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Stabilization/Solidification of Pb, Cu contaminated army firing range soil

using waste oyster shells and livestock bones

Su-bin Choi

Department of Environmental Engineering
Graduate School of Industry
Pukyong National University

Abstract

The soil is/one of the important elements in the ecosystem, which the life
originates from and lives/ in. The environment has been dramatically degraded
with the accelerated industrialization from the mid 20th century and the soil
environment has also been polluted in various channels including the mining
and refining activities “or military facilities, etc. Although there are over 1,400
shooting ranges ‘where ‘the pollution has been intensified with a lot of copper
and lead every year;. it.is. true-that surveys or. measures on them are lacking.
Considering such realities, this' study applied  the  solidification/stabilization
engineering methods to the soil directly taken from the shooting ranges of
military bases in Busan, and then analyzed their efficiency and mechanism.
Although the solidification/stabilization engineering methods are widely used
over the world due to their economy and applicability, their actual use in our
country is lacking. The highest concentration of both lead and copper in the
soil taken from the shooting ranges was &106mg/kg and 286mg/kg
respectively under 0.IN HCI extraction. This study carried out the experiment
by processing the waste oyster shells and livestock bones that have been
processed with wastes by the solidification/stabilization agent. The waste
oyster shells were filtered with a 10 mesh sieve through a crasher and

calcined for two hours at 900C. As a result of the XRD analysis, main
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elements in the waste oyster shell before and after calcination were CaCOs anq
CaO, while mein elements in the live stock bone were P and Ca from the XRF
analysis. The main mechanism to stabilize lead and copper is known to be the
physical sealing with the creation of hardening response materials such as
CSH and CAH, the formation of precipitation in a very low Ksp value through
the molecular bonding or sorption, etc. Although any bonding substance could
not be identified in the XRD analysis due to the low detection limit, many
crystals, which could be assumed as the precipitation containing heavy metals
could be observed through the SEM-EDS analysis. As a result of the
experiment, the application of stabilizers using the waste oyster shell showed
values compliant to the standard ‘A’ under. the Soil and Environment
Preservation Act for both lead and copper from the KST analysis with good
results even from .the TCLP. experiment while demonstrating. very good results
in stabilizing lead when the waste oyster shells were mixed with the livestock

bones in the application.
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2. S/S Mechanism
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Ca(OH); — Ca® + 20H

Ca® + 20H + SiO; (clay silica)>CSH (Calcium silicate hydrate)

Ca® + 20H + AlO; (clay alumina)>CAH(Calcium aluminate hydrate)
where : C = CaO, S = Si0O, A = AlbOs and H = H2O

Ao o] &H ASAE CaOAIE ol XRFEA A& & did &
3k Si, Al sourceZ}-Uthis S st or

=
E 3 e 7l g 5 320,

2(3Ca0-Si0)+6H0 — 3Ca0-2Si0;-3H30+3Ca(OH)»
2(2Ca0-Si0z)+4H,0 — 3Ca0-2Si0;-3H0+Ca(OH)-
3Ca0-Al:03+10H,0+CaS04-2H0 —._3Ca0-Al,O3-CaS0O4-12H20
3Ca0-Al:03+12H,0+Ca(OH); — 3Ca0-Alx05:Ca(OH)2+12H50
3Ca0- Al;03+30H20+3CaS04-2H0 — 3Ca0-AlbO3-3CaS04-32H20

Askel ojghk kst wiAUZE % Pyromorphitet A ¥H&2 th53 2

.

=
o

10Pb*" + 6Hy(PO,) + 20H — Pbio(PO4)(OH), + 12H™
Pyromorphited] €31 %4 (Ksp)< 10¥HAE2 pH 2~12 HY), 1L A%

o FAAME g =2 ddAdN WTde BHole Aow dEA 3l

o} ¢tA3 Ay E YA EE 2 7% Pyromorphite®t 71EF FE 2o 83
e

A& Table. 1 o WERHSITH2).



Table 1. Pyromorphite®t JIE} &S

2= 17)
ol EoHEH

. . Log
Mineral Chemical Formula
Ksp
Cerrusite PbCOs 12.8
Fluropyromorphite Pbs(PO4)sF -76.8
Hydroxypyromorphite Pbs(P04)30OH -82.3
Chloropyromorphite Pbs(PO4)sCl -84.4
Hinsdalite PbAIzP(PO4)(OH)sSO4 -99.1
Plumbogummite PbAI3(PO4)2(OH)sH-0 -99.3
Corkite Pb(Fe>)s(PO4)(OH)sS0s | —112.6
Zinc phosphate(Charcoal grey) Zn3(PO4)2 -35.3
Cadmium phosphate Cds(PO4)» -32.6
Quartz SiOs -4.0
Salt NaCl 0.0
2 dFdMe gdd #AYSFS E%Jﬂr =3 HAYUEY KRS &7
Al AAAAAE ol &3 Aok QA AGS] Pt M3, &9 2B

S
sholl that A& Al
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Table 2. Site-C AIE22 S=% 28 =& o IV NF 24 JI&E

Cd Cu As Pb Zn Ni
JF XA 1.5 50 6 100 300 40
. 0.18+ 285+ 8,106+ | 21.2+ 1.26%
Site-C ND
0.016 40 163 1.7 0.38
¥ Average * Standard deviation for triplicate analyses.
Table 3. Site-C Al&2| Q&2
Particle <10% <25% <50% <75% <90%
ol Diameter
= 9.85284 119.86 415845 766.62 1016.01
ez | (um) .
Clay (%) Silt (%) Sand (%)
2.87 12.28 85.07
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Fe fe Cu As ™

Std Element Sigma  Atomic

% % %

K 5.25% 8.1  13.31
Si K ED 8.851 1.61 6.49 8.15 15.81
Fe K ED 1.099 1.086 1.64 8.25 2.m
Cu K ED 1.035% 8.85 53.20 8.63 57.27
As L ED 8.736 1.62 8.96 8.26 0.88
Pb H ED 8.751 1.61 32.45 8.53 18.71
Total 100.00 100.00

Fig. 3. ALAZ0IA 2HE HEE2 e 2 SEM-EDS 2

x
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2. S/S Agents A%t
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o] CaO% o] Fo|xl <tASAS A 25ttt

AG°r = 177,100 - 158T (J mol-1)/= 0 29
The standard free energy of reaction =0, T = 848
CaCO3 = CaO+ COqlg) : 848T (Calcination)

Gibb‘s free energy?& G=H-TS& ZFA1g 5 At} o714 HE <dey
(enthalpy), T+ 994 &% Si= dE=ZI (entropy)ld LA &%
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8C= AEAoY 2R oAket 7 &4 55 #Atslo] 22 EE
90T AL, o2 wEow NOSE 900TolA 2475 248
oA 3tAlE POS(Pretreatment Oyster Shell) 2Fa2 ® ™3t A2E =
7Ad tAdstAl el SEM 3 XRDE4 2= Fig. 40014, XRFE4 & &3
Site-C, NOS, POS¢] 384 %42 Table 304 Z+Z vheholel. XRD,
XRFEA S 538 CaCOsolA CaOZ A A, Fo +Askal AEWE7)
g ol Fo AHAE g & 4 AT} Table 3914 LOI(Loss on ignition)
ASTM D5142-02a0 we} 750ColA =0t Adsial =3 43
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0C 2717 A #BA F71ES AAs L AFHe oL, 105ColA 2417
A7l 5 Z4 #FE AAA 20mesh AAFS sto] AZLE AT 75
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Hatwalawter shell () i 2
e feacio, C2C0s Catoy CalOs
o J 2005 i CaCO; CaCln
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)

Fig. 5. ABB2| SEM, SEM-EDS &4 Z 1}
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Element% Sigma % Atomic %

Na 1.70, 0.16 2.65
Mg 0.24 0.12 1.39

P 33.44 0.28 38.74
Ca 63.92 0.31 57.22

Element% Sigma % Atomic%

Na 0.98 0.13 1.53
Mg 0.98 0.11 1.45

P 3377 0.28 39.27
Ca 64.27 0.30 57.75

Element% Sigma % Atomic%

1.01 0.15 1.59
0.85 0.12 1.26
P 30.87 0.32 36.2
Ca 67.27 0.34 60.95

Element% Sigma % Atomic%

Na 1.6 0.1 2.5

Mg 1.04 0.08 1.54
P 33.82 0.18 39.14
Ca 63.53 0.19 56.82



Table 4.

XRFE 0|28 C-Site 2LE&E, NOS, POS, ABB 24 Z 1 (mass%)
Chemical )

" C-Site NOS POS ABB
Composition
Sio2 62.35 3.5053 2.5908 0.07
Al20 18.6866 1.3594 0.9585 0.16
Na20 0.6855 0.8574 0.7317 0.17
MgO 0.5463 0.7059 0.8579 0.55
P205 0.04 0.2816 0.2486 25.63
SO3 0.0572 0.6884 0.6548 -
Cl 0.00667 N 3852 0.2809 -
K20 6r78 1 0.266 0.1347 0.12
CaO 0.4462 88.0697 87.6876 34.81
Tio2 0.39566 0.07438 0.05 0.06
MnO 0.08457 0.04447 0.0432 0.01
Fe203 3.871 0.5253 0.4033 0.01
CuO 0.0824 = et -
Zn0O 0.04977 0.00816 0.00522 -
Ga203 0.0265 - - -
Rb20 0.0256 e r -
SrO 0.0137 0.1932 0N/} -
Z2r02 0.0147 - = -
BaO 0.0924 = - -
PbO 1106 = - -
Br = 0.00718 0.00209 -
La203 - 0.074 0.0788 -
LOI* 4.66 2.9 5.1 35.26

* Loss on ignition
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Matrix

Table 5. Mix proportions of designed matrices” (wt%)

POS Water Remark

NOS

20
20
20
20
20
20
20
20
20
20
20
20
20

Con
N5

10
15
20

N10
N15
N20
P5

10
15
20

P10

P15

P20

20mesh NOS
20mesh NOS
20mesh POS

N5M20

N10M20
P5M20

20mesh POS

P10M20

19



FEME ol &3 A A} EF AASA & AP £y PP
AA dHZAE A dE &3 U Yoz AAFHJL gxE
915 ABB¢t POSE 7}z 5, 10, 15, 20% % @ Folatgia, =3 ok s}
A AFe 79 ABB Fol#g 10%2 nAF F, 10mesh POSe] Fof %
S 47 5%, 10%, 15%, 20%°] Hl&= &3 Fofsinh. &3 <A sHA

A& g o] 43 W t)d Matrixi= Table 69F T}

Table 6. Mix proportions of designed matrices (wt%)

ABB POS Water Remark
Con 0 0 20 Control
P5-2 & 5 20
P10-2 = 10 20
P15-2 = 15 20
P20-2 F 20 20
B5 3 0 20 20mesh ABB
B10 10 0 20 20mesh ABB
B15 | 0 20 20mesh ABB
B20 20 0 20 20mesh ABB
POB10 10 - 20
P5B10 10 5 20 =g oHESHA
P10B10 10 10 20 =g otHESHA
P15B10 10 15 30 =g otESHA
P15B810 10 15 30 =g otHESHA

=
AR F AANRE 42 BA%] EASA
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Oll

=

B AT = b3t B&S HUtsly] A1 EERoR EGEAA
el ME ES Wl |, 729 A&%WHA 01N HCI Extractions AF&
BA o [CP-MS® At 281 237 538 Ags A
3}o] Sequential Extraction, TCLP TestE Z+7Z} =38} t}. Sequential
Extraction< 0.4g2] E%S 156mL tubeol ¢ % 0.05M (NH4)2S04 & <4
10mL 5% 3}ar shaking incubatorol] A 207C ol A 4A) 7HE<E vkl & ¢
A2 (5710min, 2000rpm) gt § 75 HS 0.45um filter=- o 73k o] 45
A3te]  ExchangeableF HIE ZA3sta, F&5 = @2 A5 0.05M
(NH4)H2PO4 €9 10mL 5<% ¥ shaking incubatorol A 20Tl 4] 16A] 7+
Qb wwkdk = A EYS L s HS 0.45um filter= o 3 o 4 S A
skl Cabonate@ HlE 249t Zgal I F P& AR 02M
(NH4)-oxalate buffer &< (pH3.25) 10mLS F% 3} shaking incubator
20Col A 4A] &t agkst = A4 FE e s Fe A< 045 filter=
st oAy oAl S AR 0.2M (NH4)-oxalate buffer £}
(pH3.25) 5mLE& FH3dkaL 20€ o F-& FoA 0w wrtd 5 4%
T AT HE 045m filter= o3 T o] 7+ &Hof 3l FE5H v
&< Reducibled H = SA % 5 & F& A< 0.2M (NH4)-oxalate
buffer®} 0.IM ascorbic acid’} &%%¥ & (pH3.25) 10mL< —Zr%‘é}i
heatin block 96+3Coll 4] 30 &<t &3 & A3 F5HS 045
um filter2 o] 73 oy F& Algo] 0.2M (NH4)-oxalate buffer -8 <4
(pH3.25) 5mL& F<3lar shaking incubatoroll 4] 20C o5& 3olA 10
W ounkel & AR Sk AT AS 045mm filter2 o ¥k o] Ho] &
S OrganicZH = ZAA 3} P o 2 T2 Alzo| 3mLe &
]

al
ImLe] A4 &H4S F93 3 heatin block 70ColAl 1A 7F FoF %

FLPIN'

.‘
r

o

ok
& 1o

ol
rob
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L AAEHE A5 HS 045 filter= o] 73k o] A& E A Eo] Residual
deHs Z2AdG. a2ga daes Hrlketrl 9l 04ge AlEel 3mLe
Gk ImLel AAF &S FASkaL 70TClA 143t sk &S 5 A4
el ASAS 045m  filter®  oJFEta old  AFPAA  ZAHd
Exchangeable, Carbonate, Reducible, Organic, Residual@e}e] &% 3t

I Hludte] 3 FES AAIHW.W.Wenzel et al, 2001). TCLP=
Toxicity Characteristic leaching procedure®] A= Al5E FH] 9.5mm
2 e 3| (batch) @ el & Aol o] FojXth A3 Ao AAEHS
LA ol A YAzl oAk gu] 7 20:1¢1  ZHE(Zero headspace

extraction)dl ©71 #H 7| &) & FM(leaching solution)S 7}gtth. 12
A

2+3t7] 913 Sequential Extractions, 12 il
Ie 913 TCLP Test® Zt7 FaatSith. =5k 4 st HA

sl 98 BAE AR 3 AR Ay AnE FHo=

o
N

XRD(X-Ray " Diffractometer), SEM(Scanning Electron / Microscope)
-EDS(Energy Dispersive Spectroscopy) w212 24|13} X-Alo] o]jH
7t 2 AR W F2E d gl dASed s X-do] AbgtEm A

. SEM2 FARAAEN A o] go] ofojm Aol AgW f1E FAE
(scanning) e W Al gelA EAHE= oY 7HA AE F 2 EAAFgE] T}
F Be o)lxdAF(secondary electron) i WRARA AR (back scattered
electron)E& AEF3E Aoz A A 85E #FsE 7]7|E @t EDSE

SEMel 3w ez AbgsolAn 94 Welel sbgulE AEel FAl

ﬂl



@ 4%, 7 davkt 9@ A AUAE eriA Ha
AE BHste] SEM et o Aol T4 A8E ¢+ JE 7
§3 AL Pb, CuF 7
o !

Aoz s Ay E=A aF
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IV. 48344 % n&
1L W24 AASA A4

H=44d AdASAY FHFH JAS HSAA AT A5 d& &
FaAAAAHS A &3Fo] 01N -HCL Extraction®® =3} Pb, Cuoll U

s =23 Ayl Table 7, 83 Zt}.

Table 7. 0.1N-HCI leachability of Lead

1 day 28 day 1 day 28 day
Con 9,213 8,684 P15 29 47
N5 3,409 4,406 P20 53 3
N10 763 1,539 N5M20 2095 2987
N15 1023 375 N10M20 493 932
N20 718 140 P5M20 4 540
P5 1,759 378 P10M20 49 135
P10 NO 204

Table 8. 0.1N HCI leachability of Copper

1 day 28 day 1 day 28 day
Con 283 379 P15 2 12
N5 65.5 59 P20 2.1 13
N10 23 31 N5M20 120.1 130.5
N15 18.2 9 N10M20 44.6 39
N20 13.8 6 P5M20 2.7 8
P5 3.9 12 P10M20 5.6 2.1
P10 2.4 10

¥ Average * Standard deviation for triplicate analyses.
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Table 9. pH of Treatment Sample(T) and 0.1N HCI Extraction(E)

1 day 28 day
T E T E
Con 6.89 1.39 6.48 1.32
N5 7710 1.64 6:59 3.60
N10 6.99 3.05 6.65 4.80
N15 8.01 4.75 6.80 5.57
N20 8.60 4.94 6.89 6.04
P5 11.92 4.71 11.19 5.62
P10 11.88 11.67 11.54 11.72
P15 12.3 12.29 11.46 11.59
P20 11.97 12.34 11.84 1217
N5M20 7.01 4.29 8.14 3.59
N10M20 7.45 5.41 7.86 4.76
P5M20 11.72 11.46 11.56 5.27
P10M20 11.72 12.29 11.70 7.22
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Pb concentration (mg/kg) & Extraction pH

10000 14

-l /m e
L / B
_ / N

5000 +—
_ meees // e
T M
3000 +— 4
2000 +—
I
2
1000 +— =
1 x
o . i : B= . i | I - . i
Control  NOSSwi% < NOSIOWE% NOS1Swt% NOS20wis  POSS5wi% — POS10WES6  POS15wt  POS 20wtd

Pb 1day . ™SS ph 38day T pH 1day ~*pH 2aday

Fig. 6. NOS, POS F0HE0 TE Pb 2 s == pHY B3t

Cu concentration (mg/kg) & Extraction pH

450 14

_ /}(4;,% 12
o //// .
T T ~—— -
Nl &

50—
I' . s
- - . x
0 . . - . mim  — ‘ . - 0

Control MNOS Swit MNOS 10wit%  MNOS 15wt NOS 20wt POS Swit POS 10wt  POS 15wtk  POS 20wiis

Pb 1day ™= pp2gday —*—pHlday ~—#—pH 28day

Fig. 7. NOS, POS £ &0 & Cu & &% F£ pHA B3
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Pb concentration (mg/kg) & Extraction pH (20mesh)

10000 14

- 10

3000 —

2000 T—

1000 —

Control MNOS Swit MNOS 10wt POS Swits POS 10wt3

Pb 1day WSSpp3gday —*—pH lday —*pH 28day
Fig. 8. NOS, POS E0Z0l ME Pb & =<9 F= pHA B3
(20mesh)

Cu concentration (mg/kg) & Extraction pH (20mesh)

450 14

/ L 10
300

I /
250 i &

0 : . - - = i ; I 0

Control MNOS Swi¥ MNOS 10wit% POS Swi%% POS 10wt

Pb iday ™Npp23day ~—pHiday ~HpH 28day

Fig. 9. NOS, POS E0 &0 M2 Cu & =& =& pHY B3
(20mesh)
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log C{moll)

Fig. 10. PbS &= B3t JeiZ (MINTEQA2)
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2. TF B 3A AL BE 223

H=g44d, 7hsm tA st o b T H=gd, ks =9 ok
shAl o] FAFS WA A AP Alzol v& ESFTAHANIEHS A 83519
0.IN HCl Extraction® @ F%3}al Pb, Cuel wha] #2413 ZAy= Table
10, 113 # .

Table 10. 0.1N HCI leachability of Lead

1 day 28 day 1 day 28 day

Con 6049 7638 B15 26 29

P5—2 41 76 820 8 13

P10-2 20 63 P5B810 0 6

P15-2 27 115 "P{0B10 5.74 6

P20-2 38 107 'P15B10 8.54 6

B5 1970 119 P15B10 2.64 6

B10 11 31

Table 11. 0.1N_HCI leachability of Copper

1 day 28 day 1 day 28 day

Con 250 244" g15 51 29

p5_0 3.9 12 8o 43 13

P10-2 2.4 10 P5B10 2.9 19

P15-2 Z 12 P10B10 16 20

P20-2 2.1 13 P15810 10.7 22

85 187 119 P15810 10.6 29

B10 40 31

¥ Average * Standard deviation for triplicate analyses.
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b= ok shAIQl ABBOl 49 10% ol HIF Al vig- £ 285 Y
B}t XRF &4 23 75w A stA o] #4182 Ca®t P2 UES S

o°
A=, ol AL Fol stz dolA Cas &3 HAstet tao] A A
A8k Pyromorphite A2l 93] 83 W7 ZFo] HAlo 283 Aoz
et Z2 dYm s, Hegd £ kAsA A8 FF He

Azt mgol ©5 Abgo] vl v$ $Fagon] P 49 & A
o7k flE Ao UEhith EFTAAR el me A2 zet 0N HC
Extract®] pH¥ Table 129 EFUSL

P01

Table 12.
pH of Treatment Sample(T) and 0.1N HCI Extraction(E)
1 day 28 day
T E T E

Con 6.61 1.63 6.68 1.68
pP5-2 11.41 6.82 11.08 6.88
P10-2 11.80 12.31 11.34 11.56
P15-2 11.92 12.40 11.49 12.02
p20-2 12.01 12.41 1:1.62 12.07
B5 7.51 2.28 8.17 2.64
B10 7.21 3.92 8.15 3.45
B15 7.03 3.86 8.09 3.87
B20 6.96 4.2 8.46 4.23
P5B10 11.12 7.48 11.91 6.54
P10B10 11.29 11.73 12.28 6.86
P15B10 11.48 12.47 12.31 7.16
P15B810 11.57 12.5 12.42 10.42

Zhsm Qb BHA] Fol Alm o] A =
of kAol F&o] v Fokou, el Aol
& &5

€3 POS tAZ Al AbE Al Hls] W2 &
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’

Age dels o Aol nE A2 pHe Wb vlg 3o
A A ow AFEe] sl whet wrolA s AFdE B

Cu concentration (mg/kg) & Extraction pH

300 14

12

r 1o

Culday ™Scy28day —®pHiday —pH 28day
Fig. 11. S0E0 OE Cu 2 s&% F= pH B3t
Pb concentration (mg/kg) & Extraction pH

5000 14

e | /F,—i—i\ — 12
N I \ / /b
Nl \ / Vil
=7 \ B |
wo LI/ \ V4

2000 1— ?W -

1000 1—

Culday ™cyJgday ~2pHiday ~—pH 28day

Fig. 12. S£0{E0l E Pb € s F= pH B&
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3. TCLP ¥4 A3}

Table 13. Leached concentration & Extraction pH (TCLP)

Extraction Pb Cu
(mg/l)

pH 1 day 28 day 1 day 28 day
Blank 3.88 647 527 8.04 8.27
NOS 10% | 5.03 220 198 4.30 4.95
POS 10% | 6.18 i /A5 0.97 0.35 0.34
POS 20% | 11.2 33.7 27.7 0.06 0.23
POS 25% |'12.33 60.9 29.4 0.06 0.22

Al59] pH7} 5o]dolBE pH 2839 &=
Aok A& Ay Table 139 2% FEo & 25 POS 10% H7holA
7152 (5mg/L)  oIHZ el o FEle= 2337t disilA & Wt
ROy e gz dgolE g POS H7bEe] 20%E -2 33ste] pHF %
2 Mg §Edel Sous 4SS 2w
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4. Sequential Extraction

ke

TuEHS SAGH wet =24 Rl F3 ARV AAAAAER O
EwbE EAEHY R Fesiva & 5 Qv 2 ATolAM = AMA
T e EE, NOS 15% A 2E, POS 15% HBEE Tessier (1979)7F A
Alsk W ol uwgl exchangeable, carbonate, reducible, organic, residual
typee] H@HAIE HA18t9th. Exchangeable types ®Hz Zwo] &3
TEEHOE TEEol FE-FY HW H7|Feg FHHE A2 1 AY
Ho] ofatw Qizte) wekolrt pH Wstell o3 fA @32 ol @ F I
= Fiolth. carbonate typed ©AFH O AHE EAdte TEEOR

So A pH7F Wolx]H 8F9] Ht} reducible type A3l &

T4
Tighsi] “
H TE502 HAE ¥Wd Ho|u WIH AsE I T EH Qs FEoZ
=

.|_4

2 3714 dEdA - f1Ee w8l Al &0 dojd JteAde] At
Residual typed 3%9 AA Fx Lo EXd= FgE0 7 A% 37
Ar= Ao &Fo] =HA Foy Fsh B #3] s A &&E s
o] ltH(Salomons et al, 1994). g Wi ol 2.3, EA WA A Al

st om A Aut= Table 14, Fig. 13.9] Yeriglch = A 943}
A8 Al exchangeable ¥E|9] FTaH2 Ao EASHA &Zske 53
POS 15% # &2 749 exchangeable @ e o] TF%0o] EA3HA &= Ao
2 ZAE Y. HZ2h 4 Ca AR S E <13 carbonate typee] H|&o©

ol 2™, reducible, organic type? H]E& T Zfol7} §1 3L, residual

typeo] 93+ Sk Ao® eyt
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Table 14. Control, P15, N152| =& 24 A

. NOS 15% POS 15%
Site-C _ -
I A2 2ot AZ
Exchangeable
1,088 513 0
Conc.(ppm)
Carbonate
1,496 1,989 2,906
Conc.(ppm)
Reducible
6,020 5,743 6,110
Conc.(ppm)
Organic
6,897 8,566 6,870
Conc.(ppm)
Residual
9,048 7,283 10,636
Conc.(ppm)
Sum 04,549 54,094 06,502
Conc.(ppm)

P15

N15

control

J )

oy

f f T T T
0.00% 20.00% 40.00% 60.00% 80.00% 100.00%

Fig. 13. Control, P15, N152] =& 24 A
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5. SEM-EDS ¥ XRD #4123

Fig. 14. SEM-mapping 24 Al 2&& Pb &8 DEE (P15)
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31 En. 108

Fig. 15
. SEM-mapping 24 Al 2

Z 1 (P15)
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V. 4 =

AFAAE Byste] wE kg 3kA NOS2 NOSE 900Col A A4l o
AZgE b skAl POSE Hom edd Ede] bgste] +& Z34E e
Wtk 53] A4 &°] Calcite?] NOSeoll v]&l, =40 CaO!l POS7} <HA
stoll ¢ && A ol At 10meshell B8] 20mesho}-J 4ol o +& A3
£ et oy I Aot wimlstr R dds ald ste] 10mesh 974
AbgslE Ao/ BEstrtl Boxith POSE =02 A&8AS 45
B¢ tiu] ' POS 15%, 20% %7} A] 0.IN HCl Extraction®.% I
A3k S W 74 47Tmg/kg(28day), 3mg/kg (28day)o = #21%
o] 8=A18 %l 8,106mg/kgel HlE] ZFz+ 99.5%,
EGAdmAfe] 7 A9 27152 100mg/kg
Ao E LHAES Y] POS 15%; 20% 71 Al
0.IN HCl Extraction&® _F=3te] FA A ZFzE 12mg/kg(28day),
13mg/kg(28day) 2. FA HeH oA -RedEY {FAF F
379mg/kgoll Hl3l 77 96.8%, 96.6% A TAZ EYIHR AP TV
A 7]+ 50mg/kgs A7l
b E 7hEsle] whE ebdsiAl ABBE A 89S wl, 9A 10% ol
A7bets W, JF3 e TV A FHVES F
T kAol A POSe Ml £ &S YEASTH, 132 ThS
9l PE %53 Pyromorphite A2 53 A3 WAYFTOE
o2 d=dt. POSSt ABBE &948 sl dl, POS, ABB ©= 4
o Hlal ¥ F2 Z&S BHoH olAE 2o r Qs CaOx WHed
Ha=dd=2 Ak kst dAYSY 7FE5m o] A4S &3 Pyromorphite

fo o

2

all
1
ol
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