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Application of Zeolite with Different Cation Exchange Capacity for the Stabilization
of Heavy Metals in Upland Soil
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Abstract

This study was aimed to investigate the influence of cation exchange capacity (CEC) and application amounts of zeolite on the stabilization of heavy
metals (As, Ni, Pb, and Zn) in upland soils. The upland soils were sampled from field near mines located in Gyeonggi Province. The CEC of zeolite was
treated at three different levels, ie, low, medium, and high, while zeolite was amended with soils at the ratio of 0.1 % and 0.5 % as to soil weight. A
sequential extraction was performed for the soil sampled at 1, 2 4, and 8 week after zeolite was added to the soil. The concentrations of Pb and Zn
appeared to be high in the sampled soils. The mobility of heavy metals obtained from sequential experiments was as follows: Pb > Zn >Ni>As. Addition
of zeolite to contaminated soils effectively reduced exchangeable and carbonate fractions but increased organic and residual fraction, indicating that
zeolite is effective for immobilizing heavy metals in soils. The influence of incubation time on the metal stabilization was rather pronounced as compared

to the application amount and CEC of zeolite.
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U S5k A=l 1,00009 717 2325 o] 9lom,
198013 ]| o] & A4 A5k Qlste] di2o] =g H

o]t} (Jung et al., 2004; Jung et al., 2005). H|3FALS] &=
T4 st w7 f2el, FH 5HA EFe 54 o
o] 10lo] E] 11 9t} (Lee et al., 2004; Jung et al., 2008). o]
S Fa4-2 QAo vl e BEE 9] vk A|g=
AA ] 7)-5-2 Al 4= Utk FEE-2 Aol v A= Rl
dofl webA -3l =<5 (Cd, As, Hg, Pb, Cr, Ni) ¥ IeHd =
ARl & FAAfel| FFE nx= 54 54 54 (Cd, Co,
Cr, Mn, Ni) 2.2 E2=c}(WHO, 1992; Go et al., 2012). =+
U EokslA A Mol A= As, Cr*', Cd, Cu, Pb, Ni, Zn, Hg
=5 FAI5kL It} (Choi et al., 2009).

FTos LAEg| theh P33R 2= 11 S} (solidifi-
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cation), 2]} (vitrification), &9FA]| 2/ A2+ (soil washing/
acid extraction), 2] EFA A (in-situ soil flushing)
5ol ek 1Y o3t FHEE L HH FH A 485
71oll= AR 1 S0 7] A 9] S|4 FA AR o
20] 9]t} (Korea Rural Community Corporation, 2008). X
ToEs 2 78R 0 B o g oY} (stabilization) 3
o] A Ao AL vl {-83t TR o &2 de] AgE|aL Qlrk ¢t
Ao}t R LdEdo] EFORRE AHZ 0% A AEA]
+© @A LPEd FaE R AL ol B
FYsto] B Yol EAsk= Fa<4= 32 (adsorption), 3
7 (precipitation) 52 £ 23l (solubility) L} EAJo] &
< P2 HIAXITE E3h AEo]8-d (bioavailability) 3!
FZ715A (extractablity)2 23] 214 YsiAdS a7
+ a1} 3t} (Basta and McGowen, 2004). =2+ glo] &%}
of| i} 2)-g-o] 7hashH, FH oA B2 Als= W AlEe
O FEEoR LY B Aesl=t] axflo|m H|-go]
27| A4~ Q B)= A8 714] AL it} (Basta and McGowen, 2004).
S = Aol E, A]Aa Z-E FEa Adsd
71, =7, 74w eh 2 AR AR 0] 83 RSt
of Tt =17} AP ATt (Yun et al., 2010; Ministry of
Environment, 2011; Koh etal., 2013; Yunetal., 2014). 0] =
W AL elol 2t TR0l 2ol vla S g2 e
o] AR, 2 ZIs}Ao|m A4 o2 oigf 21} 7hsst
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Th=do] ek (Kim et al., 2015). Al&eto| E= A<
199 FEHo R LA BEY ARE At N H oY
ShAl = d 2] ARg-E o] T (Kim et al., 2014). E3E =) 2
A Al&etol E ik 9 midefo] st s shiof o]
3} (Choi et al., 1995). M Al&eto| E= ofol 2 m3hg-af
(cation exchange capacity, CEC)o]| wl2bx] 2 714 2ol & 1t
ERH, 2016 A7) & 7]& 2 & CEC©] 70 cmolykg 120
cmoly/kg, 160 cmol/kg®] 7142 2+ 59,400 ton, 61,600/ ton,
93,500 ¢)/ton &= CECof| whzhA] Z|f 1.5u19] 714 2jo] 7}
t}. Al EE o83t BE4F Mgt 3 A= 3= S
A9t (Shanableh and Kharabsheh, 1996; Mahabadi et al., 2007,
Kim et al., 2014; Kim et al., 2015), A|-&2}0]E 9] CECo] wk
£ B st aaAd Brtol gt At A st

olof] & AtollM= HAAE | EL BESF W 55 (As,
Ni, Pb, Zn) ?H43} a-8&-2 7613t CEC7F o2 Al S+
O] HA Al&etol EL] EAJS B7FI L, Higit A E
Foll AA Al ES Egsto] B W S5 ¢S &
Zdof| thsko] A E ik

=
=

gt AFE EAlRE AP B E4S
AT Bt =2 105 °C Hz7]of 2417 A%
5 57 WskE 2519ick pHOFECE =9kt SR 1
£S5 1:52 E3telal, 1417 w4k 5 o3 3}] (No. 2, Whatman,
USA)Z o35t 5| pH/EC &% 7] (Sevenmulti S40, Mettler
Toledo, Switzerland) 2 Z7J5I3ic) Eok0] §7|E ke (organic
matter, OM)-2- ZHAL=AIZF © 2 450 °Col 4 24|17} 7} &
PAH3E =419t} 22 4 (total nitrogen, T-N)= £
EZA 2 KaS042} CuSO,E 9:1 H] &= H7}s}o] 400 °C
ofl 4 4417k 7l e =m0 2 2 4ok 52 (total
phosphorus, T-P)-2 HCIO, E-38[HHo]| wj2}A] dEs) & o}~
S FAE O AR 5 Stk Eogel 24
3= As, Ni, Pb, Zn 9] 8RS 71X 2 1 gof HNO; 0.5 mL,
HF 5 mL, HCI 2 mLE @31 140 °Cof|A] 2A] 7+ 501 55 &
ICP-OES (Perkin-Elmer, Optima 8300, USA) & =435}3ich

2. ¥ MS20|E EY It

3ol YA|FHLALRSE] CEC7} T2 A7HA] A& eto| ES
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S #o}0.85 mmost 7| 2 A Asto] ARSI3IT AlZAL
A A= Al eete|E S CEC= 2121 70.62, 127.20, 163.74
cmolo/kgO| AT AlEete] EO| thE 54 Bl 24 i A3
%15+ (Kang et al.,, 2017)0]| 7] %o} Qlek HA Al&wto|E9]
pHe} A7 A EEE S5440) 135 v]&2 3918 & pH/EC
Z2A7|12 2435kt XA ¥4 2337] (X-ray fluorescence
spectroscopy, XRF, S8 Tiger 4K, Bruker, Germany) 2} H] 3 H 4]
F47] (Surface area analyzer, Quandrasorb SI, Quantachrome
INC, USA)E ol 3t] € 9 n|sEul =& b2t Bafalel
t}. X-ray diffraction (XRD, D/MAX-2500H, Rigaku, Japan)
& FalA Atol=o] BEste Tas B,

3. EY B34 oal Mzl Y g 25 4

EOF U 234 oot 2] S i 5] B ot
Y34 CEC Fgo] 217t ohE A
MCzeo, HCzeo 5 Eg5laL Al7to]| k2 534 24 FEHIE
HABIATE S8 A = 100 g (3F821.3 %)l tisto] A
ZF o] 0.1 % E=0.5 %2 LCzeo, MCzeo, HCzeo 7212t &
7kskel o, 7t Folli= 5k wikS Fof o AR et
H 5 =S S AlRe U T Ao vEAIF S
™, 1,2, 4, 87 ¥H3- A7 & A| 25 A Fsto] T4 & &4
shith s A Bkl A5 As, Ni, Pb, Zn o] = Ej
+ Tessier et al. (1979)¢] &3] At A&HEF2HS &
shalch A4S T 5 FEHAR ol 2ug FH
(exchangeable fraction), €4+ &}l (carbonate fraction), AF
3= ¥ (oxide fraction), 37| A%} &E (organic fraction),
-z 2o 2 ZF HE) (residual fraction) 2 JLE-E T} (Table
1). 5% 8N £42 o 74| (No. 2, Whatman, USA) & o]
7} & [CP-OES 2 &A3}%it)
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Aol A AREE EoFo] B4 EA] AT1E Table 2] Lt

e

Table 1 Reagents of sequential extraction method by Tessier et

al. (1979)
Fraction Extraction conditions
Exchangeable 1 M MgCl, (pH=7) 8 ml
Carbonate 1 M NaOAc (pH=5) 8 ml

Oxide 0.04 M NH,OH HCI in 25% HOAc 20 ml
0.02 M HNO3 3 ml + 30% H202 5 ml
HF, HCIO4, HNO;3

Organic

Residual
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A

BRIk pHE 8.62, A7|AEE= 197.40 uS/cm, §7|&
RS 521 %2 UERYAL, S8 4= 1,267.20 mg/kg, 521
> 1,348.51 mg/kg 0 = vjofE|Qle}. EF pHe AWH Q] =
W EFpH #9]5.0~6.5 Hrk 57| Webst=d], ol= B A+
oM 2 1ate] 2a} A elel A7) % S Ak 2wlo] Bk pH
7F7.0~8.0 9= of e ks At A3t (Park et
al., 2007; Lee, 2009)2}= A x]gtct. E9F Ul As, Ni, Pb, Zn
Fer2 7171 13.97, 25.81, 85.55, 158.68 mg/kg O = LJEFGITY.
ol Eoke o 9w 7)3 124 (As: 25 mg/kg; Ni: 100 mg/kg;
Pb: 200 mg/kg; Zn: 300 mg/kg, Ministry of Environment,
2012 25 QRN A= e Batga< A (As:
6.83 mg/kg; Ni: 17.68 mg/kg; Pb: 18.43 mg/kg; Zn: 54.27
mg/kg, Yoon et al., 2009) 2t} 2=4| UERytth £3], Pb, Zn
O] -9- oF 3~4ul] 7| LERt o o]z v 1 g Atol A A
AtE= F850] Pba} Zno| Q7] W20 2 HHE T (Jung
and Chon, 1998; Jung et al., 2004).

A A&t Eof thgt 54 4] A1 Table 30f L&}

igich CEC2] gkeFo| LCzeo, MCzeo, HCzeo & =0} 2=
2 pHS} g8 12] 71 v Ao ] Z7ehe A0 1}
Epstef. BhBHY LRSS Al Si2 FAIElo] lon] vl
9] Fe, Ca, Mg 23stal Qlok. F=eh4 E4 £4 23
LCzeoof| A= Al &eto] EL} T H F-E5H E4Jo] Uehy
A 99k o, MCzeo2t HCzeo ol A= 4 Al& o] E ZFo
A 71 Ho| ZR51= clinoptilolite”} YERHT) Clinoptilolite
9] 3}8H4]2 Nag. Ks s7Bao.os (Alo31Si26.83072) 0] (Galli et
al., 1983), Fto] 9| Bd Q= 18 R E FAE o Ut
(Mondale et al., 1995). wetx] A A &eto| EQ] Eejfst
A B4e a4 529 Y8 IS 71 7R Ao 20
s UASAZA Q] S8 7S Hols=al Qi

2. EYL As, Ni, Pb, Zn2| ZxH HEY

Tessier et al. (1979)7} Aleke wpglo] meh A Z<se] ]
stsld 27 Wef ol Lme, BHY, AlBHE, 712, 1
e 5714 2 BREC) Fgd0] o E4T YR o 87154

Table 2 Properties of soil sampled from upland near a mine located in Gyeonggi Province, Republic of Korea

H EC Organic matter T-N As Ni Pb Zn
P (uS/cm) (%) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)
8.62 197.4 2.21 1,267.20 1,348 .51 13.97 25,81 85.55 158.68

Table 3 Physical and chemical properties and metal adsorption capacity of LCzeo, MCzeo and HCzeo (Modified from Kang et al., 2017)

LCzeo MCzeo HCzeo
Price (KRW/ton) 59,400 61,600 93,500
Srface area (m/g) 10.12 52.10 59.43
Pore size (nm) 3.82 3.82 3.83
Pore volume (cm®/g) 0.03 0.09 0.10
Physic.al Quartz Quartz
properties Albite Albite
Crystal structures' C:‘\‘IJ;:Z Clinoptilolite Clinoptilolite
Heulandite Heulandite
Mordenite Mordenite
pH 714 8.52 9.02
CEC (cmolc/kg) 70.62 127.20 163.74
Elemental composition2
Chemical Al (%) 12.64 1.25 11.24
properties Si (%) 76.21 69.20 70.86
Fe (%) 1.84 3.01 2.84
Ca (%) 1.26 1.24 1.06
Mg (%) 0.76 1.22 0.92

1 obtained from X-ray diffraction analysis
2 obtained from X-ray fluorescence spectrometer

3 obtained from batch experiments and Langmuir model fit (Kang et al., 2017)
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o A53kH 24 Fefoll e} ebAlc (Zimmerman and
Weindorf, 2010). |2 o] 8t e, Bhatel Fel, Atshe
Pl oF 4810 §Fo] ZH5T Felol e §712
P} 215 el opity golo B 8Fo] of2le B
2 &2 A ¢l (Bacon and Davidson, 2008). =, o] 2w 3} &
giof ehited FHE, AlelE o) Se5S B YR W
3H(pH, &%= 3ol &8l A ol 23p7} 71sste] o] sAdol =
obd 4 91 Aoz Atk

3 Q10l4] 317 K22 As, Ni, Pb, Zno] 27| e )
& Fig, 10 LERNTE As 27 1] .2 77F o] 2308 1.5
%, EFAF 1.7 %, AF3HE 3.3 %, 9715 13.6 %, 255 FH
79.9 %= LRI Nio] 79 o] 2-ulgh T4, Aok,

100

3
=3
L

60 -

40 +

Metal fraction percentage (%)

20 4

As Mi Pb Zn
I Exchangeabie Fracton I Carbonate Frachon (] Oxide Fraction 00 Organic Fracton I Residual Fracton

Fig. 1 Fraction of As, Ni, Pb, and Zn in soils sampled from arable
soils near a mine in Hwaseong city
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718, 2b Fe= 212121 %, 3.0 %, 18.7 %, 15.2 %, 61.0 %
© 2 UEpsiTh Pb 24 Hl&-2 747} 0] 212.8H0.2 %, THkY
11.3 %, AFSHE 51.9 %, 9-71222.2 %, 2+ e 14.4 %=
LERGTE Zn 9] o] 2wl BhAMY, 48k, R+, X B H
L Z¥7}3.0 %, 8.0 %, 30.0 %, 11.5 %, 47.5 % 0.2 Vpepyith
A& 2= A 2T FEj 9] Bl&o] =2 Aso| 7P o5 H
& o870l Atk Pbo] 9= f7 & U A+ FH
o Hlgo] grjFor Yoz olx4d 9 Ay o874
o] Eral Atk 53], Pbo EY W F s =4 vEt
L} ofof| tgt 2] W o o] F g sjch

A& FE AN FTEY o542 Pb>Zn>Ni>Aso &2
LERgTh 2 At9] Aah= A7) At Aafet o At A
= Yehdith Hickey and Kittrick (1984)-2 Cd > Zn > Cu
=Ni &2 2 47 &%= o7 B35}t Singh et al.
(1998)2- FAE o)A 242 Cd=Zn>Ni>Cu>Pb &0 =2
A EZE ki K arskgleh Pbat Zno] B fA-Hol| A o]5/d
o] A F& 08 Kkl QUAREE A4 A& =5 2
I E¢fo A e 2 AL E Ao A R E
% Ui Pb 9 Zn 3teFo] 7| tiit O & Alm¥Hch

3. A MS20|E =&l WE EY L As, Ni, Pb,
Zno| EXH e Hat

percentage (%)

As fraction

8 ] 1 H] 4 8
Time (weeks)

I Exchangeable Fraction Ml Carbonate Fraction C——] Oxide Fraction 3 Organic Fraction Il Residual Fraction

Fig. 2 Changes of As fractions in soils by amendment of 0,1 % and 0.5 % weight percentage of zeolite with different cation exchange
capacity, (a) 0.1 % of LCzeo, (b) 0.5 % of LCzeo, (c) 0.1 % of MCzeo, (d) 0.5 % of MCzeo, (e) 0.1 % of HCzeo, and (f) 0.5 % of

HCzeo
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AR FE ] f71= B 57k A o= LT
LCzeo, MCzeo, HCze05 0.1 %5 £35S -2 45219]
S71E FE Q] B 82177 %, 19.0 %, 18.5 %= A HH A&
o] 971& Fe o] vl& 11.6 %o H|slo] =gl Z7lsl=
43S eIt LCzeo, MCzeo, HCzeo S 712 0.5 % &
ERtollE A 472 f7 1= FH Y vl 17.7 %, 17.0
%, 17.5 % o= Al &eto] E Egtof| w2 {7159 &4 FH
O] Hl&-2 SRR &3t vl S7tol thE Bibe A
LUTE 852 o= 4522t BISte] f7 )& o] Hleo] 7F
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501 % SUTUE B9 87 17 Fejol vl e 42,
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Fef o] v]8-2 7F2F 152 %, 16.7 %, 16.7 %= YERSIL 0.5
%S T89-S Aol = 2+ 16.0 %, 16.7 %, 17.2 %= 1
Epyitt 2710 f71E FEl ] Hl& 12.9 %0l v]sto] Z7fs}
Ao, Al&eto] EQ] CEC W &3} &0 k& 452419]
7= FE 9] H]&2 Zpo) 7} ulu]skiitt. 4523} 2hE FEf Q]
Hl& YA Al&2te| EQ] CEC % 23t vl&of whE Afol= 7
o] glolom, Al&etolE gtol whba] oF2~3 % 571513
o} 1y 8 oAM= 7P QA1 Rl )1 2 FEjC] H]
£0| H= AY 2ol @A F718I3Ick LCzeo, MCzeo,
HCzeoE 0.1 %5 S33F0E 749 852 N X+ el
H|-8-2 ZF7F74.8 %, 75.0 %, 75.4 %2 UERFIL 0.5 %S &
31519S Aol = 242 73.5 %, 76.3 Y%, 73.1 %= LFERLE,
AlZetolE 3 A X7 e <] ¥]& 58.8 %o vlsto] ujj-$-
=7 YrebstTh

Pbo] Al &efo] E a3tof| mh2 4 FE| HERE Fig. 4] L
R ich 233 f7lE FEQ) vlE ST
bt 23231 $7|E F 9] 888 LCzeo, MCzeo, HCzeo
0.1 %E 33+9E 75 22139.9 %, 40.8 %, 36.4 %=
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Fig. 3 Changes of Ni fractions in soils by amendment of 0.1 % and 0.5 % weight percentage of zeolite with different cation exchange
capacity, (a) 0.1 % of LCzeo, (b) 0.5 % of LCzeo, (c) 0.1 % of MCzeo, (d) 0.5 % of MCzeo, (e) 0.1 % of HCzeo, and (f) 0.5 % of

HCzeo
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Fig. 4 Changes of Pb fractions in soils by amendment of 0.1 % and 0.5 % weight percentage of zeolite with different cation exchange
capacity, (a) 0.1 % of LCzeo, (b) 0.5 % of LCzeo, (c) 0.1 % of MCzeo, (d) 0.5 % of MCzeo, (e) 0.1 % of HCzeo, and (f) 0.5 % of

HCzeo
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Fig. 5 Changes of Zn fractions in soils by amendment of 0.1 % and 0.5 % weight percentage of zeolite with different cation exchange
capacity. (a) 0.1 % of LCzeo, (b) 0.5 % of LCzeo, (c) 0.1 % of MCzeo, (d) 0.5 % of MCzeo, (e) 0.1 % of HCzeo, and (f) 0.5 % of

HCzeo
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O) Xk el B2 47.6 % o8 WA UEyit Teu R
) 2lol| 4 42}, 85242 AJbo] el meb 2
gQ] B]&0| 57]-8}0:] 85Fx}of LCzeo, MCzeo, HCzeo
1 %S 535193 A 22+ 63.1 %, 70.3 %, 65.6 %S
2 UEREL, 0.5 % gﬁ A] ofl= 22}66.3 %, 67.6 %, 67.8 %
o2 ekt s7310] 4718 Pefe] vlg A Al eetols
531 A (11.5 %) ol v|g}] tha 2715193 21, LCzeo, MCzeo,
HCzeo= 0.1 %= 351923 3L 2121153 %, 12.2 %,
15.6 %08 LFERETL, 0.5 % &3k Alofli= 2H2F12.1 %, 14.8
%, 14.0 %2 Ueht). s3] 17 de) 9§71 9y
o] Zn W]& 24 3} £5 1] go] 12 Afo]= ]ulatgi A,
LCzeo®] H]3}o MCzeo2} HCzeo-2 Zn Q1 3lof| E3}2] Q1
Ao & A=k 0.5 %2 LCzeo, MCzeo, HCzeo 2] 3} A
8Z22] 07|12 FE|O] M- 12.1 %, 12.2 %, 15.6 %02 L}
BRI, A5 S O] 8- 66.3 %, 67.6 %, 67.8 %08 L}
ERtth

Al Lefo] EL= Si0s E= Al04 9] AFHAS W) & 1= 3
A 25 ZEA1 QlTk Si AFAA| 9] F4lofl 91A] 3 SiE Alo]
=323} Elo] PAH Al AFHA = SH81S w7 H) Na',
K', Ca®" o} 7+e W34 oFo| 20 S A3l w= Al &alo|E
£ A71H o8 SR o] 23 oFo]-2Pb, Cd, Zn, 71
)3 Mn 53} 2 ool Faat 2|k 4= 9100], o)
o] Al&eto] Eof o3t T A|A 9] =2 7|20t} (Erdem
etal., 2004). E3} AL 122 8~107]2] TE]7} TS0l Wl
Hl F7to] EA5tH, dS a4l o]0 F=U= 5017t
Hll, 72He 0] 28] 9= 11 A7) wiiZol o] A d& F3lAl
0]%53}7]7} o]t} (Semmens and Martin, 1988). At o
2 Ageio|Ee] 2 B3 url ojefal 2o B Fat]
of Q= F e 2EE|7) ol TR ke, So) 8
2 o] 2.0] Z9= o QP oR ERjek Ao R AR
MCzeo2} HCzeo+=LCzeoof H|5}0] =2 As M A&
UERdE=t], 0]+ LCzeo 7t MCzeo 2} HCzeo R T} -2 Fe
g Ueh7] ool ol e FHjE ZAfsR Ase] A$
= Fed}ferric arsenates (FeAsOs-2H,0) FE| Q] SIlE2
HAsl=t] (Lim et al., 2015; Kang et al., 2003), LCzeo o=
Ase} 2T 5 Q= Feel gl Ak

A8) A9t (Kang et al., 2017)9]] wh2H LCzeo, MCzeo,
HCzeo 9] ©¢] A= Ni SAFES 22.7 mg/g, 22.0 mg/g,
23.0 mg/g O 2 2T 2ol 7} 19T, Al S etol= Eato b
2 Ni QPgato] X e 7A)t Aol Eo] CECe

[

mlm 4ru ff & 2 do 1o

%l
A
3
0.

u}e QPgElo] v]2} o et Aok jmlsleick LCzeo,

MCzeo, HCzeo 2] ©+$] A&Fd Zn SA=F217.5 mg/g, 17.8

mg/g, 22.1 mg/g 2 2 HCzeo+= THE A|L2to| Eof vla}od uj

9 22 Zn FAS JeRRIAE 20 A4 23 A3

HCzeo7} Zn <] o}x@oﬂ u]x]L R % D}% A&l E
Al

A 1 «IOHHE °l—r°1?<l I

CECo| th2 A Al ELF Z3HH]E (0.1 %, 0.5 %)
o) ThE 5% (As, Ni, Pb, Zn) M8} 8- 71517 f1s)

HFAE QI TR A EF HA A&l ES E6to] B
F Ul SaE s S0 s A EeT: B 24 4
T} E9F Yjof Pb W Zn 2] gteFo] Hof B EOFQ] Pb W Zn 2]
S " =A Uehgew, Pbit Zne| f7)E B AT
FERO| H]Eo] thE S Hih A Yehth M A Al
o|E 3o whE B W As, Ni, Pb, Zn ZAFE) S| HstE
AR A 417 o237t 7hsske] ol s/dol =2 FEiel
o] Zu g}, T, AlShE PR Q) Bl sl aL, Qg A
FEI 71 B AR FE Y Bl ST A&l
£ 29] F 0E He) 27loll 4] Agto] Zukelel ukebA i
Fejlo] vlgo] FelshA Z715k= A0 ettt HhHo
Al Al geto| = ok Eope] E5Hu]& A7 A7H0.1 % AR}
0.5 % AR w2 52 Qb slof 1] 2= o] dhgt 2ol
+ fl8leh 2= Aol A CECo] LCzeoof| 4 MCzeo 2.2 5
71e A R ek e Skske AeR Yeon,
MCzeool A HCzeo 2 571k 73-F- Xt FEf Q] 7= Ut
LA @AY st mebs S55o2 2. A BN
FA 7HA o] HIRAL CEC7F 2 HCzeo Hrh= M3} A&

0] 43 MCzeo”} =4 =)

AL AL

o] =E-22017d% AHH (S 2] PO R =+
Aol 2] g whol =3 % 7| 2 AFAFI Y (No. 2017R1D1
A1B03030649)
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