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ABSTRACT: It is generally accepted that industrial wastewater like tannery effluent is high strength wastewater. The aim of this study was to
examine the capacity of Vetiver grass for the treatment of high strength wastewater in a constructed wetland. Two constructed wetland beds
were designed and one of them was not planted used as a control group. The grass was planted with 20 cm by 20 cm distance from each
seedling. The biometric characteristics of Vetiver grass was evaluated by taking randomly selected clusters of the grass. The concentration of
chromium in the extract of parts of the grass was determined by atomic absorption spectrophotometer. The Chromium bioaccumulation and
Translocation factor was estimated. Composite samples before and after treatment of 4 different hydraulic retention time was collected. The
physiochemical analysis of the wastewater has been carried out. The constructed wetland bed with Vetiver grass performed that, BOD, COD,
NH4-N, NO3-N, TN, PO4-P, and TP were reduced at the retention time of 9 days by 91.9%, 96.3%, 62%, 86%, 88.7%, 96.3%, and 92.2% respectively. Chromium was also reduced by 97% at retention time of both 7 and 9 days over the planted bed. The bed with plant performs significantly
better than without plant at P-value <.01. Therefore, Vetiver grass has a capacity to reclaim high strength industrial wastewater in tropical areas.
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food chains. In this study again, the authors concluded that the
effluent treatment ponds of the textile factory do not efficiently
reduce the chemicals in the discharge. The observed effects of
the “treated effluent” on phytoplankton biomass and fish fry
indicate the undesirable effects the effluent will have on Lake
Hawassa. This finding is also an evident for most of industrial
wastewater discharges to the nearby environment either not
treated or partially treated which indicates that, the need for
efficient and affordable industrial wastewater treatment technology in the country.5
The wastewater treatment technologies can be grouped into
2 main systems: Conventional systems such as activated sludge
and trickling filters and the second systems are non-conventional such as waste stabilization ponds (WSP) and constructed
wetlands (CW). Conventional methods are mostly used in
developed nations while non-conventional methods are
increasingly used in developing ones because of cost implication. Non-conventional methods (ie, WSP and CW) have
been used worldwide to treat wastewater with good performance.6 The systems are generally inexpensive to construct,
operate, and maintain, they are of low energy consumption,
have high pollutant removal efficiencies and have ability to
treat different types of wastewater from various sources.7
Pollutants are removed in constructed wetlands by several
complex physical, chemical, and biological processes. However,
constructed wetland is not complete and perfect to treat especially high strength wastewater since the contribution and potential of substrates is not considered, for example the removal of

Industrial wastewater is the most common source of environmental pollution in the world. It is discharged commonly with
organic matters, hydrocarbons, nutrients, heavy metals, toxins,
and salts which may pollute receiving waters rendering them
unsuitable as a community water supply or pose a threat to
aquatic life and surrounding environment at large United
Nations World Water Assessment Programme (WWAP).1
Industrial wastewaters like tannery effluents are high
strength wastewater than domestic sewage, and relatively more
difficult to treat. The tannery effluents apart from the most
toxic heavy metals like Chromium (Cr), it contains chemical
impurities mostly dissolved substances such as inorganic salt
cations (Fe, Zn, Cu, Ca, Na, etc.); anions such as SO42, NO3−,
PO43− and also physicochemical parameters such as, COD,
TSS, TDS, etc. with high concentration.2
In the world, much wastewater is being generated and most
of them, especially in developing countries are not treated
before discharging into the environment. An estimated of 90%
wastewater in developing countries like Ethiopia is still discharged directly to rivers and streams without any waste processing treatment or after retention period of some hours in
stabilization pond.3 Aquatic ecosystems are used either directly
or indirectly as recipients of potentially toxic liquids from
domestic, agricultural, and industrial wastes.4
A study finding in Ethiopia showed that industrial wastewater discharged without any treatment had an extreme harmful effect to aquatic flora, fauna, and to human beings through
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total phosphorus varied between only 40% and 60% in all types of
constructed wetlands using the sand and gravel as a substrates.8
As Belmont et al9 and Chen et al10 pointed out, constructed
wetland used as a wastewater treatment technologies have a
good potential to effectively remove nutrients, heavy metals,
organic pollutants, suspended solids, and pathogenic organisms. This effective pollutant removal efficiency is directly
related to several mechanisms in the constructed wetland systems. Mainly sedimentation, filtration, volatilization, adsorption, plant uptake, and bacterial activity are involved.11-13 In
designing the good constructed wetland, the main biological
component in the system is aquatic plants (Vetiver grass in this
case). However, it is important in determining the appropriate
plant species that can survive in the wastewater environment,
especially if the intended wastewater is high strength like tannery wastewater, because only suitable plant species can treat a
highly concentrated pollutant in the wastewater.14
On the other hand, the Vetiver is a unique tropical plant that
has been proven and used in some 100 countries for soil and
water conservation, land rehabilitation, pollution control, water
quality improvement and many other environmental applications.15 It is characterized by its large biomass and having a dense
root system extending up to 3 m in depth. Vetiver system is based
on the use of Vetiver grass, which was first recognized for having
“super absorbent” characteristics suitable for the treatment of
wastewater and leachate generated from landfill.16
Taking into account the growth of industrialization in
Ethiopia and the expected demand for wastewater treatment,
low-cost, locally available, appropriate and ecofriendly
approaches play an important role in the development of high
strength wastewater treatment technology in the country. In this
practical approach, this study investigated the principle and
design of subsurface flow constructed wetlands for the efficient
treatment of high strength wastewater focusing on tannery
wastewater by using Vetiver grass as constructed wetland plant.

Method and Materials
Description of the study site
The study was conducted at Modjo town found in Oromiya
regional state, east Shewa zone, Ethiopia (Figure 1).
Since most of the tanning industries in Ethiopia located at
Modjo town, Modjo tannery was selected for this study purposely which is located at Modjo town 70 km far south east
direction from the capital city Addis Ababa, Ethiopia. The
daily wastewater discharge of the tannery during this study was
around 400 m3/day. The wastewater generation has 3 separate
streams; these are general wastewater, chromium containing
wastewater, and sulfide containing wastewater.

Experimental design and setup
Experimental design. Comparative experimental study design
was carried out to evaluate high strength wastewater reclamation capacity of Vetiver grass (Chrysopogon zizanioides) with
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gravel substrate in the horizontal subsurface flow constructed
wetland (Figure 2).
Experimental setup. Two pilot-scale horizontal subsurface flow
constructed wetland beds were established with 4 m length,
0.8 m width, and 0.8 m depth. Each cell was plastered with
cement and covered with plastic materials to protect the ground
water contamination. Each constructed wetland bed was connected with the equalization tank by pipe and fixed 3/4 inch
flow control valve (Figure 2).
Each cell filled with gravel substrate in which one of them
were planted with the Vetiver grass (Chrysopogon zizanioides)
and the other was not planted used as a control. The effective size
of the substrates were determined, it was 5 to 17 mm this is in line
with study done by Alemu et al17 which was ranged 6 to 20 mm.

Operation of the pilot-scale constructed wetland beds
The grass was collected from Holeta agricultural research institute west Shewa, Oromiya regional state Ethiopia and transported to the study site. Prior to the real experiment, the plant
specimen was taken and species identification was carried out in
Addis Ababa University national herbarium unit and the plant
was confirmed as Chrysopogon zizanioides (Vetiver grass).
The grass was planted in one of the bed with 20 cm by 20 cm
distance from each seedling. It was grown for the first 1 month
with tap water and then 75:25 tap water and wastewater ratio for
the next 1 month and then 50:50 ratio for the other 3 months
finally after 5 months nursery and adaptation period the experiment was started using tannery wastewater only without dilution.
Wastewater parameters: The analyzed industrial wastewater parameters were DO, BOD5, COD, TSS, TDS, NH4-N,
NO2-N, NO3-N, Total nitrogen (TN), PO4-P, Total phosphorus (TP), Chloride, Sulfide, Sulfate, Total chromium, pH,
salinity, and EC.
Sample collection methods: The wastewater from different section of Modjo tannery were collected and directed to the
sedimentation tank by passing through screening chamber.
After 24 hour the wastewater pumped from the sedimentation
tank to the equalization tank then based on the 4 different
hydraulic retention time, the flow rate was adjusted and fed to
the constructed wetland beds. Composite samples before and
after treatment of 3, 5, 7, and 9 days hydraulic retention times
were collected. The samples were preserved and transported to
the laboratory by acidification with concentrated sulfuric acid
in glass bottles for COD test and by freezing in Polyethylene
containers for other parameters. Samples have been acidified at
the time of collection with concentrated HNO3 for acid digestion of the sample to heavy metals analysis.
Wastewater sample analysis: Onsite measurement of the
wastewater like temperature, pH, and DO were carried out at
the site in the tannery environmental quality control laboratory
using portable pH meter (Wagtech International N374,
M128/03IM, USA) and DO meter (Hach P/N HQ30d,
Loveland. CO, USA) for Dissolved oxygen and temperature.
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Figure 1. Map of study area.

Figure 2. Schematic diagram of the horizontal subsurface constructed wetland.

The BOD sensor and inductive stirring system AQUA
LYTIC model type ET618-4 and Open Reflux Titrimetric
Method were used to determine BOD and COD respectively.
For NH4-N, NO2-N, NO3-N, TN, PO4-P, and TP, TSS, and
TDS, Chloride, Sulfide, and Sulfate analysis, Phenate method,
Diazotization, Phenoldisulfonic Acid, Persulfate method,
Stannous Chloride, Vanadomolybdo, and acid digestion method,
Gravimetric method, Argentometric Method, Methylene blue

method, and Gravimetric with Ignition of residual, used respectively by using Spectrophotometer (Hach model DR/3900 portable spectrophotometer, Loveland, USA). EC and Salinity also
determined using laboratory method with platinum-electrode
type and electrical conductivity method. Chromium was analyzed by acid digestion for wastewater sample and ash method for
plant and substrate samples using Flame Atomic Absorption
Spectrophotometer (AAS), (model AAS NOUA-400, Germany).
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Table 1. Input wastewater characteristics (concentrations are in mg/L,
except pH, salinity, and EC).
S. N

P

1

pH

2

BOD5

3

o

arameters

M

ean

10.166 ± 2.02

R

ange

8-12

1641 ± 373.55

1243-1984

COD

6953.333 ± 339.41

6593-7267

4

NH4-N

253.3333 ± 11.6

240-261

5

NO3-N

116.6667 ± 26.63

94-146

6

TN

650.3333 ± 93.62

546-727

7

PO4-P

88.06667 ± 40.77

46.5-128

8

TP

144.5333 ± 20.75

128.6-168

9

Sulfide

241.3333 ± 101.16

137-339

10

Sulfate

1072.817 ± 352.74

668.86-1320

11

Chloride

1919 ± 1271.6

657-3200

12

TSS

1868 ± 863.1

1217-2847

13

TDS

5877.3 ± 2294.77

3250-7489

14

EC (μs/cm)

8550 ± 2089

15

Salinity (%)

0.69 ± 0.22

16

[Cr]T

18.33 ± 6.66

6540-10 710

was evaluated by taking randomly selected clusters of the grass
from near to the wastewater inlet point, central, and outlet point
(Figure 3). The plants were manually dug, washed properly with
tap water, followed by distilled water to remove adsorbed soil
particulates, trimmed carefully to separate root and shoot part of
the plant, dry in a direct sunlight for more than 1 month first
(Figure 3) and finally an oven dry was done at 65°C until constant weight is obtained then the dry biomass was measured on
digital weight scale.
The chromium accumulation capacity of the grass was
determined by separating dried plant parts into above and
below the ground levels of the substrate. The concentration of
chromium in the extract was determined by atomic absorption
spectrophotometer (AAS) using standard methods.
Based on the result found from the biometry data of the
plant, The Cr bioaccumulation factor (BAF) and Translocation
factor (TF) of Chrysopogon zizaniodes plant species was estimated (as a method described by Baker et al19 and Shanker
et al20):
BAF =

TF =

14-26

Plant sample analysis
The biometric characteristics of Chrysopogon zizanioides in the
Horizontal subsurface flow constructed wetland (HSSFCW)

mg Cr / L Wastewater

Translocation factor of Cr was also calculated as:

0.44-0.88

These analyses were carried out according to the Standard
Methods for the Examination of Water and Wastewater.18 The
raw tannery wastewater was examined using the above procedures used as an input to evaluate the efficiency of the designed
horizontal subsurface flow constructed wetland (Table 1).

mg Cr / kg dw plant

mg Cr / kg dw above ground
mg Cr / kg dw below ground

Data analysis: Mean and standard deviations were calculated to estimate the concentration of each parameter of the
samples. The pollutant removal efficiency of constructed wetland beds were determined by the formula:
Removal% =

(C0 − Ct ) × 100
C0

Where C0 is the parameter concentration in the untreated
wastewater and Ct is the parameter concentration in the treated
wastewater at the hydraulic retention time t.

Figure 3. Vetiver grass (Chrysopogon zizanioides): Photo Mekonnen Birhanie Aregu.

Aregu et al

Statistical analysis
The hypothesis was tested by 2 sample t-test, using R statistical
software and Originlab: R version 3.2.2 (2015-08-14),
Platform: x86_64-w64-mingw32/x64 (64-bit) to determine
whether an observed difference between the means of the
groups is statistically significant or not.

Result and Discussion
Wastewater treatment efficiency of constructed
wetland bed with and without Vetiver grass
Two equal sized beds were prepared; one of the beds was randomly selected and planted with Vetiver grass. The treatment
potential of this plant was assessed using both control unite (bed
without plant) and the study unite (bed planted with the grass).
After 6 months, the harvested root and shoot length measurement showed that, the mean root length below the substrate
top surface was 43.33 cm and the height of the shoot above the
top level of the substrate was 58.67 cm, which indicates the
root-shoot ratio of 0.74. The growth of the plant in this bed
was limited compared to grown in a normal fertile soil because,
the main characteristics of this plant is having the vertical root
growth which is difficult to pass through the gravel bed.16
Based on the result the dry wet of the root was 80 g and the
shoot was 77 g. The dry mass ratio of the root to shoot was 1.04
in this constructed wetland bed. The reason for this may be the
growth limitation of below the substrate (root) vertically may
be allowed to the formation of abundant root network branch
and making tufted which was weighed greater than the shoot
(above the top substrate level).16,21

BOD5, COD, and TSS removal efficiency of
constructed wetland bed with and without plant
Based on the finding, the concentration of BOD5, COD, and
TSS of the treated tannery wastewater in gravel bed without
plant were (319 ± 35.8, 639.33 ± 46.7, and 105 ± 14.18) and
(310.33 ± 35.64, 607 ± 15.87, and 86.33 ± 5.51) at hydraulic
retention time (HRT) 3 and 5 days respectively. Which is all of
the parameters are out of the standard limit value in both hydraulic retention times. Whereas at HRT 7 and 9 days it was observed
that at 7 days (296.67 ± 20.81, 576 ± 40.95, and 84 ± 7.21 mg/L)
and 9 days (272.67 ± 20.5,548 ± 124.77,and 80.67 ± 5.69 mg/L).
On the other hand the treated wastewater in a constructed
wetland bed with the same substrate and planted with Vetiver
grass (Chrysopogon zizanioides) showed that the concentration of BOD5, COD, and TSS at 3 days HRT (179.66 ± 13,
430 ± 55.67, and 85.66 ± 10.6), at 5 days (171 ± 8.54,
291.66 ± 23.7, and 76 ± 8.54 mg/L), at 7 days (148.33 ± 12.58,
282 ± 15.1, and 73 ± 2.64 mg/L), and at 9 days (133.67 ± 18.22,
255.33 ± 37.16, and 70 ± 8.19 mg/L). In this case the BOD5,
and COD concentration of the treated tannery wastewater
with gravel bed and the plant Vetiver grass was within the permissible discharge limit value by WHO22 and Ethiopian
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Environmental Protection Authority (EEPA)23 but still TSS
was not under the allowable value (Table 2).
The respective percentage removal of those 3 variables in
this planted bed was (89.05%, 93.82%, and 95.41%), (89.58%,
95.81%, and 95.93%), (90.96%, 95.94%, and 96.09%), and
(91.85%, 96.33%, and 96.25%) after 3, 5, 7, and 9 days retention
time respectively (Figure 4).
This result is similar with study done in Kenya, the Vetiver
planted subsurface constructed wetland achieved 82.4% COD
removal and 94.6% TSS removal.24 Another author also obtain
84%, 92.4%, and 95.3% COD removal at 3, 5, 7 days retention
time respectively, which indicates increasing efficiency with
retention time that attributed better contact time for microbial
degradation of organic matters.25
As this finding showed that, the selected plant (Vetiver
grass) was very effective to remove both BOD5 and COD. In
this case this result is proven by previous studies such as a study
done in India, observed that the wastewater treatment using
Vetiver system had significant potential to reclaim the wastewater. The Vetiver system was able to remove 80% to 85% of
BOD5, 85% to 90% of COD.26

Nutrient removal efficiency of constructed wetland
bed with and without plant
The nutrient concentration of the treated effluent through
gravel bed without plant also measured and found to be NH4N, NO3-N, and PO4-P were at HRT 3 days (246 ± 10.15,
94.66 ± 7.37, and 45.66 ± 2.51 mg/L), 5 days (243.66 ± 50.8,
76.66 ± 15.27, and 41.66 ± 7.1 mg/L), 7 days (233.33 ± 30.55,
74 ± 8.18, and 42.33 ± 11.37 mg/L), and 9 days (186 ± 10,
68 ± 3.6, and 38 ± 5.3 mg/L). This result indicated that all the
nutrient parameters were 6 to 8 fold greater than the maximum
allowable treated effluent value.
The better results were shown from treated effluent by
gravel substrate bed planted with Vetiver grass. In this case the
concentration of NH4-N, NO3-N, and PO4-P of the effluent
were after 3 days (205 ± 51.9, 39.33 ± 5.51, and 8 ± 4 mg/L),
after 5 days (166 ± 11.53, 26.66 ± 2.1, and 4.23 ± 0.49 mg/L),
after 7 days (120 ± 6, 22.33 ± 3.51, and 3.8 ± 0.8 mg/L), and
after 9 days (96.33 ± 3.81, 16.33 ± 1.51, and 3.23 ± 0.25 mg/L).
This effluent from gravel bed planted with the grass showed
better quality in terms of nutrient concentration reduction than
the bed without plant. For example NO3-N and PO4-P were
reduced by 86% and 96.33% respectively over 9 days retention
time (Figure 5). The better nutrient removal efficiency achieved
in the planted bed than unplanted may be due to the phosphorus and nitrogen uptake capacity of Vetiver grass this is supported by the study done by Otieno et al.24
Another recent study also evidenced that, both the absorption
capacity of P. Australis in the aerial and root parts and the adsorption capacity of substrates (gravel and sand) were analyzed. Results
showed that the concentrations of TP decreased in the wastewater
at 3 days HRT, showing removal efficiency values of 78%.27
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Table 2. Characteristics of treated wastewater in constructed wetland bed with Vetiver grass at different HRT.
arameters

I f
x
n

e

luent

cept

and

(
/L,
H, EC,
y)

10.16 ± 2.02

BOD5

1641 ± 373.55

3

253.33 ± 11.6

NO3-N

116.66 ± 26.63

TN

650.33 ± 93.62

PO4-P

concentration

at

ff

di

erent

mg

/L, x
e

cept

H, EC,

p

EEPA

and

5

7

 d

6.85 ± 0.57

179.66 ± 13
430 ± 55.67
205 ± 51.9

7.17 ± 1.04

206.33 ± 10
8±4

6-9

7.67 ± 1.53

171 ± 8.54

148.3312.58

133.67 ± 18.22

200

291.66 ± 23.7

282 ± 15.1

255.33 ± 37.16

500

120 ± 6

96.33 ± 3.81

30

26.66 ± 2.1

22.33 ± 3.51

16.33 ± 1.51

10

90.33 ± 6.66

62.33 ± 8.02

73.67 ± 8.48

60

4.23 ± 0.49

3.8 ± 0.8

3.23 ± 0.25

5

16 ± 1

12.33 ± 2.08

11.33 ± 2.11

10

7.2 ± 1.71

166 ± 11.53

39.33 ± 5.51

 d

144.53 ± 20.75

Sulfide

241.33 ± 101.16

9.4 ± 0.7

3.86 ± 1.71

3.63 ± 0.35

Sulfate

1072.82 ± 352.74

370.55 ± 12

115.66 ± 8.14

103.67 ± 7.37

114.13 ± 31.22

533.33 ± 45.1

686.67 ± 20.81

16.66 ± 1.15

Chloride

1919 ± 1271.6

595.66 ± 53.35

530 ± 45.82

TSS

1868 ± 863.1

85.66 ± 10.6

76 ± 8.54

TDS

5877.3 ± 2294.77

1177.66 ± 1006.6

1178.33 ± 17.1

73 ± 2.64

1
—
1000
50/600

70 ± 8.19

1060 ± 52.85

1103.33 ± 23.10

2100

1820.33 ± 10.80

1200

EC (μs/cm)

8550 ± 2089

2307.66 ± 2080.6

1982 ± 9.16

1785 ± 170.88

Salinity (%)

0.69 ± 0.22

0.25 ± 0.05

0.25 ± 0.01

0.24 ± 0.03

0.25 ± 0.03

—

18.33 ± 6.66

0.66 ± 0.32

0.5 ± 0.10

0.47 ± 0.15

0.5 ± 0.1

2

BOD5

COD

7days HRT

9days HRT

TSS

Figure 4. BOD5, COD, and TSS removal efficiency of planted and
unplanted bed.

In this case the hydraulic retention time has an impact in
the reduction of nutrients from the wastewater in the horizontal subsurface flow constructed wetland similar trend shown on
the study of hydraulic retention time and loading rates.25
However, the concentration of phosphate was under the standard value except 3 days hydraulic retention time and total phosphorus also at the borderline at 9 days HRT.

3days HRT
NH4-N

5days HRT
NO3-N

TN

Unplanted

Planted

Unplanted

Planted

Unplanted

Planted

100
90
80
70
60
50
40
30
20
10
0
Unplanted

Planted

Unplanted

Planted

Percentage Removal (%)
5days HRT

Unplanted

Planted

Unplanted

Planted

Unplanted

Percentage Removal (%)

100
90
80
70
60
50
40
30
20
10
0

3days HRT

WHO
WQS

9

 d

TP

TCr

and

irrigation

 d

88.06 ± 40.77

HRT (

y)

6.66 ± 0.76

6953.33 ± 339.41

NH4-N

luent

salinit

salinit

pH

COD

Eff

mg

p

7days HRT
PO4-P

Planted

P

9days HRT
TP

Figure 5. Nutrient removal efficiency of planted and unplanted
constructed wetland bed.

Sulfur and chloride removal efficiency of gravel bed
with and without the grass
The sulfide, sulfate, and chloride concentration of the effluent
from gravel bed without plant were at 3 days HRT (22.66 ± 9.3,
321.28 ± 61.77, and 1251.33 ± 257.59 mg/L), at 5 days (20 ± 2.64,
297.66 ± 38.55, and 1264.33 ± 31.10 mg/L), at 7 days (20.33
± 3.5, 313 ± 13.11, and 1292.67 ± 56.95 mg/L), and at 9 days

Aregu et al

EC, TDS, and salinity reduction efficiency of
constructed wetland with and without Vetiver grass
TDS (mg/L), EC (μs/cm), and Salinity (%) of the effluent
from gravel bed without plant were also determined and found
to be at 3 days (2149.33 ± 106.59, 3955.66 ± 521.38, and
0.28 ± 0.06), at 5 days (2152.66 ± 110.82, 3668.33 ± 293.48,
and 0.30 ± 0.06), at 7 days (2047.67 ± 52.24, 3484.67 ± 54.24,
and 0.3 ± 0.04), and at 9 days (2028.33 ± 10.42, 3547.67 ± 95,
and 0.32 ± 0.07). TDS after 7 and 9 days retention time
reduced by 65.16% and 65.49% respectively, which was under
the standard but both electric conductivity and salinity were
out of it at all hydraulic retention time, however the maximum
reduction of EC and salinity were (59.24% and 59.42% at
HRT of 7 and 3 days).
The concentration of these wastewater parameters from
gravel bed with the plant effluent were at 3 days HRT
(1177.66 ± 1006.6, 2307.66 ± 2080.6, and 0.25 ± 0.05), at 5 days
(1178.33 ± 17.10, 1982 ± 9.16, and 0.25 ± 0.01), at 7 days
(1060 ± 52.85, 1785 ± 170.88, and 0.24 ± 0.03), and at 9 days
(1103.33 ± 23.10, 1820.33 ± 10.80, and 0.25 ± 0.03). TDS was
much lower than the standard value of 2100 mg/L at all retention time. The maximum TDS, EC, and salinity reduction
potential were seen at retention time of 7 days 86.96%, 79.12%,

3days HRT

5days HRT

7days HRT

Planted

Unplanted

Planted

Unplanted

Planted

Unplanted

Planted

100
80
60
40
20
0
Unplanted

Removal Percentage (%)

(30.33 ± 6.78, 307 ± 10.81, and 1214.33 ± 102.50 mg/L). These
values didn’t meet the standards discharge limit set by both
EEPA23 and WHO.22
Similar measurement was done on the sample taken from
the gravel bed planted with the grass, the effluent concentration of those parameters (sulfide, sulfate, and chloride) were at
3 days (9.4 ± 0.7, 370.55 ± 12, and 595.66 ± 53.35), at 5 days
(3.86 ± 1.71, 115.66 ± 8.14, and 530 ± 45.82 mg/L), at 7 days
(3.63 ± 0.35, 103.67 ± 7.37, and 533.33 ± 45.10 mg/L), and at
9 days (7.2 ± 1.71, 114.13 ± 31.22, and 686.67 ± 20.81 mg/L).
The result of this treatment wetland showed that chloride
reduction achieved from (64.22% at 9 days HRT to 72.38% at
5 days HRT) but in all hydraulic retention time the concentration of chloride were under the standard discharge limit value
given by both EEPA23 and WHO.22 A study finding also
showed that 82.6% chloride removal efficiency of constructed
wetland planted with aquatic macrophytes Eichhornia crassipes from textile wastewater.28
The concentration of sulfide after 7 days retention time was
reached to 3.63 ± 0.35 mg/L resulted in reduction of 98.49%
which is nearest to the standard value of 1 mg/L. But the highest reduction of sulfate at 7 days retention time and was 90.34%.
A Study done in Ethiopia and reported on the removal efficiency of sulfate and sulfide, by the constructed wetland planted
with phragmites karka were 71.8% and 88.7% respectively that
yields sulfate and sulfide in the final treated effluent were
88 ± 120 and 0.4 ± 0.44 mg/L respectively.17 This efficiency
difference may be due to the plant type and the strength of the
wastewater enter to the constructed wetland beds.

7

9days HRT

Figure 6. Chromium removal efficiency of planted and unplanted
constructed wetland bed.

and 65.22% respectively. This result is supported with the findings obtained from constructed wetland treatment study using
aquatic macrophytes which shows 90.2% and 87.2% reduction of
TDS and EC respectively from textile wastewater.28

Chromium removal efficiency of constructed
wetland bed with and without plant
Phytoremediation is considered an innovative, economical, and
environmentally compatible solution for remediating some of
heavy metal contaminated sites. It is the use of green plants to
clean-up contaminated soils, sediments, or water. In this study the
expected heavy metal (chromium) from treated tannery wastewater was evaluated and based on the result, the effluent concentration of total chromium from gravel bed without plant at different
hydraulic retention time 3, 5, 7, and 9 days were (8.43 ± 1.1,
10.33 ± 3.21, 10.67 ± 2.1, and 8.33 ± 3.2 mg/L) respectively,
which accounts from 41.79% at 7 days HRT to 54.56% at 9 days
HRT. Whereas its effluent concentration of gravel bed with plant
at 3, 5, 7, and 9 days found to be (0.66 ± 0.32, 0.5 ± 0.1,
0.47 ± 0.15, and 0.5 ± 0.1 mg/L) respectively (Table 2).
The heavy metals like chromium removal mechanisms in a
horizontal subsurface flow constructed wetland include interactions between several wetland elements, such as the plant
biomass (roots, stems, and leaves), biofilm, substrates, and
water.29 In this study the maximum total chromium reduction
was seen by 97.44% at 7 days retention time and the minimum
was 96.40% at the first 3 days retention time by the planted bed
(Figure 6) but all are in-line with the standard limit value. This
result clearly showed that in all hydraulic retention time the
concentration of total chromium from the bed without plant
were beyond the standard allowable value (2 mg/L) and the
reverse was true from the bed planted with Vetiver grass.
The better efficiency of the planted bed was supported by
the previous research findings done by Amenu30 in the tannery
wastewater analysis showed that, the total chromium was
reduced up to 99.3% for an inlet average total chromium loading rate of 40 mg/L. This result difference between the planted
and unplanted bed might be depend on the metal uptake
capacity of the Vetiver grass.
A study conducted in Greece on 2 horizontal subsurface
flow pilot scale units and 2 vertical flow pilot-scale units each
one of them was used as a control filled with gravel substrate

and the other one as a study unit filled same gravel size and
planted with cattail. The applied hydraulic retention times
(HRTs) were 6, 8, and 20 days. According to the findings, horizontal subsurface flow constructed wetland demonstrated
higher removal capacities in comparison to the vertical one
while in both types the planted units indicated better performance compared to the unplanted ones.31
The efficiency of horizontal subsurface flow constructed wetland for the treatment of tannery wastewater by considering different parameters were determined and compared between
unplanted as a control unit and planted bed with Vetiver grass as
a study unit. The result showed quit different findings for different variables at different hydraulic retention time but the overall
treatment efficiency considering all the selected wastewater
parameters for this study from all 4 hydraulic retention time was
tested statistically for their significance difference using 2 sample
t-test statistics. Based on the test statistics, the constructed wetland bed planted with Vetiver grass perform better than the
unplanted bed significantly at P-value <.01.
Study done previously on the potential of vetiver system (VS)
for the treatment of wastewater showed that the wastewater
treatment using vetiver system has significant potential to
reclaim the wastewater. In that study for example, the system was
able to remove 80% to 85% of BOD and 85% to 90% of COD.32

Effect of seasonal variation on the pollutant
removal efficiency of constructed wetland bed
planted with Vetiver grass
In this section the horizontal subsurface flow constructed wetland with vetiver grass was evaluated on the difference in pollutant removal efficiency based on the seasonal variation focus
on dry and rainy season. In this study there was a clear difference in removal efficiency of the horizontal subsurface flow
constructed wetland for many of the wastewater pollutants in
the 2 seasons. For most pollutant parameters, better result was
registered in rainy seasons. Even though there was a difference
in the organics, nutrient, and chromium removal efficiency of
this horizontal subsurface constructed wetland between dry
and rainy seasons (Table 2), the difference was not statistically
significant at the confidence interval of 95% (P-value = .3).
Many researchers concluded that, the pollutant removal
efficiency of horizontal subsurface constructed wetlands was
better in rainy and high temperature season. For example Zhai
et al33 evaluated seasonal variation on the nutrient removal efficiency of full scale hybrid constructed wetland and remarked
that, there was a significant positive correlation on seasonal
variation and nutrient removal was observed.

Seasonal variation of organics removal in the bed
with Vetiver grass
The BOD5 and COD removal efficiency of horizontal subsurface flow constructed wetland with vetiver grass at 3 and 5 days
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retention time in dry and rainy seasons were BOD5 (89.05%
and 89.59%) in dry and (91.54% and 87.66%) in rainy season
while COD (93.82% and 95.81%) in dry and (95.97% and
95.70%) in rainy season respectively (Table 3).
Many researchers reported that seasonal variation had an
effect on the organics removal efficiency of horizontal subsurface flow constructed wetland one of the factor may be
the dilution of the wastewater and another factor also optimum temperature may facilitate the organic matter degradation by the microorganisms for example a study done by
Steer et al34 reported that, the analysis of variance for subsurface constructed wetland systems indicated that biochemical oxygen demand reduction was around 10% less
efficiently reduced during winter and summer season than
the other seasons.

Seasonal variation of nutrient removal in
constructed wetland bed with Vetiver grass
Seasonal variation of nutrients removal efficiency of subsurface constructed wetland with gravel substrate and Vetiver
grass was evaluated in this study. The result showed that
(NO3-N and TN concentration in the effluent were reduced
by (66.29%, 77.15%) and (68.27%, 86.11%) at 3 and 5 days
retention time respectively in dry season and (78.43%, 77.51%)
and (76.81%, 84.51%) at 3 and 5 days retention time in rainy
season respectively (Table 2). In addition to the microbial
nitrification and denitrification, ammonia volatilization, the
plant uptake may contribute for the nitrogen removal. All
these nitrogen removal mechanisms of horizontal subsurface
constructed wetland affected by seasonal variations. In this
study more nitrogen was removed during rainy season. The 2
most important factors were dilution of the wastewater by the
rain water makes lower concentrations of the pollutants and
the tropical temperature with diluted wastewater could be
suitable environment for the growth and multiplication of
microorganisms to degrade the pollutants including nutrients.
Similar study was done previously and concluded that; season
had significant effect on removal efficiency of TN, NH4-N,
NOx-n, TP, and dissolved P with higher values of springsummer period than autumn-winter.35
Phosphate (PO4-P) and total phosphorus (TP) removal
efficiency of this constructed wetland also evaluated in both
dry and rainy seasons. The result revealed that (90.92%,
95.20%) and (88.47%, 88.93%) were removed at 3 and 5 days
retention time respectively during dry season and (91.64%,
93.26%) and (92.53%, 89.03%) were removed at 3 and 5 days
respectively during the rainy season. This indicates that with
similar fashion the efficiency of this constructed wetland
showed better removal efficiency during rainy season than dry
one which is presented in Figure 7. In the same manner like
that of nitrogen, Mesquita et al35 also indicate that its removal
efficiencies were significantly higher in summer periods than
those in winter periods.
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Table 3. Seasonal variation on the wastewater treatment efficiency of constructed wetland bed with Vetiver grass.
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15°C and 80% for temperatures less than 15°C) the efficiency
variation was significant due to the seasonal variation). the
author also conclude that, the effect of temperature on planted
constructed wetland unit performance was mainly caused by
the reeds’ annual growth cycle, as in low temperatures common
reeds limit their growth and usually decay.36
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Seasonal variation with hydraulic Retention Time(Days)

The plant biometry and chromium uptake capacity
Biometry data of the Vetiver grass was analyzed. The basic
biometry data included were growth rate, dry weight, and chromium up take capacity above and below the ground. The result
showed that the mean growth of the grass at the sixth month
above the ground was 58.66 cm and below the ground was
43.33 cm. The grass dry weights also indicate that 77 g above
ground and 80 g below the ground (Table 4).
The chromium uptake capacity of the grass in this constructed wetland bed was evaluated and revealed that, the grass
below the ground uptake more chromium than above the
ground that was (8.88, 36.62 mg/kg) (Table 3).
Based on the result found from the biometry data of the
grass, The Cr bioaccumulation factor (BAF) and Translocation
factor (TF) of vetiver grass was estimated, (as a method
described by Baker et al19 and Shanker et al20). Therefore BAF
of this plant were above the ground (0.48 L/kg) and below the
ground (1.99 L/kg) whereas TF was (0.24).
Plants with more BAF and TF values can remove metals like
chromium from the wastewater that might be due to harvesting
the areal part of the plant removes chromium from the bed.
Plant species with high capacity to translocate chromium from
below the ground to above the ground enhances continuous
absorption of chromium from the constructed wetland bed.37,38
Translocation can reduce again chromium concentration and
hence that reduce toxicity potential of the metal ions to the root.
In general we can say that Vetiver grass (Chrysopogon zizanioides) has an exceptional gift to absorb and to tolerate
extreme levels of nutrients, salinity, as well as a range of heavy
metals and capable of consuming large quantities of water to
produce a massive growth.

Removal efficiency(%)

Figure 7. Seasonal variation of nutrients removal efficiency.

100
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98
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95
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Figure 8. Seasonal variation of total chromium removal efficiency.

Seasonal variation of chromium removal
This research results also illustrated that in the planted horizontal subsurface flow constructed wetland, the maximum
chromium removal efficiency was 97.45% during the rainy
season and 97.27% in dry season at 5 days retention time
(Figure 8). In both season chromium was removed effectively
and the final effluent concentration was below the WHO22
and EEPA23 standard guideline. This little efficiency difference might be due to the dilution effect of the rain water.
Another reason for the removal variation might be the temperature difference between the seasons. Seasons with high
temperature favors for the growth of the plant to have high
biomass and enhances the microbial activities.
Similar result was shown in the study done on the wastewater treatment efficiency of constructed wetland in Greece in
which temperature proved to affect Cr (VI) removal in both
planted and unplanted units. In the planted unit, maximum Cr
(VI) removal efficiencies of 100% were recorded at HRT’s of
1 day. The planted units showed higher Cr (VI) removal efficiencies in the same period (95% for temperatures greater than

Conclusion

The present investigation has achieved good removal efficiency for the removal of various physicochemical wastewater
parameters. Using gravel as a substrate, at different HRTs (3,
5, 7, and 9 days) it was effective in reducing almost all the
physicochemical parameters. The performance of planted

Table 4. Biometry data of Vetiver grass in constructed wetland bed.
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constructed wetland bed was found better in comparison to
the unplanted bed at a significant level, P-value <.01. The
removal of various parameters increased with increasing
HRTs. This pilot scale study demonstrates that, Vetiver grass
(Chrysopogon zizanioides) has a capacity to reclaim high
strength industrial wastewater with different pollutants
including heavy metals and nutrients efficiently. This study
also showed that, seasonal variation affects the removal efficiency of horizontal subsurface flow constructed wetland
with gravel substrate and the plant Vetiver grass.
On the other hand, constructed wetlands are affordable and
reliable green technologies for the treatment of various types of
wastewater. Compared to conventional treatment systems, constructed wetlands offer an environmentally friendly approach,
low-cost, fewer operational, and maintenance requirements, and
have a high potential for application in developing countries,
particularly in tropical countries. Therefore the use of horizontal subsurface flow constructed wetland with Vetiver grass for
the treatment of industrial wastewater in tropical countries like
Ethiopia is recommended.
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