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Abstract: Kapas Island is a little tropical island in the South China Sea which is well
known as one of the main tourist attractions located in Terengganu, Malaysia. This study
describes sterol distribution using sewage sterol data collected from surface sediments to
indicate the presence of anthropogenic effects on the coastal environment of Kapas Island.
Samples from a total of 15 sampling stations were collected, extracted and analysed using
Gas Chromatography-Mass Spectrometry (GC-MS). Terrestrial and sewage inputs of 7
sterol compounds were identified to evaluate the impact of human disturbance in the marine
sediment. The results indicate that the concentrations of sterol compounds ranged from
6.19 pg/g (dry weight) to 9.88 pg/g (dry weight) in the surface sediments. Faecal sterol
content was used as a tool to identify sources of organic material by using the ratio between
faecal sterols and terrestrial input caused by anthropogenic effects as a means to evaluate
pollution levels and marine ecosystem stability. The results of the analyses indicated low
concentrations and ratios of sewage sterols. Most sediment in the study area contains low
levels of sewage contamination, which is probably due to the sand that characterizes the
sediment. Sandy sediments are less likely to retain organic material, thus resulting in low
concentrations of sterol compounds in the sediments. Nevertheless, the presence of sterol

compounds is an indication of the human imprint/presence at Kapas Island.
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Introduction

There are increasing concerns over pollution,
especially in coastal areas, which are alarming
because of the excessive tourism activities in
these coastal regions. This is also exacerbated
by the lack of restriction by higher authorities
to prevent the abundant overflow of effluents
at certain times in certain areas, which
has resulted in the discharge of substantial
amounts of anthropogenic waste from human
and industrial activities into the sea (Carreira
et al., 2004; Commendatore & Esteves, 2004;
Samuel ef al., 2012). One of the coastal areas
in Malaysia that is suffering from increasing
amounts of pollution is Kapas Island. Kapas
Island is a major attraction in Peninsular
Malaysia for tourists who want to escape to an
idyllic spot of beautiful white sandy beaches
without having to spend a lot of money. During
certain periods, particularly the monsoon
season, the Island is closed for safety reasons.

However, when it is open, the profusion of
human activities inevitably affects the marine
environment because of the direct discharge of
effluents into the sea. A review of the literature
indicates that studies related to environmental
pollution at Kapas Island are scarce; hence, this
study sought to gain a better understanding of
pollution in the coastal area, especially sources
of sterols and their roles as anthropogenic
indicators (Howard et al., 2006; Sojinu et al.,
2010; Samuel ef al., 2012). Sterol biomarkers
have been shown to be reliable indicators of
anthropogenic contamination in sediments
because of their wide distribution in living
organisms, their specific characteristics, and
hydrophobic nature in addition to their ability
to withstand long decay in the environment
(Martins et al., 2007; Gao & Chen, 2008; Wang
etal.,2008).

Lipid biomarkers, especially sterols,
have been successfully used to investigate
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waste  discharge, faecal contamination
and anthropogenic disturbances in aquatic
environments in different regions around
the world (Venkatesan & Mirsadeghi,
1992; Green & Nichols, 1995; Martins et
al., 2007). Specifically, the faecal sterols,
coprostanol (5B-cholestan-3B-ol), coprostanone
(5B-cholestan-3-one)  and  epicoprostanol
(5B-cholestan-3B-ol) have been widely used as
human waste pollution indicators because they
are present in human faecal matter and thus can
be used as an indication of human activities in
adjacent areas (Mudge & Seguel, 1999; Mudge
& Duce, 2005; Peng et al., 2005; Cordeiro et
al., 2008). Coprostanol and epicoprostanol are
the sterols most often cited in sewage impact
studies due to the contributions of faecal sterol
inputs that are not derived naturally from
aquatic sediments (Venkatesan & Kaplan,
1990). Coprostanol is closely related to human
sources and natural biomarkers because it is
produced in human digestive tracts by the
microbial degradation of cholesterol, which
is persistent in the natural environment (Wang
et al., 2010). Coprostanol comprises 40-60%
of the total sterol in human waste and has
strong resilience to any degradation (Nichols
et al., 1996; Martin et al., 2007). Therefore,
any decline in concentration is attributed to
physical sediment transport.

Kapas Island is famous as a budget
destination among tourists, where its white
sandy beaches are open only during the off-
season monsoon from November to March.
Apart from being famous as a tourist attraction,
it is also well known for cuttlefish anchoring.
However, the island can only accommodate
up to 500 people at a time because its limited
settlement distribution is focused on the west
coast area of the island facing Peninsular
Malaysia, while the rest of the island is not
inhibited by humans due to its the exposure
to the currents and waves of the South China
Sea. The different demographic profiles for
the two parts of Kapas Island clearly help to
differentiate between the disturbance caused by
human activities and the natural sterol present
in the marine aquatic sediments.
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The aim of this study is to identify and
evaluate sewage pollution caused by human
activities using faecal sterols as sewage
biomarkers. The evaluation is based on analysis
of sandy sediments using a GC-MS to trace
pollution influenced by human disturbances.
Although the concentration of organic material
in sandy sediments is very low due to its
porosity, it is still important as a tool to detect
the level of environmental pollution.

Materials and Methods
Sampling Sites

Fifteen sampling sites surrounding Kapas
Island, Terengganu were chosen for this study
(Figure 1 and Table 1). The surface sediment
samples were collected using a PONAR grab
sampler and stored in glass jars. The samples
were then refrigerated at 4 °C until further
analysis.

Total Organic Carbon (TOC)

A CHNS analyser (Fison, EA 1108, Italy)
was used to measure the percentage of TOC
by directly measuring the percentage of total
carbon, nitrogen and sulphur according to
procedure established by Nelson & Sommers
(1996). Samples were weighed and dried
in a Memmert oven at 60 °C for a few days.
The samples were pulverised using a mortar
and pestle prior to the CHNS analysis.
Approximately 2 ml of 1 M hydrochloric acid
(HCl) was mixed with 1-1.5 grams of each
dry sample to destroy any inorganic material
that was present in the sediment sample. The
samples were then dried in a Memmert oven
at 105 °C for 10 hours to ensure that no HCI
residue remained in the sediment sample.
The samples were analysed using the CHNS
analyser following the drying procedure.
The standard used here was sulphanilamide
methionine.

Sterol Analysis

Approximately 30-40 grams of each sample
was hydrolysed using 50 ml of potassium
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Figure 1: Sampling stations surrounding Kapas Island sediment

Table 1: Coordinates, water depth, temperature, pH and description of each sampling stations sediment

. . Water
Station Latitude Longitude Depth
™) (E) )

Temp.

©0) pH Description

S1 05°14.162°  103°15.679° 17.0

29.4 8.19  Resort area

S2 05°14.323>  103°16.144° 25.2

29.6 8.18  Rocky Beach with terrestrial trees

S3 05°14.031°  103°16.296’ 25.0
S4 05°13.816° 103°16.435° 24.7
S5 05°13.356>  103°16.547° 23.4
S6 05°12.866°  103°16.642’ 22.8
S7 05°12.356°  103°16.470° 20.2
S8 05°12.491°  103°15.902° 11.0
S9 05°12.710°  103°15.681° 9.5
S10 05°12.954  103° 15.560° 113
S11 05°13.195>  103°15.519° 10.5
S12 05°13.409°  103°15.564’ 10.8
S13 05°13.648°  103°15.715° 5.9
S14 05°13.790°  103°15.861° 35
S15 05°13.840°  103°15.543° 11.5

29.6 8.19  Rocky Beach with terrestrial trees
29.3 8.18  Rocky Beach with terrestrial trees
29.5 8.22  Rocky Beach with terrestrial trees
29.5 8.15  Rocky Beach with terrestrial trees
29.5 822  Rocky Beach with terrestrial trees
29.5 8.23  Resort area with terrestrial trees
29.5 824  Resort area

29.2 8.27  Jetty and resort area

293 8.25  Jetty and resort area

28.9 8.27  Resort area

29.5 8.25  Sandy bay

29.7 8.25  Sandy bay

28.9 8.25  Sandy near resort area

hydroxide (KOH) in methanol for 4 hours. This
procedure was intended to break the ester/ether
lipid linkages from the sediment (Mudge &
Norris, 1997; Pereira, 1999). Then, the sample
was centrifuged (Hettich Zentrifugen 320 R)

for 3 minutes at a speed of 4000 rpm, yielding
supernatant liquid. The supernatant was mixed
with 20 ml hexane and 10 ml deionised water
and then shaken vigorously in a separating
flask, producing a free, non-polar lipid layer
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(in the bottom part of the flask) used for sterol
analysis and a polar layer in the upper part of
the flask. The procedure was repeated 3 times
to ensure maximum extraction. The bottom
layer was then concentrated using a rotary
evaporator at 40 °C, re-dissolved with 2-3 ml
hexane and stored in a 14-ml vial together
with anhydrous sodium sulphate to remove
any polar traces remaining in the sample. The
solutions were then filtered using filter paper
(Number 2 Whatman), dried using nitrogen gas
(OFN) and heated in an aluminium box with 2-3
drops of bis-(trimethylsilyl)trifluoroacetamide
(BSTFA) for 10 minutes at 60 °C. The samples
were then dried using OFN, re-dissolved with
Iml hexane and transferred into 1.5-ml vials
prior to the GC-MS analysis.

Gas Chromatography-Mass
(GC-MS)

A gas chromatography mass spectrometry
(Clarus 500, Perkin Elmer, USA) was used
to analyse sterols from the sediments on a
non-polar, DB5-HT capillary column (30m x
0.25mm x 0.10um). The carrier gas used was
helium with 99.996% purity to vaporize and
carried the compounds through the GC-MS at
a flow rate of 1 ml min™' and column pressure
of 50 kPa. The program used computerized

Spectrometry
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temperatures, beginning at 80 °C and increasing
at 15 °C min' to a maximum of 300 °C, and then
increasing at 5 °C min! until the temperature
reached a maximum of 350 °C for 10 minutes.
Sterol compounds were calibrated using sterol
standard solutions of cholesterol as external
standards to establish a standard calibrating
curve. Five calibration standards were used:
0.01, 0.05,0.1, 0.5 and 1 ng ml"".

The spectrum of each sterol compound
present in the samples was recorded directly
into the GC-MS computer programme, Turbo
Mass, to identify the compounds’ spectrum
based on the diagnosis of mass for each
compound. Example of sterol chromatogram
for one of the sample is shown in Figure 2.

To ensure efficiency of the entire process,
standard methods and techniques were adopted
throughout the experiment, beginning with
the extraction procedure, which was repeated
three times to ensure that no remaining sterol
traces were detected in these latter extractions.
All sample sediments were stored in glass
jars; the apparatus for the entire experiment
were all constructed from glassware to
prevent the reaction of organic matter from
the sediment, which would have disrupted its
organic composition. Prior to the experiment
procedure, all of the glassware apparatus and
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Figure 2: Example of sterol chromatogram from the GC-MS analysis
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teflon-lined caps were rinsed with deionized-
distilled water and an organic solvent, hexane,
and then soaked with Decon-90 prior to the
GC-MS analysis. To determine the accuracy
and efficiency of the extraction procedure,
triplicate samples (n = 3) with relative standard
deviation less than 14% was performed.
Blanks and calibration standards were used
throughout the GC injections. A blank was
injected, followed by the calibration standard.
Five samples were injected afterwards, and
followed by the blank and calibration standard
again. Procedural blanks were also analysed
and no compounds of interest were measured
in any sample.

Results and Discussion
Total Organic Carbon (TOC)

Table 2 shows that the concentrations of TOC
in the surface sediments from Kapas Island

ranged from 0.46% to 10.21% for all 15
stations, with an average value of 4.71%. S14
had the highest TOC content (10.21%), while
S2 recorded the lowest (0.46%). Based on the
demographic profile (Figure 1), the TOC level
is low for stations S1-S7, which are located in
the South China Sea. It is possible that the low
TOC content is due to the current, strong waves
and greater water depth (Table 1) at those
stations in comparison with the other stations,
S8-S15. The high TOC level at S14 is possibly
attributable to its shallow depth, which is the
shallowest of all 15 sample locations, as well
as its location, which is closest to the terrestrial
land area of the island and in a bay protected
from strong waves. The higher TOC levels are
predominantly directly proportionate to the
higher levels of nutrients as a result of the close
proximity of sewage discharge, residential areas
and industries (Froehner et al., 2010; Adnan et
al., 2012). In contrast, station S2 recorded the

Table 2: Concentrations of individual sterols, selected ratios, and TOC in each sampling stations

Station Cop E-cop Choles Cholest Brass Camp Stig -ols CCh(:)[l)és (CCO(:); E-cop/ TOC
(ng/g) (ng/g) (ng/g) (ng/g) (ng/g) (ng/g) (ng/g) +Cholest) Cop (%)
S1 6.19 7.37 6.24 6.28 6.30 630 628 4380 099 0.49 1.00 2.34
S2 7.36 8.45 8.81 7.53 7.67 7.80 771 5533 084 0.45 1.15 0.46
S3 7.11 6.85 7.36 7.59 7.44 760 759 5154 097 0.48 0.96 1.26
S4 6.51 6.50 6.50 6.53 nd nd  26.04 1.00 0.50 1.00 091
S5 6.37 6.38 6.45 6.37 nd nd 2557 099 0.50 1.00 0.62
S6 7.87 7.87 7.85 nd 7.87 7.87 3933 1.00 1.00 1.00 0.52
S7 6.82 6.82 6.82 6.82 6.82 nd 3408 1.00 0.50 1.00 2.11
S8 6.86 6.87 6.91 6.98 6.93 nd 3455 099 0.49 1.00 6.44
S9 7.24 7.23 7.28 7.27 nd nd 2902 099 0.50 1.00 7.49
S10 9.88 9.87 9.84 9.85 9.86 nd  49.03 1.00 0.50 1.00 4.00
S11 7.26 7.25 7.26 7.26 nd nd  29.03 1.00 0.50 1.00 7.00
S12 7.06 7.05 7.05 7.05 nd nd 2820 1.00 0.50 1.00 9.11
S13 7.20 7.20 7.23 7.24 7.22 720 4329 1.00 0.50 1.00 8.77
S14 7.69 7.82 7.69 8.01 nd nd 3120 1.00 0.49 1.00 1021
S15 7.69 7.69 7.72 7.69 nd nd  30.79 1.00 0.50 1.00 9.48
Y-ols 109.10 110.04 11099 10248 60.11 21.69 36.64 551.06 14.77 7.90 15.13  10.71

n.d: not detected; cop: coprostanol; E-cop: epicoprostanol; Choles; cholesterol; Cholest: cholestanol; Brass: brassicasterol;
Camp: campesterol; Stig: stigmasterol; Y -ols: sum of sterols; Cop/Choles: coprostanol/cholesterol; Cop/(Cop+Cholest):
coprostanol/(coprostanol+cholesterol); Choles/Cholest: cholesterol/cholestanol; E-epi/Cop: epicoprostanol/coprostanol;

TOC: Total Organic Carbon
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lowest TOC value because of its exposure to the
strong, open ocean current, which transports
the sediment containing organic material to
other places. The TOC content was used as
supporting data for the analysis of organic
materials in the surface sediments. The TOC
content is crucial in correlating the degree of
pollution in the environment caused by organic
material.

Sterol Distribution

Table 2 shows the individual concentrations of
all selected sterols, including sewage markers
(coprostanol, epicoprostanol and cholestanol),
marine markers (brassicasterol) and terrestrial
markers (stigmasterol and campesterol) in
surface sediments surrounding Kapas Island.
The sum of sterol concentrations at each station
ranged from 55.33 ng/g to 25.57 ng/g dry
weight. Cholesterol is the most abundant sterol
detected at the sampling sites surrounding
Kapas Island because cholesterol can be and is
produced by almost all living organisms (Jeng
et al., 1996; Mudge & Norris, 1997; Seguel et
al., 2001). The total cholesterol concentrations
ranged from 6.24 ng/g to 9.84 ng/g dry
weight (Table 2). The highest cholesterol
concentration was recorded at station S10. This
station was located near the jetty area, which is
the only location where larger ships and boats
drop off or pick up passengers travelling to the
island. The surrounding area is comprised of
concentrated resort settlements that are densely
populated and highly developed compared with
the other parts of Kapas Island. Cholesterol
is abundant at the sampling stations because
it is the primary sterol compound produced
by all organisms, including algae, diatoms,
macrophytes, phytoplankton and zooplankton
(Logan et al., 2001; Peng et al., 2005; Sojinu et
al., 2012). Thus, at almost all of the sampling
sites surrounding Kapas Island, cholesterol
is a major sterol, except for the area with
sewage outfalls where coprostanol is the major
sterol compound. The presence of cholesterol
indicates a possible source from marine
mammals and/or humans (Venkatesan et al.,
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1986; Venkatesan & Santiago, 1989). Mudge
& Seguel (1997) deduced that it is common for
substantial concentrations of cholesterol to be
found in most marine and estuarine sediments.

One  faecal sterol often  cited,
epicoprostanol, is an isomer of coprostanol
that is formed during treatment of wastewater
and sewage sludge digestion. The presence of
epicoprostanol is closely related to fully or
partially treated sewage. A high concentration
of epicoprostanol in faecal material indicates
sewage that is fully treated. Epicoprostanol
is the second most abundant sterol found
at the sampling sites of Kapas Island, with
concentrations ranging from 6.37 ng/g to 9.87
ng/g dry weight. The highest concentration was
reported at station S10, which is located near the
jetty area. The sampling site is in the vicinity of
the local population where the resort is located.
The possibility that a high amount of sewage
wastage was discharged directly into the sea
without any treatment could have contributed
to the high concentration of epicoprostanol.
The concentration of epicoprostanol is often
used as an indicator of the level of treatment
or faecal material age relative to the level of
sewage pollution. Some sterol compounds have
been successfully used to determine the sources
of sterols and to evaluate the level of sewage
contamination in sediments by calculating the
sterol ratios (Grimalt ef al., 1990; Leeming et
al., 1996).

Sewage Sources

Coprostanol, epicoprostanol and cholestanol
are identified as individual sewage sterols
and have been used successfully as tracers for
sewage contamination. Furthermore, unlike
the cholesterol, cholestanol, campesterol,
B-sitosterol and stigmastanol sterols that are
present in the majority of marine sediments,
the content of coprostanol is high mostly in
the areas where there is sewage outfall and in
polluted areas (Venkatesan & Kaplan, 1990;
Green & Nichols, 1995). The individual sterol,
coprostanol, can withstand anoxic conditions
and can be preserved for a long time, which
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facilitates the historical tracing of sewage
pollution (Saliot et al., 1991; Sicre et al., 1994,
Saliot et al., 2002). Coprostanol concentrations
of >500 ng/g are indicative of considerable
sewage pollution, as demonstrated in a study
conducted by Gonzalez-Oreja and Saiz-Salinaz
(1998). Because the detected concentrations of
coprostanol at all of the Kapas Island sampling
stations were comparatively lower than
500 ng/g, they are indicative of low sewage
concentrations. In addition, a study by Grimalt
et al. (1990) classified a coprostanol level of
>100 ng/g as an indication of contaminated
sewage. Therefore, none of the areas in which
the Kapas Island sampling stations are located
are considered to be contaminated by sewage
based on the coprostanol concentration criteria
proposed by Grimalt et al. (1990).

Rather than relying on only one
single sewage sterol species, the degree of
pollution can be evaluated more clearly and
precisely by using a combination of sewage
sterols. Evaluation of only one sterol, in
this case coprostanol, is not sufficient for
the effective detection and quantification of
sewage pollution because it may generate
questionable results regarding the source’s
contribution to sediments (Mudge ef al., 1999).
Therefore, ratios of coprostanol/cholesterol,
epicoprostanol/coprostanol and coprostanol/
(coprostanol+cholestanol) were used to detect
sources of sewage to evaluate the degree of
pollution in the study area (Mudge & Norris,
1997). By combining the ratios of coprostanol/
(coprostanol+cholestenol), coprostanol and
epicoprostanol, the faecal material can be
evaluated more precisely rather than based the
evaluation on coprostanol alone, as proposed
by Jeng et al. (1996), Chan ef al. (1998) and
Marvin et al. (2001).

Coprostanol/cholesterol ratios are used as
indicators of domestic sewage and biogenic
material discharged into the marine environment
(Grimalt & Albaiges, 1990; Mudge & Bebiano,
1997). McCalley et al. (1981) proposed that the
coprostanol/cholesterol ratio helps to elucidate
whether the contributions are from biogenic

sources or sewage sources. Ratios of <1 are
reported for biogenic sources, while ratios
of >1 indicate sewage sources (Fattore et al.,
1996; Nichols et al., 1996; Reeves & Patton,
2005). Based on the coprostanol/cholesterol
ratios listed in Table 2, the lowest value of
0.84 was recorded for station S2, whereas
the coprostanol/cholesterol ratio values are
close to 1 for the other 14 stations. The ratios
of all of the stations listed in Table 2, which
are <l, suggest the inputs are from biogenic
sources. This implies that the locations of all
sampling stations surrounding Kapas Island are
dominated by biogenic sources, which suggests
that macrophytes might be a secondary source
in the organic matter of marine sediments
(Reeves & Patton, 2005).

The ratio of epicoprostanol/coprostanol
has been used to differentiate human waste
from other coprostanol sources, in which ratios
ranging from 1.55 to 6.00 are indicative of
human waste (Venkatesan & Kaplan, 1990;
Pratt, 2005; Wang et al., 2008). Specifically,
the ratio helps to provide useful information
in assessing the degree of sewage treatment,
as proposed by Mudge & Seguel (1999) and
Mudge & Norris (1997). Mudge & Seguel
(1999) suggested that ratios of <0.2 indicate
untreated sewage, while ratios of >0.8
are indicative of partially treated sewage
(primarily or secondary). Table 2 indicates
that epicoprostanol/coprostanol ratios of >0.8
were measured at all stations in the study
area, particularly in areas with inputs from
partially treated sewage, such as station S2,
where the highest ratio of 1.15 was recorded.
This indicates that S2 (Figure 1) is located near
the sewage outfall where the resort settlement
is located at Gumia Island (see Figure 1),
resulting in higher ratio values.

The stanol index, coprostanol/
(coprostanol+cholestanol), was used to
facilitate in the differentiation between
sewage and biogenic sources (Grimalt et al.,
1990). A stanol ratio of >0.7 is characteristic
of urban sewage pollution (Jeng & Han,
1994; Fattore et al., 1996). The coprostanol/
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(coprostanol+cholestanol) ratios listed in
Table 2 indicate that the highest coprostanol/
(coprostanol+cholestanol) ratio (1.00) was
measured at station S6, identifying it as a
sewage pollution areca. The other 14 stations are
considered as having intermediate ratio values
(0.3-0.7) as a result of the mix between both
biogenic and anthropogenic sources (Adnan et
al.,2012). Therefore, evaluations of coprostanol
and coprostanol/(coprostanol+cholestanol)
concentrations will facilitate the identification
of sewage sources and the natural reduction of
sewage to sedimentary sterols (Grimalt ef al.,
1990; Fattore et al., 1996; Reeves & Patton,
2005).

Conclusion

The study of faecal sterols and stanols has
been proven to be useful in identifying
sewage indicators that can be used to evaluate
anthropogenic imprints in the surface sediments
surrounding Kapas Island. The faecal sterol
concentrations reported for our study showed
that the areas in which the sampling sites were
located could be considered as uncontaminated
by sewage inputs, even though coprostanol was
determined to be the second most abundant
faecal sterol after cholesterol in the study area.
In general, Kapas Island exhibits a mix of both
biogenic and sewage sources for effluents of
anthropogenic inputs. The study of sterol data
will collectively contribute to the knowledge of
sterol biomarkers as well as highlight the need
to take measures to improve the environmental
conditions on Kapas Island.

Acknowledgements

The authors would like to gratefully
acknowledge the support provided by the
Science Fund grant No. 04-01-02-SF0698 and
Universiti Kebangsaan Malaysia (UKM).

References

Adnan, N. H., Zakaria, M. P., Juahir, H., & Alj,
M M. (2012). Faecal Sterols as Sewage

68

Markers in the Langat River, Malaysia:
Integration of Biomarker and Multivariate
Statistical ~ Approaches.  Journal  of
Environmental Sciences, 24(9): 1600-1608.

Carreira, R. S., Wagener, A. L. R., & Readman,
J. W. (2004). Sterols as Markers of Sewage
Contamination in a Tropical Urban Estuary
(Guanabara Bay, Brazil): Space-time
Variations. Estuarine, Coastal and Shelf
Science, 60: 587-98.

Chan, K. H., Lam, M. H. W., Poon, K. F., Yeung,
H. Y., & Chiu, T. K. T. (1998). Application
of Sedimentary Fecal Stanols and Sterols
in Tracing Sewage Pollution in Coastal
Waters. Water Research, 32(1): 225-235.

Commendatore, M. G., & Esteves, J. L. (2004).
Natural and Anthropogenic Hydrocarbons
in Sediments from the Chubut River
(Patagonia, Argentina). Marine Pollution
Bulletin, 48: 910-8.

Cordeiro, L. G. S. M., Carreira, R. S., &
Wagener, A. L. R. (2008). Geochemistry of
Fecal Sterols in a Contaminated Estuary in

Southeastern Brazil. Organic Geochemistry,
39(8): 1097-1103.

Fattore, E., Benfenati, E., Marelli, R., Cools, E.,
& Fanelli, R. (1996). Sterols in Sediments
from Venice Lagoon, Italy. Chemosphere,
33(12): 2383-2393.

Froehner, S., Martins, R. F., & Errera, M. R.
(2008). Assessment of Fecal Sterols in
Barigui River Sediments in Curitiba, Brazil.

Environmental Monitoring Assessment,
157: 591-600.

Gao, X., & Chen, S. (2008). Petroleum
Pollution in Surface Sediments of Daya
Bay, South China, Revealed by Chemical
Fingerprinting of Aliphatic and Acylic
Hydrocarbons. Estuarine, Coastal and
Shelf Science, 80: 95-102.

Grimalt, J. O., & Albaigés, J. (1990).
Characterization of the Depositional
Environments of the Ebro Delta (western
Mediterranean) by the Study of Sedimentary
Lipid Markers. Marine Geology, 95: 207-
224.

J. Sustain. Sci. Manage. Special Issue Number 1: The International Seminar on the Straits of Malacca

and the South China Sea 2016: 61-70



STEROL AS AN ANTHROPOGENIC MARKER IN SURFACE SEDIMENTS OF KAPAS ISLAND 69

Gonzalez-Oreja, J. A., & Saiz-Salinas, J.
I. (1998). Short-term Spatio-temporal
Changes in Urban Pollution by Means of
Faecal Sterols Analysis. Marine Pollution
Bulletin, 36(11): 868-875.

Green, G., & Nichols, P. D. (1995). Hydrocarbon
and Sterols in Marine Sediments and Soils
at Davies Station, Antarctic: A Survey for
Human-derived Contaminants. Antarctic
Science, 7(2): 137-144.

Grimalt, J., Fernandez, P., Bayona, J. M., &
Albaiges, J. (1990). Assessment of Faecal
Sterols and Ketones as Indicators of
Urban Sewage Inputs to Coastal Waters.
Environmental Science and Technology, 24:
357-63.

Howard, K., Horsfall, M., Spiff, I. A., & Tene, S.
C. (2006). Heavy Metal Levels in Surface
Waters and in Sediments in Oilfield in the
Niger Delta, Nigeria. Global Journal of
Pure and Applied Science, 12: 79-83.

Jeng, W. L., & Han, B. C. (1994). Sedimentary
Coprostanol in Kaohsiung Harbour and
the Tan-Shui Estuary, Taiwan. Marine
Pollution Bulletin, 28(8): 494-499.

Jeng, W. L., Wang, J., & Han, B. C. (1996).
Coprostanol ~ Distribution in  Marine
Sediments off Southwestern Taiwan.
Environmental Pollution, 94(1): 47-52.

Leeming, R., Ball, A., Ashbolt, N., & Nichols, P.
(1996). Using Faecal Sterols from Humans
and Animals to Distinguish Faecal Pollution

in Receiving Waters. Water Research,
30(12): 2893-2900.

Logan, G. A., Fredericks, D. J., Smith, C., &
Heggie, D.T. (2001). Sources of Organic
Matter in Wallis Lake. AGSO Research
Newsletter, 2001: 15-20.

Martins, C. C., Fillmann, G., & Montone, R. C.
(2007). Natural and Anthropogenic Sterols
Inputs in Surface Sediments of Patos
Lagoon, Brazil. Journal of the Brazilian
Chemical Society, 18: 106-15.

Marvin, C., Coakley, J., Mayer, T., Brown, M., &
Thiessen, L. (2001). Application of Faecal
Sterol Ratios in Sediments and Effluents

as Source Tracers. Water Quality Research
Journal of Canada, 36(4): 781-792.

McCalley, D. V., Cooke, M., & Nickless, G.
(1981). Effect of Sewage Treatment on
Faecal Sterols. Water Research, 15(8):
1019-1025.

Mudge, S. M., & Bebiano, M. J. (1997). Sewage
Contamination Following an Accidental
Spillage in the Ria Formosa, Portugal.
Marine Pollution Bulletin, 34(3): 163-170.

Mudge, S. M., Bebiano, M. J., East, J. A., &
Barreira, L. A. (1999). Sterols in the Ria
Formosa Lagoon. Portugal Water Research,
33:1038-48.

Mudge, S. M., & Duce, C. E. (2005). Identifying
the Source, Transport Path and Sinks
of Sewage Derived Organic Matter.
Environmental Pollution, 136: 209-20.

Mudge, S. M., & Norris, C. E. (1997). Lipid
Biomarkers in Conwy Estuary (North
Wales, U.K.): A Comparison between Fatty
Alcohols and Sterols. Marine Chemistry,
57: 61-84.

Mudge, S. M., & Seguel C. G. (1997).
Trace Organic Contaminants and Lipid
Biomarkers in San Vicente and Concepcion
Bays. Boletin de la Sociedad Chilena de
Quimica, 42: 5-15.

Mudge, S. M., & Seguel, C. G. (1999). Organic
Contamination of San Vicente Bay Chile.
Marine Pollution Bulletin, 38(11): 1011-
1021.

Nichols, P. D., Leeming, R., Rayner, M. S., &
Latham, V. (1996). Use of Capillary Gas
Chromatography for Measuring Fecal-
derived Sterols Application to Stormwater,
the Sea-surface Microlayer, Beach Greases,
Regional Studies, and Distinguishing
Algal Blooms and Human and Non-human
Sources of Sewage Pollution. Journal of
Chromatography A, 733 (1): 497-509.

Nelson, D. W., & Sommers, L. E. (1996). Total
Carbon, Organic Carbon and Organic
Matters. In: Methods of Soil Analysis,
Part 3, Chemical Methods (Sparks D L.
ed.). Madison, WI: Soil Science Society of
America.

J. Sustain. Sci. Manage. Special Issue Number 1: The International Seminar on the Straits of Malacca

and the South China Sea 2016: 61-70



Nurul Fatihah Mt Nanyan et al.

Peng, X., Zhang, G., Bixian, M., Hu, J., Li, K.,
& Wang, Z., (2005). Tracing Anthropogenic
Contamination in the Pearl River Estuarine
and Marine Environment of South China
Sea Using Sterols and Other Organic
Molecular Markers. Marine Pollution
Bulletin, 50: 856-865.

Pereira, M. G. S. (1999). Bacterial Degradation
of Linseed and Sunflower Oils in Salty
Marsh Sediments. PhD thesis. University
of Wales, Bangor, United Kingdom. 199pp.

Pratt, C. (2005). Investigation into Faecal
Sterols and E.coli as Indicators of Sewage
and Non-sewage Inputs into a Subtropical
Estuarine Embayment System in South
Eastern QLD, Australia. PhD thesis.
Griffith University, Australia. 310pp.

Reeves,A.D., & Patton, D. (2005). Faecal Sterols
as Indicators of Sewage Contamination in
Estuarine Sediments of the Tay Estuary,
Scotland: An Extended Baseline Survey.
Hydrology and Earth System Sciences, 9:
81-94.

Saliot, A., Laureillard, J., Scribe, P., & Sicre, M.
A. (1991). Evolutionary Trends in the Lipid
Biomarker Approach for Investigating the
Biogeochemistry of Organic Matter in the
Marine Environment. Marine Chemistry,
36(1-4): 233-248.

Saliot, A., Parrish, C. C., Sadouni, N.,
Bouloubassi, 1., Fillaux, J., & Cauwet, G.
(2002). Transport and Fate of Danube Delta
Terrestrial Organic Matter in the Northwest
Black Sea Mixing Zone. Marine Chemistry,
79(3-4): 243-259.

Samuel, O. S., Oluwadayo, O.S., Ekundayo,
O., & Zeng, E. Y. (2012). Assessing
Anthropogenic Contamination in Surface
Sediments of Niger Delta, Nigeria with
Fecal Sterols and n-alkanes as Indicators.
Science of the Total Environment, 441: 89-
96.

Seguel, C. G., Mudge, S. M., Salgado, C., &
Toledo M. (2001). Tracing Sewage in the
Marine Environment Altered Signatures in

70

Concepcion Bay, Chile. Water Research,
35(17): 4166-4174.

Sicre, M. A., Peulve, S., Saliot, A., De Leeuw,
J. W, & Baas, M. (1994). Molecular
Characterization of the Organic Fraction
of Suspended Matter in the Surface Waters
and Bottom Nepheloid Layer of the Rhone
Delta Using Analytical Pyrolysis. Organic
Geochemistry, 21(1): 11-26.

Sojinu, O. S., Wang, J. Z., Sonibare, O. S., &
Zeng, E. Y. (2010). Polycylic Aromatic
Hydrocarbons in Sediments and Soils from
Oil Exploration Areas of the Niger Delta,
Nigeria. Journal of Hazardous Materials,
174: 641-7.

Venkatesan, M. I., Ruth, E., & Kaplan, 1. R.
(1986). Coprostanols in Antarctic Marine
Sediments: A Biomarker for Marine
Mammals and Not Human Pollution.
Marine Pollution Bulletin, 17(12): 554-557.

Venkatesan, M. 1., & Santiago, C. A. (1989).
Sterols in  Ocean Sediments: Novel
Tracers to Examine Habitats of Cetaceans,
Pinnipeds, Penguins and Humans. Marine
Biology, 102(4): 431-437.

Venkatesan, M. 1., & Kaplan, 1. R. (1990).
Sedimentary Copostanol as an Index of
Sewage Addition in Santa Monica Basin,
Southern California. Environmental Science
and Technology, 24(2): 208-214.

Venkatesan, M. 1., & Mirsadeghi, F. H. (1992).
Coprostanol as Sewage Tracer in McMurdo
Sound, Antartica. Marine  Pollution
Bulletin, 25: 328-333.

Wang, J. Z., Guan, Y. F., Ni, H. G,, Liu, G. L.,
& Zeng, E. Y. (2010). Faecal Steroids in
Riverrine Runoff of the Pearl River Delta,
South China: Levels Potential Sources and
Inputs to the Coastal Ocean. Journal of
Environmental Monitoring, 12(1): 280-286.

Wang, X. R., Wu, Q. X., & Shi Y. P. (2008).
Terpenoids and Sterols from Saussurea
cauloptera. Chemistry and Biodiversity, 5:
279-89.

J. Sustain. Sci. Manage. Special Issue Number 1: The International Seminar on the Straits of Malacca

and the South China Sea 2016: 61-70



