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In this study, the influence of climate change on the fate of chlorinated Persistent Organic Pollutants (POPs) in
Ulsan, South Korea was evaluated using a multimedia environmental fate model (CoZMo-POP 2). PCB-28 and
PCB-153, representative POPs, were selected for the modeling with the temperature changes (+5.0°C and £2.5°C).
Results indicate that the long-term trends of PCB concentrations reflect an emission scenario, with the exception of
PCB-153 in soil and sediment. In particular, when the temperature increased, the concentrations of PCBs in the atmo-
sphere also increased; however, those of PCBs in other media (canopy, soil, water, and sediment) decreased. In con-
trast, the concentration of PCB-153 in a deciduous canopy increased with an increase in temperature due to the high
deposition velocity. Due to the temperature changes, the accumulation amounts of PCB-153 showed larger variations
from the current levels in the atmosphere, whereas PCB-28 showed larger variations in other media. More spe-
cifically, high-chlorinated PCBs mainly accumulated in forest soil, but their levels in the atmosphere demonstrated
the high impact caused by the temperature changes. Low-chlorinated PCB levels in the canopy and atmosphere were
also highly impacted by the temperature changes. The results of this study can be applied to establish long-term mon-
itoring plans and regulatory policies of POPs according to climate changes such as increases in temperatures.

Keywords: POPs, PCBs, Climate change, Multimedia environmental model, CoZMo-POP 2

LM B

Model Diagnosis and Intercomparison: PCMDI) =
wsle) 9L 3] A9 U9 2R
S5 71508} Al SRDS At 9lek?

Climate Research Programme: WCRP)Z} 715 e7dt} welr QAEE AsS ‘o

7]
A

ke
<>
3L

°

Panel on Climate Change: IPCC)= 7| 5H3lE 7% 253 7] 9 & A (Persistent  Organic  Pollutants:
RN, A, S5 59 Wl e e He POPs)e thE#¢l mgk EAEAZA 200530 2ESE
WS 717 Agshe dEE Aotk 715 ofe] waEe] Be #AS W) AR o]F o
sto] bFgt SAEC] A AFAoR A ledl 7], EY, A T o Al ARekal e

7123 A% vkl WA At 2 AF¥AH POPs BUEE A7t s8] =L Ut POPse
Q1 Wislel e wstel E9-9f 2F Re F7F 5 AN el 717 RS wiA 7k AsES A
o|xpAQl Wb Utk Wgh AAZ|FAT ZEId  ABE, POPs RUHY AFole B Al =90

2d Aok} AJed)w ZZ 03 (Program for Climate

"To whom correspondence should be addressed.

tjA] $rdlo] POPs Aol &8

Tel: 82-52-217-2811, Fax: 82-52-217-2859, E-mail: sdchoi@unist.ac.kr



Atk 53], 715stol ot 714 243 34 Hsl=
POPs 750l & o 3}o)
E 7141 2=2A P

5} 179,39 EH7]-7<L‘L ‘E_I_OH
2 1“‘132}011 oJgt 70*

N E}{R o ﬁ o
B o
[y :lg N
o L2 0=
R o —{o
L=
23 e
JX,;L' (o
The
L) 40
ol s
n
o i)
5 lo
ﬁ: b
= jﬂ,
o
N
ol
Iﬁ
o fu

2
fr

7155371 POPs Aol ]i]% Fl o
| At ol FEHskE dlEdhe 4
7h FE AL Ak 9] AgdATolrs &
3P F-(Polychlorinated Biphenyls: PCBs), SIA}
2 2l Al (Hexachlorobenzene: HCB), HAIZZZEA}
1229 F(Hexachlorocyclohexane: HCH) 52 T
o= 7]5Hste] o]k A A]7-2<Q] POPs S =HSHE of
SFATEHO S AdeApolMs Mest 4 A F
S oz ushaEeksla 4 (Polycyclic Aromatic
Hydrocarbons PAHs)?] FEH3E o &slgjom ) 7
AAR 7158 Al @5 2-8-8le] PAHsSH tholS2l
Fr(Polychlorinated Dibenzo Dioxins/Furans: PCDD/Fs)
o] Frwisks gofsilth? Jeivt s SN &
23 e 71es) ke SgmiAle] st vt
Soha, we oy S ABHol
EEENshelA sidet thajA] 3R] CoZMo-
POP 2 (Coastal Zone Model for Persistent Organic
Pollutants 2y= AFda}t 71498 235k Ut vl
AE 74 doemz S s wkgsilol A

O My Mool o
nR 2 o

L o, %%

oL

e X

4J S

o

o Jw

grsheh. B3k, PCBs= T3EAQl POPs2A Siheo]
a} - wle wele] Eel sk 5L T iR

T U712 wEEo] IAETS AXBR vt v
A ARG Ao %%El?it‘r. AgPAFor =
CoZMo-POP 25 o]&3td =] th7] & PCBs &=
g S oSsta, e XEe oA 33 F
PCBse| #7174 ee 3439 th319 =3], pCB-28
(2,44 -trichloro)#+ PCB-153 (2,2’,4,4°,5,5 -hexachloro)
2 717 BUEHY A3 g e 242 POPss:

i 4 e S8 548 g genz 7]
SHsle] e Hrislrlel Aget Edol)
E AForM= 715837 POPs Asol vX=

1% of

Mo Mo rE S oo

71
S Fetetr] gt 7xATEA A HE B
CoZMo-POP 25 &85 PCBse AA-H74<
3= Frhelgnh. A9st 229l peB-287 193}
A2l PCB-1538 tie s mdgs Fasialon,

2.1. ClOiH| =g

oA e RS AL (fugacity)yE ARE-ste] 518}
e Uﬁzﬂ 7+ AsCls, al, 54 5)S dSsh,
7], B, A & ke sEuiAlelA et 717F
ZEFee PHAER AvdTe] &8H k. 2
Ao e 2dy FHFR e JEzts WAol
£0]3 CoZMo-POP 22 AM&3ITE Rde] =pA|gh
Mzt o] Mg A=} 617

CoZMo-POP 2= 718291 84434 RY 7149, o

, Y7 BdE A FRE AEE 5 2

o, opeFst A7, A, B, g1, H
shsit), B A 2 1077, 89,
HEY, SHEY, vAKEY, @, B 5
71, 714 HAE)e] SAuAE FAste] =Y
FAsith. 2d JHEAERE =] Es)
549 vl 2tset B2dY glidA ] $4v)
A Azt 73RS AT CoZMo-POP 2=
Aee-g Z2aRo 2 T JYAEE 44 99
star WA = Uk

<3|

On-'

i

iy
I 2 M

>

O ot X mNy X
2 o Mo xR

i3

d

2.2, 24l Qlxi=z
22.1. %g] .Q.s]—z ___.1/51
PCBS-* - 7H«1 WA e 7d S G Ao g
A€ vgd 7z 9a7F UETE 10007 2@
% 5}@% 209%—% E3kep, X2k Ha sl whek
- He Rele =83 J(H%“é, A,
W7)e 7k 53], PCBse] HulAlSE Tl 4l
I} G2 AEEE 238 947 POPse] Hu)jA

s T U

b
SRS

xo;

£ A= PCBs 3I3HES] HulAlIGE et
A3} PCBs®] thifA] As-S 7FE 4 = PCB-28
7 3193} PCBsE RS 5 = PCB-153S 2dl
A=Az A48t PCB-283} PCB-1532 717+ 4
27F et 77 X8R SItEEA], AR 2575
9} 360.90]c}. BdlFol] ARE-gH i FEZ ] EuljAlet

W] 5 AAIS E2]-8led B4 2SS Table 19
AABFA



72 o]z -

Table 1. Input parameters for the physicochemical properties
of PCB-28 and PCB-153."

Parameter PCB-28 PCB-153
Molecular mass (g/mol) 257.5 360.9
Partition logKow 5.67 6.87
coefficient logK sy -1.93 -2.10
at 25°C logK o 7.60 8.97

Heat of oh dUgyw —21,000 -31,100
traff;fe‘r’ (}’/n‘;‘f)‘l’) AU,y 61,800 61,800

dUg, —82,800 —-92,900

Forest canopy 5,500 55,000

Half-life Soil 10,000 550,000

at 25°C (h) Water 5,500 55,000

Sediment 17,000 170,000
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Table 2. Environmental parameters of Ulsan in 2015 used as
input for CoZMo-POP 2.
Media

Parameter Value

Surface area of drainage basin (m”) 1.06 x 10°
Hydrology Surface area of estuary (m?) 3.50 x 107
Fraction covered by lakes and rivers ~ 0.03

Fraction of drainage basin covered

by forest 0.60
Fraction of forest area covered by 0.55
coniferous trees '
Forest

Canopy volume per ground area of

. 3 0.0059
coniferous trees (m’>/m)
Canopy volume per ground area of 0.0036

deciduous trees (m*/m)

Table 3. Meteorological parameters of Ulsan used as input in CoZMo-POP 2 (monthly averages over 30 years between 1985

and 2015).
Month Temperature Wind speed Precipitation OH concentration
(°C) (m/s) (mm) (molecules/cm?)'+19

Jan 1.9 2.4 34.5 120,000
Feb 3.8 2.4 42.1 175,000
Mar 7.9 2.4 67.8 250,000
Apr 13.5 24 95.6 400,000
May 18.0 2.1 106.4 550,000
Jun 214 1.9 166.3 650,000

Jul 25.1 2.0 227.5 650,000
Aug 25.9 2.0 238.4 550,000
Sep 21.5 2.0 168.8 400,000

Oct 16.2 1.9 58.2 250,000
Nov 10.1 1.9 45.1 175,000
Dec 4.1 22 23.6 120,000
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Fig. 1. Time trends of PCB-28 concentrations in 10 environmental media based on temperature changes.
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Fig. 2. Time trends of PCB-153 concentrations in 10 environmental media based on temperature changes.
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Fig. 3. Time trends of normalized concentrations for (a) PCB-28 and (b) PCB-153. Concentrations in each year are divided

by the sum of the concentrations between 1950 and 2050.
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Fig. 4. Mass balance of (a) PCB-28 and (b) PCB-153 in the terrestrial environment accumulated between 1950 and 2050.
Percent values in each media segment represent the accumulation variations as a result of a 2.5°C increase in

temperature.
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Table 4. Accumulation variations (%) of PCB-28 and PCB-153 in 10 environmental media at each temperature condition.

Compartments PCB-28 PCB-153
+5°C +2.5°C -2.5°C -5°C +5°C +2.5°C -2.5°C -5°C
Air +5.1 +5.0 -5.5 -8.6 +15.0 +8.7 -6.9 -10.1
Coniferous canopy -19.0 -10.2 +10.8 +19.3 -8.7 =52 +6.1 +12.8
Deciduous canopy -19.0 -10.5 +10.9 +20.3 +3.9 +2.2 2.3 -39
Forest soil -33.6 -21.2 +26.3 +53.5 —6.1 -3.6 +3.2 +6.2
Agricultural soil -31.5 -18.4 +21.4 +41.5 -5.8 -3.0 +4.2 +11.1
Uncultivated soil -31.5 -18.4 +21.3 +41.4 -5.7 -29 +4.1 +11.1
Fresh water -28.1 -15.8 +18.1 +30.2 —-18.5 -10.1 +10.4 +6.5
Fresh water sediment —45.7 -27.5 +37.1 +45.9 -26.1 —-14.5 +15.7 +7.3
Estuarine water -28.3 -15.9 +18.0 +31.2 -20.3 —-11.1 +11.5 +13.3
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Fig. 5. Amount ratios of (a) PCB-28 and (b) PCB-153 in 10 environmental media at each temperature condition.
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