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Abstract  
Phosphorus is recognized as a nutrient in aquatic environments, but increasing its concentration in water 
resources causes the occurrence of eutrophication in water and, as a result, causes the death of aquatic 
organisms. Therefore, removal of phosphate from water is very important. In this research, to remove phosphate 
from water resources, the baffled subsurface-flow constructed wetland was used. In order to increase the 
efficiency of the wetland system, experiments were designed in 3 different phases. In the first phase, in the form 
of batch experiments, the composite performance of cheap materials such as zeolite, bentonite and pumice 
aggregates (the stabilization of nanoparticles of zeolite\bentonite on the surface of Pumice aggregates) to absorb 
phosphate and select the preferred candidate for placement in the wetland was investigated. In the second phase, 
the performance of native plants of Khuzestan province such as salicornia, Typha, and Juncus, in the form of pot 
experimentation, to uptake phosphate and select the best candidate for cultivation in the bed of the wetland was 
investigated. Finally, in the third phase, with the placement of the selected bedding and plants (chosen from 
previous experiments) in the wetland system, experiments were carried out to study the effect of parameters such 
as the percentage of optimum mix of selected bed with gravel, hydraulic residence time and temperature changes 
on the phosphate removal efficiency. The results showed that among absorbent materials and candidate plants 
for placement and cultivation in the wetland, the maximum capacity to absorb and accumulate phosphate by 
Pumice aggregate coated with zeolite nanoparticles (1.08 mg/g) and salicornia (9.68 mg/g of plant dry weight) 
was observed. In this experiment, the use of a combination of 10% of the selected bed with 90% of the gravel 
was obtained as the best and most economical option for removal of phosphate. Also, the efficiency of removal 
of phosphate in the 1-day hydraulic residence time was achieved at the highest intensity (99.60%) and was 
selected as the optimum time to remove phosphate. Finally, the results of the effect of temperature changes on 
the efficiency of the wetland system showed that the removal efficiency from March 2018 (20 °C) to July 2018 
(40 °C) increased to about 1 percent, which indicates the effect of temperature changes on the performance of 
the wetland system. According to the results, in the case of adequate land availability, the use of subsurface-flow 
constructed wetland systems to wastewater treatment of agricultural and industrial units is very convenient and 
cost-effective. 
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Fig. 1. Schematic of the constructed wetland 
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Fig. 2. View of constructed wetland 
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Table 1. Specifications of experiments designed in constructed wetland system 

Plan C1Plan B1Plan A Plan

July 2018May 2018 March 
2018February 2018 January 2018 The time of experiment 

Optimum amount obtained from 
plan A 

Optimum amount obtained 
from plan A 15 10 5Percentage of used 

absorbent bed

15 10 53115Period of time (day) 

Optimum amount obtained from 
plan B 10 5311Hydraulic residence 

time (day)

4029201716Average temperature
(°C)

6.715.173.6 2.92.3Average evapotran
spiration rate (mm/day)

1.1181.1101.1010.130.250.41.181.111.091.07Required flow
(ml/sec)

1Flow values of experiments of plan B and C were calculated after determining the optimal parameters and considering the porosity 
of selected bed composition percentage, hydraulic residence time and daily evapotranspiration. 
2All experiments designed in constructed wetland system were performed to evaluate the effective parameters in 3 replications.
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Table 2. Elementary analysis and some physical properties of selected substrates 

Weight percentage of constituents
Porosity 

percentage
Diameter 

(mm) 
The name 
of the bed FKFe Mg Ca CNa Al Au Si NO

gg1.4 1.9 2.1 3.1 4.4 4.5 6.3 7.4 7.9 61 75 4-6 Natural 
pumice

g1.5 1.6 1.4 1.5 2.5 56.2 3.3 13 3.6 60.472 4-6 
Composite 
of Zeolite/ 
Pumice 

4.2 1.2 2.8 1.3 31.4 3.5 5.8 5.2 11.9 3.5 56.2 724-6 
Composite 
of 
Bentonite/ 
Pumice

ggg2.2 30.7 11.2 g1.6 g1.6 g52.7 48 4-6 Gravel 
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Fig. 3. Investigation of phosphate adsorption capacity by 
candidate substrates 
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Fig. 4. Comparison of the amount of phosphate absorbed 
by the candidate plants 
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Table 3. Results of Daily Measurement of the residual concentration of phosphate effluent from the end pipe of the 

wetlands for 3 different bedding compositions 
Percentage of use of pumice and zeolite aggregates in bed

Day 15%10%5%
Removal 

percentage
Residual 

concentration
Removal 

percentage
Residual 

concentration
Removal 

percentage
Residual 

concentration

99.80.0299.50.0599.10.091

99.80.0299.50.0598.90.112

99.80.0299.50.0598.40.163

99.80.0299.40.0697.50.254

99.80.0299.30.0796.40.365

99.70.0399.20.0895.10.496

99.70.0399.10.0993.40.667

99.70.0398.90.1191.60.848

99.60.0498.70.1389.51.059

99.60.0498.50.1586.61.3410

99.50.0598.30.1782.41.7611

99.40.0698.10.1972.42.7612

99.30.0797.90.2158.64.1413

99.20.0897.70.2335.26.4814

99.10.0997.40.2659.5015

�/H/Yn- 7��"#�� %6 @A>���">� "#�� 7��$ %o� 

�$�&���- |�� 2��� C�� �e
�7,�2�)��� ��"J4 H`F C��2�
� �-
 �,2���$� %-��� .!�
 =2� (m
�
&=
2�
 |�������-(�=2��� S.1

�,�	 (��.� �� ��"J4 !V0L�0� �����2��� C�� (����7,�2�)�

 �$.� ��"J4 (�0Q@ �I� 2F 
 !�G�"F T��
R� ��
2��$��
 %*'
X�� _&!J,
 �$.�8�/:��0�7 �� �����$!�
 .

�n.��- |&�$� ����- �- 6(������ C���� ���I�
 ��- =2��� !��
 ?,� �- (J&�#� , T��&�
, 3�7���Tukey �&
3�4
 ��- (�p 2��\ ��� �

34
 H`F C��2�
� 2Z�� 2��� C��&�&2���� C�� ��
 �!4�8,�

 �-��2��� C������^� H[$�	
 C� 
 2�^- 
�-���- �!��
2� ��
�&6
��
 (�- C
��@ �&$� 6���� (�I��� (�� 2�$���4 Y&
��2���4�3&�)�,

-�R�7�&)��d2���� C��� �� ��"J4 H`F C��2�
� �� �e8�� ,�
-��$B&)�2� 6�:/99�.� , ��
� �
�< (2Z���7� 6��(�- SC
���1

 H`F �
�- j���� (���- 2��� C�� �$	���  A��@ �� ��"J4���
I� .2� ($4�� �V������ C
��).� ,�B�,aU (-�B��2���� C�� �e


��7,�2�)��� 
� ��"J4 H`F �-&�� �-  A�@ Y& C�&X��� ��
A �-&(���&
7�m���� ���� H2Z , !&- , 2��
� �
�< ���$B&6

�- �-
�- 
� H`F C��2�
��/;82Z�� �,2�F 2���� C��� �� ,�/O
2���.� ?�
3� ,�)Mojiri et al., 2017(�n.� .�C
��).� , ,� 6

���B�,aU -� _��@ �"J4 H`F C
��1 �J�1���D�  A�@ K$���-
(��� �$J- 
�- ���$B&�- �-
�- 
� �"J4 H`F C��2�
� 6��2�Z�� ,

� 2��� C�� ���7,�2�)��- �-
�-}2���.� ?�
3� ,�.(Du et al., 
2017) 



����Q�	 � +�)�T `#�H dx.doi.org/10.22093/wwj.2019.164326.2798 

70

����� � �� 	
�� Journal of Water and Wastewater 
��������� ����� ����� Vol. 31, No. 1, 2020 

Fig. 5. 2-D contour plot (depth, distance) of phosphate 
removal in the constructed wetland at the end of the 15th 

day (A: Combination of 5% of the selected bedding - 
95% of the gravel, B: Combination of 10% of the 

selected bedding - 90% of the gravel, C: Combination of 
15% of the selected bedding - 85% of the gravel) 
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Table 4. Effect of changes in hydraulic residence time on the phosphate removal 

Hydraulic residence 
time (day) 

Initial 
concentration 

(mg/L)
Secondary concentration 

(mg/L) *Removal percentage *

1100.020    a ±0.040.20   a ± 99.60 
3100.020    a ±0.030.17   a ± 99.70
5100.020    a ±0.020.10   a ± 99.80
4000.020  a ±0.0160.11   a ± 99.83

*Each mean ± standard deviation value was obtained from the three repetitions. Various letters in each specific column 
indicate significant difference in confidence level of 0.95 (P < 0.05). 
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Table 5. Investigation of mass balance in constructed wetland 

Hydraulic 
residence 

time 
(day) 

Amount of 
phosphate 
inlet (mg) 

Amount 
of 

phosphate 
output 
(mg)

Amount of 
phosphate 

absorbed by 
the plant 

(mg)

Amount of 
phosphate 

remaining in 
the wetland 

bed (mg)

Percentage 
share of 

plant 

Percentage 
share of 

the 
substrate

Total 
phosphate 
removed 

(mg)

11018.6702612.521005.881.2298.741018.40
31047.210.2134.861012.133.3296.651046.99
51075.750.1455.691019.915.1794.801075.60
101147.100.068104.881042.159.1490.851147.03
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Table 6. Amount of phosphate absorbed by the aerial and terrestrial organs of plants per block 

The amount of phosphate absorbed (mg/g)
Aerial and terrestrial plant

Hydraulic 
residence time 

(day) Block 4 Block 3 Block 2Block 1
0.0020.0140.0280.092Aerial parts1 0.0010.0110.0220.066Terrestrial parts
0.0050.0340.0800.259Aerial parts3 0.0040.0290.0670.192Terrestrial parts
0.0060.0490.1270.419Aerial parts5 0.0050.0440.1090.318Terrestrial parts
0.0100.0840.2330.799Aerial parts10 0.0090.0780.2100.627Terrestrial parts
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Table 7. Effect of temperature variations on phosphate removal efficiency 

Time of the 
experiment 

Average temperature 
(°C) 

Initial 
concentration 

(mg/L)

Secondary 
concentration 

(mg/L)
Removal 

percentage
March 2018 20 10 0.18 98.20
May 2018 29 10 0.12 98.80
July 2018 40 10 0.08 99.20

��"1zgC
3�� ��"J4  `� =2� _��@ �
2�
 l0$Q� ��� SD4 �� ��0- �� �� C����� ���� , �&
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Table 8. Phosphate absorbed by the aerial and terrestrial organs of plants per block in different seasons 

The amount of phosphate absorbed (mg/g) Aerial and terrestrial plant 
Hydraulic 

residence time 
(day) Block 4Block 3Block 2Block 1

0.200.410.821.61Aerial partsMarch 2018 0.160.320.631.11Terrestrial parts
0.210.410.841.68Aerial partsMay 2018 0.170.340.661.19Terrestrial parts
0.210.420.891.80Aerial partsJuly 2018 0.180.340.710.31Terrestrial parts

Fig. 6. 2-D contour plot (depth, distance) of phosphate 
removal in the constructed wetland at the end of the 15th 

day and different temperature conditions (A: March, 
Temperature= 20°C, B: May, Temperature= 29°C; C: 

July, Temperature= 40°C) 
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