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Abstract regulation would be very beneficial to agriculture sector

and further suggest promising environmental safety against
BACKGROUND: Coal ashes generated from thermal heavy metals.

power plants have been known as beneficial materials for

agricultural use because of their nutrient elements. Key words: Bottom Ash, Buffering Curve, Coal Ash, Fly
However, there is limitation to recycle them due to their Ash, Heavy Metals

alkalinity. The objective of this study was to evaluate the

effectiveness or safety of the coal ashes for their heavy ME

metals on agricultural recycling when adjusted to pH of 5

with sulfuric acid. S BES de SRS Sk e
METHODS AND RESULTS: Concentration of hydrogen = Ado] AR AL 95le] FHurAe] o|Ewsl =

which is needed to adjust pH of coal ash was estimated by Fletola, sheubdel] AnE Mgk oke- vy Zrlahe
using a buffering curve and then the amount of sulfuric 240 E](Gupta et al, 2007: Oh et al, 2013). ©]o] u}a}
acid was changed by the estimation before incubation. | SEubAL] BAE R wblaks AElel AAe] by Z7}
Each of fly ash (FA) and bottom ash (BA) was collected o] 20154 7]% ok gg0ukES] ML= Ao EAu| T
from both thermal plants of Yeongdong (YD) and oIt} MxTe] Ao Merel xAe] Aarguiete] shrjalelo)
Yeongheung (YH). The pH values of coal ashes increased A 4858 (beneficial use) 71%S Asto] o2 wlEst 7
to 4.76 (from 4.34) after incubation with sulfuric acid for o ABgE 2= QEE sy Q). U nlE AR S
56 days, closer to the targeted pH. Coal ashes also AL NEADE Zaf HetArdo] ABLEE o]
increased the contents of available phosphorus by 2-fold 1A wd@ata 9ok

(165 mg/kg) and 11-fold (1,137 mg/kg) for YDBA and %JHL}Z*,RE ﬁ%od_jl\_ZH"\f H]'E,LZH(bottom aSh)ﬂ' H]/“l‘ZH
YDFA, respectively, compared to the control. (fly ash)Z FAFTL vl waeke] 209 HE2 2
CONCLUSION: The utilization of coal ash with its acidity s, Yolalz © Alash)=A] Ze)-318H4 EAdo] tioksi}.

ARk o 7 wigAl= thadd B4l 4 54S Yt

i o gom Hule] HES mi 1z
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‘:]' B2 7Y BHGS

& HolAvE xHe| &

J—?‘HﬁL 745 BHORNH A &EH7]
al, 2003).

Mgt e Aay] ol wet I 54do] AdolsiA|
A Si, Al Fe, Ca, K % Na 52 X311 9l
obEd tFe TR L9 vRdAE
(Manz, 1999; Sajwan et al, 2003; et
ALA7}y SHrehs thekeh mRlas éoc}%éli”ﬂ
of &gof it & gile] Jlom, Fa TR
ghefo] EFT fAlete] ol A4l &8I wlg-
ata & 4= JtHKIim ef al, 1997). AT Ak a1 9]
Yok ALEES UF 0.7%, 79 1% Ha, o] 4
- ARdoR waAY JEdaRET &8 4 Q7] g
of F4> Ago] ASHATHO et al, 2013).

SYTokellA adARl AedsAe] ALE-S AT A
B A=l gEl FaE N, A FAel whet v
3} 7o) B2 4 9it}t, ekl AAs vwd yhe ALAn]
E(bulk density) 2} 2] =% (hydraulic conductivity) %
=2 FEH f5(water retention) 528 SACE ESF A
Al BEAZNA, shdels), RS T, B WV, S
g 33 & =2-38H4] 549 el =5 ok €A
It Mittra et al, 2005; Basu et al, 2009; Kishor et al,
2009) EE-(?_]_. )ﬁ]%o‘jﬁ\_zﬂg] EOC}:H]_Q_C ) ﬂz‘sl—)\-l 7H)ﬂ9] §_jq.
2 Q8 FYE AYelN AAEE s A5 T
A7 BuE vh QItKarmakar ef al, 2010; Patra
et al, 2012; Oh et al, 2013).

SHAIRE Mgkl iAo g dvkA o 11 3 ¥ AAES]
Ex J o 9l OH A@A%Q(Cao) 6Lako] =1 7Lol7la = Al
3L Qltk o] <lal] AjAE glo] Lol 488 A fr
B @At FhastAl Hol el Aso] AslE 4 3l
(Lee et al, 2003). =3t A A|] =2 pHE ESF 74
9] 24 ASE o1 7 7] wiiell BE&F AeiAlel ot
S 2T 4 vkl e vl It Basu e al, 2009).
weba 2 A %‘—i% pH SAS Zh= AedaA9 54
ol EgRke] AL glato] Eoo] Zjlzé")r\*ﬂz‘«] pH= 17
el AQ%s FA0)R0 FEE =AW (buffer curve

method)& ©]§38l0] ARE3ISITE B3 AHEE Faole &

[o
£ =

‘
o
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o] 48aRe ) S A7 5 ARz} FHehe
dopole W Fa4e) BRkE Whle] pH Aol oI %
RS vla
TE ¥

MEIPIATY M W 2N

QL A shads ol st Jesheed
Z2(Yeongdong Thermal Plant, YD)S$} 03%5}‘3%@&_
(Yeongheung Thermal Plant, YH)oll4 BIAMRI(FA)$} vf

GA(BA)E TEFI] 2FH AT

i = e e e Resei R el o Pt Iy B e o4 s 12 e
fFows FAuT A8 ks oR F7h U A
Eko] ol oal wAiE Aol thet Frpr) rhssil dukA
07 FoAers| g} fEks= F A Alo]A, ndEAH,
a7ty eF 9 CaO & 59 387 5ido] tfE Zlo=w
a4 rHKuk et al, 2010).

Al AR **Ewﬂixm pH Trﬁ_liia%k, 234
1 X

o
o
°
o =
g 2

o #809) 242} 2 mm olsie} 150m ol oH SAS A EE

ARt pHE A& S/HTE 152 EFste] 3027t
Aol A z1%g5te] pH meter(Mettler toredo, S-20K)= =
getla, fFraiake Lancaster‘?ﬁ S o] g3ty MeEdh
Ao wed ool =2 1-N NHOAc(at pH 7)E 1:10
o] HlER FE3 NS AAF5E4 7 (atomic absorption

spectroscopy; Shimadzu, AA-6701F)% Z73I3iTt.

5L ARt ek SuES AT AR 3 g
P<(aqua regia, HCLHNO;=3:1) 28 mLel Wil Zd=oll4
2A7F AR T 105°C 2 7Fesl 24)17F AR e ojals G
AgEet=rHinductively coupled plasma; Thermo, iCAP
6000)= ©l-83to] AT

MEIAAIHO| §ASIM =Y
dze] 549 MEALAHE H3E pHE wsh=d] AR
HE Ake] 2 AWsl] S8 %%—%*d & °o]&sSit) HlE
He ARz Ase] el Aediazt A visad
Tl AR PREA ARl 7%—0}71 well AT Tt
A& 1E3te] ekl Wy pHE 52 SIAUHE 13

pH 4.5-5.8, & 23 pH 4.0-7.0).

pH w72 SAF 314 9(0.5 M) AH-3aH3l o (Lee and
Chang, 1999), 2] wiefAIze] 4L 98 dAEZ A
¥ SRS TR WHSAIZH24, 48, 72, 96, 120, 144 2! 168
h)ell o pH W3S 7eioith mad AR nige

2 egaralel A4skela, w0, 0.02, 0.04, 0.06, 0.08
401 M)E A Gt 34N} AL s 1:5(w/v)
9 HE=R %@@’ % T vhex71(25C, 150 rpm)ellA
AT AS ol 88l HE pHE w4
sh=t| i&ﬂ% TFaolY] ks AHESt] FA de 2

Ao AR sl SLA8<2H field water capaaty) =

i .
e B3l At AT 16417 B3F F29]
o2 xsIAZ] ARALAIE pressure porous plate chamber

Z o]g-ao] 48717k o] 33 kPa(1/3 bar)9] ¢S 7))
A7 HWHo| wat A9 Fek £5S =Asto] ATt
(NIAST, 2000).
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AR i Faole R o 8el 459 ARdLA bt st A vAbA(RradAt 290 mg/kg,
o} WSS FAEITh A2 Aol 3 & WEH 2 700 mg/kg¥} w3 wiIvls 27.8 mg/kg)
1, 3,7, 14, 21, 28%} 56| A7kl Bt ARE AHSID, oM 7P = Se Baloh wed 2F| ¢ 3.98-187
Aol Fisto] sheta] 543 S5 o HskE st mg/kgel WS, dEstEEdal nlabAel TP =
Ak ke el sty 542 pH, EC, mgd Yol & Ao et
& 9 FaQAt SRS Eok W 2184 EAH(NIAST, 2000)°] Mz fall T55 T HlA 1.88-13.3 mg/kg,
Falo], Ta TR BOROATIAUME, 2010)0] F3  JFEBT B BUE021 mg/kg 127183 mg/kge] HI
o 4= TRtk ow, G| vA(13.3, 0.217 183 mg/kg)old 7t

B 0% st s, et dHrehs el
Hiolg SHEA TES S @Y R GrAY YE 9RE AR 7R 7]

AHAS Mg 3o R FAEI9Y, ©EE A Hat = B\_ 25 mg/kg, 7F=# 4 mg/kgt & 200 mg/kg)¥} B
ft AR e B ko] A7k Akl w2 A s Eohe 2o Ykt
o4& SPSS(ver. 21)E o]g3ll p<0.05 =X one-way TAANE o] gdl st Ao wEd s agFo
ANOVA=E 77313tk 2 sEokl 488 o gl Audade dddad &

ol =2 FEsHETALY Akt /8 E o dd
Znt o st ok B3 vE 3% Aukdadl 9 FEl SEsel ot =
Aol A7) el pH w4 5 Wsh= 3ok 545 d#
MEte|o] £ ot Agg o5 AAsfor 9 ZloR dddd.
Aednd o] shehs 544 ARz Table 13} 2]
A 452 Hekdid] 25 pH 9.38-10.10 W9 7 AZTMHS 0|25 $A0|2 SE2o| AAL
& SAE B3l ol B Aol Ad B TuE SFAINE o]88to] ARzt pH 5% s =)
I} 22 AEdl] SRS A AR ddol o Faole A AEs] 1 dds Fsslth
o B AT 71Fe] oaf AufaE g A 5 = =olA HolBs EakA] Rk 34 St A
A7 g Flo®E gk Kim 5(1997)2 ARdAA7} 2] F5ol| weh 72417714 A EH e AF5E pHE 964
ﬂﬁlﬂ Bl Apel s2e SAEY va(Mn, Zn, THEE @l mgel st A0 YRk 9%
5) FTEol rarE AoR Husiglal, offsh A9l 2] AL 964 13F W iZﬂ"ﬂH s, BXE &
%5% pHE| ARl AE A219e] weh mo v viekizse]  4ke] Aeltol W ARl pHE Fig. 13 o] W
Gt wopxl Zlefl 719ekE AP 3, e sk Zii UrE}ME‘r.
T AN 257} 1,600C7H] 3538k witel 4% 53E pHE wgshzt] 285= ik o2 7 e
a7t oM 84 For Aed 5 Q] whiel A5 20 WA= 0.02 M olde = yebty, HAkAe] s 9
ol FEsH= dths Aus sy, oled wAds SRR ERA 0.04 MY GEEE A 0.08 M olde] Az
Hekely] fe pH s Faf A=fas gde S7HIA R A0 % et ol 5419 39140l tijlste] =
of gttar AlQkskaict. ¥ pHE Flohzt] 28 Faole oz Fid 4

MedaAe) shehd SA4S MEe T 2 AL ER HIAEN(FE 15.6 cmoly. /kg, 9 40.6 cmoly./kg)7F Bt
golatgiet. frashit, wad 2gdt vidla 242} 77.6-290 gA(Y-E 4.96 cmoly, /kg, F& 3.82 cmolyy, /kg) ot T
mg/kg, 68.9-700 mg/kg % 4.14-27.8 mg/kg?] HIAZ 2 ool 9qtel= Ao F YERITHTable
Table 1. Chemical properties of selected coal combustion ash used in the experiment

pH Ave. P05 Ex. Ca” Ex. K Ex. Mg Total As?  Total Cd Total Pb
Treatment
5 e mg/kg -----mmmmmeeeee-
YD FA 9544022 a 107+551 b 3284154 ¢ 18.7+1.38 d 4.14+0.20 a 13.3+1.23 d 0.21+0.05 b 18.3+1.31 d
BA 953+0.14 a 7764535 d 689347 a 573:054 b 6.04+0.15a 7494042 c ND” a  6.69+0.50 c
YH FA 1014016 b 290+20.7 a 7004229 d 9.7810.89 ¢ 27.8+3.51 ¢ 4.93+0.29 b ND a 3.5440.50 b
BA 938014 a 169+152 ¢ 135819 b 398+0.55 a 10.141.03 b 188+0.14a NDa  127+0.08 a

U1 M ammonium acetate extraction
Jconcentration using aqua regia extraction
Inot detected
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°

pH4:5 of coal combustion ash

oM 0.02M 0.04M 0.06M 0.08M 0.1M
Surfuric acid concentration

YHFA

14

12 ¢

10

y=-01703x+11.919 o

pH4.5 of coal combustion ash

om 0.02M 0.04M 0.06M 0.08M 0.1M
Surfuric acid concentration

YDBA

y = -0.897In(x) + 6.438

pH1:5 of coal combustion ash

oM 0.02M 004M 006M 0.08M 01M
Surfuric acid concentration

YHBA

y = -0.815In(x) + 6.0935

pH4.5 of coal combustion ash

om 0.02M 0.04M 006M 0.08M 0.1M

Surfuric acid concentration

Fig. 1. Buffer curves of coal combustion ash with difference sulfuric acid concentration after 96 hrs.

Table 2. Calculated amount of hydrogen ion and sulfuric acid adjusted to pH 5 in coal combustion ash

YDFA YDBA YHFA YHBA
Hvdrogen ion 15.6 40.6 3.82
yeros cmolH+/kg cmolH+/kg cmolH+/kg cmolH+/kg
Sulfuric acid 25 M 1.0 M 50 M 1.0 M
e ad 614 mL 249 mL 78.1 mL 192 mL
olela Arks k) B9 Folo] 1 2GS wA MERHAR|O| BIEHN SN w3}
2= 0] =
T MR

T 8R10% pHe} 9719 FU¢% %ﬂ%a—% e
o 7]9lsk A9z AkEti(Yan ef al, 2000). +AE3}et
Hlwek wf ArjA oz nlakbf el pH7E et EE: A

E E3%th Fig. 1614 vebd vke} o] 458 Aetdia=
Ca¥l Mg oo iz oz H& 755 Bl vibAelA
wsEo] tuA vehton, 53] gEsteddas] vt
Ao 7 =2 wrea} Ao g e 4029 ofo)
QEo] WA}t YA sk Aoz e

531, Hodgson 5(1982)¥} Gitari 5(2008)-> A4
A o] Fatagellr] pH Hslel A== X8-S 10-8.5, 6.5-6
9} 45-4 HYZ AT, o= 442 FoA w3Hd
@} el 8% Sl A% Ao st
2 AN EEFE ST A% 0|9 fAke diE
Hol= o= eyt

FF AN AE Srol Lo e olgs) Hrklad)
ﬂ HIIEE $IRIEE, a2 o A
7)o

E %‘-E T %&01 93—54: :
S S8l AekdiAlel] Hrtst iWﬂ FE9F &2 vlAkAg

7% 2.5 M-61.4 mL(YDFA)¥} 5 M-78.1 mL(YHFA), 1}t
A9 7% 1 M-24.9 mL(YHBA) 1 M-19.2 mL(YDBA)Z
A3t

Table 32> A2AEE 5% pHE wgshs Qs ks
718l 569 7 vljoket Akl gl8td EgugE HolE
th d2Ale] pHE 4.76(YDFA), 4.61(YHFA), 4.53(YHBA)
7} 434YDBA)Z A2 53 pHoll 248k Zow Ye
Wk SAIRE ARkdAaAle) wy HxE P pH 5HU Y
stopxl oz ujefAIzke) &3t Alo] ohd gg=idAlel tfy]
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ato] AbEeh Aol FEO AR 0101 Q2 FhekEc)

SF 1 ekt AdEE o] fis ARelA] HolFA]
AN ARkALA ] pHE FHF HHOKQ(%OA) ANBIHA| F
71Ao% A% Ay 717 HE AR gk zolg vER
A ok Aow ddd = QIqlth TS Az vpekAel
Hl3l] o =3 pHell —:”SEEKJ e ] B4 o] (Ca,
Mg 4 Si 5)= At O= ] st Aol 7|Qlsto] At of
§F e Es o A egtete] vt 1o ddEth(Yan
et al, 2000).

Ak ) wljeket ARkl Ao QIAF S YHBAA
el e skl 378 Al Tl e L7—.L 119i(YDFA

1,137 mg/g), 47(YHFA 1,167 mg/g) <} 24 (YDBA 165mg/g)
Z7kskink. olefat Avke Al A}»%@ Az A7)

CaO 3.39-6.93%9} ferro-alumino-silicate 86.2-90.0% 2]
Class F(s+& 413] 8l&k CaO 20% "3t %2 ferro-alumino-
silicate % SiO+ALOs+Fe,0; 70%°1°) 2] 54 7191
= 2102 FdETtASTM C618, 2001). 18] o]23st &
9] AetdaAl= AR o FHehs nlAd FE|(Akst
A g sl Foll F3Eol e FH)| ikl pH
Aol 3o S wstel| sl 7183l o] §EH M vkt
ZAO 2 HItHOhno, 1992; Grubb et al, 2000; Lee et al,
2005).
O] ﬂ ?5]—7]]] ‘]_]__’Q]-/H 7

+ 7k, S7HERS YD
YDBA(2.040) 2] % 1A} E=st

%9 6%%&5 370 BTN 20
FA(2.69) > YHFA(2.2Hl) >
Wy vk A f

= YDFAIA & Zo7 7RIS, St Agde) nwst
o oF 34vl(4.1 mg/kgolA 142 mg/kg) 7 Ao
Bl &3 YHFASF YDBA Aol X% 6.58¢) 3.00)
7t Zlo g veRdth SNt wsg 2E g A A
2 A5 o) Alole A S Ao FAHGIL o]$
A= Aol Aol vl 543 3 o
9] Y¥ol(Ca, Mg 4 K )& F3H =3(Hodgson et
al, 1982; Ohno, 1992), A7-ollA Aelst 2 gollef ]3]
A7) 8 GoFolo] Aol kA 7Hg-skE A
o= gheec
Seidel 5(1999)2 AALAIE pH 1(0]&24 2= ¢F 0.05
M)9] g HSAIZAS w EHe] F2E] ld Ca,
Mg 4 Al 59| Fol&o] Fao]2ate] wlkel ofsf 7} &
ol -9] ghgo] TSItk A7E AAFLh 3L Hodgson
5(1982) ¥} Navratil 5(2009)2 A&7} shi3p= At
3} Pele] Ca, Mg ¥ K& pH°] Aol 2s) §Eol
s7heths A9E At 2R AdgdTel B =1
A= vl frAkst A3 @T’]'Tz‘ B33, o] AedaA)
o] FYol AL SHA wg- F
P AEGAI ARALA 9] FE4 %—%‘%‘%‘i— Table 4
o} o] yepsith sAke] whg A5 ghs vlae] B
Z7] MerAiA7t relld o tiv] Hl4s 97-106%, 7t
TH 92-100% 9} ' 99-105% 5 Wbt ol A= @
g vlEadird A EAR Vs “J? She FEOE
Sk Agel gk vl frelst Avte dhekEch

Table 3. Variation of chemical properties in coal combustion ash with different sulfuric acid concentration after 56 days

pH Av. P,0s Ex. Ca*V Ex. K Ex. Mg*
Treatments
5 e mg/Kg ------mmmmmmmee e
YD FA 4.76+0.03 a 1,137+44.5 b 850+21.1 b 29.4+0.49 d 1424751 b
BA 4.34+0.28 a 165+9.87 a 140+6.08 a 6.40+0.33 b 17.9+145 a
YH FA 4.61+0.46 a 1,167+19.0 b 1,533473.6 ¢ 10.0£0.93 ¢ 18248.02 ¢
BA 4.53+0.05 a 1339.02 a 113153 a 4.53+0.21 a 13.4+0.76 a

U1 M ammonium acetate extraction at pH 7

Table 4. Variation of heavy metal concentration in coal combustion ash with different sulfuric acid concentration after

56 days
Total As” Total Cd Total Pb
Treatments
——————————————— mg/kg ------meeeeeem
YD FA 12.940.36 d 0.19+0.04 b 18.2+0.84 d
BA 4.88+0.10 b ND? a 3.56+0.43 b
YH FA 7.9240.21 ¢ ND a 6.7840.17 ¢
BA 1.93+0.12 a ND a 1.33+0.07 a

>C0ncentrahon usmg aqua reg1a extraction

Inot detected
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P AgALA e A2 5 vidAdE skt 56 1F
kst A ek A 0] pHE 4.34-4.762) W92 7 9] EEA|9
Ak TR wAHIY pHF wdE AR Al
off ARESE 45 5 3TN PRI Sk Aow vERt
o} Q] 7B 27] ggell vlal 28i(YDBA 165 mg/kg)
o] 114 (YDFA 1,137 mg/kg)7H S7F8l3ich &8t w3k
7 ol FFE STk ZoE et wsvd 2o 4
- YDFA(2.64l]), YHFA(2.2t) <} YDBA(2.0uH) el 4] F 2w
S7FIla, wehd vl X2 vwd © YDFAC]
A oF 341(4.1 mg/kgellA 142 mg/kg), YHFAS} YDBA
ATl M= 65919 3.08) S7ksk 2o w vhebwtth Skt
RESAIL Mg e v, 7heE B 9 2 2]
o e o 92-106% 2] FFECE 79 Apol7} fl= A
O % Yehsith
AeAidl= Yol gl oA e 54

7WAo] HplolAnt, pH7F wAE AediAls 5ok
28l o] & o]FS AlFehs A o® vEhth B3 pH i
% T Qe gt HER vl 53 FFEOE eIt
Aol ARE-3E 450 ekl Al vhe vlw e wf wieha Rt
= v S FQlok E-gol st o]Fle] t] & Zlo® 3yt
wlo], thekst AV AAE o]gste] AUS HET} o]Fold
A9 A o83 AEAl = nlEEe] A Ejrt o
St}

d
>
1o

T

P
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