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Monitoring the performance of a celite-based filter by using electrical
resistivity and permeability measurements
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SYNOPSIS : Non-point pollutants, which mainly originate from high traffic roads and rural areas,
contaminate the environment by flowing into various rivers and lakes and thus are of interest as an
environmental issue. Accordingly, efforts have been made to design and maintain efficient filter systems for
the control of the non-point pollutants. Meanwhile, clay-type materials are widely used for the absorption of
chemicals included in pollutants and the absorption performances of various clays have been reported in the
literature. Thus, the present study proposes a non-destructive monitoring method for the performance of a
clay-type filter using electrical resistivity measurement. A series of experimental tests is performed on
celite-based particulate filters with infiltrating non-point source pollutants having the same characteristics as
pollutants on high traffic roads. Each test measures permeability, resistivity of the filter materials and
resistivity of the filtrated water. As the particulate filter materials filtrate pollutants and absorb heavy
chemicals (e.g., Cr6+, lead, nickel, among others), ionic concentration increases resulting as the electrical
resistivity decrease. When the filter systems approach the end of their lifetime, the electrical resistivity of the
filter material converges to a very low value due to lowered filter absorption efficiency. Hence, the electrical
resistivity of the filtrated water also converges to a low value due to high concentrations of heavy metals.
The permeability converges to a very low value because of significantly reduced porosity due to clogging and
absorption of pollutants on the filter material. The experimental results show that electrical resistivity
monitoring of filter materials is a promising approach to estimation of filter performance and its life
expectancy.
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Pollutant Chemicals used in this study
Chemical Concentration Compound Concentration

TSS 257.1mg/L Sediment 257.1mg/L
COD 197.6mg/L CH3;COONa 247.2mg/L
Oil and Grease 5mg/L Olive Oil 5.5mg/L
cri* 30.7ug/L CrOs 59mg/1000L
Cu 358.8mg/1000L Copper powder 358.8mg/1000L
Fe** 3200ug/L FeCls 9.3mg/1000L
Ni 47.4mg/1000L Nickel standard sol. 47.4mg/1000L
Pb 49.4mg/1000L Lead powder 49.4mg/1000L

THE 2AdES Asd fFYstd AT FrA9S S5 1LY FE&77F 2T o mjrt B
Aeet A7IATE SR T4 APde Y2 77, sediment?t 238 FH5-9 1 19
Al AdeE S9E 58 AFESAT SRTE FUTE AMES AS, dEHE UE S9EEY F3Fd 9
o FFE wA @F7] Wil o sFo wek Y AA Y YAEe] olFdte HEHAY TS A
th sedimentWt 23 FHTE AMEE AF Y AAY JAEC ol FH sedimentd] Pl o
clogging @d7o] wAste], 1 FaFS dotE: F Utk mAHo R e AES AMRE AF, = £3E

674



LAEYAEC] clayoll FFRE o] FaAdol dasta, w3 1 JAEZ Q13 clogging #del disiAE
ol B F vt B4 Adde AUAF] FAo] sHtEAy =3 BHE FHe FEFE MG
of A7 AEgE SAHAY. A7AY FHL FHA Wold(spatial variability) S @otr 7] 94 Al
5 &7IHe Al ZololA ARS sttt A7IvAY I FEFY #AAE 7] A 2 A7
S Tty 4A, AN AE R A7 AR #AE RALATE S A FHeAh NaCls S 75l
TEE gEsle Fote vRdd wE AVHELEE A 2 AVAY A4S FAlA 2RAS FHE
o AFEHHE =Agetd 1y 19 2

= T
N\l o
Synthesized Electrode
wastewater . .
Filter specimen
e 103
Note
+
295 Lc: Low current connector

Terminal block
L, —===n =HO 7=0. Lp : Low potential connector
L \ I — Hp : Hi .

» T : High potential connector
1
1 ' Hec : High current connector

H, / | T
H - e .
¢ [ L i Permeabilit H
Feeeems e ————— N Constant head ], i e y
i Filter resistivity § chamber | H measurements
i measurements : R v
Low frequency e Effluent { Efflucnt resistivity |
impedance analyzer measurements H
a4 129 A
Al%i 71']', al A
3. & =L = &5

o] FESAA hadti

U =] x10-3 m/s °ll A 2.0x10-4

& % gtk o] B4l gat 38 aell A5t (1) Celiteol
o [e) [ex]

Eo| ¥3t% sediment

o
RAEC oJstel A7]= clogging: (3) & AAS sF wel vl FE JAES] ofFel wE
clogging. $tA A dXel Frdde Fus= A 7S Abgstel das mEsiglth 1§ 2004 4
ol SR sediment’h E3E SRFVF TR AFEHUS Ay, T AaTE 9= 4
Aennt @AsA AA dede & F vk SR sedimentt £ FHRF A FEAF
10Le] #9457 285 Satde Aot st 1 olf2e Fyshs Aos eyt O]E A
l Tl gae] TR Celited] 28 w& Al A& W 5 dd

0.1 3200
—_— i — 1 610
< water only d . . d . .
o water+sediment ecreasing onvergin _ 2800 ecreasing converging | ss0
A wastewater g . ”o B
- a 2400 " ‘ G
T o001 - < z= o {550
s BOOBOBBEOBEO 066 B 6000 @G L2+ - 2000 | ", £
it 2 {52 3
S = g
= b <
z . 490 3
2 £ L :.l U
£ 0001 a1 & “ial £
& g 460 Z
= &
Addy Ma 0&)000@%8% 0
0.0001 - - 400
0 10 20 30 40 50 60 70 80 90 100 0 10 20 30 40 50 60 70 80 90 100
Volume of effluent, Q[L] Volume of effluent, O [L]
= = . = -
(a) T4 243 23 (b) A7IA 54 43

a9 2. A% A9

675



st
S

3.2 MIIM

53

L

.

[si3

f
rzx\ijz

JZL'QLrQJfUIO

r_>.i
i
E
_>.i
001'
J]}«
ﬂlgoﬁ
—l%m&

:Ll

A7t BLE = AHE 3
welvh H7n| A &ke] A
(pore fluid)9] ionic concentration
Ay (2) LdEo 23d g
A7)\ A 2

#4957 9e

é

>4

_4
‘|—‘

Huwrlr

Foﬂ?l
rz»
Oll
rlr

4n

r&'ﬂ—l>m>i¥¥$

>4

_é
E
n810
m{n_EL

mlo

12%0;9
A‘Am{wm{nom

O

_4

>~l

_|_,
\I

_4

>~

%.1

&-J
0
m
ulm

F

O
n:lo{'l‘
i
Q
S}J
<<

dmioJ%

Ea
=
=

r_>.i
o&’i‘
H‘I
m
r_>.i
'\1

0

_4

4ollﬁmln

mﬁimﬁm

—1>r1rmr1r
o_>L

rﬂ
é
é

Uehdt, ol &
Sk ey

= A7HA

o

_4

z7
A3
=

}o

R

0

J
A=

oosgg

1_4

s

EHEJSL'RL‘@E
r#éﬂi{ﬂ—.lrﬁé

12—1u:3‘oL~

é

o_>|L
rlr

::‘

ﬂl

oZil‘HI
14

J[Nv
r”l°r3
Okﬂﬁi

A
H
\_/
O
‘r’
1-11

10P0>1&m&:i1li%>4m
ruz

—|—‘

Olt

_Vﬂmqmﬂi-w
\1

n&
|-.J
Hu
r.?h

!

Z] o o]

-

3745 (2004), ¥ A s s HY
. Kaya, A and Fang, H. Y. (1997), Identification of contaminated soils by dielectric constant and

[\"l—‘

electrical conductivity, Journal of Environmental Engineering, Vol.128, No.8, pp.169-177.
. Kim, L. H., Lee, E. J.,, Ko, S. O., and Kang, H. M. (2006), Characteristics of Pollutant Washed-off
from Highway with Storm Runoff Duration (in Korean), Proceedings of Korean Society of Road
Engineers 2006, pp.99-106.
. Okoye, C. N,, Cotton, T. R., and O'Meara, D. (1995), Application of resistivity cone penetration
testing for qualitative delineation of creosote contamination in saturated soils, Proceedings of
Geoenvironment 2000, ASCE, New York, pp.151-166.
Wagman, G. H., Bailey, J. V., Weinstein, and Marvin J. (1975) Binding of Aminoglycoside
Antibiotics to Filtration Materials, Mar. 1975,
pp.316-319.

Antimicrobial Agents and Chemotherapy,

676




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


