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ABSTRACT

The groundwater condition at converted agricultural land has decreased water quality because of  previous agri-
cultural processes, so the water quality index is essential to know. This study aims to measure the groundwater 
quality index in residential wells on the converted agricultural land, determine the dominant parameters that 
form the Water Quality Index (WQI) in dug wells and drilled wells on the converted agricultural land, and de-
termine the effect depth and age of  wells on WQI. The research design was descriptive exploratory with WQI as 
the dependent variable and the depth and age of  the well as the independent variable. With purposive sampling, 
32 points of  dug and drilled wells in different locations were chosen. Multiple linear regression was applied for 
data analysis. From the findings, it can be concluded that the minimum WQI value in dug well water is 76.9, and 
the average maximum WQI value in dug well water is 92.3. There are 8 points in dug well water with WQI in a 
good category or quality-2 category (71-90), and 15 dug well points have WQI in a very good quality category 
or quality-1 category (91-100). This value indicates that the dug well water quality in the research location is still 
classified as eligible for consumption. The dominant parameters that form WQI values in dug and drilled wells 
are manganese, cadmium, iron, with a value of  -0.918 -0.886 -0.790. The depth and age of  the well affect the 
water quality index. The depth of  the well has a stronger effect on the water quality index than the age of  the well.
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INTRODUCTION

The uncontrolled agricultural land conver-
sion will harm the aspects of  farmers’ socio-cul-
tural and economy and decrease environmental 
quality (Prabowo et al., 2020). The conversion of  
agricultural land into non-agricultural land, espe-
cially residential land, harms the people who use 
groundwater in the converted area. In agriculture, 
the rapid development of  science and technolo-
gy enables humans to use various chemicals, in-
cluding heavy metals, to meet agricultural needs 
such as fertilizers and pesticides. The use of  toxic 
chemicals, such as pesticides and inorganic ferti-
lizers, can trigger changes in quality standards in 

waters, both groundwater and surface water (Wu-
ana & Okieimen, 2011). Changes in land use and 
land cover will significantly affect water, espe-
cially the quality (Ni et al., 2021). Human activi-
ties and natural events can reduce the quality of  
surface and groundwater (Carpenter et al., 1998; 
Kazi et al., 2009; Şener et al., 2017). Thus, it is es-
sential to research the converted agricultural land 
to monitor water quality to maintain the ground-
water quality for community needs. 

Research on water quality monitoring is 
needed in areas that can experience water quali-
ty degradation. Residential areas converted from 
rice fields can be contaminated from the rem-
nants of  agricultural activities in groundwater 
used daily. In residential areas, groundwater is 
often used as a source of  clean water in the form 
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of  well water to meet daily water needs. Ground-
water can be either deep well water or dug well 
water. 7–10 meters below the surface, dug wells 
are the most prevalent well construction used to 
collect groundwater for small communities and 
individual households as drinking water. Dug 
wells produce water from a layer of  soil that is 
quite close to the surface. Therefore, dug hazar-
dous substances from waste can easily contami-
nate wells due to community activities. Drilled 
wells (pumps) are groundwater layers drilled dee-
per or a layer of  soil far from the surface soil can 
be reached to slightly affected by contamination 
(Suryana, 2013). Previous research on the quality 
of  well water in the Gunung Putri housing estate, 
West Java, found four samples that did not meet 
the quality standards for iron parameters, 1.74 
mg/L, 1.998 mg/L, and 1.178 mg/L.

Changes in land use and land cover will 
significantly affect water quality, which will dec-
rease water quality (Ni et al., 2021). Human acti-
vities and natural events can reduce the quality of  
surface water and groundwater (Carpenter et al., 
1998; Kazi et al., 2009; Şener et al., 2017), so it 
is necessary to monitor water quality to maintain 
groundwater quality conditions for community 
needs. Monitoring water quality is essential in 
areas that can experience water quality degrada-
tion. Residential areas converted from rice fields 
can be contaminated from residual agricultural 
activities in groundwater used to meet daily water 
needs. In residential areas, groundwater is often 
used as a source of  clean water to meet daily wa-
ter needs in the form of  well water. 

Several methods have been introduced to 
monitor groundwater quality, including the Wa-
ter Quality Index (WQI) method (Kannel et al., 
2007; Yidana & Yidana, 2010). WQI is a num-
ber that describes water quality by collecting the 
results of  measuring water quality parameters. 
WQI is an easy and concise method to describe 
water quality (Lumb et al., 2011). WQI has also 
been used to observe anthropogenic impacts (Lo-
bato et al., 2015), aquaculture activities (Simoes 
et al., 2008), and agricultural activities (Koçer & 
Sevgili, 2014). Analysis using WQI began in 1965 
(Horton, 1965). Over the years, many researchers 
have developed different methods for calculating 
WQI (Tsegaye et al., 2006; Saeedi et al., 2009), 
such as the National Sanitation Foundation Wa-
ter Quality Index (NSFWQI) from the United 
States (Brown et al., 1970), Canadian Council 
of  Ministers of  the Environment Water Quality 
Index (CCME WQI) (Khan et al., 2003), British 
Columbia Water Quality Index (BCWQI), and 
Oregon Water Quality Index (OWQI) (Kannel et 
al., 2007). 

Water Quality Index (WQI) is considered 
one of  the criteria for classifying surface water 
based on standard parameters for water charac-
terization. It provides a comprehensive picture of  
water quality for most household purposes. WQI 
is a mathematical instrument used to convert lar-
ge amounts of  water characterization data into 
a single number, representing the water quality 
level (Bordalo et al., 2006; Sánchez et al., 2007). 
Water quality assessment with WQI can simpli-
fy information about the water condition, which 
makes it easier to determine suitable water condi-
tions for supporting life activities (Pesce & Wun-
derlin, 2000; Lobato et al., 2015). 

The NSF WQI is a standard method for 
comparing water quality based on nine parame-
ters: temperature, dissolved oxygen, pH, turbidi-
ty, biochemical oxygen demand, total phosphate, 
nitrate, fecal coliform, and total solids. The clas-
sification of  water quality from the results of  the 
WQI calculation is categorized into very good, 
good, regular, poor, and very poor (Chaturvedi 
& Bassin, 2010). Various studies were carried 
out for the assessment of  water quality of  vario-
us water bodies using WQI (Akbal et al., 2011; 
Abdulwahid, 2013; Hefni & Romanto, 2015; Lo-
bato et al., 2015). Parameters that do not meet the 
standard requirements for drinking water quality 
on rice field conversion include iron, lead, color, 
smell, and taste, so they are not suitable for drin-
king but can still be used as clean water (Yuliani 
et al., 2017).

The potential for water contamination in 
wells on residential land converted from agricul-
tural land and the research findings that mention 
the presence of  iron, lead, color, odor, and taste 
contamination requires an effort to monitor water 
quality using WQI. By monitoring using WQI, it 
is expected to know the WQI and the dominant 
parameters that affect well water quality in con-
verted agricultural land. The conditions of  diffe-
rent wells, in their depth and age, need to be stu-
died to obtain information regarding the effect on 
the water quality index. The novelty in this study 
is monitoring water quality in converted agricul-
tural land using the WQI method while knowing 
the dominant parameters with variations in depth 
and age of  the well.

This study aims to measure the groundwa-
ter quality index in residential wells on the con-
verted agricultural land, determine the dominant 
parameters that form the Water Quality Index 
(WQI) in dug wells and drilled wells on the con-
verted agricultural land, and determine the effect 
depth and age of  wells on WQI. The water qua-
lity was measured using the Water Quality Index 
(WQI) method. Converted agricultural land in 
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this study is agricultural land converted into re-
sidential land in Semarang. Research findings are 
needed as information on water quality catego-
ries in converted agricultural land, the dominant 
parameters that form WQI in residential wells, 
and the effect of  depth and age of  wells on the 
water quality index.

METHODS

This research was conducted in Tembalang 
District, Semarang, in the location of  land con-
version into housing. The location was selected 
based on a map of  land conversion in Semarang 

from 2000 to 2019. The research was carried out 
in 2020. The research design was descriptive exp-
loratory (Nazir, 2005), research on a condition by 
making a systematic, factual, and accurate desc-
ription of  facts and characteristics and examining 
the relationship between observed phenomena. 
In this study, the variables observed were the wa-
ter quality index (WQI) of  the converted agricul-
tural land, environmental parameters, well depth 
in meters, and age of  wells in years. Groundwater 
samples in dug and drilled wells at 32 different lo-
cations were determined by purposive sampling. 
The administrative map of  Semarang is presented 

in Figure 1. 

Topographically, Semarang City consists 
of  hills, lowlands, and coastal areas. The city of  
Semarang shows various slopes and protrusions. 
It is heavily impacted by its natural surroundings, 
including mountainous, lowland, and coastal 
environments. Semarang’s geography reveals di-
verse land slopes ranging from 0% to 40% (steep) 
and altitudes ranging from 0.75 to 348.00 masl.

The hydrological conditions of  water po-
tential in Semarang City originate from rivers, in-
cluding Garang River, Pengkol River, Kreo River, 
East Banjir Kanal River, Babon River, Sringin 
River, Kripik River, Dungadem River, and many 
more. These rivers affect the condition of  ground-
water in Semarang. Free groundwater is found in 
the water-carrying layer (aquifer) and is not cove-
red by an impermeable layer. Its surface is strong-
ly influenced by the seasons and the state of  the 
surrounding environment. Semarang residents 
in the lowlands mostly take advantage of  this 

groundwater by making dug wells (shallow) with 
an average depth of  3 - 18 m, while residents in 
the highlands can only use dug wells in the rainy 
season with depths ranging from 20 – 40 meters. 

WQI calculates the groundwater quality 
index in residential wells. The WQI calculation 
stage converts measurement results from 13 wa-
ter quality parameters with various units into va-
lues on a scale of  0 to 100 without units (Pesce & 
Wunderlin, 2000; Kannel et al., 2007). Thirteen 
parameters to measure water quality in this study 
were turbidity, nitrate, temperature, TDS, iron, 
cadmium, hardness, chloride, manganese, nitra-
te, pH, sulfate, and lead. In this study, the thirteen 
parameters were given a score of  1 if  they were 
under the requirements of  clean water quality 
and 0 if  they were not. The WQI value is calcu-
lated based on each parameter scored, divided by 
13, and multiplied by 100. 

Figure 1. Administrative Map of  Semarang City (processed with ArcGIS)
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Based on the resulting WQI value, water 
conditions can be classified into five classes (Pes-
ce & Wunderlin, 2000; Kannel et al., 2007) (Tab-
le 1).

Table 1. Water Quality Classification Based on 
WQI Value

Class WQI Value Classification

1 91-100 Very Good

2 71-90 Good

3 51-70 Regular

4 26-50 Poor

5 0-25 Very Poor

Parameter measurement data and calcula-
tion results of  WQI were tested by t-test to deter-
mine the difference between the water conditions 
of  the drilled and dug well. In addition, a desc-
riptive analysis of  the water quality parameter 
data and the value of  WQI was also carried out 
in tables and graphs. The dominant parameters 
that form WQI can be determined by correlati-
on analysis. Correlation analysis was carried out 
to see the relationship of  each parameter to the 
WQI value. The effect of  the depth and age of  
the well on the water quality index is analyzed 

using multiple linear regression (Kocer & Sevgili, 
2014). This analysis aims to determine the main 
factors affecting the WQI value in two types of  
wells (dug and drilled wells). Before performing 
multiple regression analysis, a multicollinearity 
test was conducted to determine a perfect rela-
tionship between the independent variables. Mul-
ticollinearity detection used the tolerance value 
and VIF (variance inflation factor), where if  the 

Tolerance value is less than 0.1 and the VIF is 
more than 10, then multicollinearity occurs. If  
there is multicollinearity, then a stepwise regres-
sion analysis is carried out, where all parameters 
are entered into the equation or removed from 
the equation in stages to determine their relati-
ve importance to WQI as the dependent variable 
(Supranto, 2010). The independent variables in 
this study were the depth and the age of  the well, 
and the dependent variable was the water quality 
index (WQI).

RESULTS AND DISCUSSION

Water, a basic need for living things on 
earth, is declining in quality. The decline in wa-
ter quality is caused by contamination of  various 
kinds of  waste, domestic and industrial waste, 
entering water bodies. Industrial and agricultural 
activities that aim to improve the quality of  hu-
man life also harm the environment and human 
life (Wardhana, 2004).  All human activities, such 
as industrial, residential, and agricultural activi-
ties, will create waste that leads to the degradati-
on of  water quality (Suriawiria, 2005). 

Parameter measurement data and calcula-
tion results of  WQI were tested by t-test (Santo-
so, 2014) to determine differences in water condi-
tions between dug and drilled wells. In addition, 
descriptive analysis was also carried out on water 
quality parameter data and the resulting WQI va-
lue, which is shown in tables and graphs. Twen-
ty-three dug wells consist of  22 dug wells in the 
rice field conversion land (DGW 1-22) and one 
well dug in the non-rice-field conversion land as a 
control (DGW 31). WQI value for each observa-
tion point in the dug well is in Figure 2. 

Figure 2. WQI Value for Each Observation Point in the Dug Well

Figure 2 shows the groundwater quality in-
dex based on the WQI value in residential wells, 
converted agricultural land in general. The mini-
mum WQI value in dug well waters is 76.9, and 
the maximum is 92.3. Of  the 23 dug well points, 

15 dug well points have a very good WQI quality 
category or are in the quality-1 category (91-100), 
and the eight dug well points have a good catego-
ry or are in the quality-2 category (71-90). This 
value indicates that the water quality in the dug 
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wells at the study site still meets the requirements 
for consumption. This result is under the opini-
on of  Yuliani et al. (2017), who explained that 
the pollution index in converted agricultural land 
in the Gunung Putri housing estate, West Java, 
shows the water pollution level from drilled wells 
still meets the quality standards for clean water 
quality.

The findings in this study are that even 
though the WQI assessment is in a good catego-
ry, there are 7 dug well points with cadmium le-
vels exceeding the threshold (> 0.005 mg/l) in the 
range of  0.0051-0.007 mg/l. There are eight dug 
wells where the manganese content exceeds the 
limit (> 0.5), with a range of  0.507 to 0.785. The 
content of  cadmium and manganese that exceeds 
the threshold of  quality standards is one indicator 

of  contamination or contamination of  dug well 
water so that it is not good for use as a source 
of  consumption raw materials. This result is un-
der the statement of  Pesce & Wunderlin (2000), 
which states that the water classified as very good 
does not show any contamination (high clarity or 
low suspended matter content). The heavy metal 
contamination of  cadmium and manganese in 
well water is due to the infiltration process from 
previous agricultural activities, such as excessive 
use of  fertilizers and pesticides, which then sett-
les and becomes trapped in the soil and over time 
enters the groundwater. (Widianingrum, 2007; 
Prabowo, 2017).

WQI value for each observation point in 
the drilled well is presented in Figure 3. 

Figure 3. WQI Value for Each Observation Point in the Drilled Well

 The nine drilled wells observed consist 
of  eight drilled wells in the rice field conversion 
land (DRW 23-30) and one drilled well in the 
non-rice-field conversion land as a control (DRW 
32). The water conditions of  8 drilled wells in 
housing from agricultural conversion land have a 
100% WQI average. This condition is the same as 
the drilled well waters in control well (DRW 32). 
The WQI value for drinking water quality from 
drilled wells on rice field conversion land is still 
in category one or very good quality (91-100), so 
it can be used as raw material for drinking water 
and to fulfill the needs of  human life. The condi-
tion of  the drilled well waters consists of  8 points 
and has an average WQI of  100 percent, so that 
based on the WQI value, the quality of  drinking 
water in drilled well waters on converted agricul-
tural land is still categorized as quality-1 or very 
good (91-100) so it can still be used as raw mate-
rial for drinking water and can be used to meet 
the needs of  human life. Parameters of  turbidity, 
nitrite, temperature, TDS, iron, cadmium, hard-
ness, chloride, manganese, nitrate, pH, sulfate 
and lead are still under the established quality 

standards. According to Arsyad (2000), water 
quality is determined from the level of  suitability 
of  water to be used to fulfill the needs of  human 
life, such as to irrigate crops, drink livestock, and 
immediate needs for drinking, bathing, washing, 
and many more. Water quality is determined by 
suspended sediment and chemicals dissolved in 
the water. The higher the chemical content, the 
lower the well water quality. The quality of  dril-
led well water has met the requirements for clean 
water quality to meet household needs as stated 
in the Regulation of  the Minister of  Health of  
the Republic of  Indonesia No. 82/2001 concer-
ning requirements for clean water quality to fulfill 
household needs and a list of  clean water quality 
requirements according to the Minister of  Health 
of  the Republic of  Indonesia No. 416/MEN-
KES/PER/1990.

The t-test was conducted to determine the 
dominant parameters that formed WQI in dug 
and drilled wells at converted agricultural land. 
The results of  the t-test comparing the water qua-
lity index based on each parameter in dug wells 
and drilled wells can be seen in Table 2.



565
R. Prabowo, A. N. Bambang, Sudarno / JPII 10 (4) (2021) 560-570

Table 2. T-test Results in Comparison of  Water Quality Index Based on Each Parameter Between 
Dug Wells and Drilled Wells

Variable
Dug Wells (n = 23) Drilled Wells (n = 9)

p-value
Average stdev Min Max Average Stdev Min Max

Turbidity 4.237 2.794 1.480 12.630 0.327 0.085 0.210 0.460 0.000

Nitrite 0.031 0.010 0.008 0.057 0.001 0.000 0.001 0.001 0.000

Temperature 23.796 0.351 23.200 24.800 23.667 0.173 23.400 23.900 0.304

TDS 656.391 70.653 458.000 769.000 784.889 129.249 619.000 937.000 0.018

Iron 0.152 0.135 0.019 0.472 0.019 0.000 0.019 0.019 0.000

Cadmium 0.003 0.002 0.001 0.007 0.001 0.000 0.001 0.001 0.002

Hardness 282.217 38.090 239.600 391.500 237.122 15.344 219.300 260.900 0.002

Chloride 71.514 8.493 58.290 90.170 78.922 9.437 67.660 90.180 0.040

Manganese 0.295 0.255 0.032 0.785 0.032 0.000 0.032 0.032 0.000

Nitrate 0.261 0.067 0.040 0.370 0.277 0.084 0.090 0.380 0.591

pH 7.652 0.262 7.180 8.110 7.846 0.275 7.380 8.150 0.073

Sulfate 134.478 23.407 98.000 183.000 182.222 15.320 158.000 210.000 0.000

Lead 0.009 0.000 0.009 0.009 0.009 0.000 0.009 0.009 0.000
Source: Processed Data, 2020

The T-test results showed the differen-
ce between the average WQI value in dug and 
drilled wells waters (p < 0.05). The difference 
in WQI values   in dug wells and drilled wells are 
influenced by the parameters of  turbidity, nitrite, 
TDS, iron, cadmium, hardness, chloride, man-
ganese, sulfate, and lead, while the low average 
WQI value between dug wells and drilled wells (p 
> 0 0.05) exists in the parameters of  temperature, 
nitrate, pH. This result shows that the parameters 
of  turbidity, nitrite, TDS, iron, cadmium, hard-
ness, chloride, manganese, sulfate, and lead have 
significant differences in dug and drilled wells. 
Differences in turbidity parameters, nitrite, TDS, 
iron, cadmium, chloride, manganese, and sulfate 
in dug and drilled wells are because of  well type. 
Dug wells have higher levels of  turbidity, nitrite, 
iron, cadmium, and manganese than drilled wells 
because dug wells have a shorter depth than dril-
led wells, resulting in surface water infiltration 
of  materials and compounds stored in the soil 
from previous agricultural activities was easier to 
enter the dug well water. This statement follows 
Prabowo’s (2017) opinion, which states that agri-
cultural activities negatively impact groundwater 
quality because of  the contamination of  nitrite 
and heavy metals such as cadmium and manga-
nese. Furthermore, multiple correlation analysis 
was carried out to see the relationship of  each 
parameter to the WQI value (Dahlan, 2012). 
Maskooni et al. (2020) stated that WQI was me-
asured by looking at the water content. Multiple 

correlation analysis aims to determine the main 
parameters that influence the formation of  WQI 
values at the two research sites (drilled wells and 
dug wells). 

Correlation Test Results between Parame-
ter and WQI can be seen in Table 3. Analysis of  
the relationship of  each parameter with the ave-
rage WQI is mostly negatively correlated. It me-
ans that the higher the level of  parameters in the 
waters, both drilled wells and dug wells, the lower 
the water quality. On the other hand, the lower 
the level of  parameters in the waters, both drilled 
and dug wells, the higher the water quality. Tab-
le 3 shows that the most significant parameters 
influencing the WQI value are manganese, cad-
mium, and iron with -0.918 -0.886 -0.790, respec-
tively. Manganese, cadmium, and iron are com-
pounds contained in fertilizers and pesticides, so 
it can be said that the excessive use of  agricultural 
fertilizers in agricultural activities has resulted in 
contamination of  groundwater in well water in 
housing from agricultural land conversions. The 
magnitude of  the effect of  this compound indica-
tes that agricultural activities have a considerable 
influence on groundwater quality. This statement 
follows Widaningrum et al. (2007), which states 
that excessive use of  fertilizers is not beneficial for 
land and environmental sustainability because of  
the high fertilizer residue in the land. Continuous 
fertilization causes high fertilizer residues in the 
soil and increases the content of  heavy metals Pb 
(lead) and Cd (cadmium). 
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Table 3. Correlation Test Results between Parameter and WQI

No Parameter R count p-value Conclusion

1 Turbidity -0,660 0,000 Significant

2 Nitrite -0,606 0,000 Significant

3 Temperature -0,023 0,901 Not significant

4 TDS 0,491 0,004 Significant

5  Iron -0,790 0,000 Significant

6 Cadmium -0,886 0,000 Significant

7 Hardness -0,663 0,000 Significant

8 Chloride 0,062 0,738 Not significant

9 Manganese -0,918 0,000 Significant

10 Nitrate 0,027 0,885 Not significant

11 pH 0,224 0,218 Not significant

12 Sulfate 0,602 0,000 Significant

13 Lead - - It cannot be concluded

The following analysis is a multiple linear 
regression analysis to determine the effect of  
the depth and age of  the well on the WQI value 
(Koçer & Sevgili, 2014). Multiple linear regres-
sion analysis aims to determine the influence of  
the dominant factor between depth and age of  
the well on water quality (WQI) at the two re-
search sites (drilled well and dug well). Before 
performing multiple regression analysis, the ana-
lysis requirements test was first carried out: the 
classical assumption test, consisting of  normality, 
heteroscedasticity, and autocorrelation tests. The 
classical assumption test was carried out on the 

regression equation to see the effect of  the depth 
and age of  the well on the WQI. A good regressi-
on model must meet the requirements of  the clas-
sical assumptions: A normal distribution must 
be met, there must be no correlation between 
independent variables or multicollinearity, and 
there must be no autocorrelation. The normality 
test whether the confounding variable or residual 
has a normal distribution in the regression mo-
del. Normality test research using graph analysis. 
Graph analysis is done by processing the data 
into a histogram and normal probability plots. 
The normality test result can be seen in Figure 4.

Figure 4. Normality Test Results with Graphs 

Based on the scatter plot image, it can be 
seen that the histogram of  each is in a balanced 
curve between left and right, not skewed to the 
left or right, indicating that the data in this study 
is normally distributed. The purpose of  multicol-
linearity is to see if  the independent variables in 
a regression model have a substantial correlation. 
The tolerance value and variance inflation factor 

(VIF) are used to perform multicollinearity tes-
ting. It may be concluded that there is no multi-
collinearity between independent variables in the 
regression model if  the tolerance value is more 
than 0.10 or the VIF is less than 10 (Ghozali, 
2013). The following are the results of  the multi-
collinearity test of  the model after the outliers as 
shown  in Table 4.
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Table 4 shows that each tolerance value 
is 0.994, and each tolerance value is 1.006 in the 
regression equation. The tolerance value of  all 
variables is more significant than 0.1, and the VIF 
value of  all variables is below the number 10. So, 
the independent variables used in the regression 
model do not show any symptoms of  multicol-
linearity.

The autocorrelation test (Santoso, 2014) 
aims to find out whether there is a correlation bet-
ween the confounding error in period t (current) 
and errors in period t-1 (previous) in a regression 
model. This autocorrelation test used the Durbin-
Watson test (DW test). Autocorrelation test result 
can be seen in Table 5.

Table 5. Autocorrelation Test Results

Model Durbin-Watson Value

1. Dependent Variable: WQI 2,086
Source: Processed Secondary Data, 2020

The results of  the autocorrelation test with 
the Durbin-Watson test on the regression equati-
on obtained a value of  2.086. The DW value of  
the regression equation is between 1.65 and 2.35, 
so there is no autocorrelation in the model (Su-
laiman, 2004). It can be concluded that the reg-
ression model in this study has no symptoms of  
autocorrelation. The multiple linear regression 

analysis results consist of  coefficient of  determi-
nation test, simultaneous test (F test), and partial 
test (t-test). The coefficient of  determination aims 
to determine and measure how far the model can 
explain variations in the dependent variable. The 
value of  the coefficient of  determination is bet-
ween zero and one (Ghozali, 2013). The coeffi-
cient of  the determination test result is in Table 6. 

Table 6. Coefficient of  Determination Test Results

Model R R Square Adjusted R Square Std. Error of the Estimate

1 0,742 0,550 0,519 5,817
Source: Processed Secondary Data, 2020

In Table 6, the coefficient of  determination 
is 0.550 or 55.0%. The coefficient of  55% means 
that the water quality index can be explained by 
the variable depth and the age of  the well. The 
remaining 45% is explained by other factors not 
examined in this study. The result of  the second 
multiple linear regression test is the F test. It aims 
to determine that all the independent variables re-

ferred to in the model can predict the water qua-
lity index variable. The F test is carried out by 
looking at the significance value of  F on the SPSS 
output with a significance level of  0.05 (α = 5%). 
If  the significance value is less than α, the hypot-
hesis is accepted, the regression model is feasible 
or fit. The F test result is in Table 7.

Table 7. F Test Results

Model Sum of Squares Df Mean Square F Sig.

1 Regression 1200,563 2 600,281 17,738 0,000b

 Residual 981,390 29 33,841

 Total 2181,953 31
Source: Processed Secondary Data, 2020

Table 4.  Multicollinearity Test Results

Model
Collinearity Statistics

Tolerance VIF

1. Dependent Variable: WQI

 Depth 0,994 1,006

 Age 0,994 1,006
Source: Processed Secondary Data, 2020



R. Prabowo, A. N. Bambang, Sudarno / JPII 10 (4) (2021) 560-570568

In Table 7, the F test obtained a significan-
ce value of  the first equation of  0.000, smaller 
than the level of  = 0.05. These results indicate 
that the regression model in the study is feasible 
or fit.

The result of  the subsequent regression 
analysis is the t-test. Linear regression analysis 
produces regression coefficients to construct the 
regression equation. It is presented along with the 
T-test result in Table 8.

Tabel 8. T-test Results

Model 1
 

Unstandardized Coefficients Standardized Coefficients T Sig.

 
B Std. Error Beta

(Constant) 82,923 2,147 38,626 0,000

Depth (meter) 0,138 0,026 0,676 5,413 0,000

Age 0,693 0,335 0,258 2,065 0,048
Source: Processed Secondary Data, 2020

The test results obtained a constant of  
82,923. It means that if  the other independent va-
riables remain constant, then the WQI of  82,923 
is in the good quality category. The well depth 
regression coefficient is 0.138. It means that if  
the other independent variables remain constant 
with an increase in depth of  the well of  1 unit, 
the WQI will increase by 0.138 points. The reg-
ression coefficient for the age of  the well is 0.693. 
It means that if  the other independent variables 
remain constant and the age of  the well increases 
by 1 unit, the WQI will increase by 0.693 points.

The t-statistical test aims to see the effect 
of  each independent variable individually on the 
dependent variable. Table 6 shows that the well 
depth variable has a significance value of  0.000 
less than 0.05, t count is 5.413, and the regression 
coefficient is positive at 0.138, so it can be conclu-
ded that well depth has a significant positive effect 
on WQI. These results mean that the higher the 
depth of  the well, the better the water quality. So 
the first hypothesis, which states that the depth of  
the well has a positive effect on WQI, is accepted.

Table 6 shows that the well-age variable 
has a significance value of  0.048 less than 0.05, 
t count of  2.065, and the regression coefficient 
is positive at 0.693, so the age of  the well has a 
strong positive influence on WQI, it can be deter-
mined. It means that the older the well, the bet-
ter the water quality. So the second hypothesis, 
which states that the age of  the well has a positive 
effect on WQI, is accepted.

The study results stated that the depth of  
the well had a significant positive effect on WQI. 
The classification of  water quality in this study 
is based on the WQI value developed by Kannel 
et al. (2007) and Pesce & Wunderlin (2000) (in 
Haryadi et al., 2016). The lower the water mate-
rial content, the better the water quality. On the 

contrary, the higher the water material content, 
the lower the water quality (Bartram, 1996). The 
results of  this study determine the evidence that 
depth to the surface affects water quality. The 
deeper the surface of  the well, the better the water 
quality (Ekere et al., 2019), and the shallower the 
surface of  the well, the worse the water quality 
(Olasoji et al., 2019). 

This study can explain that the depth of  
the groundwater table is the highest surface of  
the water that rises to the top of  a well. The de-
gradation and contamination of  groundwater are 
affected by the depth and type of  the well (Maran 
et al., 2016). The groundwater level is influenced 
by soil type, rainfall, evaporation, and open flow 
conditions (rivers). The groundwater table depth 
will affect the vertical distribution of  compounds, 
active ingredients, heavy metals, and coliform 
bacteria. Soil contamination by a compound, 
active ingredient, heavy metal, and bacteria can 
reach a depth of  3 meters from the soil surface. 
Drilled wells have a deeper depth than dug wells, 
so they have better water quality.

The effect of  the depth and age of  the well 
on the water quality index states that the age of  
the well has a significant positive effect on WQI. 
The older the well, the better the water quality. 
The younger the age of  the well, the worse the 
water quality. It shows that the better water quali-
ty in old wells is due to the decreasing number of  
compounds, active ingredients, and heavy metals 
that settle in the soil layer of  former rice fields 
from the rest of  previous agricultural activities. 
Young wells still get contaminated with active 
compounds and heavy metals that settle on the 
soil layer from previous agricultural activities. 
This statement follows the opinion of  Maria et 
al. (2014), which explains that the age of  the 
well is related to the length of  time the well is 
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used. Wells that have been used for a long time 
and the volume of  water taken is relatively lar-
ge cause groundwater flow around the well to be 
higher and dominant. The sources of  pollution 
around the well are increasing in line with the de-
velopment of  human activities. It gives a greater 
opportunity for the seepage of  compounds, acti-
ve ingredients, heavy metals, and bacteria from 
the pollutant source into the well. The pollutant 
source seeps into the well following the flow of  
groundwater that is concentrated towards the 
well. The same thing is also explained by Syamsir 
et al. (2019) that the development of  WQI based 
on well water quality measurements can provide 
accurate results of  well water quality information 
utilized by the community.

CONCLUSION

Groundwater conditions in dug wells and 
drilled wells in housing in Semarang have an 
average minimum WQI value in dug well waters 
of  76.9 and an average maximum WQI value of  
92.3. The dominant parameters that form WQI 
values   in dug and drilled wells are manganese, 
cadmium, and iron with -0.918 -0.886 -0.790, res-
pectively. Even though the WQI assessment is in 
a good category, there are 7 dug well points with 
cadmium levels exceeding the threshold (> 0.005 
mg/l) in the range of  0.0051-0.007 mg/l. There 
are eight dug wells where the manganese content 
exceeds the limit (> 0.5), with a range of  0.507 
to 0.785. The depth and age of  the well have a 
positive effect on the water quality index, and the 
depth of  the well has a more substantial effect on 
the water quality index than the age of  the well.
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