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Abstract: Identifying the recharge area of karst aquifers is scientifically challenging due to the complexity of karst
groundwater flow characteristics. It is essential to identify the recharge zones to conserve the groundwater resources
contained within these aquifers. This paper proposes a combined methods for identifying recharge area of karst aquifers on
Nusa Penida Island using stable isotopes (180 and 2H) and a hydrogeochemical approach. Based on the analysis of 5180
and 02H values and their spatial distribution, it is possible to retrace karst aquifer recharge areas using average isotope
elevations. In the meantime, groundwater facies will be determined in the karst region of Nusa Penida using the
hydrogeochemical approach with the Piper diagram. According to the calculation of water stable isotope results, the average
elevation of the groundwater recharge area at the study site is between 62 - 450 meters. If applied to the location of the
study, the recharge area is almost entirely distributed across Nusa Penida. In addition, based on the hydrogeochemical
analysis, the groundwater type at the study site can be divided into three categories: Na-Cl, mixed, and Mg-HCO3. The water
types indicate that the groundwater in Nusa Penida comes from a combination of old water stored from its internal geological
formations and mix with modern rainwater.

2253


mailto:ktutaribali@yahoo.co.id
mailto:mahendramade@yahoo.com
mailto:nuarsa@gmail.com
mailto:sandiadnyana@yahoo.com
mailto:lambok@gc.itb.ac.id
mailto:irwan@itb.ac.id
mailto:atinmusti@gmail.com
mailto:doddyhekaardana@unr.ac.id

Volume XIV, Issue 5(69), Fall 2023

Keywords: recharge; karst; isotopes; hydrogeochemical; aquifer; facies.
JEL Classification: Q25; L65; Q57; R11.

Introduction

Nusa Penida is a district in Klungkung Regency, Bali Province, which has an area of 202.84 km? with a
population of 63,468 people (Harmayani, et al. 2017). The sub-district includes three island groups, namely Nusa
Penida (191.462 km2), Nusa Lembongan (8.6875 km2), and Nusa Ceningan (2.6875 km?). Nusa Penida is a dry
area with a hilly topography dominated by karst rocks in almost all parts of the island with slopes between 15%
and 45% and consists of dry valleys filled with water during the rainy season only (Sudipa, et al. 2020). The Bali-
Penida River Basin consists of 391 watersheds with an area of 5,617.04 km2, making the potential for surface
water on Nusa Penida Island quite large on Nusa Ceningan and Nusa Lembongan Islands there is no surface
water potential. Nusa Penida has a negative karst morphology (valleys between the protrusions of hills), forming
a river flow pattern that parallels the direction of direct flow to the open sea. In addition, the condition of the
riverbed is composed of limestone formations with very high permeability (porous), causing water to seep directly
and be wasted (Harmayani, Konsukartha, and Arsana 2017). In addition to surface water sources, Nusa Penida
also has nine springs that can be utilized as raw water, including Penida (Sakt) Spring, Guyangan Spring,
Seganing Spring, Tembeling Spring, Tabuanan Spring, Antapan Spring, Wates Spring, Angkel Spring, and Toya
Pakeh Spring. Of these nine springs, two are already managed by the government in the form of a Drinking Water
Supply System (SPAM), namely Penida Spring (200 It/s) and Guyangan Spring (178 It/s). The calculation of the
water carrying capacity in Nusa Penida shows that the status of the water holding capacity in Nusa Penida is
surplus (Harmayani, Konsukartha and Arsana 2017). This means that the potential water resources are sufficient
for drinking water needs on Nusa Penida Island, but the problem of water scarcity also occurs on this island.

Karst is a special type of landscape that is formed by the dissolution of soluble rocks, including limestone
and dolomite. Karst regions contain aquifers that are capable of providing large supplies of water. Karst aquifers
commonly occur in limestone, and rarely in dolomite. Regarding porosity and hydraulic permeability, they are
highly heterogeneous and often characterized by rapid groundwater flow. Karst aquifers are significant freshwater
resources in many world regions. Their management demands a quantitative understanding of their hydrologic
functioning to preserve water supplies, assess contaminants, and establish management strategies. In light of
future climate change-related precipitation patterns, which will affect the transport of water and solutes through
karst hydrogeological systems and strongly influence water availability for different uses, this is becoming
increasingly important. Water scarcity is a growing issue in many karst areas (Chen, et al. 2018; Hartmann, et al.
2014). As the primary drinking water supply in many nations, these aquifers are incredibly susceptible to
anthropogenic influences and the effects of climate change, necessitating a very specialized preservation
strategy. The biggest issue for tiny islands, particularly karst islands, is water scarcity. Well-developed karst
aquifers, with sluggish infiltration through the rock matrix and quick flow through conduits and fractures, are
productive groundwater systems with high heterogeneity and anisotropy (lacurto, at al, 2020). Consequently,
identifying recharge areas and karst aquifer hydrogeological properties related to the significant type of
groundwater discharge is crucial for sustainable groundwater management because karst aquifers are a
substantial source of fresh water for humans (Sappa, et al. 2018; Shi et al. 2019).

In the study of karst aquifers, the use of environmental tracers can be viewed as an efficient strategy that
permits an integrated inquiry in order to carry out suitable water resource management (Liebundgut, et al. 2009).
Since the 1950s, the isotope tracer approach has been applied to hydrology; however, it is limited to the study of
isotope tracing. Late in the 1960s, hydrological studies used isotopes considerably (Carucci, et al. 2012; Ma, et
al. 2009; Ma, et al. 2003; Qian, et al. 2013). Hydrogen and oxygen stable isotopes are essential to
comprehending hydrological processes (Zhang and Wang 2016; Ala-aho et al. 2018; Wang et al. 2016; Zhang
and Wang 2016; Gat and Gonfiantini 1981). In recent years, technological advancements in hydrogen and
oxygen isotope testing and a drop in testing costs have made extensive isotope application viable. Isotopes offer
particular advantages in the study of groundwater production and supply mechanisms. Hydrogen and oxygen
isotopes are exploited in international groundwater research (Abdalla, et al. 2018; Babaye et al. 2018; Boronina,
et al. 2005; Hofmann, et al. 2020; Khaska et al. 2013; Love et al. 1994; Majumder et al. 2011; Mohammadzadeh
et al. 2020; Pu et al. 2013; Richards et al. 2018; Sprenger, et al. 2014; Wei et al. 2014). The 80 and 2H data from
groundwater are commonly utilized to gather information about the operation of the karst systems (Sappa, Vitale,
and Ferranti 2018), to designate critical recharge regions of these aquifers, and to define the protection zones for
the main springs (Zuppi and Sacchi 2004). The isotopic compositions of oxygen and hydrogen in water that
meteoric processes have altered are valuable tracers for detecting the origin and migration of groundwater
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because they are largely unaffected by rock—-water interactions at low temperatures (Sidle 1998). Hence, oxygen
and hydrogen isotopes (80 and 2H) can be utilized to determine the source and course of groundwater and
surface water. Similar systematic isotopic fractionation occurs in stable hydrogen and oxygen due to their similar
behavior in the hydrologic cycle (Gonzélez-Trinidad, et al. 2017). This widespread behavior results in covariation
between stable hydrogen and oxygen isotope contents (Gonzalez-Trinidad et al. 2017), which Craig (1961) refers
to as the Global Meteoric Water Line (GMWL) connection. Residence periods and water flow pathways of
oxygen-18 and deuterium have been widely used in catchment studies (Adomako et al. 2010; Ardana et al. 2022)
to determine groundwater recharge. In addition to hydro isotopes, many researchers have focused on
understanding the karst hydrogeology mechanisms using various tools, including hydrochemistry, analysis of
geomorphological structures, hydrological dynamics of karst flow, and estimation of the mean rate and spatial
distribution of recharge areas (Andreo et al. 2008).

Identifying the various sources and areas of recharge, flowpaths, and surface—ground water interactions in
karst systems is important for proper water resource management. Furthermore, spring conservation must be
planned, implemented, and supervised to prevent a drop in discharge and water quality. The spring, where
groundwater leaves and the recharge, or catchment, region are conserved. Conservation at the spring exit
protects water from contamination. In contrast, protection at the recharge area reintroduces as much surface
water flow as possible into the ground to create a groundwater reserve. Since Nusa Penida Island is a
geologically protected karst ecosystem, Penida Spring and Guyangan Spring must be conserved. Based on the
problem that has been described, the primary goal of this study is to identify the hydrogeological processes in the
Nusa Penida Island, in order to understand possible origins and mechanisms of groundwater and spring
hydrochemical and sources of recharge (recharge area). These processes have been determined through the
use of the stable isotopes 180 and 2H and determinations of major ions concentrations.

1 Material and Methods

This research is a quantitative descriptive method conducted with observation methods and measurements. Tests
in the field and laboratory to obtain measured data or phenomena related to aquifer characteristics and
groundwater recharge areas in karst areas on Nusa Penida Island. Primary data was collected in the form of an
inventory of 10 spring points which are found in the region of Nusa Penida to measure hydrochemical and
isotopes ratio. In addition, secondary data collection was also carried out in hydrogeological maps, geological
maps, administrative maps of Nusa Penida, watershed maps, spring location maps, and annual rainfall data.
Samples for stable isotopes analysis were collected in a polyethylene bottle of 100ml. The stable isotopes
analyses were carried out using laser spectrometry Picarro L2130-i in the Hydrogeology and Hydrogeochemistry
Laboratory Faculty of Mining and Petroleum Engineering, Bandung Institute of Technology (ITB). This study's
primary element data collection was carried out using the ion chromatography (IC) testing method, which was
analyzed using the Metrohm 930 Compact IC Flex instrument. Furthermore, the main element analysis results
were plotted into a Piper Diagram. This Piper diagram is a conventional analysis method to determine the
type/facies of water.

2. Study Area

The research was conducted on Nusa Penida Island, which is geographically located at coordinates 08°40'18,9"-
08°50'10,8" sl and 115°26'47.6" -115°37'41.8" el. The area of Nusa Penida is two-thirds of the size of Klungkung
Regency. Nusa Penida sub-district, with an area of 202,84 km?, is bordered by the Badung Strait to the north and
west, the Lombok Strait to the east, and the Indonesian Ocean to the south. Nusa Penida has a karst topography
(undulating hills with rocks consisting of limestone). The land slope in Nusa Penida exceeds 40%, where this area
is hilly. While land with a slope of 0 - 2% covers only 106,775 ha (18.94%), and a slope of 2 - 15% covers
124,051 ha (22.01%) (Badan Pusat Statistik Kabupaten Klungkung 2021) respectively, shown in Figure 1. The
climate type in the Nusa Penida Island area is tropical, characterized by high temperature, humidity, and
seasonal rainfall. Based on the Schmidt and Fergusson climate classification, the study area belongs to climate
type F, indicated by an average of 4 wet months with rainfall of 1376 mm/year and an average dry month of 55
days/year. Such climatic conditions affect land use, which is more utilized for plantation land compared to rice
fields. The average air temperature on Nusa Penida Island is around 26°C with an air humidity of 82%, fluctuating
between the rainy and dry seasons (Sedana 2016).
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Figure 1 The location of study area
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3. Geological and Hydrogeological Setting

The study area is located on Nusa Penida Island. Nusa Penida is located in the Nusa Penida groundwater basin.
The Nusa Penida groundwater basin (CAT) is located in the southeast of Bali Province (Figure 2), located in
Klungkung Regency, with an area of approximately 202,84 Km2 This basin only has shallow groundwater
potential in unconfined aquifers of roughly 79 million m3/year. The topographic elevation of this basin is between 0
- 500 m.a.s.l, with a trellis river flow pattern, which is in the direction of the slope (Figure 3), thus forming
morphological units of plains and undulating hills. Based on the lithological composition of rocks and their
permeabilities, Nusa Penida Island consists of folded strata (Figure 4). This basin has a primary lithology (Figure
5) that functions as an aquifer in the form of mainly reef limestone from the South Formation, with medium-high
graduation. With this geological condition, CAT Nusa Penida only has 1 (one) type of aquifer (Figure 5), namely
aquifers with flow through faults, fractures and channels, with locally productive aquifer productivity, with
groundwater flow limited to the zone of faults, fractures and dissolution channels, the groundwater table or
piezometric height is generally deep. Nusa Penida has nine springs (Figure 6) that can be utilized as raw water,
of these nine springs, two are already managed by the government in the form of a Drinking Water Supply
System (SPAM), namely Penida Spring (200 It/s) and Guyangan Spring (178 It/s).

4. Research Method

Determination of recharge areas in karst areas in Nusa Penida is based on hydrogeochemical and hydro isotope
analysis. Based on the results of hydro isotope analysis, the 2H and 80 ratio values of groundwater, springs, and
rainwater are obtained, and the Local Meteoric Water Line (LMWL) equation will be obtained. LMWL is an
equation that describes the relationship between isotopic compositions of precipitation and altitude. LMWL is very
useful in determining groundwater genesis and a function of elevation to determine the origin or location of
groundwater and groundwater recharge areas. Meanwhile, based on the results of hydro isotope analysis, the
major ion composition of groundwater will be obtained to determine the groundwater facies group.
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Figure 2. Nusa Penida groundwater basin
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Figure 3. Topography and river flow patern on Nusa Penida groundwater basin
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Figure 4. Lithological composition on Nusa Penida groundwater basin
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Figure 5. Hydrogeological map on Nusa Penida groundwater basin
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5. Hydrogeochemical

Hydrogeochemical analysis was obtained based on data from direct measurements in the field, including
measurements of water's physicochemical properties in the form of temperature, color, turbidity, acidity (pH),
electrical conductivity (DHL), ion content (HCOs, NOs, and NOy). In addition, groundwater sampling was also
conducted for hydrochemical analysis of major ions (Setiawan, et al. 2018). According to Ford and Williams
(1992), karst areas can be viewed as a system consisting of two integrated components, namely the
hydrogeological sub-system and the hydrochemical sub-system, so that certain hydrochemical characteristics will
reflect certain groundwater flow characteristics or mechanisms. According to Matthes (1981) in (Suganda, 2021),
the chemical composition of groundwater (hydrogeochemistry) in an area is highly dependent on the interaction
between air (CO,), water (H,0), and rock (in this case, limestone or CaCOs). In karstification, water acts as a
dissolving agent for carbonate rocks through reactions (Kehew 2001):

CaCOss) + COyq) + H20() = Caz) + 2HCOs7) 9.1

According to Ford and Williams (1992), to determine the level of interaction between water and CO; it is
important to know the amount of CO, (Pco2) which can theoretically be calculated from the hydrochemical
analysis of water samples through the equation:

_ (HCO3) (H)
Pco,= W 5.2
Log Pcoz = log (HCO3) — pH + pKCO2 + pK; 5.3

2258



Journal of Environmental Management and Tourism

The chemical reaction between water and carbonate rock (CaCOs) is a reversible partial equilibrium
reaction between dissolution and precipitation. To determine the level of water saturation in dissolving CaCOs3 the
saturation index parameter for CaCO; minerals CaCOs; (Slaice) is used, which is formulated as follows
(Domenico, 1990 in Setiawan et al. 2018):
(ca™)(Hcos )k

(H+) KC3003

A solution is in equilibrium concerning CaCOs if the Sleacie = 0, which means that the dissolution process
of CaCO; has stopped. A negative calcite value indicates that the solution is undersaturated concerning CaCOs,
so water can still dissolve CaCOs. A positive calcite value means that the solution is supersaturated concerning
CaCO0s, so that CaCO; will be precipitated. According to Ford and Williams (1992), due to the difficulty of
measurement in the field, the Slcacie Value generally has an error rate of + 0.1 - 0.2. According to Kehew (2001),
the nature of groundwater flow in karst areas is divided into diffusion flow (slow flow) through pore media or
dense fracture networks and flow through cavity networks (fast flow). Groundwater flowing through the cavity
network is more difficult to reach saturated conditions for calcite.

Slkaist=L0og 54

Figure 6. Distribution map of springs in Nusa Penida Island
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6. Hydro Isotopes

The hydro isotope method is used as a comparison to the review of groundwater dynamics from a
hydrogeological aspect, especially about the origin of groundwater. Natural isotopes are isotopes of chemical
elements that occur naturally in nature. The most important natural isotopes in hydrology are isotopes of the
atoms that form the water molecule itself, namely isotopes of hydrogen atoms: 'H; 2H (deuterium, D); 2H (tritium,
T), and isotopes of oxygen atoms (60, 70O, 80). The abundance of hydrogen isotopes in nature is about H =
99,985%, 2H (D) = 0,015%, and °H (T) (radioactive) < 0,001%. Whereas the abundance of oxygen isotopes is:
160= 99,63%, 'O = 0,0375%, and 80 = 0,1995% (International Atomic Energy Agency 1981). From the
abundance of these isotopes, it can be seen that the most dominant water molecules are: H,'%0 (mass-18),
HD'O (mass-19), and H,'®0 (mass-20). In applications, the abundance of these molecules in water is not
measured absolutely, but the relative abundance to a standard is measured.

The relative abundance of HD'®O molecules is called the relative abundance of deuterium (8D), and the
relative abundance of H,"®0 is called the relative abundance of oxygen-18 ('80). The deuterium relative
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abundance and oxygen-18 relative abundance in water are measured relative to an international standard
Standard Mean Ocean Water (SMOW), with the following formula (Eriksson 1983):
The relative abundance of deuterium is written as dD, with the formula:

- (Rf’(—‘“’) 1)x 1000% 6.1

RD(standard

The relative abundance of oxygen-18 is written as 180, with the formula:

0= (£ 4 ) 1000% 6.2

Ro-1 8(standard)

Rainwater that falls and seeps into the soil, as long as it does not evaporate, the isotopic composition of
2H and 80 does not change. In the hydrological cycle, the degree of change in the composition of 2H and 180
isotopes in fractionation is influenced by the air temperature where the fractionation occurs. In nature, differences
in air temperature can occur due to differences in geographical parameters such as altitude, latitude, and
distance from the coast. The 2H and 80 composition of precipitation occurring at different locations will have
different isotopic compositions. When plotted on the coordinates &2H against 8%0, these varying isotope
compositions lie on a straight line called the Local Meteoric Water Line (LMWL). The relationship between the
abundance of deuterium (8D) and oxygen-18 (8'80) of a water sample has been proven by experts to be linear
and written with the equation; 6D = A 8'80 + B. The relationship is obtained as an example for rainwater obtained
from 91 earth stations worldwide: 6D = 8 8'80 + 10 and is called the Global Meteoric Water Line (GMWL) (Craig
1961).

Validation of hydro isotope data analysis

a.For LMWL based on rainwater isotopes, the higher the elevation, the ratio of O and H isotopes will be
depleted (poor) with a greater value and vice versa low elevation isotope ratio values are enriched (rich), the
value is getting smaller. If it is appropriate, it is said to be valid.

b.Groundwater flow direction (gravity concept). The recharge area has the highest position or level,
meaning groundwater will flow from the highest to the lowest. Hence, it is necessary to describe the groundwater
flow pattern.

c.Position of spring isotope values. If it is on the LMWL, then the spring comes from rainwater, and if it is
outside the LMWL line (above or below it), then it is estimated that there is a source of the spring that is in a
higher place than the spring. Furthermore, it is necessary to examine the approximate recharge location and, if
the source location is found, test the water in the hypothetical recharge location again to equate the O and H
isotope variations with the O and H isotopes of the spring as well as hydrochemical testing.

7. Result and Discussion
7.1. Hydrogeochemical Analysis (Major lons)

Water found in nature contains a certain number of dissolved elements, including major, rare, and trace elements.
These elements are present in the form of ions and dissolved metals that make up the chemical composition of
water. This study's primary element data was collected using the ion chromatography (IC) testing method in the
Hydrogeology and Hydrogeochemistry Laboratory Faculty of Mining and Petroleum Engineering, Bandung
Institute of Technology (ITB). Water samples from the field were prepared using cellulose membrane filter paper
measuring 0.2 ym and 25 mm in diameter. The filtered samples were then put into a small bottle (vial) of
approximately 10 ml and then analyzed using the Metrohm 930 Compact IC Flex instrument. The main element
analysis results of groundwater and surface water samples are shown in Table 1.

The main element analysis results obtained from the ion chromatography test were further analyzed using
a piper diagram plot. Piper diagram is a conventional analytical method to determine the type/facies of water.
Based on the diagram (Figure 8), the groundwater type at the study site can generally be divided into three types:
Na-Cl, mixed type, and Mg-HCOs. The mixed type water, which consists of rainwater samples from Goa Giri, Goa
Giri Putri spring, and water from Semabu Hotel boring well, shows no ions (cations or anions) that dominate the
chemical composition of the water. Rainwater samples around Penida spring and Guyangan spring also offer a
mixed type. The samples from Tembeling spring, Segening spring, Guyangan Spring, and Tabuanan Spring are
Mg-HCO; type water. The magnesium and bicarbonate content in these water samples is thought to come from
the dissolution of the limestone from which the springs flow. The water sample from Penida spring (Sakti) differs
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from the other springs, namely the Na-Cl type. Na-Cl-type water is generally found in quite old water or located
close to the sea. Penida spring, as it is known, is located on the coast of Crystal Bay. The water from this spring
is collected in an area resembling a dam so that the water from this dam does not flow freely like other springs in

Nusa Penida. This is why Penida spring water has a Na-Cl type that characterizes the interaction with seawater.

Table 1. Chromatography lon Analysis Results (main ions)

Sample ID
1 Goa Giri Putri 37.56
2 MA Tembeling 12.11
3 Semabu well 59.07
4 MA Tabuanan 13.02
5 MA Segening 16.31
6 MA Penida 265.4
7 AH Goa Giri 3.877
8 MA Guyangan 10.58
9 Penida Atas (precipitation water) 0.258
10 Guyangan Atas (precipitation ~ 1.234

water)

K+

(ppm)
9.08

6.33
11.52
8.03
14.95
16.5
1.78
6.70
0.35
0.39

Caz

(ppm)

7.92
11.6
14.81
12.71
10.01
16.01
2.69
11.64
0.18
0.63

Mg?*

(ppm)
23.51

25.11
42.46
10.57
25.37
59.63
2.55
2543

Figure 7. Piper Diagram Analysis of Major lon Data
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Further analysis of the Penida spring samples was conducted using a bivariate plot of sodium (Na+)
against chloride (CI-). This cross-plot was used to see the tendency of the chemical composition of the water
toward possible interaction with seawater. It is known that seawater is composed of predominantly sodium and
chloride ions. The bivariate plot of spring and rainwater samples in Nusa Penida is shown in Figure 9. The black
line in the figure is the seawater ratio based on a 1:1 ratio between sodium and chloride composition. Based on
the diagram, it can be seen that the spring water samples from Penida/Crystal Bay fall right on the seawater ratio
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line. Samples that fall precisely on the sequence indicate a seawater influence on the water sample. The other
spring samples tended not to fall on the seawater ratio line, indicating a difference with the Penida spring.

Figure 8. Bivariat Na-Cl Diagram
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7.2. Water Stable Isotope Analysis (680 and &2H)

The stable isotopes present in water with the greatest abundance are 80 (oxygen-18) and &%H (deuterium).
These two types of isotopes are the main constituent components of water composition in nature. Oxygen-18 and
deuterium in this study were analyzed using the Picarro L2130-i Analyzer instrument with the Cavity Ring Down
Spectrometer (CRDS) method in testing method in the Hydrogeology and Hydrogeochemistry Laboratory Faculty
of Mining and Petroleum Engineering, Bandung Institute of Technology (ITB).

The sample required for stable isotope water analysis is 1.9 ml with prior filtration using a 0.2 pym
membrane filter. The basic principle of isotope analysis is the fractionation of heavy and light isotopes, which are
then sent to the vaporizer to produce steam from the water sample at 110°C. The steam produced from the
evaporation process in the vaporizer then flows into the analyzer for further fractionation of 80 (oxygen-18) and
&?H (deuterium) isotopes.

Table 2. Water Stable Isotope Analysis Result

Sample 5180 (%o) &2H (%o)
MA Tabuanan -5.676 -30.285
MA Guyangan -5.674 -29.933
MA Segening -5.442 -28.220
MA Penida -5.439 -28.672
MA Tembeling -5.539 -28.679
MA Goa Giri -4.393 -21.223
Reservoir Guyangan -5.548 -28.997
MA Guyangan 2 -5.916 -31.491
MA Penida 2 -5.672 -31.635
MA Goa Giri 2 -4.579 -21.386
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Figure 9. Bivariat plot of water stable isotope
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The laboratory analysis data for water-stable isotope parameters can be seen in Table 2. Water stable isotope
analysis was conducted using a bivariate plot of oxygen-18 against deuterium (Figure 11). The black line on the
diagram is the Denpasar local meteoric water line based on Belgaman, et al. 2016. This line determines the
process in water samples relative to rainwater conditions. Based on the plot, it can be seen that all samples are
relatively around the meteoric water line. This indicates the influence of meteoric/rainwater on the water
composition of the spring samples. The water samples from Goa Giri spring have heavier oxygen-18 and
deuterium isotope ratios than the other spring samples. This may occur because Goa Giri spring is located close
to the sea. The spring at Goa Giri is a fracture whose source is thought to come from the surface interacting
directly with rainwater. In addition, the location of Goa Giri spring, which is very close to the sea, causes the
fractionation of heavier isotope ratios to fall first compared to lighter isotope ratios.

7.3. Recharge Area Analysis

The water stable isotope approach (8'®0 and §2H) was used in determining the recharge area in the Nusa Penida
region. Water-stable isotopes will provide information on the processes that have taken place during water
transportation to a location. Water-stable isotopes can also provide information about the water catchment area at
that location. The results of laboratory analysis for rainwater stable isotope parameters around Penida and
Guyangan springs and sampling elevations are shown in Table 3. The elevation of the catchment area can be
determined based on the relationship between the ratio of oxygen-18 and deuterium isotopes to sampling
elevation. A linear equation between the two values was determined based on this elevation and isotope data.

Table 3. Rainwater Stable Isotope Data and Sampling Elevation

Point of Rainfall 5180 (%o) &2H (%) Elevation (m)
Midle of Penida -4.018 -15.259 160
Penida -2.673 -1.882 28
Midle of Guyangan -4.051 -15.732 264
Guyangan -3.964 -14.86 229

The cross plot between rainwater oxygen-18 isotopes and elevation is shown in Figure 12 with the linear
equation E (3'80) =-141.976 680 - 351.71008.
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Figure 10. Oxygen-18 correlation with elevation
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In contrast, the plot between deuterium isotopes and elevation is shown in Figure 13 with the equation E
(62H) =-14.241 62H + 0.307.

Figure 11. Deuterium correlation with elevation
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These two equations will be used to calculate the recharge area elevation of the springs at the study site.
The calculation table of the Nusa Penida catchment elevation for the Guyangan and Penida spring samples is
shown in Table 4.

Based on the calculation results, it is known that, generally, the elevation of the recharge area for
groundwater at the study site ranges between 62 m - 450 m. If applied to the research location, the recharge area
is almost throughout Nusa Penida Island, with a relatively broad distribution. The recharge area can be seen on
the elevation distribution map of this recharge area in Figure 14.
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Table 4. Penida and Guyangan Springs Infiltration Area Elevation Calculation Table

. . . . o  Corelation b ation Elevation
Sample  Deuterium Oxyigen Gradient D intercept intercept : 0

6 -27.87 -5.44 3.96 397.21 420.55

6.1 -27.78 -5.29 4.51 395.86 399.70

6.2 -27.66 -5.28 5.05 394.21 397.39

6.3 -27.52 -5.26 5.60 392.15 394.49

6.4 -27.33 -5.23 6.14 389.50 390.77

6.5 -27.08 -5.19 6.68 385.96 385.80

6.6 -26.73 -5.15 7.23 381.01 378.85

6.7 -26.21 -5.07 177 373.59 368.42

6.8 -25.34 -4.95 8.32 361.21 351.05

6.9 -23.60 -4.70 8.86 336.46 316.29

7 -18.39 -3.97 9.40 262.22 212.03

Px\ﬁj . 28,672 5439 741 -28.67 -5.44 9.95 408.62 420.55

72 -39.25 -6.91 10.49 559.21 629.07

73 -34.03 -6.17 11.03 484.96 524.81

74 -32.29 -5.93 11.58 460.21 490.06

75 -31.43 -5.81 1212 447,84 472.68

76 -30.90 -5.73 12.67 440.41 462.26

7.7 -30.56 -5.68 13.21 435.46 455.31

78 -30.31 -5.65 13.75 431.93 450.34

79 -30.12 -5.62 14.30 429.28 446.62

8 -29.98 -5.60 14.84 427.21 443.72

average -28.72 -5.43 max 409.26 419.56

min 262.22 212.03

6 -26.92 -5.67 411 383.71 453.87

6.1 -26.57 -5.12 4.68 378.64 375.52

6.2 -26.13 -5.06 5.25 372.44 366.81

6.3 -25.59 -4.98 5.81 364.69 355.93

gﬁyangan 299 5674 6.4 -24.89 -4.89 6.38 354.73 341.94

6.5 -23.95 -4.75 6.95 341.44 323.28

6.6 -22.65 -4.57 7.51 322.84 29717

6.7 -20.69 -4.29 8.08 294.94 257.99

6.8 -17.42 -3.83 8.65 248.45 192.70
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. : . . oo Elevation Elevation
Sample  Deuterium Oxyigen Gradient D intercept intercept T‘I;:gtorof 0
6.9 -10.89 -2.91 9.22 155.45 62.11

7 8.70 -0.16 9.78

7.1 -29.93 -5.67 10.35 426.58 453.87

72 -69.67 -11.19 10.92 992.41 1237.37

7.3 -50.07 -8.43 11.49 713.42 845.62

74 -43.54 -7.51 12.05 620.43 715.04

75 -40.28 -7.05 12.62 573.93 649.74

7.6 -38.32 -6.78 13.19 546.03 610.57

7.7 -37.01 -6.59 13.76 527.43 584.45

78 -36.08 -6.46 14.32 514.15 565.80

79 -35.38 -6.36 14.89 504.18 551.81

8 -34.84 -6.29 15.46 496.43 540.92

average -30.10 -5.65 max 428.99 450.14

min 155.45 62.11

Figure 12. Nusa Penida Recharge Area
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Based on the watershed analysis and hydrogeological analysis above, it is indicated that it is not possible
for relatively large springs, such as Guyangan Spring and Penida Spring, to rely on water inputs from the
catchment area alone. Although based on isotope analysis, it is known that the catchment area in Nusa Penida is
spread over almost the entire area of Nusa Penida Island, the reliable discharge obtained is still much smaller to
provide a relatively large discharge for Penida Spring and Guyangan Spring in particular. Considering the results
of this analysis, it is reasonable to assume that the water source for these two springs is a mixture of rainwater
and water from the subsurface stored in the limestone reservoirs/aquifers of Nusa Penida. There is also a
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possibility of groundwater flow in the aquifer beneath the Nusa Penida limestone formation from the southeastern
part of Bali Island, which belongs to the Ulakan Formation.

Conclusion

This paper identifies aquifer recharge areas in a karst basin on Nusa Penida Island using the stable isotope ratios
of hydrogen and oxygen combined with a hydrogeochemical approach. Based on the hydrogeochemical analysis,
the groundwater type at the study site can generally be divided into three types: Na-Cl, mixed type, and Mg-
HCOs. Mixed-type water comprises rainwater samples from Goa Giri, Putri, Semabu Hotel boring well, and
Penida spring. Furthermore, Tembeling spring, Segening spring, Guyangan Spring, and Tabuanan Spring are
magnesium and bicarbonate (Mg-HCOs) type water, which content in these water samples are thought to come
from the dissolution of the limestone from which the springs flow. Na-Cl-type water is found in old water or near
the sea at the Penida Spring. According to the calculation of water stable isotope results, it is known that,
generally, the elevation of the recharge area for groundwater at the study site ranges between 62 m - 450 m. If
applied to the research location, the recharge area is almost throughout Nusa Penida, with a relatively broad
distribution. But it can be distinguished genesis of the Guyangan Spring and Penida Spring. The water source for
Guyangan Spring and Penida Spring is likely a mixture of modern rainwater and water from the older
groundwater that stored in the limestone reservoirs/aquifers of Nusa Penida, or it could be there is connection
groundwater flow from the southeastern part of Bali Island with groundwater in Nusa Penida.

Acknowledgement

The authors would like to express their gratitude to all anonymous reviewers who contributed significantly to this
paper by providing insightful comments on the manuscript, as well as the editors for editing the manuscript.

Credit Authorship Contribution Statement

| Ketut Ariantana: Conceptualization, Investigation, Methodology, Project Administration, Formal Analysis,
Writing — Original Draft, Funding Acquisition.

Made Sudiana Mahendra: Supervision.

| Wayan Nuarsa: Supervision.

| Wayan Sandi Adnyana: Supervision.

Lambok Hutasoit: Supervision.

Irwan Iskandar: Investigation and Supervision.

Mustiatin; Formal Analysis.

Putu Doddy Heka Ardana: Formal Analysis, Supervision, Validation, Writing - Review and Editing.

Declaration of Competing Interest

The authors declare that they have no known competing financial interests or personal relationships that could
have appeared to influence the work reported in this paper.

References

[1] Abdalla, Osman, Talal Al-Hosni, Abdullah S Al-Rawahi, Anvar Kacimov, and lan D Clark. 2018. Coupling
Isotopic and Piezometric Data to Infer Groundwater Recharge Mechanisms in Arid Areas: Example of Samail
Catchment, Oman. Hydrogeology Journal 26 (8): 2561-73. DOI: https://doi.org/10.1007/s10040-018-1818-y

[2] Adomako, D., P. Maloszewski, C. Stumpp, S. Osae, and T. T. Akiti. 2010. Estimating Groundwater Recharge
from Water Isotope (A2H, A180) Depth Profiles in the Densu River Basin, Ghana. Hydrological Sciences
Journal 55 (8): 1405-16. DOI: https://doi.org/10.1080/02626667.2010.527847

[3] Ala-aho, P., C. Soulsby, O. S. Pokrovsky, S. N. Kirpotin, J. Karlsson, S. Serikova, S. N. Vorobyev, R. M.
Manasypov, S. Loiko, and D. Tetzlaff. 2018. Using Stable Isotopes to Assess Surface Water Source
Dynamics AndHydrological Connectivity In A High-Latitude Wetland and Permafrost Influenced Landscape.
Journal of Hydrology 556: 279-93.DOI: https://doi.org/10.1016/j.jhydrol.2017.11.024

[4] Andreo, Bartolomé, J M Vias, Juan José Duran, Pablo Jiménez, J A Lépez-Geta, and Francisco Carrasco.
2008. Methodology for Groundwater Recharge Assessment in Carbonate Aquifers: Application to Pilot Sites
in Southern Spain. Hydrogeology Journal 16 (5): 911-25. DOI: https://doi.org/10.1007/s10040-008-0274-5

[5] Anonim. 2014. Laporan Akhir Pekerjaan Pembuatan Peta Zonasi Pemanfaatan Air Tanah Provinsi Bali
Tahun Anggaran 2014. Kota Denpasar. (in Indonesian)

2267


https://doi.org/10.1007/s10040-018-1818-y
https://doi.org/10.1080/02626667.2010.527847
https://doi.org/10.1016/j.jhydrol.2017.11.024
https://doi.org/10.1007/s10040-008-0274-5

Volume XIV, Issue 5(69), Fall 2023

[6] Ardana, Putu, Wayan Redana, Mawiti Yekti, and Nengah Simpen. 2022. The Stable Isotopes Approach as
Tracers to Investigate the Origin of Groundwater In The Unconfined Aquifer of Denpasar, Bali. Acta
Montanistica Slovaca 27 (4): 968-81.

[7] Babaye, Maman Sani Abdou, Philippe Orban, Boureisma Ousmane, Guillaume Favreau, Serge Brouyére,
and Alain Dassargues. 2018. Characterization of Recharge Mechanisms in a Precambrian Basement Aquifer
in Semi-Arid South-West Niger. Hydrogeology Journal 27 (2): 475-91. DOI: https://doi.org/10.1007/s10040-
018-1799-x

[8] Badan Pusat Statistik Kabupaten Klungkung. 2021. “Kecamatan Nusa Penida Dalam Angka 2021.
Semarapura. (in Indonesian)

[9] Belgaman, Halda A., Kimpei Ichiyanagi, Masahiro Tanoue, and Rusmawan Suwarman. 2016. Observational
Research on Stable Isotopes in Precipitation over Indonesian Maritime Continent. Journal of Japanese
Association of Hydrological Sciences 46 (1): 7-28. DOI: https://doi.org/10.4145/jahs.46.7

[10] Boronina, Anastasia, Werner Balderer, Philippe Renard, and Willibald Stichler. 2005. Study of Stable
Isotopes in the Kouris Catchment (Cyprus) for the Description of the Regional Groundwater Flow. Journal of
Hydrology 308 (1): 214-26. https://doc.rero.ch/record/5926/files/Boronina_Anastasia_-

Study of stable isotopes in_the Kouris 20060901.pdf

[11] Carucci, Valentina, Marco Petitta, and Ramon Aravena. 2012. Interaction between Shallow and Deep
Aquifers in the Tivoli Plain (Central Italy) Enhanced by Groundwater Extraction: A Multi-Isotope Approach
and Geochemical Modeling. Applied Geochemistry 27 (1): 266-80.
DOI:https://doi.org/10.1016/j.apgeochem.2011.11.007

[12] Chen, Zhao, Andreas Hartmann, Thorsten Wagener, and Nico Goldscheider. 2018. Dynamics of Water
Fluxes and Storages in an Alpine Karst Catchment under Current and Potential Future Climate Conditions.
Hydrology and Earth System Sciences 22 (7). 3807-23. DOI: https://doi.org/10.5194/hess-22-3807-2018

[13] Craig, Harmon. 1961. Isotopic Variations in Meteoric Waters. Science 133: 1702-3.

[14] Eriksson, E. 1983. “Stable Isotopes and Tritium in Precipitation, Guide Book on Nuclear Techniques in
Hydrology.” Vienna.

[15] Ford, D. C., and Paul Williams. 1992. Karst Geomorphology and Hydrology. London: Chapman and Hall.

[16] Gat, J.R., and R. Gonfiantini. 1981. “Stable Isotope Hydrology: Deuterium and Oxygen-18 in the Water
Cycle.” Vienna.
https://inis.iaea.org/collection/NCLCollectionStore/ _Public/13/677/13677657.pdf%0Ahttp://www.gm.univ-
montp?2.fr/spip/IMG/pdf/2001_Pierret_alGCA.pdf

[17] Gonzalez-Trinidad, Julian, Anuard Pacheco-Guerrero, H E Junez-Ferreira, Carlos Bautista-Capetillo, and
Arturo Hernandez-Antonio. 2017. Identifying Groundwater Recharge Sites through Environmental Stable
Isotopes in an Alluvial Aquifer. Water 9 (8): 569. DOI: https://doi.org/10.3390/w9080569

[18] Harmayani, Kadek Diana, Gede Made Konsukartha, and | Gusti Ngurah Kerta Arsana. 2017. Analisis Potensi
Sumber Daya Air Di Nusa Penida. Seminar Nasional Sains Dan Teknologi, 1-8. (in Indonesian)

[19] Hartmann, A., N. Goldscheider, T. Wagener, J. Lange, and M. Weiler. 2014. Karst Water Resources in a
Changing World: Review of Hydrological Modeling Approaches. Reviews of Geophysics 52: 218-42.
DOl:https://doi.org/10.1029/88E001108

[20] Hofmann, Harald, Dean Newborn, lan Cartwright, Dioni | Cendon, and Matthias Raiber. 2020. Groundwater
Mean Residence Times of a Subtropical Barrier Sand Island. Hydrology and Earth System Sciences 24 (3):
1293-1318.DOI: https://doi.org/10.5194/hess-24-1293-2020

[21] lacurto, Silvia, Gerardo Grelle, Francesco Maria De Filippi, and Giuseppe Sappa. 2020. Karst Spring
Recharge Areas and Discharge Relationship by Oxygen-18 and Deuterium Isotopes Analyses: A Case Study
in Southern Latium Region, ltaly. Applied Sciences 10 (5). DOI: https://doi.org/10.3390/app10051882

[22] International Atomic Energy Agency. 1981. “Stable Isotope Hydrology : Deuterium and Oxygen-18 in the
Water Cycle.” Vienna.

2268


https://doi.org/10.1007/s10040-018-1799-x
https://doi.org/10.1007/s10040-018-1799-x
https://doi.org/10.4145/jahs.46.7
https://doc.rero.ch/record/5926/files/Boronina_Anastasia_-_Study_of_stable_isotopes_in_the_Kouris_20060901.pdf
https://doc.rero.ch/record/5926/files/Boronina_Anastasia_-_Study_of_stable_isotopes_in_the_Kouris_20060901.pdf
https://doi.org/10.1016/j.apgeochem.2011.11.007
https://doi.org/10.5194/hess-22-3807-2018
https://inis.iaea.org/collection/NCLCollectionStore/_Public/13/677/13677657.pdf%0Ahttp:/www.gm.univ-montp2.fr/spip/IMG/pdf/2001_Pierret_alGCA.pdf
https://inis.iaea.org/collection/NCLCollectionStore/_Public/13/677/13677657.pdf%0Ahttp:/www.gm.univ-montp2.fr/spip/IMG/pdf/2001_Pierret_alGCA.pdf
https://doi.org/10.3390/w9080569
https://doi.org/10.1029/88EO01108
https://doi.org/10.5194/hess-24-1293-2020
https://doi.org/10.3390/app10051882

Journal of Environmental Management and Tourism

[23] Kehew, A. E. 2001. Applied Chemical Hydrogeology. New Jersey: Prentice Hall.

[24] Khaska, Mahmoud, J Lancelot, Aster Team, Amad Mohamad, Patrick Verdoux, Aurélie Noret, and Roland
Simler. 2013. Origin of Groundwater Salinity (Current Seawater vs. Saline Deep Water) in a Coastal Karst
Aquifer Based on Sr and Cl Isotopes. Case Study of the La Clape Massif (Southern France). Applied
Geochemistry 37: 212-27. DOI: https://doi.org/10.1016/j.apgeochem.2013.07.006

[25] Liebundgut, C., P. Maloszewski, and C. Kulss. 2009. Tracer in Hydrology. 1st ed. Chichester, UK: Wiley-
Blackwell.

[26] Love, Andrew J, Andrew L Herczeg, F W Leaney, M F Stadter, J C Dighton, and Don Armstrong. 1994,
“‘Groundwater Residence Time and Palaeohydrology in the Otway Basin, South Australia: 2H, 180 and 14C
Data.” Journal of Hydrology 153 (1-4): 157-87. DOI: https://doi.org/10.1016/0022-1694(94)90190-2

[27] Ma, Jinzhu, Ding Li, Jiawu Zhang, W. M. Edmunds, and C. Prudhomme. 2003. Groundwater Recharge and
Climatic Change During the Last 1000 Years From Unsaturated Zone of SE Badain Jaran Desert. Chinese
Science Bulletin 48 (14): 1469-74. DOI: https://doi.org/10.1360/02wd0262

[28] Ma, Jinzhu, W. Mike Edmunds, Jianhua He, and Bing Jia. 2009. A 2000 Year Geochemical Record of
Palaeoclimate and Hydrology Derived From Dune Sand Moisture. Palaeogeography, Palaeoclimatology,
Palaeoecology 276 (1-4): 38-46. DOI: https://doi.org/10.1016/j.palae0.2009.02.028

[29] Majumder, Ratan K, Abdul Halim, Bidyut Baran Saha, Reo lkawa, Toshio Nakamura, Makoto Kagabu, and
Jun Shimada. 2011. Groundwater Flow System in Bengal Delta, Bangladesh Revealed by Environmental
Isotopes. Environmental Earth Sciences 64 (5): 1343-52. DOI: https://doi.org/10.1007/512665-011-0959-2

[30] Mohammadzadeh, Hossein, and Mojtaba Heydarizad. 2020. A Conceptual Model for Water Resources
Circulation Patterns in Andarokh-Kardeh Region (NE, Iran). Geochemistry 80 (2): 125593.
DOl:https://doi.org/10.1016/j.chemer.2019.125593

[31] Mudiana, Wayan, and Hendri Setiadi. 2008. Peta Sebaran Cekungan Air Tanah Pulau Bali. Bandung.

[32] Pu, Tao, Yuanqing He, Tao Zhang, Jinkui Wu, Guofeng Zhu, and Li Chang. 2013. Isotopic and Geochemical
Evolution of Ground and River Waters in a Karst Dominated Geological Setting: A Case Study From Lijiang
Basin, South-Asia Monsoon Region. Applied Geochemistry 33: 199-212.
DOl:https://doi.org/10.1016/j.apgeochem.2013.02.013

[33] Purbo-Hadiwidjojo, M.M., H Samodra, and T.C. Amin. 1998. Peta Geologi Lembar Bali, Nusa Tenggara.
Bandung. (in Indonesian)

[34] Qian, Hui, Jianhua Wu, Yahong Zhou, and Peiyue Li. 2013. Stable Oxygen and Hydrogen Isotopes As
Indicators of Lake Water Recharge and Evaporation in The Lakes of The Yinchuan Plain. Hydrological
Processes 28 (10): 3554-62. DOI: https://doi.org/10.1002/hyp.9915

[35] Richards, Laura A, Daniel Magnone, Adrian J Boyce, Maria J Casanueva-Marenco, Bart E van Dongen,
Christopher J Ballentine, and David A Polya. 2018. Delineating Sources of Groundwater Recharge in an
Arsenic-Affected Holocene Aquifer in Cambodia Using Stable Isotope-Based Mixing Models. Journal of
Hydrology 557: 321-34. DOI: https://doi.org/https://doi.org/10.1016/].jhydrol.2017.12.012

[36] Sappa, Giuseppe, Stefania Vitale, and Flavia Ferranti. 2018. Identifying Karst Aquifer Recharge Areas Using
Environmental  Isotopes: A Case Study in Central Italy. Geosciences 8. 1-15.
DOI:https://doi.org/10.3390/geosciences8090351

[37] Sedana, | Wayan. 2016. Inventarisasi Potensi Sumberdaya Lahan Untuk Perencanaan Pengembangan

Wilayah Di Kecamatan Nusa Penida Kab. Klungkung. Denpasar.
https://simdos.unud.ac.id/uploadsf/file_penelitian 1 _dir/12538427caabf269cc0adadafef82db1.pdf (in
Indonesian)

[38] Setiawan, Taat, Soeharti Isnaini, Novi M.A. Asghaf, and Idham Effendi. 2018. Sistem Imbuhan Air Tanah
Daerah Karst Wonosari — Baron, Kabupaten Gunungkidul, Daerah Istimewa Yogyakarta Berdasarkan
Analisis Isotop 18 Dan 2H. Jurnal Lingkungan Dan Bencana Geologi 9 (3): 143-55. (in Indonesian)

2269


https://doi.org/10.1016/j.apgeochem.2013.07.006
https://doi.org/10.1016/0022-1694(94)90190-2
https://doi.org/10.1360/02wd0262
https://doi.org/10.1016/j.palaeo.2009.02.028
https://doi.org/10.1007/s12665-011-0959-2
https://doi.org/10.1016/j.chemer.2019.125593
https://doi.org/10.1016/j.apgeochem.2013.02.013
https://doi.org/10.1002/hyp.9915
https://doi.org/https:/doi.org/10.1016/j.jhydrol.2017.12.012
https://doi.org/10.3390/geosciences8090351
https://simdos.unud.ac.id/uploads/file_penelitian_1_dir/12538427caabf269cc0adadafef82db1.pdf

Volume XIV, Issue 5(69), Fall 2023

[39] Shi, Mengyu, Shengjie Wang, Athanassios A. Argiriou, Mingjun Zhang, Rong Guo, Rong Jiao, Jingjing Kong,
Yaning Zhang, Xue Qiu, and Su’'e Zhou. 2019. Stable Isotope Composition in Surface Water in the Upper
Yellow River in Northwest China. Water 11 (5): 1-10.DOI: https://doi.org/10.3390/w11050967

[40] Sidle, W. C. 1998. Environmental Isotopes for Resolution of Hydrology Problems. Environmental Monitoring
and Assessment 52 (3): 389-410. DOI: https://doi.org/10.1023/A:1005922029958

[41] Sprenger, C, S Parimala Renganayaki, Michael Schneider, and Lakshmanan Elango. 2014. Hydrochemistry
and Stable Isotopes during Salinity Ingress and Refreshment in Surface- and Groundwater from the Arani—
Koratallai (A-K) Basin North of Chennai (India). Environmental Earth Sciences 73(12). 7769-80.
DOl:https://doi.org/10.1007/512665-014-3269-7

[42] Sudadi, P., H. Setiadi, B.R. Denny, Salahudin Arief, S. Ruchijat, and S Hadi. 1986. Peta Hidrogeologi
Lembar Pulau Bali. Bandung. (in Indonesian)

[43] Sudipa, Nyoman, Made Sudiana Mahendra, Wayan Sandi Adnyana, and |da Bagus Pujaastawa. 2020. Daya
Dukung Air Di Kawasan Pariwisata Nusa Penida, Bali. Jurnal Sumberdaya Alam Dan Lingkungan 7 (3): 117-
23. https://doi.org/10.21776/ub.jsal.2020.007.03.4 (in Indonesian)

[44] Suganda, Bombom Rachmat, Wahyudi Yusuf, Mochamad Nursiyam Barkah, Yandri Sunarie, and M Sapari
Dwi Hadian. 2021. Engineering , Environment , and Technology Shallow Aquifer Groundwater Facies at
Multiple Landuse Sites in Manglayang Volcanic Area , Jatinangor and Surroundings , Indonesia. Journal of
Geoscience, Environment, and Technology 6 (1): 120-26. DOI: https://doi.org/10.25299/jgeet.2021.6.2.3315

[45] Wang, Shengjie, Mingjun Zhang, Catherine E. Hughes, Xiaofan Zhu, Lei Dong, Zhengguo Ren, and Fenli
Chen. 2016. Factors Controlling Stable Isotope Composition of Precipitation in Arid Conditions: An
Observation Network in The Tianshan Mountains, Central Asia. Tellus, Series B: Chemical and Physical
Meteorology 68 (1). DOI: https://doi.org/10.3402/tellusb.v68.26206

[46] Wei, Guoxiao, Fahu Chen, Jinzhu Ma, Yang Dong, Gaofeng Zhu, and W Mike Edmunds. 2014. Groundwater
Recharge and Evolution of Water Quality in China’s Jilantai Basin Based on Hydrogeochemical and Isotopic
Evidence. Environmental Earth Sciences 72 (9): 3491-3506. DOI:https://doi.org/10.1007/s12665-014-3257-y

[47] Zhang, Mingjun, and Shengjie Wang. 2016. A Review of Precipitation Isotope Studies in China: Basic Pattern
and  Hydrological ~ Process. Journal of  Geographical ~ Sciences 26 (7).  921-38.
DOl:https://doi.org/10.1007/s11442-016-1307-y

[48] Zuppi, Gian Maria, and Elisa Sacchi. 2004. Dynamic Processes in the Venice Region Outlined by
Environmental Isotopes. Isofopes in  Environmental and Health Studies 40 (1): 35-44.
DOl:https://doi.org/10.1080/10256010310001652007

2270


https://doi.org/10.3390/w11050967
https://doi.org/10.1023/A:1005922029958
https://doi.org/10.1007/s12665-014-3269-7
https://doi.org/10.21776/ub.jsal.2020.007.03.4
https://doi.org/10.25299/jgeet.2021.6.2.3315
https://doi.org/10.3402/tellusb.v68.26206
https://doi.org/10.1007/s12665-014-3257-y
https://doi.org/10.1007/s11442-016-1307-y
https://doi.org/10.1080/10256010310001652007

JASERS

Publishing

Web: www.aserspublishing.eu

URL: http://www.journals.aserspublishing.eu/jemt

E-mail: jemt@aserspublishing.eu

ISSN 2068 - 7729

Journal DOI: https://doi.org/10.14505/jemt

Journal’s Issue DOI: https://doi.org/10.14505/jemt.v14.5(69).00




	coperta1_ cuprins JEMT 5(69) Fall 2023_Cris
	JEMT_Issue 5(69)_Fall 2023
	coperta 4 JEMT_5(69)



