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< Summary >

Purpose

The subsurface should be rigid enough to support the huge
infrastructures at industrial areas or railroad sites. Fairly large
amount of chemicals have been spilled into the subsurface while
those are in use at industrial areas or railroad sites. Therefore,
the development of the soil materials which have not only sufficient
strength but also adequate sorption capacity (hybrid) for
sustainable operation is needed.

Contents

Literature reviews and basic investigations would lead us to secure
the candidate group of base materials for fill materials or
adsorbents including the geotechnical and  geoenvironmental
characteristics.

Trials to combine the base materials would be categorized into two
groups. To mix the base material and adsorbent would be the basic
idea. Partial substitution would be tried to maximize the effect of
mix. Second method is coating. Certain chemicals can enhance the
surface chemistry of target solid materials. Some trials would be
performed on base materials wusing other chemicals such as
surfactants or zero-valent iron or others.

The evaluation for various combinations would be performed and the
best combination would be derived from the results.

Development results

— Literature review on requirement of fill material properties of Korea

— Providing potential candidate materias by literature review

— Physical, chemical evaluation on fill materials and adsorbent

— Physical, chemical evaluation on hybrid fill material depends on the
mixing method and mixing ratio

— Evaluation of adsorption capacity and long term behavior by 1-D
flow column test

— Evaluation of field application by soil tank test

Expected Contribution

Subsurface contamination is quiet but severe. The most problem is
very high cost for its remediation. The highly adsorptive
hybrid-fill materials would minimize the spread of contamination and
it would significantly reduce the cost for remediation. This
material would be applied to various areas where various chemicals
or contaminants are wused such as plant or porous pavements.
Furthermore, this trial for fusion of two or more different
materials could lead the field of ‘functional soil’

Keywords

Industrial ) , Site ) ) .
Railroad site ) Fill materials Hybrid
complex reclamation
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[+] A
EALEE | AT — . i
T4 NS ] e 2gE
2004 BHy 7 TPH, BTEX
2005 248 92 Zn, Cu, Cd, Pb, A5 Ni TPH
2006 Hy 6 Cu, Zn, Ni TPH 4 TPH, BTEX, TCE, PCE
e 26 Zn, As, Ph, Ni TPH, BTEX 3 TPH, Benzene, Xylene, Phenol
2007 EMOE 59 e F, Ni, Az, Zn TPH, BTEX
Al 30 Cu, Zn, Ni TPH, BTEX
HE 2 Ni TEH [ TPH, TCA, TCE, PCE
o 4 BTEX
2008 By, &0 39 Cu TPH
&FE 44 5 Zn
HM 47 Ni.Zn TPH, BTEX
Mg 40 MNi,Zn TPH,BTEX
2009 ot 45 Zn TPH.BTEX 2 TPH
=g 36 Zn TPH,BTEX i TPH
HE 13 Zn TPH
30| 26 ns TPH, PCE 1 PCE
2010 =1 3 Pb TPH,BTEX, PCE
25 13 As,F TPH,TCE
o+ 42 TPH
ko4 78 Zn. N| TPH, BTEX [ TPH, BTEX
2011 Y 109 TPH, BTEX Pb.Zn,F PAH 3 BTEX
ok 9 TPH, BTEX Pb. Zn,F 1 Benzene
X 4 TPH
=4 58 TPH, BTEX Pb, As 1 Ethylbenzene, Xylene
ME CIXE 9 TPH, TCE
il | 861 28
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1-3 AT el

25
o7 e olmn - aml o) Aol 2
- MEX, S2tdel =22|H sfst
H SM &4 Z3E 22lH™, & EM 43 AE
- E&tMl e 53% &5 gt
stojmals Mexz - SEM FEESE 4F - EAM MY W 2@ ddY sieid £
et o ABA SE a .
- Hi g, ofgHdlo E E2/d |- stolEelE HdEN =2H, sy £
oMol HE slte EN HA = gl JjMois AS
- I MEX 7= 555t slolEe
- =& iy, sigd| =& EM £
O U 7IEMe MEX Mz 7|&

S4T0 ALEEE MEs dutdoz HE, MAHX] =M 5 ZE AMdIA0 JHE B2 2F0|
F2=Ee MEZM I7IAMI|FM 27| ch2 7|&E2 MAlstD Uct 2 AFoM AXE
naE{ste A2t HEEXo AMEE= F47| MEO et 7|E2 IIHAMETIE BEAY
SAT|(ME) (KCS 11 20 20 : 2016) 2} HEMAZ|Z= & F=Z2H(KDS 47 10 25 : 2016)0| 3H
Ct. FIIMo=Z Mdchx|et HERX| el 2 HAME X5t T2o st 482 Z2MHAIIE &
2EZ( KDS 44 30 00) of Z=ict.

<HIMAMT|E EEAMUM SLT|(HE) (KCS 11 20 20 : 2016)>
Mg 27 Mz7|&E
o Az, 2, HAE U HEJF A0 A AETF HEStAL E2 &
2E o7 o AIIE E= =EEIM ALE
M= o Z|CHZAO[l 100 mm
o 5mmEcCt 22 X} 60% O
HE4T| KS F 23030l 2| sk HAMSHA 7L 40% Ol 5t
W KS F 230401 2|8t &M X|%=7} 15 0|5t
o A&, Zef, AE F MEIJL Ao UL, JEJH HEUSHAL E2 F
o AHIIE E= =EEIM AE
o DB EH2H(KS F 2340) : 10 of At
o AMX|£(KS F 2304) : 10 Of 5}
e 2T (KS F 2302)
MEX =
87| W2 Ao 5 & X|4(mm) A S (%)
25 100
10 75 O| A
5 20 0|4t
0.08 35 0|5t
e 0.425 mm ECl 7= M=
_ oA SHA|(KS F 2303) : 25 0|5}
STES | MxIS(KS F 2304) 6 0I5}
47| x| 2
o S EH2H(KS F 2340) : 20 of At
o QE(KS F 2302)




FAH S22 (%)

80 100
5 35 of &t
0.6 20 Of &t

0.08 25 Ol st

Ot2& (KS F 2508) : 50 Ofst

otz g2 LHEHAH

o] A Xl

o =

AMEF 9l ZEEL: 025 0|5}
MeEdolz| : 0.25 0|5t
7|E} S35lst X2 2.0 0|5t

: 15 0|5t

Frd =M [« AZ(KS F 2302)
WIS
e SEX[$(mm) A E3tg (%)
50 100
0.3 0 ~ 100
0.15 0 ~ 80
0.08 0 ~ 40
<AEMAI|IZE & FZESH(KDS 47 10 25 : 2016)>
A= ZIZEHAE
&
AbE - HE SHE et AL - HE SHet o HE
S el 100 mm O| 5} 300 mm Of 5} 100 mm O[5} 300 mm Of 5}
=% CBR 10 Of &t 2.5 O| At 10 of &t 2.5 oAt
5mmA (4HA ) S3fE 25% ~ 100% - 25% ~ 100% 25% ~ 100%
0.08 mm&| (200H#|) ESnts 0% ~ 25% - 0% ~ 25% 0% ~ 25%
AMX| S 10 ol st - 10 0|5} 10 0|5}
<ER2MAT|ZE T2 EZ( KDS 44 30 00)>
a3 747|= = AL T==2 HAS
Z| i X|== (mm) 300 o|5} 100 O|5} 100.0 mm
=3 CBR (AlZctA]) 2.5 O|At 10 O] At 10 O| At
5mm d £ (%) - 25 ~ 100 25 ~ 100
0.08 mm & SZIS(%) - 0~25 0~15
AMX| 4 - 10 0|5 10 0|5}
CHr & Azxdx 14.71kN/m® - -
CHE 5 M 90% Z| M ghH| 2
AIZ e case o HETel -
&85 o] + 2%
Chxl = 90% OfA¢ 95% Of At -
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1) ®M=22tolE
HM=2lolE= 1756 AH el H=stAlo| olsf LHE H==2, d=ZdeS JHEe o HES
d oli s

=

'—HEH 20| = A Z2 s LASIH F= S0[2ts K22 Zeolite2t YHEACEH Lol A
= 1960t F 5 M 22l0|E Z&to| EXfste I, dx, 78X At XFollM ML=l Act
H2elolEs MzY, =FA0L {8 YAks 2LEX(IHoM A HZ| 258 MASHEH ALS
Zlojen], & L SEAMZE chekst AFEol ol &S| A= o UTt. Zamzow S 199201
o5t M 22tolEe| FHE2 S2/=ZEZ2I0|E (Clinoptilolite)2 =HHolAM= Fdot X|dof
M octE MaEch Zel==ZE=2210|E+= Po(I1) > Cd(11) > Cs(1) > Cu(l1) > Co(ll) > Cr(II1)
>Zn(11) > Ni(ll) > Hg(11)el =22 Mg Zte=ct S&uES2 Adxdol w2t &tolsh At

K= vl

X1
£ ZX|ot 222 AT Zamzowe| AFZ il FAlSH ZuE wEICH CHS E= Erdem S

(2004)01 A HAlSH A Zzto|ct.

<MoiM 22l0|E EEEM-Langmuir model (E. Erdem S 2004)>

2202 &3s &3s b ”
(mmo | /Kg) (mg/g) (1/g)

Cu(ll) 141.12 8.96 1.16 0.9775

Co(11) 244 13 14.38 1.75 0.9919

Zn(11) 133.85 8.75 0.85 0.9803

Mn(11) 76.78 4.23 0.33 0.9503

100
80 -
£ 60+
5 _
40
20
T

3
¢;, mmol |

<E7|sEol wE M22to|EQ| otd, F2|, & ol2 MAHE (J. Peric S 2004)>

J. peric & (2004)2| Z3} ESH Zamzowe| A7 ATt FALSH st ofode| MAHgo| HECt &
2 Ae ¢ F Ao HEXNoz FUs MM HM22to|ESl ot HIHSo| 7t Hel of
50%H =2 LIEFGCH
2) =zt

2 Zh2 $5tA] AlRto| URIS e of Q2o L2 5 F FAMEZ ofd 2oF 320HE0|
Metn ojd UM == Zozes XelskX| 2ot tHEE ofM=of Uct. SHX[gH, FZ T US
UHtEAIRL 285101 S 75 g MEMZ MEE2S A M8 2 of oo S:HEM &
S £ Q= JtsMol Ict. FufZe U2 H[ES SHANHOZ QLAEES & F £ U= FHO|
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1) Langmuir model

=& 2d F J1E 42| AMSE = Langmuir model 2 CSTF &2 J1Y Al S ECt. 2AF 2 A
SZEE0| e EAHKXYE=)7E ol ez sMEOof FEAS AYst ZetAtelo ZRtste AS
ZI2Meo2 7St Uck SEM At & atnt Aetktz|e] HEeh fIXl= 12dSHA| 2ten{ ct
ool ZEtAtelel d4Ydets Jdefst 2Holct skX|gH, MM EFAS EHE2 FUstX| 2on,
Hcts| oA S&=X| e S&E 2AHSHE) 2te| M58 s FAISHK| 22 + gict. §
5, S&tE & Zo| &Ml EHES 2A™s| HIAS e 2 ZES AMEE = Qlch m2iM
Langmuir 222 S&Z0| IX| 20 F& MZ(7t 2ot 3tetd F3E & Zesot

Cs: EXM SEE 8 S5 ng/g]

Co: B WHAE|o S2E 8%o| SE[ng/L]
Q: Zch &S

ki BxtHel 2@ s d (S50l st Aste

Langmuir model2 Cl2 Aln} Zto| A&
2 yE= HHo| siEsts 1/QK.2 71270 B
Mol tfgt zstE(K)E T + Uch,

2) Freundilich model
of Aoz A2 ZuE EHsS=E 49 Alez
C

Ilor ok

Freundlich model2 Langmuir modelZ} HE0{ AMEHX
7|22 Zst=dl AF A== ZEAlolct. Freundlich model2 Langmuir model2f CHEH|
Zo| of{Ee=z 4 = ct, dutdo=z L2 ko EFF HSo M= Langmuir model
Freundlich modeloll 2F & Sf= A2 LM Uct X2 =2 sE2 s & 29 I At

o2 Ta=C.

O0|& =24W3sAH & = UCt. Freundlich model 2 CH3

Cs: =&H &Y Bd 5= [mg/g]

Ce: =2 B MEo| SEIZE U ZT[mg/L]
Ke: Freundlich &b Ak

n: S&RsSE X

el MEYHAS REE + Ao olnf Kt 1/ng T B & U

o
=

1

InC,=InKp+—InC,

n

6-2) 1-D flow ZH& ZEAIE
S| ZAEEAIRES 49, 58 ZTHAMe EFsS "Iite 7t glct. ol E&StaXt 2%

SE Z=A(-D flow) ZEAIEE FASIUCH AZE CHEAIEE Sol =& FHAXCR SH
of %2 AIRZE CiEl = Aldg TdsIct HdEXel Z2, X5t ol AIZsH =of 2x
st Bof Hetch w2t 2 AFoM = x5 BolAM 3 55 ZZ(1-D flow)S ZAkSH f/ollA
S5 U2 RAAMA AlEE FsASIQUCE. Al ALEet ZEe| A7|= 2Z 5em, =0[| 30cm
ol 7&o| Z% 2nl/mine| RE2E FUZ FUAMZICH AEE ARE HF0cs 8% &
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==
A AZC S2Fo| o%E CHXo| 579 522 LiHA SYsIon strols ARRAWX S
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TR DRsIACH £F BAE ¥BWe| R0 I IBAS WIS 2t EAAIH0 B
dF OHY Rl TRID Ys SUS WU T ZRSS SANYY L2 RYSE Ty
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17 glof ZR4E o83 Alge sHsUCH
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StCH HMZESH Exo 37|= & 50x100cm =0| 120cmO|0{ O] & 30cmE AlEZ2 A2 T ExX 4
FolM SHS BALGH TS ZASIRUCEH A2l vlPd 2 ABAIYI £Z0| 2.5cme| AtstE =ef
St 25cme] AlRZ2 PHEO Aen| ARe CIEAEHE Sl T&5F A= Che 2| 90%2
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SEAIEO Bt = YR 8dE FE A T SFTE 48AZ S SEAIEL 2 RERE
T T AXE Ht=s (Al 2R ol R E Hehsiict

O Z3E ¥ &K s2sd(53%)
1) st
- AEY EFEAY
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Auix{oz T el SUS YAt 7|7t ASHE EES0| BUlES Helw 5+ AN
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B >#10
| @ #10-40

@ #40-100
6 W #100-200

Ce (mg/L)

il

<Hg2lolE| YTH ol 0|2 S2EH ME>

0

<M Z2e2lo|E2o| AEH ofdo|2 FF Y EAMA1p
Langmuir mode!| Freund! ich

Particle size Qr K R Ky 1/n R?

(m) (mg/g) (L/g) (Z/g)
> 2 3.897 0.023 0.998 0.443 0.324 0.966
0.45-2 4.787 0.022 0.998 0.554 0.320 0.981
0.15-0.45 5.411 0.019 0.998 0.498 0.356 0.978
0.074-0.15 5.411 0.019 0.996 0.460 0.372 0.953
< 0.074 5. 456 0.019 0.997 0.479 0.364 0.970

Adsorption capacity (mg/g)

0.074-0.15

0.45-2 0.15-0.45
Particle size (mm)
Natural zeolite = = Weathered granite soils

<B3tESt M S2lo|E2l QY ofel 0|2 EAHS u|m>
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= SeEx Ay 2T 2 =Y H4
14
ACd
12 mPb
10 | . o
o
S 8 :
£ :
5 6
QO T a
4
2
S+M EF 0
=e= 0 100 200 300 400
C., mg/L
Langmuir model Freundlich model
Heav Q K K
y L L R? F T i R?
metal | (mg/g) | (Z/g) (Z/g)
cd(Il) 5.045 0.732 0.9995 1.827 0.205 0.3572
Po(I11) 13. 106 0.396 0.9915 4.438 0.263 0.8938
7
- | ACd
6 — [ |
[ | | HPb
T d
=4}
100 200 300 400
C., mg/L
Langmuir model Freundlich model
Heav Q K, K,
y L L R? F 1/n R?
metal | (mg/g) | (L/g) (L/g)
Cd(11) 4.092 0.047 0.983 0.489 0.385 0.906
Po(I1) 6.146 0.247 0.999 1.383 0.322 0.889

- 24




12
ACd
10
I mPb
b |
T S e
A Cianaee e A
TIAHE
100 200 300 400
Ce, mg/L
Langmuir model Freundlich
Heav Q K, K,
y L L R2 F l/n R2
metal | (mg/g) | (Z/g) (L/g)
cd(1t) 4. 655 0.152 0.9969 0.822 0.356 0.9335
Pb(I1) 8.368 0.201 0.9987 1.337 0.421 0.6794
14 13.106
12
3 10
o
g 8.368
2 8
8
& 6.146
Hlm =4 c 6 5.045
S : 4655
=S % 4.092 ,
< / / /
= et =L EEdu
2 Cd(ll) = Pb(ll)

Zsisol M22l0|ES ERslol YA 2ziol 2alx, sisty SM2 EASRIcH 2AED
AlBEH EslEs SARRHA sPol slEBle], pH AIBZD 72 ZM2 H1 USS L 4 UC

HE Folgde EoECt ol MS2t0|ET} o3y S2EE 2E=2 S0 gotyel =H
_7I'_<_ I. PN Z:

2 2o ECH vES2 dUiHez SetEEC ME20|EVE 2enf ol& Salf oA"Y 2 ¥
A= A x=cte| S0l M 220l E 2ol Fotdol wat Hotx|= degs due =+ Urt
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ko2
o | sussy s 2gar | EES ) pase | uz
(meq/100g)
Si02 - 59.55;
Al1203 - 19.28;
SP Na20 - 1.32;
== _ Fe203 - 6.68;
Z35lE 7 (Cu—8.5, Cal - 0.74: 11.97 9.43 2.68
Cg=0.74) Na20 - 1.32;
K20 - 2.96;
LOlI - 9.46
Si02 - 70.87;
Al203 - 13.96;
Na20 - 2.23;
Fe203 - 2.72;
=) E -
HZzlo|E 6.5 Ca0 - 1.59: 44 97 69.58 2.33
Na20 - 3.84;
K20 - 3.13;
LOI - 3.87
-XRD 2AM 2 S5t M HMES20|E M2 24
20000
©
15000
m
o
L
2 10000 -
(2]
| =1
9
=
5000 (2),(6),() (a),(b)|| (a).(b)
@6 @0 e
@.©
®) | e
0 1 1 " 1 |
10 20 30 40 50
2-theta (deg)
<M 22l0|E2| XRD241 ((a) = Heulandite-Ca, (b) = Mordenite, (c) = Slicon dioxide)>
XRDEA! Z3f, =2 odFo| AI2= HME22I0/E+= Slicon dioxide(61%), Heulandite-Ca (15.4%)
Mordenite(23.8%) 2 TFAMEO Uct & AF0AM AIESH MAHA XM22l0|ELl A e Hgaloh &
CHollA A F &+ M 22I0|EZ O|& ALSSE o2 AFXKKim et al., 2015)2| A|&HZ e} H|SH 4
a2 Ho{Fc}.
O Zgol e 28 MM 22X, sty E4
2EME
- 22|& £4
dutMoz 1 M SE2 clad S2ZE 22|y EME2 deir ol EstEo| o|x|X| Zsict,
ol4er E&Met MEME =g Al BEXSIE REYsSiCt U2 2 dAFuME 28 M3 =2H
EME Hlwst, =g MEXNS Mz 7|F 2HE {FE =elstyict.
- stetd BN
2 AFoM IStk St 1 FEM stolEE|lE MENE= 228 EMe MEXN Mz 7|&
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2 T QlCt. M 22lolE 25%21 A|Z2(A25)2] E&s2 HM22I0|EE Z&6HK| 22 S3HE(A0) =2
Ct 2k 1.68f S7Ist A2 & F= ACt olmf HIIE F2 Ao HM22I0|EL HIE88 ZAAIAHA =2
25tHLE, 1mm O|ste| M Z2lo|ERE AIZsl| ZeteictH =8 dEXNe 252 2ot §88Ho=2
SN = U8 HWe =z HChECH
S2EaAdAD E&7|22 Langmuir modelZF Freundlich modeloll 25 & St= ZdS &olst
= ACt HM2Elo|ER SSIEE =& & 7|2 WES AYE = giXloh SEsS HES
XMooz E3s7| flel SE=2 Langmuir model 2 MA|s Fofl Mz|5tFCt
(®))
O
o))
£
n
&)
<54 24 =g|8Y otdo|2 §& 2Y EMZAn
Langmuir model Freundlich model
Heavy Qr K 9 Ky 2
I R 1/n R
meta (mg/g) (ZL/g) (ZL/g)
A0 7.958 0.016 0.505 0.123 0.383 0.569
A25 3.274 0.109 0.972 0.327 0.336 0.910
A50 4.798 0.249 0.965 0.583 0.306 0.966
A75 5.518 0.383 0.988 0.652 0.315 0.987
A100 6.674 0.623 0.983 0.816 0.314 0.989
2) FEX &
- =28 &4
M HILSH 2 FSES M 22l0|ELe| E&sT Y dE =T AR EFsS B
S| 25%2 IEHZ FF2 X &St ARe 228, 3t EM S HIlsIct CHEAE &
I M22tolEVE 2EE 4% X &St M22t0|EL Eef BHAQIol B =CiAXCR STo| &
25t cCh AYS ZE Ao FUHAE che ZE2 1.7t/mPolMez AT et A glo]l MER
ME 7|F=2 CUHESIQCH FE2X|8 ARe| DlEZt2 25 307 O|ACZE MEXMZEA S8t &
£ dsg = S Aoz HotEct
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Q K K
AR o L R? o 1/n R?
(mg/g) (Z/g) (L/g)

S100 1.406 0.005 0.963 0.036 0.531 0.897
SZ00-25 3.448 0.011 0.883 0.361 0.333 0.959
SZ25-50 1.988 0.024 0.997 0.448 0.225 0.768
SZ50-75 1.279 0.027 0.997 0.651 0.093 0.960
SZ75-100 0.998 0.041 0.997 0.518 0.095 0.897
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<UEd BEXxlet AlRo| E o2 & 2E 2A4Z1
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AR @ Ky R? Kr 1/n R?
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S100 3.070 0.021 0.965 1.122 0.140 0.676
SZ00-25 13.956 0.039 0.993 2.362 0.293 0.959
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SZ50-75 10.299 0.024 0.989 2.004 0.250 0.960
SZ75-100 6.636 0.026 0.979 1.502 0.225 0.897
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§ Target Value
£
2 R
()
2
."é‘
> -
D e e ]
s}
14 1 -
13 . | . | . 1 . 1 . | . 1 .
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0 500 1000 1500 2000
Ce (mg/L)
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<2y 24 Olst M220|E-ZStE digd|H ofd ol & 2Y EAMAI
Zn(11) Langmuir Model Freund!ich Model
Q K K
i gHH| (Al 22 L L R2 = 1/77, R2
(mg/g) (L/g) (L/g)
SZ0 2.44 0.011 0.96 0.32 0.26 0.96
S725 4.44 0.005 0.86 0.36 0.33 0.96
SZ50 4.98 0.006 0.91 0.37 0.34 1.00
SZ75 5.96 0.005 0.91 0.44 0.35 0.99
SZ100 .63 0.003 0.90 0.47 0.41 0.98
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<H| Efo|0f 2} EEtES| HAFEME I

NEE s Eha S ) A
I Efo[of 0.47 81.38 7.42 2.39 3.03
e n.d 0.06 0.57 n.d 1.93
<H| Ef0|Ofe| &tA ot =Itd 1
Yol pH 5%
BYE =40 23
(ppm=mg/kg) 7|&
1 4 7 10
Cu 15.52 0.0014 0.0009 0.0010 150
Zn 126.85 4.83 3.67 2.26 300
Pb 0.45 0.0007 ND ND 200
As ND ND ND ND 25
Cd ND ND ND ND 4
Benzene ¢ ST0 Qo sTsS Tﬁluene ¢ STO QsTs
AST15 ST25 AST15 ST25
1 %5T100 1
*ST100
0.8
5 G
3 g _——-1ta
E & 04 e
6 (&)
0.2
0 M
= 0 20 40 60 80
0 20 (ﬁ% /D 60 80 Celma/)
- ©ST0  @SsTs
Ethylbenzene b 85T Xylene
o AST15 5T25 12 AST15 sT25
1 RST100 i X ST100
B 08 5 08
g 0.6 ;g’ 06
4 04 ] 04
0.2 03
8 0
0 20 40 60 80 - e

Ce (mg/L)

<HEf0|0{-Z5tE HigtH|E ®RF(BTEX) S2&53 Ae>
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H 21 MEXMEEMN AdS THESH sHX| 2ol i stict. ZEAIEAM ARSSE ZEel 37|=
A 5cm =0| 30cmE AFER 0 MRel shRo| Ze2fE HiX|sl AlZRAYX U FSUH0| 20T
25t A} Yot ASolM ALRSE oledel 5T = 500mg/LE AFRSIFEH ol& 1XIHE 3|24 AlY
Z1} 500mg/LOIM FEl AlR0l| E&ist 20| SHFOIAM HAISH EAR2Y 23 7|F2 H0{ 500mg/LE
TSI o] EARY 23 JFEE ch EQ Zrot ZBEAHOM FHE BZE AREsH 2nl/nin2
2 AEE oI A2 RESYU0 78U ot ot mrix] Fdstct. ME R
2& % A= k2 a8z 2ot
EURH 27 J[F(M1zels )
(Eh2]: mg/kg)
=2 1 X 2 XA 3 XA

== 4 10 60

T2 150 500 2,000

b2 25 50 200

= 4 10 20

ct 200 400 700

67t A= 5 15 40

oted 300 600 2,000

BE 100 200 500

22 400 400 800
w7lelstetE 10 10 30
EZz|Z=22l4lolE|=EH|HE 1 4 12

Al oF 2 2 120

H = 4 4 20

el 1 1 3

E= 20 20 60

of| &l I I 50 50 340

ERNE] 15 15 45

M S H EEFS}S A (TPH) 500 800 2,000

EZ|Z2 220 ZA(TCE) 8 8 40

B E2t2 2 20 2 3 (PCE) 4 25
ESENE] 0.7 2 7

@ S 212mL/min)
25cm(Z2 %)

cegy 2

25cm
— X 22t0lE-Z3lE
=gE

| 2.5cm (225
— ARRHEE|

<M 220 E-ZstE EgtE dEAE A H HRE>
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oi=si 2t o Zopyt B2 Xto|E E2olct H22iolEel &t MtiE=(Co/Ci)7t BIEIGH]
= A2 =ISIRCt. A2 7|EL2 2 S71002t Sz25= SZ0ECH At 0.500A 2F 3,58 =7 o}
TEO| SH=EAUSH §2502 2F 282 23| SZ25ECHE ofde| F&0| wWa| Aojtct. ol ™
S0l deg Fc 2 ot YFAIZ tieh ggol2t BEHEITE Ho(2000), Gode(2006) Ol
t2H Satgdol ZEs5P| flof 2 Alzio] ZRs6ind ™ AlZE olstollME SEsE MUZE 29
7| & Sct. Darcyel HZlol| ostH F&H2 F4 Aot vl2st d&S 2ol=d, & AT ALS
FAIRES & A= 2 X0[7} 2|0 22642 ofof| et deez =2 FFs2 74 &4
| £2 821002 ¢ 1 E%s2 MU= 23sHK| Rots A2 F HChElch o, 7509 49 3
=4 Al Znt 57259 EES0| HIRSHH Ll F5 Als S7259f Bl WSS wf of 2uf M
2 42 I Uct. §7502] oted REO| of 2vf HE HWE ZH22 EA2 M, SEH2 F Aot
ghd|2etctl EEREICH Malkoc(2006)0l 2H S22 STt =255 335 7E0| ek
HrEol HoivtH S5 F&0| W2trcty MAISIRICE olfel o= &tHsZ 0.5, 0.90 =
et mol AlZbn 35 Fu a2|2 Jme| FEsS HEAC. EMEs 2E=Ee TA 2,
b, SToll w2l JHetl wet SR AT s Fatet g2 MAlE eict. shxjeh &3
Hez Aitet SRSz oldt A HluEAM0| Jtssict 3 s2 ofgfel A2 Sof =EEUC
Mondal 2009). &&Hs= SZ100> S725> SZ50> SZ0 =22 HEGe N 3[F4] AlgZdnet= cta X|o|
FASS & 5 AUCH Ol=, Plassard(2000)0f =2 3|24 A[FADIet ZHMFHADIL RALeH &
FS 2ol H FKZIE =2{of ot MAsE ALt = AFoME deES BHAste] oh &
7 wUS ASdl 1xtA el 324 AlPZotel Ato|Th LSty EEbEITH EESh Zorpas(2002)
=M H22to|E FHo| =i Mg 29 235 H22to|ES| FF

o on
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o
10 Mo
]
o
il
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e L S P

o etotal MAISt Aok, AEHAIHZ 1 §725

EN HEA[ZIO| ol ZF2 HMS2I0[E ol B|5l] 2 &EFHSS 7HKD Aot EHeREcE
of Z2 A AYES Soll 7ot w2 AA dAlol HE Al 50% AHsEY e EEsE 7|ELE
Ast= Aol sttt ol dUisk 50% oldel B, & 52 Sotstks U 3Tt =of
7t2¥E £0|1AF sk =2 7ol Mo ofXtotl HErEICt SZ258 Uk 50%e EESE
=22 Altket At 10cme| FHY 2F 10,600mg/L2| otdS S &= U2 0|8 J7|E2E M2
IOIE-Z3tE &2 52 AFEY UYHR|e HASTet AAdTo He dEM FAHE 7& =
ACk
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=2 =1 g=o| M 22f0|E-Z3
Yukselen-Aksoy(2010) 7+ HA|EH HM|-22}0]

ZA
elct ol= M M22tolEel S/IF crtst I ool wat o= 3= Zx 22 S4o|Ht =t
b

HM
[m rion
i
it
rlo

5t EMo| =h2bx|7| mfZol2} TehElch EESH O Yukselen-Akso(2010) 2| M E2f0lE UA|HZA D}
H22to|Eol &A= ZESIESQ} v g2l 0.02cm?/ming LIENH o] WEAMo| Zotn MA|SHD
Ut ol2st A 7 st 23}
otz x|t UCt. Savas(2016)0iA= 24 Ekn HSZI0|EE Eest AIRVF 7|&EL9 £k
Hls o] MAH oLt WEO| st MEME Solctn MA|SICE o|8{g 7|&E2| et &

| EE Higlst AR H HYIHc=E et of

SZ0 SZ25 SZ50 SZ75 SZ100
¢ (°) 40.2 37.3 35.8 31.7 31.6
c(kPa) 18.3 30.6 32.5 31.2 34.6

< M22to|E-ZatE sigHE Mot 2 (%)

S70 S725 S7Z50 S775
(%) 39.3 37.4 35.5 30.4
c(kPa) 229 28.0 34.1 42

SHEAIERS =4Skl AFEE = U o
HEEx deg AsIUCt. 1Rt =2

SRS, t = o4
S Zdotet ol IX| 2 AEAIS A RF MotAd aiZdab S7o57F 2SHA 8ot ofL 2 AR XMoo=z
=

oY Z dEae 2 Y A" ™ oy Fa LMo
£ 7t 9t ZoE LIENICH el | 822521 7| ES| ERIEE HIWS| dEE FASIUCH &
Z2| 37| Z0| 50cm x 100cmt{ =0|= 120cmZ M 2SIt ZHEAE D DRV IX| 2 ARt sHEO
R ES six5to] RABUES 12X Zuist Aol R4S WX|SINUCE AlRel & =0|/= 30cmZ
25cme| EZF B1F & beme| ZEELE THIUCE PHE HASIIA EX AR 2AP|E ot &
130mL/mine| EHS ZAlsl AYHES FASIFCH Aol ALEet EXZAR H 2AEE o3 2o
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; - F Fx Hy | 5%
Hs =N SF&X|o S Q -
H| S =2y st&X|YH Xt k=3 7|2 (SCI/HIS| AL HE
cl)
Swelling Capacity
and Hydraulic
Conductivity of | Applied =
I(E)&H2018062(2076-34
1 PolymerModified | Science | Xin Xu 8 MDPI SCA(X? 5
=

Bentonite under S
Saline Water
Conditions

Microplastics

. . Shahaba
pollution in Marine Idin
different aquatic ) o ELSEVIE|SCI(E)&t2018052|0025-32
2 , Pollution| Rezania;| 133 .
environments and ) R =X 5
L . Bulletin | Junbou
biota: A review
. m Park
of recent studies
Performance of
a sallt—re3|stant in Xu:
mixture of Material | Junbou
bentonit d I(E)&t2018120/0025-53
3 f?;;”s'oﬁl Z’; s 'mParki 12 =2 HANSER SCA(Xf .
. Testing |Y. Frank eLibrary =
impermeable
L . Chen
material in solid
waste landfills
Adsorption
properties of . .
Material | Xin Xu B}
h tal i ’ SCI(E)&t2019010|{0025-53
4 eV MERELIONS o junbou | 1 o Hanser SC®)
in landfill , , =X 6
Testing | m Park eLibrary
leachate by
Na—bentonite
ArA SEX[Of| M 2]
S MEMEMN HStE= .
. StE= 2287-
5 Mestols | ota | HEMS 1 E=5 uisal 201902 22079
syEstge] | =23 =
EM&ETL

Lt = X =HMSts3se wE

_51_



HS 3lo| H3 ok F X} ELE TN A 2y
Geoenvironmental
1 Engineer ing and "ES 2017-11-24 T3 o=
Recycling 2017
St X| o= E 2F5HA 5| _ 3
2 e _ FES 2018-04-1 M2 CH shol
2018 Z= | Etarh 3| m 018-04-13 1= herel=
2018 st X|Et5 53|
3 Sstsdtxs| 2 2tgl 2018-03-15 o= CHetol =
7|53
17th Global Joint
Seminar on -
4 . AN = 2018-05-25 FHR27L =
Geo—Environmental
Engineering
17th Global Joint
Seminar on ) B}
5 . 2tel 2018-05-25 T2t o=
Geo—Environmental
Engineering
17th Global Joint
Seminar on _ —
6 . FEE 2018-05-25 TRt A=
Geo—Environmental
Engineering
Geoenvironmental
7 Engineering and 2tel 2018-09-10 LA ==
Recycling 2018
Geoenvironmental
8 Engineering and HA < 2018-09-10 LA ==
Recycling 2018
Geoenvironmental
9 Engineering and FEE 2018-09-10 LA ==
Recycling 2018
10 CHetE =S SHs| AR < 2018-09-18 aF cH el =
Ct, MEXA(MEX, MY E)/3tE=E
HE MHEAXA (M EXR, HHHE)/518EY SE/7IEE HE | SE/IE 7[# UM A
2h XIATHAR (S5, Agale o, CiXtel, AE, 7%, AES, T2IY)
XA A 5 &9 s= 7|
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L mem  dmEme oo O
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o 6
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