Physicochemical and organic quality assessment of Mexa dam's
waters and its suitability for agricultural use.
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Abstract— The construction of Mexa dam
allowed to store the quantities of runoff water
inside the Mafragh watershed extended over 2500
km?2. The dam is destined to supply drinking water
and it is used by the riparian population for
irrigation of agricultural land. The waters, that
feed the dam, flow from Tunisian territory and
constitute a very dense and ramified hydrographic
network. The objective of this work is to study the
evolution of some physicochemical and organic
parameters analyzed during the years 2012 and
2013 to identify the hydrochemical facies and the
pollution degree of dam’s water using the Stiff and
Organic Pollution Index (O.P.1) respectively and
the suitability for agricultural utilization using
Riverside classification. The results obtained show
that the dominant hydrochemical facies is a
calcium bicarbonate while the concentrations of
major chemical elements are below W.H.O
standards. The degree of pollution, according to
O.P.1, is low to moderate for the dam waters. The
results also showed that water, relative to the
Richards classification, are positioned in the box
C2/S1 and are considered as good for agricultural
use.
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I. INTRODUCTION

Water is a must for the existence of human
being [2]-[11]-[3] and no other natural resource
has much empowering impact on human lives and
nature as water [10]-[12]. As a surface resource,
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river water has been the foundations upon which
many civilizations are built. It is responsible for
supporting and maintaining various forms of life
[4], playing a vital role in both human health and
environment safety [5]. The idea of building dams
on rivers allows man to mitigate the problem of
water supply, provide electricity and control
floods. The local circumstances which affect man's
requirements for water are determined by climate
and the geology of the ground since it is these
which result in the frequency and intensity of
rainfall and the fate of that precipitation after
reaching the ground [1]. The study area is located
in the north-east of Algeria, about 07 km east of El
Tarf city and about 60 km south-east of Annaba
city. It corresponds to geographical coordinates
36°45'15" N latitude, and 08°23'34" E longitude
“Fig. I”. Mexa is an earth- fill dam of 402 m long
with a total capacity estimated at 47 Hm? / year.
To study the climate of the area, we processed the
climatic data from El Kala meteorological station
for a 39 years observation period lasted from 1971
to 2010. The annual rainfall average is 770.1 mm
and the annual temperature average is 18.22 °C.
We study the climatic specificity of the study area
adopting the De_Martonne aridity index. This
index represents the report between the annual
precipitations and the annual temperature plus 10
[8]. The De_Martonne aridity index calculated
value is 27.29. So, the study area is positioned in a
temperate climate. From a geological point of
view, the water retention is on grounds dominated
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Figure. I. Geographical Ioalization of the study area.
by Numidian sandstones and clays and a Neo-
Pleistocene silty alluvia. In the vicinity of the dam,
one sees the presence of small dispersive rural
agglomeration upstream and who cultivated land
and exercised grazing. It is for this reason that we
wanted to study the waters of the dam and to
estimate its good or bad physicochemical and
organic quality and thus to visualize its aptitude
for using for agricultural purposes.

Il. METHODS

The physicochemical and organic parameters,
given by Hydric Resources National Agency
(A.N.R.H), allow to perceive and estimate the
quality and the pollution levels of waters. The
recommended physicochemical parameters
[Calcium (Ca?"), Magnesium (Mg?"), Sodium
(Na"), Potassium (K%), Chlorides (CI),
Bicarbonates (HCO3Y), Sulphates (SO4>)] and the
organic parameters [Biological Oxygen Demand
(BOD:s), Nitrites (NO2), Ammonium (NHs*) and
Phosphate (PO4>)] were treated.

On the one hand, we studied the hydrochemical
facies of waters according to Stiff representation
using software called diagrams which treated the
major chemical elements during january, april, july
and october of years 2012 and 2013.

On the other hand, we have adopted the method
of the organic pollution index (O.P.1) for the same
periods. The classification of the parameters is
mentioned according to five classes of colors
corresponding to the pollution degrees “Table. 1”.
This method consist in distributing the pollutants
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values in five classes and in determining, from
these obtained measurements, the corresponding
class number for each parameter in order to make
an average “Table. II”.

Table. I. Grid of water pollution degrees.

. Low @ Moderate High i

Organic

Pollution 5-46 207 39-3 29- 191
4 2

degree

Table. II. Interval of O.P.I parameters classes.

Parameters BOD5 NH4+ NO2- PO43-

Classes (mg-02/1)  (mg-N/1)  (ug-N/I)  (ug-N/I)

5 <2 <0,1 <5 <15

4 2-5 01-09 6-10 16 -75

3 5.1-10 1-24 11-50 76 - 250

2 10.1-15 25-6 51-150 251-900

1 > 15 >6 > 150 > 900

To determinate the water quality destiny for
irrigation of agricultural land, we use Sodium
adsorption ratio (S.A.R). Richards [9] recommend
a diagram for the classification of irrigation waters
and is based on the electrical conductivity and the
sodium-adsorption-ratio. To use the diagram, the
electrical conductivity and the concentrations of
sodium and calcium plus magnesium are required.

Sodium-Adsorption-Ratio  (S.A.R) can be
determined from the following formula [6]:

SAR =Na/[(Ca+Mg)/2]°°> (1)

The ionic concentrations are expressed in

milliequivalents per liter. On the basis of EC
values, total concentration of soluble salts was
classified in irrigation water into four groups and it

is shown in Table IlI.
Table. I11. Classification of waters based on S.A.R [7]



Water class  Electrical Conductivity SAR
(uS/cm)

Excellent Up to 250 Upto 10

Good 250 - 750 10-18

Fair/Medium 750 — 2.250 18 - 26

Poor/bad 2.250 — 5.000 > 26

[1l. RESULTS AND DISCUSSION

A. Hydrochemical facies
According to the representation of Stiff “Fig. 117,

The presence of carbonate formations formed of
limestone (CaCO3) can be at the origin of this

hydrochemical facies by the effect of the
dissolution and leaching of these outcrop
formations.

B. Organic pollution index (OPI)

We calculated the averages for each method
“Table. IV” and positioned them compared to the
color grid indicated in Table I.

Table. IV. The deduced averages of the O.P.1

the water samples have the same patterns in
relation with the dominance of one of the cations /
anions compared to the others (in milliequivalent
per liter). All samples indicate a calcium
bicarbonate facies for concentrations not
exceeding 3 Meqg/ | for the Calcium and 2.2 Meq/I
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Figure. 11 Hydrochemical facies according to Stiff diagram.
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We see that, for the two mentioned years before,
the value is inferior to 4 (but it does not exceed the
value 3) in January and April illustrated by the
yellow color which indicates that the water
presents a moderate pollution degree. But, the
value is superior to 4 reaching the value of 4.5 in
July and October represented by the green color
which indicates that the water presents a low
pollution degree. We can say that, in the high
water period (January and April), the water brings
with it nutrients and organic substances that
promote certain physicochemical and biological
reactions leading to the degradation of its purity.

C. Suitability of waters for irrigation purpose

Calculated S.A.R values are plotted in the
diagram proposed by Richards depending on the
conductivity “Fig. I11”. The S.A.R values do not
exceed 1 and the electrical conductivity values are
between 370 and 520 pS/cm. According to Table
11, the samples fall into the categories of C2/S1
characterized by a good quality and can be used to
irrigate the soils and crops, and present little risk
of solidity.
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Figure. Ill. Suitability of water for irrigation according to
Richards.

The values increase from the oldest analysis
(October 2012) to the most recent analysis
(October 2013) this may be due to the increased
concentrations of the four parameters (Ca, Mg, Na
proportionally to the electrical conductivity).

V. CONCLUSIONS

The dam of Mexa can be considered as an
important reservoir of surface water for the extent
of its hydrographic network. What drives us to
study the physicochemical and organic quality of
the dam's water is to see people bathe and use the
dam water to irrigate agricultural land without
treatment and which can cause diseases related to
water. We conclude that the waters of the Mexa
dam are low mineralized and their concentrations
in chemical elements are below W.H.O standards.
The dominant hydrochemical facies, according to
Stiff's representation, is calcium bicarbonate. The
degree of pollution, in determining the organic
pollution index, is rather low to moderate. It
should be  mentioned that  phosphate
concentrations exceed the required W.H.O

283

standards reaching 0.96 mg / | in January 2013.
According to Richards’s diagram, the waters are of
good quality and can be used to irrigate soils and
crops. Finally, to say that the dam water is
adequate for daily use requires another essential
study which is the bacteriological study.
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