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Abstract bottom ash application rate. Lettuce yield increased with
rate of bottom ash up to 40 kg/ha. Visual evidences of

BACKGROUND: Since bottom ash (BA)  contains cadmium toxicity and growth inhibition were not found

considerable amounts of CaO and MgO, it could be a useful during lettuce cultivation.

amendment to increase soil pH and to immobilize cadmium CONCLUSION: Bottom ash was effective to reduce

(Cd). This study was conducted to evaluate effect of BA phytoextractability of Cd and to increase lettuce yield.

application in reducing Cd phytoavailability. _ Conclusively, BA could be a good soil amendment to
METHODS AND RESULTS: Bottom ash was applied at reduce Cd phytoavailability in contaminated arable soil.

the rate of 0, 20, 40, and 80 Mg/ha to Cd contaminated soil,
and then lettuce was cultivated under field condition. soil Key words: Bottom ash, Cadmium, Phytoabailability
pH and net negative charge increased slightly with

increasing BA  application; however, there was no N B

statistical difference among the rates. Water soluble,

exchangeable+acidic, reducible, and oxidizable fraction of ES W 7k=H-S o]Ego] Fot 2ol dsl gl o] 85

Cd decreased with increasing bottom ash application rate, oA Amell FE JhEES ARACR A gl

whereas residual fraction of Cd increased with increasing P2 A7) Brks Holdds Fal At s=olA 3t
A o7 g3ks vXtkBolan ef al, 2003). 1831 EQF )
=g SRl Al Ak frlslo] A oRE
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Table 1. Selected chemical properties of the studied soil

Item Concentration Warning criteria*

pH (1:5 with H,O) 490
Organic matter (g/kg) 18.9
Total nitrogen (g/kg) 3.5
Available phosphorus (mg/kg) 101
Cation exchange capacity (cmol./kg) 7.54
Exchangeable cation (cmol./kg)

K 0.17

Ca 3.97

Mg 0.87

Na 0.03
Total Cd (mg/kg) 9.1 4

*Means warning criteria of each heavy metals established by Korean Soil Environmental Conservation Act.

Tt (Tsuchiya, 1978).
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S Aggor = 5 A sl oEAlstar Sk mEdt
]

il

AR AYEAZ ] w5 sk Ae] 71 Al
Qo ek whgEs (&Aoo s =7t 2020 o] Algk
HEA]

A o2 v 1,60007HE SR 20154 tin] oF 2wl
oV BWa o ortEolAu ARSRH Aol Ao R
=015 QU] wEel] W] AdEoR AL He A
St o= AFA FolE didolnh sAIRE vieA
= FRH0R A Al vEA 9] BaA, S, 84U,
pH &9 53 224 542 F2 B¢ A3AEAY =
& Y E 7L olo] A= Al w1E 28 AL =
W oopuEl v Al e 95%E AHAlekes 4, A, rkadls,
, AT A dF YRR AR A A=9Y
domxe 7HXB7HE Qg dA97F EEe|A gtk
(Wearing ef al, 2004; Hong et al, 2006; Singh et. al.,
2011). ¥k opel wieAl afre] & ]k A7), wlolA®
719 B 7% 9 He 2HAS 7 54wl
FTEEOE 299 ke 34 ok Bl o] viEAE
A ARGl et Balo] F7EE AL Sl A oltKShim
and Lee, 2001; Kim et al, 2002; Shim et al, 2003).
A A= BAAE ol &at] BEY W SE5S T
ket 91st A&7 olFolR o HlAMAlE B pHE
SUAA FaEe] 598 AT BgtHKnox
et al, 2000). 12t FA7HA] iAo Algell mhE Bkl
olgletal A el thet A= AAIE O Mukhtar
et al, 2003; Mukhtar ef al, 2008) ¥IA] Al-&ef oJst 7}
TR &4 AEol@Adel el vAl= atel gk A
T AFE AAolnh webA B dye Fu5eE e

X o T

okl
ol ot

ool HiEAZ A gate] B ) AR £24 W As
Fol Agolg Azl vt GRS AR Sstel AN

AT

FAEGCZE e T =529 ARAK128°01
N 34°37'E) Q1T WEFS FAIEFOE MA3IGIth b3~
o] B Hagol Sohs Edoldlen HE 6.1%, VAL
35.0%, 58| 58.9%%F E3sh= AHIYE(sandy loam) ©]%
th AR FAIEE] o]5kek4] 542 Table 10 Bl
FAESG U A S55 T 7H=E(Cd) S F EF2 91
mg/kgOE EokOAe]7|%S 2u) ok ZTFTE A
Azl vl e sheel A st el 23+
stk AHE B A= CaO% MgOE 242t 7.82%9) 3.60%
Egkekal glglom pHE 8.75°]%tHTable 2).

Bk U =g skl A2 tew 54
Ak ] el A 2107 2015\ 490 FRn} A
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Table 2. Chemical and physical properties of bottom ash 5.2
used in this study
5.1 1
Item Content o NS
< 501
pH (with KCI 1:5) 8.75 Y
Electrical conductivity 50.5 I 49
(dS/m, with HyO1:5) =
Total content (g/kg) D 48
C 36.2
N 3.29
P 0.0
K g’ 51t
XRF1)analysis(%,wt/wt) go sol
ALO;s 222 .
CaO 7.82 % 49| NS
FezO3 102 5
K0 0.76 R
MgO 3.60 S 47|
Na,O 0.38 5
PZOS 0.69 z 4/ /(
SIO; 50.9 o0 0 20 40 80
SO; 1.09 Bottom ash application (Mg/ha)
TiO, 1.06
Bulk density (g/cm?’) 1.05 Fig. 1. Changes of pH and negative charge of soil
Particel density (g/cm’) 2.65 amended with different rate of bottom ash.
Porosity (%) 60.3

H|Z 1M NH40Ac® 113t &% §- of3ate] ICP-OES
2 CdY s TSI EYY SR E S5 4
3to] E9F 5 g centrifuge tube®l H3il 1M NaCl 30 ml
<= 7kste] 1A woF wRksk & aldesto] deds w
i3l Holglis Eoke] ethyl alcohol 20 ml& 7Fste]
olle &S 33| HhEsto] AojWlth Ethyl alcohol=
P2 % AEe gl e Eol IM NHAOAC
30 ml= 7ol 1A17E Btk AEssitk JE o+ oAHAIA
ool o] YEF(Na)2 s ICP-OESE w45t &
SHALE FoIgich 71=F FuPd g A%5FEH e o
ZAYeIITE(Ure ef al, 1993).Total Cd fraction (FF=F
T 99> S(HNO3HCL, 1:3) w3l 2sf 4=
th ZHHY] SE5S 2E T 459S 02 mm cellulose
acetate membrane filter® ¥} & ICP-OES®Z &% o
TEE T A5 70C oA 4827 R &
. E A8 1 g& A3 ternary solution
oF FAZ F ICP-OESE Cd9| ¢35 S4siich

EARAE $1s ANOVA+ Statistix 9 (Analytical
Software, 2009) ARg-sto] mletA] AE]ite] whE EF]
pH, 3% 9 A=A W 5% 3% 4 729 I8
AFsINeH, p < 0.05 oA LSDE o]gste] Azl
Y Frzte] AfolE AAsklrk

dat H uE
5 EY
B ATrellxdE viaAl Al Tkl W pH 9 Sk
T we BAA foaks §lglon uieA| Algsko] F) g
T B pH 9 5557 Z42F 490004 5.10, 4.83¢1
Al 498 cmol./kg7H S7F8kSiTh (Fig.1). Hong et al.
(2014)2 vFEHAIE AE|sh Eokol deke] 5 Al afo]
5 EQk] pHE SAGS wl vl Al§3o] S8
5 EFe] pH7F 597914 6.22704] 7} epqittal walst
7.0™, Singh et al. (2011)<> Ho]3{(Cicer arientinum),
‘F(Phaseolus aureus), 5~ 7(Phaseolus mungo) A9l
Adl vAAE EY EE2 0014 50%7HA A28l
w pH7F 6.65°141 6.96744] F7tetoirkal KHarstoick

a4 3@y J

EY U JI=EES 285

2 ATrelA v A Al mE B Ul 7tEES 285
A& Akt A3 v Aol St SE B Ul &
4 (Water soluble), X3 % carbonate A3 E]
(Exchangeable + Acidic), fr71= 2% % Hi(Oxidizable)
o] =g o] #Aargleon, 53] uietAlE 80 Mg/ha
o2 A2s9S ul Fe/Mn A3 E|(Reducible)®] 7F=F2]
g #4219 37.1%°14] 31.0%% 7HAaskgic). vhd, s
U 1 e(Residual) 7F=F2] 45 viatA|e] AHzl@o] 80
Mg/ha7H#] S7vslsle Wl 429 9.2%14 20.7%% 5
718l tKTable. 3). ESF Ul EAlsk 71=F 259 ol
32 Water soluble > Exchange+Acidic > Reducible >
Oxidizable > Residual®] =22 =t} EF 1 =80}
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Table 3. Distribution of Cd fractions in soils amended with the different rates of bottom ash

Bottom ash Cd fraction (%)

a%)l\}j[léc/a}?ac;n Water soluble ExihaArl%g?Cble Reducible Oxidizable Residual

0 0.31 12.61 37.07 40.81 9.21

20 0.25 12.02 34.62 39.61 13.50

40 0.24 11.84 32.37 37.07 18.48

80 0.23 11.46 31.03 36.60 20.68

LSDy.05 ns ns 1.24 ns 5.39
Mg dejE Ak e AEel Jal FEoA ket vbe A Aol whE 9] F72 Fig. 29} 2tk vie
o] ) WA TS e ARl G A A 8L 40 Mg/ha7kA] F7PI] Wl 45 S
o] EF5E|o)A|#] EE K Adriano, 2001). ©WeHA Table 33} & 7R AEE UERTE 40 Mg/ha o) A2]gte
e ARz v AErk 7hEEe] AEel 8 ARl uhel tha Faske Ade deRllch s vhetA) el
2 Fsol Yee nolFET: o whE A5 219 BAA folake LhehbA oo} vhet
£ U EASH: Residual B} ZEEHS BB U 38 A Aol 12 e ASAS B4 wrsEA Qo vt

¥ FeolAY HHNkeE 3l olEo] B FEFHE
JAE Zloltt. vigAe] Aol sl 444E 5 e e
FEL octavite (CACOs), CA(OH),, Cda(POy)2 IdE
t}. CACOs$} Cd(OH)+= &7l Eqkelx] A =] 71
FO 0154 S WA Hrh CdCOs9 B =9k pHYF
9.0 o]l ZHeA H8E = SO (Hong et al, 2014)
Cd(OH)29] A EFe] pH7F 10017441 Z710l|4] %
AT Naidu et al, 1994). ¥ Aolld uigkaA|e] Az
93 B pHE 510019000 % wigAAgel oJgt
CdCOs$} CA(OH),2l B34S HAskA] &2 Aow ek
THFig. 1). Aol AHEE nbetA] of 23k Q1Ate] 0.69%
F3hE]o] 9lo] wigAle] Hzle] o&l Fh=Fa} Qlate] wkg-
gto] Cds(POs) s B4 7Fs7dol vk Hong et al
(2015)2> & 7F=HC] $o] 557 mg/kgel EFA 7t=
H0] Cda(POy)0] BElE HH3] HaiA= 14k 16,000
mg/kgol’d HElstolof stk RHasigich £ AFolA F
AES U FF=ES] F T2 9.1 mg/kgelal vEAIE
TAF %1 80 Mg/haZ HE|atle Wl H7ke= Qike] &
< 9F 300 mg/kg(SAYUE 1.25 g/cm, XE 15 cm Z©|
EFFA 7190l agEel  wiEAle Aol gt
Cd3(PO4)29] HAL LA o= A ow wver}. wpet
A w2l Aol e Residual 38 71=F ko] o)
NS FEliA Brke vl S84 s 540
93t Ao FAHAL} Table 200 AAD vle} 7Fo] HigA)
© thaAololA] Eokel viegAlE Aeglel wet sh=fHo)
FA 2] 718 F2E A 71050 olsAdo] v FE 9]
FIER o R Agholnl Ao wdwojAn) ahA|Rk upekA)
o oJgt 7t=He] 53t 714 st b deiAE F
7HAQL 4917} o] Fofof & A ow yETh

>

jud

SIS 416 Mg/ha®Z AZleils o] 5o Hdieeel
11.7 Mg/haell =9st3lom Fxjzjel vl 15% T2 &
75 Btk Wearing et al. (2004)2] 1Azl wp=w
B Al Bl vEAIE 198 Mg/ha7kA] A2 8191S u
AEe] Hed FiEs FuE 7 Aslen E¥Y g
F Y BEF 35 Ul VS SMIA 87 o] AT
off mlaf 2u) Jr= Ebvhal Wik nheAle] Eef4 1l
et 79 SAL vieAlrE s g A A2t
g Aere] dgol wet gkl 4 Qlok webA AHF 9 bt
gAle] Fiell et AEe) FESUE Uehde o et
upeAe] Aol xfo|7F vEhd ¢ Qe Zow Tt
HhetA] Al w450 FFEF 554 Fig. 30l YEt
Houkel A vk o] Aol SUKES A4S Wl tEE
o sEv gasialvh wbeAl Al8Fe] 0, 20, 40, 80
kg/ha® 71842 A 7FER9 FEE 720, 684,
62.3, 53.7 mg/kg%, olx= A elTel Hlal sSiE o 5.0,
135, 25.4% HaE = & 5 Ak v Q) Algel w
T 35 W AAEEY sl i 23} 37 AE ol get
o9 HuleEs YeRSlH 41.6 Mg/hall vlEA] Al
& A S ISR S5EEE 629 mg/kgl® FA
Hlal] oF 13% ass 21 SRlesith o]efd Avk= 7t=
B o9 734 Bl vigAE oF 40 Mg/hao 2 Al43}
WA W 7EEE S AR sAll Y] Sl
IE 9 T Ak 2e vEhith

upeAe] A Skl uhE S ol JheE gl AR
< HbEAl Aol whE B9k W Reducible @Bl 7h=H o
& 49} Residual B8] 7F=F 3 ool #hdo] Sl
ZAow wddtk AF Wl =g el skl
Exchangeable + Acidic$} ReduciabledE|¢] 7F=H-2 -
o5k o] AaATAE JErI1 ™ Oxidizable¥} Residual
FE O FFEFS frolet o] AAdAE UehitiTable 4).
2 A7¢l Ak AT EYE Hong ef al (2010)2 7F=H

)
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18 Y = 10.179 +0.072X -8.654x10°X?, R? =0.999"

NS

Lettuce yield (Mg ha'1)

0 20 40 60 80
Bottom ash application (Mg ha'1)

Fig. 2. Response of lettuce yield to different rate of
bottom ash application.

Y =72.244 - 0.213X - 2.505x10“X? R? = 0.997 ™"

xc) 90 a
<
=) ab ab
E 80
8
= 70 - b
=
2
S 60F
-
g
= 50
o}
o
o 40
° T

0 . . . . .

0 20 40 60 80

Bottom ash application (Mg/ha)

Fig. 3. Changes of Cd concentration in lettuce with
different rate of bottom ash application.

Table 4. Correlation coefficients between Cd concentration in lettuce and concentration of Cd fractions in soil

Cd fraction

Water soluble

Exchangeable+ Acidic

Reducible Oxidizable Residual

Correlation coefficient 0.194

0.614***

0.511%** -0.341* -0.502%**

*, **, and *** denotes significance at 95%, 99%, and 99.9%, respectively.

Ffo] Suiste] detelF Ul AAEE Fe] fadtha
BALSIGIC 2 Aol A whEAle] Aefel SJF AAEEe] A
#0189 AR 714E B8] 7S ¢ §lof FF F7H
A77F o Aof & JOR gk,

2 o

wpebAel] oJst EoF U 7F=R] Fsshr| 2 g |l vt
A AGel Qs 452 JtEw FrE AR aiE gkleka
A FIEFo R 299 Eokd nidAlE 0, 20, 40, 80 kg/ha
2 A ¢ $ AF Ul lEE F5Y ES U SIS
SAS ARSI vieAl Al S7tel W pH 2 &3t
AE g A Foxk= ot vieA] Algso] S7t
S E4FY] pH ¥ Skt S7lsiSit) vietA) Aol
e B U 7HERS EEEAAS Ak A 84 TtE
O A vieA Aol $7F 95 Eok o 784, A
3 9 carbonate A3, f71E A FE 7t=F T
ol rax gl on, 53] Fe/Mn A3E|] 7F=HC] 749 vt
oA Aol T7F EE fosHAl AAE o sk Wi, vt
Aol Aol S7FE el 1A= SH=F A
sl F7Fetalet. =2 Apl71zE F_t 7 AR SR
79 AEA N @ UER A sk wietAf ] Aol
S/ A5 Wl 7IERS] she Al ol E¢
Y 71=F EEEA A veRd AT vl Alge] F
7} 45 AEo] o]g Thsst FFERES] HH7F HAg u)

A

jud)
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