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Abstract: The element arsenic, which is abundant in the Earth’s crust, is used for various industrial
purposes including materials for disease treatment and household goods. Various human activities,
such as the disposal of soil waste, metal mining and smelting, and combustion of fossil fuels, have
caused the pollution of the environment with arsenic. Recently, guidelines for arsenic in rice have been
adopted by the Korean ministry of food and drug safety to prevent health risks based on rice
consumption. Because of the exposure to arsenic and its accumulation in the human body through
various channels, such as air inhalation, skin contact, ingestion of drinking water, and food
consumption, integrated multimedia risk assessment is required to adopt appropriate risk
management policies. Therefore, integrated human health risk assessment was carried out in this study
using integrated exposure assessment based on multimedia (e.g., air, water, and soil) and multi-route
(e.g., oral, inhalation, and dermal) scenarios.

The results show that oral uptake via drinking water is the most common pathway of arsenic into the
human body, accounting for 57%-96% of the total arsenic exposure. Among various age groups, the
highest exposures to arsenic were observed in infants because the body weight of infants is low and
the surface areas of infant bodies are large. Based on the results of the exposure assessment, the cancer
and non-cancer risks were calculated.

The cancer risk for CTE and RME is in the range of 2.3E-05 to 6.7E-05 and thus is negligible because
it does not exceed the cancer probability of 1.0E-04 for all age groups. On the other hand, the cancer
risk for RME varies from 6.4E-05 to 1.8E-04 and from 1.3E-04 to 1.8E-04 for infants and preschool
children, exceeding the excess cancer risk of 1.0E-04. The non-cancer risks range from 5.4E-02 to 1.9E-
01 and from 1.5E-01 to 6.8E-01, respectively. They do not exceed the hazard index 1 for all scenarios
and all ages.

Keywords : arsenic, multimedia risk assessment, cancer risk, non-cancer risk
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1998; Juilot et al. 1999; Charlet et al. 2001,
Cappuyns et al, 2002). B4 #)oF, ojFeF 9 7+
oS doy]= o7t WlE A (human carcinogen)
2 JARC (International agency for research on
cancer)o| A ‘1A’ SFOo R BEEEgon nHz3
L AU Y35 e B4 S 2 Bolt
u]2:9] S48 v]40] Fefo] mke} 2ol 7} 9o,
A, A5 59| B7]8 47k §7]0] 40 vlg) SA4fo]
ok, As*7F As*toll BIsiA = 108, f718]42)
MMA, DMA FRth= 7008] A= EAo] At} @
HE = Bl A & % e $Y v
T2 —r7l‘j]/\§ EASHH, PAHAE SolAlE
7lﬂ 2 ol & ALz AP A Qi uhEhA &
Ao HA }.-_i% A7TA717] Y= S 0]
& F7HaT ﬂHZﬂ 3! “E ol Al J*ﬂOH

2 =~
HECE B AER) W F7ula AR o] AlAlE AL
Ao, sl g 7tel 26 7hs et tadel sl i
A BUEE Aake F5e Aol
o] 7ol A = B Eof Fof Hjdef o
e B 71Es dAste] dejstal glon, 53] 5
£ e R Hewdh A AEel Heh 4 7]
E& ZdBkskaL T, WHO, vl=, d2ohe He
= 0.01 mg/L= dAstglon,

FAO/WHO?| Zdl A~ A A EH2 9143 (Codex
alimentarius international food standards)= 2
% Anlel wiujo] gk /)44 7128 747} 0,35
mg/kg, 0.20 mg/kgl 2 A5}, iete
Hew A7 E 9 HeiE A 71E00A
FH|& 7]EE 0.01 mg/LZ AAstdon, AEe
7% 9 A7z A S o] thek R4
9] 71%2 =AM F A 9193 (Codex) 43 22
0.20 mg/kg o & A5}tk (MFDS 2016), &2 F
Koz shz g2lufel wlo] & Bl sl =
78|49 oFE =AM} ©F 0,0lmg 22 QA 2t
A 7] 2 (Provisional Tolerable Weekly Intake,
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PTWI)¢! 9.0 ug/kg/week?] 13 % 522 oFA
AORE Yo Heg 9 o A=l
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A S1si 8717 E et Argolt,

AAY7IA] = H|axof| ot =EH 7= 7], 4,
E9F A& (Park et al. 2001; ME 2006; ME 2010;
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Table 1. Exposure algorithm by exposure pathway (US EPA 2004; NIER 2010; ME 2016b)

Route Media

Algorithm

Inhalation Air

X(Cx IR ¥ URX UT x CF X EF X ED) _

Euw=
BWx AT

E.ir: Inhalation exposure (ug/kg-day)
C: Concentration (ug/m?)

IR;: Inhalation rate (m*/day)

UR: Utilization rate (unitless)

UT: Utilization time (min/day)

CF: Unit conversion factor (day/1440min)
B: Inhalation coefficient (unitless)
EF: Exposure frequency (day/year)
ED: Exposure duration (year)

BW: Body weight (kg)

AT: Average Exposure duration (day)

Drinking water

Cx IR x UR*EF X ED
Eoratswater = X B
BWx AT

Eonatwarer: Oral exposure (ug/kg-day)
C: Concentration (ug/L)

IR: Ingestion rate (L/day)

B: Oral coefficient (unitless)

Oral

Soil & Dust

CXxIRxCFx EF x ED
Eorat-socit dust = x B
BW x AT

Eorat-soil aust: Oral exposure (ug/kg-day)
C: Concentration (ug/g)

IR: Ingestion rate (mg/day)

CF: Unit conversion factor (10-3g/mg)
B: Oral coefficient (unitless)

Dermal Hand-dust

Cx HAXEFXED
Baema=———————%B
BW x AT

Edema: Dermal exposure (ug/kg-day)
C: Concentration (pg/cm?-day)

HA: Hand area (cm?)

B: Dermal coefficient (unitless)

Public Health and the Environment) ¥ US EPA
(United States Environmental Protection Agency)
S AP HARE 72 ARE Ao
(ATSDR 1999, 2000; RIVM 2001; ECHA 2015), &
439 7H= US EPA 9 ATSDRY] AR HRE
o]-§-5F3rt,

2) k%9 7}HExposure Assessment)

Al 20] tpuf A /o 2 =EB7HE QIR =F Al
Ue] o= g ol Al AARE sl B 7 $1et Q1A
&Y HAE Y =&
2 FESFe] 185149 2w (US EPA 2004; NIER
2010; ME 2016b) AEE JFotoll A A7

) 2B o® o] AuE @8 A4 ATHUS
EPA 2004; NIER 2010; ME 2016b) (Table 1).
wEALL wER U TRl ¥uZ
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(ME 2007; NIER 2016) 28290154 B4
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Table 2. Exposure factors with selected values

Value
Route Parameter Unit Preschool | School Reference
Infants children | children Teenager | Adult
Outdoor 9.49 104 12.7 14.8 20.7
Indoor 9.49 104 12.7 14.8 14.8
Inhalation - s ME. 2007,
rate Activity space | m’/day 499 8.04 - - NIER. 2016
School - - 9.79 11.35
Office - - - - 16.0
Outdoor 1 1 1 1 1
Indoor 1 1 1 1 1 MOHW. 2015
Utilization - ) ’
nfe Activity space | unless 0.34 0.90 - - MOIS. 2016,
School - - 0.95 0.89 MOEL. 2016
. Office - - - - 0.48
Inhalation
Outdoor 43.0 519 948 804 75.5
Indoor 1169 1074 419 394 1282
Utilization - . ME. 2007,
time Activity space | min/day 228 314.1 - - NIER. 2016
School - - 450.1 596.6
Office - - - - 258.7
Outdoor 365 365 365 365 365
Indoor 365 365 365 365 365 | MOIS. 2016,
Exposure — MOEL. 2017,
frequency Activity space | days/year 287 180 - - MOE. 2015a,
School - - 190 190 2015b
Office - - - - 250
Inhalation coefficient unless 0.8 0.8 0.8 0.8 0.8 | ATSDR. 2007
) Drinking water | L/day 041 0.60 0.84 0.97 1.50 ME. 2007
Ingestion Soil mg/day 118 118 50 50 202 | KHIDA. 2015,
rate US EPA. 2011
Dust 30 60 60 60 30 :
Oral Drinking water | days/year | 365 365 365 365 365 | ME. 2007,
Exposure - US EPA. 2004,
frequency Soil 365 365 365 365 365 VDEQ. 2017,
Dust 182 182 12 12 12 Kim et al. 2009
Oral coefficient unless 0.95 0.95 0.95 0.95 0.95 | USEPA. 2009
NIER. 2016,
Hand area cm? 258 437 641 - MOHW. 2011,
Dermal 2012, 2013
Dermal coefficient unless 0.03 0.03 0.03 0.03 0.03 | USEPA. 2004
. ME. 2007,
Body weight kg 10.5 20.5 41.2 59.9 63.0 NIER. 2016
Common Exposure duration min/day 2 5 6 6 46
- ME. 2007
Average exposure duration days 730 1825 2190 2190 16790

a}o] 28519 cHMOHW 2015; MOIS 2016; MOEL
2016), =ZHEL 2015 HAEAE 20174 &
A%, 20158 2FFaSH AP, 20153 fotu
S AYHE A8t AAEATHMOE 20158,

2015b; MOHW 2015; MOEL 2017), &A1= =+
W EdA 57} gl AR =9 US EPA (2004)
2 ATSDR (2007)0l14 AAIgE SAl4~5 285131
THUS EPA 2004; ATSDR 2007). AlF#-e HA &
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Table 3. Exposure data used to derive CTE and RME

CTE RME
Media unit | number | median | min max Medfian Med;’an Ref
0 o
mean | maximum
Outdoor 1,103 | 0.0035 ND | 0.054 | 0.0033* | 0.0086** | ME.2015
14 14 | 0.0050 ND ME. 2009
Home 0.0037 | 0077 +———
24 24 | 0.0024 | 0.0003 Park et al. 2016
Playground 109 | 0.022 ND | 1.182
. Playroom 112 | 0.005 ND | 0.039
Air Adtivity | e | ugim’ 0020 | 0432 |Yangeral 2011
Indoor | space 120 | 0.015 ND | 0434
center
Kindergarten 113 | 0.017 ND | 0918
40 | 0431 ND | 0.800 NIER. 2012
School | e
177 | 0.003 ND | 0.022 | 0.0024 | 0.013 i
Kim et al. 2012
Academy 111 0.004 ND | 0.022
60 | 0314 | 0.007 5.49 ME. 2010
8 0.76 ND 3.61 ME. 2009
54 2.81 0.11 134 ME. 2006
Drinking water ng/L 13 2.01 0.22 6.12 | 2.01 549 NIER. 2014
56 | 0.0059 ND 0.043 Lim et al. 2004
59 3.49 0.10 28.1 Lim et al. 2000
1286 2.53 0.29 1.94 Lee et al. 2015
1,000 6.07 0.00 64.8 NIER. 2016
316 6.24 0.57 54.0 NIER. 2005
186 3.50 0.84 7.72 NIER. 2008
Soil mg/kg 60 6.42 0.55 214 | 3.50 7.72 ME. 2010
2010 0.87 ND 7.02
2010 0.66 ND 6.52 Kim et al. 2008
4047 0.59 ND 5.62
School 14 0.001 ND 0.002 .
0.001 0.003 Kim et al. 2012
Academy 16 0.001 ND 0.004
Day care 10 [ 0.0003 | ND | 0.0027
center K-ECO. 2010
Handod Kindergarten - 10 | 0.0002 ND | 0.0018
and-dust Activity | Playground | ¥ 5| o028 | o005 | 02| |
space | Playroom 5| 0.086 | 0005 | 0.141 ’ ’
Y: tal. 2011
Day care 5| 0040 | 0005 | 0.088 agera
center
Kindergarten 51 0.071 | 0.005 | 0.139
15 0.22 ND 0.97
K-ECO. 2010
15 1.75 ND 6.95
0.16 0.060 0.70
Dust mg/kg 7 0.060 | 0.060 0.15 | 0.16 0.97
Yang et al. 2011
0.62 0.060 1.97
0.060 | 0.060 | 0.060
71 | 0.043 ND 1.06 ME. 2010

*The average value of raw data
**95th-percentile of raw data
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Table 4. Evaluation of toxic effects of receptor

Receptor Chronic toxicity effect Ref
US EPA 1998,
Human Skin effect, hyperkeratosis, hyperpigmentation, skin cancer WHO 2011,
death from cancer of lung, liver, kidney etc Buchet ez al. 1981,
DNA damage Vahter et al. 1982
chromosomal abnormality Lee et al. 1969
Mouse atherosclerosis Jarup et al. 1991
Enterline et al. 1982
& 20159 6&37 AAREE ARE &St USA, ver 1L1.2.4.6)& %%6}04 ;%%“ 2 3
ﬁ%% TS st gesien, B B2 BeS YYASR she WHeR %;é_l*é

%k WA= 20074 ?&%kcgﬂlflﬂ B3} 20114
EPA Az oA AAE HAHEFS &
2007; US EPA 2011; KHIDI 2015), £ A&HA2
20169 ojglo] lmZA 4> HEKo| AAE Fhs Z&
5} tHNIER 2016) (Table 2).

ZFujA) 8 HAS bl Y UHY RS
$75ko] wfolstglth(Table 3), &3 7HS 9J3t =
E%% $42 Central Tendency Estimate(o]s}
CTE), Reasonable Maximum Estimate(®]3} RME)
2 247} LRslo] AAEET OTE 22 7 miH)
AR FUHE AHESE o, RMEZR 7
oA | chgke] St P%M AA| &S AL

A5ttt CTE 5= duelEe] FH4 el =27
= 9fnjst= Alo)aL, RMEL‘—Eﬂ awE agq

°lf°
ol
S0

5 0oz At v
EPA 1990).

3) 93= ZA(Risk Characterization)

v o] tfgh $J8llAd Bt AR EL =EH 7
Wit SEEA 2E2H7P|HOR SRt AHgst
At 1A AHEH =2H7IHS A w23
zo}ﬂalzoﬂ X1x4 —8—0}01 i%akg }\]-24{5}

%i% Xn“’l i’ldr(ME
2016b) SEEA =2HVPIHE 2HVEER AlE
glo] A& A ¥5H= Crystal ball (Clorado, Denver,

T} 7P S WSk SRt 7]‘?1

2014; ME 2016b), 1A ez AAL ot
(ECR: Excess Cancer risk)2} H]QFQF9
Hazard Index)& 23t A A8},
A= chuj Al /o 2ol A =4 %‘%izak
(ADD: Average Daily Dose)2 WA 4>(SF: Slope
Factor) J—OM +#HP°*H = AHgsti e,

o =
oo
e
e
oo,
o2

ZH(ADD: Average Daily Dose)&
Reference Dose)Z U0l Yal=S A3l

EApare I B e N e A L= e o R
A A2 ok 4] (D7 (22 ol 83le] ATt
ECR = ADDxSF (1)
ECR: excess cancer risk (unitless)
ADD: average daily dose (mg/kg-day)
SF: slope factor (mg/kg-day)
HI=ADD/RfD 2)
HI: hazard index (unitless)
ADD: average daily dose (mg/kg-day)
RID: reference dose (mg/kg-day)
0117]/\—1 E/\-Hd—_]_!_;(] =i} P%}'Zﬂ/\ re Us EPA,

ATSDRS AlZ| %7} =2 A a s A835}to] vk
SFATHUS EPA 1993; ATSDR 2007; WHO 1966)
(Table 4).

FEAY] T HAl Wehy BA vh9 Lo
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Table 5. Toxicity reference of arsenic
Critical Point for Uncertainty Value .
toxicity End derivation factor RfD SF ¢
Dermal toxici NOAEL: 0.0008 3 0.0003 B US EPA 1993
He mg/kg-day mg/kg-day ATSDR 2007
Skin cancer - B B L5 US EPA 1993
mg/kg-day WHO 1966
A B9 sl S S Beld vk on, vast ok Ea vuslaE AHe Y AR
DNAS} Hk-g-8fo] f-22} £48-5 doz 4= qlrfal ¥ (RfD: Reference dose, 0,0003 mg/kg—day)= US
o w22 lymphoma cellof|A] GMA] o)A EPA (1993), ATSDR (2007)2] 7+ AFA] 95 =4
Qorlt fu(Clastogen) VS Ao ATHMass  UHT} BAH SRS Vgl o) 4eH
et al, 2001; Simeonova et al, 2003; Kligerman NOAEL (No observed adverse effect level)2 0.0008
et al, 2003). E3t QAAo F4, LE&F =EA(2 mg/kg/day, UF (Uncertainty factor)& 3& A3

mg/kg/day) &7, AAZE, FF 5 T4 T
| Z(encephalopathy)S gt (Quatrehomme
et al. 1992; Ahmad et al, 1999; Uede & Furukawa
2003; Vantroyen et al, 2004), E3SF H]Axof TFA] A
O 2 eEbes 4SS G5y SRR 2
S B ZAto] B2HE| 9t (Chakraborty & Saha
1987; Bickley & Papa 1989; Ahsan et al. 2006).
E3} H]/\I— _[_ﬂol- _,_] H ol u] 7rers 2 o;]t 7F
WFolE 2l (human carcinogen)® IARCo|A] Hrol=
2 1A’ 2 EREglon, 7]& A dgtxAte] 9
Sl ol Q.2 415 At tol Sk
ZAF E9tHLee & Fraumeni 1969; Tokudome &
Kuratsune 1976; Enterline & Marsh 1982; Jarup
& Pershagen 1991). w2t §-54] &<l A3}, w4

L= _,_]l:lo]- jui] o]-O Hl—/\u /\]7] A ol% %}'%QO 111
=

ol dFE &

Ql
]_

A mEA TE7|H R 237

E}(Table 4).
2123 7} (Dose—Response Assessment)+=
=20 gt =849 Epat ofof whE Q1A
Fke] S ke 1goltt, o]
A2 Q814 24 (Hazard characterization)o]2fal
T s, QAo fafEEo] =EE S A5
GaFo] dold ﬁﬁg g e - = T
o= AFES 95t wREA E(SF: Slope factor, 1.5
mg/kg—day)~= US EPA (1993), WHO (1996)2] 73+
HRAe Adsixlg S 2He-5)

HAA S5 8 A

A
A
nn

TI’OH

o mAl= %

ol u

1]
[= BN

ScHTable 5).

2. ==Y Gt

CHifA| /e = W48 =Ew AHE Table 6
goll ettt WA A4 =237t 2% F
CTEZRS F-gotollA 5. 7E-02 ug/cm?/min= 7H4
& =272 Holen ojojA] mgtols 4,2E-02
ug/ecm?/min, 449l 2.48-02 pg/cm?/min, 3o}
% 2.0E-02 ug/cm*/min, A4 1,7E-02 ug/cm?/
min =02 &% X E Yehyolct, RMEZE &
A ggoloA 2.0E-01 pg/cm?/minZ 7}4 &
=& Holow oloji mFstolE 1.5E-01
ug/cm?/min, FgolE 8 3E-02 pg/cm?/min, 3
01 7.6E-02 pug/cm?/min, F44 4, 4E-02 ug/cm?/
min <02 = E8 By s Yepfict

LAY AEY ZUARE B3 2T
% CTEZRS otof| Al 2.6E-03 ug/cm?/minZ 7t
F 2 eETe Yo o]olA njFgtolE 1.8E-
03 pg/cm?/min, 3! 7.18-04 pg/cm?/min, 33t
oFF 6.4E-04 ug/cm?*/min, A4E 4 5E-04 ug/
cm?/min 08 =& F32E eIt RMEZ:
A-gAlo e AdGolofA 5 2E-02 pg/cm?/min® 7}
A2 eE:de H3lon ool wFdtolE 3.6E-
02 ug/cm?/min, 491 1,4E-02 pg/cm?/min, 33t
o} 2.3E-03 pg/cm?*/min, A4E 1,.8E-03 ug/
cm?/min £ 0.2 &g EXE el £39
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Table 6. Deterministic exposure assessment results
— Exposure dose (ug/kg-day)
Infants Preschool children | School children Teenager Adult

Total exposure 5.7E-02 4.2E-02 2.0E-02 1.7E-02 2.4E-02

Outdoor 7.1E-05 4.8E-05 54E-04 3.6E-04 4.5E-05

Indoor 2.2E-03 1.1E-03 2.7E-05 2.0E-05 6.2E-04

Inhalation Activity space 3.2E-04 6.1E-04 0.0E+00 0.0E+00 0.0E+00

CTE School 0.0E+00 0.0E+00 7.1E-05 7.0E-05 0.0E+00

Office 0.0E+00 0.0E+00 0.0E+00 0.0E+00 4.4E-05

Dust 1.7E-04 1.8E-04 8.9E-05 6.1E-05 2.9E-05

Oral Soil 7.5E-03 3.8E-03 5.3E-05 3.6E-05 1.4E-05

Drinking water 3.7E-02 2.8E-02 1.9E-02 1.6E-02 2.3E-02

Dermal Hand-dust 1.0E-02 8.7E-03 1.9E-04 0.0E+00 0.0E+00

Total exposure 2.0E-01 1.5E-01 8.3E-02 44E-02 7.6E-02

Outdoor 1.9E-04 1.3E-04 1.4E-03 9.5E-04 1.2E-04

Indoor 4.5E-02 2.3E-02 5.5E-04 42E-04 1.3E-02

Inhalation Activity space 6.9E-03 1.3E-02 0.0E+00 0.0E+00 0.0E+00

RME School 0.0E+00 0.0E+00 3.8E-04 3.8E-04 0.0E+00

Office 0.0E+00 0.0E+00 0.0E+00 0.0E+00 9.2E-04

Dust 1.1E-03 1.1E-03 54E-04 3.7E-04 1.8E-04

Oral Soil 1.6E-02 8.4E-03 1.2E-04 8.1E-05 3.1E-05

Drinking water 1.0E-01 7.6E-02 5.3E-02 42E-02 6.2E-02

Dermal Hand-dust 3.0E-02 3.1E-02 2.7E-02 0.0E+00 0.0E+00

Table 7. Probabilistic exposure assessment results
Exposure dose (ug/kg-day)
Receptor Mean Median 95 percentile

Inhalation Oral Dermal | Inhalation Oral Dermal | Inhalation Oral Dermal
Infants 29E-03 | 1.5E+02 | 2.5E-02 | 1.7E-04 | 24E-01 | 1.6E-02 | 7.5E-03 | 12E+02 | 8.0E-02
Preschool children | 1.8E-03 | 2.1E+02 | 2.2E-02 | 12E-04 | 1.2E-01 | 1.3E-02 | 48E-03 | 6.2E+01 | 6.9E-02
School children | 6.5E-04 | 2.7E+00 | 4.8E-04 | 42E-04 | 2.7E-02 | 3.0E-04 | 1.8E-03 | 2.3E+00 | 1.5E-03
Teenager 48E-04 | 1.6E+00 | 0.0E+00 | 2.9E-04 | 2.1E-02 | 0.0E+00 | 1.3E-03 | 1.4E+00 | 0.0E+00
Adult 1.0E-03 | 5.1E+00 | 0.0E+00 | 6.8E-05 | 3.4E-02 | 0.0E+00 | 2.6E-03 | 2.8E+00 | 0.0E+00

CTES} RMERS %4-$-0t]
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=k O
==

s 7ol A 2.2E-
Hdh

AT ARE Fo =% F CTEGES G50ty
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6.2E-02 ug/cm?/min, Fstols 5 4E-02 ug/cm?/

min, 44 4,2E-02 ug/cm?/mine= 0.2 k&5

4 5E-02 ug/cm?’/min& 714 2 =% HYo
n} o]ojA w]F|etolg 3 2E-02 ug/cm?/min, Q1
2.3E-02 ug/cm?/min, F&oks 1.98-02 pg/cm?/
min, 44 1,6E-02 ug/cm?/min 0.2 =%
BzE2 Uelfiglth, RMEZE 2-8-Al0l = gofol A]
1.2E-01 pg/em?/min® 7P§ & =&%-S E3lon
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Eo|A 37E-02, .OE-01 & AT AR %
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Table 8. Exposure dose of deterministic and probabilistic approaches in the age-gender category

Inhalation Oral Dermal
Receptor Value
Deterministic | Probabilistic | Deterministic | Probabilistic | Deterministic | Probabilistic
It Median/CTE 2.6E-03 1.7E-04 4.5E-02 2.4E-01 1.0E-02 1.6E-02
R OSIVRME |  5.2E-02 75E-03 12E-01 12E+02 31E-02 8.0E-02
Preschool Median/CTE 1.8E-03 1.2E-04 3.2E-02 1.2E-01 8.7E-03 1.3E-02
children 95th/RME 3.7E-02 4.8E-03 8.6E-02 6.2E+01 2.7E-02 6.9E-02
School Median/CTE 6.3E-04 42E-04 2.0E-02 2.7E-02 1.9E-04 3.0E-04
children 95th/RME 2.3E-03 1.8E-03 54E-02 2.3E+00 5.6E-04 1.5E-03
Median/CTE 4.5E-04 2.9E-04 1.6E-02 2.1E-02 / /
Teenager
95th/RME 1.7E-03 1.3E-03 43E-02 1.4E+00 / /
Adult Median/CTE 7.1E-04 6.8E-05 2.3E-02 3.4E-02 / /
u
95th/RME 1.4E-02 2.6E-03 6.2E-02 2.8E+00 / /

5 LIE-04 pg/cm?*/min 0.2 =& HES 1}
R 2iek. RMEZE 2-8-A] v F|stolsoll 4] 3,1E-01
ug/cm?/min® 7H} & =EFE Holon o]ojA
Aot 3.0E-02 pg/cm*/min, Fstols 2. 7E-02
ug/em?/min <02 wET BES LER Q)

THH R S 2 HjaTt QAo 7HE Eol
EEHE AR2e Aol o 7l =R 57~96 %
(CTE A-&A] 76~96 D)5 AAeF3lon, 71 5 J=
50| & =E39] 50~95 %(CTE 2-8-A] 65~96 %)
oo g 7H & 71 EE AR, ol 7|E
AFold Hud dje A+ B2 F Hews 58
Z1AZ7t s AF ol F8 =E2HRE U
B}t th(Zaldivar 1977; Tokyo University, 2010).
Egh Ao the dg ol ula) dot 4
TollA =& S| UE, oA AlFo] WAL
AwHA o] AN fafEde] v ol k=ad 4= SV
ozolm, WA, AfEEsitol Ao s AlZE 52
=% 54 o3t Zolet AetEh(Scheuplein et
al. 2002; Seo et al, 2013).
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Table 9. Estimation of cancer risks

Cancer risks
Infants Preschool children School children Teenager Adult
Oral CTE 6.7E-05 4.8E-05 2.9E-05 2.3E-05 3.4E-05
RME 1.8E-04 1.3E-04 8.1E-05 6.4E-05 9.3E-05
Table 10. Estimation of Non-cancer risks
S Hazard Quotient (HQ) & Hazard Index (HI)

Infants Preschool children | School children Teenager Adult
Total exposure 1.9E-01 1.4E-01 6.8E-02 SAE-02 7.8E-02
Outdoor 6.2E-04 4.2E-04 4.7E-03 3.2E-03 4.0E-04
Indoor 1.5E-01 7.8E-02 1.8E-03 1.4E-03 43E-02
Inhalation Activity space 2.3E-02 44E-02 0.0E+00 0.0E+00 0.0E+00
CTE School 0.0E+00 0.0E+00 1.3E-03 1.3E-03 0.0E+00
Office 0.0E+00 0.0E+00 0.0E+00 0.0E+00 3.1E-03
Dust 5.8E-04 5.9E-04 3.0E-04 2.0E-04 9.7E-05
Oral Soil 2.5E-02 1.3E-02 1.8E-04 1.2E-04 4.6E-05
Drinking water 1.2E-01 9.3E-02 6.5E-02 5.2E-02 7.6E-02
Dermal Hand-dust 3.3E-02 2.9E-02 6.2E-04 0.0E+00 0.0E+00
Total exposure 6.8E-01 5.0E-01 1.9E-01 1.5E-01 2.5E-01
Outdoor 6.2E-04 4.2E-04 4.7E-03 3.2E-03 4.0E-04
Indoor 1.5E-01 7.8E-02 1.8E-03 1.4E-03 43E-02
Inhalation Activity space 2.3E-02 44E-02 0.0E+00 0.0E+00 0.0E+00
RME School 0.0E+00 0.0E+00 1.3E-03 1.3E-03 0.0E+00
Office 0.0E+00 0.0E+00 0.0E+00 0.0E+00 3.1E-03
Dust 3.5E-03 3.6E-03 1.8E-03 1.2E-03 5.9E-04
Oral Soil 5.5E-02 2.8E-02 3.9E-04 2.7E-04 1.0E-04
Drinking water 3.4E-01 2.5E-01 1.8E-01 1.4E-01 2.1E-01
Dermal Hand-dust 6.2E-04 4.2E-04 4.7E-03 3.2E-03 4.0E-04

et al, 2002; Seo et al, 2013), E3F 2 7]& AF

2 %’46]11]#7} 15} 3 Afge] w

sttt CTE 9 RMES]

Aol A &= Shin (1994), Park (2005) % Jeon (2010)
o) A AT} 2424 1,07E-04, 4.7E-05 ¥ 1.1E-05
o] ATE Ueffo] & A9} FARE 237} mEE
S THShin et al, 1994; Park et al. 2005; Jeon et
al, 2010).
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