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ABSTRACT

To evaluate the applicability of dielectric constant measurement method on the geoenvironmental investigation of
subsurface contaminated by landfill leachate, the analysis on dielectric characteristics of sand containing contaminated
pore water by landfill leachate was performed. The separate real and imaginary parts of dielectric constant were
investigated in the frequency range of 75kHz to 12MHz. The real part of dielectric constant increased at the lower
frequency wherea the real part of dielectric constant decreased at the higher frequency as the concentration of leachate
increased. These results can be explained by the frequency dependence of space charge polarization and orientation
polarization. The imaginary part of dielectric constant on the contaminated sand with leachate increased with their
concentration for whole frequency range. These results are caused by the increase of energy loss due to the enhancement
of conduction in soil with leachate concentration. The results in this study indicate that the dielectric constant
measurement method has potential in evaluating the contaminated soil and pore water by landfill leachate.

Key words : dielectric constant, landfill leachate, contamination, frequency, polarization
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Fig. 2. Particle size distibution curve of tested soils.

Table 1. Index Properties of Jumunjin Sand and SNU Weathered Granite Soil

Soil Coefﬁc1§nt of UnlfO@lty Spemﬁc Plastisity Uscsh
gradation gradation Gravity Index
Jumunjin sand 1.0 1.5 2.64 N.P? SP
SNU weathered granite soil 14 84 2.63 N.P? SW

D USCS : Unified Soil Classification System.
2 N.P. : Non-plastic.
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Table 2. XRF Analysis Result of SNU Weathered Granite Soil
Si0, ALOs TiO, Fe,0; MgO  CaO Na,0O K;0 MnO P05 LOIY Total
Weight % 67.65 18.27 0.10 1.44 0.26 0.27 426 4.85 0.10 0.02 229  99.50

D LOI : Loss of Ignition

Table 3. Constituents and Concentrations of Gimpo Landfill Leachate and Representative Ranges for Constituents in Sanitary Landfills

Representative

Gimpo landfill leachate?

Parameter D
ranges”’ {mg/L] Ranges [mg/L] Average [mg/L]

COD 1,000-90,000 3,477-5,291 4,457
Total dissolved organic carbon 200-30,000 792-1,771 1,364
Total dissolved solids 5,000-40,000 11,790-16,360 13,620
Alkalinity 500-10,000 7,345-9,704 8,829
Ccr 300-3,000 3,617-5,177 4313
NH,* 10-1,000 80-1,448 928
Fe 1-1,000 4.06-16.08 9.38
Mn 0.01-100 0.65-1.79 1.21
Cu <10 0.06-1.07 0.2
Zn 0.1-100 0.6-2.1 1.3
Pb <5 <0.2 0.02
Hg <02 NDJY ND>
P 1-100 10.9-16.59 13.13

DBedient et al. (1994).

28174 5-(2000).

IN.D. : Not detected.

FESES] A YAZ77E 0.075mm ofE] AE,
o] 5% A T3l = AS & 5 AT
ZIEFARN His] HlaA opofet JEES 8 SNU &
FE3LEe] 749 XRF(X-Ray Fluorescence Spectrometer)
S B9 o AES E4sItk(Table 2). 28u T2
AEFALe) AS- 5 AR Siodel & EEA 7]
whizell Hxe] XRF 48 FstAe sttt 4 EY
AlBE 105°ColA] 24817F 0P =71Z(oven dry)stel Ab
|39, 10HA1E SR AEE ARSI

Aol AMSE YA AEe X AEHT)E -
oA ANFBIAT. AR 2ReRRe] gl o8l HEe]
TEO| WG A AEdgv ANkl A FL=A H
o B dyl ARRE e e HEAEE fY
=7l A FgAHol IEE AFHSIAT. HE Ag
718 wigAelA AHS HE5e] 4 vEE % 3%
2T ¥ pIA HAESele 255 AR TEs WS
1}, total dissolved solids, CI'¢} NH,©] T}E AlEd|
Hlg] AHoE 2 55 Yepde ER1g & ot
A7l HakeRiAe] &S st
T AEeE & WARAE JEREA S diR-Ee

fr

oX

Ae

N
)

I
RLA

d

tlo

¢

[l

fr

H= O L=
o] ARE2 EF

Journal of KoSSGE Vol. 9, No. 3, pp. 1~11, 2004

el i E 394 ANE vish o] QR R0
A AR AEe) AR FEE QuHE A
oM WA PES R FE PAR EAlshe

E5E AukEQ) AR HEE a3 S e
< Uehdoh B dTee wigA] JE5E o899 7t
Z5E BARE) 98l HEWLSE R |, 2, 3,

10%2 Zolesl s)Aale] AgaisTt.

ByH ASE AREsle] SHs= 3o o

2 deA ok mEbA £ dTelae &
Ve 7317 St HAASH71Y LEE o83t
olAHEEE AXEIHrt ofZEEES] JHEE Fig 3
o AR} LCR meterol] &J3) GH88 ST w)
o= F=e] WAo] Hil =Ale|e] 7HHo] Folok 53
o] 7ksslr] wiol HE H=e] A5 7 emelaL, Y3}
Al wixE F AL 2emd] HEE FEF ARGt
T 288 A% A= FEoE AFEJeH,
LCR meter®] clip lead?}e] AL LolslA 3}7] 95t

=
)
r o
o
O+
rE
i
il




20 mm

/test sample
brass circular
elactrodes
40 mm
connactor :
L ] 70 mm
| —t
acrylic mold
40 mm
.

Fig. 3. Schematic diagram of acrylic mold.

& connectorZ FEOE Al ol 2SIt of
AEESAN F 9] Alelol] AlE7F AAAA =H, Al
50| o] A=l oJsle] H A9} TLT FH)
7} "o}, o] Exo] AL WrAElE o, Ax3) AR
52 ¥31d &0 s s 2] 7hssid,
ALHE AIEE BARIL A5 7PgREAe] A1
di=ol] 2%t RAE )7 $I8td WFAAH] 12 T

e FUt

ABAAE A =0x3E Foll Eo] ZaF 0|5 T8
3] E3I%E F olmEE= ] Wil tRlE-S AMESI A
-2 433 & HP 4285A Precision LCR Meter®]
T 709 clip leads U = A7 AZs 7 AR
o thall 75kHz~12MHz T3 WA HHEHOS
S48t FulE WA AT SHsldEle B 4
ol &l LCR meterol|A] YL 4 1VE IHAIR
. £ A3dMe = ¥t e dedy H=
Abole} 7HAo| diair FAIES] AR EHOS SH5
EY 2B f385E ARkt Alle Eee
T £24719F FAT dEo|BE Bkl g A
o} e Z1ZE A (5), (67 Z2 BAl) okl =
Z3HAt

ke

. C
e/ )
EOXE
Erl
& = @RC ©

a7iM, e AALEH, e W39 FHE8(8.854X 1072

F/m), AT A=2] @i, &= A5 Alole] Agjeltt.
ANEEHe] FESHS Fasln Agal A7) A

A7 FFA) oA Sl ofgh AlRUIRS] 2EASS

m7] ekl Alw AY F AES F85E 348
*

O A8 255 3 20+ 1°CE LA FAlske.
o2 2xwdle] wE gk FAREG SEE=Y
LCR meterollXe} S A5 wiAs7] S8l 3719 &
o] 24=(deionized water)?] FAFTE S48 %L
BASIA
B fRSE FREEH) wet wshe, A
S Z¥e Ao duA Yo o
A B aoMe B Alg X3 SRS A3

41. SHFIR0| T2 Egto| FHNE
FAE ARAFE Sl 2PsER SR

7L 0.14%] 90 FEIRFALY} S slES] 5=
dfpol] WE Vg A} Faie] HElE HoE
Fig. 4(a)ll UERS nle} o] Ee] friid g
= Fu7t SR wet ke AYS VERiAl 2
o} o= AME T AFdiR! B YAk 2200 A
I Fo o]&@ge) 7|IEke AoE deiA AvhB), Fup
o) mE ] Hishe T et dise #
F712e] zo|2 AE 4 ). B AR 52
A= o] WAeh 2R 7 el oJdle] o)
EAlsle dalee] g Ao ZA eRd B
IS HArHE= (electronic polarization), PARE= (atomic
polarization), B 2= (orientation polarization) 18]l &
P32 (space charge polarization)2] W] 7} Hej=2
LRGS0 Fig 5= 7131 ol i B
712te] HIAAEE AAG 2otk U] 7] B E
AEL EERE JRiR {71 thsle] ¥kgshe
o] 22 th2r] Wil f3ldsr el ofsle &
TS Furol weh gasiAl oY, Fig 4(a)l
£ Ao &4 Faig Mol Yehdbe {3
Ahte] Fale]] W WIE Fig. 50 ARXIE vk} 2
o] 2 FZPsHES vidkE=e] W Axe w2}

Asle 2& & 7 Yot T WA vell EA)
(o]

S

Journal of KeSSGE Vol. 9, No. 3, pp. 1~11, 2004



9] AW (interface)?] AP} SHEHAM vehles B0

2 OE A 7B 5713l B8 2o 27 @R
=3 T (multiphase)2- 2 o} FAZ 490 ZA) YERT
10wt vl ol EAlske S8R 22 %

SAE 2o A7Vl osiM AulEste] WS 2t
A BogHA Jehe 5otk &, 59 kHz ©l8ke] A
Fat FHoe FRsHESC] A EHEY] i

B2 3G 3 UEiE Aolth
Fig. 4(by= FEXETASY} PE3lES] Farol u}

T3 -] WskE vehd Zlolt). fa ]

%‘«‘% St Fulr7t STl wiet ashe AdE U

ERdth, F34 Sieie BT EE o et

oiAe] Edo HFe] Awol 23t dixle] &4

wreggct. Fokert SR E}E‘r o] wo] A

1% l HH*Oﬂ P slate ol Sl oet

s Jepdot

rlm

BL

B g rulo rlr

ot
Fr

—o— Jurmunjin sand
—e— SNU w eathered granite soil

Real part of dielectric constant

40
20
0
0.01 0.1 1 10 100
Frequency (MHz)
(a) real part of dielectric constant
10,000
€ —e— Jumunijin sand
8 ~-— SNU w eathered granite soil
g
© 1,000
L
=
o
&8
2
5 00
<]
v
©
Q
ol
@ 10
£
<)
o
E
1
0.01 0.1 1 10 100

Frequency (MHz)
(b) imaginary part of dielectric constant

Fig. 4. Real and imaginary part of dielectric constant of soil
(volumetric water content = 0.14) with measuring frequency.

Journal of KoSSGE Vol. 9, No. 3, pp. 1~11, 2004

ey - ol3

11

ol - HE
Frequency range used in this study
Space D! e

> Charge 8$ SO
% Polarization QSO
1 i
&
[}
o

\ Electronic polarization

10° 104 162 10% 1he

Frequency (Hz)

Fig. 5. Polarization mechanisms and its dependency on the
frequency (modified after Von Hippel 1994).

EsiEsl FEAREAS FAAEL v
9. g 4wl 3B fage A
AEEAS] FRIF AR vs) o 2 e 2E 2
BE BT, B3], FASEFe] wasE
olsle] Az} Aelol © 2 fade A gkel 2
oIF e drses Yt
£9) 7S FRAFZA) vl5) A= 2
= AgAe) Aol B, T 2 HERAL 7 9
o meld, & 9 3] B F

o wER 4 A= ISR 5
o § gel wHd 4 Utk Fg. 4bplH FE
A VIS SREHES A S BE Tk o
ool hle] e ghe Uehanh. o] E3 BT
A% o we 4E B HE 4Ee PReka dvke A
B P
H7) HEde W3 Q) e U 2 HE Al
Wess ARAme] o ofuiA o] ol WA
A}, Fol E50) WE QN FAAT 54 B
87 Slale T £ Foll g 2ge] Fkslo]
oF & Zoltt.

o
2
. 1o
ﬁ
i”g”
oh‘,
2,
g

5}5«1 785

AHEFAL

o| FENS

Fig. 62 A& 34 8] 34
epd Igolt}. FI8] 10%= 3]A€
o= B Ao ARE3E 4285A LCR m
5% et SAo] EVFesIs.

Fig. 6(a)llr] Bol4e] 34 Aghe Fue
Z7Y0ll BAIGe] 78 A% AT e v 3
E50 A% Bt FIu] 1% ol F=AAM 7

4.2, EF




500

~3%— deionized w ater
—eo— leachate 1%
—&— leachate 2%
—£3+— leachate 3%

Real part of dielectric constant

0.01 0.1 1

Frequency (MHz)

100

(a) real part of dielectric constant

100,000

—3~ deionized w ater
—o—leachate 1%
—A— leachate 2%
—8— leachate 3%

10,000

1,000

100

Imaginary part of dielectric constant

1

0.01 0.1 1

Frequency (MHz)

10 100

(b) imaginary part of dielectric constant

Fig. 6. Real and imaginary part of dielectric constant of Gimpo
landfill leacahte.

Water molecule
0z
Cl-—— H* Cl-

Fig. 7. Tllustration of interaction of ionic constituents in leachate
with water molecules (modified after Kaya and Fang 1997).

Hf——

Table 4. Electrical Conductivity of Diluted Leachate Solution
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Fig. 9. Real and imaginary part of dielectric constant of SNU
weathered granite soil (volumetric water content=0.32) containing
contaminated pore fluid by landfill leachate.
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