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Abstract : Various leaching tests were applied to the soil affected by accidental leakage of HF in an industrial area in Korea.
Three different leaching methods including pH-stat, continuous batch leaching, and column tests were adopted to assess leaching
characteristics and mobility of fluorine(F) in soil and the potential risks to ecosystem. Both natural and spiked samples were used
for the leaching tests. F concentrations in the batch tests increased by leaching rapidly in the early stage of leaching and then
maintained rather constant levels. Column leaching test also show similar result to that of the batch test. pH also controlled the
leaching behavior of the soil. With increasing pH, more F was released in the pH-stat test. This is mainly due to the competition
and exchange with hydroxyl ions, as pH increase to the alkaline range. Most of the F released by the accident seem to have
removed in the very early stage of leaching, whereas some natural proportion from soil minerals are thought to have been released
very slowly. Therefore, little F released during the accident remained, based on the results of this study on the samples after two
years of the accident. We could conclude that soil contaminated by external effects such as chemical accidents should be managed
immediately, especially with F.

Key Words : Fluorine, Leaching Behavior, pH-Stat Test, Continuous Batch Leaching Test, Column Test

20! B AL BAF FEADE QIS £ U Bao] Afely 9 8254 selste] 4 - @14 BASNAS 25t
T4 Shedth pH 4 $EAY, A% A S$EAY, FAEEAY 52 A8tk ol charer B AZPE e
o] §EYES 2ASt] o FE U GEEAS BT 02 ofs)stast olrh. thiEo| EopAIRe] thate] pHYF U
PHOR FASE Satstoleute HA 9 (PO lste] Bao §EE oA S/SHATE A% A SEAY
AE Q3o ERARe A 27] B40 8255 WS 7 Uehtolt 23} 8% oF BHEFARG AT e 8
Z5EE Roth B FAEEAUC A9E ATed ARl 27 §ERAA cere] Bavt SEHE 4%
2 Uehuich ot 82409 23 27] BRG] ART Bat LA 27d 44 AAEE 2L Sstdon,
AT QIS AR A0 YR 2uo] Auk AA) A WS Arhn waEich theba] U4 shobRA Amet ¢S oA

[e}
o G we BAMHAY =gl thato] 27
: H 44 §343, 9% 324 $248, 248548

M2 T/ o4 AL tebyeh
AR BoHpa0] $8000R 195T A Fhagel 2
3

2012 99 A% Folol 91X% AGEA ] Sl siese] FeE A WSS a9 fy] SO WA w4
A oF 0] B BAanhydrous HF, AHF)o] Sjo2elo] Ly, oleldt Eakial uje 43l WAS 2 B
A 3 ARRAR &7 =5 FEEe AR SR o] Zpzoln 7|59 it WAl Mo F IASE
o Az 2t sigel AYShT 18We) AL H oh29 ohabe] Bekeat T A5 A A AL Ao
gotgon, PEE BAS HEES Gn FHATA 9 A 5 Qow Ay Bokrao] 49 EFIU kol wd
= BAE7IA FAtEe] A oEnl B 7S, sAbE, A HAS Al ATl A 4 A AT AR AR &
Soll WalE el oi7led] AmE WANZCED olek 7 WAe] A R AsF, Waj L] ol 4ol ofat 2wl o
o e dEAQ el vl SR ool WA B FAS UERd 4 ook vl S48 E REEHAgeney
AP & AMDLE B £ e, oF 24E 9] B4 BAbo] & for Toxic Substances and Disease Registry, ATSDR)¢|| wt=
Hof QI ol Ful 0399 YREo] A BB F W Ay 49l dhiel 49 0.5 myLo) ikl g
T oY T4E Blon 2do] At Fo| A, & s wf B FEo] AR 557 Aol UEhden, 4.2~

" Corresponding author E-mail: slee@catholic.ac.kr Tel: 02-2164-4372 Fax: 02-2164-4374
" Corresponding author E-mail: dunee@kbsi.re.kr Tel: 02-920-0792 Fax: 02-920-0749



J. Korean Soc. Environ, Eng
St FEALIR|A| B2k LY E4F)2| HSEM

i
>
nok
mjo
ofm
rok

4.5 mg/Le] At EH

& Hol Ao L}E}km.”
Eolpae A A H7tgH o s Fo & g B

ol 2% A w1, ol ARE FotEo] BEeF B A5}

& A AT AN 587 4

ol RO LA LS, Y, T 5 4
S - AT vkee doA AT shkE FEE W
S e ApnE e 2] §olHo] Bopel 4
SIS ) FHEEFEA vl Aeke wekely] aA
SEEARIE B8 2QWAL B AN Eolof gt
A el e B o Bae) $EEA B AT
7 AdiE oz ob|sie, A7|HeR xHE 4 Qs ode
A AFEHe] the /b9l Avst wast Agolu.

LZEAS sl o2 u)=2] EPA (Environmental
Protection Agency)2] TCLP (Toxicity Characteristic Leaching
Procedure), 3-8 2] 7}-8 &= A| 3 (Dutch availability leching
test-NEN 7341), 1< 3]H 2] 8- A 3(Serial batch leaching
test-modified after DIN 38414-S4), pH 4] &< A& (pH-
stat leaching test-CEN/TC 293/WG6, EU standard method of
pH dependence test), A8 A]3(Column leaching test NEN
7343, standarised as CEN-TC292/wg6, prEN 14405), 2= &}
AF A)@(Tank diffusion test-NEN7345, Dutch diffusion leahing
test) Lo] Qit}t o|9} e LEXEXNHIE Eslo] A7
Z A5k "o QA ZdERo] 27154 Hof Al

El
R =
- - = 9
A LAY e §EHEY FY 5 =& U 5 o)

2 oA 914 3|84 8EAF, pH §A §54]
FEEAES ot ekt B - shehA 249
oF3l Ao Yot E49 A EXUIEAALS Hrista

2. M8 g

1z
L
IE

2.1. A2 XN F]
B Aol AE WAARE HR FolA AR U]
A AR B rEREg Aol weos A g
A1) HREAGES:
o Aol e nefstel AnAd %
EPARE AHSUCKFig. 1). GMIARE $77)3)
£ ylold Aol A AHE A0, GM2, GM3A &
o9l eld A=Ak AHE ArE FA

Az el mekEA W 8546 A3t

500m 1000 m

Fig. 1. Map showing the sampling sites where the accident of
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22 AN2ENM

Aol YHE EFAEE Walkley-BlackH-S
o] 77]& =H(Organic Matter, OM)S -4 301, am
monium acetate§ o] wa} oFo]-2 x| &-83F(Cation Exchange
Capacity, CEC)& EA438}9ich" ZQ1(T-P)-2 H,S0:-HCIO,
of ojgt Raae Bol HAshon, Eof pHiE 1: 5y
29 EF-ZRS AFAG o fato] BT £
(Soil texture)> pipetH-S o]&ste] EAslg o, = 5

FE(United States Department of Agriculture, USDA)2] &
T 7ol o8l & 5?‘%"13}- B W 1071 e F
Fepe A 2Tk 47U AeAE ] XA PR
1(PW2404, Phillips, Netherlands)§ o] &3lo] BA354c)
Zkzto]l EEAIFoA d2 HFA RS 9 045 pm PFHE
el = gt 3 o] 2a =rtE 1 u)(DX-120, Dionex,
United States of America)E ©|-835lo] EA34ch

o] g3}

N

23 SEAH

FHATL Fotol - w1 = ) S ez
A Uhe] $EH5S 9 & Uk B AT
A Q4 B8 SEANET Y $EAUS Bkl &
F W 20 - WM SEENS WA SHRo,
Eope] pHISto] T2 SAMSHE setsh] s pH #7)

mg/kgol c}.

, 235



236 ,

J. Korean Soc. Environ. Eng.
L= - o|FA - #2s] - O[30t - Bai2 - 0=

Fo

Al

A4 FEA AP dr|HeR BEY A EHI
At B0 §EAEE Uotiy] fist did MRS
WEEHA] GFal v w3l Ao AL Uh

xS P B AP A E 74 500

mLojl AzH 37 AFe] FHAR(GMI, GM2, GM3)&} <l
0 g¥ 1:10 ¥] &2 =33} End-

over-end shaker®] 24A]7H59F WHIAIZ] & Ao ¥

FAEE FFH 500 mLo ol B

O ot
o
Ruigy

me
o
ok
jiatd
o
u
ofj
NG,
B in
T o
Iz
_c')L
R
u) o|

2.3.2.pH SX| A8

pH A 2AIHS thest BE¢F pHRSIOIA O &&5
AL et -85 AlE F stutelth & A=
pHE 4, 7, 99] 3TtA|2 =Ast9len, pHE= 0.1 M FAk}
0.1 M FARMHERS o]&dto] sttt EFAI RS}
Z220] TFHHLL 1:10 HLEE AZH EYAR 30 g
I S5 300 mLE E3FSFOm, 24417t F ok Ak

715 o]&3to] RS

)
N
oy
15
o
2
N
=)
of
) -
L"L
8
o
of
)
e
@t me o
ox Moy
oo o o

(=)
2
=
N
>
i

3.1. HTEUYANZ L & BLASY

B AREGA R ol3tetz 54E4d = Table 13}
Ak 2 AFARO Wit Eawie 296565 mgkgo 2
PN BSEFEAYANA AT Bl EFLHT
7IEAQ 400 mgkgHths W Fe g2 UERoWw, B
Fod HezAETe] e e Pt FEQl 222 me/ke
Hop ohd A yeiygch dutgog = ] & B4g

=

G AN MRA ] o £ B BperF U 3
% 5 Eagol o8] Z7ketAl ek 2 e
FARE 2w R HER A 9o
A7} SAAR ol §HL Uee 1T )
H|EA O] O3 B4 FE Aol Uold AOE M
of 2 2 A7 AR 47t AR wret hAA o
o efsto] MBS0 ojgol glar, 1o whet F7}
ol A7t Wagk Ao ArHch

Table 1. Physicochemical properties of selected soil samples

Soil characteristics GM1 GM2 GM3
Texture (%) Sand 705 44 6 514
Silt 272 465 44 1

Clay 229 8.86 452

F Conc, (mg/kg) 362 319 207
CEC (cmol/kg) 6.93 742 8.62
T-P (mg/kg) 684 467 282
OM (%) 286 1.09 438
Major constituents (%) Al,Os3 149 7.90 111
CaO 222 0.561 0.118

Fe:0s 424 1.96 2.06
K20 3.06 2.46 3.23

MgO 1.06 0.650 0.510
MnO 0.085 0.047 0.023
Naz0O 3.30 0.593 0.576
P20s 0.136 0.107 0.074
SiO2 69.6 83.3 83.4
TiO2 0.485 0.454 0.372
LOI 0.040 0.032 0.060
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Fig. 2. Variation of F concentration in leaching solution from
serial batch leaching test,
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