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ABSTRACT

The paper reports the findings of a research work carried out to examine the performance and efficiency of a
subsurface constructed wetland (SSFCW) for the treatment of domestic sewage in the University of Lagos (Un-
ilag), Nigeria. The removal patterns and efficiencies of the physical, chemical and biological sewage pollutants
parameters of domestic waste water generated within Unilag community by the SSFCW were studied. The
wastewater was sampled and analysed along the SSFCW from influent (pointl) to effluent (point 11). Total Dis-
solved Solids (TDS) reduced from 471 mg/l to 11.85 mg/l (97.48%), Turbidity reduced from 108.75 HTU to
0.05HTU (99.95%), Manganese reduced from 6.05 mg/l to 0.61 mg/ (89.92%), Nitrate reduced from 27.5 mg/l to
2.0 mg/l (92.73%), Sulphate reduced from 48.5 mg/l to 28 mg/l (42.27%), Iron reduced from 1.13 mg/l to 0.03
mg/l (97.35%), BOD reduced from 73.14 mg/l to 12.8 mg/l (82.5%), and E-coli reduced from 874 MPN/100 ml to
0.15 MPN/100 ml (99.98%). On the other hand, Dissolved Oxygen content increased along the SSFCW from 3.14
mg/l to 7.49 mg/l (138.54%) while the pH improved from slightly acid level of 6.49 to slightly above neutral level
of 7.05 (9.3%). All the parameters at effluent point are within the Nigerian Federal Environmental Protection
Agency (FEPA) acceptable standard. The study concludes that the SSFCW is a cheap, efficient and appropriate
technology for the treatment of domestic sewage under tropical conditions.
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1. Introduction raw sewage makes them habitat for various organisms
and plants.

All over the world, much wastewater is being gener-
ated and most of it, especially in developing countries, is
not treated before being discharged into water bodies.
Agquatic ecosystems are used either directly or indirectly
as recipients of potentially toxic liquids from domestic,
agricultural and industrial wastes [1]. Untreated or par-
tially treated wastewater release is harmful to the envi-
ronment, thus wastewater discharge should be regulated
to protect the environment. About two-thirds of the pop-
"Corresponding author. ulation in developing countries have no hygienic means

Raw sewage contains mostly water (about 95%) which
often comes from washing and flushing toilets. They also
contain organic particles (such as faeces, food, paper
fibres, plant materials, etc.), inorganic particles (such as
sand, metal particles, ceramics, etc.), pathogens and non-
pathogenic organism, animals such as protozoa, insects,
etc., macro solids such as sanitary napkins, diapers etc.,
gases such as hydrogen sulphide, methane etc. and toxins
amidst others. The rich and wide diversity of nutrients in
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of disposing excreta and total wastewater which implies
that inadequate sanitation is the prime cause of disease in
such countries.

For more than two decades, countries have used con-
structed wetlands to improve the quality of contaminated
water and wastewaters [2-4]. Constructed wetlands have
successfully been used for environmental pollution con-
trol despite the fact that it was initially designed for use
in domestic wastewater [5]. A constructed wetland sys-
tem has the positive characteristics of a natural wetland
and it duplicates the physical, chemical and biological
processes in the natural system [6]. Constructed wetlands
are artificial wastewater systems consisting of shallow
ponds or channels which have been planted with aquatic
plants and which act as biofilters through natural micro-
bial, biological, physical and chemical processes to treat
wastewater [7].

The plants in wetlands help to trap sediment because it
allows the sediments to settle at lower velocities. The
settlement of particles is also aided by laminar flows in
most wetlands [8]. Also, gravity and differences in rela-
tive densities of suspended material allow particles to
settle in the wetland [9]. Microorganisms in wetland soils
take up and store nutrients and use them for metabolic
functions which are crucial in organic pollutant removal.
The bacteria use the carbon found in organic matter as an
energy source and convert to carbon dioxide under aero-

bic conditions and to methane under anaerobic conditions.

The microbial metabolism is the basis of removal of in-
organic nitrogen [8].

The two major types of constructed wetlands are the
Surface flow constructed wetland (SFCW) and the sub-
surface flow constructed wetland (SSFCW). The SFCW
consists of a shallow basin, soil or other medium to sup-
port the roots of vegetation, and a hydraulically designed
structure to maintain laminar flow of the sewage. The
sewage water is opened to the atmosphere and mostly
planted with floating wetland/aquatic plants. The SSFCW
consists of a basin charged with a porous medium of
graded gravel and sand. The water level is designed to
remain below the top of the substrate. Constructed Wet-
lands can be a single cell basin. They can also be mul-
tiple cells connected in parallel or in series depending on
configuration of available land space. Constructed wet-
lands are known to have a high buffering capacity. Ef-
fluent quality is therefore normally quite stable. Pro-
cesses of pollutants removal include sedimentation, ad-
sorption, complexation, uptake by plants, and microbial-
ly-mediated reactions including oxidation and reduction
[10]. On the other hand, adverse effects can be expected
from low temperatures (especially inhibition of N-re-
moval), peak flows (wash out of solids) and clogging of
subsurface flow systems. Removal percentages are
mainly dependent on temperature, hydraulic residence
time (HRT) and loading rate [11].
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In this paper, a subsurface flow constructed wetland,
connected in series, used for the treatment of the domes-
tic wastewater in the University of Lagos is studied to
determine the pollutants’ performance characteristics
along its longitudinal profile.

2. Materials and Methods
2.1. Study Area

The University of Lagos, Lagos Nigeria (Unilag) is lo-
cated in Lagos on 06°25'N 03°27'E on the West African
Coast and has a direct link to the Lagos lagoon (Figure
1).

2.2. Description of Unilag Subsurface
Constructed Wetland

The domestic sewage from the University community is
conveyed in sewers to the central sewage inception
chamber located at Services Area of the University. The
sewage is pumped into two oxidation tanks. Large par-
ticles are screened off in a Screen/Grit Removal Cham-
ber before moving into an anaerobic digester (Septic
Tank) and then to the constructed wetland system
(Figure 2). The wetland was achieved in reinforced con-
crete and lined with waterproof membrane to avoid infil-
tration and ground water pollution. The selection of the
total area of the SSFCW was based on the model pro-
posed by [12]. The total area of the SSFCW is 7200 m?
with an average sewage influent of 380 m®/day. There are
a total of nine (9) cells, each cell an area of 800 m? and a
depth of 0.65 m. The nine cells are subsurface horizontal
flow constructed wetland and contain different sizes of
gravel and ocean sharp sand as the wetland media of
average grade size 0.1 mm to 0.35 mm and planted with
Cyprus papyrus. Figure 2 is the layout of the Con-
structed Wetland Sewage Treatment system

2.3. Sample Collection and Analysis

From January to December 2012 (52 weeks), three sam-
ples collected weekly at each of the Sample Points 1 to
11 (SP1-SP11) along the longitudinal profile of the con-
structed wetland system and taken to the laboratory for
analysis. The mean values of each sampling point were
recorded. The colour of the sample was measured using
multi-parameter photometer after filtering using What-
man No. 42 filter paper. The conductivity, Turbidity, pH
and total dissolved solids were measured using the Adwa
conductivity meter, Hanna microprocessor turbidity me-
ter, Beckman 350 pH meter and HM digital TDS meter
respectively. Chemical and biological analyses were car-
ried out for different parameters as stated for each para-
meter in Standard Methods of Water and Waste Water
Analysis. Results of laboratory were further subjected to
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Figure 1. Map of the University of Lagos.
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Figure 2. Layout of Unilag constructed wetland sewage
system.

statistical analysis for means and standard deviations and
presented in Table 1. Figure 3 shows the sketch of the
longitudinal profile of the SSFCW and the sampling
points.
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3. Results and Discussion
3.1. General Results

The statistical analysis for means and standard deviations
of the data collected for one year, are presented in Table
1 below for each of the pollutant parameters investigated.

Table 2 shows the percentage removal of the pollu-
tants at the sampling points along the longitudinal profile
of the SSFCW. It is observed that, although the SSFCW
sewage treatment plant is designed and constructed in 9
cells connected in series, significant percentage of the
pollutants have been removed at the end of cell 7, sam-
pling point 8 (Table 2). The percentage reduction varies
from 42.27% for Sulphate and 99.95% for Turbidity. For
parameters that require desirable increase in levels, pH
increased by 9.30%, while the Dissolved Oxygen
in-creased by 138.53% (Table 2 and Figure 4). In Table
3 the performance of all the parameters, at the effluent
point, of the SSFCW were compared with the FEPA
guidelines for the Effluent Limitation for water to be
discharged into receiving bodies of water in Nigeria.
From the Table 3, it is observed that all the parameters
are acceptable for discharge into the receiving water in
accordance with FEPA Guidelines. The performance of
each of the pollutant parameters are further discussed in
the next section.
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Table 1. Mean values of parameters analysed in the domestic wastewater at sampling points along the SSFCW.

Sampling Points (Mean Values and Standard Deviations of the Observations)

Parameters

1 2 3 4 5 6 7 8 9 10 11

H 6.49 7.34 7.43 7.76 7.54 7.67 7.49 7.52 7.11 7.06 7.05
P +0.15 +0.13 +0.14 +0.12 +0.17 +0.19 +0.20 +0.15 +0.16 +0.04 +0.02
TDS 471 463 459 429 397 267 230 145 120 45 11.85
(mgl/l) +9.46 +9.25 +8.15 +7.25 +7.11 +5.05 +4.75 +2.15 +2.45 +0.95 +0.21

L 108.75 82.32 62.58 45.61 11.53 3.45 2.67 161 1.19 2.39 0.05

Turbidity HTU

+4.80 +3.74 +2.16 +2.05 +0.52 +0.17 +0.12 +0.06 +0.04 +0.10 +0.01

Mn 6.05 4.44 331 2.85 14 0.79 0.73 0.72 0.7 0.66 0.61
(mgl/l) +0.30 +0.22 +0.17 +0.12 +0.10 +0.03 +0.04 +0.03 +0.04 +0.03 +0.02

NO; 27.5 24.1 17.2 15.3 10.7 4.4 4.6 24 2.7 3.2 2.0
(mgl/l) +1.43 +1.25 +0.89 +0.80 +0.56 +0.23 +0.24 +0.12 +0.14 +0.17 +0.11

SO, 48.5 41.0 41.0 40.0 37.0 38.0 37.0 35.0 33.0 32.0 28.0
(mgl/l) +0.97 +0.82 +0.84 +0.80 +0.74 +0.77 +0.74 +0.72 +0.68 +0.64 +0.58

Fe 1.13 1.14 1.07 0.9 0.72 0.65 0.46 0.43 0.36 0.29 0.03
(mgl/l) +0.11 +0.12 +0.09 +0.08 +0.07 +0.06 +0.04 +0.04 +0.03 +0.29 +0.01

DO 3.14 2.38 3.05 2.85 5.15 5.76 5.84 6.59 6.84 6.79 7.49
(mgl/l) +0.19 +0.14 +0.18 +0.17 +0.31 +0.35 +0.35 +0.40 +0.41 +0.41 +00.45

BOD 73.14 54.58 53.05 42.85 35.15 35.76 25.84 26.59 26.84 18.79 12.8
(mgl/l) +2.61 +1.92 +1.86 +1.50 +1.23 +1.27 +0.95 +0.93 +0.94 +0.66 +0.45

874.18 854 753.95 712.85 650.15 545.67 358.84 175.59 89.39 79.86 0.15

E. coli MPN/100 ml
+12.81 +11.51 +11.32 +10.70

+9.72 +8.19 +5.36 +2.63 +1.34 +1.19 +0.02

Table 2. % Removal of the pollutants at sampling points along the SSFCW profile.

Sampling Points

Parameters (% Removal of Pollutants along the SSFCW Profile)
1 2 3 4 5 6 7 8 9 10 11
pH 0.00 -13.80 -1519 -20.31 -16.90 -18.91 -16.12 -16.59 -10.23 —9.46 -9.30
TDS 0.00 1.70 2.55 8.92 15.71 43.31 51.17 69.21 74.52 90.45 97.48
Turbidity 0.00 24.30 42.46 58.06 89.40 96.83 97.54 98.52 98.91 97.80 99.95
Mn 0.00 26.61 45.29 52.89 76.86 86.94 87.93 88.10 88.43 89.09 89.92
NO3 0.00 12.36 37.45 44.36 61.09 84.00 83.27 91.27 90.18 88.36 92.73
SO, 0.00 15.46 15.46 17.53 23.71 21.65 23.71 27.84 31.96 34.02 42.27
Fe 0.00 -0.88 5.31 20.35 36.28 42.48 59.29 61.95 68.14 74.34 97.35
DO 0.00 24.20 2.87 9.24 -64.01  —83.44 -85.99 -109.87  -117.83  -116.24 13854
BOD 0.00 25.38 27.47 41.41 51.94 51.11 64.67 63.65 63.30 74.31 82.50
E. coli 0.00 231 13.75 18.46 25.63 37.58 58.95 79.91 89.77 90.86 99.98

3.2. Performance of Physical Pollutants
Parameters

3.2.1. pH
Figure 5(a) shows the pH pattern along the SSFCW in-
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dicating that there was no appreciable difference in in
fluent pH value (6.49) and effluent pH value (7.05) and
both are within FEPA standards (Table 3). The SSFCW
system seems to reduce the acidity of the effluent water
and thus it become more conducive for the aquatic life of
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Figure 3. Sampling points along the longitudinal profile of
the constructed wetland.
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Figure 5. (a) pH values at sampling points of the SSFCW;
(b) % Removal of pH at sampling points of the SSFCW.
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Table 3. Effluent Physical, chemical and Microbiological
parameters compared with the Nigerian Effluent limitation
Guidelines (FEPA, 1991).

Unilag
SSFCW Limit for
Parameter Units Sewage dischargeto Remarks
Plant surface water
Effluent
PH 7.43 6-9 Acceptable
TDS mg/I 11.85 2000 Acceptable
Turbidity HTU 0,05 Not stated ~ Acceptable
Dissolved Mg/l 7.49 Not Stated ~ Acceptable
oxygen
Iron(Fe) Mg/l 0.03 10 Acceptable
Sulphate Mg/l 28.0 500 Acceptable
Nitrate Mg/l 2.0 10 Acceptable
Ma?hg/lt:rl]r;ese Mg/l 0.61 20 Acceptable
. MPN/100 400 MPN/
E. coli mi 0.15 100 ml Acceptable
BOD Mg/l 12.80 30 Acceptable

the receiving water body. Figure 5(b) shows the percen-
tage reductions of pH along the longitudinal profile of
the SSFCW are increasingly negative.

This observation implies that the treatment process of
the SSFCW improves the acidity of the sewage from
slightly acidic level to an acceptable slightly above neu-
tral level.

3.2.2. Total Dissolved Oxygen (TDS)

From Table 1 the TDS value of the influent was 471
mg/l while that of effluent was 11.85 mg/l. The reduction
of the pollutants varied increasingly from SP1 to SP11.

A final percentage of about 97.48% was achieved at
the effluent point (Table 2). It is also observed from Ta-
ble 2 that more 50% of the TDS has been removed be-
tween SP1 and SP7. The result is consistent with results
obtained by [13,16]. Figures 6(a) and (b) show the TDS
removal performance and the percentage removal at the
sampling points along the longitudinal profile of the
SSFCW respectively.

3.2.3. Turbidity

From Table 1, the turbidity value of the influent (SP1)
was 108.75HTU while the effluent (SP2) had a turbidity
value of 1.98HTU. Table 2 shows that the constructed
wetland removed about 99.95% of the turbidity. It is also
observed from Table 2 that more 50% of the Turbidity
has been removed at sampling point 4. The significant
decrease in turbidity can be attributed to the fact that
there is a decrease in Total dissolved and suspended sol-
ids. Efficiency of constructed wetland in the removal of
turbidity may depend on the sand granules, soil particle
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sizes and depth of the bed [14]. Figures 7(a) and (b)
show the Turbidity removal performance and the % re-
moval at the sampling points along the longitudinal pro-
file of the SSFCW respectively.

3.3. Performance of Chemical Pollutant
Parameters

3.3.1. Manganese

A gradual decrease was observed in Manganese content
of the wastewater along the SSFCW from influent level
of 6.05 mg/l to effluent 0.61 mg/l (Table 1). Figure 8(a)
shows the removal level of Manganese at the sampling
points of the SFCW while Figure 8(b) shows the per-
centage removal at the sampling points along the longi-
tudinal profile of the SFCW. It was observed that more
than 50% removal of Manganese has been achieved at
sample point 4, while the percentage removal at effluent
point (SP11) was 89.92%.

3.3.2. Nitrate
Appreciable Nitrate removal was also achieved along the
SSFCW from influent 27.5 mg/l to effluent 2.0 mg/Il

(Table 1). Nitrate pollutant removal efficiency of 92.73%

was achieved at SP11 and more than 50% of removal
efficiency was achieved at SP 5 (Table 2). Figure 9(a)
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Figure 6. (a) TDS values at sampling points of the SSFCW,
(b) % Removal of TDS at sampling points of the SSFCW.

OPEN ACCESS

ET AL. 109

Turbidity (NTU)

1 2 3 4 5 6 7 8 9 10 11

Sampling Points along the CW

120

[
(=]
o

©
o

Turbidity (NTU)
B [}
o o

N
o

o

Turbidity

120.00

100.00
H
B s0.00
]
H
™
£ so.oo
H
=
-]
& 40.00
H

20.00

0.00

1 z 3 a 5 & 7 5 s 1 n
Sampling Pointsalong the CW

Figure 7. (a) Turbidity values at sampling points of the
SFCW; (b) % turbidity removal at sampling points of the
SFCW.

—nma )

Hanqanazs Valns {myll)

1 2 3 a4 [ & 7 S s 1 11

Sampling Pointsalong the CW

(@

100.00
90.00
80.00
70.00
60.00
50.00
40.00
30.00
20.00
10.00

0.00

=
N
w
»
o
o
~
©
©

10 11

(b)

Figure 8. (@) Mn values at sampling points of the SSFCW;
(b) % Mn removal at sampling points of the SSFCW.

JWARP



110 A. E. ADENIRAN

shows the removal level of Nitrate at the sampling points
of the SSFCW while Figure 9(b) shows the percentage
removal of Nitrate at the sampling points along the lon-
gitudinal profile of the SSFCW. Nitrate removal in wet-
lands is usually very high [8]. The importance of Nitrate
removal in sewage before discharging the effluent to the
receiving water cannot be over emphasised. High con-
centration of Nitrates in drinking water can cause “blue
baby” syndrome in infants [15]. High amounts of nitro-
gen also contribute to eutrophication in which nutrients
promote excessive plant growth where plants deplete
oxygen in the water [6].

3.3.3. Sulphate

Sulphate is classified as non toxic constituent of water.
However, intake of water containing high sulphate con-
tent can cause diarrhoea. The presence of sulphate in
domestic wastewater may be due to the addition of de-
tergent wastes from washing [16]. Figure 10(a) shows
that the SSFCW in this study was not very efficient in
removing sulphates from the wastewater. The influent
wastewater had 48.5 mg/l sulphate while the effluent had
28 mg/l sulphate (Figure 10(a)), and this is a removal of
only about 42.27% (Figure 10(b)). Despite the rather
low removal percentage, the effluent sulphate concentra-
tion is still far less than the FEPA discharge specification
of 400 mg/I.
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Figure 9. (&) NO; values at sampling points of the SSFCW;
(b) % NO3; removal at sampling points of the SSFCW.
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Figure 10. (a) NO; values at sampling points of the SSFCW;
(b) % NOj3 removal at sampling points of the SSFCW.

3.3.4. Iron

Figure 10(a) shows the steady reduction in the iron con-
tent of the wastewater along the SSFCW from influent
from 1.13 mg/l to effluent 0.03 mg/l (Table 1 and Figure
11(a)) and an overall removal efficiency of 97.35%
(Table 2 and Figure 11(b)). The effluent concentration
is thus within the limit of FEPA standards.

3.3.5. Dissolved Oxygen

A healthy body of water should have a dissolved oxygen
of at least 5.2 mg/l [17]. Low oxygen concentration is
associated with heavy organic matter contamination [14].
In this study, DO value increased along the SSFCW from
influent (SP1) with a value of 3.14 mg/l to the effluent
point (SP11) with a value of 7.49 mg/l (Figure 12(a)), an
improvement efficiency of about 138.54% (Figure
12(b)). The negative decline seen in the percentage curve
(Figure 12(b)) signifies the fact that the DO was in-
creasing along the sampling point.

The improvement noticed in dissolved oxygen after
treatment in the constructed wetland may be due to
re-duction in organic pollutants and microbial population
due to their retention in the beds and simultaneous mix-
ing of atmospheric oxygen [14]. Also, there is oxygen
exchange between the roots of the plants, the microbio
logical activities of the organism and the water flowing
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in the constructed wetland [18].
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3.3.6. Biochemical Oxygen Demand (BOD)
Biochemical oxygen demand is used to measure how
much oxygen microorganisms are consuming to break
down organics.

There should be enough oxygen in the water of the
wetland to ensure survival of plants and animals [8]. In
the current study, BOD values in the SSFCW decreased
from 73.14 mg/l at influent point (SP1) to a value of
(12.80 mg/l) at effluent point (SP11) i.e. about 82.47%
removal efficiency (Figures 13(a) and (b)).

Constructed wetlands are known to be highly efficient
in reduction of BOD [6,13,14,19]. The physical removal
of BOD5 occurs rapidly through settling and entrapment
of particulate matter in the void spaces in the gravel or
rock media. Soluble BOD5 is removed by the microbial
growth on the media surfaces and attached to the plant
roots and rhizomes penetrating the bed. In constructed
wetland system, a fraction of BOD5 is produced within
the system due to the composition of plant litter and oth-
er naturally occurring organic materials, thus making it
impossible to achieve complete BOD5 removal and a
residual BODS is typical present in the effluent [20].

3.4. Performance of Microbiology Pollutants
Parameters

Escherichia coli (E-coli)
A measure of the microbiology quality of sewage is

—BOD (mg/l)
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Figure 13. (a) BOD values at sampling points of the SSFCW;
(b) % BOD removal at sampling points of the SSFCW.
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usually through the E-coli. E-coli is a disease causing
pathogen that can be present in drinking water and most
definitely in sewage water.

This study reveals an appreciable reduction in total
E-coli count from 874.18 MPN/100 ml at influent point
(SP1) to a value of 0.15 MPN/100 ml at effluent point
(SP11), this is a removal efficiency of about 82.50%
(Figures 14(a) and (b)).

The main processes that are involved with pathogen
removal include natural die-off, sedimentation, filtra-
tion, ultra-violet light ionization, unfavorable water
chemistry, temperature effects, pH and predation by
other organisms [21]. Also, the depth of the beds plays a
significant role in the reduction of bacterial populations
[14]. The depth of the constructed wetland in this study is
650 mm, which is shallow, may also account for the bet-
ter efficiency in coliform removal.

4. Conclusion

Results from this study show that the constructed wet-
land system at the University of Lagos is efficient in the
removal of biological and organic pollutants from do-
mestic waste water. The removal efficiency of the facility
for most physical, chemical and biological parameters is
above average and the effluent values are within the
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Figure 14. (a) E-coli values at Sampling Points of the
SSFCW; (b) % E-coli Removal at Sampling Points of the
SSFCW.

OPEN ACCESS

FEPA'’s Effluent Limitation Guidelines in Nigeria [22] as
shown. The study concludes that constructed wetland,
apart from being a cheap and viable option for sewage
treatment in Tropical Africa, is also efficient in the re-
moval of pollutants during the treatment process.
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