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ABSTRACT

A risk assessment on the heavy metals including arsenic (As), cupper (Cu), lead (Pb), and zinc (Zn) was investigated by
setting exposure routes in agricultural fields. Moreover, the factors requiring improvement in risk assessment were also
discussed through a review of the dermal absorption slope factor (SF,,s) and total amount of suspended particles (TSP) in
the current risk assessment guidelines. Assessment results show that the total cancer risk (TCR) of As through crop and
soil ingestion was 1.51E-03 in adults and 6.37E-4 in children, which indicated a carcinogenic risk (exceeding 1E-05). On
the other side, the harzard index (HI) was 3.37 in adults and 1.41 in children, which was evaluated as having a non-
carcinogenic risk (>1). The carcinogenic purification targets for As were calculated to be 6.84 mg/kg in adults and 6.86
mg/kg in children, while the non-carcinogenic purification targets were calculated to be 13.43 mg/kg for adults and 22.54
mg/kg for children. When applying SF,,s 61 of the current guidelines, it appears that there is a carcinogenic risk even
though the As exposure concentration is below the area of concern 1 standard (25 mg/kg), which suggestes that additional
research on this factor is required for the risk assessment. In order to apply the measured suspended particle concentration
to risk assessment, TSP should be derived from PM10 using an appropriate correlation equation. As a result, it is
suggested to improve the risk assessment guidelines so that the mesured PM10 value measured in the field can be used

directly.
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Fig. 1. Drone photography at 50 locations in the survey area.
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Table 1. Exposure assessment of Average Daily Dose (ADD) and Average Daily Exposure concentration (ADE)

Media Exposure route Unit Exposure route of human body exposure Abbr.
Crop+Soil Intake me/ke-day C,x (BCFx CR,+ CSXWXXCI;) x ABSg;x EF x ED ADD
. ) C,x (AF x ABS;,x CF|) x Sde x EF x ED
Soil Contact mg/kg-day AT ADD
Soil Inhalation mg/m? C,x ABS _,x (TSP X_ZSTX Fr)x EF x ED x CF, ADE
* C, : Exposure concentration of soil, ADD : Average daily dose, ADE : Average daily exposure concentration.
Table 2. Exposure factors of daily 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 4271 1,828
Inhalation absorption Factor ABSih - 1
Amount of suspended particles in air TSP mg/m’ 0.06
Fraction of soil in suspended particles in air frs - 0.5
Fugitive dust Residual rate in Respiratory Fr - 0.75
Consumption rate of produce CRp kg/day 0.47 0.257
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, ug/mg 1.0E+03
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Table 3. Exposure factors associated with heavy metals
Parameter Abbreviation As Cu Pb Zn
Fract19n of colntamllnant absorbed ABSg: (Unitless) 0.950 0570 ) )
in gastrointestinal tract
Dermal absorption fraction from soil ABSp (Unitless) 0.030 0.100 0.006 0.020
Bioconcentration factor BCF (mg/kg)crop/(mg/kg)si 0.002 - - 0.046
Background concentration BGC (mg/kg) 6.83 153 18.4 543
Table 4. Heavy metal toxicity reference of carcinogenic and non-carcinogenic coefficient
Parameter As Cu Pb Zn
Oral slope factor (SF,) mg/kg-day 1.5E+0 - 8.5E-3 -
Carcinogenic Dermal absorption Slope factor (SF,,,) mg/kg-day™ 6.1E+1 - - -
Inhalation Unit risk factor (URFyy) (ug/m’)’ 43E-3 - 1.2E-5 -
N Oral Reference dose (RfD,) (mg/kg-day) 3.0E-4 1.4E-01 5.0E-4 3.0E-1
on- .
carcinogenic Dermal absorption re.ference dose (RfPabs) (mg/kg-day) 2.9E-4 - - -
Reference concentration (RfC) mg/m’ - 1E-03 - -
Table 5. Excess cancer risk(ECR) and hazard quotient(HQ) according to exposure pathway
Exposure pathway Unit ECR
Intake Crop+Soil mg/kg-day SF,x ADD ;1;) DD
Soil Contact mg/kg-day SF s < ADD ADD
Rf D
soil Inhalation mg/m’ URF,,;, < ADE x CF, %)ié
Table 6. Evaluation equation for Carcinogenic and non-carcinogenic purification target
Exposure route
. . _ TRx BWx AT
Intake Carcinogenic Crs = [SFO X (BCFx CR, x ABSg, + CR, x ABSg;x CF) x EF ED} tBGC
Crop+Soil ) ) - THQ x Rf Dyx BW x AT
Non-Carcinogenic Crs = [(BCF * CR, x ABSg,+ CR, x ABSg,x CFy) x EF x ED] tBGC
. . _ TR x BW x AT
Carcinogenic ; [SFMv X (AF x ABS, x CF|) x SAe x EF x ED} TBGC
Soil contact
. . B THQ x Rf D gy x BW x AT
Non-Carcinogenic Crs = [(AF X ABSy % CF,) x SAe x EF x ED} TBGC
. . _ TRx AT
Soil Carcinogenic Crs = [URFW, x ABS,,, x (TSP x frs x Fr) x EF x ED x CF x CFJ rBGC
Inhalation

Non-Carcinogenic

Crs = [ABS-

HO x RFC x AT
x (TSP x frs x Fr)x EF x ED x CF,

}+BGC

inh

*Cypg : target concentration of soil for remediation, TR : target cancer risk (10%/107), THQ : target hazard quotient (1).
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Table 7. Exposure Concentration (Cs) and Stats of heacy metal contration on soil (mg/kg)
As Cu Pb Zn
Min 7.66 5.56 10.39 51.34
. Max 55.96 43.76 26.45 166.01
Soil N=50
Average 19.48 20.8 17.34 75.56
Standard deviation 11.63 6.54 3.09 20.51
Exposure Concentrarion(Cs) 22.18 22.32 18.05 81.33
Table 8. Average Daily Dose (ADD) and Average Daily Exposure Concentration (ADE) by Exposure Route
Intake Soil Soil
Crop+Soil contact inhalation
ADD ADD ADE
mg/kg-day mg/kg-day mg/m’
As Adult 1.01E-03 9.66E-07 1.52E-07
Child 4.23E-04 8.67E-07 3.65E-08
Adult - 3.24E-06 1.53E-07
Cu Child - 2.91E-06 3.68E-08
b Adult - 1.57E-07 1.24E-07
Child - 1.41E-07 2.97E-08
7n Adult - 2.36E-06 5.58E-07
Child - 2.12E-06 1.34E-07
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Table 9. Results of excess cancer risk (ECR) and harzard quotient (HQ) by media

Intake Soil Soil TCR &
Crop+Soil contact inhalation HI
ECR Adult 1.51E-03 1.53E-06 6.56E-07 1.51E-03
Child 6.35E-04 1.37E-06 1.57E-07 6.37E-04
Adult 3.36E+00 3.33E-03 1.53E-04 3.37E+00
HQ Child 1.41E+00 2.99E-03 3.68E-05 1.41E+00
Table 10. Relative contribution of exposure routes to carcinogenic and non-carcinogenic risk
Intake Soil Soil TCR &
Crop+Soil contact inhalation HI
Adult 99.86 0.10 0.04 100
ECR .
Child 99.76 0.22 0.02 100
HO Adult 99.90 0.10 0.00 100
Child 99.79 0.21 0.00 100
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Table 11. Relative contribution of heavy metals to carcinogenic and non-carcinogenic risks

As Cu Pb Zn TOTAL
Adult >99.99 - <0.01 - 100
ECR ,
Child >99.99 - <0.01 - 100
Ho Adult >99.99 <0.01 - - 100
Child >99.99 <0.01 - - 100
ok

ERiT).
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Table 12. Purification target concentration(mg/kg) calculated by carcinogenic risk and non-carcinogenic risk

Intake Soil Soil
Crop+Soil contact inhalation
A Adult 6.84 21.36 40.72
S
Child 6.86 139.27 148.03
Adult - - -
Cu .
. . Child - - -
Carcinogenic
Pb Adult - - 12161.89
Child - - 50616.28
Adult - - -
/n .
Child - - -
A Adult 13.43 6664.41 -
]
Child 22.54 60691.08 -
C Adult - - 145737.20
u
. . Child - - 607189.90
Non-Carcinogenic
Adult - - -
Pb .
Child - - -
Adult - - -
/n .
Child - - -

J. Soil Groundwater Environ. Vol. 28(6), p. 33~44, 2023



aeklsE 7)Ek 19 ASHEER] APl Qo] =
NS C(TR)S‘Jr 3t BRI =(THQ= st
OJO]%*FJ H)2:] lﬂ-rg % EQ %47:@

32| A *é?_]‘?. 6.84 mg/kg, O}ﬂ ]‘TE 6. 6rng/kg
BEE T Aol she Ale® yehst
om, ol IAY EYLY felVlERT v FAIN
AP w14 el et (6 84~6.86 mg/kgy= HIA
9] =25 (22.18 mgkg)RTt S FXE HRIEE =
ol A bk Aoz wau, vt AAui st #
AR EatE s e A1 Sl s
£ o] A B 7isAo] =) H2E 2 gokdH
73;01]}\1 HlZol oist vl Al xS 23 A,
Q1 13.43 mg/kg, Ao 22.54 mgkg =7 3}3l)
oF sh= Zlo® yepitt. o= A7 %Eitl—h— FaL,
1A B 7Rt fARIAY w2 28 U
ERAC) o]= ARE naol AR E A= v}l 9w
ZolA] P Aoz waEw | Fsl A AEER
O w1l 1A B e ARE w25 UE
o] HoH*é ALls Xéﬂ%&ﬂi A-sittar A=k
HAe A7 2AEE Ad
iy X@‘r 3£ ‘%4%’4(6 84~6.86 mg/kg)oll Al FH A7kl
6.84 mg/kg, HIL} YRR 7] AHgE WIS 4
32 (13.43~22.54 mgkg)] M9 F HAg 1343
mgke’b Z-s watEn B3 B W) Hlde 2
AIERA (s ey AR e o R et
gsplgo] It A=HAAY st 7IEe] FdEste]
a7 kA o F7HEQ ATE SRl Bko
493 Ao AlgHT

—

3.2. IR ST LA (SF.,,) HE "It

R %k =4 RN E 55 F
Ao AT L741T(81=ab5)7} 61= A Hcﬂ Ut =
APtH*“:‘XH H|ZA =255 (Cs = 22.08 mg/kg)el A, SFp,
o] F& Al AHelA ABlAL U= R 612 A-8-3)
S A%, A IIIEI=ECRYE FEE 2 B 47
1.51E-03, EHS 5.80E-05, 22| HIAPHA] 6.56E-072]
oz FHelS & (TCRY} 1.57E-038 AFgs]o] eb

fei=rt = Ao vERd). ofde] U= (ECR)
9] 7% s2E 2 EY A3 6.35E-04, EFHES 1.37E-
05, 219] HIAHAZR] 1.53E-042] ghoZ FUUSIS = (TCR)
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7} 6.88E-042 AFgEo] WA=} Sl Aoz UE
S Bl EEEn) 1A XY 71525 mgkg ©
shdele WRBi=rt e Ao YT
EGeEEA Qg7 A SRS E AT (SFabs)
= H|ER S5 (USEPA) AolX= AXEo] lom, 3
T ATE AESe A2 [SFus=SFo/ABSg]E Ui
A3} v EPATIOlEE BT FHEHA ZIAlEe]
U AN 20063, 20099 SF2F ABSg kol 1.59}
0.952 thdsh gl 1.58=2 AA|=o] Aot 2011 =
u x3e] ggel wat 1.589] ke AHAlEAL 612 @
AA] A=A AL k. T = et gﬂe 2
7] oledH SEdE7E Al FErrd sevt e
Y Axde] 619 3kET= 1.589 grel] o A&t
Tk}, ool wet A7) ZAINFA] s E 7T Al
= 549 SR 1.58S A83le] 2=319Th.
jg]:L Eo]:o J _ﬂsﬁ/\%jq. ﬂeﬂﬂq m-_z_;‘a_ x_L(Park et
al., 2020; Shin et al., 20214 A AFEESE ==
T(Co)E A8alal EYHFAR Jiﬁd—*r M
SFps A XA E 612 23S A5, A"
Hali=rt AsiAl B7P71E(1E-05~1E-06) TR <F 3u)
] =2 FXE Bdvkal BRausiglth B3 5 X
ol 2Fggt HlAo] HSEEX| (PSSR Y IXY E
e FHVIEEG @8] @A 2] <SS Bt
Al Al JoigE 987 Qo] Slsidg el
@%%L *l ?J_‘:‘ AT 2 s 428 davt
Fod 7SS Al %Ak
oLt %%'él%o Aol AFS = 87T de BEYS
do} 7IEoEHN olHTt ARl vk Fro] Pshk= A
o] Wojx|a1 LA @I =yt T H7FE 7543l ot
ZARWEA S @rbas 2 71E ATFARIE SRRl B
W Al H7IA AEshs HRFTEIAGT(SFayel=
1.580] X} 243 Aoz vhctec).
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Table 13. PM10 & TSP correlation case analysis
PMI10 range PM10-TSP correlation )
Area (TSP range) (x=PM10, y=TSP) R
EOECL 38~124 -
EERA S8-177) y=137x+3.15 0.95
=7 2| 46~146 _
e 228 y=141x +6.06 0.96
=4 A A9 47~166 _
il AR @231 y=137x+9.59 0.9
A =] 47~176.4 _ ~
(12T (19.1-335.5) y=2.02x — 1935 0.69
29 x| 69~187 _ ~
EEANES (109~260) y=1.56x-10 0.85
y=2.78x +30.97 0.9
=7 2] 40.8~171.9 y=3.03x+23.09 0.94
(Lakhanpur,Indo) (72.3~497.1) y=323x—7.84 0.84
y=3.70x — 13.96 0.72
y=3.70x — 101.81 0.92
5] A9 102.5~425.6 y=14.76x - 301.62 0.86
(Lakhanpur,Indo) (338.8~799.8) y=2.94x + 3547 0.82
%lﬂ y=2.70x - 38.73 0.77
A} N .
S CE 86.3~149.5 _ -
(ShariatiStreet, Iran) (168.4~319.9) y=230x-18.86 092
Hx}E] AR 12 ~ 22 _ _
(HANFORD200mettwr,USA) (15~41) y=244x-1.93 08
23} 290 10 ~ 33 _ -
(SAPALDIA,SWISS) (15~46) y=167x=2 0.72
7 7 30~120 _
(Tuticorin,India) (50~300) y=1.37x+36.79 048

1) Choi and Baek, 1998
2) Kim et al., 2004

3) Chaulya, 2004

4) Kermanilet et al., 2003
5) Schwartz et al., 2004
6) Monn et al., 1995

7) Sivaramasundaram and Muthusubramanian, 2009

BRA7IEH AlE ER1EIN dAPFEES] t71g
]

Ae] 2712 AR S TSP FEe

et ont, 2001 olF AR B9 Al
[E31] #371E = U]/‘ﬂ““](PM-lO) EEAC I PN
(PM-2.5) =02 AlEshd 7Eo| 285 UTHMOE.

AA3h78 % AN HARA7E QIA| B F2Ee] v
A= FEel g A2 A7E T30 10 um °oJste] YAt
Q1 BAHER]|(PM10) Z 2.5 um ©]8] ZP|MHX](PM2.5)

7 QA B fald Fee WA el

o Q) FRRETAE AL} opd V)=

PRI Rtk = ARE bl SE71A

10 um ©Pd
FEHAA <]
o= AAL

I 10 um ©J3ke] YA PMI10, PM2.52] UAHAIA 2

T wihg- =Ea avide] Zefe 210 E YeHrkKim,
2019).

T3 t)7]12971F0] PMI0SE BPgel we} TSPHRU}
= PMI10S 7HEo 23l A 2 BAo] fjRE o]Foix]
Aot FHEE B2 HeolHEe] PMI0CE AXHE
oTﬂ Bol &% EedEd sl g7 ARl TSP
HR= PM10 ©92 A8sh= Ao] AR Aoz ok
ot

TJPdE FA) 3AE EFeAER eI
A TSP FXE F=831710l Sl dw7E flsixd PMI10S
TSPE 3ksh= Hxp}t "asic} TSP B I iy
£ 2000090 ZRE oo o] FoiH 7] wiEel] 1993~
20033 F 7] ATFEHIAR) & o]F nlEo R &3

}_
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TSP2} PM1071e] A3 #AIA1S Table 1301 F&]3HTt.
olgfgt S7gAE H AEL SR E R|o] zkzh
o} AH Hln= o8-}, Choi and Beak, 19989 =
ol WEW fARE A3 54 7 e AFellA
Z4E FHA s A8 e 3
A 2 297 EAJo= <lsl] ZAgk AAlelA A
ARl 2|7} o= Ax EAFNE B3, SHE ¥
A% ARE 7] fFAMde] Yehr] wfie] £ el
Ae 71E FARITEAREE ] 71x AlEE &
831t

TSP} PM10 312 serl@lez 2999 A
Aol AL} g NGl EEE A IAIXHTRE
ARIIE 43k, o710 ZAR YT A FHoZ vl
Z704 =23 TSP} PM1071e] AoaAAS A8-5)
At ool wke}, urlE Foll X2l 5243 pM10 ¥
A5 1HPES Al wAGR] it k] PMI10-TSP A
HEARlo] ZARA G el H7te 334 e AoE
T A8t Ao vk FUAAR HAbEA]
TSPE 247} &% PMI0 AS3S TSPZ s 3ks
23U, A AHe] TSPELS vlE H83)al o] H
. 8% PMI10 AZ3k(41.158 pgm’llA] 47] <
A2 @], o4t 2RSS A-83te] s TSP
0.06 mg/m® °o|¥om, ofuf Ae] vz FY A= o
== 6.56E-072 UERSATE A3l AAE TSPE:
AEgke] EABHA] 285 739 0.07 mg/m®)e Z-83Pd H]
22 Y A2 ARSIt 7.65E-072 2RE =A
ERgiTh gt nlekeialde] Ao A3de] ks A
SSS o) A ¥R FYUBZANA BTt
1.79E-042 UEROH, AL 284 vl =rt
1.53E-049] gho= x3Vde] gho] ezt o fAksk
A7} ERiTh ofdoele] ek 9 vl =T o]}
22 IS Bk

A% PM10 AZZES Table 139 AAE ) A7AL
g Zolx AFAFRY)C] 0.8 o3l 47kx] BFAY @
9, FA, 49, T A)pl F8st] AHol| He=Ee=
TSPZ 38t olw) ke TSP 22t wefA|Yg
0.06 mg/m*, FAAY 0.06 mg/m®, FLHAY 0.07 mg/m®,
FHAY 0.05 mgm’=E UERGOH, ZAREEA L] t)7]
AZZHPMI10) oA e A9 AAA] Fgo e
TSPate] ALt A3de] TSPakS S 8-2ls &
& PM1002 Sakel] B weRY 48.80 pg/m’, FAA
o 4540 pg/m®, LGRS 44.10 pg/m?®, FLEAYG 51.20
ng/m’e] o vehgtt o= 2021 S t718EAR.

l_.

=
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J. Soil Groundwater Environ. Vol. 28(6), p. 33~44, 2023

of oJald A T=AE ti7] PM10S] H91(20~50 pg/
m*)ll SIFETHMOE, 2023). =, YWk ZA} 2| Yo
tiaiAE A AAIE TSP(0.07 mg/m’)7} PM10 %2+
AN =29 3 AT

715 vR] st 2 5SS THAE 2AAY
A 9= 71HEPA Table 139 AT AlElF 5UA
AollA =43 71 =& PMI10gQ] 187 pg/m® (Choi et
al, 1998y Z-88)S A ke TSP= 1AY 0.26
mg/m?, FAAY 027 mg/m?, ALFAS 027 mg/m?, &
A9 028 mg/m*oZ HPA| o] AAE TSPFX(0.07
mg/m*)E} 3.70~4.02812] zlo]7} et olwf, welA]
A TSPEES] 0.26 mgm*S S3l= 2Hgol 2841 419
735 AL viiiR] FYPAEE] ERIIBI=TT 2.84E-06,
HIURIRIRHE=T} 6.64E-04510. 1, ofddo]e] 739 Iekeis)
7} 6.82E-07, HIEARISIE=7} 1.59E-049] #hOo= e}
ek A7) PM10gE(187 pg/m’)yS TSPE $Haksle] 213
£ 39S A9 d Aol AAE TSPRES 283 4
SHTF A9 R FYPARY] Sfsl=r) 3.7 o &
Al JeRstTh o]FA =] 298 @ A5 A83
1A} sk A9E SAHE PMI0GES TSP 3Hsioiof

SR WA o] or, Ea A= A3 Eahs

Z5-(TSP 0.07 mgm® 284 ZARHIAS SHL W
sp R3jo] Ae) el FYAEO ek st

& 37k 7FsAdol it

7] BeEA 52 7|E TSPHUF 3] A=A
AREEAL QI PMI0S AE3hE AFgA o s,
AFEAS sl A=9 PMI0ZE 5 283 5+ 9
s

=5 95l Bk A9 el e,

N
Ly

=
—

E ATE TAAE PR =E2HZE HASH
% 45 (As, Cu, Pb, Znpll 3l SJsiga87s 2
sidch gk A i Er IR wEgS e
(SFap) B A2 371U ARHTSP) Aol At A&
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2) HlZo] Wk AslEsrx]e] 49 421 6.84 mgkg, ]
o] 6.86 mgkgS® AFYE oW, HILRke] HsHsE]
£ A9 13.43 mg/kg, ©1210] 22,54 mg/kgOE LERITE

3) EFFHEAE T HIA(Cs=22.18 mgke)ll thsliA
A3 S B7HRIRS FREFFEAAT 615 282
749~ TCRe] 7331 1.57E-03, oJ&1o] 6.88E-049] Zho=
1A 92X 71525 mgkg olshdol= L=}
Uehdtt. ole 35 = EY 71kl A3 ¢lsid 3
7F IRl sk 71 A7t desithar ke
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