is
the most suitable method for this kind of classification study.
If category ranges are determined randomly, reliable results
can not be obtained by researchers. In this study, chosen
category ranges relate to nitrate concentration in groundwa-
ter in the basin (Figs. 10 and 11).

DRASTIC index validation
The nitrate concentration in groundwater near the Egirdir
Lake shore was more than 50 mg/L during October 2005.
The maximum acceptable nitrate concentration for human
health is 50 mg/L and 45 mg/L according to the World
Health Organization (WHO 1998) and Turkish Standards
Institute (TSE 2005), respectively. However, if nitrate

concentration is higher than 10 mg/L in groundwater, it
indicates anthropogenic contamination.

The spatial distribution of nitrate concentration in the
groundwater was created using the IDW interpolation
methods of ArcGIS Spatial Analyst (Fig. 11). Nitrate was
measured in 20 wells during June 2004 (Seyman 2005).
Based on these analyses, it is concluded that the areas
having high nitrate concentration can be correlated with
DRASTIC output.

Figure 10 shows that low sensitivity areas are outside
of the agricultural areas. Nitrate concentration gradually
increases towards the lake depending on groundwater flow
direction and agricultural applications. Egirdir Lake shore
is a highly vulnerable area due to surface and groundwater
discharge towards the lake. Evidence of this situation can
be found from nitrate content of the lake water samples
taken from discharge locations of surface and groundwa-
ter. The Egirdir Lake water analysis shows that nitrate
content increases with increasing rainfall and fertilizer
application (Table 3, Atay and Bulut 2005). In addition,
the areas in which discarded fertilizer packaging have
been found have very high (50–70 mg/L) nitrate concen-
tration (Fig. 11) and urgent pollution preventions meas-
ures should be taken.

Conclusions

This study was performed using a GIS model and the
DRASTIC method to determine the vulnerability of
groundwater in the Senirkent-Uluborlu Basin which is
located in the Egirdir Lake catchment area. Seven
parameter maps were prepared in a GIS environment and
vulnerability classification of the basin was performed
using GIS techniques. The DRASTIC Vulnerability Index
was computed as between 30 and 255. Based on hydro-
geological field investigations and using a quantile
classification method, these values were reclassified into
three classes namely high (181–255), medium (106–180)
and low (30–105) vulnerable aquifer areas which cover
20.8, 51.9 and 27.3% of the basin, respectively.

The vulnerability map obtained from the DRASTIC
method gives locations which must have high priority in
terms of protection and pollution prevention. DRASTIC
method results are useful in the design of aquifer
protection and management strategies. This scenario
provides an important benefit in relation to time and
economy for local authorities involved in managing
groundwater resources. Although the whole alluvium is
used as an agricultural area in the Senirkent-Uluborlu
Basin, highly vulnerable areas constitute only 67.2% of
the alluvium which is located along the Egirdir Lake
shore; thus, the areas determined by the DRASTIC

Table 3 NO3 concentration of the Egirdir Lake water (Atay and Bulut 2005)

Month/2005 January February March April May June July August September October November December

NO3 concentration
in mg/L

– – 0.86 1.36 0.86 0.85 0.84 0.77 1.20 1.10 1.05 1.17
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method should be investigated as priority in terms of
contamination.

Nitrate concentration of groundwater was evaluated for
validation of the DRASTIC results. These evaluations
show that high nitrate concentrations correspond to
possible nitrate enrichment in the highly vulnerable
aquifer medium. The low sensitivity areas are outside of
the agricultural areas in the basin. Nitrate concentrations
gradually increase towards the lake depending on ground-
water flow direction and agricultural applications, and
high nitrate contamination is observed in the locations
where groundwater and surface water discharge to Egirdir
Lake. This indicates that the obtained results are realistic
and representative to the actual situation in the field.
Therefore, the DRASTIC method is utilizable in the lake
basin. If agricultural applications continue for a long time,
nitrate contamination will increase step by step in the
basin.

The vulnerability assessment of the Senirkent-Uluborlu
Basin shows that the limited groundwater resources are
not sensitive. In order that the groundwater flow direction
is towards Egirdir Lake, which is used for drinking water,
groundwater protection plans and lake-water-quality
investigations should be performed in the basin. Further-
more, vulnerability of the other lake basins should be
evaluated and a future risk assessment should be derived
from these results.
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