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ABSTRACT: After an oil spill accident occurred along the coast of Rayong Province, Thailand in July,
2013, we investigated the effect of crude oil and polycyclic aromatic hydrocarbons (PAHs) on intertidal
rocky shore molluscs in Ao Prao (Prao Bay), Samed Island. Gas chromatography-tandem mass spectrom-
etry (GC-MS/MS) was used to determine 1-hydroxypyrene (1-HOP) and 2-naphthol (2-NAP) concentra-
tions in three intertidal rocky molluscs; whelk (Morula musiva), coil snail (Planaxis sulcatus) and
rock oyster (Saccostrea cucullata). We used those metabolites as biomarkers to identify molluscs con-
taminated by petroleum hydrocarbons. Samples were collected 5 times during August 2013 to May 2015.
Results showed that 1-HOP and 2-NAP were detected in the mean concentration range of 0.039—1.421 and
0.001-0.403 ng/g wet weight, respectively. 1-HOP concentrations in an intertidal rocky shore predator, whelk
(M. musiva), were highest among all species probably due to its feeding behaviours. Metabolite concentra-
tions in all molluscs decreased over time. In conclusion, 1-HOP is a suitable biomarker in intertidal rocky
shore molluscs contaminated with petroleum hydrocarbon, and GC-MS/MS is an effective equipment to

detect these metabolites.
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INTRODUCTION

PAHs are a class of high molecular weight
organic compounds and compose of multiple
carbon aromatic rings (Ma et al., 2010). Coastal
marine environments can be contaminated by these
compounds during incomplete combustion of fossil
fuels in the atmosphere or by oil spills in the seawater
(Pereira et al., 1999). These substances are readily
assimilated by marine organisms through the skin,
gills or gastro-intestinal tract and, they are
bioaccumulated in organism’s fatty tissues causing
severe illness, abnormalities or death (Connell,
1988; Fux et al., 2007). After entering the animal
body, PAHs undergo a series of biotransformation
processes. They are rapidly transformed into more
hydrophilic metabolites that are excreted; thus,
marine organisms exposed to these compounds
show only trace amounts of PAHs in their tissues
(Varanasi et al., 1991; Baumard et al., 1999).

Pyrene and naphthalene are major constituents
of PAHs, and both are listed as hazardous substances

by the USEPA (Pengchai et al., 2009). Pyrene is
metabolized to 1-hydroxypyrene (1-HOP), and
naphthalene is metabolized to 2-naphthol (2-NAP);
these specific compounds alter the metabolism
process of marine organisms (Shin et al., 2011).
Measurements of 1-HOP and 2-NAP in excretory
products of animals have gained considerable
attention as a potential biomarker for PAHs
exposure. This method has been widely used as
a biomarker to study PAHs exposure in biota
(Jongeneelen, 2001; Lim and Shin, 2013). Biomarker
studies using l-hydroxypyrene have previously
been reported with liquid matrices such as fish bile,
blood and urine (Schaller et al., 1993; Lin et al.,
1994). However, this approach cannot be utilized
when dealing with small tissue samples from
marine benthic invertebrates (Chaisuksant et al.,
1999; McElroy et al., 2000). The presence of this
petroleum hydrocarbon can be detected using the
gas chromatography-mass spectrometry (GC-MS).
As part of this techniques, the gas chromatography-
tandem mass spectrometry analysis (GC-MS/MS)
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is a more precise method that has been widely used
in several organisms (Blahova et al., 2010). GC-MS/MS
is an advanced and highly selective mass spectrometry
used to identify and quantify PAHs metabolite
products, as a monitoring routine of pollution by
petroleum (Uhl, 1997; Blahova ef al., 2010).

In July 27, 2013, ca. 50,000 liters of crude oil
leaked at the Single Point Mooring (SPM) while
discharging from a vessel to the Refinery, 20 kilometres
southeast of Map Ta Phut seaport, Rayong Province,
Thailand. The strong wind and current drove spilled
oil eastward, which shortly reached Ao Prao (Prao
Bay), of semi-closed bay at the northwest coast
of Samed Island. This crude oil covered more than
600 m of the intertidal zone of Ao Prao coast for
more than 1-week resulting in serious damage to
the intertidal ecosystem of the bay (Pongpiachan
etal., 2018).

The objective of this study was to determine
concentration of PAHs metabolites: 1-HOP and
2-NAP in three different trophic levels of intertidal
rocky shore mollusc species: predator, Morula
musiva (whelk), herbivore Planaxis sulcatus (coil
snail) and filter feeder, Saccostrea cucullata (rock
oyster) from Ao Prao (Prao Bay) after the oil spill
incident using GC-MS/MS technique.

MATERIALS AND METHODS

Sampling Sites

Sampling was conducted in August 2013,
December 2013, March 2014 and July 2014 with
an additional sampling in May 2015 at two
intertidal rocky shore located at Ao Prao (Prao
Bay) (12°34'11"N 101°26'48"E) and Khao Laem
Ya (12°3526"N 101°2526"E), located northeast
of the oil spill incident (12°28"23"N 101°07'38"E).
Khao Laem Ya, a reference site which is a natural
park, is located about 3 kilometres from Ao Prao
rocky shore (Fig. 1). Oil spill covered the entire
rocky shore of Ao Prao longer than one week and
no longer than a month (favoured by the southwest
monsoon and wave actions). The heights of the
waves at the time of the spill were around 1 to 2
meters and the wind speed was around 15 to 35
km per hour (Casarotto et al., 2014). Khao Laem Ya
was used as a reference site because it is located close
to Ao Prao and species composition of macrobenthos
living in its intertidal rocky shore are similar to
those at Ao Prao (Ganmanee, unpublished data).
Furthermore, this reference site was not impacted
by the spill.
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Figure 1. Map of the sampling sites. (A) Ao Prao (Prao Bay), Samed Island (impacted site), (B) Khao Laem
Ya (reference site) and (C) Incident site. Dash line illustrates the pathway of oil spill.
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Sample collection

From each sampling site, 20 individuals of each
species (n=20) were collected. The target animals
were three intertidal rocky shore molluscs; predatory
whelk (Morula musiva), herbivore coil snail (Planaxis
sulcatus) and rocky oyster (Saccostrea cucullata).
Samples were placed in plastic bags (after ~1 h)
and stored at —20°C for further analysis. Different
animals were used in each trial.

Sample preparation

The extraction and clean-up of metabolites in
soft tissues were performed as described by Lim
and Shin (2013). In the laboratory, frozen mollusc
tissues were thawed to reach room temperature
(~27°C). Two grams (wet weight) of the mollusc
tissues were homogenized for 5 min. We added 5.0
ml of 2 M KOH and sonicated for 10 min. The
solution was hydrolyzed in a hot oven at 90°C for
60 min. Then, we adjusted the solution to pH 2-3
with 5 ml of 2 M HCI. For extraction, we added 10
ml of ethyl acetate and 2 g of sodium chloride. The
solution was then vortexed for 2 min and centrifuged
at 3,660 xg RCF for 5 min. To collect the inorganic
layer, we cleaned up the sample with 50 mg of
primary secondary amine (PSA) sorbent and dried
it by nitrogen gas for 15 min (filtered through a
column of activated carbon). Finally, 50 pl of N,
O-bis (trimethyl silyl) trifluoroacetamide (BSTFA)
and 50 pl of ethyl acetate were added and heated in
the oven at 60°C for 30 min. A 2 pl of the solution
was injected into the GC system.

Instrumental analysis

Experiments were conducted to establish a
prcedure for preparing standard calibration curves
for determination of I-hydroxypyrene (1-HOP)
and 2-naphthol (2-NAP) standards. The calibration
curve used in the gas chromatography-tandem
mass spectrometry (GC-MS/MS) was obtained using

2 g wet weight of the S. cucullata tissue from Ang
Sila oyster commercial farm where low concentration
of PAH has been reported with 0.05, 0.50 and 2.50 ng
of 1-HOP and 2-NAP standards (Boonyatumanond
et al., 2006). The oyster tissue from Ang Sila
commercial farm was chosen for making calibration
curve because the area should have less contamination
by PAH as pointed out by Boonyamanond et al.
(2006). Intensive input of PAH was from urban
environment and coastal oil refinery. The limit of
detection (LOD) for 1-HOP and 2-NAP analysed
was 0.05 ng based on an assayed control samples
of 2 g (A signal-to-noise ratio (S/N) of three is
generally accepted for estimating LOD). Procedural
blanks were performed for each set of samples.
After extraction and clean up, we injected the
final solution into the GC-MS/MS. To determine
the presence of the metabolites 1-HOP and 2-NAP
in our mollusc samples, the GC-MS/MS conditions
based on Shin and Lim (2011) and Lim and Shin
(2013). Contrary to them, we used a gas chromatograph
Bruker GC-MS TQ with a splitless injector (Bruker
Daltonics Inc. Chemical and Applied Markets,
West Warren Avenue Fremont, CA, USA) to obtain
all mass spectra of our samples. The GC instrument
run with helium as the carrier gas, and the analytical
column was a HP-5MS column (cross - linked 5 %
phenylmethylsilicon, 30 m x 0.25 mm [.D.x0.25
um F.T). Moreover, the column temperature for
analyses programmed started at 100°C, held for
1 min, then to 320°C at 20°C/min and held for 5
min. The ion source was operated in the electron
ionization mode (EI; 70 eV) at 250°C. Collision
Induced Dissociations (CID) of PAHs metabolites
were studied using a two-section mass spectrometer.
The collision gas employed was argon. Finally,
to corroborate the 1-HOP and 2-NAP metabolites
detected by the GC-MS/MS in all our samples,
GC-MS/MS based on the ions was selected in this
study (Table 1).
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Table 1. Parameters of 1-HOP and 2-NAP on MRM mode.

Compound Precursor ion Product ion Collision Energy
290 275 15
1-HOP 290 274 25
290 259 25
216 201 10
2-NAP 216 203 10
201 181 10
RESULTS The highest mean concentration (0.403+0.073

The concentration ranges and mean values
of the PAHs metabolites (1-hydroxypyrene (1-HOP)
and 2-naphthol (2-NAP)) in all mollusc species
from Ao Prao (Prao Bay) are shown in Fig. 2. Initially,
the mean concentrations of 1-HOP and 2-NAP
metabolites ranged from 0.039 to 1.421 ng/g wet
weight and 0.001 to 0.403 ng/g wet weight,
respectively. The mean concentrations of 1-HOP
and 2-NAP were detected in all mollusc species at
Ao Prao but, the mean concentrations decreased
over time and were almost null 1-year after the oil
spill contamination. On the other hand, at Khao
Laem Ya (reference site), 1-HOP and 2-NAP
concentrations were never detected in any of the
mollusc species.

The highest PAHs concentration for 1-HOP
was found in M. musiva at 1.421+0.227 ng/g wet
weight in August 2013, while P. sulcatus had the
lowest concentration of 0.039+0.009 ng/g wet
weight during the same month. The lowest
concentration of 1-HOP was found in S. cucullata
(0.094+0.009 ng/g wet weight) in December 2013
and it was the lowest among the three species (Fig. 2).

2-NAP was detected in the highest mean
concentration (0.396+0.053 ng/g wet weight) in
S. cucullata gathered in August 2013. The lowest
concentration (0.001+£0.000 ng/g wet weight) was
detected in M. musiva and not detected in P. sulcatus
in August 2013. In December 2013, 2-NAP
concentrations were detected in all mollusc species.

ng/g wet weight) was detected in S. cucullata,
followed by P sulcatus (0.305+0.076 ng/g wet
weight) and M. musiva (0.227+0.079 ng/g wet
weight). Finally, 2-NAP concentrations were not
found in any of the molluscs after December 2013
(Fig. 2).

The chromatogram shows the peak symmetry
of different target compounds. Their peaks appear
in the chromatograms at different retention times.
The retention times of standard solutions 1-HOP-
TMS and 2-NAP-TMS were 11.04 and 6.50 min,
respectively (Fig. 3).

The ions selected in this study from Gas
chromatography-mass spectrometry with selected
ion monitoring (SIM), Mass spectra analyses of
1-HOP-TMS and 2-NAP-TMS were obtained (Fig.
4). N, O-bis (trimethyl silyl) trifluoroacetamide
(BSTFA), was used as derivatization reagents to
compare repeatability, sensitivity and stability
(Fig. 4). Confirmations of tract 1-HOP-TMS and
2-NAP-TMS were performed by two MS
characteristic ions from multiple reaction monitoring
modes (MRM). This increases the selectivity for
detection and characterization of metabolites in
mollusc samples. 1-HOP-TMS showed product
molecular ion at m/z (mass-to-charge ratio) 259,
274, 275 while 2-NAP-TMS showed at m/z 181,
201, 203 (Fig. 5). Ion characteristics of the target
compound preferably distinguish this compound
from any others with similar retention times. The
extracted ion chromatograms for this ion were used
for the quantification.
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Figure 2. Mean concentrations of the metabolites 1-HOP and 2-NAP in mollusc samples (n=20) from Ao
Prao (Prao Bay) (impacted site) by GC-MS/MS. (ng/g wet weight + SE).
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Figure 3. Chromatogram of the standard solutions 1-HOP-TMS and 2-NAP-TMS in rock oyster
(Saccostrea cucullata) from GC-MS/MS.
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Figure 4. Mass spectra of 1-HOP-TMS and 2-NAP-TMS in rock oyster (Saccostrea cucullata) from the
GC-MS/MS.
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Figure 5. Mass spectra of product of 1-HOP-TMS and 2-NAP-TMS in rock oyster (Saccostrea cucullata)
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DISCUSSION

PAHs are the compounds that can be detected
in organisms contaminated by crude oil (Meador et
al., 1995). In this study, 1-hydroxypyrene (1-HOP)
was selected to be one of the biomarkers because
it represents the highest concentrations of pyrene
compared with the others PAHs compounds
previously recorded (Jongeneelen, 2001; Tairova
et al., 2009). Additionally, to 1-HOP, we also used
2-NAP as a biomarker. This is the first time that
2-NAP is used in molluscs contaminated by the oil
spill. 2-naphthol (2-NAP) metabolite is the most
representative component of naphthalene and is a
commonly known biomarker used in various
organisms (Li et al., 2008).

Results from this study showed decreasing
concentrations of 1-HOP and 2-NAP in mollusc
tissues over time and the concentrations of 2-NAP
(a metabolite of naphthalene) was lower than
1-HOP (a metabolite of pyrene) for the same time
(Fig. 2). Maillacheruvu and Pathan (2009) reported
that naphthalene was more easily biodegradable than
pyrene. In addition, we found that mean concentrations
of I-HOP and 2-NAP differ among all target species.
Several studies have shown higher bioaccumulation
levels of PAHs metabolites in marine top predators
(Jackson et al., 1989; Peterson, 2001; Nacher-Mestre
etal.,2010). This bioaccumulation level depends on the
metabolic rate (Jorgensen ef al., 2005) and feeding
behaviours (Baumard et al., 1999) of the animal.

Among all target species, we detected that whelk
(Morula musiva) had the highest levels of the
metabolite 1-HOP. This animal feeds on other
smaller molluscs like, Cellana toreuma, Lunella
coronata (Lam, 2002) but, as a major part of its
diet are Planaxis sulcatus and Saccostrea cucullata
(Taylor, 1990; Lam, 2002), On the other hand, the
feeding behaviours of the grazer P. sulcatus and the
filter-feeder S. cucullata could explain the remarkably
low concentration levels of 1-HOP compared with
M. musiva. Results from this research illustrates
toxic levels associated with organisms of the food
chain. There are several studies indicating crude oil
spill accident impact to marine organisms such as
phytoplankton, zooplankton, and fish in food chain
(Gin et al., 2001). The amount of PAHs accumulations
in the prey species may pass on to predatory marine
organisms. Marine mammals, fish or other higher
trophic level aquatic organisms are also exposed to

PAHs through the ingestion of contaminated prey
species (Takeuchi et al., 2009).

Knowing the relative level of PAHs exposure
is important in understanding the link between
PAHs exposure, tissues accumulation and abnormalities
or death, particularly since PAHs exert their toxic
effects after metabolism (Grundy et al., 1996;
Moore et al., 1987). In addition, this study provides
baseline data of PAHs, which can be used to assess
environmental impact of marine oil spills in the
future.

Kingston (2002) concluded that ecosystem and
the marine community in high latitude needed up
to three years to restore and recover after an oil
spill of 49 million litres (known as “Exxon Valdez”)
impacted the coast of Alaska and other nearby
regions. However, our results showed that PAHs
metabolites concentrations in all mollusc in this
study decreased periodically and were almost null
within one year after the accident. In Thailand where
average temperature is much higher than temperate
zone and as a consequence of this, the metabolic
rate and oil degradation goes much faster. Ribicic
et al. (2018) reported that the rate of biodegradation
depends on temperature; increasing temperature
of the water increases both the metabolic rate and
amount of oil degradation. This illustrates that
marine ecosystems and habitats affected by the
high temperature of water in amounts of crude oil
have no long-term effects. Nevertheless, in most
oil disasters, strong wave action, seawater currents
and winds direction contributes to a quick recovery
process of the shoreline communities contaminated
by this pollutant (Kingston, 2002). The weather for
Rayong reflects the previously mentioned strong
waves and winds. The heights of the waves at the
time of the spill were around 1 to 2 meters and the
wind speed was around 15 to 35 km/h contributed
to a quick recovery in of the affected sites after the
oil spill in Thailand (Casarotto et al., 2014). In
ecosystems polluted by oil spill incidents, evaluation
of PAHs metabolites found in contaminated animals
provide accurate results and is an important tool
for ecological risk assessment (Peters, 1995; Van
der Oost et al., 2003). The impact of PAH on
intertidal the marine rocky shore community is
rarely documented.

Gas chromatography-mass spectrometry
analyses (GC-MS) have been the most widely used
methods in many studies involving marine organisms
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contaminated with PAH compounds (Pointet and
Milliet, 2000; Poster et al., 2006; Prempramote et
al., 2015). However, when comparing methods to
detect specific PAHs metabolites found in organisms,
GC-MS/MS is the most effective and analytically
detailed. The main difference between these two
methods is that GC-MS select ion monitoring
mode is used to detect specific compounds (Ferrer et
al., 2005; Prempramote et al., 2015) while, GC-
MS/MS multiple selected monitoring mode is a
highly selective mass spectrometric confirmation
analysis method. Our present and previous research
results demonstrate the function of different GC-MS
and GC-MS-MS methods. GC-MS analysis is an
acceptable alternative to full-scan mass spectrometry
when full-scan mass spectra are incapable of
detecting target compounds below the limits of
quantification (Prempramote et al., 2015). The
interfering compound is present in previous, maybe
false negative results which can occur when interfering
compounds are present at high relative concentrations.
However, in present study, we found that GC-MS/
MS isolate a target compound ion from matrix and
then fragmented to generate spectra. Because of
this, GC-MS/MS spectrum consists only of product
ions from the selected precursor.

In our study, the GC-MS/MS play a predominant
role in bioassays to detect metabolites in marine
biota contaminated with petroleum. This is due to
its inherent high selectivity and sensitivity which
gives it the potential to identify metabolites. The
retention time can help to differentiate between
the PAHs metabolites 1-HOP and 2-NAP. The
results of this study also showed that GC-MS/MS
is an efficient and precise tool to detect occurrence
of PAHs metabolites in intertidal rocky shore molluscs
contaminated by crude oil. Finally, our work is the
first study in Thailand using GC-MS/MS to
determine concentrations of the PAHs metabolites.
Therefore, we are able to evaluate oil spill pollution
in intertidal rocky shore molluscs.

ACKNOWLEDGEMENTS

We are grateful to Ms. Sujitra Samakraman,
Ms. Chayanid Meepoka and staff of Samed-Khao
Laem Ya Marine Park for their kind hospitality
along with the support of the logistics throughout
field work sampling. Special thanks to Mr.
Charungrote Khrongrahwah for helping with GC-
MS/MS analysis. This work was supported by the
Nation Council Research of Thailand and Thailand
Environmental Institute under Grant no. 04/2556.

REFERENCES

Baumard, P., H. Budzinski, P. Garrigues, J. Narbonne, T. Burgeot, X. Michel and J. Bellocq. 1999.
Polycyclic aromatic hydrocarbon (PAH) burden of mussels (Mytilus sp.) in different marine
environments in relation with sediment PAH contamination, and bioavailability. Mar. Environ.

Res. 47: 415-439.

Blahova, J., K. Kruzikova, B. Kasikova, P. Stierand, J. Jurcikova, T. Ocelka and Z. Svobodova. 2010.
1-Hydroxypyrene-a biochemical marker for PAH pollution assessment of aquatic ecosystem. Sensors.

10: 203-217.

Boonyatumanond, R., G. Wattayakorn, A. Togo and H. Takada. 2006. Distribution and origins of polycyclic
aromatic hydrocarbons (PAHs) in riverine, estuarine, and marine sediments in Thailand. Mar. Pol.

Bull. 52: 942-956.

Casarotto, A., W. Jiraphanvanich, A. Kampa, W. Limpiwattakee, P. Luangaramvej, J. Whyte and C. Woodard-
Wallace. 2014. Documentation and analysis of the Rayong oil spill; characterizing the health,
economic, and social impacts of the incident and response. Thesis of Bachelor of Science. Thammasat

University, Pathumthani, Thailand. 170 pp.

Chaisuksant, Y., Q. Yu and D.W. Connell. 1999. The internal critical level concept of nonspecific toxicity.
In: Ware, G. W. (ed.). Reviews of Environmental Contamination and Toxicology: Continuation of
Residue Reviews. Springer. New York. pp. 1-41.

Connell, D.W. 1988. Bioaccumulation behavior of persistent organic chemicals with aquatic organisms.
Rev. Environ. Contam. Toxicol. 101: 117-154.


Prinect Color Editor
Page is color controlled with Prinect Color Editor 18.00.022
Copyright 2016 Heidelberger Druckmaschinen AG
http://www.heidelberg.com

You can view actual document colors and color spaces, with the free Color Editor (Viewer), a Plug-In from the Prinect PDF Toolbox. Please request a PDF Toolbox CD from your local Heidelberg office in order to install it on your computer.

Applied Color Management Settings:
Output Intent (Press Profile): ISOcoated_v2_eci.icc

RGB Image:
Profile: eciRGB.icc
Rendering Intent: Perceptual
Black Point Compensation: no

RGB Graphic:
Profile: eciRGB.icc
Rendering Intent: Perceptual
Black Point Compensation: no

Device Independent RGB/Lab Image:
Rendering Intent: Perceptual
Black Point Compensation: no

Device Independent RGB/Lab Graphic:
Rendering Intent: Perceptual
Black Point Compensation: no

Device Independent CMYK/Gray Image:
Rendering Intent: Perceptual
Black Point Compensation: no

Device Independent CMYK/Gray Graphic:
Rendering Intent: Perceptual
Black Point Compensation: no

Turn R=G=B (Tolerance 0.5%) Graphic into Gray: yes

Turn C=M=Y,K=0 (Tolerance 0.1%) Graphic into Gray: no
CMM for overprinting CMYK graphic: yes
Gray Image: Apply CMYK Profile: no
Gray Graphic: Apply CMYK Profile: no
Treat Calibrated RGB as Device RGB: no
Treat Calibrated Gray as Device Gray: yes
Remove embedded non-CMYK Profiles: yes
Remove embedded CMYK Profiles: yes

Applied Miscellaneous Settings:
Colors to knockout: no
Gray to knockout: no
Pure black to overprint: no
Turn Overprint CMYK White to Knockout: yes
Turn Overprinting Device Gray to K: yes
CMYK Overprint mode: set to OPM1 if not set
Create "All" from 4x100% CMYK: yes
Delete "All" Colors: no
Convert "All" to K: no



109

Determination of Polycyclic Aromatic Hydrocarbon metabolites

Ferrer, C., M.J. Gémez, J.F. Garcia-Reyes, . Ferrer, E.M. Thurman and A.R. Fernandez-Alba. 2005.
Determination of pesticide residues in olives and olive oil by matrix solid-phase dispersion
followed by gas chromatography/mass spectrometry and liquid chromatography/tandem mass
spectrometry. J. Chromatogr. A. 1069: 183—194.

Fux, E., D. McMillan, R. Bire and P. Hess. 2007. Development of an ultra-performance liquid chromatography—
mass spectrometry method for the detection of lipophilic marine toxins. J. Chromatogr. A. 1157:
273-280.

Gin, K.Y.H., M.K.Huda, W.K. Lim and P. Tkalich. 2001. An oil Spill-food chain interaction model
for coastal waters. Mar. Pollut. Bull. 42: 590-597.

Grundy, M.M., N.A. Ratcliffe and M.N. Moore. 1996. Immune inhibition in marine mussels by polycyclic
aromatic hydrocarbons. Mar. Environ. Res. 42: 187-190.

Jackson, J.B.C, J.D. Cubit, B.D. Keller, V. Batista, K. Burns, H.M. Caffey, R.L. Caldwell, S.D. Garrity,
C.D. Getter, C. Gonzalez, H.M. Guzman, K.W. Kaufmann, A.H. Knap, S.C. Levings, M.J. Marshall,
R. Steger, R.C. Thompson and E. Weil. 1989. Ecological effects of a major oil spill on Panamanian
coastal marine communities. Science 243: 3744,

Jongeneelen, F.J. 2001. Benchmark guideline for urinary 1-hydroxypyrene as biomarker of occupational
exposure to polycyclic aromatic hydrocarbons. Ann. Occup. Hyg. 45: 3—13.

Jorgensen, A., A. Giessing, L.J. Rasmussen and O. Andersen. 2005. Biotransformation of the polycyclic
aromatic hydrocarbon pyrene in the marine polychaete Nereis virens. Environ. Toxicol. Chem. 24:
2796-2805.

Kingston, P.F. 2002. Long-term environmental impact of oil spills. Spill Sci. Technol. Bull. 7: 53-61.

Lam, K.K. 2002. Escape responses of intertidal gastropods on a subtropical rocky shore in Hong Kong. J.
Molluscan Stud. 68: 297-306.

Li, Z., C.D. Sandau, L.C. Romanoff, S.P. Caudill, A. Sjodin, L.L. Needham and D.G. Patterson. 2008.
Concentration and profile of 22 urinary polycyclic aromatic hydrocarbon metabolites in the US
population. Environ. Res. 107: 320-331.

Lim, H.H. and H.S. Shin. 2013. Simultaneous determination of 2-naphthol and 1-hydroxypyrene in fish
and shellfish contaminated with crude oil by gas chromatography—mass spectrometry. Food Chem.
138: 791-796.

Lin, E.L., S.M. Cormier and R.N. Racine. 1994. Synchronous fluorometric measurement of metabolites
of polycyclic aromatic hydrocarbons in the bile of brown bullhead. Environ. Toxicol. Chem. 13:
707-715.

Ma, J.,R. Xiao, J. Li, J. Yu, Y. Zhang and L. Chen. 2010. Determination of 16 polycyclic aromatic hydrocarbons
in environmental water samples by solid-phase extraction using multi-walled carbon nanotubes as
adsorbent coupled with gas chromatography—mass spectrometry. J. Chromatogr. A. 1217: 5462—
5469.

Maillacheruvu, K.Y. and I.A. Pathan. 2009. Biodegradation of naphthalene, phenanthrene, and pyrene
under anaerobic conditions. J. Environ. Sci. Health., Part A. 44: 1315-1326.

McElroy, A., K.Leitch and A. Fay. 2000. A survey of in vivo benzo [a] pyrene metabolism in small benthic
marine invertebrates. Mar. Environ. Res. 50: 33-38.

Meador, J., J. Stein, W. Reichert and U. Varanasi. 1995. Bioaccumulation of polycyclic aromatic hydrocarbons
by marine organisms. In: Ware, G.W. (ed.). Reviews of Environmental Contamination and Toxicology.
Springer. pp. 79—165.

Moore, M., D. Livingstone, J. Widdows, D. Lowe, R. Pipe and R. Jones. 1987. Molecular, cellular and
physiological effects of oil-derived hydrocarbons on molluscs and their use in impact assessment.
Philos. Trans. R. Soc. Lond. B. Biol. Sci. 316: 603—623.

Nacher-Mestre, J., R. Serrano, L. Benedito-Palos, J.C. Navarro, F.J. Lopez, S. Kaushik and J. Pérez-San
chez. 2010. Bioaccumulation of polycyclic aromatic hydrocarbons in gilthead sea bream (Sparus
aurata L.) exposed to long term feeding trials with different experimental diets. Arch. Environ.
Con. Tox. 59: 137-146.


Prinect Color Editor
Page is color controlled with Prinect Color Editor 18.00.022
Copyright 2016 Heidelberger Druckmaschinen AG
http://www.heidelberg.com

You can view actual document colors and color spaces, with the free Color Editor (Viewer), a Plug-In from the Prinect PDF Toolbox. Please request a PDF Toolbox CD from your local Heidelberg office in order to install it on your computer.

Applied Color Management Settings:
Output Intent (Press Profile): ISOcoated_v2_eci.icc

RGB Image:
Profile: eciRGB.icc
Rendering Intent: Perceptual
Black Point Compensation: no

RGB Graphic:
Profile: eciRGB.icc
Rendering Intent: Perceptual
Black Point Compensation: no

Device Independent RGB/Lab Image:
Rendering Intent: Perceptual
Black Point Compensation: no

Device Independent RGB/Lab Graphic:
Rendering Intent: Perceptual
Black Point Compensation: no

Device Independent CMYK/Gray Image:
Rendering Intent: Perceptual
Black Point Compensation: no

Device Independent CMYK/Gray Graphic:
Rendering Intent: Perceptual
Black Point Compensation: no

Turn R=G=B (Tolerance 0.5%) Graphic into Gray: yes

Turn C=M=Y,K=0 (Tolerance 0.1%) Graphic into Gray: no
CMM for overprinting CMYK graphic: yes
Gray Image: Apply CMYK Profile: no
Gray Graphic: Apply CMYK Profile: no
Treat Calibrated RGB as Device RGB: no
Treat Calibrated Gray as Device Gray: yes
Remove embedded non-CMYK Profiles: yes
Remove embedded CMYK Profiles: yes

Applied Miscellaneous Settings:
Colors to knockout: no
Gray to knockout: no
Pure black to overprint: no
Turn Overprint CMYK White to Knockout: yes
Turn Overprinting Device Gray to K: yes
CMYK Overprint mode: set to OPM1 if not set
Create "All" from 4x100% CMYK: yes
Delete "All" Colors: no
Convert "All" to K: no



110

Phuket mar. biol. Cent. Res. Bull.

Pengchai, P., S. Chantara, K. Sopajaree, S. Wangkarn, U. Tengcharoenkul and M. Rayanakorn. 2009. Seasonal
variation, risk assessment and source estimation of PM 10 and PM10-bound PAHs in the ambient
air of Chiang Mai and Lamphun, Thailand. Environ. Monit. Assess. 154: 197-218.

Pereira, W.E., F.D. Hostettler, S.N. Luoma, A. van Geen, C.C. Fuller and R.J. Anima. 1999. Sedimentary
record of anthropogenic and biogenic polycyclic aromatic hydrocarbons in San Francisco Bay,
California. Mar. Chem. 64: 99-113.

Peters, L.D. 1995. Elevation of 7-ethoxyresorufin o-deethylase (EROD) activity in immature grouper
Anyperodon leucogrammicus after exposure to benzo [A] pyrene: Cytochrome P4501A1 levels as
a biomarker of exposure to polycyclic aromatic hydrocarbons. Phuket mar. biol. Cent. Res. Bull.
60: 83-86.

Peterson, C.H. 2001. The “Exxon Valdez” oil spill in Alaska: Acute, indirect and chronic effects on the
ecosystem. Adv. Mar. Biol. 39: 1-103.

Pointet, K. and A. Milliet. 2000. PAHs analysis of fish whole gall bladders and livers from the Natural Reserve
of Camargue by GC/MS. Chemosphere 40: 293-299.

Pongpiachan, S., M. Hattayanone, D. Tipmanee, O. Suttinun, C. Khumsup, 1. Kittikoon and P. Hirunyatrakul.
2018. Chemical characterization of polycyclic aromatic hydrocarbons (PAHs) in 2013 Rayong oil
spill-affected coastal areas of Thailand. Environ. Pollut. 233: 992—1002.

Poster, D.L., M.M. Schantz, L.C. Sander and S.A. Wise. 2006. Analysis of polycyclic aromatic hydrocarbons
(PAHs) in environmental samples: a critical review of gas chromatographic (GC) methods. Anal.
Bioanal. Chem. 386: 859-881.

Prempramote, J., C. Meepoka, S. Samakraman and M. Ganmanee. 2015. Determination of 1-hydroxyrene
and 2-napthol in intertidal rocky shore macrobenthos following oil spill at Ao Prao, Samed Island.
International Journal of Agricultural Technology 11: 2391-2399.

Ribicic, D., K. M. McFarlin, R. Netzer, O. G.Brakstad, A. Winkler, M. Throne-Holst and T. R. Sterseth.
2018. Oil type and temperature dependent biodegradation dynamics-Combining chemical and
microbial community data through multivariate analysis. BMC microbiology 18: 1-15.

Schaller, K., J. Angerer and N. Hausmann. 1993. The determination of 1-hydroxypyrene in urine as a tool
for the biological monitoring of PAH-exposed persons. Paper presented at the Polycyclic Aromatic
Hydrocarbons: Synthesis, Occurrence, and Biological Effects. Proceedings, 13™. International
Symposium on Polynuclear Aromatic Hydrocarbons. pp. 1023—-1030.

Shin, H.S. and H.H. Lim. 2011. Simultaneous determination of 2-naphthol and 1-hydroxy pyrene in urine
by gas chromatography-mass spectrometry. J. Chromatogr. B. 879: 489-494.

Tairova, Z.M., A.M.B. Giessing, R. Hansen and O. Andersen. 2009. 1-Hydroxypyrene as a biomarker of
PAH exposure in the marine polychaete Nereis diversicolor. Mar. Environ. Res. 67: 38—46.

Takeuchi, 1., N. Miyoshi, K. Mizukawa, H. Takada, T. Ikemoto, K. Omori and K. Tsuchiya. 2009.
Biomagnification profiles of polycyclic aromatic hydrocarbons, alkylphenols and polychlorinated
biphenyls in Tokyo Bay elucidated by 6 13 C and & 15 N isotope ratios as guides to trophic web
structure. Mar. Pollut. Bull. 58: 663—671.

Taylor, J. 1990. Field observations of prey selection by the muricid gastropods Thais clavigera and Morula
musiva feeding on the intertidal oyster Saccostrea cucullata. In: Morton, B. (ed.). Proceedings
of the Second International Marine Biological Workshop: the Marine Flora and Fauna of Hong
Kong and Southern China, Hong Kong. pp. 837-855.

Uhl, M. 1997. Determination of drugs in hair using GC/MS/MS. Forensic Sci. Int. 84: 281-294.

Van der Oost, R., J. Beyer and N.P. Vermeulen. 2003. Fish bioaccumulation and biomarkers in environmental
risk assessment: a review. Environ. Toxicol. Pharmaco. 13: 57-149.

Varanasi, U. and J.E. Stein. 1991. Disposition of xenobiotic chemicals and metabolites in marine organisms.
Environ Health Perspect 90: 93—100.

Manuscript received: 10 July 2018
Accepted: 3 March 2019


Prinect Color Editor
Page is color controlled with Prinect Color Editor 18.00.022
Copyright 2016 Heidelberger Druckmaschinen AG
http://www.heidelberg.com

You can view actual document colors and color spaces, with the free Color Editor (Viewer), a Plug-In from the Prinect PDF Toolbox. Please request a PDF Toolbox CD from your local Heidelberg office in order to install it on your computer.

Applied Color Management Settings:
Output Intent (Press Profile): ISOcoated_v2_eci.icc

RGB Image:
Profile: eciRGB.icc
Rendering Intent: Perceptual
Black Point Compensation: no

RGB Graphic:
Profile: eciRGB.icc
Rendering Intent: Perceptual
Black Point Compensation: no

Device Independent RGB/Lab Image:
Rendering Intent: Perceptual
Black Point Compensation: no

Device Independent RGB/Lab Graphic:
Rendering Intent: Perceptual
Black Point Compensation: no

Device Independent CMYK/Gray Image:
Rendering Intent: Perceptual
Black Point Compensation: no

Device Independent CMYK/Gray Graphic:
Rendering Intent: Perceptual
Black Point Compensation: no

Turn R=G=B (Tolerance 0.5%) Graphic into Gray: yes

Turn C=M=Y,K=0 (Tolerance 0.1%) Graphic into Gray: no
CMM for overprinting CMYK graphic: yes
Gray Image: Apply CMYK Profile: no
Gray Graphic: Apply CMYK Profile: no
Treat Calibrated RGB as Device RGB: no
Treat Calibrated Gray as Device Gray: yes
Remove embedded non-CMYK Profiles: yes
Remove embedded CMYK Profiles: yes

Applied Miscellaneous Settings:
Colors to knockout: no
Gray to knockout: no
Pure black to overprint: no
Turn Overprint CMYK White to Knockout: yes
Turn Overprinting Device Gray to K: yes
CMYK Overprint mode: set to OPM1 if not set
Create "All" from 4x100% CMYK: yes
Delete "All" Colors: no
Convert "All" to K: no



	01
	02
	01-114-OK
	03
	04



