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Variation of land use can affect the quality of groundwater and increase the po-

tential for groundwater contamination. Physical environmental conditions that
have a low sensitivity to contamination of groundwater, but the use of land which
could potentially generate pollutants, such as industrial areas, residential, the ag-
ricultural activity can increase the risk level of contamination in the groundwater
in the area. The purpose of this study is to develop a groundwater risk to contam-
ination map in the shallow aquifer and to determine priority areas of groundwater
quality monitoring in Salatiga Groundwater Basin. Groundwater risk to contami-
nation map was prepared on aspects of land use and the degree of vulnerability of
groundwater to contamination using DRASTIC methods and spatially was pre-
pared by using Geographic Information System. Results of the assessment of risk
levels obtained worth the risk index 93-204. The risk index values are grouped
into five (5) classes of risk: low, low to medium, medium, medium-high, and high.
The output of this research can be input for local governments in understanding
the possible spread of groundwater contamination as well as choosing the right
strategy for the conservation of groundwater resources in the Groundwater Basin
of Salatiga.
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Introduction

Salatiga Groundwater Basin is one of the 19 groundwater basins situated in the administrative region
of Semarang, Salatiga, and Boyolali Regency across administrative areas regencies/cities in Central Java
province. The Salatiga Groundwater Basin lies largely within the KEDUNGSEPUR (Kendal, Ungaran,
Semarang, Salatiga, Purwodadi) strategic areas (Local Regulation of Central Java Province Number 6
the Year 2010) and is located at a strategic point which is linking the city of Yogyakarta, Solo, and
Semarang (Joglosemar). The strategic position of the region will open up great opportunities for the
region to be further developed, especially for the development of the sectors of agriculture, trade and
services, industry, and tourism (Wijaya & Atmanti, 2006).

Land use activity which is undertaken by humans for purposes, such as urbanization and agriculture,
can potentially be a source of groundwater contaminants that can alter and degrade groundwater quality
at a value below the quality standard designation (Babiker et al., 2005). The quality of groundwater,
especially shallow groundwater is extremely vulnerable to contamination due to contact with the source
of contaminants at the ground surface. Fertilizers, pesticides, chemical waste, septic systems, landfills,
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and various other human activities can contaminate the groundwater. Groundwater contamination can
occur in the scope of small areas (such as the leakage of the fuel pipe oil) or a wider area (such as the
use of fertilizers on agricultural land). When the groundwater has been contaminated, it will be very
difficult to be recovered.

The movement of groundwater in the aquifer is very slow so that to clean up of groundwater in the
aquifer will take a very long time (Liggett & Talwar, 2009). Therefore, vulnerability and risk assessment
of groundwater against contamination are indispensable in understanding the possible spread of the con-
tamination of groundwater and choosing the right strategy for the protection of groundwater resources.
Information on the vulnerability and risk levels of groundwater against contamination in an area can be
a very important consideration for the local government to arrange the decision on the restructuring and
development of the territory in the region.

Groundwater vulnerability itself according to Lathamani, et al., (2015) is the sensitivity of the aqui-
fer system to damage due to external influences. The principle of groundwater vulnerability implies that
the physical system is capable of shielding groundwater from the impact of nature or humans' activities.
Earth materials can be a natural filter against contaminants that pass through it (Todd, 1980; Vrba &
Zoporozec, 1994).

Ferreira (1997) in Widyastuti, Notosiswoyo, and Anggayana (2006) have given different under-
standings of the term vulnerability of groundwater against contamination and the risk of contamination.
The risk of contamination of groundwater includes the susceptibility level of groundwater, which is
static, and the existence of sources of contaminants that are dynamic. Thus, the risk of groundwater
contamination is based on the existence of potential pollutant factors (sources of pollution) of ground-
water on the surface and the ability to infiltrate and reach the water-saturated zone.

The assessment of the level of groundwater vulnerability against contamination in Salatiga Ground-
water Basin has been done by Kesuma, et.al. (2017) with the DRASTIC method. DRASTIC is one of
the weighting and assessment of groundwater vulnerability methods that can be applied quite extensive
in several types of aquifers, such as in the basaltic rocks, sedimentary rocks, carbonate, hard rock, as
well as on coastal aquifers (Brindha & Elango, 2015). Assessment of the groundwater vulnerability in
DRASTIC by using the 7 (seven) parameters, they are the depth of groundwater table (D), Recharge
(R), aquifer media (A), soil media (S), topography (T), the impact of vadose zone (1), and the hydraulic
conductivity (C) (Aller et al., 1987).

The value of the DRASTIC Vulnerability Index in the Salatiga Groundwater Basin was 85-1599,
based on the DRASTIC method analysis. The DRASTIC Vulnerability Index values are categorized into
five vulnerability levels just like in Table 1. The classification of groundwater vulnerability is based on
the calculation of the weight of each parameter and the ranking applied (Table 1) along with a chart of
groundwater vulnerability (Figure 1).

Table 1. The vulnerability class and spreading region

No DRASTIC Vulnerability Characteristic Region
Index Class
1 85-100 Low Only vulnerable in the long  Semarang Regency:

term to conservative pollu-  The southern area of Bringin
tants when discharged or District, a small part of the
leached continuously and northern part of Bancak County
widely

To be continued...
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2 101-120 Low to Moder-  Only vulnerable to con- Semarang Regency
ate servative pollutants in the The southern area of the district
long term if discharged or  of Getasan, a small part of the
leached continuously and southern area of the district of
widely until vulnerable to ~ Tengaran, the northern part of
some pollutants, but only Tuntang district, the southern
when discharged or leached part of Bringin district, a small
continuously. part of the northern of Bancak
district
Boyolali Regency: district of
Ampel
3 121-140 Moderate Vulnerable to some pollu-  Semarang Regency
tants, but only when dis- Tuntang, Pabelan, Bancak,
charged or leached continu-  Suruh, Tengaran districts, and a
ously. small area of the south part of
Bringin district.
Boyolali Regency
The small area of the west part
of Wonosegoro district
Salatiga City
Sidorejo, Tingkir, and Argo-
mulyo districts
4 141-150 Moderate to Vulnerable to some pollu- Semarang Regency
high tants, but only when dis-  The districts of Tengaran,
charged or leached con- Pabelan, Suruh, Tuntang, Bancak,
tinuously. Until vulnera-  and Suruh
ble on many pollutant
scenarios to many pollu-  The City of Salatiga
tants (except those highly  The districts of Tingkir, Sidorejo,
absorbed or readily trans-  Argomulyo, and Sidomukti
formed).
5 151-159 High In many pollutant cases, it Semarang Regency

is vulnerable to many pol-
lutants (except for those
highly absorbed or readily
transformed).

Most of the northern part of the
district of Pabelan and a small
part of the south of the district of
Suruh
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Figure 1. Map of groundwater vulnerability to contamination in Salatiga Groundwater Basin (Kesuma, et.al.,
2017)

Article 13 of Protection and Management of the Environment Act, No. 32 of 2009 has mandated the
implementation of pollution control and/or damage to the environment in the context of environmental
conservation. Such efforts include prevention, mitigation, and recovery which are carried out by the
Government, local government, and private due to each authority, roles, and responsibilities. According
to Hendrayana and Putra (2008), there are three main ways to manage quality and to control groundwater
pollution. They are Zoning of land use within the framework of the protection of groundwater against
pollution; Controlling the source of groundwater pollution, for existing pollutant sources and the sources
of pollution that potentially arise; and Creating vulnerability and risk of groundwater contamination map
to determine the priority areas for controlling and/or remediating as well as the other necessary manage-
ment needed. As an effort to carry out the mandate of Article 13 of Act No. 32 of 2009 to protect the
quality of groundwater, so in this study was conducted the mapping of groundwater contamination risk
and determined the priority areas for monitoring the quality of groundwater in the Salatiga Groundwater
Basin.
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Research Method
Location and time of research

The research was conducted in the Salatiga Groundwater Basin region (Figure 2). Administratively,
much of the Salatiga Groundwater Basin and a small portion of the Boyolali regency are included in the
Salatiga and Semarang regency administrative area. Geographically, the groundwater basin of Salatiga
is approximately situated between 110 ° 27'56.81"-110°32'4.64" East longitude and 7°17'-7°17.23
'‘South Latitude with an altitude between 220 and 1,450 meters above the mean level of the sea. Much
of the Salatiga groundwater basin lies on the slopes of Mount Merbabu and the small mountains: Gajah
Mungkur, Telomoyo, and Payung Rong, among others. (Energy and Mineral Resources of Central Java
Province, 2015). The average annual rainfall over the last 5 years is approximately 2,198.33 mm/year
(Central Bureau of Statistics at Semarang, Boyolaly, and Salatiga Regency, 2016). The research was
conducted from October 2016 to January 2017 in the Salatiga Groundwater Basin area.

PROWN W BARAT

KAB. BOYOLALI - e

Figure 2. The Research area map in Salatiga Groundwater Basin

Type of research
This research was qualitative by scoring and weighting the parameters of land use to determine the
level of risk of groundwater contamination.

Data collection techniques

The data which were used in this research was secondary:
a) Map of the vulnerability of groundwater against contamination in the Salatiga Groundwater Basin
which was obtained from Kesuma, et al. (2017);
b) Spatial Plans of Salatiga Groundwater Basin Map Year 2010-2030 as well as other supporting data
in the Office of Energy and Mineral Resources of Central Java Province.

Data analysis techniques

The data analysis was conducted by determining the weighting and rating of land use designation
parameters which had already been specified in the Spatial Plan of Salatiga Groundwater Basin of 2010-
2030. Aspects of land use weights 5 (Brindha & Elango, 2015). Land use parameter values are presented
in table 2.
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Table 2. Parameter value of land use

No Land Use Rating

1 Agricultural areas
Perimeters for irrigation (annual crops, paddy fields)
Permanent crops (orchards, yards of vines)
Agricultural heterogeneous areas
Grasslands and agro-forested regions

2 Artificial areas
Discharges for industrial waste, landfills 10
Quarries, shipyards, mining in the open air 8
Continuous urban areas, airports, ports, (rail) roads, industrially or commercially 7.5
productive areas, green spaces

3 Natural areas
Aquatic environments (salt marshes, Salinas, intertidal zones)
Semi-natural zones and forests
Bodies of Water 0

(62 I &2 BN (o]

o ol

(Brindha & Elango, 2015)

Geographic Information Systems (GIS) were used in performing overlaying bitmap/raster between
the weighting map of land use and map of the groundwater vulnerability against contamination with the
DRASTIC method, so the total value of the raster can be calculated to determine the risk index of
groundwater vulnerability to contamination. The risk index was calculated using a raster calculator with
the formula (Al-Hanbali & Kondoh, 2008):

Risk index = DRASTIC indeks + LUCw. LUCr ........... (1)

Where:
LUCw : weighting of land use/cover parameter
LUCr : the rating of land use/cover parameter

Result and Discussion
Land use

The land use in Salatiga Groundwater Basin according to regional spatial plans of Salatiga, Sema-
rang, and Boyolali Regency Year 2010-2030, such as the designation of Production Forest Area, Indus-
trial Area, Wetlands Region, Dry Land Areas, Landslide Prone Region, Annual Crop Region, Infiltration
region, Settlements, and Merbabu National Park (Salatiga City Regulation No. 4/2011, Semarang Re-
gency Regulation No. 6/2011, and Boyolali Regency Regulation No. 9/2011). The aspects of land use
for the fulfillment of human needs can result in groundwater pollution sources and contribute to the
entry of pollutants into groundwater. The land use which was interpreted potentially generate pollution
sources in the study area were (table 3):

Table 3. Potential land use producing the source of pollutants

No Land Use Type of Contaminant”

1 Production Forest Area nitrates; ammonium; fecal organisms

2 Wetlands Region nitrates; ammonium; pesticides; fecal organisms
3 Dry Land Areas nitrates; ammonium; pesticides; fecal organisms
4 Annual Crop Region nitrates; ammonium; fecal organisms
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To be continued

5 Infiltration region nitrates; ammonium; fecal organisms
6 Settlements nitrates; heavy metals; fecal organisms; trace
synthetic hydrocarbons
7 Industrial Area
a. Textile industry heavy metals (Pb, Cr(V1)), chlorine, organic com-
pound
b. Furniture industry pentachlorophenol; some aromatic hydrocarbons
c. Chemical industry heavy metals; sulfate; salt; bacteria
d. Metals and machinery trichloroethylene; tetrachloroethylene; other halo-
industry genated hydrocarbons; heavy metals; phenols; cyanide

*) Foster, et al., 2002

The variation of land use can affect the quality of groundwater and increase the potential of
groundwater contamination. The calculation score of the land use parameter can be observed in table 4

and figure 3.

Table 4. Calculation parameters score of land use
No Land Use Rating Weight Score
1 Production Forest Area 5 5 25
2 Industrial Area 7.5 5 37.5
3 Wetlands Region 9 5 45
4 Dry Land Areas 7 5 35
5 Landslide Prone Region 0 5 0
6 Annual Crop Region (plantation) 5 5 25
7 Infiltration region 5 5 25
8 Settlements 7.5 5 37.5
9 Merbabu National Park 0 5 0

Groundwater risk assessment to contamination

Based on the results of risk analysis to contamination, the value of the risk index was 93-204. The
risk index values were classified into 5 classes of risk, which are: low (93-115.2), low to medium (115.3-
137.5), medium (137.6-159.8), medium to high (159.9-182.1), and high (182.2-204 ) (Table 5 and Figure

4).

Tabel 5. Risk class to contamination and spreading region

No Value Risk Class Region

1

2

93-115.2 Low Semarang Regency:

A small part of the western of the Bringin dis-
trict, and eastern part of Tuntang district, most
of Getasan district.

Boyolali Regency:

Most of Ampel district

115.3-137.5 Low to medium Semarang Regency:
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Most of Bringin, Tuntang, Suruh, Tengaran
and Getasan districts
To be continued...

3  137.6-159.8 Medium Semarang Regency:
Most of Bringin, Tuntang, Pabelan, Bancak,
Suruh, Tengaran, and Getasan district
Boyolali Regency
Most of Ampel district and small part of the
Wonosegoro district.

4  159.9-182.1 Medium to high Semarang Regency:
Most of Bringin, Tuntang, Pabelan, Bancak,
Suruh, and Tengaran districts
Boyolali Regency:
Most of Wonosegoro district
Salatiga City:
Sidorejo, Sidomukti, Tingkir, and Argomulyo
districts

5 182.2-204 High Semarang Regency:
Most of Tuntang, Pabelan, Bancak, Suruh, and
Tengaran districts
Boyolali Regency :
Small part of Wonosegoro district
Salatiga City:
Most of. Sidorejo and Tingkir districts, and
small part of Argomulyo district.

Based on the risk map, the land use aspect also influence the distribution of shallow groundwater
contamination risk zones in the study area. The moderate to high-level zone and the high-level zone
became widespread when it was compared with the zoning map of groundwater vulnerability in the
DRASTIC method. Land use such as wetlands, settlements, and industrial areas which were considered
to have high enough potency to produce contaminants will increase the level of risk of groundwater
contamination.

Planning the location of the groundwater monitoring wells to contamination

Determining the monitoring wells location was based on areas that have a high level of risk. The
location of monitoring wells is also determined by considering the function of the public water supply
monitoring because there are groundwater resources in the form of springs and dug wells that are used
for the domestic needs of the population. The proposed location of monitoring wells in Salatiga
Groundwater Basin can be seen in Figure 5 and Table 6.

Table 6. Proposed location of groundwater quality monitoring wells

Coordinate  Posi-

Code tion District Regency/city  Land Use Risk Level
X Y

SP-1 441723 9196939  Tuntang Semarang Settlements high

SP-2 446791 9195918  Pabelan Semarang Settlements high

SP-3 455160 9195000 Bancak Semarang Settlements and high

wetlands
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SP-4 445505 9191592  Sidorejo Salatiga Settlements high
SP-5 447220 9190851  Pabelan Semarang Settlements high
SP-6 451508 9188886  Suruh Semarang Settlements and high
wetlands
SP-7 456068 9185475  Susukan Semarang Settlements and high
wetlands
SP-8 452744 9183718  Suruh Semarang Settlements and high
wetlands
SP-9 444517 9185605 Argomulyo Salatiga Settlements moderate-
high
SP-10 444924 9182651 Tengaran Semarang Industrial Area moderate-
high
SP-11 445158 9180644  Ampel Boyolali Industrial Area moderate-
high
SP-12 447453 9181659 Tengaran Semarang Settlements moderate-
high
SP-13 456864 9189697 Wonosegoro  Boyolali Settlements and moderate-
paddyfield high
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Figure 3. The weighted land use map in salatiga groundwater basin
(analysis results, 2017)
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(Analysis result, 2017)

Conclusion

The level of risk of groundwater contamination in Salatiga Groundwater Basin was divided into
five (5) zones of groundwater pollution risk levels, which are the level of low risk, low to medium,
medium, medium to high, and high. Land use such as wetlands, settlements, and industrial areas have
high enough potency to generate sources of pollution, so they can increase the level of risk of ground-
water contamination. The Map of Groundwater Risk to Contamination can be used to determine the
location of groundwater quality management priorities and devise appropriate strategies for the protec-
tion of groundwater resources in Salatiga Groundwater Basin.
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