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Human Health Risk Assessment of PCDDs/PCDFs in Ambient Air

Jeong Tae-uk’, Song Bok-ju, Kwon Dong-min and Yoo Pyung-jong

Industrial environment Division

Abstracts

The spatial and temporal distribution characteristics of PCDDs/PCDFs in ambient air by land use such as industrial
area, commercial area and residential area were investigated. According to these results, human health risk was assessed
with Monte-carlo simulation using Crystall ball 11.1.2.1. The results were as follows :

Spatial and temporal distribution characteristics of PCDDs/PCDFs in ambient air such as industrial area, commercial
area, residential area and green area were investigated from 2009 to 2013. Annual mean concentration of PCDDs/PCDFs
in 2009 was 0.097 pg-TEQ/Sm’, while that in 2013 was 0.066 pg-TEQ/Sm’ and has decreased by approximately 32
percent in comparison with 2009. PCDDs/PCDFs concentration by land use was the highest in IA(industrial area) with
about 0.159 pg-TEQ/Sm’. That in industrial area was followed by commercial area and residential area. In the case of
seasonal distribution, PCDDs/PCDFs concentration in winter was about 0.163 pg-TEQ/Sm’ and about over two times
higher than that in other seasons.

To assess the health risk by PCDDs/PCDFs exposure in ambient air, uncertainty analysis by Monte-carlo simulation
was performed through four step processes such as hazard identification, exposure assessment, dose-response assessment
and risk characterization. Monte-carlo simulation was repeated a hundred thousand times using crystal ball 11.1.2.1.
Cancer risk in 2009 exceeded the natural risk from the level of 70th percentile, whereas that in 2010 exceeded the natural
risk from the level of 80th percentile. At the level of 50th percentile, cancer risk in 2013 has decreased by about 17.9
percent over the past five year. In the case of cancer risk according to the land use, cancer risk in industrial area did
not exceed natural risk, 1.0E-06 by the level of 30th percentile and that in commercial and residential area didn’t exceed
natural risk by the level of 90th percentile. In seasonal risk assessment, cancer risk in winter according to the CTE and
RME exposure was about 1.1E-06 and 6.0E-06, respectively that exceeded the natural risk. In the result of Monte-carlo
simulation, cancer risk in spring and fall did not exceed the natural risk by the level of 80th percentile but that in winter
with higher dioxin concentration exceed the natural risk by the level of 40th percentile.

Key words : PCDDs/PCDFs, ambient air, risk assessment
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Fig. 1. Sampling sites of ambient air according to
the land use.

IA : Industrial area, CA : Commercial area.
RA-1: Residential area-1, RA-2 : Residential area-2.

>

z Filter holder

PUF holder

i
Fig. 2. High volumn air sampler for sampling of
ambient air.

B, #3207 Sm’'e] f&oz 48A7F FF oF
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3,7,8,9-HxCDD) 52 Wellington Laboratories ng/mL)2 Acetone© 2 108] 3]A3}e] A5}
Co.(USA) AES AMgslgon, Add AMgs o agla 7)7)R484 ¥222(°C1,234-TCDD
¥FEZY] Few= Table 1 2 26 YeERARITH 2 PC1,2,3, 7,8,9-HxCDD, 200 ng/mL)-& nonane
ANaAHE 27222(7A-2378TCDD, 40 ng/mL)  ©.2 10u] 3|43l A8l

o LS B AMEEPOoH, AAE EFE ARS8 571891+ n-hexane, dichloromethane,

@(BC-Z,S, 78-TCDF 5 994 15, 100 - 200 toluene, acetone @ nonane SO RT T}o]L-

Table 1. The concentration of PCDDs/PCDFs in calibration standard solutions

Concentration(ng/mL)
Congeners

CS 1 CS 2 CS 3 CS 4 CS 5
2,3,7,8-TCDF 0.5 2 10 40 200
1,2,3,7,8-PeCOF 2.5 10 50 200 1000
2,3,4,7,8-PeCDF 2.5 10 50 200 1000
1,2,3,4,7,8-HxCDF 2.5 10 50 200 1000
1,2,3,6,7,8-HxCDF 2.5 10 50 200 1000
2,3,4,6,7,8-HxCDF 25 10 50 200 1000
1,2,3,7,8,9-HxCDF 2.5 10 50 200 1000
Native 1,2,3,4,6,7,8—~HpCDF 25 10 50 200 1000
Compound 1,2,3,4,7,8,9-HpCDF 25 10 50 200 1000
OCDF 5.0 20 100 400 2000
2,3,7,8-TCDD 0.5 2 10 40 200
1,2,3,7,8-PeCDD 2.5 10 50 200 1000
1,2,3,4,7,8-HxCDD 2.5 10 50 200 1000
1,2,3,6,7,8-HxCDD 25 10 50 200 1000
1,2,3,7,8,9-HxCDD 25 10 50 200 1000
1,2,3,4,6,7,8-HpCDD 25 10 50 200 1000
OCDD 5.0 20 100 400 2000
13C1,-2,3,7,8-TCDF 100 100 100 100 100
8C1.-1,2,3,7,8-PeCOF 100 100 100 100 100
13C1,-2,3,4,7,8-PeCDF 100 100 100 100 100
13C12-1,2,3,4,7,8-HxCDF 100 100 100 100 100
3C1,-1,2,3,6,7,8—-HxCDF 100 100 100 100 100
13C1,-2,3,4,6,7,8—HXCDF 100 100 100 100 100
Labelled 13‘3012—1 ,2,3,7,8,9-HxCDF 100 100 100 100 100
Gompound 13012—1,2,3,4,6,7,8—HpCDF 100 100 100 100 100
Ci2-1,2,3,4,7,8,9-HpCOF 100 100 100 100 100
13C1,-2,3,7,8-TCDD 100 100 100 100 100
13C1,-1,2,3,7,8-PeCDD 100 100 100 100 100
3C1,-1,2,3,4,7,8—-HxCOD 100 100 100 100 100
3C12-1,2,3,6,7,8—-HxCDD 100 100 100 100 100
3C1,-1,2,3,4,6,7,8-HpCDD 100 100 100 100 100
"¥C;,—~0CDD 200 200 200 200 200
Sﬁfﬁg:r% ¥701,-2,3,7,8-TCOD 05 ° 10 40 200
Internal "*C2-1,2,3,4-TCOD 100 100 100 100 100
Standard 3C12-1,2,3,7,8,9-HxCDD 100 100 100 100 100
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Table 2. The concentration of PCDDs/PCDFs in internal standard solutions

Standard type Addition time Compounds CO?ES?;S'O”
Sampling standard before 37 .
(EPA-1613CSS, Wellington) sampling C4~2,3,7,8-TCDD 40
13C1,-2,3,7,8-TCDF
8C1,-1,2,3,7,8-PeCOF
13C1,-2,3,4,7,8-PeCOF
'8C12-1,2,3,4,7,8-HXCDF
13C1,-1,2,3,6,7,8—HxCDF
13C12-2,3,4,6,7,8-HxCDF
3C12-1,2,3,7,8,9-HxCDF 100
Cleanup standard before 13C12—1,2,3,4,6,7,8—HpCDF
(EPA-1613LCS, Wellington) cleanup 18C12—1,2,3,4,7,8,9—HpCDF
13C12-2,3,7,8-TCDD
13C1,-1,2,3,7,8-PeCDD
3C12-1,2,3,4,7,8-HxCDD
3Ci2-1,2,3,6,7,8—-HxCDD
3C12-1,2,3,4,6,7,8-HpCDD
13C1,~OCDD 200
Internal standard before 13
. " _ . Ci2—1,2,3,4-TCDD
(Syringe addmgn, EPA-1613ISS, mstrumgnt 13012—1,2,3,7,8,9—HXCDD 200
Wellington) analysis
A B8-S AMSIgom, Tholgal Bagol ¢l Easiglon, 1 fwE Fig 39 2t
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o] A3 A EE Silica gel(Merck, 70 -
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basic, 70 - 230 mesh ASTM)S A}83}HomH,
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A28 3+ & dry oven(Eyela, Japan)S- ©]-8-3}¢]
180 °CellA] overnightgh T3 Z1F | A]A o] Efo
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Sampling ° Quartz fiber filter

o Polyuretan form(PUF) - Sampling standadard spiking(CSS, 37Cl-2,3,7,8-TCDD)

] o Quartz fiber filter : soxhlet extraction with toluene for 24 hrs
Extraction o Polyuretan form(PUF) : soxhlet extraction with toluene for 24 hrs
° Cleanup standard spiking(LCS, 15 label standard such as 13C12-2,3,7,8-TCDD, etc)

Concentration o Under 1 mL(elimination of toluene as possible)

[

Column cleanup L ° Multi-silica column - Elute dioxin with 150 mL of n-Hexane

o Alumina column - Elute with 100 mL of 2 % D.CM : n-Hexane = discard
Elute dioxins with 200 mL of 50 % D.CM : n-Hexane

. o Under T mL = under 100 uL using nitrogen gas
Concentration o Internal standard spiking(ISS, *Ci»-1,2,3,4-T:CDD, “C;»-1,2,3,7,8,9-HCDD)
° Final volumn : about 40 - 100 uL(50 uL)
HRGC/HRMS ° Selected ion monitoring(SIM)
o El positive mode
> Resolition > 10,000
Fig. 3. Flow chart for dioxin analysis in ambient air.
goz gtk o H2v) 292 B & Ulima)® AF8ale] Balis 10000 o)l za.
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Table 3. The conditions of gas chromatography

ARI7] F golSAale] JA=E H7E 2 sl Bt

) Condition
Descriptor - -
4 — 6 chlorinated congeners 7 — 8 chlorinated congeners
Instrument HP 6890 HP 6890
Colurmn SP-2331 DB-5MS
(60 mx0.25 mm 1Dx0.2 um thickness) (60 mx0.25 mm 1Dx0.2 um thickness)
Carrier gas Helium 1.0 mL/min Helium 1.0 mL/min

Injection mode

Splitless mode

Splitless mode

Inlet temp. 260 °C 280 °C
Initial temp. 100 °C(5 min.) Initial temp. 160 °C(1 min.)
. 20 °C/min. — 200 °C(7 min.) 2 °C/min. — 220 °C(15 min.)
Oven ramping

5 °C/min. — 260 °C(36 min.)
10 °C/min. — 270 °C(2 min.)

5 °C/min. — 290 °C(10 min.)
10 °C/min. — 300 °C(7 min.)

Injection volume

1 uL

1 uL

Table 4. The conditions of mass spectrometry

Descriptor Condition

Instrument Autospec Ultima
Source temp. 260 °C
Electron energy 35 eV

Resolution
lonization mode
Selected lon Mode(SIM)
Interface temp.

> 10,000(at 10 % valley)

Electron lonization Positive Mode(EI")

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

— Capillary line 1 260 °C
— Capillary line 2 260 °C
— Re-entrant 260 °C
- PFK septum 160 °C
Al,, A2,: 5549 1, 23} Aeo] 9] ¥ 3 ANgEZ AFe AEH EAEAY 994
Al, A2 %8 HFEA W R REEAe X3 PYREFEA] AnleE AFEs 99
L 2 Adselee) = W asayog slov, oA YU 7 BAE
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1 1 00 = B\
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U 25 O 3k FF s52 39tk
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Table 5. International toxic equivalent factor of PCDDs/PCDFs

Congeners I-TEF" Congeners |-TEF
2,3,7,8-TCDF 0.1 2,3,7,8=TCDD 1
1,2,3,7,8-PeCDF 0.05 1,2,3,7,8-PeCDD 0.5
2,3,4,7,8-PeCDF 0.5 1,2,3,4,7,8-HxCDD 0.1
1,2,3,4,7,8-HxCDF 0.1 1,2,3,6,7,8-HxCDD 0.1
1,2,3,6,7,8-HxCDF 0.1 1,2,3,7,8,9-HxCDD 0.1
1,2,3,7,8,9-HxCDF 0.1 1,2,3,4,6,7,8-HpCDD 0.01
2,3,4,6,7,8-HxCDF 0.1 OCDD 0.001
1,2,3,4,6,7,8-HpCDF 0.01
1,2,3,4,7,8,9-HpCDF 0.01

OCDF 0.001

ULTEF : International toxic equivalent factor

(A1, + A2,) I 1

T AL+ A2 “RRF TV

C: N8 F 5Xx(pg/g L= ng/g)
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Table 6. The carcinogenic classification of IARC and US-EPA

IARC" US-EPA?
Group 1 Carcinogenic to human A Human carcinogen
Probable human carcinogen
Group 2A Probably carcinogenic to human B1 Indicates limited human evidence
Indicates sufficient evidence in animal &
B2 ) . .
inadequate or no evidence in human
Group 2B Possible human carcinogen C Possible human carcinogen
Not classifiable as to its Not classfiable as to
Group 3 . . D . L
carcinogenicity to human human carcinogenicity
Group 4 E\(ldencg .Of probably E Evidence of non-carcinogenicity for human
carcinogenicity to humans
YIARC : International Agency for Research on Canser
JUS-EPA : United State Environment Protection Agency
o AL oA Lolng w=EHW QA me P viAE 29002R, §Tg FadA
o wFo| PHEAS YFHoE ks 7|9r] e AFAL 95 % o U
SAlolth. At R FUEL 2099 Bl k=8 (mg/kg/day)d ZIALIES o]
ATED ARAE 9 BP9 Y 12 Q) dnk B AelA Aed weblEe Table 9
st F9, =9 AF 2 B e o3 3§ ¢ o} 22 FH A dojRl FES 7SSt 1.56
WRHE Tl oaf thol&ale] fafdel kEE  x107(pg-TEQ/kg/day) 'S AFE-8l3om, o] ghe
& ouy, 71z Qg FY slols Ao FAR  USEPAdA 1985 AN gro, Fu) giaia
Folug? B AfdxE 7] & bE QA H7HA) iR o] ke Aga)7)a Yo

O s e L L
g 5 R Y W AT QA =EAGE
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3) 8313 H7HDose-Response Assessment)
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2249 59 487} olgH) ST
= A7l A g (Cancer Potency Factor ;
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e
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Clo]9-41& TARCS} USEPASIA] 212} Group 1
3 A Dgoz PRE UetEdelnz Sw
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Table 7. Exposure amount assessment formula by exposure route

Matrix Contact Fomular Note

Cair x IR x EF x EP

Ambient air Inhalation LADD = BW x LE x 365

LADD: Lifetime average daily dose(pg-TEQ/kg/day)
Csor : Concentration in soil(pg-TEQ/g)
Cuir : Concentration in air(pg-TEQ/Sm’)
DIA : Daily intake amount(mg/day)
Cuapor : Concentration of vapor(g/m’)
AF: Adherence factor(mg/ am?)

SA: Surface area of skin(cn’)

IR : Inhalation rate(m’/day)

EF : Exposure frequency(day/year)

EP: Exposure period(year)

BW: Body weight(kg)

LE: Life expectancy(year)

Table 8. Exposure factor for exposure assessment

Variable Distribution form Factors

Concentration depend on TEQ values -
Daily respiratory amount normal distribution mean 13 m®/day(S.D 0.9)
Exposure frequency point 365 day
Exposure period point 25 year
Body weight normal distribution mean 62 kg(S.D 8.8)
Life expectation Point total 75, carcinogen 70
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Table 9. Comparison of cancer potencies(Q;) in animal bioassay

Experiment material Estimation of Cancer gotency Qi
(mg/kg/day)
stitution & ioch Occurrence part of tumor olcat
nstitution Laboratory animal fiection Researcher ppication Cancer potency Qi
researcher route model
Kosiba multistage 1.47x10*
Orfal. Tongue Nasal Turbinate/ g
male admini- hard palate ) ) "
stration p Squire multistage 1.73%10
Dow chemical multistage
company Sprague Kosiba | -unadjusted | 8.98x10% - 2.52x10°
Dawely , (1978) | -adjusted for 1.51x10°
Kosiba et al rats Oral Liver, Lung hard palate early death
(1978) female | admini- or -
stration nasal turbinate . multistage 5
Squire —unadjusted 4.25x10
(1980) | —adjusted for 1.61x10°
early death
Osbomne Oral Liver neoplastic nodules
mendel | female | admini— P . multistage 3.28x10*
X or heptaocellular carcinoma
rats stration
Oral
NCl male | admini— Heptaocellular carcinoma multistage 7.52x10*
(1980) stration
BECSF Subscutaneous tissue
mice Oral fibrosarcoma,
female | admini— | leukemia heptatopoietic system multistage 4.56x10*
stration lymphoma liver—heptatocellular
carcinomas
EPA consideration The geometric means of Kocica et al(1978) & Saquire(1980)'s results 1.56x10°
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Fig. 4. Annual variations of PCDDs/PCDFs concen-
tration in ambient air.
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Fig. 7. The lognormal distribution of PCDDs/PCDFs concentration in ambient air according to the year.
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Table 10. The distribution of PCDDs/PCDFs concentration in ambient air according to the year
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Dioxin concentration (pg-TEQ/Sm®)

Year

min. max. mean S.D.
2009 0.009 0.515 0.097 0.133
2010 0.010 0.520 0.078 0.123
2011 0.003 0.515 0.085 0.127
2012 0.013 0.211 0.059 0.056
2013 0.014 0.282 0.066 0.068
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Table 11. Comparison of Lifetime average daily dose(LADD) between single-estimated point and Monte-carlo

simulation by respiration according to the year (unit : pg-TEQ/kg/day)
2009 2010 2011 2012 2013
Single-Estimated cTe” 2.2E-03 3.1E-03 2.6E-03 3.1E-03 3.8E-03
ooint Mear;) 7.36-03 5.86-03 6.4E-03 4.4E-03 4.9e-03
RME 2.1-02 1.6E-02 2.16-02 1.36-02 1.36-02
0 % 3.0E-05 1.0E-04 1.3E-04 2.6E-04 1.6E-04
10 % 1.1E-03 9.1E-04 8.5E-04 1.2E-03 1.1E-03
20 % 1.86-03 1.5E-03 1.3E-03 1.7E-03 1.7E-03
30 % 2.5E-03 2.1E-03 1.9E-03 2.2E-03 2.2E-03
Monte—carlo 40 % 3.3E-03 2.7E-03 2.7E-03 2.6E-03 2.7e-03
simulation 50 % 4.3E-03 3.5E-03 3.6E-03 3.4E-03 3.56-03
60 % 5.6E-03 4.66-03 4.8E-03 4.0E-03 4.2E-03
70 % 7.4E-03 6.1E-03 6.1E-03 5.0E-03 5.56-03
80 % 1.0E-02 8.3E-03 9.0E-03 6.5E-03 7.6E-03
90 % 1.66-02 1.4E-02 1.6E-02 9.1E-03 1.1E-02
100 % 4.7E-01 1.0E-01 1.96-01 3.5E-02 5.4E-02

CTE : Central tendency exposure
’RME : Reasonable maximum exposure
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Fig. 8. Cancer risk by respiration according to the year.
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Table 12. Comparison of cancer risk between single-estimated point and Monte-carlo simulation by respiration

2009 2010 2011 2012 2013
SingleEstimated cTe" 3.4E-07 4.98-07 41E-07 4.8E-07 6.0E-07
ot Mean 1.1E-06 9.1E-07 9.96-07 6.9E-07 7.76-07

RME 3.36-06 2.56-06 3.36-06 2.0E-06 2.0E-06

0% 4.8E-09 1.6E-08 2.1E-08 4.0E-08 2.4E-08

10 % 1.86-07 1.4E-07 1.36-07 1.86-07 1.86-07

20 % 2.8E-07 2.36-07 2.0E-07 2.6E-07 2.76-07

30 % 3.96-07 3.26-07 2.9E-07 3.4E-07 3.4E-07

Vonte—carlo 40 % 5.1E-07 4.26-07 41E-07 41E-07 4.38-07
Sulation 50 % 6.7E-07 5.56-07 5.56-07 5.36-07 5.56-07

60 % 8.76-07 7.1E-07 7.46-07 6.36-07 6.56-07

70 % 1.26-06 9.56-07 9.6E-07 7.86-07 8.76-07

80 % 1.6E-06 1.36-06 1.4E-06 1.0E-06 1.0E-06

90 % 2.56-06 2.1E-06 2.56-06 1.4E-06 1.76-06

100 % 7.4E-05 1.6E-05 2.9E-05 5.4E-06 8.4E-06

UCTE : Central tendency exposure
“RME : Reasonable maximum exposure
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Fig. 9. The lognormal distribution of PCDDs/PCDFs concentration in ambient air.

Table 13. The distribution of PCDDs/PCDFs concen-
tration in ambient air

Dioxin concentration(pg—TEQ/Sm®)

min. max. mean S.D.

IA 0.044 0.520 0.159 0.139

CA 0.003 0.176 0.055 0.047

RA-1 0.008 0.196 0.050 0.047

RA-2 0.006 0.041 0.022 0.010
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Table 14. Comparison of LADD between single-estimated point and Monte-carlo simulation by respiration

(unit : pg-TEQ/kg/day)

IA CA RA-1 RA-2
Single-Estimated cTe” 7.36-03 41E-03 2.26-03 1.6E-03
ooint Mean 1.26-03 3.1E-03 3.76-03 1.6E-03
RME 3.9E-02 1.0E-02 9.0-03 2.9€03
0% 8.36-04 -1.7E-01 2.76-04 2. 5E-04
10 % 3.36-03 -1.36-03 9.6E-04 7.9E-04
20 % 4.76-03 -5.2E-04 1.36-03 1.0E-03
30 % 6.1E-03 ~2.56-04 1.76-03 1.26-03
Monte—carlo 40 % 7.6E-03 ~1.36-04 2.26-03 1.36-03
Smulation 50 % 9.26-03 6.7E-05 2.76-03 1.56-03
60 % 1.16-02 1.76-04 3.4E-03 1.76-03
70 % 1.36-02 2.86-04 4.26-03 1.96-03
80 % 1.76-02 5.16-04 5.76-03 2.2E-03
90 % 2.4E-02 1.16-03 8.7E-03 2.8E-03
100 % 1.26-01 1.6E-01 2.4E-02 5.56-03

UCTE : Central tendency exposure
JRME : Reasonable maximum exposure
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Fig. 10. Cancer risk by respiration.

Table 15. Comparison of cancer risk between single-estimated point and Monte-carlo simulation by respiration

IA CA RA-1 RA-2
Single-Estimated cTe” 1.16-06 4.8E-07 3.56-07 2.6E-07
ooint Mean 1.9E-06 6.4E-07 5.86-07 2.6E-07
RME 6.0E-06 1.6E-06 1.4E-06 4.6E-07
0% 1.36-07 -2.76-05 4.26-08 3.96-08
10 % 5.1E-07 ~2.0E-07 1.56-07 1.26-07
20 % 7.36-07 -8.1E-08 21E-07 1.66-07
30 % 9.56-07 -3.86-08 2.76-07 1.86-07
Monte—Carlo 40 % 1.26-06 ~2.06-08 3.56-07 21E-07
Smultion 50 % 1.46-06 1.0E-08 4.26-07 2.3E-07
60 % 1.76-06 2.76-08 5.4E-07 2.7E-07
70 % 2.1E-06 4.4E-08 6.6E-07 3.0E-07
80 % 2.6E-06 8.0E-08 8.86-07 3.56-07
90 % 3.7E-06 1.76-07 1.4E-06 4.4E-07
100 % 1.9E-05 2.6E-05 3.7E-06 8.6E-07

CTE : Central tendency exposure
“RME : Reasonable maximum exposure
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Fig. 11. The lognormal distribution of PCDDs/PCDFs concentration in ambient air.

Table 16.

The distribution of PCDDs/PCDFs concentration in ambient air

Dioxin concentration(pg-TEQ/Sm®)

min. max. mean S.D.

Spring 0.011 0.209 0.062 0.063
Summer 0.003 0.010 0.042 0.030
Fall 0.010 0.160 0.041 0.043
Winter 0.023 0.520 0.163 0.168
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Table 17. Comparison of LADD between single-estimated point and Monte-carlo simulation by respiration

(unit : pg-TEQ/kg/day)

Spring Summer Fall Winter
Single—Estimated cTe" 2.5E-03 3.1E-03 1.6E-03 6.7E-03
ooint Mear;) 4.6E-03 3.1E-03 3.1E-03 1.2E-02
RME 1.5E-02 7.3E-03 1.0E-02 3.9e-02
0% 2.76-04 3.4E-04 2.1E-04 2.6E-04
10 % 1.1E-03 1.1E-03 7.2E-04 2.9e-03
20 % 1.5E-03 1.4E-03 1.0E-03 4.3-03
30 % 2.16-03 1.8E-03 1.4E-03 5.4E-03
Monte—carlo 40 % 2.66-03 2.2E-03 1.8E-03 6.96-03
Simulation 50 % 3.26-03 2.6E-03 2.2E-03 8.7E-03
60 % 4.0E-03 3.1E-03 2.7E-03 1.0E-02
70 % 5.0e-03 3.6E-03 3.4E-03 1.36-02
80 % 6.4E-03 4.56-03 4.4E-03 1.8E-02
90 % 9.56-03 6.1E-03 6.56-03 2.56-02
100 % 5.0E-02 1.76-02 3.3E-02 1.2E-01
UCTE : Central tendency exposure
JRME : Reasonable maximum exposure
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Frequency

6.8E-08 6.8E-07 1.3E-06 19E-06 2.5E-06

Cancer risk

Frequency

Summer

6.7E-08 4.2E-07 7.7E-07

Cancer risk

1.1E-06 1.5E-06

Fall

Frequency

5.0E-08 4.8E-07 9.0E-07 1.3E-06 1.8E-06

Cancer risk

Frequency

Winter

1.2E-07 2.0E-06 3.9E-06

Cancer risk

5.8E-06 7.7E-06

Fig. 12. Cancer risk by respiration.

Table 18. Comparison of cancer risk between single-estimated point and Monte-carlo simulation by respiration
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Spring Summer Fall Winter
Single-Estimated cTe" 3.9-07 4.86-07 2.6E-07 1.1E-06
. Mean 7.2E-07 4.86-07 4.8e-07 1.9E-06
point RME? 2.4E-06 1.16-06 1.66-06 6.0E-06
0% 4.3.6-08 5.2.E-08 3.3.E-08 4.0.E-08
10 % 1.6.E-07 1.6.E-07 1.1.6-07 4.5.E-07
20 % 2.3.E-07 2.2.E-07 1.6.E-07 6.7.6-07
30 % 3.3.E-07 2.8.E-07 2.2.E-07 8.5.6-07
Monte—Carlo 40 % 4.1.6-07 3.4.E-07 2.8.6-07 1.1.E-06
Simulation 50 % 5.0.E-07 4.0.e-07 3.4.E-07 1.4.E-06
60 % 6.2.E-07 4.8.E-07 4.3.E-07 1.6.E-06
70 % 7.8.E-07 5.6.E-07 5.3.E-07 2.1.E-06
80 % 9.9.-07 7.0.E-07 6.9.E-07 2.7.E-06
90 % 1.5.E-06 9.5.E-07 1.0.E-06 4.0.E-06
100 % 7.9.E-06 2.6.E-06 5.1.E-06 1.9.E-05
UCTE : Central tendency exposure
JRME : Reasonable maximum exposure
% oStk 1Ejal telgl w57 7P v N EEE ALEHY B9 ¥

T Tol$Al FEE oF 0163 pg-TEQ/Sm’ o2

ohe Aol s of 2.6 -
3771 thm) ok 272 %G
7] & golele] x%

4.0W) A% Egkot,
o]k
o te AYEH 9

e A g BE s kel



288

Monte-carlo simulationS- ©]-8-3}e4 100,000
o] HOHYAS Fst A= 7] F thol
ZA1 ol o3k QA flele HHE 3 A9,
2009dof= 70th percentile & A8 =<l
1.0E- 06& Z#31901), 201060 oF 80th
percentile - B] AA9EE ZH}ste] Tho
Slel] ot A flelE FFEe HAF HHAshe
Ao g YePtoe™, 50th percentiles 7|02
2009 ojn] 2013 3oll= °F 17.9 %7} 3HA-3}
Ak
L SEAE eI Wb A% TR 1A
Aol 724 DAFAA o3 AslE B}
Ay} CTE ¥ RME =Zo] W& wetdjsies
Z}z} °F 1.1E-06, 2 6.0E-060.2 =5 =}¢
=l 1.0E-065 ofF Z2dshe o2 UE
gou}, 3AYsiEel 1.0E-052 Z#siAE
Tk A FAe B9 mE A
Aolms 23k oot Tl Al el o
AAL = PR T A2 YETE
Monte-carlo simulation ZA¥} FHA|<l 1A
A H ol A= 40th percentiles B ZA9]&) =
¢l 1.0E-065 Z#sh= Zlog Yesth 44
92 90th percentile7}%], 18]35l FAXA
Sl RA-L % RA2 A|ellxke Zk2t o 90th
percentile 2 100th percentile7}2] 2} 98| =
9l 1.0B-06& 27312 ko).
LA WSl AV A3 gel9al St
7P =& Axe) B CTE 5 RME =39
uhE efel e 22t of 11E-06 3 6.0E-06
A9 =2l 1.0E-06S o+ 23}
102 ehgtor), 8739151E2) 10E05

]

N

18

i

i
o r\o

-

T

i
Caf
el

£

= SR+ &3tt). Monte-carlo simulation
A3 B2 9 712E9] 9 80th percentile
NA= AAd9si=e]l 1.0E-063 Z3}stA]+=

o, ojg4de] 739 Wth percentile7} A=
1.0E-065 Z7skA1&

5 tol gl wjzo] 714

=]

1. Kim J. S. A study on the distribution of

PCDDs/PCDFs in urban ambient air.
Chonbuk national university master’s thesis
(2001)

2. The Agency for Toxic Substances and

Disease Registry(ATSDR). Public Health As-
sessment Guidance Manual. U.S. Department
of Health and Human Services(2005)

3. UNEP national committee for the Republic

of Korea. Stockholm Convention on Per-
sistent Organic Pollutants. UNEP press
(2003)

4. Ministry of environment. Official method of

persistent organic pollutants(2007)

5. United states environment protection agency

(US-EPA). Tetra- through octachlorinated
dioxins and furans by isotope dilution
HRGC/HRMS. EPA method 1613(1994)

6. Yukie M., Noriyuki S., Noritaka K., Kiwao

K, Takeshi N., Shinji N. Hideaki S,
Shigekazu K., Satoru M. and Masatoshi M.
Human intake of PCDDs, PCDFs and
dioxin like PCBs in Japan, 2001 and 2002.
Chemosphere 67, S247 - S255(2007)

7. Bansidhar S. G, I. A. Karimi and M. B.

Ray. Modeling and monte carlo simulation



10.

11.

12.

13.

A AR 7] $ golSAle] dAeE |7 2 s Bt

of TCDD transport in a river. Wat. Res.
35(5), 1263 - 1279(2001)

Marta S., Montse M., Alex X. and Jose L.
D. The use of Monte-carlo simulation
techniques for risk assessment : study of a
municipal waste incinerator. Chemosphere
43, 787 - 799(2001)

National
search. Notification No. 2006 - 30 of the

institute of environmental re-

National institute of environmental research
(2007)

Yoo S. O. A study on the health risk
assessment of dioxins in ambient air. The
University of Seoul master’s thesis(2000)
Chang M. B, K. H. Chi, S. H. Chang and
Y. W. Chen. Measurement of PCDD/F
congener distributions in MWI stack gas
and ambient air in northern Taiwan.
Atmospheric  Environment 38, 2535 - 2544
(2004)

Huiru L., ]. Feng, G. Sheng, S. Lu, J. Fu, P.
Peng and R. Man. The PCDD/F and
PBDE/F pollution in the ambient atmosphere
of Shanghai, China. Chemosphere 70, 576 -
583(2008)

Park ]J. S. and J. K Kim. Pegional
measurements of PCDD/PCDF concentrations
in Korean atmosphere and comparison with
gas-particle partitioning models. Chermosphere
49, 755 - 764(2002)

14.

15.

16.

17.

18.

19.

289

Kim J. S, Source identification and
contamination characteristics of PCDD/Fs
in environmental media in multi-source
region. Chonbuk national university doctor’s
thesis(2007)

Krauthacker B., S. H. Romanic, M. Wilken
and Z. Milanovic. PCDD/Fs in ambient air
collected in Zagreb, Croatia. Chemosphere
62, 1829 - 1837(2006)

Lohmann R. and K. C. Jones. Dioxins and
furans in air and deposition : a review of
levels, behaviour and processes. Sci. Total
Environ. 219, 53 - 81(1998)

Ogura I, S. Masunaga and ]. Nakanishi.
Atmospheric deposition of polychlorinated
dibenzo-p-dioxins, polychlorinated dibenzo-
furans and dioxin-like biphenyls in the
Kanto region, Japan. Chemosphere 44, 1473 -
1487(2001)

Moon H. B, S. J. Lee, H. G. Choi and G. Ok.
Atmospheric deposition of polychlorinated
dibenzo-p-dioxins(PCDDs) and dibenzofurans
(PCDFs) in urban and suburban areas of
Korea. Chemosphere 58, 1525 - 1534(2005)
Chang M. B, Y. M. Weng, T. Y. Lee, Y. W.
Chen, S. H. Chang and K. H. Chi.
Sampling and analysis of ambient dioxins

in northern Taiwan. Chemsphere 51(10), 1103
- 1110(2003)



