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Abstract. Today, due to the rapidly increasing world population and urbanization, the
amount of water is increasing exponentially in areas such as drinking, irrigation, energy,
industry, etc. There is a great increase in the use of water in agriculture, especially due to
the food needs of human beings. For this reason, human beings need water; They obtain
water almost everywhere from above ground (springs, dams, ponds) and underground
(drilling wells) water sources. Usage of groundwater is quite common in the plains, where
surface water resources are insufficient. This situation; While increasing the use of
pesticides and fertilizers for agricultural purposes due to irrigation, it also creates the risk of
contamination of groundwater. In this study; contamination potential of groundwater in
Erzin Plain was determined using Geography Information System (GIS)-based DRASTIC
model. Seasonal and annual field sensitivity levels were determined by integrating current
land use into this model. Accordingly, in the dry seasons of August-2006, November-2006,
while the Mediterranean coast has high EC values in the vicinity of the Mediterranean
coast, the area around the resort sites and the settlement area, the mountainous areas, the
north of the plain and the west of Gokdere have low EC values. It has the lowest EC values
by decreasing towards the north and northeast and other parts of the plain. In the study area;
Although NOj; concentration varies seasonally, it is especially high in citrus growing
segments with high permeability. On this change; Factors such as rainfall recharge,
evaporation effect in the dry period, irrigation water recharge with the effect of land use,
and the depth of groundwater depending on topography played an important role.
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1. Introduction

The natural hydrologic cycle has been altered in much of the world due to climate change and
human land development [1]. Urban development limits the permeability of ground surfaces;
precipitation that would normally the reach natural land surface and infiltrate into the
underlying aquifer instead runs off, over paved areas or areas with low surface soil permeability

until it evaporates, or enters surface water bodies or stormwater management facilities [2].
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Numerous studies have shown that groundwater and drinking water contamination from
drywells can be avoided if drywells are used in appropriate locations and properly maintained.
The effectiveness of dry wells for aquifer recharge depends on the hydrogeologic setting and
land use surrounding a site, as well as influent stormwater quantity and quality [3]. According to
the hydrogeological study of the Erzin-Dortyol plain by the general director of state water works
[4], rocks such as conglomerate, sand, and gravel of different ages and structures form the
lithology of the plain. Surface flow and rivers due to precipitation form the feeding of the plain
and the discharge is rivers. While the aquifer flow direction tends from northeast to southwest,
that is to the sea, it was determined that the permeability level of the alluvium in the middle part
of the field is good. In the study conducted by Doyuran [5], it was stated that especially
Pliocene and Quaternary aged rocks allowed the formation of free aquifers, and the hydraulic
and hydrogeological conductivity of different formations varied. He emphasized that it has an

important potential in terms of groundwater management.

Doyuran [6], in his study, determined that the feeding and discharge processes from the good
hydrographs of 7 sample observation wells matched very well with the dry and rainy periods.
He stated that the aquifer discharge is on the Mediterranean coastline and will not cause any
problems in terms of operation. Cetin [7], in his study, examined the water change levels of the
wells at the beginning and end of the season in the plain and emphasized that the wells where
water is taken from the basalt layer are safer. Karahanoglu et al. [8], on the other hand,
evaluated the freshwater-saltwater interference wedge with simulation, geophysical, hydro-
geochemical analyzes and determined that there was no significant interference from the sea to
the aquifer under current conditions. Examined the period of about 25 years between, Eroglu [9]
determined that the groundwater level was 100 m in the east and 5-6 m in the southwest by
using the variables and criking method in the plain. Doygun et al. [10] determined the change in
the land use/cover of the plain between 1972-2000 with the help of satellite images, aerial
photographs and Geographic Information Systems (GIS), and determined that while dune
vegetation, agricultural areas, coastal dunes, summer residences increased, swamp-reed areas
decreased, respectively. suction. The general director of state water works [11] defined the plain
soils as medium, heavy, partially light textured and prepared a land class and drainage report as

non-irrigable and irrigable.

Aller et al. [12] developed a method called DRASTIC to detect the contamination potential of
groundwater in any hydrogeological basin in the USA. This developed DRASTIC model has
been used in many parts of the world to determine groundwater pollution and sensitivity. To
briefly state the regions where the DRASTIC model is used in the world; Lynch et al. [13] in
South Africa, Navulur and Engel [14] in India, Secunda et al. [15] in Sharon district of Israel,
Osborn et al. [16], Oklahoma, Added et al. [17] in Tunisia, Demirkiran [18], in Ankara-Kazan
region of Turkey, Al-Damat et al. [19], in Arcot region of India, Babiker et al. [20], in the



Indonesian Journal of Agricultural Research Vol. 04, No. 03, 2021 196

Kakamigahara mountains of Japan, Yildirim [21] in [zmir-Bornova part of Turkey, Hamza et al.
[22], in the north of Tunisia, in the metline coastal part, in Almasri [23], in the western part of
Israel in the Gaza sher, Remasen [24], West Bengal (India) as in many parts of the world

applied in many places.

Groundwater vulnerability assessment is a measure of potential groundwater contamination for
areas of interest. The main objective of this study is to modify the original DRASTIC model
using four objective methods, Weights-of-Evidence (WOE), Shannon Entropy (SE), Logistic
Model Tree (LMT), and Bootstrap Aggregating (BA) to create a map of groundwater
vulnerability for the Sari-Behshahr plain, Iran [25]. Our paper presents the possibility of
applying the DRASTIC model as a useful tool to support the process of local and regional
development planning. The results of the study revealed that the modified DRASTIC model
gave more accurate predictions than the traditional model [26]. The objective of the study is to
estimate groundwater vulnerability against contamination in Bhiwadi region of Rajasthan by
applying Geographical Information System (GIS)-based DRASTIC model which considers
seven hydrogeological parameters of an aquifer: depth to water (D), net recharge (R), aquifer
media (4), soil media (S), topography (7), the impact of vadose zone (/), and hydraulic
conductivity (C) [27]. In recent years, one of the major concerns is groundwater contamination
by industrial wastewater. In this regard, a GIS-based DRASTIC model is used to delineate

vulnerability to agricultural applications [28].

Thus, the DRASTIC model, which has been successfully applied in many parts of the world and
offers satisfactory results in terms of application results, has been chosen as a suitable method to
determine the sensitivity potential of the groundwater of the Erzin plain. In this study, the
groundwater sensitivity of the Erzin Plain will be determined by processing the materials of the
field with the help of various geostatistics and Geographic Information Systems (GIS) within

the scope of the DRASTIC model.

2. Materials and Methods

2.1. Study Area

Working area; It is within the borders of the Mediterranean region of Turkey and covers an area
of 101.65 km? in the river basin of the Asi River. The site is between the Amanos mountains
and the Mediterranean in the east and northeast of the Iskenderun Bay, within the borders of the
provinces of Hatay (Erzin, Dortyol districts) and Osmaniye (Toprakkale district), 36°45'-37°01"
north latitudes and 36°03'-36°46' It is located between eastern longitudes (Figure 1).
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Figure 1. Study’s Location

Erzin Plain is bordered by Delilhalil Hill (450 m), Hama Hill (182 m), Haydar Mountain (226
m) in the north-northwest, Amanos Mountains in the east, and the Mediterranean coastline in

the west and south (Figure 1).
2.2. Material

General geographical characteristics of the research area (Figure 1), topography (Dem), climate
(Table 1) and hydrological characteristics, soil characteristics and agricultural situation (Table
2), geological and hydrogeological characteristics, land use characteristics, GW observation

data, GW depth data and GW quality data constitute the materials of the research area.

Table 1. Climate Data of the Study Area (Precipitation (1951-2002), Average Temperature
(1951-2023), Highest Temperature (1987-2003), Lowest Temperature (1987-2003), Average
Total Evaporation (1971 -2004), Humidity (1987-2003), Wind Speed (1987-2002), [29] (It was
benefited)

Months Annual

Climate Data
1 2 3 4 5 6 7 8 9 10 11 12

Average Total Precipitation

116.2 1150 106.7 98.1 675 29.0 172 125 313 743 98.7 1222 888.7

(mm)
Average Temperature (°C) 8.7 9.8 129 17.1 20.7 244 271 27.6 253 21.1 144 102 183
Highest Temperature (°C) 22.1 260 29.0 360 41.6 40.8 40.7 422 41.8 380 31.6 236 422
Lowest Temperature (°C) 50 53 2.2 0.6 70 133 166 16.1 9.6 70 -16 -34 53

Average Total Evaporation (mm) 349 467 754 1019 136.9 1655 189.3 1874 1504 1043 55.0 35.0 1267.1
Average Month Ratio Humidity (%) 58 56 56 58 58 58 61 59 52 50 56 62 57

Average Wind Speed (m/sn) 2.0 2.1 2.1 2.0 20 2.0 1.8 1.7 19 1.9 2.0 1.9 1.9

Table 2 as seen as below, shows soil and plant patterns, areas and ratios of the research area.
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Table 2. Soil and Plant Patterns, Areas and Ratios of the Research Area [29], (It was benefited

PhD Thesis)

Large Soil Group Symbol Area (Hectares) %
Alluvial Soils A 4633.4 48
Colluvial Soils C 3207.4 33

Hydromorphic Soils H 479.8 5
Brown Soils B 1040.7 11
Non-Calcareous Brown Soils N 95.6 1
Basaltic Soils B 161.8
Plant Type Planting Rate (%) Yield(kg/da)
Citrus 68 3000
Cereals 22 350
Vegetables 5 3500
Onions 2 3000
Peanuts 2 300
Cucumbers 1 3500
Corn (2nd Product) 5 700

2.3. Method

In the study; Geography Information System (GIS), Remote Sensing (RS), Geography
Information System (GIS)-based DRASTIC model and model parameters (GW Depth, GW
Recharge amount, Aquifer, soil, topography, vadose zone materials, hydraulic conductivity,
Drastic Index (DI), data analysis and mapping (hydrogeochemical analysis, Geostatistical
analysis) are the methods used (Figure 2).

Digital Elevation Model(DEM) Groundwater
Exact Recharge Map

Aquiter Type Map

Sensivitiy (DRASTIC) Map

Tpography Map

Vodose Zone Map

g

Hyraulic Conductivity Map

Figure 2. Representation of DRASTIC (D: depth to water, R: net recharge, A: aquifer, S: soil,
T: topography, I: the impact of vadose, C: hydraulic conductivity) Model Parameters Flow
Chart [29], It was benefited the PhD Thesis)

3. Results and Discussion

3.1. Geostatistical Analysis Result

The GW depth and quality (EC and NO;) observation results of the observed boreholes were
mapped by geostatistical method. As a result, seasonal and annual GW isomorphic maps and

GW EC and NO:; distribution maps were developed.
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3.1.1. Seasonal and annual GW peer level in erzin plain

Erzin Plain is located at a certain angle with the north due to its location. For this reason,
experimental semivariograms depending on the Euclidean distance of the GW wells in the study
area were created by considering the 45° direction in order to create the GW isometric maps. By
taking the angle tolerance of 90°, maximum sample pairs were tried to be analyzed. Bandwidth
was kept at 0.5 level in order to clearly see the semivariogram patterns of the GW elevation
variable. It was decided that the experimental semivariogram structures of the GW elevation
variable were suitable for the spherical type theoretical semivariogram model [29]. Eroglu [9]
applied geostatistical analysis to the GW elevation values obtained from the general directorate
of state hydraulic works reports in order to develop the Erzin Plain GW isometric map, and used
the GAS data to the Gaussian semivariogram model. After the semivariogram model parameters
were determined, the point values of the regions without observation were obtained by the
Criging estimation method [29]. According to these results; In the period of August 2006, while
the GW elevation values around Erzin and Gokdere settlements are 75-104 m, it is at zero (0)
elevation, that is, at sea level, around Asagi Burnaz and resort sites (Figure 4). It even falls
below sea level. It can be thought that this situation is caused by the GW shots in June, July and
August (Figure 3). In the period of November 2006, it was determined that there was an
increase in the levels of GW with the end of the irrigation period and the beginning of the
precipitation at the same time (Figure 3). In the period of February 2007, while the level of the
groundwater increased from the southwest to the northeast of the field in accordance with the
topography level, it was observed that it decreased to -1.3 m below the sea level in the areas
close to the sea. This may be due to GW withdrawals or measurement errors [29]. In the period
of May 2007, the GW elevation changes in accordance with the topography and is below the sea
level around the Asagi Burnaz settlement (Figure 3).

In summary, the fact that the south of Asagi Burnaz settlement falls below the sea level in an
area of approximately 10-15 km? according to the GW equivalent levels for the August,
February and May periods supports the idea of a level error in the maps created based on the

digital elevation model [29].
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Figure 3. August-2006, November-2006, February-2007, May-2007, Annual Average GW
Equivalent Maps [29], It was benefited from PhD thesis)

3.1.2. Seasonal GW EC and NO:; distribution Maps

Spatial distribution maps of salinity (EC) and nitrate (NOs) concentrations, which are observed

seasonally for 4 periods in the study area, were produced by geostatistical method.

According to the August 2006 period, GW EC distribution, high EC values (1.53 - 1.63 dS m™)
were obtained near Yesiltepe settlement. While EC values are at the level of 0.73 - 0.85 dS m™!
in the northern parts of the field, it is understood that the GW EC distribution in the November
2006 period increased from the land to the sea, but was lower in the study area compared to the
August 2006 period. Low EC values at the level of 0.63 — 0.69 dS m™! (Class II irrigation water)
are observed around wells 12845 and 8340. In the Cerrahoglu Farm well, the values of 1.05 dS
m™' and 0.97 dS m™' and 46814 numbered wells were observed to be the highest in November.
The lowest EC values were found in wells 8340 and 12845 (0.57 — 0.66 dS m™") in the north of
the study area (Figure 4).

According to the GW EC distribution for the period of February 2007, the highest EC values
determined in the study area were observed in the well no 10434 with 2.3 dS m™! in the four
seasons GW sampling. It has been determined by Piper and Schoeller diagrams that the water in
this well is different from other wells and has a different origin (Figure 4). The reason for the
low EC values in the northern parts of the study area is interpreted as the dilution of the
groundwater salinity with the effect of precipitation in the regions where the groundwater table

is deep, and thus the decrease in the EC values.

During May 2007, EC values were high in the south and southeast, similar to the EC
distribution of August 2006 and February 2007; It was observed that it was low in the northern

parts. In the southern parts of the study area, high EC values are observed. It was observed that
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the EC values were low (0.703 — 1.51 dS m™') throughout the study area due to the relatively

low EC values towards the north and the effect of precipitation compared to other periods

(Figure 4).
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Mediterranean Sea™X Mediterranean Sea

In the distribution of GW NO; in the study area for the period of August 2006, high NO;
concentrations were observed with values of 13.29 mg L' in well 10457 and 14.62 mg L' in
well 10462 in the middle parts of the study area. In addition, the NO; value measured in the well
no. 9653 in the Erzin settlement is 16.17 mg L', In the period of November 2006, higher NO;
values were observed in the north of the field compared to the south, while in February, it was
similarly high in the northern parts; It shows a low distribution in the southern parts. NOs value

varies between 0.5 — 12 mg L' (Figure 5).

In the period of May 2007, the highest NOs value with 15.95 mg L' is seen in the well no.
10449 in the middle part of the field. The lowest NO; value of 0.31 mg L' was found in well no
11225, located in the southeast of the study area (Figure 5). According to DWS 266 drinking
water standards (DWS)-2005, it is seen that it is not at dangerous levels in terms of drinking
water standards. It is observed that GW NO; concentrations are generally high, especially in

regions where citrus cultivation is intense and soil layer is permeable.
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3.1.3. Land Use (LU) and Groundwater Sensitivity (GWS) of Erzin plain

Land use in the Erzin plain has significant effects on groundwater sensitivity. Because in any
stream basin or plain; It plays an important role in the contamination of groundwater in all
sectoral activities from agriculture to settlement, from settlement to industry. In the Erzin plain,
groundwater sensitivity was tried to be determined by integrating the land use characteristics of
the field into the DRASTIC model. Accordingly, based on the studies of Secunda et al. [15] and
Al-Adamat et al. [19], a weighted land use map was created by first classifying the land use
parameters and assigning values, in order to determine the effect on the sensitivity of the
groundwater. This weighted sensitivity map was integrated into geographic information systems

and a corrected annual GW sensitivity map was produced (Figure 6B).

Comparing the annual GW sensitivity Drastic index (DI) map with the corrected annual GW
sensitivity map, it is understood that the sensitivity areas on the corrected annual GW sensitivity
map show an increase compared to those on the DI map. In particular, while 49% of the study
area was low sensitivity in the DI map, the low sensitivity area in the corrected annual GW
sensitivity map decreased to 2.6%, on the other hand, there was a 24% increase from the DI map
to the corrected annual GW sensitivity map in the medium sensitivity area. The most striking
difference between the DI map and the corrected annual GW sensitivity map; Although the very
high sensitivity area was seen in an area of 2.9 km? on the DI map, the very high sensitivity area

on the corrected annual GW sensitivity map increased to 21.9 km? with an increase of 18.7%.
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Areas with low pollution potential were included in medium, high and very high areas with the

correction made. Therefore, a more realistic distribution is obtained (Figure 6).
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Figure 6. Weighted Land Use (A) and Corrected Annual GW Sensitivity (B) Map, [29], (It was
benefited from PhD thesis)

4. Conclusions

According to the above-mentioned findings and discussions, the following conclusions have
been reached in Erzin Plain and its surroundings. According to this, while the GW elevation is
75-104 m around Erzin and Gokdere settlements in the seasonal GW isometric maps for the
periods of 1-August 2006, November 2006, February 2007 and May 2007, it reaches 0 elevation
on the Mediterranean coast near the Asagi Burnaz settlement and holiday sites level was
determined. Again, in these periods, it was determined that the GW elevation took negative

values in the areas close to the sea, that is, the GW level fell below the sea level.
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It has been determined that the values vary between 0.45-16.1 mg L™ according to seasonal GW
NO:; distribution, it is suitable for irrigation water supply, and It was obtained that these
concentrations are not at dangerous levels according to DWS 266 drinking water standards

(DWS).

In the corrected annual groundwater sensitivity map, it has been determined that there is an
increase in the degree of groundwater vulnerability and areas with the effect of land use. It was
determined that while 3% of the study area in the 4-Drastic Index map was a very high GW
sensitivity area, a very high GW sensitivity area increased sevenfold in the corrected GW
sensitivity map. It can be argued that it is important to develop 5-Corrected annual GW
sensitivity maps and that it is a correct approach to detect consistent groundwater sensitivity by

integrating the real land use situation onto the groundwater sensitivity.

Abbreviations

GIS: Geography Information System, GW: Groundwater, DWS: Drinking Water Standards, DI:
Drastic Index, GWS: Groundwater Sensitivity, EC: Electrical Conductivity, NO;: Nitrate, RS:
Remote Sensing, DRASTIC Parameters: (D) depth to water, (R) net recharge, (4) aquifer media,
(S) soil media, (7) topography, (/) the impact of vadose zone, (C) hydraulic conductivity.

REFERENCES

[1]  R.-M. Rusu, R. Vaduva, and G. Cretu, “Hydrologic effect of urbanization,” in
International Multidisciplinary Scientific GeoConference : SGEM, 2012, pp. 721-728.

[2] S. E. Clark and R. Pitt, “Influencing Factors and a Proposed Evaluation Methodology for
Predicting Groundwater Contamination Potential from Stormwater Infiltration
Activities,” Water Environ. Res., vol. 79, no. 1, pp. 29-36, Jan. 2007, doi:
10.2175/106143006x143173.

[3] E. C. Edwards, T. Harter, G. E. Fogg, B. Washburn, and H. Hamad, “Assessing the
effectiveness of drywells as tools for stormwater management and aquifer recharge and
their groundwater contamination potential,” Journal of Hydrology, vol. 539. Elsevier
B.V., pp. 539-553, Aug. 01, 2016, doi: 10.1016/j.jhydrol.2016.05.059.

[4] D.S. 1. G. Miidiirliigii, “Dértyol-Erzin ovas1 hidrojeolojik etiit raporu.,” Ankara, 1974.
[Online]. Available:
https://kutuphane.tarimorman.gov.tr/vufind/Record/8497/Description.

[5] V. Doyuran, “Erzin ve Dortyol ovalarmin jeolojik ve hidrojeolojik 6zellikleri,” Bull.
Geol. Soc. Turkey, vol. 25, no. August, pp. 151-160, 1982.

[6] V. Doyuran, “Erzin ve Dortyol Ovalarinda yeralti su diizeyi degismelerinin yorumu,”
Bull. Geol. Soc. Turkey, vol. 26, no. February, pp. 4358, 1983.

[7] M. Cetin, .“Dértyol—Erzin Ovast Yeraltisularinin Mevcut Durumu ve Gelistirilme
Olanaklar1 Uzerinde Bir Calisma,” University of Cukurova, Adana, Turkey, 1991.

[8] N. Karahanoglu, H. Yazicigil, V. Doyuran, N. Emekli, and ve H. K, “Kiy1
Akiferlerindeki Tatli su-Tuzlu su Girisiminin 185 Sonlu Elemanlar Benzetim Y&ntemi
[le Modellenmesi,” 1995.



Indonesian Journal of Agricultural Research Vol. 04, No. 03, 2021 205

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

(23]

O. Eroglu, “Geostatistical charactrization of Erzin Plain aquifer system, Hatay-Turkey,”
The Graduate School of Natural and Applied Sciences of The Middle East Technical
University The Department of Geological Engineering, 1997.

H. Doygun, S. Berberodlu, and H. Alphan, “Hatay, Burnaz Kyyy Kumullary Alan
Kullanym Dedipimlerinin Uzaktan Algylama Yontemi ile Belirlenmesi,” Ekoloji, vol.
12, no. 48, pp. 4-9, 2003, [Online]. Available: http://docplayer.biz.tr/8242993-Hatay-
burnaz-kyyy-kumullary-alan-kullanym-dedithimlerinin-uzaktan-algylama-yontemi-ile-
belirlenmesi.html.

DSI, “NErzin-Dértyol Projesi Erzin-Dortyol-Payas Ovalar1 Planlama Revize ve Ek Alan
Arazi Siiflandirma ve Drenaj Raporuo Title,” Adana, Turkey, 2005.

L. Aller, T. Bennett, J. Lehr, and R. Petty, “Drastic: A Standardized System for
Evaluating Ground Water Pollution Potential Using Hydrogeologic Settings,” U.S.
Environmental Protection Agency, Washington, D.C, 2002.

S. D. Lynch, A. G. Reynders, and R. E. Schulze, “Preparing input data for a national-
scale groundwater vulnerability map of Southern Africa,” Water SA, vol. 20, no. 3, pp.
239-246, 1994.

K. C. S. Navulur and B. A. Engel, “Predicting Spatial Distributions of Vulnerability of
Indiana State,” 1997. http://www.ncgia.ucsb.edu/SANTA_FE CD-
ROM/sf papers/navulur_kumar/my_paper.html.

S. Secunda, M. L. Collin, and A. J. Melloul, “Groundwater vulnerability assessment
using a composite model combining DRASTIC with extensive agricultural land use in
Israel’s Sharon region,” J. Environ. Manage., vol. 54, no. 1, pp. 39-57, Sep. 1998, doi:
10.1006/jema.1998.0221.

N. L. Osborn, E. Eckenstein, and K. Q. Koon, “Vulnerability Assessment of Twelve
Major Aquifers in Oklahoma,” 1998.

A. A. and H. M. H., “Evaluation of the vulnerability to pollution in metline aquifer
(North of Tunisia),” 1990, [Online]. Available:
https://proceedings.esri.com/library/userconf/proc99/proceed/papers/pap845/p845.htm.

O. Demirkiran, “Effect of Changing Groundwater Levels to Determine the Vulnerability
of Aquifers in Ovagay Basin,” Toprak Su Derg., vol. 1, no. 1, pp. 22-27, 2012, doi:
10.21657/tsd.76693.

R. A. N. Al-Adamat, 1. D. L. Foster, and S. M. J. Baban, “Groundwater vulnerability and
risk mapping for the Basaltic aquifer of the Azraq basin of Jordan using GIS, Remote
sensing and DRASTIC,” Appl. Geogr., vol. 23, no. 4, pp. 303-324, Oct. 2003, doi:
10.1016/j.apgeog.2003.08.007.

I. S. Babiker, M. A. A. Mohamed, T. Hiyama, and K. Kato, “A GIS-based DRASTIC
model for assessing aquifer vulnerability in Kakamigahara Heights, Gifu Prefecture,
central Japan,” Sci. Total Environ., vol. 345, no. 1-3, pp. 127-140, Jun. 2005, doi:
10.1016/j.scitotenv.2004.11.005.

Y. Mustafa, “Antalya kentindeki yeraltisuyu kaynaklarmin kirlenme potansiyelinin
cografi bilgi sistemleri (CBS) teknolojisi ile belirlenmesi / Determining pollution
potential of groundwater resources in Antalya city using geographical information
systems (GIS) techno,” University of Akdeniz, Antalya, Turkey, 2005.

M. H. Hamza, A. Added, R. Rodriguez, S. Abdeljaoued, and A. Ben Mammou, “A GIS-
based DRASTIC vulnerability and net recharge reassessment in an aquifer of a semi-arid
region (Metline-Ras Jebel-Raf Raf aquifer, Northern Tunisia),” J. Environ. Manage.,
vol. 84, no. 1, pp. 12-19, 2007, doi: 10.1016/j.jenvman.2006.04.004.

M. N. Almasri, “Assessment of intrinsic vulnerability to contamination for Gaza coastal
aquifer, Palestine,” J. Environ. Manage., vol. 88, no. 4, pp. 577-593, Sep. 2008, doi:



Indonesian Journal of Agricultural Research Vol. 04, No. 03, 2021 206

[24]

[25]

[26]

[27]

(28]

[29]

10.1016/j.jenvman.2007.01.022.

R. Remesan and R. K. Panda, “Groundwater vulnerability assessment, risk mapping, and
nitrate evaluation in a small agricultural watershed: Using the DRASTIC model and
GIS,” Environmental Quality Management, vol. 17, no. 4. pp. 53-75, Jun. 2008, doi:
10.1002/tqem.20187.

K. Khosravi et al., “A comparison study of DRASTIC methods with various objective
methods for groundwater vulnerability assessment,” Sci. Total Environ., vol. 642, pp.
1032-1049, Nov. 2018, doi: 10.1016/j.scitotenv.2018.06.130.

M. Kozlowski and M. Sojka, “Applying a modified DRASTIC model to assess
groundwater vulnerability to pollution: A case study in central Poland,” Polish J.
Environ. Stud., vol. 28, no. 3, pp. 1223-1231, Jan. 2019, doi: 10.15244/pjoes/84772.

H. Rajput, R. Goyal, and U. Brighu, “Modification and optimization of DRASTIC model
for groundwater vulnerability and contamination risk assessment for Bhiwadi region of
Rajasthan, India,” Environ. Earth Sci., vol. 79, no. 6, Mar. 2020, doi: 10.1007/s12665-
020-8874-z.

A. Shakoor et al., “Delineation of regional groundwater vulnerability using DRASTIC
model for agricultural application in Pakistan,” Arab. J. Geosci., vol. 13, no. 4, Feb.
2020, doi: 10.1007/s12517-020-5161-y.

A. Atli, “Yeraltisuyu (YAS) Kirlenme Potansiyelinin, Cografi Bilgi Sistemi(CBS)
Tabanl Drastik Model Kullanilarak Belirlenmesi ve Erzin Ovasi Yeraltisuyu Hassasiyet
Haritalarinin Gelistirilmesi,” University of Cukurova, Adana, Turkey, 2010.



