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1 Introduction

The study area is located in the plain of Kherraza (NE
Algeria), in the Wadi Boudjemaa basin. The latter has a
longitudinal lenticular form. It is limited to the South by the
Belilieta and Bouhamra metamorphic mountains and the
Edough massif to the North. The eastern edge of the region
is drained by the Boudjemaa wadi.

To evaluate groundwater pollution in the Kherraza Plain
(agriculture, urban and industrial discharges), water chemi-
cal analyses were carried out on nearly 34 points.

2 Materials and Methods

The aquifer system of the kherraza plain consists essentially
of two types of aquifer (Hani 2003): a surface aquifer con-
tained in sand formations (with average permeability
between 10−3 and 10−4 ms−1) and a deep aquifer consisting
of conglomeratic and gravelly formation surmounted by a
clay layer whose thickness varies from 15 to 25 m. Most of
the wells that capture this aquifer are artesian (Fig. 1).

For the hydrochemical study, we use chemical analyzes
results of 34 samples taken at different points covering the
study area. Physical and chemical parameters pH, T °C, CE,

Eh, MES, TDS were measured in site using a WTW mul-
tiparameter (P3 PH/LF-SET multiline). The analysis of the
chemical elements was carried out using two methods: flame
atomic absorption (Perkin-Elmer 1100) for the determination
of major cations concentrations and the Photolab Spektral
spectrophotometer of the WTW brand to evaluate the anions
and trace element contents.

To evaluate the health risk assessment (HRA), the lead
(Pb) contents observed in groundwater are used. The daily
dose of exposure (DDE) is the dose of substance received by
the body in relation to the weight of the individual and the
number of days of exposure. Expressed in mg/kg/day, it
aims to define the amount of pollutants administered.

The EDD for different exposure scenarii is calculated by
the same equations that are adapted for each of the exposure
pathways (ASTM 1998, US EPA 1989):

EDD ¼ C � Q� Fsp� De� Fe

P� t

where:

C = the concentration in the exposure medium (mg/kg)
Q = the ingested quantity (kg)
Fsp = the absorption factor
De = exposure time (years)
Fe = the exposure frequency (day/year)
P = the weight of the individual (Kg)
t = the time period over which the exposure is averaged

(days)

The Acceptable Daily Dose (ADD) is the daily amount of
chemicals that can be ingested by a person during his life-
time without any noticeable health risk.
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The risk assessment depends on the substance that may
be carcinogenic or not. The estimation of the
non-carcinogenic risk is expressed as the ratio of the daily
dose of exposure to the acceptable daily dose. The ratio is
called the risk index (RI).

RI ¼ EDD

ADD

If RI is less than 1, then the toxic risk is considered
acceptable.

3 Results and Discussion

The results obtained show a large pollutant load carried by
the Boudjemaa Wadi water (chlorides: 900 mg.l−1,
BOD5 = 34 mg.l−1, nitrites = 2 mg.l−1). They also show a
significant qualitative degradation of groundwater, particu-
larly in downstream areas of the wadi. In these polluted

areas, the following values are observed: Electrical con-
ductivity (EC) greater than 3 mScm−1, PO4

−3 = 20 mg.l−1

and total Fe = 6.4 mg.l−1. These concentrations largely
exceed the standard value for drinking water.

In the calculation of total RI, all transfer routes (ingestion,
dermal contact, inhalation, vegetables consumption, etc.) were
taken into consideration. The results are reported on Table 1
which shows that the risk is unacceptable (greater than 1) for the
majority of water points in the study area. This situation
threatens nearby, and even distant, populations and wildlife.

4 Conclusion
The present work refers to a case study of groundwater
pollution by urban and industrial effluents and storage of
solid industrial waste on the ground. Contaminant levels
gradually increase from upstream to downstream, creat-
ing a potential risk to the Boudjemaa wadi ecosystem and
the Mediterranean Sea. The detailed risk assessment to
human health shows that it is mainly the ingestion of

Fig. 1 Location, sketch and geological sections of the study area: 1: Undifferentiated quaternary, 2: Ancient alluvium, 3: clays, 4: Conglomerates
and gravels, 5: Metamorphic formations, 6: Fault, 7: Wells, 8: Geological section, 9: piezometric level. («Modified after Messaoudi et al. (2006)»)

Table 1 Total Risk Index
(IR) Scenario: Use of
Groundwater in the Kherraza
Plain

N° Water point Child Adult N° Water point Child Adult

1 1.9 1.7 21 2.1. e−1 1.9. e−1

2 1.8 1.5 22 2.4. e−1 1.2

3 2.5 2.2 23 1.4 1.2

4 7.3 6.4 24 6.9. e−1 6.0. e−1

5 4.0 3.5 25 1.1 9.6. e−1

6 6.7 5.9 26 1.0 9.1. e−1

7 8.3 7.2 27 2.1 1.0

11 3.7 3.2 28 4.1 3.6

14 3.8 3.3 29 3.1 2.7

16 5.4 4.7 31 3.0. e−1 2.6. e−1

18 2. e−1 1.8. e−1 34 6.1. e−1 5.3. e−1

19 1.7 1.5

20 1.2 1.0
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waters that present the highest risk for the population of
the Kherraza plain.
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