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Sixteen soil samples around six areas (residental area, traffic area, power plant area, incineration area and fac-
tory area) where the stationary and mobile sources of polycyclic aromatic hydrocarbons (PAHs) are estimated to
be emitted in Jeju City, were collected during Feburuary to March, 2004, and analyzed for 16 PAHs recom-
mended by US EPA as primary pollutants to investigate their distribution characteristics. The concentrations of
total PAHs (t-PAHs) and total carcinogenic PAHs (t-PAHcarc) in soils of Jeju City were in the range of 21.7~
264.2 ngl/g on a dry weight basis with a mean value of 87.2 ng/g and 6.3~118.0 ng/g with a mean value of
33.4 ng/g, respectively. The concentrations of t-PAHs were low in comparison with those in soils of other do-
mestic and foreign countries. The mean concentrations of t-PAHs and t-PAHcarc with area decreased in the fol-
lowing sequences: traffic area> incineration area > factory area > power generation area > harbor area > resi-
dental area. The correlation between t-PAHs and t-PAHcarc were very high (r2= 0.9701), indicating that
t-PAHcarc concentration increases in proportion with t-PAHs. Comparing the distribution ratio of ring PAHs
with area among 16 PAHs, it decreased in the order of 4-ring > S-ring > 6-ring > 3-ring > 2-ring in all the
areas except for harbor area. whileas for harbor area it was similar among 3-, 4- and S-ring with high value.
Low and no correlations between t-PAHs and soil compositions (organic matter content and particle size dis-
tribution) were observed, which is considered to be caused by the complex factors, such as the loading and
characteristics of PAHs and diverse soil environment change, etc. From the examination of the three PAH origin
indices, such as LMW/HMW (low molecular weight 2~3 ring PAHs over high molecular weight 4~6 ring
PAHs), phenanthrene/anthracene ratio and fluoranthene/pyrene ratio, it can be concluded that the soil PAH con-
taminations were ascribed to strong pyrogenic origin in all areas except for harbor area and to both pyrogenic

and petrogenic origins.
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Table 1. The area and number of sampling sites in

soil of JeJu City

Sampling area

Sampling number

Residential Area (R) R-1, R-2
traffic Area (T) T-1, T-2
Power Plants Area (P) P-1, P-2,
Harbor Area (H) H
Incineration Area (D I-1, 1-2, I-3, 14

Factory Area (F) F-1, F-2, F-3 F-4, F-5
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Fig. 1. Location of sampling sites for the analysis of PAHs in soils of Jeju City (¢: residential area, ®: traffic
area, M power generation area, A: harbor area, [0' faciory area, @ incineration area).
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Table 2. Comparison of NIST SRM 194la’s certified value with this study’s value (ug/kg dw)

PAHs Abbreviation  Certified Value® (m;fisslg"ldny: 5 Né‘;f,[ri ﬁ‘;‘:’jmf:ﬁj:f
Naphthalene Nap 1010£140 810+ 33 80.2
Acenapthylene Acy - - -
Acenapthene Ace - - -
Fluorene Flu 97.3+8.6 101£15 103.8
Phenanthrene Phe 489+23 458+18 937
Anthracene Ant 184£14 159+10 86.4
Fluoranthene Fle 98178 920+7 93.8
Pyrene Pyr 811424 77049 9%.1
Benz[alanthracene BaA 427425 40125 874
Chrysene Chr 380+24 420£23 1105
Benzo[blfluoranthene BbF 740110 805434 108.8
Benzolk fluoranthene BkF 36118 38016 1053
Benzolalpyrene BaP 628452 563+23 89.6
Dibenzola,hlanthracene DaA 73.9£9.7 708 94.7
Benzolg,h Ilperylene BgP 525467 474x27 90.3
Indenol1,2,3-cdlpyrene IcP 50172 46016 91.8

#The uncertainty is based on a 95% confidence interval for the true concentration.
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Table 3. Concentration (ng/g dw) levels of PAHs in soils of Jeju City

PAHSs Residential Ared Traffic Area Power Plant Area Harbor
R-1 R-2 Range (Mean) T-1 T-2 Range (Mean) P-1 P-2  Range (Mean) area
Nap 1.2 26 1.2~26 (1.9 16 95 1.6~95 (5.6) 15 2.3 15~23 (1.9) 53
Acy nd® nd nd 0.7 09 0.7~09 (0.8 05 18 05~18 (1.2) 0.9
Ace nd nd nd nd nd nd nd nd nd nd
Flu nd nd nd 1.0 2.1 1.0~2.1 (1.6) nd 1.7 nd~1.7 (0.9) 22
Phe 16 1.0 1.0~16 (1.3) 33 155 33~155 (94) 2.3 8.1 2.3~81 (5.2 89
Ant 16 02 02~16 (08 0.7 35 07~35 (2.1 0.6 12 06~1.2 09 0.7
Fle 14 25 14~25 (20) 97 333 97~333 (215) 17 16.2 1.7~16.2 (9.0 48
Pyr 3.1 5.2 31~52 (4.2) 140 346 140~346 (243) 56 196 56~196 (126) 33
BaA 14 0.4 04~14 (09 22 167 22~167 95 nd 105 nd~105 (5.3) 05
Chr 1.8 15 15~18 (1.7 71 264 71~264 (168) 33 9.1 33~81 (6.2) 38
BbF 36 2.0 20~36 (2.8) 6.9 186 69~186 (12.8) 35 10.7 35~10.7 (7.1) 53
BkF 46 12 1.4~46 (3.0) 47 177  47~177 (11.2) 19 3.6 1.9~86 (6.3 3.6
BaP 28 1.0 1.0~28 (1.9 27 79 27~179 (63) 12 24 1.2~24 (1.9 15
DaA 05 nd nd~05 (0.3) 15 37 1.5~37 (26) 0.7 20 07~20 (1.4) 09
BgP 3.3 24 24~33 (29 150 172 150~172 (161) 20 84 20~84 (6.2) 33
IcP 3.4 17 1.7~34 (26) 7.8 151  78~151 (11.5) 2.6 8.4 2.6~84 (55) 3.6
SPAHs? 303 217 217~303 (26.0) 789 2227 739~2227 (150.8) 274 1110 27.4~111.0 (69.2) 487
S PAHcarc 163 63 63~163 (11.3) 258 797 258~79.7 (528) 99 426 99~426 (26.3) 153
%g ﬁgga{% 540 290 200~540 (415) 327 363 327~363 (345) 361 384 361~384 (373) 314
PAHs Incineration Area Factory Area
1-1 -2 1-3 1-4 Range (Mean) F-1 F-2 F-3 F4 F5 Range (Mean)
Nap 35 4.1 2.3 3.0 2.3~4.1 (32) 14 62 16 58 20 14~6.2 (3.4)
Acy 1.1 09 nd 39 nd~3.9 (1.5) 0.5 nd 06 08 30 nd~3.0 (1.0)
Ace nd nd nd 1.1 nd~1.1 (0.3) nd nd nd 06 nd nd~0.6 (0.1)
Flu 15 2.0 19 24 15~24 (20) 1.1 1.2 14 2.7 12 1.1~27 (15)
Phe 8.7 34 50 205 34~205 (9.4) 31 42 45 101 289 3.1~289 (10.2)
Ant 1.2 14 13 5.0 12~50 (22) 07 12 06 28 48 0.2~48 (20
Fle 73 6.5 20 327 20~327 (12.1) 51 37 33 171 245 33~245 R7)
Pyr 8.2 70 28 347 2.8~347 (13.2) 107 66 54 105 184 54~184 (10.3)
BaA 5.1 41 15 18.0 15~180 (7.2) 05 05 04 69 46 04~69 (26)
Chr 75 6.1 40 37.2 40~372 (13D 46 43 31 72 148 3.1~148 (6.8)
BbF 8.3 9.3 5.2 269 52~269 (12.4) 48 54 26 63 145 26~145 6.7
BKF 5.6 59 1.8 288 1.8~28.8 (10.5) 37 25 38 120 150 25~150 (74)
BaP 3.0 24 25 16.8 24~168 (6.2) 16 15 1.1 55 170 1.1~70 (3.3)
DaA 14 15 15 54 1.4~54 (25) 15 08 05 26 20 03~26 (1.5
BgP 104 53 4.1 57 41~104 (64) 3.1 38 28 195 102 28~195 (79)
IcP 6.2 6.0 4.8 22.1 48~22.1 (9.8) 39 38 23 162 104 23~162 (1.3)
S PAHS? 79.0 659 407 2642 40.7~264.2 (1124) 463 457 340 1166 1613 34.0~161.3 (80.8)
YPAHcarc® 296 292 173 1180 17.3~1180 (485) 160 145 107 495 535 10.7~535 (28.8)
PAHcarc/ w5 445 95 447 375~447 23 U6 317 315 432 U0 315~432 (350)

>.PAHs (%)

“sum of above 16 PAHSs; "sum of carcinogenic PAHs (BaA, BbF, BKF, BaP, IcP and DaA); ‘not detected.
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Table 4. Comparison of total PAH concentrations (ng/g dw) in soils of this

and foreign areas

WA

T

study with those in other domestic

Location n® Range (Mean) References
Jeju City (Korea) 16 22~264 (87) This study
Korea 16 23~2,334 (236) Nam et al”®
Ulsan City (Korea) 16 4~2672 149
Seoul (Korea) 16 15~1,221 (482) Kim™
Changwon City (Korea) 16 11~835 (199) Kim et al”
Tarragona Country (Spain) 16 112~1,002 (504) Nadal et al®®
TianJin (China) 16 79~969 (229) Tao et al."?
Takushima (Japan) 13 9~1,640 (442) Yang et al®
Zelzate (Belgium) 7 3,000~14,000 Bakker et al®
Chiang-mai (Thailand) 16 (781) Takashi?”
Kohtla-Jirve (Estonia) 12 (12,390) Trapido®
Tallinn (Estonia) 12 (2,200 Trapido®
Harjumaa (Estonia) 12 (32) Trapido™
Bangkok 20 12~380 (129) Wilcke et al”
Welsh 14 108~54,500 (2,325) Kavin et al®

*number of PAHs analyzed in each study.
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Fig. 3. Average concentration of each PAH with area.

Table 5. Relative abundance(%) of average individual PAH to average t-PAHs concentration with area

PAHs Residential Traffic Power Harbor Incineration Factory
Area Area Plant Area Area Area Area
Nap 7.2 37 2.7 109 2.8 4.2
Acy 0 0.5 1.7 19 13 12
Ace 0 0 0 0 0.3 0.1
Flu 0 11 1.3 45 18 19
Phe 4.9 6.2 75 183 8.3 12.6
Ant 3.0 14 13 14 2.0 25
Fle 76 14.2 13.0 99 10.7 10.8
Pyr 16.0 16.1 18.1 6.8 11.7 12.8
BaA 34 6.3 76 1.0 6.4 32
Chr 6.5 11.1 8.9 738 122 8.4
BbF 10.7 85 102 109 11.0 8.3
BkF 114 7.4 7.6 74 9.3 92
BaP 7.2 35 2.7 31 55 41
DaA 1.1 17 2.0 19 2.2 19
BgP 11.0 10.7 75 6.8 58 9.7
IcP 10.0 7.6 79 74 8.7 9.1
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Table 6. The PAH origin indices with area in soils of Jeju City

Area LMW/HMW?* Phe/Ant Fle/Pyr
Residenal area 0.15~0.18 (0.17)° 1.0~6.0 (35) 0.45~0.48 (0.47)
Traffic area 0.09~0.13 (0.11) 44~47 (46) 0.69~0.96 (0.83)
Power plant area 0.14~0.16 (0.15) 38~68 (5.3) 0.30~0.83 (0.57)
Harbor area 037 127 145
Incineration area 0.09~0.20 (0.15) 24~73 (4.4) 0.71~0.94 (0.87
Factory area 0.15~0.28 (0.22) 36~6.0 (5.0) 0.48~068 (0.73)

“The ratio of sum of the low molecular weight 2~3 ring PAHs to sum of the high molecular weight 4~6 ring
PAHs; "The value in the parenthesis indicates the mean of the range.
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