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Abstract- A closed drainage system (CDS) serves a r•.ajor industrial zone in Penang where heavy
industries such as chemical process, petrochemical, fertilizer and heavy metal are located. The
CDS serves dual role both in flood mitigation in the industrial area as well as an immediate
receiving water body prior to the release of the effluent into the sea. The effluents discharged
from the factories into the CDS must be according to the limit set by the Department of
Environment. Initial site surveillance and wastewater analysis revealed the alarming state of the
water in the CDS. The condition has a trailing effect of exacerbating the mudflat regions lining
the adjacent coastal zones with toxic contaminants. To ascertain the status of the wastewater
circulating within the CDS, a study was conducted on the pollution load, pollutant
characterization and its flow pattern in the CDS serving the PIZ I and 2. Parameters such as
BODs, COD, suspended solids, cadmium, lead, oil and grease and copper exceeded the limits of
Standard B at the sampling point of MPSP (Seberang Prai Municipal Council) pumping station.
The level of cadmium detected was as high as 0.203 mg/I which was 10 times exceeding the
regulation, while oil and grease content was also high at 62.93 mg/I, a value 6 times the limit set
by the Department of Environment. The presence of organic pollutants of fatty acid compounds
was determined using GC-MS (Gas chromatography mass spectrophotometer). This group of
pollutants may be considered as a background chemical pollutant load of the receiving waters
through the effluent discharge point from the individual premises.

Keywords: Closed drainage system, pollutant load, fatty acid compound, Environmental Quality
Act 1974.

Introduction

A closed drainage system (CDS) within the Prai Industrial Zones (PIZ) 1 and 2 serves to

receive only treated effluents from various industries within these industrial zones. The

primary goal for treatment of industrial wastewater by individual industries is to protect

the receiving waters from pollution. The treated effluents flow through the CDS and

eventually to Seberang Prai Municipal Council (MPSP) pumping station before finally

being discharged into the Penang Straits. Each industry within the zones must treat its

wastewater to comply to the Standard B limits set under the Environmental Quality Act

(Sewage and Industrial Effluent), Regulations, 1979 (EQA 1974, 199), prior to release

into the CDS. However, the extent of pollution of the receiving water body, Penang
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Strait and the mudflats skirting the coastal 'zones of the industrial areas raised doubts 01"

the state of the wastewater discharged by the industries into the CDS.

In countries like Italy ( Rozzi et al 1998) it is common for industrialized wastewater to

be mixed with domestic waste in the public sewers and later undergo centralized

treatment. In Egypt, studies have been conducted to identify major polluters in the

industrial zone and from here to establish mechanisms for environmental planning and

management in industry (Estlander, 1998)." The approach to water pollution control in

industry has been very much focussed on external controls. It is also true that the

maintenance and operations of these treatment plants is a great challenge.

Hitherto there is no industrial control effluent program aside from. the sporadic

inspection from the Department of Environment in the Perai Industrial Zones I and 2..

Each industry has the legal obligation to regulate the quality of the effluent discharged

into the CDS. Before any comprehensive pollution abatement measures can be

undertaken within the industrial zones, major pollution sources must be identified and

narrow In. A survey of water quality and absorption capacity if the receiving waters

must be established. This will give the tolerable discharge levels of wastewater. To

verify the status of the wastewater circulating within the CDS and to identify major

polluters, a study was conducted on the pollutant load, pollutant characterization and its

flow pattern in the CDS serving the PIZ 1 and 2.

Sampling

Sampling of the water from the centralized drainage system was carried out over a

duration of one year. The variation and trend observed are thus only for the year and

to account for seasonality in trend detection, the sampling frequency was attained on a

monthly basis. The analysis was conducted on an equidistant time interval of 30 days.

Wastewater sample collections were divided into three phases which were during dry

season (Jan. Feb. March, Apr.) dry-rainy season (May, June, July, Aug.) and rainy season

(Sept. Oct. Nov. Dec.) and done in duplicates.
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Simultaneous collections of grab samples from each sampling point of each of the

identified six sampling stations within the CDS were carried out. The sampling points

were stratified randomly as shown in Figure 1.0 within the sampling stations. These sites

were chosen to determine their suitability as trend detection sites.

The samples taken was analysed according to APHA Standard Method for water and

wastewater analysis (APHA, 1992 ) and USEPA (1984). Analysis for oil and grease

used n-hexane as a solvent to obtain the' oil and grease prior to esterification to obtain

fatty acid methyl-ester (FAME) (PORIM, 1995). Identification of the oil and grease

components was done using GC-MS (gas chromatography mass-spectrometry) (Hewlett

Packard 5890) under HP I, 25 m and temperature programme; 50°C held for 5 min then to

250°C at 5°C/ min then to 250°C for 60 minutes. Identification of orgaI)ics compound

were performed by searching in the NIST MS-library (Finnigan MAT) in the Wiley

library (Benchtop PBM, Palisade cooperation, USA).

Results and discussion

All the 23 parameters identified in the wastewater samples for the six sampling stations

are listed in table 1.0 along their concentrations. The 23 parameters fall under EQA,

1974 (Sewage and Industrial Effluent), Regulations 1979. The parameters BODs, COD,

suspended solids, cadmium, lead, oil and grease and copper are higher than the limits of

standard B and the remaining IS parameters comply to the standard. The detection of

these substances in wastewater at high concentrations approaching toxic levels has

created a great amount of concern. These pollutants originated from various sources

within the zones and represent an overall chemical pollutant load of the receiving water

within the CDS.

The wastewater examined in this study varied significantly with respect to the content of

organic matter and its contributions to the pollutant load in the CDS. Table 2.0 shows

the sources of pollutants in the industrial sector in PIZ 1 and 2. Results depicted in

Figures 2.0 (a, b and c) show the pollutant load pattern in the form of BODs, COD and
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SS in the CDS which represents the trend over a duration of om; Vl';lr I Ill'

concentrations for three parameters varied according to the season and did 11111 ('''lllply

to the standard. Sampling station 5 generates the highest concentration or ('()I) 1\11 ,ill

the seasons throughout the year while other sampling stations show inconsisll'1l1 1Il'IId

Geoff (1997) found that about 80% of the industrial area that he studied COlllIH1';I' III

industries of the type that would normally produce industrial effluents or pnlCL'ss 1(',ldlll'l1

(sludge and solid wastes) which could give rise to pollution of the water coursc

The water quality of the CDS has been impaired on a wide scale that remcdi;lllllll \'1\11

only be achieved by having another treatment system prior to the discharge in(o llll' .'11'11

However, it is imperative that each industry must work arduously to rCl'lily 111l'

wastewater quality discharge from their premises. If new regulatory policy is goillV 10 Iw

implemented, then the focus only on effluents needs to be revised. The success L';d I., 1111'

more stringent look at the operations of all waste water treatment plants of 111(' 1111

industries, Treatment that achieved the set water quality targets must be achieved al 1111

times, Unattended sporadic failure can spawn negligence and contravening tilL' linJl!.

This is especially crucial when it has been shown that failure in wastewater (re;III1\('1I1

arises not from inadequate designs but rather from deficiencies in operations. Tllere is 1\

further problem of monitoring and inspecting of the operations by qual ilied

personnel. Establishment of industrial wastewater registers can provide an erlil'ielll

instrument for the control of wastewater discharges into the CDS. Besides yieldillf.',

better knowledge about the main polluters. wastewater registers can be used to id(,111 iry
industries that repeatedly failed to comply. Choices can also be developed 1\11 IIll':

establishment of a centralized treatment system prior to pumping the water from the ('I)S

into the Penang Strait. However the choices remains for different industries: I) full

wastewater treatment for isolated industries that cannot and do not want to be SL'I'Vl'd hy

a centralized system and ii) pretreatment for industries that want to be connected 11 I a

centralized scheme and iii) in-plant improvements of a specific process to minillii/\'

pollution
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•Fatty acid compounds

A sampling station close to a group of oleochemical industries was specifically

identified and selected for oil and grease analysis. Subsequent to the oil and grease

analysis the fatty acid components were detected and the results verified the high level

of certain fatty acid compounds that are commonly used in specific oleochemical

industries such as those that are more fat and oil based rather than the mineral oil

category. The origins of several fatty acid compound as pollutants in the wastewater

can be identified as point discharges from specific industries where an oleo chemical

industry contributes to a large extent to the oil and grease components. Paxeus (1996)

in his study on organic pollutants in the effluents of large wastewater treatment plants on

the origin of several pollutants identified pollutants in the effluents as point discharges

from specific industries. Jungclaus et al(l978) in their studies also found that major

source of anthropogenic organic chemicals which enter the environment will reflect to the

manufacturing plant that manufactures a broad range of chemicals.

The fatty acid organic compounds identified by GC-MS are presented in Figure 3.0. The

chromatogram showed that the most abundant (up to 150 000) fatty acid compounds is

dodecanoic acid, ethyl ester (lauric acid) followed by hexadecanoic acid, ethyl ester

(palmitic acid). The remaining 7 compounds depict abundance in a range of25000 - 50

000. From the nine compounds identified in the sample, 4 compounds are unsaturated

fatty acids 9-octadecenoic acid (z) -, methyl ester; ethyllinoleate; 9-octadecenoic acid (z)

-ethyl ester and heptadecenoic acid, 15-methyl-; ethyl ester (Paxues, 1996). The

structures of the eight fatty acid compounds are shown in Figure 4.0. This was the result

obtained at sampling station 2 near a toiletry, oleo-chemical and oil based products..

After all these chemical will contribute to organic pollutants as a COD.

Out of the total of nine identified compounds only one compound is considered as a

priority pollutant which is 1,2-Benzedicarboxylic acid, bis(2-ethylhexyl) ester. This

compound comes under Environmental Protection Agency (EPA) hazardous wastes from

commercial chemical products ( EPA, 1995). This priority pollutant is being used in

many products for industrial as well as household applications (Mattsson et al. 1991).
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Solvents and a great number of other compounds which presence In CDS also may

produce synergistic effects referred to Jungclaus et a!., (1978).

Prai industrial areas zone I and 2 are one of the pioneer industrial areas in Penang and

the zones comprise of different types of industries as shown in Figure 1.0. Effect of

the industrialization can be seen and has been taken seriously by the government as early

as 1976 when the Customer Association ?f Penang (CAPs) (CAPs, 1976) reported the

adverse effect of the few industrial areas to ·the fishermen's income at Juru village.

Table 3.0 shows the data of the current study compared to the previous data collated in

1976 by CAPs for the same industries. After 25 years the same factories are still

polluting the receiving water body even though the concentration of certain parameters

have rreduced but the rest are still above the compliance limit. The possibility of

handling this problem as defined by Karl et a!., (1996) could be a lack of properly trained

operation and maintenance personnel, a lack of financial contributions by the individual

industrial plant and due to under capacity for monitoring and operation inspection by the

government body. Economically and ecologically the most efficient way to eliminate

hazardous substances is immediately after the production of the wastewater. The

noncentralized system currently being adopted at PZ1 and 2 should be sufficient to

retain the CDS condition within the acceptable limits,

Summary and conclusion

The CDS receives various types of wastewater from Perai Industrial area phases 1 and 2

and the wastewater has been extensively analysed for the 23 parameter in the EQA 1974,

under Sewage and Industrial Effluent, Regulations 1979, for Standard B. Seven

parameters which are BODs, COD, suspended solids, cadmium, lead, oil and grease and

copper were higher than the limits of Standard B. There are a few organic compounds for

oil and grease present in abundance when analysed by GC-MS such as saturated fatty

acids (Lauric acid, Myristic acid and Palmitic acid) and some unsaturated fatty acid such

as 9-0ctadecenoic acid (z)-;methyl ester, 9-0ctadecenoic acid (z)-; ethyl ester,

Heptadecanoic acid; l5-methyl-,ethyl ester and ethyl lenoleate. Some of the wastewater
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components appear to degrade or volCl:tilise while still in the CDS and there are still

others that accumulate in the mud flat sediments.

One compound was identified as a priority pollutant which is 1,2-Benzenedicarboxylic

acid,bis (2-ethylhexyl) ester as listed under EPA hazardous wastes for commercial

chemical products. This group of pollutants may be considered as a 'background

chemical pollution load' of the receiving waters through the effluent discharge point from

individual premises. These compound.s if improperly treated will contribute to the

increase in the organic pollutants (BOD and COD) thus raising the current concentration

in the CDS. Thus the long term exposure to this wide variety of chemicals from various

industries may have contributed to the lack of biota in the particular area and to the

nearest coastal area which is the Penang Strait. Corollary to this study, an inventory of

all potentially polluting industries will be compiled. Further to this, the quantities and

characteristics of wastewater from selected industries can be determined and

extrapolated to produce than overall picture of the discharges into the CDS. The next

stage would involve the determination of the efficiency of the existing wastewater

treatment plant for each of the major polluters.
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Table 1.0 •Wastewater characteristic in closed drainage system at MPSP
station

Pararr ~ters Average concentration Standard B Unit

pH value 6.0 -7.0 50 -

Temperature 28 - 34 100 ·C

BODs at20·C 250 - 300 100 mgll

COD 400 - 900 0.05 mgll

Suspended solids 195-349 0.02 mgll

Mercury None 0.05 mgll

Cadmium 0.144-0.203 0.10 mgll

Chromium, 6+ < 0.05 0.10 mg/l

Arsenic None 0.5 mgll

Cyanide None 1.0 mgtl

Lead 0.55 - 2.284 1.0 mgll

Chromium, 3+ < 1.0 1.0 mg/I

Copper 2.81 1.0 mgll

Manganese None 1.0 mgtl

Nickel None 1.0 mgll

Tin 0.60 1.0 mgll

Zinc 0.16 1.0 mgt!

Boron None 4.0 mgll

Iron (Fe) 0.79 5.0 mg/l

Phenol None 1.0 mgll

Free chlorine None 2.0 mgtl

Sulphide < 0.5 0.5 mgll

Oil & grease 63 - 200 100 mgtl
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Table 2.0
•

Number of industrial sector al\d source of pollutant in PIZ 1 and 2
-

Industrial sector Number

Electronic & electrical 17

Textile & garment 7

Food processing & canning 7

Fabricated metal products 11

Rubber based industry 5

Paper product & printing work 6

Plastic & plastic product 7

Workshop/ services 2

Transport equipment 8

Chemical! fertilizer 16

Processing of agricultural product 4

Feed meal 3

Timber based/ wood product 31

Total 97
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Pollutants concentration in CDS during dry season
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Figure 2,0 (a) Pollutant loads pattern at six sampling stations during
dry season
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Figure 2,0 (b) Pollutant loads pattern at six sampling stations during dry-rainy season
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Pollutants concentration in C DS d u r i n g r a in y season
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Table 3.0 Results of chemical and water analysis on samples collected outside factories

Parameter testing Date & Time of pH TSS TDS Oil & grease
Name of factory sampling (mg/I) (mg/I) Trace metal analysis (ppm) (Hexane

Hg Cr Cd Pb Zn Cu soluble
compounds
(ppm)

8.30 a.m; 27.4.76 7.35 420 7958 0.05 0.1 0.0 0.0 0.2 0.0 1200
A 8.35 a.m; 28.4.76 8.70 263 1548 0.00 0.1 0.0 0.7 0.0 0.0 800

(Textile & garment) 9.45 a.m; 18.5.01 6.66 16.6 130.0 0.00 O.{) 0.0 0.0 0.0 0.0 60
1.00 p.m; 26.7.01 6.67 11.0 210.0 0.00 0.0 0.0 0.0 0.0 0.0 100

10.40 a.m; 27.4.76 6.73 560 382 0.00 0.0 0.0 0.5 0.0 0.0 200
B 9.40 a.m; 28.4.76 7.35 148 583 0.00 0.0 0.0 0.1 0.8 0.0 400

.
(Processing of 2.30 p.m; 23.3.01 6.68 443 288 0.00 0.0 0.0 0.0 0.0 0.0 71.0

agricultural product) 10.20a.m; 18.5.01 6.58 244 160 0.00 0.0 0.0 0.0 0.0 0.0 63.0

10.05 a.m; 27.4.76 7.78 1703 14843 0.03 0.1 0.0 0.2 0.0 0.0 1400
C 9.20 a.m; 28.4.76 3.18 122 2486 0.08 0.1 0.0 0.0 0.3 0.1 1800

(Chemical! 9.20 a.m; 18.5.01 6.36 40.0 140 0.00 0.0 0.0 0.0 0.0 0.0 200
fertilizer) 9.48 a.m; 17.7.01 6.72 200 300 0.0 0.0 0.0 0.0 0.0 0.0 1000
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