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A Biogeochemical Study on the Heavy Metal Leaching from Coal Fly Ash
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Abstract: 1t is known that coal-derived fly ashes have the unique chemical composition and mineralogical characteristics.
Since iron oxides in coal fly ash are enriched with heavy metals, the subsurface media including soils, underground water,
and sea water are highly likely contaminated with heavy metals when the heavy metals are leached from fly ashes by
water-fly ash interactions. The purpose of this study was to investigate how indigenous bacteria affect heavy metal
leaching and mineralogy in fly ash slurry during the fly ash-seawater interactions in the ash pond located in Dangjin
seashore, Korea. The average pH of ash pond seawater was 8.97 in nature. Geochemical data showed that microbial
activity sharply increased after the 7th day of the 60-day course batch experiments. Compared with other samples
including autoclaved and natural samples, SO,” was likely to decrease considerably in the fly ash slurry samples when
glucose was added to stimulate the microbial activity. Geochemical data including Eh/pH, alkalinity, and major and trace
elements showed that the bacteria not only immobilize metals from the ash pond by facilitating the chemical reaction with
Mn, Fe, and Zn but may also be able to play an important role in sequestration of carbon dioxide by carbonate mineral
precipitation.
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Fig. 1. Location map of Dangjin power station.

A AHH R B3 duALLE AMEsl7Est
3 £EH YAE FUAA ARSI RS ¢
Eolll7|= 57| wjiel mlAE] g FFE o3
SR AL ul$ Fosith FIAES B4 ot 5
Aol Thg FEL Fo| AL AGF 2879
zjolol| wlz} tlekst HAe HAFT) wEel, s}
Aeks] Aolol] dofjul= WHE-S Rt} HA|Ho =z o
3] flre 2 Aol Mk nd=o] F=
& Qi 824 o FEE FEAE ookt
b B ddMe FHEE 2 HEE o
23 et AXg FARAE) FRLAL(Fig.
ol BEE Aesiel o gy FH et
HhgolA], 2 X9 Fipol] A2lEhe B mAEo]
& 828 FANEA Ee IZANTEAE
1315 FAF R o QL =R E Yopr)
A3 WA 3 ATE AlEdhe Ao] EFolo)

ol

m

of

do fo

ity

AlZe AFE 20059 98 BRI vEs
FolA Wzhpel B3 Ms)rt wigse & T
W, oj@es] sl A8 efske AAH, 2
2oL slge] £8o] & o|FAAA] Y AA
7ol Mz tE 9] AFE MAsIGT. 2 Aol
A JIANE 04L9 BAR 1612 &3l 34¥
ANFsATE A AE7 B7]e} wgshe A A
@ab7] fste] AEHE B SollA vz 2RI
o AFT Mg YARS dug dddE A



114 =74 - 9. Yyus

Table 1. Design of batch experiments using Dangjin fly ash
slurry (DJ1, DJ2, DI3: sampling site at the ash pond in
Dangjin power station)

Site Before Set After
0, Xo (natural) O,
DJ1~Di3 O, Xi (autoclave) O;
O X (ghucose) O

Al &of wEglot A F=F Stk 14 4
g3l AldRAM FEh2Y Al st o
"3 dubEl RS doprr] g AEE
A saA 2=k pH, §E42(D0YE 45T
APdR 2 AlEE 7 JFA AR AR

% @ W8S Ea7lE olgdle 120°C-2.571%
oA 158 B 7HEEld AR &9 mdES
A gt 24 AR AR F AL 10mle)
FIAX(IME Z7ksle dElole] EFo] Hrh
243 eS siglet. 22lal 2t AR YA AR
A G AA FHE FASES FH(8k
CHTable 1). £H1E & )9 AlBe 24 24
7144 A QA AP E rpiE o] gdte] 2Ed
the ZEk2E rbiE Weo2ZA dir|ole] JsAg
& A3isict.

ANBEE WELE 24.1°Ce] wi%7](incubator)ol] X
#3AA 0, 1, 3, 7,-16, 30, 45, 604 7HHOT &
Alge AEE] NEE AFS BAET ol §
& ulelzjole] S e Aesle] FEIH W)
2 o) A5l wakE AuEgit

Aes]e] AT 72 AL )l
grAe] & EAMsidth. FAE 94e Perkin
ElmerAte] ICP-AES(OPTIMA 4300DV)E o]-£-3}
A5 71712748 RF Power 1300 W, Frequency
40.68 MHz, Coolant Gas Flow 15L/min, 281
Sample Injection Gas 0.7 L/minc|t}. ZHE3H
(detection limity= 1ppb ©]3} 422 24Ut vl
Y Y4+ ThermoElementalile] ICP-MS(X5)E ©l
E3to] M8ttt 71712712 RF Power 1300 W,
Frequency 27.12 MHz, Coolant Gas Flow 13 L/min,
Z28]37 Sample Injection Gas 0.9 L/minc]t}, &3
A= 0.02ppb o3k FoE FAHU. Nw3 FE
£ 712AsALATY AFERH XRDS SEM-
EDX& B3l #418 31%rh. XRD £42 Rigaku
A Dmax2400S AREE92 ™ CuKaAl 7 Ni-filter

o nl e e aln
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£ ol&3int. A 2kV, AF 40mAR 3k
SEM-EDX 412 Hitachirle] S-4700& AM-31HC
H, 7MEA%E 15kvaTth BAE oigh ol
ole AEHEw AN FFHPLAN 4
s}tk Na, Mg, K, Ca, Mn, Fe, Co, Cu, Pb, Cr,
Ni, Zn, Cd 59 <ol ICP-MS(PE SCIEX
Elan6000)E o]&3te EAsHich. 7)17127& RF
Power 1200 W, Frequency 39.46 MHz, Coolant Gas
Flow 14 L/min, Z22]3. Sample Injection Gas 0.7 L/
min®|t}h. AEFAE 1ppb oI5t ez SHHUL
g3 Cl, Br, S04, F $9) 20| DionexAt]
ICACS90)E ol&3ld #4439t} 71712742 Column:
IonPac  AG14A-5 um(3X30 mm), Eluent: 8.0 mM
Na;,COy/1.0mM NaHCO,;, Eluent Flow Rate:
0.5 mL/min, MMS Suppressor: AMMSIII-2 mm,
MMS Regenerant: 50 mM H,SO,;, Sample Volume:
10 pLelth. A= 0.05ppb o3} goE 245
At ZE A FAAAM  FEA S (duplicate
sample), FLA)E(reference sample), 3|5 (blank
sample)E 7151 2184357 quality control)E A5}
AThRamsey et al, 1987). HCl ZHAL E3o
HCOs™ °]&9] g3t ¢rlel=g +3iint.
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sZo] TR vehta e, ole A
Ho| FolAA W&o HAE vkl wet g3
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UEeltth sl4 B pHE 9.024 A3 G el
AZ3 892004, 10. 149+ A LU
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S48 Al (Ca0) WEeZ AR THQuerol et
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s} DO69.2 mg/lye 7HE &7 S4= 30tk DR A
He B9 o) B o] AL FOE DO25.0
mg/ly7} ThE BT YA vt 283 DI3¢)
ARL w@zre] §A Zofl g} o] YL
B9l &glo] vlwA oy 4ol wig W XY
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Fig. 2. Photo showing a ash pond at Dangjin power station (A: DJ1, B: DJ2, C: DI3, D: outlet of fly ash).
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Table 2. General properties of ash pond water in Dangjin
power station (sampled in September, 2005)

Site DO (mg/l) pH Temp. (°C)
DIl 69.2 9.1 236
D2 25.0 8.92 5.6
DB 55.0 90 264
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Table 3. Average contents of coal before combustion in
Dangjin power station (wt.%, 2005)

Component C H N (6] S Ash
Contents 71.5 46 1.2 103 06 11.8
(by Korea East-West Power co., Ltd.)
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Table 4. Major elements of fly ash in Dangjin power station (wt.%, sampled in September, 2005)

Sample SiO, ALO; Fe,0s* MgO CaO Na,O K,O TiO2 P05 MnO Total
DIl 70.6 19.0 4.6 1.6 1.7 0.3 1.1 0.8 0.6 BD** 99.3
DJ2 90.1 5.6 1.8 0.1 0.7 0.3 0.4 0.5 0.1 BD 99.6
DJ3 76.2 132 4.9 04 21 0.5 0.7 0.9 0.5 BD 99.5

FA*** 80.2 12.5 33 02 0.8 0.4 0.9 09 0.2 BD 99.6

(Fe;,05*: total Fe, BD**: Below detection limits, FA***: fly ash sampled at the fly ash silo)

Table 5. Concentrations of major elements in fly ash produced from the Dangjin power station and concentration ranges for

selected major elements in utility wastes, coal, and soils (wt.%)

Dangjin Power Station Utility Waste*
Component
DIt D2 DJ3  Average FA Fly ash Bottom ash Coal Soils
Al 10.5 3.0 7.0 6.8 6.6 0.10-20.85 3.05-18.50 0.43-3.04 1.00-30.00
Ca 1.2 0.5 1.5 1.0 0.5 0.11-22.30 0.22-24.10 0.50-2.67 0.70-50.00
Fe 32 13 34 2.7 23 1.00-27.56 0.40-20.10 0.324.32 0.70-55.00
Mg 0.4 0.1 0.2 0.2 0.1 0.04-7.72 0.20-4.80 0.10-0.25 0.06-0.60
K 09 0.4 0.6 0.6 0.8 0.17-6.72 0.26-3.30 0.02-0.43 0.04-3.50
Na 02 0.2 0.41 0.3 0.3 0.01-7.10 0.084.13 BD-0.20 0.075-1.00
S 0.9 2.1 04 12 1.0 0.04-6.44 0.04-7.40 0.38-5.32 0.003-1.00

Utility Waste*: Mattigod et al. (1990)

Table 6. Concentrations of trace elements in fly ash produced from the Dangjin power station and concentration ranges for
selected trace elements in utility wastes, coal, and soils (mg kg™ solid)

Dangjin Power Station Utility Waste*
Component -
DIl DJ2 DJ3 Average FA Fly ash Bottom ash Coal Soils
As 23.5 35 6.0 11.0 6.6 2-440 0.02-168 0.5-106 1-50
Ba 1298.0 310.0 9220 8433 7170 1-13800 110-9360 150 100-3000
Cd 0.5 0.2 0.3 0.4 0.4 0.1-130 0.14.7 0.1-6.5 0.1-0.7
Cu 44.7 19.5 336 326 438 33-2200 - 4-930 2-190 2-100
Pb 44.6 104 24.5 26.5° 37.8 3-2100 0.4-1100 4-220 2-200
Mn 228.1 774 2463 183.9 194.8 25-3000 60-1900 6-180 20-3000
Mo 44 2.0 2.7 3.0 7.7 1-140 4-50 0-73 0.2-5
Ni 1094 229 74.6 69.0 62.4 2-4300 5-145 0.4-104 5-500
Sr 8974 2439 491.7 5443 3852 30-7600 70-3000 100 50-1000
v 122.7 79.6 133.8 112.0 159.5 12-1180 50-260 0-1280 20-500
Zn 1419 303 771 83.1 114.5 14-3500 8-610 0-5600 10-300

Utility Waste*: Eary et al. (1990)
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Fig. 3. X-ray diffraction analysis of Dangjin fly ash slurry
incubated for 60 days batch experiment: autoclaved sample
(A), glucose added sample (B).

Fig. 4. SEM-EDX analyses of fly ash slurry incubated for
60 days batch experiment: SEM-EDX analysis of the natural
samples (A, B), autoclaved samples (C, D), and glucose
added samples (E, F).
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Fig. 5. Alkalinity changes of the fly ash slurry in Dangjin
power station during the time course experiments (AUTO:
average alkalinity of autoclaved samples, NATU: average
alkalinity of natural samples, GLUC:average alkalinity of
samples added in glucose).
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Fig. 6. Time evolutions of major and trace elements in fly ash of Dangjin power station.
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Fig. 7. Variation of anion contents in fly ash slurry of Dangjin power station during the time course experiments.
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Table 7. Major and trace elements in fly ash slurry of Dangjin power station during the time course experiments (AUTO:
average heavy metal content of autoclaved samples, NATU: average heavy metal content of natural samples, GLUC: average

heavy metal content of samples added in glucose, unit in ppm, day)

Component  Samples 0 1 3 7 16 30 45 60
AUTO 188.35 199.37 21622 232.20 255.88 262.64 210.55 19.65
Mg NATU 188.35 198.17 225.00 23091 24724 252.74 225.19 56.73
GLUC 18835 193.02 215.02 229.95 242.27 268.17 212.40 44.92
AUTO 248.05 24737 221.48 200.19 228.77 202.72 132.96 21.19
K NATU 248.05 249.29 21553 191.96 24248 197.87 16393 50.88
GLUC 248.05 240.70 219.22 199.90 22832 206.88 119.50 3528
AUTO 165.16 168.02 174.82 172.41 185.01 183.92 127.56 4.60
Ca NATU 165.16 165.37 173.53 167.19 186.56 178.21 140.98 50.41
GLUC 165.16 163.47 169.60 174.35 183.79 172.60 122.20 6.20
AUTO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Mn NATU 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
GLUC 0.00 0.00 0.00 0.15 0.29 0.24 0.00 0.00
AUTO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Fe NATU 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
GLUC 0.00 0.00 0.18 267 0.64 0.00 0.00 0.00
AUTO 0.15 0.15 0.18 0.23 0.18 0.18 0.29 0.34
Cu NATU 0.15 0.15 0.19 0.23 0.16 0.20 0.27 0.30
GLUC 0.15 0.15 0.17 0.20 0.13 0.24 0.30 0.35
AUTO 0.00 0.00 0.00 0.00 0.00 0.02 0.26 0.40
Pb NATU 0.00 0.00 0.00 0.00 0.00 0.11 0.14 0.38
GLUC 0.00 0.00 0.00 0.00 0.00 0.14 0.22 0.39
AUTO 0.00 0.02 0.06 0.10 0.11 0.07 0.05 0.11
Cr NATU 0.00 0.04 0.07 0.09 0.11 0.08 0.06 0.11
GLUC 0.00 0.04 0.05 0.08 0.10 0.08 0.06 0.08
AUTO 0.01 0.06 0.11 0.17 0.19 0.14 0.11 0.20
Ni NATU 0.01 0.07 0.12 0.18 0.19 0.14 0.13 0.19
GLUC 0.01 0.08 0.11 0.15 0.17 0.13 0.12 0.20
AUTO 0.01 0.01 0.03 0.04 0.04 0.03 0.03 0.04
Zn NATU 0.01 0.02 0.03 0.03 0.04 0.03 0.03 0.04
GLUC 0.01 0.02 0.17 0.05 0.04 0.03 0.02 0.04
AUTO 0.01 0.02 0.03 0.05 0.05 0.04 0.02 0.05
Cd NATU 0.01 0.02 0.03 0.04 0.19 0.03 0.03 0.05
GLUC 0.01 0.02 0.03 0.03 0.05 0.03 0.03 0.05
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Table 8. Anion contents in fly ash slurry of Dangjin power station during the time course expetiments (unit in ppm, day)

Component  Samples 0 1 3 7 16 30 45 60
AUTO 5700.8 5747.5 5703.9 5373.6 5387.6 5293.8 5128.5 5546.7
Cl NATU 5700.8 57277 57313 53472 5424.7 5254.3 5083.1 5511.8
GLUC 5700.8 56729 5712.7 5260.8 5283.1 5130.1 5046.6 5475.2
AUTO 107.8 106.1 1073 1386 139.5 136.9 125.6 80.2
Br NATU 107.8 1059 106.2 1393 140.0 136.5 127.2 80.4
GLUC 107.8 106.4 106.5 138.6 1384 1353 126.6 80.2
AUTO 19473 1743.6 1886.3 1804.8 1818.8 1824.8 1796.8 1860.9
SO, NATU 1947.3 17834 21527 1783.3 17849 1801.7 1789.1 1813.5
GLUC 1947.3 1730.7 1834.2 1798.0 1668.4 1275.6 11274 1008.5
AUTO 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
F NATU 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
GLUC 0.0 0.0 0.0 104 445 554 529 483
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