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Groundwater is known as an important source of water supply due to its relatively low susceptibility to
pollution in comparison to surface water, and its large storage capacity (USEPA, 1985). It should be
mentioned that water pollution is any physical, chemical or biological change in the quality of water that
has a harmful effect on any living thing that drinks, uses or lives in it. When humans drink polluted
water, it often has serious effects on their health. Water pollution can also make water unsuitable for
the desired use. In the present research, different water quality parameters were observed from the
different monitoring wells through the Labuan Island. Then by interpolation between the available data,
the maps of the different water quality parameters were observed. Each map was classified based on
the Malaysia water quality standard, and the results clearly showed those areas which are susceptible

to groundwater contamination.
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INTRODUCTION

Groundwater is one of the sources of clean water, other
than fresh river water and rain available in Malaysia;
however, usage of groundwater is still very low. In rural
areas, groundwater is presumed to be a reliable source
of portable water in contradiction to those in big cities or
town where groundwater often contain harmful toxic
materials that are being polluted (Lee et al., 1999). The
quality of groundwater is generally under a considerable
potential of contamination, especially in agriculture-
dominated areas with intense activities that involve the
use of fertilizers and pesticides. The issue of protection of
groundwater against pollution is of crucial significance
(Buselli and Lu, 2001).

Contamination of groundwater often occur in places
where the groundwater table is shallow and activities on-
going at that particular area contributes to leaching of
contamination to groundwater. This normally happens in
landfill areas or industries, especially metal plating
industries, where a lot of produced water is channelled
out into the surface water which will eventually infiltrate
into the groundwater (Mahadevan and Rishnaswamy,
1984).

The main objective of this research is not only to assess
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the microbiological quality of groundwater resources in
Labuan Island, but to also investigate the chemical
quality parameters of groundwater. Then after assessing
the adequacy of the chemical quality of drinking-water, a
comparison of the results of water quality analysis with
guideline values was done. For additives (that is,
chemicals derived primarily from chemicals and materials
used in the distribution and production of drinking-water),
emphasis is placed on the direct control of the quality of
these products. The main objective of this study is to
evaluate groundwater quality of Labuan Island, located in
the south of Malaysia, using GIS. Regarding this method,
several maps from different contaminants were produced
and also considered in water quality assessment of the
study area.

LITERATURE REVIEW

Investigation of the profiles of dissolved oxygen (DO)
concentrations and biochemical oxygen demand (BOD),
which are able to clarify ground water quality problems,
have attracted considerable attention in recent years. For
example, wastes discharged into a stream may result in
undesirable effects in the aquatic environment.
Furthermore, a certain standard of water quality of streams
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is needed in order to sustain the life of aquatic plants and
vertebrates. The DO and BOD concentrations as well as
coliform counts have been commonly used as measures
of water quality. They are of special concern in the
organically polluted natural stream. Moreover, the most
commonly related problems to groundwater quality are as
follows (Almasri and Kaluarachchi, 2004; Buselli and Lu,
2001; Freifeld et al., 2009; Lee et al., 1999; Mahadevan
and Rishnaswamy, 1984):

i) Water-soluble substances that are dumped, spilled,
spread, or stored on the land surface may be eventually
infiltrated.

i) Substances that are deposited or stored in the ground
above the water table.

i) Materials that are stored, disposed of, or extracted
from below the water table. Many of the contamination
problems related to these activities are highly complex,
and some are not well understood. As an example, the
quality of groundwater is affected by land use and waste
disposal. One major source of contamination is the
storage of waste materials in excavations, such as pits or
landfills and mines (Asadi et al., 2009, 2010; Moayedi et
al.,, 2011a, b, ¢).

iv) Groundwater can also become contaminated by the
disposal of fluids through wells and, in limestone terrains,
through sink holes directly into aquifers. Likewise,
infiltration of contaminated surface water has caused
groundwater contamination in several places. lIrrigation
tends to increase the mineral content of both
groundwater and surface. The degree of severity in
cases, such as these, is related to the hydrologic
properties of the aquifers, the amount and type of waste,
disposal techniques, and climate.

v) Pumping is another cause of groundwater quality
deterioration, which may precipitate the migration of more
mineralized water from the surrounding strata to the well.
In coastal areas, pumping has caused seawater to invade
fresh-water aquifers. In some parts of Coastal West
Florida, wild-flowing, abandoned artesian wells have
salted and consequently ruined large areas of formerly
fresh or slightly brackish aquifers.

vi) The water quality parameters selected for the
assessment and monitoring, include: Ammoniacal
nitrogen (NH4-N or Am-N), BOD, chemical oxygen
demand (COD), DO, turbidity, faecal coliform counts
(FCCQ), total suspended solids (TSS), total coliform counts
(TCC), heavy metals, etc. Some of the parameters are
categorized and are subsequently described.

Chemical parameters

Some of the chemical parameters which can cause
groundwater contamination are temperature, pH value,
DO, color (Hazen), turbidity (NTU) and conductivity, as
well as salinity, TSS, total dissolved solids, TDS, BOD,
chemical oxygen demand (COD), ammoniacal nitrogen

(NH4-N or Am-N), potassium, nitrate nitrogen, heavy
metals, and oil and grease (Almasri and Kaluarachchi,
2007; Buselli and Lu, 2001; Colten, 1998; Freifeld et al.,
2009; Homoncik et al., 2010; Ma et al., 2009; Stone et al.,
2010; Tijani, 2009; Zhao et al., 2007).

Microbiological parameters

Some of the microbiological parameters which
significantly caused groundwater to be polluted are FCC
and TCC (Falcdo et al, 1993; Olaoye and Onilude,
2009).

Pesticides

Chlorinated, Glyphosphate, Paraquat and
Methamidaphos are common tests carried out to know
the level of agrochemical pollution (Cerejeira et al., 2003;
Hu et al., 1999).

MATERIALS AND METHODS
Water quality standard

The classification of water quality is made according to the
Department of Environment's (DOE) National Water Quality
Standards for Malaysia (NWQSM). The NWQSM has three
elements: (1) the designated uses assigned to waters (for example,
swimming, the propagation and protection of aquatic life and
drinking), (2) the thresholds or criteria that protect humans and fish
from exposure to levels of pollution that may cause adverse effects,
and (3) the anti-degradation policy, intended to prevent waters
currently in degraded condition from further deteriorating, and
minimizing deterioration of high quality waters (Almasri and
Kaluarachchi, 2004; Mahadevan and Krishnaswamy, 1984).

The water quality parameters selected for classification are
shown in Table 1. The concentration limits for various parameters in
the different classes of the NWQSM are also shown. The NWQSM
operates with six classes of water quality, namely: Class |, Class
HA, Class IB, Class lll, Class IV and Class V.

Sources of ground water pollution

As mentioned earlier, water pollution is usually caused by human
activities. Different human sources add to the pollution of water.
There are two types of sources: nonpoint and point sources. Point
sources discharge pollutants at specific locations through sewers or
pipelines into the surface water, while nonpoint sources are sources
that cannot be traced to a single site of discharge. Examples of
point sources are: factories, sewage treatment plants, oil wells,
underground mines, oil tankers and agriculture, while examples of
nonpoint sources are: acid deposition from the air, traffic, pollutants
that are spread through rivers and those that enter the water
through groundwater. Nonpoint pollution is hard to control because
the perpetrators cannot be traced (Almasri and Kaluarachchi, 2004;
Almasri and Kaluarachchi, 2005; Milovanovic, 2007; Trowsdale and
Lerner, 2007). On the one hand, saltwater encroachment
associated with over drafting of aquifers or natural leaching from
natural occurring deposits are natural sources of groundwater
pollution. The main concern of this study over groundwater
contamination has been centered on pollution associated with
human activities. Human groundwater contamination can be



related to waste disposal (private sewage disposal systems, land
disposal of solid waste, municipal wastewater, wastewater
impoundments, land spreading of sludge, brine disposal from the
petroleum industry, mine wastes, deep-well disposal of liquid
wastes, animal feedlot wastes and radioactive wastes) or not
directly related to  waste disposal (accidents, certain
agricultural activities, mining, highway deicing, acid rain, improper
well maintenance and construction, road salt) (He et al., 2006; Ma
et al., 2009; Stone et al., 2010; Asadi et al. 2011a, b, c, d, e; Huat
et al., 2011a, b; Moayedi et al., 2011d).

Research area

Labuan Island is located in the South-eastern part of Malaysia in
5°18745.70”N and 115 °12’54”E , covering an area of

97 km * . Figure 1 shows the small scale map of the study area and
its location in Malaysia. Also, the geological map of Sabah,
published by the Director-General of Geological Survey, Malaysia in
1985, is presented in Figure 2. It should be mentioned that
Labuan lIsland is underlain by the sedimentary and sedimentary-
volcanic rock of the Pleistocene period, which consists of terrace
sand and gravel.

In order to map the groundwater quality of Labuan Island; first,
the exact position of Malaysia and Labuan Island was found and
their maps were drawn. Then after locating the wells’ location,
based on their GPS positioning, the data could be put through the
exact location of the wells. Figure 3 show Labuan Island map and
the location of the monitoring wells (MW) around. The map is based
on the Universal Transverse Mercator and it clearly separates the
Labuan Island farmland and urban area. Monitoring wells (MW)
were selected close to the urban area.

The data provided by monitoring studies gave indications on the
efficiency of the cover and, in situations where dispersion of the
contamination is observed, it is possible to characterize the lateral
and depth extension, in order to produce nonstandard groundwater
quality mapping images. The result provides technical support for
decision-making in remediation programs and mitigation of
unexpected scenarios. It is often assumed that natural groundwater
quality is nearly constant at any particular site. Field data
substantiate this assumption and logically leads to the same
conclusion, if the aquifer is confined and not subjected to stress.
Multiple samples from 4 wells were monitored around the Labuan
Island. Then, different tests were carried out on samples in order to
find the pollution materials, such as phenol, sulphid, cyanide, oil,
organic carbon, arsenic, boron, codmium, chromium, copper, iron,
lead, manganese, nickel, tin, zinc, mercury, etc. As can be seen
from Figure 4, two different monitoring wells, MW1 and MW2, which
are currently under observation through Labuan Island, are shown.
Each monitoring well consists of PVC casing and is screened at the
top of the respective aquifer that each well taps.

RESULTS AND DISCUSSION

Figures 5 and 6 show the groundwater quality
parameters namely: BOD, COD, oil and grease, total
phenol, total cyanide, arsenic, cadmium, chromium
trivalent, chromium hexavalent, copper, lead, selenium,
vanadium, mercury and zinc wells located in Labuan
Island, in year 2008 and 2009.

Enhancing the controlling of drinking water additives,
testing procedures typically assess the contribution of the
additives to drinking water and take account of variations
over time in deriving a value that can be compared with
the guideline value. Most chemicals are of concern only
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with long-term exposure; however, some hazardous
chemicals that occur in drinking water are of concern
because of the effects arising from sequences of
exposures over a short period. In cases where the
concentration of the chemical of interest varies widely, a
series of analytical results may fail to fully identify and
describe the public health risk (for example, nitrate). In
the present study, water quality parameters were
observed from the monitoring wells and were then
classified by using the Geography Information System
(GIS) as different maps. Since the data were carried out
for 2008 and 2009, mapping qualification was also done
based on these two different years. For each vyear,
different qualification maps were produced by
interpolation between data which were observed from the
wells. Based on the Malaysian ground water qualification,
standard classifications were carried out for the study
area. For example, Baron which is one of the important
chemical parameters in groundwater quality monitoring

should be less than 1000/” in order for it to be

categorized as Class |. Thus, it was observed in both
2008 and 2009 in the case of Labuan Island. Figure 7
and 8 show the variability of BOD and manganese,
through the Labuan Island, in 2008 and 2009, which
made the study to be more concerned with groundwater
pollution.

Table 1 shows the calculation of water quality index
(WQlI). Moreover, based on the data presented in Tables
2 and 3, it is clear that water quality index (WQlI) for each
well in both 2008 and 2009 has been limited by the
standard value for Class I. Results show that WQI
ranged between 95 and 98 and between 96 and 98 in
2008 and 2009, respectively, for which both of them are
classified as Class |. Also, the results indicated that
groundwater quality in Labuan Island was classified in
Class I. In addition, based on DOE classification, the
groundwater quality in this area is in Class I. As it was
mentioned, Class | is the most suitable water used for
human consumption. However, such water is typically
encountered in uninhabited areas without anthropogenic
discharge.

The concentration of contaminations was measured
and monitored for every well consisting of physical and
chemical water quality parameter. Some parameters,
such as oil and grease, cadmium and total phenol are not
detected or under testing for both years according to the
measured data. As a result, BOD concentration for both
2008 and 2009 was in good quality and classified in
Classes | and Il, since the observed values are less than
3 mgl/l. ltis clear that the average BOD concentration is 1
mg/l, but in the MW2 well, BOD concentration decreased
from 2 mg/l to 1 mg/l. However, only slight changes were
observed in these classes, but they did not describe any
improvement of groundwater quality. Also, COD
concentration increased in 2009 in comparison with the
values of 2008, especially for the two wells of MW1 and
MWS3. The increased value may be an indicator that
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Figure 1. Area map of Sarawak and Sabah.
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Figure 2. Geological map of Sabah area in scale 1:500,000.
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Figure 4. Groundwater monitoring well. a- MW 1, b- MW2.
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Table 1. WQI calculation in 2008 and 2009 for Labuan Island.

Year Well DO% BOD COD SS pH NH:-NL  DOSI _ BOD SI COoD Sl AN SI SS SI pHSI _WaQl Class
2008 MW1  93.03 1 6 0 7.8 0 100 96 91 101 98 94 97 |
MW2  86.31 2 4 0 76 0 94 92 94 101 98 96 95 |
MW4  95.34 1 2 0 6.6 0 100 96 96 101 98 97 98 |
MW6  82.83 1 2 0 78 0 92 96 96 101 98 93 96 |
2009 MW1  93.29 1 8 0 78 0 100 96 88 101 98 94 96 |
MW2  90.49 1 4 0 76 0 97 96 94 101 98 96 97 |
MW4  98.06 1 3 0 6.6 0 100 96 95 101 98 97 98 |
MW6  98.02 1 2 0 78 0 100 96 96 101 98 93 98 |
Average 9217 113 3.88 0 743 0 100 96 94 101 98 97 98 |

Table 2. WQl calculation for 2008.

Sample ID WAQI DOE classification

Average WQI for groundwater in Labuan

DOE classification average

MW1 97 Class |
MW2 95 Class |
MW4 98 Class |
MW®6 96 Class |

96 Class |

Table 3. WQ calculation for 2009.

SampleID WAQI DOE classification

Average WQI for groundwater in Labuan

DOE classification average

MW1 96 Class |
Mw2 97 Class |
Mw4 98 Class |
MW6 98 Class |

97 Class |

these classes were slightly contaminated, but the quality
was still in Class | for both years. Nonetheless, wells
MW4 and MW2 still maintained the same COD
concentration for each year. On the one hand, and in
case of chromium solution, its concentration was
detected in wells MW1, MW2 and MW6 by means of 4, 1
and 1 pug/L, respectively. In 2009, the chromium
concentration samples for those wells were mostly not
detected or were under laboratory detection. However,
the chromium concentration in 2008 can be matched with
Class | of the Malaysian National Groundwater Standard.
It should be mentioned that the reduced chromium
showed the improvement quality of groundwater in this
area. The same trend was also monitored for zinc and
copper concentration in a similar pattern with chromium
concentration. In 2008, concentration of copper was
detected in wells MW1, MW2, MW4 and MW6 with 29, 1,
8 and 4 pg/L, respectively. It is noteworthy that in 2009,
copper concentration was only monitored in two wells of
MW2 and MW4, and it was 3 pg/L. Since for the two wells

of MW1 and MW, the concentrations were not detected
or were under laboratory testing, it is not clear which
conditions they are faced with in 2009, but as monitored
in 2008 for copper concentration, it could be classified as
Class |. Furthermore, zinc concentration significantly
decreased in 2009 in comparison with the 2009
monitored values. As shown in Figures 5 and 6, zinc
concentration values in wells MW1, MW2, MW4 and
MW6 with 233, 81, 155 and 193 ug/L in 2008 decreased
to 16, 99, 55 and 28 pg/L, respectively in 2009.

In the case of metal, a parameter (mercury) was only
observed in 2009 for MW4 with 1.2 pg/L concentration;
however, it did not have a considerable influence on
groundwater quality, but was still classified under Class I.
Other metals, such as arsenic, have been monitored in
both years. It should be mentioned that arsenic
concentration values are changeable through the well.
Since arsenic concentration has shown significant
increase in 2009 for two of the wells in comparison with
the exact wells in 2008, it is still classified in Class |



based on the observations made in Figures 5 and 6.

Based on the water quality parameter which was
classified by Malaysian National Groundwater Quality
Standards, some slight increase and decrease of
concentration parameters in 2008 to 2009 were
monitored; however, these changes did not present any
sufficient evidence for the polluted groundwater problem
in the study area.
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