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Abstract 
The objective of this study was to evaluate the potentials of beds vegetated 
with medicinal species (Brillantaisia bauchiensis and Polygonum salicifolium) 
in a constructed wetland for domestic wastewater treatment in the Western 
Highlands of Cameroon. The study was carried out between March and Sep-
tember 2017 on plants collected from a natural wetland in Penka-Michel. The 
two plants species selected based on their ethnobotanical importance were 
transplanted and allowed to grow to maturity in a prepared natural wetland 
at Penka-Michel and a constructed wetland for domestic wastewater treat-
ment on the campus of the University of Dschang. Growth parameters were 
followed for the two plants species in both wetlands. The physicochemical 
parameters and faecal bacteria concentrations were measured only for the 
vegetated and non-vegetated/control beds in the constructed wetland. Over-
all, the two plants species showed increased growth in height, diameter, leaf 
number and plants density. The change in diameter and density were very 
significantly influenced by species type in the constructed wetland than in the 
natural wetland. Generally, plant growth in height, diameter and density were 
higher with B. bauchiensis in the constructed wetland than with P. salicifo-
lium in both wetlands. The mean faecal bacteria removal was higher in the 
vegetated beds for some bacteria than in the non-vegetated/control bed. 
There was a significant difference in the reduction efficiency of TSS, turbidity, 
BOD, Faecal streptococci and Total coliforms bacteria between the inflow and 
the outflow of some treatment beds especially the bed vegetated with Brillan-
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taisia bauchiensis. There were correlations between the two plants species as 
concerns increased plants height, diameter, leave number, shoot number and 
nutrients uptake in the constructed wetland beds compared with the natural 
wetland. 
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1. Introduction 

The negative impact of the increase in world’s population from 6 billion in 2013 
to over 7.5 billion people in 2018 with Africa having about 1.3 billion and 24.054 
million people in Cameroon directly affects the environment. It causes various 
adverse efffects on living organisms and an imbalance on the ecosystem affecting 
drinking water sources, biodiversity, health and reproduction of species [1] [2] 
[3]. 

Aquatic macrophytes are large water tolerant vascular plants visible to the 
naked eye and have at least their vegetative parts growing permanently or pe-
riodically in an aquatic habitat [4]. Wetlands are vital and most biologically di-
versed forms of ecosystems that are transitional between terrestrial and aquatic 
environments supporting predominantly hydrophytes [5] [6]. They serve as pe-
rennial sources of water, avenue for recreation, navigation, cattle grazing, re-
sources for fuels, fodder, and habitat for wildlife. They harbour a huge number 
of medicinal plant species, and also are ecologically very important filters of 
pollutants in solving the pollution problem by using adapted macrophytes to 
improve the quality of the wastewater and run offs that they receive [7] [8] [9] 
[10]. Wetland macrophytes are naturally adapted to an anoxic and hypoxic 
stress conditions by making atmospheric oxygen available through aerenchyma 
tissues at the rhizosphere [11]. They are capable of stabilizing the substrate in 
constructed wetland (CW) by providing good condition for physical filtration 
and a huge surface bacteria growth and removal. Some wetland macrophytes like 
Echinochloa pyramidalis, E. crus-pavonis, Fuirena umbellata and Leersia hex-
andra amongst others have been tested for domestic wastewater treatment and 
these macrophytes under stress conditions of pollution produced high biomass 
in CW which can be valourised [12]-[17]. 

To avoid causing constant and perpetual disequilibrium in ecosystems, 
wastewater needs to be properly treated before discharge and CW technologies 
are used nowadays to mimic the natural wetlands for wastewater treatment 
purposes. They are designed as surface flow (SF) or sub-Surface flow (SSF) sys-
tems using emergent macrophytes and floating macrophytes as used in lagoons 
systems to remediate wastewater with several hydrological, biogeochemical and 
biological benefits. Hence, from a biogeochemical viewpoint, the main function 
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of a CW is the temporary storage and/or removal of chemical substances such as 
total suspended solids (TSS), Chemical Oxygen Demand (COD) and Biochemi-
cal Oxygen Demand (BOD) as well as organic compounds (Phosphorus and Ni-
trogen) removal [18]. 

The high production and indiscriminate discharge of domestic wastewater 
from homes and agro-industries into natural wetlands without any treatment 
has contaminated wetlands and greatly affected the biodiversity in these impor-
tant ecosystems and is a source of many diseases affecting humans [19] [20]. 
This problem can be solved using the ecotechnology of constructed wetland sys-
tems vegetated with wetland plants [21] [18]. This ecotechnology is environ-
mentally friendly and the species used are unfortunately not transferable. 
Therefore, wetland macrophytes should be identified locally for ecological 
wastewater management. Some wetland macrophytes tested for this purpose 
proved to produce high biomasses with high remediation potentials [16] [13] 
[14] [15] but these were not wetland species of medicinal importance like Bril-
lantaisia bauchiensis or B. fulva (Acanthaceae) and Polygonum salicifolum (Po-
lygonaceae) used as food for welfare and healthcare in the Western Highlands of 
Cameroon [22]. 

It was in this light that this study was undertaken using the above mentioned 
wetland medicinal plants species to investigate their phytoremediation potentials 
of domestic wastewater in constructed wetlands. 

2. Material and Methods 
2.1. Location of the Experimental Setup 

The experimental setup was a Yard-Scale natural wetland in Penka—Michel lo-
cated at latitude 5˚27'43.1"N and longitude 10˚14'09.3"E and the constructed 
wetland for domestic wastewater treatment located on the Dschang University 
campus on latitude 5˚26'39.9"N and longitude 10˚04'18.3"E. The climate in this re-
gion is of equatorial type with 4 months of dry season between mid-November and 
mid-March, and 8 months of rainy season between mid-March and mid-November. 
Annual precipitations are estimated to range between 1433 mm and 2137 mm, 
while annual mean temperature is estimated at 20.8˚C with thermal amplitude of 
2˚C. 

2.2. Design of the Experimental Wetlands 

The prepared natural wetland had a surface area of (4 × 2 m2) while the con-
structed wetland comprised of a 3 m3 digester, a distribution gutter (3 m3) and 
three wetland beds (WB1, WB2 and WB3) of volume (4 × 2 × 0.6 m3). All these, 
were constructed using cement blocks filled with concrete and the insides of the 
structures were plastered with a mixture of concrete, then smoothen with ce-
ment (CIMENCAM) mixed Sikalite® and ZUM AbdichtenTM was applied for 
water tightness. A slope of about 1% was respected at the bottom of each wet-
land bed to ease the flow of water from the inflow to the outflow. The con-
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structed wetland beds were then connected to the distribution gutter by polyvi-
nylchloride (PVC) pipes, each having a tap to control the flow rate and to ensure 
the continuous flow of wastewater into the wetland beds. The entire system was 
then linked by a PVC pipe to the deteriorated and abandoned conventional 
wastewater treatment system pre-existing, which served as the primary treat-
ment system (Figure 1). 

2.3. Design of the Constructed Wetland Bed System 

Gabions of 30 cm made up of stones of 5 - 8 cm in diameter were arranged at the 
inflow and outflow zones of the wetland beds. The outflow structures are fitted to 
enable the regulation of water level in the wetland. The main filter substrate is a 45 
cm thick column of sand having particle size of about 2 mm in diameter (Figure 2). 

2.4. Choice of Local Macrophytes for Domestic  
Wastewater Treatment 

Macrophytes used in constructed wetland beds are preferably annual herbs with 
erect stem. Hence, the chioce of the two macrophytes species was based on two 
broad criteria: physiology (Plant life form, plant lifecycle, stem type and cuticle 
thickness) and fedelity index (the citation of plant as medicinal by traditional 
practitioners) [22]. The following scale of preference was constructed with as-
signed values to sum upto 20 points (Table 1) which enabled the selection of the 
plants with the highest value. Therefore, the two plants were annual herbs with  

 

 
Figure 1. Layout of the experimental set up showing primary and secondary treatment systems. 
 

 
Figure 2. Longitudinal section of the wetland bed [13]. 
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Table 1. Selection criteria of local macrophytes for phytoremediation in constructed wet-
lands. 

Life form Lifecycle Type of stem Stem and leaf thickness (Cuticle) Fidelity level 

Herb = 4 

Shrub= 1 

Tree = 0 

Annual = 4 

Biennal = 1 

Perennal = 0 

Erect stem = 4 

Criping stem = 2 

Climbing stem = 0 

Hard stem/leaf = 3 

Hard stem/soft leaf = 2 

Soft stem/soft leaf = 0 

40% - 49% = 5 

30% - 39% = 4 

20% - 29% = 3 

10% - 19% = 2 

0% - 9% = 1 

 
erect stems, hard stem/leaf and high fidelity level (most cited as medicinal 
plants). Another criterion was very little material from Literature review about 
these plants. 

From the above criteria, these two wetland macrophytes were selected with 
high values of 17/20 to be tested in the CW for domestic wastewater treatment. 

1) Brillantaisia cf. bauchiensis Hutch. & Dalz. (Acanthaceae)  17/20 
2) Polygonum salicifolium Brouss ex Wild. (Polygonaceae)  17/20 

2.5. Source of the Wastewater Used in the Study 

The domestic wastewater used in the study was a mixture of the grey and black 
type chennelled from the abandoned conventional treatment plant receiving 
domestic liquid wastes from the students’ residence in campus of the University 
of Dschang at an inflow rate of about 3 m3 per day. 

2.6. Setting Up of the Experiment 

Young shoots of the two plants species were obtained from a natural wetland in 
Penka-Michel sub-division (Menoua Division). These were transplanted in the 
natural wetland in Penka-Michel and in the constructed wetland station on 
campus A of the University of Dschang. In the constructed wetland station, the 
plantlets were transplanted in WB1 and WB3 at a density of 6 plants/m2 as pre-
sented in Figure 3, using the “Rhizome Young shoot Method” (i.e. the young 
shoots may degenerate and the bud on the rhizome will give rise to a new shoots) 
in both wetlands. WB2 was used as the non-vegetated/control bed throughout the 
experimental period. 

The primarily treated effluent from the conventional plant was channelled 
into a secondary digester and then into a 10 m by 0.5 m by 0.6 m gutter from 
where a constant flow of the wastewater into the wetland beds was assured at a 
loading rate of about 35 Lm−2 day−1 with the help of a tap. This wastewater was 
allowed at this rate for one month to ensure the proliferation of microorganisms 
and the adaptation of macrophytes in the wetland beds. This step was the do-
mestication phase after which the survival rate for each species was obtained as 
follows: 

Total number of shoots survived 100
Total number of shoots pl

Sur
ant

vival r t
ed

a e = ×  
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If any macrophyte species had less than 50% survival it was replanted. The 
surviving young plants (Figure 4) were allowed to grow and have standing 
vegetations considered to be having good biological activity. The effluent was 
then allowed to flow constantly into each wetland bed at a loading rate of about 
85 Lm−2 day−1 in a horizontal subsurface flow (HSSF) design, for six consecutive 
months. The transplants in the natural environment received water from the 
surroundings throughout the experiment (Figure 5). 

 

 
Figure 3. Transplanted macrophytes in the wetlands beds: Brillantaisia bauchiensis (a) 
and Polygonum salicifolium (b). 

 

 
Figure 4. Standing vegetation in the wetland beds after two months of growth: Brillantai-
sia bauchiensis (a) and Polygonum salicifolium (b). 

 

 
Figure 5. Standing vegetation in the natural wetland after two months of growth: Bril-
lantaisia bauchiensis (a) and Polygonum salicifolium (b). 
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2.7. Measurement of Physicochemical Parameters of the Wastewater 

The efficiencies of the wetlands in the water quality improvement were evaluated 
by measuring the physicochemical characteristics of the wastewater at the inflow 
and from the outflow of the wetlands. 500 ml of water sample were collected 
from the inflow and from the outflow of each wetland. These were analysed at 
the Research Unit of Applied Botany at the University of Dschang for four con-
secutive months. The parameters measured included the true colour, turbidity, 
total suspended solids (TSS), nitrates ( 3NO− ), phosphates ( 3

4PO − ), chemical 
oxygen demand (COD) and five days biochemical oxygen demand (BOD5). 
However, parameters such as electrical conductivity (CND) and total dissolved 
solids (TDS) were measured directly in the field. All these parameters were 
measured following the standard methods for water and wastewater analyses 
described and published by [23]. 

2.8. Evaluation of the Efficiency of the Wetlands 

The nutrient removal efficiency (%) of each wetland bed for each parameter was 
evaluated from the inflow concentration following the formula below:  

0Efficienc 0y 10i

i

C C
C
−

×=  

where, iC  and 0C  respectively represent inflow and outflow concentration of 
each parameters. 

The densities of plants growing in the natural wetland and those in the CW 
vegetated beds were evaluated following the formula below:  

D Number of shoots
Surface Area

ensity of plants in the bed =  

2.9. Water Sample Collection and Faecal Bacteria Analyses 

Wastewater samples were collected four times in four consercutive months from the 
inflow and outflow of WB1 (vegetated with B. bauchiensis), WB2 (non-vegetated 
control) and WB3 (vegetated with P. salicifolum), from May 2017 to August 
2017. Sterile laboratory glass bottles of 500 ml volume each were used to collect 
water samples that were immediately transported in a cooler to the Research 
Unit of Applied Botany for analyses. In the laboratory, manipulations were car-
ried out in strict conditions of sterility. In antiseptic conditions, 1 ml of ho-
mogenous raw sample was measured and added into 9 ml of sterile distilled wa-
ter to have 1:10 dilution. This same operation was repeated from the first dilu-
tion until the desired dilution was obtained (1:10, 1:100, 1:1000, 1:10,000, etc.). 
The pipette was always rinsed between dilutions and a sterile new pipette was 
used for each sample to avoid contamination. Distilled water was sterilized by 
autoclaving in sealed sterile glass bottles for 15 minutes at 121˚C. Total coli-
forms, Faecal coliforms and Faecal streptococci were detected by membrane fil-
tration following standard methods [24] [25]. AC Cellulose Membranes FiltersTM 
with pore-size 0.45 μm were used on a WHEATON filtering FunnelTM attached 
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to a CM 1500TM vacuum pump. 
Appropriate sample volumes, in three different dilutions (10−2, 10−3 and 10−4) 

for effluent or (10−3, 10−4 and 10−5) 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. Samples for Faecal coliforms were incubated on 
DifcoTM m FC prepared Agar in Petri dishes at 44.5˚C for 24 hrs [26] [27]. 
Thereafter, all characteristically blue and central white hollowed blue colonies 
were counted as Faecal coliforms. 

Samples for Faecal streptococci and Total coliforms were respectively incu-
bated on BBLTM Bile Esculin and Tergitol® 7 Agars at 35˚C for 48 hrs [26]. 
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/100 ml) of sample. 

2.10. Statistical Analysis 

Data were managed using Microsoft Excel and the software R, version 3.0.1 (R 
Core Team, 2013). Results at 95% probability level were considered significant. 
The plants height and diameter were examined for normality using the Shapi-
ro-Wilk normality test. When they were found to be normally distributed, Analy-
sis of variance (ANOVA) with the “summary.lm” function and two classificatory 
factors (species and wetland) were used to test whether there were significant dif-
ferences between the means of parameters in the same site or between parameters 
in the same species in different sites. The distribution of counts of plant leaves (OR 
plant density) in relation to species (P. salicifolium and B. bauchiensis), wetland 
(constructed and natural) and the interaction between the two factors was mod-
elled using log-linear Poisson, with time (every two weeks) serving as covariates. 

A one-way ANOVA with the “summary.lm” function was used to verify the 
existence of significant differences in the means of physico-chemical parameters 
(electrical conductivity, TDS, TSS, turbidity, colour, BOD, COD, 3NO−  and 

3
4PO − ) and bacteriological parameters (Faecal coliforms, Faecal streptococci, 

Total coliforms and E. coli) between the inflow and the outflow wetland beds 
and between the outflows of the wetland beds. 

( )
Model 1: Leaf number ~ Species Site Time
Model 2 : Bactria counts log units ~ treatment bed Time

∗ +

∗
 

3. Results and Discussion 

After one month of adaptation in the natural wetland, all the 45 plantlets of both 
plants species survived in the natural wetland while all 45 survived for Polygo-
num salicifolium and 43 for Brillantaisia bauchiensis survived after one month 
of domestication in the constructed wetland for wastewater treatment. 

3.1. Variation in the Plants Height 

In the natural wetland, both plants gradually adapted in their new site and stea-
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dily grew from an average height of 30.58 cm to 99.49 cm at the end of the expe-
riment with a relative growth rate of 0.055 cm/cm/day for Polygonum salicifo-
lium. The tallest plant here was 140 cm. Brillantaisia bauchiensis also grew from 
an average height of 15.07 cm to 60.03 cm with a relative growth rate of 0.034 
cm/cm/day, the tallest plant here measuring 79 cm. In the CW, both plants 
gradually acclimatized in their new environment and Polygonum salicifolium 
steadily grew from an average height of 28.55 cm to 99.53 cm with a relative 
growth rate of 0.055 cm/cm/day and the tallest plant being 203 cm. Brillantaisia 
bauchiensis as well grew from an average height of 11.6 cm to 114.53 cm with a 
relative growth rate of 0.064 cm/cm/day and the tallest plants here being 165 cm. 
These results show that the two plants species grew taller in the constructed 
wetland than in the natural wetland. These are comparable to those of [16] who 
showed that plants grew taller in the CW. The analysis of variance with two clas-
sification factors showed significant height change with time index of two weeks 
for the two plant species in the wastewater treatment station (P < 0.05). Table 2 
shows the height change with time index of two weeks for the two plant species 
in relation to wetland type. 

The growth in height of P. salicifolium in the natural wetland was significantly 
different from that of Brillantaisia bauchiensis as indicated by the intercept effect 
in Table 2 while that of Brillantaisia bauchiensis in the CW was significantly 
different from of P. salicifolium in the constructed wetland (Table 2 and Figure 
6). The effect of the two factors (wetland and species type), was significant for B. 
bauchiensis as concerns the mean increase in height of the plant  

( )ˆ 6.121 2.583, 0.023Pβ = ± = . For both plants, the growth in height was greatest 
for B. bauchiensis in the constructed wetland ( )10.26 2.583±  as shown on the 
lattice plot (Figure 6) and confirmed in the model output (Table 2). 

3.2. Variation in Plants Diameter 

The diameter of Polygonum salicifolium in the natural wetland increased from an 
average of 3.063 to 7.1 mm giving a relative increase of 0.004 mm/mm/day with 
the largest plant having a diameter of 15.78 mm. Brillantaisia bauchiensis in-
creased from 3.82 to 11.51 mm with a relative increase of 0.0064 mm/mm/day and 
the thickest plant having a diameter of 17.76 mm. The diameter of Polygonum  

 
Table 2. Increase in the mean height of Polygonum salicifolium and Brillantaisia bau-
chiensis (ANOVA). 

Model effects Estimates Standard errors t-values 

Intercept 7.286 1.292 5.641*** 

Natural wetland −2.790 1.827 −0.195 

Constructed wetland −0.356 1.827 −0.195 

B. bauchiensis vs Treatment site 6.121 2.583 2.369* 

* shows the level of significance at probability level of 5%. The intercept is the effect of P. salicifolium and 
natural wetland combined. 
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salicifolium in the CW increased from 4.22 to 9.1 mm with a relative increase of 
0.0051 mm/mm/day and the thickest plant having a diameter of 12.01 mm. Bril-
lantaisia bauchiensis averagely increased from 3.34 to 20.15 mm with a relative 
increase of 0.011 mm/mm/day and the thickest plant having a diameter of 29.61 
mm. These results equally show that the two plants species grew thicker in the 
constructed wetland than in the natural wetland. The changes in the diameter of 
a plant in the different habitats are summarised in Table 3. 

The increase in diameter of Brillantaisia bauchiensis in the Constructed wet-
land was significantly different from that P. salicifolium in the constructed wet-
land as indicated by the intercept effect in Table 3. Brillantaisia bauchiensis in 
the natural was significantly different from P. salicifolium in the natural wetland 
(Table 3 and Figure 7). The change in plant diameter was highly influenced by 
species type and wetland ( )ˆ 0.894 0.269, 0.002Pβ = ± = . In particular, the change 

 

 
Figure 6. Variation in plant height with time in relation to the plants species and wetland. 

 
Table 3. Changes in the mean diameter of Polygonum salicifolium and Brillantaisia bau-
chiensis in the different habitats (ANOVA). 

Model effects Estimates Standard errors t-values 

Intercept 0.469 0.135 3.484** 

Natural Wetland 0.295 0.190 1.550 

Constructed Wetland 0.019 0.190 0.100 

B. bauchiensis vs Constructed Wetland 0.894 0.269 3.321** 

** shows significance at probability level of 1%. The intercept is the effect of P. salicifolium and natural 
wetland combined. 
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in plant diameter was highest with B. bauchiensis in the constructed wetland 
( )1.677 0.269, N 45± =  compared to other species-habitat interactions, as evi-
denced in Figure 7.  

3.3. Leaves Production 

Table 4 shows the difference in leave production between the two plant species 
from the natural and constructed wetlands. 

There was no interaction between species and wetland type in predicting leaf 
production. P. salicifolium in the CW showed a constant trend in leaf produc-
tion, the natural wetland witnessed rather a fall in leaf production. Overall, B. 
bauchiensis had the minimum leaf production irrespective of the wetland where 
it was grown ( )ˆ 0.669 0.120, 0.001Pβ = − ± <  as shown in Table 4 and Figure 8 
though with fewer number of leaves, its leaf length and width was by far longer 
and larger in the CW than in the natural wetland.  

 

 
Figure 7. Changes in diameter of the two plant species in the constructed and in the nat-
ural wetland. 

 
Table 4. Log-linear Poisson model for the number leaves produced 

Model effects Estimates Standard errors Z-values 

Intercept 2.943 0.113 26.491*** 

Natural wetland −0.669 0.120 −5.575*** 

Constructed wetland −0.000 0.988 0.000 

Time −0.005 0.006 −0.705 

B. bauchiensis vs Treatment site −0.112 0.173 −0.640 

*** shows significance at probability level of 0.1%. The intercept is the effect of P. salicifolium and natural 
wetland combined. 
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Figure 8. Mean number of leaves produced by P. salicifolium and B. bauchiensis in the 
constructed and natural wetlands. 

3.4. Shoot Production and Plants Density 

In the natural wetland, the density of Polygonum salicifolium increased from 6 
plants/m2 at the start of the experiment in March to 7 plants/m2 during the do-
mestication phase, to 21 plants/m2 at the end of the experiment while that of 
Brillantaisia bauchiensis increased from 6 plants/m2 to 9 plants/m2 during the 
domestication phase, to 62 plants/m2 at the end of the experiment. The plant 
density of Polygonum salicifolium in the CW increased from 6 plants/m2 at the 
start of the experiment to 15 plants/m2 during the domestication phase, to 49 
plants/m2 at the end of the experiment. As for Brillantaisia bauchiensis, its den-
sity increased from 6 plants/m2 to 20 plants/m2 during the domestication phase, 
and finally to 214 plants/m2 at the end of the experiment in the month of Sep-
tember. The young shoots which arose from both plants species in the wastewa-
ter treatment beds grew rapidly without any inconveniency and covered the en-
tire respective beds with time. 

Shoot production by the two plants species in response to natural and artifi-
cial habitats is summarised in Table 5.  

Figure 9 shows an overall high density of the two plants in the constructed 
wetland than in the natural wetland ( )ˆ 0.875 0.119, 0.001Pβ = ± < . In associa-
tion with wetland type, the density of B. bauchiensis was highest in the con-
structed wetland ( )0.678 0.13 01ˆ 6, 0.0Pβ = ± <  compared to the effect of the 
intercept (Figure 9). Moreover, there was a general increase in the density with 
time ( )ˆ 0.083 0.004, 0.001Pβ = ± <  but this was more perceptible for B. bau-
chiensis in the constructed wetland (Figure 9). 

The growth parameters increased very slowly during the domestication phase as 
the plants were still struggling to adapt in their new but more polluted environment 
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Table 5. Log-linear Poisson model for the density of plants 

Model effects Estimates Standard errors Z-values 

Intercept 0.916 0.119 7.652*** 

Natural wetland 1.061 0.116 9.147*** 

Constructed wetland 0.875 0.119 7.355*** 

B. bauchiensis vs Constructed 0.678 0.136 5.000*** 

Time (Weeks) 0.083 0.004 21.583*** 

*** shows significance at probability level of 1%. The intercept is the effect of P. salicifolium and natural 
wetland combined. 

 

 
Figure 9. Plants density in the constructed and natural wetlands during the experimental 
period. 

 
at the start of the experiments in March (during the dry.season). This slow 
growth might have been due to the fact that the experiment was started in the 
dry season with the plants receiving more concentrated wastewater with minera-
lized pollution. The plants grew rapidly with the coming of the rainy season with 
the highest growth registered within the last weeks of the study when the waste-
water was more diluted with constant rain fall [14] [15] [16] [28] [29]. However, 
some plants especially those closer to the gabions at the inlet showed a stunted 
growth probably due to the high concentration of wastewater at the inlet during 
the dry season. This linear growth in growth parameters was also observed by 
[14] [15] using Echinochloa crus-pavonis and Fuirena umbellata respectively. 

Wastewater is rich in nutrients that enrich and nourish the soil. Plants grow-
ing in wastewater constructed environment make use of these nutrients for their 
growth and development [15] [17]. The plants species in the CW showed in-
crease in plants height and diameter has a function of the rich nitrate and phos-
phate habitat that the plants absorded for its metabolism. Hence, plants heights 
and diameters increased in the wastewater treatement station than in the natural 
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wetland evidently due to the high uptake of nitrate and phosphate compounds in 
the wastewater [30]. Nevertheless, there was more phosphate in the outflow ef-
fluent than in the inflow of the beds indicating that aerobic and anaerobic 
breakdown of organic matter occurred in the treatment beds such that reduction 
efficiency had negative values. Moreover, since there was no significant differ-
ence between the inflow and outflow in nutrient reduction, these could be as a 
result of more aerobic breakdown of the organic matter in the presence of oxy-
gen released at rhizosphere in the vegetated beds and anaerobic breakdown and 
filtration time in both the vegetated and non vegetated beds [13] [31]. A high 
concentration of phosphorus in the outflow wetland bed vegetated with Brillan-
taisia bauchiensis than the inflow was prove that more breakdowns occurred in 
the beds. The relatively large and numerous roots of the Brillantaisia bauchiensis 
plant species probably provided more oxygen for aerobic breakdown at the root 
level. It is observed that more biodegradation of organic matter occurred in the 
wetland treatment beds such that the amount of phosphate in the outflow was 
more than the inflow especially in the treatment bed vegetated with Brilantaisia 
bauchiensis followed by the bed with Polygonum salicifolium. The high growth 
and the linear growth of these plants in the wastewater treatment station is 
probably due to the availability of nutrients particularly Nitrogen and phospho-
rus present in the water which probably resulted from the transformations of ni-
trates and phosphates since these compounds were abundantly available in the 
wastewater but were removed more in the vegetated beds than in the control 
[14] [15]. It is evident that the presence of wastewater significantly increased 
growth of shoots and plant density in CW [15] [32]. The high growth of Brilan-
taisia bauchiensis in the CW was probably due to large surface area exposed for 
maximum sun light and an intimate relationship between growth of the plant 
and chlorophyll content as wastewater contains nutrients that promote growth 
in the number of green leaves and leaf area per plant [33]. The large leaves pro-
vide leaf protein for the plant growth which could be extracted or used for food 
and feed purposes [34] because phytochemicals are naturally occurring sub-
stances found in fruits, vegetables and grains [35] that enable the plants to over-
come stress [36] [37] [38]. Wastewater or sewage water and sewage sludge is 
used nowadays to improve physical, chemical properties and fertility index of 
soil in order to increase production per unit area [39]. The increase in plants 
growth, shoot production and high density corroborates other studies which 
stated that residual effect of sewage or sewage sludge applications increased sig-
nificantly the plant height, fresh weight, grain yield, leaf area, leaf biomass, 
chlorophyll content and Oxygen evolution as well as total soluble sugars and su-
crose content [40] [41] [42]. 

3.5. Efficiencies of Constructed Wetland Beds in the Removal of 
Physicochemical Characteristics 

Figure 10 shows the variations in the removal efficiencies of the some physico-
chemical parameters with time in the treatment beds. Electrical conductivity 
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(CND) was generally higher at the inflow (2738 µS/cm) than at the outflow of 
the wastewater treatment beds ranging between 1885 to 2325 µS/cm. The CND 
at the outflow of the vegetated beds with Brillantaisia bauchiensis (2215 µS/cm ) 
and Polygonum salicifolium (2325 µS/cm) were higher than the outflow of the 
control bed (1885 µS/cm) corresponding to the mean reduction efficiency of 
16.24% and 15.93% comparatively lower than the control bed of 28.64%. There 
were no significant differences at (P = 0.05) between the inflow and outflows of 
the respective beds and between the outflows of the vegetated and non-vegetated 
control beds. Conductivity and total dissolved solids were higher in the control 
bed than in the vegetated beds though not significant. This was normal because 
the macrophytes absorded the nitrates and orthophosphates for their biochemi-
cal synthesis and reduce the conductivity and the amount of total dissolved sol-
ids. However, the fact that there was no significant difference showed that there 
was more aerobic breakdown of the wastewater and release of mineralized pollu-
tion as the oxygen at the rhizosphere by the plant roots [15]. 

The total suspended solids (TSS) at the outflows of the treatment beds varied 
between 133 and 153.5 mg/l compared to the inflow (243.3 mg/l). Total sus-
pended solids were significantly reduced in the outflows of the treatment beds  

 

 
Bed 1 = Bed planted with Brillantaisia bauchiensis; Bed 2 = Control/Non-vegetated bed; Bed 3 = Bed planted with Polygonum sa-
licifolium; BOD = Biochemical Oxygen Demand, COD = Chemical Oxygen Demand, CND = Eectrical Conductivity, TDS = To-
tal Dissolved Solids, TSS = Total Suspended Solids, 3NO−  = Nitrates, 3

4PO −  = Phosphates. 

Figure 10. Removal efficiency in physicochemical parameters at the outflow of treatment beds. 

https://doi.org/10.4236/jep.2019.103023


J. K. Boyah et al. 
 

 

DOI: 10.4236/jep.2019.103023 404 Journal of Environmental Protection 
 

compared to the inflow. However, the reduction was higher (46%) in filter bed 
vegetated with Brillantaisia bauchiensis ( )ˆ 208.50 72.77, 0.01Pβ = − ± <  fol-
lowed by that vegetated with Polygonum salicifolium 43.08%. Although the TSS 
concentration at the ouflow of the control bed was significantly lower than the 
inflow (Figure 11(a)), this value was still higher than the minimum required 
value of 50 mg/l for wastewater discharge [43] [44]. 

The turbidity values at the outflow of all the beds ranged between 232 and 
283.3 FTU but were not significantly lower than the inflow value of 440.5 FTU 
except for the bed vegetated with Brillantaisia bauchiensis  

( )ˆ 110.25 42.97, 0.02Pβ = − ± <  with turbidity value of 232 FTU corresponding 
to reduction efficiency of 44.46% (Figure 11(b)). On the other hand, the true 
colour of the domestic wastewater was clearer in the bed vegetated with Brillan-
taisia bauchiensis (521.8 PtCo) with a percentage reduction of 39.82% higher 
than the control bed (544.3 PtCo) and the bed vegetated with Polygonum salici-
folium (562.3 PtCo) having percentage reduction of 35.28% and 33.22% respec-
tively. 

The COD of the non vegetated control bed was lower (87 mg/l) than those of 
the vegetated beds (193.3 and 273.5 mg/l) which were still lower than the COD 
value at the inflow (297.8 mg/l). The percentage reduction efficiency was how-
ever higher in the control bed (70.64%) than in the vegetated beds (22.92% and 
41.92%). However, the outflow of the vegetated beds had higher COD than the 
inflow so that the efficiency of reduction was negative rather. The BOD values of the 
outflow of the treatment beds ranging between 63.75 mg/l and 102.4 mg/l generally 
lower than the mean BOD at the inflow of the beds. The non-vegetated/control bed 
had the lowest mean BOD value of 63.75 mg/l corresponding to 72.79% reduc-
tion efficiency ( )ˆ 153.5 52.78, 0.01Pβ = − ± <  while the bed vegetated with 
Brillantaisia bauchiensis followed with a mean BOD value of 98.3 mg/l with a 
reduction efficiency of 58.37% ( )ˆ 118.95 52.78, 0.04Pβ = − ± <  lower than the 
guideline value of 100 mg/l [43] [44] (Figure 11(c)). The bed vegetated with Po-
lygonum salicifolum had a mean reduction of 102.4 mg/l corresponding to a re-
duction efficiency of 57.98%. The wetland bed vegetated with Brillantaisia bau-
chiensis was more performant in the reduction of total suspended solids, turbid-
ity, and BOD than the bed with Polygonum salicifolium probably due to its large 
leaves and size that provided a large surface area for photosynthesis to release 
more oxygen into the beds at the root zones through the relatively large and 
numerous roots [15]. The significantly high reduction efficiency of total sus-
pended solids, turbidity and BOD in the vegetated beds than the control bed 
showed that the plant rhizome and root zones are capable of filtering and ab-
sorbing substances in wastewater [15] [31] [45]. 

The reduction of nitrate in the effluent at the outflow of treatment beds was 
between 1.85 mg/l and 2.45 mg/l, lower than the inflow value of 4.1 mg/l. The 
wetland bed vegetated with Polygonum salicifolum had the best removal per-
centage of 65.66% followed by the wetland bed vegetated with Brilantaisia 
bauchiensis (49.85%) while the non vegetated bed was the least (36.53%). There 
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(a) 

 
(b) 

 
(c) 

Significant difference at probability level of 5%, n = 4; Bed 1 = Bed planted with Brillantaisia bau-
chiensis; Bed 2 = Control/Non-vegetated bed; Bed 3 = Bed planted with Polygonum salicifolium. 

Figure 11. Median removal efficiency of physicochemical parameters at the inflow and 
outflow of treatment beds (a) Total suspended solids (TSS) (b) Turbidity (c) Biochemical 
Oxygen Demand (BOD). 
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were no significant differences in the mean phosphate concentration between 
the inflow 6.218 mg/l and the outflows of the treatment beds were not signifi-
cantly different with each other: Brillantasia bauchiensis (7.618 mg/l), non-vege- 
tated/control bed (6.023 mg/l) and Polygonum salicifolium (5.243 mg/l). The con-
trol bed had the highest reduction efficiency (−1.16%) followed by the bed with 
Polygonum salicifolium (−4.45%) and then the bed vegetated with Brillantaisia 
bauchiensis (−20.16%). These results differ from those of [13] [15] who obtained 
nitrates and orthophosphates removal of 62% and above in the vegetated beds. 
The phosphate concentration in the outflow of the treatment beds was more 
than the concentration in the inflow giving negative removal efficiencies. These 
showed that there was more retention time and more biodegradation in the 
treatment beds to produce more orthophosphates than in the inflow despite the 
fact that the plants absorbed some for their metabolisms to produce more new 
shoots produce more new shoots, much still remained in the wastewater. The 
symbiotic relationship between plant roots and substrates stabilizes the sub-
strates in the beds and provides the surface area for clogging of bacteria multip-
lication and biodegradation of more phosphates [17]. 

3.6. Efficiencies of Constructed Wetland Beds in the Removal of 
Bio-Indicators of Faecal Contamination from Domestic 
Wastewater 

Figure 12 presents the faecal bacteria removal efficiencies in the treatment beds 
with time. The vegetated beds showed high percentage removal of Total coliforms 

 

 
E. coli = Escherichia coli, FC = Faecal coliforms, FS = Faecal streptococci, TC = Total coliforms. 

Figure 12. Faecal bacteria removal efficiency at the outflow of treatment beds. 

https://doi.org/10.4236/jep.2019.103023


J. K. Boyah et al. 
 

 

DOI: 10.4236/jep.2019.103023 407 Journal of Environmental Protection 
 

(69.82% - 73.3%) than the control bed (61.14%). Generally, there was reduction 
of faecal bacteria from the effluent in the outflow of the treatment beds com-
pared to the log concentration number in the inflow effluent. There was a signif-
icant difference in the log units of faecal bacteria concentrations between the in-
flow and outflow of the treatment bed vegetated with Polygonum salicifolium in 
bed 3 ( )ˆ 2.15 84, 0.01Pβ = − ± <  in Faecal streptococci removal (Figure 13(a)) 
and the bed vegetated with Brillantaisia bauchiensis in bed 1 in  

( )ˆ 3.16 16, 0.05Pβ = − ± <  Total coliforms removal (Figure 13(b)). The vege-
tated wetland beds showed high efficiencies in faecal bacteria removal which  

 

 
(a) 

 
(b) 

Significant difference at probability level of 5%, n = 4; Bed 1 = Bed planted with Brillantaisia bau-
chiensis; Bed 2 = Control/Non-vegetated bed; Bed 3 = Bed planted with Polygonum salicifolium; FC 
= Faecal coliforms, Faecal streptococci, TC = Total coliforms, EC = E. coli; CFU = Colony forming 
units. 

Figure 13. Removal efficiency faecal bacteria at the outflow of treatment beds compared 
to the inflow (a) Faecal streptococci (b) Total coliforms. 
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were significant for Faecal streptococci and total coliforms compared to the in-
flow. There was no significant difference for the other treatment beds in Faecal 
coliforms bacteria. The bed vegetated with Brillantaisia bauchiensis was more ef-
ficient in E. coli removal (85%) and in Total coliforms (73.3%) than the other 
beds. These results corroborate those of [13] [15]. The wetland bed vegetated 
with Polygonum salicifolium removed more Faecal streptococci (85.57%) com-
parable to the non vegetated control bed (85.15%). The roots of P. salicifolium 
may be producing substances that not favour the proliferation of these bacteria 
while the non-vegetated bed creates an anaerobic condition that does not favour 
its growth. Total coliforms and E. coli were reduced more in the Brillantaisia 
bauchiensis bed than in the control bed and bed vegetated with P. saliciflolium 
while Faecal streptococci were more reduced in the bed vegetated with P. salici-
folium and non-vegetated control bed. The reduction in Brillantaisia bauchiensis 
bed could be as a result of the massive root system of this plant species and 
probably the presence of oxygen at the rhizosphere or the release of some chem-
icals by the plant roots that may not favour the survival of these bacteria [15]. 
High removal efficiency of Faecal streptococci and Total coliforms in the vege-
tated bed than the control, and Faecal coliforms in non-vegetated/control bed 
than the vegetated beds was also observed. These high removal efficiencies ob-
served in the vegetated beds could be as a result of the interaction between the 
sand substrate and root of the plants or the production of antibiotic properties 
by the roots of these plants that reduce or eliminate these bacteria [13] [14] [15]. 

4. Conclusions 

The objective of this study was to evaluate the growth and wastewater treatment 
potentials of Brillantaisia bauchiensis and Polygonum salicifolium in vegetated 
beds. Overall, it was shown that both plants species increased in growth para-
meters in both wetlands but B. bauchiensis in the constructed wetland was sig-
nificantly higher than B. bauchiensis in the natural wetland and P. salicifolium 
from both wetlands. Moreover, B. bauchiensis from the constructed wetland was 
more proficient in shoot/biomass production than P. salicifolium and there was 
a correlation between increased height, diameter, leave and shoot production by 
the plants species in the constructed wetland treatment station with respect to 
nutrient uptake. Even though the plants grew rapidly after the domestication pe-
riod, there was not relationship between plant growth rate and its purification 
efficiency. 

As concerns the phytoremediation potentials of the two plant species, the 
mean faecal bacterial removal was higher in the vegetated (treatment) beds for 
some faecal bacteria than in the non-vegetated control bed. There was a signifi-
cant difference in the mean reduction efficiency of TSS and BOD at the outflow 
in all the beds compared to the inflow but the percentage reduction was higher 
in the vegetated beds. The bed vegetated with Brillantaisia bauchiensis per-
formed better than the bed with Polygonum salicifolium in faecal bacterial re-
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duction. Despite the variability of the characteristics of the primarily treated wa-
ter, the plants grow best in the CW showing its great potentials in domestic 
wastewater remediation. 

Nevertheless, the two plants species are suitable in domestic wastewater man-
agement. There was evidently high biomass production in the constructed wet-
land species than those of the natural wetland. We recommend that tissue cul-
ture and examination for the presence of faecal bacteria and heavy metals be 
conducted in case of conservation of the two plant species in wastewater treat-
ment station and productivity in high quantity for other advantages. 

Acknowledgements 

The authors thank the traditional practitioners in Batcham, Bassap, Foumban 
and Penka-Michel for their collaboration to identify wetland medicinal plants. 

Conflicts of Interest 

The authors declare no conflicts of interest regarding the publication of this pa-
per. 

References 
[1] Rahul, M. and Chandi, G.M. (2013) Impact of Population Explosion on the Envi-

ronment. WeSchool “Knowledge Builder”. The National Journal, 1, 1-5. 

[2] United Nations Department of Economic and Social Affairs (UN DESA) (2017) 
World Population Prospects: Keys Findings and Advance Tables—The 2017 Revi-
sion. 53 p. 

[3] WFP (2018) World Food Program Cameroon Report. 

[4] Thomaz, S.M., Esteves, F.A., Murphy, K.J., dos Santos, A.M., Caliman, A. and Gua-
riento, R.D. (2013) Aquatic Macrophytes in the Tropics: Ecology of Populations and 
Communities, Impacts of Invasions and Use by Man. In: Del-Claro, K., Scarano, 
F.R. and Luettge, H., Eds., Encyclopedia of Life System Support, Chapter: Aquatic 
Macrophytes in the Tropics: Ecology of Populations and Comunities, Impacts of 
Invasions and Use by Man, UNESCO, 1252-1280 

[5] Cowrdin, L.M., Carter, V., Golet, F.C. and LaRoe, E.T. (1979) Classification of Wet-
lands and Deepwater Habitats of the United States. US Fish and Wildlife Service, 
Pub.FWB/OBS-79/31,Washington DC, 103. 

[6] Smith, R.I. (1980) Ecology and Field Biology. 3rd Edition, Harper and Row, New 
York. 

[7] Environmental Protection Agency (EPA) (2001) Wetland Resources.  
http://water.epa.gov/type/wetlands  

[8] MDNR (2004) Shoreland Management Guide: Wetlands. Minnesota Department of 
Natural Resources.  
http://www.dnr.state.mn.us./shorelandmgmt/guide/wetlands.htm  

[9] Sanilkumar, M.G. and Thomas, J.K. (2007) Indigenous Medicinal Usages of Some 
Macrophytes of the Muriyad Wetland in the Vembanad-Kol, Ramsar Site, Kerala. 
Indian Journal of Traditional Knowledge, 6, 365-367. 

[10] Santosh, K. and Satya, N. (2010) Herbal Remedies of Wetland Macrophytes in India. 

https://doi.org/10.4236/jep.2019.103023
http://water.epa.gov/type/wetlands
http://www.dnr.state.mn.us./shorelandmgmt/guide/wetlands.htm


J. K. Boyah et al. 
 

 

DOI: 10.4236/jep.2019.103023 410 Journal of Environmental Protection 
 

International Journal of Pharma and Bio Sciences, 1, 1-12. 

[11] Laan, P., Clement, J.M.A.M. and Blom, C.W.P.M. (1991) Growth and Development 
of Rumex Roots as Affected by Hypoxic and Anoxic Conditions. Plant Soil, 136, 
145-151. https://doi.org/10.1007/BF02150045 

[12] Fonkou, T., Ivo, B.S., Lekeufack, M., Mekontso, T.F. and Amougou A. (2011) Poten-
tial of Cyperus papyrus in Yard-Scale Horizontal Flow Constructed Wetlands for 
Wastewater Treatment in Cameroon. Universal Journal of Environmental Research 
and Technology, 1, 160-168. 

[13] Martin, L., Fonkou, T., Pamo, T.E. and Amougou, A. (2012) Removal of Faecal Bac-
teria and Nutrients from Domestic Wastewater in a Horizontal Surface Flow Wet-
land Vegetated with Echinochloa pyramidalis. African Journal of Environmental 
Science and Technology, 6, 337-345. https://doi.org/10.5897/AJEST12.126 

[14] Fonkou, T., Lekeufack, M. and Fabrice, T. (2013) Performances of a Yard-Scale Sur-
face Flow Wetland Vegetated with Echinochloa crus-pavonis in the Removal of Nu-
trients and Faecal Bacteria from Domestic Wastewater. Journal of Biology and Life 
Science, 4, 251-271. https://doi.org/10.5296/jbls.v4i2.3880 

[15] Lekeufack, M., Fonkou, T. and Tedonkeng, E.P. (2017) Growth Characteristics of 
Fuirena umbellata in a Surface Flow Constructed Wetland and Its Influence in Nu-
trients and Faecal Bacteria Removal from Domestic Wastewater in Cameroon. 
Journal of Environmental Protection, 8, 171-193.  
https://doi.org/10.4236/jep.2017.82014 

[16] Lekeufack, M., Fonkou, T., Ivo, B.S., Pamo, E. and Amougou, A. (2011) Studies on 
Biomass Yield from Echinochloa pyramidalis, E. crus-pavonis and Leersia hexandra 
in Yard-Scale Surface Flow Wetlands in Cameroon. Universal Journal of Environ-
mental Research and Technology, 1, 476-485. 

[17] Rehman, F., Pervez, A., Khattak, B.N. and Ahmad, R. (2017) Constructed Wetlands: 
Perspectives of the Oxygen Released in the Rhizosphere of Macrophytes. CLEAN: 
Soil Air Water, 45, 1-9. https://doi.org/10.1002/clen.201600054 

[18] Wiegleb, G., Dahms, H., Byeon, W.I. and Choi, G. (2017) To What Extent Can Con-
structed Wetlands Enhance Biodiversity? International Journal of Environmental 
Science and Development, 8, 561-569.  
https://doi.org/10.18178/ijesd.2017.8.8.1016 

[19] Kivaisi, A.K. (2001) The Potential of Constructed Wetlands for Wastewater Treat-
ment and Reuse in Developing Countries: A Review. Ecological Engineering, 16, 
545-560. 

[20] Henze, M. and Comeau, Y. (2008) Biological Wastewater Treatment: Principles 
Modelling and Design. IWA Publishing, London. 

[21] Kadlec, R.H. and Knight, R.L. (1996) Treatment Wetlands. Lewis Publishers, Boca 
Raton, 893 p. 

[22] Fonkou, T., Nguelefack, T.B., Kajoh, J.B., Nguetsop, V.F., Lekeufack, M., Tongueu, 
E.S., Manuella, K.D.Y. and Mboudja, M.F.M. (2017) Ethnobotanical Study of Wet-
land Macrophytes of Medicinal Importance in the Western Highlands of Cameroon. 
Cameroon Journal of Experimental Biology, 11, 23-33. 

[23] Hach (2004) The Handbook. DR/2500 Laboratory Spectrophotometer: Procedure 
Manual. 4th Edition, HACH Be Rig. 

[24] APHA America Public Health Association (1992) Standard Methods for the Exami-
nation of Water and Wastewater. 20th Edition, Washington DC. 

[25] CEAE (2005) Centre d’Expertise en Analyse Environnementale du Québec (CEAE). 

https://doi.org/10.4236/jep.2019.103023
https://doi.org/10.1007/BF02150045
https://doi.org/10.5897/AJEST12.126
https://doi.org/10.5296/jbls.v4i2.3880
https://doi.org/10.4236/jep.2017.82014
https://doi.org/10.1002/clen.201600054
https://doi.org/10.18178/ijesd.2017.8.8.1016


J. K. Boyah et al. 
 

 

DOI: 10.4236/jep.2019.103023 411 Journal of Environmental Protection 
 

[26] Karathanasis, A.D., Potter, C.L. and Coyne, M.S. (2003) Vegetation Effect on Faecal 
Bacteria, BOD and Suspended Solid Removal Treating Domestic Wastewater. Jour-
nal of Ecological Engineering, 20, 157-169.  
https://doi.org/10.1016/S0925-8574(03)00011-9 

[27] Karim, M.R., Glenn, E.P. and Gerba, C.P. (2008) The Effect of Wetland Vegetation 
on the Survival of Escherichia coli, Salsmonella typhimurium, Bacteriophage MS-2 
and Polio Virus. Journal of Water and Health, 6, 167-175.  
https://doi.org/10.2166/wh.2008.024 

[28] Perbangkhem, T. and Polprasert, C. (2010) Biomass Production of Papyrus (Cyperus 
papyrus) in Constructed Wetland Treating Low Strength Domestic Wastewater. 
Bioresource Technology, 101, 833-8835.  
https://doi.org/10.1016/j.biortech.2009.08.062 

[29] Pare, M.M.N., Koné, D., Kengne, I.M. and Akoa, A. (2011) Growth and Yield Poten-
tial of Echinochloa pyramidalis (Lam.) Hitchc & Chase: A Forage Plant Used in Ver-
tical Flow Constructed Wetlands in Cameroon. African Journal of Environmental 
Science and Technology, 5, 622-632. 

[30] Niklas, J.K. (1995) Plant Height and the Properties of Some Herbaceous Stems. An-
nals of Botany, 75, 133-142. https://doi.org/10.1006/anbo.1995.1004 

[31] Green, M.B., Griffin, P., Seabridge, J.K. and Dhobie, D. (1997) Removal of Bacteria 
in Subsurface Flow Wetlands. Water Science Technology, 35, 109-116.  
https://doi.org/10.2166/wst.1997.0176 

[32] Zeid, I.M. and Abou, E.G.H.M. (2007) Effect of Sewage Water on Growth, Metabol-
ism and Yield of Bean. Journal of Biological Sciences, 7, 34-40.  
https://doi.org/10.3923/jbs.2007.34.40 

[33] El-Maghraby, S.S. and Gomaa, M.A. (1992) Effect of Sewage as Fertilizer on Syrup 
Yield and Some Agronomic Characters of Sweet Sorghum. Egyptian Journal of Ap-
plied Science, 7, 300-317. 

[34] Anjana, D. (1993) Aminoacid Composition of Leaf Proteinsextracted from Some 
Aquatic Weeds. Journal of Agricultural and Food Chemistry, 41, 1232-1236.  
https://doi.org/10.1021/jf00032a013 

[35] Arora, A., Sairam, R.K. and Srivastava, G.C. (2002) Oxidative Stress and Antioxida-
tive System in Plants. Current Science, 82, 1227-1238. 

[36] Aruna, P., Rigelhof, F. and Miller, E. (2011) Antioxidant Activity. Medallion Labor-
atories of Analytical Progress. 

[37] Alscher, R.G., Donahue, J.H. and Cramer, C.L. (1997) Reactive Oxygen Species and 
Antioxidants: Relationships in Green Cells. Physiologia Plantarum, 100, 223-333.  
https://doi.org/10.1111/j.1399-3054.1997.tb04778.x 

[38] Sancherz, P.G., Fernandez, L.P., Trejo, L.T., Elcantar, G.J. and Cruz, J.D. (1999) 
Heavy Metal Accumulation in Beans and Its Impact on Growth and Yield under 
Soilless Culture. International Symmpoitan on Growing Media and Hydroponics. 
Acta Horticulturae, 481, 617-623. https://doi.org/10.17660/ActaHortic.1999.481.73 

[39] Lutrac, M.C., Robertson, W.K. and Cornell, J.A. (1982) Heavy Application of Liq-
uid-Digested Sludge on Three Ultisols: 11. Effect of Mineral Uptake and Crop Yield. 
Journal of Environmental Quality Abstract, 11, 288-297.  
https://doi.org/10.2134/jeq1982.112288x 

[40] Brown, S. (1981) A Comparison of the Structure, Primary Productivity and Transpi-
ration of Cypress Ecosystem in Florida. Ecological Monographs, 51, 403-427.  
https://doi.org/10.2307/2937322 

https://doi.org/10.4236/jep.2019.103023
https://doi.org/10.1016/S0925-8574(03)00011-9
https://doi.org/10.2166/wh.2008.024
https://doi.org/10.1016/j.biortech.2009.08.062
https://doi.org/10.1006/anbo.1995.1004
https://doi.org/10.2166/wst.1997.0176
https://doi.org/10.3923/jbs.2007.34.40
https://doi.org/10.1021/jf00032a013
https://doi.org/10.1111/j.1399-3054.1997.tb04778.x
https://doi.org/10.17660/ActaHortic.1999.481.73
https://doi.org/10.2134/jeq1982.112288x
https://doi.org/10.2307/2937322


J. K. Boyah et al. 
 

 

DOI: 10.4236/jep.2019.103023 412 Journal of Environmental Protection 
 

[41] Drewa, G., Andruszczak, D., Chesy, M., Kowalska, B., Kozica-Raszeja, L., Palgan, K. 
and Zbytniewski, Z. (1993) Seasonal Changes in the Level of Detergents, Chlorophyll 
(a) and Oxygen in the Brada River. Polskie Archiwum Hydrobiologii, 39, 153-160. 

[42] Mellberye, M.E., Hemphill, D.D. and Volk, V.V. (1982) Sweet Corn Growth on In-
cinerated Sewage Sludge Amended Soil. Journal of Environmental Quality, 11, 
160-163. https://doi.org/10.2134/jeq1982.00472425001100020002x 

[43] Minepded (2005) (Ministère de l‘Environnement, de la Protection de la Nature et du 
Développement Durable). Normes Environnementales et Procédures d‘inspection 
des installations industrielles et commerciales au Cameroun. Minepded, Yaoundé, 
121 p. 

[44] International Finance Corporation, IFC, World Bank Group (2007) General Envi-
ronmental, Health and Safety (EHS) Guidelines: Environmental Wastewater and 
Ambient Water Quality. 

[45] Moa, M., Abebe, B., Argaw, A. and Bizuneh, W. (2014) The Use of Indigenous Plant 
Species for Drinking Water Treatment in Developing Countries: A Review. Journal 
of Biodiversity and Environmental Sciences, 5, 269-281. 

https://doi.org/10.4236/jep.2019.103023
https://doi.org/10.2134/jeq1982.00472425001100020002x

	Wastewater Treatment Potentials of Vegetated Beds with Brillantaisia cf. bauchiensis Hutch & Dalz and Polygonum salicifolium Brouss ex Wild in the Western Highlands of Cameroon
	Abstract
	Keywords
	1. Introduction
	2. Material and Methods
	2.1. Location of the Experimental Setup
	2.2. Design of the Experimental Wetlands
	2.3. Design of the Constructed Wetland Bed System
	2.4. Choice of Local Macrophytes for Domestic Wastewater Treatment
	2.5. Source of the Wastewater Used in the Study
	2.6. Setting Up of the Experiment
	2.7. Measurement of Physicochemical Parameters of the Wastewater
	2.8. Evaluation of the Efficiency of the Wetlands
	2.9. Water Sample Collection and Faecal Bacteria Analyses
	2.10. Statistical Analysis

	3. Results and Discussion
	3.1. Variation in the Plants Height
	3.2. Variation in Plants Diameter
	3.3. Leaves Production
	3.4. Shoot Production and Plants Density
	3.5. Efficiencies of Constructed Wetland Beds in the Removal of Physicochemical Characteristics
	3.6. Efficiencies of Constructed Wetland Beds in the Removal of Bio-Indicators of Faecal Contamination from Domestic Wastewater

	4. Conclusions
	Acknowledgements
	Conflicts of Interest
	References

