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ABSTRACT

The aim of this study was to compare the performance of down- and up-flow non-selective strong
anion exchange resin (A400E) in the removal of nitrate from drinking water due to loading rate,
height and volume of resin, as well as passing water volume. In this study, totally, 270 samples were
taken and analyzed for evaluating the amount of outcome nitrate. The results showed that the trend
of removing nitrate decreased in terms of increasing the passing water volume and loading rate in
both systems. While the altitude of ion-exchange column increased due to the up-flow, the removal
efficiency of nitrate increased continuously. In the down-flow resin, the efficiency of the system was
gradually reduced while increasing the height of resin up to 60 cm; whereas the system efficiency
increased at the resin height of 60-90 cm. The efficiency of both ion-exchange systems were affected as
a result of the some factors including volume of passing water, resin height, and loading rate at high,
medium, and low levels, respectively. Overall, to achieve the sufficient water quality, it is required to
consider the height of resin and amount of passing water volume to reach the cost and effectiveness
of the system.
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1. Introduction

Nitrate is one of the most significant water pollutant
factors, particularly in groundwater, which have been con-
sidered by a lot of ecologists [1]. The main sources of nitrate
pollutant in water resources might be due to the use of
nitrogen fertilizers in the farm land, sewage irrigating, dis-
charging the municipal and industrial wastewater to water
resources, and decaying the plants [2,3]. Nitrate could cause
various environmental problems. It can be stated that the
natural water resources could be premature death (sup-
ply oriented) due to accumulated nitrate and phosphate
amount in those water resources. Moreover, excessive

* Corresponding author.

nitrate concentration (more than 50 mg/L) in drinking water
as a result consumed by people could cause some diseases
such as methemoglobinemia in infants (less than 6-month
old), abdominal pain, diarrhea, vomiting, blood pressure,
increased infants mortality, diabetes, spontaneous fetus
abortion, increased potential of carcinogenic and muta-
genic nitrosamine compounds, as well as infection of the
respiratory system [4-7]. Nitrate is highly soluble in water
and could easily transmit to underground water supplies
through the soil texture [4]. To protect the consumers” health
due to the nitrate effects in drinking water, the World Health
Organization (WHO), the US Environmental Protection
Agency (EPA), and the Standard of European Union rec-
ommended the standard of nitrate in drinking water less
than the 50, 45, and 25 mg/L mg-NO,", respectively [8].
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It can be said that the nitrate removal in the conventional
water treatment plants is very hard [4,5]. However, vari-
ous methods have been used to remove nitrate from water
resources, which include chemical renewal, ion exchange,
reverse osmosis, electrodialysis, as well as hydrogen cata-
lytic and biological denitrification. The biological reactor is
used for treated water with high nitrate concentration, but
it is difficult to keep the biological processes in optimal con-
ditions [3,5,9,10]. Moreover, it is a useful process for treat-
ing ground and surface waters due to its easy application;
but according to chemical absorbent and its performance,
it should be modified for the removal of nitrate anion. Ion-
exchange process is a simple, effective, and reliable method
with relatively low costs, so it is very useful for treated
water resources in small communities with nitrate contam-
ination [4,11,12].

In recent years, a number of selective and non-selective
resins are used to remove nitrate, which include Duolite
A-101D, A-104, Dowex SAR A-550, Amberlite IRA-900,
IRA-910, A 520E, and A400E [13-17]. A400E resin made by
Purolite company is a very strong non-selective alkalinity
resin for removing nitrate from drinking water, which con-
tains high-capacity and low residual silica content [10]. So
far, few studies have been carried out on the effectiveness
of the A400E resin to remove nitrate. Many factors could
impact the performance of resin to remove nitrate that have
not been considered in previous studies, those could be
noted as follows: water taking point from different heights
of resin, loading rate (Bv/h 1), and volume of passing water
(Bv 2). This study aims to evaluate the effect of loading rate,
passing high water volume, and height of the A400E resin
function with up- and down-flows to remove nitrate from
groundwater against the application of response surface
methodology (RSM).

2. Materials and methods

In this study, the strong A400E anion resin involve non-
selective property of nitrate removal was investigated. The
resin properties, which made by Purolite Company, UK,
are presented in Table 1. Owing to the high concentration
of nitrate in drinking well water in Kermanshah, pilot of
ion-exchange columns was installed in chamber number 2,
which supplied drinking water to a part of Kermanshah. Ion-
exchange column properties with the up-flow and down-flow
are presented in Table 2. Three taps water were installed along
the length of the resin column with equal distance (30, 60, and
90 cm) to monitor the resin function in terms of absorbing
nitrate (Fig. 1).

Nitrate removal efficiency was examined at three
different loading rates (10, 25, and 40 Bv/h) and five water
flow volumes (40, 100, 160, 220, and 280 Bv). The number of
trial phases of these experiments was obtained as 45 phases
(3 x 3 x 5) according to the variables, and based on 3 times
of sampling at each phase. Therefore, totally 135 sam-
ples were analyzed in terms of water nitrate removal effi-
ciency via the resin. To evaluate the nitrate concentration
of raw inlet water to the resin, in present research, five
raw well water samples were taken at various times and
the nitrate concentration, electrical conductivity, sulfate,
chloride, alkalinity, and pH were measured according to

Table 1
Physical and chemical properties and A400E resin

Characteristics Description

Structure of polymer Porous polystyrene with
divinylbenzene vertical attached
Ionic form Cr

Feature shape Golden and transparent balls

Functional groups Quaternary ammonium type 1

Real density 0.695
Relative humidity 48%-52%
Particles size 0.3-1.2 mm
The total capacity of ion 1.3 meq/mL
exchange

Maximum operating 100°C
temperature

pH range (operational)  4.5-8.5

Table 2
Characteristics of ion-exchange
down-flow A400E resin

column of up-flow and

Characteristics Description
Column material Plexiglass
Column height 1.5m
Column outer diameter 15 cm
Existence resin height in column 90 cm

Free height 60 cm
Column inner diameter 14 cm
Column shape Cylindrical
Volume of resin 141=9.6 kg
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Fig. 1. Scheme of ion-exchange column with up- and down-flow
(resin A400E).

standard methods for water and wastewater [18]. Design of
Expert software (version 7) was used for data analysis and
modeling of effluent nitrate regarding the required vari-
ables. In this study, all the possible situations were consid-
ered in order to analyze the response of surface historical
data design.
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3. Results and discussion

Figs. 2-7 represent the average amount of output nitrate
due to investigating the variables of both ion-exchange sys-
tems with up- and down-flows. The optimization point based
on two factors, that is, volume of passing water and height of
resin, to achieve the output nitrate less than 25 and 50 mg/L
was shown in Figs. 8 and 9 (up-flow) as well as Figs. 11 and 12
(down-flow). Investigation of the effective parameters on the
resin efficiency in nitrate removal is presented in Fig. 13.

According to obtained results, factor A (water flow)
impacted on the amount of effluent nitrate compared with two
other factors among all investigated factors, significantly, and
the next factor with maximum effectiveness particularly in
the reverse form was the resin height. Afterward, the effect of
factor C (loading rate) is represented in Table 3 and Figs. 2-7,
10, and 13. Results showed that the most appropriate model
proposed for the ion-exchange column with up-flow using
the software was the linear model with R?= 0.8987, while
in the column with down-flow, the quadratic model with
R*= 0.8995 was more suitable than linear model (Table 3).
Regarding the results that presented in Table 4, the amount
of nitrate in influent water to the ion-exchange column was
higher than the standard level (50 mg-NO,"). The average
concentration of effluent nitrate at various loading rates, vol-
ume of passing water, and samples taken from different col-
umn heights are given in Table 5.

3.1. Investigating effect of the volume of passing water through
the resin with up- and down-flows

According to the obtained results, with the increased vol-
ume of passing water, the concentration of output nitrate was
increased in both of the investigated ion-exchange systems
(with the up- and down-flows). A possible reason could be
increased the volume of passing water through the special
and fixed areas of resin and increased the amount of trans-
ported absorbed nitrate (mass transfer) in the resin beads,
which could return resin to the equilibrium form and quickly
saturate nitrate ions. On the other hand, the resin reached the
equilibrium situation in shorter time due to the volume of pass-
ing water, while the product nitrate concentration increased;
at that time, the resin should be revived [19]. Other related
restorable reasons could be that each column of the resin
had known capacity, upon achieving to which (at high vol-
ume of passing water, this capacity could be rapidly reached),
the significant ion in electrolyte was not exchanged with its
similar ion and the ion-exchange process was essentially
discontinued [20]. Therefore, the most important factors
that affect the ion-exchange process includes the volume of
water flow and mass transfer. Observing that the total mass
of exchangeable ions is almost fixed shows mass ion transfers

Table 3
Output nitrate model considering the investigated factors

| 160
Resin Height (cm) 45\%
Effluent Water Volume (Bv)

30 40

Fig. 2. Effect of resin height, and volume of passing water on the
concentration level of output nitrate in the up-flow resin.

Nitrate(mg/l)

Loading Rate(Bv/hy.s 0
U Effluent Water Volume (Bv)

Fig. 3. Effect of loading rate, and volume of passing water on the
concentration level of output nitrate in the up-flow resin.

"® Loading Rate(Bv/h)

Fig. 4. Effect of loading rate, and resin height on the concentra-
tion level of output nitrate in the up-flow resin.

Up-flow Nitrate of effluent (mg/L) = 59.18 + 36.06A —29.38B + 11.19C
Down-flow  Nitrate of effluent (mg/L) = 77.80 + 50.13A — 16.23B + 1.23C — 20.53AB + 0.5AC + 11BC + 20.94A%- 48.11B* - 1.25C?
Parameters A B C

Volume of passing water (Bv) Resin height (cm) Resin load (Bv/h)
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Fig. 5. Effect of resin height, and volume of passing water on the
concentration level of output nitrate in the down-flow resin.
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Fig. 6. Effect of loading rate, and volume of passing water on the
concentration level of output nitrate in the down-flow resin.
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Fig. 7. Effect of loading rate, and resin height on the concentra-
tion level of output nitrate in the down-flow resin.

in a short time (by increased water volume) or long time (by
reduced water volume) [19,20].

According to the obtained results of the optimization con-
ditions, to achieve water quality standards in terms of nitrate,
water flow should be increased to about 250 Bv to acquire low
levels of nitrate concentration (50 mg/L) in the system with
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X1: X1: Effluent Volume (Bv)
X2: Resin Height (cm)

Fig. 8. Optimal area (for the obtained nitrate concentration of less
than 25 mg/L) in terms of the most important parameters affect-
ing on the effluent nitrate of up-flow water (volume of water
passing through the height of resin).

X1: Effluent Volume (Bv)
X2: Resin Height (cm)

Fig. 9. Optimal area (for the obtained nitrate concentration of less
than 50 mg/L) in terms of the most important parameters affect-
ing on the effluent nitrate of up-flow water (volume of water
passing through the height of resin).
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up-flow; but in the system with down-flow, volume of water
flow was increased to about 160 Bv in the 30 cm height of resin
column before need to restore the resin column. However,
with increasing the height of resin column to 90 cm, water
flow could be increased to about 240 Bv. Anyway, the purpose
was to produce more treated water by increasing the volume
of passing water and also meet the standard of nitrate level of
less than 50 mg/L; thus, it is necessary to pay special attention
to height of ion-exchange column due to increasing the water
volume, because the height of resin column has a significant
effect on the output nitrate. The optimum condition for the
standard amount of nitrate (25 mg/L) in treated water was
similar to the optimum condition for obtaining the standard
level of nitrate of less than 50 mg/L, except that with regard to
the amount and kind of influencing the passing water volume
and height of resin, a more limited and stringent situation
was required in terms of both the mentioned variables.

In the column with up-flow, with increased the volume of
passing water, effluent nitrate concentration was continuously

Perturbation
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Fig. 10. Effect of loading rate, height, and volume of passing

water on the concentration level of effluent nitrate of up-flow
resin.

Table 4

increased; therefore, it was expected that the removal of
nitrate by the strong non-selective ion-exchange resin (A400E)
with up-flow would obey a linear model in terms of volume
of passing water, whereas in the column with down-flow,
through increased the volume of passing water, effluent nitrate
at height levels of 30, 60, and 90 cm of resin column did not
increase linearly due to increased column loading rate; so it
was expected that the removal of nitrate by ion-exchange resin
(A400E) with down-flow would obey the non-linear model,
which was demonstrated according to the results obtained
from the investigating and drawing the related diagram.
According to the obtained model and investigation of the
examined factors (impact factor) in both systems with up-
and down-flows, the volume of passing water significantly
affected the nitrate removal efficiency by the ion-exchange
system. This issue will be important when two factors of
resin, height and loading rate, have certain limitations for
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X1: X1: Effluent Volume (Bv)
X2: Resin Height (cm)

Fig. 11. Optimal area (for the obtained nitrate concentration of
less than 25 mg/L) in terms of the most important parameters
affecting on the effluent nitrate of down-flow water (volume of
water passing through the height of resin).

Characteristics of influent water to ion-exchange columns at different volumes of water passing through the column

The volume of pH Electrical conductivity ~ Nitrate Sulfate Chloride Alkalinity
passing water (Bv) (uS/cm) (mg/L) (mg/L) (mg/L) (mg/L)

50 7.08 1,275 105 91 92 372

150 7.04 1,271 105 89 96 380

250 7.18 1,275 105 78 90 378

350 6.99 1,275 105 78 92 378

450 7.03 1,315 105 85 90 366
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Table 5
Average concentration of output nitrate from ion-exchange column with up-flow and down-flow resins based on different loading
rates, height, and volume of effluent water of column

Run Investigation factors Output nitrate rate (mg/L)
Volume of passing water Resin height Resin load Ion-exchange column Ion-exchange column
(Bv) (cm) (Bv/h) with up-flow with down-flow

1 280 30 25 108.3 £5.2 158.3 £11.5

2 40 30 10 30+2 0

3 160 90 25 4.85+0.2 45+03

4 220 60 10 66.65 + 3.5 110.65 + 6.8

5 100 90 25 0 4+0.1

6 160 90 40 15+1.4 515+0.7

7 280 60 25 1158 +7 1158 £6

9 100 30 25 93+4.3 2.6+0.1

10 220 30 40 120+ 4 87.7+5

1 100 90 40 0 0

12 280 30 40 98355 106.7 £ 4.5

13 220 90 25 53+0.1 5+0.1

14 100 30 40 101.7+£7.4 0

15 100 90 10 10+0.2 0

16 160 30 25 113.35+5.1 17+1.4

17 280 90 10 66.7+2.5 75+3

18 160 60 40 692+3.4 96.45+5.9

19 280 90 40 105+0 133.3+7.4

20 220 60 25 115+5 105+2

21 160 60 25 84.25+4.6 117.1+2.6

22 40 30 40 75+4 0

23 280 30 10 96.7 3.9 153.3+8

24 40 90 25 0 0

25 40 90 10 0 0

26 40 60 40 11.65+1.4 55+25

27 220 90 40 88+3.5 68 +4

28 220 30 10 80+5 146.7 +3

29 220 90 10 41.7+29 0

30 100 60 10 275+15 60.3+3.5

31 280 60 10 90.8 £3.1 110+ 4

32 40 90 40 0 0

33 40 60 25 1535+1.1 523+4.1

34 160 30 40 106.7 £5.2 20.8+2.1

35 280 60 40 105.85+8.5 102.5+5.2

36 160 90 10 247+1.8 0

37 40 30 25 66.7 5.5 0

38 40 60 10 17+1 55+3

39 100 30 10 36.7+2.5 0

40 160 30 10 61.7+3.6 3.7+0.3

41 100 60 25 45.65+2.8 733+5

42 280 90 25 523+44 51.7+3.4

43 100 60 40 36.35+1.2 595+4

44 160 60 10 50.35+4.9 91.15+5.1

N
a1

220 30 25 106.7 £ 8.1 136.6 £9.2
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Fig. 12. Optimal area (for the obtained nitrate concentration of
less than 50 mg/L) in terms of the most important parameters
affecting on the effluent nitrate of down-flow water (volume of
water passing through the height of resin).
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Fig. 13. Effect of loading rate, height, and volume of passing
water on the concentration level of effluent nitrate of down-flow
resin.

achieving a specific goal. In this situation, the acceptable level
of effluent nitrate rate could be achieved with few changes in
water flow. Owing to the effectiveness of this factor, little and
limited manipulation of this factor could significantly influ-
ence the efficiency of the system.

3.2. Effect of resin height on the up-flow system

According to the results, by increasing the height of the
resin system with up-flow, nitrate concentration of water was
linearly decreased, because in strong acid or strong base resin
with up-flow, leakage of nitrate ions from the lower layers to
the upper layers was minimal, which could be explained by the
lack of direction of water flow and gravity line. In fact, gravity
prevented quick moving of nitrate ions along the resin and
also its leakage from one layer to another (unlike the down-
flow). It can be stated that, in the resin with up-flow, the maxi-
mum contact of electrolyte with the resin surface occurred due
to the expansion of the resin beads and limited adhesion of the
resin beads. After equalizing each part of the resin with elec-
trolyte, the higher layer of the resin completed the exchang-
ing process [9]. So, in the exchange resin with up-flow, after
complete saturation of each level, higher levels were exposed
to nitrate, respectively, until the whole part of resin became
saturated. Therefore, according to the results and findings of
DOE software, the linear trend of absorbed nitrate and nitrate
ion exchange of electrolyte was observed based on the height
of the resin and the linear model confirmed this issue.

The volume of passing water considered variables due to
the height of the ion-exchange column to achieve lower levels
of output nitrate, that is, less than 50 mg/L; meaning that,
with increasing volume of passing water, the ion-exchange
column height was raised. However, useful minimum height
of ion-exchange column was 30 cm. If the purpose was to
achieve effluent nitrate of less than 25 mg/L, the useful min-
imum height would be 50 cm considering the coefficient
factors of resin column height, volume of water flow, and
loading rate, the obtained model showed that the height of
resin column relatively affected the removal of nitrate from
the ion-exchange system.

3.3. Effect of resin height on the down-flow system

Results obtained from the measurement of nitrate
amount in the water samples at different heights of the resin
column with down-flow showed that the concentration of
effluent nitrate was low at low height levels (30 cm), while
with increasing the height of the resin column (up to 60 cm),
the nitrate concentration of the output nitrate increased. It
can be stated that the cause of absorbing and exchanging
more nitrate at a high level of the ion-exchange resin could
be the occurrence of the ion-exchange process at the height
of the resin, which had the first exposure to water or an
electrolyte containing exchangeable ions (e.g., 5 cm height
of the resin from the resin bed), particularly in the strong
acid or base resin with the down-flow. This issue could be
related to the point that the highest ion exchange occurred
at a higher level of the resin bed and the lower level was
less exposed; therefore, the rate of ion exchange at lower
levels would be low [19,20]. After the saturation of the ini-
tial exposure levels, other levels would follow the exchange
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process until reaching ion balance in the resin and electrolyte
(i.e., up to the maximum height of about 60 cm). The rea-
son of decreased capacity of the resin at the column height
of 30-60 cm could be that, in the ion-exchange resin with
down-flow, due to the high concentration of nitrate in water
at the initial contact with the resin, the initial exposure level
of resin was not able to absorb the whole amount of the exist-
ing nitrate in water; therefore, a large amount of nitrate was
transferred to lower levels (below the resin height of 30 cm),
which means that a part of nitrate leaked from the first level
of the resin height (30 cm) and was subsequently absorbed
by higher levels (30-60 cm). However, the ion-exchange
capacity of the second height level after the saturation of the
first height level decreased intensively. Therefore, the output
nitrate increased from 30 to 60 cm height of the resin column
so that, at this height, the low volume of water was passed
until the resin reached the saturation mode. After the satura-
tion of resin up to the height of about 60 cm, the new cycle of
nitrate absorption on the resin beads was started at the next
weight level.

Given that in the range of resin column height of
60-90 cm and also height of 0-60 c¢m, the problem of addi-
tional nitrate leakage was not observed, with gradual
increases of the resin height (from 60 to 90 cm), the amount
of nitrate was absorbed more and more; thus, the output
nitrate was decreased gradually to reach zero. Accordingly,
the height of resin plays a significant role in the ion-exchange
process and prevents leaving unwanted nitrate ions in the
electrolyte. Consequently, the height of the ion-exchange
column should be selected in addition to gradual ion-
exchange process to balance the model in terms of application,
operation, and maintenance. Since the mid-level (30-60 cm)
of the resin was the second layer of resin exposure to water
containing anions, any leakage of these anions occurred at
the first layer would be absorbed by it. Therefore, after the
first layer of resin reached the equilibrium, the second layer
lost its exchanging capacity cause, reached balance mode
earlier, and played the transition layer between the first and
third layers (60-90 cm). Therefore, to avoid leakage of nitrate
anions from the first level to achieve the output nitrate of less
than 50 mg/L [19,20], the height of the ion-exchange column
of at least 60 cm is recommended to remove nitrate. If the
purpose of water treatment is to obtain the nitrate amount of
less than 25 mg/L, because of the rapid saturation of the tran-
sition layer (height of 30-60 cm), the minimum resin height
of 90 cm is recommended.

Due to the different roles of the resin surface layers, as
the second layer (30-60 cm) reached saturation state more
quickly than the other two layers, it should be expected
that the model of nitrate removal by the ion-exchange col-
umn resin does not obey a linear model in terms of the resin
height. Therefore, according to the results, the model of
potent non-selective ion-exchange resin (A400E) with down-
flow for nitrate removal is a non-linear model in terms of
resin height.

3.4. Effect of loading rate on the system with up- and down-flows

According to the obtained model and investigation of the
estimate factors (impact factors) of the examined issue in both
ion-exchange systems with up- and down-flows, loading rate

had the minimum effect compared with the two other fac-
tors in terms of removing nitrate by the ion-exchange system.
It indicates that the manipulation and volatility of loading
factor had a light effect on the ion-exchange of the system
performance. The most important factor in an ion-exchange
process is non-selective ion concentration. Therefore, in an
ion-exchange system, the ion-exchange process continues
until the whole exchangeable sites of nitrate ion reach the
equilibrium situation [19,20]. As a result, increased loading
rate in the system just led to gradually decreased time of
reaching the equilibrium condition.

4. Conclusion

According to the results, it can be concluded that, in high
performance the non-selective ion-exchange resin (A400E) in
both the up- and down-flow systems, three factors including
the volume of passing water, the height of resin, and load-
ing rate had high, medium, and low effects, respectively, and
their kinds of effectiveness in removing nitrate in up- and
down-flows obeyed linear and non-linear models, respec-
tively. By increased the volume of passing water through
the system (high impact) and loading rate (low influencing
factor), the amount of output nitrate was increased, while
the height of the resin column increased and concentration
of nitrate in the treated water decreased. According to the
results of this study, it can be said that, although the volume
of passing water through the resin had a more effective role
in the control and operation of systems, to achieve water
with standard quality in terms of nitrate (25 or 50 mg/L), it
is necessary to pay attention to both heights of resin and vol-
ume of passing water through it. In the resin with up-flow, to
achieve the output nitrate of less than 50 mg/L, the volume of
water through the height of the ion-exchange column could
be observed as a variable. This means that, with increased
the volume of passing water, the height of the ion-exchange
column could be increased. Nevertheless, the minimum use-
ful height of the ion-exchange column should be considered
30 cm. However, if the purpose of output nitrate is less than
25 mg/L, the minimum useful height of the ion-exchange
column must be 50 cm. In the ion-exchange system with a
down-flow, to achieve the output nitrate of less than 50 mg/L
in treated effluent water until the volume of water (160 Bv)
from the resin column, the minimum resin height should be
30 cm. However, to achieve the volume of 240 Bv, the min-
imum height should be 90 cm. And, to achieve the output
nitrate of less than 25 mg/L, the volume of passing water in
both height ranges should be decreased to 120 and 190 By,
respectively.

Acknowledgments

This paper result from a project entitled “Efficiency and
economic comparison of ion exchange systems with fixed and mov-
ing bed for removal of nitrate from drinking water.” The authors
gratefully acknowledge the Water and Wastewater Company
of Kermanshah (carried out in 2012) for the financial support.
In addition, the authors wish to acknowledge the invaluable
cooperation and support of the Chemistry laboratory staff in
the Public Health School, Kermanshah University of Medical
Sciences for facilitating the issue of this project.



M. Pirsaheb et al. /| Desalination and Water Treatment 89 (2017) 127-135

Conflict of interest

The authors have declared no conflict of interest.

References

(1]

(2]

(3]

(4]

(5]

6]

(7]
8]
(%1

M. Pirsaheb, M. Fazlzadehdavil, S. Hazrati, K. Sharafi, T.
Khodadadi, Y. Safari, A survey on nitrogen and phosphor
compound variation processes in wastewater stabilization
ponds, Pol. J. Environ. Stud., 23 (2014) 831-834.

S. Parastar, S. Nasseri, S. Hemmati Borji, M. Fazlzadeh, A.H.
Mahvi, A.H. Javadi, M. Gholami, Application of Ag-doped TiO,
nanoparticle prepared by photodeposition method for nitrate
photocatalytic removal from aqueous solutions, Desal. Wat.
Treat., 51 (2013) 7137-7144.

M. Pirsaheb, M. Moradi, H.R. Ghaffari, K. Sharafi, Application
of response surface methodology for efficiency analysis of
strong non-selective ion exchange resin column (A 400 e) in
nitrate removal from groundwater, Int. J. Pharm. Technol., 8
(2016) 11023-11034.

M. Boumediene, D. Achour, Denitrification of the underground
waters by specific resin exchange of ion, Desalination, 168
(2004) 187-194.

J.B. de Heredia, J. Dominguez, Y. Cano, I. Jiménez, Nitrate
removal from groundwater using Amberlite IRN-78: modelling
the system, Appl. Surf. Sci., 252 (2006) 6031-6035.

M. Moradi, M. Fazlzadehdavil, M. Pirsaheb, Y. Mansouri, T.
Khosravi, K. Sharafi, Response surface methodology (RSM)
and its application for optimization of ammonium ions removal
from aqueous solutions by pumice as a natural and low cost
adsorbent, Arch. Environ. Prot., 42 (2016) 33-43.

EW. Pontius, Drinking water contaminant regulation—where
are we heading? J. Am. Water Works Assoc., 96 (2004) 56-69.
WHO, Guidelines for Drinking-Water Quality:
Recommendations, World Health Organization, 2004.

Y. Wang, B.-Y. Gao, W.-W. Yue, Q.-Y. Yue, Adsorption kinetics
of nitrate from aqueous solutions onto modified wheat residue,
Colloids Surf., A, 308 (2007) 1-5.

(10]

(11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

135

M. Chabani, A. Amrane, A. Bensmaili, Kinetics of nitrates
adsorption on Amberlite IRA 400 resin, Desalination, 206 (2007)
560-567.

K. Mizuta, T. Matsumoto, Y. Hatate, K. Nishihara, T. Nakanishi,
Removal of nitrate-nitrogen from drinking water using bamboo
powder charcoal, Bioresour. Technol., 95 (2004) 255-257.

B.-U. Bae, Y.-H. Jung, W.-W. Han, H.-S. Shin, Improved brine
recycling during nitrate removal using ion exchange, Water
Res., 36 (2002) 3330-3340.

R. Haghsheno, A. Mohebbi, H. Hashemipour, A. Sarrafi, Study
of kinetic and fixed bed operation of removal of sulfate anions
from an industrial wastewater by an anion exchange resin, J.
Hazard. Mater., 166 (2009) 961-966.

N. Dizge, B. Keskinler, H. Barlas, Sorption of Ni (II) ions from
aqueous solution by Lewatit cation-exchange resin, J. Hazard.
Mater., 167 (2009) 915-926.

J. Kim, M.M. Benjamin, Modeling a novel ion exchange
process for arsenic and nitrate removal, Water Res., 38 (2004)
2053-2062.

M. Chabani, A. Amrane, A. Bensmaili, Kinetic modelling of the
adsorption of nitrates by ion exchange resin, Chem. Eng. J., 125
(2006) 111-117.

T. Turki, S. Ben Hamouda, R. Hamdi, M. Ben Amor, Nitrates
removal on PUROLITE A 520E resin: kinetic and thermodynamic
studies, Desal. Wat. Treat., 41 (2012) 1-8.

Water Environmental Federation (WEF) and American Public
Health Association (APHA), Standard Methods for the
Examination of Water and Wastewater, Washington, D.C., USA,
(2005).

J.C. Crittenden, R.R. Trussell, D.W. Hand, K.J. Howe, G.
Tchobanoglous, MWH’s Water Treatment: Principles and
Design, John Wiley & Sons, New Jersey, USA, 2012.

R.D. Letterman, Water Quality and Treatment: A Handbook
of Community Water Supplies, McGraw-Hill Professional,
New York, USA, 1999.



