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ABSTRACT 

 

Every time of the year the need for water always increases both for the 

needs of everyday human life and for animals, plants and industry and 

transportation. Increasing demand for clean water, the exploitation of ground 

water will also increase, resulting in diminishing groundwater supplies. Reduced 

groundwater content in aquifer layers facilitates the entry of leachate and 

seawater into aquifers so that it has the potential to be polluted. The purpose of 

this study is to interpret the factors that cause intrusion of sea water and leachate 

into groundwater. The results of the study that showed correlation of field 

measurements with the laboratory showed that low value resistivity anomalies 

interpreted as zones of leachate saturation or saturated water zones and intrusion 

of seawater in the area around leachate columns were estimated to be connected 

to the lowlands, which had implications for the potential contamination of water 

reservoirs surface by leachate in distressed aquifer and polluted aquifer. 

Groundwater layers are interpreted to experience contamination identified at a 

depth of 5.0 - 12.0 meters. 

 

Copyright © 2019, Matheus Souisa. This is an open access article distributed under the creative 

commons attribution License, which permits unrestricted use, distribution, and reproduction in 

any medium, provided the original work is properly cited. 

 

INTRODUCTION 
 

Groundwater is one source of water that is essential for the life of 

creatures in nature. Ground water is water that is found in a layer of rock beneath 
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the surface of the earth. Groundwater can move 

vertically or laterally which is influenced by conditions 

of morphology, hydrology, and local geological 

conditions. 

Investigation of groundwater is very important 

to look for alternative water sources. Batu Merah Dalam 

area, Ambon City is an area that is very difficult to 

obtain clean water. Groundwater is one of the sources of 

water that is used for drinking water needs by the 

community. Groundwater sources obtained by local 

residents sometimes come from surface water, namely 

rivers, which generally have characteristics of high 

content of inorganic substances that come from the 

remnants of life and have high levels of suspension such 

as debris which causes water to become cloudy and 

smelly, and taste due to leach intrusion and sea water. 

Besides that, most people obtain water sources from 

drilled wells and dug wells, but the water is not used as 

drinking water and is only consumed for bathing and 

other purposes. For drinking water, it must be purchased 

from a water filling station, which means that it adds to 

the burden of public expenditure. 

To overcome this problem, it is necessary to 

identify pollution and determination of groundwater 

sources to meet the needs of clean and potable water for 

the local community for now and in the future. One 

method to identify contamination of groundwater 

sources is to use the geoelectric resistivity method. 

Based on resistivity anomalies, the subsurface layer can 

be interpreted by showing groundwater contamination in 

rock layers due to leachate intrusion and sea water. 

Furthermore, groundwater testing was carried out using 

the AAS (Atomic Absorption Spectroscopy) method. 

This research is intended to determine the pattern of 

groundwater distribution and interpret the factors that 

cause groundwater intrusion and interpret the 

groundwater quality based on the results of laboratory 

measurements to be correlated with resistivity data. 

 

METHODS 

 

The application of geoelectric resistivity 

methods has been widely used for surveys and 

exploration of natural resources, such as the search for 

geothermal resources, distribution of hot springs, 

groundwater surveys, distribution of liquid and solid 

waste, mineral distribution and soil movements or 

landslides [1, 2] . This geoelectric method is not 

damaging to the environment, so it can be used to survey 

groundwater areas, specifically to determine the 

thickness of rock layers containing groundwater and 

subsurface lithology [1]. The resistivity method is based 

on the potential difference by the injection of strong 

electric current into the surface of the earth. This current 

is injected via two current electrodes, and the potential 

difference is measured at another two potential 

electrodes. It is the measurement of how strong a 

material resists the flow of electric current [3]. Different 

materials of the subsurface may have different resistivity 

values. Thus, the resistivity distribution of the 

subsurface can be map through this method [2]. To 

obtain a good two-dimensional (2-D) picture of the 

subsurface, the coverage of the measurements must be in 

2-D [4]. 

The AAS method is one type of spectropometric 

analysis where the basis of its measurement is the 

measurement of absorption of a ray by an atom, a light 

that is not absorbed, is transmitted and converted into a 

measured electrical signal [5]. The AAS method is used 

to determine the concentration of water content, whether 

higher or lower than the drinking water quality standard 

set by PMK [6]. 

 

1.  Study Area 

The research data collection survey was 

conducted in Batu Merah in Sirimau District, Ambon 

City, with the study area located in two locations, RT. 

001 / RW. 03 geographically located at coordinates S 

3°41'6.69" and E 128°11'20.36" located at an altitude of 

12.0 - 16.5 meters above sea level (m.asl) and RT. 003 / 

RW.03 located at coordinates S 3°41'19.20" and E 

128°11'59.57" at an altitude of 18.0 - 23.0 m.asl. 
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Figure 1. Topographic Map Of The Research Area. 

 

In figure 1, point D-1 is the area with the highest 

terrain compared to the surrounding plains and point D-2 

shows very low terrain, because previously it was a 

flood plain after the passage of time had been built by 

residents. The area at point E is the place where leachate 

accumulation is expected and seawater intrusion so that 

this area is used as the location for measuring geoelectric 

resistivity. The area to the northeast of the D-1 point in 

Line-1 and in the southeast at the same point in the 



International Journal of Health Medicine and Current Research | 1243  

direction of Line-2 and Line-3 is a very steep cliff that is 

still covered with vegetation. 

The form of physiography of the study area is 

medium wavy hills formed by tectonic activity [7]. The 

stratigraphy of the study area is composed of the 

youngest to the oldest formations [7-9] is Coral (Ql) 

limestone, which consists of coral colonies, algae and 

bryozoans, and Alluvium (Qa) rocks including clay, silt, 

gravel sand, crust, and plant residues, and Ambon 

volcanic rock (Tpav), consisting of volcanic lava 

breccia, tuff and tuff breccia.  

 

2. Data Acquisition of Resitivity and Groundwater 

Samples 

Before carrying out the geoelectric survey, the 

resistivity meter equipment and its support were first 

prepared. Prepare a stacking chart (Figure 2) that 

matches the area and desired depth in the area that has 

been previously observed. After the trajectory and 

observation point are determined in the research area, 

resistivity acquisition is carried out using the Wenner-

Schlumberger configuration. Investigation of the 

geoelectric survey area was carried out in two different 

locations, namely:  

 RT. 001 / RW.03 (Karang Taruna block) Batu Merah 

has one track with a length of 60 m and an electrode 

spacing of 3 m. 

 RT. 003 / RW.03 Batu Merah Dalam has two tracks 

with 100 m and 80 m length and 2 m electrode 

spacing. 
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Figure 2. Geoelectric resistivity stacking chart to build up a 

resistivity pseudosection [modified from 1, 8, 10, 

11. 

 

Resistivity acquisition is in the form of current 

data, potential difference, electrode spacing and number 

of layers. These data are inputted into a computer to 

calculate false resistivity (a). Then it is processed to 

build resistivity pseudosection. The inversion process in 

modeling to obtain the actual resistivity in the form of a 

2-D cross section using Res2Dinv software. 

Furthermore, a 2-D cross section of resistivity is overlaid 

with the results of measurements of water samples at 

each observation point to obtain a correlation map. 

To find out the distribution of groundwater 

intrusion generated from geoelectric research verified 

with water data from wells and these results are also 

matched with local geological data. Analysis of soil 

samples with the AAS method was used to determine the 

composition of the physical, chemical and 

microbiological elements of the water sample, so that it 

can determine the metal elements and bacteria contained 

in groundwater in the study area. These analyses were 

done using various standard methods for water analysis 

[12]. The refrigerated and preserved water samples were 

analyzed using AAS. The technique employed 

absorption spectrometry to assess the concentration of an 

atomized sample using an electro thermal atomizer [13]. 

 

RESULTS AND DISCUSSIONS 

 

1.  Interpretation of resistivity data 

Based on the field data from the geoelectric 

resistivity survey of the Wenner-Schlumberger 

configuration, the current, voltage and topography data 

obtained on the three trajectories. These data processes 

using Res2dinv software produce a 2-D resistivity cross 

section, as shown in Figure 3.  
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Figure 3. Resistivity cross-section maps 2-D Line-1, Line-2 

and Line-3. 

 

The actual resistivity value on Line-1 is 

relatively varied with information of depth reaching 12 

meters from the surface. The cross-sectional scale of 

resistivity is set at an interval of 0.1 - 1000 Ω.m with 
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respect to the information sought relative to the low 

resistivity value. On this path, regions with low 

resistivity (<2.5 Ω.m), accumulate in two separate parts 

which are limited by zones with moderate to high 

resistivity values. Based on the resistivity image on 

Line-1 it is in the residents' funeral column and garbage 

dump. From the results of resistivity images obtained, it 

is strongly suspected that sea water intrusion and 

leachate (leachate) has occurred with a resistivity of 0.1–

2.5 Ω.m which has the potential to contaminate surface 

groundwater in the study area. 

The actual resistivity values on Line-2 are 

relatively varied with information reaching depths of 

18.2 m from the surface. On this path, a low resistivity 

value area (<10 Ω.m) which accumulates in two separate 

parts is limited by zones with moderate to high 

resistivity values. The low resistivity zone is in the upper 

layer with a depth of 0.0 - 2.7 m. From the resistivity 

image, sea water intrusion is suspected to occur while 

there is still seepage of waste (leachate) with resistivity 

ranging from 2.0 - 4.0 Ω.m which has the potential to 

contaminate surface groundwater in the study area.  

Furthermore, the resistivity values obtained at 3-

way are relatively varied with depth information 

reaching 13.5 m from the surface. On this path, the area 

with a low resistivity value (<10 Ω.m), which 

accumulates in two separate parts is limited by zones 

with moderate to high resistivity values. In the low 

resistivity zone in the upper layer with a depth between 

0.0 - 2.5 m. Line-3 is at a distance of 15 m from Line-2 

to the northwest. This track has an elevation reaching 

22.0 m.asl. Based on the image of the topographically 

corrected part, the zone with a low resistivity value (<10 

Ω.m) is at a distance of 8 - 46 m with a depth reaching 

2.5 m. There is almost no difference between Line-3 and 

Line-2, because there are still significant hard zones 

(regions with high resistivity values). Based on the 

resistivity image on Line-3, it is suspected that no 

seawater intrusion occurred while there was still seepage 

of waste (leachate) with resistivity ranging from 2.0 - 4.0 

Ω.m which could potentially contaminate surface 

groundwater in the study area. On this track, the process 

of leachate naturally occurs at a distance of 8 - 46 m 

with a depth of 2.5 m. This can occur because it is 

possible at that depth to have clay rocks saturated with 

water so that the leachate with the young enters mixed 

with the soil. 

 

2. Groundwater Quality 

The measurement results of two groundwater 

samples with the value of chloride (Cl) in groundwater 

of 1020 mg / L and taste salty with ADS is 1161 mg / L 

(Table 1), meaning there are chloride anomalies and 

groundwater conductivity anomalies exceed the standard 

then the study area has been polluted due to the process 

of seawater intrusion in accordance with the 

interpretation of resistivity data. It is suspected that 

groundwater pollution by seawater instructors has a flat 

surface with a height reaching 12 m.asl and soil types 

belonging to the Alluvial and Coluvial association 

groups. In the study area there are contaminants in the 

groundwater so that ground water cannot be consumed 

daily as clean water. This has been done by local people 

who do not take ground water as a source of drinking 

water. 

For the results of the parameter ADS the highest 

values in both samples were 1161 mg / L and 3840 mg / 

L. The total value of dissolved solids obtained in this 

analysis is higher than the total value of suspended 

solids. This illustrates that more solids that enter the 

water body and community wells are in the form of 

solids that are small in size (dissolved solids), or solids 

found in water bodies are dominated by solids derived 

from organic wastes and sea water intrusion. The total 

value of dissolved solids of water quality at RT. 001 / 

RW.03 Batu Merah is already above the required quality 

standard threshold. 

 

Table 1. Result of testing groundwater samples [15] for test 

sample that do not match the permissible levels. 

 

 
 

The results of measurements of water samples 

(Table 1), showed the presence of cadmium in water 

bodies and community wells with a value of cadmium 

(Cd) in both water samples of 0.0173 mg / L and 0.0201 

mg / L. This might be caused by the movement of 

leachate in the soil from the disposal site or public 

cemetery (PDS) and the movement of leachate from the 

river containing substances and dangerous metals, so 

that it has the potential to contaminate the excavation 

wells and groundwater of the local community.  

 



International Journal of Health Medicine and Current Research | 1245  

 
Figure 4. Well of excavation in the research area RT. 001 / 

RW.03 Batu Merah. 

 

Furthermore, from the results of laboratory 

measurements, E. coli (Echerichia coli) was found in 

two water samples from well water, where for sample 1 

with E. coli amount of 46 cfu / 100 mL and sample 2 

was 76 cfu / 100 mL. Based on FMD [6] the amount of 

E. coli in the allowed water is 0 cfu / 100 mL. Therefore 

houses on RT. 001 / RT.03 with private wells have been 

contaminated with E. coli bacteria because they usually 

do not have a bacterial exterminator system. Thus water 

containing E. coli bacteria cannot be used as drinking 

water and is not even used for personal hygiene 

maintenance such as bathing and toothbrushes, and for 

the purposes of washing food, eating utensils and 

clothing.  

As the population develops, the availability of 

clean water decreases, resulting in a lack of soil capacity 

to absorb imperfect water so that coliform bacteria can 

contaminate water sources. Water used by local people 

has the potential to be contaminated by coliform 

bacteria. The cause of contamination of clean water is 

from water sources that are close to the unclean 

environment, such as close to a household waste 

disposal site near a landfill. Coliform bacteria are a 

group of microorganisms commonly used as indicators, 

where these bacteria can be a signal to determine a 

source of water that has been contaminated by pathogens 

or not. Based on research, this coliform bacterium 

produces an ethionine substance that can cause cancer. 

The total coliform bacteria is an indicator of fecal 

contamination in water and can cause diarrhea if the 

number of coliform bacteria in water exceeds the 

threshold determined by FMD [6]. The laboratory test 

results obtained the values of coliform bacteria 76 cfu / 

100 mL and 190 cfu / 100 mL, so that in the well water 

the residents had been polluted. 

 

3. Interpretation Connectivity Resistivity With 

Ground Water Conditions 

Interpretation of the actual resistivity values in 

the study area shows a low value resistivity anomaly 

pattern that is interpreted as a zone of leachate saturation 

or a saturated zone in the three measuring paths in the 

vicinity of leachate column. - surface water tanks by 

leachate in shallow or depressed aquifers and polluted 

aquifers. The shallow aquifer depth is in accordance 

with the depth of the population well between 5 - 10 m 

(Figure 3). For polluted aquifers due to leachate 

infiltration. In areas close to PDS and rivers, the low 

resistivity zone is strongly suspected to be leachate 

saturated. This is reinforced by Hunt in [14], where 

zones with low resistivity are areas saturated with water 

near potentially contaminated leachate surfaces.   

Whereas specifically for Line-1 other than 

suspected leachate (Figure 5), there are also seawater 

intrusions with a large spread pattern found in polluted 

aquifer layers. This happens due to the density of rock 

that is tenuous (sand and gravel) and is located in low-

lying areas. The density of these loose rocks is what 

causes sea water to enter and penetrate the boundary 

between sea water and ground water. The sea water 

enters through sand, gravel or through rock pores where 

the material does not function as a filter so that the 

young water penetrates into the ground water. Sea water 

intrusion has a negative impact on the survival of people 

living in Batu Merah both on the quality of ground water 

as a living necessity for clean water and damage to 

building infrastructure, but the intrusion that occurs in 

the area is not yet classified as dangerous, because it 

does not cause damage or damage to building 

infrastructure or resettlement of local residents is only 

the need for clean water which is still an obstacle due to 

the intrusion, so there is a need to overcome the presence 

of intrusion hazards in this study area. 
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Figure 5.  Topographic connectivity map and 3-D resistivity 

column on Line-1. 

 

From the results of resistivity image connections 

with laboratory measurements on Line-2 and Line-3 

(Figure 6), it is suspected that no seawater intrusion 

occurred but there was still seepage of waste (leachate) 

which could potentially contaminate surface 

groundwater in the study area. The process of leachate is 

naturally only around PDS at a depth of less than 4 
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meters. But at a certain depth there is a hard rock layer 

in the form of a bedrock that can refute leachate. It 

shows that this area has the potential to be contaminated 

with leachate if it is used as PDS RT. 003 / RW.03 Batu 

Merah Village. 

: Sebaran Intrusi lindi

 
 

Figure 6.  Topographic connectivity maps and 3-D resistivity 

columns on Line-2 and Line-3. 

 

CONCLUSIONS 

 

Based on the results of the interpretation and 

discussion, it can be concluded, among others: 

1. The pattern of the spread of subsurface groundwater 

in Ambon's Batu Merah Village is uneven. The 

groundwater layer is interpreted to have been 

contaminated identified at a depth of 5.0 - 12.0 

meters with a flow direction from Northeast to 

Southeast with a distribution area in the Southeast.   

2. Pollution of ground water in Batu Merah Village is 

caused by seepage of liquid waste such as waste 

either disposed of on land or in river banks and 

pollution caused by intrusion of sea water. Seawater 

and leachate intrusion is very polluting water quality 

with a radius of more than 500 m so that it has a 

negative impact on the survival of the community at 

RT. 001 / RW.03 Batu Merah. Groundwater pollution 

due to sea water intrusion does not occur in RT. 003 / 

RW.03 Batu Merah, Ambon City, because the area is 

about 1 km from RT. 001 / RW.03 so that 

groundwater is not contaminated by sea water. 

3. Identification of rock layers found on groundwater 

levels in aquifer layers more than 7.0 m, but this 

groundwater has been contaminated with leachate 

and sea water so that to get clean water reservoirs in 

Batu Merah Village is very difficult. 

4. The results of the correlation of field measurements 

with the laboratory show that low-value resistivity 

anomalies interpreted as zones of leachate saturation 

or saturated water zones and intrusion of seawater in 

the area around the leachate column are estimated to 

be connected to the lowlands and have implications 

for the potential contamination of surface water 

reservoirs by leachate in depressed aquifers and 

polluted aquifers. 
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