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ABSTRACT

This study was conducted to investigate the performance of four commercial chemical agents in stabilizing arsenic (As) in
soil at the forest area near the former Janghang smelter site. After amending the stabilizing agents (A, B, C, and D) into
As-contaminated soil samples, synthetic precipitation leaching procedure (SPLP) and solubility bioavailability research
consortium (SBRC)-extractable As concentrations significantly decreased except for agent D, which is mainly composed
of fly ash and calcium carbonate. Increase of SPLP and SBRC-extractable As concentrations in four soil samples (S1, S2,
S3, and J2) was attributed to desorption of As adsorbed on iron oxides due to high pH generated by agent D. It is therefore
necessary to consider application conditions according to soil characteristics such as pH and buffering capacity. Results of
sequential extraction showed that readily extractable fractions of As in soil (i.e., sum of SO4- and PO,-extractable As in soil)
were converted into non-readily extractable fractions by amending agents A, B, and C. Such changes in the As distribution
in soil resulted in the decrease of SPLP and SBRC-extractable As concentration. A series of follow-up monitoring and
management plan has been suggested to assess the longevity of the stabilization treatments in the site.
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QY 3} (stabilizationy= SHFTE ol HAHIANE FU
t] L A=ES sk o R M3 FElE WStA|A o]
&/ (mobility) 2 BE3H2]0]-84d (bioavailability)s S5
= 7]&o|th(Mulligan et al., 2001; Lee et al, 2011;
2016). USEPA(2017)°] w=W, Superfund
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FYERAIRALAME 193635 200837H4] v EF<4
o] AEgHgo] AP}, AHart SFE= B Al
HAol| A ALSE dE W FaE50] HWiEEAY, A8 o]
2 27 A9 Blike g QI8 FEEe] Skl dofuk
T O H2E B FH EGY %o g
Aoz wlg), (FydAEs 0 FEAGL v
W e SRS g AR Jolar, IgRAR
Mo EXolgwd me} 2Ae] HEo] Fa3h] wEel,
ERNHT 2 S A8l A Aok
(Jeong et al., 2016). Wb L AESFS] FZ o] Fly]
2| oA AEA wghs HAsEE = e K &
Hol, ZRMPIEE ks $HE 5 AAY HlAL
FEL] 98z A7 2] Wjte] & 4 UTHKMOE,
2016).

ERIER A A 15%22]5(KMOE, 2017a)2} EoF
E2 Qi H7F AZ(KMOE, 2015a)] w2 ﬁsﬁﬂ
Bt 79 Ays ESHEE] B9, AP 2 g Sl
e = Q7] wiEell, SFYst o] LAESFS] sl
T #Yd aRHoR o] 8" F Utk(Yang et al,
2016). TH, 8 EUSHAR AN A 15%9]3) 2 1 A
BAE A0zl EdedrTdres L9EYY A
SPIESE WAL Q7] Wi, B 141 LAEHY F
FTEE ARACE AZATIA @ar A=A =ES

rr o
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Adshs SEle B Vg, FISHEE}, F))e
Aol thigk §2 A7} vlEE Aol flsid 7t
o] AW} GRS I s, HA9 = A
7+ 2200 olo] Y= Fk AT (e, FAN ol
£ ogudd mg A%H TUEY R AFUey}
oltol Aol S}, G glshel Ve wet Fejdoln
AAE RAREE s B Bt @ s)gol
B,
B ATe EdHEx 7 $EE 5 6= A7
A ARIPE AgALe) vl dEe] HE b5
obAEly EapAel ¢FYIAIe] A AZAL T1sA
137]4% 32 St 27 B ARIRALE viEeE i
Fwol 7Fse w2 38 FgsiAls etsliar, Fgst
XﬂE 283 NI ATl el &AL 82419, A
ERASA A 9 &= B sl o Ay
£ 43 sk =I5 SlelE S pAvelE
S13 b8t TRl Al ek AASIAH-

2.1. EQA|EMF LU EQUSMEN
TrERAREL 2 ABAYGe IRHAE Alelear
T W4 325426 km™=2 ool glom g8 s A}

“The forme YRas

Janghﬂﬁ'smelter

Fig. 1. Surface soil (< 15 cm) sampling points at the forest area near the former Janghang smelter site in Korea. Yellow triangles represent
the sampling points and red circle indicates the former Janghang smelter (longitude: 126°39°59.40”, latitude: 36°00°27.46).
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(TYERAIEA FH FHE T AR GIM S MR HEY sl Azt 24 s 3 A8 W R A AY 3

EHIL e $HE49,187 k') 11 HEe] Aot
(76,239 km*) 22 U= 4 JTHKMOE, 2016). FHES]
735 BPAZ o] &E|aL Qo] ARFe] Fto] WMkl F
A el FE7F SRl vlikiA|e] WAl7FsAdo) e T
Holar, Aekze] Ag- A Astal UFrh +AA A
o] Alghe] Ho]l =EAL 7AW FEP7L glo] A=
HE4 Qe ol

$HE(S1, S2, $3) 2 U=, 12, 13 XEH
15cm oWje] XEASE 712 334 AFsHA o (Fig.
1), T3t 2-mm AAES T35 F YA 284
7o ARgSIATE AF T Bkl vlA A EYL
HEGAD7IE(KMOE, 2017be] e 9k 2 #-4
(aqua regia digestion)>. 2, 7|5 &FHS Walkely-
Black ®'H(Walkley and Black, 1934)2.2, Fe/Al/Mn
AFelE ghEke dithionite-citrate-bicarbonate(DCB) "
(SSSA, 1996)0.2, 0|2 W35 (cation exchange capacity;
CEC)2 sodium actate W' (USEPA, 2003)2.2 ZA7d3}%]
ot EA(texturey> YART HAAEES] ztolE o] &g
pipet < AR §, vl FFAY EHERE w4
Astant. A7Ig EYEA A4S Mgt A
535 7] 7] ¥ (national instrument center for environ-
mental management; NICEM)OA R &3}t B2
pH= 1(g):5(mL)%] HIEE Edk} S745 avist 5
ARE 3 549 pHE SHSIT EYFY] I48
(field capacity)e 3] A4l Bl IHEE AF
o] 033bard] HHS Zol FHd| S HlFE EAL
T, A&l Y &S SHs Akt 448
Fe SIS Bl U & FRAVERS At

7] #f3l AHsisitt
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2.2. OFM S|

73 2 ARIZALE Sl 483} Hol gl v B
| 7Fss =ul9] QFEsiAl 4%(A, B, C, D) <F83}
T A9 Wy} gprros MAsidct. 7k okgeAe] &
A

O

1O 1 AX}E (material safety data sheet)ol] 7]A1Eo] Q)
© TR BE e AR} AFe AR B

=2, A9} C9] A9 97} (zero valent iron; ZVI),
2Kl (Fe,05), B4FE (FeSO, B Fey(S0y);), BHHE &
gero g FAE] lal, BE S, Ca ¥ Mg2 74"
AF AZTolES 7RkoZ b, DO 75 AekA(fly
ash) B gk oa F/duo] ot PgskAl c= St
A 719ke] Part 19 S9} Ca 7|5F] Part IS 4:19] H]
E2 4o} AREgITE 7t PgsiAle] YAz B AHE

SrEe] 25 Fetslr] f8l, X4 FFEA(X-ray
fluorescence spectrometry; XRF)¥ XA SJHEY(X-ray
diffraction analysis; XRD)S 4=3J3}31T}.

A AARRE 8= Thet LEEES SRIEY]
A3l, 5ol o3 =S HARKS synthetic precipi-
tation leaching procedure(SPLP) % (USEPA, 1994)%
A8 AMISE SPLP 83413 WHL 2,480 A&
slAct. SPLP 8=HellM el #4271 W Sl
B4 didsh= FE(As, Cd, Cr™, CN, Hg, Pb, 7]
Ql, Bz, ERlEE g, HEHZFZZH, 1,1,1-E
EFZZ2E], WA, E74, ogdA, 24:)S 24
st 9 B gl Aalo] AAAQ 4 7hsAdell o
3l Frlstact. delsks 71k QFgSkAIQl A} coll diEl
ME Fed] FES F7HEoR #4519 SPLP £&
W S8FeEE 2 Fe 24 A&tslal NICEMOIA]
APt om, Askre] FARA Fol B 72(KMOE,
2017c)ll F2ate] T4k

2.3, H| A E k0| L5t QFESIN| =
~]
(e}

7} A|ZALRRE AohEe obgslA] (e, SHFE
S| =Y, T U, EY pH 28 oF by,

HRSAIZhS F8t S e A ol
HIA QGBS B PBHAIE Y31t e Az
Ab Agto] Qe 7S, AdxAS FYA ARIgHs W
oz PgsiA FUWHES ZAAsIAT. A9 ¢ g3t
Ale] A8-S SeiMe B pHt 6~8 HSlol Eoijof
skt o8 18l A=) Asldas Aok B
Hd3td e F=stah AR Ad 29 1 2 B E
G 0.1~0.15%, 12 EFS 0.01%] 288 T4 Al
pH7F T4 4= A= A § EYC] pHe
J18 6.3, 12 64, 132 6.1°]tKTable 4). ¢FE3A C
Part 137} Part IS 4:19] HI&E &3l $d% &
9] 1% FAMIZ FUsHAT HFSIAl A A=A
goll wpet $HE EYO A 1% FANZ FU9
Ao B S 1%} 2% FARIZ ZH2F Y8t
Act. o] ¥, 7 B T85O 90%el ¥shs &
S Bl Hrislar, 787 wkSAIA SHYSAl BE
F8% D AU B 0.5% FANE FUsRoH,
E 8T 90%9] TS AR -, 197 k-
1A}, QHHEA D] A%, AZAP) Alge AXEAE
% 2 e EYY 5% FANE WA FHska,
& FA tHl 50~60%2] TS HIISE &, Bk
5% FARIZ PSAl DE FH3H 78T vESAIA
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2t Eogol] IS 2UG F 152 obd wwsklon,
S A7} A golerE ol gkt

2.4. Ot s ™ HMEM Ho}

ISA A8 S Bk U vlAe] Aol o5t £&
AEZS Frslr] Yste] SPLP 834198 F3siitt
(USEPA, 1994). SPLP §Z&A1¥-2 H,S0,9F HNO:;E
3:28] FAMIZ o83t Eol pHE 4.2+0.052
AAstal, EGH 49 HIES 1(g):20mL)E 3}
23 +2°CollA] 18213t B9t 30 +2 rppmO 2 wHIS 3 A
A U HAe w=E g%t SAE SPLP £
Y vl = Ak LS TA715(0.05 mg/L)
¥} v wskdc).

A A8 WF B o) HlAY AESHHTA
(bioaccessibility)S H718}7] 913 solubility/bioavailability
research consortium(SBRC) i (Kelly et al., 2002)<
ARSI EY Al 219 ATt 1A Wl &

[e]
=

RALEte] B 2 RE
UE v FEE Hrls)
Wio|tt. EYS 150 um AE AMEER] AAE3)AL,
1g9] B AEZ pH 1.5+0.052 AT 04M glycine
buffer 84 100 mL¥} &3} High-density polyethylene
(HDPE) ®oll ¥a1 37°CollA] 1AIZE 52t 200 rpme] &
T2 kg o] & AFd U HIAS] FEE A
EYSIA| A8 A5 EF Ul Bl EXPE 24
23l Wenzel et al.(2001)°] Ak} sHA| A=
ARESEATE. Wenzel®] A&FZHollMe EY W H
H]E0]% ATH(non-specifically bound As; FI), &
Al (specifically bound As; F2), H|AARA dFrgE
2315 A3 (amorphous Fe/Al oxides bound As; F3),

o

g

Plﬁ tlo o

o

—_—

&

A -

o194 - 973

ARA H/AFry AsHE A3 (erystalline Fe/Al oxides
bound As; F4) 2 Z-FE(residual As; F5Z T8
goh. 2+ AgdHE F=3171 Slal, F12 0.05M
(NH,),S0,, F25 005M (NH)H.PO, F3E 02M
NHy-oxalate buffer (pH 3.25), F4= 0.2M NHj-oxalate
buffer + 0.1 M ascorbic acid (pH 3.25)% ©|-83it}.
HH] 1(g):25(mL)e] ZZNA 22 4xI7E, 16A1RY, 4RI3E
(&x7) 2 30896 +£3°C) ¥HSAIZITh F59] ¢
USEPA 3052 HPH(USEPA, 1996)°.% F=3}ch.
SPLP, SBRC 3 Wenzel A&FZ25E] TS 45
AL 045um GHP filter(Pall, Port Washington, NY)=
AREsle] A =231, ICP-AES(iICAP 7400 DUO, Thermo
Scientific, USA)Z 189.042 nmollA] H]AE EA519H

3. &1} gl nE

= =
3.1 kool B2ISBtNEA U HACHSY

Table 1] PFELGS] 54 veRY 11 2 13 EY
& gE ) BEY g HECGl) 2 HEFE(clay) &
Zo] =0, CEC FE3F 155 % 17.3 cmol/kgl 2 30l
o=z =A JeRdthTable 1). 3HH, $8E EU 7

RAR LY

T pH 6.9~7.49 F4Y¥HS] pHE HERAOW, A&
Ee] 79 pH 4.2~539 2MIFHS vERHE f71E

ke 2.7-8.1%2] WS VERLh 7 Ee) 48
T 11.3~33.4%2] ¥ AP ATK Table 1).

SR /EHez A4E vie] AFF FE=
58~233 mg/kgl & UER} BT 2x]9 Bk g9 r)E

&

(50 mg/kgys ZH3IALE 53] B2 WFH T
W J1233 mgkg) 2 13213 mgkg) BNl A H
Tl AR §Ekeo] 5ol of ETH(Table 1). o= A
Wy F Bz sy nliv) HRAFuE AEkET)

“HH(association)F]0] Bl A5l S-S AASIE

Table 1. Physicochemical properties and As concentrations of the soil samples used in this study

- - o
Organic Cation Field Oxides (mg/kg) Texture (%)
Sample As conc. exchange .
pH  matte .~ capacity
D (mg/ke) o capacity Fe Al Mn Sand Silt Clay Classification
(%) (%)
(cmol/kg)
S1 91 6.9 3.7 3.1 113 6895 383 87.9 97.0 23 0.7 Sand
S2 163 7.4 3.6 2.8 11.8 7280 376 132 95.9 1.6 2.5 Sand
S3 155 7.4 2.7 29 13.2 8372 428 89.6 97.2 1.4 14 Sand
n 233 4.8 4.1 15.5 242 17895 1442 236 74.2 12.8 13.0 Sandy loam
2 58 53 2.8 3.1 133 8711 638 318 95.0 1.3 3.7 Sand
I3 213 42 8.1 17.3 334 20333 1388 355 672 19.2 13.6  Sandy loam
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A gebd, FHIE A (FeAsS) 22 HI2-d tes
F3ket AR Blart Ao g Qs B =
A=A, It B Y€ HlATE EY W 7] A
sl AT E Ak FREIS el ok A
AZ Wenzel et al.(2001)9] AEFEHES o83 ESY
W HlA EA¥E B4 29, gdESGY Hies
62.4~64.1%7} HIAAE 2 284 H/AFvlE Akl
2 FEI(F3 + F4)R EAIBh 3102 AEthFig. 4).
HEo|Hog FXE HIAFIRE 0.9-1.6%, So)Fo=
& HIA(F)E 19.2~23.3%, FHF BIA(FS)= 11.5~
17.5%= UEFTHFig. 4).

ol
s
lo
o
o

PSP} FRshn gl Bl M

5o T EY 2 A[lGE H7Ys}
7] 913, SPLP 82X F-S F3h3tal 8= W 57573l
EZ3(As, Cd, Cr*, CN, Hg, Pb, 7131, =, E8F

—

ZZog, HEHZZ 2L, 1,1,1-EZZFZZ0H|Q,
WA, 274, ojgdwlAl, IS FASITHTable 2).
a2 Az}, 3l €9 SPLP -804 0.002 mg/LY)
ER1lo] AEH A9E AL, A dEoA BHER

Ueh} Al 484 FA71ES st meb

Sz T A G| HEL AEY flsli= A4

N
f
o

o
ox

5FE A8 W R AR A8 s

skl e SAfBEEo] el oJa &= TR E
& 2 ABIE 29N A e Blo g waEh
SHA, H3FE 7IRF BFSHAI] ASE Coll thEiA=
SPLP £=9 U] Fe 552 SV ow BEAslded, 2
7y 227 mg/Le} 6711 mg/LE YERATH(Table 2). H8
SHAl o] SPLP =9 oA i15%9] Feo] 57
<, ol Al ¢ FERE F SR it
(Szomolnokite; FeSO, + H,O)Z5E] thake] Fe?'o] 23]
7] wjiFoZ HRIth Fed Xal 87|F0] s o]
UAE o, BEY 355 U= thgo] 854 A% F
H A Al E4 Fke 713 $e7F 7] wlEoll (Becker
and Asch, 2005), QP34 CE A8 A EY T
Ul Fed] =5 W3] FUEHT dav} Qo

)

3.3. QFESA| Felofl [HE H|A & sk #S)

SPLP -80S o] 8alx FHshA] 2ol e EF
W BAe] 8554 WstE SISk eFEsAl i A
S2, J1, 13 EYOZRE 0.05mgL o] vlivt &
wo] Al ALESG FAVIES 2H:IArKFig. 2). A
g Bla9] Fovt B2 B AR SPLP €249
of W nlA 8=To] Bkt

Table 2. Concentrations of hazardous substances and Fe in SPLP leachates of stabilizing agents and groundwater quality standards

(unit: mg/L)
Stabilizing agent Groundwater
Iiizbirt(aiggz A B == o D quality standard
(drinking water)

As < 0.05 < 0.05 < 0.05 < 0.05 0.05
Cd < 0.004 < 0.004 < 0.004 < 0.004 0.01
CN < 0.01 < 0.01 < 0.01 < 0.01 0.01
% < 0.04 < 0.04 < 0.04 < 0.04 0.05

Hg < 0.0005 < 0.0005 < 0.0005 < 0.0005 0.001

Pb < 0.04 < 0.04 < 0.04 < 0.04 0.1

Organic phosphorus < 0.0005 < 0.0005 < 0.0005 < 0.0005 0.0005
Phenol < 0.005 < 0.005 < 0.005 < 0.005 0.005
Trichloroethylene < 0.0005 < 0.0005 < 0.0005 < 0.0005 0.03
Tetrachloroethylene < 0.0005 < 0.0005 < 0.0005 < 0.0005 0.01
1,1,1-Trichloroethane < 0.0005 < 0.0005 < 0.0005 < 0.0005 0.15
Benzene < 0.002 < 0.002 < 0.002 < 0.002 0.015

Toluene < 0.002 < 0.002 0.002 < 0.002 1.0

Ethylbenzene < 0.002 < 0.002 < 0.002 < 0.002 0.45
Xylenes < 0.002 < 0.002 < 0.002 < 0.002 0.75

Fe 2.27 NT® 6711 NT NA®

Stabilizing agent C is consist of Part I and Part II with the ratio of 4:1.

®NT=not tested
“NA=not available

J. Soil Groundwater Environ. Vol. 22(6), p. 1~11, 2017



A - WA - B

0.10 0.12 0.10
~ (a) S1 = oo (b) S2 - _ (c)S3 -
.} - . -
S 0.08 > S, 0.08
£ £ o8 £
5 0.06 s S 0.06
E ............................................................. E 0.06 5 ..................................................................
5 004 5 5 004
g S 0.04 g o
8 8 3
2 002 H 2 0.02 2 002 ﬂ
0.00 1M 0.00 0.00 (1 —
O > ° 9 ] \Q(;\\ » ® o 0
. _\‘\\ 408
9 &9

0.10 0.10
N . (e) J2 . (f) J3
) )
s S 0.08 S 0.08
E E E
8 S 006 8
5 B s
= = =
g g 004 g
=4 C =4
o o [e]
o (5] (5]
o« o 0.02 H 0
< < <

0.00 m = :

.‘\%\50\\ PV»\l :L‘ ° o

Fig. 2. Concentrations of As in SPLP leachates after various stabilizing agent treatments (i.e., A, B, C, and D). Dotted line indicates the

groundwater quality standard of As for drinking water (0.05 mg/L).

7} QRESHAIE FU3ell wet, skl DE AlS 2
E ZAolA vlie] 85wt A=A 2 2 I3
Aol e ¢HEHA A, B 2 C & Al 0.05mg/L ©]
Fo] ¥lar) AEdden, J1 Bk ¢ oFgskd B
1 D A& Al 0.05mg/L °l3k] HIA7t AESFHAH.
& B tis)] ksl 2 He A9, vlie] &
SE7F 7P 2 Fo= AREAoH, eFgskAl A9t

= ARE ] 45 TS Uehit Ak B
HEire HdsA BE 283 A9, vl 8% F=t
7P & Fo02 A=A, FFSHA] A FUHIES
1%14 2%= A3l wet vlA 8% F57F &%
A= At

FASHAl C= SAFE (FeSO, + Hy0) T419] Part 12} S
9} Ca®® FAE Part 115 T3} AME-3THTable 3).
e A (1) == 4 0] S B AlskE
(FeOOH)S FdePHA BIAE 33 (co-precipitation)t]7]
Ad, 49 ZrelE 1dd Blas FFAE 5
(Moore et al., 2000; Kumpiene et al., 2008).

ot YE o

e

FeSO,+1/40,(2)+3/2H,0— FeOOH+S0; +2H" (1)

FeSO,+1/40,(g)+CaCO;+5/2H,0 >
FeOOH+CaSO0,-2H,0+CO,(g) )

A ¢ Fholl w2t BEF T vlavt distest
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FREAG HisbEel] FAE] Pt =, 1
of we} BlAe] SPLP 8% &7 A7E Ao=E wdt
Ao} AAR, B F vl EAFE 24 Al w=d
FHE EYl dial HgsAl & 1% A8g 7, Fl
3 F20] B&o] 27 1.0~1.6% 2 23.2~24.1%90 4
0.04~0.07% 2 16.3~18.1%7}A AZF=JIL(Fig. 4), F3
o] F-80] 34.4-39.5%04 43.3~48.5%7}A] As31Th

2B E PR FH8E XRF 24 2] wad, By
Sl A= Fe > Mg > Ca > S9| A% i &
A1 YERATH(Table 3). $HH XRD WHRF E2147
wezd A2 e F 84%7} dolomite, 3.6%7}F
hematite, 2.5%7} pyrite® TZHT} 46.1%0] E3dl=
Fe,0; igoll vlsl A" Ha§Ee] o] A3 7]
o, el FHslghEo] H7A794 (amorphous) HEY
2 ZA Aog dAdEn) oMgsA] AS Bl FUS
B, EY 5 vlavt dHskE ge vagd dsitE
¥ = 244 dolomite(CaMg(COs),) EHo| F2
29, g0 we} SPLP £& FwU) Agd Aew
F4Et}h Dolomite2] X 3}-(point of zero charge;
pzey> 7.8~8.2 WHE LelA Q7] whiEoll(Pokrovsky et
al,, 1999), & dgollA ARES o/l £ pH HS(pH
42~74004 HAS F2E 5= )

A A AE3 FEE 9 e EY oS
HIZ EA19e] B4 A9, PFsAl o} PRPIAE FI
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SHE T AA G HaL AT Hsli= A7 4] gt

oy

A8 W R AR A8 7

Table 3. The content of constituents and the structure of crystalline compounds of stabilizing agents determined using XRF and XRD

Stabilizing agent

Constituent (%)

A B C-Part I C-Part 11 D
SiO, 83 1.2 30.5 - 50.0
ALO; 1.7 1.9 84 - 20.5
Fe,05 46.1 0.1 33.1 - 4.7
CaO 14.3 333 1.4 9.3 17.0
Na,O - - 1.1 - 0.7
KO 0.4 0.1 0.4 - 1.2
MgO 15.4 15.4 3.0 - 2.1
SO; 12.9 47.6 21.0 90.5 1.4
P,0s 0.4 0.2 0.3 0.2 0.9
TiO, 0.1 - 0.6 - 1.0
MnO 0.2 - 0.2 - 0.1

Dolomite (83.86%)°
Hematite (3.57%)
Pyrite (2.47%)

®Well-defined
crystalline
compounds
Gismondine (1.12%)

Anhydrite (92.98%) Szomolnokite (68.9%)
Gypsum (4.84%)
o-Copper 1,2,3-triazolate (2.22%) Alunogen (1.47%)

Calcite (64.75%)
Dolomite (12.12%)
Mullite (12.00%)

Quartz (11.13%)

Alunogen (13.83%)
Quartz (7.9%)

None

ac s

means below the limit of detection.

®Alunogen: Al(SOy);-17H,0, Anhydrite: CaSO,, Calcite: CaCO;, Dolomite: CaMg(COs),, Gismondine: CaALSi,05-4H,0, Gypsum:
CaS0,2H,0, Hematite: Fe,O3, Mullite: Aly ¢sSi; 370966, Potassium iron silicate: K(FeSi,Og), Portlandite: Ca(OH),, Pyrite: FeS,, Quartz:
Si0,, Szomolnokite: FeSO,H,0, a-Copper 1,2,3-triazolate: Cu(C4NgHy)

°The value in parenthesis refers to the S-Q value (semi-quantitative analysis) obtained from the XRD analysis, which means the relative

proportion of the crystalline compounds.

2 F2o] Bgo] 27t 0.92-1.64% L 19.2~24.1%00 A
0.05~0.27% % 7.98~192%71A] AZ=JaL, F3o] &
o] 29.2~39.5%NA 30.0~46.8%71A] 53 THFig. 4).
F1Z} F2o] FHIZ EAlhs Hlde 355 &3llslo] &
AAY EGIAZRE AdiiFoz A "ojd v
T 7] Wil AE82 0]-8 (bioavailability)e] =Tt
Fiz} F2 282 A7} F3 B89 Svh= 3ty o= of
At FHIZ SAEES A= ] Eitol] ¥
ke Aot

YSIA| BE YHHERI AlgelolE ARl Z3HE Si
2 AR 3], Ca 2 Mg XSA7) A AlgelolE
o|E=Z  XRF 423 § > Ca > Mg <=9 7AXAE
SRS HRAtK(Table 3). W BIEHZ | Bxd 3t
719} BEY T vl olewdl vkE-S Tl HIAE Y
s = ok

SHAEA DO S, S1, S2, S3 E 2 ESA] BlA
o] 8= FEE FESHA A& A ®Ho 23] 7MY
= A0 F YePdthFig. 2). o= ¢Fg3kAl D Fdol w
£ EY pHY 376l 1 991s S 4ttt g3t
A DE Z83F S1, 82, S3 % J2 B pHZ} 10 ©]
2JO R g3 7] wiitol(Table 4), YEFS] HAikslZo]

A= o] d HlATE R o] Ve & 9loH (Miretzky
and Cirelli, 2010), 1o we} vAe] 8F =7t 35
g BoF Wtk EY F A9 Fa3F FHIIES]
A E9] pzew 6.4~9.5 Aleldl EEEo] =H|, pH
e wet HiskE o] SXskE EAl Har, 1)
web F3E] AW ML @3 5 Qo AAR
goethite(a-FeOOH)2] pzc= 7.5~9.2, ferrihydrite (B-
FeOOH)2| pzc= 7.8, lepidocrocite(y-FeOOH)2] pzee=
6.7~745, hematite(a-Fe,05)%] pze= 7.5~9.5, magnetite
(Fe;09)9] pzeE 64~7.1%2 €A JH(Cornell and
Schwertmann, 1996).

SHH, J1 2 13 B A 71E pHYF 48 2 422
S Har A7) Wizl FYskA| DE A sttt
pH7F 82 2 8.371X] A58het] 13 al(Table 4), 7190
e} Hl49] SPLP 8& T% 3 PYsA] 28 A o
H] 738199tk (Fig. 2). ©l= Pkl Do}t 1 ZxE]Al]
F2 FAAAEER calcite(CaCOs, pze=8~9.5)(Somasundaran
and Agar, 1967) 2 dolomite®] ¥} EHO| H|A7}
2 7 7] otk

H2 85 59 SHA & o, g3k A, B %
Ce Edo] R ugt ago] t211 sEARE HA4 o
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Table 4. Soil pH after various stabilizing agent treatments

o1 - W75

Sample Stabilizing agent
ID Original soil A 1% A 2% B 0.5% C_ 1% D 5%
S1 6.9 7.1 6.9 52 10.0
S2 74 72 7.0 6.2 10.5
S3 74 73 7.0 58 10.3
i)l 4.8 (63)° 6.1 4.6 - 82
2 53 (6.4) 7.0 59 - 10.4
3 42 (6.1) 59 49 - 8.3
#’=not tested

*The pH in parenthesis is the value measured after the neutralization with CaO.
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Fig. 3. Concentrations of As recovered by SBRC extraction after various stabilizing agent treatments (i.e., A, B, C, and D).

2 st st EAEiait. v, FEskAl De <!
S| FYoll w2 EY pHO S HIE = e
AEY 2 %2 9552 (buffering capacity
of o3l AExo =z A3l s},

%
)
o
i
O

3.4. OFMSH| FRlofl WE MESHFZA s}

oPgskAl Y A YESS] SBRC F&F HlA FEE
5.7~25.6 mg/kgo|th(Fig. 3). Fw3l A B3l 23
g vA FEoe] vlE JERYH, 6.7~13.4%°|t}. &
& Eokl eHgEA & 1% 283 A$, SBRC F
= HA Tt AESF tiH] 38.8~72.7% 7AEATE %
de 9 A E Al AE 1% 288 BT,
SBRC = Hl& F&7/F 9EY tH] 29.0~67.2%, M4
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3 BE 0.5% A8 75 AESY thH] 2.5~46.7% 7+
a3t e Bl Skl AE 2% 88 Y-
31.7~61.1% 7HA3td=dl], SPEskAl AS 1% THS 7
o} fofujet o7t YA gutt. $9¥e 2 Ak B
ol FIsiAl DE A8 7, 11 2 13 EGS UE
%F thHl SBRC 5% HlA T%7F 27 40.8% 2 33.1%
A= o, S1, S2, S3 H 2 BERS B UH] 7}
Zt 375%, 138%, 149% 2 311% Z7FIct. $g2 o
2,58 BEY] H9- Al C > A>B>D &
o] eFgst 85 e, e B F9 A > B
> D 9] sl 385 Ve, SHYsiAl A9l
o] W2 SBRC 3= B4 F& Xjo|& mlu|d Aoz
wetHc
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Fig. 4. Chemical forms of As determined by Wenzel's sequential extraction method after various stabilizing agent treatments (i.e., A, B,

and C).
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FHkz|ojof Sk (Yang et al., 2016). QFIsAl 28
2359 ByEE A 43 RUEsla, 1 Aol o}
S HUER 7R, 7] 2 35 AT o3
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HAEE, HlabR] 2} vibdR] ) vlA4e] F
2 AESHY ,j% 8|3l B0 ZRE| SPLP WY
o2 859 F Je vlie =t EY T U Hl
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11‘
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2009; Nielsen et al, 2011), SPLP, SBRC % Wenzel
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a. (pH adjustment using CaO
when soil pH is below 6)

o184 -

b. Stabilizing agent
amendment & mixing

c. Water spraying

d. Reaction for one week

Fig. 5. Procedure for application of stabilizing agents in As-contaminated soil at the forest area near the former Janghang smelter site.
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.

Fig. 6. Follow-up monitoring plan after stabilizing agent
amendment at the forest area near the former Janghang smelter
site.
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