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ABSTRACT 

The purpose of this study was to analyze the quality of groundwater in terms of physical, chemical, and 

microbiological parameters at three campus locations of the Universitas Islam Negeri (UIN) Walisongo  Semarang, 

Indonesia then the results were compared to the Regulation of the Ministry of Health of the Republic of Indonesia 

(Permenkes) Number 32 of 2017 regarding the water quality standards and environmental health. Principal 

Component Analysis (PCA) is one of chemometric modelling which can be used to analyze correlations among 

different physical, chemical and microbiological parameters to assess the groundwater quality at the water intake of 

dug wells as the main source of water in this study. The content of organic and inorganic materials are then associated 

with environmental factors, research activities and industrial pollution around campus. The implementation of PCA 

data in the water intake at dug wells offers new possibilities for improved quality assurance and control procedures for 

dug wells management and its strategy. Before Cluster Analysis (CA) and PCA methods are applied, the data was 

checked the normal distribution using the Saphiro-Wilk test. Furthermore, three different patterns of water quality 

based on groundwater characteristics and anthropogenic effects were found by CA and PCA methods. 
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1. INTRODUCTION 

Groundwater is the most source of water for human 

activities in agricultural, industrial, office building, and 

domestic requirements [1]. The main problem faced 

related to the groundwater resources is the quantity of 

water that is insufficient with supply demand and the 

quality of water based on water quality standard of 

World Health Organization (WHO). [2].  The 

groundwater quality depends on natural factors like the 

interaction between groundwater and host aquifer 

materials, quality of infiltrating water, the residence 

time of the element, evaporite dissolution, etc [3]. 

Analysis of groundwater regarding physical, chemical, 

and microbiological parameters of water quality is 

important because it gives us information on conditions 

and contaminants inside water, compare it to the water 

quality standard (Indonesia Ministry of Health Decree 

Nb. 32/2017) and treatment option to maintain of water 

pollution [4]. 

The rapid growth of population in Semarang city 

creates unprecedented challenges, among them is 

provision for clean water to the urban people [5]. 

Suhartono [6] predicted that Semarang city will 

experience a water crisis in 2030 because of the water 

demand for industries up to 90% of water taken from 

the ground at 3.17 x 106 m3 per day, then the water 

demand for inhabitant amounted to 263,267 m3 per day. 

There are several water resources which are employed 

to supply water to the Semarang city: (a) Regional 

Water Supply Agency or in Indonesian language is 

Perusahaan Daerah Air Minum (PDAM) from 

Kaligarang and Kudu rivers (b) Underground water 

from dug wells and aquifer, and (c) Java seawater in the 

coastal area.  

UIN Walisongo is one of public university under 

Ministry of Religious Affairs of Republic of Indonesia. 

It is located in the Ngaliyan Subdistrict, Semarang city, 

Central Java and it has three campus location (i.e. 

Campus 1, Campus 2, and campus 3) by using the 

groundwater as the main source of water for all 

activities inside campus. UIN Walisongo has a 

groundwater depth about 15-30 meters, with a level of 

soil permeability based on high lithology type is 

between 8,149 to 203,735 liters/m2 /day [7]. In addition, 
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UIN Walisongo Semarang also has a large number of 

employees both lecturers and administration services 

around 1,012 people [8] and the number of students 

around 17,640 [9]. Increasing of activities inside 

campus without good management could make a 

pollution to the groundwater. If the groundwater gets 

contaminated, it is very difficult and expensive to clean 

up and restore its quality [10]. 

Chemometrics is part of the chemical discipline 

which uses statistical and mathematical methods to 

solve problem based on scientific data. It can be used as 

one of methods in chemical analytics, biology, physics, 

medicine, pharmacy, forensic science, industry, and 

halal authentication [11]. Chemometrics are divided into 

two main categories, i.e. pattern recognition methods to 

qualitative analyses and multivariate calibration to 

quantitative analyses [12-13]. Chemometric tools like 

Cluster Analyses (CA) and Principal Component 

Analysis (PCA) can be used to evaluate and analyze 

correlations of physical, chemical, and microbiological 

parameters of the groundwater quality among three 

different campus location at the UIN Walisongo 

Semarang as the aims of this research. 

2. METHODS 

2.1. Groundwater Sampling 

To achieve the purpose of the study, the 

groundwater samples were collected from 3 campus 

location of UIN Walisongo Semarang. The position 

(latitude and longitude) of the sample points was using 

help notes for Google-based GPS (Table 1.). 

Groundwater was drawn from dug wells after 10 

minutes of pre-washing to obtain fresh water and to 

remove stagnant water in previously cleaned 

polyethylene bottles with a capacity of 5 liter. 

 

Table 1. Global Positioning System (GPS) Coordinates of Sampling Sites 

Sampling Site Longitude Latitude Elevation above the Sea level (m) 

Campus 1 110.35884 -6.98676 2.15 

Campus 2 110.35216 -6.99001 6.41 

Campus 3 110.34666 -6.99179 10.27 

 

Figure 1 show that after each sample was taken, the 

bottle was clearly labelled with waterproof ink and the 

details of each. 

 

Figure 1 Labelling of the Groundwater Samples 

2.2. Analytical Methods 

The water samples were collected in 5 Liter bottles 

cleaned, rinsed and sterilized for physical and chemical 

analysis, in addition dark and sterilized 250 mL bottles 

were used for microbiological analysis. For heavy metal 

analysis, water samples were taken in separate 5 Liter 

bottles and preserved by the addition of ultra-pure nitric 

acid. These samples were brought to the laboratory 

keeping the temperature below 4°C. The 

microbiological analysis was completed within 24 hours  

 

after sampling. Physical and chemical parameters such 

as pH, temperature, color, taste, odor and turbidity were 

analyzed in situ. The other parameters such as Total 

Dissolved Solids (TDS), nitrite (NO2), nitrate (NO3), 

arsenic (As), iron (Fe), fluoride (F), chromium (Cr), 

manganese (Mn), zinc (Zn), cyanide (CN), sulfate 

(SO4), hardness (CaCO3), trace organic pollutants 

(KMnO4) and microbiological parameters such as Total 

Coliforms and E-Coli were analyzed in the laboratory. 

TDS, pH and temperature were measured with a 

water quality tester (EZ-9901) and turbidity with a 

nephelometer (SGZ-200BS). Colorimetric analyzes such 

as sulfate, fluoride, nitrite, and nitrate were measured 

with a UV-Vis spectrophotometer (DR-5000, Hach, 

USA). Heavy metal ions were analyzed with an Atomic 

Absorption Spectrophotometer (Thermo Fisher 

Scientific iCE-3500) and for microbiological analysis 

they were measured by the Most Probable Number 

(MPN) method. MPN is a statistical method to estimate 

the viable number of bacteria in a sample by inoculating 

broth at a 10-fold dilution and is based on the extinction 

dilution principle. It is widely used to estimate bacterial 

cells in food and water [14-15]. The Saphiro Wilk test 

was utilized to decide the information of distribution 

data, uncovering that the information was not regularly 

conveyed [16]. Multivariate statistical analysis was 

performed using SPSS Version 22 to perform Principal 

Component Analysis (PCA) and Cluster Analysis (CA). 
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PCA is planned to change over the initial factors into 

new, uncorrelated factors, called the Principal 

Components (PCs). The value of eigenvalues and 

eigenvectors were gotten from the Pearson correlation 

lattice of key factors by utilizing PCA. The eigenvalues 

of the PCs are a degree of their comparing fluctuations. 

CA is considered as an unsupervised pattern recognition 

procedure, was utilized to classify our dataset. The 

reason of utilizing CA was to distinguish similitudes 

and dissimilarities among the sampling sites. 

3. RESULT AND DISCUSSION 

3.1. Environmental Factors and Physical 

Parameters 

Tools to be used to take the groundwater samples 

must be appropriately sterilized, cleaned and 

decontaminated. The chemical elements of interest in 

subsequent laboratory analysis dictate the type of 

container to be used for sampling and for sample 

storage, e.g. plastic or borosilicate glass [17]. Three 

sites of sampling used simple random sampling among 

three location of Campus (Fig. 2). To guarantee the 

unwavering and interpretability of the collect 

information, suitable documentation ought to be joined 

into the observing program that records test 

development from collection to information announcing 

and guarantees that explanatory information is credited 

to the proper areas.  

Among three sampling sites of UIN Walisongo 

Campus (Figure 2.), it has different type of structural 

land and environmental factors. Campus 1 has a 

horizontal land structure and is surrounded by industrial 

estates and densely populated settlements. Then, 

campus 2 and 3 has a hilly soil structure and is 

surrounded by mini forest in the Western part of it. The 

surface water temperature, pH, turbidity, and TDS were 

in the ranges of 28.6-30.3 ◦C, 6.83-7.63, 0.38-0.75 

NTU, and 148.5-662 mg/L, respectively (Table 2). TDS 

in Campus 1 of UIN Walisongo Semarang has a higher 

concentration than the others because of the condition of 

this place surrounded some industrial estate so it makes 

an effect for the quality of water. Based on the 

Indonesia Ministry of Health Decree Number 32 Year 

of 2017, the amount of TDS should be less than 1000 

mg/L if the water used for clean water, hygiene 

sanitation, bathhouse, and swimming pool, but if it is 

used for drinking water should be less than 500 mg/L 

(Indonesia Ministry of Health Decree Number 

492/2010) [18]. 

 

 

Figure 2 Groundwater Sampling Site 

 

Table 2. Physical parameters assessments 

pH Turbidity (NTU) Temperature (
o
C) Color Taste Odor TDS

Campus 1 6.83 0.38 28.6 0 0 0 662.0

Campus 2 7.41 0.69 30.1 0 0 0 174.4

Campus 3 7.63 0.75 30.3 0 0 0 148.5

Water Quality Standard 6.5-8.5 25 Room Temperature ± 3°C 0 0 0 <1000

                  Parameters 

Sites 

Physical
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3.2. Chemical Parameters 

The chemical parameters of heavy metals (As, Fe, F, 

Cr, Mn, Zn), Cyanide (CN), hardness (CaCO3), and 

trace organic pollutants (KMnO4) in the groundwater 

are important to determine the feasibility of water as a 

source of activities around the UIN Walisongo Campus. 

Heavy metals are non-degradable compounds or cannot 

be decomposed and have a higher density than water, so 

that heavy metals from industrial waste and laboratory 

activities around campus are infiltrated and 

contaminated to the groundwater [19]. Table 3. shows 

that all tested groundwater samples contained heavy 

metals and organic substances below the tolerance limit 

of the water quality standard for in accordance with the 

Regulation of the Ministry of Health of the Republic of 

Indonesia Number 32 of 2017.  

 

Table 3. Chemical parameters assessment 

Arsen (As) Iron (Fe) Fluorida (F) CaCO3 Cr (VI) Mn NO3 NO2 Zn CN SO4 KMnO4

Campus 1 0.005 0.030 0.10 678.80 0.05 0.10 1 0.01 0.43 0.036 2 3.60

Campus 2 0.005 0.020 0.57 199.20 0.03 0.00 0.90 0.01 0.09 0.003 1 2.43

Campus 3 0.005 0.003 0.10 184.00 0.00 0.00 0.60 0.01 0.25 0.001 0 3.63

Maximum Concentration of 

the Water Quality Standard
0.05 1 1.5 500 0.05 0.5 10 1 15 0.1 400 10

                  Parameters 

Sites 

Chemical (mg/L)

 

 

Besides, the concentration of hard water on campus 

1 exceeds the tolerance limit of the water quality 

standards based on the Regulation of the Ministry of 

Health of the Republic of Indonesia Number 32 of 2017. 

It might be happening because the site of Campus 1 is 

close to the coastal area of Java sea which has a geo-

morphological of rock in the form of solid limestone 

from coastal area with a hollow rock arrangement, thus 

allowing groundwater to flow through the aquifers. The 

content of limestone could make change in physico-

chemical of groundwater due to the mass transfer 

reaction of the dissolution of minerals limestone [20], 

such as calcite (CaCO3), dolomite (CaMg(CO3)2), 

gypsum (CaSO4.2H2O), and amorphous silica [20]. The 

degree of hardness in different waters varies, 

groundwater has a high hardness, it happens because the 

groundwater is in contact with limestone in the soil 

layer through which the water flows. Surface water has 

low hardness (soft water), non-carbonate hardness in 

surface water comes from calcium sulfate, found in clay 

and other sediments [21]. The classification of the 

degree of hardness in the groundwater is showed in 

Table 4. 

Table 4. The degree of hardness (CaCO3) in the water 

[21] 

Content of hardness 

(CaCO3), mg/L 

Degree of hardness 

0-75 Soft 

75-150 Moderate 

150-300 Hard 

>300 Very hard 

 

3.3. Microbiological Parameters 

Other mandatory of the groundwater quality 

requirements, namely microbiology or bacteriologist 

parameters. It states the presence of Escherichia Coli (E-

Coli) and Total Coliform bacteria in water in the Colony 

Forming Unit (CFU) of quantity per 100 mL of sample. 

The maximum allowable level is zero (0) for E-Coli 

bacteria and 50 CFU/100 mL for Total Coliform 

bacteria. E-Coli bacteria can cause epidemics of 

digestive tract diseases such as cholera, typhus, 

dysentery, diarrhea and helminthiasis. The seeds of this 

disease come from the feces of humans who suffer from 

these diseases. An indicator that shows that ground 

water is contaminated with feces is the presence of 

Escherichia coli in the water because human feces, both 

sick and healthy, contain these bacteria in the body [22]. 

Table 5. show the amounts of E-Coli and Total 

Coliform bacteria presence in the ground water at the 

third Campus of UIN Walisongo is zero, so it meets the 

requirements and viable to use according to the 

Regulation of the Indonesia Ministry of Health Nb. 

32/2017. 

Table 5. Microbiological parameter assessments 

E-Coli Total Coliform

Campus 1 0 0

Campus 2 0 0

Campus 3 0 0

Water Quality Standard 0 50

                  Parameters 

Sites 

Microbiology (CFU/100 mL)
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3.4. Chemometric Analysis 

To assess spatial variations in water contaminant 

concentrations in samples taken from three sampling 

sites in UIN Walisongo Semarang, a chemometric 

approach was used using the following exploratory 

techniques: the Shapiro-Wilk Test, CA and PCA. Before 

analysis, the data were converted into a single matrix 

composed of concentration values for each combination 

of variables (16 physicochemical parameters) and cases 

(48 samples). Since color, odor, taste, E-Coli, and Total 

coliforms were never detectable and showed no 

variation, they were excluded from the analysis and the 

resulting data matrix was thus reduced to a [16 × 48] 

data matrix. Data that were below the method's 

detection limit (<MDL) were supplemented with values 

corresponding to half the detection limit of [23]. The 

normal distribution tests were performed using the 

Shapiro-Wilk test (Table 6). 

 

Table 6. the Normal distribution test using the Shapiro-Wilk 

 

The concordance of the distribution of the pollutant 

concentrations of the groundwater with the normal 

distribution was verified by omitting the parameters of 

As and NO2. Besides that, the chemical parameters of 

Mn and SO4 also has been omitted to the next CA 

analysis because of the Sig. value < 0.05. Table 6. show 

that the descriptive statistics of the physicochemical 

parameters at three sampling sites of UIN Walisongo 

Semarang. Initially, CA (also known as unsupervised 

pattern recognition) was used to discover natural 

clusters in real data, both in terms of similarity of 

sampling sites and physicochemical parameters within 

the study regions. 

 

Table 7. Descriptive statistics of the physicochemical parameters 
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CA is a common method to classify variables or 

cases (observations / samples) into clusters with high 

similarity within the class and high dissimilarity 

between different classes with respect to a given 

selection criterion (Fig. 3). The CA results help to 

interpret the data and reveal patterns using hierarchical 

cluster. The hierarchical method is a grouping technique 

that forms a hierarchical construction or based on 

certain levels such as tree structures, so that the 

grouping process is carried out in stages or stages [24]. 

Before conducting the PCA, the Bartlett’s sphericity 

tests were performed on the parameter correlation 

matrix to examine the validity of the PCA. PCA was 

applied to data sets converted to standard logs (12 

parameters) to examine differences among three 

sampling sites and identify latent factors. Based on the 

Scree plot (Fig. 4) for PCA and eigenvalue criteria, only 

PCs with eigenvalues > 1 were considered essential. 

PCA from the two data sets yielded four PCs for 

component 1 and 2, accounting for 81.572% and 

18.428% of the total variance in the water quality data 

sets respectively. Table 8 summarizes the PCA results 

including component, Eigenvalues, and Extraction Sums 

of Squared load whose absolute value is greater than 

compared to 0.7 of the total variances. 

 

Figure 3 Dendogram of CA analysis using the single 

linkage (Nearest neighbor method) of physicochemical 

parameters 

 

 

Table 8. PCA’s method for 12 physicochemical parameters of the groundwater quality 

 

 

Figure 4. Scree plot of PCA’s method 

4. CONCLUSION 

Chemometric analysis was applied to the 

groundwater quality assessments and monitoring in UIN 

Walisongo to find relationships among the variables. 

CA helped uncover similarities between the 

groundwater and pollutants. Three groups were formed 

for each case. CA's ability to show similarities between 

pollutants is interesting because polluted water is a new 

environmental problem and therefore there are currently 

insufficient data on environmental behavior and the fate 

of most groundwater quality in UIN Walisongo. PCA 

has been implemented as an exploratory technique for 

data recognition, this phenomenon highlights the fact 
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that physicochemical parameters help groundwater 

restore water quality. Using PCA as a classification 

model, it is not only possible to highlight pollution 

sources and assign resource recovery itself, but also to 

highlight events, such as satisfactory wastewater 

treatment and diffuse organic pollution, represented by 

incorrectly classified samples. 
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