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ABSTRACT. Heavy metals are one of the serious pollutants in environment because its
toxicity. Severe concentration of heavy metals can harm the plants, animals and even human.
During the pedogenesis process, heavy metals from the parent rock are mobilized in soils and
redistribute in to the environment. The objective of this paper is to study the concentration
and toxicity level of selected heavy metals in volcanic soils around Tawau, Sabah. In this
study 10 soil samples were collected from different sampling stations. The selection of soil
samples were based on the different type of volcanic rocks in the study area. The
determination of concentration of heavy metals in soil samples were carried out using X-Ray
Fluorescence (XRF) analysis. The result shows, the highest concentration is chromium with
the average of 141 ppm followed by zinc with 112 ppm. The concentration of copper is 49
ppm, nickel 15 ppm, lead 8 ppm and arsenic 7 ppm. The soil samples is identified as polluted
due to the elevated concentration of certain heavy metals when compared with the Sediment
Quality Guidelines of US EPA. Chromium is regarded as heavily polluted agent while zinc,
copper and arsenic indicated that the area is moderately polluted. Nickel and lead average
concentration show no indication of pollution in the area. It is concluded that the combined
source of heavy metals in the study area would be the parent materials of the soils and other
anthropogenic effluent. From the study also, it is found out that pH value, organic matter and
clay percentage has influenced the heavy metal concentration in volcanic soil in the study
area.
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INTRODUCTION
Mason (1958) defined geochemistry as a study to determine the abundances of elements in
earth. It also relates to the principles which control the elements distribution and mobility to
the various parts of earth. Heavy metal is defined as trace elements that possess a density more
than 5 g/cm3. Heavy metals are one of the serious pollutants in our natural environment
because of its toxicity (Pekey, 2006). Metal elements existence has importance in the
industrial arena and also in our daily life; a trace amount of common metals are found in the
environment and in our daily consumption does give benefits to humans. However,
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severe concentration of a certain metals can harm plants, animals and even human. Examples
of heavy metals are Arsenic (As), cadmium (Cd), chromium (Cr), copper (Cu), mercury (Hg),
manganese (Mn), nickel (Ni), lead (Pb), selenium (Se) dan zinc (Zn). The abundance of heavy
metal is influenced by several factors such as parent rock, clay existence, pH value and organic
matter content in soil. Metal concentration levels vary from one place with one another,
depending on natural geological factors of the area (Sabri et al., 1993).
Weathering is the breakdown and alteration of rocks and minerals at or near the earth’s
surface into products that are more in equilibrium with conditions found in the environment
(Yalcin, 2007). Weathering can be divided into mechanical, chemical and biological activity
(Jenny, 1994). Tropical rainforest climate which is intense sun and rainfall all year round
contribute to the active weathering process. Chemical weathering is a major process affecting
rocks mineral composition and is controlled by many variables such as parent rock type,
topography, climate and biological activity (Islam et al, 2001). During pedogenesis process,
heavy metals are mobilized in soils and redistribute among soil components (Sipos, 2004).
Due to high temperatures and heavy rainfall, the predominant soils of humid tropical regions
are oxisols (Young, 1976). The high ratio of precipitation to evaporation generally favours
downward percolations; due to very high rainfalls the humid tropical environment provides
the optimum conditions for metal dispersion (Olade, 1987). To investigate such occurrence, a
study is carried out to assess the distribution of selected heavy metal and its toxicity level in
volcanic soils from Tawau, Sabah.
DESCRIPTION OF STUDY AREA
The research area is located in Tawau, Sabah. The area is bounded by the latitude 4° 15’ N to 4°
30’ N and the longitude 117° 30’ E to 118° 15’ E, as shown in Figure 1. Tawau area is underlain
by volcanic rocks aged Pliocene to Quartenary (Kirk, 1968; Tjia et al., 1992). Volcanic activities
in Tawau involved lava flows and pyroclastics, The type of rocks that was produced by lava flows
are basalt, andesite and dacite, while pyroclastics deposits are scoria, lapilli, ashes, breccia, and
tuff (Baba et al, 2008). Volcanic activities during Pliocene was attributed to the pyroclastic and
lava eruption which then transported, faulted and eroded during Late Pliocene and Early
Quartenary producing similar volcanic facies morphology (Sanudin & Baba, 2007).
MATERIALS AND METHODOLOGY
In this study 10 soil samples were taken from different sampling stations in Tawau area. The
selection soil samples were based on the different type of volcanic rocks in the study area,
noted as C1 until C10. The soil pH value was taken insitu during sampling. Samples were
carefully secured in a clean polyethylene bag to avoid any contamination and taken to the lab
for further analysis. Samples then undergone test for determination of organic matter content,
where samples were dried in a furnace with temperature 400°C overnight. The remaining
samples were air dried for the next analysis. Particle size distribution was carried
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out to identify the percentage of silt, clay and sand fraction, dry sieving and pipette method
were employed to analyse the soil sample (BS1377-1990). For determination of selected heavy
metal concentration, samples are tested using X-Ray Fluorescence method. Samples were
grinded and sieved to obtain grain sized less than 50 µm (Schlotz & Uhlig, 2006) and pressed
pellets are used for trace elements determination (Norrish & Hutton, 1969).

Figure 1: Location of study area and sampling station.
RESULTS AND DISCUSSION
Heavy Metal Concentration in Soil
Ten samples (C1 until C10) represent different types of volcanic rocks. Each sampling station
corresponds with different types of volcanic rocks; sample C1 to C5 made up by hypersthene
andesite, C6 to C9 is taken from dacite and C10 consists of olivine basalts, which reflects the
possible source of heavy metal to soil. Seven types of heavy metals are chosen in terms of
concentration in the soils, the heavy metals are arsenic (As), chromium (Cr), copper (Cu),
nickel (Ni), lead (Pb) and zinc (Zn). A summary of heavy metal concentration of each
sampling area and its average against Sediment Quality Guidelines (SQG) of US EPA (Pekey,
2006 after Perin et al., 1997) are shown in Table 1.
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Table 1: Heavy metal concentration of each sampling area and its average against Sediment
Quality Guidelines (SQG) of US EPA.
Element
(ppm)

C1

C2

C3

C4

C5

C6

C7

C8

C9

C10

Avg

As
Cr

8
154

5
108

5
139

8
220

10
93

7
125

7
134

7
134

5
118

6
182

7
141

Cu
Ni

40
19

43
10

55
9

10
11

59
10

42
19

28
17

69
17

88
23

57
17

49
15

Pb

*bdl

3

3

*bdl

17

19

3

24

4

8

Zn

112

92

132

74

2
12
2

117

112

128

114

120

112

SQG of US EPA (ppm)
NonModerately
Heavily
Polluted
Polluted
Polluted
<3

3~8

>8

<25
<25
<20

25~75
25~50
20~50

>75
>50
>50

<40
<90

40~60
90~200

>60
>200

*bdl – below detection limit.
Table 2: Mean heavy metal contents of igneous rock (mg/kg) reported in literature.
Parent Material
Igneous rock
(Adapted from
Alloway, 1995)

As

Cr

Cu

Ni

Pb

Zn

1.5

200

90

150

3

58

From Table 1, chromium shows the highest concentration average of 141 ppm,
followed by zinc with 112 ppm, copper with 49 ppm, nickel with 15 ppm, lead with 8 ppm
and arsenic with 7 ppm. These elements will undergo leaching process and dispersed through
weathering agents. Sediments can be classified as: non-polluted, moderately polluted and
heavily polluted based on the Sediment Quality Guidelines of US EPA (Perin et al., 1997).
Based on this guideline, the average concentration of chromium is regarded as a heavily
polluted agent while zinc, copper and arsenic indicated that the area is moderately polluted.
Nickel and lead average concentration shows no indication of pollution in the area while cobalt
is not measured in this guideline. Parent materials of the study area is mainly igneous rocks,
the concentrations of heavy metals in volcanic soils from Tawau (Table 1) were lower
compared to the heavy metals concentration of igneous rock by Alloway (1995) with the
exception of arsenic, lead and zinc. The elevation concentration of As, Pb and Zn may derived
as a result of cycling through vegetation, atmospheric deposition and adsorption by the soil
organic matter (Alloway, 1995). Based on a report by Shan et al. (2010), concentration of
heavy metals in soils originating from different parent materials were close to each other for
there were no differences among different parent materials, which may relate to the
development history of soils. The reports also mentioned that on the early stages, pedogenesis
is mainly controlled by parent material, but in subsequent long term evolution of soil, the effect
of other factors on soil forming processes may exceed that of parent material.
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The Relationship Between Heavy Metal Concentration to pH Value, Organic Content
and Clay Percentage.
Factors such as pH value, the presence of organic matter and clays are seen to have association
with heavy metal concentration in soil samples. Table 3 shows a summary of pH value,
organic content, clay percentage and heavy metal concentration in soil samples. The
relationship between the heavy metal concentrations versus pH value of soil samples are
shown in Figure 2, based on the graph he abundance of metals are found in the acidic soil pH
ranging from pH 3.60 to 4.29. This shows that acidic pH is able to control the abundance
concentration of heavy metals, similar findings by Lara et al. (2006) in which stated that based
on the results, it was found that high mobilization of heavy metals (Cr, Cu, Zn, Cd and Pb)
takes place under strong acidic conditions (pH ≅ 2). A study by Myung (2008) indicates the
factors influencing the bioavailability of metals are controlled by soil pH among other factors,
surface soil from mine dump have an average pH of 4.1 (acid) in which possesses the highest
amount of heavy metals compared to the other sample.
Table 3: pH value, organic content, clay percentage and heavy metal concentration in soil
samples.
Sample

pH

C1
C2
C3
C4
C5
C6
C7
C8
C9
C10

3.88
3.60
3.90
3.69
4.29
3.91
3.85
4.15
3.99
3.67

Organic
content
(%)
8.49
7.94
7.08
7.25
6.80
3.91
5.09
5.51
3.71
2.23

Heavy Metal Concentration (ppm)

Clay
(%)

As

Cr

Cu

Ni

Pb

Zn

44.11
61.32
68.48
55.59
69.64
71.39
67.04
64.41
60.42
63.71

8
5
5
8
10
7
7
7
5
6

154
108
139
220
93
125
134
134
118
182

40
43
55
10
59
42
28
69
88
57

19
10
9
11
10
19
17
17
23
17

bdl
3
3
*bdl
2
17
19
3
24
4

112
92
132
74
122
117
112
128
114
120

*bdl – below detection limit
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Figure 2: The relationship between the heavy metal concentrations versus pH value of soil
samples.
The relationship between the heavy metal concentrations versus of organic matter in
soil samples is shown in Figure 3. The graph shows that the abundance and concentration of
heavy metals is controlled by organic matter. The higher organic matter content the higher the
abundance and concentration of heavy metals. Sipos (2004) mentioned in his findings that
among the studied samples organic matter has the most important role in binding heavy metals.
However, the degree of trace element re-distribution is usually dependent on the mobility
characteristics and the effects of other environmental parameters such as organic matter
content (Olade, 1987).
The relationship between the heavy metal concentrations versus with clay content soil
samples is shown in Figure 4. It shows that the higher the percentage of clay in a sample, the
higher the abundance and concentration of heavy metals. According to Villaescuasa-Celaya et
al. (2000), the accumulation of heavy metals is abundance in the silt and clay particles. It is
generally accepted that most transition elements are enriched more in the fine fraction than in
the coarse fraction of sediments (Terashima, 1993). A similar finding was reported by Prego
& Cobelo Garcia (2003), which mentioned that sediment fraction <0.063mm shows a strong
chemical potential absorption of heavy metals.
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Figure 3: The relationship between the heavy metal concentrations versus of organic matter
in soil samples.

Figure 4: The relationship between the heavy metal concentrations versus with clay content
soil samples.
7

Mohamed Ali Yusof Mohd Husin Hennie Fitria W. Soehady Erfen & Baba Musta

Source of Heavy Metals
Heavy metal contamination is present in the environment as a result of both natural and human
activities (Chen et al., 2012). With the exception of soils derived from physical and chemical
weathering of parent materials containing elevated levels of trace elements (e.g. black shales
and basic igneous rocks), the presence of elevated metal concentrations is related to man’s
activities (Myung, 2008). Distributions of heavy metals amounts are determined mostly by
the parent material, which may be modified by eventual anthropogenic effects, while the
partition of heavy metals among the soils components is mostly regulated by the pedogenic
effects (Sipos, 2004). Figure 5 shows the geological map of the study area, consisting different
types of volcanic rocks.

Figure 5: Geological map of the study area (modified after Kirk, 1962)
As shown in Figure 5, each sampling station corresponds with different types of
volcanic rocks; sample C1 to C5 made up by hypersthene andesite, C6 to C9 is taken from
dacite and C10 consists of olivine basalts. Chromium, zinc, copper and arsenic are classified
as pollutants as the concentration exceeds the permissible value of Sediment Quality
Guidelines of US EPA. Mafic and ultramafic rocks are richest in chromium and also found in
igneous basaltic with the average of 200 mg/kg and range of 40-600 mg/kg, where it readily
substitutes for Fe which has an ionic radius of 0.067nm (McGarth, 1995). The volcanic rocks
of the area occur as igneous basaltic where the source of high concentration of chromium may
originate. Higher concentrations of zinc exhibit by basic igneous rocks, such as basalts with
the average of 100 mg/kg. This is due to zinc occurrence in ferromagnesian minerals including
augite, hornblende and biotite, where it has been isomorphously substitute for Fe2+ or Mg2+
which are the principal components of the crystal lattice, along with silicon, aluminium and
oxygen (Alloway, 2008).
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The abundance of copper is highest in basic igneous rocks with the average of 90
mg/kg and range of 30-160 mg/kg, the abundance of copper in basaltic rocks is greater than
for granitic rocks; it is partly controlled by the process of differentiation during crystallization
(Baker & Senft, 1995). The average natural content of arsenic in soils is 5 mg/kg (Backer &
Chesnin, 1975). In rocks, arsenic is concentrated in magmatic suphides and iron ores, the most
important iron ores are pyrite, realgar and orpiment (Matera et al., 2003). As for the source of
arsenic in the study area, pyrite has been seen to be associated with andesite in Balung area.
The source of heavy metals in the study area can be regarded by the parent material of the
underlying different rocks, which mainly consists of igneous body and are rich with heavy
metal components in the minerals, but effluent from other anthropogenic effects is also
undeniable. Based on the field observation, other potential sources of metals to soils in the
study area are mining activities, agricultural activities and fossil fuel combustion.
CONCLUSION
The heavy metal concentrations in soils taken from Tawau were determined using the XRF
technique. The soils samples are identified as polluted due to the concentration of heavy
metals when measured using Sediment Quality Guidelines of US EPA. Chromium with an
average concentration of 141 ppm is regarded as a heavily polluted agent while zinc, copper
and arsenic with an average concentration of 112 ppm, 49 ppm and 7 ppm respectively,
indicated that the area is moderately polluted. Nickel and lead average concentration of 15
ppm and 8 ppm shows no indication of pollution in the area. It is concluded that the combined
source of heavy metals in the study area would be the parent materials of the soils and other
anthropogenic effluent. From the study also, it is found out that pH value, organic matter and
clay percentage serves factors influencing the heavy metal concentration of a particular soil
in the study area.
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