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Abstract

Investigations of volatile organic compounds(VOCs) were conducted in Namsan No.3
and Hongjimun roadway tunnels in Seoul for the year 2007. The targeted VOCs in this
study were(1) the toxic aromatic hydrocarbons from fuel, some of which are carcinogens,
as toluene, benzene, ethylbenzene, m,p-xylene, o-xylene, 1,2.4-trimethylbenzene and (2)
CFCs from refrigerant causing ozone depletion such as freon 12(CFC-12), freon 114
(CFC-114), freon 11(CFC-11), freon 113(CFC-113) were also investigated.

The VOCs in the tunnel environment was influenced by temperature to exhibit low
concentrations in summer and high in winter. Toluene concentrations were the highest
as 20.7 and 28.7 ug/m' and m,p-xylene concentrations were followed as 12.4 and 11.9 ug
/m' at Namsan No.3 and Hongjimun tunnels respectively.

For CFCs, freon 114 concentrations were the highest as 1.24 and 4.50 xg/m' and
freon 12 concentrations were followed as 1.05 and 2.23 pg/m' at Namsan No.3 and

Hongjimun tunnels respectively.
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Table 2. Properties of analysed VOCs
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Table 1. Characteristics of each tunnel

Tunnel Length Lane(One way)
Namsan 3rd 1,260 m 2 lane
Hongjimun 1,890 m 3 lane

L

g3tk & AR 2 Sibata 230 mini

B g A= Carbotrap 3008 &2 o2 A}

pump= ©]-&3}e] o] 1.5~2.0L& 253

A717]1%= Markes AF9] d&27]9} Agilent /\H
GC/MSDE ol&stglon, 242 717] 27108 &

33k 4l vrehiie.

No. VOCs CAS No. Formula M.W.
1 Freon-12 75-71-8 CloCFy 120.91
2 Freon-114 76-14-2 CICFoCClFy 170.93
3 Freon-11 75-69-4 CCLF 137.38
4 Freon-113 76-13-1 CFyCICCLF 187.38
5  Benzene 71-43-2 CeHs 78.12
6 Toluene 108-88-3 CsHsCH3 92.15
7 Ethylbenzene 100-41-4 CeH5CoHs 106.17
8  m.p-Xylene }ggjigjg 1,3(4)-(CHa),CeH, 106.17
9  oXylene 95-47-6 1,2(CHs)2CsHa 106.17
10 1,2,4-Trimethylbenzene 95-63-6 1.2,4-(CH3)3CeHs 120.20

Table 3. Analytical conditions of ATD

Manufactures and Model name

Markes Unity thermal desorber

Tube desorption temperature
Tube desorption time
Tube desorption flow
Cold Trap adsorptive

Cold Trap Concentration temp./
Desorption temp.

300

10 min.
20 mL/min.
Carbotrap

Concentration temp. -10C
Desorption temp. 300C

Cold trap hold time 10 min.
Split Flow Rate Inlet Split : 0 mL/min, Outlet Split : 15.3 mL/min. Split Ratio : 15.3 :
Carrier gas He, 8 psi
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Table 4. Analytical conditions of GC/MS

Manufactures &
Model name

Agilent 5978B-6890N System

Agilent HP-1

GC column model 60 m % 0.32 mm * 1 um

1 mL/min

hold 40°C for 5min. and up to

200C by 8C/min and hold 2

min. and then up to 220C by
10C/min. and hold 8 min.

GC column flow

GC oven temp

lonization mode EI, 70 eV
Scan
MS Mode 45~550 amu
MS temp: Ton source : 230C
lon source

MS analyzer MS Quad. @ 150C
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Fig. 3. Monthly concentrations of CFCs in the
Namsan No.3 Tunnel.
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Fig. 2. Monthly concentrations of aromatic
hydrocarbons in the Hongjimun tunnel.
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Table 5. Correlations between aromatic hydrocarbons and meteorological factors in the Namsan

No.3 tunnel
Ethyl m,p- 1’2.'4_ ) . .
Benzene Toluene benzene Xylene o0—Xylene Trimethyl Traffic Temp. Humid. Wind
benzene
Benzene 1.00
Toluene 0.91 1.00
Ethylbenzene 0.95 0.95 1.00
m,p-Xylene 0.93 0.89 0.98 1.00
0-Xylene 0.96 0.95 0.96 0.93 1.00
1,2,4-Trimethylbenzene 0.79 0.68 0.83 0.85 0.71 1.00
Traffic 0.16 0.37 0.37 0.34 0.36 0.33  1.00
Temp. -0.22 -0.17 -0.18 -0.17 -0.35 -0.02 -0.03 1.00
Humid. -0.27 -0.27 -0.38 -0.34 -0.30 -0.38 -0.26 0.32 1.00
Wind -0.27 -0.29 -0.37 -0.42 -0.27 -0.43 -0.50 -0.38  0.06 1.00

Table 6. Correlations between aromatic hydrocarbons and meteorological factors in the Hongjumun

tunnel
Ethyl m,p- 1’2.'4_ ) . .
Benzene Toluene benzene Xylene o-Xylene Trimethyl Traffic Temp. Humid. Wind
benzene
Benzene 1.00
Toluene 0.85 1.00
Ethylbenzene 0.90 0.95 1.00
m,p-Xylene 0.89 0.90 0.96 1.00
0-Xylene 0.92 0.91 0.97 0.94 1.00
1,2,4-Trimethylbenzene  0.80 0.76 0.89 0.94 0.87 1.00
Traffic -0.24 -0.14 -0.20 -0.27 -0.16 -0.29  1.00
Temp. 0.10 0.01 0.04 0.00 -0.06 0.09 0.35 1.00
Humid. -0.30 -0.31 -0.41 -0.47 -0.35 -0.56  0.56 0.32 1.00
Wind -0.26 -0.38 -0.34  -0.39 -0.28 -0.40 -0.01 -0.38 0.06 1.00
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Fig. 3. Monthly concentrations of CFCs in the
Namsan No.3 Tunnel.
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Fig. 4. Monthly concentrations of CFCs in the
Hongjimun Tunnel.

Table 7. Correlations between CFCs and meteorological factors in the Namsan No. 3 tunnel

Freon 12 Freon 114 Freon 11 Freon 113 Traffic ~ Temp. Humid. Wind

Freon 12 1.00
Freon 114 0.61 1.00

Freon 11 0.86 0.47 1.00
Freon 113 0.75 0.30 0.66 1.00

Traffic 0.48 0.60 0.38 0.34 1.00

Temp. -0.21 -0.01 -0.03 -0.03 -0.03 1.00

Humid. -0.39 -0.06 -0.37 -0.30 -0.26 0.32 1.00

Wind -0.39 -0.22 -0.44 -0.44 -0.50 -0.38 0.06 1.00
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Table 8. Correlations between CFCs and meteorological factors in the Hongjumun tunnel

Freon 12 Freon 114  Freon 11  Freon 113  Traffic Temp. Humid. Wind
Freon 12 1.00
Freon 114 0.72 1.00
Freon 11 0.87 0.73 1.00
Freon 113 0.49 0.03 0.64 1.00
Traffic 0.07 0.31 -0.18 -0.54 1.00
Temp. 0.08 0.40 0.15 -0.19 0.35 1.00
Humid. -0.22 0.19 -0.34 -0.55 0.56 0.32 1.00
Wind -0.42 -0.28 -0.46 -0.36 -0.01 -0.38 0.06 1.00
A = CFCs= Zele 1149 =g 129 wao] &

3% HYH TAE HEdx
7é]r(VOCS 4 o—l—g

L
o

IN'
o
ot
i)
K"

H =

dAgo] 7]Qlg Wk VOCs9t Wl = e 7] 213
CFCsHE &eld 4= STt

ik 3% HdoA e VOCsE iy o=
EF4 20.7, m,p-ALA 12.4, AA 6.9, 1,2,4-
EduEuA 4.7, oLl 3.3, 2ga oA
@e 2.5 pg/mE L}E}”E}

v S2F Hde %4 28.7, m,p-AHg#

=

9, WAl 10.8, 1,2.4- E?Auﬂ%ﬂm 3.6, o=l
3.3, 283 o ALee 2.6 pug/m'E e
TS VOCse Bl 7H B $EE BHle

A Z7kstel AgHe Eopxlth BE%J aE
isires () dRaAs, 2%, ¢4
& = (09 FaAE 7}x1
o7 vttt ey FAE EHY

r1r
PAUI

oo A

N

)

o>

of

il

il

rlo

rlo

H

lo,

o

o

o

ju

=

m o

§o rlo
2

A ek

Pt

O F ey

gk FF/uAl ve] gro] Wit 3% E{de]
A4 3.0, TAE HYY A 2.7 2 Aty
VOCs9] F TS 3]ubg 2hefol] g Zlo=z
of St

Wik 35 EjdolA CFCsHe 3 =2 114
1.24, ZHL 12 1.05, Z#S 11 0.71, ZH&
113 0.20 pg/m' = YERSTE,

i EAE Ede] Ag dHe ZEe 114
450, T 12 2.23, Za< 11 1.80 182
g 113 0.28 pg/m'2 VERSTE,

segon ofFd ol wAo] yehtal <)
A4 AR 3t 9 F EAS A ARRSHA &
orvz %35ld gA ARl ko] 2 Zlo=

NEEES

B tirle] s Eote] Apgem QI
A g7] 9o EAS o= F glom A
o BIE AIT 4 gl oo wek gom 9l
Aol Az A&H AFE Tk ts ovglE
kg ol FaL, ool whel ], AAH &Y
& AN S 1S Fom AlmE

= ko

1. g=14d7)sd7d © A VOCs HlE Hd=
59 U AR 34 2004,
2. 8345 - 1 edT AT

01652.1, 2007.
3. Carvalho LRF, Vasconcellos PC and Pool
CS : Volatile organic compounds inside

M. ES

urban tunnels of Sdao paulo City, Brazil.
J of Geophysical Research, Vol. 7, 2005.

4. Hwa MY, Hsieh CC, Wu TC and Chang
LW : Real-world vehicle emissions and
VOCs profile in the Taipei tunnel located
at Taiwan Taipei area. Atmospheric
Environment, 36(12):1993~2002, 2002.

5. Niedojadlo A, Becker KH, Kurtenbach R
and Wiesen P : The contribution of traffic

- 393 -



and solvent use to the total NMVOC
emission in a German city derived from
measurements and CMB modelling.
Atmospheric Environment, 41(33):7108~
7126, 2007.

. Fraser MP, Cass GR and Simoneit BRT
: Gas-Phase and Particle-Phase Organic
Compounds Emitted from Motor Vehicle
Traffic in a Los Angeles Roadway
Tunnel. Environ. Sci. Technol., 32(14):
2051~2060, 1998.

. Legreid G, Reimann S, Steinbacher M,
Staehelin J, Young D and Stemmler K :
Measurements of OVOCs and NMHCs in
a Swiss Highway Tunnel for Estimation
of Road Transport Emissions. Environ.
Sci. Technol., 41(20):7060~7066, 2007.

. Stemmler K, Bugmann S, Buchmann B,
Reimann S and Staehelin J Large
decrease of VOC emissions of Switzerland’s
car fleet during the past decade : results
from a highway tunnel study. Atmospheric
Environment, 39(6):1009~1018, 2005.

. Stemmler K, O'Doherty S, Buchmann B

- 394 -

10.

11.

12.

13.

and Reimann S Emissions of the
Refrigerants HFC-134a, HCFC-22, and
CFC-12 from Road Traffic: Results from a
Tunnel Study(Gubrist Tunnel, Switzerland).
Environ. Sci. Technol., 38(7):1998~2004,
2004.

Rubin JI, Kean AJ, Harley RA, Millet
DB and Goldstein AH :
dependence of volatile organic compound

Temperature

evaporative emissions from motor vehicles.
J. of Geophysical Research, 111, 2006.
IARC(International Agency for Research
on Cancer) : Overall Evaluations of Carc-
inogenicity to Humans(http://monographs.
iarc.fr/ENG/Classification/crthgr01.php).
S 7| 8] ST L3] - o8
I A7 s= 4. p2l, 1998.

Bravo H, Sosa R, Sanchez P, Bueno E
and Gonzélez L Concentrations of
benzene and toluene in the atmosphere
of the southwestern area at the Mexico
City Metropolitan Zone. Atmospheric
Environment, 36(23):3843~3849, 2002.



