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Abstract. Pasaran is t he only productive small island functioning as the anchovy and green
clam production center in Bandar Lampung. Its water use has, however, increased since its
designation as an economically fishery-based development area or minapolitan in 2012. This is
due to the fact that groundwater resources in small island ecosystems surrounded by seawaters
with a narrow diameter are easily affected by the insistence of seawater. Moreover, population
pressure and land-use change are also feared to be affecting groundwater quality. Therefore,
this research was conducted to analyze and evaluate groundwater resource quality in Pasaran
Island using five wells on the entire island as sampling points selected based on census. The
samples were tested for physical, chemical, and biological parameters in the laboratory and
compared with water quality standards (Minister of Health’s Regulation No. 32/2007). The
results showed relatively low water quality because the samples contained up to 3900 pS/
cm salinity, 3771.9 mg/1 chlorides, 31.7-141.52 mg/1 nitrates, and 6.8-170 MPN/100ml total
coliform which exceed the standards for drinking water. Meanwhile, wells 1, 4, and 5 were
found to be safe for sanitation-hygiene purposes and well 1 was suitable for public baths even
though they are not of drinking quality. This means the groundwater quality generally met

Class II-water requirements for clean water supplies.

Keywords: Pasaran Island; water quality; groundwater

1. Introduction

A small island is defined as any piece
of land surrounded by water with an area
lesser than 10,000 km2 (Nunn, 1986). It has,
however, been discovered that most of them
are lesser than 200 km?2 in size, and those
narrower than 100 km?2 or with a maximum
width of 3 km are classified as “very small
islands” (Falkland et al., 1991). Meanwhile,
groundwater is usually extracted from
small, thin, alluvial (or carbonate) aquifers
along the coastline in many small islands
(UNESCO-IHP and UNEP 2016) or appears
as a thin freshwater lens floating above
seawater on coral sands and limestone
aquifers (White et al., 2004). However, most
of the groundwater is primarily sourced
from rainwater which seeps into the soil in

line with a process called the hydrological
cycle (Purnama, 2010). This process changes
the quality of the water in the soil apart from
its influence on the availability of water
when the environment’s recharge function
is disturbed by the anomalies in climate
conditions, geology or rocks, vegetation,
human activities, and others (Sudarmadji et
al., 2019).

The groundwater quality in small
tropical islands is highly vulnerable due
to the effect of its limited surface area, low
elevation, separate location, climate change
and population, and land-use change
(Bailey et al., 2016). Meanwhile, Pasaran
which is a small island in the tropics has
different water resource-related problems
with the water quality observed from



Analysis of Groundwater...(Wiyono et al.)

29

the field to have changed due to sanitary
issues, tidal inundations, and a thin lens of
groundwater storage. Therefore, this research
was conducted to analyze water quality
for clean water supply towards providing
appropriate considerations to ensure suitable
groundwater utilization for the government
and community of Pasaran Island.

Several studies have been conducted on
groundwater quality, for example, Cahyadi
(2015) examined the effect of seawater
intrusion on groundwater quality in Pramuka
Island using calcium, sodium, magnesium,
chloride, bicarbonate, and total coliform
as parameters through the ion comparison
method. Kang and Jackson (2016) also studied
the salinity and total dissolved solids while
Schneider and Kruse (2005) assessed the
natural and anthropogenic impacts on water
quality in the Dog Island groundwater lens
using the density groundwater flow models.
Moreover, Anthonj et al. (2020) examined
water inequalities in the Solomon Islands
using a quantitative method.

The difference between this study
and other studies is that the water quality
parameters include Ca*, Mg*, Na*, K*, CI,
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HCO,, Fe**, NO,, NO,, and SO,* and the
research method is in line with the parameters
required by the Government Regulation No.
82 of 2001. It is important to note that the
data used were those collected for one season
period in October 2019.

2. Research Methods
2.1. Research Location

The research location was determined
purposively based on the conditions that it is
the only small urbanized and inhabited island
which administratively belongs to the Bandar
Lampung City and that its groundwater
is locally used for cooking and washing.
Astronomically, Pasaran Island stretches
from 5°27'43" to 5°27'58" S and 105°15'48"
to 105°15'58" E as indicated in Figure 1 and
discovered to be the closest to Sumatra Island
with a distance of only 200 m. Its land is also
reported to have grown up to the present 11 ha
area a large proportion is used for cultural and
artificial landscape with none for agriculture.
The built-up areas including settlements and
road infrastructure of the island occupy 6.29
ha of this land area while the remaining 4.13
ha is open.
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Figure 1. Pasaran Island is located north of Lampung Bay, Province of Lampung, Indonesia.
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2.2. Research Samples

Groundwater sampling points in the
research location were selected by census and
only five wells were found to be functioning
properly with continuous availability of water
for thelocal population. The points, coordinates,
and description are, therefore, presented in the
following Table 1.

Table 1. Coordinates of the Sampled Wells.

No X (mE) Y (mN) Description

1 529350  93-96002 Mr. Kodir’s well, RT* 9,
close to a fish hatchery

2 529292  93-96117 Mr. Mudri’s, RT 10, close
to a fish hatchery

3 529265  93-96112 Mr. Sarno’s, RT 10, close
to a fish drying area

4 529345 93-96070 Mrs. Jjah's, RT 10, close to
a mosque

5 529320  93-96000 Mr. Mangsu’s, RT 9, close

to a public cemetery
Source: Survey Data (2019). *Neighborhood unit

2.3. Data and Analysis

This research was based on laboratory
examination and field survey with the
groundwater quality analyzed through
salinity measurement and suitability analysis
using clean water requirements. The salinity
measurement was made with reference to
Santosa’s theory (2010) as indicated in Table 2
which measures Electrical Conductivity (EC)
as a representation or proxy of salt contents
using a set of water checkers. Meanwhile, each
physical, chemical, and biological groundwater
element was interpreted according to the
Regulation of the Minister of Health No. 32 of

2017 as presented in Table 3. The designated

uses of groundwater samples were defined

based on the descriptive classification of the EC
and the three elements according to the clean
water parameters explained in Government

Regulation No. 82 of 2001. Moreover, the four

categories of water usage include

a) Class I water can be used as raw water for
drinking and/or other purposes requiring
the same water quality criteria as this
designated use,

b) Class II water can be used for water
recreation infrastructure/facilities,
freshwater fish propagation, livestock
farming, crop irrigation, and/or other
purposes requiring the same water quality
criteria as these designated uses,

c) Class III water can be used for freshwater
fish hatchery, livestock farming, crop
irrigation, and/or other purposes
requiring the same water quality criteria
as these designated uses,

d) Class IV water can be used for crop
irrigation and/ or other purposes requiring
the same water quality criteria as this
designated use.

Table 2. Groundwater salinity classification based on
electrical conductivity.

No  Electric conductivity () sfll;zliltr;rdc‘;;ast::s
1 <1200 freshwater
2 1200-2500 brackish water
3 2500-4500 saline water
4 > 4500 brine water

Source: Santosa (2010).

Table 3. Clean water quality standards and selected parameters.

No Elements/ Units Standard Standard Standard
Compounds (maximum level)! (maximum level)> (maximum level)?
1 Taste Tasteless Odorless Tasteless
2 Odor Odorless Tasteless Odorless
3  Color TCU 15 50 -
4 pH 6.5 6.5-8.5 5-9
5 TDS mg/1 1000 1000 -
8  Sodium (Na) mg/1 200 -
11 Sulphate (SO,) mg/1 400 400 -
12 Chloride (Cl) mg/1 250 -
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No Elements/ Units Standard Standard Standard
Compounds (maximum level)! (maximum level)> (maximum level)?

13 Nitrate (NO,) mg/1 10 10 -

14  Nitrite (NO,) mg/1 1 1 -

15 Iron (Fe) mg/1 0.3 1 -

16  Total Coliform MPN/100 ml 0 50 126

Source: Regulation of the Minister of Health No. 32 of 2017.
'Drinking water, 2Sanitation and hygiene: dishwashing and cooking, *Public baths
3. Results and Discussion The  geomorphological reconstruction

Geological information is an essential
variable in identifying groundwater sources in
a region (Santosa and Adji, 2014). The Pasaran
Island was, therefore, geologically found to
compose of the quaternary-tertiary Lampung
Formation (QTI) which was named by Van
Bemmelen as the Tuff Lampung Formation
(Rustadi and Gurum, 2018) because it consists
of tuff, tuffaceous claystone, and tuffaceous
sandstone (Mangga et al., 1993). According to
Rustadi and Gurum (2018), QTI has two layers
and the first is 0-15 m thick while the second is
up to 30 cm thick with the groundwater in this
formation existing at a depth of 3-15 m from
the surface. It is also possible to find soil, loam,
loamy sand, and tuff at a depth of 0-15 m and
this is positively correlated with the soil texture
analysis results which showed the sandy loam
contains 78.88% sand, 6.81% clay, and 14.31%
silt.

The  geomorphological genesis  of
Pasaran Island occurs in several concurrent
complex processes with the rivers picking up
and transporting loose, weathered (eroded)
materials to the river mouths through fluvial
forces where sea waves and rivers meet and
the materials from which non-solid sediments
are formed are deposited by the dissipating
energy. Moreover, the morphoassociation of
the geological characters examines how past
fluvial processes worked and identified similar
formations in areas around the island which
include the northern coastal area stretching from
the west to the east. This means it is highly likely
that, in addition to the influence of tidal waves,
fluvial forces continually deposit volcanic
materials (QTI) on the island through erosion,
transportation, and sedimentation.
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presented in Figure 2b shows that deposition
starts when a barrier exists near the river mouth
or when the sea wave’s pressure rate (marine
process) is higher than the river flow velocity.
Meanwhile, the observation from the satellite
images showed the coral reefs growing in a
tidal zone on the west of the river mouth have
created some barriers. The development of
geomorphological forces over time indicates the
occurrences of coastline shifts and sea-level rise
and these cease the growth of coral reefs, thereby,
metamorphosing them into bioclastic materials.
This finding coincides with the hypothesis of
Nezio et al. (2016)approximately 21,000 years
B.P. that the large-scale dry conditions in the Last
Glacial Period which is also referred to as the Last
Glacial Maximum occurred approximately 21,000
years ago when ice sheets reached their greatest
extent and contributed to a significant drop in
sea levels to 120 m lower than the present value.
Hanebuth et al. (2009) also added that the Sunda
Shelf and the shallow sea between Peninsular
Malaysia, Jawa, Sumatra, and Kalimantan were
entirely submerged due to the sea-level rise after
the Last Glacial Maximum.

The Lampung Formation found in the
present time is mixed with limestones produced
from the coral reel metamorphosis in the past.
These coral reefs also provide evidence for
the possibility of the plutonism preceding the
expansion of coral reefs to the edge of igneous
rocks in the seabed that created a robust shelter.
Moreover, the geologic map does not record
limestones but shows coral reefs beneath the
mainland of Pasaran Island and extending
southeastward as shown in Figure 2a based
on the satellite image’s interpretation results
validated with the survey findings.
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Figure 3. Tidal embankments, part of island reclamation (a) during a low tide and (b) a high tide.

This genesis shows Pasaran is a naturally
occurring mixed island with grows further
after reclamation. This reclamation is, in
fact, observable from structures like island
embankment and cementation constructed
to protect natural materials from abrasion in
Figure 3. Falkland et al. (1991) also explained
a mixed island to be the combination of
two or more islands surrounded by coral
reef formation and which is composed of
sediments. This geomorphological character
strongly influences the stability of water
quality in Pasaran Island. Meanwhile, the
genesis, which depicts the origin or chronology
of geomorphological processes in the past, also

ISSN: 0852-0682, EISSN: 2460-3945

provides details on the mineral composition
of aquifer’s rock constituents which is one of
the factors controlling the groundwater quality
(Santosa and Adji, 2014).

3.1. Groundwater Quality for Clean Water
The water quality in Pasaran Island
depends on the concentrations of hazardous
chemicals, pollutants, and salinity levels.
Therefore, the physical parameters including
color and odor showed the groundwater has
good quality but taste ranged from brackish to
salty due to the shallow aquifer and saltwater
intrusion. The temperature was also recorded
to be between 24.1-25.4°C while the pH was

Forum Geografi, Vol 35 (1) July 2020: 28-37
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between 6.9 and 7.8 but a categorically safe
maximum temperature is 25°C (Cunliffe ef al.,
2011). Meanwhile, the chemical parameters
including Ca*, Mg*, Na*, K, CI, HCO,,
Fe**, NO,, NO,, and SO/? and showed Wells
no. 1, 2, 4, and 5 contained high chloride (CI)
and sodium (Na?*) levels which exceed the
maximum allowable in potable water but were
within the standards for sanitation, hygiene,
and public baths. Chloride was spatially
found at a relatively low concentration in the
middle of the island which is Well no. 3 and
later increased with distance towards the
southeastern and northeastern outer zones.
This distribution indicates the intrusion of the
groundwater interface zone in the research
location due to the sea waves coming from the
southeast-northwest in line with the previous
findings that the presence of higher chlorides
indicates a larger effect of seawater intrusion
(Cahyadi, 2015). Meanwhile, the sulfate (SO,*
), nitrite (NO,), and iron (Fe**) contents were
within the safe limits for clean water supplies
as indicated in Table 4.

The chemical pollutant NO, which is
hazardous to human health was detected in
Wellsno. 1, 4, and 5 at concentrations exceeding
its maximum allowable in drinking water
(10.00) as well as sanitation and hygiene (50.00)
but were safe for public baths. It is possible for
the pollutants to increase basically due to the
lack of water management process and rapid
growth of human activities (Purnama and
Cahyadi, 2019). Moreover, high NO, contents

are also thought to be caused by the absence
of a communal wastewater treatment plant
(WWTP) to manage the sanitation system in
a narrow area like Pasaran Island. This led
to the intensification of waste concentration
and distribution in the soil and potentially
permeates the groundwater systems when
rainwater infiltrates the ground and comes
into contact with subsurface materials. It is
also attributable to non-uniform denitrification
which reduces nitrate to gaseous nitrogen or
nitrite (Lerner, 2005).

The groundwater’s biological quality was
found to have consisted of 170 MPN/100ml of
total coliform with the lowest concentration
recorded to be 6.8 MPN/100ml as indicated
in Figure 4. Total coliform is a commonly
used indicator of biological contaminants in
groundwater (WHO-UNICEF, 2012; Cunliffe
et al., 2018) which determines the safety of
a water resource for consumption due to its
ability to cause harm to the human body. It was,
however, generally discovered that domestic
activities are responsible for groundwater’s
biological pollutants because most of the island
is dominated by settlements. The use of the
surrounding environment as a waste disposal
site exacerbates the pollution due to the ability
of the wastewater to seep into infiltration wells
and cause pollution in groundwater layers
(Maryono, 2016). The total coliform and clean
water requirements showed that Well no. 1 has
poor quality while Wells no. 2 to 5 are safe for
any purposes requiring clean water.

Table 4. Parameter analysis of five groundwater samples in Pasaran Island.

Standard (maximum level)*

No Elements Units Well 1 Well ~ Well  Well  Well Sanitation-  Public
2 3 4 5 Drinking hvei
ygiene baths
1 Sodium () mg/1 741 852 179 915 925 200 - -
2 Sulfate () mg/1 272 197 146 249 276 400 400 -
3 Chloride () mg/1 3374.8 27793 799 37719 3474.1 250 - -
4 Nitrate mg/1 98.09 8.85 31.7 65.49 141.52 10 50 -
5 Nitrite mg/1 0.031 0.312 0.051 0.051 2.92 1 3 -
6 Iron () mg/1 <001 <001 <001 <0.01 <0.01 0.3 -
7 Total MPN/10ml 170 33 33 6.8 130 0 50 126
Coliform

Source: Laboratory test (2019), *standards are based on the Regulation of the Minister of Health No. 32 of 2007
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Figure 4. Total coliform of groundwater samples collected from Pasaran Island.

The results showed most clean water
quality parameters including physical,
chemical, and biological in the research
location exceeded the upper thresholds.
Table 5 presents the classification of
groundwater suitability for clean water and
the groundwater quality in Pasaran Island
was found to be good and can, therefore,
be supplied for clean water for domestic
needs. Well no. 1 was, however, found not
to be suitable for sanitation and hygiene as
well as public baths while the other four
wells can be safely utilized for public baths
while only Wells no. 2 and 3 are good for
sanitation hygiene purposes such as dish and
cloth washing. Meanwhile, the groundwater
quality is considered poor based on the
Regulation of the Minister of Health No. 32
of 2007 and classified as suitable for Class
II-water purposes based on the Government
Regulation No. 82 of 2001. These results are

ISSN: 0852-0682, EISSN: 2460-3945

expected to provide the information required
by the local people on the groundwater
conditions in their homes, thereby, allowing
them to anticipate different probable adverse
impacts earlier. It also provides them and the
government the inputs and considerations in
promoting proper management strategies.

There are internal and external factors
causing low water quality with the internal
ones observed to be including unregulated
household waste disposal systems especially
for plastic waste and sparse vegetation
while the external ones are the threats
of high waves and contaminations from
seawater with often inundates the island and
indirectly cause a decline in the quality and
availability of safe groundwater. Schneider
and Kruse (2005) found that excessive water
extraction potentially triggers groundwater
degradation due to its ability to reduce the
lens thickness and supply.
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Table 5. Groundwater suitability for clean water in Pasaran island.

No Samples Drinking/consumption Sanitation and hygiene  Public baths

1 Well 1 ot * *

2 Well 2 4 v v

3 Well 3 » v v

4 Well 4 . s v

5 Well 5 b * v

Source: Data analysis (2020)
Notes: = : not safe for this purpose
v : safe for this purpose
Table 5 shows Pasaran Island has ClassII- 4. Conclusion

water quality and this means the groundwater Pasaran is geologically and
properties have exceeded their respective geomorphologically a  mixed island

maximum recommended values, notably for
drinking and sanitation-hygiene purposes.
Moreover, in terms of salinity, the EC measured
was relatively high at 3900 pS/cm and Bailey
et al. (2010) argued that rainfall and shoreline
retreat caused by wave actions are responsible
for the change in the salinity of groundwater
inside a well. This is also in line with the
findings of Mensah and FitzGibbon (2013)
that frequent and intense tidal inundation has
the ability to degrade groundwater quality,
thereby, allowing less control over salinity
levels while a decrease in its occurrences can
slowly improve the quality and this process is
known as “overtopping and flood reduction”.
However, Cahyadi (2015) explained that
groundwater quality decline in small islands
is often attributable to limestone composition
in regional geology and domestic wastes. This
situation has the ability to leads to clean water
scarcity in Pasaran Island when appropriate
treatment strategies are not implemented.
This is in line with the assumption of Widada
et al. (2017) that water resource availability is
increasingly limited and even scarce mostly
due to the environmental degradation and
water quality decline caused by pollution.

Forum Geografi, Vol 35 (1) July 2020: 28-37

composed of tuffs underlying the materials
from metamorphosed coral reefs while the
sands from reclamation are on the surface,
thereby, contributing to high permeability.
This further indicates a high possibility of
salt water and fresh water mixing due to
seawater intrusion and this has the potential
to affect the stability of the water quality on
the island.

The groundwater was discovered to have
low quality due to the presence of chloride
(Cl), sodium (Na*), nitrate (NO,), and
total coliform which exceed the maximum
recommended values for drinking water and
sanitation-hygiene purposes.
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