
Title Biochemically Stable Organic Matters in Activated Sludge Process Effluent

Author(s) Teramachi, Kazuhiro; Takakuwa, Tetsuo

Citation 北海道大學工學部研究報告, 113, 25-31

Issue Date 1983-02-28

Doc URL https://hdl.handle.net/2115/41783

Type departmental bulletin paper

File Information 113_25-32.pdf

Hokkaido University Collection of Scholarly and Academic Papers : HUSCAP



北海道大学工学部研究報告

第113号　 （昭和58年）

Bulletin　of　the　Faculty　of　Engineering，

　Hokkaido　University，　No．　113　（1983）

8韮ochemically　Stab董e　Organic厳a猛ers　i灘Activa也ed

　　　　　　　　　　　　　　Sludge　Process　Effluent

Kazuhiro　TERAMAcHI　and　Tetsuo　TAKAKuwA
　　　　　　　　　（Received　September　30，　1982）

Abstract

　　　Activated　sludge　process　effluents　usually　contain　biochemically　stable　organlc　matters

which　are　a　matter　of　great　concern　with　respect　to　the　THM　creation　after　chlorination。　In

毛hls　study，　the　existence　and　the　generation　of　such　organic　matters　were　experime登tally

exarni捻ed疑sing　domest圭。　sewage．

　　　In　a　batch　test，　the　exlstence　of　such　matters　in　the　influent　sewage　was　confirmed　from
　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　ノ

毛he　fact　that　the　minimum　levels　of　E260　and　COD　during　aeradon　were　proportio簸ally

increased　with　the　initial　COD　concentration．　For　a　given　co簸centratio難of　initial　COD，　the

minimum　levels　were　not　affected　by　the　SS　concentration　of　the　influent　sewage，　MLSS　and

SRT．　In　a　condnuous－flow　test，　the　soluble　COD　of　the　effluent　did　no毛reach　such　a　hlgh

圭eve玉eve登af£er　100　h　as　observed　in出e　batch　test．　The　COD／E260　ratio　of　the　eff玉uent

became　lower　as　the　detention　time　aRd　this　te総dency　was　also　opposed　to　the　result　of　the

batch　test．

1．1譲毛roduct韮on

　　　Activated　sludge　process　effluents　usua｝ly　contain　some　organic　matters　which　are　Rot

detectable　as　BOD　but　rneasurable　as　bichromic　acid　COD　or　TOC．　These　organic　matters

are　referred　to　as　biochemically　stable　organic　matters　（hereafter，　written　as　BSOM）　and

their　impacts　on　the　water　environment　are　of　grave　concern　with　respect　to　the　THM

creation　by　chlorination，　the　acceleration　of　eutrophication　aRd　so　on．　Studies　on　BSOM

should　consist　of　the　following　three：（i）the　evaluation　of　the　original　amount　in　the　raw

sewage，　（　ii　）　the　control　of　the　condition　of　treatment　process　to　reduce　the　production　rate，

and　（iii）　the　examination　of　the　effect　on　the　water　environmeRt．

　　　In　this　paper，　the　authors　inteRd　to　determlne　tke　amount　of　BSOM　ln　the　domestic

sewage　and　the　excretion　rate　of　BSOM　from　the　autoxidation　process　of　activated　sludge，

and　to　characterize　the　composition　of　the　effluent　BSOM　under　various　hydraulic　conditions．

2．　Tke　Amount　of　BSOM　in　the　Domestie　Sewage

2．茎Exper量mental　Ma毛er董a蓋a避d　Method

　　　The　sewage　used　was　obtaiRed　at　the　pumpiRg　station　of　Oasa　housing　development

sewage　treatrnent　area　which　was　drained　by　a　separate　sewerage　system．　The　coarse

Department　of　Sanitary　Engineering
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particles　were　removed　using　a　laboratory－scale　settling　taRk　at　an　overflow　ra£e　of　50　m／

d．　Sampling　was　carried　out　at　8’　：　30　and　20　：　OO　when　the　sewage　with　the　highest　COD　in

a　day　was　obtainable．　Two　samples　were　equaliy　mixed　for　the　experiments　（2）　to　（4）

mentioned　later　and　the　former　sample　was　used　for　the　experiment　（1）．

　　　The　experiments　were　conducted　in　a　batch　type　using　a　cone　bottomed　4　1　vessel　as　an

aeration　tank．　The　activated　sludge　was　obtained　from　the　aeration　taRk　of　Ebetsu

muRicipal　sewage　treatment　plant．　The　aeration　was　started　as　soon　as　the　vessel　was　fi11ed

wlth　the　sewage　of　3．5　1　and　the　activated　sludge　of　O．5　1．　The　blank　test　was　conducted　with

the　tap　water　instead　of　the　sewage．

　　　A　given　volume　of　rRixed　liquor　was　withdrawn　at　times　from　the　vessel　and　centrifuged

for　2　minutes　at　3000　rpm．　The　supernatant　was　filtered　by　No．　5C　filter　paper　（the　effective

pore　size　was　1．2　ptm．），　aRd　then　UV　absorption　at　260　nm　（E26e）　and　bichromic　acid　COD　were

measured．　The　centrifuged　sediment　was　submitted　to　the　determination　of　MLSS．

2．2Res犠lts　al篭d互）董scussio烈

　　　　　（1）　Relationship　between　lnitial　COD　and　Remaining　BSOM　The　iRitial　concentration

of　COD　was　chaRged　by　diluting　the　original　sewage　with　the　tap　water．　Fig．　1　shows　the

variation　of　MLSS，　E260　aRd　CeD　with　aeration　time．　As　in　Fig．　1（b），　E260　decreased　to　the

minimum　value　and　theR　gradually　increased．　The　relationship　between　the　minimum　E260

and　the　initial　CODF　（filtrate　COD）　is　shown　in　Fig．　2．　The　higher　was　the　initlal　CODF，　the

higher　the　minimum　E260　became．　Fig．　2　also　shows　that　there　was　the　sarxie　relationship

between　the　minimum　CODF　and　the　initial　CODF．　These　resu1ts　may　imply　that　there　are

some　BSOIV［　origina£ed　from　the　raw　sewage．

　　　（2）　Effect　of　MLSS　on　Remaining　BSOM　The　MLSS　concentrations　were　set　at　four

levels．　The　initial　concentration　of　CODF　was　187　mg／1　in　all　cases．　Fig．　3　shows　that　the

higher　was　the　MLSS，　the　more　rapidly　E260　decreased．　The　minimum　vaiues　of　E260　and

COD　are　summarized　in　Table　1．　lt　is　noted　that　a11　the　minimum　values　of　E260　and　COD

became　almost　the　same　within　4e　to　70　hours．　Therefore，　it　is　concluded　that　there　was　no

effect　of　the　MLSS　on　the　BSOM　concentration　until　the　amount　of　BSOM　newly　produced

by　the　autoxidation　of　activated　sludge　became　significant．

　　　（3）　Effect　ef　SS　in　the　Sewage　Two　kinds　of　different　SS　concentra£ion　but　with　the

same　soluble　COD　were　prepared　by　sedimentation．　Table　2　shows　the　characteristics　of　the

sewage　used．　The　iRitial　MLSS　was　126e　mg／1　in　both　tests．　First，　as　seen　in　Fig．　4，　the

reduction　rate　of　MLSS　for　the　sewage　of　higher　SS　coRcentration　was　hlgher　than　that　for

the　sewage　of　lower　SS　concentration．　This　means　that　a　considerable　bio－oxidation　of

suspended　organic　matters　has　occurred．　Second，　Fig．　4（b）　shows　that　the　minimum　level　of

E260　was　almost　the　same　for　both　cases　in　spite　of　a　slight　differeRce　in　the　decreasing　rate

at　the　early　stage　of　aeration．　A　similar　mode　ls　seen　in　Fig．　4（c）　with　respect　to　COD．

Therefore，　the　nonbiodegradable　fraction　of　COD　is　assumed　to　have　been　derived　not　from

the　suspended　organic　matters　but　from　the　soluble　COD．

＊　SoHds　retention　time，　defined　as　a　ratio　of　the　mass　of　MLSS　in　the　aeration　tank　to　the　mass　of　MLSS

Iost　and　wasted　from　the　system　per　day．
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10

　　Fig．　1　Variation　of　MLSS，　E260　and　CODF

　　　　　　　　with　aeration　time

　　　（4）　Effect　of　Seed　Sludge　Two　1〈inds　of　activated　sludge　were　used　as　seed．　The　SRT＊

was　8　and　abeut　60　days，　respectively．　The　former　was　obtained　from　a　municipal　sewage

treatment　plant　aRd　the　latter　was　acclimatized　in　the　laboratory　as　will　be　described　later．

The　initial　MLSS　was　168e　mg／1　for　the　forfner　and　2195　mg／1　for　the　latter，　and　the

percentage　of　MLVSS　was　690／o　for　both　sluclges．

　　　It　is　clearly　seeR　from　Fig．　5　that　the　removal　rate　of　E260　for　the　smaller　SRT　sludge　was

higher　than　that　for　the　larger　SRT　sludge　but　that　the　rninimttm　level　was　almost　identical

（E260：0．175　and　O．195；COD：26　aRd　27　mg／1）．　Whereas，　the　blank　values　did　not　show
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Table　1

’

No． Initia1簸LSS
@　（mg／1）

Minimum£26。 Minimum　CODF
@　　（mg／1）

152

R80

V60

P520

0，210

O，202

O，206

O，210

37

R1

R2

R3

Fig．　5

Table　2

　　　　　10　20　30
　　　　　A8RAT工0鷺丁王耗E　（h）

Variation　of　MLSS　and　E260　with

aeration　time　for　different　SRT

Initial　concentrations　of　SS，　CODT
and　CODF　in　the　experiment　（3）

Kind　of
唐?ｗａｇ?

　SS
img／1）

CODT
img／1）

CODF
img／i）

E260

10wSS

?ｉｇｈ　SS

93

S73

310

V50

160

P60

0，780

O，780

remarkable　changes　but　they　were　almostthe　same　in　both　cases．　These　results　imply　that

the　BSOM　constituents　included　in　the　raw　sewage　were　truly　nonbiodegradable，　contrary　to

an　expectation　that　the　activated　sludge　of　large　SRT　could　intensively　oxidize　the　BSOM

constituents　due　to　the　existeRce　of　the　low　growth－rate　bacteria．

　　　（5）　Excretion　Rate　of　BSOM　in　Autoxidation　Process　of　Activated　Sludge　As　in

Figs．　1（b）　and　3，　both　of　E260　and　COD　gradually　increased　after　reaching　the　point　of

minimum　level．　The　specific　excretion　rates　of　BSOM，　defined　as　the　mass　of　BSOM

excreted　into　the　aqueous　solution　per　unit　mass　of　activated　sludge　decayed　per　day　（Ag－

COD／Ag－MLSS／d），　were　O．e66，　e．e49，　O．040　and　e．023　for　the　blank　test　and　the　tests　1　to　3，
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respectively．　These　va｝ues　were　in　the　reverse　order　of　the　initial　COD　concentration．　Figs．

1（c）　and　3　also　show　that　the　lower　the　COD－SS　loaidng　was，　the　sooner　the　BSOM　excretion

started　and　the　higher　the　specific　excretion　rate　in　the　autoxidation　stage　was．

　　　（6）　Change　of　BSOM　Constituent　with　Aeration　Time　Fig．　6　shows　the　relationship

between　E260　and　COD　obtained　（　i　）　at　the　poiRt　of　time　of　the　minimum　level　and　（　ii　）　after

48　hours．　These　data　were　obtained　from　the　results　of　the　experiment　（1）．

　　　For　the　equiconcentration　of　initial　COD　slope　became　sharper　as　the　initial　conceRtra－

tion　of　COD　decreased，　and　the　two　broad　curved　lines　approached　each　other　as　the　initial

COD　concentration　became　higher．　Fig．　7　represents，　in　the　sarne　manner　as　shown　above，

the　relationship　between　BOD　and　E260　corresponding　to　the　results　of　Fig．　4．　Before　the

time　the　minimum　leve！　was　attained　the　slope　was　mild，　whereas　it　became　steeper　after　the

excretion　started．　ln　the　blank　test，　the　slope　was　the　same　as　in　the　latter　case．　From

these　results，　it　follows　that　the　ratio　of　COD／E260　of　newly　excreted　organic　matters　became

higher　as　the　initial　organic　loading　decreased．

3．BSOM　i賦Efflue薙もfrom　Conも藍簸uous－f韮ow　Act量vated　Sludge　Process

3．　1　Experimental　Material　and　Method

　　　Two　acryl　resin　tanl〈s　each　which　were　divided　into　two　parts　by　a　partition　wall　were

used　for　the　experiment．　The　volume　of　the　aeration　part　was　25　1　for　the　detention　time

of　5　aRd　10　h　and　5e　1　for　2e，　40　and　100　h．　The　volume　of　the　sedimentation　part　was　about

one　fourth　of　the　aeration　part．　The　aeration　part　was　mixed　completely　by　diffused　air　and

the　temperature　was　kept　at　20±1“C．　The　equally　mixed　sewage　mentioned　before　was　used

except　that　the　overflow　rate　of　the　sedimentation　tank　was　about　70　m／d．　The　sewage　was

stocked　in　a　cooled　room　at　1　to　2℃　and　fed　continuously　into　the　aeration　part　with　a　rotary

pump．　The　domestication　period　of　the　sludge　was　about　twice　of　SRT．
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Table　3　Experimental　conditions　for　continuous－

　　　　　　　flow　test

王nitial　COD　（rng／1）Detention
薄ﾊe（h） Total Soluble

MLSS
img／1）

SRT
id）

　5

P0

Q0

S0

P00

530

S90

R40

S75

S90

19G

P70

P82

P95

Q00

2500～3100

Q100～2500

Q000～2300

P800～1900

P400～1500

52

P5

Q7

R7

U0

Table　4　ExperimeRtal　results

E260 COD。（mg／i） CODF／£26。Dαention
狽奄高?（h）

0．45μm 5C 0．45μm 5C 0．45μm 5C
MLVSS
@（％）

　5

P0

Q0

S0

P00

0，171

O，165

O，175

O，166

O，231

0，295

O，210

O，187

O，197

O，260

39

R3

R5

Q5

R2

59

S3

R8

R0

S0

228

Q00

Q00

P51

P39

200

Q05

Q03

P52

P54

83

W0

V7

V1

U9

　　　　The　composite　effluent　was　obtained　every　day　aRd　the　soluble　part　was　separated　by　a

filtration　using　5C　and　O．45　”m　membrane　filter　paper．　The　samples　were　analyzed　by　the

usuai　gel－chromatographical　technique　using　Sephadex　G－15　gel．　The　measurement　of　COD

and　E260　was　made　o霞he　mix加re　of　three　fractions　around　the　E260　peak　and　ratlo　of　COD／

E260　was　used　as　an　index　to　evaluate　the　gel－chromatogram．　Other　conditions　are　summari－

zed　in　Table　3．

3．2Resu歪ts　and　I）量scuss隻on

　　　　（1）　Relationship　between　Effluent　COD　and　Detention　Time　The　results　are　summarized

in　Table　4．　The　effluent　CODF　was　the　highest　in　the　case　of　5　h　detention　and　was　low　in

other　cases．　lt　is　noted　that　a　long　detention　time　such　as　100　h　did　not　produce　such　a　high

COD　as　observed　in　the　batch　experimeRt　mentioRed　before．　The　ratio　of　COD／E260　for　both

filtrates　obtained　uslng　O．45　ptm　membrane　and　No．　5C　filter　paper　had　a　tendency　of

decreasing　with　detention　time．　lt　follows　that　the　nonbiodegradable　fraction　of　the　efflueRt

orgaRic　matter　would　increase　as　the　organic　load　decreased．　The　percen£age　of　the

MLVSS　represeRting　the　extent　of　autoxidation　of　the　activated　sludge　decreased　with

detention　time　and　this　tendency　was　in　agreement　with　the　change　of　the　COD／E260　ratio．

　　　　（2）　Gel－chromatographica｝　Characteristics　of　Organic　Matters　in　Effluents　The　gel－

chromatograms　are　shown　in　Fig．　8．　When　the　E260　concentration　was　taken　as　an　indicator，

solub｝e　organic　matters　in　the　effluent　were　classified　into　three　groups　iRvariaRt　with　the

aeration　time．　Of　the　three　peaks，　the　highest　one　was　that　of　the　group　II　and　that　of　the

group　III　was　the　lowest．　Fig．　9　shows　the　relationship　between　the　ratio　of　COD／E260　and

the　detention　time　for　the　groups　1　and　II．　All　£he　ratios　of　COD／E260　for　group　1　were

much　greater　than　those　for　group　II　．　Fig．　9　also　shows　that　the　ratio　of　COD／E260　decreased

with　detention　time　for　both　groups　excep£　for　the　case　of　5　h　and　that　the　difference　between　．

the　groups　1　aRd　II　became　smaller　as　the　detentioR　time　was　extended．　From　these　facts

it　is　assumed　that　the　degree　of　aerobic　biological　treatment　can　be　evaluated　by　use　of　the

COD／E260　ratio　of　the　effluent　organic　matters．

4．　Summary

　　　In　order　to　examiRe　the　existence　and　the　generation　of　biochemical｝y　stable　organic

rnatters，　a　batch　and　a　continuous－flow　test　were　conducted　using　domestic　sewage　from　a

housing　development　area．　The　concluding　remarks　are　as　follows．

　　　　！）　The　existence　of　BSOM　iR　the　raw　sewage　was　confirmed　from　the　fact　that　the
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minimum　concentration　level　of　E260　aRd　COD　proportienally　increased　with　the　initial　COD

concentratlon．

　　　　2）　For　a　giveR　initia｝　COD　concentration，　the　minimum　level　of　COD　and　E260　was　not

a’ffected　by　the　SS　concentratioR　of　the　influent　sewage，　MLSS　and　SRT．

　　　　3）　IR　the　batch　test，　the　lower　the　organic　load　was，　the　earlier　the　autoK．　idation

accompanied　with　a　Rewly　excreted　noRbiodegradable　organic　matter　was　initiated　and　also

the　higher　the　specific　rate　of　BSOM　excretion　became．

　　　　4）　Unlike　the　batch　test，　the　soluble　COD　of　the　effluent　in　the　continuous－flow　test　did　not

reach　a　high　level　even　after　IOe　h．

　　　　5）　The　COD／E260　ratio　of　the　effluent　became　higher　as　the　aeration　time　in　the　batch　test

lncreased，　whereas　it　became　lower　in　the　case　of　the　continuous－flow　test．


