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Abstract — This paper aims to explain the safety assessment and remediation mechanism of Granulated Coal Ash
(GCA) as a material for the remediation of coastal sediments and to evaluate the improvement of the sediment in
Kaita Bay, where GCA was applied. The concentrations of heavy metal contained in GCA and the dissolved
amounts of heavy metal from GCA satisfied the criteria for soil and water pollution in Japan. The mechanisms on
the remediation of coastal sediments using GCA is summarized as follows; (1) removal of phosphate and hydro-
gen sulfide (2) neutralization of acidic sediment (3) oxidation of reductive sediment (4) increase of water perme-
ability (5) increase of soil strength (6) material for a base of seagrass. From the results obtained from the field
experiment carried out in Kaita Bay, it was clarified that GCA is a promizing material for remediation of coastal
sediment. This remediation technology can contribute to promote waste reduction in society and to decrease cost of
coastal sediment remediation by applying GCA in other polluted coastal areas.

Keywords: Granulated Coal Ash(%] €3] % &), Remediation of Coastal Sediment(%1<F4 2 7 4), Hydrogen
Sulfide(33}+4), Phosphate(214F)
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al.[2012]; Kim et al.[2012]).
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Table 1. Chemical composition of Granulated Coal Ash(GCA; Yamamoto
et al.[2013])

Main elements (g/kg dw)

Trace elements

Sio? 395.3 Ba 397 Rb 28.8
Co> 133 MnO 329 Co 28.6
ALO, 125.5 Zr 298 Cr 272
Cao 55.4 N 200 Ga 20.6
C 274 \% 111 Nb 344
Fe,0, 225 Zn 88.9 Sc 14.5
MgO 8.11 Ce 69.7 Th 12.7
K,O 6.09 Cu 58.9 Hf 6.7
H 5.2 Y 52.6 w 5.2
TiO, 5.68 Nd 34.4 U 42
Na,0 2.5 La 34.2 Yb 3.9
P,O; 1.86 Pb 29.3 Cs 3.2
Sr 0.4 Ni 29.2
~@). o] ¥F-& B3l A 157 Y S 37g3te] ik |
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& o] wom AdERE L] Y L= el A3t WIvg)
gskar ‘i}% 71 FA W2 Aol Aeks] £HES v)E3t 2
I}, Qlakde] g&5o] oF 1/10 o3kR EoJE Zo] By it
(Yamamoto et al. [2012]).
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Ca** + HPO,> — CaHPO, ¥
Ca®* + 2H,PO, — Ca(H,PO,), ¥ 3)
Ca** + 2PO,” — Ca(PO,), ¥ 4)
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Fig. 1. Temporal changes in water level and DO in and around GCA
infiltration-pillar and in control site (Hibino er a/.[2011]).
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Fig. 2. Changes in soil strength by application of GCA (infiltration-
pillar (I.P.); Hibino er al.[2011]).
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the transplantation
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Qe #E W ol WS AR, M) 2RlE0 £
AMAEL] A2 S oFsAIZ1A] ks S el AR EE
TWNFe Aoz ZAREI) Aeks] 28] &5t oJeh xRk
T Z7R= AR 278 £A8R= Ca0, Si0, 59 & WSl
o3t Aog kAT (7).
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Ca(OH), + H,Si0, — Ca®"+ H,Si0* + 2H,0 — Cal,SiO, 2H,0 (7)

223 7 AAAEA L] 7S

Aers] 239 Sio, $HTEE oF 40%°]7 (Table 1), T1428] &
L 0|5 YURE AN FAA 2R TS FHAAE
Ao 7 Wil 3l QJTHAsaoka e al[2008]). FHA ZHo] F71=
A ] 4o w0 Ast Bl §-2d 2570 F3Pdel oJek Akae]
TaE T7HE oozt Bk o} FAMY 2R[E Holx sh=
ArAEe] T7ksto] A2l A& wWak(bio-turbation)©] EsliA|=
E37} ItH(Yamamoto ef al.[2008]).
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o] 7155 & 4= QItH(Hibino er al[2011]).

224 ¥4 7}

A W AmeA Aes] S o838l M= A
H7P} wreA] Sealwojof Bt Asaoka er al.[2008]01] 2)EPH gk
3] xRol xHo] Sl SR FEh e du BEY L
d 7IeRn vor, Aes] £RES VIR dlg Toll mE2AIRL
Tu5 SEAE A9, SE50 8EF wE ARl S
Z3l= 2108 B % 3 QIUK(Table 2). FE3F A Ehs] 3 B2 5LE]
S2E T5Y dFAU S gls fls) AT Addd
(Clithon retropictus ©1-8) W @A (Tapes philippinarum ©]-5)
A= Fig. 49) Fig. 50 eIt e8] 25lzolM 82¢ 5
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oM At sl Ao T s ANt EelA A o
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oA Qlth(Fig. 5; Saito ef al[2011]).
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Fig. 3. Status of transplanted eelgrass in GCA bed (Hibino er al.[2011]).
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Table 2. Dissolution test of environmentally regulated elements from GCA (Asaoka et al.[2008])

Element Conc. (ng/l) Criteria (<pg/l) Element Conc. (pg/l) Criteria (<pg/l)
As <5 10 F 130 800
B 117 1000 Hg <0.001 0.5
Cd 0.07 10 Ni 12 -
CN <100 ND Pb <0.2 10
Co 0.11 - Se <2 10
Cu 0.4 - Zn 1.6 -
Cr <20 50
" m—Initial o wjo] ik, Fholebeke] A-e FAgtgo] 10~20%E f7]% T
0.10 { [ == 30 days o] vl ow, 1] B 100~500% 91 2 EdEe)
9 . 120 days 1;&10] ﬁA%Qo} o]q E’j'ﬁ_r‘ 01 L/ng w3k l?]_.]—ﬂ ]T/]'(Hlblno
2 et al[2006)). SOl A% Wl WAka 4317} ¥1s) wbaled, Wl
£ 006 ] A% = 53] A%0) T Es 109714 olelAl: e W
g It ﬂolE}”U T4 otste] 1o zA AH o] A 9l Zié“’ﬂ
2 0047 o] kel %0 714 Fat 99 F s w4 Qt(Hibino
© et al.[2011]).
0.02
0.00 - 3.2 MEIE| ZT2IE n|= U HE DLEE

Al As B Cd Cr Cu Fe Mn Pb Sb Se Zn
Fig. 4. Temporal changes in heavy metal concentration in Clithon

retropictus. grown in GCA bed for 0 day, 30 days and 120 days (Saito et
al.[2011)).
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Fig. 5. Concentrations of heavy metal in philippinarum. grown up in
GCA bed and in sand bed and philippinarum. sold in market (Saito
et al [2011]).
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