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Removal of Nitrate in the Aqueous Phase Using Granular Ferric Hydroxide
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Background: In recent years, the nitrate concentration in surface water and especially in groundwater was increased significantly in 
many parts of Iran.
Objectives: The main objectives of this study were to evaluate the feasibility of using granular ferric hydroxide (GFH) to remove nitrate 
from aqueous phase as well as to determine the removal efficiency at the optimal condition.
Materials and Methods: The present study was conducted on a bench scale experiment. The spectrophotometer DR5000 (wavelength 
520 nm) was used to determine the nitrate concentration. The effect of influencing parameters including pH at 5 levels (3.8 - 7.8), initial 
nitrate concentration at 4 levels (50 - 150 mg/L) the amount of adsorbent dose (0.625, 1.25, 2.5, 3.75 g/50mL), the effects of interfering ions, 
such as sulfate ions at 4 levels (200 - 800 mg/L) and chloride ions at 4 levels (200 - 800 mg/L), and contact time at 3 levels (30 - 90 minutes) 
were studied.
Results: Based on our data, pH of 4.8, adsorbent dose of 3.75 g and contact time of 90 minutes is optimal for nitrate removal. Furthermore, 
the nitrate reduction rate was increased rapidly by the addition of the adsorbent and decreased by nitrate addition. The nitrate reduction 
rate was increased by increasing the contact time. The percent of nitrate reduction was significantly enhanced by decreasing the pH (from 
7.8 to 8.4) and then reached a plateau with a relative slow equilibration. Moreover, adsorption efficiency was significantly decreased in the 
presence of interfering ions, such as sulfate and chloride ions.
Conclusions: In conclusion, GFH can be used as a reliable and appropriate method with high efficiency for the reduction of nitrate in 
many polluted water resources.
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1. Background
Nitrogen is one of the most important elements in 

nature and nitrate has the highest oxidation state (1). 
Nitrate contamination may occur through natural or an-
thropogenic sources. Elevated levels of nitrate in ground-
water resources result from the excessive use of chemi-
cal fertilizers, uncontrolled discharges of municipal and 
industrial wastewater, human and animal waste, and 
erosion of natural deposits. Both nitrate and nitrite are 
present in the aquatic environment and can be converted 
rapidly from one form to another (2).

Organic and inorganic nitrogen is converted to ni-
trate by many processes such as mineralization, hy-
drolysis and bacterial nitrification. Nitrate ions are not 
absorbed by plants and leached through the soil easily. 
Basically, the high nitrate concentration in ground-
water may be due to its high water solubility and mo-
bility that often leads to nitrate leaching readily into 
groundwater sources and make them susceptible for 
the contamination. Nitrate contamination is more 
significant in those regions with low rainfall and poor 
vegetation cover. Therefore, surface and particularly 
groundwater resources may have a high level of nitrate 

pollution (3). Agricultural runoff and improper dispos-
al of domestic wastewater may release a high level of 
nitrate into the groundwater as well. Moreover, more 
than 60% of freshwater consumption in Iran is sup-
plied from groundwater. In arid and semi-arid areas 
the water shortage is an important issue (4). Therefore, 
the contamination of water resources with nitrate may 
limit the water supplies.

According to World Health Organization (WHO), drink-
ing water must contain no more than 50 mg/L of nitrate 
(5) and Environmental Protection Agency (EPA) estab-
lished a maximum contaminant level (MCL) of 45 mg/L. 
European community recommends NO3- levels of 25 
mg/L (6-8). Moreover, WHO suggested the MCL of nitrite 
for the short and long-term exposure is 3 and 0.2 mg 
NO2/L, respectively. The revised WHO guidelines (2004) 
suggested that the sum of nitrite concentration ratio 
should not be greater than 1 (3).

Excess of nitrate concentration can cause several hy-
gienic and environmental impacts (5). High nitrate con-
centrations in water can cause methemoglobinemia or 
blue baby. Other side effects of high concentration of 
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nitrate are as follows: interfere with the thyroid, hyper-
tension, and insulin-dependent diabetes (6). Gastrointes-
tinal cancer and the risk of miscarriage were also cited. 
Drinking water with high nitrate levels can increase the 
risk of ovarian cancer and bladder (7). Nitrate is one of 
the major sources of water contamination and is con-
sidered as a serious threat to aquatic ecosystems. Eutro-
phication for the aquatic ecosystems is considered to be 
toxic to animal and public health (8).

In general, nitrate can be removed through various 
methods, such as ion exchange (9), reverse osmosis 
(10), biological denitrification (11), electrocoagulation 
process (12). Nowadays, the adsorption process is wide-
ly used for the treatment of the waters contaminated 
by organic and inorganic contaminants (13). The most 
advantages of the adsorption technique include effec-
tiveness, selectivity, regenerability, and cost efficiency 
(14). Moreover, activated carbon is considered as an ef-
fective adsorbent for removing the contaminant in 
aqueous environments due to its porous structure and 
large specific surface area, high removal efficiency and 
the feasibility of using in large scales (15, 16). However, 
one of the limitations of using the adsorption process 
is the transfer of pollutions from one media to anoth-
er. Therefore, another method should be developed to 
remove the pollutions from the adsorbent. Numerous 
studies have demonstrated that the presence of natu-
ral and anthropogenic contaminants in water can sig-
nificantly reduce the adsorption capacity of granular 
activated carbon. Therefore, background water quality 
affects its removal efficiency. Moreover, desorption is 
an important phenomena when designing adsorption 
process to remove the pollutions (17). The nitrate re-
moval from water is accomplished using various adsor-
bents such as resins, activated carbon, clays, zeolites, 
pine bark, and walnuts (18). The study by Malakootian 
et al. (19) indicated that nano zero-valent iron was a re-
liable adsorbent for nitrate removal and fitted well by 
Ferundlich and Langmuir  isotherm models (2). Demir-
al and Gunduzoglu used activated carbon prepared 
from sugar beet bagasse to remove nitrate from aque-
ous solution. Nitrate adsorption kinetics in aqueous so-
lution closely followed Langmuir models (20).

Although granular ferric hydroxide (GFH) has some 
disadvantages, such as adding iron to water and the 
relatively high cost (21), it is used as an adsorbent for 
the removal of pollutants (22). The results of one study 
showed that the maximum adsorption capacity of GFH 
for the removal of nitrate and nitrate was achieved just 
in 2 to 3 minutes with the second order adsorption ki-
netics (4). Moreover, another study demonstrated that 
optimal condition for the removal of arsenic was at pH 
of 7.5 and contact time of 30 minutes (23). The combi-
nation of advanced oxidation process (Fe/H2O2) and 
adsorption on activated carbon was able to effectively 
reduce nitrate to 90% (24). Also, the highest removal of 
nitrate from groundwater using activated carbon such 

as rice bran, sludge from food industry and commercial 
activated carbon was at pH = 4 and the contact time of 4 
hours (25). In addition, many studied have used GFH for 
the removal of arsenate and arsenide (26), fluoride (27), 
chromium (28) and phosphonate (29).

Since Fars is an agricultural province in Iran and en-
joys the top rank in crop production such as wheat and 
maize in the country in recent years, many fertilizers 
especially ammonium nitrate and urea have been wide-
ly used in agricultural fields. Nitrate contamination in 
drinking water resources is an increasingly important 
problem in Iran. Elevated levels of nitrate in ground-
water sources make the groundwater unsuitable for 
drinking without any treatment. The nitrate levels in 
many groundwater resources exceeded drinking water 
standards. Moreover, there is a concern regarding the 
contamination of water resources and its effect on peo-
ple's health and the environment. Therefore, this study 
aims at removing nitrate ion from water using GFH.

2. Objectives
The main objectives of this study were to evaluate the 

feasibility of using GFH to remove nitrate from aque-
ous solution, to measure the effect of interfering ions 
such as sulfate and chloride on the adsorption process 
and to determine the removal efficiency at the optimal 
condition.

3. Patients and Methods
The adsorption experiments were carried out in tripli-

cates at the bench-scale method. The study parameters 
were pH, contact time, adsorbent dose, and initial ni-
trate concentration. All experiments were done on a re-
ciprocal shaker (300 rpm) at room temperature (20°C) 
using 50 mL Erlenmeyer flask. All samples were passed 
through Whatman filter paper (0.45 µm) and then mea-
sured using a UV spectrophotometer. Factorial design 
was used for the analysis of the parameters and their 
interaction effects were studied as well. To reduce scat-
ter in data, log of transformation and geometric mean 
were used.

3.1. Patients and Materials
Potassium nitrate (KNO3) was purchased from a Bel-

gian company (Kem Lab, Belgium). Granular ferric hy-
droxide with the specifications provided by the manu-
facturer (Table 1) was provided by WAS Serchemie Gmb 
H Company (Germany). The specifications of GFH were 
shown in Table 1. The rest of chemicals were purchased 
from Merck (Germany). Sodium hydroxide (NaOH) 
and Hydrogen Chloride (HCl) were used to adjust the 
pH. The residual nitrate was measured with the stan-
dard method No. 357. The spectrophotometer (Dr5000, 
HACH, USA) at 275 nm was used to determine the nitrate 
concentration.
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Table 1.  Physical and Chemical Properties of Granular Ferric 
Hydroxide

Ferric Oxy- Hydroxide 52 - 57% by Weight
Porosity, % 72 - 77

pH 7.5 - 8.2

Special area, m2/g 280

Density, Kg/m3 1250

Effective size, mm 0.32-2

Uniformity coefficient About 3

3.2. The Preparation of the Granular Ferric Hydrox-
ide as an Adsorbent

According to Badruzzaman et al. (22), GFH was dried in 
the oven at 105°C for 90 minutes to remove the moisture. 
Then, it was kept in the desiccators.

3.3. Effects of Different Parameters on the Rate of 
Adsorption of Nitrate by Granular Ferric Hydroxide

To measure the influence of pH on the adsorption of ni-
trate by GFH in the aqueous solution, different pH at 5 lev-
els (3.8 - 4.8 - 5.8 - 6.8 - 7.8) with three replications was used 
at initial concentrations (50, 75, 100, and 150 mg NO3/L), 
dose of an adsorbent (GFH) at four levels (0.625, 1.25, 2.5 
and 3.75 g /50 mL), and different contact times (30, 60, 
and 90 minutes).

The effect of interfering ions such as sulfate at 4 levels 
(200, 400, 600, and 800 mg/L) and chloride at 4 levels 
(200, 400, 600, and 800 mg/L) on the removal of nitrate 
were investigated at the optimal condition. All the experi-
ments were done at three replications. A blank without 
GFH was also used for all of the experiments. Afterwards, 
residual nitrate was measured. The data were analyzed 
using the SPSS for Windows (version 16, SPSS Inc., Chicago, 
IL, USA) by Pearson's correlation coefficient to analyze the 
relationship between these parameters.

4. Results

4.1. Effects of pH and Contact Time on the Rate of 
Adsorption of Nitrate by Granular Ferric Hydroxide

The variations of pH on the rate of adsorption of nitrate 
by GFH were shown in Figure 1. Data demonstrated that 
the highest removal of nitrate was at acidic pH. According 
to Figure 1, the maximum removal of 60% was achieved at 
pH = 4.8. The Removal efficiency of nitrate was decreased 
at basic pH.

According to data obtained in the current study, the 
maximum nitrate adsorption by GFH was at contact time 
of 90 minutes. Figures 2 - 4 shows the effect of initial ni-
trate concentration on the removal efficiency at different 
contact times (30, 60, and 90 minutes). The effect of dif-
ferent contact times on the removal efficiency of nitrate 
by GFH is presented in Figures 5 - 8 (at the initial nitrate 
concentrations of 50, 75, 100 and 150 mg/L).
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Figure 1. The Effect of pH on the Removal Efficiency of Nitrate by Granular 
Ferric Hydroxide
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Figure 2. The Effect of Nitrate Initial Concentrations on the Removal Effi-
ciency of Nitrate by Granular Ferric Hydroxide at 30 Minutes Contact Time
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Figure 3. The Effect of Nitrate Initial Concentrations on the Removal Effi-
ciency of Nitrate by Granular Ferric Hydroxide at 60 Minutes Contact Time
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Figure 4. The Effect of Nitrate Initial Concentration on the Removal Effi-
ciency of Nitrate by Granular Ferric Hydroxide at 90 Minutes Contact Time
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Figure 5. The Effect of Contact Time on the Removal Efficiency of Nitrate 
by Granular Ferric Hydroxide at Initial Concentration (50 mg/L)
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Figure 6. The Effect of Contact Time on the Removal Efficiency of Nitrate 
by Granular Ferric Hydroxide at Initial Concentration (75 mg/L)
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Figure 7. The Effect of Contacting Time on Removal Efficiency by Granular 
Ferric Hydroxide in Nitrate Initial Concentration (100 mg/L)
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Figure 8. The Effect of Contact Time on the Removal Efficiency of Nitrate 
by Granular Ferric Hydroxide at Initial Concentration (150 mg/L)

According to Figure 2, nitrate adsorption rate de-
creased from 56% to 36% as the initial nitrate concentra-
tion increased from 50 to 150 mg/L. According to Figures 
9 - 12, a nitrate adsorption rate increased as the applied 
adsorbent dose of GFH increased (0.625, 1.25, 2.5, and 
3.75 g). The maximum and minimum adsorption rates 
were 60% and 22% at the adsorbent doses of 3.75 and 
0.625 g, respectively. 

The effects of different concentrations of interfering 
ions (sulfate and chloride) on the removal efficiency of ni-
trate by GFH at different initial nitrate concentrations are 
presented in Tables 2 - 5. In addition, the efficiency rates 
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Figure 9. The Effect of Adsorbent (Granular Ferric Hydroxide) Dose on the 
Removal Efficiency of Nitrate at Initial Nitrate Concentration (50 mg/L)
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Figure 10. The Effect of Adsorbent (Granular Ferric Hydroxide) Dose on 
the Removal Efficiency of Nitrate at Initial Nitrate Concentration (75 mg/L)
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Figure 11. The Effect of Adsorbent (Granular Ferric Hydroxide) Dose on the 
Removal Efficiency of Nitrate at Initial Nitrate Concentration (100 mg/L)
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of GFH in the samples taken from groundwater (nitrate 
concentration was close to the amount of nitrate in the 
synthetic samples) were evaluated at the optimal condi-
tions (contact time of 90 minutes, adsorbent dose = 3.75 
g) (Figure 13).

According to the results, the removal of nitrate in 
groundwater was 31% lower than the synthetic samples.
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Figure 12. The Effect of Adsorbent (Granular Ferric Hydroxide) Dose on the 
Removal Efficiency of Nitrate at Initial Nitrate Concentration (150 mg/L)
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Figure 13. The Comparison of Nitrate Removal Efficiency of Natural 
Groundwater and Synthetic Samples at the Optimal Condition by Granu-
lar Ferric Hydroxide

5. Discussion
pH is an important parameter for the removal of pol-

lutants by the adsorption process (30). Also, the pH level 
controls the adsorption process due to the electrostatic 
force between the adsorbent and adsorbate (31). Accord-
ing to Figure 1, the optimum pH for nitrate adsorption by 
GFH is in the range of 4.8 to 5.8 due to the improvement 
of adsorption capacity of GFH in an acidic medium (32).

The nitrate adsorption rate decreased at pH more than 
5.8. This could be due to the formation of oxygen-contain-
ing compounds on the surface of GFH. The formation of 
these groups on the surface of the adsorbent reduced the 
accessibility of nitrate to adsorption sites which caused 
the nitrate adsorption significantly reduced (33). Similar 
results also have been reported by Asgari et al. (28). One 
study showed that by increasing pH from 3 to 11 the ni-

trate removal efficiency decreased from 98.8% to 23.6%, re-
spectively (6). According to the regression analysis, it can 
be concluded that there was a significant difference be-
tween the pH level and nitrate adsorption rate (P < 0.001).

The effect of pH on the removal of adsorbate was depend-
ed on the pH of zero point of charge (pHzpc) of adsorbent. 
The GFH surface had positive charge at pH less than the 
pHzpc of GFH. Similarly, the GFH surface had negative 
charge at pH was above the pHzpc of GFH. The point of 
zero point charge (pHzpc) was between 7.5 and 8.0 (34).

One of the most important parameters in the adsorp-
tion process is determining the equilibrium time to 
achieve the maximum adsorption of nitrate from aque-
ous solution.

According to the results illustrated in Figures 2 - 4, at 
first the adsorption rate of nitrate increased rapidly as 
the contact time increased from 30 to 60 minutes. After-
wards, its rate slowed down (60 - 90 minutes). This phe-
nomenon may be related to the presence of many vacant 
adsorption sites on the adsorbent surface. The remaining 
sites were not easily accessible for the target molecules. 
Therefore, it can be concluded that the high reduction of 
nitrate by GFH at the beginning of the adsorption process 
might be due to the presence of many available vacant 
adsorption sites for the adsorption. Regression analysis 
showed that there was a significant difference between 
the contact time and nitrate adsorption rate (P < 0.001). 
The adsorption rate is basically controlled by the migra-
tion rate of the contaminant (35). This phenomenon was 
also reported by many other studies (24-26). Dehghani et 
al. also found that the adsorption kinetics of atrazine in 
soil had an initial steep slope reaching a plateau with a 
relative slow equilibration (9, 32).

The initial concentration of the contaminant is effective 
on the adsorption capacity. Also, the initial concentration 
has a significant role in overcoming mass transfer resis-
tance of the adsorbate between liquid and solid phases 
(31). Regression analysis showed that there was a signifi-
cant difference between the initial nitrate concentration 
and nitrate adsorption removal rate (P < 0.001). Data 
demonstrated that as the initial nitrate concentration in-
creased, the rate of adsorption reduced. Higher available 
binding sites in the adsorbent may result in a higher rate 
of nitrate adsorption. Our results are in agreement with 
other studies (23-25, 36).

According to the findings of the current study, the 
adsorbent dose is an important parameter for the ad-
sorption rate. Figures 10 - 12 depict that nitrate removal 
depended on the adsorbent dose in the solution. Accord-
ing to regression analysis, it can be concluded that there 
was a significant difference between adsorbent dose and 
nitrate adsorption removal rate (P < 0.001). The result 
showed that as the adsorbent concentration increased, 
the percentage of nitrate removal increased as well. The 
same results were obtained by other studies (24).

 Tables 2 - 5 showed the significant effect of interfering 
ions (sulfate and chloride ions) on the removal efficiency 
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Table 2.  The Effect of Interfering Ions on the Removal Efficiency of Nitrate by Granular Ferric Hydroxide at Initial Nitrate Concentra-
tion (50 mg/L) a

Interfering 
Ions, mg/L

Without 
Interfering Ions

SO4 = 200, Cl = 200 SO4 = 0, Cl = 400 SO4 = 400, Cl = 0 SO4 = 0, Cl = 600 SO4 = 0, Cl = 800 SO4 = 600, Cl = 0

Removal 
efficiency, %

56.6 17.2 15.8 19 14.8 16.6 13.4

a  Abbreviations: Cl, chloride; . SO4, sulfate.

Table 3.  The Effect of Interfering Ions on the Removal Efficiency of Nitrate by Granular Ferric Hydroxide at Initial Nitrate Concentra-
tion (75 mg/L) a

Interfering Ions, 
mg/L

Without 
Interfering Ions

SO4 = 200, Cl = 200 SO4 = 0, Cl = 400 SO4 = 400, Cl = 0 SO4 = 0, Cl = 600 SO4 = 0, Cl = 800 SO4 = 600, Cl = 0

Removal 
efficiency, %

60.4 28.5 14.9 17.3 7.4 15.7 10.9

a  Abbreviations: Cl, chloride; . SO4, sulfate.

Table 4.  The Effect of Interfering Ions on the Removal Efficiency of Nitrate by Granular Ferric Hydroxide at Initial Nitrate Concentra-
tion (100 mg/L) a

Interfering 
Ions, mg/L

Without 
Interfering Ions

SO4 = 200, Cl = 200 SO4 = 0, Cl = 400 SO4 = 400, Cl = 0 SO4 = 0, Cl = 600 SO4 = 0, Cl = 800 SO4 = 600, Cl = 0

Removal 
efficiency, %

59.5 13.5 2 18 2.5 13 8.1

a  Abbreviations: CL, chloride; . SO4, sulfate.

Table 5.  The Effect of Interfering Ions on the Removal Efficiency of Nitrate by GFH at Initial Nitrate Concentration (150 mg/L) a

Interfering Ions, 
mg/L

Without 
Interfering Ions

SO4 = 200, Cl = 200 SO4 = 0, Cl = 400 SO4 = 400, Cl = 0 SO4 = 0, Cl = 600 SO4 = 0, Cl = 800 SO4 = 600, Cl = 0

Removal 
efficiency, %

51.6 38.6 22.6 19 23.3 0.6 26

a  Abbreviations: Cl, chloride; . SO4, sulfate.

of nitrate by GFH. Data showed that both sulfate and chlo-
ride ions had an effect on the removal of nitrate. In fact, 
as the concentration of interfering ions was increased, 
the removal of nitrate was decreased. According to data 
obtained in this study, the interference of chloride ions 
was more than sulfate ions. One study showed that the 
fluoride adsorption in presence of phosphate, carbonate 
and sulfate ions was remarkably reduced (27).

Figure 13 indicates that there was no considerable 
difference between the removal rate of nitrate in syn-
thetic and natural (groundwater) water samples (at op-
timal adsorbent dose and contact time). Therefore, this 
method has a high capability for the removal of nitrate 
in water resources with high nitrate concentration.

In conclusion, the result revealed that nitrate in liq-
uid solution was effectively retained by the GFH adsor-
bent. The rate of nitrate adsorption showed an initial 
increase, reaching a plateau with a relative slow rate. 
The adsorption of nitrate was increased with decreas-
ing the initial concentration of nitrate and increased 
with the adsorbent dose. The nitrate adsorption in the 
aqueous solution was optimal at pH = 4.8 and contact 

time of 90 minutes. The results showed that the maxi-
mum removal of nitrate from aqueous solutions at the 
optimum conditions is more than 60%. The removal 
of nitrate in the groundwater samples obtained from 
rural wells near Shiraz vicinity (with nitrate concentra-
tion of 18 mg/L) was 46%. According to data obtained in 
the current study, the level of nitrate concentration us-
ing GFH did not exceed the standard limit for drinking 
water. Therefore, GFH can be used as an efficient, cost-ef-
fective and easily conducted method to remove nitrate 
from water resources. We highly recommend that the 
study should be conducted for dynamic column testing 
using GFH to remove nitrate from different background 
water qualities. It is also suggested that the concentra-
tion of iron in drinking water should be determined. 
Moreover, it is highly suggested that the used absor-
bent should be evaluated for the feasibility of recovery 
and reuse of GFH.
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