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Abstract

Eleven (11) surface sediment samples were collected from Tuanku Abdul Rahman 
National Park, Sabah. The neutron activation analysis (NAA) and inductively coupled 
plasma-mass spectrometry (ICP-MS) techniques were applied for the determinations o f  
the heavy metal contents and their distributions in sediment samples o f Tuanku Abdul 
Rahman National Park. The results shown that Arsenic (As) concentrations are enriched 
in all sampling stations except station TAR 09, with enrichment factor (EF) values ranged 
from 1.1 -  7.2. The elements such as Cd, Cr, Sb and U  showed enrichment in a few  
stations and other elements (Cr, Cu, Pb, Th, Zn) shown as background levels in all 
stations. Degrees o f contamination in this study were calculated base on concentrations of 
six elements (As, Cd, Cr, Cu, Pb, and Zn). TAR11 station can be categorized as very high 
degree o f contamination with degree o f contamination value o f 43.2. TAR07 station can 
be categorized as considerable degree o f contamination (contamination value o f 16.9). 
Six stations (TAR01, 03, 04, 05, 06, 08, 10) showed moderate degree o f contamination, 
with contamination values ranging from 8.0 -  16.0. TAR02 and TAR09 stations showed 
low degree o f contaminations (< 8.0). Ecological risk assessment can be classified into 
four categories namely low, moderate, considerable and very high ecological risk index 
(Ri) with value o f Ri < 150, 150 < RI < 300, 300 < RI < 600 and Ri > 600, respectively. 
TAR11 showed very high ecological risk index with RI value is 916. TAR07 and TAR10 
showed moderate ecological risk index with RI value 263 and 213, respectively. Other 
stations showed low ecological risk with RI values ranging from 42.3 -  117 (< 150). Very 
high ecological risk index could give an adverse effect the marine or benthic organism. 
The data obtained from the enrichment factor, degree o f contamination and ecological 
risk index provided vital information, which can be used for future comparison. 
information from the present study will be useful to the relevant government agencies 
and authorities in preparing preventive action to control o f heavy metal and other 
pollutants from industries, agro-base activities and domestic waste, and to prevent direct 
discharge o f these pollutants to the rivers and the sea.
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Introduction

Uncontrolled development and rapid industrialization around cities and coastal area have 
brought alarming level o f pollutions to the aquatic environment because o f their 
anthropogenic inputs (Ismail et al., 1993). Water, sediment and biota can use as an 
indicator to determine the level o f heavy metal pollution. Sediments are important sinks 
for various pollutions like organic and inorganic (heavy metal) and also play a significant 
role in the assessment o f ecological risk (Yin 2011; Balls et al., 1997) Heavy metals are 
considered as a serious inorganic pollution because o f their toxic effects to the aquatic 
life (Harikumar and Jisha 2010; Yi et al., 2011; Elias et al., 2012). Heavy metal sources 
in marine environment include natural sources from atmospheric deposition, land runoff, 
rock weathering, river bank/coastal erosion (Yusof and Wood 1993; Nobi et al., 2010) 
and anthropogenic sources from agriculture activities, disposal o f liquid effluents, urban 
and industrial emission, (Pekey et al., 2004; Rivail Da Silva et al., 1996; Mucha et al., 
2003; Zhu et al., 2011).

Methods used to evaluate the ecological risk posed by heavy metals in sediments include 
calculation o f the enrichment factor (Reimann and Caritat 2005; Pekey 2006; Zhu et al., 
2011), the degree o f contamination and potential ecological risk index (Hakanson 1980). 
A  complementary approach that integrated sediment standard criteria, enrichment factor, 
geoaccumulation index and degree o f contamination is necessary in order to provide 
accurate assessment o f heavy metal accumulation from anthropogenic sources (Zhang et 
al., 2009; Nobi et al., 2010) and finally to evaluate the potential ecological risk 
assessment.

Study on heavy metal contents, degree o f contamination and ecological risk assessment 
around Tuanku Abdul Rahman National Park is still limited. In this present study, heavy 
metals in sediment were selected because they are important due to public health concern 
and impact the balance o f the national park ecosystem and also vital information for 
baseline data. The purposes o f this study are 1) to identify the degree o f sediment 
contamination and 2) to assess the potential ecological risk o f contamination in Tuanku 
Abdul Rahman National Park.

Methodology 

Sampling location and sample preparation
Tuanku Abdul Rahman National Park consist o f five islands namely Gaya, Sapi, 
Manukan, Sulug and Mamutik. Eleven sampling location were selected around Tuanku 
Abdul Rahman National Park as shown in Figure 1. The surface sediments sample 
(<10cm) were collected by using Ponar grab sampler. Sediment samples were place into 
polyethylene bottle and after that transport to the laboratory. Sediments were drying in 
oven at 600C until constant weight, ground to a powder form with an agate mortar and 
than sieved through 63 ̂ m mesh sieve and kept in polyethylene container.



Fig. 1: Map showing Tuanku 
Abdul Rahman National Park 
consist of five island namely: 
1)Gaya, 2)Sapi, 3)Manukan, 
4)Sulug, 5)Mamutik and 
sampling location

Sample treatment and analysis by ICP-MS

A homogenize dried sediment samples were weighing 0.1- 0.2 g into teflon digestion 
vessel. Samples were microwave-digested in acid containing 5mL ultra pure concentrated 
nitric acid (HNO3) and 2mL ultra pure, concentrated hydrofluoric acid (HF). Each 
digestion batch included at least one reagent blank, standard reference materials (eg., 
soil-7) and duplicate samples to check for the homogeneity. Sample digestion process 
was done by microwave (Mars 5 brand). The microwave was programmed as follows; 
microwave setup 1200Watt, ramped for 20 minutes, hold for15 minutes, PSI setup for 0.6 
MPa and temperature setup for 200oC. Sediment samples were digested for 20 minutes. 
After cooling for at least 30 minute and microwave temperature below 500C, samples 
were removed from the microwave. If the solutions have a residue, add 1 mL HNO3 and 
repeat digestion process until clear solution. After that, take out teflon vessel from 
microwave and put the solution into teflon beaker and rinse teflon vessel using Milli-Q 
water (about 3mL). Heating the teflon beaker using hotplate until dry (hotplate temp. 
60oC to 70oC) and rinse teflon beaker with 20ml Milli-Q water. Then filtering the 
solution using filter paper (diameter 125mm, 100 circles) and lastly brought up to volume 
(either 30 or 50ml) with Milli-Q water for ICP-MS analysis.

The concentration o f Pb, Cd, and Cu in the samples were analysed by ICP-MS (Perkin 
Elmer 6000). The reagent blanks were monitored throughout the analysis and were used



to correct the analytical results. Certified reference material (IAEA Soil-7) was used for 
as a quality control and quality assurance. The differences between the certified and 
measurement results were less than 15% for Pb, Cd and Cu.

Analysis by Neutron Activation Analysis (NAA)

Approximately 0.15 to 0.20 g sediment samples were weigh using analytical balance. 
Samples were place into small polyethylene vial and seal with heating solder for the 
irradiation process. Analytical accuracy was obtained by using standard reference 
materials (SRM) IAEA Soil-7 and prepared standards solution consisting o f a 
combination o f solutions evaporated onto filter papers. The duplicate samples, standard 
solution and SRM were irradiated together in the 750kW PUSPATI TRIGA Mark II 
reactor at the Malaysian Nuclear Agency with a thermal flux o f 4.0 X 1012 n.cm-2.s-1.

Irradiation o f up to 6 hours at the rotary rack for the longer-lived radionuclide was 
performed. The cooling times after long irradiation varied between 3 to 6 days for first 
counting, and 3 to 4 weeks for the second counting. Counting process o f the irradiated 
samples, SRM and standard solution was performed for one hour each, by using coaxial 
hyperpure germanium detector. Computations o f elemental concentrations were based on 
comparative method and data were reported in dry weight (d.w.). The difference between 
the certified and measurement results were less than 10% for As, Cr, Fe, Sb, Th, U  and 
Zn

Results and Discussions

Distribution and enrichment factor of heavy metal

The concentrations and mean o f metal and heavy metal in the surface sediment from 
Tuanku Abdul Rahman National Park were lists in Table 1. The mean concentrations of 
As, Cd, Cr, Sb, U  and Zn were found to be 4.15, 4.00, 1.86, 2.26, 1.76 and 1.52 times 
greater, respectively, than the upper continental crust (UCC) values, whilst other element 
such as Cu, Fe, Pb, and Th, showed lower concentration compared to UCC values. These 
findings indicate that early stage to identified the anthropogenic pollution o f As, Cd and 
Sb to Tuanku Abdul Rahman National Park area. All stations o f study area showed 
higher concentrations values o f As and Cr compared to the UCC value. The 
concentrations o f As, Cd and Cr showed very high compared to the UCC value at the 
TAR 11 station (Table 1 and Figure 2). The higher concentration o f As, Cd and Cr 
attributed to low movement o f sediment at TAR 11 station and this location was 
surrounded by the three island namely Manukan, Sulug and Mamutik. The contours map 
of metal and heavy metal distribution for the Tuanku Abdul Rahman National Park were 
depicted in Figure 2. The Tuanku Abdul Rahman National Park was located closed to 
Kota Kinabalu city. As contamination was suspected originated from in land activities 
(Elias et al. 2012). The high concentration o f Cd was probably due to effluents of 
nonferrous metal smelting, electroplating and chemical factories (Yin. et al. 2011).



Table 1: The concentration of metal and heavy metal (mg/kg) from Tuanku Abdul Rahman 
National Park

Station As* C Cr*

=tt
C *eF

=tt43PM Sb* Th* U* *nZ

TAR 01 7.5 0.04 69 16.9 32370 13.9 0.60 11.1 3.23 100
TAR 02 5.6 0.03 57 8.2 30120 9.6 0.44 10.0 3.03 82
TAR 03 5.6 0.17 64 7.5 34100 8.8 0.53 11.0 2.67 80
TAR 04 7.5 0.19 41 13.5 26040 13.6 0.48 8.3 2.54 72
TAR 05 5.6 0.26 37 12.2 23090 15.0 0.50 7.6 3.06 61
TAR 06 8.8 0.05 79 18.9 35520 17.4 0.68 11.4 3.08 91
TAR 07 9.3 0.68 69 11.9 27610 23.9 0.64 9.8 2.98 71
TAR 08 9.6 < 0.01 64 11.3 22010 12.9 0.53 8.0 2.89 56
TAR 09 2.5 0.05 82 10.2 36450 16.6 1.16 11.9 11.0 98
TAR 10 12.7 0.46 72 12.5 30470 13.1 1.03 10.0 6.94 74
TAR 11 17.0 2.74 81 21.5 36240 39.8 1.13 11.3 7.19 86
Mean 8.3 0.4 65 13.1 30365 16.8 0.7 10.0 4.4 79
UCC 2.0 0.10 35 14.3 30890 17.0 0.31 10.3 2.50 52
UCC = Upper continental crust values published by Wedepohl, 1995. 
Sediment samples were analysed by ICP-MS ( # ) and ( * )NAA technique.
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Figure 2: Distribution of metal and heavy metal (a -  j) for the surface sediments (mg/kg) of 
Tuanku Abdul Rahman National Park.

In order to evaluate a possible source o f anthropogenic o f metal and heavy metal, the 
enrichment factor (EF) was calculated base on equation below.

Ef  = (M  / R) — e ------------------ Equation (1)
(M  / R )ucc



Where M is the element o f interest, R is the reference element, (M/R)measure is the 
elemental ratio found in sample, and (M/R)UCC is the elemental ratio in the upper 
continental crust (UCC). Iron (Fe) was used for normalization study to determine the 
metal and heavy metal pollution o f Tuanku Abdul Rahman National Park. The selection 
of Fe as a normalization element and used to be in the EF calculation due to Fe 
distribution was not related to other heavy metal (Deely and Fergusson 1994). Fe usually 
has a relatively high natural concentration (Abrahim and Parker 2008), and therefore not 
expected to be substantially enriched from anthropogenic source in estuarine sediment 
(Niencheski et al., 1994). Chen (2007) suggested that EF values as follow; EF < 2 
indicates no enrichment, EF = 2 to 3 is minor enrichment, EF = 3 to 5 is moderate 
enrichment, EF = 5 to 10 is moderately severe enrichment, EF = 10 to 25 is severe 
enrichment, EF =  25 to 50 is very severe enrichment and EF > 50 is extremely severe 
enrichment (Pekey, 2006). EF values around less than 2.0 indicate that the element in the 
sediment is originated predominantly from lithogenous material, whereas EFs much 
greater than 2.0 indicating that the element is o f anthropogenic origin Szefer, P., et al., 
1996).

The calculated EF values for selected elements o f Tuanku Abdul Rahman National Park 
are shown in Table 2. The EFs o f As showed enrichment in all location except for 
TAR09 station (EF =1.1) indicated no enrichment. As can be categorized as minor to 
moderately severe enrichment (2.5 -  7.2). Cd can be categorized as severe enrichment at 
TAR 11 (EF = 22.9) and four stations (TAR 04, TAR 05, TAR 07 and TAR 10) can be 
categorized as minor to moderately severe enrichment. Three stations (Table 2) showed 
enrichment o f Cr and U  with EF values 2.2 -  2.6 and 2.5 -  3.8, respectively. Five stations 
showed enrichment o f Sb with EF values 2.1 -  3.4. Other element such as Cu, Pb, Th 
and Zn showed no enrichment in all stations. EF o f metal and heavy metal concentration 
can be valuable and have been used as direct indicator o f toxicological risk. However it is 
not sufficient to used enrichment factor only for the evaluation o f toxicological risk at a 
particular site. Consideration o f degree o f contamination in sediment and assessment of 
ecological risk are useful to evaluate the toxicological risk at particular site.

Table 2: Enrichment factor (EF) values for the Tuanku Abdul Rahman National Park

As Cd Cr Cu Pb Sb Th U Zn

TAR 01 3.6 0.4 1.9 1.1 0.8 1.8 1.0 1.2 1.8
TAR 02 2.9 0.3 1.7 0.6 0.6 1.5 1.0 1.2 1.6
TAR 03 2.5 1.5 1.6 0.5 0.5 1.6 1.0 1.0 1.4
TAR 04 4.4 2.2 1.4 1.1 0.9 1.8 1.0 1.2 1.7
TAR 05 3.8 3.4 1.4 1.1 1.2 2.1 1.0 1.6 1.6
TAR 06 3.8 0.4 2.0 1.1 0.9 1.9 1.0 1.1 1.5
TAR 07 5.2 7.5 2.2 0.9 1.6 2.3 1.1 1.3 1.5
TAR 08 6.8 0.0 2.6 1.1 1.1 2.4 1.1 1.6 1.5
TAR 09 1.1 0.4 2.0 0.6 0.8 3.2 1.0 3.8 1.6
TAR 10 6.4 4.6 2.1 0.9 0.8 3.4 1.0 2.8 1.4
TAR 11 7.2 22.9 2.0 1.3 2.0 3.1 0.9 2.5 1.4
Notes: Bold type means the enrichment of elemental pollution (EF value > 2.0)



Degree of Contamination (Cd)

To describe the contamination o f toxic elements in Tuanku Abdul Rahman National Park, 
the following equation 2 and 3 below was used to define as a contamination factor (Cf) 
and degree o f contamination (Cd) respectively.

C
Cf  = -------------- Equation (2)

C0

n

C d  = ^  C f  ------------- Equation (3)
i= 1

Where Cd is degree o f contamination, Cf is a contamination factor, Cn is the metal content 
in the sediments and C0 is a background values (reference value o f metals). The 
following terminology was used to describe the contamination factor: Cf < 1 low  
contamination factor (indicating low sediment contamination); 1 < Cf < 3 moderate 
contamination factor; 3 < Cf < 6 considerable contamination factor; Cf > 6 very high 
contamination factor. The contamination factor (Cf) values were shown in Table 3. 
Arsenic (As) can be categorized moderate to very high contamination factor. The highest 
value o f contamination factor o f As at TAR11 station (8.5) and the lowest at TAR 09 
station (1.3). Contamination factor o f Cd (Cadmium) can be categorized as low to very 
high. Five stations can be categorized as low contamination factor o f Cd, three stations 
(TAR 03 -  05) can be categories as moderate, one station (TAR 10) can be categories as 
considerable, and TAR 07 and TAR 11 station categories as very high contamination Cd. 
Other element such as Cr (1.0 -  2.3), Cu (0.5 -1.5), Pb (0.5 -  2.3) and Zn (1.1 -  1.9) can 
be categorized as low to moderate contamination factor. These indicate contamination o f  
sediments o f Tuanku Abdul Rahman National Park were major contributed by As and 
Cd.

Degree o f contamination (Cd) is defined as the sum of all contamination factors. For the 
description o f contamination degree the following terminologies have been used: Cd < 8 
low degree o f contamination; 8 < Cd < 16 moderate degree o f contamination; 16 < Cd < 
32 considerable degree o f contamination; Cd > 32 very high degree o f contamination.

Degrees o f contamination (Cd) values o f Tuanku Abdul Rahman National Park were 
shown in Table 3. Degree o f contamination o f the Tuanku Abdul Rahman National Park 
can be categories into four categories according to the Hakanson (1980) classification. 
TAR 11 station can be categorized as very high degree o f contamination (Cd value = 
43.2), this indicates very serious anthropogenic pollution at these sites. Two stations 
(TAR07 and TAR10) indicate considerable degree o f contamination with Cd values 16.9 
and 16.0 respectively. Most o f the location (seven stations) shown moderate degree of 
contamination with Cd values ranging from 8.9 -  11.3, whilst. TAR 02 and TAR 09 
station showed low degree o f contamination with Cd values 7.5 and 7.7, respectively.



Table 3: Contamination factor (Cf) and degrees of contamination (Cd) values of heavy metal for 
Tuanku Abdul Rahman National Park.

As Cd Cr Cu Pb Zn Cd
TAR 01 3.7 0.4 2.0 1.2 0.8 1.9 10.0
TAR 02 2.8 0.3 1.6 0.6 0.6 1.6 7.5
TAR 03 2.8 1.7 1.8 0.5 0.5 1.5 8.9
TAR 04 3.7 1.9 1.2 0.9 0.8 1.4 9.9
TAR 05 2.8 2.5 1.0 0.8 0.9 1.2 9.3
TAR 06 4.4 0.5 2.3 1.3 1.0 1.8 11.3
TAR 07 4.7 6.7 2.0 0.8 1.4 1.4 16.9
TAR 08 4.8 n.c 1.8 0.8 0.8 1.1 9.3
TAR 09 1.3 0.5 2.3 0.7 1.0 1.9 7.7
TAR 10 6.4 4.5 2.0 0.9 0.8 1.4 16.0
TAR 11 8.5 26.9 2.3 1.5 2.3 1.7 43.2
n.c = not calculated

Assessment of Ecological Risk

The ecological risk index (R¡) was introduced to assess the degree o f heavy metal 
pollution in surface sediment o f Tuanku Abdul Rahman National Park, according to the 
toxicity o f heavy metals and the response o f the environment. The calculated 
mathematical formula for RI is express as follows:

n

r i = z  E i -----------Equation (4)
i = 1

E i = T Equation (5)

Where Ri is calculated as the sum of potential ecological risk factor for heavy metals in 
sediments, Ei is the monomial potential ecological risk factor, Ti is the toxic-response 
factor o f a certain metal (e.g., Cd = 30, As = 10, Cu = Pb = 5, Cr = 2 and Zn = 1). Ci is 
the metal content in the sediments and C0 is a background values (reference value of 
metals in sediments).

To quantitatively express the potential ecological risk (Ei) o f contaminant in sediment of 
the Tuanku Abdul Rahman National Park, we may calculate potential ecological risk 
according to equation 5. The following terminology may be used to described the 
potential ecological risk factor, Ei < 40 indicate low potential ecological risk, 40 < Ei < 
80 moderate potential ecological risk, 80 < Ei < 160 considerable potential risk ecological 
risk, 160 < Ei < 320 high potential ecological risk and Ei > 320 very high potential 
ecological risk. Table 4 summarizes the potential ecological risk factor o f the Tuanku 
Abdul Rahman National Park. As and Cd mainly contributed to the potential ecological



risk factor o f the Tuanku Abdul Rahman National Park. TAR 06, TAR 07, TAR 08 and 
TAR 10 stations can be categorized moderate potential ecological risk factor (Ei = 44.1 -  
63.5) and TAR 11 (Ei = 85.0) can be categorized considerable potential ecological risk 
factor o f As (Arsenic). Three stations (TAR 03 -  05) can be categorized as moderate 
potential ecological risk. TAR 10, TAR 07 and TAR 11 can be categorized as moderate, 
high and very high potential ecological risk factor respectively, o f Cd. Other heavy metal 
such as Cr, Cu, Pb and Zn can be categorized as low potential ecological risk in all 
station (Ei < 40).

Table 4: Potential ecological risk factor (Ei) and ecological risk index (R  ̂ values of Tuanku 
Abdul Rahman National Park.

As Cd Cr Cu Pb Zn R i

TAR 01 37.4 11.8 3.9 5.9 4.1 1.9 65.0
TAR 02 28.2 8.8 3.3 2.9 2.8 1.6 47.6
TAR 03 28.0 50.0 3.6 2.6 2.6 1.5 88.3
TAR 04 37.5 55.9 2.4 4.7 4.0 1.4 106
TAR 05 28.2 76.5 2.1 4.2 4.4 1.2 117
TAR 06 44.1 14.7 4.5 6.6 5.1 1.8 76.8
TAR 07 46.7 200 3.9 4.2 7.0 1.4 263
TAR 08 48.2 n.c 3.7 4.0 3.8 1.1 60.7
TAR 09 12.6 14.7 4.7 3.6 4.9 1.9 42.3
TAR 10 63.5 135 4.1 4.4 3.9 1.4 213
TAR 11 85.0 806 4.6 7.5 11.7 1.7 916
n.c = not calculated

A methodology to assess ecological risks for aquatic pollution was developed by 
Hakanson (1980). The Ecological risk index (Ri) is calculated as a sum of six elements of 
heavy metals (As, Cd, Cr, Cu, Pb and Zn) and calculated according to equation 4. The 
following terminology was used to describe the ecological risk index as classified by 
Hakanson (1980). Ri < 150 indicate low ecological risk, 150 < Ri < 300 moderate 
ecological risk, 300 < RI <600 considerable risk ecological risk, and RI > 600 very high 
ecological risk index. Tuanku Abdul Rahman National Park can be categorized as low to 
very high ecological risk index. Most o f the location o f Tuanku Abdul Rahman National 
Park can be categorize as low ecological risk index (RI < 150). TAR 07 and TAR 10 can 
be categorized as moderate, whilst TAR 11 can be categorized as a very high ecological 
risk index (RI = 916). The contour map o f ecological risk index o f Tuanku Abdul 
Rahman National Park was depicted in Figure 6. The major factor to contribute to the RI 
index is Cd and As with potential ecological risk (Ei) values are 806 and 85.0, 
respectively, for TAR 11. Control o f Cd and As discharge to the environment are 
important to reduce the RI values. Very high ecological index values will give an adverse 
affect to the benthic organism especially to the micro-invertebrate species and other 
organisms (e.g., egg and larval stage o f fish) that spend all or part o f their life cycle 
associated either within or on the bottom sediment.



Figure 6: Map showing Ecological Risk Index o f Tuanku Abdul Rahman National Park. 

Conclusions
The Tuanku Abdul Rahman National Park is one o f the most popular tourist location in 
Sabah. The monitoring o f elemental concentrations in Tuanku Abdul Rahman National 
Park is necessary in order to assess the level o f pollution. From the present data, most of 
the location o f the Tuanku Abdul Rahman National Park can be classified as low  
ecological risk index except for TAR 11 station. The sediment, coral and benthic 
organism o f Tuanku Abdul Rahman National Park are suggested to be monitored 
especially for As and Cd concentrations. The relevant authorities could use the data of 
this study for improvement o f national park by limiting some other activities such as 
diving, boating, snorkeling in this protected area.
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