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ABSTRACT 
 
Oyster samples were collected from the inter-tidal area of the west coast in Korea 
to measure the concentration level of 16 polycyclic aromatic hydrocarbons (PAHs) 
prioritized by the US-EPA using GC/MS. Concentration of ΣPAHs in the oyster 
specimens ranged from 21 to 141 ng/g wet weight, the concentration of 
ΣBenzo[a]pyrene ranged from 0.02 to 5.61 ng/g and the concentration of toxicity 
equivalent factor (TEF) for ΣBenzo[a]pyrene ranged from 0.12 to 6.51 ng/g, 
respectively. To find out origin of PAHs, researchers assessed the ratio of 
phenanthrene/anthracene and the ratio of fluoranthene/pyrene. Every value of the 
ratios was more than 9, which means contamination of sources were petrogenic, 
but the benzopyrene concentration level of all the specimens were below than the 
permitted level of residual quantity in fisheries products of the EU. Therefore, it 
seems the oysters of this area are safe for human consumption. 
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INTRODUCTION 
 
Polycyclic aromatic hydrocarbons (PAHs) are widespread 
environmental contaminants, toxic and carcinogenic 
materials. PAHs are one of the most widespread organic 
pollutants that consist of fused aromatic rings and occur in 
oil, coal tar deposits and are produced as by-products of fuel 
burning.  

The major sources of PAHs could be both natural and 
anthropogenic which originated from the combustion of 
fossil fuels, such as wood and coal burning and oil spills 
(Chen and Chen, 2011) that could also pose potential threat 
to the marine environment of sediment and seafood. 
Additionally, PAHs have been known to be carcinogenic to 
humans. 

Much attention has been drawn to the levels of PAHs in the 
seafood due to their carcinogenic mutagenic effects to the 
aquatic organism. These compounds also accumulate in 
marine organisms, especially bivalve molluscs such as 
oysters for monitoring pollution in coastal environments 
(Girón-Pérez et al., 2013). There are several pathways from 
the toxicity of PAHs into marine environments including 
petroleum contamination and oil spill (Cheung et al., 2007).  

It is difficult to discriminate between pyrolytic products 
and petroleum derived ones, because of the parameters 
complexity controlling PAHs distribution in the 
environments and the possible contamination sources. It has 
been surveyed that field concentration of different PAHs are 
present in the surface sediments of the west coast of Korea, 
where oyster production is an important economic activity.  

The most important farming of oyster is the Cheonsu Bay 
and the Garolim Bay, which is located at Taean in the west 
coast of Korea. PAHs may also accumulate in fish (Cheung et 
al., 2007) and in edible shell-fish (Jeong and Cho, 2007; Anne 
et al., 2008), but limited data are reported concerning 
dietary intakes of PAHs. The risks from seafood 
consumption (Cheung et al., 2007) of PAHs have increased 
each countries and between population groups within 
countries. 

The objectives of this research were estimated PAHs level 
of the oyster at inter-tidal flat in the west coast of Korea. In 
addition, the cancer risks of PAHs to Korean through oyster 
consumption were assessed using the risk assessment  of 
the United States Environmental Protection Agency (US 
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Figure 1: Map of the Taean, South Korea, are showing sampling sites. 

 
 
EPA). 
 
 
MATERIALS AND METHODS 
 
Sample strategy 
 
Oyster samples were collected from inter-tidal flat area of 
Joongwangri, Euhangri and Seonjaedo at the Taean in the 
west coast of Korea (Figure 1). During the 2009 to 2010 
samples of oysters were collected from the survey areas, 
which is the oil spill two years after Hebei spirit of the 
Taean 2007 in the west coast of Korea. 
 
 
Sample collection 
 

During the low tides, oyster samples were collected from 
thirteen survey sites between 2008 and 2010 and oysters of 
each site were sampled from surface sediment and rocks 
using a chisel and hammer, while wrapped samples of 
aluminum foil were transported to a cooler box with ice. The 
oyster samples were moved immediately to the laboratory 
and stored at -20°C until extraction with solvents.  
 
 

Chemical analysis 
 

To carry out chemical analysis, approximately 20 g freeze-
dried samples of mixed oyster soft tissues were digested in 
100 ml of 1 N ethanolic KOH solution for 2 h by mechanical 
shaking. Prior to extraction seven deuterated PAHs were 
spiked into the samples. The alkaline solutions were 
extracted twice with 150 ml of hexane (ultra residue 

analysis, J. T. Baker, Phillipsburg, NJ, USA). The extracts were 
washed with purified water and then dried over 50 g of 
anhydrous Na2SO4 and subsequently reduced to 10 ml by 
rotary evaporation. The extracts were cleaned by passing 
them through activated silica gel (neutral, 7734, 70 to 230 
mesh, Merck, Darmstadt, Germany) with successive eluants 
of hexane and 100 ml of 15% methylene chloride in hexane. 
The eluants were concentrated to approximately 1 ml and 
evaporated at room temperature from 100 to 200 μl. The 
residues were dissolved with 200 μl n-nonane (pesticide 
analysis grade, Fluka, St. Gallen, Switzerland) for 
instrumental analysis. 

 
 
Instrumental analyses and quality control 

 
Samples were analyzed by a gas chromatograph (model HP 
6890, Wilmington, DE, USA) coupled with a mass 
spectrometer (Agilent 5973N). The capillary column used 
was a DB5-MS column (30 m length, 0.25 mm inner 
diameter, 0.25 µm film thickness; J and W Scientific, Palo 
Alto, CA, USA).  

Oven temperature was programmed from 60 (initial time 
2 min) to 150°C at a rate of 30°C min-1, from 15 to 186°C at 
a rate of 6°C min-1, from 186 to 280°C at a rate of 4°C min-1 
and held at 280°C for 8.50 min. The injector temperature 
was maintained at 280°C. An aliquot of 1 μl was injected 
through pulsed splitless mode.  

The carrier gas was helium with a constant flow rate of 1 
ml/min.The mass spectrometer was operated in the 
selective ion monitoring mode (SIM) using molecular ions of 
individual PAHs. 

Target 16 PAHs (48755-U, Supelco) are recommended as  
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Table 1: Total concentration of ΣPAH concentrations (ng/g dry weight) in oysters 
collected from 2009 to 2010 in the sampling sites. 

 

Sampling sites Sampling dates ΣPAH concentration (ng/g dry weight) 

Seonjaedo 2009.09 68.47 

Seonjaedo 2009.10 33.15 

Seonjaedo 2009.11 26.19 

Seonjaedo 2009.12 53.58 

Seonjaedo 2010.01 79.82 

Seonjaedo 2010.02 95.02 

Seonjaedo 2010.03 87.53 

Seonjaedo 2010.04 47.15 

Seonjaedo 2010.05 39.46 

 

Euhangri 2009.09 20.63 

Euhangri 2009.10 34.13 

Euhangri 2010.01 57.8 

Euhangri 2010.02 79.64 

Euhangri 2010.03 131.57 

Euhangri 2010.04 69.22 

Euhangri 2010.05 69.66 

 

Joongwangri 2009.09 27.57 

Joongwangri 2009.10 26.25 

Joongwangri 2009.11 72.24 

Joongwangri 2009.12 109.04 

Joongwangri 2010.02 141.24 

Joongwangri 2010.03 84.45 

Joongwangri 2010.04 48.38 

Joongwangri 2010.05 52.83 

 
 
 
priority pollutants by the US EPA, including naphthalene 
(NaP), acenaphthylene (AcPy), acenaphthene (AcP), 
fluorene (Flu), phenanthrene (PhA), anthracene (AnT), 
fluoranthene (FluA), pyrene (Pyr), benzo[a]anthracene 
(BaA), chrysene (Chr), benzo[b]fluoranthene (BbF), 
benzo[k]fluoranthene (BkF), benzo[a]pyrene (BaP), 
indeno[1,2,3-c,d]pyrene (InP), dibenzo[a,h]anthracene 
(DbA) and benzo[g,h,i]perylene (BghiP). 

The accuracy and precision of result were checked by 
analyzing standard mussel (Mytilus edulis) reference 
material from the National Institute for Standards and 
Technology (Gaithersburg, MD, USA) (SRM 1974b). The 
recoveries result ranged from 81 to 106% (mean 90%). The 
calculated limits of detection (LOD) for individual PAHs 
(signal to noise ratio = 3) was 0.5 ng/g dry weight. All of the 
labeled internal standards were detected with no 
interferences.  

The recoveries for spiked internal standards were 79 ± 
10.7% (average ± standard deviation) for NaP-d8, 78 ± 15% 
for AcP-d10, 91 ± 11% for Phe-d10, 102 ± 12% for Chr-d12 
and 98 ± 18% for perylene-d12. 

RESULTS AND DISCUSSION 
 
Concentrations of PAHs in oyster samples and 
associated hazards 
 
The total oyster concentration of PAHs (ΣPAH; the sum of 16 
PAHs) measured in this study was collected from 2009 to 
2010 (Table 1). The concentrations of ΣPAH were from 20.6 
to 141.2 ng/g dry weight, respectively. The highest ΣPAH 
concentrations were detected in oysters collected from 
Station Joongwangri (Garolim Bay), ranging from 141.2 ng/g 
dry weight).  

PAHs containing up to six fused aromatic rings are often 
known as “small” PAHs and those containing more than six 
aromatic rings are called “large” PAHs.  

For both categories of oysters, the lower-molecular-weight 
aromatic compounds of NaP, PhA and Flu were predominant 
compositions while those concentration showed high 
proportions and higher-molecular-weight compounds such 
as five- and six-ring aromatics including the carcinogenic 
PAHs.  
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Figure 2: Total concentration of benzo(a)pyrene in oysters collected from 2009 to 2010 in the sampling sites. 

 
 

Table 2: Mean dietary intakes of the seven PAHsconsidered as probable human carcinogens by the USEPA (2002) and 
of benzo(a)pyrene (BaP) equivalents in (μg/day). 

 

PAH Intake (μg/day) TEF Intake of BaP equivalents (μg/day) 

Benzo[a]anthracene (BaA) 0.136 0.1 0.014 

Chrysene (Chr) 0.193 0.001 0.000 

Benzo[b]fluoranthene (BbF) 0.126 0.1 0.013 

Benzo[k]fluoranthene (BkF) 0.089 0.01 0.001 

Benzo[a]pyrene (BaP) 0.089 1 0.089 

Dibenzo[a,h]anthracene (DbA) 0.094 1 0.094 

Indeno[1,2,3-c,d]pyrene (InP) 0.109 0.1 0.011 

Total 0.838  0.222 

 
 
Oyster adsorbing on small particles of sea water and 

sediments ingest contaminants which have higher 
proportions of higher-molecular-weight PAHs than lower-
molecular-weight PAHs (Vives et al., 2004). These profiles of 
PAHs are similar to those reported for marine organisms in 
other countries (Saeed et al., 1995) and also the total oyster 
concentration of benzo(a)pyrene measured in this study 
collected from 2009 to 2010 (Figure 2). The concentrations 
of benzo(a)pyrene were from 1.22 to 3.09 ng/g dry weight. 
The highest benzo(a)pyrene concentrations were detected 
in oysters collected from Station Seonjaedo. 
 
 
Hazards due to human oyster consumption 
 
According to International Agency for Research on Cancer 
(IARC), the health risks of the body burden of carcinogenic 
PAHs for the human consumer of oysters was evaluated. All 

concentrations were transformed to benzo(a)pyrene 
equivalents by applying toxicity equivalents factors (TEF) by 
US-EPA and summed (Table 2) (Martí-Cid et al., 2008).  

Basic data for the animal carcinogenicity was represented 
and an acceptable daily intake of benzo(a)pyrene was 
computed as that associated with 1 × 10-6 increase in risk of 
cancer for a 70 kg body weight of adult. This risk 
corresponds to a benzo(a)pyrene intake of about 0.05 
μg/day. Estimated dietary intakes of PAHs from oyster 
consumption that would result in an uptake of 0.5 μg/day 
benzo(a)pyrene equivalents was calculated (Table 3). The 
total dietary intake of PAHs in Korea was estimated to be 
12.0 μg/70 kg for the body weight per day.  

Daily consumption of oysters in Korean has no useful data 
and it is not available and a consumption of more than 500 g 
of oysters per day (dry weight) appears unrealistic.  

This indicates that increased risk of cancer is almost 
negligible for the contribution of human with oyster 
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Table 3: TEF total concentration (ng/g dry weight) for the benzo(a)pyrene in oysters collected from 
2009 to 2010 in the sampling sites. 

 

Sampling sites Sampling dates TEF concentration (ng/g dry weight) 

Seonjaedo 2009.09 3.062 

Seonjaedo 2009.10 0.004 

Seonjaedo 2009.11 0.002 

Seonjaedo 2009.12 0.003 

Seonjaedo 2010.01 0.014 

Seonjaedo 2010.02 0.409 

Seonjaedo 2010.03 0.773 

Seonjaedo 2010.04 0.404 

Seonjaedo 2010.05 0.608 

Euhangri 2009.09 0.006 

Euhangri 2009.10 0.017 

Euhangri 2010.01 0.663 

Euhangri 2010.02 1.240 

Euhangri 2010.03 0.688 

Euhangri 2010.04 0.452 

Euhangri 2010.05 0.338 

Joongwangri 2009.09 0.009 

Joongwangri 2009.10 0.449 

Joongwangri 2009.11 0.462 

Joongwangri 2009.12 0.848 

Joongwangri 2010.02 1.275 

Joongwangri 2010.03 0.258 

Joongwangri 2010.04 0.218 

Joongwangri 2010.05 0.016 

 
 
consumption. 

Only a few researches have examined dietary intakes of 
PAHs through oyster consumption worldwide. The 
estimated dietary intake (0.83 μg/day) of PAHs from fish 
and seafood consumption in the present study was higher 
than the intakes reported for the general populations in 
other countries such as Spain (0.71 μg/day for sportsmen 
and 0.36 μg/day for sportswomen and Kuwait (0.23 μg/day 
(Saeed et al., 1995). Therefore, the result seems to be 
associated with the high consumption rate of seafood in 
Korea as compared with other countries. 
 
 
Source of PAHs in oyster samples 
 
Polycyclic aromatic hydrocarbons (PAHs) typically occur in 
complex mixtures and different types of combustion yield 
different distribution of compounds. Using the principle 
composition analysis (PCA) method, PAHs composition may 
be analyzed, characterized and identified. To find out origin 
of PAHs, researchers assessed the ratio of phenanthrene 
(PhA) /anthracene (AnT) and the ratio of fluoranthene 
(FluA) /pyrene (Pyr) (Figure 3). Since anthracene and 
fluoanthracene are thermodynamically less stable than their 
respective isomers phenanthrene and pyrene, high 

PhA/AnT (＞5) and low FluA/Pyr (＜1) were suggested to 
indicate petrogenic origin (Gaspare et al., 2009). In this 
research, PhA/AnT ranged from 9.43 to 21.44 and FluA/Pyr 
ranged from 1.58 to 1.70 for oyster samples. Results of this 
study indicate that all value of PhA/AnT ratios were more 
than 9, which means contamination of sources were 
predomination of petrogenic origin. 
 
 
Conclusions 
 
The concentrations of PAHs were measured in commonly 
consumed oysters in Korea. The levels of PAHs in oysters 
were moderately compared with those found in other 
countries. Dominant compounds of PAHs were the lower-
molecular-weight aromatics such as naphthalene, 
phenanthrene and fluorene. Dietary intakes of PAHs were 
taken from oyster consumption for the general population. 
The estimated excess cancer risk values of oyster 
consumption for the general population, males and females 
slightly exceeded the guideline value for a potential cancer 
risk. We assessed that the ratio of 
phenanthrene/anthracene and the ratio of 
fluoranthene/pyrene was more than 9, which means 
contamination of sources were of petrogenic origin. 
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Figure 3: Ratio of phenanthrene to anthracene versus fluoranthene/pyrene for the oyster samples. 
 

 
 

The present study emphasizes the importance of 
continuously monitoring the levels and dietary intake of 
oysters. Body burdens of oyster were characterized by 
contamination with oil products as the main source. Body 
burdens of oysters at most sites are above levels that were 
reported to be safe for sensitive life stages. Thus, effects on 
oyster populations cannot be excluded. Carcinogenic risks 
due to human oyster consumption appears to be well 
known and thus might be negligible compared to other 
routes of exposure to carcinogenic compounds. 
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