
부산지역 일반대기 중 다이옥신의 인체노출 평가 및 위해성 평가

정태욱
† ․송복주 ․권동민 ․유평종

산업환경과
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․ ․ ․



․

재료 및 방법 

시료채취 지점 및 방법

IA-1
RA-1

CA
RA-2

분석방법



․ ․ ․

Congeners
Concentration(ng/mL)

CS 1 CS 2 CS 3 CS 4 CS 5

Native

Compound

2,3,7,8-TCDF

1,2,3,7,8-PeCDF

2,3,4,7,8-PeCDF

1,2,3,4,7,8-HxCDF

1,2,3,6,7,8-HxCDF

2,3,4,6,7,8-HxCDF

1,2,3,7,8,9-HxCDF

1,2,3,4,6,7,8-HpCDF

1,2,3,4,7,8,9-HpCDF

OCDF

2,3,7,8-TCDD

1,2,3,7,8-PeCDD

1,2,3,4,7,8-HxCDD

1,2,3,6,7,8-HxCDD

1,2,3,7,8,9-HxCDD

1,2,3,4,6,7,8-HpCDD

OCDD

0.5

2.5

2.5

2.5

2.5

2.5

2.5

2.5

2.5

5.0

0.5

2.5

2.5

2.5

2.5

2.5

5.0

2

10

10

10

10

10

10

10

10

20

2

10

10

10

10

10

20

10

50

50

50

50

50

50

50

50

100

10

50

50

50

50

50

100

40

200

200

200

200

200

200

200

200

400

40

200

200

200

200

200

400

200

1000

1000

1000

1000

1000

1000

1000

1000

2000

200

1000

1000

1000

1000

1000

2000

Labelled

Compound

13
C12-2,3,7,8-TCDF

13C12-1,2,3,7,8-PeCDF
13C12-2,3,4,7,8-PeCDF

13
C12-1,2,3,4,7,8-HxCDF

13C12-1,2,3,6,7,8-HxCDF
13C12-2,3,4,6,7,8-HxCDF
13

C12-1,2,3,7,8,9-HxCDF
13C12-1,2,3,4,6,7,8-HpCDF
13C12-1,2,3,4,7,8,9-HpCDF

13
C12-2,3,7,8-TCDD

13C12-1,2,3,7,8-PeCDD
13C12-1,2,3,4,7,8-HxCDD
13

C12-1,2,3,6,7,8-HxCDD
13C12-1,2,3,4,6,7,8-HpCDD

13C12-OCDD

100

100

100

100

100

100

100

100

100

100

100

100

100

100

200

100

100

100

100

100

100

100

100

100

100

100

100

100

100

200

100

100

100

100

100

100

100

100

100

100

100

100

100

100

200

100

100

100

100

100

100

100

100

100

100

100

100

100

100

200

100

100

100

100

100

100

100

100

100

100

100

100

100

100

200

Cleanup

Standard
37Cl4-2,3,7,8-TCDD 0.5 2 10 40 200

Internal

Standard

13C12-1,2,3,4-TCDD
13

C12-1,2,3,7,8,9-HxCDD

100

100

100

100

100

100

100

100

100

100



Standard type Addition time Compounds
Concentration

(ng/mL)

Sampling standard

(EPA-1613CSS, Wellington)

before 

sampling
37C4-2,3,7,8-TCDD 40

Cleanup standard

(EPA-1613LCS, Wellington)

before

cleanup

13
C12-2,3,7,8-TCDF

13C12-1,2,3,7,8-PeCDF
13

C12-2,3,4,7,8-PeCDF
13

C12-1,2,3,4,7,8-HxCDF
13C12-1,2,3,6,7,8-HxCDF
13

C12-2,3,4,6,7,8-HxCDF
13

C12-1,2,3,7,8,9-HxCDF
13C12-1,2,3,4,6,7,8-HpCDF
13

C12-1,2,3,4,7,8,9-HpCDF
13

C12-2,3,7,8-TCDD
13C12-1,2,3,7,8-PeCDD

13
C12-1,2,3,4,7,8-HxCDD

13
C12-1,2,3,6,7,8-HxCDD

13C12-1,2,3,4,6,7,8-HpCDD

100

13C12-OCDD 200

Internal standard

(Syringe addition, EPA-1613ISS, 

Wellington)

before

instrument

analysis

13C12-1,2,3,4-TCDD
13

C12-1,2,3,7,8,9-HxCDD
200

Ⅰ



․ ․ ․

 

∘ 

∘ 

∘ 

∘ 

∘ 

∘ 

∘ 

∘ ⇒ 

∘ ⇒ 

∘ 

∘ 

∘ 

∘ 

∘ 

μ
 

 
× 





Descriptor
Condition

4 - 6 chlorinated congeners 7 - 8 chlorinated congeners

Instrument HP 6890 HP 6890

Column
SP-2331

(60 m×0.25 mm ID×0.2 um thickness)
DB-5MS

(60 m×0.25 mm ID×0.2 um thickness)

Carrier gas Helium 1.0 mL/min Helium 1.0 mL/min

Injection mode Splitless mode Splitless mode

Inlet temp. 260 
o
C 280 

o
C

Oven ramping

Initial temp. 100 oC(5 min.)
20 oC/min. → 200 oC(7 min.) 
 5 oC/min. → 260 oC(36 min.)
10 oC/min. → 270 oC(2 min.)

Initial temp. 160 oC(1 min.)
 2 oC/min. → 220 oC(15 min.)
 5 oC/min. → 290 oC(10 min.)
10 oC/min. → 300 oC(7 min.)

Injection volume 1 uL 1 uL

Descriptor Condition

Instrument
Source temp.

Electron energy
Resolution

Ionization mode
Selected Ion Mode(SIM)

Interface temp.
  - Capillary line 1

    - Capillary line 2
  - Re-entrant
  - PFK septum

Autospec Ultima
260 

o
C

35 eV
> 10,000(at 10 % valley)

Electron Ionization Positive Mode(EI
+
)

M and M+2 or M+2 and M+4

260 
o
C

260 
o
C

260 
o
C

160 
o
C

 


 





  



 



   


 


× 



․ ․ ․

Congeners I-TEF1) Congeners I-TEF

2,3,7,8-TCDF

1,2,3,7,8-PeCDF

2,3,4,7,8-PeCDF

1,2,3,4,7,8-HxCDF

1,2,3,6,7,8-HxCDF

1,2,3,7,8,9-HxCDF

2,3,4,6,7,8-HxCDF

1,2,3,4,6,7,8-HpCDF

1,2,3,4,7,8,9-HpCDF

OCDF

0.1

0.05

0.5

0.1

0.1

0.1

0.1

0.01

0.01

0.001

2,3,7,8-TCDD

1,2,3,7,8-PeCDD

1,2,3,4,7,8-HxCDD

1,2,3,6,7,8-HxCDD

1,2,3,7,8,9-HxCDD

1,2,3,4,6,7,8-HpCDD

OCDD

1

0.5

0.1

0.1

0.1

0.01

0.001

   

  
× 


× 


위해성 평가



IARC1) US-EPA2)

Group 1 Carcinogenic to human A Human carcinogen

B Probable human carcinogen

Group 2A Probably carcinogenic to human B1 Indicates limited human evidence

B2
Indicates sufficient evidence in animal & 

inadequate or no evidence in human

Group 2B Possible human carcinogen C Possible human carcinogen

Group 3
Not classifiable as to its

carcinogenicity to human
D

Not classfiable as to 

human carcinogenicity

Group 4
Evidence of probably 

carcinogenicity to humans
E Evidence of non-carcinogenicity for human



․ ․ ․

Matrix Contact Fomular Note

Ambient air Inhalation LADD =
Cair × IR × EF × EP

BW × LE × 365

Variable Distribution form Factors

Concentration

Daily respiratory amount 

Exposure frequency 

Exposure period

Body weight 

Life expectation 

depend on TEQ values

normal distribution

point

point

normal distribution

Point

-

mean 13 m3/day(S.D 0.9)

365 day

25 year

mean 62 kg(S.D 8.8)

total 75, carcinogen 70

결과 및 고찰

대기환경 중 다이옥신의 시 ․ 공간적 분포특성

｢ ｣

｢

｣



Experiment material

Occurrence part of tumor

Estimation of Cancer potency Q1
*

(mg/kg/day)-1

Institution &
researcher

Laboratory animal
Injection

route
Researcher

Application 
model

Cancer potency Q1
*

Dow chemical
company

Kosiba et al
(1978)

Sprague
Dawely

rats

male
Oral

admini-
stration

Tongue Nasal Turbinate/
hard palate

Kosiba multistage 1.47×10
4

Squire multistage 1.73×104

female
Oral

admini-
stration

Liver, Lung hard palate
or

nasal turbinate

Kosiba
(1978)

multistage
-unadjusted
-adjusted for
 early death 

8.98×104 - 2.52×105

1.51×105

Squire
(1980)

multistage
-unadjusted
-adjusted for
 early death 

4.25×105

1.61×105

NCI
(1980)

Osborne
mendel

rats
female

Oral
admini-
stration

Liver neoplastic nodules
or heptaocellular carcinoma

multistage 3.28×104

B6C3F1
mice

male
Oral

admini-
stration

Heptaocellular carcinoma multistage 7.52×10
4

female
Oral

admini-
stration

Subscutaneous tissue 
fibrosarcoma,

leukemia heptatopoietic system
lymphoma liver-heptatocellular

 carcinomas

multistage 4.56×10
4

EPA consideration The geometric means of Kocica et al(1978) & Squire(1980)'s results 1.56×10
5



․ ․ ․

대기 중 다이옥신 노출에 의한 인체위해성 평가



Year
Dioxin concentration (pg-TEQ/Sm3)

min. max. mean S.D.

2009

2010

2011

2012

2013

0.009

0.010

0.003

0.013

0.014

0.515

0.520

0.515

0.211

0.282

0.097

0.078

0.085

0.059

0.066

0.133

0.123

0.127

0.056

0.068

｢ ｣



․ ․ ․

2009 2010 2011 2012 2013

Single-Estimated

point

CTE1)

Mean

RME
2)

2.2E-03

7.3E-03

2.1E-02

3.1E-03

5.8E-03

1.6E-02

2.6E-03

6.4E-03

2.1E-02

3.1E-03

4.4E-03

1.3E-02

3.8E-03

4.9E-03

1.3E-02

Monte-carlo

simulation

0 %

10 %

20 %

30 %

40 %

50 %

60 %

70 %

80 %

90 %

100 %

3.0E-05

1.1E-03

1.8E-03

2.5E-03

3.3E-03

4.3E-03

5.6E-03

7.4E-03

1.0E-02

1.6E-02

4.7E-01

1.0E-04

9.1E-04

1.5E-03

2.1E-03

2.7E-03

3.5E-03

4.6E-03

6.1E-03

8.3E-03

1.4E-02

1.0E-01

1.3E-04

8.5E-04

1.3E-03

1.9E-03

2.7E-03

3.6E-03

4.8E-03

6.1E-03

9.0E-03

1.6E-02

1.9E-01

2.6E-04

1.2E-03

1.7E-03

2.2E-03

2.6E-03

3.4E-03

4.0E-03

5.0E-03

6.5E-03

9.1E-03

3.5E-02

1.6E-04

1.1E-03

1.7E-03

2.2E-03

2.7E-03

3.5E-03

4.2E-03

5.5E-03

7.6E-03

1.1E-02

5.4E-02



(×100) (×100)

(×100) (×100)

(×100)

2009 2010 2011 2012 2013

Single-Estimated

point

CTE
1)

Mean

RME2)

3.4E-07

1.1E-06

3.3E-06

4.9E-07

9.1E-07

2.5E-06

4.1E-07

9.9E-07

3.3E-06

4.8E-07

6.9E-07

2.0E-06

6.0E-07

7.7E-07

2.0E-06

Monte-carlo

simulation

0 %

10 %

20 %

30 %

40 %

50 %

60 %

70 %

80 %

90 %

100 %

4.8E-09

1.8E-07

2.8E-07

3.9E-07

5.1E-07

6.7E-07

8.7E-07

1.2E-06

1.6E-06

2.5E-06

7.4E-05

1.6E-08

1.4E-07

2.3E-07

3.2E-07

4.2E-07

5.5E-07

7.1E-07

9.5E-07

1.3E-06

2.1E-06

1.6E-05

2.1E-08

1.3E-07

2.0E-07

2.9E-07

4.1E-07

5.5E-07

7.4E-07

9.6E-07

1.4E-06

2.5E-06

2.9E-05

4.0E-08

1.8E-07

2.6E-07

3.4E-07

4.1E-07

5.3E-07

6.3E-07

7.8E-07

1.0E-06

1.4E-06

5.4E-06

2.4E-08

1.8E-07

2.7E-07

3.4E-07

4.3E-07

5.5E-07

6.5E-07

8.7E-07

1.2E-06

1.7E-06

8.4E-06



․ ․ ․

Dioxin concentration(pg-TEQ/Sm3)

min. max. mean S.D.

IA

CA

RA-1

RA-2

0.044

0.003

0.008

0.006

0.520

0.176

0.196

0.041

0.159

0.055

0.050

0.022

0.139

0.047

0.047

0.010



IA CA RA-1 RA-2

Single-Estimated

point

CTE1)

Mean

RME
2)

7.3E-03

1.2E-03

3.9E-02

4.1E-03

3.1E-03

1.0E-02

2.2E-03

3.7E-03

9.0-03

1.6E-03

1.6E-03

2.9E03

Monte-carlo

Simulation

0 %

10 %

20 %

30 %

40 %

50 %

60 %

70 %

80 %

90 %

100 %

8.3E-04

3.3E-03

4.7E-03

6.1E-03

7.6E-03

9.2E-03

1.1E-02

1.3E-02

1.7E-02

2.4E-02

1.2E-01

-1.7E-01

-1.3E-03

-5.2E-04

-2.5E-04

-1.3E-04

6.7E-05

1.7E-04

2.8E-04

5.1E-04

1.1E-03

1.6E-01

2.7E-04

9.6E-04

1.3E-03

1.7E-03

2.2E-03

2.7E-03

3.4E-03

4.2E-03

5.7E-03

8.7E-03

2.4E-02

2.5E-04

7.9E-04

1.0E-03

1.2E-03

1.3E-03

1.5E-03

1.7E-03

1.9E-03

2.2E-03

2.8E-03

5.5E-03
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(×100) (×100)

(×100) (×100)

(×100)

IA CA RA-1 RA-2

Single-Estimated

point

CTE1)

Mean

RME
2)

1.1E-06

1.9E-06

6.0E-06

4.8E-07

6.4E-07

1.6E-06

3.5E-07

5.8E-07

1.4E-06

2.6E-07

2.6E-07

4.6E-07

Monte-Carlo

Simulation

0 %

10 %

20 %

30 %

40 %

50 %

60 %

70 %

80 %

90 %

100 %

1.3E-07

5.1E-07

7.3E-07

9.5E-07

1.2E-06

1.4E-06

1.7E-06

2.1E-06

2.6E-06

3.7E-06

1.9E-05

-2.7E-05

-2.0E-07

-8.1E-08

-3.8E-08

-2.0E-08

1.0E-08

2.7E-08

4.4E-08

8.0E-08

1.7E-07

2.6E-05

4.2E-08

1.5E-07

2.1E-07

2.7E-07

3.5E-07

4.2E-07

5.4E-07

6.6E-07

8.8E-07

1.4E-06

3.7E-06

3.9E-08

1.2E-07

1.6E-07

1.8E-07

2.1E-07

2.3E-07

2.7E-07

3.0E-07

3.5E-07

4.4E-07

8.6E-07



Dioxin concentration(pg-TEQ/Sm3)

min. max. mean S.D.

Spring

Summer

Fall

Winter

0.011

0.003

0.010

0.023

0.209

0.010

0.160

0.520

0.062

0.042

0.041

0.163

0.063

0.030

0.043

0.168



․ ․ ․

Spring Summer Fall Winter

Single-Estimated

point

CTE1)

Mean

RME
2)

2.5E-03

4.6E-03

1.5E-02

3.1E-03

3.1E-03

7.3E-03

1.6E-03

3.1E-03

1.0E-02

6.7E-03

1.2E-02

3.9E-02

Monte-carlo

Simulation

0 %

10 %

20 %

30 %

40 %

50 %

60 %

70 %

80 %

90 %

100 %

2.7E-04

1.1E-03

1.5E-03

2.1E-03

2.6E-03

3.2E-03

4.0E-03

5.0E-03

6.4E-03

9.5E-03

5.0E-02

3.4E-04

1.1E-03

1.4E-03

1.8E-03

2.2E-03

2.6E-03

3.1E-03

3.6E-03

4.5E-03

6.1E-03

1.7E-02

2.1E-04

7.2E-04

1.0E-03

1.4E-03

1.8E-03

2.2E-03

2.7E-03

3.4E-03

4.4E-03

6.5E-03

3.3E-02

2.6E-04

2.9E-03

4.3E-03

5.4E-03

6.9E-03

8.7E-03

1.0E-02

1.3E-02

1.8E-02

2.5E-02

1.2E-01

결  론

｢ ｣

․



Spring Summer Fall Winter

Single-Estimated

point

CTE1)

Mean

RME
2)

3.9E-07

7.2E-07

2.4E-06

4.8E-07

4.8E-07

1.1E-06

2.6E-07

4.8E-07

1.6E-06

1.1E-06

1.9E-06

6.0E-06

Monte-Carlo

Simulation

0 %

10 %

20 %

30 %

40 %

50 %

60 %

70 %

80 %

90 %

100 %

4.3.E-08

1.6.E-07

2.3.E-07

3.3.E-07

4.1.E-07

5.0.E-07

6.2.E-07

7.8.E-07

9.9.E-07

1.5.E-06

7.9.E-06

5.2.E-08

1.6.E-07

2.2.E-07

2.8.E-07

3.4.E-07

4.0.E-07

4.8.E-07

5.6.E-07

7.0.E-07

9.5.E-07

2.6.E-06

3.3.E-08

1.1.E-07

1.6.E-07

2.2.E-07

2.8.E-07

3.4.E-07

4.3.E-07

5.3.E-07

6.9.E-07

1.0.E-06

5.1.E-06

4.0.E-08

4.5.E-07

6.7.E-07

8.5.E-07

1.1.E-06

1.4.E-06

1.6.E-06

2.1.E-06

2.7.E-06

4.0.E-06

1.9.E-05



․ ․ ․
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