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ABSTRACT

Nitrification and eutrophication are two terms that always associated with excess
nutrients of nitrogen and phosphorus. Excess nutrients can trigger undesirable
eutrophication, resulting in unhealthy algal blooms, spreading of certain aquatic
macrophytes, depletion of oxygen and loss of key species leading to degradation of
many freshwater ecosystems. Fertilizers, detergents and organic debris are among the
sources of excess nutrients for nitrogen and phosphorus. In phytotechnology only
aquatic macrophytes can utilize large amounts of nitrogen and phosphorus and remove
it from the water bodies. Therefore aquatic plants are excellent indicators of unhealthy
environment because they respond to nutrients, light, toxic contaminants, metals,
herbicides, turbidity, water level change and salt. The aim of this study is to explore
the capabilities of free-floating aquatic plant species as an indicator for eutrophication
either at contamination or pollution level in unheaithy freshwater bodies to enable
their future enhancement and potential through landscape ecology approach. The
effects of nutrients (phosphate, ammonium, nitrate and nitrite), the free-floating
macrophytes and locations have been studied on eutrophication level monitoring in
aquatic freshwater bodies ecosystem. All species (Lemna minor, Eichhornia crassipes,
Spirodella polyrhiza, Neptunia oleracea, Salvinia molesta and Pistia stratiotes) were
detected with high level of phosphate at level III which is polluted at all localities
(Selangor, Pahang and Kelantan). Ammonium concentration at Selangor range from
0.02 = 0.02 mg/l to 1.14 + 0.17 mg/l; Pahang range from 0.30 &+ 0.10 mg/l to
1.36+0.08 mg/l and Kelantan range from 0.05 + 0.02 mg/l to 0.54+0.24 mg/l.
Ammonium concentration was varied from class I to class III. The best phytoindicator
for excess phosphate were L.minor > E.crassipes > N.oleracea. Meanwhile,
magnificient phytoindicator for excess ammonium were L.minor > S.polyrhiza >
E.crassipes. In addition, good phytoindicator for nitrate were S.polyrhiza >
E.crassipes > S.molesta. In conclusion, the most reliable phytoindicator for overall
experiment were L.minor, E.crassipes and S.polyrhiza. Another interesting results was
co-existence of N.oleracea and L.minor in Selangor, E.crassipes and N.oleracea in
Pahang and S.molesta and E.crassipes in Kelantan. According to localities, Selangor
and Pahang are confirmed with high concentration of phosphate and ammonium. In
contrast, Kelantan exhibited with high concentration of phosphate but low level of
ammonium. This might resulted from different type of soil from distinct localities.
Another interesting result was the co-existence of N.oleracea and L.minor in Selangor,
E.crassipes and N.oleracea in Pahang and S.molesta and E.crassipes in Kelantan. The
ability of these co-existence species indicate eutrophication phenomenon in aquatic
ecosystem were greater and efficient as compared to the existence of floating
macrophyte independently. In conclusion, every floater aquatic plant species that has
been tested was confirmed as potential phytoindicator to detect eutrophication in
unhealthy aquatic ecosystem.

Keywords: Floaters aquatic plant species, phytoindicator, eutrophication.

ii



Gagl Lada

Sy g ghan gill g Coam g il (e 830 31 iyl ma Lalhs dags 53 il Clallacadll oy ol g3 GBATH A il
oLty dgmaall b calladall a3 I sl Laa i gt pa it 50l N Cladaall cdsill W g8 of
oball Gl Al 505 M (5355 (g Ageasi N E1 gV 138 5 ChamiS g aguay (Ripna Agiball il
Ce SN il jilias (e b Lygeaadl CLailly Lpliall cililiially Gaauly 388 4del
o SN i T 5 ol 31y 31 3 il o (K A Ui g S 6 sl y o il
Gl pdge oo Ll il iy AGlal Sladaisall (e ATl 3y ) giengilly Opa g Rl e 3,28 SLaS
cclzie g opataally Aaldl gLl g co guzalh (ARl Mgl (M Cupntid WY Dyaia e Dy e 5)aa
AL 15 jall s gaill ol 08 CLASTL g Dl jall 030 (30 iaglly dally (6 glua a3 olsall g ¢ jSaill
OSadl Lpmaa a2 Ldall ol Cladaia 8 Caghill o Coglill (g gtan o el g CEITY 558 Lild
pasigaly Cline gill) TN gl o S Asasadall Bl olo s UV G0 Wdinally pglilins 3 5ed5
S day o é‘-’““-’ gy ?"«’d‘-’ sl 6‘)}\1‘ Gld el L s QS g s(Cu’_):\.'l“_, oyl
&I_,s'&\ & o= aisl & g;_,l,ssﬁjl ?LB:\“ <l ikt Ldadl olaall U’i Lhikd] (Lemna minor s a3
Eichhornia crassipes, Spirodella polyrhiza, Neptunia oleracea «ijsis Salvinia
molesta, Pistia stratiotes b <sla 58 G CA (g ginddl (3 Clinagill (30 dle T 53 an (a8 M
£ 0.02 00 52w LY 5 (3Uai 8 o 08 gaY1 S 53 (OIS Ailalyy ¢ yaidi Y 4) Slladll asan
0.08 £ 1.36 ! A/ ke 0.10 £ 0.30 (0 geitals GUai ¢ 31/ pade 0.17 £ 1.14 Y 531/ pia 0.02
S5 s 8y i/ pile 0.24 £ 0.54 I A/ aike 0.02 £ 0.05 00 Ao gane JENSy i/ pake
palh Gl gill 350 40l Jundl cal€y 23N da 0l B I caiall o ?J;ﬁyhﬂ L.minor >
E.crassipes > N.oleracea. o= p 33 3a¥Y AN jii5e Ll CailS WY 038 & [ minor >
S.polyrhiza > E.crassipes. < il 3ya jiiye 4l cilS «lly M BUaYoy S polyrhiza >
E.crassipes > S.molesta. Lauzll &y 30 4 gige JSYV p3a) Ll cailS (oislh Ay L minor ¢
E.crassipes, S.polyrhiza. (» Suadll Jliad 5 3 g5 Hal 2i\Sy Noleracea, L.minor
3 s2323m Yy E crassipes, N.oleracea s gl & S.molesta s E.crassipes .(Q\E3S
Cuda e il A o4 5aY1y Cliagill a Dalle Lnai g gilalyy 92w LYy ST 5 (Bhbiall Cany
Gy e ilisn £ 9 0 o 5138 9 g 03] 6 siann (RN (Y5 Clhen il (n Bl g e LS
O Vbl y alaiadl 8 8 (oAl dais cilSy Adlida (3blia 0e Moleracea s L.minor ¥y i
3409233 E crassipes, N.oleracea s gy 48 S.molesta s E.crassipes o333 EAS
o 4 lially 3eliS 5 T uilSy Llall Laa g1 SV il & cidiall 335 3 el I 5ads Gall 1531
sikiagay pdipe Ll LS b jlaal o3 3 ol pelt Aladl il g il JS 581y cplisdl 8 St JS2
L e Aiall g gl Y1 plaill 3 33N (e 2SI e 5 5,

B2 ¢ ppe Al (ALl LN £ il il gadl sasgll el

iii



APPROVAL PAGE

I certify that I have supervised and read this study and in my opinion, it conforms to
acceptable standards of scholarly presentation and is fully adequate, in scope and
quality, as a thesis for the degree of Master of Science (Built Environment).

............. cva

Rashilli Othman
Supervisor

.............

1 certify that I have read this study and that in my opinion it conforms to acceptable
standards of scholarly presentation and is fully adequate, in scope and quality, as a

This dissertation was submitted to the Department of Landscape Architecture and is
accepted as a fulfilment of the requirement for the degree of Master of Science (Built

Environment).
dk@»ow—* .............
MazlinaMansor

Head, Department of Landscape
Architecture

This dissertation was submitted to the Kulliyyah of Architecture and Environmental
Design and is accepted as a fulfilment of the requirement for the degree of Master of
Science (Built Environment).

airuddin Abdul Rashid
D¢an, Kulliyyah of Architecture and
Egvironmental Design.

iv




DECLARATION

I hereby declare that this thesis is the result of my own investigation, except where
otherwise stated. I also declare that it has not been previously or concurrently

submitted as a whole for any other degrees at IIUM or other institutions.

W Naimatul Asiah Binti W Muhamad



INTERNATIONAL ISLAMIC UNIVERSITY MALAYSIA

DECLARATION OF COPYRIGHT AND AFFIRMATION OF
FAIR USE OF UNPUBLISHED RESEARCH

Copyright © 2012 by International Islamic University Malaysia.
All rights reserved.

PHYTOTECHNOLOGY: FLOATERS AQUATIC PLANT SPECIES AS
POTENTIAL PHYTOINDICATOR FOR EUTROPHICATION IN UNHEALTHY
AQUATIC ECOSYSTEM

I hereby affirmed that The International Islamic University Malaysia (ITUM) holds all |
rights in the copyright of this Work and henceforth any reproduction or use in any formm or
by means whatsoever is prohibited without the written consent of ITUM. No part of this
unpublished research may be reproduced, stored in a retrieval system, or transmitted, i
any form or by means, electronic, mechanical, photocopying, recording or otherwise
without prior written permission of the copyright holder.

Affirmed by W Naimatul Asiah Binti W Muhamad

-----------------




ACKNOWLEDGEMENTS

Bismillahhirrahmanirrahim
In the name of Allah, the most gracious and the most compassionate

First of all, a special thanks and appreciation to my supervisor, Asst. Professor Dr.
Rashidi Othman who has given support and guide me during my Master from the
beginning until the end of my study; has given his response to all problems raised and
managed to supervise and advice my progress work until the completion of this
research. Not to forget, I would like to express my thanks to Internal and External
examiners for sharing their knowledge and giving me helpful input. To all the
lecturers in the Department of Landscape Architecture, I am very grateful for their
help, support and contribution of knowledge since my undergraduate studies in this
university.

My deepest appreciation and love to my husband, Noor Paiz and my son,
Muhamad Qashaf Qashfi for their greater understanding, support and always being by
my side when I am in need. Million of thanks to my husband for his perseverance; and
understanding towards the whole journey of my studies. My deepest gratitude also
goes to my parents for raising me all this while. Besides, I would like to thanks to all
my colleagues especially Ruhul‘lzzati for her kind and pleasant cooperation,
discussions, sharing information and knowledge during the whole process of this
learning.

This thesis cannot be completed without all the support from all these great
people which I would like to express my deepest gratitude.

vii



TABLE OF CONTENTS

ADSLAC ... crecnaens eresuessaseenrarnrasasiresesesetenreses s saaenstsantessrsatesares ii
ADSITACt I ATADIC 1ecveviirierorissirmernermrsereserastessessnsssstosssosesesaesenssenssnssssssnssssssssersessnrens iii
ADPDPIOVAI PAZE ... ireereecrccnnrreeannseressesassesnssesmsmssssssrsssannsseassessessansenssestssveses iv
Declaration PAge ..........ooviecmmiccninsrcinrionisiecitssssssesssssssesacsscreascsasssnssnssesseresnsases v
COPYTIGHt PABE......cceeiiericieieieierienresaeeseeesanssesaesnssssasserssssssessssasssssesasasesassnssnssassnns vi
ACKNOWIEAZEIMENL.......c.ooecreerrrrerernensarnenrssnentsesoesentimsssincastssesesasrenseseessenessrsssassasesssses vii
LiSt OF TabBIES......cvuierreeeernercnririeesesnesenssteamssrecraecsssssiecnsatasstessesersamansesesassnsssassesnensan X
LiSt OF FIZUIES «..c.eeciicnecrenrresceareecsneesrceseaessasisssssassssssnssssosssssssntsssesnessacsensessasan xii

EUTROPHICATION IN UNHEALTHY AQUATIC ECOSYSTEM.............. 1
1.1 Introduction.......ccoveeeceennansercoccninane .l
1.2 Problem Statements and ISSUES .......c.cooeeecreucccrrecnenereseescrcsscerssacseorsensueas 4
1.3 Types of Water Pollutant ............cccoermnrveerenrnrnncssrecsessessssessessnesecssens 8
1.4 EutrophiCation...........cevreseceresrereeiinmenesssssesensssesessesssesseessesessesssssssssessess 11

1.4.1 Characteristics of EUtrophication...........c.ecveveerereesensseonsesneceasanees 15
1.4.2 Effects of Eutrophication........cceveerserniiescnseserseraressessssersesssessaesesnes 15
1.4.3 Transition of Eutrophication .........ccccveceerercurercarenss reresveseessenens 17
1.5 NItrification.......coiveisinnnierenenicrisiininiescneneneseseeeesee s esresrassssssssssensas 21
1.6 PhytoteChNOIOZY ...c.cccovmreeeeceeeiacrrrereesreesensssesessresessnssessessissssmensssassensassnas 24
1.6.1 PhytoindiCator ........cceveeereerrenienmniererersinineneseesneesnnesesnsncsssessesessens 25
1.6.2 Phytoremediation and Nutrient Removal ............ccceererermerreeermnnece. 29
1.7 MACTOPRYLES.......cccoimiiencnsisisnsiiissisisnesessieseanensereeesasnes s sssssenstesssessssesene 31
1.7.1 Classification of Macrophytes.......cccooveereirvereirinsiensmssrossesesssesens 33
1.8 Landscape ECOLOZY .....ecvvvevrrrcerueenrrserneeisenreninserasssssesesensasssssssesennssenes 35
1.9 Research Aim and OBJECHVES .........ccorveeccvernrreirirensiceiesnsassesssosssesoses 37
1.10 Significant of ReSearch..........cceeererierieeccesereeeneresnernoseessssossensseesressens 37

CHAPTER 2: RESEARCH METHODOLOGY........oeerereerrrenercrensnesreneens 38

2.1 Site SEIECHOM .....cueecerneneneereeneraraenererensesssssssstssssnenesesesesesessorsssssentossons 38

2.1.1 Study areas and Sampling Sites......ccoovrivrreriieerrrrisseseresissscesnns 38
2.2 Water SAmPLNg.......oceereererereerismmnirisssisisecssseesnrssssesssssssesssssssssssssessens 42
2.3 LabOTatOry teSHNG.......ccovsererrrercmcrnmrercmerssrrsasssssssesansessassesessssssesssssssonsen 43
2.4 Statistical aNaAlYSIs .........ccoeeeeercrretrierecnrinrnnssnen e e be st ens 46

CHAPTER 3: FREE-FLOATING AQUATIC PLANT SPECIES AS
POTENTIAL PHYTOINDICATOR FOR EUTROPHICATION AT FIVE

DIFFERENT FRESHWATER BODIES IN SELANGOR................ovreeennnn. 49
3.1 INETOQUCLION......cverrrersrsenererenencmrernnnesasessissanessass e sessesessssssssessesmaesones 49
3.2 RESULLS.......coereeecrnrererercrer ettt cserass bt s ne et b ssenemsoses e n e eaes 52
3.2.1 Analysis of nutrients content, pH and dissolved oxygen (D.0) at
5 different sites in SElANGOT.....c.coeveveereneemrrnrrerceeereceteeeeeeeesene . 52

viii



3.3 DHSCUSSION cverennerrerererisressacsersessrscssesssesosassssarsemssermessmsssssensnnessensenentrmsssn 57

CHAPTER 4: EUTROPHICATION IMPACTS ON FREE-FLOATING
AQUATIC PLANT SPECIES WIDESPREAD AT FIVE DIFFERENT

UNHEALTHY FRESHWATER BODIES IN PAHANG 61
4.1 INIOAUCHOM. ... cceeecmreeivireiririsssesissnassssrssassssssscssesesssssssesssassarsssessessissssses 61
4.2 RESUILS......cootreereernnresscsoetrrscmeesscsenstsstesesasacsassssesessssssceneamssnnssesaasnessassases 63
4.2.1 Analysis of nutnents content, pH and dissolved oxygen (D.O) at
S different sites in Pahang ..........coveiemeiencnceenrnesircenireeevesesnscscnnes 63
4.3 DiSCUSSION ...ueereeeraierceesorsromrencasesiermosrsssessresatsssssssiosnesnessssssssossrenarestosssssns 68

CHAPTER 5: THE EFFECTS OF EUTROPHICATION ON THE
INVASIVE MACROPHYTE OF S.molesta, P.stratiotes AND E.crassipes

IN KELANTAN 70
5.1 INrOAUCHON....cveerreereiereiecreretecrerrrsseesesessesnsesacsamansasresssaseseasossesnerancarsoren 70
5.2 RESULLS....ovveeeirecrrnerreercsesrensensseesmsinasssessasessssssosessansnesst sansaesessossansssesssasas 72

5.2.1 Analysis of nutrients content, pH and dissolved oxygen (D.O) at
5 different sites in Kelantan............ccovovereeveeeeesereeseressneressesssssersesansennns 72
5.3 DISCUSSION ... cceverieecemrenereeresrsessesessasasesnsorasnsonsanorassesassnssansssnsessessassnssssans 77
CHAPTER 6: GENERAL DISCUSSIONS AND CONCLUSIONS......ccccsvouenee 82
6.1 Research Aim and ObJECHVES........cecececeeceeeererarernesmesssasraescsassensassassnans 82
6.2 Nutrients X Locations X Floaters macrophyte ........ccoeeeeecevcenreneccrrenene 83
0.3 CONCIISINT 11t ieireriiireereirertrsrssteesieterasss st sesssssissssassssarersessssssssasasssnsrsnns 85
BIBLIOGRAPHY 87

ix



LIST OF TABLES

Tables No. Page No
1.1 Trophic State Index (TSI) for eutrophocation level. 5
1.2 Biological changes in temperate standing freshwaters of increasing 19

nutrient content (Sigee, 2005).

1.3 Interim National Water Quality Standards for Malaysia (INWQS) for 20
nutrients.

N

1.4~ Interim National Water Quality Standards for Malaysia (INWQS) for
physico-chemicals.

0

1.5 Definition of INWQS classes Interim National Water Quality 20
Standards for Malaysia (INWQS) for water classes and uses.

1.6 List of potential floater with reference. 28
1.7 Classification of macrophytes. 34
2.1 List of floaters in different area of Selangor. 39
22 List of floaters in different area at Pahang. 39
23 List of floaters in different area of Kelantan. 40

3.1 Analysis of variance (ANOVA) of nutrient content of 4 free-floating 53
aquatic plant species in Selangor.

3.2 Mean (tse, n = 24) value (mg/l) of nutrients content (nitrite, nitrate, 54
ammonium and phosphate), D.O and pH in water samples dominated
by E.crassipes, S.polyrhiza, N.oleracea and L.minor at 5 different sites
in Selangor with analysis of variance (ANOVA).

4.1 Analysis of variance (ANOVA) of nutrient content of 4 free-floating 64
aquatic plant species in Pahang.

42 Mean (£SE, n = 24) value (mg/l) of nutrients content (nitrite, nitrate, 65
ammonium and phosphate), D.O and pH in water samples dominated
by E.crassipes, L.minor, S.molesta, and N.oleracea at 5 different sites
in Pahang with analysis of variance (ANOVA).

5.1 Analysis of variance (ANOVA) of nutrient content of 3 free-floating 73
aquatic plant species in Kelantan.



52

53

Analysis of variance (ANOVA) of nutrient content of 6 free-floating
aquatic plant species in Selangor, Pahang and Kelantan.

Mean (SE, n = 24) value (mg/l) of nutrients content (nitrite, nitrate,
ammonium and phosphate), D.O and pH in water samples dominated
by S.molesta, P.stratiotes and E.crassipes at 5 different sites in
Kelantan with analysis of variance (ANOVA).

73

74



LIST OF FIGURES

Figures No. Page No
1.1 Diagram shows the process of eutrophication from fertilizer sources. 13
12 Phenomenon of eutrophication in pond. 14
13 Environmentally beneficial applications of phytotechnologies. 25
14 Conceptual model describing the main ecological influences of 34

macrophytes in stream ecosystems (Bowden et al., 2006).

2.1 5 different sites in Selangor. 39
2.2 5 different sites in Pahang. 39
23 5 different sites in Kelantan. 40
24 YSI 556 MPS equipment and its calibration on site. 43
25 Flow of research methodology. 48

31 Unhealthy freshwater bodies dominated by E.crassipes, S.polyrhiza, 55
N.oleracea, and L.minor(left to right) at 5 different sites in Selangor
indicating eutrophication.

3.2 Analysis of phosphate, ammonium, nitrite and nitrate content (mg/l) of 56
E.crassipes, S.polyrhiza, N.oleraceaand L.minor at 5 different sites in
Selangor.

4.1 Unhealthy freshwater bodies dominated by E.crassipes, L.minor, 66
S.molesta, and N.oleracea (left to right) at 5 different sites in Pahang
indicating eutrophication.

4.2 Analysis of phosphate, ammonium, nitrite and nitrate content (mg/l) of 67
E.crassipes, L.minor, S.molesta, and N.oleracea at 5 different sites in
Pahang,

5.1 Unhealthy freshwater bodies dominated by S.molesta, P.stratiotes and 75
E.crassipes (left to right) at 5 different sites in Kelantan indicating
eutrophication.

5.2 Analysis of phosphate, ammonium, nitrite and nitrate content (mg/l) of 76
S.molesta, P.stratiotes and E.crassipes at 5 different sites in Kelantan,

xii



CHAPTER 1

POTENTIAL OF FLOATERS AS PHYTOINDICATOR FOR
EUTROPHICATION IN UNHEALTHY AQUATIC ECOSYSTEM

1.1 INTRODUCTION

The success in the economic growth and industrialization in Malaysia has led to
environmental problems with ever increasing land, air, and water pollution (Ho,
1996). Industrial production without adequate regard for environmental impacts has
increased water and air pollution, and has led to soil degradation and large-scale
global impacts such as acid rain, global warming, and ozone depletion (Seth, 2003;
Ma et al,, 2009). Those kind of pollutions led to many environmental impact to living
organism especially in human daily life. In 1998, there were a number of projects
approved for operations by the Malaysian Industrial Development Authority (MIDA)
(DOE, 1998). These projects involved industries that probably released some of the
toxic heavy metals. Whether or not contaminants from these probable sources are
detected in the sediment samples remains to be ascertained (Yap et al., 2002). Threats
from toxic pollutant may release to the air, as well as water that will caused most
environmental issues.

Environmental management of natural resources (i.e. water, soil, plant) in a
world with ever increasing industrial activities and urbanization has been the focus of
extensive research to protect and preserve them for future generations across the globe
(Bode and Nusch, 1999; Beck, 2005; Jia et al., 2007). Both natural and anthropogenic
factors can impact on the environment by producing polluting components which
may enter into the food chain and pose a threat to the ecosystems. However, input

from anthropogenic related activities is much greater than natural ones especially in



the world’s industrial regions (Sultan et al, 2011). Thus, the extensive use of
pesticides has resulted in high levels of contamination in every environmental
compartment in Malaysia. Reports as early as 1981 found that high levels of widely
used pesticides, such as aldrin, dieldrin, DDT, and HCHs, had contaminated river
water, sediments, and fish (Abdullah, 1995 and Ibrahim, 2007). Generally,
waterbodies play an important roles in our daily lives as well as in our landscape
scenario. Physically, lakes and ponds providing an ideal location for recreational
activities, preservation of historical value, as a country diplomatic and friendship,
apart of luxury lifestyle and modern architecture, eco-tourism and water theme park,
habitat of priceless flora and fauna and beautiful national treasure. Nevertheless,
waterbodies become threatening issues in these modern technology eras. The
importance of water quality always been neglected. Water pollution happens
everywhere without precaution from surrounding community.

The following definition of water pollution was adopted by the Geneva
Conference of the Council of Europe in 1961 by FAO and WHO and is included in
United Nations document E/ECE/311: 'A watercourse is to be considered polluted
when the water in it is altered in composition or condition, directly or indirectly, as a
result of the activities of man, so that it is less suitable for any or all of the purposes
for which it would be suitable in its natural state' (Council of Europe, 1966). The
value of this definition is that it clearly implicates the activities of man and these are
the activities over which man could be expected to exercise control. Further, it
suggests, as the definitions of Klein (1962) state quite clearly, that pollution results
from the addition to water of something deleterious, whether it be matter, heat, energy

or radiation.



The pollution of aquatic ecosystems in Malaysia has emerged as a major
ecological problem coinciding with rapid industrialization and urbanization (Al-Shami
et al., 2010). For example, in 1994, the Malaysian Department of Environment (DOE)
classified the Juru River Basin in the northwestern peninsular Malaysia as “very
polluted” based on the water quality index (WQI) categorization (DOE, 1994). Juru
River is one the most polluted rivers in Malaysia, with sediments highly contaminated
with non-residual heavy metals, such as Cd, Cu, Pb, and Zn. These contaminants were
likely introduced by the discharges from the light and heavy industries in the Prai
Industrial Estate that was established in the early 1970s (Mat and Maah, 1994).
Aquatic habitat are adversely impacted by urbanization, deforestation, construction,
irrigation (including dam construction), drainage of wetlands (particularly of fresh
waters and peat swamps), and pollution. Fresh water organisms live continously in the
water and respond to all environmental stresses, including synergistic combination of
pollutants (Al-Shami et al., 2010). Water pollution is a relatively major problem and
arising as a result of unprecedented population growth, urbanization, and
industrialization since the 1990s (Chen, 2002). As the urbanization process continues,
Water pollution problems have become increasingly evident, and have led to serious
ecological and environmental problems. Furthermore, water resources development
and management have been disorganized, and there is a lack of public consciousness
for the need for environmental protection and a corresponding lack of legal structures
to promote this protection. As a result, serious conflicts have arisen; industry
competes with agriculture to obtain water, agriculture competes for water with the
environment, and upstream areas compete for water with downstream areas (Feng et

al., 2000; Ma et al., 2005).



12 PROBLEM STATEMENTS AND ISSUES

Excess nutrients

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 received 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).

Nutrient is one of the most important elements needed for the growth of
organism. However, excessive nutrient concentration in water bodies will cause
eutrophication which stimulates excess plant growth resulting in depletion of
dissolved oxygen and aquatic organism kills. Eutrophication of inland waters is
currently one of the most prevalent environmental problems in lakes all over the world
including Malaysia (NAHRIM and NRE, 2011). Eutrophication is the most crucial
water pollution in Malaysia. Eutrophication is associated with excess nutrients.
According to Academy of Sciences, Malaysia (ASM) and the National Hydraulic
Institute of Malaysia (NAHRIM), in the year 2005, it was reported that about 62% of
90 major lakes in Malaysia that were studied were nutrient-rich or eutrophic while the

balance was considered mesotrophic. This deterioration of water quality is a matter of



serious concern. To reflect overall eutrophication status, the lakes are graded as good,

medium or bad based on Vollenweider’s 1976 allowable nutrient loadings.

Table 1.1
Trophic State Index (TSI) for eutrophocation level.

Good <37.4
Medium 374 <TSI <474
Bad T <414

Environmental Quality (sewage) Regulations 2009 have guidelines of
acceptable conditions of sewage discharge to any inland waters or Malaysian waters.
This guideline stated acceptable condition of sewage discharge to any inland waters in
Malaysia for Ammonical Nitrogen (river) should not exceed than 20mg/L, Nitrate —
Nitrogen (river) <50mg/L, Nitrate — Nitrogen (enclosed water body) <10mg/L,
phosphorus (enclosed water body) <10mg/L. Nevertheless, the most applicable
guideline can be referred to Interim National Water Quality Standards for Malaysia
(INWQS) for excess nutrients (table 1.4). Realizing the importance of water in life,
local responsible bodies had established standard for effluents discharge to protect
natural water.

The prevention of eutrophication or excess nutrients and the restoration of
eutrophic lakes and reservoirs require proper planning and management of associated
watersheds. Therefore, sound management strategies require an understanding of the

relationship between nutrient sources and degree of eutrophication.



Leachate

Traditionally, Malaysia had been relying on its agriculture productions as a source of
wealth and had developed as a leading agricultural country in the world. Being an
agricultural based economy, Malaysia was involved in the crops cultivation, rearing of
livestock and fishery. However, changes in the lifestyle of the people, as a result of
urbanization and higher level of income, have resulted in changes in eating habits,
food purchasing and consumption patterns (Kamruddin et al., 2007). The changes are
reflected in the population, the economy activities (which contribute to economy
sector) and energy demand, which had a positive impact on the GDP (Gross Domestic
Product) of Malaysia. According to Department of Statistics, the population in
Malaysia has raised from 27.17 million to 28.31 million in 2009 (Mekhilef et al,,
2011). Power generation from agricultural wastes seems to be very attractive due to
bio-resource sustainability, environmental concerns and economic reflection.
Malaysia is a leader as one of the foremost agricultural countries in the world. It is
main agricultural crops are oil palm, rubber, cocoa, rice and coconut; however, 2
major agricultural resources are oil palm and rubber with combine acreage of over
330,000 km2 (Goh et al., 2010), hence Malaysia government has targeted to generate
energy from by-product and residues of 362 palm oil mills in the country. Malaysia, as
the first palm oil producer in the world, is processing 71.3 million tonnes/year of fresh
fruit bunch. The result derivation is about 19 million tonnes/year of crop residues
consist of empty fruit bunch, fiber and shell. Hence, it is undeniable that fertilizer has
been applied a lot to guarantee those agricultural products are in a good quality.
Normally, fertilizer contains of nitrogen, phosphorus and kalium to ensure health
growth of the crops. Yet, leachate of those inorganic pollutant has caused nitrifiaction

and eutrophication to the neaby water sources.



Domestic waste management is a burning issue in Malaysia. The government
of Malaysian is planning to build a large solid waste incineration plant in Broga, south
of Kuala Lumpur which has a proposed capacity of 1500 tons day_1. However, the
initiative has met with opposition from local communities and several non-
governmental organizations (NGO) (CAP, 2005). Open dumping is commonly
practiced and more often than not, leachates have been found to seep into the nearby
rivers where drinking water is sourced from Landfill fires are quite common sights
which would definitely release PCDD/PCDF into the atmosphere. Other sources of
PCDD/PCDF are widely practiced open burning of domestic wastes and frequent
forest fires from neighboring countries (Ibrahim, 2007). A major haze episode in
Southeast Asia occurred in 1997 where it was estimated that 60 Tg of forests and
vegetation were burned, producing thick smoke covering the whole of Malaysia and
neighboring countries (Liew, 1998). Beside PCDD/PCDF, large amount of PAHs are

also released during forest fire.

Waste water

In most cities with water scarcity, urban and industrial wastes are generally disposed
of without adequate treatment; urban discharge of domestic sewage and industrial
wastewater discharge are increasing, exacerbating foreseeable water shortages (Ma et
al,, 2009). Shortage of water caused many side effects, especially in our routine life.
Municipal Solid Waste (MSW) in Malaysia is disposal of 98% of total wastes mainly
as household wastes, industrial and commercial wastes. These wastes are capable of
producing landfill gas (LFG) comprising of methane (CHa), carbon dioxide (CO5) and

greenhouse gases (GHG) (Yip et al., 2008).



Currently there are over 261 landfill sites in Malaysia (Oh et al., 2010).
Municipal solid waste (MSW) generation had increased from 16,200 tonnes in 2001 to
19,100 tonnes in 2005 or at an average of 0.8 kg per capita per day. It is projected to
be 30,000 tonnes by 2020 (Siwar, 2008). Basically, solid waste management can be
defined as a discipline to co-ordinate the control and disposal of solid waste. Despite
the drastic economic development in Malaysia, solid waste management is relatively
poor. Waste minimization in Malaysia strives to achieve the UN Agenda 21 in relation
to control the strategy (Mekhilef et al., 2011).

More than half (60%) of the total amount of municipal solid waste (MSW)
generated by the households in Kuala Lumpur city is organic waste (Kathirvale et al.,
2003). Since waste is not segregated at source, most of the putrescible fraction will
end up in the landfills. In a landfill, under an anaerobic condition, the organic nitrogen
in the waste such as proteins is hydrolyzed into amino acids before it is further
fermented to the other compounds including ammonia. The anaerobic hydrolysis of
MSW containing proteins is slower than that of carbohydrates resulting in a slow
release of the soluble nitrogen, i.e. ammonia (Jokela and Rintala, 2003). Thus, a high
concentration of ammonia and a lower C/N are common features of the stabilized
MSW landfill leachate (Fan et al., 2006; Chen, 1996) which requires a long-term after

care with the ammonia removal for the landfill (Yusoffet al., 2010).

1.3  TYPES OF WATER POLLUTANT
Water pollution consist of organic and inorganic pollutant as below:
i. Organic pollutant
Organic pollutants are organic compounds of natural or anthropogenic origin

that possess a particular combination of physical and chemical properties such



that, once released into the environment, they remain intact for exceptionally
long periods of time as they resist photolytic, chemical and biological
degradation (Buccini, 2003). Compounds of this nature are highly resistant to
degradation by biological photolytic and/or chemical means (El-Shahawi,
2010).

Organic pollutants present in water include pesticides, pharmaceuticals,

dyes, personal care products, surfactants, different other organic compounds
from chemical industry, etc. Many of them are chemically, photochemically
and/or microbiologically stable and have been found in wastewaters all around
the world (Kolpin et al., 2002; Chernigoj et al., 2007). Chemicals are classified
by families and in most of these families contains tens or hundreds of different
compounds, for instance polychlorinated biphenyls (PCBs) such as dioxin;
polycyclic aromatic hydrocarbons (PAHs) such as benzoapyrene;
nitroaromatics such as trinitrotoluene (TNT); and linear halogenated
hydrocarbons such as trichloroethylene (TCE). Many of these compounds are
not only toxic and teratogenic, but also carcinogenic (Meagher, 2000).

i. Inorganic pollutant

Inorganic pollutants include nitrate, phosphate, per chlorate, cyanide etc; trace
elements essential to plants when present in excess such as viz., B, Cu, Fe, Mn,
Mo and Zn; trace elements require for animal nutrition when present in
overload like As, Co, Fe, Mn, Zn, Cr, F, Ni, Se, Sn and V and the most toxic
trace elements like Cd, Hg and Pb which are not essential by any organisms.
Trace elements essential for human nutrition are identical to animal nutrition

with the exception of Asand V.



a)

b)

Nutrients

Aquatic plants need two essential nutrients to grow which are
nitrogen (N) and phosphorus (P). In a healthy fresh water bodies the
amount of nutrient is small. In contrast, large amount of nutrients in
fresh water bodies cause to main water pollution. Ammonium (NH,),
nitrite (NO,) and nitrate (NO3) are the most common ionic (reactive)
forms of dissolved inorganic nitrogenin aquatic ecosystems (Wetzel,
2001; Rabalais, 2002). These ions can be present naturally as a result
of atmospheric deposition, surface and groundwater runoff,
dissolution of nitrogen-rich geological deposits, N, fixation by
certain prokaryotes (cyanobacteria with heterocysts, in particular),
and biological degradation of organic matter (Wetzel, 2001; Rabalais,
2002). Concentrations of inorganic nitrogenous compounds (NH,,
NO;, NO3) in ground and surface waters are hence increasing around
the world, causing significant effects on many aquatic organisms and,
ultimately, contributing to the degradation of freshwater, estuarine,
and coastal marine ecosystems (Smith et al., 1999).

Heavy metals

Heavy metal is categorized in inorganic pollutant. The term heavy
metal is imprecise. For reasons of ease, we will broadly define it here
as meaning any eclement that has metallic properties (ductility,
conductivity, density, stability as cations, ligand specificity, etc.) and
an atomic number >20. A more biologically relevant but complex
classification of metals based on ligand-forming properties has been

proposed. Heavy metals that are considered essential for at least some
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forms of life include V, Cr, Mn, Fe, Co, Ni, Cu, Zn, and Mo. Heavy
metals required by plants include Mn, Fe, Cu, Zn, Mo, and, possibly,
Ni. The phytotoxicity of such relatively common heavy metals as Cd,
Cu, Hg, and Ni is substantially greater than that of Pb and Zn.

Hexavalent Cr is much more toxic to plants than trivalent Cr.

14  EUTROPHICATION

A brief history of eutrophication, The German wetland scientist C.A Weber coined
the term eutrophic in 1907 to refer to the rich wetlands in areas of Europe that
received nutrient runoff from surrounding lands. The term was applied to lakes by
Einar Naumann, roughly a decade later. It became widely used by scientists who study
lakes to describe the complex sequence of changes in aquatic ecosystems caused by an
increased rate of supply of plant nutrients to water. Eutréphication is the word used by
scientist to describe the overfertilization of Lakes with nutrients and the changes that
occur as a result. It is derived from the German word eutrophe, which is in turn taken
from the Greek word Eutrophia. Ironically, it means “healthy or with adequate
nutrition or development”, which we shall show is far from our current understanding
(Schindler and Vallentyne, 2008).

Eutrophication is the process by which a body of water acquires a high
concentration of nutrients, especially phosphates and nitrates. These typically promote
excessive growth of algae. As the algae die and decompose, high levels of organic
matter and the decomposing organisms deplete the water of available oxygen, causing
the death of other organisms, such as fish. Eutrophication is a natural, slow-aging
process for a water body, but human activity greatly speeds up the. Smith et al., 1999;

Sherwood and Qualls, 2001 also quoted that eutrophication, associated with discharge
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of nitrogen and phosphorus into water from point- and nonpoint-sources, has become
a severe water pollution problem in many countries. Somehow, the contaminants from
effluent plume are removed by natural transformations such as oxidation and
nitrification, decay, sorption to soil, microbial antagonism, chemical reactive, dilution
and plant uptake (Charles et al., 2003). Eutrophication can happen at anywhere,
anytime. Since long decade, eutrophication is a slow-aging process for water body yet
the effects has threatened the surrounding environment especially the aquatic
ecosystem. Excess nutrients can trigger undesirable eutrophication, resulting in
unhealthy algal blooms, spreading of certain aquatic macrophytes, oxygen depletion
and loss of key species, resulting in widespread degradation of many freshwater
ecosystems (Smith et al., 1999). In fact, eutrophication is the most widespread water
quality problem in the world.

High ammonia concentrations can stimulate excessive aquatic production,
toxic to aquatic life and indicate pollution. Excess nitrogen in lakes can contribute to
accelerated eutrophication. Nitrogen can enter the water when bacteria called blue-
green algae convert or “fix” nitrogen gas into ammonia for use in their tissues.
Because of this bacterial “fixing” capability, there is an unlimited supply of nitrogen

to aquatic systems (Ruhul Izzati et al., 2008).
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