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ABSTRACTABSTRACT

Background: Environmental concentrations of substances can be estimated by K-CHESAR based on 
main, industrial, and use categories (MC/IC/UC) and ECETOC TRA based on environmental or specific 
environmental categories (ERC or spERC).

Objectives: Three different systems for estimating environmental concentrations were compared to figure out 
their order with possible reasons along with relationship of regional predicted environmental concentrations 
(PECregional) and final PEClocal for various uses of a substance.

Methods: Typical uses of the case substance and their corresponding ERCs were selected from the webpage 
of the European Chemical Agency. Proper MC/IC/UC and spERC were assigned to each ERC. Emission 
fractions were compared for each assessment code from the available database. PECs were calculated by 
three estimating systems: K-CHESAR using MC/IC/UC, ECETOC TRA using ERC, and ECETOC TRA 
using spERC with their default values for input parameters. Percentage of PECregional to PEClocal were manually 
calculated for each use.

Results: Emission factors decreased in the order of ERC > MC/IC/UC > spERC. Values of the final PEClocal 
derived as sum of PECregional and Clocal decreased in the order of calculations using ECETOC TRA-ERC>K-
CHESAR with MC/IC/UC>ECETOC TRA-spERC for all environmental media. Percentages of PECregional,water 
to PEClocal,water ranged from 0 to 10.3% in industrial uses calculated with MC/IC/UC and ERC but 96.3 to 100% 
in wide dispersive uses of ERC and spERC where values of Clocal,water are estimated to be very low.

Conclusions: ECETOC TRA generated the most refined PNEC values with spERC and the least with ERC, 
while K-CHESAR with MC/IC/UC generated values between the two results. The ratio of PECregional to PEClocal 
can be a good measure for performing suitable estimation of PNECs according to use.
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Highlights: 
ㆍ.The final PEClocal decreased in the 

order of calculations using ECETOC 
TRA-ERC>K-CHESAR with MC/IC/
UC>ECETOC TRA-spERC.

ㆍ.Percentages of PECregional to PEClocal tend 
to be 0% in industrial uses with MC/IC/
UC and ERC.

ㆍ.Percentages of PECregional to PEClocal tend 
to be close to 100% in wide dispersive 
uses of ERC and spERC.

ㆍ.Proper industrial category is not 
available for professional uses.
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I. 서    론

“화학물질의.등록.및.평가.등에.관한.법률”.(이하.“화평법”).

이행.과정에서.환경.중.예측농도(predicted.environmental.con-
centration,.PEC)의.계산은.노출평가.중.환경노출을.위한.사전.

단계로서.대상.물질의.취급조건과.위해성관리대책의.결정,.대

상물질의.배출량.계산과.배출량에.따른.환경농도.계산으로.이

루어진다.1).K-CHESAR.(Korea.CHEmical.Safety.Assessment.
and.Reporting.tool)는.환경.중.예측농도.계산.모형으로서,.한

국형.다매체동태모형(SimpleBox_STP_Korea)이.탑재되어.있

다.2,3)

대기,.물,.토양.등과.같은.서로.다른.균일한.모듈.내.및.모

듈.간.화학물질의.배출,.이동,.분해.등의.환경.거동을.예측하

는.방법은.1980년대.개발되기.시작하였다.4,5).SimpleBox는.이

러한.다매체동태모형(multimedia.mass.balance.models).중.하

나이며,.EUSES.(European.Union.System.for.the.Evaluation.of.
Substances).내의.regional.distribution.model에.사용되었고,.유

럽.CHESAR.툴의.한.부분을.구성함으로서,.2007년.시행된.유

럽.Registration,.Evaluation,.Authorisation.and.Restriction.of.
Chemicals.(REACH)의.법.이행.체계.내에서.전국(regional).규
모의.환경농도를.예측하는.근간이.되고.있다.6-9).또한,.한국형.

인자값을.반영한.SimpleBox.Korea를.통해.화평법의.PEC.계산

에도.사용되고.있다.1)

화학물질의.환경.농도.계산을.통해.환경.노출평가를.수행하

는데.자주.사용되는.또.다른.사용자친화적인.툴로서,.ECETOC.
TRA.(European.Centre. for.Ecotoxicology.and.Toxicology.of.
Chemicals’.Targeted.Risk.Assessment)가.있다.10-14).이.툴은.화

학물질이.작업자,.소비자.및.환경에.노출되어.야기하는.위해성

에.대해.계산하는.Tire.I.툴로서,.보수적인.환경배출범주(envi-
ronmental.release.category,.ERC).외에.환경.농도의.보정.평가

(refined.assessment)를.위해.각.산업협회에서.도출한.특수.환경

배출범주(Specific.ERC,.spERC)를15).v3.(2012)에서.탑재하여.

spERC에.의한.계산.출력이.가능해졌으며,.v3.1.(2014년)에서

는.추가.개발된.몇.개의.spERC가.업데이트되었다.12,13)

EUSES는.EU.REACH.및.BPR.(Biocidal.Products.Regulation).
이행.시의.환경.노출평가에.사용하고.CHESAR는.REACH.이
행에.사용하며,.ECHA에서는.CHESAR와.EUSES를.결합하는

(combine).CHESAR.플랫폼을.개발하고.있으며,16-19).기존에.

내재되어.있던.하수처리.모델인.SimpleTreat18).v4.0을.추가하

였고.CHESAR에도.EUSES.최신.버전이.병합되어.있다.16,17,19).

CHESAR의.배출.예측(release.estimates)은.ERCs,.배출계수(re-
lease.factor).혹은.spERCs를.사용할.수.있으며.최신.버전은.vs.
3.8.(2023년.6월)이다.20,21)

PEC.산출은.Fig..1에서와.같이.전단계에서.수행되는.배출량.

산출.결과가.큰.영향을.미치며.배출량은.용도.패턴(use.pattern)

과.관계가.있다.1,22).EUSES에서는.주요.분류체계(main.catego-
ry,.MC),.산업.분류체계(industrial.category,.IC).및.용도.분류

체계(use.category,.UC)를.사용하여.매체별.배출계수를.제시하

였고22,23).ECETOC에서는.환경배출.시나리오에.따라.총.24개

의.ERC를.사용할.수.있고,1,24).13개.산업별로.더.상세하고.산

업.특성.정보를.고려하여.생성해.놓은.spERC를.적용할.수.있

다.15,24-28).AISE.(International.Association.for.Soaps,.Detergents.
and.Maintenance.Products),.Cosmetic.Europe,.CEPE.(European.
Council.of. the.Paint,.Printing. Ink,.and.Artist’s.Colours.
Industry).등.13개.산업별.협회가.개발한.spERC.(예로,.AISE.
18개.spERC,.CEPE.29개.등)에.대한.상세.정보는.ecetocTRA-
Menv의.release.module.및.ERC.시트와24).각.협회별.발간물이

나.홈페이지를.참조하면.된다.29,30).

본.논문에서는.ERC.1,.2,.5,.6d,.8c를.갖는.사례물질을.Fig..
1의.절차에.따라.MC/IC/UC.분류.및.spERC도.적용하여.같은.

용도에.대한.환경배출범주,.특수.환경배출범주.및.산업.분류체

계에.의한.3가지.환경.배출계수를.비교해.보았다..또한.“환경.

중.예측농도”를.구함에.있어.ERC.및.spERC.기반의.ECETOC.
TRA에.의한.계산.결과와.MC/IC/UC에.의한.K-CHESAR.결과

를.비교하면서.특이점과.PEC.결과가.차이가.나는.원인을.파악

해.보고자.한다..

II. 재료 및 방법

1. 사용된 계산 프로그램
환경.중.예측농도(PEC).계산을.위해.화학물질.이행을.위한.

위해성자료.작성지원.프로그램인.K-CHESAR.5.0을.한국화

학물질관리협회.홈페이지에서.설치형으로.다운받아.사용하

Fig. 1. Workflow to calculate predicted environmental concentrations 
by K-CHESAR and ECETOC TRA
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였다.2,31).K-CHESAR.(Korea.CHEmical.Safety.Assessment.and.
Reporting.tool)는.환경.중.예측농도.계산.모형으로서,.화평법

에.따라.화학물질의.등록.시.제출해야.하는.위해성자료의.작성

을.지원하는.프로그램이며,.현재.2023년.1월.업데이트된.5.0.

버전이.사용되고.있다.2)

또한,.ECETOC.홈페이지를.통해.엑셀.형식의.ECETOC.TRA.
Model.v.3.1.통합.툴(integrated.tool)을.다운로드.후.설치(압축

풀기.실행)하였다.24).환경.평가.구동에.있어서.Step.1.(identifi-
cation.of.substances).및.Step.2.(physical-chemical.properties),.
Step.3c.환경.평가(environmental.assessment)를.사용자.인터페

이스(user.interface)에.입력을.하여.환경.농도를.산출하였다..

2. 물질 선정 및 물리화학적 특성 조사
대상.물질로는.REACH.및.화학물질등록평가법의.물질.등록.

대상이고,.생애.단계별로.다양한.용도를.갖는.유기화합물.중에

서.선정하였다..사례.물질로.선정한.glyceryl.propoxy.triacrylate
의.K-CHESAR.및.ECETOC.TRA.(environment).구동에.필요

한.물리적ㆍ화학적.특성(분자량,.증기압,.수용해도,.옥탄올/물.

분배계수,.생분해성)을.European.Chemical.Agency.(ECHA,.유
럽화학물질청)의.공개자료에서.조사하였다(Table.1).32)

Table 1. Minimum substance data collection for operating 
environmental assessment tools of K-CHESAR and ECETOC TRA

Parameter* Value of physical-chemical 
properties20)

Molecular weight 428 g/mol
LogKow† 2.52
Solubility in water 1,200 mg/L at 20°C
Vapor pressure 0.003 Pa at 20°C
Ready biodegradability Readily biodegradable
Koc‡ 123.8

*Substance name: glyceryl propoxy triacrylate, Cas no.: 52408-84-1.
†Kow: Octanol/water partition coefficient.
‡Koc: Organic carbon normalized adsorption coefficient.

Table 2a. (a) Uses defined and (b) emission fractions for each use according to different category systems of environmental emission
(a) Uses defined according to different emission category systems

No. Description of use Life cycle stage
Main categories/industrial categories/use categories Environmental release 

categories/specific ERC

MC IC UC ERC spERC

1 Manufacture of 
substance

Production*/ 
manufacture†

Ib (used in closed 
systems)

3 (chemical industry: 
chemicals used in 
synthesis)

55 (others)
not 33

ERC 1‡ Not available

2 Industrial formulation 
of preparation

Formulation*/
formulation†

III (non-dispersive 
use)

14 (paints, lacquers and 
varnished industry)

52 (viscosity 
adjustors)

ERC 2‡ CEPE SPERC 
2.1c.v1§

3 Industrial use as 
crosslinking agent in 
the polymer industry

Processing*/uses at 
industrial sites†

III (non-dispersive 
use [industrial 
point sources])

11 (polymers industry) 43 (process 
regulators)

ERC 6d‡ Not available

4 Industrial use in 
coatings resulting in 
inclusion into a matrix

Processing*/uses at 
industrial sites†

II (inclusion into 
or onto a matrix)

14 (paints, lacquers and 
varnished industry)

52 (viscosity 
adjustors)

ERC 5‡ CEPE SPERC 
5.1a.v1§

5 Professional use in 
coatings resulting in 
inclusion into a matrix 
(roller application or 
brushing)

Processing*/uses 
by professional 
workers†

IV (wide dispersive 
use)

Not available 52 (viscosity 
adjustors)

ERC 8c‡ CEPE SPERC 
8c.2a.v1§

*According to main categories, a proper sub-table of production, formulation or processing can be selected.
†According to life cycle description of REACH, manufacture, formulation, uses at industrial sites, uses by professional workers, consumer uses 
or article service life can be selected. 
‡ERC 1: Production of chemicals, ERC 2: Formulation of preparations, ERC 6d: Production of resins/rubbers, ERC 5: Industrial use resulting in 
inclusion into or onto a matrix, ERC 8c: Wide dispersive indoor use resulting in inclusion into or onto a matrix.
§CEPE: European Council of the Paint, Printing Ink, and Artists’ Colours Industry, CEPE SPERC 2.1c.v1: Formulation of organic solvent borne 
coating and inks-solids, CEPE SPERC 5.1a.v1: Industrial-spraying-indoor use-solids, CEPE SPERC 8c.2a.v1: Professional-brush/roller-indoor 
use-solids.
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3.  사례 물질의 용도 조사 및 용도별 세 가지 분류체계 

적용
ECHA.등록.자료로부터.사례.물질의.대표적인.용도.5개

를.선정하였고,33-36).용도별.국내.사용.톤.수는.국내.제조량.약.

1,200톤(용도.1)에.기반하여.전량.국내.사용.하에.제품으로의.

혼합(용도.2).및.고분자.산업에서의.공정.조절제로의.사용(용

도.3)에.동일량.각.600톤씩을.사용한다고.가정하였고,.용도.2

에서.만들어진.제품이.산업적.사용(용도.4).및.전문적.사용(용

도.5)에.동일량.각.300톤씩.가정하였다..조사된.각.용도에.화

학물질.배출계수를.구하기.위하여.EU.EUSES의.분류체계이면

서.K-CHESAR에서.사용하고.있는.MC,.IC,.UC.번호를.부여하

였고,1,22).비교를.위해.ECETOC.TRA에서.사용하고.있는.30개

의.ERC.코드.중에서.각.용도에.적합한.코드를.부여하였고.적

용가능한.spERC.코드를.찾아.함께.부여하였다(Table.2a).24).세
가지.분류체계.및.각.용도에.따라.코드가.부여되면.용도별로.환

경매체별.배출계수를.찾아볼.수.있으므로.배출계수.값을.찾

아1,22,24).비교를.위해.Table.2b에.별도로.나타내었다.

4. K-CHESAR 및 ECETOC TRA 입력 데이터
K-CHESAR.및.ECETOC.TRA의.입력.항목.중.물리화학적.

성질과.assessment.code는.Table.1의.값.및.Table.2의.코드를.입

력하였다..K-CHESAR의.용도별.사용.톤.수는.위.II-3에서.논

의한.바에.따라.용도.1~용도.5에.각.1,200,.600,.600,.300,.

300.톤을.입력하였고.총.사용량은.3,000.톤으로.자동.계산되

었다..아직.한국.버전이.없는.ECETOC.TRA는.유럽.버전을.사

용하였으며,.입력.항목.중.“annual.EU.tonnage”는.ERC.1,.2,.
6d,.5,.8c에.각.1,200,.600,.600,.300,.300톤을.입력하였고.

톤.수.관련.항목인.“fraction.of.M/I.tonnage.to.region”은.“an-
nual.EU.tonnage”의.양을.각.국가(region)에.배당하는.비율이

며.보수적으로.ERC.1,.2,.6d,.5에는.자동으로.비율.1을.적용

하고,.분산적.사용인.ERC.8c에는.0.1을.디폴트로.적용하게.되

어.있다..K-CHESAR를.이용한.PEC.계산.시.조업일수는.ECHA.
Guidance9)의.Table.R.16-2에.따른.값을.적용하였으며(Table.
3a).9).ECETOC.TRA를.이용한.PEC.계산의.경우.해당.모델에서

는.각.ERC/spERC별로.디폴트값을.자동.적용하는데.조업일수

비교를.위하여.이.값을.찾아24).Table.3b에.나타내었다..하수처

리장의.사용.여부(sewage.treatment.plant,.STP:.Y.or.N)는.모두.

사용한다고.입력하였다..spERC의.사용자가.현장에.맞도록.설

정하여.입력할.수.있는.항목인.하루.사용량(daily.amount.used.
at.site).항목은.별도로.입력하지.않았고.MspERC가.자동.계산

되어.사용되도록.하였다.

K-CHESAR은.용도.1~용도.5를.한.세트로.구동한.반면,.

ECETOC.TRA는.ERC가.부여된.용도.5개를.첫.세트로.구동하

였고,.ERC가.부여된.용도.1,.3과.spERC가.부여된.용도.2,.4,.5

를.두번째.세트로.구동하였다(Table.4a)..

5.  사례물질의 매체별 배출계수 확보 및  

전국 환경배출량(emission to region) 계산
MC/IC/UC.분류에.따른.배출계수는.EUSES.2.0.문헌22)의.

A-tables에.실려.있으며,.산업.분류체계(IC)를.중심으로.작성된.

Table 2b. (a) Uses defined and (b) emission fractions for each use according to different category systems of environmental emission
(b) Emission fractions for each use according to different assessment codes

No. Assessment codes
Emission fractions according to

MC/IC/UC*
Emission fractions according to

ERC and spERC†

Air Water Soil Air Water Soil

1 MC Ib/IC 3/UC 55 ERC 1 0 0.003 0.0001 0.05 0.06 0.0001
2 MC III/IC 14/UC 52 ERC 2 0.0025 0.02 0.0001 0.025 0.02 0.0001

CEPE SPERC 2.1c.v1 0.000097 0.00005 0
3 MC III/IC 11/UC 43 ERC 6d 0.075 0.00005 0.00001 0.35 0.00005 0.00025
4 MC II/IC 14/UC 52 ERC 5 0‡ 0.01‡ 0.005‡ 0.5 0.5 0.01

CEPE SPERC 5.1a.v1 0.02 0 0
5 MC IV/IC 15/0§/UC 52 ERC 8c Not available║ 0.15 0.01 0

CEPE SPERC 8c.2a.v1 0 0.01 0

*Emission fractions can be selected according to the life cycle stage of production, formulation, industrial use and private use in A-Tables of 
the corresponding industrial categories, Industrial use in coatings resulting in inclusion into a matrix, Professional use in coatings resulting in 
inclusion into a matrix.
†These default values for ERC and spERC are from the ‘Release module’ sheet in ECETOC TRA (environment) tool.
‡Emission factors for solvent-based paints were selected.
§Life cycle stage for professional uses is not available in IC 14 as well as the other ICs. Therefore, IC 15/0 with MC IV (wide dispersive uses) was 
tried according to the reference (p23).22)

║Emission factor 0 was manually input for all media for K-CHESAR operation.
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표를.시작으로.결정인자를.구분해.가면서.대기,.폐수,.토양의.

매체별로.발췌할.수.있다..예로.ERC.1.(화학물질의.제조)에.해

당하는.MC.Ib/IC.3/UC.55.평가.코드의.경우.IC.3.표들을.먼

저.찾고.결정인자인.제조,.혼합,.산업적.사용.중.제조를.선택하

면.다음으로.‘UC≠33.(중간체)’.혹은.‘UC=33.(중간체)’을.판단

하여.전자에.해당하는.Table.A.1.1로.이동하게.되고.여기서.대

기.배출계수는.MC.Ib.및.결정인자.중.증기압.범위(<1.Pa)에.따

라.0으로.정해진다..폐수로의.배출계수는.연간.사용량.천.톤이.

결정인자가.되어.미만이면.0.02,.이상이면.0.003이.된다..토양.

배출계수는.모든.MC에.결정인자.없이.0.0001이.적용된다..16

개의.산업.카테고리별.배출계수.표.모음인.A-tables를.검토해

보면.IC.코드별로.찾아가서.결정인자인.생애단계별로.개발되

어.있는.표를.선택한다..다음.순서로.드물지만.UC.및.MC.정보

가.필요.없을.경우도.있지만.대부분의.경우.UC.및.MC.코드에.

Table 3a. Input parameters in (a) K-CHESAR and (b) ECETOC TRA to calculate regional concentration (PECregional), local concentration (Clocal) 
and predicted environmental concentration (PEClocal)
(a) Input parameters in K-CHESAR

Use no.* Assessment codes  
(release categories)

Tonnage-related
STP§ (y/n)Use volume–regional 

scale† (t/y)
Use volume–local scale 

(t/y) Emission days‡ (d/y)

1 MC Ib/IC 3/UC 55║ 3,000 1,200 100 Yes
2 MC III/IC 14/UC 52 3,000 600 10 Yes
3 MC III/IC 11/UC 43 3,000 600 20 Yes
4 MC II/ IC 14/UC 52 3,000 300 20 Yes
5 MC IV/IC 15/0/UC 52 3,000 300 365 Yes

*Use No.1: Manufacture of substance, Use No.2: Industrial formulation of preparation, Use No.3: Industrial use as crosslinking agent in the 
polymer industry, Use No.4: Industrial use in coatings resulting in inclusion into a matrix, Use No.5: Professional use in coatings resulting in 
inclusion into a matrix.
†Use volume for regional scale is automatically added up from each local scale use in K-CHESAR.
‡Default values are from Table R.16-2 of ECHA Guidance.9)

§STP: Sewage treatment plant.
║MC/IC/UC: Main category/industrial category/use category.

Table 3b. Input parameters in (a) K-CHESAR and (b) ECETOC TRA to calculate regional concentration (PECregional), local concentration (Clocal) 
and predicted environmental concentration (PEClocal)
(b) Input parameters in ECETOC TRA (environmental assessment)

Use no. Assessment codes 
(release categories)

Annual EU  
tonnage* (t/y)

Fraction of tonnage 
to region* 

Daily amount at site
for spERC (kg/d)‡ Emission days (d/y)§ STP (y/n)

1 ERC 1¶ 1,200 1.0† - 20 Yes
2 ERC 2 600 1.0 - 10 Yes
3 ERC 6d 600 1.0 - 20 Yes
4 ERC 5 300 1.0 - 20 Yes
5 ERC 8c 300 0.1† - 365 Yes
2 CEPE SPERC 2.1c.v1** 600 1.0 Not entered 225 Yes║

4 CEPE SPERC 5.1a.v1 300 1.0 Not entered 225 Yes║

5 CEPE SPERC 8c.2a.v1 300 0.1 Not entered 225 Yes║

*Terms for these parameters are used without translation in Table 5 because Korean version of ECETOC TRA is not available.
†Default setting is applied to ‘fraction of tonnage to region’: for ERCs 1-7 and 12a, 12b=1 and for ERC 8-11b=0.1. The same fraction as ERC’s is 
applied to the corresponding CEPE SPERC.
‡MspERC (kg/d) used if not overwritten in “Daily amount at site for spERC”.
§These default values for ERC and spERC are from ‘Release module’ sheet in ECETOC TRA (environment) tool.
║Default STP setting is linked to spERC selected.
¶ERC:  Environmental release categories.
**CEPE SPERC: European Council of the Paint, Printing Ink, and Artists’ Colours Industry/Specific Environmental Release Categories.
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따라서.배출계수가.정해져.있어.해당.값을.취한다..매체가.대기

인.경우는.증기압과.끓는점.모두.혹은.각각이.결정인자가.되며.

폐수인.경우는.IC에.따라서.수용해도와.화학물질의.각.단계별.

취급량.등의.결정인자에.따라.배출계수가.다르게.구성되어져.

있는.경우도.있다..고분자.성형.시.가교제로.사용되는.용도.3은.

고분자.중합과.고분자.성형으로.구분되어.있는.IC.11.(고분자.

산업).배출계수.중.후자를.택하고.이.중.가교제가.속하는.UC.
43에.의한.배출계수를.사용하였다.

용도별.전국.배출량(regional.emission.per.use)은.더.이상의.

다른.입력.변수.없이.배출계수에.연간.사용량을.곱하여.환경매

체별로.구한다(배출량=용도별.연간.사용량×배출계수)..국내.

사용.톤.수로부터.임의로.가정한.용도별.사용.톤.수가.두.프로

그램에.모두.동일하게.입력되었고.매체별로.용도별.환경배출량

이.총합되어.PEC.산출의.배경.농도로.사용되었다.

6.  사례물질의 환경매체별 환경 중 예측농도(PEC) 산출
PEC를.산출함에.있어.K-CHESAR.및.ECETOC.TRA는.식(1).

및.식(2)를.사용하여.계산한다.1,3,9,10,14,22)

PEClocal=Clocal+PECregional.............................................(1)

PEClocal:.Predicted.environmental.concentration.(mg/kg)
Clocal:.Local.concentration.(mg/kg)
PECregional:.Regional.concentration.(mg/kg)

토양.PEC.계산에는. local.scale에.배경.농도로.사용되는.re-
gional.scale.농도로.natural.soil을.사용한다.9)

PEClocal,.soil=Clocal,.soil+PECregional,.natural.soil...................(2)

PEClocal,.soil:.Predicted.environmental.conc..in.soil.(mg/kg)

Table 4a. Environmental concentrations of (a) PECregional and (b) Clocal and PEClocal generated for environmental media by K-CHESAR and 
ECETOC TRA (environmental assessment)
(a) Calculation of regional concentrations (PECregional)

Tool Use
no.

Assessment
code

Regional emissions per use 
(t/y) PECregional (steady-state)

Air Water Soil Air
(mg/m3)

Surface water  
(mg/L)

Soil (mg/kg)

Natural Agricultural Industrial

K-CHESAR 1 MC Ib/IC 3/UC 55† 0 3.6 0.12 5.47×10–8 1.05×10–4 1.85×10–3 7.36×10–4 3.02×10–3

2 MC III/IC 14/UC 52 1.5 12 0.06
3 MC III/IC 11/UC 43 45 0.03 0.006
4 MC II/IC 14/UC 52 0 3 15
5 MC IV/IC 15/0/UC 52 0 0 0
Sum* 46.53 18.63 1.69

ECETOC 
TRA  
(1st set)

1 ERC 1‡ 60 72 0.12 3.75×10–6 1.08×10–3 1.17×10–2 3.46×10–3 1.17×10–2

2 ERC 2 15 12 0.06
3 ERC 6d 210 0.03 0.15
4 ERC 5 150 150 3
5 ERC 8c 45 3 0
Sum* 480 237.03 3.33

ECETOC 
TRA  
(2nd set)

1 ERC 1 60 72 0.12 2.36×10–6 4.31×10–4 7.35×10–3 2.14×10–3 7.35×10–3

2 CEPE SPERC 2.1c.v1§ 0.0582 0.03 0
3 ERC 6d 210 0.03 0.15
4 CEPE SPERC 5.1a.v1 6 0 0
5 CEPE SPERC 8c.2a.v1 0 3 0
Sum* 276.06 75.06 0.27

*Sums do not require other user inputs. The sum of all emissions to each medium serves as input for the PECregional calculation.14)

†MC/IC/UC: Main category/industrial category/use category.
‡ERC: Environmental release categories.
§CEPE SPERC: European Council of the Paint, Printing Ink, and Artists’ Colours Industry / Specific Environmental Release Categories.
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Clocal,.soil:.Local.concentration.in.soil.(mg/kg)
PECregional,.natural.soil:.Regional.concentration.in.natural.soil.(mg/kg)

K-CHESAR.및.ECETOC.TRA에서.사업장.규모.농도(Clocal)

는.배출.에피소드.동안의.농도.계산을.하게.된다..최종적으

로.출력되는.PEClocal값은.전국.규모.농도(PECregional)에.사업

장.규모.농도(Clocal)를.자동.더한.값으로,.ECETOC.TRA에서

는.PECregional과.Clocal값은.최종.출력란에서는.보이지.않으므로.

‘DATABASE’.시트에서.별도로.두.값을.읽어.Table.4에.나타내

었다..그리고,.매체가.대기일때의.PEClocal(air)를.최종.결과에.출

력하지.않아,.Clocal(air)+PECregional(air)를.수기로.별도.계산하여.

Table.4에.나타내었다..K-CHESAR에서는.PEClocal값,.PECregional

값,.Clocal값을.출력하나,.메인.인터페이스에는.전자의.두.개값만.

제시되므로,.Clocal을.알기.위해.PEClocal값에서.PECregional값을.빼

는.수기.계산을.하여.Table.4에.같이.나타내었다.

III. 결    과

1. 조사된 용도에 대한 분류체계 적용 결과
유럽화학물질청에.등록된.사례물질의.대표적인.용도를.생

애.주기.순서로.살펴.5개를.선택하여.용도.1~5로.정리한.결과

는.Table.2a와.같다..자체.물질로.생산되어(용도.1),.페인트.또

는.잉크와.같은.산업용.코팅제의.점도를.조정하기.위해.첨가되

거나(용도.2).고분자.산업에서.수지.생산.시.투입되어.다른.원

료와.결합하는.중간체로서.사용되며(용도.3),.사례물질이.점도.

조절제로.함유된.페인트.또는.잉크와.같은.산업용.코팅제를.산

업.현장에서.사용하거나(용도.4).전문적으로.사용(professional.
use,.용도.5)하는.것이.흔한.용도이다..ECHA에.보고된.이러한.

용도.1~용도.5에.대한.ERC.분류체계는.각.노출시나리오의.노

출양상에.적합하게.각.ERC.1,.ERC.2,.ERC.6d,.ERC.5.및.ERC.
8c로33-36).무리.없이.적용되었음을.확인할.수.있었고.이.중.4개.

용도는.모두.산업적.용도(industrial.use)에.해당하며,.ERC.8c는.

분산적.용도(wide.dispersive.use)에.해당한다.

페인트,.프린터.잉크,.산업용.코팅.및.예술가용.물감의.제조.

및.사용을.대상으로.European.Council.of.the.Paint,.Printing.
Ink,.and.Artist’s.Colours.Industry.(CEPE)가.작업해.놓은.특

수.환경배출범주(spERC)는.용도.2,.4,.5에만.적용.가능하였

다..CEPE의.spERC는.v2가.공개되어.있으나,.본.연구에.사용

한.ECETOC.TRA.v3.1에는.CEPE의.spERC.v1만.이용.가능

하므로.v1에.의해.분류하였다..ERC.2.(용도.2).및.ERC.5.(용
도.4).에는.각.CEPE.SPERC.2.1c.v1,.CEPE.SPERC.5.1a.v1
를.적용하였고.ERC.8C.(용도.5)에는.CEPE.SPERC.8c.2a.v1.

Table 4b. Environmental concentrations of (a) PECregional and (b) Clocal and PEClocal generated for environmental media by K-CHESAR and 
ECETOC TRA (environmental assessment)
(b) Calculation of predicted environmental concentrations (PEClocal)

Use
no.

Assessment
code

PECregional

PEClocal (=Clocal+PECregional)

Clocal PEClocal Clocal PEClocal Clocal PEClocal

Air
(mg/m3)
(×10–6)

Water
(mg/L)
(×10–4)

Soil*
(mg/kg)
(×10–4)

Air (mg/m3)
(×10–6)

Fresh water* (mg/L)
(×10–4)

Soil† (mg/kg)
(×10–4)

1 MC Ib/IC 2/UC 55 0.055 1.05 18.50 0.681‡ 0.736 5,918.95 5,920.00 0 18.20
ERC 1 3.75 10.80 117 45,698.63 45,702.38‡ 45,092.01 45,102.78 125,200 125,317

2 MC III/IC 14/UC 52 0.055 1.05 18.50 1,329.95‡ 1,330.00 19,698.95 19,700.00 160.50 179.00
ERC 2 3.75 10.80 117 11,424.66 11,428.41‡ 7,515.33 7,526.11 20,881.40 20,998.37
CEPE SPERC 2.1c.v1 2.36 4.31 73.50 44.33 46.69‡ 8.35 12.66 23.32 96.79

3 MC III/IC 11/UC 43 0.055 1.05 18.50 39,899.95‡ 39,900.00 49.75 50.80 4,821.50 4,840.00
ERC 6d 3.75 10.80 117 159,945.21 159,948.96‡ 93.94 104.71 875.61 1,347.51

4 MC II/IC 14/UC 52 0.055 1.05 18.50 0‡ 0.055 4,928.95 4,930.00 0 18.50
ERC 5 3.75 10.80 117 114,246.58 114,250.33‡ 469,708.46 469,719.23 1,302,780 1,302,897
CEPE SPERC 5.1a.v1 2.36 4.31 73.50 4,569.86‡ 4,572.22‡ 0 4.31 17.58 107.69

5 MC IV/IC 15/0/UC 52 0.055 1.05 18.50 0‡ 0.055 0.480 1.53 0 18.50
ERC 8c 3.75 10.80 117 0 3.75‡ 0.103 10.87 0.29 117.26
CEPE SPERC 8c.2a.v1 2.36 4.31 73.50 0 2.36‡ 0.167 4.48 0.46 73.93

*Regional concentrations (steady-state) in natural soil are used.
†Local concentrations in agricultural soil, averaged over 30 days are presented.
‡Values were manually calculated according to the Eq.(1) as mentioned in II. Research Methods.  
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(Professional-brush/roller-indoor.use-solids)를.적용할.수.있

다.

Table.2의.5가지.용도에.대해.K-CHESAR.구동을.위하여,.

EU.배출예측방법인.MC/IC/UC의.산업분류체계1,22)도.적용하

였다..용도.1은.MC.1b.(제조.단계에서.밀폐공정에서.사용),.IC.
3.(화학.산업:.합성에.사용되는.화학물질),.UC.55.(기타)를.부

여하였고,.ERC.2.(혼합물의.조제)로.분류된.페인트로의.혼합.

단계인.용도.2는.MC.III.(비분산적.사용),.IC.14.(페인트,.라커.

및.니스(광택).산업),.UC.52.(점성.조정제)를.부여하였고,.용도.

1에서.합성된.같은.사례물질이.고분자.합성에서.공정.조절제로.

사용된.용도.3에는.MC.III.(비분산적.사용),.IC.11.(폴리머.산

업),.UC.43.(공정.조절제)을.부여하였다..용도.4.및.용도.5는.페

인트의.산업적.사용.및.전문가.사용인데.모두.페인트를.사용하

므로.사례물질의.페인트.내에서의.용도인.UC.52.(점성.조정제)

를.부여할.수.있고,.주요.카테고리는.전자는.MC.II.(제품.내부.

또는.표면의.함유물로써.사용),.후자는.MC.IV.(광범위한.분산

적.사용)에.해당한다..

2.  사례물질의 전국 환경배출(Emission to region)  

예측 결과
사례물질의.5가지.용도에.대해.3가지.다른.시스템에.따라.

환경배출.카테고리를.부여했고.이에.따라.배출.계수를.찾아.

Table.2b에.정리하였다..ERC.1.(화학물질의.제조)에.해당하는.

MC.Ib/IC.3/UC.55.평가.코드에.의한.배출계수(대기,.폐수,.토

양).0,.0.003,.0.0001은.ERC.배출계수(대기,.폐수,.토양).0.05,.

0.06,.0.0001과.비교할.때.적은.값이었다..고분자.성형.시.가교

제로.사용되는.용도.3은.고분자.중합과.고분자.성형으로.구분

되어.있는.IC.11.(고분자.산업).배출계수.중.고분자.성형을.택

하고.이.중.가교제가.속하는.UC.43에.의한.배출계수인.0.075.

(대기),.0.00005.(수),.0.00001.(토양)을.ERC에.의한.배출계수

인.0.35.(대기),.0.00005.(수),.0.00001.(토양)과.비교하면.수.

및.토양의.배출계수는.같고.대기.배출계수가.약.1/5에.해당한

다.

MC/IC/UC에.의한.매체별.배출계수.및.ERC와.spERC에.의

한.매체별.배출계수를.비교한.결과,.전반적으로.ERC.분류체계

를.이용한.배출량이.가장.크며,.spERC.분류체계를.이용한.배

출량이.가장.작은.것으로.나타났다(Table.2b)..즉,.용도별로.살

펴.본.매체별.배출계수.순서는.ERC>MC/IC/UC>spERC임을.

알.수.있었다.

이런.절차로.적용된.용도별.배출계수에.용도별.연간.사용량

을.곱한.값이.연간.배출량이.되며.이.용도별.연간.배출량.값을.

매체별로.총합을.한.값이.Table.4a.및.Fig..2의.x축에.나타낸.전

국.규모의.배출량(regional.emission.per.use)이.된다. Fig. 2. Plots of steady-state regional concentrations in three different 
emission categories according to the sum of annual emissions of five 
uses
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3. 환경 중 예측 농도(PEC) 산출 결과
용도별.배출량의.총합인.(Table.4a의.sum).전국.규모.배출량

은.정상상태(steady-state)의.전국.환경농도(PECregional)를.계산

하는데.근간이.되고.매체별로.전국.환경농도가.산출되어.출력

된다(Table.4a)..세.가지.유형에.따른.평가.코드가.매체별.전국.

규모.배출량.총합을.결정.지우며.이.값이.매체별.전국.규모.환

경.농도에.영향을.미친다..전국.규모.환경.농도값은.한.세트로.

묶어.구동한.각.용도에.동일한.한.개의.값으로.출력됨을.확인

하였고(Table.4a).이.값이.사업장.규모.농도에.더해져.위해성.평

가에.사용될.최종.PEC를.출력한다(Table.4b)..
그러나,.매체별.PECregional은.Table.4.및.Fig..2에서와.같

이.ERC.(ECETOC.1st.set)>spERC.(ECETOC.2nd.set)>MC/
IC/UC. (K-CHESAR)로.산출되었는데.이는.2.에서.확인

한. 5가지.용도별.배출량의.총합의.순서는.매체별.모두.

ERC>spERC>MC/IC/UC이며,.배출량.총합에.대해.PECregional.

값이.대기.및.수계에서.비례함을.알.수.있었다(Fig..2a,.2b)..토
양.매체에서는.도시산업용지,.자연지,.농경지.순서로.PECregional.

값이.감소하였다(Fig..2c).
K-CHESAR에서.사업장.규모.농도(Clocal)는.정상상태.분배.모

형이.아닌.배출.에피소드.동안의.별도의.방법으로.계산되고1).

(단,.수계농도는.연간.평균값.적용).ECETOC.TRA에서도.Clocal

은.각.ERC.혹은.spERC.코드에.의한.배출.시나리오(에피소드)

에.따라.Clocal을.계산한다..K-CHESAR와.ECETOC.TRA에서.

최종적으로.출력하는.PEClocal은.Clocal값에.PECregional을.더한.값

으로,.Table.4b에서.알.수.있듯이.ERC-ECETOC>MC/IC/UC-
K-CHESAR>spERC-ECETOC으로.산출되었고,.이는.용도별.

배출계수의.순서인.ERC>MC/IC/UC>spERC와.같다(Fig..3)..
Fig..4는.5가지.용도에.대해.MC/IC/UC-K-CHESAR,.ERC-

ECETOC,. spERC-ECETOC로.구동하여.얻은.PEC.결과에

서.PEClocal에.기여하는.PECregional의.정도를.알아보기.위해.

PECregional/PEClocal.비율을.퍼센트로.계산하여.각.용도에.대해.

플롯해.본.결과이다..PEClocal에.기여하는.PECregional의.정도는.전

자의.두.경우는.매체가.수계일.때.0%,.0.1%,.2.0%,.10.3%인.

반면,.후자.용도.5의.경우는.99.4%,.96.2%였다..배출계수가.

보정이.되어.계산되는.spERC의.경우는.광범위한.분산.사용은.

96.2%,.혼합.단계의.사용(CEPE.SPERC.2.1c.v1)은.34%였다..

IV. 고    찰

환경.배출을.예측하기.위해서.용도에.따라.분류.체계에.의

해.평가.코드를.부여하면,.매체별.배출계수가.확정되고.이를.다

음.단계에서.배출량으로.환산한다(배출량=연간.사용량×배출

계수)..환경.배출.평가의.결과는.각.용도별로.대기,.토양.및.물

에.전국(regional).환경.및.사업장(local)의.두.가지에.대한.배출

량을.산출할.수.있다..본.연구.대상이.된.5가지.용도에.MC/IC/
UC,.ERC,.spERC.세.가지.다른.타입의.평가.코드를.부여할.수.

Fig. 4. Different degrees of contribution of PECregional to the final 
PEClocal in water according to different uses: Use No.1: Manufacture 
of substance, Use No.2: Industrial formulation of preparation, Use 
No.3: Industrial use as crosslinking agent in the polymer industry, 
Use No.4: Industrial use in coatings resulting in inclusion into a 
matrix, Use No.5: Professional use in coatings resulting in inclusion 
into a matrix.

Fig. 3. Plots of predicted local concentrations (PEClocal) in water 
calculated by MC/IC/UC-K-CHESAR, ERC-ECETOC TRA and 
spERC-ECETOC TRA according to the annual emission per use: Use 
No.1: Manufacture of substance, Use No.2: Industrial formulation 
of preparation, Use No.3: Industrial use as crosslinking agent in 
the polymer industry, Use No.4: Industrial use in coatings resulting 
in inclusion into a matrix, Use No.5: Professional use in coatings 
resulting in inclusion into a matrix.
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있었다..단.MC/IC/UC.체계에서.IC.14뿐만.아니라.모든.IC에.

전문가.사용(professional.use)에.대한.생애.단계가.포함되어.있

지.않으므로22).페인트의.전문가.사용인.용도.5에는.IC.코드.부

여가.적합하지.않음을.확인하였다..산업.분류체계.IC.14는.제

조,.혼합,.산업적.사용,.개인적.사용으로.구성되어.있어.용도.4

는.용도.2와.마찬가지로.IC.14.중.산업적.사용에.해당하나.용

도.5.(전문적.사용)는.IC.14의.적용이.가능하지.않았다..IC.6.
(공공영역)은.제조,.혼합,.산업적.사용으로.구성되어.있고.UC.
9.(세정제),.UC.39.(살균제,.비농업성)와.그.밖의.모든.UC에.따

라.구분되어.있다..페인트.또는.잉크와.같은.산업용.코팅제의.

전문적.사용이.IC.6의.그.밖의.모든.UC에.해당된다.하더라도,.

생애.단계.구분인.산업적.사용에.속해야만.선택이.가능하므

로.적절하지.않는.것으로.사료된다..IC.14뿐만.아니라.16개의.

IC.모두.전문적.사용(professional.use)에.대해.배출계수가.개발

되어.있지.않아.적용.가능한.IC가.없다고.할.수.있으나,.EUSES.
2.0.문헌22)의.본문에.의하면.자동차.수리점의.전문가.페인팅

의.경우.IC.15/0.(기타)의.광범위한.분산적.사용에.해당될.수.

있다고.하여,.용도.5에.IC.15/0.(기타)의.산업적.사용의.MC.IV.
(wide.dispersive.use)를.시도하였으나,.IC.15/0.배출계수는.0.9.

(수계.배출계수).및.0.005(토양.배출계수)였으며,22).본.연구에

서.사용된.배출계수.중.(Table.2a).가장.월등히.큰.값일.뿐만.아

니라.분산적.사용에.적용하기.위해.합리적인.값이.아니어서.적

합하지.않다고.사료된다.

배출량.예측(emission.estimation)의.경우,.최악의.경우를.기

반으로.한.ERC를.시작점으로.하여.해당.산업에.대한.더.상세

하고.특수한.정보를.바탕으로.보정된.spERC는.주요.대상.그룹

이.산업적.사용,.전문가.사용.및.소비자.사용이고15).5개.용도에

서.spERC를.적용할.수.있는.용도는.3개.용도였다..ERC.2가.세

분화되어.개선된.10개의.CEPE.SPERC.중에서.적합한.SPERC.
2.1c.v1를.선택했고.ERC.5가.고체.물질.및.액체.물질에.각.개

발된.2개.CEPE.SPERC.중.고체.물질인.CEPE.SPERC.5.1a.v1를.

선택하였으며,.ERC.8c를.보정한.전문가의.실내.브러쉬/롤러.사

용(CEPE.SPERC.8c.2a.v1)을.적용해.보았고.이는.분산적.사용

에.해당한다.15).

용도별로.살펴.본.매체별.배출계수.순서는.ERC>MC/IC/
UC>spERC로서.세.가지.카테고리에.같은.연간.사용.톤.수를.

입력하였으므로,.이는.용도별.연간.배출량.순서와도.같다..실

제로.사업장에서는.환경오염방지시설의.사용이.의무화되어.있

으며,.고분자.성형.시.가교제(용도.3)나.페인트의.점성조정제로

서.산업적/전문적.사용(용도.4.및.용도.5).시.사례물질은.경화

되어.환경.중으로.배출가능성이.매우.낮기.때문에.ERC를.적용

한.배출량.예측은.매우.보수적인.추정치임을.확인할.수.있었다..

유럽의.CEPE에서.페인트,.프린트.잉크,.산업용.코팅제,.예술가

들의.물감.등에.대한.spERC.개발을.할.때.핵심.목표는.ERC.배
출계수를.보정하는.것이었으며,.OECD.ESD의.코팅.산업으로.

시작하여,.옛.데이터는.VOC.Directive.99/13/EC를.참조하여.

최악의.경우에.대해.보정을.하였다.15).따라서,.Table.2a의.3개.

spERC의.배출계수값을.살펴보면.매체.모두에서.ERC.배출계수.

뿐만.아니라.MC/IC/UC에.의한.배출계수.보다.더.적은.값을.

가짐을.확인해.보았다.

MC/IC/UC에.의한.매체별.배출계수.및.ERC와. spERC
에.의한.매체별.배출계수는.언급한.바와.같이.ERC>MC/
IC/UC>ERC.분류체계.순서인데,.위해성.평가에.최종.사용

하는.PEClocal값의.순서도.ERC-ECETOC>MC/IC/UC-K-
CHESAR>spERC-ECETOC으로.(Table.4b),.배출계수.크기.순

서와.같았다..Fig..3은.PEClocal을.용도별.연간.배출량에.대해.그

래프화한.것으로.후자에.비례하여.전자가.증가하는.경향과.세.

가지.카테고리에.따른.PEClocal값의.순서.및.용도별.배출량의.순

서가.위에서.논의한.순서임을.쉽게.확인할.수.있다.

그러나,.PECregional값은.MC/IC/UC.기반의.K-CHESAR에.의

한.PECregional값이.다른.두.체계의.값보다도.더.낮게.산출되었고.

그.이유로는.spERC가.용도.3가지에만.적용되고.다른.2개.용도

는.ERC가.적용되어.전국.규모.배출량.산출에.ERC.배출계수에.

의한.영향을.일부.받아.MC/IC/UC.기반의.K-CHESAR에.의

한.값보다.크게.산출되었기.때문으로.사료된다..즉,.용도.1과.용

도.3은.spERC.적용이.불가능하여.ERC가.적용되어.한.세트로.

구동하였으므로(Table.4a의.ECETOC.TRA.2nd.set).전국.규모.

농도에는.ERC의.배출계수.영향을.일부.받게.된다..K-CHESAR.
및.ECETOC.TRA에서.전국.규모에.대한.환경농도는.정상상태.

분배.모형인.유럽의.SimpleBox에.의한.것으로,.전자는.주요.매

개변수들을.국내.한국에.적합하도록.최적화한.한국형.다매체.

동태모형(SimpleBox_STP_Korea)으로.개발되었으므로,1).Table.
4a의.전국.규모.환경.농도.값의.차이는.3가지.유형별의.배출계

수의.기여도가.가장.크리라.사료된다.

PEClocal.결과가.차이가.나는.원인은.배출계수에.따른.배출량.

산정.결과가.큰.영향을.미치지만,.Table.3에.나타낸.사용.톤.수,.

조업일수,.하수처리.시스템이다..연간.사용.톤.수를.조업일수로.

나누어.조업.기간내.사업장에서.배출되는.일일.배출량(kg/d)을.

계산하기.때문에1,9,14,22).조업일수가.작아지면.사업장에서의.일

일.배출량이.커지고.Clocal값을.증가시키는데.기여하게.된다..용

도의.다른.카테고리.적용.시.연.배출량이.같은.예를.Table.4a에
서.찾아보면.용도.2의.MC/IC/UC와.ERC에.의한.수계.연.12.

톤,.용도.3의.MC/IC/UC와.ERC에.의한.수계.배출량.연.0.03,.

용도.5의.ERC.및.spERC에.의한.수계.배출량.연.3톤이.있다..전

자의.두.경우는.조업일수가.ECHA.Guidance9)의.Table.R.16-2
에.따른.디폴트.값.및.ECETOC.TRA.모델의.디폴트.값에.따

라24).같은.일.수가.입력되었음에도.PEClocal.결과가.크게.다르게.

나타났다..후자의.용도.5의.경우는.CEPE.SPERC.8c.2a.v1의.하

수처리.조건이.해당.산업에.맞추어.CEPE에서.보정하여.더.개

선되었음에도.불구하고,15).디폴트.조업일수가.ERC.8c가.365
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일,.CEPE.SPERC.8c.2a.v1가.225일이어서.Clocal값이.spERC가.

조금.더.크게.산출되었으리라.사료된다..또한,.ECETOC.TRA와.

한국형.다매체동태모형의.또.다른.차이점은.1,200톤의.물질이.

사용.주기에.따라.사용되는.과정에서,.전자는.광범위한.분산적.

사용은.국가수준에서.그.사용량의.10%만.사용된다고.스케일

링.되는데,.후자는.광범위한.분산적.사용에서도.이를.고려없이.

직접.100%가.다.사용된다고.가정함에.차이가.발생하게.된다..

그리고.ERC를.적용한.PEC.계산에서는.환경오염방지시설의.효

율이.직접적으로.고려되지.않는.반면,.spERC의.경우.해당.산업

계에서.사용하는.환경오염방지시설의.효율을.고려하여.배출계

수가.보정되어.있으므로.이에.따라.결과값이.달라지게.된다.

PEC.결과에서.PEClocal에.기여하는.PECregional의.정도를.알아

보기.위해.PECregional/PEClocal.비율을.퍼센트로.계산해.본.값은.

제조,.혼합.및.산업적.사용.단계에서.MC/IC/UC.기반.및.ERC.
기반의.PEClocal.값은.Clocal값에.의해.결정되는.경향을.보였고,.

PECregional의.기여도는.매우.작은.것으로.확인되었다..반면.전

문적.사용.단계에서.ERC.및.spERC의.PEClocal값은.Clocal보다.

PECregional의.기여도가.큰.것으로.나타났다..전문적.사용의.경우.

광범위한.분산적.사용(wide.dispersive.use)이므로.지역.및.국지

적.오염원을.한정하는.수준에.있어,.각각.0.1과.0.002를.적용

하기.때문에.Clocal의.값이.매우.작아.보이는.특성이라고.사료된

다..spERC의.경우.사업장에서의.배출특성을.현실적으로.보정

하여.Clocal의.값이.작기.때문에,.광범위한.분산.사용이.아닌.혼

합.단계.및.산업적.사용.단계에서도.감소된.값으로.산출되므로.

PECregional의.기여도가.크게.나타나는.경향이.관찰된다.

Table.3b에서.볼.수.있는.“annual.EU.tonnage”.및.“fraction.
of.M/I.tonnage.to.region”의.두.입력.항목의.결과는.전국규모.

사용량을.대신할.수는.있으나.한국.버전을.마련할.때는.용어의.

변경이.필요하리라.사료된다.

ERC/spERC.기반의.ECETOC.TRA에.의한.PEClocal.계산.결과

와.MC/IC/UC에.의한.K-CHESAR에.의한.PEClocal.결과를.비교

해보면,.용도별.배출계수(배출량).비교와.동일한.순서로.spERC
에.의한.PEC.계산.결과가.가장.낮은.것으로.나타났다..spERC
는.ERC로부터.배출계수를.보정한.것.외에도.ECETOC.TRA를.

구동.시.디폴트값이.아닌.산업현장으로부터.보정된.값을.수동.

입력할.수.있는.Tier.1.5.모델로도.사용할.수.있는데15).보정값을.

적극.적용하면.본.연구.결과보다.더.적은.PEClocal값.산출이.가

능하리라.사료된다.

V. 결    론

PECregional과.Clocal의.합으로.구해지는.PEClocal의.관계에서.

PECregional의.PEClocal에의.기여도가.제조,.혼합,.산업적.사용

에서와.같이.미미한.경우와.광범위한.분산적.사용과.같이.거

의.대부분을.차지하는.경향을.보임을.확인하였다..따라서,.

PECregional/PEClocal.비율(%)은.PEC.계산이.적합하게.잘.수행되

었는지.효율적으로.판단해보거나,.이에.벗어나는.경우.원인을.

고찰해보는.지표로.사용될.수.있음에.초점을.맞추어.더.많은.

사례로.향후.연구가.될.수.있으리라.사료된다..ERC의.배출계수

는.현실에.비해.매우.보수적인.추정치가.산출되어.평가에.반영

하기.어려운.경우가.발생하기.때문에.spERC를.개발하는.연구

가.활발히.이루어지고.있고,.향후.국내.산업계.특성을.반영한.

spERC를.도출하는.것이.화학물질.안전관리에.장기적으로.필

요하리라.사료되며,.이는.spERC를.사용한.PEC.계산이.가능하

도록.ECETOC.TRA.(environmental.assessment)의.한국버전.마

련.및.K-CHESAR에의.통합도.수반되어야.함을.시사한다.
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