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ABSTRACT: Coal combustion fly ash, which has a high available Si content and alkaline pH, was selected
as a potential source of soil amendment in this study. Two field experiments were carried out to evaluate
the possibility of heavy metal accumulation in silt loam (Pyeongtaeg series) and loamy sand (Nagdong
series) of rice (Oryza sativa) paddy soils to which 0, 40, 80, and 120 Mg ha~ of fly ash were added. Rice
yields increased significantly with fly ash application and the highest rice yields were achieved following
the addition of around 90 Mg ha' fly ash. Fly ash increased the soil pH but did not increase heavy metal
uptakes of rice and heavy metal concentration in soils, due to very low concentration of heavy metals in
the selected fly ash. Labile fraction of heavy metals (exchangeable + acidic fraction) was scarcely contained
and most of them were stable and unavailable form (oxidizable and residual fraction). In conclusion, fly ash
could be a good supplement to an inorganic soil amendments without heavy metal contamination in paddy

soils.
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&2 Fellade] E5lel wE Rk W 25 o9 oig Table 1. Chemical properties of fly ash used in the
T Aotk AAEA) Agks] Algo] 48 AL U Eke] experiment

olstetal 54 wigle] et AT Wol o] oA ghont, A Standard
des ool NG9S 0BRSS B U AR M deviation
ol 5ol Bt A= Wol ofFolx glA| 3t Aolr}. B pH (1:5 with H,0) 10.1 03

G FEE WA 9 e tigk o] § 5 ] pH, Available P,Os (mg kg™) 1341 92
CEC, #71& % HEFF T1} 22 o)3letd SAo) AH Available SiO; (mg kg') 1100 145

A G e Zlog duid e, Exchngeable cations (mg kg")

il thiel BoF W) S5 ¥ 01 N HCL % K 016 006
Mo w HEWA o7 A o] gt deEEA o R Ca 2015 167
A FEEe FENe® Bk ) F3<49 EAFHY Mg 0.42 0.05
AEA R HorbedS sk cle= F}i SHAI7E ALe 0.1 N HCI extractable (mg kg")
ojelgt 71%? AE S5 98 AEEe) pHE As 119 0.09
ato] A% Z7]H(sequential extraction) & FH4:0] & cd 028 0.05
ARG E AR T3 4] ther &g H7hek 7k 3 Cr 0.52 0.04
7Fhe 7180l Ayl EgHolen vk FE49 d% . .
A3 A2 2909 55 9 pH 52 Aolo] g} cu e 0
P54 thath Ao} o), WA o R ASHE oI Mo oo 2l
Tude A8 2 carbonate A3 El(Exchangeable +Acidic Ni >4 021
phase), Fe/Mn oxide 2% Hi(Reducible phase), f71% 2 Pb 1.53 0.19

Zn 6.19 0.29

ZHei(Oxidizable phase)9} ¥ U] 17 El(Residual phase)
9 A fEer A BERaba o,

Mesle] 544 Fer7bs4e S Ysiie Mg
319 Aol wE EoF W 2HE0 FE&ed Al did
Jest F7k olfolzjop & Aolch g B Aol
oj3}gta] o] U2 F =g okoA] Aers)e] Alge] mE
WA F55 55 54 W EX U $559 & sk 2
A5 S AR Taged A 8409 TS Htet

s
RS

SAl MERIQF SAIEY
_g'_}\]zHEO] /HE]_§]_L_: 7k

591 Mga)= A shaoll X8 shE b Aol

|
ote] 2] =EKPyeongtage series, SiL)¥} T2 =Eok
(Nagdong series, LS)= A E3l3ict. ostha] Bz}
%4 pHE 742t 5591 5.8% F B9 HF AR Kk
™, Fol2A g 77t 131 cmole kg'# 9.2 cmol.
kg'Z ofsle] Eofo] that Eok Wi} & oolex|ghgars
2L QlSlTh. a1t S ojslE] Eoo] 25 mg kg
o|UL Ui EYe] 227 mg kg2 o5k Bk Bt =
EF f 2lite] gol A =] QI3lthTable 2). 1998\ 62
5o oflatz] 9} tFel] 2+ Fam el b S o|osla ¢
< & 108 16l F&aFt:. A= 4wk 0, 40, 80,
120 Mg ha'9] 47} Ae] AAste] 3tEo g $aEch
o] w g8 ZA N-P,0s-K:0F 120-48-80 kg ha' 0%

W A AR EAIsh

EQu MEH o|FEN N ¥ IS4 ¥ TA

B $8 F EokS AFsle] Aeldz & AHA(<2 mm)
3ol SEET ol HETAN o] gt 1R B
o Wl 0.IN HCl 7H4 557 g5=2alol o8 S35
Z g3k At a2 5945 dud gk A4
el 98 2ARRItHEg. 1)'9. E%el 011M acetic
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30% H.005 713tod 85°C ol 23 $ 1M NH/OAcE!
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g F25E 95 5 Tl 9 414 Feo F25%
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Emission Spectrophotometer, GBC model X-100, Aus-
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Table 2. Chemical properties of the soils used in field tests before the experiments

Pyeongtaeg series (SiL)

Nagdong series (LS)

Parameters
Mean SD Mean SD

pH (1:5 with H,0) 55 0.4 5.8 0.6
OM (g kg") 16.6 32 02 41
Total N (g kg™) 1.7 0.2 2.4 0.2
Available P,Os (mg kg™) 25 6.5 227 17
Available SiO; (mg kg 86 75 53 4.8
Ex. cations (cmol. kg™)

Ca 43 0.3 46 0.5

Mg 1.96 0.11 0.37 0.03

K 0.33 0.02 0.25 0.03
CEC (cmol. kg™) 13.1 26 9.2 18
0.IN HClI extractable (mg kg™)

Cr 0.48 0.05 0.47 0.05

Cu 3.54 0.38 348 0.38

Mn 127 13 36 3.96

Ni 0.81 0.08 0.82 0.09

Pb 5.66 0.62 245 0.26

Zn 3.9 043 3.66 0.4

OM; organic matter, Ex. cations; exchangeable cations, CEC; cation exchange capacity, SD; standard deviation.

a | Acidic phase(Exchangeable and Carbonate bound fraction)

1 0.11M HOAc shake for 16h

Reducible phase(Fe/Mn oxides bound fraction)

1 0.1M NH,OH HCI shake for 16h

¢ | Oxidizable phase(Organic matter bound fraction)

l 30% H,0, 85T for 2h, IM NH,OAc shake for 16h

Residual phase = Total concentration — (a+b+c)concentration

Fig. 1. Procedure for sequential extraction of heavy metals in soil. (Note: Total concentration of heavy metals was
determined by digestion of aqua regia solution and residual phase was calculated by the difference from total and the

sum (a+b+c)).
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Table 3. Chemical and physical properties of soils after rice harvest

Fly ash . Ex. cations (cmol. kg‘l)
Soil Series  application pH OM.] T_N.l Av. PZQP Av. Sl(?f
Mg hay (P5HO  (@kg) (k) (mgkg) (mgkg) Ca Mg K
0 52 162 1.7 47 59 42 115 026
40 5.4 17.8 19 75 88 41 140 024
gyii")"gt‘”g 80 55 15.9 16 79 90 45 138 023
120 56 17.8 18 86 109 49 133 027
1.SDoos 03 28 02 25 26 033 015  0.03
0 5.7 212 23 290 37 33 044 029
40 59 24.0 26 338 81 40 050 027
?{‘;g)dong 80 6.1 245 24 367 93 36 054 027
120 6.1 233 22 385 119 40 062 032
LSDoos 04 37 0.3 31 45 082 007 005

OM; organic matter, T-N; total nitrogen, Av. P;Os; available P:Os, Av. SiOy; available SiO», Ex. cations; exchangeable

cations, LSDygs; least significant deviation (p<0.05).

o 2ol 5% WAL olgslel W FS M) AT
FA)H Thest 2e B gtk

ofshe] Eoke] W 4% = 4124 + 33.6 FA - 0.187 EA?
(model R* = 0.7617)

o= Eoko] B 478 = 5046 + 28.7 FA - 0.152 FA®
(model R* = 0.6007)

B Eke Mgk 7) oF 90 Mg ha' 714 Algo] F7)eo)
el F7hEE AEE BeloH, 1 ol AlgFEddMe
thh Zhadhe ATE WEhigth FEkeas o868k
H HurEg AWgete] # An, w2
Mg ha™ A4 5631 kg hao]gla, WHA 3k o] 49
X3] 94 Mg ha' AJ8-4] 7293 kg ha'olgltl. o)9} 7+&
THSUS AN Aehs] Algel weh ko] pH A4S 9
W ARGl Fest B o FEL FEE 9 ol 5
o] f5% Friel 71eld Ao FAHT) (Table 3). ¢t
o]

29 J1FE B A 7RI ol o) 9] B 28
HiFo] WAE| o] Me] Fugac] Fad 2900 |
3L 9lth QWAL AR WO] Eu AT o] et

AGAE S,
T8 F AR ofslele}l dis E9F U 0.IN HAl 7f
4 F5% $=s 2AKE 49, Cr, Cu, Mn, Ni, Pb, Zn
& AZEou YA As, Hg, Cd 59 742 42y
2] okokrt. dgteiel o= EoF uf Mgk o) AlgEE S
el wpet 54 3 T TR T7he DAEA o)
(Table 4). 5 =& Wl Cr, Pb, Zn2| & k& 2|8h3]9]
Algaro] 71l wet 938 AasE AuE Blon,
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AEd 294 F s B2 Aozt Qo] EX U T2
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Table 4. Changes of heavy metal concentrations in soils amended fly ash with different level after rice harvest

Fly ash Concentration (mg kg")
Fractions Soil Series application .
(Mg ha'l) Cr Cu Mn Ni Pb Zn
0 256 13.1 286 17.2 15.7 57.8
40 252 12.7 287 169 149 56.1
P ye("sri’g”eg 80 24.0 126 320 164 14.6 53.8
120 24.0 12.8 286 164 153 54.2
Total LSDygs 1.59 ns ns ns 0.76 3.14
0 225 11.2 204 149 89 57.7
40 217 119 228 149 8.8 58.7
Na({ds‘;”g 80 21 13.1 210 15.9 9.4 61.6
120 229 11.0 241 16.1 8.1 55.6
LSDy s ns ns ns ns 1.22 ns
0 043 3.67 127 0.77 8.64 420
40 0.41 3.17 105 0.92 7.23 3.42
P ye(‘gfg“eg 80 0.41 3.75 127 0.93 6.26 441
120 0.33 3.43 120 0.92 557 409
0.1IN HCl LSDo.05 ns ns ns ns ns ns
extractable 0 045 3.67 35.0 0.88 2.70 3.13
40 048 421 437 0.92 2.15 421
N"({ds")”g 80 0.49 348 529 0.93 1.98 456
120 0.66 456 74.0 0.96 2.06 6.18
LSDy s ns ns ns ns ns ns
LSDoos; least significant deviation (p<0.05), ns; not significant.
Cr, Cu, Ni, Zn® X347} carbonate A3 F54 A% = HEREA] sk
2 Fe/Mn oxide A% S 8-S 79 25| oo} ol st 22 it i A<l #AE Table 34 B

TH BFoR FE2IAY AEe 98 FoEs 54

¥y

kel o] M@sle] AlgoR E

H7}F Soieh fracat

= A9 Qe Ae® ARGl Cr, Cu, Ni, Znd] A 3§t
T °F 12~45 %7} A71EY A%E U Bxsigia oF
50~88 %7} F= U e residual phase® A5}
Ak Aske] 2 ol B9 Wl Pbe A €% F Fe/Mn
oxide AHHE oF 12% W& w3ksta goich 12} A
&30 Al 8% Tt W} Fe/Mn oxide AFE| 9] ke
O sk A Jehhla olol wistel B8 f 174
Bl residual phase®] % fojatA Fbels AdS
UERASITE. oflste] Bk )l Pb F $%F % residual phase
o S FAE ] oF 31%°1M AeEE 120 Mg ha' A
B4 ¢ 50 %E Frletlom, it Eake] Aok resi-
dual phase®] ¥o] FA2]el oF 11%¢°lA A¥kg) 120
Mg ha™ A8A] 2} 50 %= FolakA] Z7Helgich Mng] 7
-, 7 =EY BF A ek = X847} carbonate A3
£ %25 % HAE T3 9l B 9 AEA] W) Mng]
FH7FsA0] AE Ao ATE) o AetE) o) A g E
7bl w2 X833} carbonate ATES] TS sk =)

grge) Zjel o%t Ao PaEch ko] pHIF Aot
W Bk S SUkslal ool A SEEARY] -
v B v sl F2Ee] B4iyE o
A A P, Ao Frd 90 3

A g ekl A FasEE Mg

5 BoF pHIF F7ste] o3 ARz dgsiA 2
o} 223l Eokel olate] HrlEw Eokix

e

it

[os

EY =
B FolE 718 AlgsHAl Hi gl FEgS A A
e Fdstel 7Hgalgo] aA AR & . TAA
B2 AREe A7 2% FE4S Esketa ola 4%
ATt A Rk ofulel faike oF 1,341 mg kg
Akl glol(Table 1) B¢ Sotils FHAA ol
Tusd B Wl TS AL, ol S5l
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Fly ash application rate (Mg ha-1)

Fig. 2. Fractionation characteristics of heavy metals in
soil amended fly ash with different levels at harvest

time.
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Aoz ghEe) Aeksle] Al g met ok of v &
=5 QRS AEA ) ofEle A71E d3E|(oxidizable
phase)$t ¥E W 3149 Fu% Fel(residual phase)Z
EABISITE Aersl o] Alge Flel upe v Wu) of S55
T Uk i S slom AR7I0 B sl
UERA] edokth o) Meks] Al wE Eek] pH Fuie}

Table 5. Heavy metal concentrations of white rice at the harvesting stage

Concentrationv (mg kg‘l)

Fly ash
Soil Series apphcatlon
(Mg ha’ b) Cr Cu Mn Ni Pb Zn
0 0.24 1.52 21.7 22 0.71 4.6
. 40 0.68 1.23 220 1.7 0.47 2.8
Pyeongtaeg (SiL)
80 0.71 1.42 19.9 1.6 0.87 12.3
120 0.75 1.72 229 1.5 0.95 12.2
0 0.21 1.87 384 1.5 0.50 12.2
40 0.22 1.99 274 29 0.49 11.5
Nagdong (LS)

80 0.23 1.75 29.9 1.9 0.45 11.9
120 023 1.78 34.7 2.5 0.50 13.7

* The heavy metal concentration of white rice were not significantly different (p<0.05) among the treatments.
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