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ABSTRACT

The work below is an experimental qualitative study to show the action of a type of natural ben-
tonite, as an adsorbent, on dam water destined for agricultural irrigation and human consump-
tion. The aim is to lower by adsorption 2 parameters, the turbidity to obtain a limpid and clear
water, and the nitrates quantity to avoid their transformation into nitrites, which are very toxic to
human health and cause damages to the environment. To do this, 3 factors of the adsorbent namely,
adsorbent mass, water volume, and adsorption time, on which this water treatment depends, are
varied in modelling, in order to observe their action on the obtained results. Then, at the end of
the treatment, the reductions of these 2 parameters are formulated by a mathematical formula,
describing the turbidity and the nitrates mass in water according to the 3 factors. This permits to
note which of the 3 factors is the most preponderant of this treatment, to judge the effectiveness
of this method and especially to predict the results concerning the experiments not carried out.
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1. Introduction

The Chorfa dam, located in the Mascara area of the
north-west of Algeria, is a collinear water reservoir of
medium capacity; it is fed by rainwater to be used for
essentially in irrigation of the surrounding fertile lands
and human consumption. The stored water, with an aver-
age turbidity of approximately 8.9 NTU and an average
nitrate content of close to 13 mg/L, does not allow its use
directly because rainwater carry alluviums, soil, sand,
clay, suspended particles, dissolved organic and inorganic
chemical substances. Nitrates are water—soluble and the
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part not assimilated by plants diffuses and infiltrates into
the soil to reach groundwater or surface water. They are
easily transformed to nitrites, which are very dangerous
to health. It is believed that too high level of nitrates in
the aquatic environment induces toxicity on its fauna
and flora, modifies the environment (eutrophication) and
harms biodiversity. Reducing nitrates, even if it is below
the admissible norms (our case), prevents nitrites increase
and ameliorates turbidity [1]. It is the nitrates transfor-
mation to nitrites can potentially have a negative impact
on health. In the blood, the presence of these nitrites
causes the formation of “methaemoglobin”, a form of
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haemoglobin incapable to transport oxygen. On the other
hand, the water turbidity of the Chorfa dam is high; this
concentration of suspended solids decreases its ecological
value [2,3]. For these reasons, filtration and treatment of
this water is more than necessary. One carries out a study
on the used means to reduce the presence of dissolved
nitrates and the turbidity. The treatment is accomplished
through adsorption process by bentonite [4,5]; it extracts
from the El-Bayadh ore in its natural state without acti-
vation or enrichment [6,7]. The descriptive and predictive
mathematical modelling is carried out by experimental
design; it describes the treatment phenomenon approach-
ing the measured values and at the same time, estimates
the results not known experimentally.

2. Study areas and sampling procedures

The sampling of water of Chorfa II dam (Table 1)
whose data and characteristics are transmitted to us by
Mascara Hydraulics Department. It is located at 65 km
north of Mascara city and fed mainly by the Mekerra River,
which benefits the dam with a reduced water quantity
of 400 mm per year by rainfall.

The necessary sampling measures taken are as follows:
(1) Ensure appropriate distance from the rivage. (2) Avoid
air bubbles in the bottles. (3) Take samples at a depth of at
least 30 cm from the water surface. (4) Collect water with
a flow velocity of at least 0.30 m/s. (5) Use opaque ves-
sels. (6) Collect water from three areas at a sufficient dis-
tance from each other (Table 2). This is possible using the
equipment do available to us by the Mascara Hydraulics
Department. This procedure allows the physical method
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3. Used methods, equipment and apparatuses of analysis
and measurements

Turbidity measurements are carried out using a
WTW turbid meter. The chosen instrument is a 2100-AN
of ISO 7027 standards, which performs measurements
by scattering infrared rays at 90°, with a wavelength
of A =960 + 30 nm and a nephelometry between 0 and
1,000 NTU. Its scattered light intensity increases each time
the concentration of pollutants rises in the water. First,
successive reference calibrations are performed with puri-
fied water mixed with formazine at different concentrations
such as 0.1, 1, 20, 50, 100 NTU. Then, the measurements are
done on 3 different samples of samples, taken in the three
zones of the Chorfa II dam. The average of the results is
8.83 NTU, that is, more than 5 NTU, which classifies this
water, slightly turbid and troubled (Table 2).

The mass of contained nitrates in water is detected
with a mass spectrophotometer, type NV 202P. It gives
a relatively low value, around 12.83 mg/L. Although the
standard of nitrates-NO, is 50 mg/L (measured in terms
of oxygen and nitrogen), (10 mg/L of nitrates-N, mea-
sured in terms of only nitrogen), water is treated to bring
it even lower than 12.83 mg/L, because under certain con-
ditions, nitrates are transformed into nitrites, which are
salts that are very dangerous to health (for reasons men-
tioned above). This is added to the already existing nitrites
mass, which is 0.176 mg/L, exceeding the norms of 0.1 mg/L.

Table 1
Descriptive table of the dimensions of the Chorfa I dam

of water filtration by adsorption to be carried out cor- Designation Units Values
rectly and efficiently by attaching the molecules of the
adsorbate to the adsorbent. In contrast to the ultrasonic Maximum altitude m 1,754
electrocoagulation method, which enables the element to Average altitude m 855
remove and to separate [8], or the electrochemical method, Minimum altitude m 1974
which removes it by passing an electrical current, similar Initial capacity without silting mm? 83
to electrolysis [9], this method use§ another procedure that Reduced capacity after silting mm? 70
does not require large means. It is appropriate when the Average capacit m® 46
2 mentioned methods above cannot be applied for ge capactly
technical reasons. Sources: Mascara Hydraulics Department
Table 2
Results of dam water analyses of the 3 sampling zones
Characteristics Areal Area 2 Area 3 Average Norms
Water T (°C) 11.50 10.40 11.5 11.13 25
pH 8.5 8.1 8.25 8.28 9.5>pH >6.5
Turbidity (NTU) 8.5 8.5 9.5 8.83 5
Nitrates (mg/L) 12.5 12.5 13.5 12.83 50
Nitrites (mg/L) 0.200 0.150 0.180 0.176 0.1
Chlorides (mg/L) 633.5 640.5 650.5 641.5 <500
Sulfates (mg/L) 126.5 125.5 135.5 129.16 500/400
Sodium (mg/L) 219 235 232 228.66 200
Potassium (mg/L) 5 5 6 5.33 12
Calcium (mg/L) 81 79 81 80.33 200
Dissolved oxygen (mg/L) 4.5 4.5 47 4.56 5
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4. Description and characterization of the natural used
bentonite

Natural bentonite with a basic pH of 9.15 is used,
of which about 80% of the grains are bigger than
200 pm. The analysis with the copper diffractometer
PHILIPS PW1830 (CuK = 1.54060 A) gives the following
spectra in Fig. 1.

The spectrum shows the presence of quartz in the form
of SiO, at the peak d = 3.35 A as well as at the secondary
reﬂect1ons (4.29, 2.46, 2.46, 1.81, and 1.54 A). Calcite is rep-
resented by radiations of 3.05, 2.29, 2.09, and 2.9 A, illite at
10.2 A, and kaolinite at 452 A. DRX analysis [10,11] shows
results that are more refined. The reflection at d = 10 A
(Fig. 2) is due to the no significant illitic phase with other
secondary peaks of 5.01 and 3.33 A. In addition, one
observes a ray at 12.36 A, which is attributed to smectite,
and two other rays at 14.16 and 4.74 A attributed to chlorite.

An infrared spectroscopic analysis [12,13], is done
with a Nicolet 410 spectrometer. The obtained spectrum
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examination [14,15] on the bentonite (Fig. 3) revealed
absorption bands, which one presents as follows:
(1) Presence of carbonates and other organic impurities
(absorption bands located at 1,448 cm™) characteristic
of CO elongations. (2) Presence of quartz (695, 701, and
868 cm™). (3) The located absorption bands around 3,621;
3,627; 3,743 and 3,749 cm™ represent the presence of illite,
while the 1,646 cm™ band characterises the clay (benton-
ite). The Si—-O valence is centred at 1,029 cm, while the
bands located at 522, 534, and 471 cm™ are attributed to the
deformation vibrations of the Si-O-M bonds (M = metal
in octahedral position which can be Al, Fe, or Mg).

5. Measurement of turbidity and nitrate quantity after
adsorption treatment with bentonite

The study consists in analysing the effect of three
factors acting on the two parameters characterising the
water quality [16,17], namely, the quantity of adsorbent
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Fig. 1. X-ray diffraction spectrum of used natural bentonite with the inter reticular distances d,, (A) (powder diagram).
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Fig. 3. Infrared spectrum of bentonite.

in g, the used quantity of water for each experiment in
mL, and finally the adsorption time in min using non-con-
ventional design of experiments [18,19]. Table 3 shows
the results obtained by varying the quantity of benton-
ite from 2.5 to 10 g, the volume of water from 200 to
500 mL, and the adsorption time with electromagnetic
agitation from 15 to 90 min through 9 experiences.

5.1. Measurement and analysis of turbidity results
after bentonite treatment

The turbidity (response: y,) varies according to the
combination of the 3 factors x, x, and x,, it changes from
0.25 to 0.86 NTU, is therefore significantly lower than the
turbidity of the dam water before treatment of 8.83 NTU
(Table 2). This behavioural decline is modelled by a math-
ematical expression chosen in the following linear poly-
nomial form (Eq. (1)) [20]. The following calculation
steps are processed using the software “Statistica” and
“Modde 6.0” which allow solving a system of 9 equations

the unconventional design method where the values of the
3 factors are not calculated and predicted in advance, but
given by the reality of the fieldwork. In this context, the
software identifies and eliminates any aberrant values and
reduces the total number of data points at 9 experiments.

y1’ =ay +aX,; +0,X,; + A, X, +A4,X,X, +4,,X X

12771 ‘x3i +a

1i Zix3i (1)

13 23

where X, factors in coded form of the three factors act-
ing on turbidity, a coefficients relative to each factor,
y,: response illustrating the true value of turbidity after
treatment. The values of x,; must be transformed to coded
values without grandeur between -1 and +1 accord-
ing to Eq. (2) below; x, is the codded value of the factor,
u__ is the maximum of the 9 true values, u_,_is the minimum

max

of the 9 true values, u, is the true value of the experiment:

(umax + umin J
— 2

(form of equation) 1 by matrix calculation. It is obvious 5= ( U —umin]
that the choice of the 9 experiments is done according to 2
Table 3
Experimental values of parameters after adsorption treatment
Experiment Adsorbent Water volume Adsorption Turbidity Nitrates quantity
number mass (g) (x,) (mL) (x,) time (min) (x,) NTU (y,) mg/L (y,)
1 25 300 30 0.86 9.57
2 5 300 30 0.75 6.58
3 10 300 30 0.50 4.6
4 25 200 30 0.25 2.98
5 25 200 60 0.25 1.09
6 25 200 90 0.30 1.08
7 5 250 15 0.39 10.1
8 5 400 15 0.40 22.3
9 5 500 15 0.38 27.47
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These coded values (x), without units, are used in
Eq. (1) and combined with the true turbidity values to
form a system of 9 equations (Table 4) [21].

The matrix calculation of the coefficients ay from
the 9 equations, does by the following well-known
expression [22].

a,=(x'X) " (x*)(¥) ©3)

where X is model Matrix. X' is the transpose matrix.
(X'X)1 is information matrix. The coefficients of the model
are show in Table 5.

This is what allows us to write the final form of the
model showing the descriptive and predictive turbidity
variation as a function of 3 factors; it shows by Eq. (4):

y = 0.855094 + 0.015795x, +0.168515x, +0.46479x,
—0.589651x,x, +0.501452x,x, + 0.0458737 x,x, 4)

This mathematical model has several advantages since
it has a simple form with no difficult functions, it is both
descriptive and predictive, and interacts between the 3 fac-
tors. At first view, one observes that the most preponderant
coefficient is a,,; it acts proportionally on the coded values
of the mass of the adsorbent (M_,) and on the volume of
water (V). However, it is necessary to associate these

coefficients a, with the coded values of the factors x; in

Table 4
Coded values of the 3 factors x, acting on the response y

order to know the effect of each term of the model for each
experiment on the turbidity. It is illustrated by two qual-
ity indicators, the first is descriptive coefficient (R? = 0.998);
it belongs to the interval 0 < R? < +1, and it is very close
to +1, this coefficient is largely satisfying. The other one,
(Q* = 0.982) is predictive indicator, it belongs to the inter-
val —eo < ? < +1, which shows that the turbidity previsions
are close to reality. Table 6 and Fig. 4 show precisely the
differences between the measured values and the predicted
values. These differences vary between 0.42% for the third
measurement and 3.33% for the fourth measurement. Only
the fifth measurement diverges from the admissible devi-
ation. Below (Fig. 5), they are response surfaces and con-
tours of the predictive values. They show how the water
turbidity after treatment with bentonite by adsorption var-
ies as a function of the three factors x; and their interactions.
The used software gives us from the figures all predicted
turbidity values witch are within the experimental work
domain for 3 values of adsorption time, which are 15, 52.5
and 90 min.

Table 7 shows 15 values predicted by the model, in
which the smallest theoretical value of =0 NTU is obtained
by combining 6.15 g of adsorbent, 350 mL of dam water,
and 15 min of adsorption time. On the other hand, the
maximum value of 5.11 NTU is obtained by accommodat-
ing the values of 10 g of bentonite, 250 mL of treated water,
and 90 min of adsorption time. By analysing the contours,
one sees that for an adsorption time of 15 min, the contours

Experiment Coded Coded water Coded

number adsorbent mass volume adsorption time

1 -1 -0.333 -0.6

2 -0.333 -0.333 0.6

3 1 -0.333 0.6

4 -1 -1 -0.6

5 -1 -1 0.2

6 -1 -1 1

7 -0.333 -0.667 -1

8 -0.333 0.333 -1

9 -0.333 1 -1
Table 5

Coefficients values of polynomial model

Factors Monomials coefficients Coefficients values of polynomial
Constant a, 0.855094

Mg (%)) a, 0.015795

Viat (%) a, 0.168515

Tads (x3) ﬂ3 0.46479

Mo > Vo (1%5) a, ~0.589651

M, % T4 (x,X,) A 0.501452

Vi Toas (0%) ay, 0.0458737
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Table 6
Deviation values between observed and predicted values
Experiment number Measured values Predicted values Deviations V,, -V __,
1 0.86 0.864286 -0.00428569
2 0.75 0.743572 0.00642848
3 0.5 0.502143 -0.00214291
4 0.25 0.241667 0.00833338
5 0.25 0.266667 -0.0166667
6 0.3 0.291667 0.00833341
7 0.39 0.394211 -0.00421059
8 0.4 0.389474 0.0105263
9 0.38 0.386316 -0.00631589
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Fig. 4. Deviations of experiment points at the regression line.
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Table 7

Examples of turbidity predictions from the model (contours and surfaces) according to the 3 factors

No. Adsorbent mass (g) Water volume (mL) Adsorption time (min) Turbidity (NTU)
1 3 250 15 0.500
2 2.5 200 15 0.234
3 3 250 90 0.935
4 4 300 15 0.566
5 2.5 200 52.5 0.266
6 4 300 90 1.690
7 5 350 15 0.393
8 2.5 200 90 0.298
9 5 350 90 2.210
10 6 400 52.5 1.240
11 6 400 90 2.490
12 7 450 52.5 0.930
13 7 450 90 2.530
14 9 500 52.5 0.0391
15 9 500 52.5 2.230

are practically vertical, oriented to the top, which shows
that for a given adsorbent mass, the treated water volume
increase has very few effect, and the turbidity remains
constant.

The same is true for the 90 min adsorption process, in
which the curves are directed downwards, this indicate
that for a given adsorbent mass, the water volume decrease
causes an insignificant change in turbidity, meanwhile
it remains almost constant.

On the opposite, for the case of the adsorption time of
52.5 min, the contours give a star form, sometimes it is the
adsorbent mass that remains few active (part of the hori-
zontal contours), sometimes, it is the treated water volume
that remains few laborious (part of the vertical contours).

One also notes from the Table 7 and Fig. 5 that for
the same adsorbent mass and the same water quantity,
the turbidity decreases with the reduction of the adsorp-
tion time. It also decreases if the adsorption mass is
reduced while keeping the same adsorption time and the
same volume. This is not valid for the volume of 500 mL,
where the opposite occurs; it probably explains by
the increase in volume and time simultaneously.

Negative values of turbidity remain only theoretical
approximations by extension, calculated by the model;
they have no correct physical significance. Another type
of analysis is done; it gives the possibility to see how it
changes according to only factor while keeping two oth-
ers invariable. Our choice is based on three distinct fac-
tor values, the minimum, the mean and the maximum
values.

5.1.1. First case, minimum values: absorbent
mass = 2.5 g —water volume = 200 mL — adsorption
time = 15 min

Inversely, to the action of the cases of the interactions
between factors x, (Fig. 6), one notes that taken separately,

at their minimum value, all three, increase turbidity but in
different manners.

It is the increase in the water volume, which has a
significant tendency in the first figure (Fig. 6b), when
the 2 others take their minimum value, whereas the
adsorption time has very little effect on turbidity under
the same conditions mentioned above (Fig. 6c¢).

5.1.2. Second case, median values: absorbent
mass = 6.250 g — water volume = 350 mL — adsorption
time = 52.5 min

In Fig. 7, only the water volume curve reverses
from Fig. 6, as the increase in this factor reduces turbid-
ity when the 2 other have their mean value. The other 2
curves give the same effect as the first case with a differ-
ent tendency, slower for Fig. 7a, and quicker for Fig. 7c.
Therefore, an average water volume of 350 mL reverses
the tendency; it reduces the turbidity.

5.1.3. Third case, maximum values: absorbent
mass = 10 g — water volume = 500 mL — adsorption
time = 90 min.

At the maximum of the 3 factors values (Fig. 8),
only the adsorption time (Fig. 8c) retains its action on
turbidity increasing, the first 2 factors (Figs. 8a and b)
reverse it and lower it in comparison with the first
case. Whatever its value, the adsorption time increases
always turbidity (Figs 6, 7 and 8c). Below, one pres-
ents in Table 8, some predicted values that give (by
the model) a turbidity that tends theoretically towards
zero and show that the water is clear and limpid after
treatment with bentonite (5 NTU > turbidity).

Student test shows that 6 of the 7 coefficients 4, are
significant in the polynomial. Only a, remains below
t x Si = 0.025845414, which means that it does not

crit
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Fig. 6. Turbidity variation for minimum factor values.
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Table 8

Predicted values predicted by the model of the 3 parameters allowing to approach zero NTU of turbidity

No. Adsorption time (min) Adsorbent mass (g) Water volume (mL) Turbidity (NTU)
1 15 6.55 330 0.000259

2 52.5 9.45 480 0.000161

3 15 9.20 268 0.00124

4 30 6.58 495 0.00623

5 15 5.55 495 -0.00973

act in a preponderant manner compared to the others.
The action of the 6 other coefficients is more dominant
on the turbidity, which demonstrates once again that the
model is significant.

The Fisher-Snedecor test shows that the critical
Fisher number F_, = 19.330, which describes the interac-
tions of the factors is lower than the observed number
F . =191.645, the model is acceptable with 5% of risk, that
this will not happen. The statistical study of water turbidity
by the design of experiments method is fully completed.

The model describing this parameter under the influ-
ence of the 3 factors is therefore acceptable as showed
by the 2 tests. In summary, (a) for a minimum adsorp-
tion time of 15 min, below V= 230 mL, the increase of
the adsorption mass increases the turbidity, beyond that,
it decreases it. Below the bentonite mass, M_, = 5 g, the
water volume increase raises the turbidity, while above it
decreases it. (b) For a median adsorption time of 52.5 min,
below V= 365 mL, the increase in the adsorbent mass
deteriorates the turbidity, above, it progresses it. Below the
mass of bentonite M_, = 5.4 g, the water volume increase
degrades the turbidity, whereas above, it improves it.
(c) For a maximum adsorption time of 90 min, below

steps as for turbidity. The coded values, deduced by for-
mula 2, acting on the response y (quantity of nitrates),
and ranging from —1 to +1, are given in Table 9.

Matrix calculation gives the coefficients a, shown
in Table 10; the mathematical model therefore takes the
form of Eq. (5).

y = 5.60818 — 2.52048x, +3.89066x, — 9.51192x,
—2.00185x,x, — 5.53582x,x, — 4.60904x,x, ®)

This polynomial (5) represents the mathematical
model of the nitrates presence in the water after treat-
ment under the influence of 3 factors x; and their interac-
tions xx,. This form gives very realistic estimated quality
indicators, as close to +1, one descriptive R? = 0.995 and
other predictive Q*=0.964 and gives illustrated deviations
in Fig. 9. The response surfaces (Fig. 10a) and contours

Table 10
Values of the coefficients of the polynomial model

V.. = 487 mL, the augmentation in the adsorption mass Factors Coefficients Coefficients values

clarifies the water, and vice-versa. Below M_,_ = 2.6 g of

bentonite, the increase in water volume iiilsproves g’che Constant % 560818

turbidity while above, it aggravates it. M, (x)) ! —2.52048
V.., (x) a, 3.89066

5.2. Measurement and analysis of nitrates quantity Tags (%) % —9-51192

results after bentonite treatment Mg Vi (01) iz —2.00185
M, x T, (x,x,) a, -5.53582

Based on Table 3, the modelling of the quantity of T (x,0) a,, —4.60904

dissolved nitrates in water is done following the same e

Table 9

Coded values of the 3 factors x, acting on the response y

Number Adsorbent mass Water volume Adsorption time

1 -1 -0.333 0.6

2 -0.333 -0.333 0.6

3 1 -0.333 0.6

4 -1 -1 -0.6

5 -1 -1 0.2

6 -1 -1 1

7 -0.333 —0.667 -1

8 -0.333 0.333 -1

9 -0.333 1 -1
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(Fig. 10b) show how the nitrates quantity in the water
after bentonite treatment varies according to the 3 factors
x,and their interactions x,x.. The given values of the times
above 52.5 min of dissolved nitrates are negative and
purely theoretical; they do not represent true cases. The
contours in Fig. 10 are of distinct types, almost horizontal
for the adsorption time of 15 min, and almost vertical for
the time of 52.5 min.

In the first case (Fig. 10b, T, = 15 min), this indicates
that the increase in adsorbent mass has very little influ-
ence on the presence of nitrates (approximately horizontal
contours), whereas in the second (Fig. 10b, T, = 52.5 min)
it is the increase in water volume, which remains with-
out any noticeable influence (approximately vertical
contours).
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From this, one notes some predicted values by the
model, which shows us that it is the increase in adsorption
time combined with the decrease in water volume or the
increase in adsorbent mass that causes the nitrates fall in
water (Table 11).

However, the influence of the factors taken in isolation
on the presence of nitrates acts differently than when there
is an interaction between them; the graphs below show this:

5.2.1. First case, minimum values: absorbent
mass = 2.5 ¢ — water volume = 200 mL — adsorption
time = 15 min

The first graph in Fig. 11a shows that for a minimum
water volume of 200 mL and a minimum adsorption time

Fig. 9. lllustration of the deviations from the regression line.
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Fig. 10. (a) Ilustrative and predictive response surfaces of the presence of nitrates and (b) illustrative and predictive contours of the

nitrates presence.
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of 15 min (constant), the nitrates quantity increases lin-
early with the increase in mass of the absorbent. On the
second graph (Fig. 11b), the mass of the absorbent kept
at 2.5 g and the adsorption time at 15 min, here too, the
increase in the volume of treated water increases the quan-
tity of nitrates, but with a pronounced increasing ten-
dency. On the other hand, on the third graph (c), while
keeping the mass of the adsorbent at 2.5 g and the volume
of water at 200 mL (invariable), the presence of nitrates
falls, the mathematical tendency curve is the weakest of
the 3 graphs.

5.2.2. Second case, average values: absorbent
mass = 6.250 g — water volume = 350 mL — adsorption
time = 52.5 min

In this second case (Fig. 12), where the 2 mentioned
average values of each factor are kept to vary the 3rd, one
sees the inverse effect of the 2 first curves in Figs. 11a and

b, since they are decreasing, while the decreasing ten-
dency of the third curve becomes more increased. For
their average values, the increase of all factors decreases
the nitrates quantity dissolved in the treated dam water.

5.2.3. Third case, maximum values: absorbent
mass = 10 g — volume of water = 500 mL — adsorption
time = 90 min

Keeping the factors in their maximum values (Fig. 13),
the behaviour remains the same as in the 2nd case, with the
difference that the linear decrease in the presence of nitrates
in the treated water is faster than before. In the end, the
nitrates quantity in the water varies according to the three
factors. (a) For an adsorption time of 15 min, if the vol-
ume of water is less than 394 mL, the quantity of dissolved
nitrates increases with the increase of the adsorbent mass.
On the other hand, if V> 394 mL, it is the opposite which
occurs. (b) For an adsorption time of 52.5 min, the increase
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Fig. 11. Variation in the quantity of nitrate for minimum factors values.
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Table 11
Predictive values from the model as a function of the 3 factors

No. Absorbent mass (g) Water volume (mL) Adsorption time (min) Nitrates quantity (mg/L)
1 3 200 15 4.15
2 3 500 15 29.9
3 6.5 200 15 12.3
4 6.5 500 15 26.9
5 10 200 15 14.8
6 10 500 15 23.8
7 3 200 52.5 1.01
8 3 500 52.5 6.49
9 6.5 200 52.5 -5.52
in the mass of adsorbent reduces the nitrates quantity inside ~ Acknowledgments

the treated water over the completely measuring domain.
It is at the border of the mass of 5.5 g of bentonite that a
change of behaviour is observed. If it is lower, the quantity
of nitrates increases with the increase of the used water vol-
ume and vice versa if it is higher. (c) The adsorption time
of 90 min does not reflect the true cases, it gives purely the-
oretical negative values of nitrates presence, it is therefore
not considered.

6. Conclusion

Variations of turbidity and the dissolved mass of nitrates
are function of three mentioned different factors in the
study, But they become complex with their interactions.
The two models found, the contours and the response sur-
faces illustrate this. Turbidity and nitrate mass are inde-
pendent of each other. It is not the choice of three factors
that decrease turbidity witch gives automatically the ideal
decrease of water nitrates. Therefore, the choice do for
each adsorption treatment separately using one of the pro-
posed solutions of the mathematical models. This method
remains good and gives satisfactory results in laboratories; it
can be applied without difficulties in the industrial domain.

Our thanks go to the 2 research laboratories, as well
as to Mascara’s Hydraulics Department, which helped us
with some data and information.
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