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Abstract

Twenty four individual polycyclic aromatic hydrocarbon (PAH) compounds both in gas- and particle-phase were
quantified in three tunnels (Namsan Tunnel 3, Jeongneung Tunnel, Bukak Tunnel) to characterize vehiculate emis-
sion of PAHs. Gas phase PAHs were dominant in tunnels which consisted of 85% of total PAHs concentrations.
Naphthalene and 2-methyl naphthalene were the most abundant gas phase PAH compounds, while the concentra-
tions of fluoranthene and pyrene were highest in the particle phase. Most (96%) of the gas phase PAH compounds
consisted of two- and three-aromatic rings whereas most of the particle phase PAHs were in four and five-rings (67%)
in tunnels. Average BaP-eq concentrations of PAHs in the particle phase (20.8 4 11.6 ng m™) was about twenty fold
higher than that in the gas phase (1.6+0.6 ng m™?). It means that the particle phase PAHs has more adverse health
effect than the gas phase PAHs even though the concentrations of the particle phase PAHs were lower than those of
the gas phase PAHs. Compared to previous studies reporting diagnostic ratios for specific PAH compounds, the pro-
file of individual PAH compounds measured in this study reflected well for the vehiculate emissions. We reported,
for the first time, on the results of the profile of individual PAH compounds measured in tunnels for both gas and
particle phases.
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Table 1. Concentrations of gas and particle phase PAHs at three different tunnels during February 2005.

(#102)9 'ON ‘0¢ 'TOA VSO T

Bukak Tunnel Jeongneung Tunnel Namsan Tunnel 3
Compounds Abbreviation ~ AM10~PMI10 PM10~ AM10 AM10~PMI10 PM10~ AM10 AM10~PMI10 PM10~ AMI10
Gas Particle Gas Particle Gas Particle Gas Particle Gas Particle Gas Particle

Naphthalene Nap 96.12 0.17 328.57 222 149.12 0.86 123.36 1.58 172.76 0.15 94.82 0.10
2-Methyl-naphthalene 2MNap 122.73 0.20 438.55 1.65 138.10 0.51 139.97 0.65 217.01 0.12 99.78 0.06
1-Methyl-naphthalene 1MNap 56.76 0.08 231.53 0.57 69.75 0.21 72.11 0.28 95.86 0.02 49.12 0.02
Biphenyl Bp 113.94 0.17 163.91 1.48 83.09 0.82 208.89 0.98 149.66 0.31 81.55 0.22
2,6-Dimethyl-naphthalene DMNap 104.00 0.22 184.70 1.23 53.90 0.39 75.57 0.53 156.46 0.18 50.57 0.15
Acenaphthylene Acy 144.18 0.48 146.36 1.42 97.11 1.05 191.17 1.28 205.57 0.27 60.46 0.27
Acenaphthene Ace 19.91 0.05 24.77 0.22 13.91 0.10 16.37 0.11 30.45 0.03 19.53 0.05
2,3,5-Trimethyl-naphthalene TMNap 55.04 0.25 50.41 0.59 23.00 0.22 33.92 0.30 35.92 0.10 17.37 0.08
Fluorene Flu 73.37 0.47 69.97 1.82 39.52 1.19 69.90 1.09 77.90 0.38 43.24 0.36
Phenanthrene Phen 117.37 7.52 155.26 23.60 91.78 16.93 150.20 17.25 137.89 5.88 104.97 3.66
Anthracene Anthr 32.86 1.69 26.46 4.57 14.24 2.57 27.84 2.99 34.81 1.38 17.51 0.74
1-Methyl-phenanthrene 1MPhen 14.97 3.00 12.44 7.95 8.43 3.70 9.99 4.49 14.12 1.84 7.49 1.03
Fluoranthene Flt 26.07 25.30 21.57 77.93 6.72 43.42 14.95 56.92 30.90 25.20 18.40 12.51
Pyrene Pyr 20.07 30.32 16.59 95.26 4.39 45.59 9.50 60.04 26.36 31.47 14.75 13.20
Benzo[a]anthracene BaA 0.07 11.47 0.11 32.54 0.05 10.25 0.04 18.70 0.16 14.71 0.62 5.13
Chrysene Chry 0.13 11.65 0.22 35.22 0.07 14.62 0.08 23.69 0.22 14.18 0.78 6.59
Benzo[b]fluoranthene BbF 0.04 9.83 0.02 32.97 0.02 11.76 0.03 20.22 0.06 14.35 0.69 6.99
Benzo[k]fluoranthene BKF 0.03 7.43 0.02 22.27 0.03 8.25 0.02 14.55 0.07 11.90 0.63 5.78
Benzo[e]pyrene BeP 0.03 8.36 N.D. 28.42 0.03 9.82 0.04 15.48 0.07 13.51 0.52 5.63
Benzo[a]pyrene BaP 0.02 6.93 N.D. 24.75 0.01 6.96 0.02 14.86 0.05 14.09 0.44 4.84
Perylene Per 1.02 1.66 N.D. 5.92 0.21 1.71 N.D. 3.00 0.02 2.82 0.09 1.02
Indeno[123-cd]pyrene Ind 0.04 9.12 0.01 34.17 0.03 10.37 0.03 22.38 0.10 24.68 0.79 9.41
Benzo[ghi]perylene BghiP 0.06 11.20 0.02 50.24 0.05 14.46 0.07 27.63 0.12 33.00 0.99 10.95
Dibenz[ah]anthracene DBahA N.D. 1.07 N.D. 0.89 0.01 1.03 N.D. 2.78 0.09 1.24 0.06 0.99
>_PAH 998.83 148.62 1871.49 487.91 793.59 206.79 1144.08 311.80 1386.61 211.82 685.16 89.80
BaP-eq 1.73 12.32 1.73 39.85 0.70 13.75 1.24 27.21 2.28 22.43 1.93 8.95
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Fig. 1. Gas and particle PAHs fractions, classified by the numbers of aromatic rings of individual PAH compounds.

Particle phase

Bukak Tunnel

two-aromatic
rings, 1%

three-aromatic
rings, 9%

Jeongneung Tunnel

two-aromatic
rings, 1%
three-aromatic
ings, 9%

Namsan Tunnel 3

two-aromatic
rings, 0%

three-aromatic

ings, 9%

J. KOSAE Vol. 30, No. 6(2014)



Bukak Tunnel

F(s)vueaa
- (9)diubg
F(9)pul
- (c)'°d

- (5)deg

- (5)deg
H(S)pg
F(5)4ag
F(P)Ayo

- (P)vea
(¥)IAd
()4
(€)uaudiNT
(e)yuy
(e)uayd
(e
(2)deN L
(€)oo
(e)koy
(2)deNna
(2)dg
(Z)deNNT
(2)deNnz
(2)den

80

T T T
o o o o
© < N

1001

(%) oney

Jeongneung Tunnel

F(S)vyeaa

F(9)diubg

F(9)pul

W (c)iad

F(G)dea

F(g)deg

F(g)da

F(G)dag

F(r)Auo

- (v)vea

(r)IAd

()4

(€)usudiNT
(€yuy
(e)uaud
(eni4
(Z)deNL
(g)oovy
(€)Aovy
(z)denina
(2)da
(z)deNIT
(2)deNe
(2)den

100+

T T
o o &
© © <

(%) oney

Namsan 3 Tunnel

[ Particle phase

mmm Gas phase

F(S)vyeaa
- (9)diubg
F(9)pul

W (c)iad
F(G)dea
F(g)deg
F(G)da
F(G)dag

- (r)Auo

- (v)vea
(¥)IAd
()4
(€)usudiNT
(€yuy
(e)uaud
(eni4
(2)deNL
(g)oovy
(€)Aovy
(z)denina
(2)da
(z)deNIT
(2)deNz
(2)den

T T T
o o o
© © <

100+

(%) oney

Fig. 2. Composition of individual PAH compounds in gas and particle phases at three different tunnels.
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Fig. 3. Comparison of individual PAH compositions in (a) gas and (b) particle phases of this study with previous results

(Ho et al., 2009; Wingfors et al., 2001).
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Table 2. Proposed Toxicity Equivalency Factors (TEFs) for
individual PAHs.

Compounds TEF*
Naphthalene 0.001
Acenaphthylene 0.001
Acenaphthene 0.001
Fluorene 0.0005
Phenanthrene 0.0005
Anthracene 0.0005
Fluoranthene 0.05
Pyrene 0.001
Benzo[a]anthracene 0.005
Chrysene 0.03
Benzo[b]fluoranthene 0.1
Benzo[k]fluoranthene 0.05
Benzo[e]pyrene 0.002
Benzo[a]pyrene 1
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Benzo[ghi]perylene 0.02

Dibenz[ah]anthracene 1.1
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