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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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Table 1. Specifications of experiments designed in constructed wetland system

55

Plan

Plan A Plan B' Plan C'
. . March

The time of experiment January 2018 February 2018 2018 May 2018  July 2018
Percentage of used 5 10 15 Optimum amount obtained Optimum amount obtained from
absorbent bed from plan A plan A
Period of time (day) 15 1 3 5 10 15
Hydraulic residence 1 1 3 5 10 Optimum amount obtained from
time (day) plan B
Average  temperature 16 17 20 29 40
°C)
Average evapotran
spiration rate (m/day) 2.3 2.9 3.6 5.17 6.71
Required flow 1.07 109 111 1.8 04 025 0.3 1.101 1.110 1.118
(ml/sec)

"Flow 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

The name Diameter Porosity

Weight percentage of constituents

of the bed (mm) percentage 0) N Si Au Al Na C Ca Mg Fe K F
Natural 4-6 75 61 79 74 63 45 44 31 21 19 14 - -
pumice

Composite

of Zeolite/ 4-6 72 604 3.6 13 33 6.2 5 2.5 1.5 1.4 1.6 1.5 =
Pumice

Composite

of . 4-6 72 562 35 119 52 58 35 1.4 3 1.3 2.8 1.2 42
Bentonite/

Pumice

Gravel 4-6 48 52.7 = 1.6 = 1.6 = 112 307 22 = = =
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2l el bu 5 sus Gl Olaud lade e i - JSS

V Sasae sl ples by 555 V0 Suets gy 0L > 2>
0 u_:SJ: )\ sala ! n.,\._AT Cwd o @L’.’J d—-b AR (0 QLJ.J 859
)\mjg_ﬂ\u;ujrt_g\ouw_u,wu Six gl
sas s r\\() Sas sl s olils Gl sty o
S 3ll ml  Jb s el g il 2 b s gL
6*—"J°\aﬁ\'dl—°‘r‘—:5)36‘)—l‘:’wgr?ﬁﬁw
N0 555 sl s el 55 5 by gLt oy 5 50lS

SV s Sl Bl gum ¥ S bghas 0 S8 oen
(‘ V0 55, slesl sa 1y K S olsigss Jae o gy S5l
oz s sy VT ke 1358 o sanlin &S phailen s a oLt
slealiSin Co 55l un 530 i oS5 55 VB sl
bl oS S s aoul Sul Sl s gy S 85 5 el
3V sl S5 s LoV (g5 5 (659,55 o3 Dl
A4/)+ 5aV/F Gl pleasly L S es 5 4o gao,s 10
.CA“\ 2 S

VO 5V sla s oS5 s S b has aslia toren
Gl )l sdas 595 V0 Sue 0L s S s 0 olid ws s
Ly ol sad Lol 5l 5 g soS5h oo o y Dlad
S oS5y olid Qi o b sl Sleliul g e
Sl clle ke o3 spllinl as 4 s 5 o yn Ve
a8 o slasl g ot olsren oS5 ) (2s P
s Sl gam sl il ol 5 slatesy Slid i

Journal of Water and Wastewater

1.2 4 ©® Gravel 4 Pumice
B Pumice-Bentonite A Pumice-Zeolite
1 A A
A
]
- 0.8 A [ ]
20
on
g 0.6 1 A
)
]
S04 - . ¢
a -
0.2 1 P
[
[ J
0 ] ® . . . .
0 5 10 15 20 25 30
Initial concentration (ppm)

Fig. 3. Investigation of phosphate adsorption capacity by
candidate substrates

°'\“z'\i'\3\56b‘f““‘“ﬁ Lj&mub *:‘:-éjﬁw‘;ﬁ*\ﬂ Ls.w:‘

L6 LS b 5 Sliwd Cdo Juwily - Y-V
el 555 1y Olid Sglize glacbale 5wy, B USs
3 YA Sue (b s gl 5 o) LS palS Gl
\_34;;1\.1“:)}»»\.54.»,@):aﬁgk&@g\ye&f:\aow
s olss 5 il s s, SO hean VT sl ke )53l
VL e glasles s 0l Ed b Gl o 2i S g 5be
OlelS 51 & o (sl (2 0o S hen YA) Sl o ile
al_:fxi.;‘&rjj)>r)5/‘5.k.:n V/?/\g?/\‘“‘/ A/?/\u_:.’fju
on i L, S al_:fn.A_J Cmnds @l:.} &b el Sty
I f 2 5 S sl s 6Lbr‘.&5‘Jb Iy olis cualsl laie
3 ) e iy G 2S Lap g5 ik slasl 4 0l 50
S S, Sl oLS s 5 508 Dlo gas 5 i 4 Ll
S ol osls QLf.J m 6“&“”35& sy (el C,‘.:Jjjhs ul.:f
s O mlin (YL s (alin s )8 (28 s lalS
LSl olS (K555 5o S5 (s 0o 0L 5 b sS
ﬁ@u‘}ﬂ_gd)yfejd:l_aﬁ\wb?\:ﬁ)jgb AS.U.«J ol
= Lol s a5 sl 4l W5 a5 55 aslaal Lyl L8

(Kumar et al., 2018) il azils gire 150 3!

ot b e s (3Lt Ay oS 5 Y-
g Sl sl Bl w5, 5,25l ol ¥ s
33 e e S S Gl L LOYE Slldd sl 5,5

Vol. 31, No. 1, 2020

\va4 dl—a Al B)Lo—: Agl 093



54 dx.doi.org/10.22093/ww;j.2019.164326.2798 ol A S 1S
S il LS5V (61 VB e )5 2% oy Sl sl CLE 635 68 o3l gl ¥ Uiz
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 5% 10% 15%
Residual Removal Residual Removal Residual Removal
concentration percentage concentration percentage concentration percentage
1 0.09 99.1 0.05 99.5 0.02 99.8
2 0.11 98.9 0.05 99.5 0.02 99.8
3 0.16 98.4 0.05 99.5 0.02 99.8
4 0.25 97.5 0.06 99.4 0.02 99.8
5 0.36 96.4 0.07 99.3 0.02 99.8
6 0.49 95.1 0.08 99.2 0.03 99.7
7 0.66 934 0.09 99.1 0.03 99.7
8 0.84 91.6 0.11 98.9 0.03 99.7
9 1.05 89.5 0.13 98.7 0.04 99.6
10 1.34 86.6 0.15 98.5 0.04 99.6
11 1.76 82.4 0.17 98.3 0.05 99.5
12 2.76 72.4 0.19 98.1 0.06 99.4
13 4.14 58.6 0.21 97.9 0.07 99.3
14 6.48 35.2 0.23 97.7 0.08 99.2
15 9.50 5 0.26 97.4 0.09 99.1
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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

* Secondary concentration Lt Hydraulic residence
Removal percentage L)’ concentration 5
0.20 a=99.60 0.020 a +0.04 10 1
0.17 a+99.70 0.020 a +0.03 10 3
0.10 a=99.80 0.020 a +0.02 10 5
0.11 a=+99.83 0.020 a +0.016 0 40

"Bach 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

Total Percentage Amount of Amount of Amount Hvdraulic

hosphate share oig Percentage phosphate phosphate of Amount of reysi dence
prem(I:ve d the share of remaining in absorbed by phosphate phosphate time
(mg) substrate plant the wetland the plant output inlet (mg) (day)

g bed (mg) (mg) (mg) &
1018.40 98.74 1.22 1005.88 12.52 026 1018.67 1
1046.99 96.65 3.32 1012.13 34.86 0.21 1047.21 3
1075.60 94.80 5.17 1019.91 55.69 0.14 1075.75 5
1147.03 90.85 9.14 1042.15 104.88 0.068 1147.10 10

S5k 2 53 0llS es 5 2l b Pl Lo 5 oid Dl Dld Bl -7 J g

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

Hydraulic The amount of phosphate absorbed (mg/g)
res1d(e(;1:;)tlme Aerial and terrestrial plant Block 1 Block 2 Block 3 Block 4
| Aerial parts 0.092 0.028 0.014 0.002
Terrestrial parts 0.066 0.022 0.011 0.001
3 Aerial parts 0.259 0.080 0.034 0.005
Terrestrial parts 0.192 0.067 0.029 0.004
5 Aerial parts 0.419 0.127 0.049 0.006
Terrestrial parts 0.318 0.109 0.044 0.005
10 Aerial parts 0.799 0.233 0.084 0.010
Terrestrial parts 0.627 0.210 0.078 0.009

(Smith, 2007)
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Table 7. Effect of temperature variations on phosphate removal efficiency

Initial Secondary

Time of the Average temperature concentration concentration Removal

experiment °C) (mg/L) (mg/L) 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
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Table 8. Phosphate absorbed by the aerial and terrestrial organs of plants per block in different seasons

Yy

re:ilgg;:: iiiine Acerial and terrestrial plant The amount of phosphate absorbed (mg/g)
(day) . Block 1 Block 2 Block 3 Block 4
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