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Thermophilic Anaerobic Treatment of a Lipid- and Protein-containing Food Industrial
Wasetwater by a Pilot-scale Novel Multi-staged UASB Reactor.

ZN E* FESH*. SELEY. KAERR*. BOEH*
Tadashi TAGAWA, Hideki HARADA, Hiroki TAKAHASHI, Akiyoshi OHASHI, Yuji SEKIGUCHI

ABSTRACT: An on-site pilot-scale experiment was conducted to investigate the process performance
of our newly proposed multi-staged UASB reactor by feeding with a food industrial wastewater
containing high strength of lipid and protein. The reactor was operated at a thermophilic condition
{55°C) for a period of 300 days. The reactor accomplished finally 50 kgCOD-m-3-L-1 at a soluble COD
removal of 90% (corresponding to the influent COD strength of 7,000 mgCOD-L-1 and HRT of 3.4 h),
while the overall COD removal (based on the effluent COD-total) was considerably unsatisfactory at
only around 50%. The presence of lipid, protein along with Mg and Ca ions in the raw wastewater
caused a severe scum formation in the pre-acidification tank and UASB sludge bed, resulting in
lessening the contact efficiency between substrate and sludge. Replacement of granules in the sludge bed
by insolubilized lipid and protein caused deterioration of sludge methanogenic activity. The most
optimum operational mode we established through 300 days experiment was to intentionally reject the
retainment of insoluble lipid and protein fractions from UASB reactor by imposing a relatively high
liquid velocity. It is recommended that for treatment of a kind of wastewater as used in this study the
UASB process should serve as pretreatment for elimination of soluble organic fractions, and the
subsequent activated sludge process serve as post-treatment for removal of remaining insoluble
lipid/ protein fractions.

KEYWORDS: multi-staged UASB, Lipid-rich wastewater, Anaerobic Wastewater Treatment,
Thermophilic UASB process, scum formation
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Fig.1 Flow diagram and layout of a pilot-scale thermophilic multi-staged UASB reactor
receiving a soybean-curd production wastewater.
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Table 1 Characteristics of the soybean-curd manufacturing
wastewater used in this study.

(a) Raw wastewater (b) wastewater reservior

[ 54 13
Temp. (°C) 57 42
CODcr (mgCOD/L) total 21520 (2010) 24480

sol. 14240 (2060) 12940
BOD; (mg/L) total 10300 (1560) 14375

sol. 6730 (980) 8950
C/N ratio 8.9 7.98
SS (mgSS/L) 5010 (1510) 5613
VSS (mgVSS/L) 4850 (1460) 5463
VEA (mgCOD/L) C,42,Cyi6 C, 1037, Cy: 268

C.:6 C,: 3888, C4: 1101

protein (mgCOD/L) total 7150 (390) 6807

sol. 3280 (510) 3371
carbohydrate (mgCOD/L) total 6670 (1410) 1864

sol. 6610 (820) 1007
lipid (mgCOD/L) total 6440 (320) 6787

sol. 2940 (140) 1348
total-N (mgN/L) total 890 (160) 1050

sol. 450 (80) 435
mineral (mg/1) K:451, Ca:436, Mg:267, P:37

() standard deviation, n=3
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Fig.2 Process performance of pilot-scale thermophilic (55°C) multi-staged UASB reactor
treating a soybean-curd manufacturing wastewater:
(a) COD loading and HRT, (b) CODs of the influent-total, the effluent-total, and the
effluent-soluble, (¢) COD removals based on influent-total vs. effluent-total (referred
to as COD-total removal) and based on influent-total vs. effluent-soluble (as COD-

soluble removal).
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Fig.3 Relationship between COD removal and
CH,4 conversion during 300 days operation.
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Fig.5 Time course of volatile fatty acids (VFA)
in the effluent.
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Fig.6 Photographs of (a) floating granules, and (b) inside-cavitated granules:
bar length (a) 2mm, (b) 430 pm
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Fig. 7 Time course of methane production rate and
nizethane composition.
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Fig.8 Profiles of sludge retainment along reactor height:
(a) MLVSS, (b) VSS/SS ratio.
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Fig.9 Changes in methanogenic activities of the retained sludge. Vial tests were
conducted in duplicate at 55°C using either acetate, propionate, Hy/CO,,

or the raw (soybean) wastewater.
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W& DB ERRIGAEFT B & MBITELEICHNSNABBERIPDO YT R ULE (MgCly) BHEALTAS
b (REBEHGR) PERINDPTRDIEMNHRENZ, BWE THWEEMERAN LERELD TVEK
BT, HENEOR LBERFETREL, ER AN LPRAKBEBERS DA Ty PNy RNNOE &% Eht
TELEEHENEHRTHD R,

Table 2 Characteristics of scum/insolublized organics present in the
wastewater reservior and in the UASB effluent reservior.

unit wastewater reservior UABSB effluent reservoir.
V5S/SS ratio - 0.98 0.81
CODcr (mgCOD/gVSSs) 1945.6 2049.1
BOD/COD - 0.48 0.52
protein (mgCOD/gVSS) 1149.4 990.3
carbohydrate (mgCOD/gVSSs) 99.6 16.7
Tipid (mgCOD/ gV5s) 777.3 1087.7
protein (%) 56.7 47.3
carbohydrate (%) 49 0.8
lipid (%) 38.4 51.9
TKN {mgN/gVSS) 127.1 98.8
Total LFA (mgCOD/gVSS) 78.8 594.3
Total LFA / lipid (%) 10.1 54.6
LFA composition (%) CxND, C 017, C:19.2 ] C20.1, Cin 1.5, C: 53.2
Cug:32.0,C 512486 Cigr 13.1, Cg,: 32.2
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4. HEER
2Nt Oy b ATV HEERUASBRIGHIC L 2MBITEHE THA > U1 M TOERUEEROER, UTO
KOBARERL.

1. A¥— b7 7#%#3008 T, CODERARIIF0kgCOD-m3d-1, EMIECODIREZRI0%, HRT3.4FHE D
EHABAHAL. BEINACODDIBIORIIAY L HAIEREIN, 1HHZD 12Nm3-CHym3-d- 10
AZ s TRVFE-DNEADSEIIRING:, EECORBARIIIERE TORGEICL DIEEEFFE KOS
BWAHAFRTH D,

2. WREERELTEICHEREERT S =2 —BRERN. BB 65TC) £ FTTAY—RT v T &iTo i
B, UK ICEBEOVFAOEHEMNERIN, UEKOBRETDIZLICED. ROMOVFANERE TH
MaEn., REMNRBRENESHEN 2, FTOBKEKIIZODFERETI ZETRAKPOVFABREARKTX
B2 EICED, BERKEIBVWTOF 72— a oS L, £k, BHBERBLUALVFARTOEA
BTHoT.

3. FEADOIEE. ¥ 2NV R OREICE > TEHEED X LHVERL, RISSHNGSSE KRR ICERL
o TOMHE., BR-FHHOBEMYBRM/ETL, SFRUBMEZEELL. ZOXDR, SHARANLEZRE
L3 WEAETIE., HENSWEERHITE TRIEL, ERANLRHAKBEBERSORAT v IRy RN
ANDOEHEEMTIBEFENEN THD EERRLI,

BEE . AEIINEDO (M ) F—EEEFRABERE) ORLRS BVRBRRE ABEEROYRE Z
7= GRERSITERI1-011, BIFEREE  EASH) iafil. JIRBREMICERHZLET.
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