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The use of natural processes, including the physiological potential of plants,
is a suitable solution. In this study in order to assess the effect of waste
leachate and industrial wastewater on the absorption of heavy metals by the
Vetiver plant, two separate factorial experiments were performed in the
crop year 2020-2021 as a completely randomized design. Experiment
treatments factors included waste leachate and industrial wastewater use
separately on 5 levels (0, 25, 50, 75, and 100%) in three replications (B1,
B2, B3) and two irrigation periods of 5 and 10 days (A5, A10). The amount
of iron, zinc, copper, manganese, potassium, and sodium measured in
vetiver showed waste leachate had a significant effect at the level of 5% (P
<0.05). Meanwhile, the use of industrial wastewater had a significant effect
on the amount of iron, zinc, copper, manganese, and sodium absorbed by
the vetiver at the level of 5% (P <0.05) but it had no significant effect on
the potassium amount (P> 0.05). R4Al1 and W5A1 treatments showed a
relatively good response with a decrease in biomass production below 10%
compared to the control treatment. According to the results, the Vetiver
species has relatively high compatibility in the absorption of heavy metals
with unconventional waters and can have a special application for soil and
water protection.

© Authors, Published by Environment and Water Engineering journal. This is an open-access
article distributed under the CC BY (license http://creativecommons.org/licenses/by/4.0/).
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Introduction

It is vital to find a safe way to reduce soil and
water pollution that is low-cost, fast, and does
not endanger the health of the environment. The
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use of natural processes, including the
physiological potential of plants, is a suitable
solution. The selection of plants that treat
wastewater and contaminated soils while their
growth period in the contaminated condition is
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Efficiency Comparison of Models in Predicting Runoff

completed is so important. Vetiver belongs to the
Poaceae family and is a perennial plant known
for controlling soil erosion, which tolerates a
wide range of pH and levels of toxic and heavy
metals. Necessity for research on the use of
unconventional water resources and its positive
and negative consequences, especially for water-
scarce areas as well as areas with inadequate
water quality, is felt more than ever. The purpose
of this study was to investigate the adaptation of
Vetiver plant species under unconventional water
irrigation for watershed management purposes,
wastewater treatment, and the use of wastewater
to create green space.

Material and Methods

In this study, in order to know the effect of waste
leachate and industrial wastewater on the
absorption of heavy metals from unconventional
waters by Vetiver, two separate factorial
experiments were conducted in the crop year
2020-2021 in a randomized complete block
design. Farm soil was removed from the 30 cm
depth to Greenhouse.
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Fig. 1 Arrangement of waste leachate and irrigation
water treatments

After sieving the soils through a 2 mm, 60 clay
pots were prepared with 10 kg of field soil, 2.5
kg of aeolian sand, and 750 g of organic
fertilizer. Vetiver seedlings were planted and
growth conditions in a greenhouse with a
temperature of 30 °C were prepared. Experiment
factors include, waste leachate on surfaces (R1,
R2, R3, R4, R5) and industrial wastewater at the
levels (W1, W2, W3, W4, W5), each in three
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replications (B1, B2, B3) were performed with
two water stresses at two levels of 5 and 10 days
(A5, A10). The acid digestion method was used
to measure elements in plant samples (Fig.1 and
2).
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Fig. 2 Arrangement of industrial wastewater and
irrigation water treatments

To measure the elements in the soil, 5 g of soil
was poured into an Erlenmeyer flask and 10 ml
of diethylenediamine pentaacetic acid extract
solution with a concentration of 0.005 M was
added to it (DTPA extraction method). The
resulting suspension was stirred for half an hour
and extracted with Whatman 12 filter paper.
After adjusting and calibrating the standards, the
absorption and concentration of the elements
were determined. The data were then analyzed
by SAS software and the means were compared
by the Duncan test.

Results

The experimental results showed that irrigation
with unconventional waters of municipal waste
and industrial wastewater had a significant effect
on the amount of iron, zinc, copper, manganese,
potassium, and sodium absorbed by the vetiver at
the level of 5%. But it had no significant effect
on potassium (P>0.05). Treatments R4Al and

W5A1 are excellent feedback from the
combination of unconventional water and
irrigation stress for biomass in (Vetiveria

zizanioides). According to the results, Vetiver
species has relatively high compatibility in the
absorption of heavy metals with unconventional
waters and can have a special application for soil
and water protection.
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Table 1 Average squares of elements in 5 levels of waste leachate and 2 levels of water stress

Sources of changes Dferggzzsrﬁf Fe (ppm) Zn (ppm) Cu (ppm) Mn (ppm) K (%) Na (%)
Repetition 2 8475.75"° 2590.2 " 20.4 " 5547.5"¢ 5547.6 "¢ 0.06 "¢
Waste leachate 4 25532.3" 8641.3" 39" 15910.5™ 21795" 0.19"
Water stress 1 6.3" 1866.5™ 59.4" 5433.8" 24435" 0.009 "
Waste leachate x 4 7230.7° 1438.5" 16™ 6956/9" 5547.5" 0.05"
Water stress
Error 8 2718.8 1176.2 15.3 818 229.9 0.012
Total 29

"*Non-significant; *significant at the five percent level; **significant at the one percent level

Table 2 The average squares of the elements in 5 levels of industrial wastewater and 2 levels of water stress

s recom Feloom) Znpm)  Cuppm)  Ma(pm) K6 Na(%)
Repetition 2 1713794.97 5768559 350 31485 0.03™ 0.02%
Industrial 4 * 70667.8 *215265.4 89 *5675.5 0.09" *0.06
Wastewater
Water Stress 1 #76120.2 *104.8 *1.08 4273.8"s 0.007"s 0.18"s
Industrial
Wastewater x 4 *41676.6 17832.9° °29 “7479.6 *0.05 *0.02
Water Stress
Error 8 85089.9 5959.2 23 6584.2 0.02 0.012
Total 29

" Non-significant; * significant at the five percent level; ** significant at the one percent level

Conclusions

Vetiver is one of the plants that has distinct and
superior capabilities in the field of growth in
unusual conditions and absorption of pollution
from water and soil. According to the results, the
following results were summarized:

1. In the study of vetiver characteristics, the results
of waste leachate application had a significant
effect on the amount of iron, zinc, copper,
manganese, potassium, and sodium (P <0.05).

2. The highest amount of iron, copper, and sodium
was seen in the fourth treatment of the
combination of contaminated water and irrigation
water in a ratio of 3:1, and the highest yield of
potassium was seen in the third treatment of the
combination of contaminated water and irrigation
water in a ratio of 2: 2 and the highest amount of
zinc and manganese was seen in the fifth
treatment, combination of contaminated water
and irrigation in the ratio of 4:0.

3. Application of irrigation cycle had no significant
effect on yield and its components (P> 0.05). The
highest incremental yield was obtained in 5 days
irrigation cycle and the lowest 10 days of
irrigation.

Environment and Water Engineering

4. The use of industrial wastewater had a significant
effect on iron, zinc, copper, manganese and
sodium (P <0.05) but had no significant effect on
potassium (P> 0.05).

5. Treatments R4A1 and W5A1 provide excellent
feedback on the combination of unconventional
water and irrigation cycle for biomass in vetiver.

At the end, the use of vetiver will have a high
ability to eliminate pollution and will
significantly help to protect the environment.
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Table 1 Physical and chemical Parameters of irrigation water and soil

z Soil " gind Clay silt caco, Or9anic Saturated Nl\(jll;ttrearliiazlid N K P pH EC
=3 Texture Y ¥ carbon  Humidity P
CRER (T.N.V)
§ Loamy Percent ppm dS/m
e Clay 28 26 46 125 0.9 58 47 009 206 10 79 04
8 Br Zn Cu Mn NO; F DS EC
= B pH ps/cm
g mg/l
S8
‘;: 0.5 3 0.05 0.4 50 15 490 7.2 700
A1 Az

ol sladises # MONth ceiS o9 plosl 5l g 285
S polie 6,805l 4y pladl g Jatie o8isle;l 4
A1 A2
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Fig. 2 Arrangement of industrial wastewater and
irrigation water treatments
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Table 2 Results of chemical analysis of industrial wastewater and leachate

.. Total Total
Parameter pH Alkalinity Ssp Ec Al Fe HCO;s Mn Pb Mg Anion  Cation
unit - - % us/cm mg/| meq/I
Waste
955 - - 35763 0122 993 145 006 043 - 5722 3959
leachate
Industrial
wastewater 6.11 216 1602 27200 057 136 36 028 027 15 36 0
Parameter DS Ag cd Zn Co Cu Hg Na K N Pd SO
(meg/)
Waste 31935 00005 0001  3.28 033 001 - 885 - 0107 - 3.65
leachate
Industrial 17408 0.26 0128 605 0106 0105 002 2778 782 007 0992 -
wastewater

5 Ssloxel Slaal slisl) )0 Grae ady) (LAl 4 4z
s abl asils glogs 3,05 Wl e SLrg] cllis
2 gme L g dlj wld o)l Slaye (Ske
oo &)l (F) 5 (F) Jshiz o ol plail yolic 5o

Cax g bazdly - Y
el @2VholS aneyd e 5 JWb pblS alobis
SN 5938 30,5 o8 Cows jaoe 5l cblas g SIS ol
o)y g plede slocablB gljls a5 il glals 5l
L oLS ! (Gravand et al. 2021; Mu et al. 2019) sl

okl 90 e Vg all; it mhaw 0 )0 jolic Slo e 2SSk =Y Jgo
Table 3 Average squares of elements in 5 levels of waste leachate and 2 levels of water stress

Sources of changes Dfegrees of Fe Zn Cu Mn K Na
reedom (mg/l)
Repetition 2 8475.75" 2590.2 s 20.4 s 5547.5"s 5547.6 " 0.06 n-s
Waste Leachate 4 25532.3" 8641.3" 39" 15910.5™ 21795 0.19"
Water Stress 1 6.3" 1866.5"" 59.4" 5433.8" 24435" 0.009 n-s
Waste Leachate & 4 7230.7° 1438.5" 16™ 6956/9" 5547.5" 0.05"
Water Stress
Error 8 2718.8 1176.2 15.3 818 229.9 0.012
Total 29

" Non-significant; * significant at the five percent level; ** significant at the one percent level

Lg)L:.J 590 g Vg o Mol mhaw O (o olic Ol o Sl -F g0
Table 4 The average squares of the elements in 5 levels of industrial wastewater and 2 levels of water stress

Sources of changes Degrees of Fe Zn Cu Mn K Na
freedom (mg/1)
Repetition 2 1713794.9n 576855.9"s 3.5 3148.5"ns 0.03ns 0.02ns
Industrial wastewater 4 70667.8™ 215265.4" 8.9 5675.5" 0.09ns 0.06"
Water stress 1 76120.2" 104.8* 1.08" 4273.8"S 0.007ns 0.18"s
Industrial wastewater& 4 41676.6° 17832.9" 29" 74796 0.05* 0.02*
Water stress
Error 8 85089.9 5959.2 2.3 6584.2 0.02 0.012
Total 29

" Non-significant; * significant at the five percent level; ** significant at the one percent level
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