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Abstract

The aim of this research is to verify the potential of different floating macrophytes as a good phytoindicator for
excess nutrients or bioindicator for nitrification and eutrophication in fresh water bodies. Domination of
floaters in water bodies were investigated from 3 different states (Selangor, Pahang and Kelantan) in Malaysia.
At each state, 15 water samples were collected and analysed for phosphate, ammonium, nitrite and nitrate.
Species are varied at each site, namely Lemna minor, Eichhornia crassipes, Neptunia oleracea, Pistia stratiotes,
Spirodela polyrhiza and Salvinia molesta. L.minor, E.crassipes and S.polyrhiza were observed as a great
phytoindicator for excess nutrient of phosphate and ammonium. Water quality where both species were in
abundance was classified in class Il and considered polluted according to Interim National Water Quality
Standards for Malaysia (INWQS). This finding revealed that all water bodies were detected with the presence of
excess nutrients but the levels of concentration are varied. All species were found as potential and effective
phytoindicators for nitrification and eutrophication in fresh water bodies.
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1. Introduction

Aquatic macrophytes are important components of many littoral zones given their contribution of valuable
ecosystem services. They store and release nutrients (Carpenter et al., 1986; Granelli et al., 1986) can prevent
excessive phytoplankton (Timms et al., 1984; Sondergaard et al., 1998) and provide energy and nutrients to a
range of herbivorous organisms (Lodge et al., 1987; Wetzel, 2001). They also serve as habitat for a variety of
aquatic organisms including fish (Randall et al., 1996; Sass et al., 2006) and zooplankton (Burks et al., 2002,
Jeppesen, 1998). Various aquatic macrophytes, such as water hyacinth (Eichhornia crassipes), duckweeds (e.g.
Lemna spp.), water lettuce (Pistia stratiotes), cattail (Typha latifolia), and common reed (Phragmites
communis), have been applied to remove Nitrogen and Phosphorus from eutrophic water. These plants are
chosen based on previous studies that documented their ability to survive in nutrient and environments and grow
strong roots (Miao et al., 2009).

2. Literature Review

Nutrients are the main agricultural pollutants in Malaysia. Nitrogen and Phosphorus are nutrients that brings
threat to ecosystem while exceed its limit. Drainage ditches, irrigation channels, ponds and other waterways are
polluted by agricultural runoff from fertilizer rich land such as vegetable farms, fruits and flower nurseries, golf
courses and animal farms. More than 63% of the rivers in Malaysia are classified as moderately to highly
pollute. They receive urban runoff polluted with domestic sewage discharges and livestock excreta, as well as
from agricultural uses and wastewater from factories. The river waters have high concentrations of biological
oxygen demand, nutrients and pathogens, resulting in a risk to public health for bathing and fishing, particularly
in areas of poor or impoverished human population and water recreational areas (Sima et al., 2008).

Nitrification is an important step in the nitrogen cycle. In short, nitrification can be defined as the
process by which ammonia is changed to nitrite, and nitrite to nitrate. Nitrification was initially not seen as a
necessity from the point of view of the receiving water but was rather experienced as a cause of eutrophication
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and nuisance (Fair et al., 1984). Agriculture and urban activities are major sources of phosphorus and nitrogen
to aquatic ecosystems. Atmospheric deposition further contributes as a source of nitrogen (Costa et al., 2008).
Meanwhile, symptoms of eutrophication include algal scums and toxins derived from algal blooms, massive
infestations of certain aquatic plants, increased incidence of water-related diseases turbid water, noxious odors
and poor tasting water, depletion of dissolved oxygen and fish kills (UNEP-IETC, 2000). Eutrophication is
threatening to human health and can change the aquatic ecosystem itself, which can result to many other
implications. Minor eutrophication should be monitored before it spread to major eutrophication and create
environmental problems. In recent years, modern chemical methods were developed for measuring increasing
eutrophication and acid rain, and concentrations of other pollutants in the environment (Schindler et al., 2008).

The applications of plant in environmental protection strategies are called “Phytotechnologies”.
Phytotechnologies employ plants to remediate, stabilize or control toxic contaminants from the environment. .
Plants can take up various pollutants and nutrients (nitrate, ammonium, phosphorus), metals, metalloids,
petrochemical compounds (fuels, solvents), pesticides and soluble radionuclides (Licht at al., 2005; Duggan
2005; Meers et al., 2007).

3. Methodology
3.1 Site study

3 different states in Malaysia have been chosen as a site study for collecting water samples. Those states are
Selangor, Pahang and Kelantan. At the same, 5 distinct locations have been identified with abundance of
floating macrophytes within the state respectively. In the end, total of 15 different water bodies came along with
distinct species of floating aquatic plants have been selected as our site study for water sampling.

3.2 Water sampling

15 samples were collected in triplicate in 1 Litre plastic bottle at selected sites using standard methods of
collection. That means, 45 water sample has been taken for laboratory testing. The samples were carefully
labelled and transported to the laboratory in an icebox and then stored at 4°C in the laboratory until required for
analysis. Those samples were tested using HACH spectrophotometer (HACH, 1989), in order to detect different
nutrients, which are ammonium (NH4), nitrite (NO2), nitrate (NO3) and phosphate (PO4).

3.3 Laboratory testing

Water samples were defrosted under room temperature before being tested in the laboratory. By using HACH
nutrient manual, water being tested accordingly. Each bottle was then divided into 8 samples for examination.
The experiments were sequentially replicated to evaluate the variations. In the end, results of 24 samples will be
collected from one 1 site of water bodies. That means, total of 120 water samples were read its concentration of
ammonium (NH4), nitrite (NO2), nitrate (NO3) and phosphate (PO4) from each state respectively.

4. Result and Analysis

Excess nutrients of phosphate, ammonium, nitrite and nitrate was detected at all site of Selangor Pahang and
Kelantan. All results were based on National Water Quality Standards for Malaysia (Table 2) as a guideline of
contamination and pollution level.

Table 1: Mean value of total nutrients; PO4, NH4, NO2 and NO3 measured in 15 different sites of freshwater bodies at Selangor, Pahang
and Kelantan.

Concentration (mg/L)
Phosphate Class Ammonium Class Nitrite Nitrate Class
(PO4) (NH4) (NO2) (NO3)
Selangor N.oleraceal/ 4.83+0.92 111 0.38+0.02 11B 0.01+0.01 1.50+0.31 -
L.minor
L.minor 5.65+0.20 111 0.90+0.11 I 0 1.03 £0.17 -
N.oleracea? 1.86+0.31 11 0.02+0.02 - 0 0.07 £0.08 -
S.polyrhizha 1.33+£0.49 I 1.14+0.17 11 0 2.54 £1.20 -
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E.crassipes 3.46+0.25 I 1.14+0.15 I 0.02+0.03 1.78 £0.61
Pahang E.crassipesl 1.31£0.25 I 0.30+0.10 11B 0 0.46 +0.15
L.minor 1.87+0.36 111 1.36+0.08 11 0.01+0.02 0.90+0.51
S.molesta 0.79+0.31 11 0.02+0.02 - 0.01+0 0.58+0.31
N.oleracea 0.29+0.09 11 0.44+0.08 1B 0 0.06+0.10
E.crassipes2/ 0.84+0.24 11 0.91+0.02 111 0 0.51+0.24

N.oleracea

Kelantan S.molestal/ 1.20+0.38 I 0.05+0.02 - 0.01+0.00 0.58 £0.20
E.crassipes
P.stratiotes 1.38+0.80 11 0.12+0.17 I 0 0.37+0.17
E.crassipesl 1.31+0.71 i 0.17+0.04 I 0 0.46+0.32
E.crassipes?2 0.80+0.22 III 0.54+0.24 1B 0 0.45+0.07
S.molesta2 0.75+0.19 III 0.10+0.07 I 0.02+0.01 1.25+0.34

Table 2: Interim National Water Quality Standards for Malaysia (INWQS)

Parameters Units Classes
1 JIVN 1B 111 Lv L

Ammonium (NH™,) Mg/l 0.1 0.3 0.3 0.9 2.7 >2

Nitrite (NO2) Mg/l Natural 0.4 0.4 0.4 0.4 Level above
water level v

Nitrate (NO3) Mg/l Natural 7 7 - 5 Level above
water level v

Phosphate (PO,) Mg/l Natural 0.2 0.2 0.1 - Level above
water level v

The data of nutrients concentrations in water samples was presented in table 1 which based on INWQS for water
classification (table 2). All the results can be grouped according to State as follow:

4.1  Selangor

Results showed that domination of N.oleracea, L.minor, S.polyrhizha and E.crassipes were classified in class 111
Furthermore, highest concentration of phosphate was detected in water sample that inhabited by species of
L.minor. In case of ammonium, abundant of E.crassipes, S.polyrhizha and E.crassipes were categorized in class
III. Nevertheless, all species did not hit any contamination level for nitrite and nitrate concentration

4.2 Pahang

Results revealed that abundant of all species of E.crassipes, L.minor, S.molesta and N.oleracea were recorded in
class III and considered polluted. L.minor indicated with the highest concentration of ammonium. Same case
with Selangor state, neither contamination nor pollution level was detected for the presence of nitrite and nitrate.

4.3  Kelantan

Results exhibited that abundant of S.molesta, P.stratiotes and E.crassipes were categorized in class III and
P.stratiotes was detected to have highest concentration of phosphate. In contrast, excess ammonium that was
classified in class IIB and considered contaminated only found in domination E.crassipes2. Similar case with
Selangor and Pahang state, presence of nitrite and nitrate did not hit the contamination level of INWQS

In general, the highest concentration of phosphate and ammonium were recorded in water samples
dominated by L.minor, S.polyrhizha and E.crassipes. It can be summarized that domination of L.minor,
S.polyrhizha and E.crasipes in water bodies were strongly correlated with nitrification and eutrophication.
However the relative distributions of nitrate and nitrite did not necessary correlate to the toxic levels of
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ammonium and phosphate. All species of L.minor, E.crassipes, .P.stratiotes, S.polyrhizha, N.oleracea and
S.molesta were detected with high concentration of phosphate that was classified in class III and considered
polluted which need extensive water treatment. In contrast, abundant of S.molesta did not present any
contamination level of ammonium. Therefore, S.molesta was recognized as a weak phytoindicator specifically
for excess nutrient of ammonium. N.oleracea also showed its ammonium content was classified in class 1IB
except 1 site in Kuala Selangor, Selangor which only showed lower concentration of ammonium. Meanwhile,

P.stratiotes was a good phytoindicator for excess phosphate but not for excess ammonium.
5. Conclusion

Nitrification and eutrophication are the most common threat in water bodies since long decade. However,
macrophytes were identified with its healing power to absorb excess nutrients from water bodies. Abundant of
those macrophytes was a signal of excess nutrients, at the same time as a bio indicator for nitrification and
eutrophication. The experimental fresh water bodies at 15 different locations within Selangor, Pahang and
Kelantan showed that all the floaters species have its own potential in detecting different form of nitrogen and
phosphorus. Development of phytotechnology especially for floating macrophytes as a bio indicator for
nitrification and eutrophication should be continue in order to widen the establishment of the data to submergent
and emergent plants. Establishment of data will ensure the community to have a better knowledge and guideline

in predicting threat to our environment globally and surrounding landscape specifically.
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