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Introduction

This study examined the feasibility of using zeolite clinoptilolite to filter nitrate, phosphate
pollutants and salt from the agricultural drainage water. To that end, significant pollutant
absorption parameters, such as adsorbent particle size, pollutant concentration, salinity,
temperature, retention time, pH, and adsorbent concentration were optimized in the batch
condition. Having optimized the parameters, the researchers conducted adsorption experiments on
an experimental model, similar to the subsurface drainage systems applied in farms. Adsorption
experiments were carried out at the optimized parameter levels on four models, namely a reference
model (D0), a model with adsorbents around the drains (D1), a model with adsorbents around the
plant roots (D2), and a model with adsorbents on the soil surface (D3). These models were fed with
untreated drainage water from the farms in the south of Khuzestan during the fertilization season.
The results showed 63 percent nitrate removal efficiency, 39 percent phosphate removal efficiency
and 79 percent salt removal efficiency by using 30 g.L-1 of 1000 um adsorbent particles for a pH
of 5, initial pollutant concentration of 80 mg.L-1 nitrate and 10 mg.L-1 phosphate in 12 dS/m
salinity during a 90-minute retention time period at 50 °C ambient temperature. These parameter
levels led to nitrate, phosphate, and salt removal efficiencies of 59.72 percent, 29.28 percent, and
77.47 percent respectively, in the model with clinoptilolite adsorbents around the drains (D1).

Methodology

For the purpose of this study, the batch experiments were initially carried out so as to examine
the effect of zeolite clinoptilolite in reducing or removing dissolved pollutants (i.e., phosphate and
nitrate) and salts from the agricultural drainage water. The batch experiments were also intended
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to optimize the effective adsorption parameters before administering similar adsorption
experiments under the existing conditions in the subsurface drainage system using a constructed
physical model. All experiments in this study were carried out precisely based on the standard
methods presented by reliable sources, such as EPA 822-S 12-001 standard method of the US
Environmental Protection Agency (EPA) (Yargholi et al., 2014) (Pandey et al., 2015).
Accordingly, the natural sodium—potassium zeolite clinoptilolite derived from the mines in Semnan
Province, Iran, was graded. The zeolites were then rinsed, dried, and stored for further
experimentation.

Eight parameters were studied at five levels to investigate the effects of clinoptilolite in
absorbing pollutants and salts from an aqueous solution in the batch experiments. The effective
parameters in pollutant and salt adsorption which were studied at five levels are outlined in Table
(1)

The Taguchi method requires 125 experiments in order to be defined and designed in cases
where the parameters are studied at five levels. All experiments in the Taguchi design were
repeated at least once (Gupta et al., 2017).

A pilot experimental drainage model (1.8 x 1.2 x 0.4 m3) was built at the Water and
Environmental Engineering Faculty of Shahid Chamran University of Ahvaz, Iran, using the 2-mm
sheet metal. Water was introduced to the soil column from the holes developed across the walls on
both sides by creating similar conditions to natural percolation into the soil and toward the drains.
Using the 40-cm-long @125 mm pipes in the drainage system, the researchers conducted the
experiments on four models in order to investigate the continuous adsorption of nitrate, phosphate,
and salt by clinoptilolite under the previously-optimized parameters. With regard to the untreated
drainage water from the farms in the south of Khuzestan Province that was prepared and collected
before the experiments in the fertilization season under suitable conditions, the effective parameters
with concentrations similar to suitable conditions were obtained. It is noteworthy that due to the
maintenance of the collected effluent, a change in the concentration of contaminants was observed.
Accordingly, in order to compensate for it and also to create similar concentrations with suitable
conditions, standard solutions of nitrate and phosphate pollutants, hydrochloric acid and sodium
chloride were added to regulate the acidity of the drainage water. Moreover, sodium chloride salt
was added to regulate the salinity at ambient temperature. The use of natural drainage water in
continuous adsorption experiments was then studied with the presence of other pollutants and
organic matters in agricultural drainage water. Table (2) discusses these tested models in detail.

Table 1- Levels of studied parameters in the batch experiments

parameter Unit Levels examined
PH - 2-5-7-8-10
Absorbent diameter um 100-200-400-800-1000
Nitrate concentration mg / lit 20-60-80-100-120
Phosphate concentration mg / lit 2-5-10-20-40
Salinity concentration (EC) ds /m 4-6-8-10-12
Absorbent concentration g r/ lit 2-5-10-20-30
contact time Min 15-30-60-90-120

temperature °C 15-25-35-40-50
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Table 2- Model characteristics.

Dimensions (m) Bed material
Model Model Condition T £ & Bw Plant Sand Sand+Zeolite Soil
Name Q S o Q@
S 5 I =< D (m)

Blank sample No

Do (without zeolite) 12 04 18 15 plant 0.3 0 12

D1 Zeollt_e around the 12 04 18 15 Local 0 03 12
drainage area reed

D2 Zeolite around the root 12 04 18 15 Local 03 01 11
zone reed

D3 Zeolite on the soil 12 04 18 15 Local 03 01 11
surface reed

Results and Discussion

This study examined the modified zeolite clinoptilolite at five size levels, and the results
suggested that 1000 um zeolite particles provided the highest removal efficiency, with 1000 um as
the suitable particle size. This finding can be attributed to the more zeolite surface available to
nitrate and phosphate anions at 1000 um, allowing better surface modification (He et al., 2016).
Further, it must be noted that clinoptilolite modification improved removal efficiency by a factor
of 13-18 compared to raw samples (Saadat and Nezamzadeh-Ejhieh, 2016).

The contribution of these factors to reducing pollution measured on a 15-50 °C temperature
range was found to be a little below 50 °C. According to a large number of previous studies, except
for cases with kinetic and thermodynamic-related objectives, temperature variations within 45-50
°C range had little impact on pollutant (nitrate and phosphate) removal efficiency due to the
insignificant temperature gradient of groundwater resources (Moslemi Kouchesfahani et al., 2012).
The effects of initial nitrate and phosphate concentrations on adsorption by clinoptilolite were
investigated considering 20, 60, 80, 100, and 120 ppm initial nitrate concentrations and 2, 5, 10,
20 and 40 ppm for nitrate phosphate concentrations. The highest nitrate removal was achieved at
80 ppm concentration. A similar result was observed up to 100 ppm, beyond which pollutant
adsorption was compromised due to the lack of sufficient sites on the clinoptilolite surface. The
highest phosphate adsorption was achieved at 10 ppm, beyond which adsorption was undermined
due to high mobility of phosphate ions and lack of enough adsorption sites on the clinoptilolite
surface (Sharma and Sobti, 2012).

Adsorbent concentration investigated with 2, 5, 10, 20, and 30 g added adsorbents led to
selecting 30 g as the most suitable concentration in the end. The results showed that increasing the
adsorbent loading promoted adsorption, and maximized it at the optimum (Moslemi Kouchesfahani
etal.,, 2012).

Given the significance of surface charge in the absorption process, it is necessary that the effect
of pH (2-10) be addressed. Based on the results, pH= 5 can be considered suitable. Accordingly,
an acidic environment in which the solution was positively charged offered the maximum contact
area, and the highest efficiency at pH = 5.

Regarding the performance of zeolite in EC removal, with increasing salinity, the amount of
adsorption per unit mass of adsorbent occurred and from EC 8 onwards, the slope of increasing
salinity removal capacity became smoother and the maximum salinity removal in EC occurred at
12 dS/m. Based on the results, it can be concluded that in EC more than 12 dS/m, the efficiency of
the adsorbent to remove salinity is reduced.

In the end, in light of the considerable effects of pollutant contact time with the surface, the
effects of this parameter were studied in the 15-120-minute range. A 90-minute timespan was
found to be the optimum time, beyond which the process slowed down as adsorption sites were
saturated.

For an 80 mg.L-1 nitrate concentration, the highest nitrate removal efficiencies in D1, D2, D3, and
DO were 59.72 percent, 57.94 percent, 53.91 percent, and 34.78 percent, respectively. Further, for
a 10 mg.L-1 phosphate concentration, the highest phosphate removal efficiencies in D1, D2, D3,
and DO were 29.28 percent, 23.26 percent, 14.48 percent, and 7.77 percent, respectively. For a 12
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dS.m-1 salinity in the models, the highest salt removal (EC) efficiency was 77.47 percent in D1,
followed by 69.07, 68.66, and 36.45 percent in D2, D3, and DO.

The contribution of phragmites australis to pollutant and salt removal was also evaluated in the
models. The results were suggestive of the higher final removal efficiency in cases incorporating
the plant rather than in those cases that did not incorporate the plant. Besides, the plant was found
more effective in removing nitrate than removing phosphate and reducing EC. Under suitable
experimental conditions, investigating the changes in nitrate and phosphate removal efficiencies of
the model showed that phragmites australis could enhance the efficiency on average by 10-20
percent (Hii et al., 2009).

Conclusions

Aiming to investigate the impact of effective parameters on the adsorption of nitrate, phosphate,
and salt by clinoptilolite, this study showed that 76 percent pollutant and salt removal efficiency
was possible with 30 g.L-1 of 1000 pm adsorbent particles for a pH of 5, initial pollutant
concentration of 80 mg.L-1 nitrate and 10 mg.L-1 phosphate in 12 dS/m salinity during a 90-minute
retention time period at 50 °C ambient temperature. For an 80 mg.L-1 nitrate concentration, the
highest nitrate removal efficiencies in D1, D2, D3, and DO were 59.72 percent, 57.94 percent, 53.91
percent, and 34.78 percent, respectively. Moreover, for a 10 mg.L-1 phosphate concentration, the
highest phosphate removal efficiencies in D1, D2, D3, and DO were 29.28 percent, 23.26 percent,
14.48 percent, and 7.77 percent, respectively. For a 12 dS.m-1 salinity in the models, the highest
salt removal (EC) efficiency was 77.47 percent in D1, followed by 69.07, 68.66, and 36.45 percent
in D2, D3, and DO. With these parameters, nitrate, phosphate, and salt removal efficiencies of 59.72
percent, 29.28 percent, and 77.47 percent were achieved in the model with clinoptilolite adsorbents
around the drains (D1). Cases with adsorbents around the plant roots and on the soil surface also
produced acceptable results. That is, when used around the drains, the clinoptilolite adsorbent
offered maximal pollutant (nitrate and phosphate) and salt removal efficiencies and also served as
a natural filter. The models also showed that incorporating phragmites australis enhanced the final
removal efficiency, particularly for nitrate which was increased on average by 10-20 percent. To
conclude, the phosphorus removal mechanisms in the constructed wetlands could be classified into
adsorption by bed particles, chemical precipitation, microbial activities, plants and
microorganisms.
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Table 1- Elemental analysis of clinoptilolite before and after of modification

Material Amount (%)
Raw zeolite Modified zeolite
SiO; 68.17 69.50
Al;,O3 11.05 9.21
CaO 3.93 2.1
K20 3 2.36
Na,O 2 0.75
MgO 0.62 0.43
Fe203 1.35 1.15
TiO, 0.19 0.16
P20s 0.01 0.01
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Table 2- Levels of studied parameters in batch experiments

Parameter Unit Levels examined
PH - 2-5-7-8-10
Absorbent diameter um 100-200-400-800-1000
Nitrate concentration MG 20-60-80-100-120
Phosphate concentration ™9/, 2-5-10-20-40
Salinity concentration (EC) ~ ds/,, 4-6-8-10-12
Absorbent concentration 9/, 2-5-10-20-30
contact time Min 15-30-60-90-120
temperature °C 15-25-35-40-50

Iy 2390 S Jue Olain - Jous
Table 3- Model characteristics

Dimensions (m) Bed material
Model Model Conditon & £ F 3w Plant Sand  Sand+Zeolite Soil
Name @ & & ;o
= 5 I D (m)
DO Blank sample 4, o4 18 15  Noplant 03 0 1.2
(without zeolite)
D1 Zeollt_e around the 12 04 18 15 Local reed- 0 03 19
drainage area No plant
D2 Zeolite around the 12 04 18 15 Local reed- 03 01 11
root zone No plant
D3 Zeolite on the soil 12 04 18 15 Local reed- 03 01 11
surface No plant
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Table 4- Physical and chemical properties of the soil used in the models

Physical properties Unit amount

Sand % 26.7

Silt % 44.1

Clay % 29.2

Bulk density soil gr/cm3 1.28

Chemical properties

Nitrate concentration mg/ kg 0.56

Phosphate concentration 9/ kg 0.002
Salinity concentration (EC) dS/m 5.7
pH - 7.4
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Table 5 - Analysis of straw plants based on wet weight

Materials

Percentage

Moisture
Raw Fat
Raw Fiber
Protein
Starchy material

Whole ash (minerals)

85

24.1

13.4

22.1

55.6

86.1
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Fig. 3- XRD pattern of the ammonium-sulfate-modified clinoptilolite compared to the CAF.1383-
039-00 card for Raw clinoptilolite and the CAF.1161-033-00 card for Quartz
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Fig.5- Effects of Zeolite particle size on removal of nitrate, phosphate and salinity pollutants with
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Fig.9- Effects of pH on removal of nitrate, phosphate and salinity pollutants with zeolite clinoptilolite
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Fig.11- Effects of EC rate on removal of nitrate, phosphate and salinity pollutants with zeolite
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Table 6- Suitable parameter levels

Parameter Unit Suitable level

PH - 5

Absorbent diameter um 1000
Nitrate concentration mg / lit 80
Phosphate concentration mg / lit 10
Salinity concentration (EC) dS/m 12
Absorbent concentration T/ lit 30
Contact time Min 90
Temperatur °C 50

Sb3T 990 Sl el pibsls 4 8 Jgur -V Ju
Table 7- ANOVA for experimental parameters

Parameters Degree of freedom Root square  Mean Square F P

Zeolite particle diameter 4 11.31 2.83 0.33 0.809"
Initial nitrate concentration 4 219.35 54.84 8.64 "0.033
Initial phosphate concentration 4 137.64 34.41 5.94 "0.021
Salinity concentration 4 21.34 5.34 081 0.331™
Temperature 4 134.13 33.53 5.14  "0.056
Zeolite concentration 4 13.17 3.29 0.59 0.729™
pH 4 19.00 4.75 0.71 0.684™
Contact time 4 137.91 34.48 6.09 "0.042

Error 4 34.76 8.69

Total 36 43/728

*Difference significant at the 5% level.
ns: Non-significant

sbiwly 53 a8 13,5 oanlive odu VT cbale liue )3y old
cubio bulyi b alie slachale sbul cwizpn 5 of ol
oS bl bl giled, aaly slae wdel Cosday
sl land g Ol lbeanYT 5 Julinl cla Jgle
035 Bl pizen 5 Olaj dhtsl @lal oy S50
plsl che (slod )3 (6)58 mabal glp IS mate S
S 53 4S5 b w15 ol St 4 sibplen 2y
52,15 0525 (s JB gt bod Lal)S (eejj sl
3 )5 duobro juab 3,5 il ax 3 A+ yj edga5e yd Led il
gy ol slagilefl pbsl o) ) &Sul 4 a5 izpen
)3 31S ol dn 3 =¥+ odgume | S ddlaie (glod byl yi
31)3 il d> )0 YO=VA 6354500 )3 &S dilaio aubs (oled byl
claosn¥l Gls plosily Glpus  (SsSs 3,5 bld o
oa VT cdale il a4y Coms I Jde 4 (63959 ilaj )3 3930
(A) Jsha 55 a8ls 5 (ialojl 5y90 Cilise (slacdls 5 5399

ol o 0351 (1+) I

Jile s 3 oolizl b a5 Jols cslaosly s lel 500
Silbs ST « JBlas 3y plool (V) gl (3sllae Minitab
o pglteds 35 (s aodls (SD) jlea 5l Sl2dl
S ANOVA (clbygo]] 5586 (cloodls Stuad 5 5 lolin
3)90 Slalages 85 plol 55 3a 33l 3 5l e3lisul b (ym0S
bl 3,5 sy MS Excel ljele s 5l eslazwl b 56 5l
el can S1(Y) Jsie s Minitab I3l 5 ool (sl Jelos
g g Oland 5 Oz sloosy VT Bl ) 390
sdalie & jobilen 035 Jlod clshitgtls g bawys
Slo yloj g Lod ¢ Jolome adgl land ¢ ol s clale oS 53 )5 0
Jo gy by & o mh ghe  adlas by
@3k 2 e Sl g e 48, 5l 50 (25T oyl
ol aily B>

Gwgy Do Sl slo3T
daaileb 4 (639)9 b gite Cud)bo (1392 39400 293 L
ool 5 inlegl o a8 )3 (6349 slmosy T clalé 4 pH
O ygods cdiwgoll Ll claiales] 5l el Caundds canlio yolie
it il g p)Sike Ar gy plp PH pslie (gl 5 LSt
A3 o g ion 03 WY (559 9 Slid yid pp S oo Ve
Soleer Sy (5l Jdsas il o it Jbls 0 485



DOI:10.22055/JISE.2021.35721.1935

YFA

sk I 5 5l enlizal STy 0, Ses 5 Solo

(039 i (Slo) 03b) mbo3T 3590 S 30 Ol yid o ¥T Cdald O 5 gl -A g
Table 8- Nitrate concentration variations in experimental models (over a six-day interval)

Blank Sample (DO0)
Zeolite around the
drainage area (D1)

Zeolite around the root
zone (D2)

Zeolite on the soil surface
(D3)

#
Ce
Re%
#
Ce
Re%
#
Ce
Re%
#
Ce
Re%

DO-1
79.199
1.00%

DO-1

70.59

12%

DO0-1
75.23

6%

DO-1
79.86
0.18%

DO0-6
73.35
8.31%
DO0-6
63.93
20%
DO0-6
67.40
16%
DO0-6
77.95
2.56%

D0-12
70.906
11.37%

D0-12

58.23

27%
D0-12
62.30

22%

D0-12
72.275
9.66%

D0-18
65.844
17.70%
D0-18
53.82
33%
D0-18
59.27
26%
DO0-18
67.55
15.56%

DO0-24
60.646
24.19%
DO0-24
48.72
39%
DO0-24
47.51
41%
DO0-24
58.175
27.28%

D0-30
55.456
30.68%
D0-30
39.60
50%
D0-30
36.75
54%
D0-30
38.60
51.75%

D0-36
52.179
34.78%
D0-36
32.23
59.72%
DO0-36
33.65
57.94%
DO0-36
36.875
53.91%
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Table 9- Phosphate concentration variations in experimental models (over a six-day interval)

Blank Sample (DO) # DO0-1 D0-6 D0-12 DO0-18 DO0-24 DO0-30 DO0-36
Ce 10 9.8684 9.734 9.603 9.479 9.344  9.229
Re% 0.00% 1.31% 2.65% 3.97% 526% 6.53% 7.77%
Zeolite around the # DO-1 D0-6 DO0-12 D0-18 DO0-24 DO0-30 DO0-36
drainage area (D1) Ce 9.13 8.79 8.40 8.03 7.69 7.37 7.07
Re% 8.70% 12.14% 16.03% 19.67% 23.08% 26.28% 29.28%
Zeolite around the root # DO-1 D0-6 DO0-12 D0-18 DO0-24 DO0-30 DO0-36
zone (D2) Ce 9.62 9.30 8.94 8.59 8.27 7.96 7.67
Re% 3.80% 6.99% 10.63% 14.06% 17.30% 20.36% 23.26%
Zeolite on the soil surface # DO-1 DO0-6 D0-12 D0-18 DO0-24 D0-30 DO0-36
(D3) Ce 9.84 9.65 9.416 9.191 8.973 8.760 8.552
Re% 1.60% 350% 5.84% 8.08% 10.27% 12.40% 14.48%
(0395 Liir Sl o3b) Subo3T 3590 S Jow 30 EC O 3o O ki gl -1+ Jga
Table 10- EC amount variations in experimental models (over a six-day interval)
# DO0-1 DO0-6 D0-12  DO0-18 D0-24 D0-30 DO0-36
Blank Sample (D0) Ce 15.556 13.53 12.122  11.083 9.158 7.97 7.627
Re% -29.64% -12.75% -1.02% 7.63% 23.68% 33.58% 36.45%
Zeolite around the # DO0-1 DO0-6 D0-12 DO0-18 D0-24 D0-30 DO0-36
drainage area (D1) 14.12 10.75 9.44 8.563 5.15 311 2.70
Re% -17.65% 10.44% 21.37% 28.96% 57.10% 74.07% 77.47%
Zeolite around the # DO0-1 DO0-6 D0-12 DO0-18 D0-24 D0-30 DO0-36
root zone (D2) 12.33 9.24 8.06 7.24 5.72 431 3.71
Re%  -2.76% 22.96% 32.85% 39.67% 52.35% 64.12% 69.07%
Zeolite on the soil DO0-1 DO0-6 D0-12  DO0-18 D0-24 D0-30 DO0-36
surface (D3) 12.647 9.454 8.229 7.385 5.819 4.369 3.761
Re% -540% 21.21% 31.42% 38.46% 51.50% 63.58% 68.66%
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Fig. 12- The extent of nitrate removal from drainage water in different models
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Fig. 13- The extent of phosphate removal from drainage water in different models
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Fig. 14- The extent of EC reduction from drainage water in different models
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Fig. 15- The process of nitrate removal from drainage water in different models
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Fig. 16- The process of phosphate removal from drainage water in different models
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Fig. 17- The process of EC reduction from drainage water in different models
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