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Abstract
The study at hand presents for the first time the use of pyrophyllite as adsorbent for nitrate removal from soil and artificial 
fertilizers. A series of column and batch adsorption experiments were conducted to examine the effects of the adsorbent’s 
various parameters, the contact time, pH of the solution, the initial concentration of nitrate, concentration and adsorbent 
granulometry. Pyrophyllite fractions of 0.25, 0.50 and 1.00 mm had very similar pH values of aqueous suspensions and were 
in the weakly basic range. Nitrate adsorption capacity on pyrophyllite expressed by recovery factor values ranges from 93.14 
to 99.77%. High recovery factor values from 90.44 to 97.45% for 1, 3, 5 and 8 mL min−1 flow rates were obtained using all 
pyrophyllite fractions. Nitrate removal was very effective by the contact time of 1 and 2 h, and the recovery factor values 
were in the range of 90.38–91.47% and 92.15–93.18% for a contact time of 1 h and 2 h, respectively. In addition, elution of 
nitrate from pyrophyllite was performed using the following solution with different pH values: 1.70 (synthetic gastric juice), 
6.40 (rainwater), 7.70 (distilled water), 9.30 and 12.50 (NaOH solution). Elution was very low for all used solutions and was 
the highest at the pH 9.30. The results show that the use of pyrophyllite for removal of nitrate from artificial fertilizers and 
soil was an adequate approach because it has a high nitrate adsorption capacity, while the nitrate elution from the pyrophyl‑
lite was very low.
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Introduction

The collecting process of soluble substances from a solution 
on a suitable solid interface is called adsorption (Öztürk and 
Bektaş 2004). The technology of adsorption is notable in 
removing different types of inorganic anions, such as bro‑
mate, perchlorate, fluoride, nitrate  (NO3

−) from the environ‑
ment by using different materials as adsorbents (Bhatnagar 
and Sillanpää 2011). Moreover, the rapid industrial devel‑
opment (Zhang et al. 2014) is causing the pollution of the 
environment by industries. Due to its high water solubility, 
nitrate is probably the most common groundwater pollutant 
in the world (Thomson 2001).

Anthropogenic effects on the global nitrogen (N) cycle 
have disrupted the involved biogeochemical processes 
(Gruber and Galloway 2008). Nitrogen can be released in 
available form as a plant essential nutrient during the min‑
eralization of soil organic matter. Application of N ferti‑
lizer is usually required to maximize crop yields (Fan et al. 
2010). And yet, improper use of N fertilizer can result in 
nitrate leaching below the zone of crop root, which may 
eventually contaminate groundwater (Strebel et al. 1989; 
Olgun et al. 2013). The great amount of artificial N released 
into the environment can lead to superfluous N in aquatic 
systems, and hence successively to N saturation state (Liu 
et al. 2020). Understanding leaching of N from fertilized 
agriculture is important for several reasons: (1) the largest 
components of N leachate, nitrite  (NO2

−) and nitrate  (NO3
−), 

can impact human health (Mansouri and Lurie 1993; Riley 
et al. 2001); (2) enhanced N loading can alter ecological 
processes and nutrient balances in rivers, lakes and estuar‑
ies, potentially leading to eutrophication, increased bottom 
water hypoxy and net phytoplankton productivity (Dinnes 
et al. 2002; Soaresa et al. 2011); (3) N leaching can represent 
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a significant economic loss to the farmer, and (4) predicting 
other agriculture impacts requires an understanding of the 
factors which control N levels in soil (Riley et al. 2001). A 
major process for nitrate removal from soil is denitrification 
(Lin et al. 2007). Knowledge about the transformation rates 
of  NH4

+ –N and  NO3
− –N, as well as the  NO2

− –N accumu‑
lation, is very important since  NO2

− –N has a higher carci‑
nogenicity than that of  NO3

− –N (Liu et al. 2020). Elevated 
nitrate content in table water can potentially cause human 
health problems such as blue‑baby syndrome in infants and 
stomach cancer in adults (Battas et al. 2019). Consequently, 
different techniques are used for the removal of nitrates 
from water including biological denitrification, adsorption, 
ion exchange, chemical denitrification, electro dialysis and 
reverse osmosis and many others (Öztürk and Bektaş 2004; 
Bhatnagar and Sillanpää 2011; Giles et al. 2012).

According to numerous researches, the presence of other 
ions such as chloride, sulfate, phosphate and carbonate 
significantly reduces the efficiency of the nitrate removal 
from aqueous solutions (Dehghani et al. 2015). A study by 
Nabizadeh et al. (2014) showed that anions have a consider‑
able effect on the removal of nitrate; for example, chloride 
affected the nitrate removal potential by an adsorbent up to 
85%. In the mentioned study, the results showed that chlo‑
ride is the greatest competitor for nitrate, followed by car‑
bonate, sulfate and fluoride. It follows that the outer spheri‑
cally sorbing anions (especially chloride, carbonate and 
sulfate) can significantly interfere with the nitrate adsorption 
at lower concentration where they compete for the limited 
amount of sorption sites on functionalized polyacrylonitrile 
coated with iron oxide nanoparticles.

In a research conducted by Bhatnagar and Sillanpää 
(2011), among others, activated carbon and zeolites were 
tested as adsorbents to remove nitrates from water. The 
results showed poor adsorption toward anions pollutants 
by using carbon as adsorbent. Only a few available studies 
are reporting the sorption of nitrate ion by activated car‑
bon. Afkhami et al. (2007) studied the effects of functional 
groups on the adsorption of nitrate and nitrite ions by car‑
bon cloth. The adsorption capacity of acid‑treated carbon 
cloth for nitrate and nitrite was 2.03 and 1.01 mmol g−1, 
respectively. Arora et al. (2010) used chitosan‑coated zeolite 
(Ch–Z) protonated with either sulfuric or hydrochloric acid 
and tested for its suitability to capture nitrate ion from water.

The adsorption ability of natural aluminosilicates is 
related to humans from the times of their existence till now. 
The use of clays in agriculture and industry is based on the 
characteristics of their surfaces to adsorb water, organic 
compounds and inorganic ions (Novikova and Belchin‑
skaya 2016). Pyrophyllite, which belongs to the group of 
aluminosilicates with a balanced mineral structure (Das and 
Mohanty 2009) and a very small particle size, could be a 
very efficient ions adsorbent.

In this study, pyrophyllite was used as a nitrate adsor‑
bent from artificial fertilizers and soil. According to Zhang 
et  al. (2015), pyrophyllite, a 2:1 phyllosilicate mineral 
 AlSi2O5OH, is comprised of an octahedral aluminum 
hydroxide sheet sandwiched between two tetrahedral sili‑
con oxide sheets. The tetrahedral–octahedral–tetrahedral 
unit is electrically balanced as neutral on the basal plane, 
while the successive 2:1 layers are held together by Van der 
Waals forces (Zhang et al. 2015). No hydroxyl groups are 
found on the surface of silicon oxide, so dispersion forces 
dominate interlayer binding. Pyrophyllite consists of neutral 
layers and does not contain interlayer cations (Uygun and 
Solakoġlu 2002; Parmelee and Barrett 2006; Angelini et al. 
2007). Liu and Bai (2017) stated that little attention has been 
paid to study the relationship between the chemical compo‑
sition, surface property and flotation recovery of pyrophyl‑
lite. Pyrophyllite is widely used in the industry, especially in 
the manufacture of ceramics, glass and refractory materials 
(Zhang and Zhang 2020) due to its good physicochemical 
characteristics, such as low thermal and electrical conductiv‑
ity, low expansion coefficient, low reversible thermal expan‑
sion and excellent reheating stability (Liu and Bai 2017).

To optimize the removal process, the adsorption charac‑
teristics of pyrophyllite have been examined in the presented 
study by testing the effect of contact time, pH, the effect of 
the sample’s flow rate, the amount of initial nitrate concen‑
tration, as well as the amount and the fraction of the adsor‑
bent. The various parameters of pyrophyllite as moisture, 
ash content and acidity have also been determined. Nev‑
ertheless, there is very limited information, and there is a 
lack of studies about the adsorption capacity of nitrate from 
artificial fertilizers and soil on pyrophyllite. Bibliographic 
references most commonly describe the use of pyrophyllite 
for the removal of other anions such as cyanide (Saxena 
et al. 2001) and borate (Keren et al. 1994). Therefore, the 
main aim of this study was to present the first findings of 
adsorption capacity of nitrate from artificial fertilizers and 
soil on pyrophyllite obtained from Parsovići pyrophyllite 
deposit near Konjic, Bosnia and Herzegovina during the year 
of 2018.

Materials and methods

Materials

The pyrophyllite used for the nitrate adsorption experi‑
ments was obtained from the Parsovići pyrophyllite 
deposit near Konjic, Bosnia and Herzegovina. The par‑
ticle size distribution was determined by sieving ground 
pyrophyllite through standard nylon sieves (Fritsch, 
Analysette, Germany) with openings of 16.00, 8.00, 4.00, 
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2.00, 1.00, 0.50, 0.25, 0.125, 0.063 and < 0.063 mm. All 
experiments were performed on 0.25, 0.50 and 1.00 mm 
pyrophyllite fractions.

Analytic grade  KNO3 (Merck, Germany) was used in 
all the experiments. A stock solution of nitrate (1000 mg 
 L−1) was prepared by dissolving the required amount of 
 KNO3 in Milli‑Q water. All the other reagents used in 
the experiments were reagent grade and purchased from 
Merck, Germany.

Determination of various parameters 
of pyrophyllite

Pyrophyllite moisture was determined as follows: About 2 g 
of the pyrophyllite sample were weighed for each 0.25, 0.5 
and 1 mm fraction; then, the samples were dried at 105 °C 
for 45 min. The ash content was determined after the sam‑
ples have been annealed at 550 °C and 800 °C for 1 h. The 
calibrated pH meter (Schott, CG 841, Germany) was used 
for pyrophyllite acidity determination. About 10 g of the 
pyrophyllite was transferred to a beaker and topped with 
25 mL of distilled water. After 30 min, the pH was measured 
on the calibrated pH meter.

Adsorption studies

The batch and columns (percolation tubes) experiments were 
used for the study of nitrate ions adsorption on pyrophyllite. 
A glass column with an internal diameter of 0.8 cm and a 
length of 15 cm was used for column studies. To prevent 
losses, columns were sealed with glass wool and filled with 
10 g of pyrophyllite. For batch experiments, the adsorbent 
and the  KNO3 solution were placed in a volumetric flask 
(250 mL) and shaken at 140 rpm using a shaker (Heidolph 
Rotamax 120, Germany). Pyrophyllite fractions of 0.25, 0.5 
and 1 mm and  KNO3 solutions of 75, 150 and 250 mg  L−1 
were used for both experiments.

During the column and batch extractions, pyrophyllite 
samples were topped with 100 mL of 75, 150 and 250 mg 
 L−1 concentrations of nitrate solutions. The nitrate content of 
the eluate was measured by calibrated UV–Vis spectropho‑
tometer (Varian, Cary 50) according to the procedure speci‑
fied in the international standard method ISO 7890–3:1988. 
The recovery factor was used to express the adsorption 
capacity.

The findings suggested that there was no significant dif‑
ference in the nitrate adsorption capacity between the 0.25, 
0.50 and 1.00 mm fractions, and therefore, a 0.50 mm frac‑
tion was selected for further experiments. In addition, a con‑
centration of 75 mg  L−1 was chosen as the optimal solution 
concentration.

The effect of sample flow rate and contact time

The quantitative retention of nitrates on pyrophyllite depends 
on the sample solution flow rate. Consequently, the sample’s 
flow rate effect on the retention of the nitrate on the adsor‑
bent was investigated by passing 100 mL (75 mg  L−1) of 
nitrate solution through the column and by adjusting the 
flow rate of 1, 3, 5 and 8 mL min−1. Moreover, in order to 
check the effect of the contact time of the  KNO3 solution and 
pyrophyllite in a batch extraction, contact times of 1 and 2 h 
were examined.

The effect of pH solution on the nitrate elution 
from pyrophyllite

The effect of the pH solution on the nitrate elution from 
pyrophyllite was investigated by passing the following solu‑
tions: 1.70 (synthetic gastric juice), 6.40 (rainwater), 7.70 
(distilled water), 9.30 and 12.50 (NaOH solution). The pH 
measurements were performed on the calibrated pH meter 
Schott, type CG 841 (Germany). Synthetic gastric juice was 
prepared as described by Žero et al. (2017). The pH value 
providing the maximum removal of nitrate was determined.

Determination of adsorption capacity of nitrate 
from fertilizers on pyrophyllite

To determine the adsorption capacity of nitrates from ferti‑
lizers, the content of total N in the fertilizer was first deter‑
mined as follows: About 2.5 g of the fertilizer sample was 
ground and homogenized, dissolved in Milli‑Q water and 
transferred to a 250‑mL volumetric flask, and filled to the 
mark with Milli‑Q water. Then, an aliquot of 25 mL was 
transferred to a distillation balloon, and 200 mL of distilled 
water was added, followed by 5 mL of 96% ethanol and 2 g 
of Devarda’s alloy. A distillation funnel was placed on the 
distillation balloon into which 40 mL of 33% NaOH solution 
was poured. Predistilled ammonia was captured in 100 mL 
of 0.1 mol  L−1 HCl solution. After completing the distil‑
lation, excess of HCl was titrated with 0.1 mol  L−1 NaOH 
solution, with methyl orange as an indicator (Vatrenjak‑
Velagić 1997).

After the total N content of the fertilizer was determined, 
a fertilizer solution of 75 mg  L−1 was prepared. The prepared 
solution was passed through the column (the same procedure 
was applied as for the study of the adsorption of nitrate ions 
onto pyrophyllite that was previously described) containing 
about 10 g of pyrophyllite of 0.50 mm fraction. The nitrate 
content was determined spectrophotometrically as described 
in the section adsorption studies of this paper.

In order to study the elution of nitrates from pyroph‑
yllite, distilled water (pH = 7.70) and rainwater solution 
(pH = 6.40) were used.
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Determination of adsorption capacity of nitrates 
from the soil on pyrophyllite

For the purpose of determining the adsorption capacity of 
nitrates from soil on pyrophyllite, three different soil sam‑
ples were analyzed where total N was determined in the 
same manner as in the fertilizer sample. The adsorption 
capacity was determined using columns. About 10 g of all 
three soil samples were weighed in three columns. The soil 
samples were first topped with 100 mL of distilled water. 
Then, an aliquot of eluate (0.5 mL) was taken for nitrate 
analysis. Three new columns were used to weigh around 
10 g of pyrophyllite (fraction 0.50 mm) and to pass the 
remaining 95.50 mL of the solution. An aliquot of 0.5 mL 
eluate was then taken for nitrate analysis.

In the end distilled water, rainwater and a solution of 
2 mol  L−1 KCl were passed through the columns so as to 
examine the possibility of eluting nitrates from pyrophyllite.

Results and discussion

Various parameters of the adsorbent 
and granulometry

In the present study, pyrophyllite was used as an adsorbent 
for nitrate removal from artificial fertilizers and soil by 
adsorption. Table 1 shows the granulometric composition 
of the pyrophyllite sample.

The highest percentage in the pyrophyllite sample has a 
fraction of 0.063 mm and a fraction of < 0.063 mm, while 
the lowest percentage has a fraction of 4.00 mm. Table 2 
shows the moisture, ash content and acidity for the pyrophyl‑
lite fractions of 0.25, 0.50 and 1.00 mm.

All three pyrophyllite fractions had very similar pH val‑
ues of aqueous suspensions and were in the weakly basic 
range. Through the pyrophyllite structure, it can be assumed 
that the poor basicity of pyrophyllite is probably due to the 

presence of  OH− groups. Poor pyrophyllite basicity favors 
good plant growth and development while improving soil 
properties, and it also favorably affects soil fertility when 
using artificial fertilizers and optimizing fertilization.

Nitrate adsorption capacity

The efficiency of nitrate adsorption on pyrophyllite was 
expressed by recovery factor values and presented for extrac‑
tion processes, column and batch. The results are shown in 
Table 3.

Similar recovery factor values were obtained for all 
pyrophyllite fractions and all concentrations of the  KNO3 
solution, from 93.14 to 99.77%. Likewise, by increasing 
the concentration of the  KNO3 solution, the recovery fac‑
tor also increased. The nitrate adsorption capacity in this 
study increased with increasing concentration. That might 
be due to an increase in the driving force of the concentra‑
tion gradient as an increase in the initial concentration of the 

Table 1  Particle size 
pyrophyllite distribution

Pyrophyllite 
fraction (mm)

Percentage of 
fraction (%)

 < 0.063 12.67
0.063 20.33
0.125 9.80
0.25 10.00
0.50 9.13
1.00 9.86
2.00 11.00
4.00 7.76
8.00 0.00
16.00 0.00

Table 2  Various parameters of pyrophyllite

Pyrophyl‑
lite fraction 
(mm)

Moisture (%) Ash 550 °C 
(%)

Ash at 
800 °C 
(%)

Acidity of 
pyrophyllite 
(pH)

0.25 0.26 96.71 92.05 7.48
0.50 0.72 96.54 90.34 7.75
1.00 0.15 98.53 90.53 7.77

Table 3  Nitrate adsorption capacity on pyrophyllite

Pyrophyllite fraction 
(mm)

Concentration of  KNO3 
solution (mg  L−1)

Recovery (%)

0.25 (column) 75 93.30
150 96.30
250 97.98

0.50 (column) 75 93.62
150 97.09
250 99.77

1.00 (column) 75 94.88
150 97.14
250 99.71

0.25 (batch) 75 94.21
150 98.07
250 96.33

0.50 (batch) 75 93.14
150 95.64
250 98.13

1.00 (batch) 75 93.58
150 97.01
250 98.11
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adsorbate. El Ouardi et al. (2015) concur that an increase 
in the initial concentration of the adsorbate could increase 
the driving force of the concentration gradient, causing 
an increase in adsorption capacity. Very similar findings 
were obtained in the study by Gulnaz et al. (2004) where 
an increase in the initial concentration of activated sludge 
increased the driving force of the concentration gradient, 
causing an increase in adsorption capacity of basic dyes 
from aqueous solution. There was no significant differ‑
ence in the results when columns and batch extraction were 
used. High adsorption capacity of nitrate on pyrophyllite 
was confirmed.

Flow rate and contact time effect

For three pyrophyllite fractions (0.25, 0.50 and 1.00 mm), 
the effect of the  KNO3 solution flow rate (1, 3, 5 and 
8  mL  min−1) in the columns on the nitrate adsorption 
capacity was examined by passing the  KNO3 solution of 
75 mg  L−1 through pyrophyllite. The effect of the flow rate, 
expressed by the recovery factor value, is given in Fig. 1.

For all pyrophyllite fractions at all flow rates, high recov‑
ery factor values (90.44–97.45%) were obtained. Highest 
values were obtained for a flow rate of 5 mL min−1, except 
for the 0.25 mm fraction where the highest recovery factor 
was determined for a flow of 8 mL min−1. The flow rate of 
5 mL min−1 was selected for further experiments.

The effect of contact time of the  KNO3 solution (75 mg 
 L−1) and pyrophyllite in batch extraction (1 and 2 h) was also 
examined. The results are shown in Table 4.

Nitrate removal was very effective for both contact times 
(1 and 2 h); recovery factor values were in the range of 
90.38% to 91.47% for a contact time of 1 h and in the range 
of 92.15% to 93.18% for a contact time of 2 h. The recovery 
factor value was slightly higher if the contact time of the 
 KNO3 solution and pyrophyllite was longer. The conducted 
experiments showed that the recovery factor increases 

by increasing the contact time of the  KNO3 solution and 
pyrophyllite. The adsorption process was accelerated at the 
beginning, followed by a phase of slow adsorption. Ion bind‑
ing in two phases is a frequent occurrence since ions bind to 
free sites on the adsorbent in the first phase faster because of 
more available free sites on the adsorbent, while ion binding 
in the second phase is slower. The saturation of active sites 
reduces the speed of the process.

The effect of pH on nitrate elution from pyrophyllite

The effect of pH (1.70 (synthetic gastric juice), 6.40 (rainwa‑
ter), 7.70 (distilled water), 9.30 and 12.50 (NaOH solution)) 
on the elution of nitrate from pyrophyllite is shown in Fig. 2.

Generally, the percentage of elution was low for all of the 
used solutions and was highest for solutions with higher pH 
values. It is observed that the percentage of elution has the 
highest value at the pH 9.30 and decreases as the solution 
pH becomes acidic or more alkaline. The influence of pH 
on anion exchange reaction was mainly due to the compe‑
tition between anions and the hydroxyl ions (Battas et al. 
2019). The pyrophyllite surface in water has a net negative 
surface charge, and the surface charges become more nega‑
tive as the pH increases. Consequently, the adsorption of 

Fig. 1  Effect of flow rate on nitrate adsorption capacity on pyrophyl‑
lite (fraction of 0.25, 0.50 and 1.00 mm)

Table 4  The effect of contact time (batch extraction) on the adsorp‑
tion capacity of nitrate on pyrophyllite

Pyrophyllite fraction (mm) Contact time (h) Recovery (%)

0.25 1 91.47
2 92.97

0.50 1 90.38
2 92.15

1.00 1 90.83
2 93.18

Fig. 2  Effect of different pH on nitrate elution from pyrophyllite
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nitrate ion is hampered because negatively charged surface 
sites on the adsorbent do not favor nitrate due to the electro‑
static repulsion (Battas et al. 2019). In the area of low pH, 
removal efficiency of nitrates decreases. This behavior of 
adsorbate‑adsorbent system is explained by the fact that the 
active sites of the clay at the lower pH values become more 
protonated due to the adsorption of  H+ ion; because of that, 
they are less available for nitrate adsorption. Moreover, by 
increasing the pH value of the solution, the active sites of the 
clay undergo a reaction of deprotonations and with electro‑
static forces attract positively charged ions. That explains the 
higher efficiency of nitrate removal in the area of higher pH 
values. The pH of the aqueous medium affects the adsorbent 
surface charge, degree of ionization and analytes (Šabanović 
et al. 2016).

Capacity for nitrate adsorption from fertilizers 
on pyrophyllite

As noted above, it was found that there was no significant 
difference in the nitrate adsorption capacity between the 
three pyrophyllite fractions, 0.25, 0.50 and 1.00 mm. The 
experiments used to determine the adsorption capacity of 
nitrates from fertilizers were performed only on a 0.50 mm 
fraction. Also, a concentration of 75 mg  L−1 was chosen 
as the optimum nitrate concentration. Three probes of the 
same sample were used, and the result was presented as the 
mean value ± standard deviation. The recovery factor was 
99.35%, suggesting that pyrophyllite has a high capacity of 
nitrate adsorption from fertilizers containing N in the form 
of nitrate  (NO3

− –N).
After passing the fertilizer solution through pyrophyllite 

and in order to check the percentage of nitrate elution from 
the adsorbent, the pyrophyllite was topped with distilled 
water (pH = 7.70) and rainwater solution (pH = 6.40). The 
obtained results are expressed as the mean of the elution 
percentage ± standard deviation and are shown in Table 5.

The process of elution of nitrates from pyrophyllite 
with distilled water and rainwater did not lead to signifi‑
cant release of nitrate from pyrophyllite, and the elution 

percentage ranged from 1.60 to 2.07%. These data further 
support the selection of pyrophyllite for nitrate removal 
because it has a high nitrate adsorption capacity and the 
nitrate elution process from the adsorbent was very low.

Adsorption capacity of nitrates from the soil 
to pyrophyllite

Nitrogen can occur in soil in many forms: mineral (nitrate, 
nitrite, amide, ammonia) and organic (humus). It has been 
reported (Zhang et al. 2018) that the soil acidification of 
croplands happens very often due to agricultural activities 
and is mostly attributed to N fertilizers and deposition. The 
use of artificial N fertilizer has multiplied in the past years 
with the goal to have a higher crop yield for a large world 
population, leading to increased N saturation of the terres‑
trial ecosystem (Qiao et al. 2020). Plants from the soil adopt 
all forms of N but most often the nitrate form  (NO3

−), which 
reflects the importance of nitrates in the soil. Accordingly 
for the purpose of determining the adsorption capacity of 
nitrates from soil on pyrophyllite, the content of total N in 
three different soil samples was first determined, and the 
results obtained are shown in Table 6.

After determination of total N, soil samples were placed 
in columns and eluted with distilled water (pH = 7.70), 
rainwater (pH = 6.40) and a solution of 2 mol  L−1 KCl 
(pH = 7.20). The elution results are shown in Table  7. 
After the eluate (0.5 mL) nitrate content determination, the 
remaining 95.50 mL of the solution was passed through 
pyrophyllite. The elution rate was checked with rainwater 
(pH = 6.40) and a solution of 2 mol  L−1 KCl (pH = 7.20). 
Results are also presented in Table 7.

In general, low percentages of nitrate elution from 
pyrophyllite were obtained. Also, slightly higher percent‑
ages of nitrate elution from pyrophyllite compared to nitrate 
elution from soil were determined. It is interesting that after 
passing the solution through pyrophyllite, higher concen‑
trations of nitrate have been obtained in the effluent, than 
by passing the solution through the soil. After passing the 
aqueous soil extract through the pyrophyllite, there was an 
increase in the nitrate concentration. Such results are prob‑
ably due to the fact that pyrophyllite translated some of the 
N forms from the soil into nitrate form.

Table 5  Effect of solutions with different pH on nitrate elution from 
pyrophyllite

Pyrophyllite fraction 0.50 mm pH Elution per‑
centage ± SD 
(%)

1 6.40 1.60 ± 0.56
7.70 2.07 ± 1.00

2 6.40 1.60 ± 0.56
7.70 2.07 ± 1.00

3 6.40 1.60 ± 0.56
7.70 2.07 ± 1.00

Table 6  Total nitrogen content 
in soil samples

Soil sample Total 
nitrogen 
(%)

1 1.20
2 1.40
3 1.23
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Conclusion

For the first time, the use of pyrophyllite as an adsorbent 
for nitrate removal from soil and artificial fertilizers was 
presented. Pyrophyllite, an environmentally friendly mate‑
rial, was shown to be suitable for the nitrate ions adsorption 
from artificial fertilizers and soil. High recovery factor val‑
ues (90.44–97.45%) were obtained for all pyrophyllite frac‑
tions. The process of nitrate elution from pyrophyllite with 
different pH solutions showed that the nitrate elution process 
from the adsorbent was very low. Pyrophyllite may be used 
as an inexpensive and effective sorbent for the adsorption 
of nitrates ions from aqueous solutions. It is necessary to 
point out the study at hand could be used as a starting point 
for further research, which could be helpful for the design of 
an economically cheap treatment process using pyrophyllite 
for the removal of nitrate from artificial fertilizers and soil.
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