
Chemical and Organic Contamination
Degree of Waters in the Lacustrine Complex
of El Kala (Northeastern Algeria)

Badreddine Saadali, El Fadel Derradji, Hicham Zerrouki,
Nabil Bougherira, Sofia Bahroun, and Abdelkader Khiari

Abstract

The lacustrine complex of El Kala (LCEK) is recognized
for its biodiversity richness and its perennial water
resources, which have allowed it to be included in the
Ramsar List thanks to the ecological and scientific
importance of its wetlands. The lacustrine complex has,
therefore, been under protection against all harmful
human activities for its preservation. However, the
vicinity of the wetlands has been encroached in the last
decades, as exemplified by increased socioeconomic
activities at the expense of the lacustrine ecosystem.
The objective of this work is to identify the degree of
chemical contamination of waters and of pollution by
organic bodies in relation to the resulting domestic
discharges and to the use of fertilizers in agriculture.
Therefore, four superficial and six groundwater samples
were collected and analyzed in the laboratory for some
major chemical and organic parameters, namely sodium,
sulfates, chlorides, nitrates, biological oxygen demand,
chemical oxygen demand, phosphates, total phosphorus,
ammonium, and dissolved oxygen. The contamination
index (CI) and the organic pollution index were deter-
mined. The CIs’ values for the majority of the samples
were lower than 7, indicating a low chemical contami-
nation of waters. The organic pollution index ranged from
high (2.3) to very high (1.5–1.8), suggesting the waters
are polluted by organic substances. Also, the waters in the

LCEK are likely charged with organic bodies in high
concentrations, which may cause a risk of pollution of an
anthropogenic origin that will have a negative impact on
the maintenance of the ecosystem.
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1 Introduction

Water is life (Cleland and CF 2002) because it guarantees the
survival and the maintenance of the living species (Carl
1937), especially the perpetuity of the human being (Gleick
1996). Man needs a good water quality for drinking, irrigating
crops, and stimulating the industry growth. He looks for the
best places to get water in big quantities, including freshwater
ecosystems (rivers, wetlands) (Postel and Richter 2003). Man
enters his environment aggressively by destroying the flora,
throwing his garbage which contains harmful substances,
leading to the degradation of the water quality and biodiver-
sity (Aras et al 2018). Many studies have approached the
problem of water contamination by chemical, organic, and
metallic bodies (Alfy 2012; Saadali et al 2015; Belabed et al.
2017; Boujghad et al 2019; Haouti et al 2018; Loucif et al.
2020) through the discharge of solid and liquid products
depending on the increase in water demand due to population
growth and accompanied socioeconomic activities.

The lacustrine complex of El Kala (LCEK) is located in
the extreme northeast of Algeria, on the Algerian-Tunisian
boundaries. The study area is formed by wetlands classified
in the Ramsar List as Waterfowl Habitats: the lacustrine sites
(Tonga, Oubeira, Mellah, and Blue Lake), the integral
reserve of the Noir Lake peat bog, and the alder stands of
Ain-Khiar. The LCEK is approximately within latitude
36°46'–36°55' N and longitude 08°11'–08°38' E (see Fig. 1).
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According to the aridity index IDM (Martonne 1926), the
study area is positioned in the semi-humid climate range,
with an IDM equal to 27.29, from the data of El Kala climatic
station (1971–2010), an average annual rainfall of
770.1 mm, and an average annual temperature of 18.22 °C.
Inside the LCEK, hitherto devoid of any human implantation
threatening its biodiversity, there were human infrastructures
spreading in parallel with a continued demographic growth
(see Fig. 2).

This has led to the degradation of wetlands by
socioeconomic activities. In this work, we focused on the
interpretation of the chemical and organic parameters of
the water samples collected and analyzed in the labora-
tory to determine the appropriate pollution indices and
assess the levels of water contamination in the LCEK
waters.

2 Methods

A total of six (06) groundwater samples from hand-dug
wells (W) and springs (S) and a total of four (04) superficial
water samples from the watercourses (R) were collected
during the month of July 2011 (see Fig. 2). The water
samples were transferred to Fertial’s central laboratory for
the determination of sodium (Na+), sulfates (SO4

2−), chlo-
rides (Cl−), phosphates (PO4

3−), and total phosphorus (P2O5)
concentrations. Biological oxygen demand for five days
(BOD5), chemical oxygen demand (COD), nitrates (NO3

−),
and ammonium (NH4

+) were determined at Horizon labo-
ratory. The dissolved oxygen (O2) concentrations were
determined at the laboratory of the Water and Sanitation
Society of Annaba and El Tarf (SEATA).

Fig. 1 Location of the study area

Fig. 2 Delineation of watersheds
and distribution of
agglomerations inside the LCEK
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The CI is calculated by attributing a number from 1 to 9
(classes) where the obtained concentrations of each of the
four chemical parameters (Na+, SO4

2−, Cl−, and NO3
−) are

positioned (see Table 1); the sum of the obtained numbers
corresponds to the value of CI. The highest value of CI
exceeding the value 7 indicates that the water is very con-
taminated, and so, very polluted. The following equation is
used to calculate the CI (Rouabhia et al 2004):

CI ¼ Rð Naþ½ � þ SO2�
4

� � þ Cl�½ � þ NO�
3

� �Þ
The method of the Institute of Hygiene and Epidemiology

(IHE) is feasible by the availability of concentrations of
BOD5, COD, NH4

+, O2, PO4
3−

, and P2O5. The principle is to
position the obtained values of the six organic parameters
according to the five classes (see Table 2). The average of
the class numbers, obtained by the six parameters, gives the
value of the IHE index which is represented according to

five color classes (see Table 3) corresponding to the organic
pollution levels (Saadali et al 2019).

3 Results and Discussion

3.1 Contamination Index (CI)

The CI values ranged between 3 and 14 with the majority of
the samples (9 out of 10) having low CI (� 7). Only one
sample of the well (W2), located at Oued El Hout, presents a
high CI value of 14 (see Table 4). The high concentrations of
chemical elements could be attributed to the presence of salt
crystals in the subsoil and the nature of uncultivated soils
rich in organic matter (Saadali 2016).

The waters are slightly contaminated and slightly polluted
by these chemical elements (CI � 7), whereas the water of

Table 1 Interval of classes for chemical parameters (Rouabhia et al 2004)

Class
concentration
(mg/L)

1 2 3 4 5 6 7 8 9

Na+ <250 250–500 500–750 750–1000 >1000 – – – –

SO4
2− <250 250–500 500–750 750–1000 >1000 – – – –

Cl− <250 250–500 500–750 750–1000 >1000 – – – –

NO3
− <15 15–25 25–35 35–45 45–55 55–65 65–75 75–85 85–95

Table 2 Class interval of organic parameters

Parameter
class

BOD5

(mg-O2/L)
COD
(mg-O2/L)

NH4
+

(mg-N/L)
Dissolved
O2 (%)

PO4
3−

(lg-P/L)
P2O5

(lg-P/L)

5 � 1 � 5 � 0.05 90–110 � 50 � 50

4 1.1–3 5.1–10 0.06–0.5 70–89 51–100 51–100

3 3.1–5 10.1–20 0.51–1 50–69 101–200 101–200

2 5.1–10 20.1–50 1.01–2 30–49 201–400 201–400

1 >10 >50 >2 <30 >400 >400

Table 3 Water pollution grid according to IHE

Pollution degree No Low Moderate High Very high
IHE index 5 - 4.6 4.5 - 4 3.9 – 3 2.9 - 2 1.9 - 1

Table 4 Contamination indexes of analyzed waters

Sample W1 W2 W3 W4 S1 S2 R1 R2 R3 R4

CI 3 14 7 5 3 3 5 4 3 4
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the well (W2) is highly contaminated and highly polluted by
these elements (CI > 7).

3.2 Organic Pollution Degree

The averages calculated of IHE indices are all below 2.9 (see
Table 5). The IHE indices have a constant value of 2.3 for
groundwater represented by the orange color, but vary
between 1.5 and 1.8 for surfacewater represented by red color.

This indicates that the groundwater has high levels of
organic pollutants, while the surface waters contain very
high levels of organic pollutants, suggesting that the waters
in LCEK are polluted by certain organic elements of
anthropogenic source.

4 Conclusions

The purity of the LCEK has been affected by the irrational
human intervention on the physical environment normally
protected by the state considering its ecological importance.
This is exemplified by the computed CI from the results of
the chemical analysis conducted on both groundwater and
superficial water samples collected from the area. The
organic pollution index also indicated a high degree of
pollution by organic substances resulting from anthro-
pogenic activities. The consequences of the water quality
deterioration could cause dysfunction in the lifestyle of liv-
ing species. Our main aim of this study was to indicate the
water pollution, from human origins, which is one of the
main factors of environmental degradation. The findings
may provide, to local and scientific communities, an over-
view of a possible deterioration of aquatic environments and
a disruption of the ecological balance that can, in future,
affect this sensitive and presumably protected area, by
increasing anthropogenic activities and water pollution.
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