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ABSTRACT
In this study, chitosan in its powder and solution form has been used as a most promising medium for removal of nitrate
and Total hardness. The effects of parameters such as the contact time, solute concentration, agitation rate and
adsorbent dose on the removal of nitrate and hardness have been studied. The nitrate and Total hardness concentration
decreased with the increasing adsorbent doses with the contact time and agitation rate. The optimized operating
conditions from the studies was found to be of 2.5 g of chitosan in powder form at 60 rpm agitation rate which nearly
reduced nitrate and total hardness to a concentration of  0.19 mg/L and 197 mg/L from initial concentration of 50 mg/L
and 724 mg/L. Similarly, chitosan in solution form (0.1g) nearly reduced nitrate and total hardness to a concentration of
3.36 mg/L and 310 mg/L from initial concentration of 50 mg/L and 724 mg/L.  Chitosan in powder and solution form
were proved to be very effective in the removal of nitrate and total hardness from water. The experimental data of
adsorption for nitrate nitrogen and hardness on to chitosan fit well with Freundlich adsorption isotherm.
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1. INTRODUCTION
The quality of groundwater is severely polluted by the discharge of untreated wastewater on land and through
bores, pollution of surface water and to leachate from unscientific disposal of solid wastes also contaminates
groundwater. Nitrate is a naturally occurring ion in the nitrogen cycle. They are also produced industrially and
used as fertilizers. Once spread on the land, not only all may be used as crops and so leached down into
aquifers or run into rivers (Porteous, 2003). The United States Environmental Protection Agency (USEPA)
established the current drinking water standard and health advisory level of 10 mg/L nitrate-nitrogen (45 ppm
nitrate) based on the human health risks due to nitrate consumption. Although there have been studies
performed attempting to link nitrate consumption to various illnesses, only metheamoglobinemia, (also called
infant cyanosis or blue baby syndrome) has been proven to result from ingestion of water containing high
nitrate concentrations, above 10 ppm (Kapoor and Viraraghavan, 1997).

One of the undesirable characteristics of groundwater sources is total hardness, which has some adverse
effects on water supply pipes and boilers. Water hardness is primarily due to presence of calcium and
magnesium, and to a lesser extent, iron in the water. Hardness in groundwater is from chemical and mining
industry effluent or excessive application of lime to the soil in agricultural areas. Several physico-chemical
processes to remove or reduce water hardness such as ion exchange, lime softening, reverse osmosis,
adsorption, and electrodialysis have been reported. One of the new innovations for removal of hardness is
crystallization process in which hardness can be removed from water by calcium carbonate crystals in a
fluidized bed reactor called pellet reactor (Mahvi et al, 2005).

Adsorption is a spontaneous phenomenon in which molecules of a substance (adsorbate) are taken up and held
on the surface of a material (the adsorbent). It is a better water treatment process because of its convenience
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and ease of operation.  All the available technologies for nitrate removal have both advantages and
disadvantages. Post treatment is often not required, medium operational cost and removal efficiency varies
with different types of adsorbents used (Bhatnagar et al., 2011). The attachment of hydrophobic molecules on
hydrophobic adsorbents from aqueous solutions is driven by their dislike of water and not by their attraction to
the surface.

Chitosan is a biodegradable, non-toxic extract from shellfish shells used in a variety of water purification
applications. Chitosan is derived from chitin, nature’s second most abundant biopolymer. Chitin is a
biopolymer of high molecular weight. It is nontoxic and biodegradable. Chitosan is a modified natural
carbohydrate polymer, have properties like non-toxicity, biodegradability, flocculating ability,
polyelectrolisity and possibility for regeneration lead to number of applications. Next to cellulose, it is the
most common polysaccharide found in nature. When used as coagulant in water treatment, not like aluminum
and synthetic polymers, chitosan has no harmful effect on human health; disposal of waste from seafood
processing industry can also be solved.  Its largest use continues to be as a nontoxic cationic flocculent in
treatment of organic polluted wastewater (Cheng et al., 2005).

2. MATERIALS AND METHODOLOGY
2.1 MATERIALS
Chitosan, in the flake form was procured from Kerala a city located in the southern part of India. The cost of
chitosan is around Rs. 750 per kg.  The synthetic water used for the experiments prepared by adding a
measured amount of 0.0825 g potassium nitrate to 1 L of tap water to get the required concentration of nitrate
(50 mg/L).  The sample is taken in a 500 ml beaker and a thorough mixing is done using jar test apparatus.
After treatment, the treated samples are analyzed for nitrate and total hardness using Phenol Di Sulphonic acid
method (UV spectrometer, HACH make, USA) and EDTA titrimetric method.

2.2 ADSORPTION BATCH STUDIES
The procured chitosan flakes were used to treat the prepared synthetic water.  Jar test apparatus with a stirrer
was used for the study for agitation. Treatability studies were done using chitosan in powder and solution
form for removal of nitrate and total hardness. The chitosan powder was added in the dosages of 1.5 g, 2 g,
2.5 g and 3 g to 250 ml of the synthetic water sample. Chitosan was also used in the solution form which was
prepared using 3 % acetic acid by diluting 3 ml of 0.1 N acetic acid to 100 ml using distilled water. The
chitosan flakes of 0.01 g, 0.05 g and 0.1 g were then dissolved in 100 ml acetic acid solution. The resulting
solution called the chitosan solution was added in volumes of 10 ml and 15 ml, to treat every 250 ml of
synthetic water sample. The jar test apparatus with a stirrer was made to run at speed of 60 rpm for agitation
and the samples were drawn at every 5 minutes of contact time. In order to optimize the removal process, the
parameters such as contact time and adsorbent dosage as powder and solution form were varied.

2.3 CHARACTERIZATION OF THE ADSORBENT
The scanning electron micrograph (SEM) of chitosan flakes were done to see the crystallinity and surface
morphology. The SEM of chitosan before and after treatment was obtained to compare their surface texture.

2. RESULTS AND DISCUSSIONS
The surface of the chitosan is uniform with Nano-sized crystals which are shown in the Figure 1. Figure 2
shows the SEM image of chitosan after adsorption process. It can be seen from the figure that the surface of
the adsorbent is found to be rough with a number of pores in it.  These pores provide suitable binding sites for
nitrate ions. From these figures, particle size of the adsorbent can also be found out which range between 5-13
µm. Apart from modified surface area of adsorbent, small particles of the precipitate adhering on the surface
was also seen.
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(Nitrate removal)                  (Hardness removal)
Figure 1: Scanning Electron Micrograph of chitosan flake before treatment (Magnification 800, 500)

(Nitrate removal)                  (Hardness removal)

Figure 2: Scanning Electron Micrograph of chitosan flake after treatment (Magnification 800 and 500)

3.1 TREATABILITY STUDIES USING CHITOSAN IN POWDER FORM AND CHITOSAN IN
SOLUTION FORM
Batch studies were conducted in jar test apparatus with stirrer and the parameters such as adsorbent dosage,
agitation rate and contact time were studied for optimized conditions for the removal of nitrate and total
hardness.

3.2 EFFECT OF AGITATION RATE
A set of experiments were conducted for determining the optimum operating parameters such as agitation rate,
contact time and adsorbent dosages. According to the results obtained, it can be seen that the agitation speed
improves the diffusion of nitrate, hardness causing ions toward the surface of the adsorbent. This indicates
that agitation rate of 60 rpm is sufficient to assure that all the surface binding sites are made easily available
for nitrate and hardness adsorption. Experiments were carried out with the agitation speed of 30 rpm and 45
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rpm the removal efficiency was found to be low, with increase in rotation speed the removal efficiency
increased. Hence the agitation speed of 60 rpm was maintained throughout the study. The maximum nitrate
removal efficiency attained was 95% at 60 rpm for 2 g and 2.5 g of chitosan as powder form and hardness
removal efficiency attained was 60-70% at 60 rpm for 2 g and 2.5 g of chitosan as powder form. The
maximum nitrate removal efficiency attained was 80-90% at 60 rpm for 0.01g and 0.05 g of chitosan as
solution form and hardness removal efficiency attained was 50-57% at 60 rpm for 0.01g and 0.05 g of
chitosan as solution form.

3.2 EFFECT OF CONTACT TIME WITH VARIED ADSORBENT DOSAGES
A set of experiments were conducted for determining the optimum operating parameters such as agitation rate,
contact time and adsorbent dosages. The effect of dosage of the adsorbent for removal of nitrate and total
hardness increases with increase in adsorbent concentration, it may be due to availability of more surface area
for adsorption and due to hydrophobic characteristics of the nitrate and total hardness molecules and higher
affinity of solute for solid adsorbing surface. The contact time between the pollutant and adsorbent signifies
the efficiency of adsorbent for its use in water treatment. This is due to the availability of more vacant sites
within the sorbent and high concentration gradient between the solution and the solid phase. Batch techniques
were conducted for the removal of nitrate from aqueous solution using natural clay mineral as an adsorbent.
The parameters such as pH, mass of adsorbent, initial solution concentration and contact time were found to
be effective on the adsorption processes. The increase in adsorbent dosage increased the percent removal of
nitrate due to increase in the adsorbent surface area in adsorbent dosage (Ouardi.et al 2015).

It was found that 2.5 g (powder form) yielded good results and at this dosage effect of contact time on
removal of nitrate and total hardness was evaluated. The contact time between the pollutant and adsorbent
signifies the efficiency of adsorbent for its use in water treatment. It was found that the rate of nitrate and
hardness removal was gradual and it took 45 minute and 60 minute respectively. This can be attributed to the
availability of more vacant sites within the sorbent and high concentration gradient between the solution and
the solid phase. Results reveal that after a contact time of 30, 45 and 60 minutes maximum removal of nitrate
and total hardness was observed.  From the study, it was found that 15 ml of 0.1 g of chitosan yielded good
results and at this stage the dosage effect with contact time on removal of nitrate and hardness were observed.

The contact time between the pollutant and adsorbent signifies the efficiency of adsorbent for its use in water
treatment. The rate of nitrate and hardness removal was gradual and it took 45 min and 60 minutes
respectively. This is due to the availability of more vacant sites within the sorbent and high concentration
gradient between the solution and the solid phase. The Result reveals that after a contact time of 45, 60 and 30
minutes maximum removal of nitrate, hardness and fluoride was observed. The figure 3 shows the removal of
nitrate and total hardness with contact time. The results obtained are tabulated in the Table 1 and 2.

Table 1. Experimental results using chitosan powder

Parameter
at speed 60 rpm

(Synthetic water)

Dosage
in

powder
form (g)

Time (min) Removal
(%)

0 5 15 30 45

Nitrate (mg/L)

Initial Concentration : 50 mg/L

1.5 50 46.19 35.9 20.77 8.56 81.46

2 50 45.02 38.41 21.63 3.29 92.69

2.5 50 45.02 33.93 20.33 0.19 99.57
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Total Hardness (mg/L)

Initial Concentration : 724
mg/L

Dosage
in

powder
form (g)

Time (min) Removal
(%)0 5 15 30 45 60

1.5 724 713 654 592 404 255 67.42

2 724 712 681 524 406 218 69.38

2.5 724 703 636 580 313 198 71.00

3 724 705 648 590 345 197 72.05

Table 2. Experimental results using chitosan solution
Parameter

Agitation rate
60 rpm

Synthetic water
Dosage

Time (min)
Removal

(%)

Nitrate (mg/L)

Initial Concentration :
50 mg/L

0 5 15 30 45 60

0.01 g

10 ml 50 48.11 35.88 29.72 12.23 - 74.87

15 ml 50 47.91 36.12 25.67 9.52 - 80.12

0.05 g

10 ml 50 47.66 39.45 22.56 7.51 - 84.24

15 ml 50 47.25 38.56 20.42 4.02 - 91

0.1 g
10 ml 50 47.28 38.93 20.34 3.97 - 91.60

15 ml 50 47.09 37.79 19.17 3.36 - 92.86

Total Hardness
(mg/L)
Initial Concentration :

724  mg/L

0.01 g

10 ml 724 700 655 598 550 352 51.37

15 ml 724 680 620 596 544 322 55.5

0.05 g
10 ml 724 709 597 636 584 320 55.8

15 ml 724 692 676 644 572 312 56.88

0.1 g

10 ml 724 715 687 639 556 315 56.42

15 ml 724 685 659 579 450 310 57.11

Note: For nitrate removal experiments, the duration were stopped at 45 minutes since maximum
removal was attained then.
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Figure 3: Nitrate and Hardness Removal with Contact Time

3.3 EXPERIMENTS AT OPTIMIZED CONDITIONS USING CHITOSAN POWDER AND
SOLUTION FORM
Based on experiments conducted the optimized condition for nitrate removal and hardness removal from
initial concentration of 50 mg/L, 724 mg/L at 60 rpm agitation speed using chitosan powder dosage of 2.5 g. It
was found that the removal efficiency were 99.62 % of nitrate and 72.65 % of total hardness respectively.
During the contact period, the chitosan powder was thoroughly mixed with the water to achieve intimate
contact and thus yielded better removal efficiencies. From the results of experiment conducted, the optimized
conditions for chitosan as solution form, for nitrate removal and total hardness removal  from initial
concentration of 50 mg/L, 724 mg/L at 60 rpm rotation speed were carried out and removal efficiency of
93.28% of nitrate and 57.11 % of hardness respectively. Experiments with Chitosan as microporous flake
shaped particles were acquired and of different concentrations of 2, 3, 5, 10 and 15 g/L  and different time of
contact between substrate and waste water was  conducted for the treatment of waste water from distilleries.
Chitosan concentration of 10 g/L and at contact time of 30 min was suitable for purification of waste water
with a chemical oxygen demand (COD) of 2800 mg/L (Lalov et.al 2000).

3.4 COMPARISON OF POWDER AND SOLUTION FORM OF CHITOSAN
Table 1 and 2 shows the efficiency of nitrate nitrogen, hardness and fluoride removal from synthetic water
sample using chitosan powder and solution form. By comparing the results obtained for powder and solution
form, it is clear that at initial nitrate and hardness concentration, powder form yield better results than solution
form. Figures 4 and 5 shows the nitrate and hardness percentage removal efficiency with the contact time for
both the forms of chitosan (powder and solution). Blank chitosan beads used for removal of nitrate and
phosphate were less efficient than the chitosan immobilization with microalgae cells which solely depend on
the pH, an important factor for cellular physiology (Fierro et al, 2008).
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Figure 4: Removal efficiency of nitrate and hardness with contact time (Chitosan Powder form)

Figure 5: Removal efficiency of nitrate and hardness with contact time (Chitosan Solution form (0.1g))
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3.5 ADSORPTION KINETICS
For adsorption kinetics the data of optimized conditions are used. To examine the relationship between sorbed
and aqueous concentration at equilibrium sorption isotherm models are widely employed for the experimental
data. In the present study, equilibrium data of adsorption of nitrate and total hardness from synthetic water
using chitosan as adsorbent in the form of powder has been used for adsorption kinetics.

The Freundlich isotherm, on the other hand, assumes heterogeneous surface energy for which the energy term
in the Langmuir equation varies as a function of surface coverage. Isotherms from solution may exhibit non-
ideality, not only because of lateral interactions between adsorbed molecules but also because of non-ideality
in the solution (Castilla 2004). The linearized form of Langmuir and Freundlich isotherm are studied.
Langmuir and Freundlich isotherm studies were analysed for optimized data, the experimental data of
adsorption for nitrate nitrogen, hardness and fluoride on to chitosan fit well with Freundlich adsorption
isotherm. The amount of adsorbent taken up per gram of adsorbent, lnqe(mg/g), to the equilibrium solution
concentration, lnce (mg/L) at different concentration of nitrates are plotted. Figures 6 and 7 indicate that the
adsorption of nitrate and total hardness using chitosan as adsorbent in the form of powder follows the
Freundlich isotherm. Accordingly, Freundlich constants (KF and n) were calculated and recorded in Table 3.

In simulating equilibrium data, for both chitosan as powder and solution form the isotherm models were
studied. The adsorption was efficient by using chitosan, which may be due to the fact that high contents of
amino and hydroxyl functional groups show significant adsorption potential for the removal of various aquatic
pollutants (Bhatnagar et al, 2011). Table 3 and 4 shows the isotherm parameters for adsorption of nitrate and
total hardness from synthetic water by chitosan as powder form. Freundlich isotherm model matched well for
adsorption of nitrate nitrogen and total hardness from synthetic water samples by chitosan powder. qe and qt

are the amounts of MB adsorbed (mg g−1) at equilibrium and at time t (min), respectively,k1 - Rate constant
adsorption (h−1), k2 (g/mg min) - rates constant of second-order adsorption.

The linear plots of t/q versus t gives the value of k2. Figure 8 shows pseudo- first order kinetics for the
adsorption of nitrate from synthetic water sample. The values of k1 and qe are given in Table 4. Figure 9
shows pseudo- second order kinetics for the adsorption of total hardness from synthetic water sample.  The
values of k2 and qe is given in Table 4.

Figure 6: Freundlich isotherm of the adsorption of nitrate from synthetic water on to chitosan powder.
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Figure 7: Freundlich isotherm of the adsorption of hardness from groundwater on to chitosan powder

Table 3.Freundlich Isotherm parameters for adsorption of nitrate and total hardness from synthetic
water samples by chitosan powder

Figure 8: Pseudo – first order kinetics for adsorption of nitrate on chitosan

Parameters (mg/L) Parameters Values
Nitrate KF [(mg/g)(1/mg)1/n]

1/n

R2

33.92

0.837

0.940

Total Hardness KF [(mg/g)(1/mg)1/n]

1/n

R2

1.671

1.921

0.94



494 B. Manoj Kumar, Vishishtta Nagaraj

International Journal of Engineering Technology Science and Research
IJETSR

www.ijetsr.com
ISSN 2394 – 3386
Volume 5, Issue 3

March 2018

Figure 9: Pseudo – second order kinetics for adsorption of hardness on chitosan
Table 4.Comparison of pseudo first order and pseudo second order adsorption rate constants,
calculated and experimental qe values for nitrate and total hardness removal using chitosan.

Parameters qe,exp

mg/g
First order kinetics Second order kinetics

k1(1/h) qe,cal (mg/g) R2 k2[g(1/mgh)] qe,cal(mg/g) R2

Nitrate 8.30 0.016 9.638 0.954 1.74x 10-4 33.3 0.939

Total Hardness 87.6 0.02 161.8 0.768 1.65x 10-4 83.3 0.945

From the Table 4, for nitrate nitrogen the values of correlation coefficient were very high and the theoretical
qe,cal values were closer to the experimental qe,exp values. Hence it can be concluded that nitrate follows
pseudo-first order kinetic model. For total hardness the values of correlation coefficient were very high and
the theoretical qe,cal values were closer to the experimental qe,exp values. Hence, it can be concluded that total
hardness follows pseudo-second order kinetic model. The batch techniques were conducted for the removal of
nitrate from aqueous solution using natural clay mineral as an adsorbent. Adsorption kinetics were also
conducted which fitted well with the Langmuir isotherm equation and this adsorbent showed large uptake
capacity of nitrate (Qm,cal = 250 mg/g, Qm,exp = 244.06 mg/g). The study also showed that a pseudo first order
kinetic model described the kinetic rate (Ouardi.et al 2015).

4. CONCLUSIONS
1. The batch studies involving chitosan in its different forms and varying dosages, it is evident that
chitosan is compatible for its use in water treatment, specifically for the removal of nitrate and total hardness.
The optimized operating condition from the studies was found to be of 2.5 g of chitosan in powder form at 60
rpm agitation rate which nearly reduced nitrate nitrogen. Of different dosages of chitosan in solution form, 15
ml of 0.1 g chitosan solution proved to be the optimum dosage which was found to be exceptionally efficient
and was achieved up to 81.66%.
2. Chitosan powder and solution proved to be very effective in the removal of nitrate and total hardness
from synthetic water. Of the two different forms of chitosan used, the powder form is comparatively more
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viable than the solution form. The experimental data of adsorption for nitrate and total hardness on to chitosan
fit well with Freundlich adsorption isotherm. From the results of batch adsorption data, nitrate follows pseudo-
first order kinetic model, total hardness follows pseudo-second order kinetic model.
3. The studies on adsorption, chitosan which is nature’s second most abundant polymer can be
effectively used as an adsorbent for the treatment of groundwater. Compared to other adsorbents it is low cost
natural polymer and environmentally friendly.
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