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Abstract. Groundwater is one of the major alternatives of freshwater supply in rural as well as
in urban areas in Kelantan. The need for groundwater has been rising day by day for irrigation
purposes. The degree of trace elements pollution and the suitability of groundwater for
drinking purpose were assessed through analysis of 32 groundwater samples of shallow
aquifer. A total of 15 trace elements investigated includes As, Pb, Sr, Ba, Mn, Co, Ni, Cu, Cd,
Fe, Zn, Cr, B, Se, and Al. The study reveals that most of the samples analysed contain
marginally low concentrations of trace elements. The majority of toxic elements (As and Pb)
are found to be in minute quantities and thus assumed to be inattentive in the wells. The
concentration of all the elements except Fe and Mn were found far well within the permissible
limits of WHO, thus pointing to the unpolluted source of water supply in the area. The
concentration of Fe is higher in eight samples whereas Mn is on the higher side in twelve
samples during post-season. Overall, all the elements show higher concentrations during post
season owing to the less intensity of rainfall. Overall, the water in the area is safe for various
purposes, but the source and contamination levels of Fe and Mn needs to be evaluated in detail.
Moreover, appropriate use of law and regulations and effective water management is required
amid rising population to preserve the quality of this resource for future generations.

1. Introduction

Groundwater is one of the primary sources of freshwater widely used in field irrigation, agriculture,
and other domestic purposes [1]. Groundwater resources are of often understood to be protected in
nature as it is understood to be originated from the deeper setting in the subsurface [2[. Groundwater
occurs below the water table settings in fissured and weathered portions of crystalline strata [3]. The
groundwater system in any particular region has its signatures as a result of the chemical alteration of
precipitates infiltrating into the subsurface and the aquifer [4]. The chemical alterations are influenced
by several aspects, such as interaction with the soil system, the residence time in the aquifer, mixing
with mineral, and others [5].

In Kelantan, most of the population relies on groundwater, especially in rural regions, and utilized
for various purposes. Since the nature of groundwater to be protected by overlying strata, which
infiltrates a considerable amount of pollutants before reaching the aquifer, it is often regarded as safe
for domestic uses such as for drinking, agriculture, and irrigation purposes as well [6]. Therefore,
groundwater, which serves for these purposes, should be clean and free from any harmful substances.
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Substances including chemicals, effluents from industrial discharge, toxic elements, as well as
elevated concentrations of ion and trace minerals, may be dangerous if consumed in a prolonged time
[7]. Thus, groundwater quality assessment, including trace elements and major ions investigation is
essential to be conducted to assess the suitability of these resources for drinking, agricultural, and
irrigation purposes. The present study focuses on trace element concentrations in shallow domestic
groundwater wells and which is crucial to delineate the possible elements which exceeded the standard
concentration, especially in drinking water.

2. Materials nad Methods

2.1 Study area

The present analysis is conducted in the northern part of Kelantan, covering four major districts of
Tumpat, Pasir Mas, Kota Bharu, and Bachok. The study area is bounded by latitudes of north 5° 55"
and 6° 15” and longitudes of east 102° 4” and 102° 25,” which covers 1400 km’restricted area. The
sampling location for trace element concentrations is digitized using ArcGIS software (Figure 1). The
area is mainly underlain by alluvial deposits of Quaternary age [8]. The study area shows a wet and
dry climate with a maximum temperature of 32°C during dry seasons. It also encounters annual
rainfall throughout the year but higher at the end of the year, which is contributed by north-east
monsoons from October to January.
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Figure 1. Map of study area showing the groundwater sampling locations

2.2 Sample collection

A total of 32 locations were identified for groundwater sample collections in the study area. Samples
were collected in pre-season and post-season in the years 2015 and 2016respectively. The samples
were collected from first aquifers uniformly, and borehole pumps using lliter nitric acid cleaned
polyethylene containers. For trace elements analysis, the sample bottles were soaked and rinsed with
groundwater samples at sampling time. The trace element concentrations were analyzed in the
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Malaysian Nuclear Agency using instrument Inductively Coupled Plasma Mass Spectrometry (ICP-
MS).

3. Results and Discussions

The analytical concentration of trace elements distribution in the study area are tabulated in Table 1,
Table 2 and Table 3 (please refer in appendix). Iron is an element that is fundamentally important in
the human body. Elevated concentrations of iron in groundwater may result in poor taste, staining of
paint, as well as surface corrosion in the underground pipe system [2]. On the other hand, deficiency
of iron in the biological system may cause diseases such as anemia, a common problem [9]. Iron
concentration in the study area (Figure 2) ranges from 0.0008 mg/1 to 0.324 mg/l during pre-season,
but sample P28 show higher than the maximum permissible limits (0.3 mg/1).

In contrast, during post-season, the iron concentration ranges from 0.026 mg/l to 11.14 mg/l, with an
average of 1.846 mg/l, significantly exceeding the permissible limit of iron in groundwater. The
highest concentrations were marked in locations P27 reaching up to 11.14 mg/l. The samples with
higher Fe values fall in the Kota Bharu district. The anthropogenic role in Fe contamination cannot be
ruled-out keeping in view the older water supply structures and high population in Kota Bharu.
Geogenically, under low pH conditions, interactions among oxidized Fe minerals and organic matter
can lead to the dissolution of Fe2CO3 [10]. Reducing conditions strongly favor rise of Fe by removing
dissolved oxygen [11].

102°10'0"E 102°20'0"E

=

6°10'0"N

'0"N

6°0

Index S lomaters Index - S — S K
B 0.0008-0.065 [ 0.065-0.13 0.13-0.19 B 0.0026-2.2 BN 2.24-447 0.13-0.19
B 0.19-0.25 B 0.25-0.32 == Contour Bl 6.69-8.91 Bl 8.91-11.14== Contour

Figure 2. Iron distributions in groundwater samples during pre-season (left) and post-season (right).

Zinc concentrations range from 0.0008 mg/l to 1.431 mg/l during pre-season and 0.008 mg/l to
0.070 mg/1 for post-season respectively. The concentrations of zinc in both seasons are lower than the
standard permissible limit of 3 mg/l. Cadmium concentration ranges from 0.00001 mg/1 to 0.0004 mg/1
during pre-season and 0.00001 mg/I to 0.00046 mg/I1 for post-season respectively. All the groundwater
samples are within the permissible limit of cadmium, which is 0.003 mg/l. Highly practiced
agricultural activities can also lead to significant levels of cadmium, as pesticides are one of the
important sources of cadmium [12, 13].

Chromium (Cr) concentrations range from as low as 0.0003 mg/I to a maximum of 0.0008 mg/1
during pre-season. For post-season, the analysed concentration ranges from 0.0002 mg/l to 0.0005
mg/l. Chromium is essential quantities that are important for the normal secretion of insulin, which
regulates glucose metabolism in the body system. However, excess intake of chromium may result in
disorders such as hypertension.

The concentrations of copper (Cu) analysed ranges from 0.0005 mg/1 to 0.0122 mg/I during pre-
season and 0.002 mg/l to 0.182 mg/l for post-season with average values of 0.0031 mg/l and 0.027
mg/1 respectively. The analyzed copper from groundwater is lower compared to 0.05 mg/l permissible
limit. Aluminum concentration was recorded between 0.0006 mg/1 and 0.168 mg/l during pre-season
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and 0.006 mg/1 to 0.137 mg/l during post-season, while selenium concentrations range from 0.0009
mg/1 to 0.0027 mg/l during pre-season and concentrations recorded less than 0.00005 mg/1 to 0.00098
mg/l during post-season. The groundwater sample has a low concentration of aluminum but in two
locations having values near to 0.2 mg/l standard limit of WHO. Aluminum presence in the
groundwater is a possible process of dissolution of several substances, including clays and silicate
compounds present in the strata [4, 2]. Boron concentrations were recorded from 0.004 mg/1 to 0.0016
mg/l during pre-season and 0.003 mg/l to 0.030 mg/l of post-season which is lower compared to
permissible limit of 0.3 mg/1.

Manganese occurrences are often attributed to the element iron in which they take place
collectively and can be attained in various localities such as in groundwater, subsurface soil structures,
as well as in rocks and sediments. Manganese concentrations are in the range of 0.001 mg/l to 0.006
mg/l during pre-season. For post-season, manganese concentrations vary from 0.0008 mg/I to 0.645
mg/l with an average 0.182 mg/l. During pre-season, the groundwater samples reported a normal
concentration of manganese, which is fit for drinking purposes and not exceeding the acceptable limit.
Alternately, for post-season, certain areas recorded elevated concentrations of magnesium element,
which exceeded the 0.1 mg/l limit. In terms of cobalt, the concentrations are analysed in the range of
0.00001 mg/1 to 0.0003 mg/l during pre-season. For post-season, cobalt concentrations ranges from
0.00004 mg/l to 0.0078 mg/l with average concentrations of 0.0016 mg/l. Cobalt during pre-season
and post-season reported within 0.1 mg/1.

Nickel probably present in groundwater through corrosion of metal constituents from pipelines
systems located on and below the surface [14]. Besides, piping systems that are old and corroded
might also be a serious concern as the majority of citizens are not aware of these situations [15]. Based
on that, it can be agreed that nickel is not contributing pollutants in the study area as its concentrations
less than 0.0012 mg/l and 0.0067 mg/] for respective seasons are comparably lower compared to the
permissible limit of 0.1 mg/l. Arsenic is found to be safe and harmless as its concentration is below
0.0055 mg/l mg/l compared to the WHO permissible limit of 0.01 mg/1.

Higher concentrations of lead in the drinking water supply are proven to be poisonous as it could
damage the nervous system, thus affecting overall brain functions [12, 9]. Besides, abnormalities such
as high blood pressure and hearing problems may also occur in the high consumption of lead [11].
Lead concentrations in the study area are observed to be very low, with the highest concentration of
0.0026 mg/1 recorded during pre-season compared to the permissible limit of 0.01 mg/l. The average
values of lead during pre-season are 0.0004 mg/l. For post-season, lead concentrations are noted from
0.0007 mg/1 to 0.0298 mg/l with mean concentrations of 0.0038 mg/l. Therefore, lead concentrations
in the study are safe for drinking and irrigation purposes in all samples except sample 18 slightly high.
Barium concentrations in the study area are in the range of 0.0006 mg/l to 0.047 mg/l during pre-
season while for post-season, the concentration ranges from 0.006 mg/1 to 0.179 mg/l. The acceptance
limit of barium is 0.7 mg/1.

Strontium ranges 0.0015 mg/l to 0.032 mg/l during pre-season. The mean concentration of
strontium is 0.0132 mg/l below permissible limit of 0.07 mg/l while in post-season, strontium
concentrations were between 0.002 mg/l to 0.137 mg/l with mean concentrations of 0.038 mg/l.
Several groundwater locations collected during post-season indicated concentrations exceeding the
permissible limit of strontium for drinking purposes. The differences in strontium values in
groundwater during the seasonal analysis delineate a notable increase in the concentrations after the
post-season. For anthropogenic bases, strontium could occur via ongoing agricultural activities that
utilized fertilizers and other composites depending on the location of the sources close to poultry farm
and cattle.

4. Conclusion

A study was carried out in parts of Kelantan to evaluate the current status of trace element
concentration in shallow groundwater wells and its purpose for various uses such as for drinking and
irrigation purposes. The distribution of various types of trace elements in groundwater sources has
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been discussed. All the elements except Fe and Mn show concentration far well within the permissible
limit. The samples with higher Fe values mostly fall in Kota Bharu area owing to the oldest urbanized
area. Elements including chromium (Cr), Cobalt (Co), Nickel (Ni), Arsenic (As), Cadmium (Cd), and
lead, Pb are recorded in diminutive concentrations with few concentrations of lead, Pb is recorded
<0.0001 mg/1.
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Table 3. Comparisons of Trace Elements Concentration with W.H.O (2011) Permissible

Limit.
Constituents W.H.O Concentrations during Pre- Concentrations during
(mg/1) Season (mg/l) Post-Season (mg/l)
(2011)

Iron, Fe 0.3 0.0008 to 0.324 0.026to 11.14
Zinc, Zn 3 0.0008 to 1.431 0.008 to 0.070
Cadmium, Cd 0.003 0.00001 to 0.0004 0.00001 to 0.00046

Chromium, Cr 0.05 0.0003 to 0.0008 0.0002 to 0.0005
Copper, Cu 1 0.0005 to 0.012 0.002 to 0.182
Aluminum, Al 0.2 0.0006 to 0.168 0.006 to 0.137
Selenium, Se 0.01 0.0009 to 0.0027 <0.00005 to 0.00098
Boron, B 0.3 0.004 to 0.016 0.003 to 0.030
Manganese, Mn 0.1 0.001 to 0.060 0.0008 to 0.645
Cobalt, Co 0.1 0.00001 to 0.0003 0.00004 to 0.0078
Nickel, Ni 0.02 0.0002 to 0.0012 0.0003 to 0.0067
Arsenic, As 0.01 <0.0001 to 0.0055 <0.00005 to 0.00576
Lead, Pb 0.01 <0.0001 to 0.0023 0.0007 to 0.0298
Barium, Ba 0.7 0.0006 to 0.047 0.006 t0 0.179
Strontium, Sr 0.07 0.0015 to 0.032 0.002 to 0.137

The concentration of elements marked in red colour exceeds the WHO limit.



