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Abstract

BACKGROUND: Coal combustion bottom ash(BA) has
high carbon and calcium content, and alkaline pH, which
might improve nutrient cycling in soil related to microbial
enzyme activities as it is used as soil amendment. However,
it contains heavy metals such as copper(Cu), manganese
(Mn), and zinc(Zn), which could cause heavy metals
accumulation in soil. Compost might play a role that
stabilize BA. The objective of this study was to evaluate
effect of combined application of BA and compost as soil
amendment on heavy metals concentration, enzyme
activities, chemical properties, and crop yield in upland
soil.

*W A A A corresponding author): Chang Oh Hong
Phone: +82-55-350-5548; Fax: +82-55-350-5549;
E-mail: soilchem@pusan.ac.kr

** 55 WA A A Co-corresponding author): Pil Joo Kim
Phone: +82-55-772-1966; Fax: +82-55-772-1969;
E-mail: pjkim@gnu.ackr

METHODS AND RESULTS: BA was applied at the rate of
0, 20, 40, and 80 Mg/ha under different rate of compost
application (0 and 30 Mg/ha) in radish (Raphanus sativus
var) field. Combined application of BA and compost more
improved chemical properties such as pH, EC, OM, total
nitrogen, available phosphate, and exchangeable cations of
soil than single application of BA. Water soluble Mn and Zn
concentration in soil significantly decreased with
increasing application rate of BA. Decrease in those metals
concentration was accelerated with combined application
of BA and compost. Urease and dehydrogenase activities
significantly increased with increasing application rate of
BA. Phosphotase activities were not affected with single
application of BA but increased with combined application
of BA and compost. Radish yield was not affected by
application rate of BA.

CONCLUSION: From the above results, combined
application of BA and compost could be used as soil
amendment to improve chemical properties and enzyme
activities of soil without increase in heavy metal concentration
and decrease in crop yield in upland soil.
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Table 1. Chemical properties of the selected soil

7 7 giokal Ba1s] 3l Qlt} (Pierzynski and Schwab, 1993;
Krebs et al, 1998, Merrington and Madden, 2000;
Bolan et al, 2003). =5+ W= C N, P, K 53 22
&3 u|gEe] Aol FQdt JURS Xslshal Qlo] B
ol AlG Al Eoke 38HA 543 nlE @4s A
T = Fo® HiESItHRos et al, 2006; Nayak et al,
2007; Nair and Ngouajio, 2012). whebA] 2 I-of|4]= v}
Ao w94 LS SurZIZ] s vEAe) gt
AANZH FEENE Al vpeReh FEEn] o] 29
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Table 2. Chemical properties of bottom ash and compost
used for the study

Item Bottom ash Compost
pH (soil:H,O, 1:5) 8.8 6.2
EC (ds m?, soil:H,O 1:5) 5.5 4.1
Total content (g/kg)
C 36.2 391
N 3.3 21.5
P 0.9 23.8
K 0.7 36.8
Ca 45.6 18.5
Mg 49 5.5
0.1M HCI extractable (mg/kg)
As 1.19 27
Cd 0.28 0.25
Cu 8.0 42
Mn 20.1 6.2
Pb 1.53 8.57
Zn 6.2 15.8

B ATE Fs] g8 A 3T s wEY
(128°01'N 34°37'E)2 A EO 2 HA3IGITt thdx< 9
oS A3 Sk EPo|gon] HE 6.1%, 1AL 35%,
2 58.9%F E3eh= AMYE(Sandy loam)olltl A

pH OM?Z T-NY Av-P,O5X CECW Ex-cation” 0.1 M HCI extractable
(H,O,1:5) (g/kg) (g/kg) (mg/kg) (cmol./kg) (cmol./kg) heavy metals (mg/kg)
K Ca Mg Cu Mn n
5.9 49.4 4.2 268 10.1
0.21 4.30 1.30 3.48 36 3.66

ZOM: organic matter; YT-N: total nitrogen; XAv.P,Os; available phosphate; WCEC: cation exchange capacity; VEx. Cation:

exchangeable cation.
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Table 3. Analysis of variance (ANOVA) and probability values for chemical properties of soil, water soluble heavy
metals concentration, enzyme activities, and radish yield at harvest

Source of variation

Parameter Compost rate(CR) Bottom ash rate(BR) CRXBR
df 1 3 3
pH < 0.001 NS NS
EC 0.010 NS NS
oM 0.030 NS NS
T-N 0.009 NS NS
Av.P,0s < 0.001 0.006 0.002
Ex-cation
K < 0.001 NS NS
Ca < 0.001 0.010 NS
Mg < 0.001 0.008 NS
Water soluble heavy metals
Cu 0.010 NS NS
Mn < 0.001 0.008 0.043
Zn < 0.001 0.003 0.014
Enzyme activities
Urease < 0.001 0.022 < 0.001
Dehydrogenase < 0.001 NS NS
Acidic phosphatase < 0.001 NS NS
Alkaline phosphatase 0.006 NS NS
Yield NS NS NS

*NS : Not significant

ES pHE 597 oRiAoldlon #7189 ke 494
g/kgolSlth. AAIgE FAIESFS] o]8}eha] AL Table 1°]
Rt AR v Al A kel SIxIsh sl
Zeoll ] A E = v A (Bottom ash) S AHF 813 00, wiet
A eHgdlslr] 918k Py sAlAl R ATl BufEa 9l
SWENE Aotk FAIARS] g18H] SAL Table 2
of vhebsll

%:Pg-A|%-I
W ool HEkAlsl HREe] EEAg0] EoEY
0 ABFF) WAL GFE 24 93k 20054 59

Zol| YEFe) - (Raphanus sativus var) A& 353101 60
b AE AT AT (A4 0.5%0.5 m)e el
upel Ax)alglon, vl 0, 20, 40, 80 Mg/kg .2 A
£3l7 - Hu)Z 03} 30 Mg/kg Algato] 3ukEow 2
Aatect BE He] 7ol A2-QAk k) (N-P0s K0) S 7]
HIE 90-78-70 kg/ha, FH|Z A4l 7HIE 22 90, 70
kg/has Yt = AHa5irh

EQo| 2lol™ 54 3 SF& & TAL

IAEY DAY F Eoke o]gelE] A vt
7o o _)Fzsno].ggl:]— pH 2 H71H EE(Electrical
conductivity, EC)&= &5 152 3sfo] wxk
5 Ak fV1E ?}%}—(Wakley and Black method;
Allison 1965), &84 % (Kjeldahl method; Bremner,

1965), X3 ol& K+, Ca™, Mg” =1 M NH4-acetate
(pH 7.0)% 3&3 % AAS(Atomic absorption spectroscopy,
Perkin elmer model 3300, Norwalk, CT, USA)Z =4
sHt Falike] g2 Lancaster W' (RDA, 1988)%
olgalo] WAL, mFe| ol AAELS S4e] 4
39 E¥ 5 g 1 M NaCl 30 mL& 718l 1 A7k ¢t
T F DARIANA FEAE Wl ol g £

ol ethyl alcohol 20 mL& 7}l HolglE HENS 3 g
HHE-5lo] “‘Oi‘ﬂﬁ]r Ethyl alcohol #2|AIZ] § A5He
uehfa @ B9k 1 M NHOAC 30 mLS 715k 1

A7k Ee AEAQT: AF F inAA ozl o) e
(Na)®] 3& ICP-OES(inductively coupling plasma
optical emission spectroscopy, Perkin elmer model
DV 4300, Shelton, CT, USA)Z #4]3to] ol&2] 88
& Ta9n

FAAERD vt e} FEEH]| 9] o]3heta FA S
&7 7L°l etk pH ! 2 A7 EE(EQEESTT
HlE&S 155 o] wHk § S430ith v71 gr> 33t
‘:{](Nelson—sommers, 1996) o2 FAekSly, g
(H:O:H;SO£HCIO,, 1:5:9)& ©]&-3}o] H}E}Xﬂﬂ FEEH]
E st & & Wik e EElEd FW(Murphy and
Riley, 1962)°.2, K', Ca™", Mg”" 9] F8#2 AASE 54
altt 5% 42 01 M HAS o83t & &

ICP OESE 4515t
T Ed U 7849 F25(Cu, Mn, Zn)9] T2
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Table 4. Chemical properties of soils amended with different rates of bottom ash and compost at harvest

- ECZ oMY T-NX  Av-P,OW Ex-cationV (cmol+/kg)
Bottom Ash P (dS/m) (g/kg) (g/kg) (mg/kg) K Ca Mg
(Mg/ha) Compost (Mg/ha)
0 30 0 30 0 30 0 30 0 30 0 30 0 30 0 30
0 6.03 623 1.63* 1.05° 49.92 4922 25¢ 292 1532 2022 091t 1.072 0.26%> 0.35* 1.41°® 1.50°
20 597¢ 6270 1.65 0.822 45.1c¢ 51.32 2.6Pc 292 1512 182> 0.972 1.08 0.23> 0.352 1.41%> 1.64%
40 6.16®® 6222 (.89 (0.782 484% 49.62 27 2.8 1592 1820 (.83 1.05¢ 027t (.37 1.39 1.62%
80 6.222 6260 1.012 0.800 473> 484> 292 292 1532 182> (0.79> 1.022 0.300 0.382 1.522 1.78

Rate meanV 6.108 6.244 1304 0.86° 47.78 49.64 2.7 294 1548 1874 (0.88% 1.054 0.26® 0.36* 1.41% 1.63*

ZEC:Electrical conductivity; YOM: organic matter; XT-N; total nitrogen; WAv-P:Os: available phosphate; VEx. Cation:
exchangeable cation; YRate mean: mean value across application rate. Upper and lower case letters are for column and
row comparison. Values with same letter within a column or row are not significantly different a /2=0.05
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Table 5. Changes of water soluble heavy metals concentration in soils amended with different rates of bottom ash and

compost at harvest

water soluble heavy metal (mg/kg)

Bottom Ash Cu Mn Zn
(Mg/ha) Compost (Mg/ha)
0 30 0 30 0 30
0 ND’ 0.0112 0.702 0.242 1.082 0.392
20 ND 0.0132 0.832 0.202 1.272 0.332
40 ND 0.0072 0.27¢ 0.152 0.52b 0.292
80 ND 0.0042 0.34¢b¢ 0.172 0.47° 0.267
Rate mean? 0.014 0.544 0.198 0.844 0.328

-ND" : not detect; “Rate mean:mean value across application rate. Upper and lower case letters are for column and row
comparison. Values with same letter within a column or row are not significantly different a /2=0.05

FE s v AEFE HA 9TE B
19IcTable 3). HEHUZ A8a14 & A2 FolAE
HiekAle) A8 7R el B v §71%0) g
o T 7haEloAE ARE JeRRon} FRen g} viet
AZ EF A8 Azl TN v g S0 e
B9k U $7)% @ae] )3 ek 9I3ITHTable 4). 17
g i) B0 A8a9e we B B §71% ¢
e 477 g/kgolRlon wiEkAlsl FRENE Bgato] A
el Wl B w0 §71% A 496 g/kg® H2l5}
A 278900, ol 2k FREN} S Qs
& w9 gep] o3 A0 Wekslol Ak Table 2).
FREH) AL 58 F B & D40 Bl £
o e mzlov wiekle Agse ol e
ulA1A] QI9FCHTable 3). ZHEIH S A1 8814 9 A2 7o
A e A geke A7 met B U] & s
o] fo18 0.2 F7F8%IKTable 4). ©]# 8 Z7H= whet

O

Aell s} = Aaxe] el oaf 7]E oz
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oﬂ éo?ﬂ- {;].O]:‘s]- oJ/\_‘:_Q_ _Lzsl %X]u}. ;‘g/\# j?;;j]_é
3 94 grkal BuSIgont B o] ALgElolRl uekA)
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20 P SN 5 Yom e FPE Fra
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i RS 29 g/kg? HEI 2SI, olela 2o
SRk gest Qs W29 §Y) 9% oz wa
w]o] At Table 2). Z5-E0] 9] A3} npeka)e] }\] 2o 2
g 5 2 o) faliel gl Ho5H %S v
(Table 3). ZE-EH|Z A §31A] & ;qg];oﬂqu H}EHH 9
A TR mE Bk ol FaEQARY et Ws)
= 9%t Table 4). ©]213 A3l= viuA)7) Az oz A&

%) Al 09 g/kghe FHeLIL o) wlRel 2ow
GHATTable 2). 5509} vl S £a A|83F 22|+
N vhebe] g ST mek Bk U sk
o U] feIfoR Yasoisieh ol Y oye
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Gt RleAlE 07 Al8SI9E o] ﬁ§
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gato] AEstls W B B fraah g 187
mg/kgZ o STkl olelst S7h=s SHEEEI7F
FHistal ol Akl g st Zlow ol
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%ol vlal Alla o7 AL oo ZHFS Edksla Qo] Hitk
A A STkl w314 Fate] s 1§P‘§ ZEe] I
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SA7E EFAEE Al A AR ST
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 ASA vhvlse] S freld o R TRt Table
2). viEE WE0 R NSRS Wl urk niEsh S

M S8t Aeleisle o wE DY doleel AT ¢

)t Sk olele Azke Algel AbgE
EH W =2 2, ZJ%F, nEodle] gakellA 7]eld A
o2 e HTable 2
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1o =

=t >>Lr
1-FU
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= Aol H}%Xﬂé GEoR Agsle W A8 5
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Table 6. Enzyme activities of soils amended with different rates of bottom ash and compost at harvest

Enzyme activities

Urease Dehydrogenase Acidic phosphotase Alkaline phosphotase
Bottom Ash (1mol NH:/g/h) (mg/kg/h) (mol/g/h) (mol/g/h)
(Mg/ha) Compost (Mg/ha)
0 30 0 30 0 30 0 30

0 0.19° 1.002 0.292b 1.60° 1.972 2312 0.872 1.122b

20 0.30° 0.60° 0.26b 1.422 1.932 2292 1.012 1.02°

40 0.352b 0.53° 0.302b 1.412 1.85° 2732 0.922 1.257

80 0.542 0.65b 0.36 1.172 1.942 2.32a 0.932 1.122b
Rate mean? 0.348 0.694 0.308 1.404 1.928 2414 0.938 1.134

ZRate mean:mean value across application rate. Upper and lower case letters are for column and row comparison. Values

with same letter within a column or row are not significantly different a 2=0.05

the 4 e G A0 BREd ey v
73400 AL FRER S EFse] Agshs
7o) %& wptle] B 4 glek. e} ERA TN E)
7 54 ARATIE Erke veAe) Agel B A
the F2 SEEue] £l oJak Zow we neh
EoF U] G FFe FAA)7] A% vhebsl SREm o)
Egulgo] Aol ta s 2o A Bed How @

FEZ EA: SEEHES 25 9
o ©H(Adriano, 2001) &&L F
ALE Bd B FH @H4ow FA #9E S+ d
(Wadman et al., 1987). ¥ ol AREE R vlgAj= of
# T579 $EE5S X5t oy 1 5 e, 9k E o}
¢19] ghgo] ThE T2459 T Wk Ado® zof vigt
Aot HEEW S Al gl whE LER)F 8 F B ) 58
T, R 9 ofde RS FARIITH

EZEEH| ] A S 3 F Bk o] 84 e, Wb g
ofde] el folah B wiHom nietAle] Alge
A B ofde] gl folsA 43S wATHTable
3). FEENE AE8HA] 92 ATl nie Ao Ale=F
T AFglo] BE AlTeld 84 et AEEA 4%
CHTable 5). FA 2o EelM 4849 29 g2 AE
w2 ekgkor vigAle] Helo] mE B uf 84 2 &
ZFo| S g Zow daEojA), 1 HEEN| 9}
RIS EFAEe BE AP Telxe 784 Tl 3
o] AEHom il Alg St wE 84 T
o] el folst Wk §olth Bk pHYE TR =
W el f71ake AEGA sl el gellwrt Tt
3 tHLai et al, 1999). 72 ¥ E%] pH= FEHH]
o} viEAE EFAES A TolA viEAlE dEoE AlE
& A2l Bot A4 Yebd T Table 4). B3 S350 9] A]
gl Wb 2 § B Ul 784 2] ST Rs AlEe
AREE SEERol| £3Eo)x )9 gl 7]l Zow

jus)

At tH(Table 2). HEEH|E A48 ¢l
O F Algst Aol nigA AlggS

T8 B ofde] Fko] foF o
(Table 5). YukA 02 2oko] pH7} Z7}6H d
o gk} ofd e TS felmE A "rkLai
et al, 1998; Lo et al, 2009). ZHER]S A&31#] 9kl v}
SIS Do Z AlE3E Aol uietAl ) Al St
A wet 8 & BEoke] pHE foleAl Skt
(Table 4). HFA|2] A8 S7te] whE Eok o] 84 &
Zh} ofle] st e A9l T S niEAle] Alg
of W M gate] ok Ao FrhuojAry HEEH 9}
HFEA7E 23 AlEE] o] Aol A wietAle] AlgwF St
of me 784 WxE} ofde] kol fos Tk Slsith
(Table 5). Z1&{t} vietAlE ©H502 AJE38I91S W] KT} v}
Aol FREHE 838t Als o 84 Yt
of1o] ot g FolsAl At F-A B e
wetde Wi 9 AE71E wol 7KL 9lof Al =1
O] Bk | FaolS FAAA EYC pHE SUAZ
T Qo] 50 Sl E A A olaL ol &
713} ofd 2E FuEHE FHAAZ 4 ltKBolan et al,
2003). Table 4°¢A|9} o] vieA] G50 ® AlE38I9S W
o] H3t EU pHE 6.10 o]9oH nigA|gl SREHE
Zg3te] APslsS ul Bt B pHE 6242 25H)
Z7}8l5itHTable 4).
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EAEy

FEN]O) A2 8 & E9F U] urease, dehydrogenase,
acidic phosphotase 4 alkaline phosphotase?] /el
oAl dFe viH o rieA o] MG urease®] 24
olvt F5HAl HeS vl tHTable 3). Ureasex= ESF U]
Aao] Falagel Holshs BA%H ureased] B B
v Ane] weke] ARS Uehde A7k d 5 lokPark
and Hausinger, 1995). FEH]E A431A] o2 2]l
A v AlgEE STl et urease ] S -2
Al TRt ot gl gf SR EHE S-S ATl
A ateA o] Al gge S7HACl mhet ureased] B2 2
&t A%t Table 6). 12t RlEAlE @502 Al-g-s)
S W] Bt E] ureas DA 0.34 ymol NH;/g/ho]
Aom v} SHEEHE Z8ate] Al Wl B B
2 urease B> 0.69 pmol NHs/g/h= oF 7 vl o]
S7ketSitt. vbeAl A8 Skl FRER|C] Al whE
urease 4] T7h= B Wl Aagwke] FUkek wde]
T Ao= szt ESF U urease A2 7|A0] H&=
A0 FEol ds] EFoln 7149 Frt Sk H
W ureased] 3L S7F8HA ®rHHuang and Chen,
1992). vFEAIE @50 R AGSIlE W wiEAe] Ald3E
7Rl et e & B W F Aal] FR foA e
7 ket om nigael FREN S A8 W
Bt T A2 Fo] vieAlE dEo 7 A8 He
Bt F A2 = ok A YETHTable 4).

Dehydrogenasex= Atshe #71714S A7shs Ak
SAA HoAsts GAE <A UtHNybroe et al,
1992). FEHH]9] A8 422 § E9 W) dehydrogenase
o] Aol FoHor e mHOoH niEAY Al
dehydrogenase?] /ol fFol4 0% JFS v|AA A3kt
(Table 3). HFEAIE W50 2 A3l s o nieA|e] Al¢
FS S/ Rl wet E9F Ul dehydrogenase®] 4> &
7¥obe %2 YRStk Table 6). wHAI2) Al S7tel
w2 £ pHS7H= dehydrogenase &2 71 oF]
g 4= Slti(Blonska, 2010; Moeskops et al,2010). v
o} FEEME T AES ATelA v A8 5
7Fell W dehydrogenase #/39] -2]5k Wsh= 3t} 1
gy viEAE dEow Algsils we Hd B
dehydrogenase®] /32 0.30 mg/kg/hol3leH wietA|
o} FEHHE E&ot] Aegls W Hd EYY
dehydrogenase?] 4> 1.40 mg/kg/h= °F U] vl o]}
S7Fetsieh SEE|9] Algel wE dehydrogenase 23
o] Tk FEEN] o] oz x| Qle dA Aks
71 A2 F71714 Wil AoR gy o] Fck v A
AN A EYAE AES EY4elA dehydrogenase ]
Aol Z71Ee] Ak W st Garcia ef al, 1992).

Phosphotaser= 34Hnucleic acid)$} 2> 7| A =HH
ks deel] U= G4%M phosphatase®] 84> B
W Qlibe] =8k AwE Uehlis vt @ 5 AtKWang

et al, 1990). FEH]S] A8 acidic phosphotase 9}
alkaline phosphotase®] 2/de] F2latAl Y& vx ot
e o Al S T aa Bl foskAl 9 nAA
%S Table 3). wbA| o] A1-&3E S7HAF el wet acidic
phosphatase$} alkaline phosphotase®] 42 27 2
S H2EAY S71HA] GRSkt Table 6). 124 BFS S
e AlGEISle W B vieAel FRENE 9853
o acidic phosphotase?} alkaline phosphotase®] &
B et Skl S EH] el 2% phosphotase
449 S7hs HEENY Aol WE 7718, A4, Fad
A, A8 ol e mES ddRe] Sl A% A
O dE]ojxIcTable 4). Wang et al. (1990)> EoFell
AR SUAE AES w2 R el ofs
phosphotase?] /o] F7He okl B arsklth

& Aol HiEAE dso R Aldete] AlgRE T
7ol whe} urease®] #/do] F7H 1S dehydrogenase 9}
acidic % alkaline phosphotase®] @/dol 42 3=
H XA ok A0 R YR el g0 R Al88e
o Boh upeA el SEEHE E96te] Aldetie W e
249 S dE T S AL = webA
HHEAE FEEN| 9} E86to] ARgshd B Ul aadAdol
st F4A G glo] Abgol 7ksd Zlow wddt

et o e

=

UER|Z $7

RN 9] A8} uiebA o] Al gk el kg
T8 FUA7]7] 9ktiTable 3 and Fig. 1). =3 Wt
S48 o) gato] Qe ke vt Al8EKBA) of
3 28 BAP gk

(o3

dlo o

554 0 Mg/ha A9 LeRIY 54 =
62.9 + 0.482 BA - 0.004 BA? (model R* = 0.879 )
554 30 Mg/ha A9 LERIY 5 =
77.8 + 0.420 BA - 0.005 BA? (model R* = 0.495)

Z5EH) 07} 30 Mg/ha@ A48 49 25 wleA)] A
& Skl mE gEleT 7Y frod das A
ot A E fred Aol YA Hiex

%
orebe| o] Sl tha: Frlek AuE vhehliolch SR
A2 olgalo] ekl el Huswrs Agelel & A3, vt
SAlo SRENE EFASUE W HeA) 448 Mg ha'
A1§ A 87.0 Mg ha'elgick. wtetalsl S5 e £EAE
o wh Serlel e wore] ke 549 1A o o
Yol Zr), Bk ) 44 FIS I U, 54D
4] Zojo] 7115l Ao ekEItTable 4, 5, and 6)
oVel e Fal & ), viehAlsl HREUIE EFo]
Agatee  elRel Sl ofud ofge wxA
ke Zlow W] viElE BEoR Agele Wl 1
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Fig. 1. Yield response to different rate of bottom ash
and compost application.
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