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ABSTRACT
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This study was objected to evaluate the potential impact on the groundwater environment of the coal bottom ash
used as fill materials on the land surface. From four coal-fired power plants, bottom-ashes were collected and
analyzed through sequential extraction and column leaching tests following the meteoric water mobility
procedure. The column tests shown leaching heavy metals including Pb, As, B, Cu, Zn, Mn, Ni, Ba, Sr, Sb, V, Cr,
Mo, and Hg. The relatively high concentrations of B, Sr, Ba, and V in leachate were attributed to both the higher
concentrations in the bottom ash and the relatively higher portion of leachable state, sorbed state, of metals.
Bottom-ash samples from the D-plant only show high leaching potential of sulfate (SO,), probably originated
from the coal-combustion process, called the Fluidized Bed Combustion. Consequently, to manage recycling
bottom ashes as fill materials, an evaluation system should be implemented to test the leaching potentials of
metals from the ashes considering the absolute amount of metals and their state of existence in ashes, and the

coal-combustion process.
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pH 4 ZAb Ao =5E 7|hAe HTZO=E Ca
8.85%, Cd 6%, Cr 11.325%, Cu 1.075%, Mn 0.2175%,
Pb 10.5%, Zn 1.7% A= T4t vhdo|
Goodarzi and Huggins(2001)y= B2} nlEAle] F2
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o FaL Ase HRHAolN 8550] =55 R8I
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o AAE(As, Pb, Cd, Se, Hg 5)° 7%, 571315
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HERje] Aoz Falelo] 8= A3 gk upgRjel
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ANEAFH g AAe e FRAY(Y-plant, B-
plant, J-plant)?} 35X (D-plant)®] A4 ] 3Lo]
o} Zh AL vEE di Aoz Jeks Aas)
I o, Dplant®] A9 a5 UA(Fluidized Bed
Combustion)d2] 02 o]l 43| o] E3hE ot} o]
& WHioxe viEAle] wiEA] SAgs AXA
o] I JAp} 2 Ho g A AREE vl 2
o = Y== YERITHNIER, 2011).

Ao AREE Ak 2011 29 7Y9RE] 189 Ab
olell I HEETErol o) i e HAS] 3)Ae
oA H7 15T BAE7E@EEFIIAL A12010-10635 )]
wg} RFHENeH, o3FE Gl FH3 H 2mmE
AAF3I] APl AM&SHATE. Al@ud Al F=
2L 7|2 LATE ARl XRF
(Phillips PW2004)E 53l 5783 2, vl E9 Ae)
RFollA] Si, Fe, Al 2BHE0] 5 o] Fal UtH(Table 1).

Table 1. Chemical composition of the bottom ash samples used

in this study (NIER, 2011) (Unit: %)
cfmhle)ronslictil)n B-plant D-plant J-plant Y-plant

SiO, 55.6 57.5 559 52.4
Fe,05 16.5 9.5 19.2 11.0
ALO; 15.0 15.1 12.0 11.9
CaO 74 33 3.8 18.0
TiO, 1.6 1.2 1.5 1.5
MgO 1.1 0.9 0.6 1.1
Rb 0.8 3.9 0.9 0.8
Y,0 0.6 - 0.6 -

Na,O 0.4 0.1 0.2 0.5
BaO 0.3 0.3 0.4 1.2
MnO, 0.3 0.2 0.4 0.4
SrO 0.3 0.0 0.2 0.5
Ce,0; 0.2 - 0.2 -

SO, 0.1 0.9 2.3 0.2
V4(0) 0.0 0.1 0.1 0.0
K,O 0.0 6.8 1.0 0.1
V,0s - 0.2 0.2 0.2
ZnO - 0.0 - -

CoO - - 0.5 0.1
WO, - - 0.2 0.2
GeO, - - 0.0 0.0
Sum 100.2 100 100.2 100.1
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Table 2. Sequential extraction scheme for sediment and soil samples (Tessier et al., 1979)

Fraction

Procedure

Exchangeable (Adsorbed form) tation

Bound to carbonates (Carbonate form)

Bound to Fe-Mn oxides (Reducible form) 06 + 3°C

Extracted at room temperature for 1 hr. with 8 ml of 1 M MgCl, pH 7.0 with continuous agi-

The residue was extracted at room temperature with 8 ml of 1 M NaOAc (pH 5.0) in HOAc
while continuous agitation.

The residue was extracted with 20 ml 0.04 M NH,OH - HCI in 25% (v/v) HOAc at

The residue was added 3 ml of 0.02 M HNO; and 5 ml of 30% H,0,, adjusted to pH2 with
HNO; and the mixture was heated 85 +2°C for 2 hr. with occasional agitation.

Bound to organic matter (Organic form)

A second 3 ml aliquot of 30% H,0, (pH 2 with HNO;) was then added and the sample was

heated again to 85 +2°C for 3 hr. with intermittent agitation. After cooling, 5 ml of 3.2 M
NH4OAc in 20% (v/v) HNO; was added and the sample was diluted to 20 ml

Residual form

The residue sample was digested with a HF-HCIO,

i
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Fig. 1. Design of the column leaching test.
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of, 3= 1080l sfFele FHRkE wiEE &S Al
Hal Pole L Lol FEE =H3ITE. Koh et al.
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S2 1pore volume FE WX FAVIE o5l v&=
2 89S Btk 18 7P st =59 Sk
ol&% Huj| 8.2pore volumedlX] FA7|FX] ofslZ &
292 B9 T3 Wang et al.(2008)2 =1 Shizuishan
AeslEibd i) v §2AIRNA A5E 73t
THRTE T 0AIAY 8EA18S I, Co,
Cd, Ni, U, As, Th, Pb, Cr, Mo, Se, Hgoll thgt &2
A7 0.01 mg/L ol FEEFEE Hol= Co, Ni &
SE2AIF 27] 12712 Yol 87% ode] §&5= Ao
2 Byt wEbA £ AlZollA $33 10 pore
volume 3} 1117 AFAIZRS SE5Ee $559 T
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AEE Tl de §EY AlEE 045um ZEH
(cellulose acetate, ADVANTEC, Toyo Roshi Kaisha,
Ltd)2 ofshar, ol F54 48 AEe PESY]
o Ho} AXRS o83 pH 2 olalE HAz|E] s om,
ol F=m7]EASA LT AR AAA ZH2t ICP-
AES(Ultima 2C, Horiba Jobin Yvon)2} ICP-MS(Elan
DRC II, Perkin Elmer)S ARS3le] E23314t) ol
A8 Mg YRS st AAltistal AelEs

100%
80% .

S04 IC(DX-80, Dionex)s AFE31e] E-495190T
E#Zéﬂw 225 MRol ke I FA7)RSY
Jaste] Qi 71eAS ATelen, 54 3
o] tgk ¥MHFAS(Coefficient of Variation; CV)E At
Sto] vlekAle] AlRE S499) Aolsh FALEE AZSA
. sAleE dHolHY FAaRdsE AEEE vERfol
ofe] YETe) AL A A Holkes A% 2izte]
e Az waE 5 P S0, e Hoz B
g 4= A(Choe, 2007):

lI.

|

Cy=2x100(%)
7]

A7 p= dlolEe] Higks, o= TS SrIgtt

=] |
40%
20% I .
0% | I . |
Cu cd Pb As Se Sr Mo St Ba u Hg T Al Fe Mn

n
17.40 6.20 0.80 1.40 10.20 30.30 46.41 45.17 11.61

(a) Bottom ash from B-plant

100% -
- 1
60%

40%
i [ iR B
o [ |

C cd Pb Ni B v G e Si

16.20 2.20 2.10 1.60 30.20 65.10 20.86 39.90 1131

(b) Bottom ash from D-plant

100%

| [ .
80%
60%
40%
20%
0%
Cu cd Pb As

45.60 14.00 31.50 5.40 31.20 103.50  52.40 51.78 13.47

(c) Bottom ash from Y-plant

100%
S ERRRN
60%
40%
20% I
0% = . -
Cu Cd Pb As n Ni B

10.80 8.10 19.80 4.00 17.10 29.90 40.49 42.26 5.03

(d) Bottom ash from J-plant

210.30 147 1.28 632.30 1.04 4.61 0.04 8,951.50 8,241.00 132.60

m Adsorbed form(F1) m Carbonate form(F2) m Reducible form(F3) = Organic form(F4) m Residual form(F5)

Mo  Sb  Ba U T A Fe M

27.72 1.03 147 41.49 0.29 0.16 0.05  3,111.00 7,633.30 252.20

m Adsorbed form(F1) m Carbonate form(F2) m Reducible form(F3) = Organic form(F4) m Residual form(F5)

Ni B A\ Cr Se Ba u H Tl Al Fe Mn

248.90 217 1.85 1,04460 153 0.17 0.04 4,905.70 101.50

10,693.40

m Adsorbed form(F1) m Carbonate form(F2) m Reducible form(F3) = Organic form(F4) m Residual form(F5)

63.48 0.61 1.62 429.90 033 0.07 0.04  2,640.30 381.00
28,273.20

m Adsorbed form(F1) m Carbonate form(F2) m Reducible form(F3) = Organic form(F4) m Residual form(F5)

Fig. 2. Results of Sequential Extraction on coal ash samples Numbers at the bottom indicate the total concentrations of

elements in mg/kg.

J. Soil & Groundwater Env. Vol. 18(7), p. 32~40, 2013



36 usg -

W F2ARE Fo) A5 o) B4 Ao
Azl 7 AR Fom Jehin, 2 Feje o
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= T8k g5oE ARTE &l SAlst A4
o7 4 F=EA BT FEolth
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(PoelA H 61.5%MNielth. F71E3 23E P}
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32. 48 EEME
o] AFolA EAE vl Al T ZH EEAIES
=0

Sa) 828 4 Table 391 Lk wloh 2o) Pb,
As, B, Cu, Zn, Mn, Ni, Ba, Sr, Sb, V, Cr, Mo, Hg
otk 858 vFILE] F=E vash, T3
£ B, St, Ba, V 5°] & el vls) e =
A Ueskon], oleld Frse uhek AlEzgte] ol
HQITKTable 3a). ol& E°] B2 % B-plant Al57}
7P =4 JelARE, V5= D-plant AlE7)F 73
FOM, Sr ¥5 Y-plant AlEAA 7P E=A §EH
ok AEgt AE FEAIFY Al w2, o d4E
< i FRFEHE A GA 85 e &
A AHE SATS & F Ak wEA EEHE T

T4 pe] BRe g wiEhel 38 A g
o5 Aol olut Jejz TASEATE ST A
e,

B-plant®] vlEtA|e] 9 of2 AlAde] Ael HIs] B
£= 57} 1.010(0.050) mg/LE A JeERH, Mo
(0.017 mg/L), Cr(0.008 mg/L) 5°] =A UeRdT]. Table
49] He & FE7KEH BlaA BY R 71EAIQ) 1.0
mg/LE °F 1% A% Zske 2102 Yep AR 359
2} ouje] zjolo) sFBlEE AA|ZQ) uli= Foia)y)
oJHrt.

D-plant2] Bl Tf2 A5 HIsle] Ca(100.4
mg/L)2} S04239.4 mg/L) Ad&Eo] JFez =4 §&
F]al ]of(Table 3b), TFardol] We nigAje] Ao
7} §29E Aoldl® FES PIXAL UeS HAFET
|=Y T FHASOSNlY] TEE T HeE 7
ZF 200mg/L & ZFsIE g, o] nige] 2% wiHel
ot && Alelle TR HF ABE ARSI =
Beele, A9F ez eAIsks 1#d F 87t Utk Koh
et al. (20100114 =34t BiQtslel s vistale] 29 &
SAIFIME BE AN FA7ES sk G
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Table 3. Results of column tests on the bottom ash samples

(a) Concentrations of heavy metals in leachate (Unit : mg/L)

Facilty Pb As Se Cd B Cu Zn Al Fe Mn Ni Ba Sr Sb TI U V Cr Mo Hg
B-plant  0.002 0.004 BDL BDL 1.010 0.001 0.010 BDL BDL 0.001 0.001 0.025 0.393 0.001 BDL BDL 0.076 0.008 0.017 0.001
D-plant 0.003 0.004 BDL BDL 0.342 0.002 0.015 BDL BDL 0.001 0.003 0.018 0.357 0.008 BDL BDL 0.136 0.004 0.008 0.001
J-plant  0.002 0.007 BDL BDL 0.310 0.002 0.010 BDL BDL 0.002 0.001 0.112 0.354 0.001 BDL BDL 0.019 0.001 0.003 BDL
Y-plant  0.002 0.005 BDL BDL 0.680 0.001 0.021 BDL BDL 0.001 0.002 0.299 0.552 0.001 BDL BDL 0.017 0.008 0.016 BDL

Cv (%)* 193 245 - - 486 333 323 - - 346 474 998 196 1102 - - 788 56.1 526 -

BDL: Below detection limit
*Cy : Coefficient of variation

(b) pH and Concentrations of major ions in leachate (Unit : mg/L)
Facility pH* F Cl SO~ NO5 Br K* Na* Mg Ca**
B-plant 11.44 0.05 0.61 15.79 0.07 BDL 0.9 32 0.1 21.1
D-plant 8.89 0.16 1.46 239.42 0.07 BDL 24.1 45 0.1 100.4
J-plant 9.25 BDL 434 19.73 0.23 BDL 1.1 6.2 9.2 11.4
Y-plant 11.79 BDL 0.07 21.26 BDL BDL 0.2 0.7 0.1 86.8

BDL: Below detection limit
*pH is unitless

(c) Mass of leached heavy metals (Unit : ug)

Facilty Pb  As Se Cd B Cu Zn Al Fe Mn Ni Ba Sr Sb TI U \% Cr Mo Hg
B-plant  0.489 1.196 BDL BDL 240.750 0.298 2.998 BDL BDL 0.255 0.170 7.384 113.843 0.321 BDL BDL 21.872 2.376 5.000 0.203
D-plant  0.594 0.913 BDL BDL 23.333 0.476 3.391 BDL BDL 0.257 0.638 4.304 &3.367 1.773 BDL BDL 31.741 0.997 1.980 0.243
J-plant  0.721 2.389 BDL BDL 35.683 0.531 3.704 BDL BDL 0.544 0.213 40.008 126.315 0.281 BDL BDL 6.715 0434 1.091 BDL
Y-plant 0.838 1.906 BDL BDL 184.640 0.547 8.681 BDL BDL 0.291 1.002 127.413 235.597 0.498 BDL BDL 7.139 3.513 6.776 BDL

o] 8=d Zo= Husigltt. Su& ARY A5, tE HoFETK(Table 3a). 22} o]23t 855 A =i o
AlEEel HIsked V(0.136 mg/L)°t Sb(0.008 mg/L) & ] 712 FAVES 2Rl Fdt
o] &3] ¥A Wehdth. Hegol 7% 0.001(=0.0006) Z4 82418 29 vehd SE5 3559 vEAT
mg/LE YEREOH o] ke Iuie] Asler dvt B (CV)E Table 3a ol YERASITE. ®IFAITE HlolH o] 7
gk o8] JP(Table 414 TF2 o2 THAlskE Ha AHshd A TS Uehfo] o] dEEY A7 A
ol gt 2 IA °E A 44 ks AR Hud = U
J-plant®] BF=Afol] gk ZH-8=A19 23 B, Ba, Sr et EEHE 55 FEEY] HEATE 19.25%~
o] zzt 0.310mg/L 0.112mg/L, 0354 mg/LE £=E] 11022%2] WS B, Fa&e T w2t ez
A3z, YA giFe] 945 0.020 mg/L oJake] e A §EE= Ado] A2 TS AAJSIT} o] ATA]
FEE S50 Yoplant®] B BE3F Jplant®] A = WHEAT7E 50% PRI AS AR 1 =A%
o} fARE S HolA|Yh B, Ba, Sr ©] 7P} 0680  FAROE dsial, 1 ol AL “fiFE APl ¢

mg/L, 0299 mg/L, 0.552mg/LE §=91 e FF& E702 FEslrt. olHd ol WEW, Pb, As, B,
S5 Jplant A8 BIS= o ) AxE S5EHS Cu, Zn, Mn, Ni, Sr 5 =43 FARBILE & ol
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Table 4. Regulations of contaminants' concentrations in water (Korea) (Unit : mg/L)
. Groundwater(by usage)” Drinking
Contents Sea water -
Residential Irrigational Industrial groundwater
cr** 0.05 0.05 0.05 0.1 0.05
As 0.05 0.05 0.05 0.1 0.05
Cd 0.01 0.01 0.01 0.02 0.005
Pb 0.05 0.1 0.1 0.2 0.01
Hg 0.0005 0.001 0.001 0.001 0.001
NL.R¥*** N.R. N.R. N.R. 2.0
B N.R. N.R. N.R. N.R. 1.0
Se N.R. N.R. N.R. N.R. 0.01
Zn 0.1 N.R. N.R. N.R. 3.0
Cu 0.02 N.R. N.R. N.R. N.R.
Cl N.R. N.R. N.R. N.R. 250
Fe N.R. N.R. N.R. N.R. 0.3
Mn N.R. N.R. N.R. N.R. 0.3
Al N.R. N.R. N.R. N.R. 0.2
SO, N.R. N.R. N.R. N.R. 200

*Standards of marine environment due to the MARINE ENVIRONMENT MANAGEMENT ACT article 8 (Ministry of Oceans and Fish-

eries, 2013)

“Regulations on the conservation of water quality of underground water (Ministry of Environment, 2012)
““Regulations on the standards of water quality and testing of drinking water (Ministry of Environment, 2011)

"™ NR indicates no regulation.

FTos 9AEL o] AFA AR EA] Y Bk
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