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Risk assessment for Soil Contamination Warning Standard
and Soil Background Concentration

Dong Shin' - Seong-Jae Park' - Young Tae Jo' - Jae-eun Bong' - Jeong-Hun Park'*

! Department of Environment and Energy Engineering, Chonnam National University, Gwangju 61186, Korea

ABSTRACT

There is domestic Soil Contamination Warning Standard (SCWS) as remediation standard concentration of contaminated
soils. No risk should be observed at soil concentration less than SCWS. Therefore, SCWS was evaluated to confirm the
risk assessment. Background Concentration of Soil (BGC) and target remediation concentration were also assessed. The
results show that Excess Cancer Risk (ECR) of SCWS was the highest in the groundwater intake pathway (Adult: 6.27E-
04, Child: 2.81E-04). Total Cancer Risk (TCR) was 7.76E-04 and 4.30E-04 for adult and child, exceeding reference value
(10%). Hazard Quotient (Non-Carcinogenic Risk, HQ) was the highest in the indoor air inhalation pathway (Adult:
3.64E+03, Child: 8.74E+02). Hazard Index (Total Non-Carcinogenic Risk, HI) exceeded reference value 1. ECR of the
BGC was the highest in the groundwater intake pathway (Adult: 1.71E-04, Child: 7.67E-05). TCR was 2.12E-04 for
adults and 1.17E-04 for children, exceeding the reference value (10°%). HQ was the highest in groundwater intake pathway
(Adult: 4.10E-01, Child: 1.84E-01). HI was lower than reference value 1 (Adult: 4.78E-01, Child: 2.50E-01). The heavy
metal affecting ECR was Arsenic (As). The remediation-concentration of As was 7.14 mg/kg which is higher than BGC
(6.83 mg/kg). TCR of As should be less than reference value (10°), but it was higher for all of SCWS, BGC and target
remediation concentration. Therefore, it is suggested that risk assessment factors should be re-evaluated to fit domestic
environmental settings and SCWS should be induced to satisfy the risk assessment.

Key words : Risk assessment, Soil contamination warning standard, Background concentration, Carcinogenic risk,
Non-carcinogenic risk

(RDA, 2012).
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thSeo et al., 2013). T3, A
F 7S EY WY F559Y sxo wt Al
dolut LAl thet Frke theaLl A e
SE7F SIS RSt siejEE Q1A

gk Sl f41A] BAEE e opEE o]l tigh
Zeh =97} BasHH(Choi et al., 2012).

oo wet MAl A HARIFoAM e o]HFH HHLYH
o] QA Xl Fel gk AN H7HE Al=si3l
o)} FEE AFE WS ok vt A
1990t SHEFE ESF ffaldH7iel gk T84d< <)
2] S g7 e Bt AlRAoR AFalr] AlEksI
ok 53 19959 EYREREAH0] AEHA EY
o gk Tilo] STk o1% 2006 a0l S0l A
ERPRAY /83 3 EXed eim7E AR
rhgdsie] 7h dah, e 3Rl A3 ARES AlA
3}t (Park et al., 2020; Lim et al., 2016; An et al,
2007). HZ7HAE o] ESF Sleid® 7l #3 A
s P ot Qs 8Hrt e F2 He
B A EYolr, 5 T e EUE
A7 ARkl A7) =E2E W S o
HHEHAHPark et al, 2020; Lee et al, 2015;
Lim et al., 2015; Choi et al., 2012).
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2.1. | go} chad

H7F g =l EYLd $871(Soil Contami-
nation Warning Standard, SCWS)2| X|Eo] A -T2
59 1AY FF4 FE(Cd 4, Cu 150, As 25, Pb
200, Zn 300, Ni 100, Hg 4 mg/kg)?} +HE7H 7810
A ARG BEY U a5 ARMIEEE(BGC, Cd 0.29,
Cu 1526, As 6.83, Pb 1843, Zn 54.27, Ni 17.68, Hg
0 mgke)=E LFE 7P E¢olH, o] v Ed==
EE(CYZE 7183k S8l W71E AASHATH Yoon et
al., 2009).

2.2, B 2l Eot

e ERRPEIRAY A 155295 EYL A=
Aal g7t ARE wEo =2, falA &R (Hazard identifi-
cation), =27 H(Exposure assessment), =437} Toxicity
assessment), 3= ZX(Risk characterization) $=A1Z

3.

R Hle BWithge) 0PBAe] EA) HT7E
R S FASRe Bl B a7

ok eEREE ERHA, FAEHA, B, B
QGEe] FHE Ak, 4] maRA 9,

Z B Y, EFR Ak
W, BE w3} A5 Ao
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Table 1. Equation for ADD and ADE of each exposure route

Media Exposure route Unit Exposure route of human body exposure Abbr.
o el 4 C,xBCFx CR,xABSx EFx ED ADD
rop ntake mg/kg-day BWoAT
Soll Infak d C,xCR x CF, x ABS;;x EFx ED ADD
oi ntake mg/kg-day TV
Soil Contact rod Cx(AFxABSpx CF)xSAex EFx ED ADD
oi ontacf mg/kg-day WAl
CxCR xEFxED 1
. BWxAT 0. +0 H
Ground Water Intake mg/kg-day x DAFx ( ko2 ) ADD
Py
. . 3 CyxABS,,;, x (TSPx frsx Fryx EFx EDx CF,
Soil Inhalation mg/m’ T ADE
. Inhalati 3 C xEFXED C xEFxEDx1/VF
Outdoor air aration mg/m’ < or = ADE
(Volatilization) AT AT
C. xEFxEDxABS.
ADE = 4 inh
i or
. Inhalation 5
I e N ADE
ndoor air (Volatilization) me/m CxEFxEDXABS,)xCFy ~_ aH
AT 0,+0,H
Kyt
Py

* C, : Exposure concentration of soil, Cy, : Exposure concentration of ground water, C, : Volatile substances from soil (outdoor), C;, : Vol-
atile substances from soil (indoor), ADD : Average daily dose, ADE : Average daily exposure concentration.

Table 2. Exposure factors of exposure assessment for Table 1

Parameter Abbr. Unit Adult Child
Consumption rate of soil CRg mg/day 50 118
Soil to skin Absorption Factor AF mg/cm? 0.07 0.2
Exposure Skin surface area SA. cm?/day 4271 1,828
Inhalation absorption Factor ABS;h - 1
Amount of suspended particles in air TSP mg/m’ 0.07
Fraction of soil in suspended particles in air frs - 0.5
Fugitive dust Residual rate in Respiratory Fr - 0.75
Consumption rate of ground water CRy L/day 2 1
Consumption rate of produce CRp kg/day 0.210 0.185
Body weight BW kg 62.8 16.8
Average time AT days 28,689
Exposure frequency EF days/year 350
Exposure duration ED years 25 6
Conversion factor 1 CF, kg/mg 1.0E-06
Conversion factor 2 CF, pg/mg 1.0E+03
Conversion factor 3 CF; L/m? 1.0E+03
Dilution Attenuation Factor DAF - 20 (default)

2 7Hsisitt. o=l =2 FE8Ae A 4 7IEo g Wrlsoint. Sl dmrE el dLHHE ==

3} ofdlolz. Rk, EASEE $AAATA S

(Average Daily Dose, ADD), YYHT =Z55 (Average

J. Soil Groundwater Environ. Vol. 26(3), p. 37~49, 2021



40 A E A - 29 - SRk - P

Daily Exposure concentration, ADEYS ARES B3t 2PdAS o] g3sle] dd %]LL——%‘%(ADD)Q APgaiaL o]
APgeigict. A B QAES Table 13} 2ol YERAITE & EUWE B @B tigh deksjaie @ nieke
Fwe] oqr;% : Haﬂ-a}giu}. EXeaEd fsid w7t A

a5 i"é%} 747*41 ﬂ%ﬂ =4 HelHE 2 73 al 7Ree iﬂH“‘HSHE(ECRH 2
45 E 7} 10°~107, HPEASIEMHQ)S] &l %H]%L?}%ég_

(HD)= 12 Aejsolsint. wehx 2HgE gre] 3188 7]

& A e e WIS St e o=

2.2.4. fEl= A4 bl i =

ez Age A ARXE Sz A9} Table 52

Table 3. Exposure factors associated with heavy metals for Table 1

=
i
ofs
2
q
s
E
52
e S
ﬁ
g

Parameter Unit As Cd Cu Pb Zn Ni Hg
ABSg - 0.950 0.025 0.570 - - 0.040 0.950
ABSp - 0.030 0.140 0.100 0.006 0.020 0.350 0.050

BCF (Mmg/Kg)crop/ (MEKE)soi 0.002 0.090 - - 0.046 0.006 0.01
BGC mg/kg 6.83 0.29 15.26 18.43 5427 17.68 -

*ABSg; : Fraction of contaminant absorbed in gastrointestinal tract, ABSp : Dermal absorption fraction from soil, BCF : Bioconcentration
factor, BGC : Background concentration.

Table 4. Toxicity factors of each heavy metal

Parameter Unit As Cd Cu Pb Zn Ni Hg
SF, (mg/kg-day)'  1.5E+00 - - 8.5E-03 - - -
Carcinogenic SFbs (mg/kg-day)'  6.1E+01 - - - - - -
URFy, (ng/m?y! 43E-03  1.8E-03 - 1.2E-05 - 2.4E-04
RD, mg/kg-day 3.0E-04 S5.0E-04 14E-01 S5.0E-04 3.0E-01 5.0E-02 3.0E-04
Non-carcinogenic RID s mg/kg-day 29E-04  1.3E-05 - - - 8.0E-04  2.1E-05
RfC mg/m’ - 7.0E-04  1E-03 - - - 3.0E-04

*SF, : Oral slope factor, SF,, : Dermal absorption Slope factor, URF;,, : Inhalation Unit risk factor, RfDy : Oral Reference dose, RfD s
Dermal absorption reference dose, RfC : Reference concentration.

Table 5. Excess cancer risk (ECR) and hazard quotient (HQ) according to exposure pathway

Exposure pathway Unit ECR HQ
Intake Crop mg/kg-day SF,XADD 4DD
R/D,
Intake Soil mg/kg-day SF,xADD 4DD
RfD,
Soil Contact mgkg-day SFpxADD ADD
RfD abs
ADD
Intake Ground Water mg/kg-day SEXADD RD
v=o
soil Inhalation mg/m’ URF,,;,»ADEXCF, ’2—%
. . e e 3 ADE
Outdoor Air Inhalation (volatilization) mg/m URF;,;*xADEXCF, RIC
. . o ; ADE
Indoor Air Inhalation (volatilization) mg/m URF;,, xADEXCF, Ef?

* ECR : excess cancer risk, HQ : hazard quotient.
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Table 6. Evaluation equation for Carcinogenic and non-carcinogenic purification target

Exposure route

Equation for purification target

TRX BWX AT

Carcinogenic Crg=1 |+ BGC
Tntake & 75— VSFy x (BCF < CR, % ABS+ CR, < ABSg; < CF,) X EF X ED
Crop+Soil Nom-Carci ) THQ X RfDy X BWX AT
on-L-arcinogenic Crs = parx CR, < ABSy,+ CR, < ABS, < CF,) X EF < 7 T BeC
. . _ TR BWx AT
Carcinogenic Crs = U, X (AF % ABS, = (F,) % 54 X BF X ) TP
Soil contact
Non-Carci . B THQX YD, < BWx AT
on-L-Arcinogenic Crs = iF= ABS, = CF,) < 5de x BF= ED'  P°C
. . TRX BWX AT Kxi Xxd 6, +6H)
Carcinogenic = = -
Intake ¢ Crs [SE)XCR,;XEFXED]X[1+ Tep Mt Py J+pee
Ground water :
. . THQ X RfD, X BWXAT Kxi, xd 6, +6,H)
Non-Carcinogenic Cpg= o J; 105’F>< ioa] x 1+TZ < [K, +p7] +BGC
i b
. . _ TRX AT
Soil Carcinogenic Crs = T ams,, < (I5P= frs < ) < BF< BD < CF, < ) | P6C
Inhalation
. . - HQX RfCx AT
Non-Carcinogenic Crs = ABS,,, < (TSP X frs X Fr) X EF x EDX CF, I+ BGC
. . TRXAT
Outdoor air Carcinogenic = mE < am, < mr<Ep<avE T P9
Inhalation
(Volatilization) Non-Carcinogenic _ THQXRfCXAT
g Crs = pme mpxave T PO
0, +0,H
Carcinogenic Co=] TRXAT I d o 1+ BoC
Indoor air Inhalation 75 VURF,,, X EF X EDX ABS,,, x CF, X CF, add
(Volatilization) 0,+0,H
Non-Carcinogenic THQX RfCx AT ¢ Py
Crs=l g mpeans, <cr) a1 T BCC

*Crg @ target concentration of soil for remediation, TR : target cancer risk (10°%/107%), THQ : target hazard quotient (1).

2.3. 5%
Table 6ol AT 4 wlRo = s g7} dide] &
o} @ HHRRIBIES B 4F(10°~10° 2 1) o]&t=

Z57) S A 29 FEE s

L35S AN A yRE FREY, O F
e BEY =E2F55(C), A3 =EFFE(C,), B
JE =EF5(C,), BT AdlE] 3

WAEE =FEE(Co)olth

3.1.1. B9 =355 (C))
ESF e ddzt ARelN EY = sEs MY

EPEwhe LdEs Bagkt e el 52
o] g3l Wre] Al&alo] ZAsitt. Tt B A= 9
323571 il Eotoog 571 1A D B A
Eo% A, FA o

T2 gt giAAe
14] X}Oﬂuﬁﬁ T Hr 9%

O
8 =2 F=YS ¢ T 3 1:‘r(Table 7).

3.12. Adl =255 (C,)

Al ANE Aok eEFEEe vt 2

c -k oo S 1
WO DAF L e +0,H W
K x
Py
A7IM, CE AdE = EE(mgl), C2 EXREF
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Table 7. Exposure concentration results by media

Cs Cy C, Ci
Unit mg/ke me/L Adult : Child mg/n’
mg/m
As 25.00 4.E-02 - 0
Cd 4.00 3.E-03 - 0
Cu 150.00 3.E-01 - 0
SCWS Pb 200.00 1.E-02 - 0
Zn 300.00 2.E-01 - 0
Ni 100.00 8.E-02 - 0
Hg 4.00 4.E-03 1.13E-04 2.30E-04 3.581
As 6.83 1.E-02 - 0
Cd 0.29 2.E-04 - 0
Cu 15.26 3.E-02 - 0
BGC Pb 18.43 1.E-03 - 0
Zn 54.27 4.E-02 - 0
Ni 17.68 1.E-02 - 0
Hg 0 0 0 0 0

* SCWS : Soil Contamination Warning Standards(Region 1), BGC : Background concentration of heavy metal.
* C, : Exposure concentration of soil, C,, : Exposure concentration of ground water, C, : Volatile substances from soil(outdoor), C;, : Volatile

substances from soil(indoor).
* ¢ not determined.

T5(mg/L), DAFE 3]4-A 7719 (unitless), Co= EF
&5 (mgke), Kie EGRHIAIS(Lke), 0,2 B

E-F=E (unitless), 0,= EXFE7]EF=E(unitless), HE F-

A& 2 < (unitless), py= B U (kg/L)o|t.

21 (DellA Rekr =2 F5Ee IS vX= Fa3h
Ol h= EY k& srolt BEY k3 swo] o] AW
C8l 3ol AR FAHoR sk dEwe) ol A
o B 2w} BERed $2/EA B9 Cu, 7n
Ni, As, Pb SoIN Aok =Fe=r) wal, AuEs
=M= Zn, Ni, As, Cu, Pb 5] =}t He®l 35
o= zﬂ/\]El AN EET EASA] RO 2 (0 mg/kg),

Aol =EFET 002 AT (Table 7).

¢

3.1.3. ESRE 2957] f 3EE =E55(C)
EGfE 2937 F9 Y B =Eswe 4
)9} 2t

c CQ X /3.14><DA><T

C ==, yF=-22

a VF’ 2% pyxD %1000 °
96110/3 ><D S H+ 010/3 w
D,= 2
(o <K, + 0, + HaxH)n
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AA7IN, CE EgE 2937 49 ] EF ==
Fx(mgm’), VFE EF-713EA5(m 3/kg) Q/Cyor&

F7NEEAAE LA e 2 11.—_1:((g/
m*s)/(kg/m?)), Dy= LM (em¥s), T= =ZTHA(5), po
EFEHUR (gem’), Di= 371N S (em’s), D

I‘IF rr

T2 (em¥s), %T“E;Lg(unltless)olq
Ce EY =557t EYd vV kb
A A EASRE HeollMwh &0 7)sd }q C-4 At
= A F, ==0A4L o83 ofdold] % tzt
7.9E+08, 1.9E+0.8)2 T} webr Heol =EFs®e
22 [.13E-04 mg/m’, ©JA°]= 2.30E-04 mgm’E At
Z=|tK(Table 7).
A7 EEe] 79 Heol viAEE ho] 0°|2EZ C,
o] k& 002 AR ATH(Table 7).

3.14. B Adlsr] 79 e =E T
Eg A7) i Sded izoE 2 3)

% 2o
c :CsxocxprbXIOOO
i@ p,xK,;+0,+6, xH

A7, Cie BT AuEr] £ A9 =55
T(mgm’), o= EYTHi7t=Y Al



(unitless)o] =

E

Foq $el7IET B A

o wEEE EFeY SRR B

% 3.581 mg/m'olt}. W] 34 PEe B

T SABARE A3 el AAE
o] 0ol W} 0 mg/mieE ARKERACE Apdn) A EEe)

32. - EY20| UE 2¥ET ¥

Ao BAE =EA= wet

Tk deld=rel gk

, AA| gl 002 ARSI

(Average Daily Dose, ADDY} UUBH=Z-5 (Average
Daily Exposure concentration, ADE)YS Table 19 A|A]

Table 8. Results of ADD and ADE by media

3lo] 2] wmEATE

43

Pl =EFS Agaker
515;5]_& _,_Q_;q](/\%o] o]%o])

o Wt =27IZHED)S] Ho)7} EAISIEE (Table 2), 2

= A0 of-lo)= o] AR AT (Table 8).
R R i

b ST 2390 ofdlolell &
P2 > Bk E > 29 vaR|EY

243 > EO

oT, Asoﬂ

% Aeld >

olick. Casl S gole AsEA > FAEH >
g% > 9] vl
ol A > BABHA > RS > EFEA

> o] wak

] 5 ?Jl Io] /\)\E]"

HRAFY > A oIl of

. In . r Air Indoor Air
Pathway Intake Inta?(e Soil Gr(t?ul:d SOII. OIlrllt}(liaOthion In(i;(;ation
Crop Soil Contact Water  [halation o dlization)  (Volatilization)
ADD ADD ADD ADD ADE ADE ADE
mg/kg-day mgkgday mgkgday —mgke-day mg/m’ mg/m’ mg/m’
As Adult  4.84.E-05 5.77.E-06 1.09E-06 4.17E-04 2.00E-07 - 0
Child  3.83.E-05 1.22.E-05 1.19E-06 1.87E-04 4.80E-08 - 0
cd Adult  9.18.E-06  2.43.E-08 8.13E-07 2.59E-05 3.20E-08 - 0
Child  7.25.E-06  5.14.E-08 8.92E-07 1.16E-05 7.69E-09 - 0
Adult - 2.08.E-05 2.18E-05 3.30E-03 1.20E-06 - 0
Cu Child - 4.40.E-05 2.39E-05 1.48E-03 2.88E-07 - 0
Adult - - 1.74E-06 1.08E-04 1.60E-06 - 0
SCWS Pb .
Child - - 1.91E-06 4.84E-05 3.84E-07 - 0
7o Adult - - 8.71E-06 2.35E-03 2.40E-06 - 0
Child - - 9.56E-06 1.05E-03 5.76E-07 - 0
Ni Adult  245E-05  9.71.E-07 5.08E-05 7.46E-04 8.01E-07 - 0
Child  1.93.E-05  2.06.E-06 5.58E-05 3.35E-04 1.92E-07 - 0
He Adult  3.88.E-05 9.23.E-07 2.90E-07 3.72E-05 3.20E-08 3.44E-05 1.09E+00
Child  3.06.E-05 1.95.E-06 3.19E-07 1.67E-05 7.69E-09 1.68E-05 2.62E-01
As Adult  1.32.E-05 1.58.E-06 2.98E-07 1.14E-04 5.47E-08 - 0
Child  1.05.E-05  3.34.E-06 3.26E-07 5.11E-05 1.31E-08 - 0
Adult  6.65.E-07 1.76.E-09 5.90E-08 1.88E-06 2.32E-09 - 0
cd Child  5.26.E-07  3.73.E-09 6.47E-08 8.41E-07 5.57E-10 - 0
Adult - 2.11.E-06 2.22E-06 3.35E-04 1.22E-07 - 0
Cu Child - 4.47.E-06 2.43E-06 1.50E-04 2.93E-08 - 0
Adult - - 1.61E-07 9.94E-06 1.48E-07 - 0
BGC Pb .
Child - - 1.76E-07 4 46E-06 3.54E-08 - 0
7n Adult - - 1.58E-06 4.24E-04 4.34E-07 - 0
Child - - 1.73E-06 1.90E-04 1.04E-07 - 0
Ni Adult  4.33.E-06 1.72.E-07 8.98E-06 1.32E-04 1.42E-07 - 0
Child 342.E-06  3.64.E-07 9.86E-06 5.92E-05 3.40E-08 - 0
Adult 0 0 0 0 0 0 0
Hg .
Child 0 0 0 0 0 0 0

* ADD : average daily dose, ADE :

* ¢ ¢ not determined.

average daily exposure concentration.

J. Soil Groundwater Environ. Vol. 26(3), p. 37~49, 2021



44 A F -

Cuel A% Aole AEEEF > EFEE > BRI
> 9] WRIAAES] Eolgon, ofols Aaead >
EokAdE > EoFHE > A9 HibAREY] ot &
3] Cu= AEFAAFBCHY el ARVl EAsHA]
7] el F2EAF HRO] =EFe Aol A9
HAet.

Pboll A= 313} ofe] % Aalkridd > EYRHS
> AHIARIES]] oIt Pbe] ol ARVl
*g‘jzﬂﬁl?% ANETATABSqyH S8 %71 w

o), F2EAF, EFEFY =57 AFgo] AlL= A

Zn®] =% Pot FUSHA AR, of-lelellx] RSl
AF > EFEE > A9 viiAEY &olla, R

A2 AEZAAT ANETATTT glol sAEAEH 2
E"Jﬁﬁb APtellA A2 = At

Ni®] 79 421, ofdo] BFolA R854l > BEYH
Z > F=REAF> B > A1) vRAES] 4otk
Hge AelA, AUlz7] FLEAETY > 5245

>

> A > A9k FLEAFY > B9
F% > 9] WAANES wolela, ofdlole A
7] IAFEAEQ] > HAEAH > A o
> AslAdF > EFEA > ERE
o oItk Hg2 55 45 T Fdskl A9l
AR A=) Glo] AT ol Heol s
= AdZo] lew, To me} Bt deler] 9
wEFE o] Bad D, AN EF-3H
WAT(VE) Ak Alte] 7Fsshr] wiiolth.

AE7) RRAEY A=) A%, AN 109
mg/m’, 0130101]/4 0.262 mg/m*Z ALFE AT

°lm

fl

]Oqﬂ-(Table 8)
Ao EYY fH7IEH AdEEEE vt

Z(4~300 mg/kg)o]

Ho} B9, ol EYL E%
A8 75 = (0~54.3 mg/ke) Rk 7] wliolo},

3’3:‘? 7] HlaeME =EFEEET FEAU QHE
E4E UEE SRELYAEFAFCR,)OIY A
?741?"4 ko] o] & Aoz FATdn}. &, He?}t Ni
9] 739 B k& T Nio] IAT 55 A=l

Mol =Eue Heol o & ZASE UEPITHTable 8).
ol ofg] A3 ATl Rl Al FARsHATH Lee
et al., 2015; Lim et al., 2015).

33. =42 H olF flal=

B 7y AR s Uigt =E24E
A 23 EE J?ﬁé}ai@ A H’B‘HE—E 23913} o}l
o thste] WS (ECR)2}F IS E(HQ) 2714
gHoT é_‘-A]EJ&’iE}. ol% H‘?.Hsh«l Q1 FHELS
3= (TCR), BRIl Rl FHIEIRI=H)E
Al Aqleldolol] thglh <A i oJRE Hrls)
ATH(Table 9~12).

Edod 7l st weeleliee A8lAdA 4
Z2ollA AJClx} ojgo] Zkzt 6.27E-04, 2.81E-040F 713
ESTH(Table 9). A|s435 Aze] FHs=ol tigt 7]

== AHHEH(Table 10), 43907} ofHoloA] <F 81,

I, Edezesl AAEE A, wEF = 6% Uehdth Thee EORE Az 7 2gAo
e Hge ﬂ]ﬂf& UR] FEell EFQA $71EY 6.64E-05, 729E-050.82 FAIHRIL, 71ed&e oF 9,
wje} 25 FU3ITE Hed ARIEEEF 0 mg/keol 17%C100}. FLFIsles A4Q1et ofdololx 7.76E-04,
Table 9. Results of excess cancer risk (ECR) and hazarsd quotient (HQ) by media
. Intake . Outdoor Air Indoor Air
Pathway Igti)l;e Ir;fﬁe C(?I(l)tl;ct Ground | nhif;:ion Inhalation ~ Inhalation  TCR/HI
Water (Volatilization) (Volatilization)

BCR Adult 727E-05 8.65E-06 6.64E-05 6.27E-04 1.13E-06 0 0 7.76E-04

SCWS Child 5.74E-05 1.83E-05 7.29E-05 281E-04 2.71E-07 0 0 4.30E-04

HO Adult 3.10E-01 225E-02 1.44E-01 1.83E+00 1.35E-03 1.15E-01 3.64E+03 3.64E+03

Child 245E-01 4.77E-02 1.58E-01 820E-01  3.25E-04 5.61E-02 8.74E+02 8.75E+02

ECR Adult 1.99E-05 2.36E-06 1.81E-05 1.71E-04 2.75E-07 0 0 2.12E-04

BGC Child 1.57E-05 5.00E-06 1.99E-05 7.67E-05  6.60E-08 0 0 1.17E-04

HO Adult 455E-02 5.27E-03 1.68E-02 4.10E-01 1.25E-04 0 0 4.78E-01

Child 3.60E-02 1.12E-02 1.84E-02 1.84E-01 3.01E-05 0 0 2.50E-01

* TCR = 3Y(ECR), HI = 3(HQ).
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Table 10. Contribution (%) of ECR and HQ by media

$el7\E EF A

Fkol| gk Al g7t 45

Intake  Intake Soil Intake Soil Outdoor. Air Indoor .Air
Pathway Crop Soil Contact Ground Inhalation Inhz.il.a tlo.n Inhz.il.a tlo.n TCRHI
Wate (Volatilization) (Volatilization)
ECR Adult 9.37 1.11 8.56 80.81 0.15 0.00 0.00
SCWS Child 13.35 426 16.96 65.37 0.06 0.00 0.00
HO Adult 0.01 0.00 0.00 0.05 0.00 0.00 99.93
Child 0.03 0.01 0.02 0.09 0.00 0.01 99.85 100
CR Adult 9.40 1.12 8.55 80.80 0.13 0.00 0.00
BGC B Child 13.38 426 16.96 65.35 0.06 0.00 0.00
HO Adult 9.52 1.10 3.52 85.83 0.03 0.00 0.00
Child 14.42 4.49 7.37 73.71 0.01 0.00 0.00
Table 11. Results of excess cancer risk (ECR) and hazarsd quotient (HQ) by metals
As Cd Cu Pb Zn Ni Hg TCR/HI
BCR Adult  7.74E-04 5.76E-08 - 9.36E-07 - 1.92E-07 - 7.76E-04
SCWS Child  4.30E-04 1.38E-08 - 4.16E-07 - 4.61E-08 - 4.30E-04
HQ Adult 1.58E+00  1.33E-01 249E-02  2.16E-01 7.82E-03 790E-02  3.64E+03  3.64E+03
Child  7.96E-01 1.06E-01 1.12E-02  9.68E-02  3.51E-03 7.68E-02  8.74E+02  8.75E+02
ECR Adult  2.12E-04 4.18E-09 - 8.63E-08 - 3.40E-08 - 2.12E-04
BGC Child  1.17E-04 1.00E-09 - 3.83E-08 - 8.15E-09 - 1.17E-04
HO Adult  4.30E-01 9.62E-03  2.53E-03 1.99E-02 1.41E-03 1.40E-02 0 4.78E-01
Child  2.18E-01 7.72E-03 1.14E-03 9.68E-02  6.35E-04 1.36E-02 0 2.50E-01

430E-04°2 ZARERAL, &8 7Fssh kREli=S] 100~
1075 238t flalde] e Aoz vERsth vt
Helixe] B9, AdE7] IFLEASY BRAA A
olgdo] Z}z} 3.64E+03, 8.74E+02°0.8 7P EHtow
(Table 9), 71982 5 FEAA BF 99%E Hol H]
okefele] tiE-S RIS &Hl‘:“OHSHCi 5

& 7Fs HRRE]] 1S ] 2= RPekeisi g
0] Ue ZAo=E i

SHH, A gEse] thek dekeElee ES
A7) EetefeE=e} Bla Vi“;% uj, Hox]o|
7} O (Table 9), =42 ¥ &d7]H
(Table 10X 237} v*}“o‘} o} kil
oz} ojolollA Z}z}; 2.12E-04, 1.17E-040F oiél
R (10°~107)8 273t Aalide] e A
7=l &, EYed S FeEE Hot
© 3oy} A AEE FEAAE WekREAdel e
Ao F At HEkefel=e] Aol AskdA
AR 7P w9 71Ee ZF Aol ¢F 86,
74%1th. thro 2 & 3 FAEAAH AEE, 7|9E
< 9F 10, 14%C1A}. FHEIR == 22t 4.78E-01,
2.50E-0102, 38 7}s vldekes 71Ex]e] 18k u
o} HREREdE Sle A= W=

O
to
>4' o

ox & Ho

{‘ll‘

]_

i
Y

}L ﬁ”
m

H 7| =E AT HEH(Table
12), EFL $H71ES 283 eEiEs Asoll 9
P =2 A0E YERHTH>99%). EX Hsﬁ“

Wb AFANES ANEY T2 ez 93
U]X T T55% F52 AIH(Choi et al., 2012; Lee et
., 2015), ol Ast o2 E47 b2A =2%4E ¥
HW A5} gt A Slslie Alkte] 7hset

7] wjiolot.

vkl =] 79, Heoll <3 Slsl=rt 7 & A
o7 VERITH>99%). X 3.64E+03, 8.74E+020]H
71E2] 12 A ol b dH=ol| Hlsj| Hgo] ]
=E AAshs <ol UAth(Table 11).

ArAn) s =) EHL HRIEIE 7] AsellA] 7}
F =ATHE99%). BRI 4307 ofHoldlA As
o] 71w} 242t 90, 64%E 71 =& Ao FIEQ
on, Pbo| oF 4, 29%2] 7|98 Kol HE o]t}

kool HIERIIBEIES FoElRY, B ¢
7ol E et 9 ujkeisiAdol, Al A E ol A
HRF flslde] s AoE Uit o] vl o
TVt B Ve oAU AiE TR 4
Tole} shelets WS flside] EAIE  ASS VER
o} wEbA BE =242t Aeshe A, 9ked] EY

J\“> rr
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_L_E
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Table 12. Contribution (%) of ECR and HQ by metals

As Cd Cu Pb Zn Ni Hg TCR/HI

Adult 99.82 0.01 0.00 0.12 0.00 0.02 0.00
SCWS ECR Child 99.93 0.00 0.00 0.10 0.00 0.01 0.00
Adult 0.04 0.00 0.00 0.01 0.00 0.00 99.95

HQ Child 0.09 0.01 0.00 0.01 0.00 0.01 99.84 100
BCR Adult 99.94 0.00 0.00 0.04 0.00 0.02 0.00
BGC Child 99.96 0.00 0.00 0.03 0.00 0.01 0.00
HO Adult 90.08 2.01 0.53 4.16 0.30 292 0.00
Child 64.47 2.29 0.34 28.69 0.19 4.02 0.00

2 VIS ESiEEE ekl gk kS
HAE ¢ glon, AAusE MR kel o)
sk F7HAR1 A7) olsiEojor 3 B avt Qlriar e
. g% AHAHEUME 75 28 Eeel=
A 7Iee 23 A7ARIZE AAIL(Choi et al.,
2012; Lee et al., 2015), o]= $H7IE ©J8lQ] Aol=
okefaliel] gk a7 Badks AAKg

3.4, et gl vt o e MIISEX|

=R A= Table 65 Falsle] 72 A== 4APgE]
Aok, WRBIEE Exs olslE W57 gk H3pd
3= (Target Risk Level, TR)¥] 7|52 10°~10° &
BRI S = (Target Hazard Quotient, THQ)= 12 A
Aatact. dA fJEdE7E ARl HeEnA] A
2l AR I bdE2AR, =EF s 283
A govg FEA= bErrohs Fusit. 43}
EXE QA= H ARRIAFE] HHIgE 97t Bot
o] BrVs3 A=rt EA3
AxtE A= Table 130 YERNSATH S3akeis)
£ 10992 A 49 AsY] HIHEA (2= 52
+ ES FFAERAA Ad<le] 7.14 mgkg, oJHol= 7.16
mg/kg® 2 UERNIT AT E 7] 18 + EY
AF ARNA s E, A2lo] 2.22E-05(1.99E-05
+2.36E-06), ©]&1°]7} 2.07E-05(1.57E-05 + 5.00E-06)°]21
O (Table 9), A302] AN} =0} 10 wp2 g3}
B2 ofgdolo nlg| v Aoz sRIFY. EYHE
AZe] Ae, AL 7.21 mgkg, olHlE 7.17 mgkg®
2, As?] E9F A 74E5(6.83 mgkg) Hoh= 97t =
2 A Alslor she AoE UeRith EYRE 4
29| wekjs== AlQlo]l 1.81E-05, oJ&o)7} 1.99E-05
o] (Table 9), eJdo]e] USRBI=r} 1] o} b=t
Ae oo} o e Eo|qlt. EapEbeIl=(TR)
£ 10702 HAS AY, s1E + EY AFAERA

>
38

e ki
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291 9.90 mg/kg, 1A= 10.13 mgkg, EXFHE 7
2= A310] 10.59 mg/kg, o1Fol= 10.26 mg/kgS 2
UeRdthTable 14). o] Ase] E%e Y 98712 (1A%)
ol 25mgkg Rt= a1, A4 5E(6.83 mgkg) B

= %2 ootk 2yu AR EE e T
A= EEI = - A0 2.12E-04, oJFo] 1.17E-
04y} e Ao AEEo], FeEtsrol s Ueke]
=7} EAEA Foh. 28re ExlEle A A
M TES F7HRl A5 B3t BdEojor & K
o] e Aow dAdkec)

E¢o F5& ARMAEE A dTE A

B7N=(®), FAE(14), TE(12), FTH(T), AE(16), 3
(7), AE(13), (1), LA, "), AFQ)= 474
HAa, AAES] E 7)1FEE dlEET9), Wt
(12), SHFT(R), TATET(R), e 4), v
(12), Fep7183(14), sllek(14), G150 =E F 92
7Ne] AFe] AR o] AFelA Ase] -5 AT
9 8 e 2AFETO] 1241 mgkel® AU, A4
7ol 3.87mgkegl® HAaHow F A Ho] 854
mg/kgd] FAFQ1 jo|7t EAEIAT. JHE UM A
$= 8l AE FEAEE AFENoH AEEF
T WY R, T 7.87 mgkeelth o= Hitgk(As:
6.83 mg/kgih= Apol7t o™, 1 x| Ecke T
A9e] 2@ EAo] vttt & & it wEkx gt
E322] AlMEA((Table 6)04] HEX 0= HaliAl= Ak<dn)
BEee 3] ghell dES vixa, A97 Ad
o me} xfol7} EASE] Wl HaHE3Ex] Aol AR
AR E S PAHTIE e AEHE o] A
P AR, HsEs A8 A, ol gk 7}
A <

A ezt St
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Table 13. Purification-concentration based on carcinogenic and non-carcinogenic risk

Pathwa Intake Soil Intake Ground Soil Outdoor air Inhalation Indoor air Inhalation
Y Crop+Soil Contact Water Inhalation (volatilization) (volatilization)
Carcinogenic (mg/kg) (TR =10)
A Adult 7.14 721 - 35.88 - -
s
Child 7.16 7.17 - 127.86 - -
Adult - - - 69.68 - -
Cd .
Child - - - 289.42 - -
c Adult - - - - - -
Y Child - ; - - - -
Adult - - - 10,427 - -
Pb .
Child - - - 43,388 - -
Adult - - - - - -
/n .
Child - - - - - -
. Adult - - - 538.12 - -
Ni .
Child - - - 2,186.16 - -
Adult - - - - - -
Hg .
Child - - - - - -
Non-carcinogenic (mg/kg) (TR=1)
A Adult 145.18 6,664.41 - - - -
*  Child 155.35 6,075.25 - - - -
cd Adult 217.60 64.24 - 429 - -
Child 274.04 58.58 - 4.29 - -
c Adult 2,417.79 - - 165.26 - -
" Child 3,043.05 - - 165.26 - -
Adul - - - - - -
pp  Adul
Child - - - - - -
Adult - - - - - -
/n .
Child - - - - - -
Ni Adult 196,491 1,591.89 - - - -
! Child 233,641 1,452.58 - - - -
q Adult 30.24 289.26 - 4.00 34.87 0.001
g Child 36.83 263.66 - 4.00 71.26 0.005

Table 14. Purification-concentration based on carcinogenic risk

Intake .
Pathway Crop+Soil Soil Contact
Carcinogenic (mg/kg) (TR =107)
Adult 9.90 10.59
As .
Child 10.13 10.26

%09 $e/Ee A A7, Aelt BEAE
o A AR F 5 Qe Aol Aasd 2

291 gke AHti(Sakong, 2007). WA o]t X]

2 7SS v E AsRS AAlshE AEAIAR]
SN FeAdo] "old = ez LEdHIIE F
3 Az SPI=E 2Pdet] AslEiAE =3t A

stE sk Ao| A-sitt. 1ev AsY] A9 AEE
ASEFEX(7.14~7.21, 9.90~10.59 mg/kgy= 1A $217]
(25 mg/kg)HTh So} R E Sate] g3 g
BAASE AQFE HIES U] At I#ER AsO]
AP g A A2l U3 AE 2 A7) "asit) 53
As®] IFFFEAAT(SF = S 3H7F A3l 61
2 AAStL Aok @ i AFelA <183 EPA
2004yl wW=H, HRFFWMAGTE SF,p=SF/ABSG=
Aelsta ok 2y 2Hel AXE Ase] SFE 1.5,
ABSg= 0.950]H o]2HE ARk SF,& 1.582, 613
z1o)7h AL-S & = Utk 0] AAKSFp=1.58)} =
HRISIBIES 10°22 A73laL AsY] EYRE H=9]
SIEREX| (s 2P, A9 152.13 mg/ke, o1

Ir

T

o
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= 139.27 mg/kgolth. o] 71E9] QIZKSF,,=61)2 7l
A¥et A3 (Table 14)2} Zlol7F 2, Ase] EXLY 14]
o 987125 mgkg) BT} & ot} A 71E
As®] ERA = T AREY + FAE AH, EY A
ZplM $E7IFRT SR (Table 13~14), EFHS
7dZ= EPA2004)014 AIAE QIAKSFa=1.58)5 AH8-3}
of JkEshd PEVERT AXER TE 55 2 ==
ZAzo} vlus] B W, 61HTRs 1.582 AR3R= Ao
A A Gt delrle o B3RS 2 BloE Add
oh mEgh, Sule] gt AL 9] fJaAdErt
AEE Fareialy] el ) Ao AelA ks
Rerz ] e SHAl fJE g7 IR A=
of gt}

EY viiaAge] AR AslEaXhe tAA
o= LH7IES I Hojd oIt Ase] B¢ A
o, ojdolol Z+Z}+ 35, 127 mgkg, Cdel 7% 69,
289 mg/kg, PbS 10427, 43388 mg/kg, NiZ 538, 2186
mgkgl 2 FY FEAA ofgole} ARlo] oF 4u)) 71
zlolwtt}. o= AFCIAF F MOE((2007)014] AXAIEE -8
A ¥ =E77ke] AQe 25 W, ofdlolE 6 del Aol
7V & Y9ew o)

vk AelEix= ARk o R 9er|ERn 4 &
oz AR cdY A, BEY vl =
oA HIEEX= 429 mgkegS B EYQY S E
AT Heol 749, EY vAAES A=A 4
mgkglE ESLA SH7IEd IXEIIL ol i,
ANF7] FEEAEY ARAXE A 0.001, o]
0.005 mg/kg® & VFERATE 5, o] A=A nlRssi=
£ 7IEA olstE W] HEiMe w2 A
Aalslor & Ao=m Tt AxF oz AulF] 3
EAEY A= EAE AS Hge A9 SIS
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ZAZolM 71 =Tt FhI s == 3.64E+03,
8.75E+022 31§ 7} HIERIRelE 12 SISt

2) TES ARMIAEEANA, EeeEs AskAF
AR2M 7P =9t T 391 2.12E-
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A 7P w=sker FRRlElEe d8vFs v
SRl Bt wol kARl Sl de gle AL
2 AR
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Hg o] A=ZA e7lE Bo; FSEiAE 7]
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4) @t 2 ut Qs R FEEE AsE UE
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