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Geochemical Investigation of Fluoride Migration in the Soil Affected
by an Accidental Hydrofluoric Acid Leakage
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ABSTRACT

The hydrofluoric acid (HF) leakage accident occurred on September 2012 in Gumi, Korea affected the surrounding soils
and plants. In this study, we investigated fluoride migration in Gumi area through geochemical properties of soil-liquid
phase (pore water F and water-soluble F). The concentrations of porewater F and water-soluble F were obtained from N.D
(Not detected) to 9.79 mg/L and from 0.001 to 21.4 mg/L, respectively. F in pore water seemed to be affected by artificial
and natural origin, and PHREEQC results implied that fluorite is F control factor. F concentrations of soil and soil-liquid
phase did not exceed concern level of regulatory criteria and showed similar trends compared by previous studies.
Therefore, F contents remained in the soil and soil-liquid phase were considered to be not affected by HF leakage accident.
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Fig. 1. The location where the accidents occurred and soil
sampling points in Gumi.

2mmNo.10) A& T YAES AR 2415 S
o EY pH 42 EYS dAES © A 2 AAA
siom B SR HIE 1:5(5 g/50 mE 5% 5
QF wHFERaL 2AI7F W] & S pH HEHE ©]&-35t
o] SAIAT. S AR AlEe] FRk) Az
A1 105°C, AZE B AFRAIZ Fof HAHE vlasie
SAsITE gk AT AHE B FEAEs e
St 7| 2 A AATD AEAE A XRF(PW2404,
Phillips, Netherlands)® E2] 107} F ¥U2(Si, Al, Fe,
Ca, Na, K, Mg, Mn, Ti, P33 wbgaF #4300t
Ede] =g, § 2hwE, GOl mhe(CECH
FUTPYE A2Hshal F#shs-571714E (NICEM)
o o]t s A

EoF FI59] F%& Edmunds®} Bath(1976)7} AIQH
g Al WHE it 2-88k3itt. PTFE H4ld
gl TS £ sl FALVIE Al d5TE
35 = AEE 871E A, AR = § ARSSIEA,
°F 1-1.5kgd] EAEE AR 3= 2887] 470
e gol tl8=F 41E2]7](Hanil, Combi 514R, Korea)
olA 3500 rpme] &2 30837F YAEE S o]
SRS 53 Hul somle] EYSE FEIIG oM, &
T UM F=2] Hd B2 49.6%=E U E
& TS 7= F HE pHo WRHERS S0
I 0.45um BWEHS FHE o). 52 2]
2(F, Cl, NO;, SO IC (Dionex, DX-120, USA)Z
olg3l SAsP Pole AAYE & F Iz
AL AT A2AE Q] ICP-AESUJY Ultima2, Jovin
Yvon, France)?} ICP-MS(7700 series, Agilent technologies,



Bk FEAAL XY Y] X788

USAYHIZ A183) 717} Fqa) plelas s,

Eoko] 880 200 B 10mlY] SRS

Hol(solid : liquid = 1 : 5) “=20llA] 2417F B2t 2k A1
o o] Hlgl e} F= AXRS SATE Wt AlEE

= 3 AT
4500 g&] o= 307 YAEEE S B9 AT
HS 045 um AR FEE o] 83) ot A7t

N2 olewel U pHE HAX1717] 9J8] TISAB
(total ionic strength adjustment solution)2 1:12] H]E&
2 Bgele] A=A o] £AI(SE) (pH-270L, Istek,

HRRAE A5F F e YA R A=
£ QPSR BHoR JRAPIGE T Wl T
e A] oIt B Aol £ R £ o
A W] 923 ARBAE Sl el Thet e
Sole B4 Wl Auaple Taiic

corr(x,y) = c—ov(x,y) (1)

o, O'y

A7siet RS g 7IZ= 23] PHREEQCE

G W B tE o] BAE EARIL B4
o] AFE o537 fate] AMgslth. =Y oY gk
o2= 167 AR pH, 2%, €°l&(F, Cl, NOs, SO,)
I} o]&(Na, Ca, Fe, K, Mg, Al) T A8},
HCOy = HES 7Hs BARS 7Alksie] dsiit
rdyo gy T2 A= 78 I FE I3
TE ol83td st

3.&8% 3 o

3. E L 24

167 AellA AFe Eke] ¥4 27= Table 19 Y
ERQITE G719 EYF pHE 54582582 4 99
S FTHOE ol 23T ofRgl Ve E RBEsitt B
ko] BA dke B 250 mekg(142-513 mg/kg) O 2
2012 A= B EA i %2 226.6 mgkgel,
THAl SR A He FEQ 1983 mgkeHtl =Tt
(KMOE, 2013). E% B4 tokst <14 nigo| o3|
EEEHA EYF o] S2o] Hal mebx] B4 v&
ARzo] dojU(Oh and Lee, 2003), ©|& <13 7=
2 AEEE EYdME FR-0E EAwEr 3439
FoAlE ARe] Yep e gttt mls Sl ol
10em A% FEANX= A7} 136-990 mg/keoll ©|=23]
3(An et al, 2013), FEAE FE 27 AH9] EAE

545 T 4 AT 3 S A A 67

Table 1. Chemical properties and compositions of soil from
study area (n = 16)

Mean Median Maximum Minimum

pH 6.91 6.81 8.25 5.45
F (mg/kg) 250 217 513 142
OM (%) 217 1.66 6.08 0.180
CEC (cmol/kg) 8.53 7.76 12.1 3.32
T-P (mg/kg) 534 503 891 73.5
Water contents (%) 12.6 12.5 229 1.84
Texture (%)

Sand 529 52.0 79.6 353
Silt 39.7 39.3 55.1 17.3
Clay 7.30 6.13 159 229
Major c((())zjtltuents Mean Median Maximum Minimum
ALO; 11.1 11.3 14.9 7.90
CaO 0.613 0.315 222 0.118
Fe,0; 2.52 232 4.24 1.68
K,O 291 2.85 3.55 241
MgO 0.656 0.565 1.39 0.43
MnO 0.037 0.032 0.085 0.015
Na,O 1.09 0.925 3.30 0.384
P,0s 0.119 0.116 0.210 0.026
SiO, 80.3 80.4 86.0 69.6
TiO, 0.436 0.447 0.539 0.310
LOI 0.046 0.042 0.090 0.030

OM: Organic matter.

CEC: Cation exchange capacity.
T-P: Total phosphorous.

LOI: Loss on ignition.

=& 212-617 mgkg HH7F RE Sl th(Loganathan et
al,, 2006). Wb AFAFL] 167] AR F 1070 ARo]
SRAR AREE AE 1Hds W EY i EAwE
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(Kim et al., 2006; Berger et al., 2012). ARdekx] o] A
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Table 2. Chemical properties and concentrations of elements in soil pore water (n = 16)

F Cl NO; SO, Na Ca K Mg
Ne. pHOEC (S on) gy  (mgl)  (mgl)  (mgl) (mgl) (mgl)  (mgl)
1 3.99 626 3.89 51.9 141 49.3 7.83 266 26.9 19.5
2 4.57 656 0.815 6.85 290 25.1 3.51 93.8 20.6 22.6
3 7.57 3580 9.79 122 1370 515 24.6 543 14.7 148
4 4.05 173 0.728 25.6 14.0 5.19 12.3 14.8 0.216 11.8
5 3.05 2918 5.00 134 1139 62.5 23.9 335 259 65.1
6 3.70 235 8.69 402 272 120 59.1 312 59.1 79.1
7 5.00 722 1.34 23.8 264 494 5.18 63.5 19.0 27.0
8 3.71 2325 5.93 219 797 128 254 275 10.3 104
9 3.88 707 1.98 68.5 146 54.4 5.88 69.6 19.9 22.0
10 4.40 553 3.09 23.8 109 116 6.93 62.7 5.38 18.0
11 4.15 1285 2.84 201 142 159 30.6 157 17.7 24.1
12 421 478 0.00 86.2 13.7 26.0 7.32 44.9 61.5 27.7
13 6.17 1760 2.72 96.0 647 142 15.5 230 33.2 80.3
14 7.96 471 1.43 118 731 74.1 5.28 71.6 5.23 7.18
15 8.08 1163 3.07 59.3 157 74.1 12.8 158 63.3 28.6
16 5.01 2509 5.45 105 1034 177 36.9 310 43.1 81.1
Mean 497 1260 3.55 109 409 111 17.7 187 26.6 47.8
Median 431 715 2.95 91.1 210 74.1 12.5 158 20.3 26.5
Max. 8.08 3580 9.79 402 1370 515 59.1 543 63.3 148
Min. 3.05 173 ND 6.85 731 5.19 3.51 14.8 0.216 7.18
No. Fe Al Cr Ni Cu Zn As Cd Pb
(mgl) (mgl) (ng/l) (pg/L) (ng/L) (pg/l) (pgl)  (pgl) (pg/L)
1 ND 0.467 7.02 11.6 16.8 325 1.26 0.534 3.19
2 ND ND 1.57 4.00 5.87 116 0.760 0.154 0.675
3 ND ND 8.28 19.0 17.9 36.6 4.34 0.179 0.321
4 ND ND 1.64 1.23 3.44 34.8 0.335 0.106 1.12
5 ND 1.20 8.08 49.1 244 3710 2.69 1.82 4.53
6 ND 0.943 14.9 16.2 32.3 363 5.35 1.16 7.33
7 ND 0.213 2.09 5.22 17.5 168 3.97 0.150 0.626
8 ND 0.975 5.30 16.6 19.0 208 3.68 0.776 2.68
9 ND 0.295 4.77 7.85 15.4 140 1.58 1.68 2.97
10 ND 0.173 0.873 7.84 18.7 92.3 1.21 0.183 1.03
11 ND 0.671 2.57 9.26 29.7 171 3.29 0.577 0.700
12 ND 0.775 1.42 10.5 22.5 166 1.19 0.582 42.3
13 ND ND 0.537 7.38 11.8 56.5 1.48 0.287 0.069
14 ND ND 1.21 2.81 15.9 31.5 3.52 ND 0.323
15 ND ND 2.04 8.84 27.1 59.3 5.34 ND 0.394
16 ND ND 0.893 104 25.1 75.5 291 0.242 3.99
Mean ND 0.357 3.95 11.7 19.0 360 2.68 0.602 4.53
Median ND 0.193 2.06 9.05 18.3 128 2.80 0411 1.08
Max. ND 1.20 14.9 49.1 32.3 3710 5.35 1.82 423
Min. ND ND 0.537 1.23 3.44 31.5 0.335 0.106 0.069
ND : Not detected
o] opd AF7Ie] 7FeAe] Erhal AYEH & o A 3.EZ B3I 22
U3t AL 53 54 A9 £ BEA Fxol digh AR E 2 BEY T 5 gslxAge
Aeltgo] Hasict. Table 20 YERIth 59 ¥55 pHE 3.05-8.082] H

J. Soil Groundw. Environ. Vol. 20(3), p. 65~73, 2015



EAF 20l X B A 4Ls)eHE

A= ARollA] oFst 71| Wi WS vERTE o
AT o] §ho] TRiRlE A9 B F ol
At 882 pHY W7 O HolAlE Aol B
3= (Snakin et al., 2001), WEA AFAS pHE A
Al @] pHELE A Gz W7t O HolAle A
L T4 W 88 B2 39S Yeplie
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ATAY FEHF W BEaEEE 24300 Y 9.79
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2002), AakFe] A9 s Aol Bagkgod B9t
A dkgo = Q3 Exrt /RT3 (Kim et al,
2006) AA| Aslre] BA4FE7F 10 mg/Lell ©|2= 75
T BugtkJung et al, 2008). LU ESF FI59
745 NEE o] AR EAE) Wl sl &
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(2013)¢] AFANNE YeRdT AAo] 75 HlEY 54
35 59 QlF7Ide] SAs, HIES] AR EF &
EAso] JS F=H(Zhang, 2010) FTFAY FHS
o] BATE} AAhEErt 4o S Hole Zlo=

Hol AA|9e] B Bae Ad7|dn A de7ld
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o] = FAl U= AoE Az
Alsleleds 23] PHREEQCS ©]-83t
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HEFEN(SI=0)l] 77k #HESKSI>0) e A E3}
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& X ZTeRG) JARAN ZHM (2.0 <SI<
2.0) YRl mat FAo) ofsf Eadhde] 24 Hrar
st ATAY T B=SE ZRGTE -1.940014 1.42
7HAe] FJHZASI= 0l AT kS Bl 355 A
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Fig. 2. The relationships between F and (a) Ca, (b) Mg and (c)
NO; in soil pore water of study area.
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Table 3. Saturation indices for minerals in each sample using PHREEQC

Mineral 1 2 3 4 5 6 7 8
Alunite KALy(SO),(OH)s 1537 1765 -1746 708 -1623
Anhydrite CaSO, 175 232 075 359 -171 145 208 -148
Fluorite CaF, 0.33 111 142 <194 023 087  -109 036
Gibbsite AI(OH); -6.17 -7.86 746 245 68l
Gypsum CaSO;; 2H,0 -1.53 2.10 053 337 -149 123 -196  -126
Halite NaCl -8.00 920 720 -804 714 626 -849  -6.90
Mineral 9 10 11 12 13 14 15 16
Alunite KAL(SO),(OH)s 1407 -1392 -1122 119
Anhydrite CaSO, 2.09 -1.80 142 258 144 189 173 129
Fluorite CaF, -0.82 -0.23 -039 0.14 065 023 0.82
Gibbsite AI(OH); -5.93 541 495 047
Gypsum CaSO;; 2H,0 -1.87 -1.58 120 238 122 167 -151 107
Halite NaCl 797 836 682 177 146 859 272 -7.06
12 D e 33.E¥ L =84 24
r=u.
. B35 st £84 BAE EY pl 9gegoR
1 L] T = .
. 258 55t Sk AES BRIthFig. 3). Wang et
5 8 al Q0022 iV} EOFAGE B I 4 Salstoleo]
g | B oleg tAShEA o) 850 ol Arkw
TR 1 -
5 S0P, ATAAY EJobY 1] BEE olst 2 o]
© - e _
= 4 R pHsk M) SE5e Bage] ek Akt
g | Eoko] 484 Ba BTl 0.005-107 mgked S
RS Holal glom HHFsEe 16.51 mgkeo|th =uj
e e EY 784 B4 s87IFe] 583 AalA IA
: : , , , , 201}, Sloof et al.(1989)°] &J5PH 2~92= 25 mg/kg

5.0 5.5 6.0 6.5 7.0 7.5 8.0 8.5

soil pH
30
(b) r=0.440

25 4 ®
°
< 20
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E
w154
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o
e
2z
m© 5 4
E

0 ¢ ]

T T T T T T

5.0 55 6.0 6.5 7.0 7.5 8.0 8.5

soil pH

Fig. 3. The relationships between soil pH and soil-liquid phase
(i.e., (a) Pore water F, (b) Water-soluble F).
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Table 4. Concentrations and ratio of soil F and water-soluble F
in samples

No. Soil  Soil Water-soluble Water-soluble Ratio
pH F* F** F* (Labile/ Total)
1 653 513 1.08 54 0.011
2 665 362 2.38 11.9 0.033
3 773 319 214 107 0.335
4 633 204 0.001 0.005 0.000
5 631 238 1.47 7.35 0.031
6 719 204 2.81 14.1 0.069
7 691 255 493 24.7 0.097
8 7.07 197 2.93 14.7 0.074
9 678 257 3.17 15.9 0.062
10 6.84 199 1.12 5.60 0.028
11 7.06 235 2.54 12.7 0.054
12 545 207 0.19 0.950 0.005
13 634 192 1.28 6.40 0.033
14 825 251 2.65 13.3 0.053
15 7.83 226 2.15 10.8 0.048
16 726 142 2.74 13.7 0.096
*:mg/kg
**:mg/L,
o T B4R r=-0.005, FEAELE r=0.191
2 B3 A9AS Holx] k=t Blagojevic et al.

2002y Podgorica®] ¢FrlHEE TN B He] H
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A=} o
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