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ABSTRACT

This study explored secondary effects of the residual hydrofluoric acid (HF) after a hypothetical acid spill accident by
investigating the long-term dissolution of minerals and leaching of pre-existing arsenic (As) from two soil samples (i.e.,
KBS and KBM) through batch and column experiments. An increase in the HF concentration in both soil samples resulted
in a dramatic increase in the release of major cations, especially Si. However, the amounts of mineral dissolved were
dependent on the soil type and mineral characteristics. Compared to the KBM soil, relatively more Ca, Mg and Si were
dissolved from the KBS soil. The column experiment showed that the long-term dissolution rates of the minerals are
closely associated with the acid buffering capacity of the two soils. The KBM soil had relatively higher effluent pH values
compared to the KBS soil. Also, more As was leached from the KBM soil, with a more amorphous hydrous oxide-bound
As fraction. These results suggest that the potential of heavy metal leaching by the residual acid after an acid spill will be
influenced by heavy metal speciation and mineral structure in the affected soil.
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Table 1. Physicochemical properties of model geomedia used in

this study

KBS KBM
Parent material Slate Limestone
Soil texture Sandy loam Silt loam

pH 6.99 5.88

Specific surface area (m%/g) 13.19 16.84
Organic matter (%) 5.51 2.92
CEC (meq/100g) 9.34 17.8
As (mgkg) 243.66 344.11

Cr (mg/kg) 42.16 37.32

Cu (mg/kg) 17.8 55.7

Major constituents (%)

SiO, 53.01 56.32

ALO; 12.72 14.58

Fe,05 8.94 7.17

CaO 1.93 3.31

MgO 2.73 243

K,O 2.72 224

Na,O 1.03 0.56

TiO, 0.68 0.75

MnO 0.06 0.17

P,05 0.24 1.75

Ig. loss 16.75 10.61

T EBagelA AFHT FAY 719y A3 EY
(KBM)yg 4783t o]8sl3ith. Aol A8 | ESF Al
FEL Aol Ehsl] AR 7K T4 AR F
2mm AE A 2 2 A AR ARSIt AR
ARSEE mdll Zd B AR E838H] 549 Table
1ol AAEtATE At ESHKBS)E 4139 EHKBM)
Eko] pHE 22t 6,999} 5.88% 4 oRabAlS Vel oH
ol 253 (Cation Exchange Capacity, CEC)} 9.34
meq/100 g2} 17.8 meq/100 g2 KBM EFo] o]
w3ksEo] ¥ &2 Aoz et T EYe V&
sl2ke KBS} 5.51%%2 2.92%21 KBMol| HI| <F 2]
7l =30t F EAEE T 9180 299 ¢l
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= 27199 B2 (Asy} 244~344 mg/kgO Z TFF SR
H 54 7HAL e, 35(Cr) B TE(Cuye &F
AR ESF el SAlsk= vlAe] EAFEE

™ (Wenzel et al., 2001), 5= ¥ -84 ik 4 2

e doj=e st A2l F, ICP-OES(7300 DV,
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Table 2. Major cation and arsenic leaching characteristics from two model geomedia by hydrofluoric acid

KBS KBM
HF 0.01N HF 0.IN HF 1IN HF 001N HF 0.IN HF 1IN

Ca (mg/L) 123.7(2.0) 45.5(0.7) 171.50.3) 17.7(x0.0) 52.00.9) 91.9(9.6)
Mg (mg/L) 8.5(x0.3) 31.2(1.3) 103.9(+7.6.3) 3.7(0.0) 14.8(x0.5) 324(x7.8)
Na (mg/L) 43(+0.1) 6.3(20.1) NA® 9.4(x0.1) 7.8(0.2) 22.1(1.9)
K (mg/L) 3.0(0.1) 6.1(0.2) 68.7(+0.3) 2.7(0.1) 9.4(0.1) 42.5(x6.3)
Si (mg/L) 14.8(22.4) 118.5(:26.4) 892.1(229.6) 20.8(x1.2) 208.1(3.1) 587.8(+22.6)
Fe (mg/L) 0.17(x0.2) 21.6(7.7) 300.5(9.8) 0.5(0.0) 0.2(0.0) 297.9(2.0)
Mn (mg/L) 0.23(+0.0) 5.5(0.1) 18.8(:0.5) 0.5(0.0) 4.0@0.1) 73.7(x1.3)
Sr (mg/L) 0.15(:0.0) 0.11(0.0) 0.9(0.0) 0.2(x0.0) 0.5(0.0) 0.8(x0.2)
As (mg/L) 0.018(0.0) 0.015 0.003(20.0) 0.085(:0.00) 0.338+0.02) 0.090(:0.02)

pH 6.58(x0.01) 3.56(0.08) 2.49(+0.02) 6.07(x0.06) 4.41(x0.07) 2.54(0.09)

* not available
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Fig. 1. Arsenic speciation distributions in the KBS and KBM soil

determined by the 5-step sequential chemical extraction by
Wenzel et al. (2001).

Hog EE 14 BE(Silicate mineral)S A} W3-
sl TAFEE Tk e BEYelRd SiE 834
ZItHPark et al., 2015). 3, 83)E Sie B40]L0]
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ATHTable 2). B Wj2] vlA EAFE= Wenzeld] A
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bound(F2), amorphous hydrous oxide-bound(F3), crystalline
hydrous oxide-bound(F4), residual(F5) H]4A9] STAZ
T2E 4 Jth(Wenzel et al, 2001). KBS KBMY]
HlAo] EAFENE Wenzel F=Hol| wef £495H 2,
KBS E¢e Jiaos Aol ofsf 850 8ol
A= (F1) — (F3)9] Hl&o] oF 38%, Agtelo] 43t
(F4Het (F5)2] HlE2S 62%= YERSTHFig. 1). ¥Hd,
KBMEYS] (F1) — (F3)9] Hl&°] 67.3%, (F4) <} (F5)
o] HE&L 327%E UEhgon, 53], KBMES|A
(F3)8] HIEo] °F 60%= We HI&S A3 g4,
KBS9} KBM= #24F 0.01914 1N FEofA 2771 =
A2 A7, KBSETE KBM EIA T =& H|A9]
=9 HlATE 8EFHUCH, KBSEGS ARte] 7Bt
o w2} amorphous hydrous oxide-bound As®] H]E-0]
S7Isl= whAol|, KBM ESRS ARPEZE| w2} amorphous
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Fig. 2. Major cation concentrations leached from (a) the KBS and (b) KBM soil by a 0.IN hydrofluoric acid through the column
experiment.
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Fig. 3. (a) pH and (b) arsenic conentration in the effleunt leached from the KBS and (b) KBM soil by a 0.1N hydrofluoric acid through the
column experiment.
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