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Estimation of Long-term Trends of Polychlorinated Biphenyls (PCBS)
in Multimedia Environments of South Korea

Sung-Deuk Choi and Yoon-Seok Chang!'

Department of Physical and Environment Sciences, University of Toronto Scarborough, 1265 Military Trail,
Toronto, Ontario, Canada, M1C 1A4
Ischool of Environmental Science and Engineering, POSTECH (Pohang University of Science and Technology),
Pohang, 790-784, Korea

Long-term trends of 11 selected polychlorinated biphenyls (PCB-8, 28, 31, 52, 101, 105, 118, 138, 153, 180,
194) in various environmental compartments of South Korea between 1930 and 2030 were predicted using a
multimedia environmenta fate model, CoZMo-POP 2. The long-term trends were found to be affected by
properties of environmental compartments and PCB congeners (volatility, partition coefficients, and deg-
radation half-life). The PCB trendsin air, forest canopies, and water generally reflect the trend of emission with
a rapid decline after emission reduction, whereas those in soils and sediments show time lags of peak con-
centrations for different PCB congeners; Highly chlorinated congeners have more distinct time trends than
lowly chlorinated ones. Most of highly chlorinated congeners are expected to be accumulated in forest soil,
suggesting that it can be an important source of PCBs after the 2030s through continuous air-soil gas exchange.
The measured and modeled concentrations were comparable with an order of magnitude, and their congener
patterns were aso in good agreements. Long-term monitoring of PCBs for various environmental media in
Korea is required for further evaluation of simulated time trends in this study.

Key words: PCBs, long-term trend, multimedia environmental model
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Fig. 1. Modeling area of South Korea including Jeju island
and littoral sea.
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Table 1. Partition coefficients and degradation half-lives (1000 hours) for 11 PCB congeners used in CoZMo-POP 2 model

calculations. Data from ref 7

Homologue Congener MW log Kow log Kyw  log Kgp kon HL,; HL 0 HL,q
Di PCB-8 223.1 5.12 -2.04 734  15x107%2 55 3.1 55
Tri PCB-28 257.5 5.66 -1.91 785  1.0x1072 10 55 17
Tri PCB-31 257.5 5.78 -1.86 794  99x1073 10 55 17

Tetra PCB-52 292.0 5.91 -2.00 822  59x101 17 10 55
Penta PCB-101 3264 6.33 -2.01 873  3.0x1013 100 31 55
Penta PCB-105 326.4 6.82 225 953  3.0x10 31 31 55
Penta PCB-118 3264 6.69 -2.23 936  3.0x1073 100 31 55
Hexa PCB-138  360.9 7.22 -1.92 966  1.6x1073 170 55 170
Hexa PCB-153 360.9 6.87 -2.10 944  1.6x10" 550 55 170
Hepta PCB-180 395.3 7.16 -2.48 10.16  1.0x10° 1000 55 170
Octa PCB-194 429.8 7.76 2.75 1113 5.0x10"° 1700 55 170
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Fig. 2. Time trends of emissions of 11 selected PCB congeners (a) and congener fractions of total amounts emitted from

1930 to 2030 (b). Data from ref 3.
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Fig. 3. Time trends of PCB congener concentrations for different environmental compartments in South Korea predicted
by CoZMo-POP 2.
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Fig. 6. Amount ratios of four PCB congeners in environmental compartments between 1930 and 2030.
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Table 2. Concentrations of selected PCB congeners measured in previous studies and modeled in this study for the year

2000.
PCB- PCB- PCB- PCB- PCB- PCB- PCB- PCB- PCB- Sum  Reference
28 52 101 105 118 138 153 180 194

Air-measured (pg/m?) 10.3 4.07 4.02 0.04 0.50 0.61 0.87 0.37 0.00 20.8 20, 21, 22
Air-modeled 2.60 1.04 0.43 0.19 0.31 0.19 0.24 0.05 0.01 5.05 This study
Needle-measured (pg/g) 402 80.5 63.5 26.0 44.0 27.0 24.0 26.0 0.00 693 16
Needle-modeled 64.8 432 38.7 16.8 43.8 37.2 4.1 14.0 2.83 310 This study
Fresh Sed-measured (ng/g) 1.00 0.95 1.50 0.42 0.26 0.17 0.72 0.52 0.00 5.54 23
Fresh Sed-modeled 0.02 0.07 0.07 0.03 0.07 0.11 0.15 0.07 0.02 0.60 This study
Coastal sed-measured (ng/g) 0.25 0.32 0.29 0.00 0.29 0.51 0.70 0.57 0.00 2.93 24, 25
Coastal sed-modeled 0.02 0.07 0.14 0.06 0.16 0.23 0.35 0.14 0.03 1.20 This study
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Fig. 7. Comparison of PCB congener fractions between modeled data for the year 2000 and measured data in Table 2.
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