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Abstract

Several macrophytes are being tested in experimental wetlands systems in Cameroon, for the
treatment of domestic wastewater. The aim of the present research was to assess the
performances of a yard scale surface flow wetland vegetated with Echinochloa crus-pavonis,

251 www.macrothink.org/jbls



Institute ™ 2013, \Vol. 4, No. 2

in the removal of nutrients and faecal bacteria from primarily treated effluent. A wetland
vegetated with the macrophyte and a non-vegetated wetland (control) were continuously fed
with primarily treated domestic wastewater at organic loading rates varying from 20.74 to
27.15 g BOD/m%day in dry season and the rainy season for two consecutive years.
Physicochemical and microbiological characteristics of water were monitored at the entries
and exits of the wetlands alongside the growth attributes of the young plants during each
season. Plant densities in the bed increased with time during each season of the experiment, and
not significantly lowered during the following season after harvest. Percentage removal ranges
of 89-95 % and 75-93 % were observed for faecal bacteria during the dry and the rainy seasons
respectively in the vegetated beds, as compared to ranges of 25-71 % and 24-73 % recorded in
the control bed. The same trend was observed for nitrates and orthophosphates with removal
rates of up to 62 % and 82 % respectively as compared to 40 % and 47 % recorded in the
control. The vegetated bed was significantly more efficient than the control in the reduction of
several parameters, but this varied with seasons.
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1. Introduction

Lack of proper sanitation coupled to high population growth in urban areas of developing
countries has adverse effects on water quality (Denny, 1997; Kivaisi, 2001). About 51 % of
African countries suffer from severe environmental pollution, with 78 % of towns lacking
adequate services for the evacuation and treatment of wastewater (Morel, 1996). In many cases,
sewage from industries and agglomerations is piped or drained into the nearby aquatic
ecosystems. As a result, surface and ground water are heavily polluted (Fonkou et al., 2005a).

Limitations with natural wetlands and the absence of operational wastewater treatment systems
in most developing countries have led to a growing interest in wetland technology (Kern and
Idler, 1991; Tchobanoglous 1987; Agendia, 1995). Wetland treatment systems offer several
advantages such as the simplicity of construction, the low operational costs, and the capability
to withstand excess organic and hydraulic loads (Wolverton, 1987). These advantages are
especially important in warm tropical climates that are conducive for high biological activities
(Kivaisi, 2001).

There are two common types of constructed wetlands: the Surface Flow (SF) and the
Subsurface Flow (SSF) wetland systems (Mankin, 2003). The SF system is characterized by
water flowing at a shallow depth above the surface of the substrate. The SSF or vegetated
submerged bed wetland contains a porous substrate with water flowing below it. Macrophytes
in the wetlands filter particles, and are known to absorb nutrients produced by the biological
activities of microorganisms symbiotically associated to their underground parts (Hammer,
1989; Reed et al., 1995; Ingersoll and Baker, 1998; Brix, 1999; Liu et al., 2000; Wetzel, 2000).
Pathogens in the wastewater degrade over time or are mitigated in the soil by naturally
occurring microorganisms (Kadlec and Knight, 1996).

The application of wetland technology for wastewater treatment in tropical regions remains
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limited despite the recognized advantages of higher operational temperatures leading to better
treatment efficiencies (Kivaisi, 2001). In Cameroon, macrophytic lagoon systems using
floating aquatic macrophytes were found to be very efficient in the removal of nutrients and
pollutants in domestic wastewater (Agendia, 1995; Kengne et al., 2003). Less attention has
nevertheless been focused on emergent wetland plants, which may have longer growing
periods with important biomass production, leading to possible long term absorption and
bioaccumulation of pollutants. Preliminary studies have identified and postulated many local
aquatic plants growing in natural wetlands for the treatment of domestic wastewater (Fonkou et
al., 2005b).
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E. crus-pavonis is suited for ensilage and is used as cattle fodder especially in India and areas
of East Africa where it is sometimes cultivated for this purpose. In Egypt, this plant is used for
the phytoremediation of saline and alkaline areas (Holm et al., 1977). In the aim of testing
selected local macrophytes for their use in constructed wetlands for wastewater treatment,
several plant species were collected from their natural environments and were tested in a yard
scale constructed wetlands system. The biomass yields from these macrophytes alongside their
performances in reducing nutrient contents from domestic wastewater were assessed with the
aim of exploitation as fodder in the dry season (Fonkou et al., 2011; Lekeufack et al., 2012).
The present paper focuses on the performances of E. crus-pavonis in the removal of nutrients
and faecal bacteria from domestic wastewater, in a yard scale horizontal surface flow
constructed wetland.

2. Material and Methods
2.1 Site of Study

This study was conducted in a yard-scale constructed wetlands system in the campus of the
University of Dschang, located between latitudes 5°25° and 5°30° North and between
longitudes 10°00” and 10°5° East in the Western Highlands of Cameroon. The climate in this
region is of equatorial type with 4 months of dry season from mid-November to mid-March,
and 8 months of rainy season from mid-March to mid-November. Annual precipitations
estimates range between 1433 mm and 2137 mm, while annual mean temperature is estimated
at 20.8 <C with thermal amplitude of 2 <C. Wastewater used in the study was collected from a
small primary treatment plant receiving domestic liquid wastes from the students’ residence.
Part of the primarily treated wastewater was channelled into a 1.3 m® gutter from where it was
distributed to the experimental wetlands using PVC pipes.

2.2 Design of the Experimental Wetlands

Five wetlands of 3 x1 x<0.6 m® were constructed using cement blocks (figure 1). The insides of
the structures were plastered with concrete, then Cement and Lankofuge ™ for water tightness.
A1 % slope was respected on the bottom of each wetland bed to ease the movement of water
from the inlet to the outlet. Gabions of 30 cm made up of stones of 5-8 cm diameter were
arranged at the inlet and outlet zones of the wetlands, while a drainage layer of about 10 cm
was arranged at the bottom. The outlet structures were adjustable to enable the regulation of the
water level in the substrate. The main filter substrate was a 40 cm column of sand having
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particles size < 2 mm (figure 2). Results presented in this paper are those of CWS5, that was
vegetated with E. crus-pavonis and CW3 that was used as the non-vegetated control wetlands.
The inflow rate was estimated at 205 litres/day. The bed capacity measured from the porosities
of the gabion and the sand filter was 923 litres. The hydraulic retention time (HRT) of 4.5 days

F22 Cepaci s stated by Lorion, 2001. The
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was then calculated from the equation HRT =

Inflow rate

constructed wetlands served as a secondary treatment associated to the existing primary
treatment in which only the particle filter and the digester were still functioning.
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Figure 1. The yard-scale setup of the experimental wetlands’ system.
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Figure 2. Longitudinal section of the horizontal surface flow wetland.
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2.3 Setting up the Experiment

Young shoots of E. crus-pavonis were collected from a natural wetland and washed in fresh
water. After weighing, shoots were planted in CWS5 at a density of 14 shoots/m? (figure 3).
Primarily treated effluent from a conventional treatment plant was collected in a gutter and
allowed to directly flow into the wetlands at organic loading rates varying from 20.74 to 27.15
g BOD/m%day in dry season and the rainy season of two consecutive years. The
characteristics of the primarily treated effluent are presented in tables 1 and 2. After a 2 months
domestication period during which the shoots grew to a standing vegetation considered having
good biological activity, wastewater was allowed to flow continuously into the bed at a loading
rate of 85.43 L.m™.day™ in a horizontal surface flow (HSF) configuration. During each season
of the year, the plants were harvested when 50 % were observed to have flowered in the bed.

Figure 3. Aspects of the vegetation in the wetland after planting of young shoots (A) and at the
start of the performance analysis (B).

Table 1. Physicochemical characteristics of the primarily treated effluent used in the
constructed wetland (mean =SEM, n=26)

Parameters Dry season | Rainy season
CND (S/cm) 37054383 | 22944354
Colour (PtCo) 585491 6164121
Turbidity (FTU) 26643 311.3472
TSS (mg/L) 697463 425458.7
NO; (mg/L) 8.742 5.14.2
PO,” (mg/L) 113+8.7 94.3433
S0,” (mg/L) 14.543 7.843.5
COD (mg/L) 545411 582421.4
BODS5 (mg/L) 22945 244,649
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Table 2. Average counts (log10 units CFU/100 ml) of faecal contaminant indicators (Total
coliforms, TC; Faecal coliforms, FC; and Faecal streptococci, FS) in the primarily treated
effluent used in the constructed wetland (mean =SEM, n=26)

Parameters | Dry season | Rainy season
TC 7.360.22 | 7.4840.27
FC 7.274.34 | 7.574.35
FS 7.764.43 | 7.384).56

2.4 Water Sample Collection and Microbiological Analyses

Water samples were collected at two weeks intervals throughout the research period at the
inflow and the outflow of the CW3 (non-vegetated control) and CW5 (vegetated with E.
crus-pavonis) wetlands, from November 2009 to October 2011. Sterile laboratory glass bottles
of 500 ml were used to collect water samples that were immediately transported for analyses.

In the laboratory, manipulations were carried out in strict conditions of sterility. In aseptic
conditions, 1 ml of homogenous raw sample was measured and added into 9 ml of sterile
distilled water to have 1:10 dilution. This same operation was repeated from the first dilution
until the desired dilution was obtained (1:10, 1:100, 1:1000, 1:10 000, etc). The pipette was
always rinsed between dilutions to avoid contamination. The distilled water was sterilized by
autoclaving in sealed sterile glass bottles for 15 minutes at 121 <C.

Total coliforms, faecal coliforms and faecal streptococci were detected by membrane filtration
following standard methods (American Public Health Association (APHA), 1998; Centre
d’Expertise en Analyse Environnementale du Québec (CEAE), 2005). AC Cellulose
Membranes Filters™ with pore-size 0.45 pm were used on a WHEATON filtering Funnel™
attached to a CM 1500™ vacuum pump.

Appropriate sample volumes, in three different dilutions (10, 10 and 10™*) for effluent or
(10, 10 and 10 for influent were filtered and incubated for each parameter. This was to
ensure having at least a plate with colony counts ranging between 20 to 100 CFU (Hench et al.,
2003). Samples for faecal coliforms were incubated on Difco™ m FC prepared Agar in Petri
dishes at 44.5<C for 24 hrs (Karathanasis et al., 2003, Karim et al., 2008). Thereafter, all
characteristically blue and central white hollowed blue colonies were counted as faecal
coliforms.

Samples for faecal streptococci and total coliforms were respectively incubated on BBL™ Bile
Esculin and Tergitol® 7 Agars at 35<C for 48 hrs (Karathanasis et al., 2003). Thereafter all
characteristically black and yellow colonies were respectively counted for faecal streptococci
and total coliforms. Each result was expressed as number of Colony Forming Units per 100 ml
(CFU/100ml) of sample.

2.5 Measurement of Physicochemical Parameters

The physicochemical parameters including total suspended solids (TSS), Nitrates,
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Orthophosphates, Chemical Oxygen Demand (COD), and 5-days Biochemical Oxygen
Demand (BODs) were measured according to procedures described by Hach Company, 2004).

The % reduction of each parameter in the bed was obtained using formulae below:

. C -C .
% reduction = % x 100, Where: C; = inlet value; Cy = outlet value.

The treatment efficiency of the planted bed was compared with that of the control bed for each
wetland system using the unpaired, one-tailed T-test. The two-tailed Pearson correlation test
was used to evaluate the relationship between the growth and the contributions of each plant to
the treatment efficiency of the vegetated beds in the system. The Student T test was performed
at 0.05 % probability level to compare the means of the parameters measured at the inflows and
the outflows of the wetlands. As concerns microbial population density, data were logio
transformed to obtain the geometric means.

3. Results
3.1 Changes in the Height and Density of Plants in the Bed

Figure 4A presents the changes in height of E. crus-pavonis in the wetland during the first year
of experiment. The height of E. crus-pavonis increased very rapidly in the dry season, from
0.93 m at the start of parameters measuring to 1.65 m at the end of the season. This increase in
height like the density started dropping after two months of parameters analyses till the end of
the dry season. In the rainy season, the young shoots which arose after the dry season harvest
showed very healthy growth with the increase in height presenting almost a linear relationship.
This figure clearly shows that the rate of increase in height was higher in the rainy season than
in the dry season. At the time of harvest which marks the end of the season, the tallest plant was
2.65 m height.

In the dry season of the second year after harvesting E. crus-pavonis at the end of the rainy
season of the first year, numerous new shoots arose and grew very rapidly and healthily. The
plants growth showed almost the same trend in height increase but there was no net drop in
height as in the dry season of the first year (fig. 4B). Plants here started flowering after two
months of growth and by the end of the season almost all the plants in the bed had flowered.
Moreover, some individuals especially those found near the inlet gabion of the wetland showed
stunted growth such that, they flowered at very low heights ranging from 15-40 cm only.
Generally, all records of plant growth parameters including the number of leaves per plants,
leaf length and width and density in bed were generally higher compared to data recorded
during the dry season of the first year.
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Figure 4. Changes in the height of the vegetation in the bed during the dry and the rainy seasons
of the first year (A) and the second year (B)

The thirty-two young shoots of E. crus-pavonis transplanted in CW5 immediately entered into
the growth phase where they grew and multiplied rapidly to produce a population density of
376 plants/m® two months after transplanting. After this period, the density of the plant
continued to increase rapidly for one month after which it started dropping till the end of the
dry season of the first year (fig. 5A). In the rainy season, the young shoots which arose grew
rapidly without any inconveniency and covered the entire bed. At the start of parameters
analyses, the density of plants in the wetland increased slowly to a density of 166 plants/m? at
the end of the season.

In the second year when the plants were harvested to mark the end of the first year, the new
shoots which arose grew rapidly and healthily colonizing the entire wetland. At the start of
parameters measurement just one month after harvest, the wetland had a density of 186
plants/m?. At the end of the dry season when the plants had flowered, the density was 517
plants/m?. In the rainy season, the species had a slow rate of increase in density but, by the end
of the season the density in the wetland was not less than that at the end of the dry season (fig.
5B). It is also seen that the rate of increase in density was more in the dry season than in the
rainy season. But there was no significant difference between the two seasons statistically
(P>0.05)
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Figure 5. Evolution of plant density in the bed during the dry and the rainy seasons of the first
year (A) and the second year (B)

3.2 Removal of Faecal Bacteria

The average removal of indicator bacteria at the outflow ranged between 86 % and 95 % in the
vegetated wetland, and between 24 % and 71 % in the non-vegetated control during the first
year (table 3). In the second year, this overall removal ranged between 75 % and 94 % in the
vegetated wetland, and between 55 % and 71 % in the non-vegetated control (Table 4). As the
wastewater passes through the vegetated wetland during the first year, the reduction of faecal
coliforms varied from 0.01 log units to 4.0 log units in six weeks, but dropped to 0.63 log units
at the end of the season. In the control wetland, the highest reduction (1.2 log units) was
obtained at the 4™ week (fig. 6A). During the second year, a similar variation was observed,
with reductions ranging from 0.7 log units to 3.0 log units. Similar performances were
observed for the non-vegetated control wetland during the two dry seasons (fig. 6B).

3.5 =
45 =
4 - A 3 B
£ 35 1 2.5
S5 1 = Control
Bo 2 -
2125 B Vegetated
.E 2 - 15 -
=
e 1 -
& 1 -
0.5
05 =
0 - 0 -
0 2 1 6 8 10 12 0 2 4 6 8 10 12 14 16
Time (weeks) Time (weeks)

Figure 6. Reduction of the faecal coliforms counts in the vegetated and in the control wetlands
during the dry seasons of the first year (A) and the second year (B).
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During the first year, reductions of faecal coliforms recorded in the vegetated wetland varied
from 0.3 log unit in the first week to peak of 2.09 log units after 12 weeks, and then started
dropping till 1.17 log units reduction at the end of the season (fig. 7A). In the control, a similar
trend was observed, with an increase from 0.12 to 1.2 log units in 12 weeks, followed by a drop
to 0.05 log units at the end of the season. However, the Student’s t-test revealed that the

vegetated wetland was significantly more efficient (P< 0.05) than the non-vegetated control.
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Figure 7. Reduction of the faecal coliforms counts in the vegetated and in the control wetlands
during the rainy seasons of the first year (A) and the second year (B)

During the second year the variation in the reduction was not similar. In the vegetated wetland,
it dropped from 2.53 log units in the first week to 0.72 log units after 8 weeks, and then
increased to 1.7 log units at the end of the season. In the control, the reductions instead
increased from 0.83 log units to 1.2 log units’ reductions after 10 weeks and then dropped to
0.82 log units at the end of the season (fig. 7B). Comparing the performance of the wetlands in
the rainy season of the first year with those recorded during the second year, there was no
significant difference between the vegetated wetlands as well as the controls.

Table 3. Average percentage removals of faecal bacteria (Total coliforms, TC; Faecal coliforms,
FC; and Faecal streptococci, FS) in the outflow of the vegetated and the control wetlands
during the dry seasons of the two years of experiment

Parameters First Year Second Year
Vegetated Control Vegetated Control
T.C 93.9943.00 | 25.6949.79 | 89.2643.53 | 59.1+12.5
F.C 95.0043.70 | 71.5435.67 | 94.61+1.97 | 63.4949.73
F.S 91.9743.04 | 54.73#+11.90 | 93.2942.53 | 55.0247.24
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Table 4. Average percentage removals of faecal bacteria (Total coliforms, TC; Faecal coliforms,
FC; and Faecal streptococci, FS) in the outflow of the vegetated and the control wetlands
during the rainy seasons of the two years of experiment.

Parameters First Year Second Year
Vegetated Control Vegetated Control
T.C 88.184#3 | 51.05+10.78 | 75.3745.80 | 55.3749.46
F.C 87.7044.56 | 43.5747.98 | 92.6842.93 | 73.0547.87
F.S 86.3444.03 | 24.431+4.71 | 93.05+198 | 71.16+10.42

Faecal streptococci concentrations were not very variable at the outflow of the wetlands in the
dry season of the first year (fig. 8A). However, the reduction in the number of colonies
increased slightly from 0.78 log units to 5.18 log units after 10 weeks, and dropped to 0.5 log
units at the end of the season. A similar trend was observed in the control wetland but with peak
on the 8™ week.
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Figure 8. Reduction of the faecal streptococci counts in the vegetated and in the control
wetlands during the dry seasons of the first year (A) and the second year (B)

During the second year, there was no consistent variability in the reduction of faecal
streptococci counts in both the vegetated and the non-vegetated control (fig. 8B). In spite of the
non-consistent variability at the outflow of the wetlands, there was an important statistical
difference (P<0.05) between the two wetlands. Also, there were no significant seasonal
differences between the first year dry season and that of the second year even though the
second year dry season appeared to be more efficient than that of the first year.

Figure 9 shows the evolution of the reductions of faecal streptococci counts in log units of CFU
in the outflow of the vegetated and the non-vegetated control wetlands during the rainy season
of the first year (A), and the rainy season of the second year (B). Figure 9A shows clearly that
the vegetated wetland was highly more efficient (P< 0.05) than the control in the first year.
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Figure 9. Reduction of the faecal streptococci counts in the vegetated and in the control
wetlands during the rainy seasons of the first year (A) and the second year (B)

During the second year, the reductions increased from 1.9 log units in the first week to 1.93 log
units after 6 weeks and then dropped to 1.2 log units at the end of the season. A similar
variability was observed at the outflow of the control and there was no significant difference
between the performances of the two wetlands although the vegetated wetland appeared to be
more efficient at all times. The statistical analysis also revealed no significant differences (P>
0.05) between the two seasons of the different years.

The evolution of the total coliforms reductions at the outflow of the wetlands during the dry
seasons of the experimental period is presented in figure 10. During the first year, the reduction
in total coliforms counts at the outflow of the vegetated wetland increased almost in a linear
trend up to the 8" week. After this week reduction decreased also in the same way till the end of
the season. Even though there was no consistent trend in the reductions of total coliforms
counts at the outflow of the control, the Student’s t-test revealed significant differences (P
<0.05) between the vegetated and the control wetlands during this season. The reduction on
total coliforms counts in the dry season of the first year varied between 0.93 and 1.82 log units
in the vegetated wetland giving an average reduction of 89 %, and between 0.02 and 0.3 log
units in the control with an average reduction of 59%. The average reductions were 1.32 and
0.17 log units respectively in the vegetated and control wetlands.
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Figure 10. Reduction of the total coliforms counts in the vegetated and in the control wetlands
during the dry seasons of the first year (A) and the second year (B)

In the dry season of the second year, there is a high variability with no consistent trend in the
evolution of the reduction of total coliforms in both the vegetated and the control wetlands. In
the vegetated wetland the reduction varied between 0.5 and 2.4 log units whereas in the control
it varied between 0.02 and 1.09 log units. The average reductions were 1.29 and 0.6 log units in
the vegetated and control wetlands respectively. Comparing the two wetlands during this
season, there was no significant difference between them (P >0.05). Also, the vegetated
wetland in the dry season of the first year was in the average more efficient in the reduction of
total coliforms than in the second year, but there was no significant difference between the two
seasons (P >0.05).

Figure 11 presents the evolution of the reduction in total coliforms counts in the vegetated and
control wetlands during the rainy seasons of the first year (A), and of the second year (B). In the
first year, the reductions in the vegetated wetland presented a high variability throughout the
season; changing from 0.62 log units to 1.4 log units. A similar variability is observed for the
control wetland where the reduction throughout the season varied from 0.23 to 0.77 log units.
The T-test analysis revealed significant differences (P > 0.05) between the vegetated and the
control wetlands.

During the second year like in the first, the concentration of total coliforms was lowered more
in the vegetated wetland than in the control. The reduction varied between 0.38 and 1.3 log
units in the vegetated wetland with an average reduction of 0.71 log units while in the control,
it varied between 0.07 and 1.3 log units with an average reduction of 0.47 log units, but the
statistical analysis revealed no significant differences between the two wetlands. Comparing
the two rainy seasons, there was no significant difference between them too.
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Figure 11. Reduction of the total coliforms counts in the vegetated and in the control wetlands
during the rainy seasons of the first year (A) and the second year (B)

3.3 Reduction Rates of Physicochemical Parameters

During the dry season of the first year, the parameter with the highest removal rate was TSS
(74.78 %), followed by nitrates (63.69 %), while the least reduction rate was recorded for
phosphate. These removal rates followed the same trend in the control wetland with the least
removal rate of 13.21% being recorded for conductivity followed by phosphate (17.5 %). The
most reduced parameter in the control was TSS (68.38 %), and the nitrates were the nutrients
with highest removal rates (46.58 %). The vegetated bed was always more efficient than the
non-vegetated control in this season, but there was no significant difference (P>0.05) between
the wetlands. Although the concentrations at the outflows were statistically different with the
inflow, the differences between the outflows of the wetlands were not statistically significant.
However, during the rainy season of the first year, the concentration of BODs at the outflow of
the vegetated bed was significantly different (P <0.05) from that of the control as well as the
inflow.

During the dry season of the second year, the trend was very different from that of the first year.
The phosphates were instead the nutrients with the highest removal rate (80.51 %) in the
vegetated wetland followed by nitrate (60.05 %) and then the TSS). The conductivity was the
parameter with least removal efficiency (21.7 %) in this wetland followed by the COD
(42.85 %). In the control, the trend was not the same thus, the TSS was the parameter with
highest removal rate (76.52 %) followed by the phosphate (66.57 %). However, the removals
of the different parameters between the two wetlands were not statistically significant (P>0.05).
The vegetated wetland had higher efficiency in the reduction of nitrates than phosphates in the
dry season of the first year, but not in the second year.

In the control wetland, the TSS remained the most reduced parameter and the conductivity the
least reduced. Meanwhile in the vegetated wetland, the most reduced parameters were TSS in
the first year and phosphate in the second year while conductivity remained the least reduced
parameter in the dry season of both years.).
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In the vegetated wetland, the nutrient with the highest removal rates (58.06% and 62.61%)
respectively in the first and second years were the nitrates. The phosphates were removed at
(50.36% and 55.58%) respectively in the first and second years. The parameter with the highest
removal rate (91.48%) in first year, and (86.47%) in the second year was the TSS. Conductivity
remained the parameter with least removal rates in the rainy season of both years.

In the control wetland during the rainy season, the TSS was still the parameter with highest
removal in both seasons (86.19 % and 78.75 %) respectively in the first and second years. For
the nutrients, nitrates had highest removal (39.77 %) in first year while phosphates were
removed at 47.48 % in the second year. In the rainy seasons, the vegetated wetlands were
generally more efficient than the non-vegetated control but, statistical analyses revealed no
significant differences (P>0.05) between the wetlands in each season. Also, there were no
significant differences (P>0.05) between the performances of the wetlands in the rainy seasons
of the different years.

During the second year, the BODs concentrations at the outflow of the vegetated bed were
always less than those of the non-vegetated control. However, the concentrations in the dry
season were statistically very different (P <0.05) with the inflow but not with the
non-vegetated control. In the rainy season of the same year just like in the first, the BODs
concentrations at the outflow of the vegetated bed were statistically different from those of the
inflow as well as those of the non-vegetated control.

4. Discussion

Plants densities in both the dry and rainy seasons of the second year were lower but not
significant (P >0.05) than the densities in the first year, perhaps in respond to the harvest of the
previous seasons. This observation is different from that of Morison et al. (2000) where, plant
density was considerably higher in the next season as a reflection to harvest in the previous
season.

In the wetland vegetated with E. crus-pavonis, the reduction of faecal bacteria was always
higher than in the non-vegetated control. This confirms the previous reports that, the reduction
of total and faecal coliforms under natural conditions with plants was always higher (Karpiscak
et al., 1996; Thurston et al., 2001; Karim et al., 2008. It is well documented that, plants in
wetlands excrete photosynthetic products and other organic compounds through their roots to
enhance their symbiotic relationship with the soil micro-organisms (Tchobanoglous 1987;
Andrews and Haris, 2000; Karjalainen et al., 2001; Gagnon et al., 2007). It is thought in this
experiment that the presence of plants provided a nutrient rich environment at the rhizosphere
zone. These enhanced the substrate’s microbial density and activity in the wetland, leading to
competition with the faecal bacteria or to the production of toxins which caused their
elimination from the wastewater. These results can again supports the proposal that vegetation
in wetlands through the root exudates activates the growth of ciliate protozoa which are
predators of bacteria (Green et al., 1997; Lester and Birkett, 1999; Gagnon et al., 2007). The
results also supports the assumed role of plants in generating micro-aerobic environment in the
rhizosphere zone for the proliferation of aerobic bacteria which will surely be absent in the
non-vegetated control (Weif3er et al., 2002). The wetlands were more efficient in the reduction
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of faecal indicators during the dry season of the second than in the first year but, with no
significant difference (P >0.05) between the two seasons. These results could have been due to
the well-established natural flora in the systems. It also indicates that, the system constructed in
series may have a good capacity to remove even pathogenic bacteria from wastewater more
efficiently by the second year of functioning (Greenway, 2005). In the dry seasons, the
reduction trends in the vegetated wetland as well as in the non-vegetated control were similar.
This suggests that bacteria reduction in wetlands could be due to microbial competition and
predation (Karim et al., 2008). Generally the reductions of faecal bacteria in the vegetated
wetland ranged from 0.5 to 5 log units in the first year and 0.6 to 2.5 log units in the second year.
These values are found within the range of values also reported by Arias et al. (2003) in a
vertical flow constructed wetland system vegetated with Phragmites australis. These results
are also similar to those observed by Karathanasis et al., 2003) and Torrens et al. (2009) in
polycultured systems. In the control wetland, reductions in faecal bacteria counts were also
high but not significant. These could only be attributed to the various physical-chemical
mechanisms involved in bacteria removal in constructed wetlands such as solar irradiation and
temperature, filtration and adsorption and subsequent sedimentation (Green et al., 1997;
Davies & Bavor, 2000; Zdragas et al. 2002; Arias et al. (2003); Stevik et al., 2004). Although
there were no significant reductions in faecal bacteria between the different seasons, the
vegetated wetlands were significantly more efficient (P <0.05) than the non-vegetated control
in the reduction of parameters including total coliforms in the dry season of the first year, and
faecal streptococci and faecal coliforms in the rainy seasons of the same year. The absence of
the significant differences (P >0.05) between the non-vegetated control and the vegetated
wetland in the removal of faecal streptococci during the dry season of the first year, could be an
indication that the root system of the plants was not yet well established. But during the rainy
season of the second year, it could also indicate that this species is much more influential not
only in faecal streptococci removal, but in faecal coliform removal during the first year than in
the second year. This explains the absence of significant differences (P >0.05) between the
non-vegetated control and the vegetated wetlands for the removal of all the faecal bacteria
during the rainy season of the second year. Despite the high removal efficiencies recorded in
the vegetated wetlands (between 75% and 94%), the faecal bacteria counts in the outflow was
sometimes still more than 1000 000 CFU/100ml. This value is beyond the recommended levels
of <1000 CFU/100ml for wastewater discharge and reuse (IWA, 2000). These suggest the
construction of vegetated beds in series to meet with the recommended levels for discharge and
reused in agriculture. The vegetated bed with E. crus-pavonis was most efficient in the removal
of faecal coliforms generally followed by total coliforms. These results are similar to the results
of Lekeufack et al., 2012) using E. pyramidalis in a similar system. The best performances of
the bed occurred in the dry seasons, although with no significant differences with the rainy
seasons.
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The passage of wastewater through the different wetlands in different seasons resulted in the
reduction of different contaminants to considerable levels; however, the presence of vegetation
further improved the efficiency in the vegetated wetland compared to the non-vegetated control.
This can again be attributed to the fact that, the plants produce root exudates which enhanced
microbial density and thus their pollutant degradation activity in the wetland (Weil3wer et al.,
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2002; Gagnon et al., 2007). The average BODs removal rate in the control wetland (29%) was
significantly lower (P<0.05) than in the vegetated wetland (46%). Often, sedimentation,
adsorption and microbial metabolism are usually considered as the primary mechanisms of
BOD removal in wastewaters, it is likely that the roots of the plants and the many falling leaves
in the rainy seasons provided more selling medium than the gravel alone in the non-vegetated
control. At the same time these plant material increase the food source for the proliferation of
microbial population for biodegradation (Karathanasis et al., 2003).

Although the removal efficiencies of the nutrients were always higher in the vegetated wetland
than in the non-vegetated control, there were no significant differences between them. The
removal of nutrients (nitrates and phosphates) in wetlands is by plants and microbial uptake
where inorganic nutrients are converted to organic biomass (Greenway, 2005). Although other
authors have reported the high removals of phosphorus species than the nitrogen species in
vegetated systems (Sooknah and Wilkie, 2004; Henry-Silva and Camargo, 2006; Lekeufack et
al., 2012); the present work instead revealed a non-significant higher removal of nitrogen
species than the phosphorus species in the vegetated bed.

The removal rates of TSS were in most seasons higher but not significant in the vegetated beds
than in the non-vegetated control. This was similar to the observations of Karathanasis et al.,
2003) in polycultured systems, but contradictory to the results published by Thomas et al.
(1995) where the removal efficiency was higher in non-vegetated control.

5. Conclusion

The vegetated bed with E. crus-pavonis was most significantly efficient in the removal of
faecal coliforms throughout the two years of study followed by the total coliforms, compared to
the non-vegetated control. The age of the vegetated bed generally did not have any positive
influence in the removal of faecal indicators from wastewater and showed the best efficiencies
during the first year. The presence of vegetation in the constructed wetland significantly
increased the performance of the wetland in removal of BODs from wastewater. The presence
of E. crus-pavonis in bed highly influenced the removal of faecal bacteria and the reduction of
physicochemical characteristics of wastewater; highly suggesting the recommendation of this
macrophyte for use in constructed wetland technologies for domestic wastewater treatment.
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