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Dilution-Free Treatment of the Food-Processing Wastes by a Two-Phase

Circulating Methane Fermentation Process
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Osamu MIZUNO, Yu-You Li, Yoshio OKUNO, Koji SEKI and Masaaki ISSE

ABSTRACT; The dilution-free treatment of the food-processing wastes by a two-phase circulating
anaerobic process was investigated in this study. In this process, the food-processing wastes were
diluted with the effluent from the methanogenic reactor instead of dilution by adding tap water. The
potato waste and the soybean waste were used as the food-processing wastes. The C/N ratio was 32
and 13 for potato waste and soybean waste, respectively. The CODcr loading rate for the
methanogenic reactor was 14.0 g/l/d for potato waste and 17.9 g/l/d for soybean waste. The methane
content in biogas was 56% for potato waste and 62% for soybean waste. The high VS removal (89%)
and total CODer removal (88%) were achieved in potato waste treatment. On the other hand, the VS
removal and total CODcr removal were 79% for the soybean waste. No ammonia inhibition of
methane production was observed in soybean waste degradation at NH4* concentration of 3,900mgN/L.
However, acetate was significantly accumulated at higher than 4,000 mg/L of NH4-N, indicating that

the high concentration of NH4-N seriously inhibited methanogenesis.

Keywords: ammonia inhibition, C/N ratio, dilution-free, mesophilic methnaogenesis, potato waste,

soybean waste, thermophilic acidogenesis, two-phase process
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DEBAHTETH B2, BHRABEROVEDELTERBINDDHS. ik, XAFEE 0L
Zid, AY ARME OISR N, RBENEWSREFTRMNLETHD, TORRHELENSKRE
ETBENIFRCLD, BRLUICKWRRIZS 7. LML, UASB R EDOEENBHENBREEN
TR, AV URBTOEAOBEHAEHIIEALDDHS. AV P RES U AZEKQBIZEST, 4
CHREGREAREEEMOUBIZHERAINGD, TOHEIE, FRKOFMN HBET T
IZ&B A% VERAE, BERORNE, BAARONERL ERBRLRTRIIZSRVWHENE RS
DTS, BRBTORBEAS RO TIIRERD 10%51% LB, KTHEMEFRI S
B, ABEZEOBASHLEIIZ OBRANKEIIRS. TOXSREEICHLT, ZHERRXAY 58
TOtRE, £EZHOEFFUBICEYHTHD, BEETHORKCHREDERY TIEIA Y O REEO
CODcr &8 20g/V/d LA L THEENTRTH D Z EAREIN TS, DI,

“HEERAY BT O AZRRNIREEMICOERA TS I ENTRTHHH, —RICRSNIE
EVORSITIRBONDD, AVORENEELLEVWRELH D, SHEEENO CN RHIIZELEAY
CREETO L TEEREEQVDEDEZIAONDM, INEXT, ONENEVRGEELENRHIIBITS
DBEFHEIIHB L TWiaho /2.

FHETIE, FRAZENLBZNV_HABERERAY > REOEX0EGERICBNT, ASMLEEY
THBEZZ Y HAEMIEEY (B CN ) BLXUA NI (& CON ) OBEFROAEERFLE. vl
TEMITHEREDIIRF N F v TAREQHETET, AH SRS TETRET I RAMIEEY T
5. BT, THTIIEMK 80 A MU HE BN, IhETHMARNSRETHSETONTNSE
EmEYTHD. ETHOCNEMN 15 THHOREBRLT, Dr 4 EMIEEYTIZ 32, FH5 TR
13 TH5.

2. EBWMHBIURE

2.1 ERREBEE

B ICEGERICHVWEZHERRA Y U RET O AOBKBEZ5RT. fMMLEEORSMTEREDL,
BEEl (FHER 10L) TBWT, AV RBENLCEBRRIN-RBKREERL 1:1 0ESTRAEN,
EOHBHOBNAS Y-S, ZOAS) L CORRBRBEE (BHAMK L) KEsh3.
O TRARYEOBRTAL - BRENSET L, B2 TFHHEIIERMEENE (VFA) L, 7Hha—
WESRESTFHHEICERIND. KK, BREEREOBRKIZ6COTRMBEAY EBE FHE
R12L) IKESN, AYCEERDELANATHABLIURBRICERINS. RRRIIEHR > ST
BAMEIERIN, RAYOFR - BELICHAINS. AR, BERBREBEZEL TISICHR
IN5. BAMABHOBKERHIZ, BT 4ACETAHRALLE. EEEBLUERBAREIIN
BEIZED, AYCRBERRELENIAHAZERIGZ &L OATEHRL TS, 70k
ADKERFHIL, BADERRT DA BMSKERMET, 27 REBEORBRICEOAERM
TIREENEREMEE B TNSIETH 3.

-10 -



| Eemk | wEmam ASUER, ]
| g >

o
HABRARLT
BEHRA—H—
__j v
BRMIBEED
P SR

wERE i ERiE | BRREHN
Rk -V | (55C)

hiRAR RN
(36C)
N |
SRR

H1 ZHERIARETOLROBRE

2.2 BRNMIEEDORAY

Ry H1EMIREENBLITA AT OERER L. Dv HLEMITREEMI, BADWEEE
DI A CEBEIFI—THRLE, THSREBUETHENSAFLAELDOEZESSITEEI FY—
THBRL=. TEMTOME, Py 1 EMLERYB LT H T 08N TFRL, TNENCisrHase
O208NSo041, C149H2430681NS0.020 THDEHEEETN/K. CON KL, P A EMIBEEWT 32, F
HITI3THD. v HA EMIREREYIT g

TBHE, AHSORRBENI6MHHE BT B REMIERDOLR

wa. So 4 EMIBREY hs5
% 2 CEAWIC BB A EMBERBL | PH 5.7 6.2
DAHEADRMBER LK. 235, 3.1 TEd | TS ke 206 161
TBEDI, AYURBETIBRE, N1A4H | VS ke 197 153
At X VKREAIE > TR LT S, | T-CODer (ghe) 240 264
ZOKRFPEHRT DDA EARDOTRML T | NHeN (mg/ke) 260 140
WA, ZNRFROLEDIIEML TWBKS | TN (mg/ke) 2,410 8,660
Tz, PO4+P (mg/kg) 240 90
BRLEDy iM%, SEIFY—Z2AN | TP (mg/ke) 460 750
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THMR, KEKLESLTESGHICHEL %2 BeMIcBHAEEH. KSLUNEBTREME

Fe. FRRIC, A5 bEEI FH—EAL v AT 55
TRERBIVKEKEESG L TEAHIC T BESEY

BRI L. TNENOREEYICHBITRBR oW Ba
Z 1lml FMLE. Py A4 TMIEEMT £ 5T EEEY (mUL) 500 500
BHOFRBFRINZDT, FeClz 4HoO | 5w 2 4 > %W (mUL) 400 420
% 450mg/L MU Jz. KiA (mlL) 100 80

FeClz * 4H20 (mg/L) 450 0

2.2 RB&H BBSTHREW® (mlL) 10 1.0

BAMIIHLT, HRTE oA
HKT20 &L FNEFNOHRT X * BT HRIBWIRE FeClz  4H,0 : 157g/L. NiCl: : 10g/L, CoClz : 10g/L
FREBRMET 4 H, AYREET
16 HIZRE L. A% B O CODer BRAMIS, 2 v A EMIERMT 14.0g/lid, TH 5T 17.9
g/lid THolz. BRMTEEYORAR, &1~y —Filicky 2HHRTI BIZ12 BT 7. N4
HAOREABIERUEL, FOMOEROMEILA 1 FfF- .

2.3  HWHE

pH ORFIIIH T A BB pH A—F —EHW. LHEHRE (CHN,S,0) FLBETRIHE (Thermo
Finnigan, FLASH 1112 EA) T/H#r L7z, NAF 0 REREIL, BRAHN A A—4%— (Shinagawa, Model
05B) IZKDREL, 0C, latm KBELE. NAFHAHDAY > BIU_EILHEFRBER TCD-/ A
710 NF 57 (Hewlett Packard 6850) TR E L 7=. H J A1 HP-PLOT Q@ (EH
Polystyrene-divinylbenzene, 30m X 0.53mm) Zf W, I LAREZ 40TH 5 110CARE, BHEBRE
% 150CIKBELE. Fv UTHAZEANYIA (Gkg/lem?) 2N, KEHZXOHEIZIE TCD-H X2
0% k257 (SHIMADZU GC-8A) THE L. HIAKIEAT YL AN T L (Molecular sievel3x 7
B, 4m X3.0mm) MW, A JLEKEE 70C, RIUBEEZ 40CIKRELL. Fr UT TR Y
I (1.5kg/em?) 2R\, BRMEIGHEBEIIFID-HY A0 757 (Hewlett Packard 6890) TE
L%, 75 AIZI2 INNOWAX Polyethylene Glycol F¥ EFU—HF A (15mX0.25mm) AL,
FrUTHRCKRAUDA (Lokglem?) ZAW. 515 ARER 50~170C TRENARBHEEFTL, &
AR B I 280°CICER T L2, CODcr 1T Standard method WML TRIE L /2. 7L A ) E, TS,
VS, V8S, NH«N, PO+P ORI TFARBHHRICHEML 2. ‘ ‘

3. RBERBLUER
8.1 EEREICETI5HBMEOLR

RILEET—FERLE. TEHMI408 (EREZHF 700) THY, ZOMICHIELZ480
FHELFEREREERLE. BEERTH O AIEEL T, BREREBETIE, 55CEWIHER
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®3 BEREICET2ERDENL R

2y A EMTHEEY Fh<

RS | AY O HEY PREFEREY | AY B
pH 5.2%0.1 7.5%0.1 pH 7.1%0.1 7.9%0.1
i (mg/L) 10,000+1,160 520+12 FEfE (mg/L) 14,100+280 43046
A= 530+£130 19046 7oA | 2660£400 80140
(mg/L) (mg/L)
FERRE (mg/L) 26060 90+6 FEEEE (mg/L) 1,070+130 80+6
& (mg/L) 2,290+ 220 70£6 B (mg/l) 4,200+1,160 60+6
- B (mg/L) 5301150 5010 i-HEH (mg/L) 2,190:230 4010
nEEE (mg/l) 22070 70+6 rEEE (mg/l) 150£10 et
TS (g/L) 108+4.7 38.7+0.3 TS (g/L) 84.2+3.5 47.4%2.0
VS (g/L) 96.6+4.4 27.2+0.1 VS (g/1) 75.3+£3.5 36.8+1.4
SS (g/L) 78.9+12 15.4+2.4 SS (g/L) 57.7+3.9 19.8£1.9
VSS (g/L) 78.0£12 14.5%2.2 VSS (g/L) 55.4+3.7 18.3%1.7
T-CODer (g/L) 11235 38.8+5.5 T-CODer (g/L) 143+20 57.8+4.7
S-CODer (g/L) 354110 8.8£0.2 S-CODer (g/L) 44.9+17 14.4£8.7
NH4+N (mg/L) 1,180+£70 1,420£70 NH#N (mg/L) 4,480 210 3,900+480
BARET-N(mg/L) | 2,460%60 1,930£20 V&M TN (mg/L) 5.580 %350 4,470+ 640
PO«P (mg/L) 460+120 320+30 PO P (mg/L) 320+44 200+32
T-P (mg/L) 560+ 150 350+30 T-P (mg/L) 380+ 14 270+54

ZHhhb 6T, BRENRETH-Z. pHIZP vy HT EMIREVOHEIT 5.2 TTHETL, BigEE
% 10,000mg/L 272> TWe, n-BEBEDHSE< 2,290mg/L Tho/z. THIDEEE, BRENED
STWTH pHIE 7.1 THoz. INIHBBET CELTESBREGE LAY U RBREERL TV
728, NHs+H20 — NHst+ OH ORIEDEIT L TT AV EREL B> TNENETHEEER5.
IR CTIIEFRBENE <, 14,100mg/L THD. Py HA EMIEREYICEKR TS E, Tt
BB 2,660me/L EE < 2> TW5. MEBERMTIITY / — LB LRSI NED, EREIE
BOISICRENKE LMD, BT —INENnahoi.

AY URBETIE, pHIZWTNHE 7UETHD, RELEBEENTRETH L. Jv 1 EMITRE
YT, EREBEHRIIIZSACKREEIN, FEEEA 520mg/L BERBENLETTHD, MOMERILIEH
Bz A EREIN TR, A7 T THERIL 430mg/L,, 704 > 8 80me/L TH D ARIIRIFTH
o7

VS BREZEILD v A EMITREEY T 89%, +HFTT9% THo7. T-CODer BREFRIX, D v H-EM
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THEEYT88%, AT T 9% THo7=. v H1 EMIEREYD VS BLUL T-CODer BEERITFH N,
A1 5T VS BLUT-CODer [RERIT 80%ITEL 2o /.

3.2 RATHARERBLUVALHADES
RATAY VREEIIBITSINTAH A

%4 SAFHROERBELURR
FAERB LU A AORE (G E ’ BRLUH

40 BOVGME) BRUE. NAFHARE SeALE | AHS
Bid, O v A EMTREEY T 0.58L/g ik MTREEY

CODer, 71 5°C 0.63L/g B CODer TH | 314428 (Lig ik CODex) 0.58 0.63
ofe. £, NAAARCEENBAY > [ on, o 5o o2
DEERD v A TMIREEMT 56%, & | o0, () w 38

AT 62%THY, BDITBILRETH
o7z,

ERBREEN S DN A HANREL, KREZB{ERBESRE I NN, RERRIERELRd o7,
NAFHZFZEDBKRBOFEIE 0~10%BRETH- . KBROHENKELELEDIL, RE/SS
—UMELIENSTHDEZEZLND. BREKETINIROKFBHANRET D ZETT TICRE
ENTNBEND, FRFRICKD 55CORBMARRL TOKRERSE D Z LAURE N,

RSP SERUZRBUSTFRERANWT, Drv A1 TMIEEDB LT NI OAY HBETERL
7o NH4a2% HCOs E¥HE L TWAHE L TZEBHRNEZHETS LY (1) BXUY (2) OLSKEREZN
5.

Ty HA M EEEY
C367He3202908NS0.04:+7.75H20
— 18.42CH4+17.28CO2+NH4 +HC O3 +0.041 HaS (@D)

FHhS
C149H24306.84NSo.020+7.16 H20
— 842CH4+548C O+ NH +HC O3 +0.029 HoS (2)

BERUEEHBOERI IV ERELZEHE, ZORZERARD SHERANWAZEREDT, Sy HrEMT
BEEMOBE : (18.42 + 17.28)X22.4/1203.2 (COD HHEHE) = 0.66L/g BrE CODer, AY CEFRIZ
18.42/(18.42 + 17.28) = 52%, A% L 4EmREIS 0.34L/g 8% CODer ThH 3. FRICETH T DBE : (842 +
5.48) X 22.4/561.9 (COD MEE) =0.55L/g &7 CODcr, A% L EHZIL 8.42/(8.42 + 5.48) =61%, A
& AR 0.34-Lig BRE CODer TH 5. ERTIE, Py HIEMIBEENBLIIANST, A¥>D
HHRIENTH 56%B LT 62%, AY HEREIT 0.33L/g k% CODer B&L U, 0.39L/g Br%E CODer TdH
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D, BREGEWEIZZ> Tz, £, 2.2 THRLEXKDKZ, ZOXLSHEEMEDA Y P RBIIE
KBBETHZ I ENbM5.

{LERHRICINE, MMBOKE—BHAERAY > BEVCIBRB L ThbN3D, KEFEM
LABWEGIZIZBHNEZS. Py M ENTRENOL D KERBEMEWGEGITIKORMILER
WA, AN TOEDIBRBENB VRS, BRTHKEFRELEVWET CEDTREROBMICE
D, A CERIHESNZRNND S, EBOTT > MTIR, ZOKIFEBOWwGKEEERHTIE
THACHABETHS. TH7ONBTRKEAREFRNMETICEGEZEZLAEBSCEL T, 3330
THBL .

3.3 TUELTEREZREONE

BBEAYCREBTOCATHELAZIDTVOR, TOEITREZRBETHS. 7TOETHEEHE
BENBATZE, XY VERMBSHELZSTSIEREA6NTNS. HEXBISREREREHE
REETRIZD, BBRREBETIZN 2,000 mg N/L B LT, PHFEETIE 4,000 mg N/L AL THENEZS &
WEINTVS 9. W DOHOHEIZEINE, BUELAZBRTIEY > B 7 ESEREBEMN 3,500mg N/L T
LEENTRTH S oW, KAERTIE, Py EMIEEDORE, SRGERNDRVED, 7%
ZTVBERICIIAEFIIEI S0, EERICEET 1,420mg NIL Th o720, AV CREILIRIFTH
ofz. BRESED 13UNT SELTEBRELTEEL TV, —F, A5 TR VEDTHRERE
13 3,900mg N/L $ 0, [EZRITBEIGEVEICE > ThWiad, BERIGfETHo k. ZhidAS >
R OERSESBEY DB ICHEL 20 TH D EEISND. BRERKD 8T% T VBT
BRELTHEELTOW. THSDOBE, RICEBRAY CREETS &, 7OoEZT7HEFRCIDEHEEN
ERLTAY VERMELT 2 EFREINEG. 27O EARIHFEAY O REBTHE20, 7O EDTEER
RRENHVREBTHEENTIERTH /. L. GEMESRICRERAEZAEZRMLZVWEEIC
TBENEATY DB TBBRICLDEFNED 5.
H2icAhSEPBLUEBEOT DR TESHRICLDIAY VERHEEERYT. KOBFMEFIEL TH
BHOAOEREZRBLARSZ08 &L T, HEEENR, 7B VRERBEOEHLEHFL
7 OEZ7EBERBEEL 30 BEIC 6,560mg N/IL £ TH AL, ZHITBHEEEHFICEEEN2<7Z>
RIFESVBRHBEIN D EEZ NS, FARICEREEREBE (FEIEE) OBAKDEID, BK
BENESN, NM T HAERENKBICET L. CNIHRENRT DT T7TREBRICKDIAT VAR
EEEZD. BHEBEN 9,000mg/L ZBATHWTEENEL WL LNS, FICEEBEHDO A Y 2 RN
HEZZTTVRDEEIEND. > T, AN TDLIICCN LMEL, BREFENEBVRERENOES,
HRWHONBIISERKOBRMINETHD, INERDETVELTRBRICED ASY VERMEN
BIaZEMHLMCRSE. BEDEELD, 27 0E2ANEE L TUBTE ZHBEREYL, 28
EHROLEN 8,700mgN/kg BETHBHEEXLND. COEEHEAS L, AYREBEOY EZY
HBREFEHN 4,000mgN/L 28X, AV REANHEIND. BREFEVGVEENELEL TUE T2
B, 7UOEDTREBRICIIMEENEI SRVWEEETHRITZLENHD Z LMbho 2
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E2 AHSRBIcBIIETUETRBRICKDARVEREE

ATOEZTIE, BPCHHESNZSRRBETLAENELAEINS. DYy A1 EMTEENB LTI S
Tit, VSS ZERERET S &, TOREIZENEN 14.5g/L BELT18.3g/L &> TW5. HEICEE
SNDBRBICIIBRLS D=0, MEEINEYONRIETORET, HERAGRICHHEINBRWIIAER
HERELTHRHBEN, TORBONT VD EDTEREBRICRES. FHITIBHSH RN 8,660mgN/L &5
W, BREESERIT 4,470mgN/L BXUT £ 7EEHEIL 3,900mgN/L &> TWb. 8-, BE
BEZSD5ZEATENE, ERICHAINIBRENHEA, 72O T THEZRBELREILUTEEL
TeAY DREMTAD ETHRENS. AT OEATHEEEZSH (C/N 15, HRT20 H, CODcr BFEATT
14.7g/Lid) 2B L2856, VSS I 24.8¢/L THO D, BEHIC L > THEONFE L KELELTHI L
S MRS 7.

4. iR
PEDESBEREZT -ZER, UTOXSiimNEsNk.

1) 2700, £THET TR CONEMRE- 22 vy HA EMLEEYDB LA H 5 OEFRFUNEIC
DEARRETH T, WAAHATDAT > OEIGHE, Vv T BMLREEN T 56%, £HT7T62%
THoTz. (FEEHFHREAVWTRLUS TR ENATHAOREREEH U SRR, NAFHAFDOA
% > OEIE, BRE CODer Y20 DAY > ARBOEBREIIRFMEITENVETH o 7=,

2) VS BEU T-CODer RERIT, Tx A EMILEREWT 89%BXU 87%, FH I TRRWIND 79%
THol.

VAYCREEOT ELTRERBEILD v N EMTHEES T 1,420mgN/L, 755 T 3,900mgN/L
THo/ FHSTRHPEAY CHEOBRREWETH 2, BRI TH 7. FEMESHIC
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DETARZOFEMEFELEREMNST BT BEFRBESEAL, BEISERL TRKEEZ L.
o T, A7 D ER TEFFULEA IR HRIEREN OSHLRED LRI 8,700mgN/kg BETH
SrFEEINnk.

BEF . AR ORI, (W)HERREE R BN 7 O sl e & B AR E R R BN R EF X0 —
RELTIT- . Fie, FARCENTHTZHE LSRR ORARR TR, SEDTRICE#H W
LET.
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