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Abstract

Historical emission data for 11 polychlorinated biphenyls (PCBs) and a regional multimedia environmental
model, CoZMo-POP 2, were used to predict air concentrations and congener patterns in Korea. The total emission
value for South Korea was allocated to sub-provinces and cities based on their population. The spatial distribution
of PCB emissions was generally correlated with that of measured atmospheric levels, suggesting that population
could be a good surrogate for the intensity of PCB emission in Korea. The simulated time trends of air concentra-
tions well reflected those of emission with a peak in the mid-1970s and insignificant levels in the 2030s. The model
predicted that the contribution of volatile PCBs had increased after emission reduction in the 1970s. This trend
would continue until the early 2030s. The measured and modeled PCB levels in the 2000s were in an agreement of
an order of magnitude, and their congener patterns were very similar. Consequently, despite of high uncertainty for
emission estimates, the emission data for Korea used in this study is considered to be reliable. The results of this
study could be compared with simulation data based on a new emission inventory to be developed by measure-

ments in the near future.
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Table 1. Meteorological parameters of South Korea used in CoZMo-POP 2.

Month Air Terrestrial Wind speed Precipitation OH concentration
temperature (°C) temperature (°C) (m/s) (mm) (molecules/cm?)
Jan. —1.1 0.6 24 32 120000
Feb. 0.7 2.0 2.5 37 175000
Mar. 5.5 6.8 2.4 60 250000
Apr. 11.9 13.5 2.5 93 400000
May 16.8 19.4 2.2 103 550000
Jun. 20.9 23.7 1.9 169 650000
Jul. 24.3 26.5 1.9 262 650000
Aug. 249 2715 1.8 262 550000
Sep. 20.1 227 1.7 149 400000
Oct. 14.0 16.3 1.8 56 250000
Nov. 74 8.8 2.1 52 175000
Dec. 1.4 2.8 2.2 27 120000

Table 2. Hydrology parameters of South Korea used in

Table 3. Forest parameters of South Korea used in CoZMo

CoZMo-POP 2. -POP 2.
Parameter Value Parameter Value
Surface area of drainage basin (m?) 9.95x 10" Fraction of drainage basin 0.63
Fraction covered by lakes and rivers 0.014 covered by forest :
Fraction covered by uncultivated soils 0.169 Fraction of forest area covered 0.58
Surface area of estuary (m?) 2.98 x 10’ by coniferous trees :
Surface area of coastal basin (m?) 9.56 x 10" Coniferous Deciduous
Average depth of freshwater (m) 1 Canopy \;oluzmc per ground 0.00677 0.00694
Average depth of estuary (m) 10 area (m’/m”) )
Average depth of coastal basin (m) 163 Factor M in partitioning
- relationship for canopies 38 14
Rain rate (cm/yr) - 130.2 (Kea=M - Koa™)
Evaporation fraction of input from freshwater 0.2 Exponent N in partitioning 0.69 0.76
from forest soil 0.25 relationship for canopies ) ’
from agricultural and uncultivated soil 0.6 Dry gaseous deposition
. - 42.1 130
from coniferous canopy 0.4 velocity (m/h)
from deciduous canopy 0.4 Dry particulate deposition
- 34 27
velocity (m/h)
Average needle age (year) 5 -
HA YA 52 EAA, ZpAY #HE 23 Fraction of leaves which stays _ 0.1
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on trees during winter

Deciduous canopy development (JD)

Start of growth 90
End of growth 180
Start of falling 270
End of falling 330

2100374#] =72 Al ALE 9o} (Breivik er al., 2007,
2002a, b). PCBs v} &2 =A Al 71| W52 v
o} (1) PCB &% AE(55%), (2) 718 A= (=¥,
of] 47}, 42y A4, B4 33%), (3) AknE Q%
& (Boko R £& A 12%). o) FolAM 1A
T HlFE AR Ee skl e 29 Eead
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Fig. 1. Total emission of 22 PCBs in Asia for the year 2005. The mid-emission scenario by Breivik et al. (2007) was used.
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Fig. 2. Total 22 PCB emissions from sub-provinces and
cities in South Korea for the year 2004 and amo-
unts of 31 PCBs sequestrated by passive air sam-
plers from September 2004 to November 2004 (Ja-
ward et al., 2005).
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Fig. 3. Comparison between measured X;;PCB levels
(Jaward et al., 2005) and emission estimates for
sub-provinces and cities in South Korea. Data for
Seoul was not included; see text for details.
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Fig. 4. Historical PCB emissions in South Korea estimated by Breivik et al. (2007) and simulated concentrations for 11

selected PCB congeners using CoZMo-POP 2.
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Fig. 5. Congener fractions of each PCB to the total emissions and concentrations for 5 selected years (1950, 1970, 1990,

2010, 2030).
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Table 4. Concentrations of selected PCB congeners modeled in this study and measured in previous studies (pg/m?).

PCB PCB

PCB

PCB

PCB

PCB PCB

PCB

PCB

Site Period g 52 101 -105 118 -138 -153 -8 -194 U™ Reference
South Korea Year 2000 260 104 043 0.19 031 019 024 005 001 5.05 This study
Seoul {urban) Jul. 1999~ 1434 790 10.74 282 211 326 1.00 42.17  Yeoeral., 2004

Jan. 2000
Jul. 1999 ~
Anseong (rural) Jan. 2000 8.39 2.00 4.37 0.80 0.55 0.19 16.30 Yeo er al., 2004
Sep. 2001 ~
Anseong (rural) 1223 6.14 3.66 0.99 1.05 1.18 054 034 26.13 Yeoeral, 2003a
Jul. 2002
Gosan (remote)  Jun. 2003 1.67 087 0.28 0.08 0.17 0.16 0.06 3.50 Lammel et al., 2007
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Fig. 6. Congener fractions of 9 PCBs modeled and mea-
sured in South Korea.
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