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Electrical Characteristics against Frequency and Concentration
of Contaminated Soils by Mercury and Arsenic

&9% - Bz - e
Son, Young Hwan' - Bong, Tae Ho™" - Chang, Pyoung Wuck™

Abstract

In general, ground pollution can be classified with soil pollution and underground water pollution. And
ground pollution contaminates the land with garbage dumps and other harmful waste products as heavy metals
that can also eventually enter our water supply. This study was conducted to define a characteristics of the
electrical resistivity and the permittivity of weathered soil that was contaminated with heavy metals as Mercury
and Arsenic. It is not easy whether contamination of soil as subsurface contamination is decided or not and at
an early stage especially do that. Therefore the electrical resistivity and the permittivity were used to make up
for this defects. These methods are more economical and more effective than the existing methods. And
variation of the electrical resistivity and the permittivity values were found against the change of concentration
of Mercury and Arsenic aqueous solutions and measuring frequency. These analyzed results indicate that the
electrical resistivity and the permittivity tend to decrease against increasing measuring frequency. The electrical
resistivity and the permittivity are also found to show the function of frequency.

Keywords : Electrical resistivity, Permittivity, Frequency, Mercury, Arsenic
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Table 1 Physical properties of soils

Specific % % %
Gravity(Gs) |Gravel| Sand | Fines

H-1 2.75 0 | 8711129 | SM | NP | NP
H-2 2.73 0 | 760|240 | SM | NP | NP
H-3 2.72 0 | 8241|176 | SM | NP | NP

Soil USCS | LL(%) | PL(%)

Table 2 Specification of Mercury and Arsenic

Items Mercury Arsenic
a7z Hg As
A S 80 33

A 200.59 74.92
E=H(0) -38.86 814.0
BE=A(C) 356.66 610.0

HlZF 13.56(15C) 5.73

2 M

15%=2 U AHgalgict. dubyos Xzl g
FH7E BishH 713 EAE WaHA HER olE
ujAIsE7] flste] mE Al T3 pHIE e
stk 24 Fukg 100HzolA 10MHz HollA]
o|FolHct. A AREE HP4285A LCR meters=
75kHz~ 30MHz St W eloll tisiA Z4o] 7s
3hH, Agilent 4263B LCR meter= 100Hz~ 100kHz
H9lo] Fulo A E4o] Thssith 24E flgh A
=29 J¥L 712 15cm, A2 2cm, ¥°] 20cme
o7 EEE AMSIGon, Bt 4 SAMaE=
Fig. 13} Zth Egh Ut AF2AE 9Jste] Al
HiE 15em =ol7HA A Adstelon, Ak
2 JHERFE S| Sl A9t molde] A=
Agilent 16089A Kelvin clip leads® ARg-3lsich
%, BB Mg Bt S¥9 At 2 ZHE
F2 LCR meterg F3l ST 4= 9lom, o]F o]
g3to] A7|AY 2 S ARESHSI

B Ao EAA] e oo ofgh 7]
HIAE 21 G wjAIsky] flste HE AF

20mm 150mm

[l
Electrodes f
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Table 3 Values of electrical resistivity and
permittivity of heavy metal solution

Electrical
Metal [Frequency| resistivity(2 - m)
5mg/L [20mg/L}30mg/L| 5mg/L |20mg/L{30mg/L
100Hz | 61.40| 11.75| 7.46 - - -
1kHz | 60.56| 11.74| 7.45 - - -
10kHz | 60.28| 11.74| 7.44 - - -
100kHz | 60.25| 11.74| 7.45 | 85.56]59.90 | 18.80
500kHz | 60.25| 11.71| 7.45 | 83.62|58.48 | 12.64
IMHz | 60.12| 11.24| 7.45 | 83.42|58.37 | 12.50
50MHz | 56.59| 9.51| 7.32 | 83.08|56.49 | 10.57
10.0MHz | 97.30| 9.51| 6.83 [102.23| 87.27 | 43.86
100Hz |425.04(134.63|91.06 | - - -
1kHz 422.92{133.05| 89.60 | - - -
10kHz |422.15(132.36| 89.16 | - - -
100kHz [421.96{132.27| 89.00 | 82.66 | 82.52 | 83.26

Permittivity

Mercury

Arsenic —
500kHz |421.38(132.17| 89.00 | 82.47 | 82.28 | 81.92
IMHz  [426.00{129.01| 88.89 | 82.69 | 82.28 | 81.89
5.0MHz |423.12{126.47| 84.97 | 83.28 | 83.10 | 82.79
100MHz | - - - | 97.69] 98.23 |100.29
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Fig. 2 Relationship between Electrical Resistivity, Permittivity, and Frequency for soils(H-1~ H-3)
mixed with different concentration of Hg aqueous solution
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Table 4 Regressive equations of Electrical Resistivity & Permittivity vs. Frequency for soils mixed
with different concentration of Hg aqueous solution

Sl Concent-ration Electrical Resistivity(p) Permittivity(&”)
0OLLS G G
(mg/L) Regressive Equation R Regressive Equation R
0 p=-4.32+ Ln(f)+5897 0.9477 K =6732+ f0% 0.9562
1 5 p=-2.78 « Ln(f)+57.67 0.9622 K =50.76 « 0% 0.9305
20 p=-261+ Ln(f)+56.33 0.9612 K =49.82 + 0% 0.9300
30 p=-245+ Ln(f)+51.72 0.9662 K =53.27 « f01 0.9284
0 p=-6.37+ Ln(f)+80.14 0.9556 K =7633+ f09 0.9605
oo p=-507+ Ln(f)+69.22 0.9593 K =61.36. f048 0.9554
20 p=-431+ Ln(f)+59.47 0.9662 K =66.39 « f097 0.9560
30 p=-4.33 « Ln(f)+60.83 0.9635 K =6468 ¢ f045 0.9550
0 p=-375+ Ln(f)+64.07 0.9461 K =6835« f07 0.9583
3 p=-345« Ln(f)+62.24 0.9655 K =5417 « 016 0.9409
20 p=-289 « Ln(f)+51.61 0.9697 K =60.03« f01% 0.9425
30 p=-2.75+ Ln(f)+50.48 0.9660 K =60.60+ £ 0.9431

* f : Frequency (MHz)
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Fig. 3 Relationship between Electrical Resistivity, Permittivity, and Frequency for soils(H-1~ H-3)
mixed with different concentration of As aqueous solution
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Table 5 Regressive equations of E.R.(Electrical Resistivity) & Perm.(Permittivity) vs. Frequency for
samples mixed with different Con.(concentration) of Hg and As aqueous solution

e Con. Mercury(Hg) Arsenic(As) .
(mg/L) Regressive Equation R Regressive Equation R
0 p=-481 « Lu(f)+67.72 0.9510 p=-481 « Ln(f)+67.72 0.9562
ER 5 p=-377« In(f)+63.04 0.9626 p=-3.80« Ln(f)+61.68 0.9718
(p) 20 p=-327 Ln(f)+55.81 09664 p=-321+ Ln(f)+5557 09696
30 p=-318 « Ln(f)+5435 0.9657 p=-306 « In(f)+52.20 09710
0 K =7067 « f010 0.9584 K =7067 « f010 0.9605
Perm. 5 K =5545« [0 0.9437 K =57.17 « [ 0.9455
(&) 20 K =5879« [ 0.9446 K =5861« [ 0.9452
30 K =5954 « f042 0.9437 K =6161« f09 0.9468
ZEo0g oo F zuke] A7|AH EA H7RA] Tk 6. Francisca, F. M. and Rinaldi, V. A., 2003,
Hlof| ot MPAFHE AA|stojof B} gha]#9] 4 “Complex dielectric permittivity of soil-
s == 5 S AoE wgHd organic mixtures(20MHz - 1.3GHz)”, Journal
of Environmental Engineering, ASCE, 129(4),
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compacted clays”, J. Geotech. Engrg., ASCE, the Suspended Sediment”, The Science of
122(5), 397-406 Total Environment, V.43, 79~ 87
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