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Introduction

The increasing population and development of agricultural and industrial activities have put
excessive pressure on freshwater resources. As a result, wastewater treatment has received growing
attention in recent years. It seems more necessary in arid and semi-arid regions such as Iran, where
we face climate change and a lack of rainfall (Mohammadi Moghadam et al., 2015; Nikmanesh et
al., 2018). However, wastewater is one of the most critical environmental pollutants. If the
microbial quality of the effluent and its hygienic aspects are not taken into account, its reuse poses
a severe risk to human health and the environment (Abedi-Koupai et al., 2021). Therefore, the
primary purpose of disinfection effluent from municipal wastewater treatment plants is to reduce
the concentration of water-borne pathogens to less than the amount of infectious. Disinfection is
done by physical and chemical methods. In most parts of the world, chlorine is the premier option
for disinfecting effluents. That said, the adverse effects of chlorine effluent disinfection on humans
and the environment have led to the possibility of using phytoremediation to improve the biological
properties of water (Keddy, 2010). The Vetiver (VS) system for wastewater treatment is an
innovative phytoremediation technology that has fantastic potential. This plant can grow in saline
environments (Sanicola et al., 2019). Moreover, it can significantly improve the water quality
parameters (Abedi-Koupai et al., 2021). Therefore, this study aims to investigate the possibility of
using Vetiver in urban wastewater hydroponically to evaluate its efficiency in removing and
refining pathogens, especially gastrointestinal coliforms. Our purpose is to use the treated water in
the agriculture sector for irrigation.

Methodology

The project was carried out at the Isfahan University of Technology, and two types of treated
and raw domestic wastewater were used. To conduct the study, plants were placed hydroponically
in tanks with a total volume of 1000 liters (1 cubic meter) made of fiberglass. The treatments used
two densities of 4 (16 vetiver plants) and eight densities (32 vetiver plants), aerated and non-
aerated. The tanks were aerated by an air compressor. The experiment was performed in a
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completely randomized design with three replications. Excel and SAS software were used to
analyze the data. After determining the presence or absence of differences between the test groups
(checking the significance of the test in the analysis of the variance table), we compared the mean
between the groups using the least significant difference test (LSD) at a confidence level of 5%.

Results and Discussion

The leaf and root height of the plant were measured and recorded from the beginning of the
study. This plant can have an average maximum leaf height of more than 130 cm during one
hundred days. In addition to increasing the length of the leaves, the density of roots (including root
length, number and diameter) and leaves (including number, and diameter) has also increased. In
terms of electrical conductivity (EC), its values in both effluents were not significantly different at
first. However, the EC decreased over time due to the consumption of various nutrients and cations
and anions by plants. At the same time, control treatments (without plants) saw an increase in this
parameter due to evaporation. Regarding the reduction of coliforms, in treatments containing plants
up to the seventh day, the number of coliforms showed a decrease of a 99.8%. In raw wastewater,
the number of coliforms decreased from 460000 MPN / 100mL to 193 MPN / 100mL on average,
which means 99.95% reduction. It is if note that on the 14th day, the coliforms almost disappeared.

Conclusions

As it takes too long for plants to fully grow, time was considered a limiting factor. After
examining the ability of Vetiver grass to treat municipal wastewater and analyzing the measured
parameters, it is concluded that the application of the Vetiver (VS) system for wastewater treatment
is an effective, natural, green, simple, cost-effective and practical solution. The use of this system
in complementary treatment reduces the use of chlorine to eliminate pathogens. As a result, the
destructive effects of chlorine on the environment and humans can be prevented. In this regard,
Vetiver plants for hospital, industrial and pharmaceutical waste is recommended.
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Table 1- Levels of variables used in this study

Variable

Level

Untreated wastewater Raw

Treated wastewater Purified
(Pur)
Plant density (4) Plant
Plant density (8) Plant
. Aerobic
Aerobic tanks (An)
. Anaerobic
Anaerobic tanks (An)

&M)T d_' 20 0l oolaiw! (sl ylowd Ji),.‘&rb C}b -y J,,\;
Table 2- Factorial design of variables used in this study

Number Treatment

Anaerobic control tank

Aerobic control tank

Anaerobic tank with density of 4 plants
Aerobic tank with density of 4 plants
Anaerobic tank with density of 8 plants
Aerobic tank with density of 8 plants

1 AnO
2 Ar0
3 An 4
4 Ar4
5 An 8
6 Ar 8
140 -
120 -~
‘T 100 -
RS
i 80 4
3
S 60
S 40 -
20 ¢
0 ‘
0 15

30

45 60 75 90 100
Day

Fig. 3- Average leaf growth during the experiment
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Table 3- Analysis of variance of measured parameters

Variables df Mean
squares
Wastewater 1 46908.34 ™
Density 2 108420.13™
Aerobic treatment 1 14661.17™
Wastewater x Density 2 171590.88"
Wastewater x Aerobic treatment 1 152295.06*
Density x Aerobic treatment 2 6656.17 "
Wastewater x Density x Aerobic 2 108161.9*
Main error 24 41096.47
Time 3 52981.06™
Wastewater x Time 3 37344.78™
Density x Time 6  120625.96™
Aerobic treatment x Time 3 2737.43™
Wastewater x Density x Time 6 21877.49™
Wastewater x Aerobic treatment x Time 3 17321.69"
Density x Aerobic treatment * Time 6 2071.38™
Wastewater x Density x Aerobic x Time 6 12421.58*
Total error 72 5829.16
(%) CV 6.35
ns: Not significant
+: Significant at 10 percent level
*: Significant at 5 percent level
**: Significant at 1 percent level
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Fig 5- Changes of Electrical conductivity (EC) in different treatments through time
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Table 4- Analysis of variance of measured coliform

. Mean
Variables df squares
Wastewater 1 4.26™
Density 1 5.87"
Aerobic treatment 1 0.005"
Wastewater x Density 1 4.29™
Wastewater x Aerobic treatment 1 0.19"
Density x Aerobic treatment 1 0.006 "™
Wastewater x Density x Aerobic 1 0.74™
Main error 16 0.09
Time 2 75.86™
Wastewater x Time 2 1.27*
Density x Time 2 3.63"
Aerobic treatment x Time 2 0.17"
Wastewater x Density x Time 2 2.62™
Wastewater x Aerobic treatment x Time 2 0.05"m
Density x Aerobic treatment * Time 2 0.12*
Wastewater x Density x Aerobic x Time 2 0.37™
Total error 32 0.05
(%) CV 6.4

ns: Not significant
+: Significant at 10 percent level
*: Significant at 5 percent level
**: Significant at 1 percent level
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