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Abstract 

Springs in Semarang City, concentrated in Gunungpati District, are threatened by urbanization and massive development. It 
needs to be conserved through comprehensive strategies based on existing conditions. Therefore, this study aims to 
describe the distribution and biophysical conditions of the springs for water source conservation and sustainability. The study 
was conducted by identifying and mapping the biophysics condition and vegetation of 114 springs in Gunungpati District, 
Semarang City. The majority of the springs have low discharge volumes below 1 L/s, which is caused by ecosystem 
destruction around spring areas. Then, five springs were chosen for sampling, which have fairly good physics-chemical 
conditions and however polluted with E. coli and coliform bacteria from domestic and agricultural waste. Involving 
community-based conservation action through revegetating, building up water reservoir infrastructure, providing information 
boards, and enforcing spring protection culture can increase spring areas preservation. Furthermore, economic, social, and 

DOI: https://doi.org/10.14505/jemt.14.1(65).11 
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cultural studies on spring protection should be conducted to determine the protection zone priority, analyze the appropriate 
support system, and threaten potential in water sources sustainability. 

Keywords: conservation; sustainability; water access; water supply. 

JEL Classification: Q20; Q24; Q25. 

Introduction 

Semarang City consists of a narrow and densely populated coastal lowland, as well as a hilly area in the southern 
that extends from the west to the east side of the city. The hilly area is the upstream part of major rivers that 
provide spring points and is widely used by the community for daily water supply (Indrayati, Aji, and Hikmah 2018; 
Yulianto, Suripin, and Purnaweni 2019). The actual threat of springs and water sources in supporting clean water 
availability is increased land conversion and uncontrolled resident growth in green areas (Ram et al. 2022; 
Abbasi, Amirabadizadeh, Afshar and Yaghoobzadeh 2022). Even though, the green areas are designated as a 
water and resource conservation area (Wei et al. 2022). The most important area for conservation areas is 
located in Gunungpati District, the suburban area of the Semarang City, which is a highland. The rate of land 
change in Gunungpati is estimated more than 3% per year and reaches more than 4000 Ha in 2020 (Juhadi et al. 
2021). Gunungpati District is a green area with abundant springs and a catchment area for three major rivers in 
Semarang City. Thus, the land change increases the risk of erosion, landslides, and floods so that the impact on 
the availability of surface springs and groundwater (Juhadi, Pratiwi, Trihatmoko and Trihatmoko 2020; Nugraha, 
Firdaus and Sasmito 2018). Therefore, this study aims to map the biophysical conditions of the spring area in 
Semarang City as consideration for sustainable area management. In addition, the potential of springs can be 
utilized as an effort to mitigate climate facing the risk of drought due to climate change.  

1. Literature Review  

The Semarang City, which is the fifth largest metropolitan city in Indonesia, is one of the attractive destinations for 
the development of industrial and residential areas (Ridlo and Ghiffari 2022). It then increases land use changes 
in sub-urban areas for industrial development and infrastructure provision. The rate of population growth is also 
assumed as one of the main contributors in increasing settlements in the last 10 years in the sub-urban area, 
especially in Gunungpati District (Hardati and Setyowati 2019).   

There are at least more than 139 springs identified in the upper Semarang City, widely spread in the three 
sub-urban areas, namely Mijen, Gunungpati, and Banyumanik Sub-districts. Several springs in those areas are 
managed independently as a supply of clean water (Martuti, Rahayuningsih and Sidiq 2021). In addition, as many 
as 107 springs are used for irrigation purposes of agriculture covering an area of 3,793 Ha. Several efforts for 
preserving water sources can be conducted through habitat conservation around springs that involves community 
to emerge sense of belonging of the clean water availability and access (Rakatama and Pandit 2022; Pambudi 
2021). In addition, the spring preservation may also prevent the declining trend of ecosystem quality that caused 
fragmentation and increased population. The determination of the status and boundaries of spring protection 
zones requires an approach through a holistic assessment of vulnerability, aquifer nature, and preferential 
infiltration zones. This can be started by identifying the biophysical characteristics of the catchment area and the 
hydrological characteristics of the spring (Supangat, Purwanto, Hendrayana, and Riyanto 2022; Daryono et al. 
2019). Based on those essential role and benefit, the preservation of springs in Gunungpati District, Semarang 
City needs to be done to maintain water sustainability to increase resilience to climate change, which has an 
impact on water supply and delivery. 

2. Methodology 

This research was an observational study of spring exploration to obtain information on spatial distribution and 
biophysical conditions to conserve water resources in Semarang City, Indonesia. The distribution of the main 
springs in Semarang City were located in Mijen, Gunungpati, and Banyumanik Districts. The sampling areas and 
data collection were carried out in Gunungpati District because it has the most abundance springs that utilized for 
domestic and agricultural needs (Figure 1).  
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Figure 1. Research location. The spring population area includes Mijen (yellow) and Banyumanik (purple) sub-districts, 
sampling site Guungpati district (green) 

 
 

Data were collected through surveys, field observations, and in-depth interviews with the communities 
around the springs. Field survey activities are used to obtain information related to spring conditions, discharge 
measurements, physical quality measurements, and factors affecting spring conditions. Water discharge and 
physical quality was carried out in filed actual measurement using a Current Meter device, while vegetation data 
was collected through direct field-observation and exploration by counting and identifying the three species. 
Interview activities were conducted to obtain information related to the use of springs and conservation actions 
carried out by residents in efforts to conserve these water resources. 

Table 1. Environmental aspects in the assessment 

Environmental 
aspects 

Score 

3 (high) 2 (moderate) 1 (low) 

Land Use Conditions Forest / Moor Rice Fields / Agriculture Settlements/ Industries 

Plant type conditions 

Healthy, there are types of spring 
plants (mahogany, jackfruit, 
breadfruit, ficus, etc.) and there 
are types of water filter plants 
(bamboo, husk, etc.) 

Weathered and hollow, there 
are types of water filter plants 
(bamboo, husk, etc.) 

No spring support plants 

Water discharge Large (1,000 - 10,000 L/s) Medium (1 - 999 L/sec) Small (< 1 L/sec) 

Spring protection 
efforts 

There are Spring Signages, 
Reservoirs, Rules (prohibitions) 

There is no name and or 
there is a shelter or vice 
versa 

No protection efforts 

Water Quality 
The color of the water is clear, 
odorless 

The color of the water is clear 
and or smelly, or vice versa 

The color of the water is 
turbid and smelly 

Note: the developed criteria were adapted and modified from Fathi, et al. (2018)  

Preparation of spring protection zones 

The determination of spring protection zones in each region was conducted by compiling various data including 
physiochemical, biological data vegetation to determine the quality and recommendations for utilization in each 
spring. The recommendation of protected areas for preserving the spring was determined from the quality of the 
environment around the springs. The protection zone was expressed in a radius based on the natural level of 
vegetation, flow of water sources, and potential contamination (Nugroho, Soemarno, Riniwati and Afandhi 2019; 
Al-Manmi and Saleh 2019).  
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Data Analysis 

The data analysis method in this study uses spatial, hydrological, and qualitative analysis, where spatial analysis 
was used to describe the spatial distribution of spring sources which is realized in the form of a thematic map. 
Meanwhile, hydrological analysis is used to identify the quality of water production (discharge) from each spring 
and analyze the quality of springs in several locations. Furthermore, qualitative analysis through local wisdom of 
the community in efforts to conserve water resources at the research site.  

3. Case Studies 

Spring Sites Environment Characteristics 

Based on the results of surveys and observations, at least 114 spring points were found in Gunungpati District 
spread across 13 urban villages which were then visualized in the form of spatial distribution maps (Figure 2-4). 
The distribution of spring water is on average in high areas with a height of ≥ 250 m.a.s.l, not on the territory of 
the basin and far from the slopes. The data only records the number of springs used for agricultural irrigation 
activities, so it is estimated that there are still many springs that have not been identified. The influence of 
geological structures in Semarang City is in the form of erosive soil faults with high porosity, discontinuous rock 
layers, and heterogeneous, so that they are easy to move or landslides. Hydrogeological, fracturing, and 
discontinuity fields form the aquifer to allow seepage and deposition of water which is an important aspect and 
has the potential to give rise to springs (Devy 2018; Baechler, Cross and Baechler 2019). 

Figure 2. Spatial distribution of water spring in Gunungpati Sub-district 

 
 

 

Sub-District Spring

Cepoko 7

Gunungpati 2

Jatirejo 12

Kalisegoro 7

Kandri 8

Mangunsari 11

Ngijo 13

Nongkosawit 10

Pakintelan 16

Patemon 1

Plalangan 11

Sekaran 9

Sumurejo 7

Total 114
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In general, the majority of each spring is observed to have a low-moderate discharge about 49% of the 
springs have a water discharge of less than 1 liter /second. In addition, about 25% of the 114 springs in 
Gunungpati District are unknown discharge generated because they do not have a water outlet. This is because 
the shrinkage of water volume is caused by seepage due to cracked rocks at the bottom of the reservoir. Most of 
the spool tubs are also at the bottom so they cannot be concentrated using hoses and measuring buckets. 
Furthermore, according to quality, around 62% or as many as 71 springs have medium quality-both used for 
drinking water purposes and domestic water needs. While the rest have poor quality such as water polluted with 
household waste, detergents, and turbidity.  

Figure 3. Ecological condition of the water spring in Gunungpati. A) water debit; B) turbidity; C) water quality, and; D) 
surrounding ecosystem. 

 

A B

C D
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The results of the observations showed that the decrease in the discharge and quality of springs was due 

to changes in ecosystems and vegetation due to anthropogenic factors. Increased population migration and 
massive housing development in buffer areas have the potential to cause spring loss (Weinthal, Zawahri and 
Sowers 2015). One of the factors is the increase in development in buffer areas, due to increasing population 
growth and population migration from coastal areas due to abrasion and climate change (Buchori et al. 2018). 
The increase in housing has an impact on increasing the production of domestic waste, detergents, and plastics 
in the spring area (Widodo, Budiastuti and Komariah 2019 Marleni and Raspati 2020). In addition, agriculture has 
the potential to contribute to chemical fertilizer contamination and cause blooming algae so that the water 
becomes green and causes odors (Marleni and Raspati 2020 Lubada, Yokota, Hartono and Miyaura 2018).  

The condition of the spring creates adaptive behavior in the community with a utilization model by the 
quality of the spring. Spring water with medium-low quality is more widely used for agricultural irrigation purposes 
bathing and washing, along with the entry of regional drinking water companies in the region. Meanwhile, spring 
water of good quality is used by building a reservoir made independently by the community or by the village 
government to precipitate dirt, filter leaves, and prevent plastic contamination. The tub is made with a foundation 
of various shapes, depths, and sizes, where most of the spools have a depth of about 1-50 cm and 51–100 cm, to 
facilitate management and maintenance. In addition, the existence of a reservoir also serves to facilitate the use 
of water through a management system to provide access to clean water that is distributed using pipes or taken 
manually using jerry cans and buckets. The clean water management system is provided by village officials with 
monthly dues for the maintenance of water sources and distribution instruments. This is a form of community 
independence in managing springs so that they remain sustainable and are utilized sustainably. 

Characteristics and Quality of Springs  

Public awareness about the importance of clean water sources has begun to take shape by protecting springs 
through physical development to socio-cultural values. Interesting findings in the field also show that springs that 
are used as clean water, are treated sacredly to preserve the ecosystem, are managed in cooperation according 
to an agreed schedule, and the procurement of special customary ceremonies to care for springs. The 
maintenance of these springs is one of the vital activities and characteristics of suburban communities as a 
learning process about the importance of clean water sources. Considering, that every spring can be used on 
average by around 40 households (in one neighborhood area), some springs can be used by residents in one 
hamlet (consisting of 100 households). 

Based on the identification results, at least 22 springs are prioritized to supply clean water for community 
use that is physically protected using concrete reservoirs and local wisdom that spreads across 11 urban villages. 
Furthermore, this study also identified five springs with high discharge, high utilization, and good quality but 
poorly maintained as a special study to see the condition of the water quality produced. The springs include 
Jedung, Nongkosawit village; Trangkil, Sukorejo; Dungrancak, Kalisegoro; Mbiru, Patemon; and Gede, Kandri 
(Figure 4). Then, the five springs were used as samples for the profiling of stand vegetation. The identification 
results showed that the most common vegetation stands found were Swietenia mahagoni and Musa paradisiaca, 
while springs with vegetation were best found in Dungrancak, Kalisegoro Village (Table 2).  

The abundance of water with a large discharge is found in almost all springs with a lush level of upright 
vegetation, mainly due to the presence of woody plants with deep roots such as Ficus and Artocarpus. The 
existence of Ficus and Artocarpus is the dominant species located around springs and correlated with the quality 
and sustainability of water sources (Siswo, Yun and Abdiyani 2019). The root system of Ficus and Artocarpus 
helps in forming the aquifer layer (Fiqa and Darmayanti 2018), preventing erosion as well as water (Fathoni, 
Rohman and Sulisetijono 2021), and maintaining the physical structure of the springs so that no damage occurs 
and closes the seepage of water sources (Siswo, Yun and Abdiyani 2019). In addition, the existence of large 
stands in water sources is often sacred by the community intending to maintain the preservation of springs 
(Batoro, Hakim and Rahardi 2020). This shows that the revegetation of tree stands in the spring affix area and 
around the spring can function as a protection for the spring both in terms of ecological, and socio-cultural. 

To obtain information on hydrological conditions, physical conditions, and utilization of the spring, 
measurements and observations were carried out in the field on several parameters to determine the water 
quality, utilization, and consistency of the spring. 
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Table 2. Vegetation stands in the springs of the sample location. 

Family Species Jedung Trangkil Dungrancak Mbiru Gede 

Anacardiaceae Dracontomelon mangiferum  
   

v  
Mangifera indica 

  
v 

  

Araceae Arenga pinnata 
  

v 
 

v  
Cocos nucifera 

  
v v v 

Caricaceae Carica papaya 
  

v 
  

Clusiaceae Garcinia mangostana 
   

v 
 

Fabaceae Albizia chinensis 
 

v 
 

v 
 

 
Parkia speciosa 

  
v 

  
 

Pterocarpus indicus 
  

v 
  

Malvaceae Durio zibethinus 
   

v 
 

 
Hibiscus tiliaceus 
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Some of the parameters that were measured in the field included: water electrical conductivity, turbidity, 
dissolved oxygen (DO), Escherichia coli, and Total Coliform contained in the springs of each research site. From 
the results of research in the field obtained the results of spring water quality in Gunungpati are as follows (Table 
3): 

Table 3. Chemical, biological, and utilization characteristics in five spring samples 

Parameters 
Test Results Standards 

Jedung Trangkil Dungrancak Mbiru Gede Quality 

Electrical conductivity (μS/cm) 160.00 547.00 274.00 166.00 209.00 12,500.00* 
Turbidity (NTU) 8.93 0.70 7.66 4.14 2.10 25.00** 
Dissolved oxygen (DO) (mg/l) 7.38 7.00 9.21 8.07 7.61 4.00*** 
E. coli (cells/100 ml) 300.00 2,100.00 1,500.00 400.00 2,400.00 1,000.00 
Total coliform (cells/100 ml) 6,700.00 9,500.00 5,800.00 8,600.00 5,500.00 5,000.00 
       
Utilization        
Water Drinking ++ +++ +++ + +  
Washing/ bathing ++++ ++++ ++++ ++++ ++++  
Irrigation (Agriculture) ++++ - - ++++ +++  

Note:  *) Regulation of the Minister of Health of the Republic of Indonesia Number 492 / MENKES / PER / IV / 2010 
concerning drinking water quality requirements, referred to as drinking water is water that meets health 
requirements that can be drunk immediately;  

**) Regulation of the Minister of Health of the Republic of Indonesia Number 32 of 2017 concerning Environmental 
Health Quality Standards and Water Health Requirements for Sanitary Hygiene Purposes, Swimming Pools, Solus 
Per Aqua, and Public Baths.  

***) Government Regulation Number 22 of 2021 concerning the Implementation of Protection and Management I. 

Measurements of the environmental aspects of the sample springs in five urban villages showed that 
overall, the samples had adequate physical-chemical characteristics to be used as a source of clean water. The 
results of measuring water electrical conductivity values in Springs in 5 springs in Gunungpati range from 160 – 
547 rμS/cm (Table 3). This electrical conductivity value is well below the maximum electrical conductivity water 
threshold for sanitary hygiene. Electrical conductivity is the number that expresses the ability of a liquid solution to 
conduct electric current. This ability depends on the presence of inorganic ions, such as OH ̄, H +, SO4

2
 ̄, Na +, and 

PO43 + (Fathi, Zamani-Ahmadmahmoodi and Zare-Bidaki 2018; Zinabu, Chapman and Chapman 2002). In 
addition, the presence of essential mineral ions such as Na+ and Mg2 + as well as heavy metals, such as Cd2 + and 
Cu2 + also contributes to an increase in electrical conductivity values (Erebho 2022). 
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Whereas physically, the value of the electrical activity of inorganic ions (μS/cm) is also influenced by the 
total concentration of ions, the valence of the relative concentration of ions, and the temperature at the time of 
measurement. Electrical conductivity needs to be known to indicate the concentration of mineral solutions in 
water. For example, river water has a conductivity of between 10 to 1,000 μS/cm (Zinabu, Chapman and 
Chapman 2002). The high content of inorganic ions causes higher conductivity causing water to feel brackish to 
salty. The large value of electrical conductivity indicates the many types of organic matter and minerals that enter 
waste into the waters (Rusydi 2018).  

Figure 4. Water springs distribution based on protected status. The sampling sites are marked in the red circle. 

 
 

The presence of inorganic ions is not related to the level of turbidity of the water but is determined by 
dissolved organic particles and sludge (Stevenson and Bravo 2019). Thus, the more dissolved organic matter and 
mud, the more turbidity will increase. The results of research on the quality of springs in Gunungpati showed that 
the turbidity of springs ranged from 0.7 – 8.93 NTU, far below the threshold set by the Regulation of the Minister 
of Health of the Republic of Indonesia Number 32 of 2017, amounting to 25 NTU. This shows the low 
contamination of organic materials such as food or agricultural waste which causes blooming algae. Furthermore, 
water turbidity also has an impact on reducing dissolved oxygen (DO) levels due to the low rate of photosynthesis 
(Sila 2019).  

The quality of the spring water is good and clear, also supported by the high do levels at the sampling 
location, where the results of the do levels range from 7-9.21 mg / L or higher than the predetermined quality 
standards. The results show that the environmental conditions around the springs are still safe from 
contamination and need to be preserved. Oxygen plays an important role as an indicator of water quality because 
it plays a role in the oxidation and reduction process of organic and inorganic matter which has an impact on the 
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feasibility of spring consumption (Duressa, Assefa and Jida 2019). Physical and chemical qualities that indicate 
the feasibility of spring water as a source of clean water and sanitary hygiene, are not supported by biological 
conditions. Based on laboratory tests, there are indications of E coli contamination in three springs, namely 
Trangkil, Dungrancak, and Gede, with concentrations reaching more than 1000 cells/ 100 ml and coliform 
bacteria above the quality standard (≥ 5000 cells/ 100 ml) at all sampling sites. This condition needs to be the 
focus of spring managers to improve the safety and health of clean water, considering that the spring is a source 
of clean water and sanitation for the community (Sila 2019 Duressa, Assefa and Jida 2019). 

Interesting facts found in the field show that although the ecosystem and spring vegetation are still in good 
condition, there is still leakage of contamination of pathogenic organisms likely from the domestic activities of the 
community around the spring. In addition, the location of the spring is adjacent to an agricultural area that uses 
animal manure as organic fertilizer, so the remaining fertilizer and agricultural waste may be carried to the water 
source (Sari et al. 2018). This is relevant to other studies that show that coliform bacteria can be sourced from 
organic waste, agricultural runoff, to fecal contamination (Indrastuti, Kazama and Takizawa 2021; Onyango, 
Okoth, Kunyanga and Aliwa 2018; Agensi et al. 2019). Meanwhile, the presence of fecal coliform bacteria in the 
source of consumption water can cause an increased risk of infectious diseases in the gastrointestinal tract. 

Strategies and Efforts to Establish Spring Protection Zones (SPZs)  

Spring Protection Zones (SPZs) are arranged to identify areas of protection for the sustainability and consistency 
of springs, focused on five sample springs. Determination of SPZ based on vegetation conditions and water 
quality is a form of effort that can be made to save and protect springs. In this study, recommendations compiled 
based on vegetation profiles and threats to water quality led to the formation of three protection zones (Figure 5). 

Protection Zone I is a protected area that aims to protect water from all pollutants that directly or indirectly 
cause degradation of water quality, with a radius determined as far as 10 – 15 meters from the spring. The 
determination of the Protection zone I specifically does not require technical research, thus it can be directly 
measured in the field. While the Protection Zone II is a protected area that aims to protect clean water of the 
spring from the danger of pathogen bacterial pollution that can cause degradation of water quality, with an area 
calculated based on the distance traveled by coliform bacteria for 50 days to the spring area (Al-Manmi, and 
Saleh 2019).  

Figure 5. The current and recommendation for spring protection zone. The white dash line represents the 1st protection zone 
and the yellow dash line for the 2nd protection zone. 
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Based on the map, it can be described that the protection zones in each spring are in the type of land use, 
vegetation area, built-up land, and open land. So that the protection in each of these zones can be applied 
optimally, considering that built-up land is a relatively high threat to the consistency of springs and that zone has a 
fairly large area. Natural protection efforts are carried out by preserving vegetation around springs that function as 
an infiltration medium to increase the potential of deep groundwater, especially bamboo-type vegetation that can 
purify water to increase the quantity of groundwater. Furthermore, the city government through local regulations 
also needs to regulate the creation of drill life around the springs to reduce groundwater exploitation. This 
massive use of groundwater has an impact on land subsidence and the availability of surface water (Rahdriawan 
et al. 2021). In addition, infrastructure development in the form of reservoirs, signage, and regulations to maintain 
springs needs to be carried out to ensure the quality and sustainability of water sources for the community. 
Furthermore, efforts to conserve springs in an integrated manner need to be communicated and coordinated to 
the community intensely, thereby increasing self-belonging to the springs they use (Hermanto and Nugroho 
2021). 

Furthermore, spring protection is carried out by establishing socio-culturally activity, especially traditional 
ceremony. For example, the community in study site forms an devotional work to clean the springs called 
Nyadran (a traditional ceremony and ritual to clean up the spring). The ceremony activity includes draining the 
springs to clean the sediment in the reservoir and clearing grass and weeds that interfere with the flow of water. 
Maintenance and management activities to maintain the cleanliness and preservation of springs are mostly 
carried out by the community incidentally, while Nyadran is carried out at certain times (Javanese Calendar), 
which is carried out from Sidodadi spring to Gede spring (Kandri Village) in the early rainy season. The spring 
care activities cannot be separated from the values of local wisdom of the community to maintain the existence 
and sustainability of the spring. Community participation is very important to maintain the existence and 
sustainability of springs (Tantoh and Simatele 2018). In principle, community participation in the preservation of 
springs can take place if the community has an understanding and awareness of the benefits of the existence of 
the spring which are influenced by social, economic, environmental, and cultural conditions. Where the values of 
local wisdom are passed down for generations through informal education, family, and community.  

Conclusion  

The majority of springs in Gunungpati District, Semarang City have a water discharge less then 1 L/s with fairly 
good physicochemical conditions but indicated high contamination of E. coli and coliform bacteria from domestic 
and agricultural waste. Although, more than 62% of the total 114 springs are used for domestic clean water 
purposes including cooking, bathing, and washing, as well as irrigation. In addition, vegetation conditions in some 
spring samples also degraded which resulted in a decrease in water discharge. Thus, efforts to conserve springs 
are carried out by preserving vegetation around the springs, in addition to that, spring protection is carried out by 
developing infrastructure, most of which are in the form of water reservoirs, giving and installing spring signage 
and prohibition regulations, enforcing regulations for the protection of water source areas, and increasing direct 
community involvement. This research focuses only on the physical, chemical, and biological conditions of water 
quality to determine the priority of the protection zone. Therefore, future research is expected to be able to 
identify and assess social, cultural, and economic factors that have the potential to threaten and support the 
sustainability of water sources in Gunungpati District.  
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