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ABSTRACT

Soil aggregation begins with flocculation of clay particles triggered by interfacial reactions of polyvalent cation such as
Ca®" and Fe*', and they are also known as important elements to control the mobility of arsenic in soil environment. The
objective of this study was to investigate the feasibility of CMDS (coal mine drainage sludge) for soil loss reduction and
stabilization of arsenic-contaminated soil in a 37% sloped farmland under rainfall simulation. The amount of soil loss
decreased by 43% when CMDS was applied, and this result was not significantly different from the case of limestone
application, which yielded 46% decrease of soil loss. However, the relative amount of dispersed clay particles in the
sediment CMDS-applied soil was 10% lower than that of limestone-applied soil, suggesting CMDS is more effective than
limestone in inducing soil aggregation. The concentrations of bioavailable arsenic in CMDS amended soil decreased by
46%~78%, which was lower than the amount in limestone amended soil. Therefore, CMDS can be used as an effective
amendment material to reduce soil loss and stabilize arsenic in sloped farmland areas.
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Table 1. pH and the concentrations of inorganic contaminants of the studied soil

Conc. (mg/kg)
- pH
As Cd Pb Zn
Standard® Worrisome - 25 4 200 300
ar
Countermeasure - 75 12 600 900
Studied soil 6.1 204 ND® 26 58

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

(2) Not Detected
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Fig. 1. Schematic diagram of rainfall simulation.
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Table 2. pH and the concentrations of inorganic elements of the CMDS

Conc. (mg/kg)

- pH

Fe Mn Al Ca

Studied CMDS 8.5

141,105 8,910 3,771

173,498
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Table 3. Chemical properties of run-off water
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Fig. 2. Status of water drainage in the chambers before rainfall
simulation (Left: control; Right: CMDS treated).

pH [-] EC [dS/m] Ca

20 min. 40 min. 60 min. 20 min. 40 min. 60 min. [mg/L]
Control 7.42 7.46 7.48 0.22 0.20 0.21 17
Limestone 3% 7.48 7.53 7.60 0.40 0.27 0.21 28
CMDS 3% 8.10 8.34 8.37 0.31 0.24 0.24 31
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Fig. 3. Soil loss from amended soils in the rainfall simulation experiment ((A) the variation of cumulative suspended solid as time lapse;
(B) total soil loss).

Z7o] Hlsl WE Z0F et ols EY JUsiE
A3k TR Ewpgo] S-S UERA Aol ot A, CMDS AZA 47 1386 g, 7.47 g, 7.93 g
2}4] CMDS %A EGA A8 wdse /1A , A3]4elut CMDSE FAEGARIE A2As o B
o] ST o= et A Aae A7 46%9 43%2 e A EYS
Aol tigk gt A aHE EIPA Zlo= ekt
53], CMDS AE|ZollA vepd EYATES FA5

FHEHor IRlE BT txT, 434 A

AN PN

(3

3.12. B HEX

g
Fig. 32 137 43 & ke A Ul 7=
Ae] FAFEe} F EY FAHS UER Aolth. 1™
N E = Slxo] A3Molut CMDSE AHlske 8-
ESTA Azl igh felst Aot =EH U
FAF W AR e RiERY FEsEE
& W MAl STl dAgle] FeAIE 308 5
A&EH o7 Frlelt} o]F 1 F7RAI7E ehivekAl Zk
Aoz et A8Es AHY 74 FhaEd
= APA EFANA k2], gIET, A3 E9E
, CMDS &%= 27} 16 mg/L, 11 mg/L, 14mg/L
IIFJ. FAF W FHi=2dS BEX EYC=ERE
=8 MRttt kA AA £ 8l HES
ZF] fJes ZREAAL, olHgE ddshE Eo] -
o &gt EHA] digst AT il F-i=de] %
E 9HHd Ao B F itk 3R EYTAY O
FEe 27125 WA (Dong et al, 2012; Eu
et al, 2015). ¥ A7} FARE 22920 Koh et al.(2020)
AB7S- AFelMe T FAZe] 93%7}F A 20
AN A AT B Q1E7e- AFelME 30
737} o)Foe TS sk I 2 BF A%
1 FAEAo] YERdTE. ey ShA IS bleh 2
Z7MI7F 27] 302 uib] A4S B o EUH
S AsiMe 2719l AdsA tigshe Aol

=
23 Ao wehE).

of B &

[0
Fl’l..’

1

oY H

)

B

ofN 1 o N M M o
[o

PRI

J. Soil Groundwater Environ. Vol. 26(6), p. 18~26, 2021

W 4 BREA wedke U AEE Bt dE =
79 HF FHEE 74 s 4mglE dAFoz
tHETH(16 mg/L)ok 434 A2(11 mg/L) Alele] &
Zhol] X8t} 1eu EYHARRIAE CMDS Ag|=
7o) 7.93 g0 F thETH(13.86 g)2t 34 A2)FA (747 9)
o] Frole|Rthe A3 Mz 2Hske 234=
Ao olgfgt Avle Ex o= fEHe fAGe ¥
o] Yioly| wi-o g dgket 7t dEhd 25
o2 fYE, FYEA EF YHAE ARE EH7he
FA471 Pk (Pierzynski et al., 1994). XF2 2 FUF
© 5] SR N ARE 32 AT
s Zlo|th, CMDS Ag&7e HadEe] CMDSE
E} E3lglom®m gl F7HA B We7F Hol 1
T BT 3R s olFRE Bl S,
Fa=ro] Aot M3)a Aejzzio] vl &of 4
o AT FFeEE MR ZAeE Btk &, 7
=4 Tt =EE FAY 95 fERe] Ao
EFAE AT A F71HA easks 7 de] it

Fig. 4= 7} 2038 4" BEY =, /74 U BAKY
PAEZE Yehd Aot} IdollM B 4= i5o] A2
Z70l] Adglo] fAEE B A= HE > A
E > w9 o7 Uelit) o] Avk= male}
Edtgo] I7IEE AEe] SRk, FrAES] di
o] Wkl HEZE AR ISR Edugoly AAT

il



10

Clay
# Silt
Il Sand

Soil loss (g)

Control Limestone 3% CMDS 3%

Fig. 4. Particle distribution of the sediments.

(KME, 2001; Choi et al., 2009)2} FU3+ Aot}
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Table 4. Chemical properties of the residual soils
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Choi et al, 2012). WepA £ AFol|A HES CMDS
o] FA B thgh =2 284S HEo] AlxeAol
a3 7Y AR AlEgolehs SHddA 384
1 ARE B 5 S Aotk

32. MRE EM
3.2.1. o|3}3FEA] W3}

o

Table 4= 8737 4 T8 § BEX W 7 BEY
o] olglet 548 AR Aol # EAdde= EY

=
W Zss s ¢ 220 F
AE Zo= didEe FES gPde=E gk Zol

pH= CMDS AHgZ7oA pH 852 Y& o= 24
o Hlg] =& F7PF 1A 9 Table 201X%=
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2] AAel] ofgh Wi Fold Folndhso]
Z7F 9] 34 Bk CMDS 2]z A04 Ak ot
ERT) 53], ek Zge] A9 A3 A Al iz
gd] 1.128] 718 8 ¥iA cMDS AE] Al 2.624]
Z7hIAY. ZEe] S7ke ARk Solde] AEYR
£ BAA e TP Sl THAQ 8as 2REsH
T}Brady and Weil, 2014; Cho et al., 2002). o}
dto] FAF=A 29 viigdo] STkl EIAl oy
3t Ak o] Z7}8K(Choi et al., 2009). ©|#3F dgke
S AT FRIgE vl ok SHd Fig. 4004
HopRo] HES Vel R 3 EfAEe s 44
o] &7} 7K =& CMDS HE|Z70A 71 A U
EPdth CMDS9] A &3 254 Bk U 24
o] FS =A =tk B 4= 9tk CMDS #gol)
WE vAESS] YA 715kl gt 52 A7t
23t Aoz HRIth tnt, AEY el 43 B
Fo AREEE A9 3d~4d 3P} X&HohE Bal(Cho
al, 2010)2 1&g v, CMDS GA] FA1EE ®|&7)8H
7Hd o2 AlsEh

TR Ego] 7FAot & FQa3k QA F R &
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mﬂ

=

€

tlo

pH Av.-P,05 Exchangeable Cation [cmol/kg] CEC

[-] [mg/kg] Ca Mg K [cmol/kg]
Control 6.5 516.39 5.26 0.44 0.21 10.13
Limestone 3% 6.9 346.53 591 0.48 0.13 9.88
CMDS 3% 8.5 12.84 13.80 0.75 0.11 14.72
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Fig. 5. Bioavailable As content in residual soils ((A) extracted with phytic/oxalic acid (Gongzaga et al. (2012)); (B) extracted with
Mehlich 3 extractant including CH;COOH, NH;NO;, etc. (Mehlich, 1984)).
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