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1. Introduction

2. Study area

The study area is a large agricultural plain crossed
by the El-Nil River thus the plain is called the "Plain
of the El-Nil River". The latter is located in an area
belonging to the El-Tahir region of the Province of
Jijel in northeastern Algeria (Figure 1). Two other
tributary rivers, the Boukaraa River and the Sayoud
River, are located at the borders of the study area
and connect to the El-Nil River, flowing south to
north, finally discharging into the Mediterranean
Sea. Also, there is a small surface-water body,
feeding the Tassift River, which also drains into the
El-Nil River (Figure 2). The Plain of the El-Nil River
is a valley bottom covering a surface area of about
60 km2. Under the Plain is an unconfined aquifer
that consists of Quaternary granular alluvium
deposits (silt, sand and gravel), varying in thickness
between 30 and 70 m overlain on Mio-Pliocene marl
substratum. The Plain of the El-Nil River is selected
as a study area because it contains more than 100
private wells installed for several purposes,
including agriculture irrigation and drinking water.
Furthermore, this plain is surrounded by intense
uncontrolled urban developments that potentially
affect, via a domestic wastewater discharge, the
groundwater quality within the aquifer of the Plain.

Figure 1. Geographic location of study site.

Poor groundwater management combined with other adverse practices in the coastal areas, such as domestic sewage systems and unsafe agricultural practices, result in groundwater quality degradation, which often leads to (i) heavy
contamination of groundwater particularly by nitrate, and (ii) salinization due to seawater intrusion enhanced by excessive pumping of groundwater. For coastal aquifers subjected to multi-sources of contamination, an efficient investigating
plan should include an overview of the potential existing sources of contamination. Such knowledge is helpful (i) for preparing an efficient sampling network that targets the reviewed potential sources and (ii) for establishing suitable
chemical analyses required for each potential source of contamination. The present study describes a case study of a coastal plain by reviewing the potential anthropogenic sources of groundwater contamination.

Figure 2. Perspective overview on the study area.

3. Potential anthropogenic sources of groundwater contamination

3.1. Cultivated fields
The cultivation of vegetable crops on
the Plain of the El-Nil River is a long-
standing practice throughout the year.
In the late 1990s, vegetable crops
had become mostly cultivated under
plastic greenhouses (Figure 3).
Boufekane (2017) stated that
considerable amounts of livestock
manure had been used to fertilize the
lands of the Plain of the El-Nil River.
However, it is difficult to quantify the
input amounts of manure used in the
agricultural activities as the
agricultural lands in the Plain of the
El-Nil River are owned by small
farmers who randomly and privately
add amounts of the manure. In many
areas of the world, the major-element
chemical loads of water infiltrating
into the subsurface are dominated by
constituents derived in part from
agricultural practices and used
additives, where the consequence of
irrigation and excessive fertilization of
cultivated fields could increase the
nitrate (Figure 4a) concentrations in
groundwater.

Figure 3. Land use time-evolution in the Plain: (a) in 
1984, (b) in 1994, (c) in 2009, and (d) in 2020.

3.2. Private sanitation systems
The contamination due to the use of
inadequate private sanitation systems is one
of the most discussed groundwater
contamination problems globally . According
to our request, the localities at the border of
the Plain of the El-Nil River (e.g., El-Kennar,
Chekfa, and Tahir City) are dotted to
sanitation networks since long-time. The
other small surrounding urban communities
(e.g., El-Kalaa, Boudekak, El-Sebett, and
Demina) have been recently equipped with a
sanitation network that collects the
wastewater before being drained in the
closest river. Potential groundwater
contamination can result from the old private
sanitation systems that have been operated
through long-time.

3.3. Seawater intrusion
Most studies investigating the Plain of the El-
Nil River assumed a potential seawater
intrusion based on the high electrical
conductivity (EC) values reported from the
analyzed groundwater samples (e.g., Amiour
2015, Boufekane 2017). Despite the available
assessment methods (Werner et al. 2013), as
far we know, no specific assessment of
seawater intrusion into the aquifer of the Plain
of the El-Nil River has been undertaken. As
some informative results concerning the EC
distribution, Figure 4c shows that
groundwater of the Plain of the El-Nil-River
revealed high EC values generally ranging
from 800 to 2,400 μS/cm, whose highest
values were observed in the northern sector
near to the Mediterranean Sea.

3.4. Contamination from rivers
The contamination due to the use of
inadequate private sanitation systems is one
of the most discussed groundwater
contamination problems globally . According
to our request, the localities at the border of
the Plain of the El-Nil River (e.g., El-Kennar,
Chekfa, and Tahir City) are dotted to
sanitation networks since long-time. The
other small surrounding urban communities
(e.g., El-Kalaa, Boudekak, El-Sebett, and
Demina) have been recently equipped with a
sanitation network that collects the
wastewater before being drained in the
closest river. Potential groundwater
contamination can result from the old private
sanitation systems that have been operated
through long-time.

Figure 4. (a) Groundwater nitrate concentrations, (b) Piezometric map, and (c) 2012-EC distribution (Boufekane 2017).

3.5. Dumpsite
In the southern part of the Plain, the large
dumpsite of Demina (≃3500 m2) is still
receiving solid waste from all the urban
communities since 2000. The dumpsite is
located within a few meters, and at an
elevation of twenty meters above the
Boukaraa River, this situation favours
contamination towards Boukaraa River which
can transport contaminated surface-water
into the Plain when the rivers drain the
aquifer. The groundwater flow due to the high
elevation of the Demina area is towards the
Plain (Figure 4b). Hence, potentially
contaminated leachate, resulting from this
wild dumpsite, could migrate with
groundwater and reaches the aquifer of the
Plain of the El-Nil River.

4. Conclusion
A hydrogeochemical study is recommended to complement the previous studies undertaken on the Plain of the El-Nil River.
The recommended study should include (1) analyses of stable isotope tracers of nitrogen (δ15N-NO3) and oxygen (δ18O-NO3) of
nitrate to discriminate the groundwater NO3

- sources, (2) a complete analyses of the major chemical elements for performing a
complete assessment of seawater intrusion using the conventional hydrochemical methods.


