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ABSTRACT

An account is given of the enviromental impact of solid wastes used for reclaiming land
in coastal areas of FPenang, and of the impact of a major sewage outfall on the Western

Channel. Leaching of heavy metals was shown to b2 one of the main sources of contamination
from solid wastes. Heavy metal accumulation by the Green-lipped mussel Perna viridis L.
and juveniles of the Finfish, Liza subviridis L., used to monitor the effects of the Penang

ocean outfall, indicated contamination by most metals in particular Pb anli Zn.

The sewage outfall was also monitored for bacterial contamination and its role as a source
of parasitic dJdiseases evaluated. Recommendations for the treatment of both types cf waste
are discussed.

INTRODUCTION

in a rapidly growing community with increases in population density, the inevitable problem
of household waste trcatment occurs. Advanced countries have, to a certain degree, overcome
the prohlems of handling and processing garbage. For example, there are large incineration
plante which can lead ultimately to the generation of electricity, household winter heating
systems and the supply of hot water at minimal cost to the community. Another approach
is the use of composting plants such as that established in Heidelberg, West Germany. While
the resulting compost is quite readily accepted by the farming community as an excellent
organic fertiliser the problem of existent trace metals and unseparable glass fragments
remains.

Until recently some countries have been employing garbage waste for land reclamation. It
has, however, been found to be detrimental due to leaching of trace metals into the . natic
environmen: including underground drinking water. Nevertheless some developing co. .les
are 3till employing this short-sighted method of disposal because of the initial economic
gains. Thiz seems to be the situation in Penang, where land reclamation in coastal areas
is carried out haphazardously by dumping household garbage without the slightest consider-
ation being given towards its environmental impact and public health.

Sewage treatment is quite a problem in most countries and at times fairly costly. The pro-
cessing of such waste can be enhanced by the usage of chemicals to act as flocculents, [FeC13
Fez(sou)3. A12(Sou)3, Ca(OH5) }, by mechanical processing leading to clarifiers etc., and
by enhancing biological treatment. one such cxample of the last suited for the tropics
is the oxygen ponding system. A present trend is to have fermenters for the processing
of sewage sludge in order to obtain methane as a supplementary energy source.

The widespread practice of getting rid of household sewage to the sea assumes a tremendous
self-purifying capacity of the oceans, with their reservoir of oxygen and powers of dilution.
These assumptions show an unwillingnese to consider the problems realisticaitiy. The belief
that the sea can assimilate any amount of waste shows a total lack of understanding and
callous insensitivity towards the marine ecosystem. Sewage outfall sites may not be "biolog-
ical deserts" but the anima: and plant communitics near outfalls show obvious changes in
structure, 4iversity, abundance, disease sugceptibility and growth.{1]
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The sea can degrade what 1s cegradeable 8o long as its capacity is not overloaded. Even
in a vast ocecan, a continuous Bpot discharge may cause local overloading. A characteristic
of sewage is that pollutants tend to be discharged in concentrated "slugs" since very little
mixing occurs in 2 gewer|d]. Substances that cannot be degraded, a number of which occur
even in domestlc sewage, may persist, enter the food chain and reach man in a concentrated
form.

Effluents discharged from submarine diffusers rise vertically towards the surface until
their momentum and buoyancy forces are exhaus.ed. Dilution is a mixing process requiring
ambient energy generated through wind, wave, tidal and density forces which give rise to
tucbulence(3]. Even if thesce forces operate at the outfall and if they result in the cal-
culated dilution, the concentrations achicved Ly dilution cannot be compared with the same
concentrations obtained through treatment.

Proponents of ocean discharges fail to appreciate the value of the vcean as one of the most
important food resources of mankind. Natural regulatory facters, bevond the influence of
man, permanently act to preserve the biclogical bhalanc: of the marine environment. The
intervention of man may modify this balance which 1s onl, resilient to a point. Those yes-
ponsible for ocein outfalls are quick to point out that through dilution and natural purific-
atior. processes the sea treats sewage and makes it virtually innocuous and thus, by implic-
ation, acceptatble.

It is a myth that dilution means fewer pathogens or less toxic substanccs - they are rimply
dispersed over a larger area. In view of the abundance of filter feeding organisms in marine
environments (e.g. up to 500 conckles per m2[2])and their efficient pumping systems (an aver-
age mussel can pump 3 1 h-! and filter all particles down to 0.0008mmY it may not be very

wise to rely on dilution, while there is as yet no clear cut association between bathing
in polluted scawater and enteric disease, the consumption of shellfish from polluted waters
has been known to cause typhoid fever and hepatitis. Even if entirely harmless and non-

cumulative, some of these wastes can do considerable damage by tainting commercially valuable
species. The hum.: palate is extremely efficuent in noting the presence, for exanple, of
oi} and o0il products.

In developed countries sewage outfclls into the ocean are subterranean, with built-in multi-
port diffusers at depths of ca. 20-25m and at a distance offshore ranging from 5-8km 1in
turbulent oceanographic environments. Under these conditions it 1is anticipated that the
depletion of oxygen and pollutants such as trace metals, nutrients (P&N) and PCBs will not
have an impact on the marine ecosystem.

Penang, with a population of about half a million pecple, has the eewage from approximately
60% of the households removed by sewer. The majority of this sewage is discharged untreated
into the Western Channel via an 0.8km long overhead ocean outfall with a final single-port
diffuser at a depth of ca. 18m, The South and North Channels between mainland Malaysia
and the Jssland itself are flushed primarily by diurnal tidal currents and so turbulence
is likely to be only moderate. Based on this assumption, detailed characterisation of the
sewage was planned, including the daily input of trace metals, microbial flora and pathogenic
parasites (Fig.l). The concentrations of trace metals were also investigated in two organ-
isms living in the vicinity of the outfall - the green-lipped mussel, Perna viridis L. and
the finfish, Liza subviridis L.

METHODS
HEAVY METAL ANALYSIS OF SEAWATER IN VICINITY OF WASTE DISPOSAL SITE

As the dumping of garbage in Penang is confined mostly to cocastal areas, an evaluation of
the leaching of heavy metals was carried out. At low tide, when current and wave action
are at their lowest, water samples were obtained at the boundary between the garbage heap
and the seawater. These samples were extracted using the APDC-MIBK extraction methcd and
analysed for the following metals: Cd, Co, Cr, Cu, Fe, Mn, Ni, Pb and ZIn. The chelating
reagent of PAPDC was a composite misture of 0.5% APDC (Fisher Scientific Reagent A-182),
0.5% DEDC (Fisher Scientific Reagent S-287), and 0.06% oxine (Baker Chemical Company Reagent
2198). Five grams each of APDC and DEDC were added to a 500ml1 volumetric flask and diluted
to volume with deionised water. The solution was thoroughly mixed, and filtered to remove
2ny undissolved portions of the salts, The filtrate was purified by three successive
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Fig.l. Penang Island, Malaysia, showing positions of the gampling areas.

extractions with 100ml portions of MIBK. Ooxine (0.6g) was added to the purified dithio-
carbamates and the final semvination was diluted to 1000wl with deionised water. Addition
of oxinc was done after the purification of the APDC and DEDC because oxine is extremely
goluble in the organic phase. Hence, a gignificant pn1cion of the oxine would be lost from
the aqueous phase if it were included in the purification steps.

For the extraction of trace metals 500ml of the sample water were placed in 1L peparatory
funnels. To each was added 25ml1 of the combined chelating reagent and the mixture was dis-
persed by vibration. The pH was then raised to 8.2 with ammoajum hydroxide and a second
25m1 portion ¢f the chelating reagent was added, disperscd, and allowed to stand for five
minutes. To each aecparating funnel was added 25m1 of MIBK, follnwed by vigorous vibration

for 30 seconds. The emulsions were allowed to stand for five minutes followed by a repeated
vibration. After a tLen minutes scparation interval, the aqueous phase was drained into
an acid-cleaned nalgene bottle. The organic layer was transferred to 5ml glass test-tubes

and set aside for atomic absorption analyses.

The aqucous portions were returned to thelr respective separating funnels and a final 25ml
portion of mixed chelating reagent was added, dispersed, and extracted with MIBK as described
above. 1mmediately following completion of the second extraction, bot's sets of solvent
extractants were analysed for the nine trace metals.

MICROBIOLOGICAL STUDIES

1. Bacteria

For the determination of scwage gamples (100ml) were taken at the final discharge diffuser-
port of the ocean outfall and at three different times of the day: morning, evening, night.
For transport of the samples, Cary and Blair's medium for enteric bacteria was employed.
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Total counts of aerobic and spore-formers were made as follows: 1ml aliquots of serial 10-
fold dilutions of the samples were jnocculated into duplicate Petri dishes and mixed well
w! h 15-20ml of melted Standard I'late Count (SPC) Agar maintained at 50°C. For the enumer-
atton of spore-formers 1ml aliquots of serial 10-fold dilutions were boiled for 10 minutes
to kill off vegeiative cells as well as to heat shock the spores, prior to procecding with
the above procedure.

petermination of coliforme and E. coli was cirried out by the dilutiun tuhe method, using
three tubes of lauryl sulphate broth for each dilution| o], pPositive tubes were examined
for the presence of E. coli by testing cultures for the viability to grow in brillfant green
bile aalt medium at 44°C and to producc indole in tryptone witer mediumi{ 7}.

2. Parasiteg

Since sewage harbours many parasitic organisms, endeavours were made to determine and ident-
ify levels of contamination. Samples were obtained at the final discharge point at different
times and processed immediately on reaching the laboratory. The samples were vibrated initi-
ally to nroduce a hOmMORECNOUSs suepension and centrifuged at 2000rpm fer 5 minutes in 10ml
aliquots. The pellet was resuspended in 1m1 0.95% saline solution and examined for eggs
of helminths and protozoans as counts in 0.04m) under a clean side cover (22x22mn),

RESULTS AND DISCUSSION
LEACHING OF HEAVY METALS FROM SOLID WASTE D1SPOSAL

The results obtained indicate that the concencrations of Cd, Co, Cu, Fe, Mn, Ni and Pb were
relatively high as compared with those of seawater samples from other parts of the island
(Table 1). This reflects that leaching of heavy metals was occurring from the heap to the
marine ecosystem at fairly lorge amounts at a rapid pace. This could be enhanced with incu-
bation time and during the season of heavy mongoons. Hence some immediate action is needed
to save this environment, espectially “or the fishing industry and public health.

EFFECTS OF POLLUTION IN THE VICINITY OF THE PENANG SEWAGE OCEAN OUTFALL

Investigatinns|5] on 15 shore-types {Fig.1l) at varying hinterland features (Table 2) have
indicated .hat the 7zone immediately adjacent to the Penang sewage ocean outfall had the
higheat cocliform and E. colil counts (Tables 3 and 4. The next highest areas were those
immediately adjacent on either side of the above, ~dicating the influence of tidal currents.

CHARACTERISTICS OF SEWAGE FROM THE OCEAN OUTFALL

i1n order to understand the various pollutants discharged via the Penang sewage ocean outfall,
some key f{eatures were investigated. A large quantity of sewage is discharged, with fairly
nigh BOD and COD loads (Table 5. The inputs of nitrate, HHj and rotal - P are also fairly
high.

MICROBIAL POLLUTION RY THE SEVWAGE OCEAN OUTHALL

The present study included estimites of the total aerobic and spore-formers, coliforms and
E. coli.(Table 6). The justification for measuring spore-formers counts is that a variety
of aerobic mesopinilic bacteria which are not ucually regacded as pathogens (e.g. sStreptococcd,
Proteus, Pseudomonads) may be capable of causing enteric disorders when present in large
numbers in water or food. High counte off mesophilic tacteria indicate the likelihood of
grogs ccntamlnation. The enumeration of mesophilic acrobic spore formers 18 also useful
in assessing the bacleriological quality of water in that it helps to prediet the survival
of such organiems over extended periode.,

For the purpose of water analysis, volifcrms include all aerobic and faculatively anaerobic,
Gram-negatiive, non-spore-forming rods that ferment lactese and produce gas within 48nh at 35°C,
They include Salmoneclla, Shigella and Eacherichia coli. The common soil bacterium Aerobacter
13 also a coliform, so all culiforme are not of faecal origin.

A



Table 1. Comparison of trace metals in scawater seen-leachate near the garbage dumning site as compared to levels
in seawater at certain coastal areas of Penang analvsed for 1981

. ueeal  oncentration (ug g

STATION
.Cd Co Cr Cu Fe tn ni Pt Zn

Garbage seep-leachate o 0.973 G.uf [SURR| 1,16 .05 2.3 e IS
Telok Duyong 0.084 eds 0.2z 0.o0% 0.55% [SIRAR ALY NG ~Led
Telok £ ing n.08L n.0S 0. 141 0.098 0.333 0.0, n.35% .37 z.
Telok Eahang 0.056 n, 14 n.06e5 G.ubb SN AN L7 TL 3 el
Merning Glory 0.084 0.12% 3. 1k C.CES no2e ©.CoF 2,472 L.an
Lovers Isle 0.0%4 0.2375 c.212 0,008 0.232 03k 0,237 T.uT n.C38
Batu Ferringhi 0.03h 0.%9 0, 14 .o c.rcz 0,076 2.uTZ 0,47 .63
Telok Nangka 0.112 0.063 0,671 1. Cu5 0. bl n_0%h D.L1y oL 0,102
Telok Tikus 0.084 0.125 0. 141 .0A% 0. Lhb 0.00R CLZAT .30 C.CTT
Fort Cornwallis 0.056 0.12% SFR R 0.13 0.333 NG oo .50 .03
0ld Pier 0.08h 0.128 0.012 0.02%8 D.002 1, D 0.2497 03 0.8
Sungai libong 0.112 0,313 AN AR a.33: 0.0h 0.3%0 .50 o.0TT
Permatang Damar Laut 0.084 0.2% n, N 007 3.202 0.0%6 5.2%6 0.32 2.C91
Batu Maung 0.056 c.120 C.7RL JAN 1 .333 0.000 0. 35% 9.3C 0.051
Telok Humbar 0.08L 0.125 0.4 .13 . Lulb 0.09% 0.178 a.u0 0.051
Telok Asam 0.08h4 0. 379 0.1k 0,098 0.111 RN 2. 35¢ 9.50 2.026
Pulau Betong 0.08b4 0.125 a1k 0.093 .11 0.03% 2.39% 0.30 0.038

Pty eme 2oy pul pur usoda g ueasg

swWarqe
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Table 2. Description of the gsampling areas as degignated in Fig.1.

Area Type of shore Description of hinterland Number of
locations
sample

A Sandy bays with Cocorut palms and natural forest. 20
rocky headland:
B Sand/mud bay Coconut palms ana natural forest at 6
western end; busy trawler harbour at
centre; urban arca of Telok Bahany, at
centre and east.  River Telok Bahang
is polluted with household wastes.
C Sandy bays with Coconul palme and natural erassland 13
rocky headlands with a fow howwes of western end;
hilloide with natural vegetation
and a few houser ot contre and eacst.
D Sand beach Hillside with natweal vepetation and 10
a few houses at western end, beach-
side hotels and low densivy housing
at centre and cast.
E Sand teach Beach side hotels. low density housing 7
inland. River Fus io pelluted with
pariially treated sewage.
T Sandy bays with Hillside with natural vegetation and 9
rocky headlands a few houseo.
G Sandy bays with Hillside with natural vegetation and 7
rocky headlands a few houscs.
H Sand/mud Urban area with waterfrent restaurants; 5
fishing harbour at western ondj streams
are polluted with household wastes.

I Sandy bays with Low to mediun density urban. 3

rocky headlands

J Mud/sand/rocks Medium and high density urban area of 17
Georgetovni; nany polluted drains.

K Mud Very high density urban, industrial and 3
harbour area of Georgetown. River Penang
is grcssly pelluted and untreated sewage
is also discharged into sea in this area.

L Sand Medium density urban with fisning villages

M Mud Mcdium and low density urban interspersed
with pracsland and coconut plantations.

N Mud/sand Medium to lov denity urban; includes 2
Batu Maung trawler harbour.

0 Sandy bays with Low density urbang Cishing villages 5

rocky headlands




Ocean Disposal and land Reclamation Prcblems

Table 3. pollutant levels of coliform bacterial counts in coastal
waters of Penang 1sland, malaysia {From areas A toO 0).

Number of sampies containing logio Log mean
. Sampling Total conceuntrations of coliform bacteria coliform
Area + no. of per 100 ml with index number as concentration
pPeriod samples follows: /100 ml
1 S S T S |
A ii 35 10 17 T 1 0 0 0 0 31
B i 6 0 0o 6 0 0 0 0 0 1350
ii 10 0 o 3 5 ‘ 0 0 0
C i 3 o 2 O 1 0 o 0 0 493
ii 30 0 7 12 10 0 1 ! 0
D 1 3 0 0 2 0 1 0 0 0 9N
ii 19 0 2 71 8 2 0 0 0
E i L 0 o 0 2 1 1 0 o 3936
ii 13 0 0o 2 9 1 1 0 0
F i 2 0 0 0 o 0 0 0 0 632
ii 18 0 2 2 2 0 0 0
G i 2 0 1 1 0 0 0 0 0 5STh
ii 21 0 2 10 9 0 0 0 0
H i 1 0 n 0 0 1 0 0 0 29020
ii 8 0 0 O 3 0 0
1 i i 0 0o 0 0 0 o 0 363b
ii 6 0 0 0 L 2 0 0 0
J i T 0 0 0 0 L 2 1 0 62130
ii Lo 0 0o © g 1 N 6 1
v i 2 0 0 O 0 0 0 2 0 712000
ii 6 0 o 0 0 i 3 i 1
L i 2 0 0 0 1 1 0 0 0 159600
ii 5 0 0 0 0 0 3 i 1
M i 5 0 0 O 2 2 1 0 0 20450
ii 2 0 0o O 0 2 0 0 0
N i N 0 0 0 1 3 0 0 0 9539
ii 8 0 0 1 3 N 0 0 0
0 i 8 0 o 1 iy 2 1 0 0 2056
ii 12 0 0 5 N 3 0 0 0
Al 283 w 33 70 79 50 27 U 3

% GSee Table 1 Fig. 1 for descriptions and jocations of samplir , areas.

+ Period i. from 9 April, 1975 to 26 June, 1975
Period ii. from 27 October, 1975 to B November, 1975.
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Table 4. Pollutant jevels of Escherichia coli1 bacterial counts in
coastal waters of Pendng island, Malaysia

s Number of samples containing 1oz Log, mean
Sampling Total concentrations of E. ecli bacteria E. colt
No. of per 100 ml with index numbers as bac.eria
Area® Period+ samples follows: per 100 ml
<1 ] 2 3 b4 H ¢
A ii % 8 8 o 0O o0 0 O N

B 1 2 0] 0 3 0 QO 6] ¢ 758
11 10 0 0 6 4y @] 0 0

C i 3 2 1 0 0] 0 0 0 12
ii 26 3013 8 2 0 0] e]

D 1 3 0 2 0 6] 1 6] 0 130
ii 18 2 6 8 2 0 o 0

E i b 0 1 2 C ] 0 0 721
ii 13 0 3 b4 b4 1 1 0

F i 2 0 0 0 2 0 0 0 155
ii 16 0 10 5 1 0 0 0

G i 3 0 3 0 ¢ 0 0 0 165
ii 18 0 7 7 i 0] 0 0

H i 2 0 0 1 1 0 0o 0 71920
ii 8 0 0 1 2 4 1 0

I i 1 0 0 : 0 0 0 0 1995
ii 5 0] 0 1 3 1 0 0

J i 7 o o0 1 2 2 2 0 21200
ii 37 0 0 y 10 10 8 5

K i 2 0 0 0 0 0 2 0 234700
ii 6 0 0 0 1 1 3 1

L i 2 o o 1 ©0 1 0 0 L1560
ii 5 0 0 0 1 b 0 0

M i 5 0 d] 0 4 1l 0 0 12330
ii 2 Q 0 0 0 2 0 0

N i 2 0 0 0 1 1 0 0 22951
ii 7 0 0 4 2 1 0 0

0 i g 0 1 4 1 1 M 0 991
ii 11 0 1 8 2 C 0 0
All 265 * 56 69 L w 18 G

* Sz Table 1 and Fig 1 for descriptions and jocations of sampling areas.

+ Period i. from Yth April, 1975 to 26 June, 1975
Period ii. from 27th October, 197, to Bth November 1975

+Includes 17 samples with less than 4 /100 ml.

+
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mable 5. Some basic characteristico of Lhe Penang Bew2ge ocean outfall.

parameters
Moisture 99.95%
Org. Matter 0.04%
In. Org. Matter 0.01%
pH 7.05
Daily Total Disecnarge 16.75 x 10°® gal.
paily BOD Load 6.3 x 10° ppm
Daily COD lLoad 1.1 x 10'2 pom
Nitrate 12.39 ppm
NH 4 8.01 ppm
Total - P 2.3%e ppm

Table 6. Levels of microbial flora in the Penang sewage ocean outfall.

—

Microbial Type Count/100 ml
Coliform u.9 x 107
E. ccli 1.6 % 107
Total acrcbic count 1.3 % 108
Total sporc {OImMers 2.3 x 103

The idea of evaluating fscherichia colil as -~ faecal indicatorw of waters 1s that it is a
prominent member of the microbial community in the human intestine; large numbere are found
in human faeces. For this rcason, the detection of E. colt in natural waters ig used as
an indication of faecal contamination. This does not confirm the presence of pathogenic
micro-organisns but suggests the possibility of their presence.

Table 6 BhOWS tne results of the above investigations. It is noticeable that the coliform
and E. coli counts {average of three sampling timeg were 4.9 X 107 and 1.6 X 107 /100m1,
respectively. Owens [5] reported a count of 7.1 X 1059 coliforms and 2.3 % 109 coli/1unml
at some distance from the outfall. Taking into account the dilution factors invelved, our
results compare well with those obtained by owensl 5] and alsu with Jenkins(8]l.
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It 18 reicevant to state here the standiards used in the USA with respect to microbial contam-
ination. The coliform denstty peraltied 1s dependent on the purpose for which the water
18 to be usced, and the population density it servee, The permissible coliform count/100ml
for drinking water being 1, recreat tonal water 1000, water used for shellfishing 70 and
levels in oysters for raw cornsumption <30Ty The US Public Health Service Standards
prohibits chellfish collection in arcas where coliforms exceed 23,000/1v0m], because shell-
fish provide a reservoiv fev intective hepatitie, Nevertheless, removal of shellfich 1w
approved on a restricted bacis if it can be domonstrated that the high count is not of faccal
origin e¢.pg. from apricultural  was’es, Hence, determination of contamination with human
facces 18 of prime impurtance in sholltish Leds, Our data and those of Owenrld ] Justify
the prohibition of shelltish farming or firhing in the vicinity of the sewave ocean outfall,

In the wWestern Channel of Penang, net tar fron the sewage ocean outfall, 1 numt r of grouper
(Ephincphelus  galmoides) aquaculture ltarms dooexist oand there are wlready ndications of
the prevalen~c of "red botl diccasce"iu) due to faccal microbial contamination,

POLLUTION BY PAHASTITIC ORGANISENS 1N THE SEWAGE OCEAN OUTPALL

A1l samples examined carricd Ascarss lumbricoides, Trichurus trichura and hookworm egfs
(Table 7). Lne of the samples alzso cam jed Tuxucara egges.

Table 7. The varicus prevalent parcsites and intengity of egps in
sewiaye from the bPernang ocedn outfall

]

. Volume Ascarias Trichurus Toxocora

Specimoen T i —_— T Hookwurms —
examine Lumtricoidey trichurn canis

teggs /250m) teyps Cohiml) teges 2homld (eggs 7250m1)

1 250 3125 .5 125 150
2 250 2750 250 175 nil
3 250 150 A0 ) nil

parasitic infections duc to Ascaris jurbricoides, Trichurus trichura, hookworm and others
are very common among the rural population 1in .\'.ulaysia[10.]],]’:]. The severity of the disecase
varies according to individuals, their genetic backgrounds, ethnicity and physiological con-
ditions. some infections like Trichurus and hoorworm depend on the intensity of the infec-
tion, while for Ascaris even a single infection can be very dangerous. Toxocara, found in
one of the examined samples is known to cause visceral larval migrans and 3s a clear indic-
ation of contamination via infected dop facces. The foregoing indicates vividly that the
sewage ocean outfall transports soil trancmitted ' minths and protozoa.

It is at prescnt uncertain whether the epgs detected 1n a viable state at the final point
of discharge of the sewrge will survive marine conditions. A puint in urgent need of further
research.

HEAVY METAL POLLUTION NEAR THE SEWAGE OCEAN GUTFALL

A number of investigations on the levels of heavy metals in sewage ocean outfalls and their
possible adverse effects on marine biota have appeared recently[13,14,15,16,17].

Table & demonstrates the daily input of the heavy metals: Cd, Co, Cr, Cu, Fe, Mn, Ni, PO
and Zn, to the Western Channel. It is evident that the input of all these metals is very
righ. As the Western, North and South Channels are flushed only by diurnal currents then
~hese metals are presumahly being deposited in the sediments and so potentially assimilated
within the marine food web. The gravity of this problem 1s verified by the facts obtained.
These pollutants may be expected to have adverse effects on the juveniles of both shellfish
and finfish and in the long-term the breeding grounde will be eliminated.

O
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Table 8. Daily input of trace metals into the marine ecosystem by the
Penang Bewage ocean outfall.

Trace Metal Kg/day

cd 14,32

Co 3.15 x ]02
Cr 2.01 x 1“2
Cu 3.44 x ]02
Fe 3.41 x 10u
Mn 7.45 % 102
N1 6.01 x 10°
Pb 1.29 x 10“
in 2.46 x 103

To illustrate the impact of trace metal pollutants on bjota in the vicinity of the outfall,
concentrations in the grecn-lipped mussel Perna viridis and the finfish Liza subviridis were

jnvestigated and compared with gsamples of mussel from other areas and data for finfish repor-
ted by Lee and Low([181.

Table 9 shows the results for Perna viridis. A11 the metals arc very high except for Cd
and Zn. The magnitude in difference from the lowest to the highest values of the shellfish
in other areas are as follows: Co, s.4-2.4; Cr, 1.8-11.9; Cu, 12.38-12.38; Fe, 3.3-7.9:
Ni, 2.9-8.1; Pp, 1.2-3.0. As mussels are gsedentary and efficient filter feeders the results
ipdicate that this area ig extremely polluted and mussels should not be consumed.

Table 10 showB the concentrations of heavy metals in the juveniles of the finfish, Liza Bub-
viridis, caught near the ocean outfall as compared to other finfish reported by Lee and Low
{183}, The levels are comparatively high as those detected for Perna viridis, i.e. Cu ranging
between 14.89 - 1720 times for the lowest and highest values reported for other finfish by
Lee and Low[18]}: Fe, 67.34-1239.2; Pb, 27.04-1771.17; ana In, 9.61-65.34. The valucs
of Cd, Co, Cr, Mn and Ni are relatively high put comparative data is not available to 11lust-
rate their range.

This study 8hows that there is a large daily input of heavy metals from the ocean outfall
and these tend to be accumulatea by organisme in the vicinity.

CONCLUSIONS
1. The disposal of household garbage and sewage to the sea in Penang leads to the
following conclugions. The shellfish and rinfish industry will be affected by

microbial contamination and such aquaculture practices ghould ve discouraged in
the vicinity of the outfall.

2. The aesthetic and recreational agpects of the waters are way below currant norms.
Hence, this will in the long run affect the tourist industry.

3. The possibility of transmitting parasitic diccases by the BEWaRE discharge 18
also supported by this study.

y, There is a high heavy metal and nutrient input from the outfall and an obvious
accumulation of these metals in shellfish and finfish.
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Table 9. Levels of biodeposited trace metals in Pernz viridis harvested at the Penang ocean outfall as

compared to those from other areas (®BDL; <0.01 ug g'l).

Metal concentration (ug g-1)

STATION
cd Co Cr Cu Fe Mn Ni Pb Zn

Ocean outfall at Penang 3.23 25.98 n.on 12,38 2166.33 75.15 81.2 21,08 162,36
Telok Aling 5.27 17.69 BDL* BDL 271.05 12.05 22.39 2,40 1hk Sk
Batu Ferringhi 5.26 17.65 BDL BDL L58.61 24.0L 27.98 9.38 216.35
Fort Weld L. 85 10.83 BDL EDL 365.28 27.67 10. 31 8.65 133.02
Marine Depot 3.97 8.85 BDL BDL 314,35 22.62 16.85 7.07  126.87
Permatang Demar Laut 5.31 11.86 BDL BDL 652.10 36.35 28.28 Q.48 k5,77
Gertak Sanggul 5.60 11.48 6.52 BDL L89. 11 23.50 21.89 18.34  117.51
Telok Asam 8.36 18.€6 BDL BDL 563.08 38.22 17.76 1.0t 152,78
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wedurgeats



Table 0. Comparison of heavy metals (ug g"l) in juveniles { <2.5¢cm) of the finfish, Liza subviridis at the Penang
gewage ocean ouifail with those of other local finfigh. (®ND: not determined, Data of other finfish other
than Liza subviridis was obtained from Lee and Low[181.).

Metal concentration (ug g-l)

Fish
cd Co Cr Cu Fe Mn Ni Pb Zn

Liza subviridis L. 2.6 56.0 18.9 W4 2713.9 38.8 118.5 106.3 269.2
Stromateus cinereus ND’ KD ND 0.7 10.8 ND ND 1.0 12.0
(Black pomfret)

Stromateus cinereus ND ND ND 0.4 10.3 ND ND 1.1 6.7
(white pomfret)

Stolephorus commersonii ND ND ND 0.6 11.8 ND ND 2.5 28.0
Megalaspis cordyla ND ND ND 2.3 3u.k ND ND 1.0 22.0
Rastrelliger kanagurta ND HD ND 1.0 17.9 ND ND 1.2 19.3
Polynemus Spp- ND ND ND 0.7 S.L ND ND 1.2 4.1
Dasyatidae Spp- ND ND ND 0.3 3.9 D ND C.5 7.5
Soleidae Spp. (sole) ND ND ND 1.2 k0.3 ND ND 0.6 8.0
Selaroides leptolepis ND ND ND 1.3 13.7 ND ND 1.3 19.5
Polynmemus tetradactylus ND ND ND 0.¢ 10.5 ND ND L.o 15.h
Soleidae sSpp- (f1latfish) ND ND ND 0.b 6.5 ND ND 0.8 7.6
Scomberomorus Spp- ND ND ND 0.0 2.2 ND ND 0.7 7.3
Chirocentrus dorsb ND ND ND 0.3 2h.1 ND ND 0.1 8.1
Osphromenus trichopterus ND ND ND 0.3 5.6 ND ND 0.9 1L.9

pwatqodd UorIEWeTdH puen pue [esodild ueado
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5. It is suggested that a total ban be imposed on fishing in the vicinity of the
outfall to protect public health,.

6. It 1s advisable to resort to other means of treatment of houschold sewage or to
find a different site for the outfall which has better oceanographic factors at
least 8km from the shore.

7. The current practice of dumping garbage near the coastline for land reclamation
should be stopped and alternative processing methods should be developed, i.e¢.
incineration or composting.
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