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Characteristics of Polycyclic Aromatic Hydrocarbons(PAHs) Distribution in Busan Soils

Choi You—jeungT, Yoo Eun-hee and Kim Mi-hee

Industrial Waste Analysis Division

Abstracts

Samples were collected from 23 sites of Railroad facilities area(RA1), Traffic facilities area( TA), Industrial area(IA1),
Iron scraps fields area(IA2), Waste treatment facilities area(WA), Residential area(RA2) and Agricultural area(AA) in Busan
soils. The concentration of PAHs was widely distributed between 30.7 ng/g and 1896.6 ng/g. The highest concentration
of PAHs appeared in IAI and RAl. It was considered as the results from the automobile combustion of the main PAHs

contamination sources. Comparing with the distribution ratio of ring PAHs among 16 PAHs, it decreased in the order
of 4-ring>5-ring>3-ring>6-ring>2-ring in all areas. The correction coefficient between total PAHs and > PAHcarc was
very high(R2=0.925) and indicated that the concentration of > PAHcarc increased in proportion with that of total PAHs.

Potential source of PAHs in ambient were identified using the phenanthrene(PhA) concentration, Flu/Pyr and PhA/Ant

ratio and BgP/InP ratio. The main contributors were supposed to vehicular emmisions and combustion of fossil fuel. The
correction coefficient between total PAHs and TPH was high(R*=0.773).
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Fig. 1. Location of the sampling sites.
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Table 1, Sampling sites and number in Fig, 1
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Dichloromethane

Sampling No.

Sampling area depth(m)
Total 0 1-2 3~
Tatal 31 23 4 4
A WHAAE %9 (Railroad facilities area, RA1) 6 4 1 1
NEHRHAAAE A Y (Traffic facilities area, TA) 6 4 1 1
ArdetA] 5 x99 (Industrial area, IA1) 6 4 1 1
Y34, 18 THRA Y (Iron scraps fields area, IA2) 5 3 1 1
H7|EX A A A 9 (Waste treatment facilities area, WA) 3 3 - -
FAHol=olH 5) A9 (Residential area, RA2) 3 3 - _
=7 A 9(Agricultural area, AA) 2 2 — -
Table 2. GC/MSD operating conditions for PAHs analysis
Items Conditions
GC/MS Agilent 7890N/5975MSD
Column DB—5MS(30m X 0.25mm X 0. 25um)
Oven 80°C (1min) — 5C/min — 280C — 10 /min — 300 (10min) — 320(4min)
Carrier Gas Helium 1,0m¢/min
Injection Mode Splitless
Injector 280TC

Ton Source 280C
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Table 3. Retention Time(R.T.), Mass Ions of PAHs analysis

Compound (native) R.T. (min) M(ratio) M+ (ratio) Formular
Naphthalene 8.84 128(100.0) 127(19.7) CioHs
Acenaphthylene 12.88 153(100.0) 154(95.5) Cr2Hs
Acenaphthene 13.34 153(100.0) 154(95.5) Cr2Hio
Fluorene 14,57 166(100.0) 165(91.4) CisHo
Phenanthrene 16.85 178(100.0) 179(15.2) CraHo
Anthracene 16.95 178(100.0) 179(15.2) CraHio
Fluoranthene 19.70 202(100.0) 203(17.3) CisHio
Pyrene 20.21 202(100.0) 203(17.3) CrsHio
Benzo(a)anthrathene 23.22 228(100.0) 229(19.5) CisHi2
Chrysene 23.34 228(100.0) 229(19.5) CisHi2
Benzo(b)fluoranthene 27.45 252(100.0) 253(21.7) CooHi2
Benzo(k)fluoranthene 27.45 252(100.0) 253(21.9) CooH 12
Benzo(a)pyrene 29.01 252(100.0) 253(21.6) CooH 2
Indeno(1,2,3—c,d)pyrene 33.45 276(100.0) 277(23.7) CooH2
Dibenz(a,h)anthracene 33.59 278(100.0) 279(23.9) CooHi14
Benzo(g,h,i)perylene 34,22 276(100.0) 277(23.7) CooHi2

Table 4. GC operating conditions for TPH analysis
Items Conditions
GC/MS Agilent 7890
Column HP-5(30 % 0,25mm X 0, 25um)
Oven 50C (8min) — 8C/min — 320 (12min)

Carrier Gas
Splitless
300C

Injection Mode

Injector

Helium 1.0m¢/min
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Fig. 2. Sum of Individual PAH concentrations according to the sampling group.
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Table 5. Average PAHs concentrations(ng/g) according to the sampling sites(1)

Railroad facilities area, RA1

Traffic facilities area, TA

Compounds ADP. RA1-1 RA1-2 RA1-3 RA1-4 Mean TA-1TA-2 TA-3 TA-4 Mean
Naphthalene NaP 0.0 0.0 0.0 0.0 0.0 00 00 00 166 42
Acenaphthylene AcPy 2.7 0.0 0.8 0.0 0.9 00 00 00 36 09
Acenaphthene AcP 41 3.9 6.5 5.6 5.0 5.9 132 106 177 118
Fluorene Flu 6.3 0.0 9.9 7.7 6.0 76 152 00 147 94
Phenanthrene PhA 157 130 59.2 466 336 148 21,1 424 3389 293
Anthracene AnT 7.4 5.7 11.9 7.5 8.1 76 129 141 181 132
Fluoranthene FluA 34.6 141 88 837 553 83 20 207 373 171
Pyrene Pyr 22.0 156 894 8.2 53.3 180 187 376 408 288
benz[alanthracene BaA 9.4 65 571 555 321 6.1 67 287 326 185
Chrysene Chr 19.0 190 8.7 709 484 173 155 30.6 177.0 60.1
Benzo(b)fluoranthene BbF 609 542 988 960 T75 39.0 22 18 1239 417
Benzo(k)fluoranthene BkF 34.6 30,9 8.0 547 51.6 22,6 137 278 7706 337
Benzo(a)pyrene BaP 26.2 6.7 958 66,4 488 132 178 163 185 165
Indeno(1,2,3—c,d)pyrene InP 53.9 140 1534 150.0 927 4.5 232 31.0 479 367
Dibenz(a,h)anthrathene DbA 51.3 5.4 217 20,3 26,2 6.0 67 00 50 44
Benzo(g,h,i)perylene Bghip 424 145 1023 1000 64.8 275 154 198 230 214

PAHcarc(mg/Kg) 2358 1177 5188 4430 3288 1313 70.2 105.6 2985 1514
t—PAH(mg/Kg) 3900 2036 9723 8513 6043 2384 1841 2814 6863 3475
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Table 6. Average PAHs concentrations(ng/g) according to the sampling sites(2)

Industrial area, IA1l Iron scraps fields area, IA2
Compounds Abb.
IA1-1 TA1-2 IA1-3 TA1-4 Mean IA2—1 TA2-2 TA2—-3 Mean
Naphthalene NaP 0.0 81 12.3 0.0 5.1 0.0 0.0 0.0 0.0
Acenaphthylene AcPy 0.4 8.0 8.7 0.0 4.3 0.0 0.0 0.0 0.0
Acenaphthene AcP 4.6 28.1 15,6 0.0 12.1 0.0 6.8 0.0 2.3
Fluorene Flu 0.0 85.9 54.1 0.0 35.0 20.3 10,5 0.0 10.3
Phenanthrene PhA 9.0 2580 732 193 8.9 236 379 505 373
Anthracene AnT 4.8 16.3 9.1 1.1 103 27.3 9.9 579  3L7
Fluoranthene FluA 0.0 9.0 574 0.0 381 573 527 88 663
Pyrene Pyr 70 1253 544 144 503 538 529 8.1 629
benz[a]anthracene BaA 0.0 1261 34.2 0.0 40.1 481 30.8 468 419
Chrysene Chr 0.0 1353 62,6 12,2 52.5 1362 357 159.3 1104
Benzo(b)fluoranthene BbF 0.6 208,7 76,4 8.0 73.4 0.0 54.5 0.0 18.2
Benzo(k)fluoranthene BkF 42 1192 435 1.6 421 0.0 36.4 0.0 12.1
Benzo(a)pyrene BaP 6.3 134.8 36.3 12,8 476 20.8 17.5 73.3 37.2
Indeno(1,2,3—c,d)pyrene InP 11,7 3275 485 0.0 9.9 22,3 503 190 305
Dibenz(a, h)anthrathene DbA 3.5 24.6 10.4 0.0 9.6 0.0 9.4 0.0 3.1
Benzo(g, h,i)perylene Bghip 6.3 1957 379 9.6 62.4 59.5 40,1 888 628
PAHcarc(mg/Kg) 264 9409 2493 224 309.8 91.2 1989 1391 1431
t—PAH(mg/Kg) 585 18966 6346 890 6697 4693 4455 6666 5271

Table 7. Average PAHs concentrations(ng/g) according to the sampling sites(3)

Waste treatment facilities area, WA Residential area, RA Agricultural area, AA

Compounds Abb.
WA—-1 WA-2 WA—-3 Mean RA2-1 RA2-2 RA2-3 Mean AA-1 AA-2 Mean
Naphthalene NaP 9.1 0.0 0.0 3.0 00 131 00 44 0.0 00 00
Acenaphthylene AcPy 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00 00 00
Acenaphthene AcP 6.0 6.1 125 82 0.0 8.9 9.0 59 6.1 00 380
Fluorene Flu 8.1 95 139 105 381 163 00 181 00 00 0.0
Phenanthrene PhA 200 563 208 324 474 470 00 3L5 00 00 0.0
Anthracene AnT 58 102 182 97 630 85 00 238 00 00 00
Fluoranthene FluA 102 9.1 46 370 487 366 00 284 00 00 00
Pyrene Pyr 174 974 199 449 52.2 578 134 411 00 00 0.0
benz[a]anthracene BaA 47 600 39 229 375 134 96 2.2 00 00 0.0
Chrysene Chr 139 726 192 352 640 242 153 34.5 00 00 0.0

Benzo(b)fluoranthene BbF 281 793 323 46,6 00 486 162 216 126 49 88
Benzo(k)fluoranthene BkF 159 452 182 264 00 275 89 121 09 26 18
Benzo(a)pyrene BaP 70 675 163 302 32.0 171 126 20.6 115 6.6 90
Indeno(1,2,3—c,d)pyrene InP 21,0 792 223 408 245 210 188 214 00 116 538
Dibenz(a,h)anthrathene DbA 5.0 7.9 7.2 6.7 00 134 00 4.5 00 00 00
Benzo(g,h.i)perylene Bghip 135 690 199 3.1 36.3 41.0 130 301 83 50 66

PAHcarc(mg/Kg) 81.7 3390 1002 1736 940 1412 660 1004 250 257 254

t—PAH(mg/Kg) 185.6 7562 2241 3886 4437 3947 1166 3183 394 307 351
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Table 8. Comparison of PAHs concentrations(ng/g dw) in soils of this study with those in other dosmetic

and foreign areas

Location n? Range(Mean) References
Jeju City(Korea) 16 292~264(87) Jin et al.”
Korea 16 23~2,834(236) Nam et al.'”
Ulsan City (Koea) 16 4~2,672 Lee'®
Seoul(Korea) 16 15~1,221(482) Kim"
Changwon City(Korea) 16 11~835(199) Kim et al,*¥
Tarragona Country(Spain) 16 112~1,1002(504) Nadal et al.'?
Tian Jin(China) 16 7.9~969(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—Jérve(Estonia) 12 (12,390) TrapidoZO)
Tallinn 12 (2,200) Trapido™
Harjumaa 12 (32) Trapido™
Bangkok 20 12~380(129) Wilcke et a.””
Welsh 14 108~54,500(2,325) Kavin et al,”

n®: number of PAHs analyzed in each study.
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Table 9. Individual PAH of criteria in soils

2 dA347 A9 Hd  sE+=  PAHcarc,
25.4~328.8 ng/gl 2 & PAHsS} np7ix|2 2|99
Ax}7} Al5HATE, Table 5~7 % Fig, 3914 A4
PAH carc. BasEE 2 RA1 ) TA1 ) WA Y TA )
RA2 ) AAXY 08 AedHAAAY 9 FHX A

USA New Jersey Korea
T Egstas” Egedsene”

A=A H| A3 1x]4 221 321

Phthalene 6 17 - - -
Acenaphthylene NA 300,000 - - -
Acenaphthene 3,400 37,000 - - -
Fluorene 2,300 24,000 - - -
Phenanthrene NA 300,000 - - -
Anthracene 17,000 30,000 — — —
Fluoranthene 2,300 24,000 - - -
Pyrene 1,700 18,000 - - -
Benz(a)anthracene 0.6 2 - - -
Chrysene 62 230 - - -
Benzo(b)fluoranthene 0.6 2 - - -
Benzo(k)fluoranthene 6 23 - - -
Benzo(a)pyrene 0.2 0.2 0.7 2 7
Indeno(1,2,3—c,d)pyrene 0.6 2 - - -
Dibenzo(a,h)anthracene 0.2 0.2 - - -
Benzo(g,h,i)perylene 380,000 30,000 - - -

NA : not available
Table 10, PAHs of criteria™

Country PAH Criteria
Air o|etg]o} Benzo(a)pyrene 1 ng/m’
u)= Benzo(a)pyrenes 9% 0.2 ug/L

water 285 Benzo(a)pyrene 0.005 ug/L
EoF Benzopyrenes 6% 1.2 ug/L
WHO Benzo(a)pyrene 0.7 ug/L
Drinking SH([EEC) Benzo(a)pyrenes 6% 0.2 ug/L
water ek Benzo(a)pyrene 0.01 ug/L
ER==la= Benzo(a)pyrenes 6% 0.1 ug/L

soils TAaE Benzo(a)pyrene 0.02 mg/Kg

food © 3 (EEQ) Benzo(a)pyrene 0.03 ug/Kg
=9 Benzo(a)pyrene 1 ug/Kg

) =227 SH(EEC) Benzo(a)pyrene 50 mg/Kg
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Table 11, Ratio between BaP, PAHcarc, and t—PAHs
Ratio RA1 TA IA1 T1A2 WA RA2 AA
BaP/t—PAH (%) 8.1 4.7 7.1 7.1 7.8 6.5 25.8
PAHcarc/t—PAH (%) 54.4 43.6 46.3 27.1 447 31.5 72.4
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Table 12. Toxicity Equivalent Factors(TEFs) of PAHs according to WHO, EPAZ”

PAHs abb WHO EPA
Naphthalene NaP — 0.001
Acenaphthylene AcPy — 0.001
Acenaphthene AcP - 0.001
Fluorene Flu - 0.001
Phenanthrene PhA - 0.001
Anthracene AnT — 0.01
Fluoranthene FluA - 0.001
Pyrene Pyr - 0.001
benz[a]anthracene BaA 0.1 0.1
Chrysene Chr 0.01 0.01
Benzo(b)fluoranthene BbF 0.1 0.1
Benzo(k)fluoranthene BkF 0.1 0.1
Benzo(a)pyrene BaP 1.0 1.0
Indeno(1,2,3—c.d)pyrene InP 1.0 1.0
Dibenz(a,h)anthrathene DbA 0.01 0.01
Benzo(g, h,i)perylene Bghip 0.1 0.1

Table 13, Comparison of t—PAH(ngTEQ/g) and t—PAH(ng/g) by TEFs

Toxicity
PAHs Equivalent RA1 TA IA1 1IA2 WA RA2 AA
Factors(EPA)

Naphthalene NaP 0.001 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Acenaphthylene AcPy 0.001 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Acenaphthene AcP 0.001 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Fluorene Flu 0.001 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Phenanthrene PhA 0.001 0.0 0.0 0.1 0.0 0.0 0.0 0.0
Anthracene AnT 0.01 0.1 0.1 0.1 0.3 0.1 0.2 0.0
Fluoranthene FluA 0.001 0.1 0.0 0.0 0.1 0.0 0.0 0.0
Pyrene Pyr 0.001 0.1 0.0 0.1 0.1 0.0 0.0 0.0
benz[a]anthracene BaA 0.1 3.2 1.9 4.0 4.2 2.3 2.0 0.0
Chrysene Chr 0.01 0.5 0.6 0.5 1.1 0.4 0.3 0.0
Benzo(b)fluoranthene BbF 0.1 7.7 4.2 7.3 1.8 4.7 2.2 0.9
Benzo(k)fluoranthene  BkF 0.1 5.2 3.4 4.2 1.2 2.6 1.2 0.2
Benzo(a)pyrene BaP 1 48.8 16.5 47.6 37.2 30.2 20.6 9.0
Indeno(1,2,3—c,d)pyrene InP 1 92.7 36.7 96.9 30.5 40.8 21.4 5.8
Dibenz(a,h)anthrathene DbA 0.01 0.3 0.0 0.1 0.0 0.1 0.0 0.0
Benzo(g,h,i)perylene Bghip 0.1 6.5 2.1 6.2 6.3 3.4 3.0 0.7
t—PAH(ngTEQ/g) 165.1 655 167.3 829 847 51,2 16.6

t—PAH(ng/g) 604.3 347.5 669.7 5271 3886 318.3 35.1
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Table 14, Average concentration and ratio of compounds with respect to the benzene ring number with

area
Total RA1 TA IA1 IA2 WA RA2 AA
PAHs
ng/g % ng/g % ng/lg % ng/lg % ng/s % ng/lg % ng/g % ng/lg %
2-ring 2575 06 00 00 42 12 51 08 00 00 30 08 44 14 00 00
3-ring 76,1 171 536 89 646 186 1516 226 816 155 608 156 794 249 30 87
4-ring 1572 352 1891 313 1245 358 181.0 270 281.5 534 1399 360 1243 39.0 0.0 00
o—ring 1152 25,8 2040 338 962 277 1727 258 707 134 1099 283 588 185 196 558
6—ring 94.97 21,3 1576 261 581 16,7 1593 238 933 177 750 193 515 162 125 355
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Fig. 5. Average concentration and ratio of compounds with respect to the benzene ring number with area.
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Table 15. Relative abundance(%) of average individual PAH to average t—PAHs with area
Compounds RA1 TA IA1 IA2 WA RA2 AA
Naphthalene NaP 0.0 1.2 0.8 0.0 0.8 1.4 0.0
Acenaphthylene AcPy 0.1 0.3 0.6 0.0 0.0 0.0 0.0
Acenaphthene AcP 0.8 3.4 1.8 0.4 2.1 1.9 8.7
Fluorene Flu 1.0 2.7 5.2 1.9 2.7 5.7 0.0
Phenanthrene PhA 5.6 8.4 13.4 7.1 8.3 9.9 0.0
Anthracene AnT 1.3 3.8 1.5 6.0 2.5 7.5 0.0
Fluoranthene FluA 9.2 4.9 5.7 12.6 9.5 8.9 0.0
Pyrene Pyr 8.8 8.3 7.5 11.9 11.5 12.9 0.0
benz[alanthracene BaA 5.3 5.3 6.0 7.9 5.9 6.3 0.0
Chrysene Chr 8.0 17.3 7.8 20.9 9.1 10.8 0.0
Benzo(b)fluoranthene BbF 12.8 12.0 11.0 3.4 12.0 6.8 25.0
Benzo(k)fluoranthene BkF 8.5 9.7 6.3 2.3 6.8 3.8 5.0
Benzo(a)pyrene BaP 8.1 4.7 7.1 7.1 7.8 6.5 25.8
Indeno(1,2,3—c,d)pyrene InP 15.3 10.5 14.5 5.8 10.5 6.7 16.6
Dibenz(a,h)anthrathene DbA 4.3 1.3 1.4 0.6 1.7 1.4 0.0
Benzo(g,h,i)perylene Bghip 10.7 6.2 9.3 11.9 8.8 9.5 19.0
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Table 16. Correlation between each PAH, t—PAHs and TPH

NaP APy AP Fu
NaP  1.000
AcPy 0595 1,000
AcP 0576 0715 1.000
Flu 0458 0,808 0.671 1.000
PhA 0350 0697 0691 0.856 1.000
AnT 0,067 -0,038 -0.218 0.238 0.196 1.000
FluA 0127 0353 0179 0463 0635 0418 1.000
Pyr 0193 033 0346 0569 0772 0377 0.960 1.000
BaA 0179 0517 0473 0701 0830 0338 0.873 0933 1.000
Chr 0360 038 0276 0421 0521 0570 0731 0702 0732 1.000
BbF 0490 0684 0719 0632 0776 —0,160 0,592 0.663 0.725 0,485 1.000
BkF 0418 0626 0720 057 0,761 —0,155 0.609 0.683 0,738 0,469 0.959 1,000
BaP 0064 0461 0403 0581 0825 0282 0853 0901 0910 0606 0705 0,734 1.000
InP 0,173 0565 0616 0631 0836 -0.015 0.664 0767 0868 0.446 0.866 0.879 0.879 1.000
DbA 0076 03380 0246 0249 0331 -0.191 0,383 0.342 0304 0061 0564 0583 0444 0,538 1.000
Bghip 0,108 0468 0420 0638 0866 0266 0846 0907 0940 0.632 0,734 0736 0957 0913 0474 1.000
t—PAH 0314 0624 0583 0736 0913 0245 0846 0912 0961 0708 0.856 0.857 0929 0925 0464 0954 1.000
TPH 0270 0655 0527 0676 0808 0065 0513 0562 0637 0376 0,741 069 0694 0806 0594 0,748 0773 1,000

PhA  AnT FluA Pyr BaA Chr BbF BkF BaP P DbA Behip tPAH TPH
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Table 17. PAHs concentrations(ng/g) according to the sampling depth

RA1-1 TA-1 [A1-2 1A2-2
Compounds

Om 2m 3m~ Om 2m 3m~ Om 2m 3m~ Om 2m 3m~
Naphthalene NaP 0.0 00 00 00 00 76 81 76 82 0.0 43 12,7
Acenaphthylene AcPy 2.7 235 166 00 00 1.2 80 00 0.0 0.0 2.0 0.0
Acenaphthene AcP 41 3.7 44 59 44 64 281 00 54 6.8 71 8.0
Fluorene Flu 6.3 62 124 76 00 84 8.9 00 1.7 10,5 132 11.0
Phenanthrene PhA 15,7 283 888 148 00 155 2580 94 357 379 2096 34.2
Anthracene AnT 7.4 40,0 660 76 00 59 16,3 48 7.7 9.9 92.3 6.4
Fluoranthene FluA 346 1482 1924 83 00 111 95,0 00 257 527 6310 30.1
Pyrene Pyr 220 2184 2080 180 78 202 12563 76 354 529 5151 364
benz[alanthracene BaA 94 2043 1583 61 42 638 126,1 2.7 86 30.8 4140 152
Chrysene Chr 19.0 4650 2635 173 83 151 1353 75 21.3 357 290.0 28,0
Benzo(b)fluoranthene BbF 60,9 8127 4903 390 29 230 2087 11.7 195 545 4564 612
Benzo(k)fluoranthene BkF 34.6 4647 2804 226 55 118 1192 65 110 364 20609 351
Benzo(a)pyrene BaP 26,2 3566 2298 1832 72 113 1348 71 96 17,5 3230 13.1

Indeno(1,2,3-c,d)pyrene InP 535 7570 609.2 445 120 233 3275 110 191 503 437.5 119
Dibenz(a, h)anthrathene DbA 513 1007 803 60 28 47 246 39 45 94 715 54
Benzo(g, h,1)perylene Bghip 424 3787 3003 275 86 207 1957 147 156 401 2041 23.3
t-PAH(ng/g) 390.0 36%6.9 30007 2384 63.6 1929 18966 944 2390 4455 33918 332.0
TPH(mg/Kg) 218 107 283 122 87 133 498 132 93 171 158 350
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