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Abstract

Between January and December 2014, We conducted a study about the characteristics seasond trend for POPs (persistent
organic pollutants) such as PCDDs/DFs (polychlorinated dibenzo-p-dioxins and dibenzofurans) and Co-planar PCBs
(polychlorinated biphenyl), PAHs (polycyclic aromatic hydrocarbons) in Tunnel and ambient air of Busan. The total
concentration of PCDDS/DFs was average 3.139 pg/Sm® in the two tunnels of Busan area and the TEQ concentration
applied I-TEF was the codfficient 0.090 pg-TEQ/Sm?, which shows a similar or lower levels than the average concentration
of 0.099 pg-TEQ/Sm® of ambient air for comparison. In the case of Co-PCBs, it was shown that tunnels areas in average
11.4 pg/Sm® was 2 times higher than ambient areas average of 4.3 pg/Sm®. However, it applying the toxic equivalent
value set by WHO in 2005, Unlike the measured value, the annual average concentration was shown to be 0.001 pg
WHO-TEQ / Sm3 in the tunnel areas, the ambient air areas, on average of 0.014, which was rather higher. As the result
of studying 16 PAHs specified as the managed species by US-EPA, thyd showed about 8 times higher levels than the
ambient air areas and they were not affected so much by the temperature or sampling time unlike ambient air areas.
It was found that diesel vehicles had a considerable impacts as a contamination source. In a gaseous / particulate phase
a result of PCDDs/DFs investigation in the tunnel air particulate matter, Co-PCBs are gaseous substances, PAHs were
found to be distributed evenly in gaseous and pariculate phase.
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HE skt (Fig. 2)
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Fig. 2. Air sampling scenes in the tunnel areas,

% TA-1 : 1,740m , transverse half way ventilation
TA-2 : 405m , natural ventilation
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2,3,4,7,8—PeCDF 2'.3,4,4',5—PeCB Acenaphthene
1,2,3,4,7,8—HxCDF 2,3',4,4' 5—PeCB Fluorene
1,2,3,6,7,8—HxCDF 2,3,4,4' 5—PeCB Phenanthrene
2,3,4,6,7,8—HxCDF 2,3,3',4,4'-PeCB Anthracene
1,2,3,7,8,9—-HxCDF 3,3',4,4',5—PeCB Fluoranthene
1,2,3,4,6,7,8—HpCDF 2,3',4,4',5,5'-HxCB Pyrene
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1,2,8,4,6,7,8—HpCDD Benzo(g,h,I)perylene
OCDD
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Fig. 2. Seasonal concentrations of Total Suspended Particulate (TSP) in tunnel and ambient air.

% A FFE © TA — Tunnel Air

AA — Ambient Air
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Table 2. Mean concentrations (I-TEF) of PCDDs/DFs in tunnel and ambient air (unit : pg-TEQ/Sm”’)
Compounds TA-1 TA-2 AA-1 AA-2 AA-3
2,3,7,8—TCDF 0.006 0.005 0.009 0.002 0.003
1,2,3,7,8-PeCDF 0.007 0.004 0.010 0.002 0.003
2,3,4,7,8—PeCDF 0.020 0.030 0.074 0.011 0.021
1,2,3,4,7,8—HxCDF 0.017 0.008 0.020 0.003 0.008
1,2,3,6,7,8—HxCDF 0.014 0.007 0.019 0.003 0.005
2,3,4,6,7,8—HxCDF 0.007 0.006 0.023 0.003 0.005
1,2,3,7,8,9—HxCDF 0.000 0.000 0.002 0.001 0.000
1,2,3,4,6,7,8—HpCDF 0.006 0.002 0.008 0.001 0.002
1,2,3,4,7,8,9—HpCDF 0.001 0.000 0.001 0.000 0.000
OCDF 0.000 0.000 0.001 0.000 0.000
2 PCDFs 0.078 0.063 0.167 0.026 0.047
2,3,7,8—TCDD 0.004 0.000 0.007 0.000 0.003
1,2,3,7,8—=PeCDD 0.007 0.008 0.013 0.003 0.005
1,2,3,4,7,8—HxCDD 0.001 0.000 0.002 0.000 0.002
1,2,3,6,7,8—HxCDD 0.004 0.001 0.005 0.001 0.003
1,2,3,7,8,9—HxCDD 0.002 0.002 0.004 0.001 0.002
1,2,3,4,6,7,8—HpCDD 0.005 0.001 0.002 0.001 0.001
OCDD 0,003 0.000 0.001 0.000 0.000
2 PCDDs 0.026 0.013 0.033 0.006 0.016
>, PCDDs/DFs 0.104 0.075 0.201 0.033 0.063

¥ AFGLE . TA — Tunnel Air AA — Ambient Air

Table 3. Mean concentrations (WHO-TEF) of Co—PCBs in tunnel and ambient air
(unit : pg WHO-TEQ/Sm”)

Compounds TA-1 TA—-2 AA-1 AA-2 AA-3
3,4,4'.5-TeCB 0.000 0.000 0.000 0.000 0.000
3,3',4,4'-TeCB 0.000 0.000 0.000 0.000 0.000
2',3,4,4',5—PeCB 0.000 0.000 0.000 0.000 0.000
2,3',4,4' 5—PeCB 0.000 0.000 0.000 0.000 0.000
2,3,4,4',5—PeCB 0.000 0.000 0.000 0.000 0.000
2,3,3',4,4'-PeCB 0.000 0.000 0.000 0.000 0.000
3,3',4,4',5—PeCB 0.001 0.001 0.019 0.008 0.012
2,3',4,4',5,5'-HxCB 0.000 0.000 0.000 0.000 0.000
2,3,3',4,4',5—HxCB 0.000 0.000 0.000 0.000 0.000
2,3,8,4,4',5'-HxCB 0.000 0.000 0.000 0.000 0.000
3,3,4,4',5,5'-HxCB 0.000 0.000 0.002 0.000 0.001
2,3,8,4,4',5,5'-HpCB 0.000 0.000 0.000 0.000 0.000

2/ Co—PCBs 0.001 0.001 0.021 0.008 0.013

¥ AATLE . TA — Tunnel Air AA — Ambient Air
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Fig. 6. Profiles of total PAHs in tunnel, Busan.



d 37 & vFRAEE S ot A+ 221
Table 4. Seasonal and phase distribution of PAHs according to the sampling areas (ng/Sm®)
Sampling time
Sampling sites Phase 1st 2nd 3rd 4th Average
Winter Spring Summer Fall
Particulate 62.39 42.05 91.06 84.23 69.93
TA-1 Vapor 63.11 43.42 58.97 7.46 43.24
Tunnel Air Total 125,51 85.47 150.03 91.69 113.18
(IA) Particulate 53.96 32.68 57.80 37.70 45.53
TA-2 Vapor 51,50 46,04 46,65 46,22 47,60
Total 105,46 78,73 104.45 83.92 93.14
Particulate 58.18 37.37 77.43 60.97 58.49
(Tgﬁg{fm Vapor 57.30 44,73 52.81 26.84 45,42
Total 115.48 82.10 127,24 87.80 103.16
Particulate 7.58 5.08 2.53 4.11 4.83
AA-1 Vapor 11.92 10.87 5.25 8.76 9.20
Total 19.50 15.95 .77 12.86 14.02
Particulate 6.48 1.62 3.64 2.47 3.95
Am?:i; Alr AA-2 Vapor 14.24 3.92 3.21 2.59 5.99
Total 20.71 5.54 6.85 5.06 9.54
Particulate 10.15 6.26 2.20 0.21 4,71
AA-3 Vapor 27.43 7.32 3.71 6.88 11.34
Total 37.58 13.57 5.91 7.09 16.04
Particulate 8.07 4.32 2.79 2.26 4.36
( Aﬁ&iﬁgzr) Vapor 17.86 7.37 4.06 6.13 8.86
Total 25.93 11.69 6.84 8.39 13.21

Table 5. Comparison of PAHs concentrations (ng/Sm?)

concentrations reported from other locations

in tunnel air measured in this study with

Location

PAHs

Sampling time

References

TA-1

85.47~125.51
(113.18)

Busan, Korea

TA-2

78.73~105.46
(93.14)

2014

This study

NS

122,28~347.05
(209.48)

Seoul, Korea

HJ

70.24~115.29
(91.73)

2007~2011

Park et al.(2013)

Risbon, Portugal

348

% 28 species

2007

Oliveira et al,(2011)%*
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