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ABSTRACT

he groundwater from the Kayan Sandstone in Western Sarawak was investigated over a period

f five months for this study. The groundwater samples were obtained from a groundwater wen
the premises of a school i.e. the SK Stungkor on the Bau-Lundu Road. The chemical species
alyzed for were the major cations i.e. calcium (Ca 2+), magnesium (Mg2+), potassium (K+) and
dium (Na+) and the major anions i.e. bicarbonate (HC03-), nitrate (N03-), sulfate (SOl-) and
loride (Cl"). Other water parameters that were investigated were conductivity, pH, temperature
nd turbidity. The chemical analyses of the groundwater showed that all the major ions were
resent with bicarbonate as the most abundant followed by calcium, sodium, sulfate, chloride,
agnesium, potassium and nitrate. The concentrations of the chemical species as well as the
alues of the other parameters were found to remain constant over the five months.
mpositionally the groundwater was the calcium bicarbonate type. The groundwater was
assified as "fresh water" based on total dissolved solids (TDS) and is further classified as "hard
ater". The results of the investigation indicate that the groundwater is suitable for consumption

eywords: Groundwater, Kayan Sandstone, Major cations and anions chemical composition and
ater parameters, Groundwater Type, Suitability.
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ABSTRAK

ir tanah dari batu pasir Kayan di bahagian barat Sarawak telah dikaji selama 5 bulan. Sampel
·r tanah diperolehi daripada telaga air tanah yang terletak di kawasan sekolah iaitu SK
tungkor, lalan Bau-Lundu. Spesis-spesis kimia yang dikaji adalah kation utama iaitu kalsium
Ca 2 +), magnesium (Mt+), kalium (K+) dan natrium (Na+) serta anion utama iaitu bikarbonat
C03"),

nitrat (N03-), sulfat (SOl)

dan (er). Parameter-parameter air lain yang dikaji

rmasuklah kekonduksian, pH, suhu dan kekeruhan. Analisa kimia yang dijalankan ke atas
mpel air menunjukkan kehadiran semua ion utama dimana bikarbonat mempunyai kepekatan
ang paling tinggi diikuti oleh kalsium, natrium, sulfat, klorin, magnesium, kalium dan nitrat.
ilai kepekatan bagi spesis-spesis kimia dan nilai parameter air yang lain yang dikaji adalah
lar sepanjang lima bulan. Mengikut pengelasan secara kompsisi, air tanah tersebut
. elaskan dalam kumpulan kalsium-bikarbonat. fa juga dikelaskan sebagai "air tawar"
rdasarkan pengelasan mengikut pepejal terlarut jumlah dan selanjutnya dikelaskan sebagai
Iiat". Berdasarkan keputusan yang diperolehi, ia menunjukkan bahawa sampel air yang dikaji
'esuai untuk diminum dan untuk pengaira'ftpertanian.

la kunei : Air tanah, Batu pasir Kayan, Komposisi kimia kation and anion utama serta
rameter-parameter air, Kelas air tanah, Kesesuaian.
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1. INTRODUCTION

e of the major sources of water supply is groundwater. In order to satisfy the increasing
emand for groundwater, further studies of this vital resource especially studies about its
chemical composition is essential. Understanding groundwater will enable its effective
velopment or exploitation.

1 Background
1.1

Groundwater

eological strata consist of water to some depth below the land surface. The saturated zone is a
ne where all the interstices are filled with water (Todd, 1980). The interface between the
turated and unsaturated zones is called the water table (Freeze & Cherry, 1979). The water
low the water table occupying the voids or pores of the saturated zone is referred to as
oundwater (Price, 1996) .

.'

. 1.2 Importance of Groundwater in Sarawak
roundwater has become a very essential source of water especially in the coastal lowlands of
rawak since the 1980s. This reliance on groundwater is apparent, as 30% of the water supply is
pendant on groundwater [Department of Environment Malaysia (DoE), 2002a]. Amongst the
urces of groundwater are sandstone aquifers found in the state. One of these is the Kayan
dstone located in western Sarawak.

3

1.3 Occurrence of Groundwater
ater-bearing formations of the earth's crust act as a medium for the movement and storage of
ater (Todd, 1980). A layer of rock or soil that can hold significant quantities of water as well as
nsmit it is known as an aquifer (Todd, 1980). The main requirement of an aquifer is its ability
retain water in its pores and its permeability. Water enters these formations from the ground
ace (rainwater or bodies of surface waters) where it travels slowly for varying distances. The
st important property of the medium or rock that retains the groundwater is the pores they
corporate (Mandel & Shiftan, 1981). The property of a rock of possessing pores or voids is
ned porosity (Price 1996).
ccording to Todd (1980), porosity of a rock or soil is the ratio of pores or voids to the total
lume while permeability is the ability of rock or soil to transmit fluid.

Geochemistry of Groundwater
.1 Chemical Composition
e principal source of groundwater is surface waters (Todd, 1980) from natural sources such as
cipitation, lakes and reservoirs. Other contributions come from excess irrigation, seepage from
als and water purposely applied to inc1lhse groundwater supplies.
ccording to Todd (1980), higher concentrations of dissolved constituents are found in
undwater than in surface water because of the greater exposure to soluble materials in the
logic strata. Precipitation reaching the earth contains only small amounts of dissolved mineral
1 once in the earth, it will react with the minerals of the soil and rocks that it comes in contact

"tho The quantity and type of mineral matter dissolved depends on the chemical composition and
structure of the rocks (Todd, 1980). As groundwater moves deeper into the earth, the

4

tal dissolved solids in it increase. This is due to the greater distance that it flows through the
surface. Its movement is also slower because there is no outlet for it except for the leakage
rough the confining beds. Thus, there is a greater tendency for minerals to be dissolved and for
actions to take place (Freeze & Cherry, 1979; Price, 1996).
ajor ions present in groundwater are usually the cations
ions include HC03-, SO/-,

cr and N0 3- (Mandel &

ci+,

Mg2+, Na+ and K+, while the

Shiftan, 1981). According to Freeze and

erry (1979), there is a striking dominance of Na + and HC03- in the groundwaters of stratified
dimentary sequences .

•2 Major Elements in Groundwater
(i) Sources of Major Ions
The major ions present in groundwater originate from various sources and reactions as
follows:

a. Calcium (Ca 2j
The major natural source of calcium includes amphiboles, feldspars, gypsum,
pyroxene, aragonite, calcite, dolomite and clay minerals. According to Todd (1980),
the solution of calcium carbon~ causes hard groundwater and is usually found in
limestone aquifers.

b. Magnesium (M~)
Magnesium in groundwater usually originates from amphiboles, clay minerals, olivine,
pyroxene, dolomite and magnesite. Mandel and Shiftan (1981) has mentioned

that

this

earth alkaline metal enter into groundwater by the dissolution of carbonate minerals
in water containing carbon dioxide.
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c. Sodium (Na+) and Potassium (K+)
Sources of sodium in groundwater include feldspars, clay minerals, evaporates and
industrial waste while potassium originates from feldspathoids, feldspars, some micas and
clay minerals (Todd, 1980). Potassium is strongly absorbed by clay minerals and therefore
relatively scarce in groundwater and most natural waters (Mandel & Shiftan, 1981).

d. Bicarbonate (HCOJ ")
The major natural sources of bicarbonate in groundwater are the dissolution of calcite and
dolomite and it can al

0

be derived from the soil zone COz (Freeze & Cherry, 1979).

Freeze and Cherry (1979), also mentioned the calcite or dolomite occur in significant
amounts in most sedimentary basins.

e.

Sulfate (SOi-)
According to Price (1996), sulfate ions are commonly produced by the oxidation of
metallic sulphides that are present in many rocks. Gypsum and anhydrite are also the
major natural sources of

sol- (Todd, 1980). However, Freeze and Cherry

(1979)

have

mentioned that in most sedimentary terrains, S042- becomes the dominant ion only
after the groundwater has traveled a considerable distance. This is because gypsum or
anhydrite is rarely present in morttltlan trace amounts.

f. Chloride (Cn
The chief sources of chloride are sedimentary rocks (evaporites) while the minor sources
are igneous rocks. According to Mandel and Shiftan (1981), circulating groundwater
picks up chloride from rainwater that have tiny airborne salt crystals dissolved in them.
They have also mentioned that chloride may come from residual saline water that is
flushed from rocks.
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g. Nitrate (N03")
Nitrate originates from the atmosphere through electric discharges and also through the
combustion of fossil fuels (Mandel & Shiftan, 1981). However, Mandel and Shiftan
(1981) have also suggested that the major source of nitrogen in groundwater is organic
matter that is oxidized by aerobic bacteria according to the following sequence:

Organic compounds--+ NH3 (gaseous ammonia) ---+ NH/ (ammonium ion) --+N0 2
(nitrite ion) ---+ NO)- (nitrate ion)

(ii) Amounts of Principal Chemical Constituents in Groundwater.
Hydrogeochemical studies have yielded the concentrations of the various principal
chemical constituents present in groundwater. The concentrations for these principal
constituents found in literature are given below.

a. Concentrations of the principal chemical constituents present in groundwater
An example of the concentrations of major cations and anions in groundwater are as in Table

1 below.
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Table 1: Major Groundwater Cation and Anion Concentrations (Todd, 1980)
Chemical Species Ca'"

,Mg" J Na

Units

mfIL

Concentration

<100 1<50

- *.

J <200

IK -' DCO -, SO ."

I:.

l J

I<10

3

<10

<500

4

I~ <300

NO 3- .

I

. Bnnes may con tam as much as 75, 000 mgll
M~ *: Brines may contain as much as 57,000 mgll

Ca

Na+*: About 25, 000 mgll in brines
K+ *: As much as 23, 000 mgll in brines; as much as 100 mgll in hot springs
cr *: Value for humid regions; may reach 1000 mg/l or more in arid regions
HC03-*: May exceed 1000 mg/l in water highly charged with carbon dioxide
sol" *: As much as 200, 000 in some brines

b. Concentrations of the principal chemical constituents present in sandstones.
An example of the concentrations of major cations and anions in groundwater in sandstone
aquifers are as in Table 2 below.
Table 2: Chemical Analysis of Groundwater from Sandstones (after White et ai., 1963)

Chemical Processes That Affect The Chemistry of Groundwater
~cordilllg

to Mandel and Shiftan (1981), there are five main chemical processes that occur in

.-oUD(lwllter. These processes are diss'iution and precipitatim, adsorption and ion exchange,
........6'

oxidation and reduction, and membrane effects.

i.

Dissolution and Precipitation - As groundwater moves underground it tends to
develop a chemical equilibrium by chemical reactions with its environment. The
solubility of minerals increases with temperature and is practically unaffected by
pressure (Mandel & Shiftan, 1981). Chemical precipitation may also remove ions
in solution by formi ng insoluble compounds (Todd, 1980).
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Ii.

Ion Exchange - Ion exchange involves the replacement of ions adsorbed on
surface of fine-grained materials in aquifers by ions in solutions (Todd, 1980).
Because the exchange involves principally cations, the process is also known as
base, or cation, exchange.

ilL

Mixing - Mixing of groundwater bodies with different chemical composition is a
result of two physical processes namely diffusion and hydrodynamic dispersion
(Mandel and Shiftan, 1981). Diffusion is caused by the thermal motion of
molecules and ions while hydrodynamic dispersion is caused by flow through a
network of interconnected channels.

iv.

Oxidation and Reduction - Redox reactions involve the simultaneous occurrence
of oxidation with reduction. There are three types of redox reactions which
frequently occur in groundwater i.e. nitrification and denitrification, oxidation of
sulfides to sulfates and the reduction of sulfates to molecular sulfur and sulfide,
and the oxidation of bivalent iron to trivalent iron (Mandel and Shiftan, 1981).

v.

Membrane Effects - Mandel and Shiftan (1981) suggested that membrane effects
in terms of osmotic diffusion may occur where a clay layer separates freshwater
from saline water.

9

Dater Quality, Contamination and Pollution
fer Quality and Contamination

the quantity of water without quality has no significance in terms of usage, the chemical
of water has gained equal importance as its quantity. There are a large number of sources

uses that can contaminate the groundwater ranging from septic tanks to irrigated
dQllIttlle. In contrast to surface water pollution, subsurface pollution is difficult to detect and
more difficult to control (Todd, 1980).

the major sources of groundwater pollution are landfills, surface impoundments, waste
injection wells, septic syste ms and agricultural wells (Bedient et ai., 1994). As rainwater
DilJratc::s these landfills, leaching of contaminants into the ground water can occur.
impoundments usually include pits, ponds, or lagoons, which are of various sizes.
1U(;JOe:s

can contaminate groundwater by migration through the soil to the water table.

ittiIizelrs can serve as a major source of elevated nutrient levels. Nitrogen, potassium and
MII~lInl"lCl

are the three basic fertilizers but nitrogen represents over half of the total used and is

most likely to leach (Bedient et ai., 1994). A high concentration of nitrate (>20 ppm) in
rJundWlilter

for instance, indicates sources of past or present pollution (Todd, 1980, Mandel and

not only impairs the use of water but it can also create hazards to public health through
or the spread of disease (Todd, 1980).
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lOI'd~to

Mandel and Shiftan (1981), the five criteria that define water quality are:

olid mineral particles
Dissolved inorganic constituents
Dead organic matter
Live organisms, especialJy bacteria
Radioactivi ty
Table 3 below shows an abbreviated list of standards that are generally accepted for drinking

Table 3: Drinking Water Standards (Mandel and Shiftan, 1981)
Desirable Range, mg/I

Maximum Concentration, mg/I

:s 500

1500

pH

7.0-8.5

6.5-9.2

cr

:s 300

600

SO/"

:s200

400

NO)"

-

50

ea.. . .

75-200

-

Mg"'"

50-1501P9·

Major
Constituents
IDS·

150q:l

·IDS = Total Dissolved Sohds
"If
exceeds 250 mg/l, Mg2+ should not exceed 30 mg/I

sol

4 below shows the benchmark for Groundwater in Malaysia (Revised December 2000).
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ational Guidelines for Drinking Water Quality Benchmark for Groundwater in
Malaysia [Department of Environment Malaysia (DoE), 2004b]
Symbol

Benchmark

Sulphate

S04

250 mg/l

Hardness

CaC03

Chemical

500 mg/I

I
I

Nitrate
Coliform

N03

10 mg/I

-

Must not be detected in any
100 ml sample

Manganese

Mn

0.1 mg/l

Chromium

Cr

0.05 mgll

Zink

Zn

3mgll

Arsenic

As

0.01 mg/l

Selenium

Se

0.01 mg/I

Chloride

CI

250 mg/l

Phenolics

0.002 mg/I

IDS

-

Iron

Fe

0.3 mg/I

Copper

Cu

1 mg/I

Lead

Pb

0.01 mg/I

Cadmium

Cd

0.003 mg/I

Mercury

Hg

0.001 mg/I

1000 mg/I

..

I

I

'
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....:ability of groundwater for irrigation depends on the effects of the mineral constituents of
00

both the plant and the soil (Todd, 1980). Among the important constituents are

aad chloride which can react to for m salt. The two ways in which salts affect the plant

Pbysical harm by limiting the uptake of water through modification of osmotic

processes.
Oemical harm by metabolic reactions such as those caused by toxic constituents.

of salts on soil cause changes in soil structure, permeability, and aeration, which will

parameter that is used to classify the quality of water for irrigation is the specific

ila£uoce. Table 5 below indicates the water class classification for irrigation purposes.
Table 5: Quality Classification of Water for Irrigation (Todd, 1980)
Percent Sodium

Specific Conductance, f,IS/cm

<29

<250

Good

20-40

250-750

Permissible

40-60

750-2000

Doubtful

60-~

2000-3000

>80

>3000

Water Class
Excellent

I

Unsuitable
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