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Abstract
crop, soil and water collected from paddy, upland fields and forestlands near industrial zone andfor a thermal power
plant in South Korea. All of the samples were analyzed by GC-mass spectrometer. The average contents of total
PAHs in soil samples were 1402 yg kg' and the range was from 4.3 to 6629 pg kg'. The detection of
benzo(a)anthracene, chrysene, benzo(b)fluoranthene, benzo(k)fluoranthene, benzo(a)pyrene and dibenzo(a,h)
anthracene which have strong carcinogenecity was ranged from 14.2 to 167.8 yg kg”. The residual amounts and

: The aim of this study was to determine the residual amounts of PAHs in environmental samples such as

detection frequency of PAHs in soil samples from the iron and heavy industrial areas near Pohang and Busan were
3-folds more than those of the other areas. Amounts of PAHs in upland soil samples was 1.5 folds higher than those
of paddy soil samples, suggesting that it may be related to the content of organic matter in soil. The average contents
of total PAHs in crop samples were 9.7 ug kg’ which ranged from 4.5 to 52.2 g kg'. However, the residual
amounts of PAHSs in water samples were not detected. These results showed that soils and crops were slightly
contaminated with PAHs. Therefore, the investigation should be continued for evaluating a safety or risk assessment
through expansion of regions and crops.
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Table 1. Physicochemical properties of 16 PAHs used in this study

Molecular Melting Boiling
PAHs Formular weight point(C) point(C) Log Kow
Naphthalene CioHs 128.2 80.2 2179 3.37
Acenaphthylene CoHg 152.2 92~93 265~275 407
Acenaphthene CioHyo 1542 96.2 279 3.98
Fluorene CisHyo 166.2 116~117 293 ~295 4.18
Phenanthrene CiuHyp 178.2 100 340 4.46
Anthracene CiHio 178.2 218 342 4.5
Fluoranthene CieHio 202.3 110 375 4.90
Pyrene CisHio 202.1 156 399 4.88
Benzo(a)anthracene CisHi 2283 158 ~159 400 5.63
Chrysene CisHi 2283 255256 488 5.63
Benzo(b)fluoranthene CyoHiz 2523 168 481 6.04
Benzo(k)fluoranthene CooHin 2523 217 480 6.21
Benzo(a)pyrene CxoHj2 252.3 177 310~312 6.06
Indeno(1,2,3-c,d)pyrene CxHpz 276.3 162.5~163 530 6.58
Dibenzo(a, h)anthracene CyHi4 278.3 267 524 6.86
Benzo(g, 4, i)perylene CrHi, 2763 273 545 6.78
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Table 2. Location of sampling sites for PAHs monitoring in Korea

Sites Remarks Sites Remarks
Jeongyang-Ri, Yeongwol-Eup, Thermoelectric Heungduk-Gu, Bokdae-Dong, Heavy industrial
Yeongwol-Gun, Gangwon-Do Power Plant Chungju, Chungcheobuk-Do Area
Gwangseok-Ri, Mountain Area Bongam-Dong, Masan, Heavy industrial
Ganghyon-Myeon, Gyeongsangnam-Do Area
Yangyang-Gun, Gangwon-Do
Ggeumsu-Ri, Ganseong-Eup, Mountain Area Yeongil-Eup, Goedong-Dong, Heavy industrial
Goseong-Gun, Gangwon-Do Pohang, Gyeongsangbuk-Do Area
Taein-Dong, Gwangyang, Heavy industrial Genae-Dong, Daesong-Myeon, Heavy industrial
Jeollanam-Do Area Pohang, Gyeongsangbuk-Do Area
Singeum-Ri, Gwangyang, Heavy industrial Sinpyeong-Dong, Saha-Gu, Busan Heavy industrial
Jeollanam-Do Area Area
Samil-Dong, yeosu, Heavy industrial Sanggae-Dong, Nam-Gu, Ulsan  Heavy industrial
Jeollanam-Do Area Area
Gyeoam-Dong, Gunsan, Heavy industrial Sinha-Dong, Daewol-Myeon, Heavy industrial
Jeollabuk-Do Area Icheon, Gyeonggi-Do Area
Paldal-Myeon, Paldal-Gu, Jeonju, Heavy industrial Wonjeong-Ri, Poseung-Myeon, Thermoelectric
Jeollabuk-Do Area Pyeongtaek, Gyeonggi-Do Power Plant
Ocheon-Myeon, Boryeong, Thermoelectric Segyo-Dong, Pyeongtaek, , Heavy industrial
Chungcheongnam-Do Power Plant Gyeonggi-Do Area
Inju-Myeon, Asan, Heavy industrial Seonggok-Dong, Ansan, Heavy industrial
Chungcheongnam-Do Area Gyeonggi-Do Area
Daehwa-Dong, Daejeon, Heavy industrial WonChang-Dong, Seo-Gu, Thermoelectric
Chungcheobuk-Do Area Incheon Power Plant

Table 3. GC/MSD operating conditions for PAHs analysis

Instrument Gas Chromatograph-Mass Spectrometer(GC/MSD)

Detection mode SIM (Selected Ion Monitoring)

Column J&WS-MS (30 m x 0.25 mm ID., 0.25 mm film thickness)
Temperature Injector : 300TC

Oven : 65C, 1 min —(25C min") 140°C, 10 min — (10C min™) 290C, 9 min

Injection volume 1yl
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Crop or Soil (20 g) | | Water (200 mL)
Extracted for 3.3 h with dichloromethane(300 Partitioned twice with 80 mL of
mL) in a Soxhlet dichloromethane

| |
|

’ Dichloromethane phase ‘

| Filtering through anhyd. Na;SO; |

’ Concentrated to 1 mL on an evaporator ‘

Purification (SPE-FL cartridge)
1. Conditioned with 5 mL of dichloromethane
2. Loading 1 mL of sample + Eluted with 8 mL of dichloromethane

’ Concentrated to 1 mL on an evaporator l

| GC/MSD analysis |

Fig. 1. A scheme for residue analysis of 16 PAHs in crop, soil and water samples.

Table 4. Recoveries of PAHs from crop, soil and water samples treated with 10 mg kg

Recovery (%)”

PAHs
Crop Soil Water
Naphthalene 68.4+57 67.316.6 589+7.7
Acenaphthylene 73.7124 749148 76.2+7.5
- Acenaphthene 78.417.1 79.312.2 80.2+8.2
Fluorene 80.6£6.9 78.2+5.1 81.636.8
Phenanthrene 75.9+4.2 83.2+2.7 90.4+8.8
Anthracene 72.3+1.0 82.6+8.3 92.817.6
Fluoranthene 772429 79.2+4.4 86.915.5
Pyrene 774450 79.9+5.3 88.7+6.8
Benzo(a)anthracene 76.8+4.8 83.143.0 89.4+42
Chrysene 78.1£7.7 86.1£3.7 91.7£8.5
Benzo(b)fluoranthene 85.1+6.9 80.2+1.0 85.016.1
Benzo(k)fluoranthene 85.2+2.7 81.9+4.7 83.617.5
Benzo(a)pyrene 83.6£3.5 82.2+5.8 81.6+6.5
Indeno(1,2,3-c,d)pyrene 98.9+35 88.716.5 71.8+73
Dibenzo(a, h)anthracene 105.1£7.8 88.9+7.2 76.9+1.7
Benzo(g, 4, i)perylene 101.848.3 84.7+5.2 76.2%3.0
“Data are means of 3 replicates.
8 2 PAHs IRIFS & 59 2k HAth EY] B9 &% 148 F FE AN F

A=A AHY 19 A, F ARME Ol 639 PAHs7) 46~360 g kg FELE HEH
PAHs7} AEHA| S%ou, 92X naphthalene® 3L, HZ AL TAT FEAGe] EF F PAHs
phenanthrene©] Ztz} 620, 570 g kg' FEo2 HSE R e A9Rt} & Fo2 ZANE:
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Table 5. Amount of PAHs residues in crop, soil and water samples collected from various sampling sites
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Sample Type Site Cultivation Amount of PAHs (ug kg')"
Crop Green pepper ND”
Goseong Bean ND
Green pepper ND
Yangyang Radish ND
Green pepper 1 ND
Yeongwol Green pepper 2 ND
Potato ND
Cheongju Green pepper ND
Daejeon Green pepper Naphthalene(12.6+1.2)
Asan Green pepper Naphthalene(7.4+0.1)
Boryeong Green pepper ND
Gunsan Green pepper Naphthalene(8.4£1.2)
. Green pepper ND
Jeonju Sesame leaf Pyrene(21.0+0.1)
Green pepper 1 ND
Gwangyang Green pepper 2 ND
Sesame leaf Phenanthrene(7.8+1.5), Pyrene(34.424.7)
Naphthalene(6.0+1.02), Phenanthrene(7.2+0.28),
Pohang Green pepper Fluoranthen(10.2:+1 49), Pyrene(11.5+2.14)
Masan Green pepper Naphthalene(5.0+0.50), Pyrene(52.2£1.49)
Busan Green pepper Phenanthrene(6.8+0.97)
Ulsan Green pepper Naphthalene(6.6+0.43), Phenanthrene(7.120.77)
Green pepper Naphthalene(8.0+0.44), Phenanthrene(6.3+0.13)
Ansan Radish Naphthalene(4.9+0.20), Phenanthrene(5.6+0.23),
Fluoranthene(7.610.64), Pyrene(7.2£1.16)
Naphthalene(9.510.55), Acenaphthene(5.2+0.70),
Icheon Green pepper Phenanthrene(6.2+1.04), Fluoranthene(6.9+1.31),
Pyrene(6.5+0.37)
Sweet Potato Naphthalene(4.9£0.75), Phenanthrene(4.7+0.70)
Green pepper Naphthalene(6.9+0.29), Phenanthrene(4.5+0.09),
Pyeongtaek _ Pyrene(5.5:0.29)
Radish ND
Soil Goseong Green pepper ND
Bean Phenanthrene(5.9+0.36), Pyrene(17.5+4.10),
Fluoranthene(14.3+3.25)
Rice 1 ND
Rice 2 ND
Yangyang Green pepper Fluoranthene(13.842.32), Pyrene(13.0+2.34)
Radish Naphthalene(9.0+0.50), Phenanthrene(7.3+0.67),
Chrysene(20.043.75), Fluoranthene(36.0+3.82),
Benzo(g)anthracene(14.2+2.12), Pyrene(35.9+3.75)
Rice 1 Phenanthrene(8.31£0.64), Pyrene(8.110.71),
Fluoranthene(12.0+1.34)
Rice 2 ND
Mountain Naphthalene(12.7+1.77), Phenanthrene(8.6+0.17),
Pyrene(4.620.49)
Yeongwol Green pepper 1 ND
Green pepper 2 ND
Potato ND
Com Phenanthrene(7.7+0.33), Fluoranthene(8.9+1.09)
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Table 5. Continued
Sample Type Site Cultivation Amount of PAHs (ug kg™
Soil Cheongju Green pepper Naphthalene(5.1+0.1), Phenanthrene(5.60.1),
Fluoranthene(32.0+0.7), Pyrene(45.012.1)
Rice Naphthalene(5.6+0.6), Phenanthrene(5.8+0.2),
Fluoranthene(17.5+0.7), Pyrene(28.4+1.2)
Daejeon Green pepper Naphthalene(8.5+0.9), Acenaphthene(3.420.4),
Phenanthrene(12.4+0.1), Fluoranthene(135.5+1.2),
Pyrene(143.2+10.2), Chrysene(42.6+3.18),
Benzo(a)anthracene(36.6+2.6)
Rice Naphthalene(8.5+0.3), Phenanthrene(6.210.3),
Fluoranthene(25.9£1.3), Pyrene(37.7£0.1)
Asan Green pepper Acenaphthene(5.5£0.5), Phenanthrene(8.3+0.7),
Fluoranthene(75.9£7.0), Pyrene(52.1+1.6)
Rice ND
Boryeong Green pepper Acenaphthene(8.6+1.2), Pyrene(386.5+10.4),
Phenanthrene(20.8+3.3), Fluoranthene(358.8+18.7),
Benzo(a)anthracene(93.5+6.7),
Benzo(b)fluoranthene(105.1£6.9),
Chrysene(167.8+17.5)
Rice Phenanthrene(7.3+0.7), Fluoranthene(35.3£3.7),
Pyrene(47.417.2)
Gunsan Green pepper Naphthalene(5.4+0.5), Phenanthrene(5.4+0.5),
Fluoranthene(10.4+0.5), Pyrene(24.1+1.9)
Rice Naphthalene(5.5+1.0), Phenanthrene(6.3£0.5),
Fluoranthene(12.0+1.6), Pyrene(21.8+2.1)
Jeonju Green pepper Naphthalene(6.2+0.8), Acenaphthene(7.8+1.1),
Pyrene(26.5+0.2), Phenanthrene(6.4+0.6),
Fluoranthene(17.0+0.1)
Rice Naphthalene(5.5+1.0), Phenanthrene(6.3£0.5),
Fluoranthene(12.0+1.6), Pyrene(21.8+2.1)
Gwangyang Green pepper 1 Naphthalene(7.310.1), Phenanthrene(11.3+0.6),
Fluoranthene(54.8+1.8), Pyrene(57.6+1.3)
Green pepper 2 Phenanthrene(6.5+0.3), Pyrene(28.914.6)
Rice ND
Yeosu Rice 1 Naphthalene(10.0£0.9), Phenanthrene(9.0£0.6),
Fluoranthene(45.1+4.7), Pyrene(48.6%5.3)
Rice 2 Phenanthrene(7.5+0.4), Fluoranthene(25.1+2.3),
Pyrene(31.413.8)
Pohang Green pepper Naphthalene(10.0+0.92), Fluoranthen(154.3+15.42),
Chrysene(28.2+10.34), Phenanthrene(11.9+0.52),
Pyrene(98.0+12.39), Benzo(a)anthracene(18.5+5.01)
Pumpkin Naphthalene(8.0+1.58), Phenanthrene(11.9+1.67),
Fluoranthene(112.5+7.77), Pyrene(81.0+5.00),
Benzo(a)anthracene(23.2+3.60), Chrysene(22.4+0.56)
Rice 1 Naphthalene(19.8+1.84), Acenaphthene(5.1+1.38),

Fluorene(9.0+1.83), Phenanthrene(31.5+5.91),
Fluoranthen(358.3+65.49), Pyrene(241.6+48.44),
Benzo(a)anthracene(55.2+8.78),
Chrysene(53.6+14.79),
Benzo(b)fluoranthene(92.4+15.23),
Benzo(k)fluoranthene(22.1+5.25),
Benzo(a)pyrene(73.2134.78),

Dibenzo(a, h)anthracene(87.6+24.88)
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Table 5. Continued
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Sample Type Site

Caultivation

Amount of PAHs (ng k™)

Soil Pohang Rice 2

Naphthalene(14.9+0.83), Phenanthrene(24.6+0.56),
Fluoranthene218.3+13.30), Pyrene(131.546.72),
Benzo(a)anthracene(27.2+3.02), Chrysene(41.0£3.94)

Masan Green pepper

Naphthalene(7.7+0.94), Phenanthrene(5.2+0.34),
Fluoranthen(14.8+2.25), Pyrene(25.7£4.17)

Busan Green pepper

Naphthalene(7.2+0.88), Fluoranthen(662.9+101.45),
Pyrene(546.7+81.03), Acenaphthene(17.3+1.51),
Phenanthrene(21.6+4.62), Chrysene(166.9126.45),
Benzo(a)anthracene(121.8+21.99)

Green pepper

Naphthalene(8.5+0.34), Acenaphthene(5.1+0.71),
Phenanthrene(12.3£0.60), Fluoranthene59.9+10.39),
Pyrene(46.518.76)

Ansan Green pepper

Naphthalene(5.6+0.49), Phenanthrene(6.0+0.08),
Fluoranthene7.8+0.32), Pyrene(5.3£0.45)

Radish

Naphthalene(5.3+0.09), Acenaphthene(8.8+1.38),
Phenanthrene(5.8+0.70), Fluoranthene9.1+1.05),
Pyrene(7.4+1.07)

Icheon

Green pepper

Naphthalene(5.3£0.55), Phenanthrene(5.210.50),
Fluoranthene8.8+0.96), Pyrene(5.2+0.48)

Sweet Potato

Naphthalene(6.5+0.89), Acenaphthene(4.4+0.50),
Phenanthrene(6.610.86), Fluoranthen(16.213.37),
Pyrene(10.2+0.87)

Rice

Naphthalene(5.6+0.37), Phenanthrene(4.9+0.27),
Fluoranthen(10.0+1.46), Pyrene(8.1+1.22)

Pyeongtack

Green pepper

Naphthalene(6.1+0.24), Acenaphthene(5.0+0.12),
Phenanthrene(5.520.40), Fluoranthen(15.4+2.06),
Pyrene(12.712.26)

Rice 1

Naphthalene(8.1£0.39), Phenanthrene(7.8+0.30),
Fluoranthen(62.8+11.38), Pyrene(38.816.94)

Rice 2

Naphthalene(6.310.62), Phenanthrene(5.3+0.82),
luoranthen(12.9+0.06), Pyrene(10.0+0.17)

Incheon Near thermal

station

power

Naphthalene(10.3+1.58), Acenaphthene(6.3+3.07),
Fluorene(9.3+1.12), Pyrene(322.5+60.27),
Phenanthrene(29.4+3.59), Anthracene(4.610.75),
Fluoranthen(476.3+77.35), hrysene(68.8118.98),
Benzo(a)anthracene(59.3£15.54),
Benzo(b)fluoranthene(47.118.76),
Benzo(k)fluoranthene(17.2+3.88)

SARY AY oMF AQoAN AHG FolA
naphthalene©] 7.4 pg kg' FF0& AEHYL. oBY
BE, 37, W AYY EYM H 8% PAHs
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sleubds X9l REo] EdolA PAHs H3E
o] 71} F& Ao AL

ARs A AF, B oA AHES 139
AN naphthalene 82~84 g kg, phenanthrene
7.8 ug kg, pyrene©] 21.0~344 FFo 2 AZH Yt}
i, AF, B, g AGY EA A 559
PAHs7} 5 1~734 pg kg’ 522 #AEIYJT

T U7, B2 el &4 2 ¥R 15
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pyrene ©] Z7F 50~66, 522 pg kg' FELE HE
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Table 5. Continued
Sample Type Site Cultivation Amount of PAHs (ug kg')
Water Goseong Rice ND
Yangyang Rice ND
Cheongju Rice ND
Daejeon Rice ND
Asan Rice ND
Boryeong Rice ND
Gunsan Rice ND
Jeonju Rice ND
Gwangyang Rice ND
Rice 1 ND
Yeosu Rice 2 ND
Rice 1 ND
Pohang Rice 2 ND
Icheon Rice ND
Rice 1 ND
Fyeongtack Rice 2 ND

“Data are means of 3 replicates, "Not detected

100.0 r
90.0 F

80.0 =

Detection frequency (%)

Fig. 2. Detection frequencies of PAHs in soil samples.
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Fig. 3. Detection frequencies of PAHs in crop samples.

HIEE 1.6~71.9%°103U28 2), ©] % naphthalene,
phenanthrene, fluoranthene, pyrene 5°] AZE HI%7}
OE AR v 52 AL & F AU o)y
A= ¥} F(2004)©] naphthalene, acenaphthene, phen-
anthrene, fluoranthene, pyrene 52 AFE3} wj7)7b,
FA FEAE TN viEEts Byl d7asie)
AL slfen], AENEst £ olE PAHsY F
8 WiEEL AAFo] Hike QI9F oz HAddET
I AgEnh o] F WMol A% EdE d#R
benzo(a)anthracene, chrysene, benzo(b)fluoranthene, benzo
(bfluoranthene, benzo(a)pyrene, dibenzo(a,/) anthracene
S F e7}R] AlRo) 142~1678 g kg' ¥z AE
HY F3E F PAHsY] AE WEE 0~324%E
Eof W= 1;]_/\ woloq,(j_al 3), FQ A= PAHs
£ B AR 82 Jehisinh AgHo e
3, 2% 5 AL, 33U 239 e A
So) PAHS SRS} BE Al v O ROz
ZAIE), FF ol Ao U A5 B
Yol AAsojol & Role} BRE, oz AT
AdE PAHsS] 9314 W7k 2 A 71E AEe 9
g F83t 7|1xA87) 2 Aol Algdnk

FHS d7HIE AdslE s3I Lot
FRHGATL0 HL2 FAE EHUTE
OIR=3

Beak, S. O., R A. Field, M. E. Goldstone, P. W. Kitr, J. N.
Lester and R. Perry (1991) A review of atmospheric
polycyclic aromatic hydrocarbons: Source, fate and
behavior. Water, Air & Soil Pollution 60(3,4), 279(22).

Berardescok G., S. Dyhrman, E. Gallagher and M. P. Shiaris
(1998) Spatial and temporal variation of phenanthrene
degrading bacteria in intertidal sediments. Appl. Environ.
Microbiol. 64:2560 ~2565.

Blumer, M., W. Blumer and T. Reich (1977) Polycyclic
aromatic hydrocarbons in soil of a mountain valley:
correlation with highway traffic and cancer incidence.
Environ. Sci. Technol. 11(12):1082~1084.

Budzinski, H., 1. Jones, J. Bellocq, C. Z. Pierard and P.
Garrigues (1997) Evaluation of sediment contamination
by polycyclic aromatic hydrocarbons in the Gironde
estuary. Mar.Chem., 58:85~97.

Edward, N. T. J. (1987) Polycyclic aromatic hydrocarbons
(PAHs) in the terrestrial environment - a review. J.
Environ. Qual. 12:427~441.

Golomb D., D. Ryan, J. Underhill, T. Wade and S. Zemba
(1997)  Atmospheric

deposition of toxics onto



104 AE -

Massachusetts Bay-I1. Polycyclic aromatic hydrocarbons.
Atmos. Environ. 31(9):1361 ~1368.

Guddal, E. (1959) Isolation of polynuclear aromatic
hydrocarbons from the root of chrysanthemum vulgare
Bernh. Acta. Chem. Scand. 13(4)834 ~835.

Guo, H,, S. C. Lee, F. F. Ho, M. X. Wang and S. C. Zou
(2003)  Particle aromatic
hydrocarbons in urban air of Hong Kong. Armospheric
Environment 37:5307~5317.

Keiichi, A., S. Takashi, Y. Mashiro and K. Yasushi (1962)
Polynuclear aromatic hydrocarbons concentration and
mutagenic activity in soil sampled at roadsides. J. Japan
Soc. Air Pollut. 27(4):190~197.

Kim, G. B, K. A. Maruya, R F. Lee, J. H Lee and C. H.
Koh (1999) Distribution and sources of polycyclic
hydrocarbons in sediment from Kyeonggi Bay, Korea,
Mar. Pollut. Bull. 38:7~15.

Menzie, C., A. B. Potocki and J. Santodonato (1992)
Exposure to carcinogenic PAHs in the environment.
Environ. Sci. Technol. 26:1278 ~1284.

Nam J. J,, B. H. Song, K. C. Eom, S. H. Lee and A. Smith
(2003) Distribution of polycyclic aromatic hydrocarbons
in agricultural soils in South Korea. Chemosphere 50:128
1~1289.

Nasrin R. K., A. S. Peter and M. H Thomas (1994) PAH
source fingerprints for coke ovens, diesel and, gasoline
engines, highway tunnels, and wood combustion
emissions. Afoms. Environ. 29(4):533 ~542.

Oda, J., S. Nomura, A. Yasuhara and T. Shibamoto (2001)
Mobile sources of atmospheric polycyclic aromatic
hydrocarbons in a roadway tunnel. Ammospheric
Environment 35:4819~4827.

Samanta, S. K, O. V. Singh and R K. Jain (2002)

hydrocarbons:  environmental

pollution and bioremediation. Trends in Biotechnol.

20(5):243 ~248.

associated  polycyclic

aromatic

Polycyclic

725 - 9

= - S3Fd

o

Shabad, L. M., Y. L. Cohan, A. P. Ilnitsky, A. Ya. Khesina,
N. P. Shcherbak and G. A. Smimov (1971) The
carcinogenic hydrocarbons benzo(a)pyrene in the soil. J.
Natl. Cancer Inst. 47(6):1179~1191.

Strosher M. T. and G. W. Hodgson (1975) Polycyclic
Aromatic Hydrocarbons in Lake Water and Associated
Sediments-Analytical Determination by GG/MS. ASTM
STD 537:259~270.

Zhu, L. and J. Wang (2003) Sources and patterns of
polycyclic aromatic hydrocarbons pollution in kitchen air,
China. Chemosphere 50:611~618.

AEE, ST (005) A& EY F UsHlEEs)
ol FEEAC #F A7 IRE 7344—}351%]
14(1):71~80.

ZEF 2000) 3k A% B T ORMYS g3k
Ao Ak = EA1813] %) 13(3):357 ~367.

s, 854, U9, £39, A9 ooy AL

o £ PAHs HIESA. ISU713EE SR
20(3):331 ~342.
22, A48, 2aY, 995 198) oY) HHEA

%ﬂ&%hé-%il—ri (PAHs) 9 F= % %
EA. =333 A 11(3):265~274.

ol g, &%, H4, (2006) v B AGew
fsEe gEEESEsleAPAHy) e ti7] 2F
Y2 Q1 B4 S=37378138A] 15(2):121~
131.

25, ASE, FHE 06 BT I HIE
o tEhEdslrAaRY EXEY =53
3}8}3]#] 17(2):210~216.

2573, o, AT 2006 AFA EY F ugh
USRS ARPAR) S BX B4 58759
8}3) 2] 15(5):405~415.

B3, AL, oAF, BEA), ol (20000 W7F
tE S g3eAaRiy £4¢d0 #% AT =
B A 7}8}13)R] 13(4):453 ~465.

'S



U] PAHs 24 $81X199] 87 Al§ F PAHs Z{F%F ZUEH 105

3 PAHs 2@ PaiXioie] 87 AIR & PAHs DRE DUER
ABS - ZMS - U FHIS - UaT - s
Zadstn FRYBAIN} AR, PAdheta FYYEAS S8 E st}

et B A7E T AYE 8N U8 T 1639 PAEs IR FFE Aot et =
W PAHs 0% $8A9Q F9DA 2 AL FHA T2 FAEQ6Y), THE A EXde) R
F2E AE FH E(15%) ANEE AFHSY GOMSDE PAHs ZH%S EAEITh w38 AS A 5
9] PAHST} 45~522 1g kg’ FEOE Ao, EFME AUl 1359) PAHS7} 43~6629 pg ke’
HAZ AEHAT o] T L8Ade] A3 EFZ 47 benzo(a)anthracene, chrysene, benzo(b)fluoranthene,
benzo(¥)ftuoranthene, benzo(@)pyrene, dibenzo(a,h)-anthracene 5 & 6714 430l 142~167.8 ng kg' W2 7
Z590th 3] EY F PAHs 3Fdd Awes AR, 23H99A7E 2RS0T aE o] B A
o] & ARHT} Hu) 38 o} A Jepgor, AHEo] TAPA AFolME Ao 65] PAHsT} 7.
3~360 ng kg' FFOE ASHUL. AR wirZk: R FAWET AMoA F2 2AYSRE naphthalene,
phenanthrene, fluoranthene, pyrene 59 HEWE7} T AR HIg) =4 Jehstth AFHT ZE & A8
A PAHs7} AEEA] ¥t olE PAHsY) 483wy} vimd @i, JaAe S48 ZX T Qo] ER
e f7188Ee] F83 AU AFd slsAo]l A7) WEY Aoz AHUk B A7 A I
FAET FHURE F UF PAHs7 2EH| e RS I on, dF 7 F PAHsY| FHE o
BE D 7 B4 5L AHsle At AR olRojHol & AoR AlEHT:

Ao} 1 FAE, TR L8, A IVSVIAFLFPAR), BUHE, IFY




