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Abstract—Groundwater NO3 contamination (GNC) threatens the drinkability of water in many countries
worldwide. It could cause serious health problem and sometimes lead to death. This paper aims to introduce
a comprehensive approach that combines GIS, statistics and Machine Learning (ML) for the groundwater
quality management including both water quality assessment and prediction. The performances of this
approaches are discussed through its application on assessing and predicting nitrate (NO3) concentrations in
the Eocene Aquifer, Palestine. Spatiotemporal records of NO3 over the period 1982–2019 are integrated in a
database and used in this research. The database includes the following factors: well depth, well use, anthro-
pogenic on-ground activities, watersheds, soil type and land use. Geo-statistical assessment using GIS and
statistical boxplot is employed to assess the variability of NO3 concentrations and how they affected by the
independent indicators. Assessment outcomes (NO3 distribution and the influencing factors) were used to
build the Random Forest (RF) prediction model. Such model is used to predict GNC level in groundwater
based on multi-influencing factors. Assessment results indicate increasing and decreasing trends of GNC in
the southern and middle parts of the study area, respectively. It also provides the RF model by the main influ-
encing factors affecting GNC in the study area which are: well depth, well use, anthropogenic on-ground
activities, watersheds and land use. Results indicate that RF has an average and maximum prediction accu-
racy of 88.5 and 91.7%, respectively. The well depth has the highest influence on GNC. This research could
support water authority decision-makers toward the adoption of sustainable groundwater protection plans in
Palestine.

Keywords: GIS, machine learning, groundwater, quality, assessment, nitrate, West Bank
DOI: 10.1134/S0097807822030162

INTRODUCTION

Groundwater nitrate contamination (GNC) is a
common problem threatens the drinkability of
groundwater worldwide [26]. The severity of the GNC
depends on the importance of the groundwater as a
main source of water for different uses among which,
the domestic use is the most challenging [1, 2, 20, 28,
36]. GNC severity also depends on the nitrate (NO3)
concentration with reference to the maximum con-
taminant level (MCL). The MCL as set by the World
Health Organization (WHO) is 50 mg/L as NO3 [48].
The use of water beyond the MCL for drinking has
been linked to methemoglobinemia and cancers [3, 9].

Groundwater quality management has become of
great importance in all groundwater-dependent coun-
tries [47]. Given the widespread and riskiness of the
GNC, it is considered as a fundamental aspect when
adopting groundwater quality management strategies
[47]. The efficient management of GNC requires

both: GNC assessment and GNC prediction [4, 14,
21].

Assessment of GNC constitutes a substantial step
to develop an efficient management system to control
GNC [4, 14]. Different approaches were proposed to
assess the GNC such as: descriptive statistical assess-
ment [4], GIS-based groundwater NO3 mapping [10],
lumped-parameter models [14], Geodetector-Based
Frequency Ratio [41], Optimized-DRASTIC Meth-
ods [41], parametric IPNOA [32], data-driven logistic
regression models [32], water quality index [6], and
groundwater potability index [17]. Groundwater qual-
ity strategies should rely on robust and accurate mod-
els for the prediction of groundwater contamination
[21]. The artificial intelligence and machine learning
(ML) methods have been successfully used as predic-
tive tools for the GNC [7, 13]. Researchers adopted an
algorithm to obtain an average of multiple predictions
to decrease the bias and to improve the prediction
accuracy [7, 13]. Logistic regression, random forest
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(RF), decision tree, multiple linear regression,
boosted regression trees, support vector machine,
cubist, and Bayesian artificial neural network are
commonly used predictive models for the GNC [5, 8,
21, 24, 31, 45]. The prediction capability, efficiency
and accuracy of ML methods are dependent on the
complexity of the case under consideration and quality
of the available data. Therefore, it is important to con-
duct benchmarking analysis before the selection of
ML method [5]. However, the comprehensive integra-
tion of spatiotemporal assessment and spatiotemporal
prediction of GNC is still missing. This research will
overcome the missing issue by integrating the GIS-
based geospatial analysis and the descriptive statistical
analysis for the development of spatiotemporal GNC
assessment. Furthermore, assessment results will be
used as input (GNC characteristics and its main influ-
encing factors) for building the ML GNC prediction
model.

Spatiotemporal data is the core input of GNC
assessment and prediction models [4]. Given its ability
in processing, analyzing, interpolating and visualizing
spatiotemporal data, GIS has a key role in the spatial
assessment and prediction of groundwater quality
[25]. It is widely adopted by GNC researches in the
United States [35], Germany [33], Iran [40] and
China [25].

Palestinians are facing two main water challenges:
the low level of available groundwater and the deterio-
ration of its quality [11, 18, 46]. The elevated GNC in
Palestine is considered as an indicator of the quality
deterioration. A recent field study of the GNC in Pal-
estine showed that the NO3 concentration in 91% of
the groundwater samples exceeded the MCL [30].

However, there are many aquifers in Palestine that are
not well characterized for recent occurrences of NO3.
Amongst them is the Eocene Aquifer.

This paper proposes an unprecedented approach
that combines GIS, statistical analysis and ML predic-
tion models for the comprehensive management of the
GNC. Furthermore, the application of this approach
in a groundwater dependent area (Eocene Aquifer,
Palestine) forms an existential issue. Groundwater
resources account for 95% of the gross water supply in
the study area [18, 28]. This research will support the
decision-makers of the Palestinian water sector toward
the sustainable water resources management.

MATERIALS AND METHODS

Methodology

In order to outline the comprehensive manage-
ment of GNC, this paper introduces an unparalleled
methodology. It consists of three phases: data collec-
tion and preparation, GIS-based GNC assessment,
and ML-based GNC prediction (Fig. 1).

Data Collection

This phase involves the collection of spatiotempo-
ral NO3 records for the groundwater wells in the study
area. It also involves a gathering of spatial information
concerning well uses, well depths, soil types, land uses,
surrounding anthropogenic activities, and watersheds.

Fig. 1. Methodological framework.
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GIS-based GNC Assessment
GIS and statistical descriptive analysis treat the

collected records to carry out a geo-statistical assess-
ment of GNC. GIS has the powerful of considering
the spatial variations concerning GNC and consider-
ing the factors causing such variations. Statistical
descriptive analysis enables the frequency detection of
any abnormal event (e.g. NO3 above MCL). Boxplots
of the NO3 concentration (e.g. minimum, 1st quartile
(Q1), median, mean, 3rd quartile (Q3), maximum)
were used to present the assessment results. Factors
affecting GNC are specified through the examination
of various factors such as land use, soil type, water-
shed, groundwater f low direction, well use, well depth
and etc.

Kriging Interpolation Method (KIM) employs
assessment results (e.g. spatiotemporal mean GNC
records) to develop GIS-based spatiotemporal GNC
maps. KIM has the powerful of considering both spa-
tial autocorrelation and statistical models [17, 23]. It is
highly effective in cases where quality records are
biased and spatially correlated [22]. Therefore,
researchers confirm its suitability for groundwater
contamination and hydrogeology researches [23].

Ml-based GNC Prediction
This research employs RF for predicting the prob-

ability to exceed the globally stated NO3 MCL thresh-
olds. RF is selected among other ML methods due to
its ability and collectivity in integrating multiple deci-
sion tree algorithms [34]. It has the ability to generate
repeated predictions of the same phenomenon [34].
Furthermore, it can quantify the relative importance
of the input influencing factors [7].

RF model is built through the online platform
Kaggle. GNC distribution and its influencing factors
resulting from GNC assessment are used as inputs for
RF prediction model. These factors include both nat-
ural and man-made ones. Accordingly, a CSV file
includes both assessment results (influencing factors)
and the NO3 records from the different groundwater
wells is executed using Kaggle platform. After that,
data analysis, visualization and prediction were coded
on the platform using Python Script. The coded pre-
diction model is trained using randomly picked 80% of
the database. The remaining 20% are used to test the
prediction accuracy.

Study Area
The Eocene Aquifer is an unconfined aquifer

located in the northern part of the West Bank, Pales-
tine. It has a total surface area of 430 km2 covering
areas from Jenin, Nablus and Tubas governorates
(Fig. 2) [19, 42]. It serves 36 communities with a total
population of about 225000 capita [27]. The ground-
water f lows from the south to the north and northeast

[44]. Rainfall plays a major role in recharging the
aquifer. The annual rainfall varies between 400 and
600 mm and mainly occurs in winter [37, 39]. The
West Bank climate is classified as hot and dry during
the summer and cool and wet in winter [38].

The study area is characterized by intensive agri-
cultural activities with an extensive use of agrochemi-
cals [3]. It includes about 17,000 hectares of irrigable
areas including 6,500 hectares of irrigated area [16].
The aquifer was exploited by 129 wells including
54 active ones (45 for agricultural and nine for domes-
tic uses) [16]. 43 out of the 54 active wells are distrib-
uted among 12 communities. Table 1 summarizes the
statistical descriptive parameters of the groundwater
NO3 in the 12 communities. Arrana, Jenin city and
Ras Al-Far’a (54% of the population) have mean and
median NO3 concentrations exceeding the MCL. Fur-
thermore, seven out of the 12 communities (82% of
the population) use groundwater wells that have a
maximum NO3 concentration exceeding the MCL.

The ground surface elevation in the study area
ranges from 100 m above mean sea level (mamsl) in
the north to 925 mamsl in the south. The geologic
cross section for the aquifer shows the following for-
mations: limestone, dolomite and marl of Ceno-
manian to Turonian age, chalk and chert of Senonian
age, chalk, limestone and chert of Eocene age and
alluvium of Pleistocene to Recent age. However, the
Eocene Aquifer overlies the Upper Cenomanian-Tur-
noian Aquifer, with a transition zone of chalk and
chert that varies in thickness between 0 to 480 m [42]
(Fig. 3).

Data Collection and Application to the Eocene Aquifer

Two datasets are used in this research: (i) Palestin-
ian Water Authority (PWA) dataset for 27 wells over
the period 1982–2012 [29] and (ii) field dataset for
24 wells which were sampled during the period 2017–
2019. Eight mutual wells have recorded in the datasets
which have both historical (1982–2012) and recent
(2017–2019) NO3 concentration values. However, the
two datasets were combined into a one composite
GIS-based data, which includes data for 43 wells. It
includes the following indicators: well depths, coordi-
nates of spatial location (X, Y), type (use), on-ground
activities, NO3 concentration and sampling date. The
collected data was manipulated under the GIS envi-
ronment where wells were spatially joined by commu-
nities, watersheds, soil types and land use shapefiles.

Accordingly, GNC assessment and mapping in the
study area is conducted. Considering RF model, four
levels of NO3 contamination are identified (Table 2).
Levels are selected considering both: WHO guidelines,
and the natural breaks of the continuous NO3 records
in the database [48].
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Fig. 2. The geographic setting of the Eocene Aquifer.
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Table 1. Descriptive statistics of the NO3 concentrations (mg/L) in different communities in the Eocene Aquifer (period
1982–2019)

Communities Population in 2019 No. of samples Mean Median Min Max

Al-Jalamah 2343 41 48 50 11 64

Arrana 2498 8 57 59 32 71

Al-Shuhada 2375 4 4 4 2 5

Az-Zababdeh 4402 7 19 19 10 28

Deir Abu De’if 7278 8 11 11 1 22

Deir Ghazaleh 1166 39 45 46 7 80

Jalboun 2906 8 9 6 2 25

Jenin city 51557 150 70 53 0 216

Kafr Dan 6809 63 47 45 6 85

Qabatiya 25247 84 39 19 0 192

Ras Al-Far’a 1323 103 66 58 6 256

Sanur 5202 7 12 11 8 19
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RESULTS AND DISCUSSION
Assessment of GNC: Results and Discussion

Spatiotemporal Nitrate Distribution Across the Aquifer

Figure 4 shows the key statistics of the annual NO3
concentrations for the period 1982–2019. It is noticed
that the mean values are mostly above the MCL.
Median values are always below the mean and close to
the MCL. This observation indicates that approxi-
mately 50% of the NO3 concentrations are above the
MCL. The maximum values of the annual NO3 con-
centrations are always higher than the MCL,
approaching its up-limit value of 256 mg/L in 2012.
Such concentrations clearly reflect the high ground-
water contamination through the mean, median, 75th
percentile and maximum NO3 concentrations. How-
ever, Fig. 4 considers only the temporal GNC and
neglects the spatial variation.

Figure 5 shows the spatiotemporal distribution of
GNC in the Eocene Aquifer between 1982 and 2019. A
significant increase in the GNC is noticed in the
southern part of the aquifer. This is due to the inten-
sive application of agrochemicals in this part, which
provides citizens in the study area by the needed fruits
and vegetables. On the other hand, the middle part
shows a decreasing GNC trend. This is due to the con-
struction and rehabilitation of sewer network in Jenin
city and its suburbs.

Influence of the Soil type

The soil map of the Eocene Aquifer area contains
five types of soil: Terra Rossa, Mediterranean Brown

Forest, Alluvial, Colluvial-Alluvial and Brown Allu-
vial covering 48, 16, 14, 13 and 7% of the study area,
respectively [16]. Figure 6 illustrates the minimum,
25th percentile, mean, median, 75th percentile and
maximum NO3 concentrations for the different soil
types. It indicates that the mean NO3 concentrations
in the groundwater under all soil types are equal or
exceed the MCL. Since the different soil types in the
study area have a similar permeabilities, they have
nearly the same mean, median and 75th percentile
groundwater NO3 concentrations. This result indi-
cates a low influence of the soil type on the groundwa-
ter NO3 concentration.

Influence of the Land Use

Table 3 summarizes the key statistics of NO3 con-
centrations for the different land use classes. It shows
that the groundwater under the discontinuous urban
areas has the highest mean NO3 concentration with a
value of 85 mg/L. This can be attributed to the exten-
sive use of cesspits for wastewater (WW) disposal. Fur-
thermore, fertilizers are used in the green spaces dis-

Fig. 3. Geologic cross section of the Eocene Aquifer.
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Table 2. Levels of GNC used in ML methods

Nitrate Level, mg/L Description

<25 Not contaminated by NO3

25–50 Reasonable NO3 concentration
50–100 Contaminated by NO3

>100 Extremely contaminated by NO3
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Fig. 4. Annual NO3 concentration statistics in the Eocene Aquifer (Period 1982–2019).
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tributed among this land use class. The second highest
mean NO3 concentration is observed in the ground-
water under the irrigated cultivation with a value of
55 mg/L. This area is subjected to an extensive use of
agrochemicals. The lowest mean value occurred under
the olive groves as expected since olive trees are usually
planted in the mountainous areas where either the
depth to groundwater is high or contaminants are
being washed away with surface runoff. Except for
olive groves, all the maximum NO3 concentrations
exceed the MCL. The overall maximum NO3 concen-
tration is located in the groundwater under the discon-
tinuous urban areas with a value of 256 mg/L.

Influence of Watersheds
The Eocene Aquifer area overlaps seven different

watersheds: Al-Moqatta’, Al-Khodera, Marj Sanur,

Iskanderon, Al-Far’a, Wadi Shobash and Al-Maleh
(Fig. 7a). The first four watersheds drain into the west
to the Mediterranean Sea, while the others drain into
the east to the Jordan River. Actually, the available
NO3 concentration data were only distributed among
four watersheds: Al-Far’a, Marj Sanur, Al-Khodera
and Al-Moqatta’. Figure 7b illustrates the minimum,
25th percentile, mean, median, 75th percentile and
maximum NO3 concentrations for the different water-
sheds for the period 1982–2019. Marj Sanur watershed
was excluded from the discussion as it has unrepresen-
tative number of NO3 concentration readings (7 read-
ings). The groundwater wells located in Al-Far’a
watershed has mean and median NO3 concentrations
that exceed the MCL. It also has the highest maxi-
mum and 75th percentile values compared to other
watersheds. This is due to the intensive use of agro-
chemicals in the watershed as it is considered as ‘the

Table 3. Influence of land use on NO3 concentrations (period 1982–2019)

Land use Number of Samples
Concentration, mg/L

mean median min max

Continuous Urban Areas 42 37 34 5 95
Discontinuous Urban Areas 148 85 78 0 256
Drip Irrigated Arable 59 49 45 19 85
Forest 11 24 24 0 53
Green Houses 5 41 50 16 54
Irrigated Complex Cultivation 73 55 43 6 169
Non Irrigated Arable Land 13 34 28 10 56
Non Irrigated Complex Cultivation 126 43 47 1 89
Olive Groves 45 15 16 1 42

Fig. 7. Influence of watersheds and their locations on the NO3 concentration (period 1982–2019).
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food basket’ for the northern part of the West Bank
and the most dominated watershed by agriculture in
the West Bank [3]. Mean and median NO3 concentra-
tions are approximately equal to MCL at Al-Moqatta’
watershed while the lowest concentrations were
recorded at Al-Khodera watershed.

Influence of Well Depth
Generally, there is an inverse relationship between

well depths and NO3 concentration [4, 12, 15, 43].
Figure 8a shows the variation of the statistical param-
eters with the well depth. It clearly indicates high NO3
concentrations in the first 100 m of the aquifer. After
that, NO3 concentration significantly decreases with
depth and becomes insignificant below 300 m. This
NO3 profile could be attributed to the following fac-
tors: denitrification in groundwater, groundwater
movement and the associated NO3 transport and mix-
ing.

The NO3 concentration is also influenced by other
factors such as land use, groundwater recharge and
fertilization practices. To reduce the influence of these
factors, analysis was conducted on samples from five
adjacent wells (distributed among an area of 2.37 km2)

in Qabatiya. Figure 8b illustrates the variation of con-
centrations with depth for these samples. It clearly
shows that the NO3 concentration decreases with the
increase in depth.

Influence of the Wells Use 
and the Anthropogenic Practices

The groundwater wells are used for domestic and
agricultural activities. Figure 9a shows that the agri-
cultural wells have higher median (49 mg/L), mean
(59 mg/L), 75th percentile (71 mg/L) and maximum
(256 mg/L) values as compared to the domestic wells.
The domestic wells have NO3 concentrations in the
range of 0 to 49 mg/L with a median, mean and 75th
percentile that equal 16, 18 and 25 mg/L, respectively.
The intensive use of agrochemicals in agriculture and
cesspits for WW disposal are the main source of on-
ground nitrogen loading in the study area [8]. Col-
lected data was used to investigate the influence of
these factors on GNC. Practices in the proximity of
the sampled wells were classified into four categories:
extensive presence of cesspits, extensive application of
fertilizers, extensive use of cesspits and fertilizers, and
neither cesspits nor fertilizers. Figure 9b illustrates the

Fig. 8. Influence of well depth on the NO3 concentration.
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statistics of NO3 concentrations for the four practices.
It shows that the highest concentrations are located in
the category “extensive use of cesspits and fertilizers”,
followed by the category “extensive use of cesspits”
and then the category “extensive use of fertilizers”.

ML-Based GNC Prediction Model
GNC Assessment outcomes are integrated with the

ML-based GNC prediction model. They provided the
prediction model by the GNC distribution as well as
by the main factors influencing this distribution. Such
information is used as an input for the development of
the prediction model. Generally, assessment results
indicated that except soil type, all factors (well depth,
well use, land use, watershed and fertilization and WW
disposal practices) can be used as inputs for the ML
prediction model. RF model was built considering
these factors and executed 10 times. Table 4 shows that
the obtained accuracy scores range between 83.3 and
91.7% with an average value of 88.5%.

Table 5 shows the RF confusion matrix for the best
trial (accuracy = 91.7). It indicates two types of errors:
safe error (error of predicting worse than contamina-
tion situation) and risk error (error of predicting less
than contamination level). The safe error equals
2.08%, while the risk error equals 6.22%. Figure 10
shows the distribution of wells with correct, safe error
and risk error prediction. It is noticed that the false
predicted wells are not spatially correlated. They are
distributed amongst the northern, middle and south-
ern parts of the study area. Table 6 illustrates that both
errors in the false predicted wells are occurred on the
margins of the thresholds between two successive con-
tamination levels. Actual and predicted GNC in
wells 1 and 2 are close to the threshold of 25 mg/L.
Moreover, actual and predicted values are around the
threshold of 50 mg/L in wells 3 and 4. This reflects the
low severity of the prediction model errors.

Table 7 shows the relative importance of the input
factors used in the RF prediction model. It is obvious
that the well depth (with 41% relative importance) is
the most influencing factor, followed by anthropo-
genic-related factors. This reflects the high vulnerabil-
ity of shallow groundwater wells to GNC. It also high-

Table 4. Prediction accuracy for RF model over 10 execution trials

Trial 1 2 3 4 5 6 7 8 9 10 Mean

Accuracy, % 89.6 91.7 91.7 83.3 85.4 87.5 89.6 91.6 83.3 91.7 88.5

Table 5. Confusion matrix for the RF prediction model (trial 10, Table 4)
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lights the severity of uncontrolled man-made practices
(land use and fertilization and WW disposal method)
upon the GNC. On the other hand, watershed and
well use have the lowest influence with relative influ-
ence of 14 and 7% respectively.

There is a difficulty in controlling the depths of
existing and new wells due to political restrictions.
Therefore, management options should be directed
toward the anthropogenic-related factors. In which,
the control of intensive use of fertilizers and cesspits
are the most important ones. Decision makers are
advised to embrace the land use planning as a strategic
tool for mitigating GNC in the study area. Protection
zones for groundwater wells have to be delineated and
sources of GNC have to be prohibited in those zones.

CONCLUSIONS

This paper presented an unprecedented approach
that combines GIS, statistics and ML modeling to
assess and predict GNC in the Eocene Aquifer, Pales-
tine. The integration of GIS and statistical analysis led
to a comprehensive spatiotemporal assessment of
GNC. This assessment works efficiently in providing
the RF prediction model by the needed input influ-
encing factors. Assessment results indicated serious
NO3 contaminations of the Aquifer. GIS maps indi-
cated an increasing GNC trends in the southern part
of the study area. Results showed the necessity to use
five factors (well depth, well use, land use, watershed
and fertilization and WW disposal practices) in the RF
predictive model of the GNC. RF model successfully
attained a maximum and average prediction accuracy
of 91.70 and 88.54%, respectively.

Decision makers could use the approach presented
in this paper to establish a knowledge-based method
for the sustainable management of groundwater qual-
ity in Palestine. Collaboration is crucial between dif-
ferent stakeholders (e.g. PWA and MoA) to establish a
groundwater monitoring programs. Such program
should support the sustainable utilization of ground-

water in Palestine by controlling the intensive use of
agrochemicals and cesspits.
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