J. Soil Groundwater Environ. Vol. 27(1), p. 39~49, 2022 https://doi.org/10.7857/JSGE.2022.27.1.039

< Research Paper > ISSN 1598-6438 (Print), ISSN 2287-8831 (Online)

lOII

R A HIERe =84 25012 87158 Al

MEAI2 . NEX}H2 . 5[EH}

SRR AR AT TS SRR A AT A
sty stelfeln Aeet
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ABSTRACT

Bottom ash generated from thermal power plants is mainly disposed in landfills, from which metals may be leached by
infiltrating water. To evaluate the effect of metals in leachate on soil and groundwater, we characterized bottom ash
generated from burning cokes, bituminous coal, the mixture of bituminous coal and wood pellets, and charcoal powder.
The bottom ash of charcoal powder had a relatively large particle size, and its wood texture was well-preserved from SEM
observation. The bottom ash of charcoal powder and wood pellets had relatively high K concentration from total element
analysis. The eluates of the bottom ash samples had appreciable concentrations of Ca, Al, Fe, SO4 and NO;_ but they were
not a significant throughout the batch test. Therefore, it is considered that there is low possibility of soil and groundwater
contamination due to leaching of metal ions and anions from these bottom ash in landfills. To estimate the trend of various
trace elements, long-term monitoring and additional analysis need to be performed while considering the site conditions,
because they readily adsorb on soil and aquifer substances.
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Asle Aoz d#A QTKNIER, 2011). HXRIE U
oA ZIZE E3HA|, AME FHYA AZYRE T Uk
g FEE AJL-8o] o]FofX|a A= Al HIS, viekA|
© O A FA W B4 Aol wig A=A QL
E]—(Cheriaf et al., 1999; Churchill et al., 1999; Chimenos
et al, 2000). BFEA] A AAES, SAHES, 2,
TZE JAEA & FYE A HAAEA &3]
Ak A7 I o), oAl AulAle] HE
ok} 5 o] do= Qs E8-85rt AT Holrk
(83 9, 2009). A 7Fsol W} A&Ho=Z wiE
e Aol #2312, migAed FrRE BEs 5t A
2, A wsh w9 AAF R19F aQle= <8
2 S (cover linerys Fate] TS 59 vEe-S
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3l g2on Ao s =88 ugith vhEY 9
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2.1. A2 FH| % HX2|

o] AgrollA ARERH =71F9] HIER|(GE-)e FE9E
C =7t o] 1 R4 AAHsITE. =710
o] =71} gV ES AT & A,
H7E ATFAE B A7t o|HAAR, AFz);
oA HAE H7 1SS A A vigdA He
EAgitt. WA o] A2 uigR|e} iR AR
2| FHo BEF-Aakr S0 Jae v 5= e
2 ddsly 1719 daEe] §& /FeES HY
E xres g3l

sl oA AMgSE Mg A8 200 meshe] H]
712 Bdsted e 70-80% EHeHe o2 AE)
1,500 +200°Ce] 2E=R9IolA F3el2 AaAIH,
A7} ZEe St =8, 3497] 2 AEr] el F3E
A A3 By o] suol Yalele] EE
o] HlgAoltk(Park and Kim, 2012). ©] SA7olM+=
e YxIgE B oslEkrae] By U] Wyt
e vEAE daEdY] FREIE, SAERY FA
g fodeh) HE 7 Agaela AFst] Aol 2183t
At

7P| vEA(GE-1), =228] v (GE-2), =4
Hy} FAgke] &3 A8 vlEAI(GE-3), Fgke] ni=t
A(GE-4) NS5 H7IE 34 A Al A4 WY
of we}, 100+ 5°ColA Zjollddl BEE (vat)?loll &o.
2 203 B9F AR 3 =278 1 mmé 0.5 mm
Aol AHZ 23 0.5 mm oW 95 7R Euvks
AEZ AMESIATHEEH-ALA] A2016-1963.).
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(MC-ICP-MS, AXIOM MC model, Thermo Elemental
Lidys &3t £24o] o] Foixlth.

A5e UERE dAES st AAiEtae]
olzltfst 571714 Mastersizer 2000 “FH](MS2000,
Malvern, software version v5.60)5 ARE3lo] 2+ 14 Alg
o] ABE AN AP Al ¥ 3 (triplicate)st]
Hghks ARSIt d=Ae 109 Sl 19l #
RS FYS F S48 TS| A F2ARAE El
o|Xsd W oE SAATHEAFIA]: Hydro 2000).

uiete] 712 EEsleha] 2AS S Slal
MEtigtal 71298keE 717199 FARAARE] % (SEM:
JSM-7100F, JEOL Ltd., USA)} ollUx|Eake Fagix
(EDS: Aztec Software, Oxford Instruments, UK)’Q‘H]—E—
olgsle] FHS WHATE AFe] WS Wigog I
Bl (Sputter Coater 108 auto, Cressington, UK)3}o] A}
g A4S ske B3t A7) o]s) He RS YA
slazt HAjelsiaint.

22. 4% Al HiEXe| B335 8&7tsd

WiHE viEA2RE AR A 8 350 8=
2 T J=A EFAR 24 7Fss WUk $lst
o] o] RhE-S BARE] gt wiXEHAES 1)t
At HIAHAEE L9EEY] A &F 74
(leaching potentialyS H7Fh=tl] 71 &2 ARgE X
Wi (John et al,, 1977)°]t}. ol Bo] $8=E ¥E
SEZAPHE FWEFEEY T H(Korean Standard
Leaching Test, KSLT)?} vl Q3749 82 H(US
STCLP) 5°] it} o] A A S=4AET

HES- AlRte] Aan grfe] o] Wk 54o] 3lo], o

B(6-89) the) 397} HEwa Ak ASEE
o] B2 TS 2 etk geksisi.

Fig. 1. Powder image of bottom ashes (A), and prepared GE-1, GE-2, and GE-3 samples for dual batch test (B).
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/x]‘&%o]] /\]._9_6]. _Q_oﬂ_o_ X]—?jf*f,‘—
3}7] 9lle] pH 5.8-6.30 % XA S| GHT)=
sl9eH, 1LY SRS FEA (Pyrex, Borofloat)ll
ol 4 7Y GEAIEE 1g¥ 2P £aisitt. 2t i

e F H]E(duphcate)’w. FHIEI] 96 AIZHFEQF WHS(A]
B3 4L 10, 20, 30, 40, 50, 60 ¥, 1, 1.5, 2,
3, 6, 12, 24, 48, 96 AIZHAIFTHFig. 1(b)). Bl ¢
AFEo] B el ZieiekA] ¢ar -ge] 124 ‘:‘—‘T%}
1:%, /\hﬂ O /*tsgo]»_ Eo]. E‘"—Li ZH _4 HPX]—’\

Aol Wi oF 250 pme 2 WHHMSH-20D, DAIHAN-
brand)3Ic}. Ago] FPE= FoF o] FHkS o
317] Yl AL E Zejo€ldl BIE(LLD-PE)E B]7]
o] YTE HolFh 96AIZE Bt Y= RS T

Al FEialy] 91l o] FRe] oAE A wnlE
ARSI O, ARS Flel7] A wwb] 9o
S £# MSH-20D wH719] &£59) AXA|7 )=
TPt

A INZE olje] AR AH 357 B olfie,
Z710ll 31 §kgo] ghlkelA o]FAthrt, 12A3F o] %
2 AFS} &Ho] Haf HIYS ofFH 85T} K
3t = Aolghar Adsiy] wolthxdr] s et v
2006). HIXEHIZE 78 12A17F o] &2, HE-goe] At
shkgo] X8 FilslE) ol 2A3ie] FEt og
Helsl=A|E olslieta} sttt Als EH%E 10mL

2, AFE FA] 045 pm FFAIZS FEPAEFARAZ
oJust H, :]:EL]"E‘ 2~3 HES- HEle] Wekdol Hus)
3 8@“‘ AE= FJ7E 34 A1E

28] & & ICP-AES(Ultima 2C,
Horiba Jobin Yvon)Q} lCP—MS(DRC II, Perkin Elmer)&
ARE3I] Al Ca, K, Fe(E), Mn(33h), Si(1f4), FER),
NO;(E4H), SO 22 F548E 2 o|d8ss &4
siom, Sol2 B4 AlgE 4°C olskillA WA ®Hat
& Axstul ASFEESSH AT LA IC(DX-80,

Dionex)2 AF&31e] EA4315C).

g_ -1
A4e

} - 3
3. 4%t A E9
3.1. HIEH 9| iz} 221X Eg 2
o] Aol ALgE uiEAle] == Table 13 ZTh
GE-1& UF-ZE Aidh= JJP“OM e Brlog, A
AYolx Hjlo] Ao Z BEn= 1x}7} 11.3%=2 GE-
29} GE-39l HIsl < 2uf 77jo] A4 1 =A Yehdth

GE-2¢} 3 NE= HEY AZPo=r EREHE YAt ¢
Bo| #EH, GE-39X4 HE 21734 PA}So] Y B
o] EAdh= B oE BAEAT. GE-1 AlEE 2 2
o] 2}l Aol 5] HhYE 2= Q= Exloly, 32
WA vlEA)9) BlwslEe w) 6 mm oW FHoE )
o) Aasle EApdele] Aa5S HolE 5 ok 1
o Hl3)], GE-28} 3 A8 FT~(cokes)e] vIEAY], -

gt 2 =45 (flaming coal and wood pellet)2] BFEA]

2, TAHe] 4 Wi QEERE Fo} Pl Yt
2g3e] A Aow FAH

27 AREe] EWSHL olsls XA B &
27bsmh 24 25 B ol AP Aoz B
dsle] FARAAN 7 #HES FYSITHFig. 2). A
2 AP GE-12 FAo] & AA}=o] AdsF Bixs)

o, 65081} 16008 st FHEsIAT. 1o IS
GE-2& duidez dxp7} 218l 1300802} 40004 2
iele] #ES $=3Y5IAt.

GE-3& ¢A=S &&= Aol 400001014 718 & B
oltkar gtsled s Shul&-Ew SEM B8 4-3)5)
Aok GE-12 55 93 T2 85 T4 o
2 =7FF viEAjelH, A4IglA gisiE o] dolkt
2R zH o] -&ﬁ:—z@xﬁ]oﬂﬁ =8 Ao}, Fig. 2(a)H
g U AREY aEFH7E & #EEn ol duiE
o= Aolm %L:J} IA3HA FA=A 370
PFAAE Bk 7HEoe=2 A 4 UK(Chounget al,
2016; Choi et al., 2021).

GE-29} 32 3pdds 942 duEs & 7}3;&

ok
WI_

0] ALAolX FAFEM o5 B9l FEo] &
Table 1. Classification of samples following by German soil systematics
Size distribution . . Texture classification (Unit : %)
(mm unit) Classification GELl GE2 GE3
2-0.062 Sand 113 6.24 6.60
0.062-0.002 Silt 85.3 86.3 82.3
below 0.002 Clay 3.40 7.46 11.1
100 100 100
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(A) GE-1, magnified x650

(B) GE-1, magnified x1600

(C) GE-2, magnified x1300

Fig. 2. SEM images of bottom ash from GE-1 (charcoal powder), GE-2 (cokes), and GE-4 (mixed flaming coal and wood pellets).

olx #ZHET) Fig. 2(c)e GE-2 A8l &3=o] &=
BES} vAERo] HolH, Fig 2(djs AH T3 9%
FHog o] vakalEo] wEHET Fig. 2(e)9} ()
9] GE-3 AR thaA ekavlelzo] Ads] @o|
e, o EFE 54 "slo] dAisH ZAE whA
Uk g5 oA Aoz oA

¥99 38kxAL Fig. 2(A), (C), (B) ZF 57 AA

< oyA B B4 71(EDS)E ARl Hdtghs
T8I Table 2). GE-1 W2 8 AR ghho}
Arg ZAEIA1(99.7%), GE-22] F8 TAPES &
A, Ak, A, A1 (94.3%), BFRIET o] 747}
2%= v SAE], 54 A 3¢} vhesle A
T S 9 dFuE 359w &) UEhd & 9

S 0= AL GE3 F9] Fa AR Ak,
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Table 2. Surface chemical composition of GE-1, GE-2, and GE-3 by SEM-EDS(Energy Dispersive X-ray Spectroscopy) with % unit

Sample C o Si K Ca CI Na Mg Al P S Ti Fe Cu Zn Ba W
MAX 952 102 0.04 0.09 037 0.09
GE-1 MIN 895 429 002 003 0.08 0.02
Avg. 920 7.68 0.03 006 021 0.06
SD 292 308 001 003 0.14 004
MAX 392 479 653 049 380 031 033 520 069 415 007 023 009 006 0.06
GE2 MIN 227 343 018 044 147 027 026 031 069 038 005 0.19 002 000 0.06
Avg. 319 442 3.19 15.0 029 255 2.05 0.05
SD 746 6.63 334 172 0.03 256 1.83 0.03
MAX 302 539 299 291 857 011 061 105 778 020 025 185 415 016 005 072 023
GE3 MIN 197 296 104 1.01 1.09 011 023 040 331 010 006 030 049 0.00 000 0.10 0.09
Avg. 251 434 157 217 394 038 0.73 545 084 159 0.05 0.28
SD 489 943 818 089 3.5 017 027 185 062 146 0.07 0.25

MAX = maximum value, MIN = minimum value, Avg.=average value, SD =standard deviation

7zt

Ebr, A, EFPIE, ZolH(93.6%), ZHE Hol
2.17%, 1.59%=% v A==

32. 58 BY

nigAe] FgEF EX(total elemental analysis)oll A=
=7FFe] HFERAN(GE-1), Z312+0] HPEAl(GE-2), GE-3(F
dgk & ExF5e] E3AFS] uleAl) Qe F7HH L
2 Fdete] vlEAl(GE-4)E SA3IATE GE-3l ti=xs}
of, TIRIAE F el 7198 5 e s E9l
SlalA} GE-4(Fragt A4 vieAell st Fsha 4

S B4 29 viEle] Fa ARE Ca, Al Fe,
s, K 502 vehad. mwel sstd 245w,

A F Ca9 o] 147-37.9%S Holu 71 =7
SAENE GE-2= T B4 AAMT Ca®] 3,804

mgLE A Yepton, W = Ale] dhgo] 331~
7.78%% 7P =4 S8EAYD GE39] AlY] FEE
794mg/LE E=A YERSTH(Table 29} 3). tAIZ o=
Table 2014 EAAES] 54 2% & TS B
AEE, Table 39] F5F M a o] =
245t 329 v (GE2)ME Al8FHe] S
7} 0.38-4.25%% TFE ARS9] H|s] Athdes &7
AEHo], 82A10IM S0.5 EHFECRE s

Mg et 2 ExpEE] 94 uieR)(GE-3)001A]
Z3Fgo] 1997 mgLE 71 Bol SAHen, 71+
B (GE-1) 2 frodgh bk (GE-4)Rth dAsHA 2
Ao® Ut Lo dAa Al F AR(GE-13 4)
o]2le] H7HAI7F EAE 7¥s/d0] Atkal oAzt

K 393 38t 48 4004 GE-29] o] GE-1
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Hoh =4 SAHEAAN, T A3} GE-3 > GE-
1>GE-4>GE-2 £22 ettt vh3-899] pH Z4
g RES- ARE Fo] 2730l whet nieRie} Adtek Adite
SEHT Aot A& 4 Utk ETE Song et al
(2001)°] W33k nie} o], AEART A4 (Biomass
burning)®] 5% AAAEA K7F HEFEHIES 7Fsel
Ao gAML GE-12 FhpFe daikzoln,

GE-3v= HA19E] A8 AAER, A4E 5AF
ZHE 7]4% Ko| 23t Fejol| we} ozt g zjo)
£ Holr Uehd Zo=E Bl

Zne 4 79 v ARl B SN eH, 7t
2o S 33 A8 GE-3S 2.1 mg/lLE, el
GE-1(1.9 mg/LyHHE Hl=g 2|5 Hole Z10= YepRdt
ot Zne 8] o 5Ado] e holuE uiy A
EY R tigh Fo)7t ZastH, uieiA|e] AA) A] uf
Ha 7zl wet Z713Q1 sk BUEEe] dagh
Zo = oAZITh

TiEEFF ) thET (9.6 mg/L)y Hw3I3S uf
GE-294] 1.6 mg/L=Z w9~ 2A] SAEIJAT, FAeks
ALAIZ B GE-33% GE-49] 79 39.4mg/L, 54.3
mg/LZ JF o= =4 SAEJT T A2 v
o] g FHSE Ho| g Yo, &7 f3d
2 v o m g nigR|2RE 8550 ods 9o
7Fs3E - B B0 = ARt

Na®} P(91)2 thZF(P: 38.0mg/L, Na: 39.2 mg/L,
GE-1)7 Hlwatels wf, GE-20l4] JfH o= Jhgo] &
A AZHR oM GE-3, 4 A8 SAFke] A SAE
A}t GE-301M SAHE Zh(P: 569 mg/L, Na: 72.6 mg/
L)°] GE-4(P: 35.7mg/L, Na: 27.3 mg/L)it} & HOoF
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Table 3. Concentrations of total elemental analysis with mg/L unit

Elements GE-1 GE-2 GE-3 GE-4
Ca 1823 3804 1690 1510
Al 186 249 794 893
Fe 161 17.9 286 371

S 79.6 702 277 272
Mg 76.8 193 200 110
K 270 222 383 90.5
Ti 9.6 39.4 543
P 38.0 0.8 56.9 35.7
Na 39.2 113 72.6 273
Sr 9.9 4.7 16.4 24.0
Ba 12.0 1.8 159 13.8
Mn 45.6 1.4 11.8 2.8
Cr 0.5 0.2 0.8 0.8
Zn 1.9 2.1 0.7
Cu 0.9 0.1 0.8 0.6
Co 0.1 0.0 0.2 0.4
Pb 0.1 0.0 0.6 0.3
As 0.0 0.1 0.3 0.1
Cd 0.0 0.0 0.0 0.0
Sn 0.0 0.0 0.0 0.0
Sb 0.0 0.0 0.0 0.0

Hol &3 A8 F AR P}t Nadl o] 2 A
o2 AAXIY. 53] Na= A7 Fo74 4% & it
ol pe] = TE Yio) Hish B A= omw
SE2 Q3 299 dEe w2 Ao Bt

SIEEEF )y GE-29 79, IR (9.9 mg/L)Rtt &
& FX (4.7 mg/L)E SAHEJOL GE-3, 4 A8 oAM=
o 2o =S JHHE Aog =AHEHJAT GE-3(16.4
mg/Ly} GE-4(24.0 mg/L)E W3S w), GE-49] 3§
Zo] GE3HTH B2 0% Hol MR F Sr tiF
i frdelA] & Aoz HAh

Ba(PFF)2 GE-3, 4 A58} thZ2 GE-1 Al80lA
o] Al HE=OH, GE-2& BtiF o= w7k
AEFALE vpREo 2 M2 tZTQ] GE-1 A8E A
Qalare A oR wie- v HEE o], F7HQ0 Mn
o] €& Hrk= GE-1°] disjAvt 23yt

As, Cd, Sb, St P& 942 ERFEY vidA]olA
e S B AEET AR FHIE A
dao)7] wiol] F2 FHY] nlgo] ol v
71 g Al B Ul I3RS 7FsAde] k. wEbA
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6, 12, 24, 48, 96 hrll W} Fig. 30 UeRRAE. o]
AFollMe EY AT AIGHAA AAIgE A} Zo)
0.IN HCI 8ullol] 1g:5mle] HIEZE 8EA17]AY, #7]
= SSAIgHNA ASE Z} 2o] 1g: 10 ml(Lee, 1995;
Park et al,, 2006)2] 3L-AH|Z B8Z2A)7|= WS H83)
A kTt 1 olf= wigAEE HVEERE 59
e TR =5 Wikl &5 4S5 A
o d&3taAl FAE 102~-Z2AE 240700l AA =3
3h= #2718 854199 @] (Park et al,, 2006), ©] &
T A7IRE iEE vigRle] Z&2Q0 SR &
/380 AEFAIE Tefsly] f1al =07 wiEolth
z2710l E=e] uigAe}h vk, EE R 8
2 s) Aggoe] o] a7E Aoy, XS I}
H AT 855w e T8 AEA &
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g F4 AvjolA] AR TRE o]l HIF| %
He 57} uhe- ol 10*AIR2 JERTE §] 2eiEs
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Table 394 vlEA] A5 F3heFe] AHE-S A8t
S Ca(GE-1: 1,823 mgL; GE-2: 3,804 mg/L; GE-3: 1,690
mg/L)¥} Al(GE-1: 186 mg/L; GE-2: 24.9 mg/L; GE-3:
794 mg/Ly BFEA] 8ZAIFA 96AITte] sl E
Al FFe] AREd BFoA oF 1Smg/L o= A
At
AR F2 f7)5 238 e ARlE FEE EAjse
2, 8F A F3] v|Ewto] 8&u o] F3 vlsl 8=
e o]R9] FEE A9s] e 548 7RItk GE2E&E
A2 Ax vigRAE AE 3 BAATIA Al $+
o] 249 mg/LE 7P SHAl VRO UK(Table 3), B
o HkE3l= 59 GE-29] AR sl §50] olF
A 96AIZE o]Fo= U 8Fo] T o|FHA F U=
Z10 2 HTHFig. 3(b)). °1= GE-3Groigr 2 Zxjag]
o] EA viERIRE JA] BiXEISET} o]HAE &
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Az} vl Axjolt}, 13y} GE-2 1=
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Fig. 3. Effluent concentration of (a) GE-1 (bottom ash of
charcoal powder) 1.00 g, (b) GE-2 (bottom ash of cokes) 1.00 g,
and (c) GE-3 (bottom ash of mixed flaming coal and wood
pellets) 1.00 g.

9} Aglsle] FAE okl (S0,) -8 2SO0, Y
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A RS TEAS sl = o9 HE Hhg2
& U537} Zt}H(Zheng et al., 2019).
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Table 4. Regulations of contaminants and their maximum contaminant levels in water by usage with mg/L unit (Korea)

Groundwater (by usage)**

Contents Drinking water* Residential Irrigational Industrial
pH 5.8~8.5 5.8~8.5 6.0~8.5 5.0~9.0
Cl 250 250 250 500

NOs-N 10 20 20 40
Pb 0.01 0.1 0.1 0.1
Cr 0.05 0.05 0.05 0.1
As 0.01 0.05 0.05 0.1
Cd 0.005 0.01 0.01 0.02
SO, 200 - - -
Sr 4 - - -
Zn 3 - - -

F 1.5 - - -
B 1 - - -
Cu 1 - - -
Fe 0.3 - - -
Mn 0.3 - - -
Al 0.2 - - -
Al 0.2 - - -
U 0.03 - - -
Se 0.01 - - -

*Regulations on the standards of water quality and testing of drinking water (Ministry of Environment, 2018)
**Regulations on the conservation of water quality of underground water (Ministry of Environment, 2021)

Table 5. Concentration of ionic components during the batch test (GE-1, GE-2, and GE-3) at each sampling point

. GE-1 GE-2 GE-3
Time - -
Fe Mn K Si Fe Si F Fe Mg K F
() (mgl) (mgl) (mgl) (mgl) (mgl) (mgl) (mgl) (mgl) (mgl) (mgl) (mgl)
0.17 0.0526 0.2925 0.0465 0.081 0.0581 0.32 0.80 0.063
0.33 0.0472 0.3107 0.70 0.0590 0.05 0.066 0.0576 0.52 1.00 0.081
0.5 0.0434 0.3256 0.15 0.0638 0.17 0.078 0.0513 0.65 0.20 0.093
0.67 0.3406 0.71 0.0666 0.15 0.090 0.0476 0.68 0.90 0.081
0.83 0.3209 0.67 0.0622 0.19 0.084 0.0361 0.46 1.44 0.075
1 03179 1.06 0.0651 0.22 0.081 0.51 1.29 0.075
1.5 0.3256 1.09 0.0829 0.32 0.087 0.57 1.31 0.090
0.3253 1.18 0.0739 0.39 0.081 0.67 1.13 0.102
0.3150 091 0.0723 0.47 0.078 0.67 1.12 0.105
0.3249 1.23 0.0873 0.61 0.075 0.69 1.10 0.123
12 0.3267 1.36 0.0886 0.70 0.096 0.78 1.37 0.093
24 0.3335 0.50 0.0909 0.79 0.102 0.80 1.69 0.096
48 0.3322 0.97 0.0908 0.95 0.108 0.86 1.29 0.096
96 0.3357 1.03 0.05 0.0819 0.98 0.114 0.88 0.69 0.099
SO; +H,0 — H,S0, (2  HA3] EolEH ol=NE thEke] Helo] sjejEe] o
2 oA = =37 = %@_] 7] = o|ASlERAO
H,80, — H' + HSO," 3) oo?];av:j W71 g A7 = ] NeiEats)
e Jbi 12} 7178)e] wix|g7goll A v pH7L f+
3ol GE-29 GE-39] HIX[HI-E ¥k Z7]0| A== AoR AAZIT oj¢} i IAR é‘*&?ﬁ oA
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ALNOXEREH dA"E H'= Soxol Hld) FHe
=

Z} apgA|e] T8 F3E REC] ekl Wl <
3 85w A=E ATSlaAl Table 5o AR 8&
52 AAEATE Fest 0.0526 mg/L, KS 1.36 mg/L,
MnZ 03406 mg/L ©|&}e] FEg Z4EQon, GE2S
Fed] €& F%7} 0.909 mg/L ©l3}, GE-3= Fe 0.0581
mg/L, Mg 0.88mgL, K 1.69 mg/L °J&}2 ZHHJe
o, T e A "t 85 s57} sk
7d%e] ettt webs] A3el AREgE AlgE0] viEA|
A B2 W wigEoH et e 28 AEEA
S A, Yol 9 SolRd 8§52 Q% 24 T
njue o g Heksitt

;

N
N
rhu

o e ) szl Aol HRol uj)
98 el SEsoie] iyskn re] dn =
2 BESRE 79, 459} wee g4l S2ue] B
3 5 Qe Gge 2L 39

1. 4= ¥ SEM &4 A7, /1% viEle] gl
Aso] B @ AE =72 ZZEITE Aolx &
Heky 7R E ¢z APt duidesE & -
I8 Fept & #3329 S8
1 B vl giRE A AE 9 A
A71¥em EHHo] Hal Y=t DS Fol a9
27gel A AR BT et S o

2. EDS ¥4 A¥, 571, Z325, SHAs g 2
EAE3) viekAle] 3 3ke RS whAh 9 2kt o)
ol Aoz Yt} wHEANe) Folek B 3
(S)e] A TAlhE AR Uehtorn ol A8
o] pHE & 1A "ojeg]= A 53l sox(te 3
d 7FsAdo] w=rhal SE)

3. 5 A Ay, vgRe] F8 RS Ca, Al
Fe, S, K 0= Yeptal, SAdsle] ¥3He Edds
o] vl K7t Ao ® =4 SHEAT. S As
I 22 wPEEAAE-S U AlFAA VIEX R U
AN, o5 ditHog B tigs 40|
F3o] Z=]7] wjFe BEY W) 7H5 7FsAddll disk 71
A1 A7} Besitiar oAz

e Ml r2 X ox o
oo i
>[’1j HJX,

J. Soil Groundwater Environ. Vol. 27(1), p. 39~49, 2022

4. HiRE2E A= S A7l w2 niekAe] pH
B4 9 goleo] 82 wrE IRIslgr). 7] wh
JodA|TE, oF 12413F We7F At Fo]
HES olF= Ao] AFEQL 8= 7%
7HA] 9B L0]&(S0, NO;, F)S ¥E3lst
|2 Ao whsA] kgt
, Ak slEubd ol wjEE a4 %
D)o vEAS A% jHsh=
NN F% & Sol9] 7F9o) ot
Aol Sl Aow HrkEd). o] A
A et AARARE-S gale] 27
2 slefslal mjH8EdEe] 24 7k
7FItE Aol 2wz} lvkar s,

(E
2

J

rlo
E (-
P:E
X

£
&
&l

¢

U rr e
T
oo
&

o oft

o

by
o0
%%

M

Bor
o
s

(

y
&
re
a
Jo
re
ul
=

N
ol
N
I

ol

oo o
b
2
N
I
ox
flo

=
E
=
A0

—

¢

O
H
oL

ox
A
o
it
il
i

i
i

3

tlo
ot

AL A

o] A= 2019 WIS AUow Tl
TAG AANZATADAIL] A 9L who} 5303} A7
TAEAAS mMHR]e] 5848 55 RS0 gt E
¢ 2 A oA B4 B 5497}, AAEE

3 SRR ATEL) 2022 1SS T8
A3l Sn 2 HHSE 7S (22-3411)9] AlLS vk
SFUTE ATE T T UES EFS FA ol
WA e RIS E-HULH o] =78 Akl
AEE 23S viro] 41 AXRIEEA A=Y

References

Bratby, J., Miller, M.W., and Marais, GVR., 1977, Design of
flocculation systems from batch test data, Water S.A., 3(4), 173-
182.

Cheriaf, M., Rocha, J., and Pera, J., 1999, Pozzolanic properties
of pulverized coal combustion bottom ash, Cement and Con-
crete Research, 29(9), 1387-1391.

Chimenos, J.M., Fernandez, A.l., Nadal, R., and Espiell, F.,
2000, Short-term natural weathering of MSWI bottom ash,
Journal of Hazardous Materials, 79(3), 287-299.

Choi, H., Lee, H., Kim, D.H., Lee, K.K., and Kim, Y., 2021,
Physicochemical and isotopic properties of ambient aerosols and
precipitation particles during winter in Seoul, South Korea,

Environmental Science and Pollution Research, 29, 11990-
12008.

Choung S., Oh J., Han W.S., Chon C.M., Kwon Y., Kim, D.Y.,



shepuiz visale) 44

and Shin W., 2016, Comparison of physicochemical properties
between fine (PM,5) and coarse airborne particles at cold sea-
son in Korea, Sci Total Environ., 541, 1132-1138.

Churchill, E.V. and Amirkhanian, S.N., 1999, Coal ash utiliza-
tion in asphalt concrete mixtures, Journal of Materials in Civil
Engineering, 11(4), 295-301.

Eisenberg, S., Tittlebaum, M., Eaton, H., and Soroczak, M.,
1986, Chemical characteristics of selected fly ash leachates, J.
Environ. Sci. Health, 21(4), 383-402.

Fytianos, K., Tsaniklidi, B., and Voudrias, E., 1998, Leachabil-
ity of heavy metals in Greek fly ash from coal combustion,
Environ. Int., 24(4), 477-486.

Jang, Y.C., Lee, S., and Lim, J.M., 2009, Physico-chemical char-
acteristics and environmental assessment of coal bottom ash
from coal-fired power plant for beneficial use, Journal of Korea
Society of Waste Management, 26(8) 680-688.

Jun, M.H. and Bae, S.K., 2006, Total contents and leaching
characteristics of heavy metals and ionic compounds for MSW
Stoker incinerator’s bottom ash as a function of particle size dis-
tribution, Journal of Korea Society of Waste Management, 23(8)
647-655.

Jung, J., 2001, A Study on Physical Characteristics of Interlock-
ing Block with the Bottom Ash, Master’s dissertation of Chung-
Ang University, Seoul.

KOSIS, 2020, Statistics of Fuel consumption in Korea from
2004 to 2020. KEPCO, https://kosis.kr/statHtml/statHtml.do?
orgld=388andtblld=TX 38803 A017andconn_path=I3.

Koh, T., Lee, S., Shin, M., Kim, B., Lee, J., and Lee, T., 2010,
Evaluation for contents of contaminants and leaching character-
istics of bottom ash, J. Korea Geo-Environ. Soc., 11(6), 77-83.

Lee, S., 1995, Potential element retention by weathered pul-
verised fuel ash: 1. Batch leaching experiments, Economic and
Environmental Geology, 28(3), 251-257.

Ministry of Environment, 2018, Guidelines of water quality and
testing of drinking water, Ordinance of the Ministry of Environ-
ment, ES 05003.e

NIER (National Institute of Environmental Research), 2011,
Study on Environmental Impact of the mixed with coal ash and
soil, National Institute of Environmental Research, No. 11-

A FEol e 8215 ZA) 49

1480523-000821-01.

Park, D., Choi, H., Woo, N.C., Kim, H., and Chung, D., 2013,
Evaluation of leaching potential of heavy metals from bottom
ashes generated in coal-fired power plants in Korea, Journal of
Soil and Groundwater Env., 18(7), 32-40.

Park, S.G. and Kim, J.M., 2012, Present status and recycling
technology for bottom ash in Korea, Magazine of RCR, (1), 9-
12.

Park, N.K., Song, H., Chu, Y.S., and Lee, J.K., 2006, Standard-
ization for Cr®" analysis in cement and concrete, In Proceedings
of the Korea Concrete Institute Conference, Korea Concrete
Institute, 729-732.

Regulations on the standards of water quality and testing of
drinking water-Ministry of Environment, 2018.

Singh, G, 2013, Environmental Aspects of Coal Combustion
Residues from Thermal Power Plants, In: Mohammad Rasul
(ed.), Thermal Power Plants - Advanced Applications, InTech,
Rijeka, Croatia.

Song, X.H., Polissar, A.V., and Hopke, PK., 2001, Sources of
fine particle composition in the northeastern US. Atmospheric
Environment, 35(31), 5277-5286.

Sonnenschein, J. and Mundaca, L., 2016, Decarbonization under
green growth strategies? The case of South Korea, Journal of
Cleaner Production, 123, 180-193.

Wang, W., Qin, Y., Song, D., and Wang, K., 2008, Column
leaching of coal and its combustion residues, Shizuishan, China,
Int. J. Coal Geology, 75(2), 81-87.

Wessolek, G., Bohne, K., Duijnisveld, W., and Trinks, S., 2011,
Development of hydro-pedotransfer functions to predict capil-
lary rise and actual evapotranspiration for grassland sites, Jour-
nal of Hydrology, 400(3-4), 429-437.

Yang, 1., Kang, S., Kim, Y.H., and Han, G, 2018, Preliminary
survey for setting evaluation standards of wood pellet safety,

Journal of the Korean Wood, Science and Technology, 46(5),
541-552.

Zheng, C., Wang, Y., Liu, Y., Yang, Z., Qu, R., Ye, D., Liang, C.,
Liu, S., and Gao, X., 2019, Formation, transformation, measure-
ment, and control of SO; in coal-fired power plants, Fuel, 241,
327-346.

J. Soil Groundwater Environ. Vol. 27(1), p. 39~49, 2022



