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Abstract biosorption system. Under different heavy metals, removal
capacities of heavy metal were higher in the order of Pb > Cr
BACKGROUND: Heavy-metal pollution represents an >Ni>Mn = Cu = Cd = Zn = Co. Removal capacity of

important environmental problem due to the toxic effects of Cu was 138 L in a large-scale PBCC system. Removal
metals, and their accumulation throughout the food chain capacity of Cu a large-scale PBCC system was similar with
leads to serious ecological and health problems. in a lab-scale PBCC system.

METHODS AND RESULTS: Optimum conditions in CONCLUSION(s): Therefore, PBCC system using brown
continuous-flow stirred tank reactor (CSTR) and packed- seaweed biosorbent was suitable for treating heavy metal
bed column contactor (PBCC) using brown seaweed wastewater.

biosorbent were investigated. Under optimum conditions
from both lab-scale biosorbent systems, removal efficiency
of copper (Cu) in a large-scale PBCC system was
investigated. Removal capacity of Cu using brown seaweed

Key Words: Biosorption, Biosorbent, Copper, Heavy
metal, Breakthrough curve

biosorbent in a lab-scale CSTR system was higher than that M2

in a lab-scale PBCC system. On the other hand, over 48

L/day of flow rate in Cu solution, removal efficiency of Cu A3t EAlslel] i AEAIg A7 diAE FaEe
in a lab-scale PBCC system was higher than that in a A A E e A o] A7IAL Itk 53] Ea
lab-scale CSTR system. Optimum flow rate of Cu was 24 Fooll Tk Tud At ors JAY, ol2wdhy,
L/day, optimum Cu solution concentration was 100 mg/L. Rty SuiaER, A 2 S SOl SUtStephen
Removal capacity of Cu at different stages was higher in the et al, 1986; Suh et al, 2001). o]2{g 7]E°] 4= A
order of double column biosorption system > single column Ae7b Aesrv 22 @ 9S WYAIZ]1(Thomas and

Drew, 1989), #2JH]go] Frjsto] o] Al riel
= EadAlg Ao A8ah] ofEe EAldEel 9l

51414 2HCorresponding author), T{Ahn and Suh, 1995; Say ef al, 2001). |23t FA3
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T2m A1 AR et A7t GstA o FolAaL ltK(Davis et al, 2003;
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Choi et al, 2005).
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Fig. 1. Schematic diagrams of various
biosorption systems using biosorbent.
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Fig. 2. Schematic diagram of apparatus for
preparing biosorbent using brown seaweed.
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Table 1. Breakthrough point in copper solution under
different flow rates and Cu concentrations

Breakthrough point
(mL/g-biosorbent)

Type Flow rate Cu concentration
(L/day) (mg/L)
48 24 12 10 50 100

Packed-bed column

414 586 685 >294 90.0 55.7
contactor system

Continuous-flow
stirred tank reactor 35.3 70.3 106.3 >266 86.6 56.6
system
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Fig. 3. Effects of flow rate on the removal (%)
of Cu in PBCC (A) and CSTR (B) systems
with biosorbent.
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Fig. 4. Effects of Cu concentration on the
removal (%) of Cu at flow rate of 24 L/day of
PBCC (A) and CSIR (B) systems with
biosorbent.
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Fig. 6. Removal (%) of heavy metals in PBCC systems.
Heavy metals concentrations and flow rate were
operated at 100 mg/L and 144 L/day.

100 o®® ;
> o**
Q
A3 °
~
= 80
S
A ~d
S
S
S 60
£
3
O 40
<
£
£ L
T 20
E ® QO Large-scale PBCC system
& @ Lab-scale PBCC system
0 @

0 200 400 600 800 1000
Amount of treated wastewater (L)

Fig. 7. Removal (%) of Cu in large-scale PBCC
systems. Cu concentration and flow rate were
operated at 100 mg/L and 144 L/day.

scale PBCC9] #2119 #&2 719 fAkskgin. a4
& lab-scale PBCC®] -7+ °F 5 L ©|%lal, large-scale
PBCCS 79+ 138 LZ ERTE lab-scale PBCCS}
large-scale PBCC2] A 2]-§-%2] Sejg =7} oF 27uj<lv] ot
R A9 2L ] AolE HERASItE 2 Aol AR
¥ PBCC th8#9] #lE tdow & 75 Aefadol &
g3t Aoz dHA QoM (Vilar et al, 2008; Hashimoto,
1993), PBCC A28 scale-up?| A2l ago] 5 o=
5t 21 lab-scale PBCC9} large-scale PBCC7}F 2>
T AYags HolFink o] A¥k= large-scale PBCC
AZA] columntf 9] F2HAS] EH A2 22 vlE = =g
A9k =oltl A 52] H]7} lab-scale PBCCi= 13%1H| H]S|A]
large-scale PBCC 4.6 0% Zfobx] AA|2Q1 Ag|ago] 4
oA Fohal Bett e A ZloR ke

ko
12

Fu|9E o] &5t AEFHAY F55 AeHS Akt
7] $18 lab-scale®] AY=FZAAHA HAx20s st
11, lab-scale®] WESAA| S F 2 2713}00|4] large-scale
PBCC A2HE] F9% AATHE ZAFSISITE Lab-scale
AEFAAN AT T54 A5 ¥ PBCCEEE CSTRO]
oA CSTR #5147t 48 L/dayol/delx] ¢hd
SIS A Fste] bRl f-xdo] 7sg PBCC
7F Ageialey. Cugde F8l5E 3 552 Cu Alsd
< UEE 12 L/day 3 #9085 10 mg/LY W Cugl
Aelo] 7P ol ot AAAQ Fits HES A
AHE 24 L/day ¥ H6% 100 mg/L7F A4 slo=z
FEE A2EAE Cu AAES dHS 9540w
W dsh= 2ol Cu AARSEC] 3 55 T8 AXs
#& Pb, Cro] Aejdgo] %%l Cudd 0]9)e) e $3
% SAEE Cudl 68 77 o] Aass veEhgl
t}l. Lab-scale®] PBCC AIAElE 27¥ 5% scale-up st




Evaluation of Removal Efficiencies of Heavy Metals Using Brown Seaweed Biosorbent Under Different Biosorption Systems 315

large-scale PBCC A|AHIS] Cu AAGY
lab-scale®] 5 Lo} HI W53l W F-68 Fa F4I5k3
mebr] FEd AYE g HF A 88 YEFRA A
o PBCC AIAEIQl o7 fatsu), AA S24 ol
B HAAANAES Agsl] fside T g 54 o
& A8 A7 FHE JdgEoor & Zo® etk

rlo
—_
[6%]
(00e)
—
full

A 2

This paper was supported by Sunchon National
University Rescarch Fund in 2010. This research was
supported by a fellowship from the Yeongsan &
Sumjin River Watershed Management Fund of South
Korea.

Hn2s

Ahn, KH. Suh, KH., 1995. Biosorption of heavy
metals by Saccharomyces uvarum, J. Korean Environ.
Sci. Soc. 4, 527-534.

Ahn, SJ., Kim, Y.S., Park, KP., 2004. Storage of
waste-brown seaweed and degradation of alginate
using microorganism, /. Environ. Sci. 13, 313-318.

APHA, AWWA, WCF, 1995. Standard methods for
the examination of water and wastewater, 19th ed.
American Public Health Association, Washington,
DC, USA.

Cho, J.S.,, Park, LN., Heo, ]S, Lee, Y.S. 2004.
Biosorption and desorption of heavy metals using
Undaria sp., Korean J. Environ. Agric. 23, 92-98.

Choi, ILW., 2004. Biosorption of heavy metals and
development of biosorbent by using seaweeds.
Master Science Thesis. Sunchon National University,
Korea.

Choi, LW., Kim, S.U.,, Seo, D.C., Kang, B.H., Sohn,
BK, Rim, Y.S., Heo, ].S., Cho, J.S., 2005. Biosoroption
of heavy metals by biomass of seaweeds, Laminaria

species, Ecklonia stolonifera, Gelidium amansii
and Undaria pinnatifida, Korean J. Envirion. Agric.
24, 370-378.

Choi, K.C,, Kwan, O.U.,, Kim, Y.D., Kim, Y.H., Lee,
WS, Lee, ].Y,, jun, SJ., Jung, SK., 2004. Annotation
for standard methods of water quality. printed in
Dong Hwa Technology Publishing Co. Korea.

Davis, T.A., Volesky, B., Mucci, A., 2003. A review of
the biochemistry of heavy metal biosorption by
brown algae, Water Research 37, 4311-4330.

Hashimoto, K. 1993. Chemical reaction engineering.
Baifukan, Japan.

Kratochvil, D., Volesky, B., Demopoulos, G., 1997.
Optimizing Cu removal / recovery in a biosorption
column, Water Research. 31, 2327-2339.

Say, R., Denizli, A., Arica, M.Y., 2001. Biosorption of
cadmium(ll), lead(Il), and copper(Il) with the
filamentous fungus Phanerochaete chrysosporium,
Bioresour. Technol. 76, 67-70.

Shim, J.H., Hwang, J.R,, Lee, ].S., Kim, J.H., Kim, S.S.,
2010. Variations in nutrients and CO, uptake with
growth of Undaria pinnatifida from the south
coast of korea, Kor. J. Fish Aquat. Sci. 43, 679-686.

Stephen, B., Normal, SW., 1986. Removal of heavy
metals from wastewaters, B.&L. Information Service,
Canada.

Suh, KH., Ahn, KH., Cho, M.C,, Cho, JK, Jin, HJ.,
Hong, Y.K,, 2001. Sargassum Confusum for biosorption
of Pb and Cr, /. Korean Fish. Soc. 34, 1-6.

Thomas, E.H., Drew. P.O., 1989. Metal finishing and
processing, WPCF 61, 6-12.

Vilar, V.J.P., Cidalia, B.M.S., Loureiro, ].M., Boaventura,
R. AR, 2008. Biosorption of copper by marine
algae Gelidium and algal composite material in a
packed bed column, Bioresource Technology 99,
5830-5838.





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /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 /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /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 true
  /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

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. 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 best suited for high-quality prepress printing.  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 /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


