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ABSTRACT

In this study, we investigated the feasibility of calcium sulfate fertilizer as a stabilizing agent for As and Hg contaminated farmland
soil and its stabilization characteristics in 3 different physical forms (particulate, powder, and solution) through a pot experiment
including 34 days of lettuce growth. As and Hg contents of the lettuce grown in the stabilized soils were decreased by at least 70%.
However the lettuce yield of the soil stabilized with the solution agent was decreased by 46% due to the overabundance of the
nutrients from the solution agent. Thus, if a solution-type agent is planned for agricultural farmland soil stabilization, additional tests
for optimal dosage are needed to preserve vegetation growth. In Hg fractionation, a lower concentration of elemental fractions and a
higher concentration of residual/sulfide fractions were identified in the soils stabilized with the solution, powder, and pariculate agents
in descending order while there were no significant changes in As fractionation. Overall results suggest that calcium sulfate fertilizer
can be used as a stabilizing agent, and a solution-type agent could be used when the operation of heavy machinery for the soil
stabilization process is impossible.
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2 (mercury; Hg)> 442 (elemental Hg)Q] FE=Z
o] 35 Yol obFEt+7d (amalgamation)S ARE-RF 3
AR oA 2 IRl @ QB Ao|ch(ung et al., 2009).

aQ



PR AMSE

SH(sulfur; S)v} Agsto] Hgeh Fefel 3= (HeSy&
FASHE W AR PekEe SHHoR 1Y
YRV} Y= Al R B Qlth(Jung et al., 2009; Piao and
Bishop, 2006; Xu et al., 2015).

AN ALgT STHBAE MY oju G WAl o

2 9GRS FYsfo} SRl gk Twlo] Wasitt
o] A EPRFRUALIAE RO
& WUPAE o] 83 YA HEAS Eofut 7

=
s Eastel FUsHe WAL olga). %, 712 B

o 5AAE B, S5t 2 WA SRS s
L o AAele] Wolg Fa) A o5 A
akEl Z)gtel = UAH gl sFsstct. thk, o 4
sio] Sft QPYEAS) S ) BT Aol

A A AR o 2= o] 9l

SRA A= A dE ol Al as o
the SAEES 7RI webs A dide]
FNFEUAANA 2HE AulSgol 7Rk S0

1o > =
1OE
=
Of

oo 1o ox
_IZi rO m
-

I
i
rir
-0,
o
1)
1:01,
::I‘
Wi
E
2
- O
ot
[‘

—LJ

wfebd %4 141 ‘*‘E«l ol ol ot AIFS A
Hog o yHeth oo & ApolAt SoyEo] ok
SIS EoF Aol AL wjet 7|20 LA ()
ARAL, Tl QPYEHAIE ok ek EUS W vek
U Qbgst mat of | Xjol2 MoliA] shelstus
ahict.

bRl 2912 ol mhe B vl B 20 siel AEA] HolEA 621

2, AlS HpH

=20 LH%

hi=

H loAe FAAY 2 AR ) EfEE
Ay F Pt S mAR ZEARS AN
oA particulate pe),  v] 2 powdertype). &Y

(solution-type) 5 SFTIA| o] =24
| o vehes ed=d ’—%‘%Xﬂ Holzka mie}
£ U] 24 Wske slsisict ol 9] AR

A R E N R
QEAje] 1 MFEAAL Ao U] Qlejo] FRA(HE
74 S AHelN AT HES &

AJ%7]2(NIER, 2022)08 E43 pH 2
Bt Table 19] et vhot 2o ol
A0l G4 54 EPl ) Egegs
O] B HeH7ES 2ot v} 20] &
Ql 53], #2088 °J§} e 2 3'6%}2]9";01]/%
7 obdzhe (amalgamation)of 2]3F &-&

AAS-S Qu)stc}(Jung et al., 2009).

Table 13} Zro] T4t %78‘1]94 Hl4 8l 20 @ ¥s
L pES A gt & SRR A ZEANE
EFS 37 ARSI A ZANHE FHOE
o] A EE2XHE 30 cm oWy Axo] FEE Ao E 3§}
Sick. e ES AR Aol AT F S4 10 mm 7|
AR T ¥, 3UT AAEE Sk ol F 4]
28 Bohg Ao 271H0R 2 mm AALAE o}
of 8 UA7| vlgte] Bopg EEAFEOR S,

= == 1
o] 55540l

ofi

2.2, ZEMX|
22.1. Qs A4

Table 1. The pH and concentrations of inorganic contaminants in the farmland where the studied soil sampled from

pH Conc. of inorganic elements (mg/kg)
) (-) As Cd Hg Ni Pb
Standard™ Worrisome - 25 4 4 100 200
Countermeasure - 75 12 12 300 400
Farmland Soil 7.120.1 1,061.00+569.57 N.D? 4.73£3.35 14.98+1.00 87.50+40.51

(1) Criteria for agricultural soil from soil environment conservation act of Korea

(2) Not Determined
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Fig. 1. The photograph of the lettuce at the end of cultivation
((A) control; (B) amended with the particulate-type agent; (C)
amended with the powder-type agent; (D) amended with the
solution-type agent, triplicate pots per treatment).
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Table 2. Sequential extraction procedure for As in soils
Step Phase Extraction condition Note
1 Non-specifically sorbed 0.05 M (NH,),SO,, 4 h shaking, 20C
2 Specifically sorbed 0.05 M (NH,),H,PO,, 16 h shaking, 20T ICP-OES
3 Amorphous hydrous oxides of Fe & Al 0. 2M NHjy-oxalate buffer, pH a3.25, 4 h shaking in the (Wenzel et al.,
dark, 20C 2001)
3 " —
4 Crystallized hydrous oxides of Fe & Al 0.2 M NH, 'OXfilate buffer 0..1 M ascorb.lc acid, pH 3.25,
30 min in a water basin, 96+3C in the light
ICP-OES

5 Residual Aqua regia

(NIER, 2022)

Table 3. Sequential extraction procedure for Hg in soils (Lechler et al., 1997)

Step Phase Extraction condition Note
i Total conc. -
©) Elemental Hg (Total (E?)\rl:(}:r.l—(t;(z)rn;1.8ott1 ﬁtealtg((i) oSample)) prect e fncbyzer
® Exchangeable Hg 0.5 M MgCl,, mixing 2 h AA
I ® Strongly bound Hg 0.5 N HCI, mixing 2 h
@ Organic Hg 4&]2 CI\II{J\(I?%)CI){I:Lmr:g:fg22hh Direct Hg Analyzer
® Residual & HgS Total conc.-(DHDHIHD) :
(exchangeable), 3743+ 75?2 (strongly bounded), @-7] 3. ZAn} g =k
& A% (organic), ®FHRE W 33 (residual & HgS)
o|t}. Lechler et al.(1997) ] =2 S7E 2eE 2 3.1. AEfA EUEM
2 F71=o] ZA%E FHeE(Hg associated with organic Table 4= EZEAIS o] AFRE EOFQ| H|A 9 ofo]2
matter) 2 Y50 2 F7192, S HEr2(methyl  F55% 4 52 ok pHE YERA Zlojth i =
Hg; [CHHg] )& ofufshali ehett oFo] BAL wal 67%, TAF 17%, AE 16%2] AFFE
AAE7F Sme 5o F719a seA4ddy B4 H] (sandy loam)= 2RI It
290 2 =A% inductively coupled plasma Eoﬂ/\‘] = 4 50| g B9 pHE= F4o 717t

optical emission spectroscopy(ICP-OES; model 8300, Perkin- 2 695 H]_,_g} 290] e 7+7F 592 mg/kg, 2.23

=2>

Elmer Inc., US)E o] &35I3ith. B 29 EAFH= mg/kgol‘”ﬁr oli= 9 Table 1o] YehH 2EAHE 9
Table 3] LERH vie} Zho] Z} ThA|of| w2} Direct Mercury & AF? alid 74412 APIRAF = S0l 29h=H,
Analyzer(model DMA-80, MILESTONE, US)2} atomomic A== ¢A|8F Aot ik, Ecke dos7|Ee
absorption spectroscopy(AAS; model iCE 3000, Thermo ZI3E v A9k= T2, 28 £87]F(Hg 4 mg/kg)

SCIENTIFIC, US)E o] &5lo] 1 =2 Aukslglr). o] 60% Z=Z=0| i}

Table 4. The pH and concentrations of inorganic contaminants in the studied soil

pH Conc. of inorganic elements (mg/kg)
) (-) As cd Hg Ni Pb
Standard” Worrisome - 25 4 4 100 200
Countermeasure - 75 12 12 300 400
Studied Soil 6.9 591.99 N.D® 2.23 11.69 74.1

(1) Criteria for agricultural soil from soil environment conservation act of Korea
(2) Not Detected
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Fig. 2. The average biomass of aerial parts of lettuce grown in
stabilized soils using the stabilizing agent with different physical
properties.
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Fig. 3. As and Hg contents of the lettuce grown in the stabilized soils using the stabilizing agent with different physical properties.
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