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ABSTRACT

This study established risk-based fluoride soil contamination standards according to the Korean Soil Contaminant Risk

Assessment Guidelines (SRAG). Ten exposure scenarios were evaluated, broadly categorized into Scenario 1, which used the

default parameters from the current SRAG, and Scenario 2, which used the latest exposure factors and bio-concentration factors.

Fluoride soil standards corresponding to a total hazard index (HI) of 1.0 were determined for each scenario. For children in
agricultural areas, the derived risk-based soil fluoride standard was 70 mg/kg for Scenario 1 and 27 mg/kg for Scenario 2. In
industrial areas, the risk-based fluoride soil standard was 2200 mg/kg in Scenario 1 and 2300 mg/kg in Scenario 2. This study

clearly demonstrated that the crop ingestion exposure pathway exerted predominent influence on the estimated human health
risk standards. Additionally, using the Added Risk Approach and considering soil background concentrations, the total fluoride
soil standards for residential areas ranged from 232 mg/kg to 444 mg/kg, while the standards for industrial areas ranged from

2405 mg/kg to 2674 mg/kg.
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Gray et al., 2018; Wang et al., 2023).

A 240 BEY 29 S87]ES 1492419 400 mg/kg,
3419 800 mg/kgO 2 AAE o] FE L Qlrt 2T EGRAL
A3 54 7S 2ske AHI7E HoA WA 24 BEY 29
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o] o} Atk (Merrington and Schoeters, 2011; CCME, 2006). g
AL Jeong et al.(2024) AFRILA F AN ATE ZHo R
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2.1. 9lstAd ot die

Hoog= (345 1A A2018-1843, 2018. 11. 29,
ARAH] FEke A=A a4l H7} A7 (Soil Risk Assessment
Guidelines, SRAG, E+= oJa} 2| Z),0l AIAIE Azje] wjet
=4 B 28l B7ks sHBIUTHMOE, 2018). ©] A3
ANE w27t 54 Bk el 24 2ol wet B
B2 uek SlBjeE APttt B W B4 FEE 50
mg/kg~4000 mg/kgl = HSIAA 7JHA B HF, 2=
A3, Aok AF, HAEA §Y 5 4 =& R oig
©]31 1] & (Hazard Quotient, HQ)Z 445}, ZF HQE M5 tjst
Z kot QJal=, 91314 (Hazard Index, HN)Z 23Tk

22. L2 ALRRIR =

& ATe B4 B 9ol B7EE 9l Table 10] A|ARE
Hiel ol 107] =& AlUE s 533tk AR Aluees
A 37 Z FEEY A, EXEE H FRoR g
EX §Ee FAA, s9AY, ARG A ol F A
Aug e FE2 s AF Hledl weh T @A
Seluet ‘B dEd Qe BF ARl wet AR Y
T4E AF Aled Aw B34 sAE AFTY 10%,
YA G L 50%S A-L3AL, ARAAAGL sAE A3t

gl 2oz 7Pt 0%7F 265l

221 A48 1: &
ARk g

Table 194 Au] 2 1-147] 1-57k2] el %7k @A
A of| AAE SA4H7F D =EE 7t 7| E(Default) QIRHES
A-&SHTHMOE, 2018). &, Al4e| e 1-5(xF A/ 3 9-84)=
sAE AF ARE nEfehA] i BF AF, Aske A,

B @B SAsy Bt A 718

A7)0k oAt 15

HAMHZ] Bl £ 37 Azut naslch Auge 1L dR)
Aol AABHL 3 200749 3=t eEAlG HEEO] 7R
A e2ATAHT, &%, EFHFD 9 $24E B

HFEE T gl

2.2.2. AUEL 2: FAl
A%(BCF) 3t 28
AL 20 sgsls 2-158F 2-55 20199 F2
RG] =EAS WER, S ofglo] =&AL
= E(NIER, 2019a;NIER, 2019b) =244 E7}
A AS, SE&-%F s4= Bt A3 A&skalrt
TEAE AR RNA ARl %—%t 44l 71% 0.603 kg/

A =245 2 EF-AE BEFH

day, I}95F 0.284 kg/dayS #8313, H=Bof A7}
ATl ik A o] glof A4 0.428 kg/day Z o]
20079 A[39] HlE2 AEsto] AHgst A 0.283 kg/day,

TAF 0.145 kg/days 2-83k5ict offlo] 7% Al w2
A% Table 191 AASFAT.

A= F 73 e 2R #% Bio-concentration factor(BCF)
e Ykl o]F e A gl st HlolHE
Allsle] BLAlsl9ItH(Sachdeva et al. 2023; Jha et al,, 2008; Jha
et al,, 2009, De et al,, 2021; He et al,, 2021; Jeong and An, 2014).
i Aol AIRKRE 49 2 BCF= (&5, U, H,
=5, 1e])=0.0156, FAFEAF 29, o, A5, 20,
AFA, &, AAL 13)= 01022, FAFHEE, BAL $)=0.1993,
THA(ETHE)=0.0684%1Tt. 2+ HarE 549 BCF g2 dA)
R of| AIATE A B4 BCF gt 2 Aot}

rEcro B2 oA Bt 2 H,0 25t Eri

Aze B SERRE 355 o3T 4 Ut 0

A9 Aals: ik G250 514 34 A (Dilution-
attenuation factor, DAF) 1 T+ 202 83 4= 9loL} He}
w4 7S 9I9) DAF-12 Agelsh ) die] A
B B8 2 SIS A3l 712 08 meLat FUal
2-851=t| o]i= DAF=1& %83t 7J9-0|thIMOE, 2023).

2.3. ffell= 7|H EA EL IIE

1]

2.3.1. 3187 71l % B4 BEY V1EA] B2

Table 10 AAE 107] AlUte] o EF U B4 %% 50 my/
kg~4000 mg/kg 9 W EF A, 5= AF, Aok A4,
HAFHZ] &9 5 ZF =& 2of Y¥H]E&(Hazard Quotient,
HQ)} 3 A 4(Hazard Index, HI)Z AH3}911L, HI=1.09]
ol wa B w5 A5l
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2.9 HI=1.09] 3|Fs= Y=
Z HF AAT Y= 7R
715 8 AgE|es B4

2.3.2. ‘Added risk approach & & 4 EY 7|&F =&
2 AFolA= 47 HI=1.0 s 9= 7]t
71&%]’0| Added risk approach /f@S &3 <&

vHaE T10 v [e)
[e]
EoF

71225 ANt Added risk approacho]]

E

HrAlo| th(Struijs et al., 1997;
Merrington and Schoeters, 2011). ZL2{L} o] H4] 9] 7142
A v B vEdaTt 55 AA 2 A=A
P AR Gete HEAA HEiE 7R ES
71222 A A Hrt

A XS 2 Added risk approach 542 $o= 7 ES
o 7IEA7 Adu A FERT ¥A EE2EE B olE
g sh7] gttt &, @A HAHOR F8EE EYEA
WAL A A B fASke] EoF v E AA5]
oot} whehA, & At 2 AtollA =& ‘e 7|6k
4 B¢ 7R Sejvet B4 WiAEER HiE B4
e Hatx| et 95sWEL] FAE oo} F B4 EY
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3.1. ALI2|R 1: 8 ‘EURHEE!
2 HE el 7|H 24
Fig. 1= AL 19
E 7| Zato|ty. vt
AU L 1-1 dEF FAX
mg/kg, AU L 1-2 &
350 mg/kg, AlLE] L 1-3 Luk A%
90 mgkg, AUEL 1-4 HUA
AT A €L 2200 mg/kg O = Ao Fct.
Adt AR o] vlsf ARG
EEEQAL, oK ofdlo] 7]&
E2Eot sUAY B4 B 7|8
A fsid B7F A-Y sHAY
Hlgo| A= 52 A3 B 50%E 285kl
10%%hs A-gstal §l7] wiolth. Addo= &
FAES AFH He UG allert =4 et
oe 92 54 BEY 7IEA7 EE2EGY. 22, o
H sty ogo]o B4 EY 7|EA7F WA =EH A2
A2 9] o]o] HFo] 16.8 kg= o2 62.8 kgoll vl 2o}
QHEA -Zo| W7y wjEo]tH(NIER, 2019a; NIER,
2019b).
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Fig. 1. Derivation of risk-based Fluoride soil quality guidelines in Scenario 1 (Fluoride soil concentrations Corresponding to a Hazard Index HI=1.0);
Scenario 1 applied the exposure factors from the current Korean soil contaminant risk assessment guidelines.
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3l B7F 71nel mhe Eof w4 71t Aot 19

HA o EEH B4 EY 7|4 2200 mgkg O &2 71
t}. ol FAE AFH7F B4 fleE AP Adet 7oE
S AAFSITHLI et al., 2023). E3F, AFl/AFd ]l o]
2 2EEe AL FA Y LH4EE =& Nt
100 days/year® F7 9 FUAY 350 days/yearo] H]|3l
7] wfiZo]ch.

Fig. 2= AUe| 2 149X S ofdolyollA AH 7 =&
AR HQSH B Mo I, AR HIS Yepor
Z- 8 flele, 9 RIS HIo 7MY =27 @ o] 2] =
rE2A R Aske Aol s+ ESA
59 olt}. BlAFAA] F4ll &gt flelee A9
AP E i h(Jeong et al., 2016).

e
F, HlAA
[e3]

e Aor

3.2 ALRRIR 2: FA e EAIS W EY-AE WESXAIL
(BCF) &t =& Zat

Fig. 32 Alug] @ 20 wef dojxl 57) “flaf= 75t E4
EY 71 Aoln. vlEet Heie 7IE HI=1.09 sidst=
Age] 2 2-1 FAXY o2t 54 EY %+ 380 mgkg,
el e 2-2 FYAY o2 d B4 EY FE+ 150 mg/
kg, AlUE]Q 2-3 FARY ofglo] 7]E B4 EY FEe 65
mg/kg, AU L 2-4 FA| 9 ofglol= 27 mg/kg, AFYA e
2300 mg/kgl & dojALt.

AYE Q2 20 E FAX ] Haf YT B EF
7|Z&A)7) WA E2E 9, o]2RT} ofo] 7|F B B

NEA7 WA BEE ek ol oA AT v} ol
A S22 A3 vlgo] Ak AFA o] ujs) su] &7
2.8%)7] whio|n] ofelol7} ATjA] ol HoRhe viojat
Aoltt. Autele 2014 EEE B4 o 71EA7) Ao
10} ]3) stoba 7] H 74 2 ol Altke] e 20] A8 24l
BCF 97t 54 4l7/eo] @4) %179 BCFI} 5442 4210
]3] 47 M8 o] HIZH A% 3l17] witol.

SR A DA e AL 2-5 AlARIX e
B4 B 7122 % 2300 me/kgl® AU e 1-5HT}
w7 APgE Rl ol Aluele 20] A8 HAl Al
g4l AXE 4ol AFO| 64.5 kg2 BA) X7 628
kgol B3 Sofuh AHA =2 9IeEst ot 7haste]
ggol.

Hio}
O L

4. 2L EYIIEX T

]

4.1. 6l 7|8 24 EQF 7|EX| ME
2 d7e AUEe 13 AP L 2004 TP W2 ghe

o] 7|&gh w2 ARt fle AR
Y= 7|8 B4 EOF 7]F 4| (Risk-based soil F
guideline)’ = ATHsIGITE webA, Alu2] L 194 Aute]L
1-4(5 4R 4/012) 70 mg/kg¥ 1-5(AH4712}) 2200 mg/
kg, ALl 2004 ALl e 2-4(F A A /o1) 27 my/ked}
151 A]) 2300 mgkeS AT 2, 7 AT Aot
27 mg/kg?t 70 mg/kg, AF7A -2 2200 mg/kgt 2300 mg/
kgolth. 71 AT A3 A 7k 712 ] 2 Folz}
LR A2 oF HojlA ofu] g3t viel gho] 37k Wf 4k=
2] SABAIAAE §12)%} 1B MEARIAL 100 days/
year)°]| §lo] Z}o]E Ho)7] wfizolth.

914 W} 71MS Bol AHE B4 =9 712, Risk-
based F soil guideline®| Wi R}t Y2 7d 4= i) £3]
Bt EdedEd v A A= 52 Eae HS
Tefelet. BoF B4 iAot 7 et 2 Aejuict oz
Qe 79 B4 B 7S vhR Ags7]o] Fejvt
w2} ujeh B QoA SR o R waE Sas )
B 5 7GR 0] 2 Aolo) MASES Teleh & B B
7|&X](Total F soil quality guideline) 2% H41S Tl Ao
Alqkstarat sheick.

4.2. Added risk approach M8 & EA EY 7|F A3
SR RS SlsiA H7F Y

B 7|27} i R 2 Ao disf ofn] f ol
W2 =2 A7) glo] girt. Added risk approachol] T
EdedriE A% Bl e 7uk BEF 7)1E=A0 ¢
A AT EE Fot T EFLAVIEOR AAst=
H
H

2011). &, oju) A= A vEEEe] Ao v vlest
SEH o] AA 2 AEAl] =EE ] HHE HIAA h=th=
7bgoltt. o]ek e WS AMgshe olfre= AA A
AR LR EGEA Al o]EAe] gle A Wi 71l
BT A Y BHOR £ 0 SRS AR olF =
2 713} v} Q7] uholck

£ A= Fig. 59 2] Added risk approacho] 2|3t &
B 5o 712k ANt U Ba R
Lim et al.(2018)0] AAJgF &4 ESF HtA] 204.5 mg/kget
95u ELoI o] Ffsts 374.2 me/kgS BEEHATE whehA
Added risk approach®] &3t & &4 EQF 7|2 X|(Total F soil
quality guidelineyt= AJL] 2 194 FAA S oj2o] 275 mg/
kg~444 mg/kg, AFA| S 2405~2574 mg/kg, AUl 294
=029 ofFlo] 232 mg/kg~401 mg/kg, AFI A 2505~2674
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Sl B7F 7ol whE B

5.4 E
& A= "B A=A Sl B7E ARl AlAE Sl
7] H2jo] T2 SlFE Fit B B 2] 71EAE £29)
Bkt Z 1070 AU eE #5510 HI=1.00] sfdshs &4
B 291 /1GE 8 A 3 U0
LA Eged=d fsid B7F AR 712 A @<=
Agstel =2 Tﬂ JEX 20 Y= 7] BF B
7|2 *]|(Risk-based F guideline)+= 70 mg/kg®H o, Al
=744 9 BCFE &3 Qaxz 7|8 ESF E4
71Z2)% 27 mgkg o & B ol
2. AMAZ 2] 49 Q= 7]k B4 BE9F 7|EA])E= 2200 mg/

kg, 2300 mg/kgO 2 thhd HA APYE AT AR
=22 N2 ARE 318elA] & AME Ao|mg
27 2E A37L A AAE 2RO A
R EERIEEE)

337k B MABE A4UE Refsio] £ 78S
A sH= “Added risk approach’ol] W2 & 4 EOF
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