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A Study on Analysis of Atmospheric Behavior of PCBs by an One-compartment Box Model

Kyoung-Soo Kim

Department of Environmental Engineering, Cheongju University

ABSTRACT : To analyze atmospheric fate of PCBs in the Kanto region, Japan, an one-compartment box model was used and the relation-
ship between behavior of each PCB homologue and air temperature was simulated. In addition, the emission rates and the deposition fluxes
in the overall Kanto region were estimated by the model. The total emission rate and deposition flux was 3,320 kg/yr and 1,480 kg/yr,
respectively. The contribution of advection was ranged from 22 to 38% among elimination processes(advection, dry & wet deposition and
degradation) of PCBs from atmosphere. The rates of degradation(OH radical process) for PCBs in the Kanto region would be negligible.
This study showed that one-compartment box model can be available to understand the overall atmospheric behavior of PCBs.

Key Words : Kanto Region of Japan, Ambient Air, PCB, One-compartment Box Model
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Fig. 1. One-compartment box model of the atmospheric
behavior of PCBs.
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Table 1. Environmental parameters in Kanto region of Japan

Parameter Symbol Value
Area of the Kanto region 32,400 km’
Width of air component W 180,000 m
Length of air component L 180,000 m
Height of air component h 400 m
Fraction of area
Needle-leaved forests 24%
Broadleaved forests 20%
Grassland, fields, and pastures 13%
Land for building 12%
Paddy fields 11%
Rivers,‘ lakes, and marshes 4%
Others 15%
TSP concentration TSP 53.1 pg/m’

Air concentration of the OH radical Cox 9.70x105 molecule/cm’

Wind speed

Annual average u 3.7(1.8-6.64) m/s
24 h vector annual average Uave 2.6(0.81-5.30) m/s
24 h vector summer average Ugve 2.5(0.78-5.2) m/s
24 h vector autumn average Uave 2.5(0.63-4.6) m/s
24 h vector winter average Uave 3.0(0.86-6.0) m/s
24 h vector spring average Ugve 2.6(0.93-5.3) m/s

Ambient temperature

Summer average T 24.1(17.5-25.7) C
Autumn average T 12.3(5.4-14.8) C
Winter average T 5.6(-2.2-8) C
Spring average T 17.8(11.5-19.5) C
Rain rate

Annual average Rain  125(95-173) mm/month
Summer average Rain  184(139-329) mm/month
Autumn average Rain  98(50-161) mm/month
Winter average Rain  75(38-127) mm/month
Spring average Rain  142(100-184) mm/month
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Table 2. Estimated concentrations of PCBs in atmosphere in ¢ =F/(F+A) = (K,xTSP)/(1 + K, xTSP) 2)
Kanto region of Japan
(pg/m’) o] S4151} PCBse 2 WA THHFEY A2, K,
Summer Autumn Winter Spring o5 o3t Wate] thate] van't Hoffe] 4'%0) 4hgvim
Gas Particle | Gas Particle | Gas Particle | Gas Particle a3 glom, K9 7183 ofgo e A A4
phase phase |phase phase |phase phase |phase phase gag.
3CB(215.8 0.0 1214 04 91.7 02 1474 0.0
4CB| 1350 0.2 75.2 0.9 55.6 2.0 920 04 logK, = mp/T + by 3)

5CB| 739 0.6 39.8 2.1 210 47 498 1.1
6CB| 29.0 0.8 144 24 8.5 4.2 190 13
7CB] 7.0 0.4 2.8 1.3 1.1 2.0 43 0.7
8CB| 1.1 0.2 0.2 0.5 0.1 0.5 0.5 0.3

A7\ mr, bre A4 HEE) NE mrg bt @oiA
9, 4 (2), A& o183t FFE TSP 5= tr] &=
RE 3EE ABTVL0G)S 7T F Atk

olg stk BEAGY gISEA 149G 348

9 A7AHE o §dtel, BF A9 ALY F24H A gy) g2 0|85 logK,S T BANCZRE mesh
AR 528 &0 1 A%E Table 20) Flslod U brE 72kt tTable 3).
B i
223. 1M AN
222. FR2-RURE 2 e Uy sxo e A4 AR vege I
7he-dA BlASKpm'/pe))ot FARENG)2 ol po xm 2zuq gohn
9 2& Joz AJXY 5 Yok
Fay = Vg x G+ V< Gy @
K, = (F/TSP) / A 4}
37|14 Fay [pg/m’/sle W7 & 72 2 QA 229 A
7N, Kym'pgye BMAS, Fpgm)e 4449 %, A AL, V, w52V, [msle 22 239 e
Apym)E 724 BEE Yehdth A4 24 SEoln}
Yamasaki 572 TSPEE7L 449 Zaas 434 # QA Y AAEEE YA IEF7] H 2o
A Zete 74 A 4 () AP 2H Pankow”
¢} Pankow$} Bidleman”o] A@# ATE S3e 9 B4 V, = S % Vi (5)
9 B24e 9438 AL L0 Uy & TSPEE
& st 4 QO YErd ¢ ok A7A fie AAEY P X9 AR Hg, Ve ¢

Table 3. Homologue specific parameters of the model in this study

Parameter Symbol Unit 3CB 4CB 5CB 6CB 7CB 8CB
Slope of Eq.(3) my x10'm’K/ng)  6.34 5.73 6.07 5.69 6.87 7.63
Intercept of Eq.(3) br (m’/ug) 2720 -23.75 -24.26 2246 -26.16 -28.19
Fraction of particles with aerodynamic diameter

> 7.0 pum (%) 23.9 222 24.9 245 26.2 223
33-7.0 pm (%) 12.7 132 14.6 13.7 15.0 12.0
2.0-33 pm (%) 14.9 16.7 18.0 17.6 15.5 11.2
1.1-2.0 pm (%) 15.6 16.6 17.0 16.1 15.2 11.9
< 1.1 pm (%) 33.0 31.3 25.6 28.0 28.1 42.6
Dry deposition velocity for particulate phase Vo cm/s 027 0.25 0.28 0.28 0.30 0.26
Dry deposition velocity for gas phase \'A cm/s 1.01 1.01 1.01 1.01 1.01 1.01
Washout for particulate phase A x10°(-) 4,077 1,467 850 362 211 143
Washout for gas phase We ) 84 83 99 117 125 150

%1072
OH reaction rate constant K'on 1.04 0.59 0.30 0.16 0.10 0.05

(cm*/mol/s)
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Fig. 2. Estimated temperature dependence of atmospheric behavior of PCBs by the model with annual average climate
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Fig. 3. Estimated deposmon fluxes of PCBs in the entire Kanto region calculated by the model with observed air

concentrations(kg/month).
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Table 4. Estimated emission rates of PCBs in the entire
Kanto region calculated by the model(kg/month)

Spring Summer  Autumn Winter Avg.

3ICB 1231 136.1 1233 107.1 1224
4CB 97.4 176.0 54.2 38.7 91.6
5CB 465 90.3 203 16.6 43.4
6CB 13.1 323 10.2 6.0 154
7CB 2.5 7.0 1.6 1.7 32
8CB 0.46 1.1 0.51 0.39 0.63
Total  283.0 442.9 210.1 1706 2767
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