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ABSTRACT

Due to high expenses of energy, desalination of saline waters by low-cost methods is
important. To investigate the ability of five adsorbents (peat, activated carbon, zeolite, anio-
nic resin, and cationic resin) in single and combined forms to remove salinity ions from
aqueous solutions, 21 treatments were prepared for a batch experiment. This study was
conducted using 1g of each adsorbent in 50 cc of saline drainage water with total dissolved
solids of 13.32gL’1. The ratios of adsorbents in 1g of each combined adsorbents were the
same. Study results showed that among the single adsorbents, peat and activated carbon
with adsorption of 255.5 and 253.7mg of salinity ions had the highest and lowest adsorp-
tion rate, respectively. Zeolite, anionic resin, and cationic resin had the same adsorption
rate of salinity ions. Between two and three combined adsorbents, all treatments containing
cationic resin had the highest adsorption rate. All adsorbents adsorbed anions about 1.7
times of cations. The main finding of this study was that the highest salinity adsorption
occurred in combination of cationic resin with peat, zeolite, activated carbon, and anionic
resin. Therefore, application of cationic resin with another adsorbent is much more effec-
tive in adsorption of salinity ions as compared to single form or combination of three

adsorbents.
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1. Introduction

Salinity of irrigation water resources is an impor-
tant problem in many parts of the world, especially in
arid and semiarid regions. Increase of water demand
due to population growth will intensify shortage of
fresh water in the future. So, usage of unconventional
saline and brackish water becomes more important
day by day. Although salinity of irrigation water has
many destructive effects on crops, but also degrada-
tion of soil particles is a common problem in soils
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irrigated with saline water. It is estimated that about
20% of irrigated lands suffer from salinization
induced by irrigation [1]. Desalination is a new tech-
nology in water industry; and due to salinity prob-
lems in the world, it is predicted to become more
important day by day. The most important methods
used in desalination process are: thermal distillation
as multistage flash, multiple effect, vapor compres-
sion, membrane process such as electrodialysis and
reverse osmosis (RO), and adsorption process [2,3].
Multistage flash and RO are the most used desalina-
tion methods in the world and more than 80% of
desalinated water is produced by these processes. The
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major disadvantages of these desalination methods
are that they are costly and energy intensive [4,5].

In this study, we attempted to study the effects of
five adsorbents (natural zeolite, peat, activated carbon,
anionic resin, and cationic resin) in desalination process.
Natural zeolites are alumino silicates with a 3-dimen-
sional framework structure bearing AlO, and SiOj, tetra-
hedral. Due to their high cation exchange ability as well
as to the molecular sieve properties, these adsorbents
have been widely used in separation and purification
processes in the past decades, especially for water and
wastewater treatment [6].

Peat is an inexpensive natural substance with lig-
nin, cellulose, and humic materials as its major con-
stituents. The polar character of peat due to polar
functional groups such as aldehydes, ketones, carbox-
ylic acid, hydroxylic acid, and phenolic acid has
caused good potential for adsorption of metals and
polar organic molecules [7,8].

Activated carbon is a commercial product, with
high-surface area, microporous character, and high
adsorption capacity. This product can be made from
various materials that have high carbonaceous content
such as wood, coal, petroleum, coke, sawdust, and
coconut shell. Activated carbon has high ability in
removal of a wide variety of organic and inorganic
pollutants and heavy metals from aqueous media
[9,10].

Ion exchange resins are organic polymers classified
as cation and anion exchangers, with mobile posi-
tively and negatively charged ions, respectively. They
differ in the ionizable group attached to the hydrocar-
bon network. Resins can be broadly classified as
strong/weak acid cation exchangers or strong/weak
anion exchangers.

The objective of this study was comparison of
adsorption rate of salinity ions by single and com-
bined forms of five adsorbents.

2. Material and methods
2.1. Adsorbents

This study was conducted using five adsorbents
(natural zeolite, peat, activated carbon, anion
exchange [anionic] resin, and cation exchange [cat-
ionic] resin) in single form and combination of two
and three adsorbents. These treatments are listed in
Table 1. Characteristics of each adsorbent are
described briefly as follows.

2.1.1. Peat

Biolan peat is a product of Biolan Oy Co., Finland,
made of raw biomaterials, and used for horticultural

Treatments used in this study
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Table 2
Some characteristics of activated carbon
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Chemical and physical properties

Solubility Melting point Molar mass Bulk density Particle size
q©) (gmoL ) (gem ) (<100p)
Insoluble 3,550 12.01 0.15-0.44 About 90%
Specifications
Solubility in ethanol n-Hexane adsorption soi* Fe Pb Zn
<0.2% >30% <100mgL~! <300mgL™" <10mgL™’ <10mgL™'

purposes. It was dried in an oven for 24 h at 105°C and
then passed through a 20-mesh sieve (mesh diame-
ter <0.85 mm). The peat sample was washed for 30 min
in 1.0mol L™" HCI solution by shaking it in an orbital
shaker. After washing with HCl, the peat sample was
passed through a filter paper and washed with dis-
tilled water. The pH of filtrate water was measured
continuously until it reached a constant value. The peat
sample was then dried in an oven at 60°C for 24h.
Final peat density was about 0.44 gcm >

2.1.2. Activated carbon

Powdered activated carbon (product number
1021861000) was purchased from Merck Co., Ger-
many. Some of its characteristics are shown in Table 2.

2.1.3. Natural zeolite

Natural zeolite was prepared from a mine in Sem-
nan province, L.R. Iran. This material was sieved to
pass through a 20-mesh sieve. It was shaked with
1.0molL~" HCI for one hour and then was washed
with distilled water several times until the pH of fil-
trate reached a constant value. Then, it was dried in
an oven at 80°C for 24 h.

2.1.4. Cationic resin

Cationic resin was a synthetic Amberlite IR-120
with the properties presented in Table 3. This hydro-
gen-formed ion exchange resin was washed with dis-
tilled water to remove all the excess acid and then
dried at 40°C for 24 h.

2.1.5. Anionic resin

Anionic resin was a synthetic Amberlite IRA-402
with characteristics shown in Table 4. To exchange

Table 3
Properties of Amberlite IR-120

Type Gel strong acid cation exchange
resin

Active group -SO;H

Matrix Styrene divinylbenzene
copolymer

Ionic form as shipped H"

Standard mesh size 16-45 mesh
(wet)

Mean particle size 0.5 (mm)

Effective pH range 0-14

Total exchange 1.9 mmol mL ™" wet resin

capacity

Table 4
Properties of anionic resin

Type Strong base anion exchanger

Active group Trimethyl ammonium

Matrix Styrene divinyl benzene
copolymer

Ionic form as shipped  Chloride

Mean particle size 0.600-0.750 mm

Effective pH range 0-14

Total exchange 1.20mmol L' (CI~ form)

capacity

chloride with hydroxide ion of this chloride-formed
ion exchange resin, this material was washed with
NaOH (1.0molL™?Y) for 1h in a shaker and was finally
washed several times with distilled water until the
pH of filtrate reached a constant value. It was then
dried at 40°C for 24 h.

2.2. Adsorbates

In this study, the main purpose was to determine
the ability of mentioned adsorbents in desalination of
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Table 5
Saline water characteristics
EC K Na Ca Mg Cl HCO3 SO4
(dS/m) mg in 50 cc irrigation water
20.8 0.99 210.6 13.0 10.2 252.9 36.60 141.84

natural saline water with concentration of 13.3gL™"
(EC=20.8 dSm™!). Table 5 shows characteristics of
this saline water.

2.3. Equilibrium studies

In the batch experiments, 1g of each adsorbent in
single form, 0.5g in combination of two adsorbents,
and 0.33g in combination of three adsorbents was
poured in plastic bottles; and 50mL of saline water
was added to each bottle. The bottles were shaken
thoroughly in a shaker for 4h in room temperature
(20°C). Then, the adsorbents were removed from solu-
tion using a Watman filter paper and the filtrates were
used for further analysis. It should be mentioned that
the experiment was a completely randomized design
with three replications.

2.4. Concentration measurement

The pH, concentration of chloride (Cl7), sulfate
(SOﬁ_), calcium (Ca®"), sodium (Na%), magnesium
(Mg2+), bicarbonate (HCO;), and potassium (KY),
were determined in the primary solution and after
removal of the adsorbents from aqueous solutions,
using standard analytical procedures [11].

2.5. Data analysis

The difference between mean of measured parame-
ters resulted by different adsorbents in each salinity
were compared by Duncan multiple range test at
probability level of 5% [SAS [12]].

3. Results and discussion

Tables 6 and 7 show the amount and percent of
adsorption of salinity ions by different adsorbents.

3.1. Potassium (K)

Potassium (K) is a nutrient element for plants. As
shown in Table 5, initial K concentration was 0.99mg
in 50 cc saline water. Between single adsorbents, cat-
ionic resin with adsorption of 62% of initial K concen-
tration (0.6mg) had the highest adsorption rate.

Between combined adsorbents (two adsorbents), appli-
cation of cationic resin with peat, activated carbon,
and anionic resin resulted in the highest K adsorption
as much as cationic resin. Between combination of
three adsorbents, treatments T19, T20, and T21 had
the highest K adsorption. In these treatments, cationic
resin was the best adsorbent and peat, activated car-
bon, and anionic resin ranked next.

3.2. Sodium (Na)

For single form of adsorbents, peat with adsorp-
tion of 89.6mg of initial Na (210.6mg) was the best.
Combination of zeolite, peat, and anionic resin with
activated carbon caused the least Na adsorption in
double adsorbents. Application of cationic resin with
anionic resin and activated carbon had the highest Na
adsorption. In triple adsorbents, the highest Na
adsorption belonged to cationic resin + zeolite + anionic

resin and cationic resin + zeolite + peat treatments. It

is important to note that peat, as a natural and cheap
adsorbent, has the same Na adsorption as combina-
tion of anionic resin and cationic resin, as artificial
and expensive adsorbents.

3.3. Calcium (Ca)

Initial Ca dose was 13mg. In single form, cationic
resin and anionic resin with adsorption of 80.8 and
76.9% of Ca had the highest values. In double adsor-
bents, treatments T9, T12, T14, and T15, which are
combination of cationic resin with zeolite, peat, acti-
vated carbon, and anionic resin with cationic resin,
had satisfactory adsorption rates.

In these treatments, T8 (zeolite+anionic resin)
had the highest Ca adsorption (11.5mg), which is
about 88.5% of initial Ca concentration. In triple
adsorbents, combination of cationic resin + anionic
resin with zeolite (T18), peat (T20), and activated
carbon (T21) caused maximum Ca adsorption. It
was noticeable that T19 (cationic resin + activated
carbon + peat) adsorbed Ca the same as mentioned
treatments. Therefore, the highest and the least Ca

adsorption  belonged to anionic  resin+ peat
(11.5mg) and activated carbon+peat (4.5mg),
respectively.
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Table 6

The amount of adsorption in different treatments

Adsorbents  Salinity parameters K Na Ca Mg Cl HCO; SO, Cations  Anions  Total ions

mg in 50 cc

Zeolite 00 834 65 06 399 259 934 90.5 159.2 249.7

Peat 05 896 70 1.5 62.1 282 66.5 98.6 156.9 255.5

Activated carbon 04 772 6.0 0.6 399 145 84.3 84.2 138.7 2229

Anionic resin 05 711 100 48 355 214 112.7 86.3 169.6 255.9

Cationic resin 06 650 105 96 488 36.6 68.5 85.7 153.9 239.6

Peat and zeolite 0 783 7.0 12 444 252 68.5 86.5 138.0 224.5

Activated carbon and zeolite 00 553 50 06 533 16.0 0.8 60.9 70.1 131.0

Anionic resin and zeolite 01 772 115 12 444 0.0 1314  90.0 175.8 265.8

Cationic resin and zeolite 00 772 100 8.1 355 364 139.7 953 211.8 307.1

Activated carbon and peat 05 611 45 1.8 31.1 267 24.1 67.8 81.9 149.7

Anionic resin and peat 05 772 85 39 533 153 85.7 90.1 154.2 244.3

Cationic resin and peat 06 772 105 81 399 363 1315 96.4 208.0 304.4

Anionic resin and activated 05 650 70 1.8 62.1 6.1 0.9 74.2 69.2 143.4
carbon

Cationic resin and activated 06 834 100 84 488 362 1332 102.4 218.6 321.0
carbon

Cationic resin, anionic resin 06 896 110 84 64.8 36.1 120.7  109.6 222.1 331.7

Anionic resin, peat, and zeolite 0.1 565 85 1.5 222 137 65.4 66.6 101.3 167.9

Cationic resin, peat, and zeolite 01 726 85 54 31.1  36.6 103.7 86.6 171.4 257.9

Cationic resin, anionic resin, and 0.1 79.5 11.0 5.7 57.7 36.6 75.0 96.3 169.3 265.6
zeolite

Cationic resin, activated carbon, 0.6 381 100 6.6 222  36.6 1.6 55.2 60.4 115.6
and peat

Cationic resin, anionic resin, and 06 634 110 54 31.1 36.6 78.4 80.3 146.1 226.4
peat

Cationic resin, anionic resin, and 06 650 100 78 222 36.6 1236 834 1824 265.8

activated carbon

3.4. Magnesium (Mg)

Although the initial concentration of Mg was
approximately the same as Ca, but the adsorption of
Mg by all adsorbents was less than Ca. In single
adsorbents, cationic resin adsorbed Mg (9.6 mg) much
more than others. The least Mg adsorption belonged
to zeolite and activated carbon. Combination of cat-
ionic resin with zeolite, peat, and activated carbon
reduced Mg adsorption about 15.6, 15.6, 12.5, and
12.5%, respectively, as compared to cationic resin. The
Mg adsorption by zeolite, peat, activated carbon, and
anionic resin was highest when applied with cationic
resin.

3.5. Chloride (Cl)

About 38% of salinity ions was Cl. Peat adsorbed
more Cl as compared to zeolite, activated carbon,
anionic resin, and cationic resin. This material

adsorbed about 25% of initial Cl (62.1 mg). It is impor-
tant that anionic resin adsorbed Cl less than peat, cat-
ionic resin and zeolite as cation exchangers. It is so
important that only application of cationic and cat-
ionic resin caused more Cl adsorption (64.8mg) as
compared to peat, and application of anionic resin
with peat resulted in the same Cl adsorption as com-
pared to peat. Other combined adsorbents had less Cl
adsorption as compared to peat.

3.6. Bicarbonate (HCO3)

Bicarbonate is the only element which was
adsorbed completely by some adsorbents. These
adsorbents are cationic resin, cationic resin + zeolite,
cationic resin + peat, cationic resin +activated carbon,
and cationic resin+anionic resin and all treatments
with three adsorbents except anionic resin + peat + zeo-
lite. Therefore, in all treatments with cationic resin,
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Table 7
The percent of adsorption in different treatments
Adsorbents  Salinity parameters K  Na Ca Mg Cl HCO3 SO4 Cation Anion Total ion
mg in 50 cc
Zeolite 0 39.6 500 5.9 158 708 0.66 385 36.9 375
Peat 51 425 538 147 246 77.1 047 420 36.4 38.3
Activated carbon 43 367 462 59 158  39.6 059 359 322 335
Anionic resin 46 338 769 471 14.0 583 0.79 36.8 39.3 38.4
Cationic resin 62 309 808 94.1 19.3  100.0 048 365 35.7 36.0
Peat and zeolite 0 372 538 11.8 175 68.8 048 36.8 32.0 33.7
Activated carbon and zeolite 0 263 385 5.9 21.1 438 0.01 25.9 16.3 19.7
Anionic resin and zeolite 7 36.7 885 11.8 17.5 0.0 0.93 38.3 40.8 39.9
Cationic resin and zeolite 1 367 769 794 14.0  100.0 0.98 40.6 49.1 46.1
Activated carbon and peat 46 290 346 176 123 729 017 289 19.0 22.5
Anionic resin and peat 53 367 654 382 211 417 060 384 35.7 36.7
Cationic resin and peat 60 367 808 794 158 100.0 093 41.1 48.2 45.7
Anionic resin and activated 46 30.9 53.8 17.6 24.6 16.7 0.01 31.6 16.0 21.5
carbon
Cationic resin and activated 60 396 769 824 19.3 100.0 0.94 43.6 50.7 48.2
carbon
Cationic resin and anionic resin 60 42.5 84.6 82.4 25.6 100.0 0.85 46.7 51.5 49.8
Anionic resin, peat, and zeolite 14 268 654 147 88 375 046 284 235 25.2
Cationic resin, peat, and zeolite 11 34.5 65.4 52.9 12.3 100.0 0.73 36.9 39.7 38.7
Cationic resin, anionic resin, and 14 37.7 84.6 55.9 22.8 100.0 0.53 41.0 39.2 39.9
zeolite
Cationic resin, activated carbon, 58 18.1 76.9 64.7 8.8 100.0 0.01 235 14.0 174
and peat
Cationic resin, anionic resin, and 58 30.1 84.6 529 12.3 100.0 0.55 34.2 33.9 34.0
peat
Cationic resin, anionic resin, and 58  30.9 76.9 76.5 8.8 100.0 0.87 355 42.3 39.9

activated carbon

HCO; was adsorbed completely. The least HCOj;
adsorption belongs to combination of anionic resin
with zeolite and activated carbon (0 and 16.7%),
respectively.

3.7. Sulfate (SO*)

In single adsorbents, the highest SO4 adsorption
was about 112.7 mg happened by anionic resin. Com-
bination of adsorbents in five treatments of anionic
resin + zeolite, cationic resin + zeolite, cationic resin
+ peat, cationic resin activated carbon, and cationic
resin +anionic resin resulted higher adsorption as
compared to anionic resin and in other treatments
with two adsorbents the adsorption rate was lower
than anionic resin. In treatments of three adsorbents,
only application of anionic resin + cationic resin + acti-
vated carbon with adsorption of 123.6 mg SO4 adsorp-
tion resulted higher SO4 adsorption as compared to
anionic resin.

3.8. Anions and cations

Initial concentration of anions and cations was
431.3 and 234.8mg, respectively. Therefore, the anions
concentration was about 1.84 times of cations concen-
tration. Due to the higher concentration of anions, in
all treatments, adsorption of anions was much more
than cations (approximately 1.7 times). The highest
cation adsorption belongs to peat and zeolite; acti-
vated carbon, anionic resin, and cationic resin had the
same cation adsorption rate. It is important that peat
and zeolite as natural adsorbents had higher cation
adsorption as compared to cationic resin as an artifi-
cial adsorbent. The highest anion adsorption belongs
to anionic resin, with adsorption of 169.6mg anion;
and zeolite, peat, and cationic resin had the same
anion adsorption rate. Activated carbon had the least
anion adsorption. Combination of cationic resin with
zeolite, peat, activated carbon, and anionic resin effec-
tively improved anion adsorption rate about 37.6,
35.2, 42, and 44.3%, respectively.
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Application of anionic resin with zeolite and cat-
ionic resin increased anion adsorption about 3.7 and
31%, and in the case of peat and activated carbon,
adsorption rate reduced about 9.1 and 59.2%, respec-
tively. Adsorption of cations by double adsorbents
shows that only in application of cationic resin with
activated carbon and anionic resin, the adsorption rate
of cations was higher than maximum cations adsorbed
by single adsorbents (98.6mg). In triple adsorbents,
maximum cations and anions adsorption was 96.3 and
182.4 by cationic resin + anionic resin + zeolite and cat-
ionic resin+anionic resin +activated carbon, respec-
tively. Therefore, maximum cations and anions
adsorption between all treatments belongs to combina-
tion of cationic and anionic resin adsorbing 46.7 and
51.5% of cations and anions, respectively.

3.9. Total ions

In 50cc of saline water, total salinity ions was
about 666.1 mg. Between single adsorbents, activated
carbon with adsorption of 222.9mg of salinity ions
had the least salinity ion adsorption. It is so important
that adsorption rate of salinity ions by peat and zeo-
lite, as cheap and natural adsorbents, is equal to
adsorption rate of anionic resin and cationic resin, as
commercial and expensive adsorbents. Adsorption by
zeolite, peat, activated carbon, anionic resin, and cat-
ionic resin was about 37.5, 38.3, 33.5, 38.4, and 36%,
respectively. In double adsorbents, the highest adsorp-
tion rate belongs to combination of anionic resin with
cationic resin, which caused salinity ions adsorption
of 331.7mg (about 49.8% of initial salinity ions). What-
ever anionic resin adsorbed about 38.4% and cationic
resin adsorbed about 36% of salinity ions, but combi-
nation of these adsorbents increased salinity ions
adsorption of anionic and cationic resin about 11.4
and 13.8%, respectively. It is important that combina-
tion of cationic resin with zeolite, peat, and activated
carbon caused adsorption of 57.5, 64.8, and 81.4mg
more than adsorption by cationic resin in single form.
In the case of peat, combination of this adsorbent with
zeolite, activated carbon, and anionic resin caused less
salinity ions adsorption as compared to peat in single
form. Application of zeolite with cationic and anionic
resin caused more adsorption as compared to zeolite
in single form, but combination of zeolite with peat
and activated carbon resulted in less adsorption. In
the case of activated carbon, only application of cat-
ionic resin with this adsorbent caused more adsorp-
tion than activated carbon in single form. Application
of activated carbon with zeolite, peat, and anionic
resin caused the least adsorption. Combination of
three adsorbents resulted in less adsorption as
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compared to combination of two adsorbents. In com-
bination of two adsorbents, treatment of anionic resin
+ cationic resin had the highest adsorption, but appli-
cation of zeolite, peat, and activated carbon caused
adsorption rate reduction about, 11.1, 15.8 and 9.9%,
respectively. Therefore, application of cationic resin
with peat, zeolite, activated carbon, and anionic resin
resulted in the highest salinity adsorption among all
the adsorbents.

4. Discussion

To find the main adsorption process for each
adsorbent, Figs. 1-3 are presented. Zeolite, peat, and
cationic resin are cation exchangers. Before the study,
the main exchangeable cation of these adsorbents was
hydrogen (H) ion. As they adsorbed cations (K, Na,
Ca, and Mg), released H in solution resulted in pH
reduction. Initial pH of saline water was about 8.49.
Therefore, as shown in Fig. 1, the reduction of solu-
tion pH by these adsorbents means that these adsor-
bents have adsorbed cation-by-cation exchange
mechanism. Anionic resin is an anion exchanger, caus-
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Fig. 1. Initial and final pH of saline water due to
application of single form adsorbent.
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Fig. 2. Initial and final pH of saline water due to
application of combination of two adsorbents.
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Fig. 3. Initial and final pH of saline water due to
application of combination of three adsorbents.

ing an increase in solution pH due to adsorption of
anion and releasing hydroxide (OH) ions in solution.
Activated carbon does not have significant effect on
solution pH. In the case of anionic resin, final solution
pH has increased and this increase is very low. As
shown in Fig. 2, the final pH of treatments with cationic
resin has decreased significantly (T9, T12, T14, and
T15). In treatments of T6, T10, and T11, due to presence
of peat, the final pH has reduced too. Only in treat-
ments of T7, T8, and T13, pH has not changed during
the experiment. Therefore, the more pH reduction
resulted in more cation adsorption. As presented in
Fig. 3, in all treatments with cationic resin (T17, T18§,
T19, T20, and T21), initial pH has reduced significantly.
Therefore, in all treatments with cationic resin pH
reduction has occurred, and the main adsorption pro-
cess is cation exchange. In the case of zeolite and peat,
the adsorption process is due to cation exchange and
surface adsorption; and the main process for activated
carbon is high-surface attraction of this adsorbent [13].
As shown in this study in treatments with high cation
adsorption, anion adsorption is high too. This process is
due to cation bridge mechanism by adsorbed cations
[14].

5. Conclusions

This study was conducted to investigate the ability
of adsorption of salinity ions by two natural adsor-
bents (zeolite and peat) and three artificial adsorbents
(activated carbon, anionic resin, and cationic resin) in
single and combined forms. The results showed that
all HCO; ions were adsorbed by some adsorbents
completely. In all treatments, adsorption of anions
was much more than cations. Maximum cation and
anion adsorptions belonged to combination of cationic
and anionic resins adsorbing 46.7 and 51.5% of cations
and anions, respectively. For single form adsorbents,
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peat and activated carbon with adsorption of 255.5
and 253.7 mg of salinity ions had the highest and low-
est adsorption rate, respectively. Zeolite, anionic resin,
and cationic resin had the same adsorption rate of
salinity ions. The adsorption rate of salinity ions by
peat and zeolite, as cheap and natural adsorbents is
equal to adsorption rate of anionic resin and cationic
resin, as commercial and expensive adsorbents. The
highest adsorption rate of salinity ions belonged to
combination of anionic resin with cationic resin, which
caused salinity ions adsorption of 331.7mg (about
49.8% of initial salinity ions). Combination of cationic
resin with peat, zeolite, activated carbon, and anionic
resin resulted in the highest salinity ions adsorption
between all treatments and application of cationic
resin with another adsorbent (double combination)
was much more effective in adsorption of salinity ions
as compared to single form or triple adsorbents.
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