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Risk assessment for Soil Contamination Warning Standard
and Soil Background Concentration
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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
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2.1. @i "o} chat

Byt e ] BEYLYE $57]5(Soil Contami-
nation Warning Standard, SCWS)2] X|=o] A -2
59 1AY FFE FE(Cd 4, Cu 150, As 25, Pb
200, Zn 300, Ni 100, Hg 4 mgkg)e} =737}t
A AR BEY U S35 AR E=BGC, Cd 0.29,
Cu 1526, As 683, Pb 1843, Zn 5427, Ni 17.68, Hg
0mgkg)R SHHE 7P Edolr, o] 55 EdcE:
FE(CYR 7P S8l 37HE AAIskATH(Yoon et
al., 2009).
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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.
c Intak d C,xBCFxCR, x ABS; x EFx ED ADD

Top ntake mg/kg-day B AT
Soil Intak d CxCR xCF xABS;x EFxED ADD

oi ntake mg/kg-day oAl
Soil Contact d C x(AFxABSpx CF|)xSAex EF x ED ADD

oi ontac mg/kg-day Bl Al

CxCR xEFxED 1
X
- BWxAT 6 +6 H
Ground Water Intake mg/kg-day X DA (Kd+ )T 6, ) ADD
Py
. . 3 C xABS,;,, x (TSP x frsx Fr)x EFx EDx CF,
Soil Inhalation mg/m 7 ADE
. Inhalation 3 C,xEFxED CxEFxEDx1/VF
Outdoor air (Volatilization) mg/m ar AT ADE
_ Cy xEFxEDxABS,
ADE = 17 or
. Inhalation 3
Indoor air (Volatilization) mg/m CxEFxEDxABS,)xCFy _ aH ADE
AT 0 +6 H
Kd+ w a
Ps

* Cs : Exposure concentration of soil, C,, : 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 CRs mg/day 50 118
Soil to skin Absorption Factor AF mg/cm? 0.07 0.2
Exposure Skin surface area SA. cm?day 4,271 1,828
Inhalation absorption Factor ABSin - 1
Amount of suspended particles in air TSP mg/m’ 0.07
Fraction of soil in suspended particles in air fis - 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)

Z 7Ptk LG8 =EEw 84 A A 7o 2 Wittt AsdE e S8 dYHT ==
I} o]dol2 TR, EXREE SAXAFA AE (Average Daily Dose, ADD), YU =25 (Average
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Daily Exposure concentration, ADEYS AlXH]S- E3}] 2PAlE o] 83l] dY HT=EH(ADD)S AHgslal o]
APt A3 T QS-S Table 13 20 YERARITE. & EdiE ESAEH] digh defel= 2 uldek]
So] RS FHETE BEYEER flsig 7t A
223. BAH7} Hell ArE sE87Fsd Llse 3 nlEdee=e
FE% 09Ed 27 OiF 54 olEle BANm /1FS AT ECR)) ) FUAINE(TCR)
A ERe B G M AN HES B 7h 104105, M= HQ) F9) FUNIslshE
= 3] Table 33} 40 JERAACH HD)= 12 “golsfoilt). webd 2HgH ghe] 5185 7]
TS M WY e HEe SlEleTt e AeE
224. S3l= 2A b=
fleli= e Aol AxE S8l 1Akt Table 59]
Table 3. Exposure factors associated with heavy metals for Table 1
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 (mg/kg)crop/ (ME/KE)soi 0.002 0.090 - - 0.046 0.006 0.01
BGC mg/kg 6.83 0.29 15.26 18.43 54.27 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 SF s (mg/kg-day)!  6.1E+01 - - - - - -
URFy, (ug/m?)! 43E-03  1.8E-03 - 1.2E-05 - 2.4E-04
RfD, mg/kg-day 3.0E-04 5.0E-04 14E-01 5.0E-04 3.0E-01 5.0E-02 3.0E-04
Non-carcinogenic RfD,ps 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, RfDj : 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
RfD,
Intake Soil mg/kg-day SF,xADD 4DD
RfDO
Soil Contact mg/kg-day SF 4, *ADD ADD
R/D abs
ADD
Intake Ground Water mg/kg-day SF,xADD RID.
soil Inhalation mg/m’ URF;;*ADEXCF, ‘%
. . e ; ADE
Outdoor Air Inhalation (volatilization) mg/m URF;,,*ADExCF, E]TC-
. . e . 3 ADE
Indoor Air Inhalation (volatilization) mg/m URF;;*ADEXCF, RIC

* 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
Intake g 78~ USE, x (BCF = CR, < ABSy,+ CR, % ABS,, % CF,) % EF < ED
Crop+Soil Nom-Carci ) THQ X RfDy X BWX AT
on-Larcinogeme Crs = parx CR, < ABSy,+ CR, < ABS, < CF,) X EF < 7D e
. . _ TRX BWX AT
Carcinogenic Crs = L gp (4P ABS, < CF,) < 54 < BF< ED)  P9C
Soil contact
Non-Carc , o THQ X RfD,,, < BWx AT |
on-Larciogentic Crs = aF= ABS, < F,) = Sde x BF = ED°  P¢¢
. . TRX BWX AT KX, xd 0, +0.H)
Carcinogenic = @ > —v_* -
Intake g Crs=lgp e xmrxmp T kg Wt —m 1 Bee
Ground water ;
. . THQ X RfDy X BWxAT Kxi Xd 6, +6 H)
Non-Carcinogenic = —_— -t -
g s CR, X EF < ED IXL Pl + Py I+ BGC
. . _ TRX AT
Soil Carcinogenic Crs =1 URF,,, X ABS, , X (TSPX frs X Fr) x EF X EDX CF, X CF, I+ 56O
Inhalation
. . _ HQX RfCx AT
Non-Carcinogenic Crs = | ABS;,, X (TSP X frs X Fr) X EF X ED X CF, I+ BGC
. . TRXAT
Outdoor air Carcinogenic Cre=1 URE, . % CF, < BF< EDX1] VF] + BGC
Inhalation
(Volatilization) Non-Carcinogenic _ THQX RfCX AT
gent Crs [EFXEDM/VFHBGC
0, +0,H
Carcinogenic G TRX AT Ix[ d 0 1+ BGC
Indoor air Inhalation 75 VURF,,, X EF X EDX ABS,,, x CF, X CF, add
(Volatilization) 0,+6,H
. . +—
Non-Carcinogenic Coo| THQX RfCx AT 1] ¢ Py |+ BGC
7S~ VEF < EDX ABS,,, < CF, aH
*Cypg : target concentration of soil for remediation, TR : target cancer risk (10%/107°), THQ : target hazard quotient (1).
= O

23. 8352

Table 6ol AN 21& nlgo= s/ 357} thidel &
oF 2 HIERIEIES S5t E(10°-107 B 1) o8l
F24sl7] A% A= 59 s=S skl

31 &=k A
EE25Ee AR 24 yRE EEY, 2 F
Fe EJ ifE(c) At T EE(C,), EFH

A EEFFE(C,), B AUE7] 3
e i%‘-‘gqcia)om.

3.1.1. %‘E =E255(C))
WollM EY =ZFsEe AFHE

ERMEW) 2¥9s% Fuaaa o) A=At 5
o]83F W o] z\%/\lo] ZA3Ic) ot 2 AFME 9
3337 o] EYRd VI (1AY ) EY A
HIAEES Zie 7P LAEYS AAsiar, Al ©
AEm=1EA 71Ysle] e FEE Sk thalFe
2 EdH Ve EY U AMAEE B €5

8 o 42U & S UTH(Table 7).
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Table 7. Exposure concentration results by media
Cs Cy C, Ci
Vnit mgke mg/L Adult : Child mg/m’
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
7n 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).
* 2 1 not determined.

TS (mg/L), DAF= 3X-A7 A9 (unitless), Ca= EF
=E55E(mgke), Ko ERDIAIT(Lkg), 6= EST

EI=E(unitless), 6,= EY

F¥7)8=5 (unitless), H= 5~
A3 2= (unitless), py= B UE (kg/L)°o|t}.

2 (DellA Ael =Es=e] IS PX= F83
M BEY kEsro|th EY k&35 E9 o] #AAH
Cio] ol A AH o= Asl L%—‘EEA Fhol A
o EY =E3557F B $E71Ed] A9 Cu, Zn,
Ni, As, Pb oA Al =ZFs%rt #11, ARIEF
TolME Zn, Ni, As, Cu, Pb 5°] EIT}h Heel 3%
e AAE ANEEETE EABIA B EZ (0 mgkg),
Al = EEE 002 AFEUTK Table 7).

3.1.3. B A7) 79 sEE =E555(C)
B Aeld] 7Y 3 BA =E5Tc 4

()} 2t

%
c C %, /3.14xD xT

C = V=22

a yF’ 2% pyxD %1000 ’
0(110/3><D H+910/3 W
D,= @
(pbed+0W+0a><H)n
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0471*1 Ce Efe A037] #4 3y 84 =&

TE(mg/m’), VFE ES-3713&A(mke), Q/Cyor
*713 P QoA FEE Ooé%?——l%li((g/
m*s)/(kg/m?)), Dx= S (em’s), T= A(s), po
v EYEHIdE(gem’), D= 37U §]"‘]'/‘é(cmz/s) D,
= 755 (em?s), 2 F=-E-(unitless)°|T}.

Ce EY 23557 B0 87129l 4%, gt
2 A} EASRs HeollAwk 2k 7Vssith .2 4t
Z A T, =E2UEL o237 ofdoly 75‘—‘%(%4
7.9E+08, 1.9E+0.8)2 hdth. webd Hgo| =Fshe
oL 1.13E-04 mgm’, JHol= 2.30E-04 mg/m’ZE 4t
ZECH(Table 7).

A AEEY] A9 Heel viAs= ghel 0ol22 ¢,

o] k2 002 ARk ATk Table 7).

3.14. B AU 7 REEE =E3EE(C)

EFa) Ake] 49 AR wEEE 4 ()
3 2ot

C xaxHxp,x1000

ia pxK, +6 +6 xH

n:9
:\‘l

A7, G BEFRE a7 #9 = =3
E(mgm’), o= EFFA7IE AlFA AR
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(unitless)°|C}. d Aol we} g - vt =E3 TS APgshket
EY 5wt B 71 AT, Hedl G Jo] A7e] =E2ARE FEHOE FEA(K], o))
= 3.581 mgm'olth UMz 54 5 BEY =& % o wel =&7|ZHED)S] =fol7} EA|SI=E (Table 2), A
T E4EAT A0 ANE AL A i sk A9 ojde]z Lol AXETH Table 8).
o] 0%l W} omgmoR AN, AMFEES] WA B BBt BEFY SR A5, A
785, A FEolA 002 AR A ek =S R0 ool B Aseidd > &
AR > S - S > Hel aaAEd
32. nEE 0| UHE 2HEE ¥ 2N =& oAk €] S e AekraH > wREAAA >
Al BAE =SR2 wet ddBE=EEF 0 EFREE > 29 H*J?i AFH > EFEF wolfdaL, of
(Average Daily Dose, ADDy} UUE =555 (Average Aol A3ldF > ST > EEHE > BEXRA
Daily Exposure concentration, ADEYS Table 19 A|A] > 8] RIARIEY ol
Table 8. Results of ADD and ADE by media
Intake Intake Soil Intake Soil Outdoor' Air Indoor 'Air
Pathway Crop Soil Contact Ground Inhalation lnhsfllg tlop lnhzfll'a th.l‘l
Water (Volatilization) ~ (Volatilization)
ADD ADD ADD ADD ADE ADE ADE
mg/kg-day mg/kegday mgkgday mgkgday ~— mgm’ 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  243.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
Cu Adult - 2.08.E-05 2.18E-05 3.30E-03 1.20E-06 - 0
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
7n Adult - - 8.71E-06 2.35E-03 2.40E-06 - 0
Child - - 9.56E-06 1.05E-03 5.76E-07 - 0
Ni Adult  245.E-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
Hg 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
cd Adult  6.65.E-07 1.76.E-09 5.90E-08 1.88E-06 2.32E-09 - 0
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 : average daily exposure concentration.

* <2 1 not determined.
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=
¥, T8 =EAEE APl > sHE 2 BEY

> B > A9 HRREY Gom ZAE
L =3ge] Al By PevlEe] AduEs

Hoh E8ke], ol B 9371 (4~300 mg/kg)©l
AN 7% 5 (0~54.3 mg/kg) BTt E=7] wjEolo}.

Z324 710 oM E =T Rt 8V
AAHFHZHCR, O AHE

A9 B4 el 538

[e)e=R="

FAGe] Jgo] o & Ao=w AdHEY o2, Hg?t Ni
o] A% EY =EF5Ew Nio| ZA 23EAS 4=
Aol =Z&8Re Heol ¢ &
ol oy M) AfelA &

3.

3. EH2

=

==
=

Q]

QU fleH=

£ Se/IEst A PEE] Bt wEAR

A0 = UEPRTHTable 8).
Aol FARICHLee
et al., 2015; Lim et al., 2015).

=2)

A TS 2RI} QA SsieE Al of=lo]
o ti3led kISl (ECR)SH BIERISISIE(HQ) 271X

gmoz ANt ofF, W= el Fus)

SI=(TCR), HIEALIEN=] Q1 FHIEASIEN=(H)S
ARREle] Ajolpiedo)ol] TiEk <14 9JaiA R=E Frlet
ATH(Table 9~12).

B fe7eel uigh wkel=s AsAadE 4
2ojlA A1} ofdo] Zkz} 6.27E-04, 2.81E-0402 71

=3k

THTable 9). AskrAds] d=e] Fosi=el thet 7]

o2 AEW (Table 10), A1 ojdo]olA oF 81,
65%= UEISTE thed EYRE A22 ZF 5840
6.64E-05, 7.29E-050.2 ZAIE QI 7]o]&e ¢F 9
17%010t. FAIL)=E A2 oJ2ololA] 7.76E-04,

Table 9. Results of excess cancer risk (ECR) and hazarsd quotient (HQ) by media

. Intake . Outdoor Air Indoor Air
Pathway lgia(f lrét(a)lﬁe er?;;ct Ground I nhi?;:ion Inhalation Inhalation TCR/HI
Water (Volatilization) (Volatilization)
ECR 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 2.25E-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 8.20E-01  3.25E-04 5.61E-02 8.74E+02 8.75E+02
BCR 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
HOQ Adult 4.55E-02 527E-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 = X)(ECR), HI = 3(HQ).
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Table 10. Contribution (%) of ECR and HQ by media
. Intake . Outdoor Air Indoor Air
Pathway Igtra;;e h;t(?ﬁe CSI(l)tleltct Ground I nhi;)altlion Inhalation Inhalation TCR/HI
Water (Volatilization) (Volatilization)
ECR Adult 9.37 1.11 8.56 80.81 0.15 0.00 0.00
SCWS Child 13.35 4.26 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
ECR Adult 9.40 1.12 8.55 80.80 0.13 0.00 0.00
BGC 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
ECR Adult  7.74E-04  5.76E-08 - 9.36E-07 - 1.92E-07 - 7.76E-04
Child  4.30E-04 1.38E-08 - 4.16E-07 - 4.61E-08 - 4.30E-04
SCWS HO Adult  1.58E+00 1.33E-01 2.49E-02 2.16E-01 7.82E-03 7.90E-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 2.50E-01

430E-040 2 ZANET, 8 715t BRIIEI=S] 107~
10°5 &3t fJsiido] e AR Rt Bidet
elize] A9, AUlE7] FLELTS HRNA A0
ojgdo] Z}7} 3.64E+03, 8.74E+020.E 7P =9kon
(Table 9), 719&2 F FEAAM BT 99%= ‘do H]
B =S] RS ARSI TR =S 5
£ 7V BlSIE=R 1S Sl = nideisiAg
o] e A= =

3 A AEEe] gk weksies
715 EeklEl e} vlnsles w, A
7} Ao K (Table 9), =742 ¥ 29
(Table 10)1X= 227t FAFRIATH FUelelEs
o1z} ojolol|A Ztzt 2.12E-04, 1.17E-040E & 7}
= (1091078 23t fJside] Je A=
BT &, EGLY 7Y FERElE 2ok
= o AAEE SEoAE EReIEdel @
Ao =gt vPEekelsi=e] A-9olle, AskrdH
Az 7P E9al 7148 ZF 8AA <F 86,
74%010t}. thgo g & ke FAEAF ARE, 7|98
2 °F 10, 14%°1Att. FHEAH == 212 4.78E-01,
2.50E-01°2, 3§ 7}5 vlIdfel= 71EX9] 18} vt
o} HPERIRIEIES fle Ao=E H7hE Ut

O BALT

rr

3 Yol 71 T A0 Ueurh-09%). ESIe

AmRy F2 deREEd JES
A= T55% 52 AsCIH|(Choi et al, 2012; Lee et
al,, 2015), ol Ay} T2 2439 =2/ =242 ¥
HRF Z9AkET iR EAlBK flsliE Alkte] 7kset
7] wjiol},

HPEoketE =] 739, Heoll ogt Slsli=rt 7 & A
o2 YERITH>99%). X 3.64E+03, 8.74E+020]™
71EA] 12 =ZA dol tgE 3R nlsf Hee] Hek]
=E AAskE ol UK Table 11).

At EEed gk EAEE 7]oEe AsollA 7H
7 =UTH>99%). HIERIEEE A1} ofdololA] As
o] 7ldwr} Z¥zt 90, 64%E 7FE T Ao F FIEY]
o, Pbo] oF 4, 29%°] 7|HE&-S Hol HE o|UTh

okofa ol RS ES SoleiRd, B Y ¢
H71EME et 2 updekeisiAgo], Al s =l
= I 9ol e A= UERT o] Avke S
& Tt BEYLd 7IE olstAY ARMIA TR &
wolgt shelEke et fside] EAIE  des vER
o mepr BE w=E2AE7} eshe AT, Tkl EY
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Table 12. Contribution (%) of ECR and HQ by metals

flo
_113:
o
i

As cd Cu Pb Zn Ni Hg TCR/HI
bep | Adult 9982 0.01 0.00 0.12 0.00 0.02 0.00
WS Child  99.93 0.00 0.00 0.10 0.00 0.01 0.00
Ho | Adul 0.04 0.00 0.00 0.01 0.00 0.00 99.95
Child 0.09 0.01 0.00 0.01 0.00 0.01 99.84 100
cep | Adut 9904 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
o Adut 0008 2.01 0.53 4.16 030 2.92 0.00
Child 6447 229 0.34 28.69 0.19 4.02 0.00

L2 VS vERiEEE el tigk QbAg
AT 4 glon, A EE s ek
A7} olsiEojor & Hav} Qlrkar ek
ot A5 AFAHME SIS 2] Seole
e 7S 2s A7ARIZE A3 (Choi et al.,
2012; Lee et al., 2015), o] $&71&E o]3}e] 9=
HekRslEel oigh 127t B3k AAlgi

2

3.4. ot ol v|uwotelsi=of 2 Ml EX|

A 3EA= Table 65 Fa1dte] 2t HAzZHE AYE|
At LALBN=E H3ig< olslE B57] e it
Q]S (Target Risk Level, TR)®] 7152 10°~10°, &
FEH]ERFIS) &= (Target Hazard Quotient, THQ)= 12 A
etk AR 387 AFdelA FehEiA] A=
2L ARHEZE s gE2AN, =ErEe X838
7] gorg Al =EFsrele st st
EXXe LE9Ed E APIREo] vHIg Aot wol
2Ho] Br7Fs3s AE27t EAlg

A2k 3= Table 130 YERATE E3aelelsi=
£ 10902 A 79 As] G| (he 4=
+ B9 AFHAZNA AlQle] 7.14 mgkg, olHiel= 7.16
mg/kel 2 VYERITE A s® 7] S2E + EY
AF ARoN WeIeiEE, Al¢lo] 2.22E-05(1.99E-05
+2.36E-06), ©]&o]7} 2.07E-05(1.57E-05 + 5.00E-06)°]21
O W(Table 9), 3%19] YL =7} =0} 10l W P35}
X ofdHolo) Hlg)] 2 Aoz IRIFY. ESHE
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3218 990 mg/kg, o1HO]E 10.13 mgkg, EXFHE 7
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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 7.21 - 35.88 - -
]
Child 7.16 7.17 - 127.86 - -
Adult - - - 69.68 - -
Cd .
Child - - - 289.42 - -
Adult - - - - - -
Cu .
Child - - - - - -
Adult - - - 10,427 - -
Pb .
Child - - - 43,388 - -
7 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 - 429 - -
c Adult 2,417.79 - - 165.26 - -
u
Child 3,043.05 - - 165.26 - -
Adult - - - - - -
Pb .
Child - - - - - -
Adult - - - - - -
Zn .
Child - - - - - -
Ni Adult 196,491 1,591.89 - - - -
i
Child 233,641 1,452.58 - - - -
H Adult 30.24 289.26 - 4.00 34.87 0.001
& Child 36.83 263.66 - 4.00 71.26 0.005

Table 14. Purification-concentration based on carcinogenic risk

Pathway Crl:pt)ikseoil Soil Contact
Carcinogenic (mg/kg) (TR =107)
As Adult 9.90 10.59
Child 10.13 10.26

T2 AR %, APtelv FEAE
FS = 5 e 7IEolth HEdsti 2
AGe dukxoz 4k Fofl $Ix|5l] Qo) wA=
Z1Q1 @3RS Zth(Sakong, 2007). WetA o]efgt A
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35 sl Aol H™sit. 1y Ase] A9 A=
A2 (7.14~7.21, 9.90~10.59 mgkgy= 12 $-27)
(25 mgkg)HTh Sto} 9% Bate] gl g
AR AQEE IS U] Atk 1#EZ As
A3 Akl i AE 9 Ayt et 539
As9] TR (SFap e SI318% 7T A58 61
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Aefslar gk 28y A3 AAIE Ase] SFe= 1.5,
ABSgi= 0.950]9 ©|2XE ALt SF,= 1.582, 613
Zpol7h ASS & 5 Utk o] ARKSFu=1.58)9}F &
HRIIBIEE 10702 A3l AsY] EYRS H=9
SHEEX (HE A, AU 152.13 mgkg, o1

el
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o]& 139.27 mg/kgoltt. o= 71E9] QIAH(SF,u=61)E Al
2K ATK(Table 14)9F 2ozt =9, Ase] B 1A
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