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Abstract

Analytical results for soil samples collected from six nearby highways, including
the Olympic highway were obtained to examine polycyclic aromatic hydrocarbons:PAHs
contained in soils near highways as line contamination source of the major Seoul area
were as follows.

1. The hydrogen ion concentration of the soil samples and traffic volume near
highways showed remarkable significance at a level of 0.01 indicating
differences existed among groups, but the percentage of water content and
amount of organic matter showed no significance in conformity with different
highways.

2. Fluorene was detected in the highest amount at 2.145ug/kg at the Namsan
beltway. The amounts of phenanthrene were in order of Namsan beltway
(NS)>BugaK skyway(BS)>Dongbu main way(DB)>Olympic highway(OP) at
46.945, 34.252, 27307, and 18.223 ug/kg, respectively. Naphthalene and
acenapthylene, fluorene possessing 2~3 rings showed a detection rate of 1.1%,
noacenapthene was detected with 434, 41.0, 39.6, 35.8% detecded for
pyrene>fluoranthene>chrysene>benzo(a)pyrene.

3. For the Olympic great way, which had the greatest traffic volume, naphthalene,
pyrene, benzo(a)anthracene, benzo(e)fluoranthene, indeno(1,2,3-c,d)pyrene and
benzo(ghi)perylene were detected at 3.17, 1.154, 1.396, 2.884, 1.384 and 3.916

times higher than at the Dongbu main way.
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4. The pH increased the greater the distance from the roadside. The correlation

coefficients between pH and oraganic matter, pyrene and benzo(ghi)perylene of

thePAHs decreased by -0.406,

-0.622 and -0.683, but no correlation was

detected between organic matter, pyrene and benzo(ghi)perylene. The correlation

between the soil formation depth and pH was positive, and organic matter,

water content, pyrene and benzo(ghi)perylene were strongly negative ; -0.714,

-0.645, -0.660 and -0.702, respectively.

5. The PAH components, except naphthalene, acenaphthylene and acenaphthene,

were very significant and also showed a grouping trend.
6. The highest total detection rate of 16 PAHs was 19.9% at 4-6m from the

roadside and then 16.0% at 6-8 m.

7. PAHs were detected 40.3% with 10~12.5% of organic matter, which was up 2
times higher than that of <5%, 5~7.5% and 7.5~10% in roadside soil.
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Table 1. Nomenclatures, Abbreviation and structural formula of 21 PAHs

No. Nomenclatures(IUPAC) Abbreviation Structure Formular (M. W)

L. Naphthalene NPTHL (Ij CioHiz (128)

2. Acenaphthylene ACNPL &j C12Hs (152)

3. Acenaphthene ACNPN &j CioHio (154)

4. Fluorene FLURN ) CioHio (154)

5. Phenanthrene PHEN (:& CuHio (178)

6.  Anthracene ANTER a0 CisHio (178)

7. Fluoranthene FLRTH C& Creliz (202)

8. Pyrene PYR @ CisHiz (202)

9. Benzo(c)phenanthrene BcPH (% CigHaa (228)

10.  Cyclopenta(c,d)pyrene CcdP L‘% CaoHag (226)

11.  Benzo(z)anthracene BaA :II? CisHiz (228)

12.  Chrysene CHRY CCSD CuHis (228)

13.  Benzo(e)pyrene BeP C(% CazHiz (252)

14.  Benzo(b)fluoranthene BbF C&(} CooHiz (252)

15.  Benzo(k)fluoranthene BkF (Ij% CaoHaz (252)

16.  Benzo(a)pyrene BaP o5 Conlos (252)

17.  Dibenz(a,h)anthracene DabA EE:C& CooHiy (278)

18.  Benzo(ghi)peryleae BghiP (gb’) CooHig (276)

19.  Indeno(1,2.3-c.d)pyrene 1123P oA CoHiy (276)

20.  Anthanthrene ANTHN % CaoHiz (276)

21.  Coronene COR @ CosHiz (300)

note) Fate and behavior of PAHs in the Ambient air. 1994.
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Table 2. The values of physical factors soil sampling as the road sites
Road Stat. item pH Water content(%) Ignition loss(%)  Vehicles(No.)
BS Mean 6.184 9.327 8.680 28.714
Std. deviation 0.587 5.682 3.265 17.632
DB Mean 7.381 9.517 7.071 591.033
Std. deviation 0.761 7.287 4.098 109.578
DI Mean 6.322 3.957 5.020 250.326
Std. deviation 0.914 4.371 1.175 145.102
NB Mean 8.189 10.681 7.079 359.217
Std. deviation 0.716 5.108 1.432 2.066
NS Mean 6.381 9.907 8.647 141.444
Std. deviation 1.503 7.889 3.603 82.117
0] Mean 7.342 9.916 6.644 901.270
Std. dev. 0.767 6.726 2.107 218.577
Total Mean 7.273 9.510 7.050 573.717
Std. deviation 1.042 6.535 2.897 322.519
Table 3. The variance analysis of the groups between physical factor and road
. Factor (:;;;i‘;l;’sﬂi j) Square sum Freedom degree Mean square F value S;jf;gggﬁi(f
pH 606.402(0.184) 43.061 6 7.177 9.740 1.62E-08
Water content 671.179(0.312) 247.209 6 41.201 0.963 0.454
Organic matter 656.200(0.281) 72.413 6 12.069 1.474 0.194
Vehicles 424.000(0.000) 8,797,932 4 2,199,483  104.587 5.1E-35
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Table 4. The PAHs statistics of the 115 samples in the roadside soil

N 5S O DB [ DI

KX CTTONB HEEE NS I OP —&—BS —X—DB
—%—DI —@—KX —+—NB —=—NS —A—OP

Detection
Compounds rate(%) Max. Mean(mg/kg)  Std. dev. Total
Naphthalene 0.9 0.270 0.007 0.035 0.757
Acenaphthylene 0.1 0.017 0.000 0.002 0.017
Fluorene 0.1 0.019 0.000 0.002 0.019
Phenanthrene 30.6 0.229 0.020 0.042 2.345
Anthracene 32.1 0.289 0.032 0.055 3.657
Fluoranthene 41.0 0.297 0.031 0.057 3.550
Pyrene 43.3 0.307 0.039 0.067 4.522
Benzo(a)anthracene 24.6 0.415 0.021 0.055 2.397
Chrysene 39.6 0.115 0.016 0.021 1.869
Benzo(b)fluoranthene 17.9 0.349 0.019 0.057 2.181
Benzo(k)fluoranthene 35.8 0.382 0.034 0.064 3.903
Benzo(a)pyrene 35.8 0.465 0.046 0.086 5.331
Indeno(1,2,3-cd)pyrene 6.0 0.337 0.010 0.044 1.101
Dibenzo((a,h)anthracene 3.7 0.034 0.001 0.004 0.059
Benzo(ghia)perylene 28.4 1.004 0.067 0.156 7.668
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Fig 4. The concentration comparison and variance of PAHs according to the roadside soil.
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Table 6. The physichemical factor chracteristics at NB sites soil

Statistics

Ttems N Minimum Maximum Mean Std. dev.
pH 21 6.49 9.28 8.189 0.716
Water content(%) 21 2.33 20.39 10.681 5.108
Organic matter(%) 21 5.71 10.93 7.079 1.432
Distance(m) 23 0.30 30.00 10.796 9.704
Depth(cm) 23 0.03 0.20 0.080 0.058
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Ypyrene = —0.040+8.3010 "z, +0.0152, +0.002z5 + 3.37E— 5z, +0.002z;
Ypghip = —0.056 — 0.002z, — 0.142z, +0.003z5 — 0.003z, + 0.028z;
P EREFIYH AP z, ¢ AEANFH o] g 1 EFAIRS pH
x P BEIZREY AY 1,  ASAF ol zy 1 EYAEY pH

Table 7. The correlationship coefficients of the physi-chemical factors and PAHs

Water Ignition

Items  Distance Depth pH content  loss Direction Vehicles Time NPTHL ACNPL FLURN PHEN
Distance 1
Depth 0.044 1
pH 0.127 0365 1
XZittzlt 0.137 -0.114 -0.224* 1
Tenition loss 0.004 -0.077 -0.378"* 0.613* 1
Direction ~ -0.141 -0.006 -0.297** -0.011  0.147 1
Vehicles ~ -0.152 -0.116 0.242* -0.038 -0.160 -0.463"* 1
imp““g 0.233* 0.033 0.217° 0.114 0.013 -0.219* -0.049 1
NPTHL 0.054 -0.064 -0.091  0.262* 0.213* -0.021  0.006  0.059 1
ACNPL -0.065 -0.001 -0.045 -0.023 0.003 0.368"* -0.170 -0.132 0.056 1
FLURN ~ -0.002 -0.039 -0.203* 0.165 0.163 -0.025 -0.150  0.075 0.079 -0.009 1
PHEN <0130 -0.149 -0.144  0.134 0.447 0.084 -0.037  0.062 0.067 0.159 0.346** 1
ANTHR ~ -0.126 -0.157 -0.124  0.108 0.413** 0.126 -0.007  0.030 0.029 0.165 0.066 0.941**
FLRTH <0139 -0.173 -0.301** 0.165 0.338"* 0.092 -0.102  0.085 0.079 0.139 0.441** 0.702**
PYR -0.203* -0.192° -0.242° 0.047 0.369** 0.063  0.008  0.050 0.049 0.083 0.378** 0.786"*
BaA 0100 -0.047 -0.207* 0.020 0.312* -0.005  0.009  0.027 0.098 0.074 0.282** 0.594**
CHRY 0147 -0.109 -0.245** 0.109 0.282"* 0.140 -0.022 -0.061 -0.001 0.084 0.441** 0.636"*
BbF -0.056 -0.119 -0.231* 0.264"* 0.442** -0.064  0.051  0.049 0.116 -0.032 0.323** 0.532**
BKF 0158 -0.150 -0.278"* 0.117 0.340** 0.180 -0.094  0.039 0.080 0.151 0.204* 0.668"*
BaP -0.140 -0.128 -0.157  0.101 0.298"* 0.107 -0.051  0.120 0.055 0.070 0.235* 0.739"*
1123P -0.034 -0.046 -0.338"* 0.134 0.248"* 0.168  -0.265"* 0.093 0.075 -0.020 0.696** 0.409**
DahA 0.016 -0.054 -0.264** 0.204* 0.226° -0.035 -0.211* 0.105 0.053 -0.012 0.802** 0.337**
BghiP 0132 -0.086 -0.089 -0.104 0.280** -0.114  0.038  0.008 0.084 -0.040 0.217* 0.531**

- 464 -



Table 7. (Continued)

Items ANTHR FLRTH PYR BaA CHRY  BbF BkF BaP  [123P DahA BghiP
ANTHR 1
FLRTH 0.609™ 1
PYR 0.695™ 0.870* 1
BaA 0.521™ 0.642** 0.711** 1
CHRY 0.576™ 0.736™* 0.748** 0.555™ 1
BbF 0.468™ 0.518" 0.504** 0.687™ 0.424™* 1
BkF 0.649™ 0.761** 0.757** 0.682" 0.686™* 0.582** 1
BaP 0.692"* 0.745"* 0.795** 0.624™ 0.672** 0.525** 0.886™" 1
1123P 0.241™ 0.546™" 0.485** 0.354™ 0.522** 0.309** 0.413** 0.407 ** 1
DahA 0.131  0.466*" 0.370** 0.206" 0.374** 0.242** 0.135 0.159  0.732"* 1
BghiP 0.451™ 0.308*" 0.582** 0.527** 0.236** 0.289** 0.147  0.271** 0.237" 0.238" 1

**. sinificance level(both) 0.01. * :
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Table 8. The physical-chemical caracteristics of PAHs

Henry's law  n-Octhanol-wa

5 5 Vapor Wat'e'r constant at  ter partition

Compounds MW  M.P(C) B.P(T) (kp;aess;;ec) ( sr(;lﬁlbgl;oyc) 95 coefficient

' Her (kPa - m%/mol)  (Log Kow)
Naphthalene 128.18 80.2 218i 1.1x10-2 3le,j 4.6x10-2 3.37
Acenaphylene 152.20 93 280 3.9x10-3 3.9d 1.5x10-1 4.07
Acenaphthene 154.20 96 279 2.1x10-3 3.9 9.1x10-3 3.93
Fluorene 166.23 118 295 8.7x10-5 4.64 2.1x10-2 4.18e
Phenanthrene 178.24 101 340 2.3x10-5 1.1e 2.6x10-2 4.57e
Anthracene 178.24 219 342 3.6x10-6 731 8.6x10-3 4.51
Fluoranthene 202.26 111 375 6.5x10-7 260 1.7 5.22
Pyrene 202.28 156 393 3.1x10-6 135 1.1x10-3 5.18
Chrysene 228.30 256 448 5.7x10-10 0.002 5.91
Benzo(a)anthracene 228.30 167 400 1.5x10-8 14 n.g. 5.61
Benzo(b)fluoranthene 252.32 168 481 6.7x10-8 1.2 5.1x10-3 6.12
Benzo(k)fluoranthene 252.32 217 480 2.1x10-8 0.76 n.g. 6.84
Benzo(a)pyrene 252.32 179 496 7.3x10-10 3.8 3.4x10-5 6.50
Dibenzo(a,hlanthracene 278.35 270 524 1.3x10-11  0.5(27°C) 7.0x10-6a 6.50
Benzo(ghi)perylene 276.34 278 545 1.4x10-11 0.26 2.7x10-5 7.10
Indeno(1,2,3-cd)pyrene  276.34 163 536 1.3x10-11 62b 2.9x10-5 6.58

Table 9. The correlationship coefficients between physical constant and t-PAHs

MW  MP B.P  Vapor Kf H Kow BS DB NB NS OoP
M.W 1 0.737* 0.991** -0.617** -0.158 -0.109 ~ 0.979** 0.157  0.158  0.279 0.509 0.386
M.P 1 0.753** -0.494 -0.281 -0.288  0.746"* 0.068  0.200  0.405 0.393  0.440
B.P 1 -0.631" -0.149 -0.128  0.981** 0.202 0.211  0.319 0.537** 0.433
Vapor 1 -0.079 -0.077 -0.611* -0.338 -0.379 -0.046 -0.367 -0.291
Kf 1 0.832"* -0.158 0.350  0.315 -0.060 0.164 0.094
H 1 -0.076 0.222  0.233 -0.090 0.077 0.010
Kow 1 0.254  0.282  0.340 0.562* 0.479
BS 1 0.884** -0.118 0.160  0.238
DB 1 0.214 0.421 0.585"
NB 1 0.836"* 0.853*
NS 1 0.915™
oP 1
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Fig. 9. The accumulation rate of PAHs as the
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