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ABSTRACT

Water pollution due to the excessive presence of nutrients (nitrogen and phosphorus) is a seri-
ous environmental worldwide problem, because both species are implicated in the eutrophica-
tion of receiving surface waters and elevated nitrate concentration in drinking water can be
toxic to infants. The removal efficiencies of nitrate and phosphate from water spiked with dif-
ferent ratios and concentrations of these nutrients by two ion-exchange resins (Purolite A500PS
and Purolite A520E) were studied in batch kinetics and equilibrium adsorption experiments.
Both purolites were found to be selective towards nitrate removal at all ratios of nitrate to phos-
phate in solution. Purolite A520E showed higher (<85%) removal efficiency of nitrate than Pur-
olite A500PS (about 65%) from a solution containing 20mgN/L as nitrate and 10mgP/L as
phosphate at a resin dose of 1.5 g/L. However, Purolite A500PS showed higher (65%) removal
of phosphate than Purolite A520E (48%). Langmuir and Freundlich isotherm models fitted well
for the adsorption of nitrate on Purolite A520E (R2 = 0.95–0.96). However, the adsorption of
nitrate on Purolite A500PS can be explained satisfactorily only by Freundlich model (R2 = 0.98).
The adsorption of phosphate on the resins fitted well to Freundlich model (R2 = 0.90) for Puro-
lite A500PS as well as for Purolite A520E (R2 = 0.90). The adsorption of phosphate and nitrate
on both ion-exchange resins was much better described by pseudo-second-order kinetic model
(R2P 0.99) than by pseudo-first-order kinetic model (R2 = 0.25–0.94).
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1. Introduction

Recently, reclamation and reuse of treated waste-
waters have received great interest because of severe
water shortage in many countries. As the global sup-
plies of clean water diminish and demand for the
water rises, advanced wastewater treatment is becom-
ing an international focus for the rational use of scarce

water resources and as means of safeguarding aquatic
environments from the harm caused by wastewater
disposal. Nutrients such as nitrogen (N) and phospho-
rous (P) are the major pollutant discharges from
municipal, industrial and agricultural wastewaters.
These pollutant discharges afterwards mix into water
resources. Throughout recent decades, the wastewater
treatment industry has identified the discharge of
nutrients, including phosphates and nitrates, into
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waterways as a risk to natural environments due to
the serious effects of eutrophication [1]. Eutrophica-
tion is the abundance of aquatic plants, growth of
algae and depletion of dissolved oxygen [2]. To
alleviate the environmental impact of these eutrophic
enhancers, novel technologies have been aggressively
sought to reduce effluent P and N concentrations of
both industrial and domestic wastewater. Further-
more, the presence of nitrate ions in drinking water is
a potential public health hazard including infant met-
haemoglobinaemia (“blue baby” syndrome) [3,4].
Therefore, nitrate and phosphate removal is essential
in wastewater treatment and for potential reuse of the
treated water. On the other hand, the nutrients can be
removed from the wastewater by adsorption on ion-
exchange materials and can be recovered and used as
fertilizer. This process will help to reduce nutrient
load in the receiving water body, and at the same
time, the recovered nutrients will also act as a fertil-
izer when applied to crops.

Several physicochemical and biological processes
have been investigated for the removal of dissolved
nutrients in water and wastewaters. The methods
available for the removal of nitrate and phosphate are
ion exchange [5–8], biological denitrification [9,10],
catalytic reduction [11,12], reverse osmosis [13] and
electrodialysis [14–16]. However, the application of
these processes has been limited as they are relatively
expensive and merely displace nitrate into concen-
trated waste brine that may pose a disposal problem
[10]. The advantage of a catalytic reduction process is
the rapid removal of nitrate from water [12,16]. The
disadvantage of this process is its high capital cost.
Phosphorus can also be removed by biological pro-
cesses. Although this process is environment-friendly,
one cannot remove phosphorous below a particular
concentration if there is a lack of easily biodegradable
organic carbon present in the wastewater.

Among the various methods of nutrient removal,
adsorption/ion-exchange methods are promising,
because they allow simple and economical operation,
resulting in less sludge production and therefore
minimal disposal problems. Furthermore, these meth-
ods seem to be the most suitable for small water sup-
plies contaminated by nutrients because of its
simplicity, effectiveness, selectivity, recovery and rela-
tively low cost [6,7]. These methods also have the
ability to handle shock loadings and the ability to
operate over a wide range of temperatures. Several
materials such as fly ash, cement, surfactant-modified
zeolite, alunite, polymeric ion exchangers and agricul-
tural residues have been investigated as adsorbents
for the removal of phosphate and/or nitrate anions
[17–21]. However, these materials exhibited insuffi-

cient adsorption and regeneration capacities, as well
as poor selectivity.

A variety of adsorbents have been used for selec-
tively removing nitrate, such as Purolite A520E [22],
Purolite A100 [23], Purolite A520E and Purolite A300
[24], macroreticulated Amberlite IRA900 [25] and
Dowex SBRP [26]. A variety of adsorbents have also
been developed for selectively removing phosphate,
such as aluminium oxide, iron oxide, zirconium oxide,
ion-exchange resin, hydrotalcite [27] and layered dou-
ble hydroxides [28].

Nitrate-specific resins have been proven to have
affinity for the following ions in decreasing order:
NO�

3 > SO2�
4 >Cl�>HCO�

3 [29]. Several ion-exchange
resins were used for nitrate removal from drinking
water. The characteristics of adsorption behaviour on
resins are generally inferred in terms of both adsorp-
tion kinetics and equilibrium isotherms. Samatya et al.
[22] used the ion-exchange resin Purolite A520E to
remove nitrate from water and found that this resin
gave promising results for column-mode removal of
nitrate from ground water. By fitting their data to
Langmuir adsorption isotherm, they reported the
maximum adsorption value of 18.5mgN/g dry resin
and energy of sorption value of 0.4 L/mg. Bulgariu
et al. [23] reported a lower maximum uptake capacity
of 19.38mgN/g resins for nitrate adsorption on Puro-
lite A100. Removal of nitrate from aqueous solutions
was studied using two nitrate-selective anion exchang-
ers Purolite A520E and Purolite A300 under a fixed
bed configuration by Primo et al. [24], and it was
found that Purolite A300 showed a higher removal
efficiency of nitrate than Purolite A520E.

The methods currently available for the removal of
nitrate and phosphate by ion exchangers are specific
only for one of these nutrients. Purolite as an adsor-
bent has been studied to remove nitrate and not phos-
phate except in a very recent study by Johir et al. [30]
where the removal of nitrate and phosphate from
wastewater was tested with Purolite A520E and
A500PS in ion-exchange columns in series. They
found that 40% and 80% of phosphates were removed
by Purolite A520E and Purolite A500PS, respectively,
whereas a higher percentage (80–95%) of nitrate was
removed by both resins. Most of the previous studies
have not considered the effect of purolite on simulta-
neous removal of both nitrate and phosphate. The
effects of different concentrations and ratios of nitrate
to phosphate on their removal by purolite were also
not investigated in previous studies.

The present work is intended to study the effec-
tiveness of the ion-exchange resins (Purolite A520E
and Purolite A500PS) to remove nitrate and phosphate
from wastewater. The objectives of this study were
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divided into two parts: (i) investigation of the compet-
itive adsorption of nitrate and phosphate when they
are present at different concentration ratios in syn-
thetic water and (ii) study of kinetic and equilibrium
adsorption isotherms of nitrate or phosphate adsorp-
tion on these ion-exchange resins.

2. Material and methods

2.1. Ion-exchange resins

Two ion-exchange resins, namely Purolite A520E
and Purolite A500PS, were used as adsorbents. The
Purolite A520E is a macroporous strong base anion
resin, which is specially designed for the removal of
nitrates from water for potable purposes [31]. Purolite
A500PS is designed for use as an organic scavenger,
for example for the removal of tannins, fulvic and
humic acids, from domestic effluents [31]. It was
found to have a good phosphate ion-exchange capac-
ity [30]. The macroporous matrix and special ion-
exchange group functionality impart ideal selectivity
to nitrate and phosphate. The characteristics of these
ion-exchange resins are presented in Table 1.

2.2. Feed solution

The feed solution was distilled water spiked with
nitrate and phosphate. Solutions with different con-

centrations of nitrate (10–50mgN/L) and phosphate
(2–20mgP/L) were prepared using KNO3 and
KH2PO4.

2.3. Chemical analysis

The analyses of nitrate and phosphate ions were
carried out using Metrohm ion chromatograph (model
790 Personal IC) equipped with an autosampler and
conductivity cell detector. The separation was achieved
using an A SUPP column 3 (150� 4mm). Na2CO3

(3.2mmol/L) and NaHCO3 (1.0mmol/L) were used as
a mobile phase with a flow rate of 0.9mL/min.

2.4. Batch adsorption isotherm studies

Isotherm experiments were conducted in a set of
glass flasks with 100mL solutions spiked with nutri-
ents (10mgP/L and 20mgN/L) and different ion-
exchange resin concentrations of 0.1–10 g/L at room
temperature (24 ± 1˚C). The suspensions were agitated
in a flat shaker at a shaking speed of 120 rpm for 72 h
to ensure that the adsorption equilibrium is reached.
However, preliminary experiments showed that the
adsorption equilibrium was achieved within 48 h. The
experiments were duplicated to achieve minimal dif-
ference in adsorption between the duplicates. The
amount of adsorption at equilibrium, qe (mg/g), was
calculated by the Eq. (1),

Table 1
Typical chemical and physical characteristics of the two purolites used [31]

Parameters A500PS A520E

Polymer matrix structure Macroporous polystyrene cross-linked
divinylbenzene

Macroporous styrene–
divinylbenzene

Physical form and appearance Spherical beads Opaque cream spherical beads

Functional groups R-(Me)3N
+ Quaternary Ammonium

Ionic form (as shipped) Cl� Cl�

Screen size range (US standard
screen)

16–40 mesh, wet 16–50 mesh, wet

Particle size range (microns) +1,200< 2%, �420 < 2% +1,200< 5%, �300< 1%

Moisture retention, Cl� form 63–70% 50–56%

Reversible swelling Cl�� OH
(SO4/NO3)

20% max (–) Negligible

Specific gravity (Cl� form) 1.04 –

Total exchange capacity, Cl� form

Wet, volumetric 0.8 eq/lmin 0.9 eq/lmin

Dry, weight – 2.8meq/gmin

pH range (stability), Cl� Form 0–14 0–14

Operating temperature(Cl� form) 100˚C 100˚C
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qe ¼ C0 � Ceð ÞV
M

ð1Þ

where C0 is the initial concentration of adsorbate
(mg/L); Ce is the equilibrium concentration of the
adsorbate (mg/L); V is the volume of the solution (L);
and M is the mass of adsorbent used (g).

The experimental results were treated with both
Langmuir and Freundlich isotherm models. The equa-
tions for Langmuir and Freundlich isotherms are pre-
sented in Table 2.

2.5. Batch adsorption kinetic studies

The batch adsorption kinetic experiments were
conducted with different concentrations of ion-
exchange resins with various adsorbate concentrations
(nitrate and phosphate) in a glass flask containing
100mL of adsorbate solution and agitated in a flat
shaker at a shaking speed of 120 rpm for 4 h. The
aqueous samples were taken at different time inter-
vals, and the concentrations of nitrate and phosphate
were measured. The amount of adsorption at time t, qt
(mg/g), was calculated by Eq. (2):

qt ¼ C0 � Ctð ÞV
M

ð2Þ

where C0 is the initial concentration of adsorbate
(mg/L); Ct is the concentration of adsorbate at time t
(mg/L); V is the volume of the solution (L); and M is
the mass of the dry adsorbent used (g).

The adsorption kinetic data were analysed by
pseudo-first-order and pseudo-second-order kinetic
models. The equations for pseudo-first-order and
pseudo-second-order kinetic models are presented in
Table 2.

3. Results and discussion

3.1. Comparison between the two purolites in removing
nitrate and phosphate

The batch kinetic experimental results showed that
both purolite ion-exchange resins can remove nitrate
and phosphate. But the removal of nitrate was higher
(almost 80%) by Purolite A520E than by Purolite
A500PS (65%) (Fig. 1(a)). It could be due to the fact
that Purolite A520E is reported to be a nitrate-selective
resin that can remove higher amounts of nitrate than
Purolite A500PS which is usually recommended for
organic removal [31]. In contrast to nitrate removal,
Purolite A500PS showed a higher removal efficiency
of phosphate (almost 65%) than Purolite A520E (48%)

Table 2
The equations for the adsorption isotherms and kinetic models

Models Equation Linearized form

Langmuir isotherm Qe ¼ qmaxKLCe

1þ KLCe

Ce

Qe
¼ 1

qmaxKL
þ Ce

qmax
Ce = the equilibrium concentration of the adsorbate (mg/L);
Qe = the amount of adsorbate adsorbed per unit mass of
adsorbent (mg/g); qmax = the maximum amount of the adsorbate
per unit weight of the adsorbent (mg/g); KL =Langmuir constant
(L/mg)

Freundlich isotherm qe ¼ KFC
1=n
e ln qe ¼ lnKF þ 1

n lnCe

Ce = the equilibrium concentration of the adsorbate (mg/L);
qe = the amount of adsorbate adsorbed per unit mass of adsorbent
(mg/g); KF and n=Freundlich constants (mg/g)

Pseudo-first-order kinetic
dqt
dt

¼ k1 qe � qtð Þ ln qe � qtð Þ ¼ ln qe � k1t

qe = amount of nutrients adsorbed at equilibrium (mg/g);
qt= amount of nutrients adsorbed at time, t (min) (mg/g); and
k1 = equilibrium rate constant of pseudo-first-order sorption (1/
min).

Pseudo-second-order kinetic
dqt
dt

¼ k2 qe � qtð Þ2 t

qt
¼ 1

k2q2e
þ t

qe
qe = amount of nutrients adsorbed at equilibrium (mg/g);
qt= amount of nutrients adsorbed at time, t (min) (mg/g); and
k2 = equilibrium rate constant of pseudo-second-order (1/min).
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(Fig. 1(b)). Similar findings were also observed by
Johir et al. [30] in column adsorption experiments of
nitrate and phosphate from MBR effluents containing
PO3�

4 -P and NO�
3 -N concentrations of 3.1 and 11mg/

L, respectively, by Purolite A520E and Purolite
A500PS (previously known as A500P). They found
that the removal of nitrate was almost 94% by Purolite
A520E and the removal of phosphate was only 25–
45%. The removal efficiency of phosphate was
observed to be higher for Purolite A500P than for Pur-
olite A520E. However, the removal efficiency of
nitrate by the two resins was almost the same. The
results in Fig. 1 as well as those of Johir et al. [30]
show that A520E has a strong selectivity for NO�

3 than
for PO3�

4 but A500P appear to have nearly the same
affinity for PO3�

4 as NO�
3 when the influent N/P con-

centration ratio was 2:1.
A second set of experiments was conducted to

study the effect of the presence of phosphate on the
removal of nitrate by the two purolites (Fig. 2(a) and

(c)) and the effect of the presence of nitrate on the
removal of phosphate by the two purolites (Fig. 2(b)
and (d)) at two concentrations of P and N. Fig. 2(a)
shows that the removal of nitrate by Purolite A520E
was not affected by the presence of phosphate. How-
ever, the removal efficiency of phosphate by Purolite
A520E in the presence of nitrate decreased by almost
50% (Fig. 2(b)). It may be due to the lower affinity of
Purolite A520E towards phosphate ion than towards
nitrate ion during ion-exchange processes as Purolite
A520E is a highly nitrate-selective resin. These results
show that in the presence of nitrate and phosphate in
water, nitrate can effectively compete with phosphate
for adsorption on Purolite A520E.

The removal efficiency of nitrate and phosphate by
Purolite A500PS is similar to Purolite A520E. The
removal efficiency of phosphate by Purolite A500PS
decreased from 80–86% to less than 60% in the pres-
ence of low concentration of nitrate, and in the case of
high concentration of nitrate, it decreased from 82 to
34% (Fig. 2(c)). It is also found that the removal effi-
ciency of nitrate by Purolite A500PS was not very
much affected by the presence of phosphate, and in
the case of high concentration of phosphate, it slightly
decreased. This shows that nitrate is effectively com-
peting with phosphate in Purolite A500PS as well.
Although Purolite A500PS can remove both nitrate
and phosphate effectively, it is also a nitrate-selective
resin.

The above experiments were conducted at two
ratios and two concentrations of nitrate and phos-
phate. To evaluate further the influence of the compet-
itive effects of nitrate and phosphate on their
removals by these two purolite ion-exchange resins
and to determine the selectivity of the resins for
nitrate and phosphate, further experiments were con-
ducted at more than two concentrations and two
ratios of nitrate and phosphate. The results are pre-
sented in Fig. 3(a) and (b). It was found that at differ-
ent ratios of N to P (1:1–1:5) (concentration of nitrate
increased), the ratio of the amounts of N to P
adsorbed was higher than the ratio of the initial solu-
tion concentrations of N to P for both purolites (Fig. 3
(a)). This shows that both purolites are nitrate selec-
tive. At all N-to-P ratio in solution, the ratio of N to P
adsorbed was higher for Purolite A520E than for Pur-
olite A500PS, which suggests that the nitrate selectiv-
ity for adsorption was higher for Purolite A520E than
for Purolite A500PS. The selectivity of Purolite A520E
for nitrate increased at a faster rate than that of Puro-
lite A500PS with increase in N/P ratio. When the P/N
ratio in solution was increased at a constant concen-
tration of nitrate (N= 50mg/L) (Fig. 3(b)), the P/N
ratio of adsorbed nutrients was increased as expected
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Fig. 1. Comparison between two purolite ion-exchange
resins in removing (a) nitrate and (b) phosphate (initial
concentration of nitrate and phosphate was 20mg NO�

3 /L
(as N) and 10mg PO3�

4 /L (as P) respectively, dose of ion-
exchange resin = 1.5 g/L).
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but this ratio in the resin was lower than in solution,
showing that both resins are nitrate selective as
observed in Fig. 3(a). However, the P/N ratio in resin
was higher for Purolite A500PS than for Purolite
A520E, showing that the nitrate selectivity for adsorp-
tion is lower for A500PS as again observed in Fig. 3
(a).

3.2. Modelling of adsorption isotherm

In general, the results of the equilibrium adsorp-
tion isotherm experiments showed an increase in
removal efficiency of nitrate and phosphate with an
increase in ion-exchange resin concentrations onto
Purolite A520E and Purolite A500PS. It could be due
to the reasons that (i) maximum adsorption capacity
of the resins has not reached and (ii) solution concen-
tration of adsorbate has been reduced to very low
concentration.

The equilibrium adsorption data were fitted to
Langmuir and Freundlich isotherm models. Both

models fitted well for the adsorption of nitrate on Pur-
olite A520E (R2 = 0.95–0.96) (Table 3). However, the
adsorption of nitrate on Purolite A500PS can be
explained satisfactorily only by Freundlich model,
which showed a good correlation (R2 = 0.983). The
data fit to Langmuir model was very poor (R2 = 0.033).

On the other hand, the data for the adsorption of
phosphate on both resins did not fit well to Langmuir
model (Table 3). However, the adsorption of phos-
phate on the resins fitted well to Freundlich model,
which showed a high coefficient of determination
(R2 = 0.901) for Purolite A500PS as well as for Purolite
A520E (R2 = 0.897). The model parameters (KL, qmax,
KF and n) obtained from the simulations are presented
in Table 3. The maximum value of nitrate adsorption
on Purolite A520E was found to be 33mgN/g using
Langmuir equation, and the Freundlich parameter KF

was 4.29 (mg N/g)(L/mg N)1/n. Samatya et al. [22]
reported that the maximum adsorption capacity of
nitrate on Purolite A520E was 18.51mgN/g from
Langmuir fit and the Freundlich parameter KF was
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and (c, d) by Purolite A500PS (dose of ion-exchange resin = 1.5 g/L).
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3.33 (mg N/g)(L/mg N)1/n in batch experiment. Primo
et al. [24] reported that the maximum adsorption

capacity of nitrate on purolite from a column experi-
ment was 18.81mgN/g. According to the manufac-
turer’s information, A520E resin has quaternary
ammonium as a functional group, with a total ion-
exchange capacity of 2.8meq/g of dry resin
(39.2mgN/g) (Table 1). The Langmuir maximum
adsorption capacity obtained in the current study
(33mgN/g) agrees fairly well with the manufacturer
value. The maximum phosphate adsorption capacity
on Purolite A500PS was found to be 111.11mg P/g
from Langmuir equation, and the Freundlich parame-
ter KF was 4.49(mg P/g)(L/mg P)1/n.

3.3. Modelling of adsorption kinetics

In adsorption kinetics, mass transfer and diffusion
of adsorbate particles from bulk liquid phase to adsor-
bent surface determine the rate of adsorption. The
adsorption data showed that generally pseudo-first-
order kinetic model had poor fit to the data for the
adsorption of nitrate and phosphate on both purolites
(Tables 4 and 5). Only for the lower resin dose of
1.5 g/L, the data fitted satisfactorily to pseudo-first-
order kinetic model for both nitrate and phosphate
adsorption on both resins.

In contrast to the pseudo-first-order kinetic model,
the adsorption of phosphate and nitrate onto both ion-
exchange resins was much better evaluated by
pseudo-second-order kinetic model with R2 of 0.99
and above (Tables 4 and 5). Previous studies of nitrate
adsorption on purolite also showed that the kinetics
adsorption data were better described by pseudo-sec-
ond-order kinetic model [23].

Furthermore, the values of qe calculated from
pseudo-first-order kinetic model were lower than the
experimental value of qe, while the experimental val-
ues of qe were almost similar to the qe values calcu-
lated from the pseudo-second-order kinetic model
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Fig. 3. Effect of solution (a) N-to-P ratio and (b) P-to-N
ratio on the N/P and P/N removal by purolite resins,
respectively.

Table 3
Adsorption isotherm parameters of Langmuir and Freundlich models for nitrate and phosphate adsorption on Purolite
A520E and Purolite A500PS

Adsorption of nitrate onto Adsorption of phosphate onto

Purolite A520E Purolite A500PS Purolite A520E Purolite A500PS

Langmuir isotherm model

qmax (mgN,P/g) 33 1,000 �250 111

KL (L/mg) 0.143 0.003 �0.012 0.055

R2 0.961 0.033 0.016 0.574

Freundlich Isotherm Model

KF (mg N,P/g)(L/mg N,P)1/n 4.29 2.45 3.40 4.49

n 1.54 1.03 1.12 0.909

R2 0.953 0.983 0.897 0.901
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(Tables 4 and 5). These findings also demonstrated
that the adsorption reaction can be satisfactorily
described by the pseudo-second-order kinetic model.
The satisfactory fits of the data to the second-order-
kinetic models imply that the rates of ion-exchange
process are limited only by the availability of nitrate
and phosphate ions and functional groups from resin
surface to interact [23].

4. Conclusions

The ion-exchange resins, Purolite A520E and Puro-
lite A500PS, can be used for the effective removal of
nitrate and phosphate from water. Both purolites
preferentially removed nitrate over phosphate from
solutions containing these two ions at various concen-
tration ratios, and hence, they are considered to be

nitrate selective. The nitrate selectivity for adsorption
was higher for Purolite A520E than for Purolite
A500PS. Purolite A500PS is more efficient in removing
phosphate than Purolite A520E. The adsorption of
phosphate and nitrate on both purolites was much
better described by pseudo-second-order kinetic
model than by pseudo-first-order kinetic model. Fre-
undlich model was better fitted for the adsorption iso-
therm of nitrate and phosphate than Langmuir model
on both purolites.
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Table 4
Adsorption kinetic parameters of pseudo-first-order and pseudo-second-order kinetics models for the adsorption of
nitrate onto Purolite A520E and Purolite A500PS

Pseudo-first-order model Pseudo-second-order modelPurolite Concentration
of purolite
(mg/L)

Concentration
of raw water
(mg N/L)

qe
experimental
(mg N/g)

qe
(mgN/g)

k1� 10�2

(min�1)
R2 qe

(mgN/g)
k2� 10�2

(g/mg
min)

R2

A520E 1.5 20 11.00 3.38 1.76 0.82 11.60 0.71 0.99

50 19.30 1.86 14.4 0.91 19.34 2.62 0.99

3.0 20 5.70 0.46 0.81 0.48 5.66 9.31 0.99

50 12.60 1.23 1.32 0.88 12.62 4.00 1.0

A500PS 1.5 20 10.97 3.19 2.08 0.94 11.36 1.37 0.99

50 14.95 3.93 2.82 0.91 15.63 0.85 0.99

3.0 20 4.91 0.42 0.76 0.39 4.97 9.86 0.99

50 9.25 1.17 1.26 0.85 8.35 2.47 0.99

Table 5
Adsorption kinetic parameters of pseudo-first-order and pseudo-second-order kinetics models for the adsorption of
phosphate onto Purolite A520E and Purolite A500PS

Pseudo-first-order Pseudo-second-orderPurolite Concentration
of purolite
(mg/L)

Concentration
of raw water
(mg P/L)

qe experimental
(mg/g)

qe (mg/g) k1� 10�2

(min�1)
R2 qe (mg/g) k2� 10�2

(g/mgmin)
R2

A520E 1.5 10 5.06 6.69 3.1 0.93 5.85 0.51 0.99

20 8.2 6.68 3.5 0.91 8.70 0.92 0.99

3.0 10 1.95 0.38 1.85 0.84 2.25 4.34 0.99

20 2.87 0.56 0.86 0.33 3.94 3.52 0.99

A500PS 1.5 10 7.10 6.58 4.11 0.93 7.45 1.32 0.99

20 11.70 4.76 2.29 0.91 12.08 1.02 0.99

3.0 10 3.60 0.49 1.79 0.82 3.65 8.51 0.99

20 6.40 0.60 0.77 0.25 6.33 5.69 0.99
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