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ABSTRACT

As the temperature has changed by climate change, changes in its own characteristic values of the chemical
substance or the movement and distribution of chemicals take place in accordance with the changes of hydrological
and meteorological phenomena. Depending on the impact of climate change on the chemical behavior, it is necessary
to understand and predict quantitative changes in the dynamics of the environment of pollutants due to climate
change in order to predict in advance the occurrence of environmental disasters, and minimize the impact on the
life and the environment after the incident. In this study, we have analysed and compared chemical fate models
validated by previous studies in terms of model configuration, application size and input/output factors. The potential
models applicable to municipal and industrial areas were selected on the basis of characteristic of each model,
availability of input parameters and consideration for climate change, identified the problems, and then presented
an approach to improve applicability.
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Table 1. Characteristics of chemical fate model

Model Characteristic Type Area Scale Sustance
To calculate the concentration and eventual migration path
of the contaminant distribution in the environment, and be Level T
CalTOX  utilized for the risk assessment for the humnan body on the California R TCE, PCE, Titume, PAHs
. . . L. model
basis of chemical and physical characteristics of hazardous
chemicals, as well as regional feather.
a-HCH, Atrazine, B[a]P,
To predict a multi-media behavior of the target chemicals Level T Chlordane, Chlorobenzene,
ChemCAN in Canada and evaluate the human exposure, regarding a model Canada R Hexachlorobenzene, LAS,
spatial target as one of the countries. Benzo(a)pyrene, pp-DDT,
PCB52, TCE, etc
To study behavior of PCBs in a domestic environment, and Level IV
Cozmo-POP be apphcable to various regions aroul}d the wgrld adding fugacity Urban areas L PCBs
brackish zone, offshore, and the pelagic to basically targe-
. . model
ted terrestrial environment.
Similar to POPsME in terms of principles and structure of
the model, it is to evaluate. a mplh-medlg beha.wor.a.nd hu- Level IV Urban arcas/ PAHSs, VOGS, OCIs, PCBs,
ECO2  man health hazard of chemicals in domestic major cities and model watershed L Alkylphenols, Phthalates
industrial areas targeted on the basis of material balance P ’
equations.
EDCSeoul To study the environmental behavior of Endocrine disrup-  Level IV South Korea/ L Alkylphenols, Phthalates, Ocls,
ting chemicals(EDCs). model watershed PCBs, PAHs
To compare be‘[we.en~ chemlca}s, and gvaluate the behz.mor Level Virtual Existing and new chemical
EQC  of the new and existing chemicals (with only a small input I, II, I . -
environments substances
data). model
EUSES To do .sne-spemﬁc assessment and human e)'(posure assess-  Level I Furope N Nev&{ chemicals, pesticides,
ment via the environment, food and consumption of products. model biocides, etc.
GlobeTox To 1.dent1fy ooncentraugn trends b.y environmental medla.and Global Global G DDT, PCB, DEHP, Pb
the impact of changes in model input parameters over time. model
Developed based on SimpleBox as a part of the primary ~ Non-steady
Globo targets, the Dutch decision-making system, it is to predict state nested
POP concentration trends over time by medium and identify the model Global G a-HCH, PCBs
impact of the model forecasts due to changes in input (fugacity
parameters. model)
To reflect the meterological and geographical characteristics
KoEFT-  in the entire area simultaneously, simulate the environmen-  Non-steady
PBTs tal fate of organic pollutants, and identify the spatial and state model South Korea R PCDDs./DFs, PAHs
temporal variability of contaminants at the same time.
To forecast the concentration of the chemical in accordance
KPOP- with changes in thé \.Jveathe.r factor such as tmeraume, Non-steady
cc short-wave solar radiation, wind speed and direction, and pre- state model South Korea R VOCGs, PHAs, PCDDs./DFs

cipitation patterns etc by reflecting the conditions of
climate change.

Journal of Climate Change Research 2015, Vol. 6, No. 2



7|EHEIE MRt SRISUASEHO| EA| - AEHXIY HEN o 125
Table 1. Continued
Model Characteristic Type Area Scale Sustance
Level IV Seoul/ PAHs, PCBs
PsSME  POPs | ist icti . ’ ’
POPs OPs long distance prediction model Kyeonggi-do Phthalates, PCDD/Fs

To review the media-specific EQO set to be harmonized
with each other by predicting the concentration ratio bet-
SimpleBox ween the media and take advantage of the prediction and

evaluation of the chemical’s concentration in the local
environment.

Level [, I Netherlands/

model Glopal  G'OR VOCs, DEHP, DBP, Cd, Cu

To predict environmental concentration of the contaminants
TRIM.Fate in the medium that are required for human exposure and

risk assessment.

Dynamic mass
balance model

United States N VOCs, PAHs, Hg

" Level T (equilibrium, steady), Level Il (equilibrium, non-steady), Level I (non-equilibrium, steady), Leve IV (non-equilibrium, non-steady).

™ G (global), C (continental), N (national), R (regional), L (local).
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Table 2. Input factor of models

Model

Input factors

CalTOX

- Meteorological data : average annual rainfall, average annual wind speed, air temperature
- Environmental data : runoff, soil infiltration, groundwater recharge, groundwater depth, amount of sediment, soil apparent density,

porosity, moisture content, weathering speed, depth of root area, dry deposition velocity, and mixing height, etc.

- Physical-chemical properties : molecular weight, melting point, vapor pressure, water solubility, Henry's law constant, octanol-

water partition coefficient(Kow), sorption coefficient, mass transfer and diffusion coefficient

ChemCAN

- Meteorological data : temperature, rainfall
- Topographical data : total surface area, total area of region
- Environmental data : mean depth of the soil, deposits and the coast, length of the coastline, width of the coast, subcompartment's

volume fraction and density, residence time, organic carbon content of a mass fraction, fish and plants liquid content of the
mass fraction

- Physical-chemical properties : emissions, solids-water partition coefficient, transfer coefficient

Cozmo-POP

- Meteorological data : temperature, soil surface temperature, wind speed, precipitation

- Topographical data: Land use fact heet

- Environmental data : precipitation evaporation rate by media, deposition rates

- Physical-chemical properties : partition coefficient, monthly average concentrations of atmospheric OH

ECO2

- Meteorological data : monthly statistic considering the seasonal variability
- Topographical data : topography, soil, road networks, rivers, land use, administrative district
- Physical-chemical properties : molecular weight, vapor pressure, octanol-water partition coefficient(Kow), diffusion rate, the

decomposition rate constant, emissions

EDCSeoul

- Meteorological data : wind direction, wind speed, precipitation, cloud cover, the intensity of light

- Topographical data : basin area, land use, land pibokdo, topographic maps, digital elevation data

- Environmental data : water depth, flow rate, flow rate, porosity, inlet concentration of mercury, PH, DOC, DOM, SS etc.
- Physical-chemical properties : reaction rate constant, the moving speed constant between the medium

EQC

- Physical-chemical properties : temperature, molecular weight, melting point, boiling point, vapor pressure, vapor density, water

solubility, Henry's law constant, half-life, octanol-water partition coefficient(Kow), distribution coefficient, emisson rate

EUSES

- Meteorological data : wind direction, wind speed, precipitation
- Topographical data : land area(excluding or include the sea), the area ratio(water, natural soil, agricultural, urban areas)
- Physical-chemical properties : molecular weight, melting point, boiling point, vapor pressure, water solubility, Henry's constant,

octanol-water partition coefficient(Kow), characteristics of raw resolution, the specific degradation rate constant of OH, emissions

GlobeTox

- Physical-chemical properties : molecular weight, Henry's law constant, vapour pressure, solubility, melting point, degradation,

heat of vaporisation/heat of solution, octanol-water partition coefficient(Kow), emission scenarios

Globo-POP

- Physical-chemical properties : half-life, partition coefficients, energy of phase transfer, vapor-OH reaction rate

KoEFT-PBTs

- Meteorological data : temperature, soil surface temperature, wind speed and precipitation
- Environmental data : land cover change, advection in air, wet deposition from air to the surface beneath, velocity of soil lea-

ching, organic carbon fraciton in natural solids, porosity, rates of sediment settling and re-suspension, burial rate, photolysis
rate, biodegradation

- Physical-chemical properties : Henry's Law constants, vapor pressure, octanol-water partition coefficient(Kow), mass transfer

coefficient

KPOP-CC

- Meteorological data : rainfall, precipitation frequency

- Topographical data : land cover, land slope, length of slope, soil properties

- Environmental data : organic matter content of the soil, soil-soil particle distribution balance function, etc.
- Physical-chemical properties : total suspended pending deals(TSP) and the vapor pressure, solubility, etc.
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Model

Input factors

- Meteorological data : temperature, wind speed, and mixing height
- Topographical data: land use, the particle size distribution data

POPsME

- Environmental data : velocity of river and the lake, concentration of the water body, organic matter content of the water body,

depth, bed slope
- Physical-chemical properties : molecular weight, vapor pressure, Henry's constant, octanol-water partition coefficient(Kow),
dissociation constant

- Meteorological data : wind direction, wind speed, precipitation, cloud cover, the intensity of light
- Topographical data : land use, land coverage, topography, elevation levels

TRIM.Fate

- Environmental data : porosity, depth, flow rate, basin area, the mercury inlet concentration, PH, DOC, DOM, SS, water tem-

perature, tide level, water density, cloud water content, diffusitivity in air, diffusitivity in water, settling velocity, resuspesion
velocity, etc.
- Physical-chemical properties : Henry's law constant(Kow), partition coefficient

Table 3. Output factor of models

Model Output factors
CalTOX Each media-specific amount of substance, concentration, material distribution
ChemCAN Partition coefficient, residence time, the concentration and amount of each medium
Cozmo-POP Concentration prediction in the environment
ECO2 Density calculation in each medium
EDCSeoul Concentration prediction by media
EQC Prediction of environmental distribution
EUSES Concentration predicted by media in each scale
GlobeTox Concentration change of the chemical over time
Globo-POP Pollution trends and distribution by environmental media
KoEFT-PBTs Prediction of of environmental concentration and distribution
KPOP-CC Prediction of pollutant's concentration change
POPsME The amount of contaminants in the medium inlet or outlet
TRIM.Fate Concentration prediction by media
Zte} EHl(partitioning) ol HHA o= BAEH, o]5 54 A H(Regional), A %(Local)oll IR ARl Tt #]
= o SR HiEAH R, HilE s 9 ASA 22 AEAGE 9 7 U SES, 718, 28R S
W% ST} Ao e 71 9 Aoege] Wsel g A% sjuolA Shasin], o] xelgby Rt slEdo s 7
00 Adsir e P W=t webs g dolld & o TR AlSEER, olF & W AxbE &4 9 7]
Hed 7es AFHeR A5E 5 ole Bde ATl B ARE Hesks 3ol 8=, ol avpHeR 5
o] 719 2GS0l THA R aEofof ity ] fI3f ARIHEAAE B = ek AHEAA <]

olggh Y Ak} thEmiE WollA 9] o]F54d H vk
S0 tgt AuE 2AR BYl 50| 7F 84E &
s9ick 1 Aa), ekl 23 A9 (Continental)a} T

ol Ao rjErols APES BYE, FRYE, 5
%, BAO S, YYTo] EFEL. B, B9 o] F
B2 59 714 9 87 el sl AL Wgel

pilire)

http: //www.ekscc.re.kr



128 M - o2

auz o9l FAXE gt 2ASH Hrk

oA o] AE B4 tEee ket dadt =
2] - ek B4l Tjst AR ARE AQfslaL, giFE US,
ATSDR(Agency for Toxic Substances and Disease Registry),
UNEP Screening Information Datasets for High Volume Che-

micals, Buropean Union Risk Assessment Report 5-of|4] &k
7hs%h QAR BAEI ol 7SSt wkE SshEd
7% olEg 91 oAl Aemele] 3] 9lo] 7]2el
Aag Asd 4 e AoR ditEch

45 7|=Hgt gt ug

AT o] o= e AE %
Il 2 RIRkEe] arejEo] ojn] theRt IR g
o] SofUAEL, 7|3 s} SAdol| diet aee FEsith 7|5

ofr
b=}
1
o
L
)
N
)

¥sk GEE WIgstol mPA Helo] Bt sehle o
Helarg 0w Bjof TuhAL 718, B4 5o JFL u
o EIT, S D S G S I 39 fEel 3
e, Zuer WBHE MIfsto] QM SAZY 0 AR ofF
3ol ik ER, 4 A7), 4717k Wl wek gl
HESBHES Blo] BAF 5 5 714 Tk mARAL, 24
o] met Hejabge] £F JFS WG FERAT 5
S e 2 o] el S JES M B4 A

83 4= QItKTable 4).

4.6. TA| - AMTIX|H TETHSREH O]
M

=9 sshEde] 3 F FEjol vXe 715 gk
of thgh Ao} 7| SHEF 9 thieA] E ARIER] i) @
FEA] WA 7t o] 55l 71x]= el gt g tAR
=2 EY2 2dlo] Heduel sAHE AmEgith

Oh(2013)-2- CoZmo-POP HEIS o] &3} 7|58/} POPs
Asol nA= GRS orelelgint. o] A+l wEH, 7| H
Slol| 2Jgt POPs A5 stehad o] Eejstetd 5441t 714
ol Qg Bxgl S Hole AoR RAERIL A&
=01, d719] Foll= B2 7%, 70| SIS X
Aolxel Fdto] S718t th7] =7t Sk A B
Aot 23y AR Eol EAske ZEBEESt | dofH]
E(PBDEs)2] A-¢-ole= 2388 7wk V1= s $41%
Ao Qe el EqFo g o wWol FU=EAL, Bl &
A% POPst= 7 S71=2 QIS EQRR-Eo] S7lste] '

off & ol $48 4 ek ehgek et BHER

I
1z
m
H
2%}
2]

Journal of Climate Change Research 2015, Vol. 6, No. 2

Table 4. Process and parameter to account for climate
change

Climate

. Process and parameter
change impact

Henry's law constants

Vapor pressure

Octanol-water partitioning coefficient(Kow)
Gas-atmospheric particle partition coefficient

Dissolved -suspended solids partition coefficient

Temperature . . .. .

Tipe Air-soil partition coefficient

effect
Partition coefficient between plant tissue and gas
Partition coefficient between sediment particle and water
Mass transfer coefficient (in combination with wind)
Reaction with OH radical for gas-phase PAHs in air
Photolysis rate in air, water, soil and sediment
Air-water mass transfer coefficient

Wind . .
Air-soil mass transfer coefficient

effect

Advection in air

Wet deposition from air to the surfaces beneath
Rain Velocity of soil leaching
effect Wet interception fraction by leaf surfaces

Wash-off of PAHs from leaf surfaces to soil

Ref: Cai J.J. 2013. Assessment of the impacts of climate change on
the contamination levels of polycyclic aromatic hydrocarbons in
multi-media environments, South Korea. Dissertation. Seoul Na-
tional University.
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Table 5. Description of models applied to industrial region

Model Description Application fields
. To distinguish between the atmosphere and soil emission

A non-st tate bal 1 h . .
CoZmo-POP o I;Orn:t izdyrres:r;f :rflviai;inz:idiegasej Olrilez Egj:rlit(})/u:przr(?zcns sources of POPs over a long period of time and study
(Oh, 2013) 8 . . o S app & the long-term behavior of POPs in the watershed for

around the world including brackish, coastal and ocean area. . .

large marine shoreline or the lakes.

A regional scale non-steady state model to reflect the meteoro-
KoEFT-PBTs logical and geographical feature throughout South Korea at the To evaluate climate change impact on the behavior and
(Lee, 2005; same time, simulate the behavior of the organic pollutants in the concentration levels of PAHs emissions in the environment,

Lee et al., 2004) environment, and determine the spatial and temporal variation of targeting South Korea.

the contaminants at the same time.

A non-steady state model to predict the concentration of the

KPOP-CC
(Jang, 2013)

chemical according to changes in the weather factor such as tem- To track changes in the dynamics of pollutants caused
perature, short-wave solar radiation, wind speed and direction, by climate change.
precipitation patterns considering climate change.
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