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This study sheds light on the adsorption process for the removal of nitrate ions from synthetic aqueous
solutions. This contaminant pose a potential risk to the environment and can cause health effects
including cancers and methemoglobinemia in infants. When the adsorption process is carried out, the
effect by the several operating parameters such as initial nitrate concentration, pH, mass of activated
carbon, and contact time becomes apparent. The essential process variables are optimized using
response surface methodology (RSM) based on the central composite design (CCD) experiments. For
this purpose 31 experimental results are required to determine the optimum conditions. The ANOVA
results obtained from the RSM studies are analyzed using a second-degree polynomial equation. The
study of the determination of contour plots shows the interactions among the variables of the
adsorption system. The optimum conditions for the removal of nitrates is found to be: initial nitrate
concentration = 15 mg/L; initial pH 4.0; mass of activated carbon= 25 mg, and contact time = 70 min.
At these optimized conditions, the maximum removal of nitrates is found to be 96.59 %. The
experimental values were in excellent accord with the predicted ones by the proposed RSM models.
This indicates that the quadratic models can be effectively used to predict the removal efficiency of
nitrate ions by adsorption process. These low-cost adsorption methods can be effectively adopted for
the removal of nitrate ions from industrial effluents.

Keywords: Nitrate removal, Adsorption, Activated carbon, Response Surface Methodology, Central

Composite Design.



1. Introduction

The discharge of contaminants is generally provieoh industrial, agricultural as well as
domestic wastewater. Agricultural activity, in peutar, threatens the equilibrium of ecosystems by
releasing a number of pollutants that seep intath&tic environment (Sanctis et al. 2017; Aguilar
et al. 2019). Nitrogen compounds, and nitrate ipasticularly, are examples of its effluents
(Mankiewicz-Boczek et al. 2017; Karri et al. 201Bljtrates are accumulating in the environment
and their presence in drinking water can causemfoaeffect on human health such as blue-baby
syndrome in infants and stomach cancer in adultsn@®anit et al. 2015). Nitrates are not toxic in
themselves (Su et al. 2016). Undervivo favourable conditions, however, they may be reduce
into nitrites and nitroso compounds (nitrosamined aitrosamides). This can cause gastrointestinal
cancer, especially gastric cancer in humans (Miksa et al. 2014; Song et al. 2015; Schullehner et
al. 2017). In fact, newborns may lack oxygen beeanifrites from nitrates oxidize ferrous iron
(Fe**) in the hemoglobin to ferric iron (F8, preventing the hemoglobin from playing its calci
role in respiratory exchanges (fixation of oxygenthe lungs and release of oxygen to tissues), a
disease known as methemoglobinaemia, or blue-batsyase (Golie and Upadhyayula 2017;
Ahmadi et al.2017). In addition to the effects arman health, excessive level of nitrate in water
can stimulate entrophication in the aquatic enviment, therefore making nitrate removal from
groundwater important (Li et al. 2017; Zhang et2&l19). As result, the nitrate concentration limit
in drinking water required by the World Health Ongation (WHO) and the US Environmental
Protection Agency (EPA) is approximately 10 mg/u @ al. 2014; Uzun and Debik. 2019).

In order to overcome this issue, several proce&gesitrate removal have been used and
developed, such as reverse osmosis (Luo et al.; AZevt et al. 2017), ion-exchange (Ansari et
al. 2017), catalytic reduction (Yun et al. 2016;rfEoet al. 2016; Garcia-Fernandez et al. 2018),

electrodialysis (Onorato et al. 2017; Belkada 2@l 8), and biological denitrification (Zhang ét a
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2014; Lu et al. 2018). However, each of above-nometil methods presents certain limitations.
Need to regenerate ion exchange resin make thegg@omplex and non-economical (Song and Li
2019). Electrodialysis is not simple due to thengtive working environments (Pirsaheb et al.
2016; Riveros et al. 2019). Biological denitrificat is non-economical due to the side reaction and
additional cost of the chemicals used (Zhang eP@19). The excessive consumption of energy,
make reverse osmosis expensive process (Epsztein 2015; Li et al. 2018). Adsorption is one
other method that is simple and economically effitifor removing nitrate ions from water, due to
its ease of handling, availability of a wide rargdeadsorbents, comfortable repair and maintenance
(ElI Mouzdabhir et al., 2007; Moreira et al., 201Buring the last years, many researchers have been
directed to the development of various adsorbertéat removal of nitrates (Satayeva et al. 2018;
Fan and Zhang 2018; Gouran- Orimi et al. 2019H&hache et al. 2019). Activated carbon has
been the extensively used material for the treat# of contaminated water because it possesses a
high sorption capacity, and is characterized bgry igh porosity which allows them to develop a
large surface of contact with the external envirentf(Ghasemi et al. 2016; Piai et al. 2019). The
performance of this material is closely relatedheir chemical surface as well as their textures
(Dasgupta et al. 2018). Hanafi and Azeema (20D8)example, have reported adsorption of nitrate
onto carbon adsorbent with a very large surfaca apeto 2800 i#ig. Kalantary et al. (2016) show
that synthetic activated carbon with magnetic naniges can reduce an important amount of
nitrate in water. Mazarji et al. (2017), reportegdplicable conditions for the modification of
commercial activated carbon. These authors improtreese modifications improved the nitrate
removal efficiency. Yuan et al. (2019) studied #ffect of the structure of activated carbon on the

adsorption of nitrate ions in aqueous solution. Nabt al. (2019) show the importance of textural



properties on the adsorption of nitrate on carlfetayeva et al. (2019) evaluate the role of the
surface chemistry and the pore size distributioaabivated carbon for removing nitrate from water.
In the adsorption process, many operating paramesterh as initial pollutant concentration,
adsorbent loading, pH, temperature, and contace tinfluence the process efficiency. The
process’s efficiency may be developed by optimizimgse factors (Gadekar and Ahammed 2019;
Archin et al. 2019). In the classical method, oation is usually carried out by varying a one
variable while keeping all the other variables fixa a specific set of conditions. This method is
overwhelming while wide amount of variables conside and requires large number of
experiments. To overcome these limitations, resemrteing directed towards optimization all the
affecting factors by statistical techniques suchresponse surface methodology (RSM). The
application of RSM in adsorption process can imptbyroduct yields, reduced the number of
experimental trials, evaluated the relative sigaifice of variables and their interactions, build
models, reduced development time and overall costharya et al. (2017) applied RSM to
optimize the removal nitrates ions from a synthebtution by electrocoagulation process. Three
parameters named pH, electrolysis time and curveaste studied. The study showed that
electrolysis time and current were the most sigaift variables that influenced the removal of
nitrate from aqueous solution and the results sstgtfeat the regression model has a good
correlation with experimental data. Sabeti et &010) investigated the effect of physical
parameters on the removal of nitrate and phospbyat€hlorella Vulgarisby Response surface
methodology (RSM). The results implied that theeskpental values were in excellent agreement
with those predicted by the proposed RSM modelsaikati-Niaragh et al. (2019) conducted the
investigations to study the influence of alterngtourrent (AC) and direct current (DC) for nitrate

removal efficiency by using a continuous electr@rdation (CEC) and designed the experiments



by response surface method. Four variables expéatatfect nitrate removal were studied: initial
nitrate concentration, inlet flow rate, current siéyn and initial pH. The study clearly suggests a
good accord between achieving results and the empetal data. Kuang et al. (2019) investigated
the RSM to optimize the removal nitrate and itspogelucts by using electrochemical-adsorption
(ECA) system. Three independent variables named paoticle, zeolite and current density were
examined. The results showed that about 95% oiainfitrate was removed at the optimum
conditions. Song et al. (2019) reported also onrthiestigations of the removal efficiency of nigat
and ammonia using RSM.

The main goal of this work is to optimize and motled removal of nitrate from aqueous
solution using adsorption process. Central Comed3#sign of response surface methodology is
used as a tool to evaluate the effect of the peogemwameters such as initial pH, nitrate
concentration, contact time, and mass of activatggtdon on the efficiency of nitrate removal from
synthetic solution. In addition, to perform the tistécal calculations, JMP software (John's

Macintosh Project) is used.

2.  Experimental
2.1 Materials and operating mode
Activated carbon is used as adsorbent (Hydrodabf) @abot Corporation). The results of

ICP analysis of activated carbon are presentedbiel’l. Sodium nitrate (NaNDfrom Merck was
used as nitrate source.

The experimental data were collected following ttwenpletion of 31 experiments. The
experimental results of all coded and actual véators for the adsorption of nitrate on activated

carbon are shown in the Table 2. In each of theperanents, we fixed, in turn, one of these



factors, namely the initial pH, initial nitrate am@ntration, mass of the activated carbon or contact
time, and varied the other three at their levelsximum or minimum (see Table 3).

The experimental results of all coded and actuklevéactors for the adsorbed quantity and
the adsorption efficiency of the active carbon atdrare also shown in the Table 3. All these
experiments were carried out with 10 ml aqueoustatsolution in 20 ml glass flasks with stirring
of 280 rpm (see Figure 1). After been agitatedad@redetermined time at room temperature, the
suspensions were filtered through 0@ Durapore membrane filters and the obtained fdtra
solutions are analyzed by UV/vis spectrophotoméBouble PC (Model UVD-2950)" at the
maximum absorption wavelength which was determegukrimentally for nitrateN(= 215 nm).

The removal efficiency (%) and the amount adsorbkditrate by solid at time (t) were

calculated according to the Equations 1 and 2 ecigely.

R = (Cf’c_ctj x100%

0

1)

_ Cp—C v
£ W

2

whereCp andC; are the initial and the final concentrations & #mions in solution (mg/L) the

solution volume (L), an@lV is the mass of activated carbon (g).

2.2 Statistical analysis



Experimental design of the removal BIO; is carried out by using the RSM. In this study,
the central composite design (CCD), which is a Widxploited model of RSM, is employed to
optimize the adsorption of nitrateBlO; onto activated carbon. Several variables affeet th

adsorption of these ions: initial concentration, pitass of activated carbon and contact time. The
RSM is applied to evaluate the variables’ effecttio@ process and to determine the relationship
between a set of these controllable experimenteanpaters. As such, RSM is an empirical
modelling technique whereby, the main aim is tcaorge at best the tests that accompany scientific
research or industrial studies.

The actual design experiment is listed in Tabl&t low, middle, and high levels of each

variable are designated as -&)(and +2 ().

Mathematical model

The first step in RSM is to find a suitable approation for the true functional relationship between

the respons# and the set of independent variables.

The behaviour of the system is explained by thiefohg second-degree polynomial formula:

=Ro+ T B + X T B X X, + B R X .

Whereij is the theoretical response functionjsithe coded variables of the system, @d#; ,

f2

. and 3, are the true model coefficients. The observedaespy for the in experiment is iy=



fii +ei (ei: error).

2.2.1 The central composite design
For four variables and five levels, the total numbkexperiments was 31. In the present

study, NO; removal efficiency (%) and £Q(mg/g) were considered as the responses studied.

The coded factors using CCD is shown in Table 22 TCD is chosen to optimize the
adsorption process and to determine the regressomlel equations and operating parameters from
the appropriate experiments. It is also an idealgietool to find the optimum process of various
factors.

The thirty-one experiments are determined by thgressions: 2(2* =8:Factor point), 2n
(2x4=8 axial points) and 8 (center points: eigiglications). The distance is calculated so as to
obtain rotatability. & = +(2%)%4 = +2.

The experimental variables; Xre coded asixccording to the following transformation

equation:
X, =2 %
t Ax (4)

Where X is the uncoded value of th# independent variable and is the dimensionless coded
value of the# independent variable,oXds the value of Xat the center point, antlX; is the step

change value of the real variable.

2.2.2 Validation of the model



In order to validate the model, a variance analydigly of the model is performed.
Statistical analysis of the probability value acting to the alpha risk is carried out to compaee th

experimental value with the theoretical value K Er-Snedecor table).

3. Resultsand discussion
3.1 Effect of variables on Qads and efficiency

Several factors such as pH, mass of activated parbontact time, and initial nitrate
concentration influence the adsorption processNd,. By applying RSM, it is possible to

optimize the controllable experimental factors ametvaluate the interactions of these parameters
with a limited number of experiments. The initiatrate concentration varies between 5 and 25
mg/L. The mass of activated carbon is between H2&hmg. The initial pH scale studied ranges
between 3 and 7 and the contact time is betweeamd(L00 min. The results included in Figure 2
shows that the adsorbed quantity of nitrate in@gaand becomes stable when the initial
concentration ofNG; increases. When the contentration of ion in thetsm increases, the amount
adsorbed on the activated carbon increases totheAisn diffuses into the structure of the actidate
carbon, the number of pores for adsorption decsedSensequentely, the increase in percentage
removal may be due to the complete utilizationlb&etive sites in the carbon adsorbent by nitrate
anions. Furthermore, as shown in Figure 2, the amadsorbed of nitrate decreases with the
increase in the mass of adsorbent. At lower pH §H) the quantity adsorbed of ion nitrate

increases, then increases with the pH. In the same the amount ofNO, increases with the

increase of contact time and remains constant @@teninutes as shown in Figure 2. Moreover, the

results summarized in this figure shows the retetndp between nitrate adsorption rate (mg/g) and



contact time for activated carbon. The figure alemonstrates that optimal pH is equal to 4 and

contact time is equal to 70 minute for this absotbe
The main effects of each parameter on removal iefiey of NO; are given in Figure 2. It

was observed that the optimum current initial com@ion, pH of solution, and the contact time
were near 15 mg/L, 4 and 70 minutes, respectiR@moval efficiency is independent of mass of
adsorbent as shown in Figure 2. The adsorptionessocs rapid in the first 60 min and removal
efficiency is high at pH = 4, as it will declinerfbigher pH. Actually, the increase uptake of résa
anions onto activated carbon for low pH (gH) is due to the electrostatic interactions betwtbe
positive surface charge of activated carbon andnthgative charge of nitrates. However, the

adsorption of nitrates on activated carbon is edrout at different initial concentration of nigat
concentrations ranging from 5 to 25 mg/L. The etioluof the removal efficiency oNO; as a

function of the initial concentration of nitrates summarized in Figure 2. The efficiency of
elimination of these anions increases from theaaihdoncentration up to 15 mg/L then gradually
decreases with the increase of concentration. fsslt is attributed to the availability of a large
number of vacant sites initially for adsorption ahé presence of high surface area of activated
carbon, later because of the saturation of thegpdine removal efficiency decreases. Furthermore,

as seen in Figure 2, increases in mass of adsohamet no effect on the removal effeciency of
NO; .
3.2 The second-order model and analysis of variance (ANOVA)

As seen in Table 4, CCD is composed of two respoiis@dsorbed amount dfO; (Y1),

and % removal efficiency oNO, (Y2)). Moreover, all the 31 experimental results o$@yption

capacity and the removal efficiency of nitrate asi@are included in Tables 2 and 4. The regression
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equations given in equations 5 and 6 are obtaifted the analysis of variance in terms of coded

variables gives th@agsand efficiency removal:

1 gads= 5.1228571 — 1.1216667, % 0.8775 % — 0.645 % — 0.14666 X+ 0.1687 XX> — 1.0375
X1X3 + 0.24375 %XX3—0.7175 XXa + 0.35125 X¥X4— 0.1425 %X4— 0.474048 XX1 + 0.1884524

X2X2 — 0.416548 %X3 — 0.284048 XX4 (5)

M err = 85.437143 — 0.82251% 0.524167 X — 6.874167 X + 6.1758333 X + 7.385 XXz —
15.0325 %X3 + 2.26875 %X3 — 13.65875 XX4 + 6.265 X%X4 — 2.715 XX4 — 8.651994 XX1 +

0.361756 %Xz — 6.460744 ¥X5 — 4.359494 XX4 (6)

The coefficients constituting the models correspogdo Equations 5 and 6 are reported in
Tables 5 and 6. In order to infer the quadratic iaeraction effect of the parameters, analyses are
done by means of Fisher’s ‘F’ test and Studerte'$t. This means that the significant variables can
be determinated based on the F value or P valuendlly, the low probability P value (also named
“Prob. > |t|” value) and correspondingly the lartiter magnitude of F value, the more significant is
the corresponding coefficient. The results of sdeorter response surface model in the form of
regression coefficient, F and P values for the isgjwa factor and interaction effect of parameters
are given in Tables 5 and 6 for the two responsesnd Y2. The P values are used to check the
significance of each of the parameters. ValuesPobb. > |t|” greater than 0.05 indicate the model

terms are not significant. As seen in table 5, IBevéProb. > |t|) is very low (less than 0.0001albf

the variables initial concentration MO, , mass of adsorbent and pH, implying that thestofac
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are highly significant. Moreover, all interactiorifeet of the factors are considered as highly

significant variables except the interaction betwastial concentration and mass of adsorbent (P =
0.2086) and the interaction between pH and corbaret (P = 0.2849). However, it can be seen

from Table 6 that for the removal efficiency ofraie anions the P value of factors pH and contact
time is low except in initial concentration (0.675Zhe mass of adsorbent (0.7891) is greater than
0.1. That indicates that the pH and contact tineesggnificant. Although, the values of “Prob. > |t|

of the whole interactions of variables are lessit@d., implying that most of these interactions are

significant except the interaction mass of adsarpéh (0.3506) and the interaction between pH-

contact time (0.2668), which are less significant.

In order to ensure the adequacy of the used maouktree tested statistical significance of
the ratio of mean square variation due to regresaimd mean square residual error, ANOVA is
used.

The P value is used as a tool to estimatesifikicsis large enough to indicate that most of
the variation in the response can be explainechbydgression model. In general, the highidtcs
value represents high significance of the regressiguation. The precision of a model can be
checked by the determination coefficienf\Rrhe R values for percentage removal and adsorbed
guantity of nitrates are 0.96 and 0.91 respectjwelyich is close to 1. This means that 96% and
91% of sample variation are attributed to the irhejent variables and only 4% and 9% of the total
variation cannot be explained by the empirical nhotkence, the lower P-value and the higher
value of R obtained in this study for these response varsaleicate that the second-order
polynomial models (Egs. (5) and (6)) are highlyngfigant and adequate to represent the actual

relationship between the response and variablexfdre, the response surface model developed in

the present study for removal efficiency and adsddmount ofNO; is good.
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In order to pre-classify the influencing variablasd to study the effect of interaction
between variables onto adsorption process of agirahe graphical representation is illustrated by
PARETTO diagram (Figures 3 and 4). Considering dbefidence interval of the values of the
coefficients (delimited by the two vertical dashetes), it can be stated that 60% has a negatif
effect on the adsorption efficiency and adsorptapacity ofNO, .

The analysis of the results obtained makes it ptessio distinguish among the 14
coefficients studied. Three of them that appedretdighly influential onto responsea fadsorption
capacity gd9, namely (see Figure 3) : i) Initial concentratipositive effect ), ii) Mass of adsorbent
(negative effect), iii) Interaction between init@dncentration and pH. Three parameters that appear
much less influential are : i) Interaction of iaiticoncentration-mass of adsorbent (positive éffect
i) Contact time (positive effect), iii) Interactidoetween pH and contact time (negative effect).

However, it can be seen from Figure 4 (surface &ponse 2) the main effect of interaction
of initial concentration-pH and the interactionweén initial concentration and contact time are
similarly negatively significant : i) Interactiorf aitial concentration-mass of adsorbent (positive

effect), ii) Contact time (positive effect) , ilQuantity adsorbed §gp.

3.3 Validation of the model

The experimental and predicted plots for percentag®val and adsorbed quantity NO;
ions by adsorption onto activated carbon are showfigure 5. The value of Ris 0.91 for
percentage removal as well as 0.96 for adsorbeantigpiaf NO, ions. From the results included in
Figure 4 we can see a high correlation betweemxperimental values and the predicted values for
the adsorbed amount dfiO; . Further, Figure 5 reveals the predicted respeasges of removal

efficiency of nitrate anions are in accord with thgerimental values, which indicates that theee ar
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tendencies in the linear regression fit, and thelei® proposed explain the experimental range

studied adequately. However, the fitted regressourations show a good fit of the model.

3.4 Response surface (contour) plots and optimization conditions
Three-dimensional (3D) and contour (2D) plots fesponse surface are used to assess the

relative effect of any two factors when the othemaining factors are held constant. Based on the
regression equation, these representations areetbimmorder to understand the effects of variables
onto responses and also to assess the change respanse surface. This means that the plots are
derived from the quadratic models of Egs (5) and (6

The interaction effect of process variables for seat efficiency and adsorbed quantity of
NO, by adsorption are visualized through three din@rai views of response surface plots and
are shown in Figure 6. The combined effect of ahitoncentration and mass of adsorbent on

percentage removal and adsorbed amouniNGE by adsorption process is shown in Figure 6,

respectively. Thus, the surface and contour platsdmoval efficiency ofNG; in Figure 6 shows

the interaction effect of initial concentrationrofrates and mass of adsorbent at fixed valuekeof t
contact time (time = 70 min ) and of the pH (pH }= Bhis result shows that the response surface
has a maximum point. Thereby, this contour plotidatks an increase in removal efficiency of
nitrate in low concentration of nitrates value bedén 14 and 16 mg/L. To the contrary, working at
low mass of adsorbent did not significantly affée removal effeciency.

Graphical 3D and 2D representations of the relahgs between the dependent response

(adsorbed quantity oNQO; ) and independent variables initial concentratind enass of adsorbent
are presented in Figure 6. The relative effectdaaf variables (initial concentration diO, and

mass of activated carbon) when pH value and comitaet are kept constant are also included in
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Figure 6. As shown in these Figure, the increagaitiial concentration oNO, and the decrease in
mass of adsorbent increases adsorbed capacityratesi These representations demonstrate that the

influence of mass of adsorbent is not significathough, when the initial concentration MO,

increases the adsorption capacityM®D; increases.

The main objective of the optimization is to deterenthe optimum values of variables for
removal efficiency of nitrate by adsorption procéssn the model obtained using experimental
data. The optimization results of the process béegfor complete removal of nitrate anions are
shown in Table 7. As seen from the results includedhe table, adsorption is an applicable
technigue for the complete removal of nitrates umdasonable operating conditions.

The optimum values of the process variables fonthgimum removal efficiency of nitrates
anions are shown in Table. These results demoestrat the response surface methodology (RSM)

is a powerful method for optimizing the operationahditions of the adsorption process to remove

NO; (Figure 7).

4, Conclusions

This study demonstrates that the elimination ofatét ions, by adsorption on activated
carbon, is effective in low nitrate concentratiorfurther, it showed that response surface
methodology (RSM), represented in the central caipaotatable design, is one of the suitable
methods to optimize the operating conditions andimiae nitrate removal. Analysis of variance
shows a high coefficient of determination valué $30.90), thus ensuring a satisfactory adjustment

of the second-order regression model with the ewxpmrtal data. The optimization of the models
provides the optimum conditions at an initial pH=L5 mg/L of initial concentration dlO;, and
70 min of contact time. Graphical response suréamecontour plots are used to locate the optimum
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point. Satisfactory prediction equation is derifedremoval of nitrate using RSM to optimize the

parameters.
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coefficient R 0.96 for aadsorbed quantity of négraind R 0.96 for removal efficiency &O; .

Each point refers to the experiment number liste@able 4.

Figure 6. Surface and contour plots of estimated responstace : (a) adsorbed capacity of
nitrates, (b) removal efficiency of nitrates (Cartttme=70 min, pH=4).

Figure 7. Response surface and contour Plot of removatieffcy (%) and adsorption capacity

(Qads) according to the optimized parameters. gHGontact time = 70 min.
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Table 1. Chemical compositions of activated carbon by inghety coupled plasma mass
spectrometry (ICP-MS).

Elements C S SiO A0z Fey CaO MnO TiO2
Pourcentage (% 85.12 0.05 0.18 1.09 0.05 0.1 0.71 0.078
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Table 2. The Central Composite Design (CCD) for the fouripeindent variables.

Coded variables value: Uncoded variables valut Responses values

Logical Random X; X, Xz Xz X1 X2 X3 Xa Efficiency
run run - G Weight pH Contac C Weight pH Contac Qads Removal
Time Time %
1 26 (-1 -1 -1 -1 |20 30 6 50 2.4 48.19
2 24 -1 -1 -1 1 10 30 6 50 4.8 96.08
3 31 |-1 -1 1 -1 |20 20 6 90 3.95 79.16
4 18 |1 -1 1 1 15 25 5 70 465 93.05
5 13 |1 1 -1 -1 |25 25 5 70 0.55 16.56
6 30 |-1 1 -1 1 20 30 4 90 2.47  74.39
7 2 -1 1 1 -1 |15 15 5 70 152 45.83
8 19 |-1 1 1 1 15 25 5 70 3.3 99
9 16 1 -1 -1 -1 |15 25 5 70 9.05 90.51
10 23 1 -1 -1 1 15 25 5 70 6.8 68.07
11 21 1 -1 1 -1 5 25 5 70 5 50
12 3 1 -1 1 1 15 25 5 70 2.4 24.05
13 27 1 1 -1 -1 (10 30 4 50 5.67 85.09
14 6 1 1 -1 1 15 25 5 70 5.8 87.04
15 1 1 1 1 -1 |15 25 5 70 3.24 48.64
16 28 1 1 1 1 20 20 4 50 3.28 49.32
17 11 | -2 0 0 0 15 25 7 70 0.88 44.16
18 5 2 0 0 0 10 20 6 90 5.9 59.06
19 7 0 -2 0 0 10 30 6 90 8 80
20 29 0 2 0 0 15 25 5 110 | 408 95.33
21 25 0 0 -2 0 20 20 6 50 4.94 82.4
22 17 0 0 2 0 15 25 5 30 2.3 38.35
23 22 0 0 0 -2 |20 20 4 90 3.8 63.48
24 20 0 0 0 2 10 20 4 90 4.5 74.08
25 4 0 0 0 0 15 25 3 70 5.87 97.97
26 8 0 0 0 0 10 20 4 50 5.44 90.74
27 9 0 0 0 0 20 30 4 50 433 7222
28 10 0 0 0 0 20 30 6 90 5.22 87.03
29 12 0 0 0 0 15 35 5 70 4.8 80
30 14 0 0 0 0 10 30 4 90 5.1 85
31 15 0 0 0 0 10 20 6 50 5.1 85.1
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Table 3. Experimental range and levels of independentqe®wariables.

Coded variables X X2, X3, Xa*

Natural variables (x -2 -1 0 1 2 A
x1= initial Concentration 5 10 15 20 25 5
Xo= weight of adsorbent (mg) 15 20 25 30 35 5
X3= pH 3 4 5 6 7 1
x4= Contact time (min) 30 50 70 90 110 20

*X 1=(x1 — 15)/5; % = (X2 — 25)/5; % = (Xs — 5)/1 and %= (x — 70)/20
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Table 4. Experimental and theoretically predicted valu@s@asand Efficiency removal of nitrate.

Qaas/ (Mg.gY) Efficiency (%)
Qads Qads Standarc Efficiency Efficiency  Standarc
experimental predicted error experimental predicted error
2.4 3.227 -0.827 48.19 52.884 -4.694
4.8 4.538 0.262 96.08 85.453 10.627
3.95 3.81 0.14 79.16 70.093 9.067
4.65 4.55 0.1 93.05 91.803 1.248
0.55 -0.055 0.605 16.56 19.998 -3.438
2.47 2.66 -0.19 74.39 77.628 -3.238
1.52 1.502 0.018 45.83 46.283 -0.453
3.3 3.648 -0.348 99 93.052 5.948
9.05 8.703 0.347 90.51 93.852 -3.342
6.8 7.144 -0.344 68.07 71.786 -3.716
5 5.135 -0.135 50 50.931 -0.931
2.4 3.006 -0.606 24.05 18.005 6.045
5.67 6.095 -0.425 85.09 90.506 -5.416
5.8 5.941 -0.141 87.04 93.5 -6.46
3.24 3.503 -0.263 48.64 56.66 -8.02
3.28 2.779 0.501 49.32 48.794 0.526
0.88 0.923 -0.043 44.16 52.474 -8.314
5.9 5.53 0.37 59.06 49.184 9.876
8 7.632 0.368 80 87.933 -7.933
4.08 4.122 -0.042 95.33 85.836 9.494
4.94 4.747 0.193 82.4 73.343 9.058
2.3 2.167 0.133 38.35 45.846 -7.496
3.8 3.693 0.107 63.48 55.648 7.833
4.5 4.28 0.22 74.08 80.351 -6.271
5.87 5.123 0.747 97.97 85.437 12.533
5.44 5.123 0.317 90.74 85.437 5.303
4.33 5.123 -0.793 72.22 85.437 -13.217
5.22 5.123 0.097 87.03 85.437 1.593
4.8 5.123 -0.323 80 85.437 -5.437
5.1 5.123 -0.023 85 85.437 -0.437
5.1 5.123 -0.023 85.1 85.437 -0.337
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Table5. Estimated regression coefficients and correspmnBiand P values for adsorption capacityNgd, (Qads.

Term Coefficien  Standard errc  Sum of square Report | Prob. > |1 Significanct
Constar 5.122857 0.19469: - - <.0001 fl
Initial concentratio 1.151666 0.10514 31.83206 119.962 <.0001 rrx
Weight -0.877" 0.10514! 18.4801! 69.644: <.000! *xk
pH -0.64¢ 0.10514! 9.984¢ 37.627¢ <.000! rrx
Contact tim 0.146666 0.10514! 0.51626 1.945¢ 0.182: NS
Initial concentration*Weigt 0.1687¢ 0.12878. 0.45562! 1.717: 0.208t¢ NS
Initial concentration*pt -1.037¢ 0.12878. 17.222! 64.904¢ <.0001 *xk
Weight*pH 0.2437! 0.12878: 0.95062! 3.582¢ 0.076¢ *
Initialnconcentration*Contact tin -0.717¢ 0.12878. 8.236¢ 31.041! <.0001 *xk
Weight*Contat time 0.3512¢ 0.12878: 1.97402! 7.439: 0.014¢ *
pH*Contact timi -0.142¢ 0.12878: 0.324¢ 1.224: 0.284¢ NS
Initial concentration*Initial concentrati -0.47404: 0.0963: 6.42606: 24.217. 0.000: rrx
Weight*Weigh 0.188452. 0.0963: 1.01555:i 3.827: 0.068: NS
pH* pH -0.41654: 0.0963: 4.96170:. 18.698t 0.000¢ ko
Contact time*Contact tin -0.28404: 0.0963: 2.30719: 8.694¢ 0.009- **

**%k
*%*

*

NS

: significant to 0.1 % (F0.001(1.16) = 1)
: significant to 1 % (F0.01(1.16) = 8.53)
: significant to 5 % (F0.05(1.16) = 4.49)

: not significant
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Table 6. Estimated regression coefficients and correspmnBiand P values for percentage removaNGf, .

Term Coefficient Standard erro Sum of square Report F  Prob. > |t| Significance
Constan 85.43714. 3.56766 - - <.0001 ok
Initial concentration(10.2! -0.822¢ 1.9267¢ 16.236: 0.182: 0.675: NS
Weight(20.30 -0.52416' 1.9267¢ 6.59/ 0.07¢ 0.789: NS
pH(4.6 -6.87416' 1.9267¢ 1134.: 12.728 0.002¢ i
Contact time(50.9! 6.175833 1.92676 915.38: 10.273¢ 0.005¢ *x
Initial concentration*Weigt 7.38¢ 2.3597¢ 872.611! 9.793¢ 0.006¢ *x
Initial concentration*pt -15.032! 2.3597¢ 3615.616 40.580: <.0001 rrx
Weight*pH 2.2687! 2.3597¢ 82.355¢ 0.924: 0.350¢ NS
Initial concentration*Contact tie -13.6587! 2.3597¢ 2984.983. 33.502: <.0001 *xk
Weight*Contact tim 6.26¢ 2.3597! 628.003! 7.048¢ 0.017: *
pH*Contact tims -2.71¢ 2.3597! 117.939 1.3237 0.266¢ NS
Initial concentration* Initial concentratis -8.65199. 1.76515: 2140.591 24.025: 0.000: Fhk
Weight*Weigh 0.36175! 1.76515. 3.742: 0.04: 0.840: NS
pH*pH -6.46074- 1.76515. 1193.621 13.396¢ 0.002: i
Contact time*Contact tin -4.35949. 1.76515. 543.467! 6.099: 0.025: *
*xk : significant to 0.1 % (F0.001(1.16) = 16.12)

*x . significant to 1 % (F0.01(1.16) = 8.53)

* . significant to 5 % (F0.05(1.16) = 4.49)

NS : not significant
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Table 7. Optimum values of the process parameters for maximamoval efficiency of nitrate

anions.

Paramete Experimental vall
X1=Initial concentraon(mg.L™) 15
X>=Mass of Adsorbent (m 25
Xs=pH 4
Xs=Contact Time (mir 70
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Adsorbant Adsorbat

R

250 rp.m, H
! T =constant k..,
! pH=constamt  Ii -

1

‘ariable time interval

i

Filtration

Determination of the [:
D ——

final concentration

Ultraviclet-visible spectroscopy

Figure 1. Procedure for the adsorption on Nitrates ontovatdd Carbon.
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efficiency of NO;..
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Term Coefficien Pareto diagra Prob. > |
Initial concentration(10,2! 1.151666 c o <.0001’
Weight(20,30 -0.877¢ I <.0001’
Initial concentration*pt -1.037¢ : <.00071°
pH(4,6) -0.64¢ D : <.0001
Initial concentration*Contact tin -0.717¢ Co : <.0001’
Initial concentration* Initial concentratis -0.47404: O : 0.0002’
pH*pH -0.41654: D] ; 0.0005*
Contact time*Contact tin -0.28404: N 0.0094"
Weight*Contact tim 0.3512! N 0.0149°
Weight*Weigh 0.188452 o 0.068:
Weight*pH 0.2437! B 0.076¢
Contact time(50,9! 0.146666 B 0.182:
Initial concentration*Weigt 0.1687! B 0.208¢
pH*Contact timi -0.142¢ 0.284¢

Figure 3. Graphical representation of the effects of factrsdsorption capacity dilO; .
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Terme Estimatior t ratic Prob. > |i

Initial concentration*pt -15.032! e <.0001’
Initial concentration*Contact tin -13.6587! | N EEE <.0001"
Initial concentration* Initial concentratii -8.65199. T N 0.0002’
pH*pH -6.46074. c 0.0021’
pH(4.6 -6.87416 Ll B 0.0026°
Contact time(50.91 6.175833 S 0 0.0055’
Initial concentration*Weigt 7.38¢ R |+ 0.0065’
Weight*Contact tim 6.26¢ IR | 0.0173"
Contact time*Contact tirn -4.35949. co ] S 0.0252’
pH*Contact tims -2.71F Y ) B EEE 0.266¢
Weight*pH 2.2687" A 0.350¢
Initial concentration(10.2! -0.822¢ R I | B EEE 0.675:
Weight(20.30 -0.52416 R | 0.789:
Weight*Weigh 0.36175| SRR AN I 0.840:

Figure 4. Graphical representation of the effects of factorsemoval efficiency of values of the
linear and quadratic coefficients of the mathenahtcjuations expressing the variation of adsorbed

quantity (Y1) and efficiency (¥).
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Figure5. The predicted values (%) plotted against experialeriues (%) (a) adsorbed quantity of

NQ; (b) removal efficiency oNG; . The long dash line is the regression line witjression

coefficient R 0.96 for aadsorbed quantity of ngrahd R 0.96 for removal efficiency &fO; .

Each point refers to the experiment number liste@able 4.
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