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Abstract

A geochemical study was carried out to identify the composition and sources of fatty alcohols in Kapas Island, Terengganu,
Malaysia. Fatty alcohols in surface sediments were extracted and analyzed using Gas Chromatography — Mass Spectrometry
(GC-MS). A total of 23 fatty alcohol compounds were identified in the Kapas Island sediment. Total concentrations of fatty
alcohols ranged from 0.53 to 21.31 ng/g dry weight and the highest total concentration was found at S2, which is probably due to
its location profile that is located north of Kapas Island which is close to several small islands. The short chain/long chain fatty
alcohol ratio and alcohol source index (ASI) were used together to identify the dominant input in Kapas Island. Kapas Island
sediments contained a mixture of organic sources, of which terrestrial sources were indicated to be the most abundant sources in
these marine sediments.
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Abstrak

Sebuah kajian geokimia telah dijalankan untuk mengenal pasti komposisi dan sumber alkohol lemak di Pulau Kapas,
Terengganu, Malaysia. Alkohol lemak di dalam sedimen permukaan diekstrak dan dianalisis menggunakan Kromatografi Gas —
Spektrometri Jisim (GC-MS). Sebanyak 23 sebatian alkohol lemak telah dikenal pasti di dalam sedimen Pulau Kapas. Jumlah
kepekatan alkohol lemak di antara 0.53 hingga 21.31 ng/g berat kering dan jumlah kepekatan tertinggi adalah di S2, yang
berkemungkinan disebabkan oleh profil kedudukannya iaitu terletak di bahagian utara Pulau Kapas yang berdekatan dengan
beberapa buah pulau kecil. Nisbah rantai pendek/rantai panjang alkohol lemak dan indeks sumber alkohol (ASI) telah digunakan
bersama untuk mengenal pasti input dominan di Pulau Kapas. Sedimen Pulau Kapas mengandungi kepelbagaian sumber organik,
yang menunjukkan sumber terestrial merupakan sumber yang paling banyak terdapat di dalam sedimen marin ini.

Kata kunci: alkohol lemak, sedimen permukaan, Pulau Kapas

Introduction
Sedimentary fatty alcohol is a lipid compound or more commonly known as bio-lipid has been studied in marine
geochemistry field as an indicator to distinguish the contribution of organic matter as a result of a variety of sources.
Distributions of fatty alcohols are widespread as well including lipid contained in organisms, surface sediment and
each layer of core sediment, which is input directly from organism or degradation compound product containing
fatty alcohol component [1]. It enters the marine environment through natural resources such as products from
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marine organisms and plants, and also human actions including the dilution of detergents and cosmetics [2]. Briefly,
fatty alcohols could be categorized into three compound groups; known as short-chain alcohols, long-chain alcohols
and branched-chain alcohols. Short-chain alcohols represent sources from marine organisms [3], while long-chain
alcohols signify sources from terrestrial plants, and branched-chain alcohols refer to side products from bacterial
processes [4]. The importance of this study is to distinguish and elucidate the organic matter sources present in the
sediment pool of the study area.

The decomposition rate of short-chain compounds is higher than the long-chain compounds [5]. Additionally, the
concentration of short-chain compounds in surface sediments is higher than long-chain compounds. However, with
depth, the concentration of long-chain compounds will dominate the short-chain concentration. This shows two
different processes of in situ decomposition of organic matter sources and changes in the marine environment [6].

The medium used in this study was marine sediment because it acted as a sink for many organic materials which
could be beneficial or harmful to the environment. In addition, by using fatty alcohols to determine the main source
of organic matter in aquatic environments, assessment using carbon can also be applied for similar purpose.
According to Burone et al. [7], carbon is one of the main components of organic matter in aquatic environments.
Generally, organic carbon components occur naturally in the aquatic environment of primary production through
phytoplankton and input from terrestrial plants and also input from anthropogenic sources [8-10].

In identifying the sources of fatty alcohols, the short chain/long chain fatty alcohol ratio and alcohol source index
(ASI) were used together with the data set in this study. The use of ratios and indices of fatty alcohols was necessary
to reaffirm the main source of compounds in the aquatic environment. The ratio of short-chain/long chain fatty
alcohol was used to determine the most abundant input in the sediment, either terrestrial or marine [11-14]. The
ratio of fatty alcohol (short chain)/(long chain) in this study was calculated using the formula equation 1 below:

[X(C12-C20) ]

Short-chain/Long-chain Fatty Alcohol Ratio = [3(Cz1=C30)]

M

Alcohol Source Index (ASI) is a method of determining the input of terrestrial organic matter in marine sediments.
In applying ASI to determine the input of organic matter, marine resources are usually represented by C14 and C16,
while terrestrial input is represented by C22 and C24 which form the ratio C22/ C14, C22/ C16, C24/ C14 and C24/
C16 [12].

This study was conducted at Kapas Island, Terengganu (Figure 1 and Table 1) which has a suitable environment to
examine the presence of fatty alcohols that might be synthesized from varying sources. This island is also popular as
a tourism destination with the entry of organic matter from various sources as a result of human activities along the
coast. This research is part of an interdisciplinary study of sedimentary fatty alcohols which was carried out in order
to distinguish and elucidate the sources present in the sediment pool of Kapas Island.
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Figure 1. Sampling site in Kapas Island and its surrounding area

Table 1. Description of the sampling stations in Kapas Island

Station Latitude (N) Longitude (E) Water Depth (m) Description

S1 05°14.162° 103° 15.679° 17.0 Resort area

S2 05°14.323° 103° 16.144” 25.2 Rocky Beach with terrestrial trees
S3 05° 14.031° 103° 16.296’ 25.0 Rocky Beach with terrestrial trees
S4 05°13.816’ 103° 16.435° 24.7 Rocky Beach with terrestrial trees
S5 05°13.356’ 103° 16.547° 234 Rocky Beach with terrestrial trees
S6 05° 12.866° 103° 16.642° 22.8 Rocky Beach with terrestrial trees
S7 05°12.356° 103° 16.470° 20.2 Rocky Beach with terrestrial trees
S8 05°12.491° 103° 15.902° 11.0 Resort area with terrestrial trees
S9 05°12.710° 103° 15.681° 9.5 Resort area

S10 05° 12.954° 103° 15.560° 11.3 Jetty and resort area

S11 05°13.195° 103° 15.519° 10.5 Jetty and resort area

S12 05°13.409° 103° 15.564° 10.8 Resort area

S13 05°13.648’ 103° 15.715° 5.9 Sandy bay

S14 05°13.790° 103° 15.861° 3.5 Sandy bay

S15 05°13.840° 103° 15.543’ 115 Sandy near resort area
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Materials and Methods
Fatty alcohol, total organic carbon (TOC) and grain size analysis
Surface sediment samples were randomly collected from 15 stations around Kapas Island, Terengganu on July
2012. The samples were collected at each site as shown in Figure 1 and Table 1 using a PONAR grab sampler. The
methods used for the fatty alcohol analysis were adapted from the extraction procedures used by Mudge et al. [15]
and Ali et al. [16]. The extraction involved three main phases: reflux, liquid-liquid separation and derivatives.

A total of surface sediment samples were dried in oven at at 60 °C. The dried samples are weighed until the weight
remains constant. These wet weight and dry weight will be used to calculate the actual dry weight of each extracted
samples. This is because the fatty alcohol concentration data that obtained from GC-MS analysis will be calculated
in dry weight of sediment.

Briefly, sediments were hydrolyzed with 6% potassium hydroxide in methanol for 4 h and centrifuged at 4000 r.p.m
for 3 mins. Non-polar lipids were extracted from the supernatant with hexane and double distilled water by liquid-
liquid separation. The non-polar fractions were evaporated at 40 °C in a rotary-evaporator, redissolved in hexane
and an amount of anhydrous sodium sulphate was added to remove any water and polar compounds that were left in
the samples. The remaining solutions were dried and derivatized at 60 °C for 1h with N,O-Bis (trimethysily)-
trifluoroacetamide (BSTFA).

The extracts were analyzed using a computerized GC-MS from Agilent Technologies (6890N-Network GC System
and 5975C inert MSD with Triple-Axis Detecto) with HP-5 column (60 m length x 0.32 mm internal diameter x
0.25 um film thickness). Blanks and calibration standards were used throughout the GC injections. A set of known
concentration standards of octadecanol in eter-TMS form was used and quantified peaks were obtained from the
analysis.

The total organic carbon (TOC) contents in the sediments were analyzed based on analytical procedures used by
Nelson and Sommers [17]. The standard used for this analysis was sulphanilamide methionine. The grain size of
sediments was identified using a hydrometer and sieve analysis (ASTM D 422- Standard test method for particle-
size analysis of soils). Hydrometer was used to determine the size of the silt and clay-sized samples of < 63 pum, and
for samples > 63 um, it was determined by the sieve analysis.

Results and Discussion

The TOC were recorded for all samples of S1-S15 (Table 2), the TOC values ranged from 0.46% to 10.21%. Based
on the result, the TOC content was high at stations along the west of Kapas Island, namely S8, S9, S10, S11, S12,
S13, S14 and S15. These stations are located opposite the mouth of Marang River with a distance of 4.5 km and are
near to the Kapas Island jetty. These were most probably attributable by the terrestrial input, since these stations are
nearest to terrestrial land. Predominantly, the higher TOC level is directly proportionate to the higher nutrients as a
result of the close distance to the location of sewage discharge, residence area and industries [18]. In addition, the
biological productivity, the natural condition of sediments, the sedimentation rate, surrounding environment and
diagenesis process could also be included as the factors that affect the organic carbon content [19].
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Table 2. Fatty alcohol concentrations in dry weight sediments in Kapas Island

Stations

S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11 S12 S13 S14  Si15
TOC (%) 234 046 126 091 062 052 211 644 7.49 400 6.99 911 8.77 10.21 9.48
Fatty alcohols (ng/g )
C12 0.05 512 014 nd. nd. 013 0.07 007 0.07 0.13 0.08 0.08 0.08 0.08 0.09
C13 nd. 101 019 nd. nd. nd. nd. nd 007 011 nd. nd. 0.08 nd. nd.
Cil4 005 158 nd. nd. nd 013 nd. 017 0.07 022 0.08 0.08 nd. 0.08 0.09
iso-C15 006 054 012 nd. nd. 013 nd. 010 0.08 011 nd. 0.08 0.08 nd nd
ante-C15 006 27 013 nd. nd. 013 nd. nd. 007 011 nd. nd. nd nd nd
C15 nd. 043 020 nd. nd 013 nd. 009 008 011 nd. 0.08 nd. 0.08 nd.
C16 0.06 077 0.10 0.06 0.06 0.13 0.07 0.09 0.08 0.18 0.08 0.08 0.08 0.08 0.09
iso-C17 006 079 030 nd 006 013 0.07 nd. 008 011 nd. 0.08 008 nd 0.09
ante-C17 nd. 162 029 nd. nd 013 007 0.08 0.08 011 nd. 0.08 0.08 nd. n.d.
C17 nd. 050 013 006 nd 013 nd. 008 0.08 011 nd. nd. 0.08 nd. n.d.
C18 nd. 091 nd nd nd 013 nd. nd. 008 011 nd. nd. nd nd nd
C19 006 071 026 nd 006 nd. nd 010 nd. 011 nd. nd 008 nd nd.
C20 006 035 069 nd. 006 nd. nd 008 008 023 nd nd 008 nd 0.09
Cc21 0.08 115 031 nd. 007 013 nd. 020 008 0.11 0.08 0.08 0.08 0.08 0.10
C22 nd. 117 nd. 006 nd. 013 007 nd. 010 012 0.08 0.08 0.09 0.08 0.09
C23 0.14 023 032 0.06 009 016 0.07 036 012 0.11 0.09 0.09 0.10 0.14 o0.10
C24 0.12 040 045 0.07 007 014 0.07 010 041 011 0.08 008 0.10 0.12 0.10
C25 0.12 021 034 0.06 007 016 0.07 010 012 010 0.09 009 010 0.11 0.10
C26 nd. 035 03 nd nd 017 nd. 037 011 011 nd. nd. 0.09 0.09 n.d.
C27 nd. 037 027 006 nd 017 0.07 019 010 019 008 nd. 014 010 n.d.
C28 nd. 020 058 016 nd. 017 nd. 012 011 010 nd. nd. 010 0.09 n.d.
C29 nd. nd 020 0.07 nd 015 0.07 008 007 015 nd. 0.08 0.18 0.09 n.d.
C30 nd. 014 015 nd. nd. nd. 007 008 nd 010 nd. nd. nd 011 nd.
Total
(ng/qg) 0.90 2131 555 067 053 267 074 249 184 295 0.75 108 169 133 0.96

*n.d. not detected (< 0.05 ng/g dry weight)

A total of 23 fatty alcohol compounds were identified in the sediments of Kapas Island. The fatty alcohol
concentrations were found to be relatively ranging from 0.05 ng/g to 5.12 ng/g (Table 2). These might be due to the
grain size and type of sediment in the study area which is dominated by sandy sediments, which are coarse with
sizes between 2mm to 1/16 mm. Organic matter is more easily trapped in fine-sized sediment compared to the
coarse-sized sediment [20].

There are three main categories in the distribution of fatty alcohols of short-chain fatty alcohols (C12-C20), long-
chain fatty alcohols (> C20) and branched-chain fatty alcohols (-iso and -anteiso) [12]. Based on the result, total
concentrations of fatty alcohols ranged from 0.53 to 21.31 ng/g dry weight and the concentration of fatty alcohols
was high at S2, which is located north of Kapas Island. This station was found with high concentrations of short-
chain fatty alcohols and long-chain fatty alcohols. This station is close to several small islands with terrestrial plants
covering almost the entire island. Terrestrial plants synthesize long-chain fatty alcohols from C20 to C32 [21].
Volkman et al. [22] also stated that aquatic organisms such as microalgae also produce long-chain fatty alcohols,
but in little proportions. While for short- chain fatty alcohols, according to Rieley et al. [3] most are from marine
organisms such as zooplankton which contains carbon (C12-C20).
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In addition, based on the data set, it was noticed that the short-chain fatty alcohol compounds, C16, were present in
all the sampling stations. The presence of C16 compounds shows that phytoplankton and zooplankton also
contributed to the sedimentary fatty alcohol pool [23-24]. Besides, C16 was also produced by algae and bacteria
[20].

In identifying the sources of fatty alcohols in these sediment samples, the ratio of short-chain per long-chain fatty
alcohols and indices (ASI) were applied in this study. Based on Figure 2, most of the ratios of short-chain / long-
chain fatty alcohols in this study were < 1 except for S1, S2, S9, S10 and S12.
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Figure 2. Short-chain / long-chain ratio for sampling stations at Kapas Island

Seguel et al. [24] noted that the ratio of short-chain per long-chain can potentially be used as markers for terrestrial
input if the value is < 1.0, while the ratio of > 1 indicates high marine content sources. Sedimentary fatty alcohols of
S1, S2, S9, S10 and S12 were dominant with the short-chain fatty alcohols, which were from marine sources.
Therefore, it can be surmised that the abundance of marine organisms in these areas is higher than the other
sampling stations.

The sources of organic matter can also be determined by using the ASI (Figure 3 & Figure 4). Ratios used in the
ASI were C24/C12, C24/C16, C22/C12 and C22/C16. Compounds of C22 and C24 fatty alcohols represent
terrestrial sources, while C16 and C12 represent short-chain fatty alcohol compounds. Therefore, the ASI helps in
identifying the distribution of organic matter in sediments.
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Figure 4. Alcohol Source Index (ASI) for C24/C12 & C24/C16 at Kapas Island

The ASI values for C22/C12 and C22/C16 (Figure 3) in the study area indicated values of > 1.0 except for some
stations, while S4 and S5 stations did not show the presence of C12 compounds. ASI value above 1.0 indicated that
most of the sampling stations were dominated by long-chain fatty alcohols (C22 and C24). Low ASI values at
stations S1, S3, S8 and S10 were induced by the high concentrations of C16 and C12. C24 is the main terrestrial
marker, while C16 and C12 are the primary markers of marine sources.
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Almost all stations showed the ratio of C24/C12 and C24/C16 (Figure 4) > 1.0 except for stations S2 and S10. This
shows that terrestrial sources dominate the study area when the concentration of C24 exceeded the concentration of
C12 and C16 compounds. The ASI ratio for stations S2 and S10 showed the value of < 1.0. Stations S2 and S10 are
likely to have an abundance of phytoplankton and zooplankton which caused the high input of marine sources in the
area.

The position of Kapas Island which is opposite of the Marang River estuary causes the marine sediments in Kapas
Island to be influenced by terrestrial sources. This can be proven when the concentration of C12 and C16 is lower
than that of C22 and C24. The presence of long—chain fatty alcohols in the aquatic environment, especially in the
river estuary and marine results from the movement of the water that brings the compounds together before they are
deposited in the sedimentary layers [12].

Conclusion
The concentration of fatty alcohols in the sediment samples from Kapas Island, Terengganu were shown to be
slightly low. For short-chain fatty alcohol compounds, compounds C16 dominated all the sampling locations.
However, C24 assigned as long-chain alcohols, were also present in all the study locations. In identifying and
elucidating the sources of fatty alcohols in Kapas Island, the use of short-chain per long-chain ratio and Alcohol
Source Analysis (ASI) has resulted in better understanding of fatty alcohol sources in the study area. To conclude,
Kapas Island was found to be dominated by terrestrial sources, followed by marine sources.
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