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The increasing cancer risk (CR) due to sediment- and soil-bound polycyclic aromatic hydrocarbons (PAHs) is one of the major threats to public health. The CR of sediment- and soil-bound carcinogenic PAHs was estimated for the first time in coastal and residential areas near an industrial zone in Korea. Monte Carlo probabilistic simulations and sensitivity tests were conducted to calculate the CR and to identify the most sensitive parameters. The CR was found to be highest in the coastal areas of Korea. Ulsan, which is located on the southeastern coast of Korea, was classified as a high cancer risk zone according to United States Environmental Protection Agency standards, while the western coast and Mohang Harbor were classified as moderate cancer risk zones. Fish consumption was identified as the main contributor (94–99%) to the total risk levels in the coastal areas. The biota-to-sediment accumulation factor (43–76%) and PAH levels (8–44%) in sediment were identified as the parameters that were most sensitive to the CR. In the residential area, the CR was found to be within the range of 10–6–10–4, which categorized it as a low cancer risk zone. Furthermore, the CR for residents in the industrial area was estimated to be 12 and 5 times higher than that for residents in the rural and urban areas, respectively. The exposure duration (55–85%) and skin adherence factor for soil (35–42%) were identified as the most sensitive parameters for the overall CR in the residential area. Korea generally has high fish and seafood consumption, which has been recognized as the most significant exposure route for CR in the studied coastal areas. Thus, the consumption of fish and seafood from coastal areas, especially those near Ulsan, might be responsible for the increasing number of cancer patients in Korea.
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HIGHLIGHTS

Fish/seafood consumption may be associated with cancer incidence rates in Korea
The Ulsan industrial area is recognized as a high-risk cancer zone in Korea
The parameters BSAF, ED, and AF were identified as the most sensitive for cancer risk levels.
INTRODUCTION
Anthropogenic sources such as fossil fuel combustion, industrial pyrolysis, vehicular exhaust emissions, the excessive use of synthetic fertilizers for agriculture, and the reuse of sewage sludge are primarily responsible for the increasing levels of polycyclic aromatic hydrocarbons (PAHs) in soil environments (Zhang et al., 2015). Similarly, oil tank spills, offshore drilling, runoff from industrial and urban areas, natural seeps, and creosoted piling are the key sources of PAHs in sediment (Singare, 2015). In the environment, the adsorption of PAHs onto organic components in the soil and sediment is rapid due to their stable chemical structure and hydrophobicity (Abdel-Shafy and Mansour, 2016). The direct and indirect exposure to soils and sediments containing PAHs are thus also a route for accumulation in the human body. PAHs are well-known for their carcinogenic and mutagenic properties due to the presence of fused aromatic rings (USEPA, 2003a). Long- and short-term exposure to PAHs has been associated with the development of cancer tumors in the human reproductive, neurological, hematopoietic, and immune systems (Armstrong et al., 2004; IARC, 2010). Moreover, mutations of cells in the urinary tract, lung, liver, and skin can also occur from direct or indirect exposure of occupational source of carcinogenic PAHs (Petry et al., 1996; Boffetta et al., 1997; Bosetti et al., 2007; Roy et al., 2017; Roy et al., 2019c).
Exposure through ingestion, inhalation, and dermal absorption are the three routes by which PAHs in the soil enter the human body. The accumulation of soil-bound PAHs in food, the erosion of soil particles followed by inhalation, and the deposition onto the skin and subsequent absorption are particularly main mechanisms behind the three routes. In addition, toxic PAHs in the sediment can bioaccumulate in the lipids of fish through the food chain. The subsequent ingestion of fish and seafood transfers these PAHs into the human bloodstream. Additionally, human water-based activity such as swimming can lead to the dermal absorption of sediment-bound PAHs.
Monte Carlo simulations are used to analyze probabilistic uncertainty. Monte Carlo probabilistic simulations combined with sensitivity analysis are commonly employed to estimate human health risks (Roy et al., 2019a, b, c, d; Roy et al., 2020; Tarafdar and Sinha, 2017a; Chawda et al., 2020). The parameter values for exposure equations are randomly selected from distributions generated from the probability density functions for individual input parameters. The role of these parameters in determining the total health risk can be established using sensitivity analysis.
The South Korean peninsula is surrounded on three sides by the ocean. Coastal areas thus play an important role in the country’s land-use patterns and economy. Korea has a high fish and seafood consumption, with an average of 55 kg/capita per year (FAO, 2020), and the production of fish and seafood in coastal areas is a major economic activity in Korea. In Korea, the increasing levels of PAHs detected in sediment and soil requires attention. Previous studies have focused on the monitoring and distribution of PAHs in agricultural soil, source identification of toxic PAHs, PAH levels in soils in rural, urban, and industrial areas, organic carbon and PAH levels in sediment in coastal areas, and PAH levels in coastal fish. Recently, the CR for roadside soil in traffic-dense regions was investigated (Kim et al., 2019). However, an exhaustive literature review shows that there has been a lack of detailed studies and sensitivity analyses of the CR for sediment-and soil-bound PAHs in coastal and residential areas on the Korean peninsula. The present study has designed to fill this gap by comparing the CR of sediment-and soil-bound PAHs in coastal regions and rural, urban, and industrial residential areas near an industrial cluster in Korea and identifying the parameters that are most sensitive to this CR and the most common PAH exposure routes.
METHODOLOGY
The present study focused on assessing the CR for sediment-and soil-bound PAHs in coastal and residential areas near an industrial cluster in Korea. Previously published data on soil- and sediment-bound PAHs were acquired to calculate the CR. The concentration of 16 potentially carcinogenic PAHs (Naphthalene (NaP), Acenaphthylene (Acy), Acenaphthene (Ace), Fluorene (Flu), Phenanthrene (Phe), Anthracene (Ant), Fluoranthene (Flt), 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 (IcdP), Dibenz [a,h] anthrathene (DBahA), and Benzo [g,h,i]perylene (BghiP)) were considered in the present study. A description of the study area and the sampling methods are provided in Table 1.
TABLE 1 | Description of the sampling locations, types, and methods.
[image: Table 1]Description of the Study Area and Data Collection
In the present study, sediment samples were collected from the southeastern and western coasts of the peninsula. On the western coast, samples were collected from Mohang Harbor (six sites: mh1, mh2, mh3, mh4, mh5, and mh6), Lake Sihwa (LS1), Lake Asan (LS2), Lake Sapgyo (LS3), the Geun River estuary (RS1), and the Yeongsan River estuary (RS2). On the southeastern coast, sediment samples were collected from 17 sites (S1–S17) in Ulsan Bay and Taehwa River (Figure 1). Sediment-bound PAH and total organic carbon levels were taken from previous studies (Kim et al., 2014; Sim et al., 2018; Kim et al., 2020; Seo et al., 2020).
[image: Figure 1]FIGURE 1 | Location of the study area.
The grab sampling method was used to collect bottom sediment from Mohang Harbor, in Ulsan, and on the western coast. The sediment samples were freeze-dried in sealed glass jars with a Teflon-lined cap and stored until analysis. Acetone, sodium hydroxide, anhydrous sodium sulfate, ethanol, and n-hexane at the required specifications were used as reagents to extract the PAHs from the sediment samples. Soxhlet extraction and clean-up using silica gel columns were conducted to prepare PAH solutions for analysis. The extracted PAH solutions were analyzed using gas chromatography–mass spectrometry (GC-MS) after calibrating the instrument using standard solutions for the target compounds. In addition, the total organic carbon in the dried sediment samples was analyzed after removing the carbonates with 1M HCL using an elemental analyzer (Thermo Flash EA 1112 series, United Kingdom).
Soil samples were collected from residential areas near Ulsan and industrial zone. The residential areas were classified as rural, urban, or industrial. Soil-bound PAH data were taken from Kwon and Choi (2014). In total, 10, 10, and five soil samples were collected for the industrial, urban, and rural areas, respectively. Polyethylene bags were used to collect and store the soil samples in a refrigerator at −4 °C. Soxhlet extraction was conducted after mixing the homogenized soil samples with anhydrous sodium sulfate. The extracted samples were dried in a nitrogen evaporator and cleaned up with a silica gel column. A GC–ion trap mass spectrometer (GC/ITMS) with a DB-5MS column was used to analyze PAH levels in the extracts after standardizing the instrument. Further details on the sampling method, sample preparation, analysis, instrumental conditions, and quality assurance/quality control (QA/QC) can be found in the studies summarized in Table 1.
Human Cancer Risk Assessment
The human CR from exposure of sediment-and soil-bound carcinogenic 16 PAHs were assessed. The relative potency equivalency factor (PEF) in relation to BaP was used to convert the concentration of each PAH into the BaP equivalent (BaPeq) (USEPA, 1993). In the present study, six-years-old children and 80-years-old adults were considered the target population at the study sites. Exposure through ingestion and dermal absorption was considered for sediment-bound PAHs, while exposure through ingestion, dermal absorption, and inhalation was considered for soil-bound PAHs in the residential areas. The values for the risk assessment parameters (e.g., HR, ED, BW, IRfish, and Flipid) followed the Korean standards given in Table 2. Other model parameters were assessed using the standard values reported by the USEPA (2011). For the sediment samples, the ingestion of toxic lipid-bound PAHs in fish and seafood was calculated using the biota-to-sediment accumulation factor (BSAF). The CR > 10–6 has been considered as a significant risk level (USEPA, 2003b).
TABLE 2 | Cancer risk assessment parameters.
[image: Table 2]The chronic daily intake (CDI) of PAHs in the soil was calculated using the following equations (USEPA, 1989; USEPA, 2004; USEPA, 2009):
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where CDIing, CDIinh, and CDIderm were estimated in mgKg−1d−1. CSsoil (mg kg−1) is the BaPeq for all16 carcinogenic PAHs in the soil, IRds (mg d−1) is the ingestion rate of soil, ED (year) is the exposure duration, EF (d year−1) is the exposure frequency, BW (kg) is the standard body weight, AT (d year−1) is the averaging time, CF is the conversion factor, HR (m3 d−1) is the inhalation rate, PEFsoil is the emission factor for the soil particles, SA (cm2 d−1) is the exposed skin surface area (i.e., hands, head, and forearms), AF (mg cm−2) is the relative skin-to-soil adherence factor, and ABS is the dermal absorption fraction. The values for each parameter are given in Table 2.
The total concentration of all PAHs (ƩPAH) in fish was calculated from the BSAF as described by the USEPA (USEPA, 1989; Tarafdar and Sinha, 2017b). Exposure to sediment-bound PAHs through the ingestion of fish was calculated using the following equations:
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where BSAF is the biota-to-sediment accumulation factor, CSfish (mg kg−1) is the BaPeq for ƩPAH in fish, flipid (g lipid/g wet weight) is the fraction of lipids in fish, CSsedi (µg kg−1 dry weight) is the BaPeq for ƩPAH in sediment, OC is the organic carbon fraction in sediment, and IRfish (kg d−1) is the fish intake rate. The values for each parameter are provided in Table 2.
The CR for individual exposure paths was calculated using the following equation (USEPA, 1989):
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where x represents ingestion, dermal absorption, or inhalation, and CSF (mg kg−1 d−1) is the cancer slope factor for BaP.
The total CR for exposure to residential soils and coastal sediments was calculated using Eqs 7, 8, respectively (Chiang et al., 2009).
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According to the USEPA, a CR of >10–6 is considered a significant CR (Wang et al., 2011; Li et al., 2014). The lifetime CR can be classified as very low (CR ≤ 10–6), low (10–6< CR < 10–4), moderate (10–4 ≤ CR < 10–3), high (10–3 ≤ CR < 10–1), and very high (CR ≥ 10–1) (NYSDOH, 2012). Monte Carlo simulations with 10,000 iterations were conducted using Oracle Crystal Ball (11.1.2.4.600) to calculate the CR. Sensitivity tests were conducted simultaneously to determine the effect of the input parameters on the overall CR.
Uncertainty Analysis
Determining CR is prone to uncertainty due to the variation in the health risk assessment parameters employed in the calculations. Values for the parameters HR, IRfish, ED, BW, and flipid were thus taken from Korea to minimize this uncertainty. Values for the BASF, which has been identified as the most sensitive parameter for risk level assessment in sediment samples, were taken from the USEPA database. Determining the BASF for Korean sediments was beyond the scope of the present study. There was also a possibility that the sample collection and analysis methods could have led to uncertainty in CR assessment; in particular, the loss or gain of PAHs in the cooking process was not considered in the present study. For the risk assessment analysis, Monte Carlo simulations with 10,000 iterations were used to reduce the uncertainty.
RESULTS AND DISCUSSION
Concentration of Polycyclic Aromatic Hydrocarbons and Organic Carbon
The concentrations of sediment- and soil-bound PAHs exhibited a wide range in the present study. In the coastal areas, the highest sediment-bound PAH levels were found in Ulsan (0.704 ± 0.21 μg/g), followed by Mohang Harbor (0.194 ± 0.154 μg/g) and the western coast (0.053 ± 0.032 μg/g) (Table 3 and Supplementary Tables 1–3). The standard for sediment-bound PAHs is unpublished. The BaPeq of ƩPAH was also highest in Ulsan, followed by Mohang Harbor and the western coast, with mean levels of 0.055 μg/g, 0.016 μg/g, and 0.004 μg/g, respectively. The ƩPAH and the BaPeq of ƩPAH levels in the Ulsan sediment samples were thus found to be four and 14 times higher than those at Mohang Harbor and on the western coast, respectively.
TABLE 3 | Mean PAH levels in the study coastal and residential areas.
[image: Table 3]As per the Environmental Systems Research Institute (ESRI) report, the shipping density and activities (especially oil tankers) around the South Korea are high (Supplementary Figure 1). The accidental or intentional oil spills and its deposition on the coastal sediments (especially on southern part) through hydrodynamic currents could be the possible source for elevated PAHs levels. Apart from the marine derived sources, atmospheric transportation from neighboring countries also could be the reason for the additional PAHs levels in the coastal sediments (Lee and Kim, 2007). The diagnostic ratio analysis results showed that the petrogenic (crude oil) as one of the major components in all costal sediment in South Korea (Supplementary Table 4). The petrogenic sources are the most viable at the Mohang Harbor. At West coast, petrogenic, coal, wood combustions have been identified as common sources. At Ulsan sediments, basically from coal and softwood combustion (industrial sources) have been recognized as a major source of PAHs along with the petrogenic sources. Additionally, the Ulsan coastal sediment was found to be particularly polluted with potentially carcinogenic PAHs when compared with other coastal regions in South Korea. Petrochemical industrial processes, vehicles, non-ferrous metal smelting, the natural spilling of oil, and shipbuilding are possible sources of PAHs in the coastal area in Ulsan. In Asian countries, high levels of ƩPAH have been reported in India (mean: 274.08 μg/g) and China (range: 0.79–10.47 μg/g) (Tarafdar and Sinha, 2017; Zhao et al., 2017). In Ulsan, Flt and Pyr were found to be the most common PAHs, with contribution levels of 19 and 18%, respectively. Of the other PAHs, BaP accounted for 54% of the total BaPeq in this area. Organic carbon is an important parameter for calculating the bioaccumulation of sediment-bound PAHs. The geometric mean sediment-bound organic carbon levels were estimated to be 0.010, 0.008, and 0.004 at Mohang Harbor, in Ulsan, and on the western coast, respectively.
The soil-bound ƩPAH concentration was highest in the industrial area (mean: 1.91 μg/g), followed by the urban (mean: 0.39 μg/g) and rural (mean: 0.22 μg/g) areas (Supplementary Table 4). Nap was the dominant PAH in the industrial, rural, and urban areas, with contributions of 18, 17, and 16%, respectively. BaPeq was also highest in the industrial area, followed by the urban and rural areas, with levels of 0.172 μg/g, 0.037 μg/g, and 0.015 μg/g, respectively. Moreover, BaP was identified as a most significant contributor to ΣPAH as BaPeq in the industrial, urban, and rural residential areas (58–71%). The ƩPAH levels in Ulsan were higher than those reported for other cities in Korea, Tarragona (Spain), Bangkok (Thailand), and Tokushima (Japan) (Jeon and Oh, 2019). The standard for soil-bound PAH levels are not reported for Korea. Previous studies have compared the PAH levels with Polish (0.02–0.05 μg/g), Mexican (0–6 μg/g), and Dutch (0.02–0.05 μg/g) standards. In the present study, PAH levels were classified using Polish standards, by which the rural and urban areas were classified as low-pollution zones, while the industrial area was classified as a highly polluted site.
Emissions from industrial activities have been suspected as the major sources of soil pollution in residential areas (Supplementary Table 5). In particular, diesel, gasoline, and heavy oil combustion have been identified as a major source of soil-bound PAHs (Jeon and Oh, 2019). Ulsan is the largest industrial city in Korea, containing petrochemical and automobile factories, non-ferrous metal smelting plants, refineries, shipbuilding complexes, and their vendors (Jeon and Oh, 2019).
Human Health Risk Levels
For the present study, the age-specific human exposure parameters ED, AF, BW, SA, EF, HR, and IRfish were considered to calculate the CR for sediment- and soil-bound PAHs. Ingestion (CDIing), inhalation (CDIinh), and dermal absorption (CDIderm) were assumed to be the primary exposure routes for soil, while CDIing for fish and CDIderm were measured for the sediment-bound PAHs. The ƩPAH concentration (BaPeq) was used as input for Monte Carlo simulations to calculate the 95% confidence levels for the CR for the child and adult age groups (Figures 2, 3). In this study, the Mohang Harbor, Ulsan, and western coastal areas were considered for the CR assessment. As shown in Figures 4, 5, the total CR for all three coastal areas was significant (>10–6) (USEPA, 2003; Wang et al., 2011; Li et a1., 2014). The Ulsan coastal area (KS2) had the highest CR of the individual sites (5.59E-03 and 1.60E-03 for children and adults, respectively). The total CR for the child group was highest at KS1 and KS3 (6.04E-04 and 2.47E-04, respectively). The total CR for the child group was three times higher than that for the adult group at both KS1 and KS2. Exposure through fish ingestion was identified as the most viable route for total CR (94–99%) in all of the coastal areas. The CRing levels were estimated to be 5.58E-03, 6.07E-04, and 2.47E-04 at KS2, KS1, and KS3, respectively. Exposure through dermal absorption was insignificant (<10–6) with a very low CR (CRderm ≥ 10–6) at KS1 and KS3 (coastal areas in the western region of Korea) following New York State Department of Health (NYS DOH) standards. However, significant CRderm levels were recorded in Ulsan (KS2), with a levels of 10–5 and 10–6 for children and adults, respectively, which classifies these sites as low-risk zones (10–6< CR < 10–4). Significant CR through dermal absorption has been reported for India (Tarafdar and Sinha, 2017). Total CR and CRing were classified as moderate (10–4 ≤ CR < 10–3) at KS1 and KS3. Ulsan, which is located in the southeastern region of Korea, was identified as a high cancer risk area (10–3 ≤ CR < 10–1) for total CR and CRing.
[image: Figure 2]FIGURE 2 | Probability density functions and sensitivity chart from Monte Carlo simulations used to predict the cancer risk from sediment-bound PAHs for children (A) and adults (B) in the Ulsan coastal area.
[image: Figure 3]FIGURE 3 | Probability density functions and sensitivity chart from Monte Carlo simulations used to predict the cancer risk from soil-bound PAHs for children (A) and adults (B) in Ulsan residential (C) areas.
[image: Figure 4]FIGURE 4 | Cancer risk from sediment-bound PAHs at Mohang Harbor (KS1) and the western coastal area (KS3).
[image: Figure 5]FIGURE 5 | Cancer risk from sediment-bound PAHs in the Ulsan coastal area (KS2).
The CR for sediment-bound PAHs has been reported to be moderate in South Africa at Algoa Bay and the US at Midway Atoll (1 × 10–3 and 1 × 10–4 respectively) (Yang et al., 2014; Adeniji et al., 2019). In India, a very high CR in the range of 3.64E-02 and 7.21E-02 has been reported for children and adults, respectively (Tarafdar and Sinha, 2017). In these studies, food ingestion was identified as a major route for CR. The present study also identified fish ingestion in Ulsan coastal areas as a major source of CR. This location is the largest industrial belt in Korea. The Food and Agriculture Organization of the US has reported that South Korea has one of the highest fish consumption rates in the world at 55 kg/capita per year (FAO, 2020). Ocean fish consumption maybe one of the major reasons for the rising number of cancer cases in Korea. In the previous study, (Moon et al., 2002), collected fish/seafood samples from the local fish markets located at coastal areas in Korea to analyze the residue and 16 PAHs profile. The presence of significant amount of marine environment related PAHs in fish/seafood suggest strong accumulation of sediment-bound PAHs in seafood/fish. Moreover, natural oil spills, runoff from industrial areas, shipyard transportation, and other associated industrial activity maybe major sources of sediment-bound PAHs (Jeon and Oh, 2019).
The CR for soil-bound PAH levels was estimated for the rural, urban, and industrial areas (Figure 6). The highest total CR was found in the industrial area (3.10E-05), followed by the urban (6.58E-6) and rural (2.67E-06) areas. Of the three possible exposure routes, dermal absorption was significant for both age groups and at all locations (<10–6). The highest CRderm, CRing, and CRinh levels were 4.94E-06–2.76E-05, 4.71E-11–2.30E-10, and 4.66E-07–4.39E-06, respectively, in the industrial area. Exposure through ingestion was found to be significant (4.39E-06) for the child group in the industrial area. The CR was 6 times higher for children than for adults. In the rural and urban areas, the CR was five and 12 times lower, respectively, than that in the industrial area. The total CR was significant for children in the rural area but not for adults. All three areas were classified as low CR zones (10–6< CR < 10–4) following NYSDOH standards. Of the three potential exposure routes, dermal absorption was the highest (84–89%), followed by ingestion (10–15%) and inhalation (0.5–1.0%).
[image: Figure 6]FIGURE 6 | Cancer risk from soil-bound PAHs in rural, urban, and industrial residential areas near the Ulsan industrial belt.
Significant CR from soil-bound PAHs has been reported for other Asian countries, including China (10−6–10–4) and India (10−6–10–5) (Shi et al., 2020; Tarafdar and Sinha, 2017). Dermal absorption has also been identified as a major exposure pathway, followed by ingestion and inhalation. In Korea, Kim et al. (2019) reported a significant CR (5.50E-06) for roadside soil-bound PAHs with the common exposure routes (dermal absorption > ingestion > inhalation) for the CR levels. The soil in Ulsan industrial areas is six times more carcinogenic compare to the soils from roadside traffic-dense areas as reported by Kim et al., 2019. Industrial activity could be a major cause of the elevated CR levels in the industrial area. Jeon and Oh (2019) reported that refining, automobile manufacturing, petrochemical processes, shipbuilding, and smelting plants could be responsible for the CR due to soil-bound PAHs in Ulsan industrial areas.
Sensitivity Analysis
The results of the sensitivity test are summarized in Table 4. The PAH concentration levels and BSAF were identified as the most sensitive parameters for the CR at KS1 and KS2, with a range of 44–48% at both locations. At KS3, BSAF and ED were found to be most sensitive with 76 and 10%, respectively. The BSAF was identified as the most sensitive (47–82%) for CRing. Tarafdar and Sinha, 2017 and Yang et al. (2014) have also identified the BSAF as a key factor in the CR for coastal areas. For dermal exposure, CSsoil, AF, and ED were the most sensitive and significant parameters for CR. The sensitivity test revealed that ED (55–85%), AF (35–42%), and SA (13%) were most significant for the total CR across the study area. For CRing, CRinh, and CRderm, ED (99%), ED (72–97%), and AF (55–59%), respectively were found to be the most significant.
TABLE 4 | Monte Carlo sensitivity test results.
[image: Table 4]In previous study, AF and ED were identified as the most sensitive factors for CR due to soil exposure (Tarafdar and Sinha, 2017; Chen and Liao, 2006; Chiang et al., 2009; Wu et al., 2011). The risk assessment parameters CSsedi, BSAF, BW, ED, AF, SA, and IRfish have been reported as the most commonly identified sensitive parameters for CR. In the present study, BW, ED, IRfish, and CSsedi were calculated according to the Korean standards reported in several studies, while the other parameters were taken from USEPA data. Determining the important risk assessment parameters BSAF, AF, and SA for Korea is thus recommended for future research.
CONCLUSION
PAH levels in sediment and soil are of great concern due to their carcinogenicity. The sediments and soils in Ulsan coastal and industrial areas have been found to have high levels of carcinogenic PAHs. These areas are recognized as being more highly polluted than other cities and coastal areas in Korea. In the present study, the CR was determined for sediment- and soil-bound carcinogenic PAHs in coastal and residential areas in Korea. In coastal areas, the CR was estimated to be moderate and high at Mohang Harbor and Ulsan, respectively. This study also found that the risk assessment parameters BSAF, ED, IRfish, SA, and AF were most sensitive to the total CR. Fish consumption has been recognized as the most significant route to the human body for sediment-bound PAHs in Korea. A significant CR was identified for soil-bound PAHs in rural, urban, and industrial areas near the Ulsan industrial zone. Additionally, the CR found to be significantly higher in the industrial area than in the urban and rural areas, respectively. Exposure through dermal absorption and food ingestion was identified as the most significant route to the human body for soil-bound PAHs. The soil and sediments in Ulsan industrial and coastal areas thus have high PAH contamination and represent high cancer risk zones. High seafood and fish consumption may thus be responsible for the rise in the number of cancer cases in Korea. Further research into this possibility is required. The collection of fish sample and analysis of sediment related PAHs in fish/seafood could be the possible further research scope of my present research.
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