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An Experimental Study on Contaminant Sorption
Capacity of Marine Clay and Decomposed Soil
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Abstract :
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Batch and column tests were performed to investigate the sorption capacity of bottom soils of

Kimpo metropolitan waste landfill. Sorption capacity and sorption isotherm from the batch test for inorganic

and heavy metal substances and retardation capacity of heavy metals from the column test are obtained. It was

recognized from the tests that the samples match well with Freundlich isotherm and marine clay has good

sorption capacity for potassium and heavy metals such as lead and cadmium. The soil samples with different

geologic origins did not show significant differences in the sorption capacity of tested components.

1993 %5 shgo] 4]
Hol AyHD o, g
# Zulst aFel gl olg
2} HEZ=2S zH=0F o] &
FASE Aok HE A

%‘%—’Fﬂ

o o
= L&
H’EOZLFO‘F

o}
o
- o

ox!
o
N
2
o 2
ui‘.
Obl'
L2
=
A
N
R
2
L N

oy
Jobop
A%
o

ol
oL
£

r:.
g

Ei‘i g el 2) 1275} A 317194
A 137 Kegay *l
,]

e 4 4

F O

oo B o e Ay
T oo oe

3T+ 1J
y HER —‘rWEM
AR A AFH-
X)) UJ(Batch tcst)J%
Foll Al 2 HxE

ot
o
o

BN @ 30 g N
>4,

& rlr n

ol
g
o)'

*2oietn ES 387 Department of Civil Engineering, Dongguk
University, Seoul 100-715, Korea)

sty 3182 8teH(Department of Chemical
Dongguk University, Seoul 100-715, Korea)

Engineering,

78

=

i', EIO{'
2
ofr
o,

uz
o

2

¥ o
3
2

T A A )
54
T,
o
>

Mz |n od
o o

N
e

P

2

4 B2
B = g op

w® o
b 12
ox 2
qr KL g o
b
o
N
My =
=
2
o2

oo Y

flo 4 tu

T
I,

ol olo
- .

w B ok

T
jurh

@ & og@ ox to

In
Lo
X
o
o]
0,
K3
o
N
O
>
o
=)
o wY & lo

o o

P
=2
=]
e}
ofy
ali
1

e
2
oX
g
o
fu

oo bo % ox R [o K
o
~

B oo to

g

Ao} el 245 715 St
%5 eyl ga 3ol o !
ZARITE #A AUl (1994), §7uh(1995),
(1994)0ll jato] SYHR o0 ¥l ofRop A9
A8 Q7 o2 gl

B "ol NAAGelA ) F2
AP FERTZ BE Buds
AHEEE A g 7hers] 2sleheT)

LI



Ay9Esh Fshmel

Mo ~2 7 b -5
T o ol -5 —
- e X sb E = y =
1.50 Mﬂamoﬂ.wﬂow ~ M'Cwﬂ g & X B ¥ T B T
™ ..m_l_amr_lﬂuldlA_;dlﬁM ﬁaﬂl GIEC RN o .AHOW.AE_L_I S w o
= ..nC ol o ,_nyv‘_w.ll_&.w‘..l_mu M:a - Qg...m.‘_._ N o A O _.-,AA__- EE‘,W\! o T3 — Zo o MM o .Mll
#wﬂwn@ﬁmeima B = T wﬁiw T 70D =
_ )=y W — < : by &) T B ool)
Lathm_wEax_-lx._uTo ﬂ_.&lm.ﬂ mlmMWL __o#an\b)ﬁdnwm\ﬂ'mm ._tnﬂ,mxﬂ,e 5
i P SR S - S wrMﬂwMi%o Gt W
EE OT‘%‘.&O < o O_ ‘___ iy ™ ‘mw.ﬂbdl..m. % E.__ H_W ‘UIO_E ol T o2
s szl%dn MNBT% T ___r,ﬂOUrm_:_Luﬂ g c
R _ _ < ),
%%%%ﬂmm;W% w Mo Ao B2y 3 T g E 7
Sk LdE AR T 93T FewE REE e debT S
P T o MEE g g Bl e T ERETad T %oy T
= 5 oo o X ) wo wm <r = mﬂ M 5% %o I do i) i ,m.wﬂ N e W oA mﬁ =0 o
NS 1 T AR PruEeze PRI wITE °
v —_ a5 = | ' o - ] N s ~
gmymuriao@ﬁ%oml H%W@%%;ﬂ LN N g MmVT 2 -
IS T ¢ Mo o g ) Ul 2 Bogo ul o E D
~ < 1 TR _ oy o N R T = :
7,_.A1,o# .LoEu_.,mL m..mm% W omlogo 5 W w5 LS E R T o
oot M # oo L e R TR - > T E 5 =
! = o o) reodJ = & njp py N 2
L o B W MR- Al %0%1%%5 S FATL N
%@Eogowrmcmﬂhﬂ@eun P#lo&mam_nwur‘_ ﬁo.m ,%7 W = rd ﬂVmcC Zo BT
lxvn.«.u‘mA &mk%ﬂﬁq o m..ﬂ.w_maﬂnAT@ ~ ol Amﬁﬁ%ﬂ._o = _z.*c.ﬁ,iom.ﬂ ﬂﬂ&m
EFRE RS FLE S ZESTaw Il pTgleg e O LRy Ts Py
L EXT I 3 . Z of =~ o HEEM™ D= D B0 R B
ﬂVmwgootﬂurmﬂm\oﬂH I Hqﬁamomﬁmﬂﬂ\w C= ,EUJMU_A " Qimﬂd.‘a_v o Mw
%ﬂLHﬂﬁso\thm% & W oNET o T < Al e e ® T = L
< PwY ﬂu_.%imum‘i% E%ﬂiﬂqi74 s T W 70
_ N u ,mlo_\m. C.,*MM,HWWL\_J&WM q ﬂﬁro‘m.ﬂ,u\oi < WZ
.HA_..M._A_'.MO LEMﬂP . HT y R o dlﬂOKOE - o] ~ o
TIITaEy SUEPgrITioad zod T s
e ol X 0 e " 3 = = -
%0 T EN S LVEM']I,I%HomﬂoTﬂ‘_Hﬂw ﬂﬂ&_._n_n_C%mHmLizo._t oo ® R X
,w_._LMM..ml.m o = MT He quo o R ol .m_;L.n._AI DO mﬁ Mo 2 .EMM E T W o
R - Eﬂ%gngﬂﬂﬂ%% l%ﬁﬂa%ﬁzaﬂ w_wﬁ_\A#s o T 3
Waaw g8 prTessioloie mae_awaqmﬂ.%zz%ma rEInUT o B
G 5 MW&W%%WEaggnwszmwwawﬁ%qwaga%%m o P B
o Yy oo S 2z R N TN %~ A %m.y_xi_,comqﬂﬂ L
N o_az 2 R & R o = i 8 o o H TR N oo oy K W T
— = NS k3 = 7 (O f = B ol =
AN T w%mgywwmﬁ%%MﬂM%%agm%wmwaQm%ﬂa T T
i = O O W RO m T g O T <O = op = B w oM =
uTlelzo vy N xﬁo ‘12X_*o_u.:o,mﬂ - i 27T T X Hro A oHLJJb.m_x
— 3 Jie folm R e R ey ' d - e N R W i o K
STEUH g %W@?%W%E%%M%%gwﬁm$oQﬁ%%%QW@@wk =T
s ~ - = ﬂ.\r ! 2 — ~ o fi
i RN W%MQﬂ%%%@%%méﬁw;@%ﬂa%%ﬂm% e
WA DS W M I S ngTT T m},qmg&%ﬂonﬂ@o e
L,m.%w.mE mo_ W X o__o_ﬁ_iIr olHLﬁduomﬂn7,m. L—.ﬁﬁaxE%ﬂﬂ%ee_e do N
R Mwiwggl%%gapyanmwm%y%,ﬂ%qgﬂmn i F
) Noo& ! i ol = 1o ! gl = o o0 ) . o- = =
A _%o_aﬁﬂuO#L%MJEHQ%QQ%wﬂﬂo%ﬂpwazo%%n%wo ol
T g e A R Ty I e IR N S
abim_.a_/@ﬁo_ u.soﬁaaé%wraé%dn%ﬁAEqmme_a%ﬂﬁkma,ﬂﬂux__yoamﬁ o 9 B S
TR T go W LK o= M i ¢ A S (i
3M42?%W%W%m‘ﬂ,ﬂ5mmuilow_am_m%m@w qowl#miﬂﬂw;_ﬁ%%ﬂh_%rﬂm“ﬁ T
WX gy X & om e MR S = o g b P o B B W R T do 2T . No o}
w;@%w%%wa%myz@amﬂ;ad%o% o S W T e T Mg gD g BR R
amaﬁaglq@l%,mw%aaéquwnwaW%a§qﬂa3§%@m@%%@ga
.%x_»égﬂq).x;.,@‘o%ﬁ% L WERT i X o el B éésﬂ*ai%%f%%%
xR B w owp oy we B o T o N = =o ay o) o T X < o oy T T & ~ o ol —~
E_eo%mﬂﬂﬂ_&_m }}m.imwg\o_:rmﬂﬂwz% y %%%_%Alu%AlriA% |, o
B s ngﬂﬂiﬁm&mllﬁgﬁ,iulfﬂjﬂ%mﬂﬂ%ﬂ L LT
CICIC) N ool mo o R U R odp B _ =
EErt 1 EEAEE A &
o o &r.ﬁ_uﬂu

MerElo] $hom Voice(1983)9F Weber(1980)7} oj2]

(4)
3 o]

Z
4

Zroll W3l ¥l

2 7
=

H)}
(4)e] o}

Vg
Vi

le-—CL(l +

79

2]
AS
=

TRA) AFE-E]

4

x

T

7 )

& HgA= 2l

st

ol

5hod of

°

g]

(=)

o

=

=9he) ApeloiE ¥

Ed



3714 R R A A F(retardation coefficient)2} 3t

5 o) B gt
R=(1+ 22K,
Y

A1 pu FSl AZAUE, n
= Al (ml/g)olct ZHAE
Azgo] ot WA 2A3
R B

NEH F 2ATE

, 50, 75, 100 ppmo. &
Eol:_,,]. 3:510}.9\11;]. Al

AZFESF 25°C LEZAS)
Aoz §AS At Bl o
ottt

A WY A9 FINEd e A
g olgdtel sk, &, HEE T BAY
hm ARPEE 4ol g 2] i
o1 BHN G718 AHgshTh

8%

=

AE Zoh 24

Table 1. Residual concentration of Pb at equilibrium condition
unit: ppm

a——

soil layer

ini. conc.

50 75 100

1.01
1.45
3.09

2.18
1.95
344

7.76
5.30
11.60

top
middle
bottom

Table 2. Residual concentraton of Cd at equilibrium condition
with different initial concentration and soil layers

unit : ppm
. ini. cone. 5y 75 100
soil layer
top 3.66 6.44 8.74
middle 3.67 341 8.67
bottom 8.56 14.06 26.40
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Table 3. Residual concentration of K at equilibrium condition
with different initial concentradon and soil layers

unit: ppm
ini. conc.
20 40 60 80 100
soil layer
top 1.47 773 1093 1599 2197
middle 1.49 2.08 8.06 1321 2478
bottom 3.08 1313 1972 2664 3940

g, L
£ O : upper layer
® . medium layer
v : lower layer
2 4
0 l ; L
0 1 2 3 4
Inc,

Figure 1. Equilibrium concentration versus absorbed mass of Pb
for cach soil layer.
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Figure 2. Equilibrium concentration versus absorbed mass of Cd
for each soil layer.
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Figure 3. Equilibrium concentration versus absorbed mass of K
for each soil layer.
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Table 4. Distribution coefficient and slope of Pb, Cd and K with
respect to the depth of K block marine clay layer

soil layer top middle bottom

parameter
Pb 520.73 462.95 378.85
Intercept (Ky) Cd 169.68 316.62 148.63
K 138.55 206.02 87.68
Pb 0.298 0.450 0.352
slope (P) Cd 0.766 0.481 0.500
K 0.595 0.433 0.516

Table 5. Residual concentration of Pb at equilibrium condition
for marine clay and decomposed soil with different in-

ial concentration unit: ppm
— e g 50 75 100
type of soil
clay at BH 28 0.920 1.532 1.114 3.364
clay at BH 69 0.946 1.188 2.728 4.684
clay at BH 77 0.980 1916 2912 6.604
decom. from volcanic 1457 3.4006 4764 13.836
decom. from gneiss 1.078 2.064 3.084 7.084
decom. from granite 1.172 2.240 4702 10.020

Table 6. Residual concentration of Cd at equilibrium condition
for marine clay and decomposed soil with different initial

concentration unit: ppm

~meenc g 50 75 100
type of soil

clay at BH 28 3.01 4.79 8.74 10.98
clay at BH 69 3.69 6.21 8.94 15.84
clay at BH 77 3.34 6.22 11.12 13.78
decom. from volcanic 4.37 991 15.86 20.12
decom. from gneiss 294 6.19 11.19 15.52
decom. from granite 4.20 10.10 16.12 19.78

Table 7. Residual concentration of K at equilibrium condition for
marine clay and decomposed soil with different initial

concentration unit: ppm
ini. conc
- 20 40 60 80 100
type of soil
clay at BH 28 1.194 7761 18926 16926 28.299
clay at BH 69 1964 10.194 17942 22.488 37.867
clay at BH 77 1.200  7.688 12.314 20.270 34.700
decom. from volcanic 2.985 6473 11.611 23.261 37.770
decom. from gneiss 2.288  8.060 12538 20.344 34.566
decom. from granite 3.284 7.230 17.657 22.257 39434
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Figure 4. Equilibrium concentration versus absorbed mass of Pb
for marine clay.
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Figure 5. Equilibrium concentration versus absorbed mass of Pb
for decomposed soil.
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Figure 6. Equilibrium concentration versus absorbed mass of Cd
for marine clay.
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Figure 7. Equilibrium concentration versus absorbed mass of Cd
for decomposed soil.
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Figure 8. Equilibrium concentration versus absorbed

for marine clay.
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Figure 9. Equilibrium concentration versus absorbed mass of K

for decomposed soil.

Table 8. Distribution coefficient and slope of Pb, Cd and K for
marine clay and decomposed soil of different geologic

origin

soil type
BH 28 BH 69 BH 77 volcanic gneiss granite

parameter

Intercept Pb 387.51 32447 278.61 219.8 261.59 250.43
(Kd) Cd  79.14 7034 7303 5646 96.72 60.55
K 12684 166.15 148.11 117.19 117.26 101.39
Pb  0.78 0.746 0.713 0.578 0.719 0.603
slope (P) Cd  1.010 0947 0932 0866 0793 0839
K 0436 0391 0474 0494 0512 0517
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Figure 10. Comparison of concentration distribution of iodide
and Pb for marine clay.
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Figure 11. Comparison of concentration distribution of iodide
and Cd for marine clay
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Figure 12. Comparison of concentration distribution of iodide
and K for marine clay.

2 APy ge] 292 RE 2059} vt Bl BEaxs
viws] ¥d 242 0.61~0.79 cm, 0.2 cmQl AL & 4= Q1
Al d 052 ml/g, 7t=F 0.68 mg/13] AL & 2= gl
©f(Table 9 %Z) Table 4, 8¢) W Aol A] T3 T3lEQ] &
WAl e e} vlaste] v W2 ke zky 9 AL o 5 vt
ol MRAF He EAAF7t Hdo) TIPS wo] At
MEZF 2 F = Az g Adge vebd A bkl
o FAEHAA Lol Axt= P D3] W) 2~44
2 olue] B EstetA Aol Arjol7] o) o



1.0 - %
0.9
0.8
0.7
0.6
0.5 5

1

0.4
]
Q,
/ eeose iigide(l])

0.3
loocoo ’o'cssium(Kj

6.2
6000 8000 10000 12000 14000 16000

o J

T

g,

T
— g,
o

C/Co

R

Q.1
0.0

i

o
Q 2000 4000

Time (sec)
Figure 13. Comparison of concentration distribution of iodide

and K for decomposed soil.

Table 9. Dispersivity and soprption capacity of Pb and Cd ob-
tained from column test

origin of soil

lcani it
parameter volcanic granites
hydraulic conductivity (K, cm/sec)  3.58x10*  4.68x10*
. .3 -3
flow velocity Todine 1.90x 10 ) 3.80x10
(v, cm/sec) Pb 4.00%x 10 -
’ Cd 4.50%x10*
A 3 3
dispersion coefficient Todine 1.50x 1()5 2.00x10
(D cml/sec) Pb 8.00x 10 -
’ Cd - 8.00x10*°
lodine 0.79 0.53
dispersivity (o, cm) Pb 0.20 -
Cd - 0.18
distribution coefficient IOSi)nC 0 (;2 0
Kd, mi ' )
(Kd, ml/g) cd 0.68
retardation coefficient lodine 1.0 1.0
(R, VIodine/VPb or Pb 475 -
VCd) Cd - 8.44
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