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PERFORMANCE OF A CONSTRUCTED WETLAND IN REMOVING
CONTAMINANTS FROM STORMWATER UNDER TROPICAL CLIMATE
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ABSTRACT: Rapid growth has resulted increased stormwater flow into receiving waters, with
increases in flooding through drainage of stormwater runoff from urban areas to receiving water bodies.
The design philosophy of the conventional stormwater drainage system was based on solving localized
floods, either by transferring excessive flow in drainage systems downstream by upgrading the drainage
system, or relieving localized problems by constructing storm overflows. In response to these issues,
there are needs for a paradigm shift in the way stormwater is managed. There are various Best
Management Practices (BMPs) techniques which can be used to control stormwater runoff to achieve
zero development impact contribution. Constructed wetland system is part of sustainable urban drainage
system and this system has a main function as water quality improvement. The objective of this study was
to determine the removal efficiency of contaminants in urban stormwater by a wetland constructed in the
USM Penang catchment. The result showed that the average removal efficiency of BOD was 9.7% to
80%, DO was 6.5% to 17.8%, turbidity was 25.9% to 30.0% and TP was 24% to 46%. The correlation
between rainfall and water quality data for BOD and DO showed the negative correlation while for
turbidity and TP showed the positive correlation. In addition, the correlation between inflow and water
quality concentration at inlet point are also considered and the result indicated the positive correlation for
BOD, DO, turbidity and TP. The finding also suggested that there are no significant differences (P > 0.05)
for BOD, DO, TP and turbidity by using paired sample test. The analysis proved that the water quality at
inlet point has no significant effect to the outlet point
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1.

INTRODUCTION

Urbanization has increased the construction of impervious area and significantly altered the hydrology
and hydraulic characteristics of catchments. In the long term, the urbanization has increased the occurred
of the flash flood and deteriorated the water quality in the urban area. There are various Best
Management Practices (BMPs) techniques which can be used as “control at source” methods to control
stormwater runoff quantitative and qualitative. Mitch & Gosselink (2000) stated that the constructed
wetland is widely used in developed countries for the stormwater quality improvement. In practice in
Malaysia, the constructed wetland has been suggested in Stormwater Management Manual (SWMM) and
the topic of constructed wetland can be referred in Chapter 35, Volume 13 (DID, 2001). The treatment of
stormwater in constructed wetland is the result of a complex interaction between the physical, chemical
and biological processes that occur within the system. Li (2009) had the defined constructed wetland as
an engineered system comprised of wetland vegetation, soil (or other rooting media) and associate
microbial and physiological ecosystem that colonize over time. While Zhang et al. (2009) defined that the
constructed wetland as a special designed system of production process in which the principle of the
species symbiosis and the cycling and regeneration of substances in an ecological system are applied
with adopting the system engineering technologies and introducing new technologies and excellent
traditional production measures.
Babatunde et al. (2008) proved that the constructed wetland in developed countries has the capability to
improve stormwater quality based on the research on thirteen constructed wetland sites in the Ireland
where the average pollutant removal rates to be 76.8% to 99.8% for Biochemical Oxygen Demand,
76.3% to 99.7% for Chemical Oxygen Demand, and 67% to 99.9% for Ammonium Nitrate (NH4-N). While
the removal efficiency for constructed wetland in China, TSS around 83%, 66% for BOD, 38% for COD
and 53% for TP (Zhang et al, 2009). Besides, a few Australian studies were found such as Shatwell &
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Cordery (1998) that studied a pond in Centennial Park in Sydney, achieved typical phosphorus removal of
60-95% and the performance of sediment removal around 80-99%. However, they have pointed out that it
would be likely that trapped loads would be re-suspended during very high flows due to lack of hydrologic
control. Stewart and Hackney (2002) undertook an assessment of stormwater wetlands at Riverside Park,
for Liverpool City Council and the concentrations of TSS, TP and TN were found to reduce by an average
of 96, 82 and 74% respectively, whilst turbidity and faecal coliforms dropped by 97% and total grease was
reduced by 17%. While Geary et al. (2003) found fairly consistent TSS load removal with export during
the selected storm event. Constructed wetland in Malaysia can be considered as a new innovation and
not widely implemented in all over Malaysia. Therefore there is not much study focus on constructed
wetland as a function of stormwater quality improvement under Malaysia condition. Therefore, the
objective of this study was to determine the removal efficiency of contaminants in urban stormwater by a
wetland that constructed in the USM Penang catchment.
1.1

Site Description

USM Engineering Campus project (Figure 1) has taken a series of measures to reduce runoff rates,
runoff volumes and pollutant loads by implementing a source control approach for stormwater
management as suggested in the Stormwater Management Manual for Malaysia. This includes a series
of components namely ecological swales, online sub surface detentions and dry ponds as part of the
BIOECODS that contribute to the treatment of the stormwater before it leaves the campus. This system
was designed to combine infiltration, delayed flow, storage and purification as pre treatment of
stormwater before discharging to a constructed wetland. In additional to source control, these measures
include integrating large scale landscapes into the development as a major element of the stormwater
management system. The concept of BIOECODS is to integrate the drainage components with the
ecological pond components for further treatment of the stormwater runoff. In combination, this increase
runoff lags time, increase opportunities for pollutant removal through settling and bio filtration and reduce
the rate and volume of runoff through enhanced infiltration opportunities. The design features and types
of planted macrophytes for USM Engineering Campus project can be seen through the Table 1 and
Figure 2 respectively.

Table 1: Design criteria of the constructed wetland from Zakaria et al (2003)
2
Catchment area
1.214km
Design storm (3 month ARI)
22.5 mm/h
Length
155m
Width
60m
2
Wetland surface area
9100m
2
Volume
9100m
% catchment
0.7
3
Design inflow rate
0.25m /s
Mean residence time
3 days
Slope of wetland bed
1%
Bed depth
0.6m
Media
Peat gravel and soil mixture
-3
-2
Hydraulic conductivity of gravel
10 m/s to 10 m/s
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Penang, Malaysia

Figure 1: USM Engineering Campus Constructed Wetland
(Zakaria et al., 2003)

1.2

Methodology

Samples of stormwater inflow and outflow were obtained during rainfall events between 2003 -2004 and
2005 - 2006. Samples were collected at the inlet and outlet to the wetland during each event and
analyzed for BOD and TP. The sampling and testing procedures were done in accordance with the
th
Standard Method for Examination of Water and Wastewater 18 Edition (APHA, 1995). While the water
quality parameters (temperature, dissolved oxygen, pH, turbidity, conductivity) were measured
concurrently. Then the statistical analysis was carried out to determine the correlation between rainfall
and water quality data for BOD, DO, turbidity and TP. In addition the correlation between inflow and water
quality data were also measured. A paired sample test was chosen to determine if there are any
significant values for water quality at inlet and outlet point. The confidence level of 95% was used in this
analysis.
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Typha augustifolia

Typha augustifolia

Phragmites Karka

Hanguana malayana
Lepironia articulata

articulata

Eleocaris dulcis
Hanguana malayana
Figure 2 : Types of Macrophytes in USM Engineering Campus constructed wetland (Zakaria et al., 2003).

2.0

RESULT

The results are evaluated the performance of constructed wetland based on BOD, DO, TP and Turbidity
removal efficiency.

2.1

Biochemical Oxygen Demand

Figure 3 showed the average removal efficiency of BOD for selected storm event and results it showed
that the average removal efficiency of BOD around 9.7% to 80%. The BOD concentration had been
reduced through the microbiological activities in macrophytes such as microbial decomposition. The
microbial decomposition is fixed dissolved carbon into new biomass during photosynthesis (USEPA,
1999) where the macrophytes had provided a place and food for microbial to growth (Lim et al., 2001;
Greenway dan Woolley, 1999). However, some of BOD removals were not happen during the date of 19
Julai 2003, 9 September 2003, 25 November 2003, 24 Mac 2006 and 19 Jun 2006 due to the increasing
number of algae , thus resulting the increasing concentration of DO at the outlet of constructed wetland (
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Li, 2009; Greenway and Woolley, 1999). Figure 4 and 5 showed the correlation of BOD at the inlet point
with various rainfall intensity and inflow respectively. The correlation between rainfall and water quality
2
data for BOD showed the negative correlation with R = 0.1081 however the correlation between inflow
2
and water quality data for BOD showed the positive correlation with R = 0.0142. In addition, the statistical
test using paired sample test was conducted to determine the significant value between concentration of
BOD at the inlet and oulet of constructed wetland. The result of P value equal to 0.1189 which was more
than 0.05.

Figure 3: BOD Removal efficiency

Figure 4: Correlation of BOD concentration at the inlet with various rainfall intensity
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Figure 5: Correlation of BOD concentration at the inlet with various inflow
2.2

Dissolved Oxygen

DO removal efficiency for selected date and average removal efficiency of DO was 6.5% to 17.8% and
shown in Figure 6. The removal efficiency of DO was referred to the microorganisms’ activities in the
bottom of constructed wetland. The macrophytes such as Phragmites karka played a role as organic
removal through the nitrification process and increasing the DO concentration (Fleet, 2002). The
correlation of DO concentration at the inlet towards rainfall intensity was shown in Figure 7, while the
correlation of DO concentration at the inlet towards inflow shown in Figure 8. It was shown in Figure 7,
2
the DO concentration had a negative correction to rainfall intensity with R = 0.1323, meaning that the
rainfall intensity did not affected the DO concentration. While Figure 8 showed the positive correlation to
2
R =0.0018 , meaning that the inflow were affected the DO concentration at the inlet point of constructed
wetland. The statistical analysis was carried out to determine if there any significant value between DO
concentration at the inlet point with DO concentration at the outlet point. The choosen test was Paired
Sample Test and P value from that test was 0.9616 which more than 0.05. This P value meant that DO
concentration at inlet point had no significant effect towards DO concentration at outlet point.

Figure 6: DO Removal Efficiency
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Figure 7: Correlation of DO concentration at the inlet with various rainfall intensity

Figure 8: Correlation of DO concentration at the inlet with various inflow

2.3

Turbidity

Figure 9 showed the turbidity removal efficiency for selected storm event and the average removal
efficiency was 25.9% to 30.0%. The turbidity value was highly affected by rainfall where if there are rain,
the concentration of turbidity become higher. This might be happen during the rainfall, the small particle
from road and hostel flow together with stormwater and directly flow into the constructed wetland. This
can be seen through Figure 10 which showed the positive correlation of turbidity concentration at the inlet
2
with various rainfall intensity with R = 0.017. Furthermore, positive correlation also can be seen as in
2
Figure 11 where the correlation of turbidity concentration at the inlet with various inflow was R =0.1011.
Moreover lower turbidity concentration at the outlet indicated that there were the sedimentation at the
bottom of constructed wetland due to slow velocity of water between 0.1m/s to 0.7m/s. While, P value
obtained based on Paired sample test was 0.1051 more than 0.05 and showed that there was no
significant value between turbidity concentration at the inlet and outlet of constructed wetland.
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Figure 9: Turbidity Removal Efficiency

Figure 10: Correlation of Turbidity concentration at the inlet with various rainfall intensity

Figure 11: Correlation of Turbidity concentration at the inlet with various inflow
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2.4

Total Phosphorus

Phosphorus transformations and retention in wetlands are controlled by the interaction of redox potential,
pH values, Fe, Al, and Ca minerals, organo-metallic complexes, organic matter content,clay minerals,
hydraulic loading, and the amount of native soil P (Richardson, 1985; Faulkner and Richardson, 1989;
Vymazal, 1995;Dunne and Reddy, 2005). A theoretical hierarchy of the processes that control P retention
in wetlands is as follows (Richardson and Craft, 1993; Richardson et al., 1997; Richardson, 1999):
peat/soil accretion (high magnitude, very slow rate), soil adsorption (low to moderate magnitude,
moderate rate), precipitation (moderate magnitude, fast rate), plant uptake (low to moderate magnitude,
slow rate), detritus sorption (low magnitude, fast rate) and microbial uptake (very low magnitude, very fast
rate). The average removal efficiency TP for this constructed wetland was 24% to 46% and this can be
seen in Figure 12 where showed the TP removal efficiency for selected storm event. One of the factors
that might be reduced the TP concentration in constructed wetlands is the catchment area that relatively
flat which led to the lower TP concentration into the wetlands. The location of USM Engineering
Campus’s constructed wetlands is situated at a height of 0.7 m above sea level and this was contributed
to the removal of TP (HLA, 1999). Figure 13 showed the correlation of TP concentration at the inlet with
2
various rainfall intensity with the positive correlation ,R = 0.0106 and it strongly agree that the rainfall
intensity had effected the TP concentration in the constructed wetland. While Figure 14 showed the
correlation of TP concentration at the inlet with various inflow with correlation of TP concentration at the
2
inlet with various inflow, R = 0.0228. For statistical analysis, the P value gained from paired sample test
was 0.7461 which greater than 0.05.

Figure 12: TP Removal Efficiency
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Figure 13: Correlation of TP concentration at the inlet with various rainfall intensity

Figure 14: Correlation of TP concentration at the inlet with various inflow

2.5

Conclusion

In conclusion, the results showed that most of the parameters such as DO, BOD, TP and turbidity comply
with Class IIB, Interim National Water Quality Standard for Malaysia (INWQS). However, the finding
suggested that there are no significant differences (P > 0.05) for BOD, DO, TP and turbidity. The analysis
proved that the water quality at inlet point has no significant effect to the outlet point. The study indicated
that the suitable design features of the constructed wetland, suitable plants and details monitoring are
important elements to achieve the objectives of constructed wetland as water quality improvement.

2.6
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