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lsolation ofnano－COIloidalorganic matterfromcoastaJ

Bora Bayseawaterusing porousgrassfHteras

CrOSS－fJow fHtration membrane

Lihong WANGl，Yoshimi SUzUKI2and HiroshiITO3

Abstract A new typeinorganic membrane－pOrOuS glassis applied for both cross－flow

filtration modes・Thelaboratoryresults showthatpermeationofAlbuminpassingthrough

30nmporousglassfiltercanbe．negligible（＜0・015％）・Thefiltrationbehaviorofnatural
DOC consIStently shows a decreaslng COnCentrationin the permeate withincreasing CFs．

Thus，the permeation ofHMW moleculesis minimalduring CFF using porous glass filter，

evenunderhighCFs（W＞50）・DuriPgfiltratioTOfBoraBayseawater，OCconcentration
Of permeate（CL）firstis at very beglnning（i．e．1n the firstliter of permeate）higher than

the OC concentration of pre－filtersample，and thenlower andlower with permeate volume

and concentration factorincreasing．The speed of OC concentration decreaslngis very

rapid at beglnning．After the CF＞4using regular concentration mode and after CF＞12

usingdiafiltrationmode，thevariationof C，becomesslightlyas CFcontinuouslylnCreaSed．

Thus，the organic matter of Bora Bay seawater can easily pass through30nm porous

glass filter，in anotherword，alargeamount oforganicmatters ofBoraBayseawater can

not be retained by30nm porous glass filter．The results show thatmaJOr Organic matters

Of Bora Bay seawater are smaller than30KDa．

Key Words：COlloids；Organic matter；POrOuS glass filter；CrOSS－flow filtration

lntroduction

The previous studies have shown that sub－FLm

sized colloids are abundantin seawater and the

COlloidal phase can comprlSe a Slgnificant fraction

Of dissoIved organic matterin seawater．Some

fractions of marine DOM may have high turnOVer

rates，and processes whichinfluence marine DOM

CyClingmay have slgnificant ramifications to global

Carbon studies．Identifying and characterizlng the

marine colloidalphaseisimportant for understand－

jnpl t．hf〕hjnpIPnr－hf〕mjr只1「、Vrljnpl nf nrp・只nir mrhnn
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and nutrients．

The cross flow filtration（CFF）has been most

extensively used as anisolation tool to study

COlloidsin seawater for understanding the cycling

Of bothinorganic and organic elements and materi－

als（Bauer et al．，1996；Buesseler，1996；Guo，1996；
Powell，1996；Wen，1996），Until now，almost all

Studies havebeen done using the organic membrane

for separating organic colloidal matters from
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SeaWater．Here，itis reported for the first time to

applyanewkindofinorganicm．embrane（porous
glass filter）forisolation organlC COlloids from
SeaWater．

In a few previous studies where high1y concen－
trated colloidal organic matter was analyzed for

Organicnitrogen content（Benner，1992；Sigleo，1983；

Pakulski＆Benner，1992）highly C／N ratios of20－25

haveg？nerallybeenobserved・Bauer（1996）studied
the ratlOS Of C／Nin different fractions，the ele－

Vated C／N ratios of the HMW fraction werealso
nhqPrVPrl in qpIPr只1　nnpn＿nrP只n　（コRmnl‘⊃q lX7hjnh
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COlloidal organic fractionis a nitrogen－depleted

（C／N？20－22）and LMW organic fractionis a highly

nitrogen－enriched（C／N？2－5）．

We measured carbon，nitrogen and phosphorus

COntentS Of：（1）particulate carbonand nitrogen；（2）

totalstartingDOMpriPrtOPrOCeSSipgbyCFF；（3）
HMWorcolloidalorganlCmatter retalned by porous

glass filter；and（4）LMW organic matter that
COmprlSeS the permeate or filtrate．

izhejiang University，Ⅹixi Campus，Department of Environmental Science，China

2Faculty of Science，Shizuoka University，Japan

3sumika ChemicalAnalysis，Service，Ltd．，Kasugade－naka，Osaka，Japan
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Tablel Sampling ancillary data．

WANG L．，SUzUKI Y．andITO H．

Station SamplingDepth Salinlty

（m）　　　　　（‰）

1

　

3

　

1

　

2

M
 
M
 
L
 
L

2．8　　　　　　　　33．05

2．8　　　　　　　　34．23

4．3　　　　　　　　34．21

3．6　　　　　　　　33．88

Temperature PC

（℃）　　　（〃M）

31　　　　　　　　5．09

29　　　　　　　　　4．63

31　　　　　　　　5．18

30　　　　　　　　6．64

NP
′
／Cn

r

0
6
．0
5
3
7
5
1

10
1
0
9
．
1
0

Methods

Sample coHection

Samples were taken at4stationslocatedin Bora

Bay of MiyagoJlma Of Okinawa during hightide
On30July，2000．The sampling ancillary data are
listedin Tablel．

All samples were filtered through precombusted

（6h at480℃）Advantec GFT75glass，fiber filters（0．3

Pm，90mmdiameter）andcollectedinto polycarbonate

bottles and keptinlow temperature till to be

SeParated by CFF and analyzed．

Porous gFass fHter

The porous glass filter（abbreviationas PG）which

is made of borosilicate glassis a new kind of

inorganic filter．Its pore sizeis30nm and poroslty

is move than50％．The contour of PG filteris tube

Or disk．In our previous studies，the results showed

thatthe porous glass filteris suitable to be usedin

pH＜9．0．The amount of residue carbonin PG filter

is lower than the detection limit while PG is

combusted over2hourS at600Uc．Itis suggested

that the porous glass filteris suitable toisolate

Organic colloidalmaterials from naturalwater．

CFF system

The porous glass filter was usedin two configu，

rationsCFF system（Fig．1）．Oneis a regular concen－

tration mode which the pre－filter sampleis concen－

trated from a single sample reservoir．In this case，

the concentration factor，CFcan be calculated from
r1F＝　什扁十j91く只rnnlf⊃lJnlllrnPl／

＼▲▲▲▲U▲）し▲　」′UL▲▲▲r▲）　’）▲u▲▲▲、ノ／／

（finalretentate volume）．　（1）

Anotheris diafiltration mode which the retentate

reservoiris considerably smaller than the sample

volume and the retentate volume was maintained

constantbycontinuously supplied with fresh sample

for replaclng the permeate volume removed．In this

CaSe，

CF＝［（permeate volume）＋（retentate volume）］／

（retentate volume）　　　　（2）

In CFF，COlloidal abundance are defined by their

retention relative to a glVen CFF membrane，aS

calculated from

C。。〝＝　rCr－Gノ／CF，　　　　（3）

whereC・and C〕aretheconcentrationinthe retentate

and permeate，reSPeCtively．

Fig．1Schematic of the cross－flow filtration systems used

in this study．Alljoins，tubings and valves are made of

Teflon．

When usedin the regular concentration mode，the
reservoir volume decreases from aninitial sample

volume oflOP to a final retentate volume of O．5－1

rf p／TF＝ワnl Tll十hp rli只fH十r只十．jnTl mnrlp thp rptPnt只十p
＼レ●　）●　　）　▲　　　　‾）／●　‾▲▲▲　〉▲▲）　、ノー▲、■ノー▲▲▲｝▲、‾～）▲〉▲▲　▲▲▲、ノ、■人、ノ〉　　）▲▲、ノ　▲、ノ〉、ノ▲▲）、ノー〉、ノ

volumeis maintained constantin a0．5－1container．

The recycling flow rateis30mP／min with a trans－

porous glassflowrate oflOmP／min，and the trans－

POrOuS glass filter pressure，Whichis controlled by

valve on the retentateline and by the pump speed，

is5kg／cm2．

All filtrations are carried outin a Class－1001ami－

nar flow clean bench．

CFeaning process

Before porous glass filter was used，it was com－

bustedat600℃for3h．TheCFF system wasexten－
Sively cleaned before processing each sample with4

mol／P HClunder pressure（5Kg／cm2）by recycling

for one hour and allowed to stand for atleast half
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Table2　Particulate carbon and nitrogen concentrations．

SampleID PC（FL M）

LI

L2

MI

M二l

5．179

6．639

5．090

4．628

PN（〃M）

0．5507

0．6326

0．5027

0．4611

酬
3
7
5
1
0
6
0
5

P
C
9
．
川
10
1
0

hour．After the acid solution cleaning，the system

WaS flushed with Milli－Q water until the pH was

theヲame aSin the Milli－Q water・Theseinitial
Cleanlng StePS Were followed by pre－filtratedsample

for condition the porous glass prlOr tO the precon－

ditioning run．During the preconditioning，the

Sample was allowed to run through the permeate

line，andthen both permeate and retentate solutions

dwascarded．Thepreconditioning was both to reduce

COntamination of extracterbale from system，and

POtentiallytominimize sorptlVelosses to the mem－

braneandothersurfaces（Buesseler，1996）．Following

the preconditoning，the CFF system was completely

drained and was flushed with1－1sample solution，

and CFF processing beganimmediately．

Analytical procedures

All samples（pre－filtered samples，PermeateS and

retentates）that were collected and analyzed for

totalorganic carbon，tOtalnitrogen，tOtalphospho－

rus，nitrite and nitrate，ammOnium and phosphate．

Particulate carbons and nitrogens were measured

by high　temperature combustion method using a
SumlgraPhNC－90A．DissolvedOrganiccarbons were

assayed by high temperature catalytlC OXidation

（HTCO）using a Shimadzu TOC－5000analyzer．Total

nitrogen and totalphosphorus were analyzed using

a persulfate oxidation method．NO：～　＋NO2㌦NO2，

NH‘↑▲and PO′1：う　werealldetermined by continue flow

analysisusingaTRAACS2000autoanalyzer（Bran・

Luebbe，Japan）．

Results and discussions

ParticuIate carbon and nitrogen

The particulate carbon and nitrogen（＞0．3pm）

concentrations are showedin Table　2．The concen－

trationsofparticulate carbon and nitrogen are very

low．Concentrationsofparticulate carbon and nitr0－

genin each station seawater are slight difference，

but the ratios of PC／PN are very similar，about

lO．

Retention behavior

At any polntin the filtration process，the reten－

tion coefficient（％R）is defined as the percentage

reductionin the feed concentration（G）across the

membrane（e．g．，Kilduff＆Weber，1992）：

％月＝（1－C／C′）×100％，　　　（4）
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Where Cフis the OC concentrationin theintegral

Permeateand Clis the DOC concentrationin the

feed．The Fig．2Shows the permeate concentrations

during time－Series experiments using natural

SeaWaterfromBoraBay vary with permeate volume

and concentration factorincreasing．Theresults are

Clear that retention coefficients of porous glass

filterincrease with CFincreasing．The final aver－

age retention coefficients of Bora Bay seawater

using diafiltration and regular concentration mode

are7．97％（final　CF＝13．08）and7．68％（final CF＝

16．91），reSPeCtively．

0ur　eXPerimental data during retention experi－

ment showed completely contrast trend comparing

Withmanypreviousresultsusingorganicmembranes

（Guo，1996；2000；Wen，1996）．As Guo（1996）Pointed
thatit was clear that apparent values of colloidal

fractions decreased withincreasing concentration

factors．Guo（2000）Pointed that the ultrafiltration

behavior of natural DOC andIJMW metals could be

Well predicted by a permeation model，and consis－

tently showed anincreasing concentrationin the

Permeate Withincreasing CF．

However，theresultsofmassbalancesusing natu－

ral seawater and Albumin solution showed very

differenceinporousglass CFF system．Mass balance

OfdissoIvedorganiccarbon（DOC）and totaldissoIved

nitrogen（TDN）andtotaldissolvedphosphorus（TDP）

duringfiltrationnaturalseawaterlWerein the range

of92．91％～105．9％and91．6％～130．6％and85．5～

138．0％，reSPeCtively．Butitis just12．09％（CF＝

11．28）or2．27％（CF＝63．37）ofDOCusingdiafiltration

mode or concentration mode．It shows the absorp－

tion of Albuminin surface of porous glassIS maln

PrOblem．The higher the（二Fis，thelarger theloss

amount of Albuminis．

Breakthrough

In any CFF phase speciation study，itis crucial

toidentify an optlmal concentration factor that

will notlead to serious alternations of DOC con－

Centrationsin permeate and retentate phase．Alow

COnCentration factor maylead toincomplete separa－

tion，While high concentration factors maylead to

breakthrough due to3－D steric and concentration

polarization effects．

Time series samples from permeateline were

COllectedas discrete samples using naturalseawater

as well as macromolecular solutions（S＝30％0）to
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Fig・2　VarlationsoftheconcentratlOriOforganlCCarbonindiscrctcpcrmcatcsampIcsandthcrctcntlOnPCrCCntagCWith

permeate volume and concentration factorsincreasing using naturalseawater from Bora Bay．

determine the approprlate COnCentration factor

and to examine how filtration behavior of natural

DOCis using　30nm porous glass filter or how

macromolecular DOMis being retained by30nm

porous glass filter．Duplicate experiments were

CarTiedout for both CFF modes．The final retentate

WaSalso collected．Tables3and4and Fig．3showed

how concentration of OCin permeate varied with

Permeate VOlume and concentration factor（CF）

increasing．

Ascanbe seenin Table3，Permeation ofAlbumin

PaSSing through30nm porous glass filter can be

negligible during both diafiltration and regular

COnCentration．Thus，thepermeationofHMW mole－

Culesis minimal during CFF with porous glass

filter，eVen under high CF（CF＞50）．

The filtration behavior of natural DOC consis－

tently showed a decreasing concentrationin the

Permeate Withincreasing CF．During filtration of

Bora Bay seawater，OC concentration of permeate

（Cb）firstis at very beginning（i．e．in the firstliter

Of permeate）higher than the OC concentration of

Pre－filter sample，and thenlower andlower with

permeate volume and concentration factor
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Table3　Results of filtration breakthrough of Albumin（NMW66，000）while CFincreasing．

Albumin sampleID CF Volume　　　fliwrate DOC

30％o NaCl　　　　　　　　　　　　　　　　　（m且）　　（m且／min）　　　（

diafiltrationCFF sample

retentate

Permeatel＃

Permeate2＃

Permeate3＃

Permeate4＃

Permeate5＃

Permeate6＃

Permeate7＃

Permeate8＃

Permeate9＃

PermeatelO＃

Massbalance

COnCentrationCFF sample

m
O
4
0
5
0
4
06
0
7
12
1
3
2
8
2
8

2
3
4
5
6
7
8
9
．
1
0
日

retentate　　　　63．37

Permeatel＃

Permeate2＃

Permeate3＃

Permeate4＃

Permeate5＃

Permeate6＃

Permeate7＃

Permeate8＃

Permeate9＃

PermeatelO＃

Permeate‖＃

Permeate12＃

Permeate13＃

Permeate14＃

Permeate15＃

Permeate16＃

Massbalance

06
1
5
2
5
3
8
5
4
75
0
0
18
5
9
1
8
1
4
8
9
2
6
0
7
1
2
3
7

L
L
L
L
L
L
2
2
2
3
4
5
．
1
0
1
5
2
9
6
3

2255．1

200．0

206．0

202．7

201．2

198．2

204．4

201．1

211．2

201．7

228．8

199．9

6267．5

98．9

379．4

435．4

439．0

459．5

476．7

493．3

451．5

253．5

455．1

455．9

453．0

450．8

453．7

194．8

200．6

116．3
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8

8

O

O

O

O

O
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1．18

1．55
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increasing，The speed of OC concentration decreas－

ing was very rapid at beglnning．After the CF＞4

using regular concentration mode and after CF＞12

using diafiltration mode，the variation of G，be－

Came Slightly as CFcontinualincreased．Thus，the

Organic matterofBoraBayseawatercaneasily pass

through　30nm porous glass filter，in another

word，alarge amount of organic mat，terS Of Bora

Bay seawater can not be retained by30nm porous

glass filer．

Results of Bora Bay seawater

Results of DOC（Fig．3）and autoanalyzer TDN，

79

TDP，NO。‾‾＋NOi，NOl－，NH／and PO；concentra－

tionsin pre，filtered samples andin CFF processed

PermeateS and retentates using diafiltration mode

are shownin Table5．Permeate samples were co1－

1ected at a concentration factor of two（CF＝2）and

agaln When the sample had been concentrated to

its final volume．Retentate samples were collected

at CF＝　finalonly．

In almost all samples at Bora Bay when the

abundant of colloidal OC waslow，OC concentra－

tionin permeate decreased between CF＝2and CF

＝final，and the OC concentrationsin permeate at

CF＝2were all higher thanin pre－filtered sample．
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Table4　Bora Bay seawater datain time series experiments．

SampleID CF Volume DOC DON DOP DIN

diafiltrationmode　　　　　　（mA）

Mlpermeatel＃　　2．01　506．0　　　66．17　　　4・683

MIpermeate2＃　　3．02　　501・5　　　65・30　　　4・251

MIpermeate3＃　　4．02　　504．8　　　64．39　　　5．228

Mlpermeate4＃　　5．03　　503．1　　63・50　　　4・618

Mlpermeate5＃　　6．04　　502．2　　　62．36　　　4．497

Mlpermeate6＃　　7．04　　503・2　　　61．74　　　5・042

Mlpermeate7＃　　8・05　　502・2　　　6l・40　　　4・261

Mlpermeate8＃　　9．06　　507．5　　　61．23　　　4．719

MIpermeate9＃　10．07　　503．3　　　60・55　　　4・467

MIpermeatelO＃　11．07　　502．7　　　59・62　　　4・710

Mlpermeatell＃　12・09　　506・0　　　59・41　　　4・998

MIpermeate12＃　13．08　　499．0　　　59．27　　　4．546

MIRetentate l3．08　　488．3　　　　65．64　　　　3．744

Mlprefiltered　　　　　　　　　　　　　66．82　　　4・128

Water（＜0．3um）

massbalance　　　　　　　　　　　　　　　　92．91％

0．066　　　　1．075　　　　0．065

0．067　　　　1．002　　　　0．066

0．048　　　　1．049　　　　0．073

0．065　　　　1．149　　　　0．062

0．093　　　　1．087　　　　0．063

0．088　　　　0．720　　　　0．062

0．051　　　（）．880　　　　0．059

0．033　　　　0．871　　　　0．069

0．066　　　　1，056　　　　0．057

0．063　　　　0．849　　　　0．057

0．081　　　　0．860　　　　0．055

0．054　　　　0．900　　　　0．（）62

0．048　　　　0．866　　　　0．055

0．094　　　　0．866　　　　0．038

110．1％　　　162．2％

SampleID CF Volume DOC DON DOP DIN PO43－

COnCentrationmode　　　　　（m且）

Llpermeatel＃　1．043　　500・7　　　99・12

Llpermeate2＃　1．101

LIpermeate3＃　1．165

Llpermeate4＃　l・238

Llpermeate5＃　1・32

Llpermeate6＃　1・413

Llpermeate7＃　1・521

Llpermeate8＃　1・648

Llpermeate9＃　1．795

LlpermeatelO＃　1・971

LIpermeatell＃　　2．189

Llpermeate12＃　　2．459

Llpermeate13＃　　2．806

LIpermeate14＃　　3・264

Llpermeate15＃　　3．895

Llpermeate16＃　　4．849

LIpermeate17＃　　6・483

Llpemeate18＃　　9．508

Llpermeate19＃　16・91

499．8　　　　96．08

506．0　　　　83．90

502．8　　　　81．45

500．0　　　　82．56

502．6　　　　　81．43

502．4　　　　　78．91

503．3　　　　86．74

497．7　　　　　79．12

499．4　　　　78．29

504．8　　　　77．09

500．3　　　　79．85

503．5　　　　78．97

500．2　　　　79．58

496．2　　　　　78．62

505．1　　　　78．63

519．8　　　　　78，97

490．9　　　　78．71

460．4　　　　　77．85

LIKetentate lb．ワ1　　）リ1．5　　　　　　ワ1．ワl

prefiltered

Water（＜0．3um）

COC

massbalance（％）

4．487　　　　0．077　　　　0．886　　　　0．045

4．302　　　　0．079　　　　0．963　　　　　0．049

4．670　　　　0．103　　　　0．865　　　　0．031

4．950　　　　0．069　　　　0．867　　　　0．035

4．304　　　　0．080　　　　0．948　　　　0，053

4．405　　　　0．077　　　　0．903　　　　0．046

4．705　　　　0．067　　　　0．827　　　　0．060

4．585　　　　0．074　　　　0．849　　　　0．039

4．106　　　　0．083　　　　0．873　　　　0．049

4．780　　　　0．065　　　　0．935　　　　0．049

4．609　　　　0．086　　　　0．855　　　　0．039

4．846　　　　0．074　　　　0．916　　　　0．055

4．651　　　　0．080　　　　0．851　　　　0．045

4．584　　　　0．078　　　　0．855　　　　0．046

4．673　　　　0．085　　　　0．925　　　　（1．030

4．659　　　　0．057　　　　1．010　　　　0．057

5，384　　　　0．049　　　　0．875　　　　0．Ofig

4．517　　　　0．064　　　　0．921　　　　0．063

4．441　　　　0．071　　　　0．968　　　　0．051

4．3つつ　　　　　　U．lUb U．ワ∠j U．UJO

87．94　　　　3．989　　　　0，101　　　　0．914　　　　0．014

0．832

93．80％　　　　　　　　　　　　　　　　　　96．02％　　　300．8％

The ratios of DOC to DON arein the range

from～11to～23．Ⅰn contrast，the ratios of N／P of

DOM variedin alarge range from～29to～84．

ConcIusions

Thelaboratory results using Albumin standard

molecule solution and natural seawater from Bora

Bayshowthatpermeationof HMW passing through

30nmporousglassfiltercanbenegligible（＜0．015％）．
Thus，thebreakthroughofHMWmoleculesis mini－

malduringCFFusingporousglassfilter，eVen under

high CF（CF＞50）．

Thefilt，rationbehaviorofnaturalDOCconsistent，1y

Showed a decreasing concentrationin the permeate

WithincreasingCF．Thisresultiscompletelycontrast

to use organic membrane during CFF process．

OC concentration of permeate（G）from Bora



Porous glass filter and DOM separation

Table5　Analytical data for pre－filtered and CFF－prOCeSSed seawater of Bora Bay（2000．7．30．high tide）．

station Type CF DOC NO3－＋NO2‾　NO2－　NH4＋　po4十　TDN TDP DOC／DON／

mol／且　　DON DOP

LI sample　　　　64．20　　　0．890

LI Permeate　2　　66．05　　　　0．896

LI permeate　20　63・89　　　0・904

Ll retentate　20　　63．29　　　　0．903

Massbalance　　　　　　98．6％　　101．4％

L2　　sample　　　　63．93　　　0．767

L2　　Permeate　2　　65．25　　　　0．848

L2　　permeate　20　60．65　　　0．791

L2　　retentate　2O　　63．05　　　　0．970

Massbalance　　　　　　98．4％　　125．3％

MI sample　　　　55・88　　　0・806

MI Permeate　　2　　　59．09　　　　0．841

Ml　permeate　20　57・50　　　0・836

Ml retentate　20　　59．25　　　　0．862

Massbalance lO5．9％　　106．7％

M3　　sample　　　　67・20　　　0・751

M3　　Permeate　2　　71．61　　　0．841

M3　permeate　20　67．16　　　0．678

M3　　retentate　20　　68．29　　　　0．718

Massbalance lOl．5％　　　95．4％

M3　　sample　　　　73・06　　　0・782

M3　　Permeate　2　　76．45　　　1．199

M3　permeate　40　73．50　　　0．725

M3　　retentate　40　　75．05　　　　0．698

Massbalance lOl．6％　　　95．6％
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0．080　　0．121　0．063　　4．550　　0．165

0．063　　0．259　　0．052　　4．502　　0．151

102．6％　91．5％　139．0％
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Fig．3　The organic carbon distributionin all fractions

Of Bora Bay seawater．

81

Bay seawater firstis at very beginning（i．e．in the

firstliter of permeate）higher than the OC concen－

tration of pre，filter sample，but decreases rapidly

With permeate volume and concentration factor

increasing and becomeslower than the OC concen－

tration of pre－filter sample．After the CF＞4using

regular concentration mode and after CF＞12using

diafiltration mode，the variation of（㌔is slow as

CF continualincreased．Thus，the organic matter

Of Bora Bay seawater can easily pass through30

nm porous glass filter．This results shows that

maJOr Organic matters of Bora Bay seawater are

smaller than　30　KDa．
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