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Abstract

Due to the severe water scarcity in Iran, using treated wastewater for irrigation purposes is an effective method to meet the water requirement
of plants. One of the methods is phytoremediation. In this field, Vetiver Grass has received growing attention. The aim of the present study is
to improve the quality of municipal wastewater by hydroponic Vetiver grass, for applying in irrigation. This research was conducted in a
completely randomized design with three replications. Fiberglass tanks with a volume of 1000 liters were prepared, and then filled separately
with two types of raw and treated wastewater. Treatments included 4 and 8 plant densities, control, aerated and non-aerated wastewater.
Retention times of 3, 7 and 14 days were used. The results showed that the optimal density in the treatment of municipal wastewater by
Vetiver grass is a density of 4. Moreover, the aeration and non-aeration process of the treatments does not have much effect on the measured
parameters. It should be noted the retention time of 7 days (except for BODs) had the best performance with no significant difference with 14
days. The results indicated that BODs, COD, ammonia, nitrate, phosphate and potassium were reduced by 42, 55, 91, 66, 89 and 97 per cent,
respectively.

Keywords: Hydroponic cultivation, Phytoremediation, Removal of pollutants, Vetiver Grass.
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Table 1. Variables used in this study

Variable Level
Untreated wastewater Raw
Treated wastewater Purified (Pur)
Plant density (4) Plant
Plant density (8) Plant

Aerobic tanks
Anaerobic tanks

Aerobic (Ar)
Anaerobic (An)

Table 2. Factorial design of variables used in this study

Number  Treatment

1 An0 Anaerobic control tank

2 Ar0 Aerobic control tank

3 An 4 Anaerobic tank with density of 4 plants
4 Ar4 Aerobic tank with density of 4 plants

5 An 8 Anaerobic tank with density of 8 plants
6 Ar8 Aerobic tank with density of 8 plants
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Figure 1. The schematic design of tanks containing Vetiver grass
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Table 3. Variance analysis of measured parameters

Mean squares

Variables df BOD: coD NH, NOy PO
Wastewater 1 6548.917 45023.737 5371.427 13145~ 15677
Density 2 5517.96™ 39461.30” 1593.31" 488.85" 79.36™
Aerobic treatment 1 18.67" 3069.16™ 197.87" 0.06"™ 5.15"
Wastewater x Density 2 209.95 4664.09™ 3.81™ 3.69™ 0.49™
Wastewater x Aerobic treatment 1 1136.24" 709.88"™ 0.53™ 1.84™ 0.36™
Density x Aerobic treatment 2 121.86" 968.10™ 11.34™ 5.05"™ 0.52"
Wastewater x Density x Aerobic 2 198.58" 596.65™ 23.16™ 6.92" 1.60™
Main error 24 47.47 2036.05 11.62 411 1.25
Time 3 10345.2" 91913.03" 9056.99™ 468.15™ 114.6™
Wastewater x Time 3 1556.81" 22723.66™ 822.18" 18.18" 1.36™
Density x Time 6 886.03" 484527 260.11" 92.49™ 9.65”
Aerobic treatment x Time 3 100.96™ 1472.55™ 25.79" 1.93™ 0.99™
Wastewater x Density x Time 6 34.75™ 1668.16" 12.24" 9.54" 0.52™
Wastewater x Aerobic treatment x Time 3 19657 942.01™ 8.56" 0.86™ 0.29™
Density x Aerobic treatment * Time 6 125.76 176.64"™ 13.24" 14.47" 0.55™
Wastewater x Density x Aerobic x Time 6 284.06™ 786.34" 6.51™ 1.63™ 0.29™
Total error 72 57.99 683.74 452 3.70 1.28
CV (%) 9.96 18.55 9.6 16.74 32.63
ns: Not significant; +: Significant at 10 percent level; *: Significant at 5 percent level ; **: Significant at 1 percent level

Continued table 3. Variance analysis of measured parameters
Variables d Mean squares
f Turbidity K Na Ca+ Mg pH

Wastewater 1 600.37" 167.15™ 3680.27 427 0.54™
Density 2 941.62"” 766.99” 7808.48" 12.87" 6.49”
Aerobic treatment 1 39.72" 116.10™ 3.36™ 1.60™ 0.27"
Wastewater x Density 2 58.08" 39.28™ 1522.32" 0.55™ 0.34"
Wastewater x Aerobic treatment 1 8.31™ 12.98" 825.40" 0.36™ 1.07"
Density x Aerobic treatment 2 0.69™ 8.83" 42.72" 0.58™ 0.03™
Wastewater x Density x Aerobic 2 33.36" 1.39™ 642.81™ 1.49™ 0.15"
Main error 24 11.98 2.68 916.33 0.97 0.04
Time 3 5236.19" 928.67" 2177.05" 28.02" 1.13"
Wastewater x Time 3 155.94™ 16.84™ 754.58™ 1.85" 0.05™
Density x Time 6 139.09” 195.68" 1149.79™ 1.847 1127
Aerobic treatment x Time 3 5.07" 17.55™ 31.70™ 0.47* 0.04"™
Wastewater x Density x Time 6 21.51" 8.39™ 239.10™ 0.25" 0.06"
Wastewater x Aerobic treatment x Time 3 10.16" 4127 144.96™ 0.24"™ 0.13™
Density x Aerobic treatment * Time 6 3.21™ 3337 19.42" 0.53" 0.03™
Wastewater x Density x Aerobic x Time 6 6.58™ 2.69™ 281.72™ 0.72" 0.03™
Total error 72 6.18 0.93 175.44 0.19 0.03
CV (%) 15.76 6.14 10.34 8.28 2.19

ns: Not significant; +: Significant at 10 percent level; *: Significant at 5 percent level ; **: Significant at 1 percent level
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Figure 2. Changes of Biochemical Oxygen Demand (BOD:s) in different treatments through time
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Figure 3. Changes of Chemical Oxygen Demand (COD) in different treatments through time
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Figure 5. Changes of nitrate (NO3-) in different treatments through time
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Figure 6. Changes of phosphate (PO43-) in different treatments through time
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Figure 7. Changes of turbidity in different treatments through time
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Figure 8. Changes of potassium (K) in different treatments through time
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Figure 9. Changes of sodium (Na) in different treatments through time
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Figure 10. Changes of calcium+mangnesium (Ca+Mg) in different treatments through time

-

-

Shl sl s
" * e

Vevr Susbm ¥ oo,ledm VY 6,90

YAV



Grphe ol sl (shaine bn sl (Ol fpmm dhozes ¢ b oS sbile Kl

5 LossT U5 sy e iS4 L S il
Skl d g S 5 ol iy da Sl L0y ylS
Gholipour ) &S 4425 LLOMLB 5 = (gl ks,

(etal., 2020

PH (w35
S PH & el jaiie (V) IS 4 a5 L
Sy sddaias COLL PH 5 VAY Ll bt LG
sl o1 bl ool PH 5kl 550 Sl ANY
skl Bolas Glp 55 G las Olajle baw g
S LPH 05 5d 53 LB (ol MO BT 1y oS (65 5LS
o5 ok sl lasles olad s e OLES s
S Al Gl e s andls 8 L) s 55, 6
53 o SASles 58 g Yl Jnll ol LYs )
Gholipour et al. .cosl JT slpe gew) a0 IO
gias b AL s PH o, 2alS 4 55 (2020)
.(Gholipour etal., 2020) 5 S o Ll ;555 oLS e s
lAsl 5> a8 Ws S edalie (2017) Shyamala et al.
Lol (el 42303 1, A0 PH e3linal 3550 (5,08 DLSG
Shyamala ) s 2als WY G 1, ol 655 536 555 olS
(etal., 2017

Time (day)
LSD = 49.48 (mg/L)

e 3 (.....JS 5 b Sl eyl nd Sl G

Colae oy elial pskea HLE CiSs e
Jaled Ll o Sy 3L el bl 5 siostis
Lol sl e s o o S L S b
ol sl e 5 edS 00 Koo gla0 sl
5 porlS 0358 (6 5k N 0T o go 0 65 253 S
St A s add Sl sl i 315 e
e 5 pelS Wile G0 w ST sl 2ol S
Sy loma b 5 a3l 2o (6l GLAE s 5 sba
O 4 a5 b Wl e SB 0T g pd ol Lol s
5 S G Sy S s as b s sbo gl e
ga ekasolis 5 dms 15 b e | S gl
DS 4 kb ol e a5k Sl ) ae obe
Sl 55 a5 Of 35 Co o 2alS Coly 5 azils Sl

Y G S el s RSy Gl e 2 e
B ol Gkl 5 e i8S Sl s (g5 4
Jslomn s Sl e S Ol 50 Ll O
s okl Sl Bl al 51l 5 353 O peme S
Ll ool o Cowesl & a5 bS5 L)
2Uls sy by iass (2020) Gholipour et al.

Calg 3 5 Lol plnl 53 5 g esl Gl )3 405

++ @+ Purified-An 0
<<<<<< Purified-Ar 0
-~ @ Purified-An4
=@ Purified-Ar4
—&— Purified-An §
—&—Purified-Ar 8
++@++Raw-An 0
++Q++Raw-Ar 0
-@ Raw-An4
-G~ Raw-Ar4
—&—Raw-An 8
—o—Raw-Ar 8

Figure 11. Changes of pH in different treatments through time
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