G FESIA A 27 A A1 F (20149 3¥)
J. Miner. Soc. Korea, 27(1), 31-40 (March, 2014) http://dx.doi.org/10.9727/jmsk.2014.27.1.31

A Geochemical Study on the Enrichment of Trace Elements in
the Saline Ash Pond of a Bituminous-burning Power Plant in Korea

2 A 3|(Seok-Hwi Kim)!' - = & &i(Seung-Hyun Choi)' -+ & 7| 24(Gi Young Jeong)” -
ol X &(Jae-Cheol Lee)’ - 4 & F(Kangjoo Kim)'*

SR
(Department of Environmental Engineering, Kunsan National University, Kunsan 573-301, Korea)
Rbs gt A 734 78t
(Department of Earth and Environmental Sciences, Andong National University, Andong 760-749, Korea)
QA R (F)
(Korea Western Power Co., Ltd., Gangnam-gu, Seoul 135-984, Korea)

Qof & A7elME S Y8R dhs Ul B SN DAsE v (fly ash)ot &3]
1} 4 Z<F(saline ash pond)oll tiate] 2738t 02 2ARgro 2A Hes|oke] Hhgof o3 MYz
of Awstel ekl whgo o3 Meks|ye] dA8E 54 1EAT o5 9, 44 144
o) vigle} vietA), el 709 WigEs FAANES AASA o F, vlge) vieA), 283 279
FANGE T S5 FF vFgEdsdd i £4S Stk W3] el= Cu, Zn, Ga, Ge, Se,
Cd, Sb, Au, Pb, B 53 22 FFA4Ee] o] vwa A veistth sHARh Mg ss yellAe
gl HI3led As, Ba, Co, Ga, Li, Mn, Mo, Sb, U, V, W, Zr o] Ao Z T ATt =g,
ZF il o] vg) o] Fxok My sy vio] sk BlE Blagk 23, Ag, Bi, Li, Mo, Rb, Sb, Sc,
Se, Sn, Sr, W 5°] B 9453} Hlgte] gz s E e ASR YehEth ol2d A= 4
03 3ol o3 I F&5Aavt visle] xd FET SEHE F45d4) £E540] &4
Eu Y 4 A4 ASEHY A B4 9% wee riste Aot

Fof g EF, AR, vFgas, &

s

]

ABSTRACT : In present study, we geochemically investigated the fresh coal ashes and the saline ash
pond of an electric power plant in Korea, which burns imported bituminous coals. The goals are to see
the chemical changes of the ash pond by reaction with coal ashes and to investigate the relative
leachability of elements from the ashes by reaction with saline waters. For this study, one fresh fly
ash, one fresh bottom ash, and 7 water samples were collected. All the ash samples and 2 water
samples were analyzed for 55 elements. The results indicated that the fly ashes are enriched with
chalcophilic elements such as Cu, Zn, Ga, Ge, Se, Cd, Sb, Au, Pb, and B relative to other elements.
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On the other hand, concentrations of As, Ba, Co, Ga, Li, Mn, Mo, Sb, U, V, W, and Zr are much
higher in the ash pond than those dissolved in the seawater. Ag, Bi, Li, Mo, Rb, Sb, Sc, Se, Sn, Sr,
and W show high ratios of elemental concentrations in pond water to those in the fly ash. Our results
imply that the leaching of trace elements is regulated by geochemical controls such as solubility and
adsorption even though the trace elements are relatively enriched on the ash surfaces after the coal

combustion due to their volatilities.
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Fig. 1. Location of sampling points in the ash ponds
of an electric power plant in Korea.
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Table 1. Chemical composition of the coal ashes and soils

This study

Compoosition (bituminous) Soil*
(Wi%) Fly ash Bottom ash KS KJ SMG
SiO, 56.0 54.9 623 616 61.7
ALOs 21.5 21.0 168 207 15.6
Fe,03 6.95 9.64 7.58 511 513
MgO 1.78 2.17 1.25 054 1.59
CaO 6.29 6.85 0.14 0.07 0.74
Na,O 0.74 0.34 0.69  0.00 2.62
K0 1.35 1.13 255 255 282
TiO, 0.96 0.93 1.13 053  0.73
P,0s 0.43 0.47 0.08 0.04 0.12
MnO 0.07 0.11 030 0.02 0.06
LOI 3.38 1.41 7.01  8.44  8.67
Total 99.5 98.9 998  99.6 998

* PSR A R
KJ: Kimje soil, KS: Kunsan soil, SMG: deposited sediment ai
Mankyeong River mouth
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Table 2. Concentration of trace elements in the coal ashes

(Unit: mg/kg except for Au in ug/kg)

Elements FA BA Elements FA BA
Ag 1 bdl Sn 4 3
As 32 1 Sr 1,323 1,172
Au 3 bdl Ta 1 2

B 500 80 Th 20 21
Ba 1,838 855 U 9 6
Be 10 5 \% 187 117
Bi 4 0 w 7 bdl
Br 3 bdl Zn 115 32
Cd 1 bdl Zr 331 427
Co 32 12 Sc 22 20
Cr 83 55 Y 83 58
Cs 7 6 La 62 58
Cu 106 37 Ce 129 113
Ga 32 20 Pr 16 13
Ge 11 3 Nd 67 54
Hf 8 10 Sm 15 12
Hg bdl bdl Eu 3 2
In bdl bdl Gd 13 10
Ir bdl bdl Tb 2 2
Li 84 86 Dy 14 10

Mo 11 bdl Ho 3 2
Nb 20 19 Er 8 6
Ni 79 28 Tl 1 1
Pb 35 9 Tm 1 1
Rb 66 53 Yb 9 6
Sb 5 1 Lu 1 1
Se 3 bdl

FA: Fly ash, BA: Bottom ash, bdl: below detection limit
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Fig. 2. Seasonal variations of water chemistry in the ash pond.
Table 3. Concentration of trace elements in water from the ash pond (unit: xg/L)
Ag Al As Ba Be Bi Cd Ce Co Cr Cs Cu Dy
Seawater* 0.004 2 4 10 0.0004 0.02 0.05 - 0.05 0.3 04 05 -
2012-05-17 <20 245 222 302 <10 <30 <1 0.25 204 <50 3.7 219 <o0.1
2012-07-27 <20 <200 12,5 268 <10 < 30 <1 <01 058 <50 29 <20 <0.1
2012-05-17 <20 <200 189 316 <10 < 30 <1 <01 137 <50 35 <20 <0.1
2012-07-27 <20 <200 13.6 375 <10 <30 <1 04 <05 <50 42 <20 <0.1
Eu Fe Ga Gd Ge Hf Hg Ho In La Li Lu Mn
Seawater NA 2 0.03 - 0.05 - 0.03 - - - 180 - 0.2
2012-05-17 < 0.1 <1000 52 <01 <1 0.1 <20 <01 <01 024 812 < 0.1 865
2012-07-27 < 0.1 <1000 14 <01 <1 <01 <20 <01 <01 <01 68 <0.1 145
2012-05-17 < 0.1 <1000 49 <01 <1 <01 <20 <01 <01 <01 863 <01 540
2012-07-27 < 0.1 <1000 34 < 0.1 1.1 <01 <20 <01 <01 041 634 < 0.1 <10
Nb Nd Ni Pb Pr Rb Sb Sc Se Si Sm  Sn Sr
Seawater 0.01 0.5 0.03 - 120 0.2 0.0006 0.2 - - 0.01 8000
2012-05-17 <05 <01 <30 <1 <01 9.9 132 < 100 141 < 20000< 0.1 <10 11300
2012-07-27 <05 <01 <30 <1 <01 752 72 <100 56.7 < 20000< 0.1 <10 11200
2012-05-17 <05 <01 <30 <1 <01 913 127 <100 103 < 20000 < 0.1 <10 12000
2012-07-27 <05 <01 <30 <1 <0.1 848 9.5 < 100 101 < 20000 < 0.1 <10 14700
Tb Te Th Ti Tl Tm U \'% \%4 Y Yb Zn Ir
Seawater - - - 1 0.01 - 3.3 2 0.1 0.001 - 2 0.03
2012-05-17 < 0.1 <10 <0.1 <10 0.7 <0O0.1 11.3 54 38 <03 <0.1 <50 6.8
2012-07-27 <01 <10 <0.1 <10 02 <O0.1 5.8 254 25 <03 <0.1 <50 1.6
2012-05-17 <01 <10 <0.1 <10 04 <O0.1 11.4 54.4 40 <03 <0.1 <50 2.7
2012-07-27 <01 <10 <0.1 <10 0.7 <0.1 3.5 75.2 57 <03 <01 <5 <1
* data from Drever (1997)
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Fig. 3. Concentration of trace elements in the ash pond and normal seawater. Numbers in parenthesis at x-axis
indicate sampling date (1 = May-17, 2 = July-27 of 2012).
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Fig. 4. Log Cyuion/Csotia values for each element. Here, Cgouion and Cgoq represent concentrations in ash pond

and fly ash, respectively.
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<7 (Hockley et al., 1991; Brami et al., 1999; 71
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A T2002) = AL A RhS] v 5o A]
5YAE ST vt glom, 2 ZARAIYA
Hod 22 L 5 34(1.93-2.85 ppm)S H13}7)
% 39t Ga, Ba, V, 181 Sb9| A$-ol=
Takol 2+ 124 pg/L (Ga), 315 /L (Ba), 52 u
g/L (V), 11 ug/L (Sb)E a2} vluste] 26~125
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ol o2 AHFH TASAH ABAdAT A=

[¢]

o 1
off folr 1k o,
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mebA, Fig. 49 Log Csoutiod/Csoiee RS &
Ashs S459aE dd §&9 folde AN
Syl & 4 Qlth AlMFAF, Ca, Mg, Na, K, Ag,
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o Z Log Csomtio/Csoia 2= HATH el vlotE
o= @o] £FEJE Ca, Mg, Na, K 5= A
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3o Fidez NS grisitia £
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259 A9 wgte] FA R Fute) gl
J3Y MigE W £ Cavl Sl HET =S %
EE HQ AL Cad FEE Metg]ole] HEg
o3l F7HE A A g

A ets]-Ee] ghgo o3t F&dAY §E2
T2 TAFE gz o8 Z2HH, Al &
S &= 2k 22k B A
A Sl ofste] AlojEls Aom dHA Uti(Ja-
nkowski et al., 2006; Gitari et al., 2008; Izquier-
do and Querol, 2012). 3FA|%}, FEFFEUL9] &
SEAS AEY diol mE 7 Y4E9] dhE
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Fig. S. Classification <-)-F:£_r-é-c'éﬂé'l'ements with respect to
their relative volatility. After Clarke and Sloss (1992).

A= A #EEo] Aok & 5 Utk
Z, 3Ao] e YaE2 A4 F 3o
T}y o2 EASITT}E 7hv) A oA Aeks] o]
FHo| HzEY, o] wiRol o] YAEL EF9
w30 g Hlwz A &F2 T UhEary e dl,
1990; Jankowski et al, 2006). Clarke and Sloss
(1992)+= Ae3] U a5d4as 44 =
o] we} 7 Z BERSA(Fig. 5), FHFoz
el A 15 29 390 gt 54550
H|3]o] wHo] FHE7] Wil 3o WgoR
AA 852 F A+S AZ8IATh Natusch er al.
(1974)9} Martinez-Tarazona and Spears (1996)=
&3] U] As, Se, Cd, Cr, Ni, Sb, Pb, Sn, Zn, 7L
g1 BE =39 veow A §EHv B
Sl Tk o5 YAEL Fig. 500 HQl ule} 7o)
dA AEHETL B S5l Higt 2 ZER
Aedd o] % ek} vlwste] H|3|e] FH| of
4-108 7HF R HE 2o ® d2A thFernan-
dez-Turiel et al., 1994).

Aol Z vl tigh log Coution/Csolid
HAAE 3ol £ FEUAE(As, Cd, Sh,
Se, Sn)ollA Bl £ FXE KBtk skARL
Ag, Li, Mo, Rb, Sc, U, W 5 324o] ko
FEYAE log Coomtio/Csona #°1 0= 748k
e BolZ|% st old e A= A e
Aol oa YR FEAAT) HFe] FH T3
Hot sHots a5d4Y §E54E gasv
TRAY 4 dae] AgeH AF EAANE ¥

W8S ojulaie ZolT pHE 24A%0) S

£ Ajsls F8 Ao, 2= FHLe &=
&9 F5U4 FEE Aos|x ). Izquiero-
do and Querol (2012) ¥A] 7]&2] EHATE &
st M FE594Y §EEAS AsidEd,
E9] %2 pHe} alkalinity:= Cd, Co, Cu, Hg, Ni,
Pb, Sn, Zn 53 2 Y4aEo] Ed U3 f3x
7} Zroldel wel §&o] dAES A -ttt vt
™, As, B, Cr, Mo, Sb, Se, V, 18|11 W} 22
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