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ABSTRACT

Polycyclic aromatic hydrocarbons (PAHs) have been analyzed to assess vertical distribution of them with
different land uses. The soils were collected from three layers; surface (0~ 5 cm), intermediate (6~ 10cm), and
deep (11 ~15cm) layer, respectively considering land use; paddy, upland, and mountain in each site. Total 89
samples of soil from 10 sites were analyzed. Overall mean of YPAHs were 137 (range 8.87~625 pg kg™'),
203 (range 16.5~645ug kg™"), and 83.4 pg kg’ (range 6.65~ 667 ug kg™') for paddy, upland, and mountain
soil, respectively. The dominant PAHs were fluoroanthene/benzo(b)fluoroanthene > pyrene > indeno(1, 2, 3-
cd)pyrene in paddy, fluoroanthene/pyrene > benzo(b)fluoroanthene > chrysene in upland, and benzo (b)fluoro-
anthene > pyrene > chrysene in mountain soil, whereas the profile was quite similar for each other except that
indeno(1, 2, 3-cd)pyrene and benzo(ghi)perylene are relatively higher in the paddy soils. Although the concen-
tration gradient by depth was not observed in the paddy and upland soils because perturbation of soil layer by
tillage, significant decrease was in the deep layer relative to the surface and intermediate layer. However, the
concentration gradient of PAHs by soil depth was clearly shown in mountain soil without experiencing distur-
bance of tillage.
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etal, 1989). PAHs & X wo]YdA] w1 uko}b
4 ez wRdel dAda 87 fess
Z¥FH 1 9)3 (Mumtaz ef al., 1996; Shor et al.,
2004), ]2 Qs AXZ7IAME 7] Y Eofell
Al AF718E Az ¢lo) (Wilson and Jones,
1993). e]o]l w2} PAHs®] Wl&& Zo]7] $8 =
AEx AP g} Jones e al., 1992; Jacob et al.,
1997). cpo¥gt o2 He] d7)E S 7
FridHe] FAMAE 73] Hufol o8] spEHst
A 74 Foz Ak 9 AF5Hs PAHso| #3t
A7 A FrkE fE F23 e 4o|vh (Baek
et al., 1991; Cornelissen et al., 2006).

Eo)l|A] PAHs?| =+ F=2 FH 2dxde
23 A ol e Adezny A
o} 7] o] % (long-range atmospheric transport, LRAT)
o] sl ®oFol] A (deposition) Fe} (Aamot et al.,
1996). o134 mefol A=Y folPRS =}
F $71E3 nAdAte] R, R, o5/ 5
9] FA L B3 2 ARG Aol 5 &
o} (Cousins et al., 1999). o|w) v]=ZA §7]|3}5+E-9]
el 7P ZA FFE wAE Bk EF
F-7)E-o]} (Karickhoff, 1981). Eofg Hu]3)A}
AHAdE Hrkehed AN EF Hod AFE
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A Erd e B 4 9ok
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B2 7% 2 Rullel g8kE v]A 4 glch £
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I, =3 2 % Fele g AR &
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[I AT F71Ee] 2 AAFH gle] AR
Eoki= AF B I ¥t EE dn
A AL PEE adz Jd 2% F 4715
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(Matzner, 1984).

o] AT Eofo]&3el7} PAHs®] 42830
oAE g gebatuat e e o
FHLA A2 FAEAG e94e] e A9
FAAZEE A8F ZeoHE AFHste B
2N 3 v AR =Fe] PAHs 3HF
EA4E ¥ Mz g8 3FHNA ARE
W S EAEAH

Vol. 22, No. 2

1. EYAZ

=opAas AT 107 Aol s
ANBAF AL PAHs7) & =52 7Zo] o
A A @ FAZAY (T A ol ¢} w
ZE A3 FEAYG AA) L2 o] PAHsY
GFe 1= BAY & Y=F solch =L
oWz 3 5F(XEZE 0~5cm, 37+ 5~10cm,
AEF 11~ 15cm)oz AF3ch AF s 239
AgA e AAT F auger AHsted 2o
= AR st

)
HE

M
A1
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(Table 1). EFA|R 20¢S 16A)7F £<) dichloro-
methane-g& ©|-§-8}od SoxhletFZ7|oljA] F23}9
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F FE2AL InLE 55 F BHARE Yo
EoFE F2317] Aol Rz ZEE-Z (Naphthalene-
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Table 1. The abbreviations of PAHs quantified

Name Abb.
Acenaphthane Ace
Acenaphthylene Acy
Anthracene Ant
Benzo[a]anthracene BaA
Benzo[a]pyrene BaP
Benzo[b]fluoroanthene BbF
Benzo[g, h, i]perylene BgP
Benzo[k}fluoroanthene BkF
Chrysene Chr
Dibenzo[a, h]anthracene DaA
Fluoroanthene Fla
Fluorene Flu
Indeno[1, 2, 3-cd]pyrene IcP
Naphthalene Nap
Phenanthrene Phe
Pyrene Pyr
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di2, Perylene-di2)& &A7slicth A#EM L GC/MS
(GCQ, ThermoFinnigan, USA)E A}4-3}e] A9
Z A (full scan mode, mass range: 100~ 285 m/z)
oz FAsgv AR -8 A=yl A3 (DB-5
ms, 30 m X 0.25 mmID X 0.25 um film thickness, J &
W Sci., USA)& AHg3stlom, & (He) g 54
©2 40cm sec”! AP GC LBL 75°ClA
587 B2 & 150°C7HA] 25°C min'o 2, oA
265°C74A] 4°C min~' o2, njx]etoz 285°C7}HA|
30°C min"' o2 A% & 1087 #A8es =2
a5 Alse 1 ULE GCE FYstu 1, A&
EA7)e A A Y 2AP A AolAl delge] E
Ape]& (molecular ion)& Ag-8te] WHEFEAY
o2 Haage,
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Knoll, 1985; Mazzera et al., 1999). 22|31 A}&-=
BAWe NIST SRM 194128 AMg-ste] 72319
o oldl £4" SRMS| JFEMFEE AFH
(certified values)2] 76~180%2] ¥ $& Rtk

4. EHEA
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B 2R 104NN & % 2 AHES 5
32F9] Eokol4 deis) 3559 oM AF
ek F B4 Al £ 894 (= 30, W 30, At
2974) o5l A4 =ofel gt 7+ A PAHs %
S Table 20 VJepligich A4l 4 A8
IPAHs 5% = 'L, AFESIA 22 137 (84
8.87~625ug kg™"), 203 (9] 16.5~645ug kg™!)
9l 834 pug kg™ (BY 6.65~667ug kg™)ol Tk
PAHs ¥-=%& %> >4 EF €202 vePga.
Wa =gk Aol BAH f94e 94l

Table 2. The concentrations of PAHs in the soils with different use (ug kg™' soil)

PAHS! Paddy Upland Mountain
Mean Range Mean Range Mean Range

Nap 4.86 nd?~23.0 424 nd~22.5 351 nd~16.4
Acy 0.72 nd~1.97 0.84 nd~3.56 0.16 nd~1.39
Ace 0.90 nd~7.55 0.97 nd~3.76 1.12 nd~7.85
Fle 233 nd~7.55 1.72 0.70~4.48 1.26 nd~4.93
Phe 10.5 1.31~58.8 12.6 1.92~52.0 6.26 0.85~37.8
Ant 2.15 nd~14.8 2.03 nd~7.55 1.13 nd~4.19
Fla 18.7 0.92~93.5 30.3 1.40~148 11.1 0.69~79.2
Pyr 16.7 0.86~80.5 30.5 1.46~160 9.62 0.61~70.5
BaA 9.04 0.38~59.1 13.5 0.79~47.7 5.48 nd~52.5
Chr 14.4 0.48~59.7 220 0.92~68.6 8.43 nd~74.0
BbF 18.2 nd~67.5 28.9 2.45~98.3 10.7 nd~102
BkF 7.27 nd~28.1 10.2 1.88~33.5 4.46 nd~35.6
BaP 12.4 nd~64.9 17.0 nd~74.5 8.06 nd~84.0
IcP 8.86 nd~35.6 13.1 1.50~533 5.46 nd~489
DaA 2.15 nd~9.57 2.62 nd~11.7 1.30 nd~11.6
BgP 8.32 nd~304 12.5 1.26~539 5.34 nd~46.4

2PAHs 137 8.87~625 203 16.5~645 834 6.65~667

PRefer to Table 1 for the abbreviations. Znd: not detectable.



132 J. ENVIRON. TOXICOL.

Vol. 22, No. 2

Table 3. The contents of total PAHs in the sampled sites (g kg™" soil)

Paddy Upland Mountain
depth (cm) depth (cm) depth (cm)
0~5 6~10 10~15 0~5 6~10 10~15 0~5 6~10 10~15
Al 316 172 142 60.1 46.7 332 69.8 19.1 12.9
A2 90.8 58.0 111 48.2 38.9 22.7 55.3 57.1 29.9
A3 121 626 107 128 98.5 221 46.1 50.9 22.0
A4 151 151 26.2 303 645 266 667 330 419
A5 393 380 210 176 172 61.8 170 293 153
A6 152 98.6 113 440 612 166 67.6 23.7 10.5
A7 148 181 191 385 347 284 44.5 11.4 6.65
Mean 196 238 129 220 280 151 160 112 39.5
B1? 16.2 13.2 12.1 152 35.8 16.5 332 26.3 -
B2 19.3 8.87 11.5 176 172 327 243 15.9 10.3
B3 41.4 43.0 16.5 184 330 137 85.2 247 16.3
Mean 25.7 21.7 13.4 171 179 160 47.6 22.3 13.3

UThe sampled sites were in the areas with populated and industrialized cities. ?The sites were from rural areas without regional pollution

sources.

A5k, s} AR g ofol| A= PAHs 5 =3}elo] ogt
SAA frelAde] AAHRT (p<0.01). o] A
gt A olAt EX|9 o) gHMYel| e} {7131y
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HE 4718 202 Q] okl A =237t
AR o 2 o8l $7] wEo])c)(Matzner, 1984).
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Ul 544 =oke] HEFE 236 ug kg Brke
HlestAY okzb ek em (Nam et al., 2003), %]
28 EFex (220 ug kg H= HAEIT (Bu-
cheli er al., 2004). 2]k o] gk A= A2 &
EFolollA AHAFU] Wl AAHA w2
oAt $evtete] o HES vlwA A uked
3= Ztelvh. PAHs AEH 2 =EofoA = Fla/
BbF>Pyr>1IcP <o) 31, kol A= Fla/Pyr>
BbF > Chr, A8l 2o A= BbF>Pyr>Chrz H|
53 A BAAT =El A 6-3 PAHYQ] IcP
2} BgP7} A2 oz wo] HAEH A}
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Fig. 1. PAH concentrations in the soils with different dep-
ths.
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Fig. 2. PAH profiles of the soils with different depths, (a)
paddy soil, (b) upland soil, (c) mountain soil.
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3. PAHs Z=zujdn §M

Ex]eo]gol wE PAHs®| Ecokzle] ¥ PAH +
A A4 =292 Fig 2¢0 Jepisie &, 9,
AF ESF BF PAHs®| Zzahde] gleojA= {AF
39}t 2 Fla>BbF/Pyr>Chr 5 4~5%9]
PAHs7} F%-& ol itk L 8] slsiAde] 7H
ks 4R BaPe| A AMHESFAA AfdEl
v F-2 2pAE R glom = 3l WESfIME T
& AAEE e 4 s vy = g s
ol Al 1652 PAHs AR AR oM e
B8l AgkE BlFI Qo o] Kwilel v
2~4%) PAHs7} & ol gl leiA] =18 Aelet
E 718 A g8 Aoz o= o|E =9
oM F3 o|F9 L AL F dFale] =
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% PAHs®] A EZF o]Fo] Adxez A& Ae
HoiFT 9le, 7t B Kowdtel W2 Bl & <
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ARt ZAE Hefliglet. 18] 1 Fig. 40l FA4E
FAMoll 3t loading plotg RSl o] #AS
B3l = EF7F 3l Efel4 Helol whE PAHs
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Fig. 3. Principal component analysis of PAH data sorted by
(a) land use (P: paddy, U: upland, M: mountain) and
(b) soil depth sampled (A: 0~5cm, B: 5~10cm,
C:11~15cm).
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Fig. 4. PCA loading plot of the PAH data. Refer to Table 1
for the abbreviations.
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