[Hepdeniz et al., 3(1): January, 2016] ISSN: 2349- 5197
Impact Factor (PIF): 2.138

v
\3" INTERNATIONAL JOURNAL OF RESEARCH SCIENCE & MANAGEMENT

GROUNDWATER QUALITY ASSESSMENT USING GEOGRAPHIC INFORMATION SYSTEMS

(GiS) IN BUCAK BURDUR, TURKEY

Kerem Hepdeniz'* iskender Soyaslan?

"PhD, Mehmet Akif Ersoy University, Department of Geographic Information Systems, Bucak-Burdur, Turkey.
2Assistant Professor, Mehmet Akif Ersoy University, Department of Civil Engineering, Burdur, Turkey.
Correspondence Author:_khepdeniz@mehmetakif.edu.tr

Keywords: Groundwater; GIS; boreholes; IDW; Bucak

Abstract

The Bucak catchment area is located in Turkey’s Mediterranean region, south of Burdur Province; it has an area of 684 km?. The
area is one of the most important karst regions on the west side of the Taurus belt; it includes Bucak and Celtik¢i counties and
numerous villages.

In the current study, 20 groundwater samples were collected from different parts of the Bucak catchment area to assess water
quality by analyzing several physical and chemical parameters. The coordinates of 20 boreholes were recorded by using Global
Positioning System (GPS). All of the data was imported using Geographic Information Systems (GIS), and the inverse distance
weighted (IDW) method was used to prepare thematic maps for groundwater quality in the Bucak catchment. Total dissolved solid
(TDS) and electrical conductivity (EC) features and power of hydrogen (pH) were acquired by using a DO700 Portable Dissolved
Oxygen Meter device in the field, and the chemical parameters were analyzed at the Acme (Canada) laboratory using the
inductively coupled plasma mass spectrometry (ICP-MS) method. The results showed that the values of the parameters were
within permissible limits according to the Turkish criteria (TSE-266, 2005)and World Health Organization (WHO, 2006),and that
there were no significant contaminants in the groundwater.

Introduction

Water is a fundamental need of all living beings, including humans. Each day, the world faces new environmental problems
because of the unconscious consumption of natural resources and the rapid growth of the world’s population. Already, 1.1 billion
people do not have access to safe drinking water, and by 2025, 1.8 billion people will face scarcity in different countries and
regions (World Water Council 2003; UNESCO 2006).

Water quality can deteriorate by the destruction of wetlands and freshwater resources; the discharging of waste; and the addition
of substances and contaminants of all kinds to the world’s oceans, rivers, and lakes. Such deterioration may cause potential health
risks to humans and livestock, the death of aquatic species, and crop failure (Demirci 2008; Nwankwoala et al. 2012; Zhang et al.
2013; Celik 2014).When the data are examined over a long period of time, Turkey’s average annual precipitation is 643 mm;
runoff is approximately 186 billion m*/year; 98 billion m®/year is surface water; 12 billion m®/year is groundwater, and 110 billion
m®/year is used for consumption (World Water Council 2003; Basciftci et al. 2013).

Today’s computer-aided data analysis and visualization tools play an important role in development and management studies for
the protection of water resources (Ozsahin 2013). In recent years, the use of GIS for groundwater management and research has
grown rapidly (Adhikary 2013). GIS and spatial analysis are very powerful tools for representing and analyzing laboratory data
and for integrating them with geographical data. This capability makes GIS a useful tool for making spatial distribution maps of
water quality parameters that are both robust and accurate (Shomar et al. 2010; Singh 2011; Nwankwoala et al. 2012; Narsimha et
al. 2013).

In this study, GIS was used to assess and map the groundwater quality characteristics in the Bucak-Burdur catchment area, and to
check the groundwater’s suitability for drinking.

Material and methods

Study area

The study area is located between 37°16" N and 37°35 N latitutes and 30° 16 E and 30" 41" E longitudes; it is in southern Turkey,
80 km from Antalya Province to the south and 44 km from Burdur Province in the north (Fig. 1).The catchment area covers 684
km?and has a population of 43,282 (Tuik 2015).
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Figure 1. Study area

The climate varies between a continental and a Mediterranean climate. The weather in winter is moderate and rainy, and the
summers are warm and arid (Hepdeniz 2014). The mean daily maximum and minimum temperatures of the study area range from
28° C (August) to 9.8° C (January). Maximum rainfall is 91.5 mm (December), the minimum is 12.5 (August), and annual rainfall
is about 61 mm. The east side of the catchment area consists primarily of Cretaceous-age Davraz limestone; the west side consists
of ophiolites and Jura-Cretaceous—age Akdag limestone, and the middle of the area consists primarily of alluvia. The vegetation of
the area includes scrub, pine, fir, and ground cedar forests (Hanger 1996).

Field collection, analysis, and GIS mapping

The Bucak area has been digitized from 1/25000 scale topographic maps; 20 well locations were selected for this study (Fig. 2).
The groundwater sampling points’ coordinates were recorded by a Garmin eTrex handheld GPS device and transformed into a
point layer for GIS analysis. The chemical parameters of the groundwater samples were analyzed in the Acme laboratory (in
Canada), and the pH, TDS andEC features were acquired by a DO700 Portable Dissolved Oxygen Meter device used on the study
area. All of the results from the 20 wells were then used as input data in ArcGIS v.10.
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Figure2. Location of sampling stations

The IDW interpolation method was used to obtain thematic maps. The IDW method does not extrapolate beyond the maximum
and minimum values, and it gives accurate results on the observation area (Mantzafleri et al. 2009). TSE-266 (2005) and WHO
(2006) standards were adopted to classify the water quality data.
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Results and discussion
Chemical composition of groundwater
Chemical Composition of Groundwater is shown in Table 1 above.

Table 1: Chemical Composition of Groundwater Samples

Parameters Range Mean * Std WHO Standards TSE-266 Standards
pH 6.73-7.8 7.28 +£0.23 6.5-8.5 6.5-9.2
EC (uS/cm) 343-955 659.75 +153.59 500 650
TDS (mg/l) 233-640 458.05 +98.53 1000 1500
Salinity 0.17-2.29 0.418 +0.43 NS NS

Ca (mg/l) 59.4-132.76 94.08 +18.85 200 NS

ClI (mg/1) 2-60 16.4 £11.9 250 600

K (mg/l) 0.52-4.62 1.52 +0.87 200 12

Mg (mg/1) 4.96-59.79 28.01 +£15.10 50 50

Na (mg/l) 2.64 —55.33 17.32 £12.03 200 175
Hardness (CaCO3) 21-53 35 +7.54 500 NS

(NS: Not Stated)
Twenty borehole’ s groundwater chemical composition is shown in Table 2 above.

Table 2: Water Quality Parameter of Twenty Borehole Samples

Sample pH EC TDS  Salinity Ca Cl K Mg Na Hardness
GW1 7.5 682 462 0.33 59.4 15 1.85 24.84  15.69 250.34
GW2 7.2 690 480 0.35 82.73 9 1.6 35.18 1254 351.06
GW3 7.2 618 424 0.3 83.4 7 1.16 2322 10.33 303.70

GW4 6.9 838 584 0.39 64.12 12 1.54 4433 1572 342.05
GW5 7.1 736 455 0.35 94.81 17 0.83 31.8 15.68 367.40
GW6 7.2 625 455 0.34 90.02 25 1.28 4799 271.71 421.80
GW7 7.3 386 265 0.19 86.95 5 1.21 4.96 4.89 237.71
GW8 7.1 809 556 0.4 125.19 14 1.02 2483 11.52 414.77
GW9 7.0 613 425 0.28 120.71 12 0.59 13.47  10.13 357.00
GWI10 6.9 940 578 0.43 132.76 24 1.76 4726  15.86 525.66
GWw11 7.4 521 537 0.26 111.73 8 1.8 8.38 8.24 313.68
GWwW12 7.3 955 640 0.46 86.66 60 0.7 59.79  55.33 461.78
GW13 7.3 640 448 0.32 100.31 20 0.88 30.94 19.12 377.62
GW14 7.4 573 404 2.29 80.51 11 1.14 19.17 15.3 279.87
GW15 7.8 343 233 0.17 73.94 2 0.52 6.7 2.64 212.32
GW16 7.4 708 494 0.32 79.48 25 2.06 43.88  40.87 378.60
GW17 6.7 558 379 0.27 98.66 10 2.33 16.39  14.15 313.84
GWwW18 7.5 772 533 0.36 100.71 12 2.18 38.71  27.02 410.48
GW19 7.2 635 439 0.29 108.33 24 4.62 25.71 12 376.23
GW20 7.5 553 370 0.27 101.29 16 1.38 12.77  11.68 305.58
Table 2, shows twenty borehole’ s water parameters that are experimented from the field and laboratory.
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Spatial distribution of water quality parameters

Power of hydrogen (pH)

In the Bucak catchment area, the pH level of the water varies from 6.73-7.8, with a mean value of 7.28, suggesting that the
groundwater is alkaline; this is within acceptable limits, as specified by the TSE-266 (2005)and WHO (2006) standards. A pH
level of 7 or less is likely to be corrosive; higher than this range accelerates the formation of scaling in water heating devices. pH
has no direct effect on human health, and no health-based guideline value has been identified for pH (WHO2006; Narsimha et al.
2013).Fig. 3shows that the pH level increases from the east to the west side of the study area in a regular manner.
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Figure 3. Spatial distribution of pH
Electrical conductivity (EC)
EC is the capacity of electrical currents to pass through water (Singh et al. 2011); EC and TDS are both related to salinity
(Kadhem 2013). In the study area, EC values range from 343 to 955 puS/cm, and they increase from west to east (Fig. 4). Except
for the GW 7 and GW 15 samples, all of the samples exceed the limits of the WHO (2006) standard.
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Figure 4.Spatial distribution of EC
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Total dissolved solids (TDS)

Sewage, urban runoff, and industrial waste can all affect the TDS values in groundwater (Joseph 2001; Swarna Latha 2008). TDS
values higher than 500 mg/l may cause gastro-intestinal irritation (Singh et al. 2011) and can decrease the quality and taste of
water (GuruPrasad 2005). In the study area, TDS values fluctuate between 233-640 mg/l; all of the samples are below the
maximum permissible limit in the WHO (2006) standards. Fig. 5 shows the spatial distribution of TDSs in the area, with values
increasing from west to east.

Legend

— B3y OB TY

IConcentmtion of TDS

- Mgh 629.992

- Law: 233,012

0 25 3 75 W
——

Figure 5. Spatial distribution of TDS

Salinity

Salinity is not desirable in irrigation water because it accelerates aridity and it decreases the water’s palatability. The use of
manure around agricultural areas, and the existence of domestic waste water and geologic structures in the field, can cause
increased salinity of groundwater (Tas 2006). As is seen in Fig. 6, the salinity of the study area ranges from 0.17 to 0.46, except in
the GW 14 sample area, where the value is 2.29.
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Figure 6. Spatial distribution of Salinity
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Calcium (Ca)

Calsium is a basic building block for living skeletons; it is necessary for developing proper bone growth, and it is also a necessary
component in soil (Kaya and Oztiirk 2003; Tas 2006; Narsimha et al. 2013).The concentration of Ca in the sample area varies
from 59.4 to 132.76, which is below the WHO (2006) standards’ limit. Along with magnesium, calsium is the most common
mineral to affect the hardness of water (Tas 2006; Shomar et al. 2010;Singh et al. 2011).Fig. 7 shows the spatial distribution of
calcium in the study area; the concentration of calcium is highest on the east side of the Bucak catchment area.
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Figure 7. Spatial distribution of Calcium
Potassium (K)
Potassium levels in the study area vary between 0.52 to 4.62 mg/l (Fig. 8), which is below the permissible TSE-266 (2005) and
WHO (2006) limits. Potassium in low concentrations is necessary for plant development (Kaya and Oztiirk 2003); there is no
evidence that high potassium levels are harmful in municipally treated drinking water (WHO 2006).
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Figure 8. Spatial distribution of Potassium
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Magnesium (Mg)

Except in the GW12 sample, magnesium values are below the permissible TSE-266 (2005)and WHO (2006) standards (Table 2).
Contrary to the Ca concentration, the Mg concentration is higher in the northeast side of the catchment area and in the GW 16
sample area (Fig. 9). Magnesium is important for proper cell function; it is used in enzyme activation and by growing plants. It is
also a helpful ion for obtaining permeable soil (Kaya and Oztiirk 2003; Narsimha et al. 2013).
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Figure 9. Spatial distribution of Magnesium

Sodium (Na)
Sodium is essential for plant growth in small concentrations, but it can damage soil and plants if it reaches high levels (Kaya and
Oztiirk 2003). Sodium values in the study area fluctuate between 2.64 to 55.33 mg/I, which are below the TSE-266 (2005)and

WHO (2006)standards (Fig. 10).
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Figtire 10. Spatial distribution of Sodium
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Hardness (CaCO3)

Dissolved magnesium and calsium are the main minerals that make water harder (Yisa and Jimoh 2010). The hardness level of the
water in the sample area varies from 21 to 53 mg/l; all of the samples are below the permissible limit of 500 mg/l. Soft water is
classified as 0 to 60 mg/l; thus, as Fig. 11 shows, all the water in the study area is soft (Kadhem 2013).

Legend
— 2 2R

I ancentmtion of Hard

— Wigh 502 824

0 25 & 15 W
—— K

Figure 11. Spatial distribution of Hardness

Conclusion

This study used GIS, combined with groundwater laboratory analysis, and obtained thematic maps of water quality using the IDW
method. Specifically, pH, EC, TDS, salinity, Ca, Cl, K, Mg, Na, and water hardness were monitored; the spatial distributions are
presented in this study. All of the values of the 20 groundwater samples fall within the permissible limits except for the EC values;
only the GW 7 and GW 15 sample areas had permissible limits for EC. In addition, the Mg in the GW 12 sample area exceeded
the permissible limits. This study has shown that the groundwater of this area can be used for drinking and domestic purposes, and
that GIS is very useful for demonstrating groundwater quality.
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