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a b s t r a c t

In the Sidi Bouzid plain in Tunisia, the use of chemical fertilizers in irrigated perimeters is com-
monly accentuated. However, in the absence of regular monitoring in this region, the pollution 
affected the water table. Here, we aimed to reduce the danger of fertilizer usage through a qualita-
tive water management tool using geographic information system (GIS) and to create a pollution risk 
map. A model evaluating groundwater risk index to pollution was established, using vulnerability 
index of pesticide DRASTIC and SI models modified applying weighting parameter techniques such 
as Single-parameter sensitivity analysis (SPSA) and linear regression (LR). These techniques were 
validated using chemical pollutant (nitrate concentrations). Our calculations demonstrate that the 
coupling of two models is much more effective than either each used alone. In conclusion, our study 
shows three risk classes (moderate, high and very high), the high class occupies the majority part of 
the study area. According to risk map, there are considerations to be taken into account: making sure 
to avoid leakage or spillage of contaminants. In addition to regular inspections and maintenance, 
well water must be analyzed and ensured containment of pesticides. These models coupling helps 
decision-making in areas occupied by irrigated perimeters.
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1. Introduction 

Environmental impact of agriculture was a problem 
in perpetual growth. Groundwater was systematically 
threatened by agricultural activity and associated pollution 
created by pesticide use [1]. Assessment of groundwater 
contamination was a necessary topic mobilizes hydroge-
ologists and environmental experts to propose various 
modeling and management tools including assessment and 
mapping of groundwater vulnerability to contamination 
[2]. This later was introduced by Margat in the late 1960s 
[3]. It is based on the fact that naturally, ecosystems protect 
groundwater against several pollution sources (human, ani-
mal and natural) [4].

Groundwater vulnerability assessment identifies and 
combines geomorphological, geological and hydrogeologi-
cal parameters and allow to obtain groundwater vulnerabil-
ity index. Some specifications were assigned to groundwater 
vulnerability (intrinsic and specific). The intrinsic vulnera-
bility was used in cases where natural ecosystems charac-
teristics were used [5], while the specific vulnerability was 
used when the pollutant nature and its attenuation scenario 
into the system were considered [6]. The first vulnerability 
map was published in 1970 by Albinet for French territory 
[4]. As a result, many methods for estimating and mapping 
groundwater vulnerability has been developed. These pub-
lications became generalized around the world in the late 
1980s. The most diffused models are DRASTIC [7], SIN-
TACS [8], EPIK [9], PaPRIKa [10], the European Approach 
[11], COP [12]. There are also some country-specific models, 
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such as Swiss models [13] and the Slovenian model [14].
The popular approach evaluating vulnerability is paramet-
ric index method. These methods were later modified using 
several parameter weighting techniques [15–17]. The choice 
of techniques used to evaluate vulnerability index will be 
verified and validated by nitrate concentrations.

Comprehensive knowledge of groundwater manage-
ment provided by the vulnerability. In addition, there are 
several studies on this subject in the world [18–21]. Nota-
bly, in Tunisia, many research projects were executed in 
this topic [6, 22–25], typically these researches were focused 
on assessing vulnerability using one or more models sep-
arately, followed by validation using water quality data 
and/or the comparison among themselves.

The aquifer of Sidi Bouzid plainface many challenges 
from potential pollution. Intense agricultural activity facil-
itated groundwater pollution. Nitrates have become a sig-
nificant source of groundwater pollution in this region. 
This paper proposes an approach to ensure a water quality 
management in order to achieve the sustainability. The aim 
of this study is the establishment of groundwater contam-
ination risk map of Sidi Bouzid plain based on the combi-
nation of intrinsic and specific models. For this intention, 
two modified models were used: the pesticide DRASTIC 
and the SI (Susceptibility Index), and are determined one 
combining GIS tools. 

2. Description of the study area

2.1. Location and anthropogenic activities

Sidi Bouzid plain located in central Tunisia has an area 
covering approximately 640 km2 (Fig. 1). A semi-arid cli-
mate characterizes this region. The mean annual rainfall 
and mean temperature during the period between 1975 and 
2015 were of the order of 240 mm and 19°C respectively, and 
the mean annual evaporation was about 1506 mm [26]. The 
altitude in this region varies between 325 m and 550 m, with 

slopes between 0 and 20%. It was, therefore, a relatively low 
topography, similar to a plain. 

Principle activity in Sidi Bouzid plain is agriculture. As 
water wells in this region were used mainly for agricultural 
activity. Based on land use map, the most of this area was 
occupied by irrigated perimeters (annual crops) divided 
into public and private sectors followed by permanent 
crops. Orchards, discontinuous urban regions and aquatic 
environments were scattered in limited areas throughout 
the region (Fig. 2a). Agricultural activity in Sidi Bouzid 
plain needs a high use of water and pesticides leading to 
groundwater contamination. 

2.2. Geology 

Sidi Bouzid plain occupies the eastern termination 
of central Atlasic of Tunisia. It was bounded by several 
mountains: (1) to the east by the north-south axis, which 
separates it from the pelagian platform, (2) to the north by 
the eastern dipping of the Kasserine Fault and the Jebel 
Lessouda, (3) to the south by the Jebel Al Hfay- Jebel Kebar 
alignment and (4) to the west by the Jebel Hamra-Rakhmet 
alignment.

The study area was an asymmetric synclinal oriented 
NE-SW and formed by a Mio-Plio-Quaternary continen-
tal deposit. It was the result of the compressive phase that 
affected central Tunisia at Miocene.

The Tunisian geological map at 1: 500 000 scale shows 
a sedimentary series ranging from Triassic to Quaternary 
(Fig. 2b) [27,28]. Secondary formations outcrop at the high 
structures bordering the plain. Triassic outcrops were 
located at Jebel Hamra. They were formed by gypsum, dolo-
mitic limestone and red and green clays. The Jurassic was 
outcrop by calcareous-dolomitic deposits at Jebel faydh. 
On the massifs of Jebel Kebar, Al Hfay, Rakhmet, Hamra, 
Lessouda, Bou-zar and Gsayra, the upper and lower Cre-
taceous were present by dolomites, marl and limestone 
deposits. Tertiary formations were represented by complete 
sedimentary series ranging from Paleocene to continental 

Fig. 1. Location of the Sidi Bouzid plain and wells water samples.
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Mio-Pliocene. These deposits were located at mountains 
piedmont [29–31]. 

The plain connects with surround reliefs by faults 
[29]. These are NW-SE faults bordering anticlines of Jebel 
Kebar, Jebel Rakhmet and Jebel Hamra, then the N-S fault 
series related to the north-south axis limiting the studied 
area to the east. These tectonic accidents were the cause 
of the basin’s Sidi Bouzid plain subsidence, which began 
in Miocene and continued until Quaternary. Thus, the 
large deposits thickness was favorable to the presence of 
 aquifers.

2.3. Hydrology and hydrogeology:

With the exception of wadi Al Fakka, in the Sidi Bouzid 
plain,all wadis draining the region were intermittent. Wadi 
Al Fakka is born in Foussanagraben, with NE-SW direction, 
this wadi runs the northwestern part of the study area. In 
the southeastern part, of the study area, runs the wadi of 
SaregEdhiba, which oriented from NE to SW and occurs at 
Jebel kebarpiedmont. These wadis were spread out in the 
depressions of Naggada and Akarich, where the waters 
have been transferred to the saliferous area of the sabkhas 
[32] (Fig. 1).

The hydrogeological reserves of central Tunisia consist 
of detritic sediments of Mio-Plio-Quaternary age [33–37].

Such the case of Sidi Bouzid plain, it was an area clearly 
defined by its natural conditions and hydrogeological lim-
its. Hydrogeology cross section of Sidi Bouzid plain’s aqui-
fer presented in Fig. 3 shows a considerable variation in 
depth and thickness. The depth of the water table shows 
a lateral variation. Highest depth was located west of the 
study area which had values equal to 63 m. Water table 
depth decreases towards north and east of the region until 
attaining 6 m (Fig. 3a). Aquifer thickness map shows the 
highest level varies between 45 m and 50 m to the SW and 
NE of the study area. Towards to the aquifer central part, 
thickness levels decrease to achieve values between 20 m 
and 30 m (Fig. 3b).

Mio-Plio-Quaternary aquifer of Sidi Bouzid plain had 
a water reservoir which rests on clay and clayey sand sub-
stratum with lenticular formations. The aquifer system of 
the study area was identified by a single multi-layer aquifer 
[38], characterized by a vertical heterogeneity of deposits 
and alternations of sand, clayey sand and sandy clay. In the 
downstream and upstream of Sidi Bouzid plain’s aquifer 
the deposits dominated by sandy lithologic, while the cen-
tral part was dominated by sandy clay (Fig. 4). 

This aquifer has long been the subject of intensive 
exploitation [39]. The renewable water resources were 
determined by the infiltration mainly from the contribu-
tions of Wadi El Fekka. The high use of water caused a pie-

Fig. 2. Maps of: (a) Land use; (b) geology (Extract of the geologi-
cal map of Tunisia; 1/500000); of Sidi Bouzid plain.

Fig. 3. Maps of: (a) groundwater depth; (b) groundwater thick-
ness; of Sidi Bouzid plain.
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zometric decrease. Two piezometric maps of 1990 and 2015 
are used to characterize the history of their development. 

Water flow, in the period 1990–2015, keeps almost the 
same direction from the south-west to the north and north-
east of the plain. The piezometric map of 1990 shows an 
intensive piezometric value ranging between 295 m and 
365 m (Fig. 5a). The water level decreases further to the 
northeast of the aquifer (small hydro potential area). The 
isopiezes curves show a uniform flow with constant direc-
tion oriented to Neggada and Akarich sabkhas. In 2015, the 
value of isopiezes curves ranging from 275 to 345 m show-
ing a decrease in water levels, which provides Akarich Sab-
khas to contribute to groundwater recharge (Fig. 5b). 

Salinity in water samples of Sidi Bouzid plain ranges 
from 1218 mg/l to 6199 mg/l. The spatial distribution (Fig. 
6a) of salinity values shows a highest concentrations in the 
downstream part of the aquifer (north and north-east of 
the study area), towards to the upstream the aquifer has 
become less mineralized. 

Nitrate concentrations of Mio-Plio-Quaternary aquifer 
of Sidi Bouzid plain vary between 32.4 mg/l and 109.5 mg/l. 
According to World Health Organization (WHO), if nitrate 
levels in water exceed 10 mg/l, their origin was considered 
anthropogenic. Therefore in the study area, nitrate concen-
trations were found mainly from agricultural activity. The 
distribution map of nitrate concentrations shows high lev-
els to the south and south-west of the plain. Highest nitrate 
levels can be explained by the coincidence of two types of 
land use: irrigated perimeter and permanent crops. The 
lowest nitrate concentrations were located in the west and 
the north of the study area in the vicinity of sabkhas where 
agricultural productivity is low (Fig. 6b).

3. Materials and methods

3.1. The DRASTIC model

The DRASTIC model is a parametric model of vertical 
vulnerability, developed by Aller et al. 1987 [7]. This model 
has been created taking into account the main elements of 
the hydrogeological system. There are two versions of the 
DRASTIC model: pesticide DRASTIC and generic DRASTIC. 
The pesticide DRASTIC model is applied in the case where 
the contaminants were considered pesticides and reflect the 

agricultural use of pesticides, the case of our work. Generic 
DRASTIC was applied where the pollutants are inorganic 
[40,41]. The difference between generic and pesticide DRAS-
TIC models occurs when assigning weights [22].

Pesticide DRASTIC model had seven parameters, each 
first letter of the parameters is the model name: Depth of 
water table (D), net Recharge (R), Aquifer media (A), Soil 
media (S), Topography (T), Impact of the vadose zone (I) 
and hydraulic Conductivity (C). A parametric weight 
between 1 and 5, reflects the degree of influence of each 
parameter [42]. At each parameter rating is assigned rang-
ing from 1 to 10 [43]. The lowest rating reflects the lowest 
vulnerability to contamination. 

A numerical value of vulnerability index applying 
pesticide DRASTIC model denoted PDI was determined; 
it describes the degree of vulnerability of each hydrogeo-
logical unit. This index was calculated by summing the 
parameters multiplied by the weights and ratings of the 
corresponding parameters [18], which determined using 
the following equation:

PDI Dw Dr Rw Rr Aw Ar Sw

Sr Tw Tr Iw Ir Cw Cr

= + + +
+ + +

      
      

* * * *
* * *

 (1)

where w: is the weight of the parameter, r: is the rating of 
the parameter. 

Fig. 4. Hydrogeology cross section of Sidi Bouzid aquifer.

Fig. 5. Piezometric maps of the phreatic aquifer of Sidi Bouzid 
plain for: (a) 1990, (b) 2015.
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The values   of the vulnerability index using pesticide 
DRASTIC model (PDI), range from 26 to 256. The values   
obtained are grouped into four classes, each corresponding 
to a level of vulnerability. The vulnerability index intervals 
used in this study to determine the degree of vulnerability 
are those proposed by Engel et al. [42] (Table 1). The ratings, 
weights, and classes of the DRASTIC model were used by 
various authors [22,23].

3.2. The SI model

The SI (Susceptibility Index) model is a parametric vul-
nerability model developed in Portugal by Ribeiro [22,43]. 
This is a specific vertical vulnerability model applied in the 
assessment of vulnerability to agricultural pollution dis-
seminated mainly by nitrates, in medium and large scales. 
This model takes into account five parameters: D (Depth 
of water table), R (net Recharge), A (Aquifer media), T 
(Topography) and LU (Land Use). The classes and ratings 
for the first four parameters are identical to those used in 
the DRASTIC model. The ratings of the land use range from 
0 to 100 [22,43]. The weight parameter varies between 0 and 
1 according to the importance of the parameters in vulner-
ability [22]. The SI vulnerability index is calculated as the 
sum of the products of ratings by weight of the correspond-
ing parameter, using the following equation:

SI Dw Dr Rw Rr Aw Ar Tw Tr LUw LUr= + + + +          * * * * *  (2)

where D, R, A, T, and LU: the five parameters of the SI 
model; W: the weight of parameter; r: the associated rating. 

The SI index has four degrees of vulnerability according 
to the values   of vulnerability index (Table 1).

3.3. Weights modification

To minimize the doubts and increase the reliability of 
the vulnerability index results and in order to determine the 
real weights, the assessment of groundwater vulnerability 
to pollution requires further experimental analysis and 
weighting adjustment. Single-parameter sensitivity analy-
ses and Linear Regression were performed. 

3.3.1. Single-parameter sensitivity analysis (SPSA)

The Single-Parameter Sensitivity Analysis is performed 
to assess the impact of input parameters on the vulnerabil-
ity index [16]. It is based on the comparison between theo-
retical weights assigned to the input parameters with the 
effective weights [16,20]. The effective weight is obtained 
using the following equation:

W Pw Pr V= ( )  * / * 100  (3)

where W: is the effective weight for each parameter, Pr and 
Pw: are the notes and the weights assigned respectively for 
each parameter, V: represents the total of undisturbed vul-
nerability index calculated.

3.3.2. Linear regression (LR)

Linear regression was used to establish statistical mod-
els. It quantifies a relationship between several independent 

Fig. 6. Spatial distribution of: (a) salinity (m/l) and (b) nitrate 
concentrations (mg/l); of Sidi Bouzid plain aquifer.

Table 1
Land use categories and degrees of vulnerability [42,43]

Parameters Range/feature Rating

Land use Uncultivated land (sand, 
rock, foresters

0

Aquatic environments 50
Permanent crops 70
Rural communities 70
Urban areas 75
Arboriculture 90
Irrigated perimeters 90

Criteria for the evaluation of vulnerability in the DRASTIC 
and SI model 

Vulnerability 
degree

Pesticide DRASTIC 
model [42]

SI model [43]

Low <100 <45
Moderate 101–140 45–64
High 141–200 65–84
Very high >200 85–100
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variables (DRASTIC and SI parameters) and a dependent 
variable (Nitrates) [44]. LR Suppose that a response vari-
able Y can be predicted by a linear function of a regressor 
variable X. 

Y Xi i= + +β β ε0 1  (4)

where Y: is the response variable, β0: is the intercept, β1: is 
the slope coefficients for the environmental variables (D, R, 
A, S, T, I, C and LU),: e is the remaining unexplained noise 
in the data.

3.3.3. Weighting approach comparison using nitrates 

Nitrate concentrations were used to validate models. A 
Pearson correlation carried out between nitrate value and 
modified vulnerability index using single-parameter sen-
sitivity analysis and linear regression approaches for both 
pesticide DRATSIC and SI models. The model which has 
the best correlation between modified vulnerability index 
and nitrates will be chosen to evaluate groundwater pollu-
tion risk.

In order to make an excellent representative results, 
water samples were chosen for covering the entire studied 
area. Water samples are analyzed for nitrates in the labo-
ratory of the National Institute of Agronomic Research of 
Tunis (INRAT).

3.4. Risk index (RI)

The usable pure water usually comes from underground 
sources. Everything must be done to protect them from 

contamination. Agricultural contaminants can threaten the 
quality of groundwater if not properly managed; [45,46]. 
Many factors affect the risks of groundwater contamination 
such as soil media and aquifer media. For this reason, the 
assessment of the vulnerability index does not seem suffi-
cient [47]. Therefore, we determined the Risk Index based 
on the coupling of models used in the agricultural areas: 
modified pesticide DRASTIC (MPD), Modified Susceptibil-
ity index (MSI), and by adding the parameters, which have 
the highest weight of two models. The risk index is deter-
mined by the following equation:

RI MPDI MSI XrXw YrYw= + + +  (5)

where XrXw highest parameter weight of the modified 
DRASTIC model, YrYw highest parameter weight of mod-
ified SI model.

Fig. 7 shows the different steps to obtain the RI: data 
collection, groundwater vulnerability RI mapping.

3.5. Data processing and sources

The data used to determine the vulnerability and risk 
maps were summarized in Table 2. The processing of the 
data was performed using the Geographic Information 
System (GIS). The different maps produced in this work 
were carried out by the kriging geostatistical method of 
the ArcGIS10.2.2® software. All maps are in raster mode. 
The reclassification (according to the vulnerability and risk 
classes), and the crossing of the raster maps was executed 
by applying the Spatial Analyst tool of ArcMap10.2.2® 
software.

Fig. 7. Flowchart of methodology to obtain groundwater Risk Index (RI).
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4. Results

4.1. Parameter weights and vulnerability indices

The result of adjusted parameters weight for pesticide 
DRASTIC and SI models are shown in Table 3. Fig. 8 shows 
the spatial distribution of VI for both pesticide DRASTIC 
and SI models using two methods of weighting parameters 
adjustment (SPSA and LR). Original weight of pesticide 
DRASTIC and SI models, used as a reference for the com-
parison.

LR used to adjust the weight parameter for pesticide 
DRASTIC model was decreased weight values compared 
with original weights. For SI model this technique was 
decreased all weight values except aquifer media (A) and 
topography (T) parameters. 

Using SPSA,the pesticide DRASTIC model decreased 
weight values of D and R parameters and increased the 
other weight values of A, S, T, I and C giving much impor-
tance to aquifer media parameter. SPSA techniques used to 
adjust parameter weights of SI model, decrease A and LU 
parameters and increase D, R and T parameters.

The application of SPSA and LR methods on the pes-
ticide DRASTIC model shows vulnerability indices range 
varying between 105 and 174 and 68 to 126 successively. 
Vulnerability index (VI) using SI model shows a VI range 
varied from 29 to 109 for SPSA technique model and 43 to 
85 for LR technique. 

The spatial distribution maps (Fig. 8) of vulnerability 
classes varied from one technique and model to another. 
Highest vulnerability index of all models remarkably 
includes an area in the center of the plain. 

4.2. Validation with nitrates

The validation of models was achieved by Pearson 
correlation between vulnerability indices obtained using 
weighing adjustment techniques (SPSA and LR) and nitrate 
concentrations. For this purpose, 45 samples were ana-
lyzed in the dry season in 2015. A significant correlation 
with the vulnerability indices estimated applying SPSA on 
pesticide DRASTIC and SI models with a correlation coef-
ficient higher than 0.6 for both models. Vulnerability index 
assessed using LR adjustment technique was not correlated 
with nitrate concentrations with correlation coefficient 
lower than 0.4 (Fig. 9). Based on these correlations, SPSA 

provided better results than LR. SPSA can be applied in the 
study area and will be used to calculate the risk index

4.3. Risk map

Following the choice of vulnerability indices assessed 
using SPSA, the Risk Index (RI) can be expressed by Eq. (5):

RI MPDI MSI Sr Ar= + + +5 60 0 40. .  (6)

where S: as the soil media parameter of modified pesticide 
DRASTIC model, A: as the aquifer media parameter of SI 
model respectively, w: weights assessed by single-parame-
ter sensitivity analysis.

The risk map thus produced shows three degrees (mod-
erate, high and very high). The moderate degree occupies 
18.72% of the study area near to the sabkhas of Naggada 

Table 2
Data sources of pesticide DRASTIC and SI parameters

Parameters Sources of data Processing

D Data for the static level of 32 water points including 3 monitoring wells and 
29 piezometers, our measures in 2015

Interpolation

R Historic piezometry (1990–2015) Calculated using piezometric 
level fluctuations method

A Geological information, well logs (DGRE). Digitalization
S Soil maps (scale 1:50 000) (CRDA Sidi Bouzid, 2013). Digitalization
T Topographical maps (scale 1:50 000) (CRDA Sidi Bouzid, 2013). Interpolation
I Water logs and geological maps (DGRE) Interpolation
C Pumping tests (DGRE) Interpolation

Table 3
Results weighting parameter techniques using single parameter 
sensitivity analysis and linear regression applied to the pesticide 
DRASTIC and SI models 

Parameter Theoretical 
weight

Modified weight

Single-parameter 
sensitivity analysis

Linear 
regression

Pesticide DRASTIC model

D 5 3.67 3.49
R 4 2.72 3.27
A 3 4.28 2.93
S 5 5.60 4.65
T 3 3.42 1.93
I 4 4.48 1

C 2 2.10 2.61

SI model
D 0.186 0.15 0.08
R 0.212 0.16 0.19
A 0.259 0.40 0.40
T 0.121 0.01 0.24
LU 0.222 0.28 0.09
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Fig. 8. Vulnerability index distribution of pesticide DRASTIC and SI models based on SPSA and LR weighting adjustment tech-
niques: (a) pesticide DRASTIC using SPSA, (b) pesticide DRASTIC using LR, (c) SI using SPSA and (d) SI using LR.

Fig. 9. Correlation between vulnerability indices of modified pesticide DRASTIC and SI models and nitrate concentrations of the 
aquifer of Sidi Bouzid plain.
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and Akarich. The majority of the study area was held by a 
high-risk degree; 77.98% of the study area. A very small part 
(3.30% of the study area) is occupied by a very high degree 
dispersed in different zones of the study area (Fig. 10)

5. Discussion

The assessment of groundwater risks using vulnera-
bility index in central Tunisia has permitted the identifi-
cation and description of vulnerable areas to pollution in 
the aquifer of Sidi Bouzid plain. The results of this study 
highlight the usefulness of the intrinsic (modified pesticide 
DRASTIC) and specific (modified SI) vulnerability indices 
in studies to evaluate groundwater risk.

The comparison between VI executed in 2013 [23] and 
2016 shows a decrease. It is due mainly to the net recharge 
parameter. Moreover, recharge shows problems with its esti-
mation on a regional scale, once all anthropogenic activities 
change the aquifer recharge. The difference in the vulnera-
bility degree was probably associated with the not absolute 
parameters used to assess groundwater vulnerability index. 
These are the main reasons why the VI has been changed.

Furthermore, similarly to other vulnerability studies 
of different common, this study has shown that results can 
vary from one model to another in the same region, from 
one study to another or from one region to another [17,19–
21]. This confirms the application of the weights parameters 
adjustment techniques (e.g., Single Parameter Sensitivity 
Analysis and Linear Regression) to increase the reliability 
of results of groundwater vulnerability to pollution. It is 
expected that the modified models parameter will be spe-
cific for the considered study site indeed, and will depend 
on many local specific factors such as hydrogeological set-
tings and the selection of the monitoring data as reference 
pollution data, etc. 

The case study of the Sidi Bouzid plain also shows that 
some of the modified parameters of pesticide DRASTIC 
and SI models have a low weight as hydraulic conductivity 
and topography. This does not reflect that those parameters 
have no effect on groundwater pollution and cannot explain 
their remove as in the case of the study of Jmal et al. [15]. It 
should also be highlighted the influence of soil media and 

aquifer media parameters in the pesticide DRASTIC and 
SI models. These parameters consider the impact of water 
infiltration and flow within vulnerable areas. There was 
implied that some regions of aquifer receive the pollutants.

Its location explained the moderate risk near to the sab-
khas of Naggada and Akrich. On the other hand, the high-
est-risk degrees were located on areas lacked agricultural 
activity, the use of chemical fertilizers and the fertile soils. 
And it’s coincided with irrigated perimeters. 

Given the significant costs arising from the remediation 
of contaminated aquifers. It is important that measures are 
taken to protect the aware while pollution: human activ-
ities are a necessity in society; drought has a vital role in 
the natural degradation of the water quality. Considering 
the importance of the application of these two models in 
the study area the establishment of risk map by the combi-
nation of the two vulnerability indices gave an idea of the 
areas that require protection. The protective zones coincide 
with the high degree of risk (77.98% of the study area). The 
protection is manifested mainly through: avert any activ-
ity with a risk of contamination and minimize any source 
of pollution in order to limit its effects on the groundwa-
ter quality. Aquifer risk assessment of Sidi Bouzid plain is 
a scientific tool basis for water management and the deci-
sion-maker contribution.

6. Conclusion

We assess in this study groundwater risk to pollution 
for the Sidi Bouzid plain, combining specific and intrinsic 
model (pesticideDRASTIC and SI model). Considering the 
poor results of the original model we propose to modify the 
pesticide DRASTIC and SI models. We adapt the weight-
ing parameter adjustment techniques, SPSA and LR, and 
it will be validated by observed nitrate concentration data. 
In a model used, we consider SPSA to modify weighting 
parameter and to assess vulnerability indices. For the map-
ping of groundwater risk to pollution, we add modified 
vulnerability index for pesticide DRASTIC and SI models 
with parameters having the highest weights of two models. 
We consider the dominating effect of aquifer media and soil 
media parameters on the groundwater pollution risk. The 
risk index map is, therefore, a suitable tool for supporting 
groundwater resource management, groundwater quality 
protection, and land use planning at the scale of the Sidi 
Bouzid plain. Weighting techniques in vulnerability mod-
eling is a challenging enterprise because different methods 
may produce markedly different results. Several methods 
must be tried to know the most robust to the studied area. 
However, the integration of chemical data makes it possi-
ble to give better results understanding about the risk that 
affects the region.
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