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Nutrients such as ammonia, nitrate, nitrite and phosphorus are the common
contaminants discharged into the water bodies. Most of Malaysian wetlands were
polluted through nutrient discharge from agricultural runoff and anthropogenic
activities. Studies on floating treatment wetland efficiency using native plant species
to reduce the nutrient were lacking in Malaysia. The potential of floating treatment
wetland in water purification using three plant species of Spike rush ( Eleocheris
variegata), Bug bulrush(Scirpus mucronatus) and Fan grass (Phylidrum
lanuginosum), and floating mat coverage as well as plant species combinations was
examined. The result showed the plant species performed better in ammonia, nitrate
and phosphorous removal. Spike rush exhibited significantly higher ammonia-
nitrogen removal in high nutrient concentration water (p = 0.013) compared to low
nutrient concentration water. While in nitrate, the plant exhibited significantly higher
removal in low nutrient concentration water (p = 0.000) compared to high nutrient
concentration water. Similarly, the plant showed significantly higher phosphorus
removal in low nutrient concentration water (p = 0.000) compared to high nutrient
concentration water. However, Bug bulrush was also exhibited significantly higher
ammonia- nitrogen removal in higher nutrient concentration water (p = 0.021)
compared to low nutrient concentration water. Conversely, the plant showed
significantly higher nitrate removal in low nutrient concentration water (p = 0.000)
compared to high. Similarly, the plant exhibited significantly higher phosphorus
removal in low nutrient concentration water (p = 0.000) compared to high. However,
Fan grass exhibited significantly higher ammonia- nitrogen removal in low nutrient
concentration water (p = 0.021) compared to high nutrient concentration water.
While, in nitrate removal, the plant showed higher in high nutrient concentration
water (p = 0.000) compared to low nutrient concentration water. Similarly, the plant
exhibited significantly higher phosphorous removal in high nutrient concentration (p
=0.000) compared to low nutrient concentration. In BOD removal, the result showed



only significant differences in low nutrient concentration water between the plant
species (p = 0.046). However, The result showed no significance differences in
nutrient removal between the floating mat coverage, except for nitrate in 20%
floating mat coverage which showed significantly higher removal (p = 0.031)
compared to 60% floating mat coverage. Furthermore, the result showed two plant
species in 60% floating mat coverage was significantly higher in nitrate removal (p
= 0.041) compared to control. However, three plant species showed significantly
higher phosphorus removal (p = 0.006) compared to two plant species and control.
Moreover, the control of 40% floating mat coverage exhibited significantly higher
Biochemical oxygen demand removal (p = 0.001) compared to three and two plant
species combinations.

Conversely, three plant species in 20% floating mat coverage showed significantly
higher BOD removal (p = 0.008) compared to two plant species. The result showed
increase in Chemical oxygen demand in all the experiment. The plant species showed
good performance in nutrient removal for both high and low nutrient concentration
water. Floating mat coverage and plant species combination contribute more in
nitrate removal. The plant species are good for BOD removal, but they are not
desirable for COD removal.

il



Abstrak tesis yang dikemukakan kepada Senat Universiti Putra Malaysia sebagai
memenuhi keperluan untuk ijazah Master Sains

PENYINGKIRAN NUTRIENT OLEH SPESIES TANAMAN (Eleocheris
variegata, Scirpus mucronatus, Phylidrum lanuginosum) DAN LITUPAN
TANAMAN YANG BERBEZA PADA WETLAND TERAPUNG

Oleh

MUHAMMAD SANUSI IBRAHIM
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Nutrien seperti ammonia, nitrat, nitrit dan fosforus adalah bahan pencemar yang
biasa dilepaskan ke jasad air. Sebahagian besar tanah paya di Malaysia telah
tercemar akibat pelepasan nutrien daripada air larian pertanian dan aktiviti manusia.
Kajian tentang keberkesanan floating wetland yang menggunakan spesies tumbuhan
asal dalam mengurangkan nutrien tersebut di Malaysia agak jarang dilakukan. Kajian
ini meneliti potensi floating wetland dalam rawatan air menggunakan tiga spesies
tanaman iaitu Spike rush (Eleocheris variegata), Bug bulrush (Scirpus mucronatus)
dan Fan grass (Phylidrum lanuginosum) dan kombinasi litupan lantai serta spesies
tumbuhan yang berbeza. Keputusan mendapati spesies tumbuhan mencapai prestasi
lebih baik dalam penyingkiran ammonia, nitrat dan fosforus. Spike rush
menunjukkan penyingkiran ammonia-nitrogen yang lebih tinggi dalam air
berkepekatan nutrien yang tinggi (p = 0.013) berbanding dengan air berkepekatan
nutrient rendah. Sementara bagi nitrat, tumbuhan ini menunjukkan penyingkiran
yang lebih tinggi dalam air berkepekatan nutrient rendah (p = 0.000) berbanding
dengan air berkepekatan nutrien yang tinggi. Selain itu, tumbuhan itu menunjukkan
penyingkiran fosforus yang signifikan dalam air berkepekatan nutrien yang rendah
(p = 0.000) berbanding dengan air berkepekatan nutrien yang tinggi. Walau
bagaimanapun, Bug bulrush juga menunjukkan penyingkiran ammonia-nitrogen
yang signifikan dalam air berkepekatan nutrien yang tinggi (p = 0.021) berbanding
dengan air berkepekatan nutrien rendah. Sebaliknya, tumbuhan tersebut
menunjukkan penyingkiran nitrat yang lebih tinggi secara signifikan dalam air
berkepekatan lebih rendah (p = 0.000) berbanding dengan kepekatan tinggi. Begitu
juga, tumbuhan ini menunjukkan penyingkiran fosforus yang jauh lebih tinggi dalam
air kepekatan rendah (p = 0.000) berbanding dengan kepekatan tinggi. Walau
bagaimanapun, Fan grass menunjukkan penyingkiran ammonia-nitrogen yang
signifikan dalam air berkepekatan rendah (p = 0.021) berbanding dengan air
berkepekatan nutrien yang tinggi. Sementara itu, dalam penyingkiran nitrat,
tumbuhan menunjukkan penyingkiran lebih tinggi dalam air berkepekatan nutrien
yang tinggi (p = 0.000) berbanding dengan air kepekatan yang rendah. Tumbuhan
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itu juga menunjukkan penyingkiran fosforus yang signifikan dalam air berkepekatan
nutrien yang tinggi (p = 0.000) berbanding dengan kepekatan nutrien yang rendah.
Bagi penyingkiran BOD, keputusan menunjukkan hanya perbezaan yang signifikan
dalam air berkepekatan nutrien yang rendah antara spesis tumbuhan (p = 0.046).
Keputusan juga menunjukkan tiada perbezaan yang signifikan dalam penyingkiran
nutrien antara liputan terapung terapung, kecuali bagi nitrat dalam liputan 20% yang
menunjukkan penyingkiran lebih signifikan (p = 0.031) berbanding dengan litupan
60%. Selain itu, keputusan menunjukkan kombinasi dua spesies tumbuhan dalam
liputan 60% adalah lebih signifikan dalam menyingkirkan nitrat (p = 0.041)
berbanding dengan kawalan. Walau bagaimanapun, kombinasi tiga spesies
tumbuhan menunjukkan penyingkiran fosforus yang lebih signifikan (p = 0.006)
berbanding dengan kombinasi dua spesies tumbuhan dan kawalan. Selain itu,
kawalan bagi experimen liputan 40% menunjukkan peningkatan Permintaan
Oksigen Biokimia yang lebih signifikan (p = 0.001) berbanding dengan kombinasi
tiga dan dua spesies tumbuhan. Sebaliknya, kombinasi tiga spesies tumbuhan dalam
liputan 20% menunjukkan penyingkiran BOD yang lebih signifikan (p = 0.008)
berbanding dengan dua spesies tumbuhan. Keputusan juga menunjukkan
peningkatan Permintaan Oksigen Kimia dalam kesemua eksperimen. Spesies
tumbuhan menunjukkan prestasi penyingkiran nutrien yang baik dalam kedua-dua
kepekatan nutrien yang tinggi dan rendah. Litupan tumbuhan dan gabungan spesies
tumbuhan menyumbang lebih banyak dalam penyingkiran nitrat. Spesies tumbuhan
adalah baik untuk penyingkiran BOD, tetapi tidak untuk COD.
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CHAPTER 1

INTRODUCTION

1.1 Introduction Background

Nutrients discharging into rivers, lakes, and ponds are becoming an issue worldwide
as a result of high loading rate to the ending sources. This is due to the increase of
anthropogenic activities, which is detriment to human health and aquatic life.
Nutrients such as ammonia, nitrate, nitrite and phosphorous in storm water effluent
are common contaminants in water bodies threatening public health and ecosystem
integrity (Wanielista et al., 2012). This has caused acute and chronic outcomes, both
directly and indirectly. For example, without proper treatment, ammonia in
wastewater effluent has been shown to stimulate phytoplankton growth, which
exhibits toxicity to aquatic biota, and exerts an oxygen demand in surface waters
(Beutel, 2006). The non-disassociated ammonia found to be extremely volatile which
is either ionized or volatized in aqueous solution, and becomes toxic to fish species
(Tarazona et al., 2008). Thus, fish mortality, health, and reproduction have all been
affected by the presence of minute amount of ammonia-N (Servizi and Gordon,
1990).

Nitrate has also caused many health problems mainly in human. It has been proven
to be responsible for health issues such as liver damage and even some cancers
(Huang et al, 1998). However, it was also been discovered that when nitrite react
with amino, chemically or enzymatically, it forms nitrosamines which are very
potential carcinogens (Sawyer et al, 2003). Phosphorous on the other hand can be an
important nutrient in regulating primary productivity in lakes and it is a major
contributor to eutrophication in aquatic system (Belmont and Metcalfe, 2003). Thus,
by the presence of eutrophication in water body, it could lead to deterioration in
water quality and undesirable disruption to the balance of aquatic ecosystem, such
as decreased biodiversity, adverse community reaction and changes in biomass of
dominant species (Yin Wang et al, 2015). This is recognized as an important and
widespread global environmental problem.

The need to reduce such nutrients level in wastewater is increasingly critical as
rivers, lakes and coastal waters become more nutrient loaded worldwide (Reinsel,
2012), and consequently becoming detrimental to human health and aquatic
ecosystem destruction. Conventional storm water detention ponds were built
essentially for the pollution control, providing aesthetic and recreational benefit as
well as a flood and downstream erosion control (Wanielista et al, 2012).
Nevertheless, increase in human activity and surface runoff that consists fertilizer,
animal excrete and organic debris leads to eutrophication that conventional ponds
cannot handle, which resulted in new environmental issue and concern. This harmful
cycle in ponds creates an algae bloom which gradually covers the water surface there
by hindering the sunlight from penetrating the water column, which thus hindered



the oxygen transfer in the water column thereby restrains a healthy aquatic ecosystem
(Wanielista et al, 2012).

The use of constructed and well managed natural wetlands served as a means of
remediating waste water runoff from various sources (Boets et al, 2011).
Constructed wetlands are used extensively for water quality improvement by
reducing pollutant loads, as well as for ecological reasons (Wood and Shelley, 1999;
Schulz and Peall, 2001). It was initially employed mainly to treat point sources waste
water, but more recently an increased concern has been on urban and agricultural
storm water runoff (Carleton et al, 2001; Schulz and Peall 2001; Page et al, 2002).
Moreover, wetlands have frequently been established to remove pollutants from
contaminated water. Studies have addressed their removal and fate of pollution
control (Goulet et al, 2001; Boets et al., 2011).

Plants play a vital role in nutrient recycling in wetland due to uptake, storage and
release process (Arthur et al, 2002). Specifically, plants with potentially high annual
primary production can extract large amount of nutrient from their environment, and
store these nutrient in biomass and litter. For this reason many wetland plants are
being used to reduce the nutrient content of domestic, industrial and agricultural
waste water (Hammer, 1989). Microphyte based wetland system has been reported
to be effective for water quality improvement by reducing water velocity, thereby
allowing suspended particle to settle, and their direct uptake of the nutrients as well
as the work of microbial population such as nitrifying and denitrifying bacteria
(Chimney & Pietro, 2006; Taylor et al, 2011; Zhu et al., 2012).

Floating treatment wetlands were among the recent green technology that promise
best management practices in remediating the waste water and storm water from
various sources, which overcome the constructed wetland problems. A floating
treatment wetland offers an innovative naturally harmonious solution in pollutant
removal by directly assimilating them into their microphyte, and it provides a
suitable environment for microorganisms to decompose or transforms the pollutant
to gas phase which reduce their concentration (Wanielista et al., 2012).

In conventional treatment wetlands, the duration of inundation, water depth,
frequency of flooding and drought are known to affect the plant growth,
establishment and survival as well as the land area requirement for establishing the
conventional treatment wetlands is a limitation to their applicability. Floating
treatment wetlands is an innovative variant on this system and a possible solution to
this problem (Wanielista et al., 2012).

As the plants on the floating mat grow, the roots penetrate through the water level
and absorb the nutrients in the water column rather than being rooted in the
sediments, as in the case of constructed and natural wetlands. As a result, the water
depth is not a concern issue and the mat may not be affected by the water level
fluctuation. The plants on floating mat are forced to acquire nutrition directly from



the water column (Headly et al., 2006; Vymzal, 2007). Thus, nutrients and other
elements uptake into biomass rate increases as physiological growth continues
(Wanielista et al., 2012).

1.2 Research Problem

Environmental problems associated with deterioration of water quality are becoming
a worldwide major environmental issue in present and coming years. Deterioration
of water quality is not only considered for drinking water supply, but also related to
recreation and aquaculture activities (Pratt, 2005). Major nutrient polluting water
bodies such as nitrogen and phosphorous are coming from the point source such as
sewage and industrial discharge along tributaries, leachate from waste disposal site,
runoff from animal feed lots. The nonpoint sources of agricultural areas rich in
nitrogen and phosphorus through the drainage basin or shores, pollution from
aquaculture or marine culture zones, external loads from precipitation, and internal
loads release from sediment bed are also contributing to the deterioration (Yin Wang
et al, 2015). Sewage discharge into aquatic systems is one of the major contributors
to the deterioration of water bodies. This is due to the organic or nutrient content of
the sewage itself as well as specific contaminants that are associated with the
discharge (Mudge and Duce, 2005).

Anthropogenic activities within urban catchment generate pollutants consisting
nitrogen and phosphorus, which are transported from street surfaces by storm water
runoff, and are discharged into adjacent water bodies (Birch et al, 2004). Such
pollutants carried out by urban storm water contribute substantially to the
degradation of water quality of receiving water areas (Davis et al, 2001).

Eutrophication as it is triggered by human activities, give rise to variety of
environmental problem, by extremely rapid growth of phytoplankton in water bodies
which led to deterioration of water quality. As a result it leads to several potential
carcinogenic and mutagenic byproducts which have adverse effect on health,
thorough damaging the liver, intestine and nervous system. It also leads to severe
oxygen depletion in a water body which may result in the decreased in biodiversity
(Yin Wang et al, 2015).

Eutrophication is the main water quality issue in Malaysia. Drainage ditches,
irrigation channels, ponds and other water ways are polluted by agricultural runoff
from fertilizer-rich land such as vegetable farms, fruit and flower nurseries, golf
courses and animal farms (Sim, 2003). These sources cause the pollution of wetland
areas as a result of nutrient discharge which is becoming an alarming risk in most
Malaysian wetlands. This is due to the nutrient discharge and other anthropogenic
activities within the urban catchment. According to Sim et al., (2007) 63% of the
rivers in Malaysia are classified as moderately to high polluted.



Country Villa, is a residential area located in Kajang, Selangor, and has lakes that
have their tributaries from upstream. The lakes are within the residential
neighborhood and become a recreational resort of the area as well as leisure and
fishing area for the residents. The lakes become polluted as a result of eutrophication
and absence of any treatment mechanism. The pollution was mainly caused by the
polluted water coming from upstream and high sedimentation due to the erosion from
the construction work done adjacent to the lakes which blocked the water ways. The
lake reaches the deteriorating condition and developed algae mat on the surface.

The water turns to greenish in color and emits foul odor, which indicate the extensity
of the pollution (Figure 1.1). The lake does not exhibit the characteristic of good
wetland to purify water in terms of retention time, water flow (inlet) and specific
plants to use for water purification as a result of absence of treatment mechanism.

Figure 1.1 : Deterioration of the Lake in Country Villa, a) Sources of polluted
water from upstream b) erosion that caused sedimentation c) algae mat bloom
and d) water color change into greenish due to high nutrient concentration



Phytoremediation is the best environmental friendly technology and cost effective
for remediating waste water compared to conventional treatment system. The
floating treatment wetland is recent potential green technology which overcomes the
problems facing the constructed wetlands (Wanielista et al., 2012). It is a novel
treatment concept that employ rooted emergent macrophytes growing on floating
mat on the water surface rather than rooted in sediment (Tanner and Headley, 2011;
Fonder and Headley, 2011), and absorbed dissolved nutrients in the water column
by using the removal benefit of the vegetation planted on the mat (Headley and
Tanner, 2006; Vymazal, 2007).

Numerous studies were carried out on water purification using different wetland
plant species. For example White and Cousins (2013) used Canna flaccida and
Juncus effuses in two different nutrient loading rates to examine the remediation
efficiency of floating treatment wetland, and found it is effective in low nutrient
environment with Juncus effuses perform better than Canna flacida. Keizer-vlek, et
al., (2014) used Typha angustifolia and Iris pseudacorus to examine the contribution
of plant in nutrient uptake to the total removal capacity of FTW as well as Chang et
al., (2012), Van De moortel et al., (2010) and Headley and Tinner, (2012). Most of
plant species used was Phragmite autralist, Typha latifolia, Canna flaccida, Juncus
effuses, and little trace on Vetiveria zizanicide and Zizania caduciflora, but no work
has been done using Eleocheris vareagata, Scirpus mucronatus or Phylidrum
lanuginosun. However, there is no work done on floating treatment wetland in
Malaysia using these plant species. Therefore, the study focused on the use of these
plants as they are native plant species with high biomass and able to degrade the
organic matter presence in the water as well as able to grow in high polluted water.

The study also used different floating mat coverage of 60%, 40% and 20% as the
work concerning the floating mat coverage was mostly conducted using 5% and 10%
by Chang et al., (2012), 95% by Li et al., (2011) and 100% by Steward et al., (2002).
The study was conducted in two phases of microcosm and mesocosm studies. Figure
1.2 below illustrates the flow of the experiment.
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1.2.1  Research question

1) Are the plant species Spike rush (Eleocheris vareagata), Bug bulrush
(Scirpus mucronatus) and Fan grass (Phylidrum lanuginosun)
efficient to be used in floating wetland for nutrient removal in high
and low nutrient concentration water?

2) Does the plant species combination and floating mat coverage
influence the floating treatment wetland performance in terms of
nutrient removal?

3) Does the floating treatment wetland work efficient in water
purification for COD and BOD removal?

1.3 Research Objective

The primary objective of this study is to examine the performance of floating
treatment wetlands in water quality improvement via nutrient removal, in a small
scale (microcosm) using different plant species and nutrient concentrations (high and
low), and large scale ( mesocosm) studies using different floating mat coverage and
plant species combinations. The specific objectives to be achieved are as follows;

1) To determine the capacity of floating treatment wetland for treating
water with high and low nutrient concentrations using three different
plant species (in microcosm) study.

2) To assess the efficiency of floating treatment wetland in nutrient
removal using different floating mat coverage and plant species
combination in a large scale (mesocosm) study over time.

3) To identify the floating treatment wetland performance in BOD and
COD removal in both microcosm and mesocosm studies.

14 Significance of the Study

The study seeks to provide the alternative green technology of floating treatment
wetland in controlling the pollution problem in a lake due to its nature of cost
effectiveness, and environmentally friendly technology which efficiently remove the
contaminants. By utilizing the macrophyte means of water purification in wetland,
the cost of management will be minimized and water purification target could be
achieved. Floating treatment wetlands technology is the promising problem solving
which overcomes the challenges of duration of inundation, water depth, frequency
of flooding and draught facing the constructed wetland in terms of plant growth and
establishment, and the problem of land requirement for establishing the treatment
wetland (Wanielista et al., 2012).



1.5 Scope of the Study

The study was focused on identifying the floating treatment wetland performance in
ammonia-nitrogen, nitrate, nitrite and phosphorus removal as well as it is
performance on Biochemical oxygen demand, Chemical oxygen demand removal.
The in situ water quality parameters such as temperature, pH, Dissolved oxygen,
Electrical conductivity, Total suspended solid and water turbidity was also
determined as they may positively or negatively influence the nutrient removal.

The experiment was carried out at Faculty of Environmental Studies, Universiti Putra
Malaysia, using the Country Villa Lake water located at Kajang as high nutrient
concentration water due to the high pollution. The water from lake behind Faculty
of Environmental Studies was used as low nutrient concentration due to the less
nutrient content in the water.
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