CHAPTER |
INTRODUCTION

1. General Introduction

Precipitation that does not evaporate or infiltrate the ground runs off over the
surface, drawn by the force of gravity back towtirel sea. Rivulets accumulate to form
streams, and streams join to form rivers. Rivenstaia less than 0.01 percent of the
Earth's surface water but originate in several iptsssources. Most are fed by springs
or small streams coming together to create lariyers of water. Although the total
amount of water contained at any time in rivers stnéams are small compared to other
water reservoirs of the world, these surface wadegsvitally important to humans and
most other organisms (Cech, 2003). Most riverthely were not constantly replenished
by precipitation, melt-water snow and ice or seegagm ground water, would begin to

diminish in a few weeks.

Rivers and their associated ecosystems and bi@lodicersity provide life support for
a high proportion of the world's population. Pooamagement of land and water
resources in many river basins has led to majardép water shortages, pollution and
loss of biodiversity, worldwide. Restoration andhabilitation of river catchments or
water sheds has been identified for a number ofsyas an important strategy for both
maintaining and improving river water quality aslweas reducing flood peaks and
maintaining dry season flows (Parish, 2003). Thenudus for restoration and
rehabilitation of rivers has generally comes froetediorating river water quality,

increased level of floods and impacts on loss obgstems and biodiversity.



1.1  Water Quality Studies in Sungai Pencala

1.1.1 Background of the Study

Rivers that are subjected to anthropogenic infleeace particularly susceptible to
pollution inputs. Point source discharge, partidulaewage and industrial effluents,
have significant detrimental impacts on the envinental quality of receiving waters.
Hence, if the condition in the river is not closeatpnitored especially the changes in the
spatial and temporal trends of key water qualitsapeeters, then sudden problems may
emerge (Gray, 1999).

Apart from the traditional role of drainage, riteginsportation and food resource, rivers
also have great potential for recreations and sauriln order to serve the above
mentioned roles and functions, rivers need to Imsewed and should remain clean and
unpolluted. For example, the Sg. Langat in Selapimys a significant role in ecology,
provide potable water to residents, supply indestand agricultural areas with water
for manufacturing and agricultural production, apbvide other services such as
recreational sites and habitats for fish and o#dwgratic wildlife (Nordin and Azrina,
1998). In India, the Ganga River has many benéfisas such as bathing, swimming,
public water supply, agriculture, industry, fishHtawe, wildlife boating and non-contact

recreation (Devendra Swaroop hargava, 1983).

River is one of the most important natural resosir@ue to the discharge of industrial
waste, sewage discharge, agricultural activit&sd Iclearing river gets polluted. Sungai
Keladi in Kelantan as a DOE study found that hurfsstes, and not industrial waste,
make up the bulk of organic pollutants in the higapblluted rivers of the country.
Drainage and Irrigation Department director-genddatuk Keizrul Abdullah said a

study carried out by the Department of Environntesat years ago showed that 91% of



the organic pollution was caused by faecal mattéessaid this occurred because many
residents who used septic tanks refused to engualgd IWater Konsortium to carry out
de-sludging periodically, by Sira Habibu (Bernarivay 1, 2007). Sewage is the main
cause of river pollution in the country and the lputwill have to live with it for about
30 years before the problem can be resolved, saghment of Environment (DOE)
director-general Datuk Rosnani Ibrahim. She samtthirds of rivers nationwide were
polluted by sewage from households and businessiges, (Dec 5 2006, The Star).
During recent years, serious concern has been d@beut the rapidly deteriorating
state of freshwater bodies with respect to tractahpollution. It is also reported that
serious metal pollution could result from the deae of unregulated effluents into the
natural freshwater bodies. In Brazil, Veado (198@inted out those wastewaters from
about 24 legal and several clandestine industniesdaécharged into the Das Velhas
River. In spite of environmental controls carriedt dy multinational companies,
pollution from smaller, sometimes clandestingustry is still rife and this is the
largest environmental problem. Earlier base-linglisgts have identified elevated levels
of certain trace metals in freshwater systems atdbe world, especially rivers arising

mainly from agricultural and industrial process€ar(q et al., 1996).

There are so many cases, for example in April 1983te than RM 100,000 worth of

fish bred off Kukup, near Pontain died due to effits flowing from nearby river. (The

Professional Bulletin of the National Poison CeniMalaysia, 1998) In October, more
than 80,000 full grown fishes 70 farms at Kampumduk Jawa were destroyed due to
toxic effluents from nearby factories. (The Profesal Bulletin of the National Poison

Centre, Malaysia, 1998).

Rivers in Malaysia have made immense contributiortte overall development of this

country. They have provided power generation, wéderdomestic, agricultural and

industrial consumption and have served as meabsuw$portation and communication
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for the people. The towns and cities of Malayséan as settlements along rivers
while river mouths provided refuge and became hotoefssherman who braved the
open seas to seek their living (Department of &tign and Drainage, 1992).

Many of the river systems in Asia have been degtatteough pollution, over
obstruction of water or clearance and degradatfocatthments areas. Degradation of
these river systems has had a significant negatipact on the local communities as
well as the biodiversity. Recent experience hadcatdd that restoration of river
ecosystem is possible but requires routine momigpand careful management (Parish,
2003). The accurate and useful interpretation ¢td lmm a monitoring survey of river
qguality requires a relatively complete understagdof basic limnology. This will
enable accurate and specific interpretation of daten a monitoring or survey
undertaken. Restored river system can provide fgegni benefits such as improved
water quality, reduced flooding, restoration ofhisy and as well as protection of

biodiversity.

1.1.2 Significance of the study

Measuring water quality of surface water is impotta order to prevent health impacts
to human being in particular and to other aquaticirenment in general. There are
water related diseases that could harm human health as cholera, malaria and
parasites and excess of harmful substances suohidi arsenic, metals and salt
(Chacon-Torres et al. 2002). By measuring the watity of the river, level or status
of the surface water also can be defined whethsrcitean, slightly polluted or polluted.

These three types of water status will determimesthitability of the water to be used.
There are many examples of the assessment of tler \yaality and ecology of

Malaysian river system in the published literatidewever, most of such studies have
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been conducted in the major river basins such amdIRiver, Selangor River and
Langat River. Water quality studies in the tribiga of major rivers are equally
important to understand pollution loading patterocuwring into major rivers in
Malaysia. It is hoped that the current study aa Bencala River will contribute to the
body of knowledge of an urban river which is als@ @f the major tributaries of Klang

River.

1.2 Bioaccumulations of Heavy Metals in Aquatic i in Sungai Pencala

1.2.1 Background of the study

Bioaccumulations or biological magnification is thimaccumulation of a substance up
the food chain by the transfer of residues of thlestance in smaller organisms that are
food for larger organisms in the chain (Sadig, 19&lomon et al., 2005).1t also refers
to the ability of organisms to accumulate chemigain its surrounding by every means
and route. It is a sequence of processes that rasuigher concentrations in organisms
at higher levels in the food chain. These process&dt in an organism having higher
concentrations of a substance than is preseneimiianism’s food. Bioaccumulations
can result in higher concentrations of the substahan would be expected if water

were the only exposure mechanism (Master et 20819



1.2.2 Mechanism of Bioaccumulation

Bioaccumulation can only take place if the rateupfake by the organism exceeds the
rate of elimination (Spacie and Hamelink, 1985).ystlogically, adsorption
mechanism is important in determining the affecttted chemistry of pollutants on
bioaccumulations. Marine biotas that utilize g#lsues for active absorption of nutrients
are affected by concentrations and the chemicaigaf metals in the external medium.
Bioaccumulations happen when the concentratioracktelements is higher in the river
ecosystems. Lipid soluble (lipophilic) substancaenot be excreted in urine, a water-
based medium, and so accumulate in fatty tissues afrganism if the organism lacks
enzymes to degrade them. When eaten by anothenisngafats are absorbed in the gut,
carrying the substance, which then accumulatesdridts of the predator. Since at each
level of the food chain there is a lot of energysloa predator must consume much prey,

including all of their lipophilic substances (Masd®96).

There are five potential routes for a pollutantetder a fish: via the food, non-food
particles, gills, oral consumption of water and $k&. Once the pollutant is absorbed, it
is transported by the blood either to a storagentp@iie. bone) or to the liver for
transformation and/or storage. According to Salorabal., (2005), if the pollutant is
transformed by the liver it may be stored thereexcreted in the bile or passed back
into the blood for possible excretion by the gdiskidneys, or stored in fat, which is an
extra-hepatic tissue. Therefore, the concentrafmmnd in different tissues, after
environmental exposure, for a specific time, depema several dynamic processes all

taking place concurrently.



The concentrations of metals in aquatic organisary Wwecause they reflect the net
effect of two competing process, that of uptake ahdepuration. The balance between
the two will depend upon the ambient water coneginins and the relative rates of the
two processes. A number of factors, which may thice a seasonal pattern of
variation, also affect it (Mason, 1996; Mance, 198he ambient concentration of
metal in the water will vary itself because of cpes in the available dilution, in the

rate of dispersion and in the rate of addition etah

1.2.3 Impact of Bioaccumulations of heavy metals ahe river ecosystems

There are many impact brought by the bioaccumuiaiimh to aquatic life and to water
quality. In general, bioaccumulation of heavy metalaquatic life can cause ecological
impacts such as increasing of predation, mortalitg reducing the reproduction rates
and population. Bioaccumulation gives an advertebn fish health where it can lead
to serious health problems such as cancer, lesienglopmental abnormalities, chronic
diseases & disorder, genetic damage, sex changesrespoisoning & death (The

National Poison Center, Malaysia, 1998). Besides, tfhe transfer of some pollutants
from mother to offspring during gestation/lactatigrarticularly in marine mammals

will lead to infertility, birth defects, hormone siuption, behavioral changes,
immune/nervous system disruption, kidney & livern@dae (The National Poison

Center, Malaysia, 1998).

An effect on the food chain occurs when bioaccutiiaof heavy metals up the food

chain autotrophs (i.e. plants and plankton) cassipaly absorb. While bioaccumulation

heterotrophy actively absorb and biomagnify, predatonsuming affected prey and
will absorb the contaminants from the tissue, t@smilin an even greater concentration

of heavy metals in higher species and accumulaticGome species has been known to
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reach levels of a million times greater than thecemtration of heavy metals in the
surrounding environment (Salomenal, 2005).

A regular water quality monitoring survey encoma@gsappropriately selected

sampling locations and the proper sampling andyarglof relevant water quality

parameters is essential to regularly assess thes siha river system so that early signs
of potential are identified. Examples of such p@lhis include cyanide, zinc, lead,

copper, cadmium and mercury (Salonatral, 2005).

These substances may enter the water in such lbigbentrations that fish and other
animals are killed immediately. Sometimes the palits enter a food chain and
accumulate until they reach toxic levels, evenjukilling birds, fish and mammals. In
polluted areas, bioaccumulation by an organismazaur when the rate of uptake of a
pollutant exceeds its rate of elimination. ( Ander@nd Brown., 1978) found higher
concentrations of Cd and Pb in crayfish ( Orcorect&ifis) collected from a
contaminated site than those from an uncontamirgtedSimilarly, ( Kharet al, 1989)
reported higher concentrations of Cu, Hg, and Zgrass shrimp (Palaemonetes pugio)

collected from a polluted creek than those fronoa-polluted creek.

However, many aquatic animals under contaminatedlitons are able to maintain
trace metal concentrations in the body at a norenal. McDermottet al (1976)
reported that Dover sole (Microstomus pacificus)lembed from contaminated and
uncontaminated sites accumulated comparable lefetslver, cadmium, chromium,
copper, nickel, lead, and zinc. Studies on thedwomulation of pollutants by aquatic
life are important in determining pollutant congatibns in aquatic life, tolerance limits
of aquatic life species and effects of pollutantaguatic life, and in assessing the water

quality of the river in spatial and temporal, trendherefore it is important to carefully
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design the sampling strategy, analyses of datestaii$tical evaluation of the results in
order to arrive at a successful monitoring prog@mbioaccumulations. These can be
achieved by using simple and reliable sampling riegies and analytical methods
capable of generating accurate and reproducibla datbioaccumulations of heavy

metals in aquatic life in water bodies.

1.2.4 Significance of the Study

Numerous studies have been conducted to assesstéme of bioaccumulation of heavy
metals in aquatic organisms. According to Nusstegl, (2006), when fish are exposed
to elevated metal levels in an aquatic environmtdrgy can absorb the bioavailable
metals directly from the environmenta gills and skin or through the ingestion of
contaminated water and food, thus accumulates heagls in their tissues. The heavy
metals will then enter the food chains and extemhany other problems to human and
to river eco systems itself. Beside that, other webwn cases of bioaccumulations of
heavy metal took place in 1938 when a Japaneseryacdischarged a significant

amount of mercury into Minamata Bay. It took a dkxdor the problem to come to

light. By that time, many local people had consuntieel fish and around 20000 of
people were poisoned. Hundreds of people weraléstl and disabled ( Ayres., 1977).
The study of bioaccumulation in Malaysian riveraisking, therefore, there is a need to
carry out the study of heavy metals Bioaccumulatioaquatic life in Malaysian rivers.

In this study, species of fish and plant sampled different locations of Sg Pencala
were analyzed for bioaccumulation studies on aerteeavy metals. It is hoped that
these data will contribute to the beginning anceding the bioaccumulation study on

other rivers in Malaysia.



1.3 Solid waste characterization Study in Sungaidhcala

1.3.1 Background
Solid waste comprise all the wastes arising frooméw and animal activities that are

normally solid and that are discarded as uselesswanted (Tchobanoglous, 1993).

Dumping of solid wastes on the banks of riversdegerely deteriorated the surface and
subsurface water quality. Solid wastes could afteetwater quality in terms of their
biological, physical and chemical parameters. I pinesence of solid wastes in river
bodies, the COD and BOD tend to be higher due @¢oléaching of organic materials
from the solid wastes (Yusoff, 1997). Solid wastesh as food waste, hazardous waste
and plastic waste contains chemicals. These ché&migh leach off to the water and
result in high COD value.

Nitrogen exists in various forms in water includingrates, nitrites and ammonium.
Solid wastes may have significance impact on tlif$erent forms of nitrogen. Solid
wastes from the constructional site (rocks, timbed concrete waste) can have a direct
impact on the water turbidity and also result igh@r conductivity values (Devkota and
Watanabe, 2004). It is important to make sure thatrivers are clean and free from
solid wastes and other pollutant so that the valuthe river can be protected for its

intended use.

1.3.2 Significance of the Study

Solid waste is one of the major contributors legdm the pollution problem. Pollution
and degradation of these river systems has haghdisant negative impact on the local

communities as well as biodiversity. Preventivdaactan be taken if we can identify
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the sources of solid waste generation. Withoutpttoper and well planned prevention
programs, it is impossible to see Sungai Pencdbe toee from solid waste.

If we know the major types of solid waste presenbungai Pencala, preventive action
could be taken to reduce the amount of solid wasttheir sources. To prevent and
solve the water pollution problems it is necesdarynonitor the present level of the
load of solid waste which requires careful chamdzagion of the solid waste load with
proper monitoring techniques. From these datagatibn measures could be taken to
conserve the quality of the river by the GovernmanNGO’s. These survey data are
very important as it plays an important role toateeawareness on the adverse impact
on the environment in terms of pollution preventiaker rehabilitation and restoration
works and to improve the river water quality to i@ek a clean condition.

Studies conducted on solid waste characterizatiomivers in Malaysia are much
lacking. It is hoped that the current study on dsaliaste characterization in Sungai
Pencala will contribute to the knowledge on theaetpof solid waste on an urban river

which is also one of the major tributaries of thang River.

1.4 Research Objective

To prevent and solve the water environmental probleve need to monitor the present
level of the pollutants load which requires idengfion of the pollutants load and
monitoring techniques. In order to take effectiamtcol measures and implementation
of pollution preventing activities water quality tda bioaccumulations data and solid
waste data are required. Based on the data produmedEffective River monitoring
survey, mitigation measures could be taken to cuasthe quality of the river by the
Government. These survey data are very importainitpdeys an important role to create

awareness on the adverse impact on the environtoehé public. These data are also
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important for projects related to pollution prevent river rehabilitation and restoration

works.

In view of the above-mentioned facts, the presemysis undertaken
To analyse the key water quality parameters of 8anRiver from upstream at

Bukit Kiara to down stream, at Petaling Jaya Olwiio

To use the water quality monitoring data to caltul&ater Quality Index of Sungai
Pencala.

To analyse selected heavy metals bioaccumulati@guatic organisms in selected

locations

To characterize solid waste pollution in Sungaid2da in selected locations along

Sungai Pencala

It is hoped that the outcome of the study will sisen the implementation of water

pollution control and management strategies heng@adve the quality of Malaysian

rivers and the status of its biodiversity.
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Fig 1.1 Flow chart of the study
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CHAPTER I

LITERATURE REVIEW

2.0  Literature Review

2.1.  Water Quality Studies

Water Quality is the chemical, physical and biotadicharacteristics of water that
characterizes through the methods of hydrometrya¢Gh -Torres et al. 2002). The
primary bases for such characterization are paemnehat relate to drinking water.
Water quality shows whether the water is pollutednot. Water quality in general
depends on factors and inputs not only from manersmlirces, but also due to natural
causes such as geologic formations, vegetation,grgphic factors, natural
eutrophication etc. Water chemistry is often uasda measure of aquatic ecosystem
health. A single water quality sample, howeveryvmes a snapshot of conditions of a
single moment. Trend analysis of data collected av®ng period of time is necessary
to understand factors operating on a watershed-sadke (Smith, 2004).

Water quality data are collected basedresitu measurements and laboratory analyses.
The most common parameters measured are thosedrétetvater pollution due to land
clearing, sewage and effluents discharge. The waiatity of the rivers discharging
into a lake is the main determining factor of thatev quality status of the lake. The
locations of the outlets of the rivers into a lalkeether with morphological and
hydraulic factors determine the spatial distribntas the problem, (Chacon -Torresal.
2002). The approach to water quality standardsimapily based on existing chemical
water quality such as DO, COD BOD, lH , trace Metals and selected organic

constituents (Norhayati, 1997)
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2.1.1 Biochemical Oxygen Demand

Biochemical oxygen demand, or BOD, measures theuatnaf oxygen consumed by
microorganisms in decomposing organic matter ieastr water. This test is used to
measure the amount of oxygen consumed by thesaisngs during a specified period
of time (usually 5 days at 20C). The rate of oxygen consumption in a stream is
affected by a number of variables: temperature, thid, presence of certain kinds of
microorganisms, and the type of organic and inagyamaterial in the water. BOD
directly affects the amount of dissolved oxygemnivers and streams. The greater the
BOD, the more rapidly oxygen is depleted in theatn. This means less oxygen is
available to higher forms of aquatic life (Chapma&f96). The consequences of high
BOD are the same as those for low dissolved oxygepuatic organisms become
stressed, suffocate, and die. Sources of BOD iecladves and woody debris; dead
plants and animals; animal manure; effluents framp mnd paper mills, wastewater
treatment plants, feedlots, and food-processingtgldailing septic systems; and urban
storm water runoff (EPA, 1997). BOD is therefore ttmajor criteria used in stream
pollution control where organic loading must be tneted to maintain desired
dissolved-oxygen levels. It is used for checking tjuality of effluents discharged to
such water. The higher the BOD value, the greatenber of microorganism in water

(Spooner, 1985).

2.1.2 Nutrients

Nitrogen is required by all organisms for the bgsiccesses of life to make proteins, to
grow and to reproduce. Nitrogen is found in manynf® in the environment. Inorganic

forms include nitrate (N@), nitrite (NO,) ammonia (NH) and nitrogen gas @\

15



Organic nitrogen is found in the cells of livingings. Excessive concentrations of
nitrate and nitrite can be harmful to humans andlife. Nitrate is broken down in the
intestines to become nitrite resulting in blue bapgdrome that limits the ability of red
cells to carry oxygen. It can also cause brown dldisease in fish. The sources of the
nitrogen into the water include wastewater andisegyistem effluent, fertilizer runoff,
animal waste, fossil fuels and also industrial llisge (Tilton, 1979). Nitrogen uptake
is most effective when water flows slowly and eyealer the wetland surface thus
providing an increase in the effective area an@mein time available for biological
interactions (Simpson, 1980; Tilton, 1979). Durihggh flow conditions, elevated
nutrient levels in outflow waters have been rembrtand have been attributed to

leaching and flushing of decomposing plant matédamer, 2003).

Nitrification refers to the biological conversiofh @ammonium compounds to nitrite and
nitrate-nitrogen by bacteria in the presence ofgexywhere approximately 4.6 mg/I of
dissolved oxygen is required to convert 1 mg/l wfogen (USEPA, 1975). Minimum

nitrification occurs when dissolved oxygen is l&san 2 mg/l (O, 1974). The bacteria,
specifically Nitrosomonas and Nitrobacter, are delemt upon aquatic vegetation for
appropriate habitat while the aquatic plants wdilize nitrates produced by the nitrifying
bacteria. The nitrate produced during this proe@fisither be taken up by plant roots

or diffused into the anaerobic zone where derttiion proceeds (Berding et al 2000).

Phosphorous exist in water in either particulatasghor dissolve phase. Particulate
matter includes living and dead plankton. Dissolyglthse includes organic and
inorganic phosphate. Phosphates are not toxic éplpeor animals unless they are
present at very high levels. In freshwater lakes @vers, phosphorus is often found to

be the growth-limiting nutrient because it occumsthe least amount relative to the
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needs of plants (Spooner, 1985). If the excesgiveuats of phosphorus and nitrogen
are added to water, algae and aquatic plants cgrdaliced in large quantities. This
process is called eutrophication. When algae d@ietdria decomposes them and use up
oxygen. Dissolved oxygen concentrations can dropldw for fish to breathe, leading
to fish dying. The loss of oxygen in the bottom evatan free phosphorus previously

trapped in the sediments, thus increasing theablailphosphorus (Chapman 1996).

2.1.3 Microbiological Parameter

The Coliform bacteria group consists of severalegarnof bacteria belonging to the
enterobacteriaceae family. Fecal Coliform bactare present in large numbers in the
feces and intestinal tracts of humans and othemwalooded animals and can enter
water bodies from human and animal wastes (Sped0ti®). If over 200 colonies/100
ml of water sample are found, it is possible thathpgenic organisms are also present
in the water. Methods commonly used to measurd feokform include the multiple
tube fermentation method (the most probable numitethod, MPN) and the membrane
filter method (MF). Fecal coliform bacteria is a asare of the number of colonies
counted per 100 milliliter of water sampled. Thegance of fecal bacteria in a stream
indicates that the water has been contaminatedthétlieces of warm-blooded animals,
which may include human waste (Cech 2003). In @&idito the possible health risk
associated with the presence of elevated levelea#l bacteria, they can also cause

cloudy water, unpleasant odors, and an increasggeoxdemand (EPA, 1997).
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2.1.4 Physical Water Quality Parameters- pH

pH represents the effective concentration of hydmogons (H) in water. This
concentration could be expressed in the same tipmits as other dissolved species,
but [H'] are much smaller than other species in most wap#t can be measured with a
pH meter, pH paper or by adding a reagent (indicadtution) to the water sample and
recording the color change. Some factors that nifiectepH are the concentration of
carbon dioxide in the water, geology and soilshef watershed that contains acidic and
alkaline compounds, air pollution and also drainigen mine sites (Sperling 2002). pH
affects many chemical and biological processeshenwater. For example, different
organisms flourish within different ranges of pHhellargest variety of aquatic animals
prefers a range of 6.5-8.0. pH outside this rargghices the diversity in the stream
because it stresses the physiological systems dft mmanisms and can reduce
reproduction. Low pH can also allow toxic elemesutsl compounds to become mobile
and "available" for uptake by aquatic plants anoais. This can produce conditions

that are toxic to aquatic life, particularly to s#ive species like rainbow trout.

Changes in acidity may be caused by atmospheriositegn (acid rain), surrounding
rock, and certain wastewater discharges (EPA,199Hydrogen ion concentration, a
measure of the acidity of a stream, is generaltgrda@ned in the field. Acidity similar

to hydrogen ion concentrations is a measure ofatheunt of acid producing ions in a
sample and is determined in a laboratory settingutis of acidity to the river come
from acid rain, organic acids from wetlands (KoZ#®96,), and acid mine drainage
(Phares 1971). Additional acid increases the hyamogn concentration of a stream

unless a stream contains enough alkalinity to aéné the effects of the acid.
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2.1.5 Temperature

The temperature of water is a very important faéboraquatic life. It controls the rate
of metabolic and reproductive activities and detean which fish species can survive.
It also affects the concentration of dissolved @y@nd can influence the activity of
bacteria and toxic chemicals in water. Temperatsirmeasured using a thermometer
and recorded in degrees Celsit@)(or degrees FahrenheifF). The factors that affect
the temperature includes such as riparian vegetdtmw rate of water, paved surfaces,
industrial discharge and sewage outflow (Kozar 1p9Bauses of temperature change
include weather, removal of shading streambank te¢ige, impoundments (a body of
water confined by a barrier, such as a dam), drgehaf cooling water, urban storm
water, and groundwater inflows to the stream. Teaipee affects the oxygen content
of the water (oxygen levels become lower as tentperaincreases); the rate of
photosynthesis by aquatic plants; the metaboliesratf aquatic organisms; and the

sensitivity of organisms to toxic wastes, parasisl diseases (EPA, 1997).

2.1.6 Turbidity

Turbidity is a measure of the amount of particullei®tter that is suspended in water.
Water that has high turbidity appears cloudy orgoea Turbidimeter is photometer that
measures the intensity of scattered light. Turpitit measured by using turbidimeter.
High turbidity can cause increased water tempegatirecause suspended particles
absorb more heat and can also reduce the amoutightf penetrating the water.
Materials that can causes water to be turbid ssatley and silt, finely divided organic
and inorganic matter, plankton, microscopic organ(s.g ; algae) and soluble colored
organic compound (eg textile) (White, 1994). Tdityi can affect the color of the water.
Consequently it, reduces the concentration of tisslooxygen (DO) because warm

water holds less DO than cold water. Higher tutiidiso reduces the amount of light
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penetrating the water, which reduces photosynthasid the production of DO.

Suspended materials can clog fish gills, reducasystance to disease in fish, lowering
growth rates, and affecting egg and larval devekpmAs the particles settle, they can
blanket the stream bottom, especially in slowerewgmtand smother fish eggs and

benthic macro invertebrates (EPA, 1997).

2.1.7 Total Solids

Total Solid is the residue that remains after evagon and drying at 10%C — 105°C.

It can be divided into two fractions: total dissadlvsolid (TDS) and total suspended
solid (TSS). Total Suspended Solids are separabed dissolved solids by filtering the
water through a filter paper. The suspended mddeaige retained on the filter paper
while the dissolved passes through it. The conaéotr of total dissolved solids affects
the water balance in the cells of aquatic organisfRbares 1971). Higher
concentrations of suspended solids can serve agrsaof toxic materials, which
readily cling to suspended patrticles. This is patérly of concern where pesticides are
being used on irrigated crops. Where solids ardn,hpgsticide concentrations may
increase well beyond those of the original applicatas the irrigation water travels
down irrigation ditches. Higher levels of solidsncalso clog irrigation devices and
might become so high that irrigated plant rootd Vaise water rather than gain it. A
high concentration of total solids will make dringiwater unpalatable and might have
an adverse effect on people who are not used tkidg such water (Phares 1971).
Levels of total solids that are too high or too loan also reduce the efficiency of
wastewater treatment plants, as well as the operafiindustrial processes that use raw
water. Total solids also affect water clarity. Hglsolids decrease the passage of light

through water, thereby slowing photosynthesis bya#iq plants. Water will heat up
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more rapidly and hold more heat; this, in turn, migdversely affect aquatic life that
has adapted to a lower temperature regime (EPA7)1%8gh total solid in water will
cause skin irritation, not suitable for recreatioastivities, and also cause sediment

build up thus becomes shallow.

2.1.8 Conductivity

Conductivity is a measure of the ability of watempiss an electrical current (Bexgal,
1992). The basic unit of measurement of condugtivé the mho or siemens.
Conductivity is measured in micromhos per centim¢tenhos/cm) or microsiemens
per centimeter (s/cm). Conductivity increases with increasing ant@and mobility of
ions. These ions that come from breakdown of comg@suconduct electricity because
they are negatively or positively charged whenalis=d in water. It is indirect measure
of the presence of dissolved solids such as cldpndrate, sulfate, phosphate, sodium,
magnesium, calcium and iron, and it can be usednagdicator of water pollution
(White, 1994). Conductivity in water is affecteg the presence of inorganic dissolved
solids such as chloride, nitrate, sulfate, and phate anions (ions that carry a negative
charge) or sodium, magnesium, calcium, iron, amdhalum cations (ions that carry a
positive charge). Organic compounds like oil, phealzohol, and sugar do not conduct
electrical current very well and therefore haveow Iconductivity when in water.
Conductivity is also affected by temperature: tharmer the water, the higher the
conductivity. For this reason, conductivity is rejed as conductivity at 25 degrees

Celsius (25'C), (Berget al 1992).

Conductivity in streams and rivers is affected puity by the geology of the area
through which the water flows. Streams that rundlgh areas with granite bedrock tend

to have lower conductivity because granite is casepoof more inert materials that do
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not ionize (dissolve into ionic components) whershed into the water. On the other
hand, streams that run through areas with clay geitd to have higher conductivity
because of the presence of materials that ionizenwiashed into the water. Ground
water inflows can have the same effects dependmthe bedrock they flow through.
Discharges to streams can change the conductiépertding on their make-up. A
failing sewage system would raise the conductibggause of the presence of chloride,
phosphate, and nitrate; an oil spill would lowes tonductivity, (EPA. 1997). Studies
of inland fresh waters indicate that streams supmprgood mixed fisheries have a
range between 150 and 50fhhos/cm. Conductivity outside this range could ¢atk
that the water is not suitable for certain speofefssh or macro invertebrates. Industrial

waters can range as high as 10,00hos/cm (Kozar 1996).

2.1.9 Chemical Oxygen Demand

COD is an indication of chemical oxidation of orgamaterial in a water sample. It
indicates the degree of pollution in the water dam©hemical oxygen demand (COD)
is a measure of the capacity of water to consunygeax during the decomposition of
organic matter and the oxidation of inorganic cleaisi such as ammonia and nitrite.
COD measurements are commonly made on samples sit weaters or of natural

waters contaminated by domestic or industrial waste

Chemical oxygen demand is related to biochemicgiger demand (BOD), another
standard test for assaying the oxygen-demandimggtin of waste waters. However,
biochemical oxygen demand only measures the amotimbxygen consumed by
microbial oxidation and is most relevant to watechk in organic matter. It is important
to understand that COD and BOD do not necessaelgsure the same types of oxygen

consumption. For example, COD does not measureotiggen-consuming potential
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associated with certain dissolved organic compowuds as acetate. However, acetate
can be metabolized by microorganisms and wouldetbex be detected in an assay of
BOD. In contrast, the oxygen-consuming potentiatefulose is not measured during a

short-term BOD assay, but it is measured durin@® @est (Kozar., 1996).

2.1.10 Heavy Metal

Heavy metal pollution is a major environmental peob in the world. The term ‘heavy
metal’ is somewhat imprecise, but includes mostamewith an atomic number greater
than 20, but excludes alkali metals, alkaline eafdmthanides and actinides. The heavy
metals are those metals that have a density gréwtarfive, include about thirtyeight
elements (Salgare, 1991). Apparently, studies dintmmn of heavy metals in the urban
environment became prominent after the mid sixtiesncurrent with enhanced
urbanization and industrialization processes woidéwlt was preceded with an earlier
shock of mercury poisoning associated with fishessaomed from the Minamata Bay,
Japan in the mid fifties (Kudo, 1992).

A study in India revealed that the phsico-chematedracteristics of the water are being
altered in the industrial area (Joy et al., 1990&ce inorganic and organic substances
in water supplies originate from natural sourcegthiplant and animal and also form
synthetic organic chemical industry. Heavy metalthrged into a river system by
natural or anthropogenic sources during their partsare distributed between the
aqueous phase and bed sediments. Sediments ardeegss the ultimate sinks for
heavy metal cations (Gibbs, 1973). Hart et al. 8)98emonstrated that the major
amount of heavy metals was transported in partiedtam (Pb, Zn, Sn ca. 60%, Cu ca.
60%) during a major flood event in the Annan Riveustralia. Sediments, not only act
as the carrier of contaminants, but also the prtlesscondary sources of contaminants

in aquatic system (Forstner, 1984). Changing enw@ntal conditions in the system
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may render the remobilization of metals from seditegCalmano et al., 1993). Malo
(1972) had reported that metals in the surfaceotton sediments would be released
into the water phase by physiochemical processeparently, the higher the metal
concentrations in the sediments, the greater thentdqy of metals that could be

desorbed from the sediments (Surija and Branic@5)J19

The main threats to human health from heavy metadsassociated with exposure to
lead, cadmium, mercury and arsenic. These metais baen extensively studied and
their effects on human health regularly reviewedittgrnational bodies such as the
WHO (Malo, 1972). Cadmium compounds are currentbinty used in re-chargeable
nickel-cadmium batteries. The general populatioprimarily exposed to mercunia
food, fish being a major source of methyl mercupasure, and dental amalgam. The
general population does not face a significanttha&k from methyl mercury, although
certain groups with high fish consumption may attalood levels associated with a low
risk of neurological damage to adults. Since thsra risk to the fetus in particular,
pregnant women should avoid a high intake of ceffiah, such as shark, swordfish and
tuna; fish (such as pike, walleye and bass) takem fpolluted fresh waters should

especially be avoided.

It is well known that the main pollution areas ofter bodies and rivers are heavily
industrialized cities. At present industrial wasées prevalent in the composition of the
wastewaters of giant industrial cities. Furthermdie industrial era of the nineteenth
century resulted in an acceleration of the useatdinal substances such as As, Cd, Hg,
Pb, Zn, S, etc., that could eventually be releasede aquatic environment. The current
production and use of tens of thousands of symttugemicals inadvertently resulted in

the release of these substances into the envirankhough industry uses much less
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water than agriculture, it causes more pollutiomsMof the water is used for cooling
and cleaning and, although more than 80 per ceiitisfreturned immediately to the
natural water cycle, it is often polluted with byeducts of the manufacturing process
and other waste material (Hester, 1983). Concetreffluents from manufacturing and
industrial production plants have added hazardobstances to natural water courses
and reduced their ability to sustain aquatic life.

Under the WHO monitoring program, cadmium concdiutng studied in Sg. Skudai
were found to be below detection limit (<0.001 mg(Department of Environment,
1986a). Cadmium also induced changes in the hipgadd kidneys had been reported in
common carp, Cyprinus carpio (Cyprinidae) from Metional Fish Seed Farm (NFSF)
Jyotisar, India (Singhal and Jain, 1997). Cadmiwncentrations in Malaysian rivers
recorded levels ranged from 0.06 to 048 g* (Universiti Kebangsaan Malaysia-
Department of Environment, 2000). In Central Italggdmium was found to be in range
of 0.24pg g*to 0.95ug g'in lichens collected from the environs of the towifrPistoia

(Loppi, et al, 1994).

2.1.11 Pesticides

Pesticide is a general term applied to herbicifi@sgicides and insecticides that are
used to kill pests and weeds. They are widely dseaveed control in agriculture, on

roads and railways, and to control pests in inguSynthetic organic pesticides were
introduced during the Second World War and thee espanded rapidly in the 1950s
and 1960s. By providing effective control of peiiey have been a great benefit to
agriculture, and in conjunction with the use oftifezers, have increased crop yields
considerably. However, by the early 1960s, undekgraffects on the environment were

apparent. Rachael Carson drew attention to thetigkoundwater as long ago as 1962
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in her classic book Silent Spring. But the measemmof pesticides at low
concentration in water is complex and expensived #re routine examination of
groundwater for pesticides is a recent event, asnwre widely perceived appreciation
of their risk to groundwater quality.

Pesticides, if used at a minimal amount, are hasndend even help in the production of
agriculture by eliminating unwanted pests. But asion build up a defense system and
are eventually immune to the effects of the peddisiand become very hard to get rid

off. So, farmers have no choice but to increasatheunt of pesticides applied

The use of organochlorine pesticides has causettoomue to their effects on human
health and the Malaysian aquatic ecosystem, péatlguso in view of their persistent
and bioaccumulative properties. Since the exterdrgénochlorine pesticide pollution
in Malaysian waterways is unknown except for isdainstances, a systematic survey
has now been carried out. Water samples from vauniwers were extracted, cleaned up
with florisil and analysed for the individual orgashlorine pesticides by gas
chromatography (GC) with an electron capture dete¢ECD). DDE, DDT and
heptachlor were present in all the river water dasmpf the west coast of Peninsular
Malaysia. Other organochlorine pesticides were aleatified from the water samples.
However, the levels of all these are still beloveria values for Malaysian aquatic life,
indicating that organochlorine pesticide pollutiane less of a problem than other

organic or inorganic pollutants, (Tan , 1990)

2.1.12 Water Quality Index (WQI)

The quality of water is defined in terms of its ploal, chemical and biological
parameters, and ascertaining its quality is crublefore use for various intended

purposes such as potable water, agricultural, aoreal and industrial water uses, etc.
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(Sargaonkar and Deshpande, 2003). Water Qualitgxins a set of standards used to
measure changes in water quality in a particulezast reach over time and make
comparison from different reaches of a stream (Belet al., 2005). The basic
methodology used to determine WQI scores was dpedldy the Environmental
Protection Agency (EPA). The index is basically atlmematical means of calculating a
single value from multiple test results. WQI is @&thod of combining several water
guality parameters into one concise and objectaieies representing the state of the
water quality trends. The parameters used are De@xygen, Biochemical Oxygen
Demand, Chemical Oxygen Demand, Total Suspendad, @whmonical nitrogen and

pH.

WQI = 0.22(SI DO)+0.19(SI BOD)+ 0.16(SI COD) + 0(35 AN) + 0.16(SI SS) +

0.12(SI pH).

The index represents the level of water quality igiven water basin, such as a lake,
river, or stream. The WQI, which was developedhe early 1970s, used to monitor
water quality changes in a particular water suppler time, or it can be used to
compare a water supply's quality with other watgrpdies in the region or from around
the world (Malo (1972). The result used to deteemina particular stretch of water is
considered to be "healthy." The WQI generates aestetween 0 and 100. Zero
indicates poor water quality while 100 indicatesabwater quality. The WQI is used to
give an overall rating of the general or ambientevguality for nutrients and metals; it
does not determine the quality of water for specifses. Scores were grouped into
categories based on those derived as excellend, gao, marginal & poor (Table 2.1)

to provide a relative ranking of the scores catad for each site within the watershed.
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Table 2.1: Water Quality Standards and its intendss

WQI Water Rating Scale

Range | Water Quality| Class (INWQS-DOE Intended Use

WQlI Status

91-100: | Excellent Class | - Conservation of natural
environment

71-90: | Good Class I - Water  supply  with

conventional treatment.
Sensitive aquatic.

Recreational use with
body contact

51-70: | Medium  orn Class llI - Require extensive
average treatment.
Tolerant aquatic species.
26-50: | Fair Class IV - Irrigation water.
0-25: Poor Class V - Water unsuitable for

specific beneficial use.

Table 2.1 shows that, the WQI range of 91 to 10@we=llent. The river such as
Sungai Liawan, Crocker Range Park is classifiedlass | Murtedza 2002) and the
river is used as conservation of natural envirortmBmis type of river usually found at
the source of that river. There is no pollution dmchted at hillside. For the range of
71 to 90 (Table 2.1) the status of river is good #ns classified as class Il. Class Il
River used for water supply with conventional tne@nt, for sensitive special aquatic
live and can use for recreational activity with Ppodontact. The river with
classification of Class Il is under range of 5I7th The river of class Il is in medium
condition and can be used for tolerant aquatic ispeand it requires extensive
treatment if used as water supplies. Under range 86, the river is classified as class
IV. Class IV water is used as an irrigation wated ¢his type of river usually found in
the industrial area such as at Sungai Buloh whezeetare so many illegal factories
along the Sungai Hampar which load pollutants im® river and cause the Sungai
Hampar to class IV river. Under range O to 25 @y \poor quality status river system

and classified as class V. Class V river is notafle for any specific beneficial use.
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2.1.13 Benefits of Water Quality Monitoring.

Water quality monitoring is defined as the samplamgl analysis of water constituents
and conditions. These may include introduced patits, such as pesticides, metals,
and oil. Constituents found naturally in water tlaih nevertheless be affected by
human sources, such as dissolved oxygen, bactanid, nutrients. Water quality
monitoring help to identify whether waters are mdesignated uses. All states have
established specific criteria (limits on pollutgnidentifying what concentrations of
chemical pollutants are allowable in their wataf¢ghen chemical pollutants exceed
maximum or minimum allowable concentrations, watenght no longer be able to
support the beneficial uses such as fishing, swimgmand drinking for which they have
been designated. It is also to identify specifitytants and sources of pollution (White
1994).

Water quality monitoring helps link sources of ptithn to a stream quality problem
because it identifies specific problem pollutalisice certain activities tend to generate
certain pollutants (e.g., bacteria and nutrienesraore likely to come from an animal
feedlot than an automotive repair shop), a tergativk might be made that would
warrant further investigation or monitoring. Chealiconstituents that are properly
monitored (i.e., consistent time of day and ongula@ basis, using consistent methods)
can be analyzed for trends over time. Water quatignitoring can use to screen for
impairment. Finding excessive levels of one or naremical constituents can serve as
an early warning "screen" of potential pollutiommipiems.

The National Monitoring Network for water qualitya$ been established since 1978
with two major aims stated as to establish theustat river water quality and to detect
changes in water quality as a result of developraetivities. In Malaysia, water quality

monitoring activities are conducted by four goveeminagencies in the main respective
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aspects namely as Department of Environment (D@Epartment of Irrigation and

Drainage (DID), The Ministry of Health and Departm®f Minerals and Geoscience
(IMG) (Yusofet al, 2006).

Typical reasons for initiating a monitoring prdjeimclude: Developing baseline
characterization data, documenting water quallignges over time, screening for
potential water quality problems, providing a st basis for making decisions on
the management of a stream or watershed, detemgnithi@ impact of a municipal

sewage treatment facility, industrial facility, and use activity such as forestry or
farming, educating the local community or streamersisto encourage pollution
prevention and environmental stewardship. It shpulslic officials that local citizens

care about the condition and management of thdgwasources. (EPA, 1997)

2.1.14 Water Quality Status of Malaysian River

According to the Environmental Quality Report 1983, percent of the monitored river
basins are classified as clean rivers. With thero88.9 percent classified as slightly
polluted and only 7.4 percent of the rivers areviigaolluted (Table 2.2). For the past
decade, this was the only year which shows thatthprity of monitored rivers are

clean rivers. In 1997, the highest percentage le&s lbecorded in the rivers that are
heavily polluted. Hence, the lowest percentagelearc rivers was also recorded in the
same year. Reduction of flow would reduce the @bibf water in diluting the

pollutants. A significant trend of improvement ierpentages of river that are heavily

polluted could be observed from 1990 — 1997. ( Yes@l 2006)

In Malaysia, such other countries of the world, el of metal pollution of freshwater
bodies, especially the rivers, is no longer witkéie limits for human consumption. In

the year 2002, the Department of Environment (D@dpprted that industries such as
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textile, metal finishing and electroplating, fooddabeverages, and animal feed could
not achieve more than 65% compliance. Some in@sstvere operating either without
effluent treatment system (ETP) or with ineffici€fifP. These industries had difficulty
in complying with parameters such as nickel, coplead, zinc and iron (Department of
Environment, 2002). In Malaysia there are not ks 1500 rivers. Rapid population
growth, urbanization and industrialization have jsoted some of these rivers 7 to
increasing stresses giving rise to loss of firmdyief water and power, sedimentation,
flooding, water pollution and environmental deteation. The Department of
Environment

National River Water Monitoring Program got startedl978, but since 1995, it was
contracted out to Alam Sekitar Malaysia Sdn Bhd NS under a privatization
arrangement. In 2003, 926 stations located wittdf diver basins in Malaysia were
monitored. Out of these 926 monitoring stations 4.5 %) were found to be clean,
448 (48.4 %) slightly polluted and 66 (7.1 %) ptdld. Automatic water quality
monitoring stations monitored river quality changesa continuous basis at Sg. Perai
(Pulau Pinang), Sg. Selangor (Selangor), Sg. Kel@d®KL), Sg. Linggi (Negeri
Sembilan), Sg. Melaka (Melaka), Sg. Skudai (Joh®g), Perak (Perak), Sg. Keratong
(Pahang), Sg. Terengganu (Terengganu) and Sg. Saré8arawak). Under the
pollution prevention and Water Quality Improvemé&hrbgramme, five (5) additional
automatic stations were installed at Sg. Langalaff§@r), Sg. Batang Benar (Negeri
Sembilan), Sg. Labu (Negeri Sembilan), Sg. Putaléike) and Sg. Rajang (Sarawak)

(Department of Environment, 2003). This is cleankficated in Table 2.3
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Table 2.2 : Malaysian Rivers and its classificagi¢h999)

No River Class of river
1 Sungai Membakut Il

2 Sungai Padas - Beaufort Il

3 Sungai Papar - Kambizaan Il

4 Sungai Kelang v

5 Sungai Muar 1]

6 Sungai Pahang 1]

Table 2.3 River Quality Monitoring Stations for Aatatic Continuous Monitoring
(1995 - 2003), (Department of Environment, 2003)

Year 1995| 1996| 1997 | 1998| 1999| 2000| 2001| 2002| 2003
River basin 2 4 6 8 10 10 10 12 12
Number of

automatic 2 | 4| 6| 8| 10| 10| 10/ 12 15
continuous

monitoring station

Examination of the water quality for streams wamsadly indicated marked differences
in the level of certain parameters. It was mosgljikthat the elevated levels of pH,
conductivity and Ca and Mg contents detected fogashs on the interior slopes of
Crocker Range Park resulted primarily from the ratleaching of carbonate minerals
(Murtedzaet al ,2002). Aggregate classification based on hydrolgggmorphic-land
use, present beneficial use, water quality andtaxjgaology as reported in the Sungai
Padas classification study (DOE 1999). Sungai Kelamas classified under Class IV
(Ithnin, 1998). This may because it is locatechdtistrial and crowded residential areas.
Compared to the Sungai Membakut, Sungai Padas uf@®aand Sungai Papar —

Kambizaan, these rivers were located near hill.afedong range assessment of the
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water quality of the streams surrounding the Croéka&nge Park showed that the rivers
situated close to the Park area demonstrated gaddrwuality, mainly of Class Il

status and occasionally improved to Class | (Murdesd al ,2002)

2.2 Bioaccumulation of Heavy Metals in Aquatic Lifein Sungai Pencala

Bioaccumulations can be divided into direct bioaoaolations and indirect
bioaccumulations. The direct bioaccumulations ocewainly through the gill tissue
from seawater and digestive tract by ingestion exfiment. Metals absorbed by this
mechanism generally show good correlation with eotr@tions in the external media.
The indirect bioaccumulations is mainly through tte®d chain, such as mercury

accumulation in marine biota (Sadiq, 1992).

2.2.1 Substances that bioaccumulates

There are two main groups of substances that binifyadg@oth are lipophilic and not
easily degraded. Novel organic substances are asiyedegraded because organisms
lack previous exposure and have thus not evolvedifsp detoxification and excretion
mechanisms, as there has been no selection prgssorehem. These substances are
consequently known as 'persistent organic pollstaot POPs, for examples the DDT
and PCBs (Sadiq, 1992). While Inorganic substacoasist of heavy metals such as
mercury, lead, cadmium, chromium, arsenic and coplgketals are not degradable
because they are elements. Organisms, particilabe subject to naturally high levels
of exposure to metals, have mechanisms to sequesiezxcrete metals. Problems arise
when organisms are exposed to higher concentratlwars usual, which they cannot
excrete rapidly enough to prevent damage. Thesalsnate transferred in an organic

form (Mason, 1996). River pollution caused by theect and indirect discharge of
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urban and industrial wastes and run-off has leadth®® accumulation of toxic

compounds such as pesticides, heavy metals (2haly 2001),.

2.2.2 Factors affecting Bioaccumulations

The concentrations of metal in aquatic organismy \ecause they reflect the net
effect of two competing process, that of uptake atepuration. The balance between
the two will depend upon the ambient water coneginins and the relative rates of the
two processes. It also affected by a number obfactwhich may introduce a seasonal
pattern of variation. Seasonal variations in thespilogical condition of aquatic
organisms primarily arise from the reproductive leyand changes in growth rate
(Molles Jr, 2005). The reproductive cycle involwbe maturation of the gonads and
gametes and then spawning. These involve subdtahtiages in the balance within the
organism between proteins, lipids and carbohydrasewell as affecting body weight,
water content and general condition of the organigtariod of fast growth are
associated with reducing metal concentration irsugs. Low growth results in
increasing tissue concentrations. There need behange in the total body burden for
these effects to be evident. Because of thesdamdhips seasonal variations in tissue

concentrations (Mance, 1987; Mason, 1996).

Age has long been recognized as important in ttezpgretation of the metal content of
biota both directly and indirectly by weight or mgal dimensions. Growth is

associated with declining concentrations. It isikety that quantitatively reliable

relationships of general applicability will be déyged for the relationship between age
or size and metal content. Besides that, meanseotrations of heavy metals differs
according to in water depth. As with the interactbetween metals in relation to the
toxicity of metal to aquatic organisms. It is natlyo happen between metals but also

with other chemicals (Mance, 1987; Mason, 1996).
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2.2.3 Bioaccumulation of Heavy Metals

The discharge of large quantities of heavy mett water resources may cause an
adverse effect (Sadiq, 1992). Unlike organic suizsta, heavy metals does not degrade
into less harmful substances and it can accumutdtethe soil and water resources
which may harm living species if it enters the fodthin. There are many possible
sources for the heavy metal to enter the river ystems. There are point sources and

non-point sources.

2.2.3.1 Mercury (Hg)

The environmental behavior of mercury is interegtamd differs from those of other
toxic elements. Hg is probably the most ubiquitadsall the heavy metals. This is
because Hg is the only metal that can exist as adtuid and as a volatile form at
ambient temperatures (Mason, 1996). Due to easgftyemation of physical forms, Hg
cycles readily and continuously in nature. Mercigyknown to biomagnify through
aquatic food chain. It is absorbed directly by migms of the first trophic level.
Biological factors such as age, size, and weiglg also important to mercury
bioaccumulation in fish. It is well established ttlthfferent body organs concentrate
different forms of Hg. It seems that liver tissuefpr to accumulate inorganic Hg and
that of muscles tissue methyl mercury. Methylmeyasrhigher in fish than in other
organisms. Concentration of methylmercury is lowlirer and medium to high in

muscle (Mance, 1987; Mason, 1996).
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Mercury and its compounds play an important paglé@ctrochemistry. The metal itself
is used as a coolant in certain types of reaciotsie metallurgy of gold and silver, as a
catalyst in organic chemistry, and in the manufiectof lamps, relays, and switches.
Both mercury and its compounds are highly toxict Gfuthe 10 000 tones of mercury
produced worldwide yearly, it has been estimated #5 % is consumed by the chlor-
alkali industry, 20 % in electric equipment, 15 % paints, 10 % in control and
measurement system, 5 % in agriculture, 3 % inalgmactice, 2 % in laboratory and
20 % in others which include detonators, catalyssservatives and cosmetics (Palmer,
1995). Nevertheless, major uses in Malaysia alsgercthe above-mentioned areas
including chlor-alkali industry, electrical equipmnte paints and dental practice. In a
recent survey of a wide range of paint productslavi in local market, 12 out of 16
brands of emulsion paints were found to containcemgr ranging from 0.005 % to
0.066 %, while 5 out of 7 brands of gloss pintsi@ot based) range from 0.003 to

0.037 % (Department of Environment, 1985).

Apparently, a monitoring study found 0.1 mg/L comication of Hg in Sg. Skudai
(Department of Environment, 1986b). Meanwhile in. $@ngat, mercury level is
reported to be 0 to 0.004 mg/L (Law and Singh, }9B@&cause of the toxic nature of
mercury, the Malaysian government established d fion public water supplies of
0.002 mg/L of mercury. The average concentratioos dquatic plants, benthic
invertebrates and fish in the Ottawa River were2ldpb, 233 ppb and 162 ppb,
respectively, for total mercury (Kudo, 1992). Imar@dda, Stokes and Dreier (1983)
reported that concentration of mercury in waterenvgétO - 30 ng/ L) and sediment
concentrations were quite variable from 36 to 1§@nPolprasert (1982) reported that
mercury levels in aquatic plant from the Chao Ranaver estuary ranged from 0.75 to

1.26 ppm in leaves and 0.28 to 0.68 ppm in floasit@yns.
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2.2.3.2 Lead (Pb)

Lead contamination of the aquatic ecosystems ie&sing because of emission outfalls
and industrial effluent discharges. Lead can beimctated directly from seawater and
sediments especially aquatic organisms, whichzetigill tissue as the major nutrient
uptake route. The chemical form affects the biaabiaccessibility of Pb to aquatic
organisms, as does the chemical portioning of Rhansediments. Concentration of Pb
in aquatic sediment varies widely because anthmpognputs are the major sources of
contamination. Relatively higher concentrations Rif are expected in the coastal
sediments and those in the vicinity of pollutionmosources (Mance, 1987; Mason,

1996).

Previous studies of Sg. Semenyih showed levelsaaf fanging from 0.1 to 1.76 ug/L
(Department of Environment, 2002). Lead poisonimghildren was also traced to the
consumption of lettuces containing high levelstef element. The sources of Pb were
found to be old lead batteries that had been dummpedhe ground within the
neighborhood of vegetable plots (Lepp, 1981b). NAS76) reported that grass was
contaminated by lead within 152 m downwind of road€olorado, USA. It was also
reported that lead in soils ranged from 128-70@ugWhereas, the monitoring study
conducted by WHO found that the concentration afllen the Sg. Skudai river water
was 0.8 mg/L (Department of Environment, 1986a).Poland, herbs were found

containing 0.94 mg /kg of lead (Lozakal.,2001).

37



2.2.3.3 Cadmium (Cd)

Cadmium is a priority pollutant, which enters aquatosystemsia both atmospheric
deposition and effluent discharges from point sesr8ecause of extensive industrial
usage, anthropogenic inputs into the environmem #re main source of Cd
contamination. Cadmium, like any other element, barbiomagnified either directly
from sediment owia the food chain. In organisms that utilize gillstie as a major
uptake route, Cd bioaccumulation is directly redate its concentrations in the water.
Within the body of a aquatic organism, bioaccumatabf Cd is selective, localizing in
certain tissues. Sites of Cd localizing may vamgnfrorganism to organism (Mance,

1987; Mason, 1996).

On the contrary, absorption through food is thetnmaportant route of cadmium uptake
for the general population. Acute ingestion of eomihated food and drink causes
nausea, vomiting, abdominal cramps, diarrhoea dmtks Chronic inhalation of

cadmium fumes produces effects on the kidneys wgusnal tubular damage, lung
emphysema as  well as anaemia, liver damage arer ldisturbances in

calcium/phosphate metabolism. An incident duehi@nic ingestion that shows rise to
renal tubular damage is the itai-itai disease pada(Lepp, 1981a). In Malaysia, the

death dose for cadmium poisoning is 10 m@@Act, 1983).

Under the WHO monitoring program, cadmium concdiung studied in Sg. Skudai
were found to be below detection limit (<0.001 mjg(Department of Environment,
1986a). Cadmium also induced changes in the hipgadd kidneys had been reported in
common carp, Cyprinus carpio (Cyprinidae) from Megional Fish Seed Farm (NFSF)
Jyotisar, India (Singhal and Jain, 1997). Cadmiwncentrations in Malaysian rivers

recorded levels ranged from 0.06 to 0.48 p@Mgiversiti Kebangsaan Malaysia-
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Department of Environment, 2000). In Central Italgdmium was found to be in range
of 0.24 pg/go 0.95 pg/an lichens collected from the environs of the towinPistoia

(Loppi, et al., 1994).

2.2.3.4 Chromium (Cr)

Chromium is an anthropogenic pollutant. Its contation results mainly from human
activities. Therefore, Cr concentrations are exgtd be high in the estuarine system
and freshwater systems. Cr passes readily throoglgills and accumulates in other
organs. Chromium may accumulate differentially iffedent types of tissue; high
concentration of Cr is found in kidney followed layer and muscle in fish. It is found

that Cr accumulates rapidly and depurates slowlyngtdoeet al, 2007).

Chromium is widely distributed in the earth’s crusiough concentrations are generally
relatively low, at about 0.04 per cent of the tatalid matter: Its toxicity to industrial

workers has been recognized for many years. The comsmon industrial sources are
the alloy industry, wood treatment, and chromiuming operations. Besides that, Cr is
used extensively for manufacture as stainless sstekdcorative and wear resistant
surface treatments and manufacture of chemicatthé&uwnore, chromium salts are used
in chemical analysis tanning, dyeing, ceramics, iarttie dyestuffs industry. The major
uses of chromium are in the metallurgical industnythe production of stainless steel
and other alloy steels, and in the refractory. Otises are in the electroplating, metal
finishing and leather tanning industries and in piheduction of fungicides, pigments,

oxidants, and catalysts and in the glass and phagbg industries (Stoeppler, 1992).
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The usage of chromium and its compounds is estoretaost 10-100 million tones per
year (Mason and Moore, 1982). Chromium is a mixtfrd isotopes of masses 50, 52
(83.76%), 53 and 54. The boiling point for chromii;2672C (Herold and Fitzgerald,

1994).

2.2.3.5 Arsenic (As)

The bioaccumulation of As in aquatic environmestiieresting and probably unique.
Levels of As in the terrestrial or freshwater origars are seldom high in concentration.
This could be due to different chemical forms ofiAdreshwater. Concentration of As
vary widely within marine organisms and seem taffected by their feeding habits. In
general, bottom feeders accumulate more As in theft tissues than the fishes.

Bioaccumulation of As is influenced by the routeuptake by aquatic organisms.

Direct uptake which is absorption by gill tissugsriore dependent on concentrations in
the external media than indirect uptake. As accatian is influenced by its
concentrations in the water itself, especially rgamism that utilize gill tissue as the
main route for nutrient uptake (Humtseeal., 2007). Besides that, from the studies in
Sg. Langat basin, levels of arsenic have been teghoo range between 0.003 to 0.049
mg/L (Department of Environment, 1998). Accumulatimf arsenic in herbs in Poland

was found to be 1.05 mg/kg (Lozekal.,2001).

2.3 Solid waste characterization

Waste is a substance or object which is disposkedras intended for disposal (Basel
Convention, 1989). Solid waste comprises all thetesarising from human and animal
activities that are normally solid and that arecdised as useless or unwanted

(Tchobanoglous, 1993). People throw things awaynwhey do not have a use for them
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or think they have no obvious value. Garbage, efusother waste matter of a solid
nature can be classified as solid waste.

Solid waste characterization means finding out Inowch paper, glass, food waste, etc.
is discarded in waste stream (McCauley-Bell et 18197). Waste characterization
information helps in planning how to reduce waset up recycling programs, and
conserve money and resources. Waste charactenzataymation is designed for solid

waste planning; however, anyone interested in theracteristics of the solid waste
stream may find it useful. Local government plasndraulers, and recyclers may
estimate the amount of certain materials in theaste stream through the waste
characterization database. Waste characterizatitaid collected by taking samples of
waste and sorting it into material types like nesygy and aluminum cans, and

weighing each type (McCauley-Belt al, 1997).

2.3.1 Sources of Solid Waste in Water System

Waste generation in Malaysia was found to depeng weuch on the sources of
municipal solid waste (MSW). The rate of generatuamies greatly depending on the
premises (house, shop, etc), affluence of populgtaw or high income), occupation or
business (Agamuthat al, 2004). Housing area generates the largest anwfunaste
(Figure 2.1). Table 2.3 summarizes the municipitissaste from various sources of
waste generator in Petaling Jaya, Malaysia (Agamathal, 2004). The squatters who
usually occupy land at the riverside or next tohhtgnsion cable lines generate the
highest amount of solid waste (3.42 kg/dwelling)dafssuming an average of 5-6
occupants per dwelling, each person generatesk@/@ay. Source of solid waste can be
categorized as municipal, commercial, industriahstruction, mines and quarries and
agricultural (Rosta and Puziah, 2006). It waste position is different depending on

source of generation.
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Figure 2.1: Percentage of Waste Generation in Malaya, Agamuthuet al, 2004

2.3.2 Types of Solid Waste

Solid waste from paper and paperboard categoridadas corrugated container. This
paper can be used as facing material for corrugatesblid fiber containers. Brown
paper bags are included in this category. Examplesld be cardboard boxes and
containers. Mixed Paper means unsegregated by aplguality, of at least two of the
following paper wastes: newspaper, corrugated candl) office paper, computer paper,
white paper, coated paper stock, or other papetewadlewspaper that is separated
from other types of solid waste or collected sejgdyadrom other types of solid waste
and made available for reuse and be used as a aderiat in the manufacture of a new
paper product. High Grade Ledger Pajseoffice white letter paper or computer print
paper of non-colored variety with fiber content ammhsistency that is of presentation
guality. Examples of non-recyclable paper prodwts foil and paper wraps, waxed

paper, and plasticized paper (Hoornveg@l, 1999)
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Figure 2.2: Plastic Waste Figure 2.&tall Waste

For glass categories, recyclable glass includekatdé glass beverage containers, and
other recyclable glass. Examples of non-recycladpiess are pyrex, plate glass,
automotive glass, light bulbs, etc. In metal categp it includes ferrous, non ferrous

and aluminium cans. Examples of ferrous are ang oo steel scrap that has iron

content sufficient for magnetic separation, inchgditin and bi-metal cans. For non

ferrous, any metal scraps that have value and enigedl from metals other than iron

and its alloys in steel and to which a magnet nat adhere. Examples of non-ferrous
metals are aluminum, copper, brass, bronze, leatizimc. Aluminum Cans is any food

or beverage container that is composed of at Bagtercent aluminum. (Hoornwes

al, 1999).

Organic waste is one of the primary types of selakte. Figure 2.4 and Figure 2.5
show the examples of organic and inorganic waséed Yand garden waste (Any waste
from maintaining or altering of public, commercial residential landscaping, yard
clippings, leaves, tree trimmings, etc), food wasteod, textile, leather and rubber
(Products of an amorphous polymer of isoprene ddrivom natural latex of certain

tropical plants or from petroleum) is the secondbmyes of organic waste. As for
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inorganic waste, the secondary category includels, tarick, ceramic and plaster. Small
appliance is other types of solid waste. Compugdeyvision and stereo equipment are

the examples of these types of solid waste (Hoogretal, 1999).

Figure 2.4: Organic and Inorganic Waste uFeg.5: Organic Waste

Hazardous waste is wastes from products purchasételgeneral public for household
use which, because of their quantity, concentraworphysical, chemical, or infectious

characteristics, may pose a substantial known tenpal hazard to human health, or
the environment, when improperly treated, disposedytherwise managed. Examples
are cleaning solvents, sprays, insecticides, hieldsc pharmaceuticals, etc. The
example of hazardous waste illustrates in Figuet@ Figure 2.8. Bulky object include

white goods as example. Discarded, enamel-coat¢or mppliances, such as washing
machines, clothes dryers, hot water heaters, st@ms refrigerators are example of

white goods. (Hoornwegt al, 1999).
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Figure Hazardous Waste

Figure 2.8: Bulky Object

2.3.3 Waste Composition

Malaysia generates about 72% of compostable wastgrising organic waste, paper,
textile and wood (Agamuthu et al, 2004). In Petliaya , the amount of plastic waste,
which accounts for 16.4% of is considered very ragh is typical of a fast developing
nation (Agamuthu et al, 2004). Garbage is the nsaimponent with 36.5%. Paper and
cardboard is the second most abundant compone¥t) (@hereas plastic was at 16.4%
(Agamuthu et al, 2004). Table 2.6 show the soligteaomposition of Petaling Jaya,

Malaysia.
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Table 2.4 Solid Waste Composition (% by weight) oPetaling Jaya, Malaysia

Waste Composition Percentage
Garbage 36.5
Plastics 16.4
Bottle/Glass 3.1
Paper/Cardboard 27.0
Metals 3.9
Fabric 3.1
Miscellaneous 10.0

Source: Malaysian Industry, April 1997
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CHAPTER 1l

EXPERIMENTAL & METHODOLOGY
3.0 Experimental and Methodology
3.1  Water Quality Studies
Increased urban activities are deteriorating thatheof the rivers in Malaysia. Despite
controlled measures taken by the government aner oglevant authorities, pollution
loading from point and diffuse (non-point) sour@e affecting the rivers in various
ways (Abdullah-Al-Mamun, 2006).
Water quality studies helps link sources of potlotito a stream quality problem
because it identifies specific pollutants. Sincedaie activities tend to generate certain
pollutants a tentative link might be made that wlowlarrant further investigation or
monitoring. Chemical constituents that are propemiynitored (i.e., consistent time of
the day, using consistent methods and on a refpalsis) can be analyzed for trends
over time. Water quality monitoring can also bedugescreen for impairment. Finding
excessive levels of one or more chemical constituean serve as an early warning
"screen” of potential pollution problems.
We depend on surface and groundwater sources iftdimnly water, to generate energy,
to grow our crops, to harvest fish, to run machmeo carry wastes and to enhance
river scenic landscape. We use water for washirthceaning, industrial abstraction,
recreation, cooking, gardening and angling. Fresémia also vital as a habitat for fish,
invertebrates such as mayflies, shrimps and smaits also many water plants. The
Department of Environment has a regulatory functmicontrol discharges into rivers.
The effectiveness of the regulatory work can ordydetermined by monitoring. In
addition, the monitoring process can identify depé&lg problems to enable them to be

addressed as swiftly and effectively as possible.
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3.1.1 Sampling Plan

Sampling is the collection of a representative ipartof water samples from each
sampling point. The analysis of samples providdsrmation on the water quality

characteristics of each sampling site. Consistendyie sampling method is essential
for statistical analysis of the collected data.e Tiequency of sampling is dependent on
individual study needs. At the pre-fieldwork stagesampling design was developed to

cover all 14 points of the river.

3.1.2 Selection of Sampling Site

Sampling site was selected based on the surroutaiioiguse and the number of stream
running out of the area. At the pre-fieldwork stagelear sampling plan was developed
to focus on areas that seem to have more polluBefore going to the field work, the
necessary arrangements were made for samplingmilsey location map that labels
the sampling site was prepared. A field data shest prepared to record specific
information such as date & time of sample collattieather conditions which are
important when interpreting data. Water samplesewasllected from 14 sampling

location as shown in Figure 3.1
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Table 3.1: Description of sampling location at Sairgencala

Locations ID Description

w1 Stream upon Bukit Kiara

W2 After KLGCC before Rimba Kiara
W3 Behind TTDI market

W4 Atfter the bridge Caltex petrol station
W5 A long Section 19

W 6 Near Jalan SS2

W7 Bridge behind BAT

W 8 NAZA showroom

W9 Tributary from Taman Aman

W 10 Tributary from Taman Jaya

W1l Tributary from JIn Templer/Tandang
W 12 Tributary from Sg Way (guinnes)

W 13 After the Federal Highway (AVON)
W 14 Kg Medan (Sg Klang)

3.1.3 Sampling Location

Sungai Pencala has an area of 28 square kilométessdrained by 31.4 km of trunk
drains-main drainage channel (approximately 12 &ws¢harges into Sungai Klang and
formed by two tributaries starting from Bukit Kiaraone flows through the KL Golf
and Country Club (KLGCC) and the other through Ki&ark in Taman Tun Dr Ismail
(TTDI) (Figure 3.1). The tributary in TTDI flows tbugh the beautiful Lembah Kiara
Park where it eventually turns into a canal linathvierra-cotta bricks. Unfortunately,
the artificial canal deprives the stream of itsunalt filtering function. The river
continues downstream into the highly populated nided TTDI township where the
stream is deepened, widened, and turned into areenchannel. Pollution starts here
with residential drainage network feeding it witbnoestic waste water and leaking

sewage.
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Figure 3.1 Sampling sites along Sungai Pencala

The pollution increases when the river enters tbmlihg Jaya district where it flows
through many residential and industrial areas. SuRgncala, ill-fatedly has adopted

heaps of residential and industrial waste and gkbbThe quality of the river steadily
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deteriorates as it meanders further downstreamwanske, it begins to look like an open
sewer. Its murky water laden with all kinds of veaand rubbish caused by anthrogenic
activities.

In this current study, fourteen sampling pointseveelected to assess the water quality
of Sungai Pencala. Sampling points along Sungac#&a are shown in Figure 3.1. The

sampling locations for each station are shown guigs 3.2 to 3.15

. * / Ly
e 4

Figure 3.2 Sampling location W-1;Stream at Bukiatgi

51



Figure 3.3 - Sampling location W-2; After KLGCC be¢ Rimba Kiara
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Figure 3.4 - Sampling location W-3; Behind TTDI Mat
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Figure 3.5 Sampling location W-4; After the Bridgear Caltex Petrol Station

Figure 3.6 Sampling location W-5; At Section 19
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Figure 3.7 Sampling location W-6; Near SS2

Figure 3.8 Sampling location W-7; Bridge behind BAT
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Figure 3.9 Sampling location W-8; Near Near Nazav@8bom

Figure 3.10 Sampling location W-9; Tributary frorarfian Aman
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Figure 3.11 Sampling location W-10; Tributary frdraman Jaya

Figure 3.12

Sampling location W-11; Tributary from Jalan Teerplandang
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Figure 3.13 Sampling location W-12; Tributary fr&@ungai way

Figure 3.14 Sampling location W-13; After the Fedétigh way Avon
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Figure 3.15 Sampling location W-14; Klang Medan mh8g.Pencala meets (Sg. Klang)

3.1.4 Field Work

The field data collection was carried out routinglyn March 2006 to June 2007. The
field work involved in situ measurements and collection of samples for laborat

analyses.

Water samples were collected at designated sampbings in Sungai Pencala (Figure
3.1) using Van Dorn water sampler for situ and laboratory analysis. Sampling
procedure including sample preservation was caroeidin accordance with APHA

(2005). Each sample was stored in 1000 ml plastitlds (HDPE). At every single

sampling point, about 100 ml samples were colle¢techeavy metals analysis. The
samples were kept in polyethylene bottles and pvedewith ultra pure nitric acid to

pH<2 and kept at 2C for heavy metal analysis. Solvent rinsed ambasgybottles were

used for sample collection for pesticide analysib.samples were labeled with the

station numbers, date and time of collection adogig. Immediately after collection,
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the samples were kept in the ice box (Coleman)samekd at AC for preservation prior
to testing or laboratory analysis. Samples werdyaad in the laboratory for BOD,
COD, total solids, total dissolved solids, condutti heavy metals such as cadmium,
arsenic, Lead, mercury, ammonia nitrogen, pestgitigtal plate count and coliform.

All the parameters were analyzed using standatartethod.

Field measurements and observations were recomted field data sheet for each
sampling trip. There were 14 monitoring stationsSimgai Pencala for which samples
have been collected and analyzed. pH, dissolvedayxytemperature, turbidity results
were determineth situ at each station using instruments mentioned bi€ra.2

Table 3.2 — Field Instruments

Parameters Analysis Instruments/ Model Method Reference
Type

pH In situ Cyber Scan 197 pH APHA 4500-H B
Meter , Eutech
Instruments

Temperature In situ Cyber Scan 197 pH APHA 4500-H B
Meter , Eutech
Instruments

Turbidity In situ Hach 2100P APHA 2130

Turbidimeter
Eutech Instruments

Dissolved Oxygen | In situ Cyber Scan DO 300 APHA 4500-0 G
Eutech Instruments
Conductivity In situ Cyber Scan 200 APHA 2510 B

Eutech Instruments

3.1.4.1 pH

The basic principle of electrometric pH measurenmeketermination of the activity of
the hydrogen ions by potentiometric measurementmater was used to measure pH.
pH meter was calibrated before use and rinsed théhdistilled water. pH meter Cyber
Scan 197 pH Meter was used fior situ measurement. pH meter was calibrated

according to the manufacturer's instructions byagigiH buffer solution 4.0 and 7.0. At
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each station, pH meter was turned on and the pnaseplaced into the water column
and the pH was reading stabilized recorded for esation until the meter reading
stabilizes before recording the pH and the tempesatThe probe was rinsed with

distilled water after use.

3.1.4.2 Temperature

Temperature is a measure of how cool or how waemtater is, expressed in degrees
Celsius (C). Temperature is a critical water qyaltarameter, since it directly
influences the amount of dissolved oxygen that vailable to aquatic organisms.
Temperature probe was used for obtaining temperasults. Finally, the temperature

was in a data sheet.

3.1.4.3 Dissolved Oxygen

Dissolved Oxygen meter, Cyber Scan DO 300 was fetieasuring DO and the data
was recorded in a data sheet. DO meter and the prebe calibrated and checked and
compared with Winklers titration to check the D®@Ipe for its accuracy before use. At
each station, the meter was turned on and the malseplaced into the water column.
Sufficient time was allowed for the probe to stiigilbefore recording the dissolved

oxygen. Readings were recorded and the probe wsediwith distilled water after use.

3.14.4 Turbidity

Turbidity is measured in Nephelometric Turbidityitdn(NTU). Turbidity Meter , Hach

2100P Turbidimeter, Eutech Instruments was usedetmrd NTU results. The
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instrument was calibrated according to the manufacts instructions using 40, and
400 NTU solutions. Samples were well mixed by tagiihe sample bottle upside down

2-3 times before measuring the results were redordéeld data sheet.

3.1.5 Laboratory Analysis

After the field work the samples were taken to thleoratory for analysis with ice
preservation. Summary of collection and presermatibsamples at Sungai Pencala are

detailed in Appendix A.

3.15.1 Chemicals and Materials
Pure water for all laboratory analysis was obtaifnech Aquamax Ultra pure De
ionizing Water treatment unit with 0.22 pum filter.
Whatman’s Glass Fiber filter paper
Nitric Acid, HNOs Trace Metal Grade, Fisher Scientific
Sulphuric acid, SO, (96%) Systerm chemicals ChemAR
Perchloric acid, HCIQ
Hydrogen Peroxide, #D,, 33%.
Potassium Dichromate,,Kr,0; AR Grade , Fisher Scientific
Potassium hydrogen phthalate standard (Systerm BRe@rade)
Silver sulphate, AgSEO(Systerm ChemAR)
Bio seed, purchased from Bio Systems International.
Calcium chloride, (Systerm ChemAR)
Magnesium sulfate monohydrate (Systerm ChemAR)
Mercuric sulfate (Systerm ChemAR)
Manganese sulfate, Systerm ChemAR

Sodium iodide Systerm ChemAR

61



Sodium thiosulfate, Systerm ChemAR

sodium nitroprusside (Syesterm ChemAR grade)

ICP Multi element standard ,Merck Certipur ICP Melement Standard
Potassium permanganate (Fisher Scientific AR Grade)
Potassium persulfate (Systerm ChemAR)

Mercury Standard (Merck Mercury Standard 1000 ppm).
Methylene chloride (Merck HPLC Grade)

Phenol, (Merck, ACS grade)

Sodium Hydroxide, (Systerm ChemAR

Potassium Hydroxide, (Systerm ChemAR

EDTA, HmbG Chemicals

Hydroxyl Ammonium Chlroide, (Systerm ChemAR)

Stannous chloride, (Systerm ChemAR

3.1.5.2 Conductivity and Total Dissolved Solids

Samples were analyzed for conductivity and totabalved solids using conductivity
meter. Conductivity meter was calibrated using g&itan chloride standard solution.
Samples were brought down to room temperature éafezasurement. Conductivity
and TDS were measured by switching appropriate noodéhe conductivity meter to

directly display in conductivity in units of micrdros/cm and TDS in units of mg/l.

3.1.5.3 Total Suspended Solids

Total suspended was determined according to meilRiA 2540 D. A sample volume

of 100 ml was filtered through a pre washed, daad weighed Whatman’s Glass Fiber
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filter paper using a vacuum pump unit. The filteppr was then dried at 188 for 1
hour, and cooled in a desiccators and reweighedjuscalibrated balance to the nearest
0.01 mg.

The total suspended solid was calculated by usieddllowing expression,

TSS (mg/l) = Final weight(g) - Initial weight(gy 1000000
Volume (ml)

3.154 Chemical Oxygen Demand

Chemical Oxygen Demands for all water samples \wesdyzed using a closed reflux
digestion procedure as per APHA 5220D. Most typeogjanic constituents was
oxidized by a boiling mixture of chromic and sultuacid. Sample was refluxed with
strong sulphuric acid, and with known excess oapsium dichromate @Cr,0O;) using

a block digester in a 10 ml capacity screw topuwelttubes. The measurement of
consumed dichromate was measured against standatidsa UV /Visible Varian
Model, Cary 50 UV/Visible spectrophotometer. Thaitiof reporting from the method
validation data is 2 mg/l. Digestion was done usamyy 16 x 100mm high quality
borosilicate glass tubes with the screw caps fgestion. All tubes were thoroughly
cleaned with chromic acid, rinsed well with de wed water, and dried prior to use.
Digestion reagent blank, quality control standapiked samples and a series of five
working calibration standards from stock potassiwdrogen phthalate standard were

prepared for every analysis.

For Low and High COD range, only 2.5 ml of samphel @alibration standards were
added to the appropriate tubes. 3.5 ml of digesteagent was added to the samples,
blanks and series of standards. Digestion reagastprepared by dissolving 10.216 g

of K,Cr,0; (dried at 100 C for 2 hrs), 167 ml of concentrated3®, and 33.3 g of
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HgSQ, at room temperature in 500 ml of water, then 2ofbulphuric acid mixture
which was prepared by mixing 10.1 g of ¢ in 1000 ml of concentrated sulfuric
acid was added. The same procedure was applieltl ¢aliaration standards, samples,
QC standards, blanks and spiked samples. The weestightly closed and carefully
inverted the tubes once to mix the two layers. eAfihe addition of reagents was
completed, all the tubes were placed into the bltigester, and the timer was set for
120 minutes at 158C. Laboratory control and spike samples were apdly 50 ppm

and the recoveries are shown in Appendix B.

Tubes that turned to green at this stage were mdisda and the experiments were
repeated after dilutions. If the samples turn gresth low method, repeat with High
method or further dilutions. The tubes were théemaout from hot block for cooling
and the absorbance were measured at 349 nm usingl8\épectrophotometer meter
and compared against calibration standards andethdts were computed against the

calibration curve.

3.155 Biological Oxygen Demand (BOD 5 days at 20)

Dissolved oxygen was measured initially and aftezsubation, and the BOD was
computed from the initial and final Dissolved Oxyges per APHA 2t Edition 5210 B.

A dissolved oxygen probe was used to determinedneentration of dissolved oxygen
concentration of reference was made to the detatiom of dissolved oxygen by
Winkler’'s titration method where interferences magcur with the probe method.
Commercially available Bio seed, was hydrated aata of half a capsule to 500 mi
nutrient water for a minimum of 1 hour, and thersvaaded to BOD Bottles (2.0 ml per

bottle). The dilution water was prepared by aegapure reverse osmosis (RO) water
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using the bubbler for a minimum period to satuthtewater with oxygen and ensured
that the dissolved oxygen was at least 7.5 mg# ditlution water was “seeded” with a
bacterial culture using hydrated bio seed. To enswcurate results, the samples were
suitably diluted with specially prepared dilutiorater so that adequate nutrients and
oxygen were available during the incubation peribldree dilutions were prepared to

cover the complete range of possible values.

Dissolved oxygen was determined at the beginnimbeand of a 5 day period incubated
at 20°C using oxygen probe. The ranges of BOD were medswith various dilutions
based on percentage mixtures. Glucose glutamicstaiiard was analysed along with
each batch of sample and the BOD was calculatexd esjuation below,

BOD, mg/l = (iy - Ds) - (Bp - Bs) x f x (300/ml sample) x Primary Dilution (if any)

Do = DO of sample on day 1

Ds = DO of sample on day 5

Bo = DO of seeded blank on day 1

Bs = DO of seeded blank on day 5
f = Seed factor

3.15.6 Ammoniacal Nitrogen

Alkaline phenol and hypochlorite react with ammotoaform indophenol blue that is
proportional to the ammonia concentration. The ldaur formed is intensified with
sodium nitroprusside and the absorbance is measate840 nm using Varian
UV/visible spectrophotometer. Ammoniacal Nitrogemswvdetermined using Varian
model, Cary 50 UV/Visible Spectrophotometer, asARHA 21° Edition 4500 NH3 F

25 ml of sample was taken in a 50 ml volumetriskland 1 ml phenol, solution, 1 ml
sodium nitro prusside solution and 2.5 ml oxidizswution mixture of alkaline citrate

and sodium hypochlorite solution were added wittralngh mixing after each addition.
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A Calibration standard curve was prepared usingkpl@.1, 0.2, 0.5 and 1.0 ppm of a
standard ammonium solution. Calibration standard tre samples were allowed to
stand for 1 hr and the absorbance was measureiairé by UV/visible Spectrometer.
Sample concentrations were computed by comparingpkeaconcentration with the
standard calibration curve. The quality control pemand the spike samples were
analysed at 1.0 mg/l level with each batch of asialgpnd the recoveries are shown in

Appendix B.

3.1.5.7 Heavy metals Analysis

Water samples were collected in a100 ml HDPE coataand were acidified to pH <2
using nitric acid (HN@) for total metals analysis. The analysis wereiedrout by
following Standard test method APHA 3120 B. Sampleparations were done

according to APHA 3030E using a nitric acid digest

50 ml of a well-mixed, acid-preserved sample appade for the expected metals
concentrations to a flask or beaker and 2.5 mLooiccHNG was added and covered
with a ribbed watch glass to minimize contaminatiBoiling chips, glass beads, or
Hengar granules was added to aid boiling and mirensipatter at high concentration
levels The solution then was slowly boiled and evaped on a hot plate to the lowest
volume possible before precipitation occurred drateating was continued by adding
conc HNQ as necessary until the digestion was completethesolution become a

light-colored, clear solution. The flask or beakealls and watch glass were rinsed with
metal-free water and then the solution was filtef|te filtrate was transfer filtrate to a
50-mL volumetric flask and these rinsings were adtiethe volumetric flask, cooled,

dilute to mark and mixed thoroughly. The filtrateasvthen analysed using an
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Inductively Coupled Plasma Emission Spectromet€P{AES) (Perkin Elmer 5300
Model) for cadmium, arsenic, lead, chromium. Thetew samples were continuously
monitored at the same location for a period of drye

A calibration standard was prepared from a stodktism of 100 ppm multi elements
standard with appropriate dilutions. The calibrattange was from 0.1 to 10 ppm. The
results were computed against a calibration stahdarve. The laboratory quality
control samples and spike samples were analys@édgbpm level on ICP AES, and
summarized in Appendix B

The very low concentrations of heavy metals pogeificant difficulties to the use of
Inductively Coupled Plasma Atomic Emission Spectten (ICP-AES). Hence some of
the batch sample analyses were carried out usidgctively Coupled Plasma Mass
Spectrometer (ICP-MS) model Perkin Elmer Elan 6@30per USEPA 6020. The
calibration range was set at 0.5 ppb to 20 ppbeetruery low level detections limits.
The laboratory quality control samples and spikaas were analysed at 10 ppb level
using ICP MS. The instrument detection limit (IDmethod detection limit (MDL) and

method validation data are described in Appendix C.

3.1.5.8 Mercury Analysis

Mercury testing was carried out using Flow Injectidercury analyzer (Perkin EImer
FIMS 400). Sample preparation was done in accoelavith USEPA 7470A standard
Method, cold-vapor atomic absorption technique tbased on the absorption of
radiation at 253.7-nm by mercury vapor (APHA 31128amples were digested with
potassium permanganate and potassium persulfadatma method. Then, the mercury
in the digested samples were reduced to the elamnstdte and was aerated from

solution in a closed system. The mercury vaporeguasisrough a cell positioned in the
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light path of an atomic absorption spectrophotomeMysorbance (peak height) was
measured as a function of mercury. A calibrati@ndard was prepared from a stock
Standard solution of 1000 mg/l Mercuric Nitrate.eTéalibration range was 0.5 g/l to
20 pg/l. Samples concentrations were computednagaine calibration curve from
automated computer data handling system. The ladogrguality control samples and
the spike samples were analysed at 10 ppb leveldatailed in Appendix B. The

method detection limit and the method validatiotadare described in Appendix C

3.1.5.9 Pesticides Analysis

Samples were analysed for pesticides using USERAG:Nd USEPA 8270 analytical
methods. The list of pesticide compound analysedisted in Table 3-3.

Water samples were extracted by transferring & bfrsample into a separatory funnel
and 1 ml of surrogate solution was added followed elxtracting with 60 ml of
methylene chloride solvent, the first at neutral @hktl 2 portions of 60 ml methylene
chloride CHCI, (DCM) solvent at pH < 2. The resulting extracts sveoncentrated
using Kuderna - Danish (K-D) apparatus to 1 mldoalysis using Gas Chromatograph
Mass spectrometer (GC MS). GC MS (Agilent Model @8@&as used for analysis of
pesticides compounds. HP 5 column was used in Gasmatography Mass
spectroscopy for effective separation of pesticidempounds. The extracts were
divided into aliquots for analysis and e 25 ul ofernal standard was added to the

aliquot. HPLC grade Methylene chloride (Merck HPGEZade) was used in extraction.

68



Table 3.3, list of pesticide compounds which havesbn analysed

No Pesticides Method reference

Organochlorine Pesticides | USEPA 3510C, 8270 C
1 Alpha—BHC USEPA 3510C, 8270 C
2 Beta & gamma—BHC USEPA 3510C, 8270|C
3 Delta—BHC USEPA 3510C, 8270 C
4 Heptachlor USEPA 3510C, 8270 C
5 Aldrin USEPA 3510C, 8270 C
6 Heptachlor epoxide USEPA 3510C, 8270(C
7 Endosulfan 1 USEPA 3510C, 8270 C
8 4,4-DDE USEPA 3510C, 8270 C
9 Dieldrin USEPA 3510C, 8270 C
10 | Endrin USEPA 3510C, 8270 C
11 Endosulfan 2 USEPA 3510C, 8270|C
12 | 4,4-DDD USEPA 3510C, 8270 C
13 Endosulfan Sulfate USEPA 3510C, 8270(C
14 | 4,4-DDT USEPA 3510C, 8270 C
15 Endrin Ketone USEPA 3510C, 8270 C
16 Methoxychlor USEPA 3510C, 8270 C

Organophosphorus

Pesticides
17 Dichlorvos USEPA 3510C, 8270 C
18 Dimethoate USEPA 3510C, 8270 C
19 Diazinon USEPA 3510C, 8270 C
20 | Chlorpyrifos methyl USEPA 3510C, 8270 C
21 Malathion USEPA 3510C, 8270 C
22 Fenthion USEPA 3510C, 8270 C
23 | Chloropyrifos USEPA 3510C, 8270 C
24 | Pirimiphos ethyl USEPA 3510C, 8270 C
25 | Chlorfenvinphos—E USEPA 3510C, 8270|C
26 | Chlorfenvinphos—Z USEPA 3510C, 8270 C
27 Prothiofos USEPA 3510C, 8270 C
28 Ethion USEPA 3510C, 8270 C

3.1.5.10 Total bacterial Count and Ecoli

The measurement was based on membrane filtratitinoohei.e the sample was filtered
through 0.45 um membrane and incubated on seleg@dmedium at 3% for 24 - 48

hours in accordance with APHA, 2#&dition 2005, method 9215D.
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Calculation
Total Aerobic Bacteria Count = Coloniesinted x 100
Sample volume filtered

The results obtained were recorded as Total Bac@ount per 100 ml sample

3.1.6 Quality Assurance /Quality Control in Watersamples Analysis

3.1.6.1 Reagent Blanks

To confirm absence of background contaminatioreatisgper billion levels, blanks were
analyzed. Blanks were used to assess contamireiossed by sample bottles, ultra pure
water and reagents. Field blanks were also takemgliological and chemicals
analysis sampling to characterize biological comtamis that might be retained and
passed to the next sample (APHA 1020B, 2005). & dahtire analysis the reagent
blanks were prepared similar to the preparatiosaniples and the results obtained were

below detection limits.

3.1.6.2 Method Detection Limits

Method detection was determined by preparing amyn#o the matrix of interest, to

make a concentration near to the estimated mettedelction limit (MDL) (APHA

1040B, 2005). Method detection limit and methodidation data are tabulated in

Appendix C

70



3.1.6.3 Laboratory Fortified Blank (Lab Control sample)

Laboratory control sample to which a known concaiun of the analyte of interest had
been added. Laboratory controlled samples was useckvaluate the analysis
performance and analyte recovery in reagent blank the recoveries obtained are

detailed in results (Appendix B) and discussionptéa

3.1.6.4 Matrix Spike
Spiking of certain samples was performed as aityuatsurance check when samples
were analyzed in laboratory. This step was to yeridnsistency with the results and

percent recovery.

3.1.6.5 Replicate Analysis

One sample in a batch was analyzed in duplicatesaelt sampling in order to have
complete confidence that values detected were nomalous. Relative standard

deviations of duplicate results were within 15%.

3.2 Bioaccumulations of heavy metals in aquatic fat Sungai Pencala

When fishes are exposed to elevated levels of nretal aquatic environment, they can
absorb the bioavailable metals directly from thgimmment via the gills and skin or
through the ingestion of contaminated water anddfddetals in the fish are then
transported by the bloodstream which brings it sdatact with the various organs and

tissues (Vander Putte, 1982). Fish species usaattymulate small quantities of heavy
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metals, but predatory fishes sometimes accumulatatey quantities than the rest of
aquatic organisms. (Svoiodov and Hejtmnek, 1985).

Plants readily assimilate through the roots suahpmunds, which dissolve in waters
and occur in ionic forms. Additional sources ofgldeslements for plants are: rainfall;
atmospheric dusts; plant protection agents; antlizers, which could be adsorbed
through the leaf blades (Lozak etal., 2001).

Five sampling points at Sungai Pencala were selette conduct a study on
Bioaccumulations of heavy metals in aquatic lifetted river. The sampling points are

shown in the Figure 4.1. Sungai Pencala is the tnidiatary of Sungai Klang.

3.2.1 Field Sample Collection

Selection of sampling site is dependant on theosuading land use and the number of
stream running out of the area. Samples may bentaken stream focusing on areas
which seem to have higher possibility of pollutiand contamination. Fish and plant
samples were collected once a month for 2 monikk. Samples were collected at three
locations, (Table 3-4). Plants samples were cabbat five locations along Sungai

Pencala, (Table 3-5)

Table 3.4 Sampling location for Fish samples

Locations ID Description

W1 Stream upon Bukit Kiara

W 2 After KLGCC before Rimba Kiara
W 12 Tributary from Sg Way (guinnes)
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Table 3.5 Sampling location for Plants samples

Locations ID Description

w1 Stream upon Bukit Kiara

W2 After KLGCC before Rimba Kiara
W9 Tributary from Taman Aman

W1l Tributary from JIn Templer/Tandang
W 12 Tributary from Sg Way (guinnes)

The sampling points are shown in Figure 3.1, Fisth plant samples were taken from
selected sampling points along Sg. Pencala as omeatiabove. The samples were
analyzed for heavy metals (arsenic, mercury, cadmichromium, lead, and copper)
using Inductively Coupled Plasma Mass Spectrom@@® AES) and Flow injection

mercury analyzer (FIMS 400).

3.2.2 Sample Preservation, Handling, and Storage
Fish samples for heavy metal analysis were colleatng fishing net. Plant samples
were collected manually along the river bank. Tamgles were stored in plastic bags.

Fish and plant were kept on ic€@) immediately after sample collection.

3.2.3 Interferences and potential problems

There are two primary interferences or potentiabfgms with fish tissue sampling.
These include cross-contamination between sampkkg@roper sample collection.

» To avoid cross-contamination, equipment usedtlier removal of fish tissues was
properly decontaminated between samples, suchiagskased to filet fish. Processed
fish specimens were stored in a double Ziploc bags.

» To avoid contamination during sample collectiomd aother potential sources of
chemical contamination with river soil and sedim@ng. as may happen when a live
fish is dropped during handling) fish samples wadequately rinsed with deionized

water before packing into plastic bags.
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3.2.4 Analysis of Fish and Plant Sample

The analysis involved two main steps namely sarppeconditioning or digestion and
analysis of the digested samples using Inducti@dypled Plasma Mass Spectrometer
(Perkin Elmer 5300DV) and Flow Injection Mercury #lwzer (Perkin Elmer, FIMS
400). All samples were subjected to an appropdasolution step prior to analysis of

heavy metals cadmium, chromium, lead, arsenic agxumy.

3.24.1 Sample Preparation for ICP AES

Fish and plant samples were cut into small pieces ground thoroughly to achieve
homogeneity. Samples (1-2 g) were accurately weighedigestion tubes. 10 ml of
nitric acid was added to the digestion tube andias left overnight till a reaction
subsided. The following day the digestion vials evg@taced on a hot block and the
temperature gradually raised to 14D and the content boiled gently for about 2 hours
to reduce the volume to between 2 — 5 ml. The tsge®re allowed to cool and
transferred to a 25 ml volumetric flask and madeaithe mark with de-ionized water.

The digests were kept in plastic bottles for heaefals determination using ICP -AES.

3.24.2 Sample Preparation for Mercury Analysis ofFIMS

Fish and plant samples were cut into small piece$ ground well thoroughly to
achieve homogeneity. Samples (1 — 2 g) were aayraieighed into digestion tubes.
About 6 ml of an acid mixture in ratio 5:3:1 (nétracid: perchloric acid: sulphuric acid)
was added to the digestion vial and the vial wllernight till reaction subsided. The

next day digestion vials were placed on a hot blaokl the temperature gradually
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allowed raised to 98C and the content heated for about 2 hours to eethe volume.
The digests were allowed to cool and transferre#5tanl volumetric flasks and made
up to the mark with de-ionized water. The digestyewvkept in plastic bottles and
analyzed on Flow Injection Mercury Analyzer (FIM®) mercury (Perkin Elmer,FIMS
400).

3.24.3 Heavy Metals Analysis on the Instruments

After the acid digestions, fish and plant samplesenanalyzed for cadmium, arsenic,
chromium, cadmium, and lead using Inductively CedpPlasma Mass Spectrometer
(ICP-MS) while mercury was analyzed using Flow étien Mercury Analyzer (FIMS).

Digested sample analyses were carried out usingctivély Coupled Plasma Mass
Spectrometer (ICP-MS) model Perkin Elmer Elan 6GG0 per USEPA 6020 for
cadmium, lead, arsenic and chromium analysis. Hfibration range was set to 0.5 ppb
to 20 ppb to meet very low level detections limikercury testing was carried out using
Flow Injection mercury analyzer Perkin Elmer FIM®04 a cold-vapor atomic
absorption technique which is based on the absworpei radiation at 253.7-nm by
mercury vapor (APHA 3112B). The digested sampleseweduced to the elemental
state and aerated from solution in a closed systdém@.mercury vapor passed through a
cell positioned in the light path of an atomic aipsion spectrophotometer. Absorbance
(peak height) was measured as a function of mercling calibration standard was
prepared from NIST stock Standard of 1000 mg/l meraitrate. Calibration range was
0.5 pg/l to 20 pg/l.

3.24.4 Calculation of Heavy Metals Content

Sample concentrations were calculated as follovggkon

= Ex(C-B)xV mgkg
M
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Where:

C = Sample concentration obtained from ICP-AES (mgir FIMA
B = Reagent blank solution concentration (mg/ L)

M = Sample weight (g)

V = Volume of final solution (ml)

F = Dilution factor

3.2.5 Quality Control and Assurance for analyzing i5h& plant samples

3.2.5.1 Reagent Blanks

To confirm absence of background contaminatioreatisgper billion levels, blanks were
analysed. Blanks were prepared by adding the sanwurt reagents added into the
samples to the de ionized water, digested , asdlpdong with sample batch and the
results used to assess background contaminati@eddyy reagents and containers that
are used for the analysis. The reagent blanksteesbitained were below detection

limits.

3.25.2 Laboratory Fortified Blank

Laboratory control sample, to which a known concdian of the analyte of interest

has been added to the same amount of reagents tdsiachples. Laboratory controlled

samples was used to evaluate the analysis perfeeraml analyte recovery in reagent

blank. Recoveries were found to be 84% to 106%.
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3.25.3 Matrix Spike

Spiking of certain samples was performed as a tyuatisurance check when samples
were analyzed in laboratory. This step was tofyeronsistency with the results and

percent recovery.

3.25.4 Replicate Analysis

Samples were analyzed in duplicate at each statiorder to have complete confidence

that values detected were not anomalous.

3.255 Certified reference material
Certified reference material from National Resea@buncil Canada, DOLT 2 was
analyzed as a quality control sample.

Summary of quality control data are detailed imppAndix D

3.3 Characterization of solid waste

Solid waste comprise all the wastes arising frooméw and animal activities that are
normally solid and that are discarded as uselessmaanted (Tchobanoglous, 1993).
People throw things away when they do not haveeafarsthem or think they have no
obvious value. Garbage, refuse or other waste mattte solid nature can be classified
as solid waste. Solid waste is one of the by-prtsdua human activities. The

introduction of new materials, changing consumptpaiterns, and increasing waste
generation, especially in urban areas, has coméibuo the problems of waste

management. These problems have escalated rapidiytloe past few decades, while
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the government and people have failed to realizgr therious implications and an
urgent need to address them. Improper managemewmasie has led to environmental
pollution, public health hazard, and adverse effest an urban economy that depends

heavily on tourism (Tchobanoglous, 1993).

Solid waste characterization means finding out Inawch paper, glass, food waste, etc.
is discarded in waste stream (McCauley-Bell et 18197). Waste characterization
information helps in planning how to reduce waset up recycling programs, and
conserve money and resources. Waste charactenzataymation is designed for solid

waste planning; however, anyone interested in tm@racteristics of the solid waste
stream may find it useful. Local government plasndraulers, and recyclers may
estimate the amount of certain materials in theaste stream through the waste
characterization data base. Waste characterizetitmis collected by taking samples of
waste and sorting it into material types like nemygy and aluminum cans, and

weighing each type (McCauley-Bell et al, 1997).

Solid waste according to Basel Convention is a tsulo® or object which is disposed
off or is intended for disposal or is required t® thsposes off by the provisions of
national laws (Basel Convention, 1989). Solid wastey disrupt river ecosystem in a
way that may affect the aquatic life survival. Blasvaste for example which is the
common waste found in Malaysia, can either be iegedy aquatic life, causing
internal organ failure, or they can cause a sloangfulation. This may disrupt the food
chain of the river ecosystem as a whole (Newto80).9

In view of these, the current study was undertalcemvestigate the impact of solid
waste on Sungai Pencala. Four sampling pointsregélPencala were selected in order

to investigate the solid waste composition ofrilaer in this study.
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Sampling locations were selected based on the dfaetivity; easiness to collect the
samples as well as safety reasons (Figure 3.1k€els@mpling points also represent the

river’s upstream, middle stream and downstream.

3.3.1 Selection of Sampling Site

Sampling points were identified based on the péss#mount of solid waste and
easiness to collect the sample. Solid waste sanapldf-situ water quality data was
collected once in a month.. The location of the @amg sites is shown in Table 3.6.
Sampling was done by collecting a representativetiquo of solid waste at each
sampling site. Before going to the field work, thecessary arrangements for sampling
were made for. A sampling location map that laleéssampling site was prepared. A
field data sheet was prepared to record specifarnmation such as date and time of
collection as well as weather conditions which Ww#come important when interpreting
data.

Table 3.6: Location of Sampling Site

Sampling Location
Point
W2 After KLGCC before Rimba Kiara

W9 Tributary from Taman Aman

w11l Tributary from JIn Templer/Tandang

w12 Tributary from Sg Way

3.3.2 Sample collection

For solid waste collection, the samples were ctdlgdor one hour at each sampling
point using fishing net. Solid waste collected vgagregated into different categories

based on its physical nature. Solid wastes weregoaized into paper and paperboard,
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plastics, organic waste, inorganic waste, metalsgyl household wastes, bulky objects
and hazardous wastes. Total quantity of solid wasikected in one hour was
determined using weighing scale on site and theego¢saige of each category of solid
waste was calculated using the following calcutatio

Percentage of solid waste (%) = Weight of selabte of each type in ¢ 100
Total weight of solid wastes in g

Characterization of solid waste provides inform@atom the major categories of solid
waste at each sampling point. Consistency in thgBag method was maintained for

essential statistical analysis of the collecte@dat
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CHAPTER IV
RESULTS & DISCUSSION
4.1  Water Quality Studies
Water quality data was collected for a period ofddnths i.e. from March 2006 to June
2007. Refer Appendix C for the tabulated date, shgwvater quality analysis results

with batch quality control data obtained for Sunigancala at 14 sampling stations

4.1.1 pH

pH represents the effective concentration of hyemogons (H) in water. This
concentration could be expressed in the same aritlzer dissolved species, but'TH
are much smaller than other species in most watéss.pH values along the sampling
points at Sungai Pencala for twelve months are showrigure3.1. The pH was high at
sampling location W-11 in May, September and NovwemBO006, pH value had
suddenly increased in May 2006 which was from @idampling point W-10 to 9.77 at
sampling point W-11. In July 2006 pH had becomemadri.e. 6.55 at sampling point
W-11, In September, the pH value significantly eased to 8.12 and in November,

8.59 at sampling point W-11. The pH results arexshim Table 4.1

All pH measurements meet Interim National Water IQueStandard for Malaysia

except at location W-11 which is mainly surroundgdndustrial area. At this sampling
point we were able to see visually the mixing oé tlvaste discharge from the
galvanising unit located nearby the sampling statibhe lowest pH was observed at
Sampling point W-1 at 5.77 in May 2006,in July 2Gf165.34 and in June 2007 at 6.02.

The pH ranges between 5.77 to 9.77
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Figure 4.1 pH variation in Sungai Pencala betwdanch 2006-June 2007

The pH of water determines the solubility and bjidal availability of chemical
constituents such as nutrients and heavy metalsteathe usage of nutrients by aquatic
life is influenced by the pH of water. For heavytals, it tends to be more toxic at
lower pH because they are more soluble and mogevhilable (Horner et. al, 1990). As
the pH falls (solution becomes more acidic) margolanble substances become more
soluble and thus available for absorption. Onehef most significant environmental
impacts of pH is the affect that it has on the ity and thus the bioavailability of
other substances. This process is important iraserivaters. Runoff from agricultural,
domestic, and industrial areas may contain iroad,lehromium, ammonia, mercury or

other elements.
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Fig 4.2 Sampling location W-11, Mixing of waste wmatrom nearby Galvanizing Industry

From the results obtained, it shows that the pl$urigai Pencala were nearly neutral with
low salinity and under class | of DOE standard.lyGnfew points falls under class Il such

as at W-1 in May and July 2006 and W-11 in May,t&eyber and November 2006.

4.1.2 Temperature

The temperature of water is one of the most impbrtharacteristics that determines, to a
considerable extent, the trends and tendencieshahges in the river water quality.
Increased water temperature decreases the softublilitdissolved oxygen and water
temperatures above %7 are “unsuitable” for public use. At above’B2it would be
considered “unfit” for public use (Chapman, 199Zgmperature plays a vital part in

chemical and biochemical reactions and is an inaporiactor influencing self-purification
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in streams. The metabolic rate of aquatic organismslated to water temperature, and in
warm waters, respiration rates increase leadingdmease oxygen consumption. Growth
rate will also increases. This can lead to incréageEomposition of organic matter, water
turbidity, macrophyte growth and algal blooms, esey when nutrient conditions are
suitable (Jackson and Jackson, 1996). Toxic chdsniceade more soluble by higher
temperature may present an additional hazard tootganisms in the water (USEPA,
1986). Higher temperature increases the toxicitynahy substances such as heavy metals
or pesticides, whilst the sensitivity of the orgams to toxic substances also increases.
Increase in water temperature causes a decreasgden solubility, an increase in the rate
of biochemical oxygen demand (BOD) and in nitrifioa process. As a result, there may

be oxygen deficiency and capacity of the receiviragers to assimilate waste is reduced.

Temperature of water is a very important factor aguatic life. It controls the rate of

metabolic and reproductive activities and detersiwaich fish species can survive. It also
affects the concentration of dissolved oxygen aardinfluence the activity of bacteria and
toxic chemicals in water. Temperature affects tkggen content of the water (oxygen
levels become lower as temperature increasesjateeof photosynthesis by aquatic plants;
the metabolic rates of aquatic organisms; and énsigvity of organisms to toxic wastes,

parasites, and diseases (EPA, 1997). Table 4.2Figute 4.3 show the temperature

recorded at each sampling point during the studyungai pencala.
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Figure 4.3 Trend of temperature data at samgiation from March 2006-June 2007

Figure 4.3 shows the trend of temperature at ssdepbints along Sungai Pencala. Water
temperature at upper stream was low, however whitows along the middle stream and
down stream the temperaure increased. The temperainged between 25.1 to 3Z1All

of the measured temperature meets the interim htidvater Quality Standard for

Malaysia
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The temperature showed a low value at samplingt Mih for each month. In April 2007,
the lowest temperature was recorded at sampling pdi1 which was 25.9C. The highest
temperature was recorded at point W-14 (32)1L W-1 is located at Bukit Kiara where the
Sungai Pencala originates and is a recreationalvanere activities like fishing or camping
taking place, so, the temperature was lower becaluge surrounding environment. W-14
is located near the highway and this factor hadasly caused a higher temperature at

this point.

Temperature is important because it governs thdskwof aquatic life that can live in a
stream. Fish, insects, zooplankton, phytoplanktomd other aquatic species all have a
preferred temperature range. If temperatures getfao above or below this preferred
range, the number of individuals of the speciesrebses until finally there are none.
Temperature is also important because it influencater chemistry. The rate of chemical
reactions generally increases at higher tempematusdich in turn affects biological
activity. An important example of the effects ofmjgerature on water chemistry is its
impact on oxygen. Warm water holds less oxygen tiwanh water, so it may be "saturated”
with oxygen but still not contain enough for sualdiwf the aquatic life. Some compounds
are also more toxic to aquatic life at higher terapges. The thermal increase can be
caused by the removal of trees and vegetationghatie and cool stream, (Bellos et al.
2005). Direct sunlight into the surface water was ¢ontributing factor to high temperature
as no filtering layer around the river bank. Wdstat can also affect the life in water and
results in changing the composition and physiolofgpecies. The temperature of Sungai
Pencala based on these results showed that itills bsiow the Department of
Environmental (DOE) standards. DOE standard fompteture of the stream is less than

40°C. So, the temperature of Sungai Pencala fallsjocal range under Class |.
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4.1.3 Dissolved Oxygen

Dissolved oxygen measures the amount of gaseougeox{Q) dissolved in an aqueous
solution. Oxygen gets into water by diffusion frahe surrounding air, by aeration (rapid
movement), and as a product of photosynthesis. dateqdissolved oxygen is necessary
for good water quality. Oxygen is a necessary elgrte all forms of life. Natural stream
purification processes require adequate oxygendeweorder to provide for aerobic life
forms. As dissolved oxygen levels in water dropoleb.0 mg/l, aquatic life is put under
stress. The lower the concentration, the greatestiess. Oxygen levels that remain below

1-2 mg/l for a few hours can result in large fislsk

The fluctuations of Dissolved Oxygen (DO) in thefage water along the sampling points
at Sungai Pencala for twelve months are shown ioleT4.3 and Figure 4.4. The first
sampling point W-1 always showed the highest D@e&atanging between 6.0 to 7.79 mg/I.
In March 2006 a very low DO value of 0.59 mg/kampling point W-3 which falls in the
upstream area. This could be due to the activittehe commercial areas and wet market
near this sampling point. Then the dissolved oxygexdually increased at point W-4 and
W-5 which was 5.28 mg/l and 5.36 mg/l, this couéddue to mixing of treated water from
Indah Water treatment plant located at samplingitp@/-5. The DO values started to
decrease gradually from sampling point W-6 to Was4it flows through the commercial
area and industrial area and the DO value wasvag4$00.22 mg/l at sampling point W-14

which is at the extreme end of Sungai Pencala wihgets mix up the Klang river .
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Dissolved Oxygen Variation
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Figure 4.4 Trend of DO value at sampling statiofrom March 2006-June 2007
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In May, July, September, October, November, Decembenuary, February 2006, the
trend of DO was similar but there was slight inseean DO to 4.38 mg/l at point W-3 in
July 2006. This could be due to the heavy rain tee$ampling. Then the DO value slightly
increased to 5.03 mg/l at point W-4. Then again &ues started to decrease gradually
from sampling location W-5 — W-14. Sampling locatié/-5 and W-6 are surrounded by

residential and commercial area.

Fig 4.5 Sampling location W6 where domestic waste discharges into Sungai Paite

For March 2007, DO value decreased gradually fromtp/V-1 at 6.9 mg/l to 4.81 mg/| at
W-3. The same trend was maintained at all sampdiogtions upto W-7, there was a slight
decrease to 3.6 at point W-8. Then there was didi@dacrease to 1.86 mg/l at point W-12
and slightly increase at point W-14 (2.86 mg/l). \&/-was located at residential area.
During sampling it was observed that W- 12 hadowsitype of solid waste found floating
on the surface of the water. It was observed tiakitchen wastes like dead fish, and dead
rat found floating on the surface of the river ah factor must have contributed to the

lower level of DO value.
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Almost similar trend of DO value was recorded inribn@007. At point W-1, the DO was
detected at 7.1 mg/l. Then it decreased to 3.2 magfioint W-3. Low DO values were
recorded at W-9, W-11 and W-12. The low conceraratif DO in river may be affected by
several processes such as respiration by aquaganiems. Therefore, it is important to
control the organic load into the water bodiesh&sabundance of organic pollutants could
reduce DO concentration in water.

At W-3, which is located behind TTDI market, thestafrom the wet market resulted in
lower DO value of 3.2 mg/l. At W-4 after the Calteetrol station, there is a slight increase
in DO to about 4.6 mg/l due to treated water frordah Water getting mixed up at this
location and the same trend was maintained at \0/\&48 where these points are mainly
surrounded by residential and commercial area.rRixager qualities at these locations are
classified into Class Ill as per DOE standard. e river flows through W-8, W-9, W-10,
W-11, W-12, W-13, W-14 which are surrounded by lsidal areas the DO values
constantly maintain very low DO values which falisder Class Il of DOE standards.

Figure 4.6, shows the pollution sources which cdalse DO.
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Figure 4.6 At sampling location W14, wastewater discharge into river

Figure 4-7 Sampling location W11 where industrial discharge gets mix up with
stream water
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Figure 4.7 shows location of W-11 tributary fronn JTempler/Tandang, which is
surrounded by industrial area, and shows a wastewlécharge into the river from nearby
industry. This had resulted in a low DO level @ ing/l. At W-12 Tributary from Sg Way
(Guinness Malaysia) which is surrounded by redidearea where domestic sewage and
kitchen wastes are directly let into the river wéigr organic pollution load increases
resulting very low average DO value of 1.55 mg/ddalls under Class IV of DOE
standard. At W-13 and W-14 there is a slight inseea DO results 3.57 and 3.0 mg/Il
respectively and it could be due to the dilutiofeef. W-13 and W-14 which are at the
extreme end of down stream of the river and geisupiwith Klang river. Overall, the DO
value of Sungai Pencala upstream W-2, W-4 fallseuradass Il of DOE standard except
W-1. Middle stream of the Sungai Pencala W-5, W67, W-8 falls under class IV and

class V. Down stream but some points falls undes<lV (W-3, W-9, W-11, W-12).

Dissolved oxygen levels tend to have an inverseetaition with water temperature. Thus,
dissolved oxygen levels were highest at the samplitation W-1. Dissolved oxygen
levels were lower at W-2 & W-3 which fall in the pgr region of the stream and there was
slight elevation in dissolved oxygen results in mmeldle stream

The dissolved oxygen results decreased as it flboven stream. Low DO concentration
had been reported at W-3, W-6, W-7, W-8, W-9, WAAO11, W-13, W-14. From the data
of Mar'06 to June 07, for dissolved oxygen showsoatinued problem, with Dissolved

Oxygen values as low as 0.2 mg/I.
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4.1.4 Conductivity

Conductivity is a measure of the ability of water tonduct an electrical current.
Conductivity in water is affected by the presenéeanorganic dissolved solids such as
chloride, nitrate, sulfate, and phosphate aniamss(that carry a negative charge) or sodium,
magnesium, calcium, iron, and aluminum cations Jidhat carry a positive charge).
Conductivity is also affected by temperature: tharmer the water, the higher the
conductivity. For this reason, conductivity is reed as conductivity at 25C. Discharges

to streams can change the conductivity dependingheim make-up. A failing sewage
system would raise the conductivity because ofpfesence of chloride, phosphate, and

nitrate; an oil spill would lower the conductivity

Figure 4.8 and Table 4.4 show the conductivity gltre sampling point at Sungai Pencala
for a period of twelve months. The distributionaainductivity at Sungai Pencala showed
the lower value at upstream and higher at downstré&@onductivity values were in the

same trend throughout twelve months of monitoribgncreased gradually but substantial
increase was observed at point W-10 and W-11 wtiese was a susceptible industrial
pollution. In July 2006, the lowest was at pointMvhich was 25.8 ps/cm as this location
is the origin of the river. The highest conductivig 965 ps/cm was detected at point W-3
as and it could be due to heavy building consiwacactivities during sampling which

caused higher influx of ions in the river. Except this, the other results are meeting

Interim National Water Quality Standard for Malaysinder Class I
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Figure 4.8 Trend in Conductivity data at samplingstations from
March 2006-June 2007
In March 2006 sampling, the lowest conductivity 26.7pus/cm was recorded at the first
sampling location (W-1). As the water flows dowmesim, it increased gradually until at
sampling location W-7, the reading was 184.1us/chimere was slightly higher
conductivity results were observed at samplingtiocaW-8 i.e. 339 ps/cm and the same
trend was maintained at sampling location W-9. &pling locations W-10, there was
slightly lower conductivity was observed i.e. 265/gm. After which the conductivity
increased to up to 460 ps/cm at location W-11, whias the highest conductivity of this
month reported at this sampling location. This esduse of the industrial discharge from
galvanising unit gets mixed up the stream. At samgpbcation W-12, it was observed that

there is an Indah Water treatment plant which watsnmaintained properly resulting the
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waste water directly flow into the river streamuléisg the conductivity to increase to 340
pus/cm. The same trend was observed at samplindgidac®/-13 and W-14 which was

surrounded by many industrial and commercial areas.

Figure 4.9 Industrial discharge gets mix up with sieam at sampling location W11

The rest of the data shows similar trend in theirentwelve months results. The
conductivity of this Sungai Pencala during the fouonths duration of study falls under

Class | of DOE standard where DOE standard isos&®®0 ps/cm

4.1.5 Total Dissolved solids

Total Dissolved solids also affect water clarityigher total dissolved solids decrease the
passage of light through water, thereby slowingtgéynthesis by aquatic plants. Water
will heat up more rapidly and hold more heat; timsturn, might adversely affect aquatic
lives that are adapted to lower temperature regifogél dissolved solids (TDS) comprise

inorganic salts and small amounts of organic maitet are dissolved in water. The
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principal constituents are usually the cations sashcalcium, magnesium, sodium and
potassium and the anions such as carbonate, biweyo chloride, sulphate and,

particularly in groundwater.

—&— May'06
Total Dissolved Solids Variations —=— July'06
575 ~ sep'06
222 1 Oct'06
500 - —%— Nov'06
475 —e— Dec'06
322 i —+— Jan'07
400 A Feb'07
—~375 Mar'07
= 350 Apro7
ggoo ] June'07
~275
) 250
0 225
= 200
175 |
150 |
125 |
100
75 |
50 |
25
0 : : : : : : : : : : : : : ‘
W-1 W-2 W3 W-4 W5 W6 W7 W8 W9 W10 W-11 W-12 W-13 W-14
stations

Figure 4.10 Trend in TDS data at sampling locatrom March 2006-June 2007
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Table 4-5 shows the amount of total dissolved s@IidS) at Sungai Pencala for a period
of twelve months. The TDS increases as the wdersfto downstream. The lowest TDS
reading of 10.1mg/l, was detected in December 2ft0point W-1 as this area was the
source of the river and the water was clean andl ddie higher TDS was detected at point
W-3 as 533mg/l and could be due to the heavy cectsbn activities during July 2006
which took place nearby commercial area as wethasun off which always occured by
the stream during rainy season.

Figure 4-10 shows the TDS variation during Marclo@0June 2007. From the above
figure it is clearly observed the same trend of TieSults have been obtained through out
the monitoring except in July 2006. With referenceDOE standard, the total dissolved
solids of Sungai Pencala, falls under Class | eixzepuly 2006. In July 2006 stream falls

under Class Il of DOE standard.

4.1.6 Turbidity

Turbidity is a measure of the amount of particutaggter that is suspended in water. Water
that has high turbidity appears cloudy or opaquérbibiity is the condition that makes
water cloudy and interferes with chlorination tanmehate contaminants. Turbidity will
appear worse because of changing weather pattersingreasing runoff from land
development upstate. Table 4.6 shows the variatafnturbidity results variations in
Sungai Pencala from the upstream to down stream.s@mpling point W-3 located at the
upstream region but the turbidity results showery Yegh due to wet market activities and

construction activities near the sampling locatioff.he river as it flows from the middle
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stream to down stream there is an increase inutitédity results as shown in Figure 3-11.

The turbidity results were very high due to heaain ffall and run off.
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Figure 4-11 Total Dissolved Solids variation in8ai Pencala , March 2006-June 2007
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Table 4.6 shows the summary of turbidity resultsmglSungai Pencala. Figure 4.11 shows
the fluctuation of turbidity at every sampling poat Sungai Pencala for the twelve months
of sampling. The highest turbidity was recordedamuary 2007. The highest turbidity was
reported at point W-9 with a value of 133 NTU whicbuld be due to the construction
activity taking place nearby this sampling locatemwell as runoff due to heavy rain fall.
At initial point, the turbidity was found to be ithe range of 0 — 0.8 NTU. Then it
drastically increased at point W-3 with 125 NTUJianuary 2007. Turbidity was noted to
decrease at point W-4 with a value of 33.7 NTU thmmeased to 94.5 at point W-5. Point
W-5 was located beside a residential area wheréewaser from the houses was observed

to get through a pipeline into the stream directly.

Figure 4-12: Pipe from houses directly routed ®dtream at point W-9.

As river flows to middle stream and downstream, tilmbidity reading increased due to
sewage discharge, wastewater discharge from thusinels and run off from heavy rain fall.

At point W-1, the turbidity falls under class | BOE standard as this location is the source
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point. But all the other locations were under cldisAll the turbidity data from each point

seems to have exceeded the DOE standard.

4.1.7 Chemical Oxygen Demand

Chemical Oxygen Demand is a vital test for assgsie quality of effluents and waste

waters prior to discharge. The Chemical Oxygen Dem@&OD) test predicts the oxygen

requirement of the effluent and is used for momigrand control of discharges, and for
assessing treatment plant performance. Biochenaxgien demand only measures the
amount of oxygen consumed by microbial oxidatiod anmost relevant to waters rich in

organic matter. It is important to understand t@&D and BOD do not necessarily

measure the same types of oxygen consumption.¥@&nm@e, COD does not measure the
oxygen-consuming potential associated with centiésolved organic compounds such as
acetate. The impact of an effluent on the receiwatgr is predicted by its oxygen demand.
This is because the removal of oxygen from themhtuater reduces its ability to sustain

aquatic life.

The trends in Chemical Oxygen Demand (COD) for thelve months of sampling at
Sungai Pencala are shown in Table 3.8 and Fig& & March 2006, at first sampling
point W-1, COD was found to be 4 mg/l as this lamratwhile is the source point of the
river and no pollution sources were found and tla¢ewwas clean. The increased in COD
value to 353.9 at point W-3 could be due to thaviewet market activity nearby. A
reduction of COD to 48 mg/l was observed at poirttWhere at this location treated water
from Indah Water gets mixed up and diluted. Thbee, COD gradually increased at point

W-5 to W-9 within the range of 32 mg/l and 398 mg/I
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Similar trend was observed at W-10 and W-11. Atgarg point W-12, COD value was
slightly reduced to 256 mg/l. This location is swmded by residential and commercial
area and domestic waste was directly let into rétezam. It also could have been caused
by the untreated sewage that was discharged istaiver from Indah Water Wastewater
Treatment Plant. At W-1 and W-2 sampling locatitimsre was no fluctuation observed in
twelve months. At sampling location W-3 it is obss that in March 2006 and April 2006,
COD results were very high at 353.9 and 357 mgtlibuWuly 2006 suddenly reduced to
21.97 mg/l which could be due to heavy rain falfjaf there was a slight increase in COD
value to 62 mg/l in September 2006 and 172 mgDatober 2006. Again the COD results
reduced to 48.8 mg/l in November 2006 and wentau@25.8 in December 2006. There
was slight reduction to 62.6 mg/l in January 208d ancreased to 126 mg/l in February
2007. Similar trend had been observed in March,lAmd June 2007 i.e. 52, 86 and 68

mg/I respectively.

At W-4 similar trend was observed in the entire rtaing period from March 2006 — June
2007 as in Table 3-7, except in May 2006 as 149 argd December 2006 as 85.9 mg/I
which could be over flow from sampling point W-3 evk high sources of pollution wet
market due to wet market activities. At samplingaton which is surrounded by
residential area W-5, there were not many flucturetiobserved except in July 2006 where
COD value reported as 67.1 mg/l. At sampling lmcaWW-6 also there were not many
fluctuations observed except in July 2006 COD vaéported as 108.78 mg/l. At sampling
location W-7 which is surrounded by industrial ards® COD value was found very high in
March 2006 at 292 mg/l and later it gradually reztbend maintained similar trend through

out the twelve months.
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Figure 4.13 Trend in COD data at all sampling poing from March 2006-June 2007

Sampling points W-8 and W-9 are surrounded by esdidl and commercial area. In

March 2006 the COD values were found to be veralaig 312 and 398 mg/l respectively
which could be due to sewage discharge from thesnding residential and commercial
area and gradually started decreased and maadtamilar trend in the entire study.
Sampling locations W-10 and W-11 are surroundedniolystrial area, very high COD

values were observed i.e. 386 and 401 mg/l resgdgtin March 2006. But there was a
slight increase in COD value from sampling point9¥e W-10 and the same trend was
maintained until W-14 which clearly indicates thagh pollution sources towards down

stream. A very high COD values was obtained at WrlMarch 2006 and April 2006 i.e.
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401 and 409 mg/l respectively and gradually dee@d&iom September 2006 to June 2007.
This location is surrounded by many industries whse observed discharge of industrial
wastes directly into the stream. At sampling lamativV-12 where many household wastes
and kitchen wastes are directly let in to the streand the COD values found to be high
and maintained similar trends except in March 200 similar trends were observed for
sampling location W-13 and W-14, which are at tk&eame end of the Sungai Pencala
surrounded by industrial and commercial area. Mdshe sampling locations of Sungai

Pencala fall under Class Il of DOE standard fotewauality. Some of sampling points

such as tributary from Jalan Templer and tribufesyn Sg Way falls under Class V.

4.1.8 Biological Oxygen Demand

Biochemical Oxygen Demand, or BOD, is a measurth@fquantity of oxygen consumed
by microorganisms during the decomposition of orgamatter. BOD is the most

commonly used parameter for determining the oxydgmand on the receiving water of a
municipal or industrial discharge. BOD is an indireneasure of biodegradable organic
compounds in water. The stream system produceselisas/ consumes oxygen. It gains
oxygen from the atmosphere and from plants aswdtresphotosynthesis. Running water,
because of its churning, dissolves more oxygen #ti#lnvater, such as that in a reservoir
behind a dam. Respiration by aquatic animals, deosition, and various chemical

reactions consume oxygen.
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Wastewater from sewage treatment plants often omntarganic materials that are
decomposed by microorganisms, which use oxygehdmptocess. The amount of oxygen
consumed by these organisms in breaking down tretewia known as the biochemical
oxygen demand or BOD. Other sources of oxygen-coimgy waste include storm water

runoff from farmland or urban streets, feedlots] &ailing septic systems.
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Figure 4.14 Trend in BOD data at sampling pointsnfiviarch 2006-June 2007

As seen in Figure 4-14, low Biological Oxygen Demhaiasults were reported at upstream
except for Location W-3, as it comes to the midstiam the BOD results were higher
and again decreased when it flows down stream.

In March 2006, the lowest BOD value was detectgubait W-1 and W-2 with the value of
1 mg/l and 8 mg/l respectively (Table 4.8 and Fegdrl4) while the highest was at point

W-3 with a value of 202 mg/l. This is because of tlwet market activities near this
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sampling location as discussed in COD results. $3agpoints W-4, W-5 and W-6 were
lower and again from W-7 the BOD values increasedl ghows similar trend until W-14.
In March and May 2006 the BOD results were high@ngared to other months. This is
because of sewage from Indah Water Wastewater riezdtPlant at W-12 and also the
domestic waste and organic waste such as deadddish. Higher amount of oxygen was
consumed by organism to break down the wastes. Fgn 2006- June 2007 similar
trends were observed at all locations. At inipaint, the stream falls under class Il in
terms of Biochemical Oxygen Demand. Some of thatloas fall under class Il and class

Il where at mid stream or towards the end doweastr of the river falls under class V.

4.1.9 Ammoniacal Nitrogen

Nitrogen is required by all organisms for the bagsiocesses of life to make proteins, to
grow and to reproduce. Nitrogen is found in mangm® in the environment. Inorganic
forms include nitrate (N€), nitrite (NO,), ammonia (NH) and nitrogen gas @\ The
sources of the nitrogen into the river water arenigaby wastewater and septic system
effluent, fertilizer runoff, animal waste, fossildls and also industrial discharge (Tilton,
1979). Nitrogen uptake is most effective whereewdlows slowly and evenly over the
wetland surface thus providing an increase in ffextve area and detention time available
for biological interactions (Simpson, 1978; Tiltdl®79). Humans add excessive amounts
of plant nutrients (primarily phosphorus, nitrogemd carbon) to streams and lakes in
various ways. Runoff from agricultural fields, fielots, urban lawns, and golf courses is
one source of these nutrients. Untreated, or figrtr@ated, domestic sewage is another
major source. Sewage was a particular source o$pttayus to lakes when detergents

contained large amounts of phosphates. Ammoniataigen, NH-N is the measure of
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total nitrogen in water which is produce duringdation process in the water. Ammonia
maybe present as a gaseous {Nst ammonium ion (N depending on pH.

Table 4-9, and Figure 4.15 shows the trends of ammeal nitrogen (NhBN) for twelve
months sampling at Sungai Pencala. In January 20@7 lowest value of NN was
detected at all sampling locations could be dué¢ht heavy rain fall that dilutes the
nutrient in the water stream and was not detectdovalevels . The higher NHN value
was reported at W-14 with the value of 9.45 mg/MDecember 2006. As the water flows to
downstream, the amount of N increased due to the sewage discharged intoitbe
from surrounding area. Surface runoff also cautbed NH-N to increase. The value
ranged from as low as near the detection limit 4021mg/l in December 2006 at W-9.
Ammoniacal nitrogen levels reported low in the upgteeam and as it flows towards down

stream the values increased.
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Figure 4.15 The trend in NHN at sampling points from March 2006-June 2007
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In March 2006, ammoniacal nitrogen was detectaet@at low level at W-1 and W-2 where
there are no sources of pollution from sewage @tevavater. As the river flows to middle
stream and down stream there are many pollutiomcesufrom surrounding areas and
discharge of waste water causes the results taghe hhe highest results were reported at
W-9 i.e. 6.0 mg/l. This sampling point is locateshnresidential and commercial area. The
discharge of sewage from the residents causecdhbera of nutrient to be high.

It is observed that similar trend has been obseateshmpling locations W-8 to W-14 in
twelve months data in the range between 1 mg/I1ah@ mg/l, except in January 2007 and
February 2007. Sungai Pencala falls under clasaslyper DOE standard for ammoniacal

nitrogen.

4.1.10 Total Suspended Solids

Total suspended solids (TSS) represents the anufufilterable particulate material in

water, expressed as mg/L. In general, the condentraf TSS increases with increasing
river flow. Higher flows may result in increasediseent suspension or may reflect periods
of runoff, both of which would contribute to high@iSS concentrations. In particular,
runoff from watersheds with a predominance of wated lands is an important source of
suspended matter in the river. In addition, strdaank erosion in many tributaries can
contribute to large loading of TSS to the riveridgrhigh flow events. Once TSS has
reached the river, the particulate material maytrimute to sedimentation problems in
backwaters, negatively influence submerged aqudéint growth due to decreased light

penetration, smother benthic invertebrates, artltleather impairments (USEPA 2002).
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Table 4.10 shows the total suspended solid (mggthfMarch 2006 to June 2007. Total
suspended solids ranged from 1.0 mg/L to 141 migétween March 2006 and June 2007.
The very high suspended solids concentrations nmg&iuPencala reported in March 2006 at
W-8 near the industrial area i.e. 141 mg/l. Gelheraoncentrations of total suspended
solids do not significantly differ from sites inetrup stream of the river to down stream
however; levels significantly increase after heeaip fall run off. There were significantly
high suspended solids reported in May 2006 andatgr2007 at all sampling location. The
rest of the sampling data shows the similar tremddtal suspended solids results. Sungai

Pencala falls under class Il as per DOE standarduspended solids.
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Figure 4.16 Trend in TSS at sampling points fromrdh 2006-June 2007
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4.1.11 Pesticides

Pesticides were not detected in the entire samplangpd from March 2006- June 2007.
Thus adverse effects to aquatic life from exposoiqgesticides in the river are not likely

to occur. Therefore the risk of adverse effectsnffgesticides appears to be minimal.

4.1.12 Heavy Metals

The Department of Environment reported higher cotreéions of heavy metals on the
west coast of Peninsular Malaysia than in otherttspaf the country because of
extensive land use and industrialization (DepartnoéfEnvironment, 2002). Almost all

the samples collected from the coastal watersettuntry had values of lead, copper
and cadmium exceeding the proposed standards bf idllitres lead, 0.01 mg/litre

copper and 0.005 mg/litre cadmium. The coastal nsaté Perak and Penang recorded
high levels of cadmium, copper, lead, mercury armgkad. In 1990, all the samples

analyzed for nickel in Penang waters exceeded tbeoged standard of 0.01 mg/litre,
and in Perak, around 50 percent of the 41 samplidscted had values exceeding the
standard. However, analyses carried out by theeFish Research Institute indicated
that the levels of heavy metals in Malaysian fisld ahellfish samples did not pose a

major threat to public health (DOE Malaysia, 2002)

Water pollution by toxic chemicals present in inmas waste effluents is a worldwide
problem now. Both developed and developing countaiee seriously affected due to
this water pollution. Consequently, major waterlygdn in Malaysia is also caused by
the discharge of industrial effluents. Many indiestr discharge wastes containing

different inorganic compounds including heavy metaito natural freshwater bodies
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without prior treatment. However, the point sourcégollution in Malaysia come in
the form of forest cleaning and earthworks, indakeffluents and wastes typically the
agrobased industrial point sources (namely rublmel @l palm mills), domestic or
animal farming sewage (Department of Environmer@02). The Department of
Environment (2002) also reported that industrieshsas tannery, chemical-based,
electrical and electronic industries achieved ayereompliance of 81 %, 85 % and 86
% respectively. However, industries such as papextile, metal finishing and
electroplating, food and beverages, and animal éeedid not achieve more than 65 %
compliance. In 2003, 129 premises or companies teden to court and fined a total of
RM 1 901 300.00 for offences under the Environme@iaality Act, 1974. Out of the
total number of cases, 55 (43%) cases involvednoée for polluting inland waters
through discharges of effluent above the stipulatatidard under section 25(1) of the

Environmental Quality Act, 1974 (Department of BEoviment, 2003).

Oysterslsognomon alatugontaining high concentrations of Zn, Cu, Pb amtv&re
collected from the Sepang Besar River, and traredeio the Sepang Kecil River where
the native oysters contain low metal concentrati@ysters were exposed to 100 o)

1 of metals for two weeks followed by one week opwation, (Katayon Saeet al
2004).

Heavy metals are usually found in water at conediotn of around 1 — 100 ppb range.
Most of the metals are naturally occurring. Howeveecause of insolubility, high
concentration of metals rarely occurs unless thespkery low or an industrial source is
releasing high concentrations. A decrease in pHldvancrease metal availability,
lending itself to greater uptake by organisms aad cause physiological damage to

aquatic life (Connell and Miller, 1984).
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Water samples were collected in Sungai Pencalad adainpling stations. Cadmium,
arsenic, lead and mercury were selected for arsafysil continuously monitored at the
same location for a period of one year. Inductivépupled Plasma Emission
Spectrometer (ICP-AES) Perkin EImer 5300 Model wsed for the entire analysis for
this study. All the results were reported lessthize detection limit. The very low
concentrations of heavy metals pose significanficdities to the use of Inductively
Coupled Plasma Emission Spectrometer (ICP-AES).celeome of the batch sample
analyses were carried out using Inductively Coupteasma Mass Spectrometer (ICP-
MS) model Perkin Elmer Elan 6000 as per USEPA 602& results are tabulated in

Tale 4-11 to 4-15.

Metals that are naturally introduced into the rigeme primarily from such sources as
rock weathering, soil erosion, or the dissolutioh veater-soluble salts. Naturally
occurring metals move through aquatic environmerspendently of human activities,
usually without any detrimental effects. (Johnlet395). Major sources of toxic metals
arising from human activities are domestic and stdal wastewaters and their
associated solid wastes. On the average, the USEsRAates that 81 percent of the
metals introduced into wastewater treatment plases from various regulated
industries that dispose of their wastes into mpaicsewer systems and that about 19
percent comes from consumer households in the @droommon household products

(U.S. Environmental Protection Agency, 1986).
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41121 Lead

Table 4-11 shows the lead concentrations at eanplsay locations at Sungai Pencala.
Lead concentrations ranged from 1 ppb to 7 ppb wig& Pencala. At Sampling
location W-1 and W-2, there were no lead valuegated. W-1 and W-2 sampling
locations are in upstream and these sampling pamg®xposed fairly less amount of
pollution sources. These are recreational areasendtivities like jogging, fishing or
camping are the kind of activities mostly takescplaTherefore, there were no
significance levels of heavy metals detected. Simitend of lead results have been
maintained in all sampling results. At W-14, leadswdetected as 7 ppb in July 2006,
which is the extreme end of the Sungai Pencalametsd with Klang river. Fig 4.17

shows the pollution sources from the surroundimgl lase.

Figure 4.17 wastewater discharges into river at sapting location W-14,
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The rest of the results show similar range betwkgpb to 3.8 ppb. Sungai Pencala
receives run off from surrounding residential, istli@l and commercial area as it flows
down stream. None of the observed lead concemiagacept in W-14 in July 2006, in
Sungai Pencala seem to be alarmingly high fromxedtogical point of view. Nearly
all of the observed lead concentrations were low aray be explained as a natural

sources and processes.

Table 4-11 — Concentrations of Lead in Sungai Peala at each sampling site

April August
Sample | July 2006/ November| February| 2007 2007 Septembe
ID 2006 2007 2007
Unit ppb ppb ppb ppb ppb ppb
W1 <1 <1 <1 <1 <1 <1
W2 <1 <1 <1 <1 <1 <1
W3 2.6 1.1 2.3 1.6 2.1 2.2
W4 1.1 1.4 2.2 15 1.6 2.5
W5 1.7 1.3 1.8 2 15 2
W6 2.9 1.8 15 2.5 1.7 1.4
W7 1.7 2 1.6 2.2 1.3 1
W8 3 1 1.8 1.3 1.6 1
W9 2.6 1.8 2 1.5 2.1 <1
W10 2 2.6 1 1.7 2.4 <1
W11l 2.6 2.4 1.9 2.3 2.6 <1
W12 2.8 2.9 1 2.1 2.8 <1
W13 1.9 2.1 1 1.8 2.5 2.6
W14 7 3.8 1.3 2.4 2.5 3.2
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4.1.12.2 Mercury
From the Table 4-12, It can be noted that mercuag wot detected at all sampling

locations. Source of mercury pollution are notlijki occur in Sungai Pencala.

Table 4-12- Concentrations of mercury in Sungai Recala at each sampling site

Sample | July November| February| April August September
ID 2006 2006 2007 2007 2007 2007
Unit ppb ppb Ppb ppb Ppb ppb
W1 <1 <1 <1 <1 <1 <1
W2 <1 <1 <1 <1 <1 <1
W3 <1 <1 <1 <1 <1 <1
W4 <1 <1 <1 <1 <1 <1
W5 <1 <1 <1 <1 <1 <1
W6 <1 <1 <1 <1 <1 <1
W7 <1 <1 <1 <1 <1 <1
W8 <1 <1 <1 <1 <1 <1
W9 <1 <1 <1 <1 <1 <1
W10 <1 <1 <1 <1 <1 <1
W11l <1 <1 <1 <1 <1 <1
W12 <1 <1 <1l <1 <1 <1
W13 <1 <1 <1 <1 <1 <1
w14 <1 <1 <1 <1 <1 <1
4.1.12.3 Chromium

Table 4-13 shows the chromium concentrations alddgngai Pencala, the
concentrations ranging between 1 ppb to 4.1 pplerélivere no significant level of
chromium detected in upstream W-1 and W-2 locatiqluly and November 2006
results shown similar trend for chromium as it fowlown stream. The highest
chromium concentration was detected as 4.1 ppb-4dWh July 2006, which is the

extreme end of the Sungai Pencala.
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Table 3.14 - Concentrations of chromium in SungdPencala at each sampling site

Sample July November| February| April August | September
ID 2006 2006 2007 2007 2007 2007
Unit ppb ppb Ppb ppb ppb ppb
W1 <1 <1 <1 <1 <1 <1
W2 <1 <1 <1 <1 <1 <1
W3 1.1 1.7 <1 1 <1 <1
W4 1 <1 <1 <1 <1 <1
W5 1.2 <1 <1 <1 <1 <1
W6 1.2 <1 <1 <1 <1 <1
W7 <1 1.4 <1 1 <1 <1
W8 1.3 2.06 1 1 <1 <1
W9 2.8 1.6 1.2 <1 1.2 1.8
W10 1 2.12 1.5 1 <1 <1
W11l 3.2 2.2 1 1 2.3 3.3
W12 3.5 1.5 1 1 1.4 2.2
W13 1.4 2.3 1.7 1 <1 <1
w14 4.1 1 1 2.8 <1 <1
4.1.12.4 Arsenic

Table 4-14 shows the Arsenic concentrations alamgg8i Pencala, At W-1 and W-2
arsenic results were not detected as these losatawa upstream and minimum
exposures to pollution sources. Arsenic concepinatianging between 2 ppb to 57.6
ppb, the highest arsenic level detected at W-$, ¢buld be due to pollution sources
from solid waste, domestic sewage, waste watehdrge into the river stream. From
W-3 to W-8, there were gradual increase in arsemities and there was sudden
increase in arsenic results at W-9 and the sirtriéard was observed in the entire study.
At W-10 there was a reduction in arsenic resul® again slightly increases at W-11

and the similar trend has been observed until W-14.
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Table 4-14 — Concentrations of arsenic in Sung&encala at each sampling site

Sample July November| February| April August | September
ID 2006 2006 2007 2007 2007 2007
Unit ppb ppb Ppb ppb ppb ppb
W1 <1 <1 <1 <1 <1 <1
W2 <1 <1 <1 <1 <1 <1
W3 7.58 4.52 2.8 2 12.8 6.3
w4 5.6 5.68 3.1 2.5 3.2 4.8
W5 6.5 6.74 3 3.2 2.8 3.5
W6 6.59 5.23 2.1 1.8 4.9 51
w7 8.59 9.5 2.5 5.8 3.9 2.8
W8 13.3 19.6 4.6 6.4 22.8 12.7
W9 36.8 34.8 23 39.4 425 57.6
W10 8 9.3 2 3.5 12.6 9.6
w11 12.8 16.4 3.8 5.6 8.33 11
W12 10.6 14.8 12.5 12 18.1 21.3
W13 15.7 11.5 5 5.6 19.6 5.8
w14 22.4 5.7 4.9 18.2 25.2 12.8
4.1.125 Cadmium

From the Table 4-15, cadmium was not detected gtainthe sampling locations.

Cadmium pollution are not likely to occur in Sun@aincala.

Table 4.15 — Concentrations of cadmium in Sungaidncala at each

sampling site
Sample| July | November| February| April | August |September
ID 2006 2006 2007 2007 2007 2007
Unit ppb ppb ppb ppb ppb ppb
W1 <1 <1 <1 <1 <1 <1
W2 <1 <1 <1 <1 <1 <1
W3 <1 <1 <1 <1 <1 <1
W4 <1 <1 <1 <1 <1 <1
W5 <1 <1 <1 <1 <1 <1
W6 <1 <1 <1 <1 <1 <1
W7 <1 <1 <1 <1 <1 <1
W8 <1 <1 <1 <1 <1 <1
W9 <1 <1 <1 <1 <1 <1
W10 <1 <1 <1 <1 <1 <1
W11 <1 <1 <1 <1 <1 <1
W12 <1 <1 <1 <1 <1 <1
W13 <1 <1 <1 <1 <1 <1
w14 <1 <1 <1l <1 <1l <1

126




4.1.13 Microbiological Analysis

41.13.1 Total Bacterial Count and E Coli

Figures 4-18 and 4-19 show the E. coli and totakdyéal count levels of the Sungai

Pencala and its tributaries. Included in each &gare the E. coli and TBC level for
each site. The E. coli and TBC levels measured ancM 2006, to June 2007 were
significantly higher in all sampling points except upstream stations. In all the
sampling locations except W-1 , E. coli levels tlie Sungai Pencala was very much
higher than the maximum level of Total Coliform tamination set by Interim National

Water Quality Standard for Malaysia under ClassThis excessive level of E. coli

contamination can be correlated with a heavy rdirfa the sampling was conducted
after the heavy rain. Samples from surface rumoHfewered basins generally showed
higher bacterial counts than runoff from non sewebasins (Katherine, 1999). The
high levels of E. coli also appear in middle dowream of the Sungai Pencala as it
flows through a relatively dense residential aie& reasonable to expect that the high

levels of E. coli are due primarily to dischargenr residence sewer systems.
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Figure 4-18 E Coli variation in Sungai PencalaMarch 2006-June 2007
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Figure 4-19 TBC variation at sampling location fom March 2006-June 2007

4.1.14 Water Quality Index

The WQI is one of the most widely used of all d@rigtwater quality procedures. The

overall results of six separate tests can be wsddtermine if a particular stretch of river is

healthy. The water quality criteria formulated aubpted by DOE and provide the frame

work for Interim National Water Quality Standards\(VQS). From INWQS, it is possible

to identify the following classes which can service respective beneficial uses. (DOE)

Class |

Class Il

: Conservation of natural environment; @ctbn of very sensitive aquatic
species
: Water supply with conventional treatmergcreational use with body

contact; protection of sensitive aquatic species.
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Class Il . Water supply with extensive treatmemgter for livestock drinking of
common and moderately tolerant species of aquédic |

Class IV : Water for irrigation

Class V : Water unsuitable for the above uses

Table 4-18; DOE Water Quality Index Classes

Parameters Unit| Class|l Class | Class Il  Class IVClass V
Ammoniacal Nitrogen mg/l <0.1 0.1-0.3 0.3-0.9 Q.9- >2.7
Biological Oxygen Demand  mg/| <1 1-3 3-6 6-12 >172
Chemical Oxygen Demand mg/| <1Q 10-25 25-50 50-100 >100
Dissolved Oxygen mg/I >7 5-7 3-5 1-3 <1
pH - >7 6.0-7.0 5.0-6.0 <5 >5
Total Suspended Solids mg/l <25 25-50 50-1%0 15D-30 >300
Water Quality Index - >02.7 76.5-92,51.9-76.5| 31-51.9 <31
Source: DOE (Department of Environment)
Formula for calculating Water Quality Index (WQI)
WOl = 0.22*SIDO  + 0.19*SIBOD + 0.16*SICOD +

0.15*SIAN  + 0.16*SISS  + 0.12*SlpH

where Sl refers to the Sub index function for eafcthe given parameters.
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Fig 4-20 Water quality Index along Sungai Pencala

In order to view the recent trend of the pollutionSungai Pencala, analysis of the Water
Quality Index of 14 Monitoring stations were cadrieut and tabulated in Table 3-20.
Figure 4-20 illustrates that in general the watealdy is good at upstream near Stream
upon Bukit Kiara, W-1 which is the source pointté river as the average WQI is about
95. The index then slightly fluctuated at abou@g#he river flows through KLGCC before
Rimba Kiara at W-2. At W-3 the WQI dropped rapitihy43 due to heavy pollution sources
from wet market activities and construction workeen the WQI improved slightly at W-4
and W-5, where treated sewage water from Indah Mgatis mixed up with the stream. At
W-6 WQI again dropped slightly and the trend rersaintil location W-10. Then the WQI
again dropped at W-11 to 29 where there are sswtedustrial pollution was observed
from the industrial area. At W-12 where there adous sources of kitchen waste, organic

wastes, sewage and solid waste from surroundindemese, the WQI reported was 33. At
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W-13 WQI improved very slightly to 41 and again desed to 35. The upstream of the
river at W-1 falls under Class | of the DOE stanidatAs the river flows through the middle
stream at W-4, W-5, W-6, W-7 the streams are diaglsunder Class Ill. At W-3 and from
W-8- W-14 the stream is classified under Class f\the DOE standards. This shows the
deterioration of the Sungai Pencala as it flowsulgh the high density populated urbanized
area. The quality of the river steadily deteriosads it meanders further downstream, and

worse, it begins to look like an open sewer.
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4.2 Bioaccumulations of heavy metals in aquatic Bfat Sungai Penchala

4.2.1 Results and Discussion

Depending on the conditions of their habitats, {anay accumulate heavy metals in
quantities considerably exceeding their contetihénhabitat (Miryakova, 1996).
Furthermore, the environmental effects resultimgfithe bioaccumulation and evidence
that a persistent material may be present in dnegff necessitates assessment of its rate
and degree of uptake by aquatic organisms expoaseavtlevels of the chemical, with

analysis of organs and tissues (Wollast, 1982).

Fish samples were collected in the three locataons plant samples were collected at five
locations. The fish and plant samples were analyseduplicate and the results are
tabulated in Tables 4-20 to 4-23. The summarieguality control data and certified

reference material results are enclosed in AppeBDdix

Table 4-20 , Heavy metals analysis in fish in Augtu2007

W-1 W-1 W-2 W- W-12

Location| (A) (B) (A) 2(B) (A) W-12 (B)
Unit mg/kg | mg/kg| mg/kg| mg/kg mg/kg mg/kg
As <0.05 | <0.05| <0.05] <0.05 0.089 0.082
Cd <0.05 | <0.05| <0.05] <0.05 0.085 0.114
Cr <0.05 | <0.05| 0.142] 0.191 0.262 0.325
Pb <0.05 | <0.05| <0.05] <0.05 0.089 0.110
Hg <0.05 <0.05 <0.05 <0.05 <0.05 <0.05
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Table 4-21, Heavy metals analysis in fish samplas $eptember 2007

W-1 W-1 W-2 W-2 W-12 W-12

Location| (A) (B) (A) (B) (A) (B)
Unit mg/kg | mg/kg| mg/kg| mag/kg mg/kg mg/kg
As <0.05 | <0.05| <0.05/ <0.05 0.045 0.082
Cd <0.05 | <0.05| <0.05|] <0.05 0.100 0.093
Cr <0.05 | <0.05| 0.058 0.064 0.337 0.351

Pb <0.05 | <0.05| <0.05] <0.05 0.071 0.067
Hg <0.05 | <0.05| <0.05| <0.05 <0.05 <0.05

Table 4-22, Heavy metals analysis in plant sampl&s August 2007

W-1 W-1 W-2 W-2 W-9 W-9 | W-11 | W-11 | W- 12
Location | (A) (B) (A) (B) (A) (B) (A) (B) (A)

Unit mg/kg | mg/kg | mg/kg | mg/kg| mg/kg | mg/kg| mg/kgl mg/g | ma/kg
As <0.05 | <0.05] <0.05| <0.0% 0.44 0.5p 0.19 0.16 0.58
Cd <0.05 | <0.05| <0.05| <0.01 0.15 <0.05 <0.p5 <0.050.05
Cr <0.05 | <0.05 0.06 0.07 0.25 0.26 0.1y 0.14 0.49
Pb <0.05 | <0.05 0.07 0.08 0.38 0.36 0.27 0.23 0.p1
Hg <0.05 | <0.05| <0.05| <0.01 <0.05 <0.05 <0.p5 <0.p50.05

Table 4-23, Heavy metals analysis in plant sampl@s September 2007

W-1 W-1 W-2 W-9 W-9 Ww-11 | W-11 W-

Location| (A) (B) (A) | W-2(B) (A) (B) (A) (B) 12(A
Unit mg/kg| mg/kg | mg/kg mg/kg mg/kg mg/kg mg/kg mg/k mg/kg
As <0.05| <0.05| <0.059 <0.05 0.42 0.39 0.22 0.16 0.75
Cd <0.05| <0.05| <0.05 <0.05 0.09 <0.05 <0.p5 <0.05 5§00
Cr <0.05| <0.05| <0.05 0.10 0.22 0.20 0.25 0.08 0.43
Pb <0.05| <0.05 0.06 0.05 0.28 0.34 0.70 0.5[7 0.17
Hg <0.05| <0.05| <0.059 <0.05 <0.05 <0.05 <0.05 <0.05 05Q.

4.2.2 Heavy metals analysis in fish and plant sartgs

In Malaysia, the presence of arsenopyrite and adnggnical ores in association with tin,
iron, gold, lead, copper and zinc ores have beeorted in various mines both in the
Peninsula as well as in Sabah and Sarawak (Departrh&nvironment, 1986a). Major

anthropogenic sources which release arsenic ietaith water and soil are ore smelters,
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cement manufacturing, combustion of fossil fueld artensive use of arsenical pesticides.
Some monitoring data obtained through Global Emrirental Monitoring System (GEMS)
under the coordination of WHO shows the total arseoncentration for Sg. Skudai is
0.005 mg/L (Department of Environment, 1986a). Besithat, from the studies in the Sg.
Langat basin, levels of arsenic have been repaaednge between 0.003 to 0.049 mg/L
(Department of Environment, 1998). Accumulatioracdenic in herbs in Poland was found

to be 1.05 mg/kg (Lozaét al, 2001).

Fish and plant samples were collected from five @ang points along Sg. Pencala in
August 2007 and September 2007 for this study. Sdraples were analyzed for heavy
metals namely arsenic, cadmium, chromium and leswlguinductively Coupled Plasma
Mass Spectrometer (ICP MS) while mercury was amalyky Flow Injection Mercury

analyzer (FIMS). The samples were analyzed in watition and the results were reported

on wet weight basis. Samples were analyzed in cafgls.

4.2.2.1 Heavy metals analysis in fish samples in gust

The average results for fish samples collected wgust 2007 are summarized in

Table 4-24 and Figure 4-21.

Table 4-24: Average Results of Fish Sample for Ai@007

Locations As Cd Cr Pb Hg
mg/kg mg/kg mag/kg mg/kg mg/kg
W1 <0.05 <0.05 <0.05 <0.05 <0.05
W2 <0.05 <0.05 <0.05 <0.05 <0.05
W12 0.086 0.099 0.294 0.099 <0.05
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Table 4.24 and Figure 4.21 shows that there wereeavy metals detected in fish samples
at sampling location W- 1 and sampling point W-2Aingust. W-1 and W-2 sampling
locations are in upstream and these sampling pa@irdsexposed fairly less amount of
pollution sources. These are recreational areagewhetivities like jogging, fishing or
camping are the kind of activities mostly takescplarherefore, there were no significance
levels of heavy metals detected. The heavy metdkob is expected to increase as the river
flow to into the high density populated urbanize@DI Township where the stream is
deepened, widened and turn into a concrete chaedetiver. The river quality started to
get deteriorated due to pollution from various sesgrsuch as domestic sewage, industrial

discharge and different types of solid waste.

Heavy Metal concentration in Fish in August 2007

0.35

0.3 — @ As

_\g 0.25 m Cd

E 02 O Cr
2 015

2 01 oPb

® 0.05 B Hg
0

W-1 W-2 W-12

Sampling location

Figure 4.21: Heavy metals concentratiofish sample in August 2007

At W12, the content of arsenic, cadmium, chromiumd gead in fish samples were 0.086,
0.099, 0.294 and 0.099 mg/kg respectively. Cadmanchlead were found to be very high.
Mercury was not detected in the fish samples. Wsdrapling location a tributary from Sg

Way was found to be heavily polluted with all kinfl solid wastes from sewages, house
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hold things like metallic waste, plastic wastechké&n wastes, and untreated sewage from
Indah water. Figure 4-22 shows the extent of sshdte pollution at this sampling location.
It was noted that W-12 was just next to the bussteh of Federal highway and nearby W-
12 there were activities such as wet market, coromeactivities such as hardware shops,
sundry shops and food stalls. Besides, this sagglmint was surrounded by some low
cost housing areas just 100 meters away. The FedeTZone, of Sg Way, Petaling Jaya
was found to be very near to this sampling poinivall. The electronic company Western
Digital Company was at the corner of the road aad wnly about 500 meters away from

the sampling point.

Fig 4-22 Pollution sources in the sampling locatérl 2

4.2.2.2 Heavy metals analysis in plant samples August

Table 4-25 and Figure 4.23 shows the results ofhyhe@etals in plant samples. There were

no heavy metals detected in plant samples at saghfcation W- 1 and sampling point
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W-2 in August. W-1 and W-2 sampling locations areipstream and these sampling points

are exposed fairly less amount of pollution souaementioned earlier.

Table 4-25: Average Results of Plant Samples fayust 2007

Locations As Cd Cr Pb Hg
mg/kg mg/kg mg/kg mg/kg mg/kg
w1 <0.05 <0.05 <0.05 <0.05 <0.05
W2 <0.05 <0.05 <0.05 <0.05 <0.05
W9 0.515 <0.05 0.255 0.370 <0.05
W11 0.175 <0.05 0.155 0.250 <0.05
W12 0.58 <0.05 0.490 0.210 <0.05

At sampling location W-9 which is surrounded byidestial and commercial area, arsenic
was detected as 0.515 in plant samples. Lead wastdd in the range of 0.37 mg/kg in
plant samples while chromium was detected as h29%&g. These results may indicate the

long term bioaccumulations in the plant samples tdugollution sources at this sampling

location.
Heavy metal concentration in Plants in August 2007
0.7 _
0.6 | @ Unit
2 051 — BAS
()}
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0
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Sampling locations

Figure 4-23: Heavy metals concentration in plantamples in August 2007
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This could be due to pollution sources from solakte, untreated domestic sewage, waste
water discharge from the commercial areas neatbytlre river stream and this location is

also near a busy road.

Arsenic content in plant samples was found to leehilghest. At sampling location W-11,
arsenic was present in the range of 0.175 mg/kglant samples while in water sample
arsenic was detected at 8.33 ppb. Cadmium was etettgéd in August, chromium was
detected at 0.155 mg/kg and lead was detecte@atn@g/kg at the significance level. This
sampling location W-11, tributary from Jalan Temflandang is fully surrounded by

many industries which had caused the high levélkeaivy metal content.

Fig 4-24 shows the discharge from the metal ingusto the river at sampling location W-

11.

Fig 4.24 clearly shows the discharge from the neaghalvanizing metal industry

contributed to this significant level of heavy metancentrations at this location.
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At sampling location W12, arsenic content in plsamples was reported to be 0.58 mg/kg
(Table 4-25). Cadmium and Mercury were below d&sectimits in plant samples.
Chromium was detected at 0.490 mg/kg while lead wase reported in the range 0.210
mg/kg from Table 4-25. W-12 sampling location waavily polluted with all kind of solid
wastes from sewages, household products, plastatew&itchen wastes, and untreated
sewage from Indah Water and hence contributes heallytion to the river as discussed in

section 4.2.2.1. The pollution level at location?®can be seen in Figure 4-22.

4.2.2.3 Heavy metals analysis in fish samples ie@@ember 2007

The average results for fish samples collectecept 3007 are summarized in Table 4.26

Table 4.26: Average Results of Fish Samples fote$eper 2007

Locations As Cd Cr Pb Hg
mg/kg mg/kg mg/kg mg/kg mg/kg
W1 <0.05 <0.05 <0.05 <0.05 <0.05
W2 <0.05 <0.05 <0.05 <0.05 <0.05
W12 0.064 0.097 0.344 0.069 <0.05

Table 4-26, shows that there were no heavy mettiscted in fish samples at sampling
location W-1 and sampling point W-2 in Septembed720V-1 and W-2 sampling locations
are in upstream and also this is a recreational aiesre activities like fishing or camping
taking place, Therefore, there were is significafeeel of heavy metals detected. The
heavy metal contents are expected to increaseeasvier flow to into the high density

populated urbanized TTDI Township. The river quasitarted getting deteriorated due to

various pollution sources such as domestic sewadestrial discharge and solid waste.
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Heavy Metal Concentrations in Fish Samples in
September 2007
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Figure 4.25: Heavy metals concentrations in fishigas in September 2007

At sampling location W-12, As, Cd, Cr, and Pb wdetected except mercury. Chromium
was detected slightly significant level at 0.344/kgg Arsenic at 0.064 mg/kg, cadmium
0.097 mg/kg and lead detected at 0.069 mg/kg $lighibove than the detection limit.
However the heavy metal content in fish samples slightly lower than the month of
August except for chromium which was slightly high€he lower level in the heavy metal
content in fish samples could be due to the weatbedition whereby raining season tend

to dilute the heavy metal level in water samples.

Figure 4.25 shows the fish sample results in SeipeerR007. At sampling location W-12 as
discussed in the section 4.2.2.1, there were mamnycss of pollution at this sampling
location. This sampling point was fully dumped wath kinds of wastes including metallic,
plastic, organic, sewage wastes and the leachai@ssolid waste could cause the results to

be detected at significant level.
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4.2.2.4 Heavy metals analysis in plant samples $eptember 2007
Similar to the month of August, September sampte®ylts also shows that sampling point
W-1 and W-2 do not have significance levels of lyeawtals as these two sampling

locations are at upstream.

Table 4.27: Average Results of Plant Samples fptedaber 2007

Locations As Cd Cr Pb Hg
mg/kg mg/kg mg/kg mg/kg mg/kg
w1 <0.05 <0.05 <0.05 <0.05 <0.05
W2 <0.05 <0.05 <0.05 <0.05 <0.05
W9 0.405 <0.05 0.210 0.310 <0.05
W11 0.190 <0.05 0.165 0.635 <0.05
W12 0.750 <0.05 0.430 0.170 <0.05

Heavy Metals concentration in Plants in September 2 007
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Figure 4-26: Concentration of heavy metals in @antSeptember 2007

At sampling location W-9, lead was detected as @nglkg in plant samples and the same
trend of results were obtained for the plant saspie August. This could be due to
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pollution sources from solid waste, domestic sewaggestewater discharge into the river
stream. An arsenic result at W-9 was 0.405 mg/kgy madicate the long term
bioaccumulations in the plant samples due to gotusources. Chromium was reported as
0.21 mg/kg cadmium and mercury were below detediioits in sampling locations as

same W-9 as in August sampling.

At sampling location W-11 only plant samples weodlected and analyzed. Cadmium and
mercury results were detected below detection dinfirsenic was reported at 0.190 mg/kg
in plant samples. Chromium was reported at 0.16%kgngn plant samples. Lead was
reported at 0.635mg/kg in plant at significant levéhis could be due to industrial
discharge let in to the river from nearby industrigt sampling location W-11. This
sampling location is fully surrounded by industreslea. At sampling location W-12,
arsenic was reported at 0.75 mg/kg. It is obsetlhiat plants sample results for arsenic are
higher compared to fish sample results. Cadmiudnaercury were below detection limits
in plants samples. Chromium was detected as 0.4Bgmg plant samples and lead was
reported as 0.17 mg/kg. This sampling location @&ntioned earlier is a area which is

heavily polluted with domestic sewage, kitchen wasinetallic and organic wastes.

4.2.2.5 Possible Bioaccumulations of heavy metatsfish and plant samples
Water samples were analyzed for heavy metals tqpatenthe bioaccumulations factor of
the heavy metal studied. Bioconcentration Factd¥) (fers to a constant proportionality
between the concentration of a chemical in the rasgas and in its external medium,
(Sadiqg, 1992). The Bioaccumulations factor (BF) walsulated as below:

BF = Concentration in organism
Concentration in the medium
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Table 4-28, shows the water samples analysis seBolin ICP MS. At sampling locations
of W-1 and W-2 there are is significant level efalry metals detected and hence there is

no significant heavy metal was reported for fisll quant samples. Table 4-29 and 4-30

shows the summary bioaccumulation factor in fisth plant samples.

Table 4-28: Heavy metals level in water samples #ugust and Sept 2007

Location As (ppb) | Cd (ppb Cr (ppb Pb (ppb) Hpl{p
W-1 Aug <1.0 <1.0 <1.0 <1.0 <1.0
Sept <1.0 <1.0 <1.0 <1.0 <1.0
W-2 Aug <1.0 <1.0 <1.0 <1.0 <1.0
Sept <1.0 <1.0 <1.0 <1.0 <1.0
W-9 Aug 42.5 <1.0 1.2 2.1 <1.0
Sep 57.6 <1.0 1.8 <1.0 <1.0
W-11 Aug 8.33 <1.0 2.3 2.6 <1
Sep 11 <1.0 3.3 <1.0 <1.0
W-12 Aug 18.1 <1.0 2 2.8 <1.0
Sep 21.3 <1.0 2.2 <1.0 <1.0
Table 4-29; BF of heavy metals for fish samples iBungai Pencala
Location As Cd Cr Pb Hg
w1 Aug - - - - -
Sept - - - - -
W2 Aug - - - - -
Sept - - - - -
W12 Aug 4.77 - 147 49.5 -
Sept 2.76 - 172 - -
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Table 4-30 : BF of heavy metals for plant samplesiSungai Pencala

Location As Cd Cr Pb Hg

w1 Aug - - - - -

Sept - - - - -
w2 Aug - - - - -

Sept - - - - -
W9 Aug 12 - 250 185 -

Sept 7.1 - 105 - -
W11 Aug 21 - 80 83 -

Sept 17 - 55 - -
W12 Aug 32 - 245 70 -

Sept 35 - 215 - -
4.2.2.6 Arsenic bioaccumulations

At sampling location W-9, arsenic level in watemgde was 42.5 ppb while in plant
samples was as 0.51 mg/kg. Arsenic shows the hioagations mechanism by a factor of
approximately 12 times as this location is mainlggunded by commercial area and this is
a main road where heavy pollution sources fromvitacles and automotives is observed.
At Sampling location W-11 arsenic was detected.d8 Bpb in water and was 0.175 mg/kg
in plant sample with Bioaccumulations ratio of appmately 21 times and this location is
fully surrounded by many industries. Arsenic levetsitributed to the river could be from

the industrial operation.
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At sampling location W-12, which is a tributary fnoSg Way, 18.1 ppb of arsenic was
reported in water samples and in fish and plantewetected as 0.086 mg/kg and 0.58
mg/kg respectively. Household wastes from the sumdong residential area cause the
arsenic values to be high. The bioaccumulationsfdor fish samples is approximately 5
and for the plant samples approximately 30 times.

In September at W-9, arsenic results in water samals reported to be 57.6 ppb and in
plant samples arsenic was found to be 0.405 mg/kighwshows the bioaccumulation
process in the plant samples has occurred by trectiumulations factor of 7 times from
the water samples to plant samples. Arsenic coratgis at sampling location W-11 was
shown to be 11 ppb correspondingly in plant samplegas 0.19 mg/kg by magnifying
factor of 17. At sampling location W-12 , the contration of arsenic was shown as 21.3
ppb , plant and fish samples results were 0.75 ghgikd 0.064 respectively. In plant
sample the Bioaccumulations factor was 37 andsh §ample was only 3. There are no
systematic correlation in arsenic bioaccumulatioasvwobserved between the sampling

points and the samples because of the type pladtfish species.

Bioconcentration factors (BF) in freshwater invereges and fish for arsenic compounds
are lower than for marine organisms (EHC 224, 200@) general, bottom feeders
accumulate more As in their soft tissues than tisbeE. Bioaccumulations of As is
influenced by the route of uptake by aquatic orgiasi. Direct uptake which is absorption
by gill tissues is more dependent on concentratianthe external media than indirect
uptake. As accumulation is influenced by its comiions in the water itself, especially in

organism that utilize gill tissue as the main rdotenutrient uptake (Humtsaat al.,2007).
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4227 Lead Bioaccumulations

Lead was reported as 2.1 ppb in water sampleanaplghg location W-9, the level in the
plant was 0.37 mg/kg at a significant level witle thioaccumulations factor of 185 times.
At W-11, the lead value in water sample was repbate 2.6 ppb and in plant samples lead
reported as 0.25 mg/kg with 125 times bioaccumaatAt W-12 the lead value in water
sample was reported as 2.8 ppb similar to W-11 thedfish and plant samples were
detected as 0.099 mg/kg with 30 times of bioaccatan factor and 0.21mg/kg with a
bioaccumulation factor of 70 times respectivelygufes 4.6 and 4.7 show the comparison
between water sample results and both fish andt ptaesults that shows the

bioaccumulations process had taken place at W9, avid W12 sampling locations.

In September at sampling location W-1 and W-2,gheere no significant levels of heavy
metals were detected. At sampling location W-9¢d leancentration at all locations, W-9,
W-11 and W-12 were not detected in water samplestallneavy rain before sampling. But
the plants samples were detected for lead at W®3smg/kg, W-11 as 0.635 mg/kg and
W-12 as 0.17 mg/kg. The lead results show sigmtigahigher results in plant at all

sampling locations.

4228 Cadmium Bioaccumulation

From the Table 4-28, cadmium was not reported &t @ginthe sampling points. Plant
samples taken from W-9, W-11 and W-12 cadmium teswkre reported less than the
reporting limit. But in fish sample taken from tlsampling location W-12 shows the

cadmium value as 0.099 mg/kg at very low levelhaitgh cadmium was below detection
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limit in water samples, fish sample showed cadmasr0.09 mg/kg, which indicates that
the bioaccumulation process occurred at this §agpocation. Cadmium was also not
reported in any of the sampling points in Septen@7 (Table 4.6). In plant samples
taken from W-9, W-11 and W-12 cadmium results wegorted less than the reporting
limit. But in fish samples at W-12 shows the caadmidetected at 0.097 mg/kg very low
level. Although cadmium was below detection linmtwater samples, fish sample showed
cadmium at 0.097 mg/kg, which indicates the bioaudations process, occurred in this

sampling location.

4229 Chromium Bioaccumulations

Chromium was detected as 1.2 ppb in water samfpigalg higher than the detection limit
at sampling location W-9 and it was reported a$®.&hg/kg in the plants by a factor of
approximately 200 times and confirms the Bioaccwtiohs at this sampling location in
the month of August. The concentration of chromisould be due to the industrial
discharge from the surrounding industries and esgidl area. At sampling location W-11
the chromium value in water sample was 2.3 ppb &d®in plant samples was 0.155
mg/kg with a bioaccumulation factor of approximgt@D times. At sampling location W-
12 in water sample chromium was reported as 2.0vgpdreas in plant and fish samples
were reported as 0.490 mg/kg and 0.294 mg/kg réspcwith the factor of 250 and 150
respectively. Bioaccumulation ratio shows high leanps sample compared to fish samples.
In September, chromium was detected as 1.8 ppbtisligigher than the detection limit at
sampling location W-9. Chromium was reported implsamples as 0.210 mg/kg while in
water samples as 1.82 ppb which is about 100 tieegcumulations. These results clearly

indicates that there are bioaccumulation of heaeyafs in aquatic organisms. At sampling
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location W-11 only plant samples were analysedo@limm was reported as 0.165 mg/kg
in plant samples and in water samples as 3.3 ppbhwh by a bioaccumulation factor of
50. At sampling location W-12, fish and plant sagsplvere collected in September,

Chromium was detected at 0.43 mg/kg in plant sasn@ial in fish samples it was reported

at 0.344 mg/kg whereas in water samples chromiusdetected at 2.2 ppb level.

4.2.2.10 Mercury Bioaccumulation

Mercury was not detected in any of the samplingisoin water samples and also in both
plant and fish samples. Mercury bioaccumulatiomglthe foodwebs, principally based on
cumulative transfers of the methylated form of thetal (monomethylmercury, MMHg),
can lead to extremely high concentrations in pm@us species at the top of the trophic
networks (Boudou and Ribeyre, 1996; Mosetl al., 1998; Wieneret al., 2003) and to
considerable mercury burdens in the whole fish laisen For example, mass balance
determination for total Hg and MMHg in the LittleoBk Lake (Wisconsin, USA) shows
that among the different biotic pools (seston, faaton, fish), the amount of mercury
accumulated in fish is equivalent to about 65%hef tiotal mercury estimated in the water
column; for MMHg, the amount in fish is 4.7 timesegter than in the whole water

compartment (Watrast al.,1994).

4.2.3 Comparison of Bioaccumulation of heavy metah fish and plant samples

Figures 4-27 & 4-28 show the comparison of heavyahr@ntent in water, fish, and plants
to be correlated with the Bioaccumulations prodesthe aquatic organisms in the river

system in August and September sampling months.sysiematic comparison is difficult
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for heavy metals bioaccumulations of the SungaicRkn not only because of habitat
diversity, but also because of incomplete inforomattollected. From the column graph, it
can be seen that at sampling location W- 12 in Batfjust and September months have the
highest heavy metals constituents in plant sampMest of the heavy metals been detected
except for mercury. However there is no systemaicrelation was observed for

bioaccumulations factor on different heavy met#tilddepends of the habitat and aquatic

species of the river.
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Figure 4-27, The comparison of concentration etats in different types of samples in

August 2007 sampling period
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Figure 4-28, The comparison of concentration ofaisein different types of samples in

September 2007 sampling period

4.2.4 Bio-concentration Factor

Tables 4-29 and 4-30 show the summary bioconcemtrédctor in fish and plant samples.
Heavy metal concentrations were compared acrosse thcations for fish samples and five
locations for plant samples. In fish samples, ab@ang location W-1 and W-2, all the

heavy metals were reported below detection limit.85 mg/kg. At sampling location W-

12 , BF of arsenic was found to be 4.77 and 2.#6Aogust and September months
respectively. Lead was found to be 49.5. Cadmiuih mercury was not detected at all
sampling locations. However, there was no condigtatiern of factors were obtained for
fish samples and plant samples. The highest facagrobtained for chromium at sampling
location W-12 as 147 and 172 for August and Sepsemispectively where the pollution
sources are at maximum level and are discussesttios 4.2.2.1.

It is observed that the BF obtained for plant s&®plre higher than fish samples.
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For plant samples at W-12, Arsenic factors wereaB@ 35 for August and September
months respectively. For chromium 245 and 215 andefad it was 70 for August. BF for
plants was reported high when compared to fish &sng may due to its absorption rate
and constant exposure and absorption of heavy snigtah the water media. Whereas the
fish samples keep moving in the aquatic systemetbee the absorption rate also may be
different depending on the concentration at theiqdar locations. Generally, aquatic
plants can accumulate high amounts of heavy mebalsuch a way, they reflect the
toxicity of the water environment, and may serveaasool for the biomonitoring of
contaminated waters (e.g. Wang 1991, Savatle. 1995, Ravera 2001, Zuragk al 2001,
Cardwellet al 2002). Different accumulation abilities of speximore or less depend on
individual plants; nevertheless, some studies pwnbut differences between the groups,
e.g. submerged and emergent species (Szymanosish 1999, Al-Saadiet al 2002,

Cardwellet al 2002).

Comparison of the heavy metal concentrations instlidied plants and fish, it was
observed that highest variability for the chromiumth the maximum of 250 times bio
concentration factor at location W-9 in plant saesplAt W-9 arsenic BF was 12 and 7.1
for August and September months respectively. lBRadvas 185 in August. At sampling
location W-11, arsenic factor was 21 and 17 for ésigand September respectively. For
chromium, it was 80 and 55 and for lead it was@3lie month of August.

There was no consistent correlation was observékeinwo months sampling results. The
heavy metals concentration of aquatic plants astte8 apparently indicates different extent

of pollution levels of Sungai Pencala
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The concentrations of metal in aquatic organisnmg kacause they reflect the net effect of
two competing process, that of uptake and of demmraThe balance between these two
process will depend upon the ambient water conagoirs and the relative rates of the two
processes. It also affected by a number of facteingch may introduce a seasonal pattern
of variation. Seasonal variations in the physiatagicondition of aquatic organisms
primarily arise from the reproductive cycle and s in growth rate (Molles Jr, 2005).
The reproductive cycle involves the maturation bé tgonads and gametes and then
spawning. These involve substantial changes irb#iance within the organism between
proteins, lipids and carbohydrates as well as bodyght, water content and general
condition of the organism. Period of fast growtle associated with reducing metal
concentration in tissues. Low growth results ir@asing tissue concentrations. There need
be no change in the total body burden for theseceffto be evident. These relationships

resulting in seasonal variations in tissue conegioins (Mance, 1987; Mason, 1996).
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4.3 Solid Waste Characterization at Sungai Pencala

4.3.1 Results and discussions

The sampling activities took placed for three manthJuly, September and October 2007
to determine the major solid waste categories ptegeeach sampling point. Due to the
time constrains only four categories of solid wasiald be determined during the sampling
activities which were plastic, metal, paper andaaig solid wastes. The results for each
month (in percentage) obtained for the four sangppoints at Sungai Pencala for the four
solid waste categories are shown in table 4-3138.4The average result is shown in Table
4-34.

Table 4-31: Percentage of Solid Waste Compositiaiuly 2007

Sampling
Point W-2 W-9 W-11 W-12
Category
Percentage (%)
Plastic 80.0 8.1 71.3 24.6
Metal 0.0 0.0 2.9 0.5
Paper 20.0 1.6 8.1 2.9
Organic 0.0 90.3 17.7 72.0
Total 100.0 100.0 100.0 100.0
Table 4-32: Percentage of Solid Waste Compositiddaptember 2007
Sampling
Point W-2 W-9 W-11 W-12
Category
Percentage (%)
Plastic 99.5 1.7 87.4 23.7
Metal 0.5 77.4 0.0 15.5
Paper 0.0 11.5 2.8 1.4
Organic 0.0 9.4 9.8 59.4
Total 100.0 100.0 100.0 100.0

156



Table 4-33: Percentage of Solid Waste Compositic@dtober 2007

Sampling
Point W-2 W-9 W-11 W-12
Category
Percentage (%)

Plastic 98.5 1.1 54.6 25.3
Metal 1.5 0.0 39.9 1.0
Paper 0.0 0.0 0.0 44.2
Organic 0.0 98.9 5.5 29.5
Total 100.0 100.0 100.00 100.0

Table 4-34: Average Percentage of Solid Waste Caitipo from July, September, and
October 2007

Sampling
Point W-2 W-9 W-11 W-12
Category
Percentage (%)
Plastic 92.6 3.6 71.1 24.5
Metal 0.7 25.8 14.3 5.7
Paper 6.7 4.4 3.6 16.2
Organic 0.0 66.2 11.0 53.6
Total 100.00 100.00 100.00 100.00

4.3.2 Solid Waste Composition at sampling Point V2

Figure 4-29 shows the location of sampling poinfater KLGCC before Rimba Kiara).
Figure 4-30 to Figure 4-32, show the percentagesobfl waste present at this sampling
point in July, September and October 2007. Tab8t 4hows the average percentage of

each categories of solid waste.
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Figure 4-29: Location of Sampling location No W-2
Based on the sampling activities carried out iry J8eptember and October 2007, plastic
solid waste was the major solid waste presentiatidlsation with 80, 100 and 98 percent
respectively and an average of 92.6%. Organic seéidte was not found here during the
three sampling activities. The geographical locabbthis sampling point which is situated
at the upstream of Sungai Pencala may have infagetiee types of solid waste found. The
stream which yet to flown through highly urbanizedidential, industrial and commercial
areas showed the least or no percentage of pagamnio and metal solid waste. Figure 4-

29 shows the sampling point W-2 to illustrate tisribution of solid waste.

W-2 After KLGCC before Rimba Kiara

—— .
m Metal

Paper
Organic

Figure 4-30: Solid waste composition for July 2@dBampling point W-2.
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Figure 4-31: Solid waste composition for Septen#iiy7 at sampling point W-2.
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Figure 4-32: Solid waste composition for Octobed2@t sampling point W-2.

From the figure 4-31 and 4-32, it is clear thasptawaste was dominant at this point and it
may be due to human activities like camping, fighor jogging activities at the Rimba
Kiara Park. During heavy rainfall solid wastes teéadbe flushed into river stream and seen

to be floating on the river.
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4.3.3 Solid Waste Composition at sampling Point V@
Figure 4.33 shows the location of sampling pointOWa Tributary from Taman Aman).

Figure 4-34 to Figure 4-36 show the percentagesobfl waste present at this sampling

point for July, September and October 2007.

Figure 4-33: Compartment of motorcycle found at jglamy point W-9
was classified as metal solid waste.

Metal
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Figure 4-34: Solid waste composition for July 2@ 3Bampling point W-9.
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Figure 4-35: Solid waste composition for Septen#t¥)7 at sampling point W- 9.
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Figure 4-36: Solid waste composition for Octobed2@t sampling point W-9.

Organic solid waste was found to be the major seldte present at this location in July
and October 2007 sampling activities with 90 andp@®cent respectively. Metal solid
waste was not found during these two months. Howeltging September 2007 sampling
activity, a compartment of motorcycle made of metaks found to be thrown along the
bank at this point (refer to Figure 4-33) thus cidwiting a lot to the total mass of solid
waste at this stream making metal as the majod sediste with 78 percent. Other solid
waste (paper and plastic) was only found at mininpemcentage during the three sampling

times. Sampling point W-9 is surrounded by resi@dérmirea and nursery which is located
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just beside the stream. This might be the reasonamanic solid waste such as food and
yard waste was found to be very high here. Propid svaste handling and collection

provided by Petaling Jaya City Council may be thaspn why paper and plastic solid

waste was least found here.

4.3.4 Solid Waste Composition at sampling Point VL1
Figure 4-37 shows the location of sampling point {4 Tributary from Jalan
Templer/Tandang). Figure 4-38 to Figure 4-40 shiogvgercentages of solid waste present

at this sampling point for July, September and Get®007.

Figure 4-37: Sampling location W- 11 Plastic wastes industry dumped near the sides
of the river.

162



Organic
18%

- = Plastic
= Metal

Paper

Organic

Figure 4-38: Solid waste composition for July 2@@Bampling point W-11.
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Figure 4-39: Solid waste composition for Septen#t¥)7 at sampling point W-11.
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Figure 4-40: Solid waste composition for Octobed2@t sampling point W-11.
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During sampling activities done in July, Septeméed October 2007, plastic solid waste
was the major solid waste present at this locatidh 71, 87 and 54 percent respectively
and with an average of 71 percent. Organic solistevavas the second highest for July and
September sampling with 18 and 10 percent and dsedeto only 6 percent in October.
Average organic waste percentage was 11 percentl idelid waste was the least type
found in July and September 2007 (3 and O perdeuit)increased dramatically to 40
percent in October thus recorded a 14 percentenage. Canned food and beverages were
the common metal solid waste found in this montapd? solid waste was less than 10
percent for all the three sampling times. This dargdocation is situated at Jalan Templer
and is well known for its industrial activities. dtaries were found alongside the stream
and may become the major contributor of solid wéstad at this location. Figure 4-37
shows some packing materials and plastic wastepédmalong the river side of the stream
which are evidence of the industrial operations &melse will eventually be flushed
downstream during heavy rainfall. It was also redithat there were some food containers,
plastic bottles and polystyrene packaging mateflaling on the stream that contributed
to high plastic waste during the three months sampberiod. Small village and wet
market which situated nearby may also have cortegibto high percentage of plastic waste.
Trading activities that involved plastic in a hug@ount worsen the situation. This plastic
and other solid waste often end up in the streaentdpoor facilities provided by the city

council.
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4.3.5 Solid Waste Composition at Sampling Point W12
Figure 4-41 to Figure 4-43 show the location of glmg point 12 (Tributary from Sg Way)
and their solid wastes pollution. Figure 4-44 tgufe 4-46 show the percentages of solid

waste present at this sampling point for July, Seber and October 2007.

Figure 4-41: A scene at sampling point W- 12.

Figure 4-42 Differdppes of solid waste at sampling point W- 12
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Figure 4-43: A dead rat floating on the streameatging point W- 12
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Figure 4-44: Solid waste composition for July 2@d3Bampling point W-12.
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Figure 4-45 Solid waste compositions for Septen2®€7 at sampling point W- 12.
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Figure 4-46: Solid waste composition for Octobed2@t sampling point W-12.

The geographical location of this sampling poinickhis the most downstream of Sungai
Pencala made this location abundance with solidtevas shown in Figure 4-42. The
stream had flown through industrial, commerciakidential and even squatter's areas
before entering this sampling point. This samplpoegt is also located close top residential,
commercial and industrial areas where houses, \agkets, restaurants and school located
just beside the river. From Figure 4-43, it coud deen that dead rat and dead fish were
thrown into the stream which causes organic wastbet higher at this point. Organic
wastes varies from 1.4 kg to 2.3 kg which considibod, rubber, clothes and yard waste
were mostly the major types of solid waste foundtf@o consecutive sampling times in
July and September with 71 and 60 percent resgdgtiVhese food wastes most probably
come from restaurants or housing area where thepatds tend to throw away their food
wastes conveniently into the stream. These figaigsificantly decreased to 29 percent in
October may be due to the rain episode duringtilme as well as the active degradation

process due to the conducive temperature and phkdieavily polluted river. Plastic solid
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waste recorded constant percentage with 25, 24 l&nghercent respectively for each
sampling times. Metal solid waste was high duriegt8mber sampling (15 percent) while
the other two months only it was recorded as 1gquegrdPaper solid waste was the least
types found in July and September but increasechatieally and became the major solid
waste found in October sampling with a value ofp&scent. The occurrence of boxes in
abundance in the stream during October sampling beajrom the activities at the wet

market and commercial areas located nearby.

4.3.6 Types of solid waste identified at the fourasnpling locations

4.3.6.1 Plastic Solid Waste

Plastic solid waste such as plastic bag, bottle potystyrene canbe harmful to

environment as it cannot be degraded. Plastic bagXample took more than 100 years
before it can be fully degraded (Mohkeri, 2006)bl€a4-35 shows the percentages of
plastic solid waste found at each sampling locataring the three sampling times. The

general trend of plastic solid waste is shown guFe 4-47

Table 4-35, Plastic solid waste percentage fon @aanth at each sampling point

location| W-2 | W-9 | W-11| W-12
Percentage (%)

July 80.0 8.1 71.3 24.6
Sep 99.5 1.7 87.4 23.7
Oct 98.5 1.1 54.6 25.3
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Plastic composition

100.0
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60.0+
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Locations

Figure 4-47: General trend of plastic solid wasteaeh sampling location.

Plastic solid waste was the most common type ofl sehste found in Sungai Pencala. At
each sampling point in each month of sampling,tigaslid waste never fail to occur. In
fact, at sampling location W- 2 and W-11, plastiaswthe major solid waste identified.
Plastic bag, bottle and polystyrene were the nymss of plastic solid waste found. Plastic
often ends up in the stream as a result of humafigeace and lack of awareness that

plastic might be harmful to aquatic life.

From the Figure 4-47, it can be noted that locatigr2 and W-11 seem to have higher
percentage of plastic waste content with a valu@206 at W-2 and 71.0 percent at W-11.
Sampling point W-2 which is near KLGCC and Rimbaid park may involved human
activities like fishing, jogging and camping whidcgsulted in plastic wastes accumuling on
the surface of the stream. Sampling point W-11, ciwhis a tributary from Jalan
Templer/Tandang, is surrounded by industrial arehtherefore the plastic wastes could
have originated from the industrial operations. sAimpling location W-9a tributary from

Taman Aman only 3.6 percent plastic waste was ciglte This area falls under Petaling
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Jaya City Council. There were no significance dbntions of plastic waste at sampling
location W-9. At sampling location W-12, which ist@butary from Sungei Way, 24.6
percent of plastic solid waste was collected ancbitld be from the residential area. At
each sampling trip, it was observed that plasticstejarubber materials, and some
household items were thrown along the sides ofstream and during heavy rain fall all
these wastes would be flushed in to the river andstagnated onto the river.

Depending on their form they can either be ingestgdhe aquatic life, causing internal
organ failure, or they can cause a slow stranguiafNewton, 1990). The abundance of
plastic in the river or stream is harmful to aqodtabitat and wildlife, and in turn affects
land-based ecosystems. In the 1980s it was estintiadt plastic rubbish caused the deaths
of over 100,000 aquatic mammals and sea turtlesaain the North Pacific alone. Plastics
have been found in the digestive tracts of over di¥ries of seabirds. In fact, by 1998, the
Marine Mammal Commission (MMC) reported that maritedris had affected at least 267
animal species around the world. Over time, plastgaks down into increasingly smaller
pieces, eventually forming a plastic dust that rhayconsumed by filter feeders and enter

the food chain. This has potentially negative cqusaces to our health (MMC, 1998).

4.3.6.2 Metal Solid Waste

Metal solid waste can be in the form of ferrous) ferrous and bimetallic (GVRD, 2003).
According to Mohkeri, 2006 from Global Environme@entre (GEC), metal or to be
precise beverage tin took 200-500 years to degr@ak.drink and food container are the
best example of metal solid waste. These typeseatalmvere commonly found in Sungai
Pencala during three sampling activity. At samplogation W-9 in September sampling, a
part of motorcycle body was found in the streansta®swn in Figure 4-33, thus making it

the major solid waste found in that particular nfont
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Table 4-36 and Fig 4-48 shows the general trentheftial solid waste at each sampling

point at three sampling times.

Table 4-36: Metal solid waste percentage for eachtmat each sampling point

Locations] W-2 | W-9 | W-11 [ W-12
Percentage (%)

July 0.0 0.0 2.9 0.5
Sep 0.5 77.4 0.0 15.5
Oct 15 0.0 39.9 1.0

Metal Composition

80.0+

70.0

60.0 -

Percentage 50.04
(%) 40.04 0 July
30.0+ B Sep
20.0+ O Oct

Ny t
0.0-
W-2 W-9

W-11 W-12

Locations

Figure 4-48: General trend of metal solid wasteaath sampling location

At sampling location W-2 (after KLGCC before RimbBaara park) there was only an
average of 0.7 percent metallic waste collectedlodation W-11, a tributary from Jalan
Templer/Tandang, there was 14.3 percent of metalliste such as soft drinks can, which
was thrown into the river and it could be due tgiaper disposal or negligence of
industrial workers. Sampling location W-12, a ttémy from Sungei Way is mainly
surrounded by residential area, restaurants andnesaml activities. The major metallic

waste found here were soft drinks cans and someehold containers and this could be
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the reason for 5.7 percent of metallic waste a lication. Metal material itself might be

hazardous to aquatic life due to chemical leachirtlyis material into the stream.

4.3.6.3 Paper Solid Waste

Newsprint, wax paper, paper and magazine are pestgf paper solid waste that end up in
the river or stream. Paper solid waste, howevely ¢tmok approximately 3 weeks to
degrade thus it may not have significant impacttio& environment including stream.
Table 4-37 shows the percentage of paper solidenaiseach sampling point during the

three sampling times. The general trend is showsigare 4-49.

Table 4-37: The percentage of paper solid wastedoh month at each sampling point.

Locations] W-2 | W-9 | W-11 [ W-12
Percentage (%)

July 20.0 1.6 8.1 2.9
Sep 0.0 11.5 2.8 1.4
Oct 0.0 0.0 0.0 44.2

Paper Compostion

45.0
40.0
35.04

30.0 4
Percentage 25.0

(%) 20.0
15.0+
10.0+

5.0
0.0-

a July

® Sep
% —

W-9 W-11 W-12

Locations

Figure 4-49: General trend of paper solid waseaah sampling location
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Paper wastes were found to be minimal at all samgplocations except at sampling
location W-12. A total of 44 percent paper waseaxdikd in October which was the highest
reading ever recorded. This sampling point is ledatt residential area where there is high

possibility that the paper wastes originated frbm housing area.

4.3.6.4 Organic Solid Waste

Organic solid waste is anything solid which haveboa constituent in it. Food, garden or

yard, rubber and wood pallet are the example chmigsolid waste. Table 4-38 shows the
results of three sampling times. Figure 4-50 shinveggeneral trend at each sampling times.

Table 4-38: Organic solid waste percentage for @aghth at each sampling point

Locations] W-2 | W-9 | W-11 [ W-12
Percentage (%)

July 0.0 90.4 17.7 72.1
Sep 0.0 9.5 9.8 59.4
Oct 0.0 98.9 5.5 29.5

Organic wastes compostion

100.0

80.0+
60.0- @ July
Percentage (%) 40.01 ® Sep
20.01 0O Oct

0.0-

W-9 W-11

Locations

Figure 4-50: General trend of organic solid wasteagh sampling location
Figure 4-50, indicates that there are minimumtoution of organic waste from

sampling location W-2 as this location is very neaKLGCC and park area where proper
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maintenance at these locations could resulted thiemam organic wastes. Location W- 11
( a tributary from Jalan Templer/Tandang) with higtustrial activity was found to have
minimal generation of organic wastes, whereas mp$iag location W-9 ( a tributary from

Taman Aman) organic wastes was recorded to besdtitfhest with a value of 66 percent.
This could be due to the disposal of food wasteslatthen wastes from the surrounding
residential area. The same situation goes to samptication W-12 (a tributary from

Sungai Way) where this sampling point is surrounddresidential and restaurants.
Average of 53 percent of organic wastes was calteet this location. Figure 4-33 shows
the dead rat found to be floating on the streams pitture was taken at location W- 12
during September 2007 sampling. Kitchen waste attér food like fish and fish wastes
were also collected during sampling. These areptissible sources of high level organic

wastes at these two locations.

Organic waste which is one of the common solid east Malaysia can cause chemical
and biological impacts on rivers and streams (Maygountry Report 2001). Among the
many impacts are interfering with the establishmehtaquatic plants, affecting the
reproductive behavior of fish and other animalsg] dapleting the dissolved oxygen levels
as the wastes decompose (Chiras, 1998). The BODbwilhigher as well due to the
leaching of organic materials from the solid watasoff, 1997). A good example is food
waste where it contains organic material, whenremgehe surface water the contents will

leach out.
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4.4 Correlation between water quality parameters
Figure Shows 4.-51, Correlation between chemicgger (COD) and biological oxygen
demand results for water samples analyzed. Theséatas to have good correlation and

the R-square value (correlation coefficient) ondhart is 0.843.

Correlation between COD & BOD

350

300 e

250 y-=0.4457x Ad
> R®=0.843,
£ 200 /
S 150 -
@ /‘{

100

50 *
O T T 1
300 400 500
COD mg/L

Figure 4-51 — Correlation between COD and BOD fatew samples

Figure 4-52, shows that total suspended solids 888 chemical oxygen date does not

correlate much as the R square value is 0.1704r&dbehe conductivity and total

dissolved solid shows good correlation as R squailes 0.9773.
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Figure 4-52 — Correlation between COD and TSS fatewsamples

Correlation Between Conductivity & TDS
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Figure 4-53 — Correlation between conductivity amb for water samples
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Correlation between BOD & NH3N
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Figure 4-54 — Correlation between BOD and ammothiait@gen for water samples

From the figure 4-54, shows negative correlatiomnveen BOD and ammoniacal nitrogen

as the R square values is found to be — 0.8914.

177



CHAPTER 5

CONCLUSION AND RECOMMENDATIONS

51 Conclusions

The purpose of this study is to determine the watgality of Sungai Pencala and to
identify the concentration of selected parametisgSungai Pencala. 14 sampling points

were selected to represent the water quality ob8uRencala.

The study measures water quality for a 12 month#geor fourteen locations along
Sungai Pencala. In addition to water quality patanse the study includes detailed
background information about the solid wastes am@ddzumulation on aquatic habitat

because this links to the chemistry signature efathvironment.

From this study, it is found that the concentration most of the selected parameters were
high at sampling points which was located neadesgial areas and industrial areas (point
W-11 and W-12) for TSS, TDS, NHN, BODs, COD, conductivity and E Coli. Meanwhile
the lowest level of pollution was observed at sangppoints upstream of the riveri.e  W-

1 and W-2.

Temperature, pH and conductivity of Sungai Pencakxe falls under class | of DOE
Standard. Dissolved Oxygen concentrations fall urodiess Il for some of the sampling

points W-3, W-9, W-11 while W-12 falls under cld¥s
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The turbidity concentration of Sungai Pencala faksler class Il of DOE Standard and
only sampling point W-1 falls under class I. TSSSaingai Pencala falls under class lli
while TDS in September and November fall under<labut falls under class Il of DOE

Standard in October.

Besides that, the results of BQIZOD, DO, and TSS fall under class Il and IV smme

of the sampling points. For BOD, the upstream fatl under class Il, midstream points
fall under class Il while the downstream points tadder class IV which is not suitable for
most of activity. At point W-11 and W-12, the COBllIfunder class V due to the effluent

discharge into the stream. The result ofsNHalls under class V of DOE standard.

From these results, it can be concluded that themguality of Sungai Pencala was not
suitable for activities such as water supply andation. For upstream points the water is
suitable for recreation activities but for somenpeiat midstream and downstream are not

suitable for such activities.

From the bioaccumulation study on fish samplesjiat and W-2, all the heavy metals
were reported to be below detection limit < 0.05/kgg At sampling location W-12,

arsenic BF was found to be 4.77 and 2.76 for thethso of August and September
respectively. Lead was found to be 49.5. The higfaetor was obtained for Chromium at
147 and 172 for August and September respectivédmium and mercury were not
detected at all sampling locations. The highestofagvas obtained for chromium at
sampling location W-12 where the pollution influentere are at maximum level and are

discussed in section 4.2.1 and shown in Figure 4.3.
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For plant samples, it was observed that the BFirdxiawere higher than fish samples. At
W-12, arsenic factors were 32 and 35 for August &wmptember respectively. For
chromium 245 and 215 and for lead it was 70 for Alugust. BF for plants was higher
when compared to fish samples; it may due to itsogition rate and constant exposure and
absorption of heavy metals from the water mediarede the fish samples keep moving in
the aquatic system, therefore the absorption st may be different depending on the

concentration at the particular locations.

Based on solid wastes data, it is observed thatiplsolid waste was the major solid
waste present at the two sampling locations sealeeie which were sampling point W-2
and W-11. While organic waste was dominant at samggoint W-9 and W-12. It can be
concluded that the surrounding area and activinfsence the type of solid waste
present at those sampling locations. Organic wastesh are mostly yard waste and
kitchen wastes were found in highest percentagamapling point W-9 and W-12 where it

is surrounded by residential and commercial areas.

From these studies, it can be concluded that therideation of river water is obviously a
serious issue to be discussed. Deterioration @frmwater also causes destruction to the
aquatic ecosystem. The pollutions which originatenly from human activities namely
industrialization and urbanization put solid waste one of the main culprit towards
deterioration of river water quality. However, atls®urces including sewage and industrial

discharge also contribute towards the degradafi®@ungai Pencala.

The scenario of pollutants level in the Sungai pémshows that the river needs a better

management of the environment and the developnergravide ecosystem services,
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suitable for the support of healthy aquatic life.addition to providing better management
of Sungai Pencala, increase public awareness amhton about the significance of water

quality to our community will help to preserve teosystem.

52 Recommendations

There is a need for a better planning system tadadeterioration in the Sungai Pencala
catchments. Within the limits of this research, filllowing were concluded and

recommended from this study

Sewage should be treated to higher standards aobadtged directly into the rivers.
The establishments of these standards need fugbearch.

The high levels deterioration of the river could e to industrial discharges and
runoff from urban areas. Industrial pollution shibube controlled by stricter
regulations accompanied with enforcement.

Further systematic investigations are requirednsuee sustainable development in

the river for the betterment of man kind.
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