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Thermal Pretreatment of Concentrated Waste Activated Sludge and
Microbial Analysis in Anaerobic Digestion of Sewage Sludge

Masanobu TAKASHIMA ™!, Junichi YAGUCHI and Nobuichi NAKAO

*! Faculty of Engineering, Department of Architecture and Civil Engineering

The objective of this study was to investigate the effects of pretreatment on anaerobic digestion of sewage sludge
and to analyze related microbial consortia of digested sludge. The pretreatment employed concentration (8-9%) and
thermal treatment (130°C, 1 hour) of the waste activated sludge portion. The experimental results showed that the
pretreatment improve volatile solids destruction by 7% and gas production by 13%. The thermal treatment, however,
produced more colored substances, and slightly deteriorated the dewaterability of digested sludge. The microbial
analysis revealed that limited varieties of both bacteria and archaeal domain may be responsible for major metabolic
pathways in the sludge digestion.
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Fig. 1 Anaerobic digester systems.
AD: anaerobic digester, H: heater, M: motor, GM: gas meter, TS: thermo-stat, C: centrifuge, TT: thermal treatment,
PS: primary sludge, WAS: waste activated sludge.

Table 1 Summary of experimental conditions

Influent Total solids of PS 40~50 g/L
Total solids of WAS 80~90 g/L
Volume ratio (PS: WAS) 3:1
Thermal pretreatment of WAS 130°C, 1 hour

Digester Volume 20L
Temperature 35C
Hydraulic retention time (HRT) 15 days

BEPEHEAEIX T 7 U VBIERL, AR E 2.0 L OERREATC, HHE (Z-1300, EYELA) & HERPIRIC X
S THKI 100 rpm THEN AR EE L7z, B ORI —E X% v & (B5CSV, F2my) L URrEe—%— (100
W, BHELER) 12Xk > TR 35 CITHET L7z, AR L7z A A0 AL, Bamatri e 7 v =y 7 bl
7T LERETATAA—S— (WS-1A, > FHU) TEELE.

TAIGIROBA LTGRO G =1L, WMABIRIREN R 25 LR T HEANKREEL 7257201 H 1 [El~
=a TV To 7. MR (HRT) X 1S HT—EE L, A - 5l&HEE&EE L TUL133mL/HETH 7.
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HE P AKTEIENE, @ BRI bt o = BB A BRI LT AETGR E REVEIE Ch 5. AJHIRO 51X, &
FIRE E 7= 1w Doy iR (59 5,000 tpm, 10 43 ; HD-30D, “FALEUERT) (2L Y, TS (total solids) #E&E & LT 4
~5%IZ7R D KO IREETIE L. RENEIRO G, [F Ui BiE & 1 T4 2 i EEEA] (TS 240 PINER
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0.8% ; ¥4 ¥7w w7 KP1200B, =ZEL A 3>) AL, BBLeia 8~9%I2725 & 5 ICiEM L7z, FEGIRIE,
JC& IEF Uit o 2 — 2 BRI L 7o FIRERMETHILIBIE Ch o 72, RENGIRICKTT 2 iitEVLIRX, 554
— h 7 L—7 (TEM-V1000, TR T3 BF) ZHWT 130 C, 1 FEfHE, FEFPEEER 100 rpm OFME T,
NNEMUER S |3 H AR Lz, WRFIE &, ATGUE & RENGIEZ TS & ZIER COBERMHA 3 2 & BT
5 & 912K 3:1 TRALT.
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2.3.1 —fgsn#r

FREES3HT1E Standard Methods QW2 HE 72, AR, 10,000rpm T 10 4y mEndE O L2, 045um A 7' L
V7 4V H— (A04SA04TA, 7 KT v 7)) THAilE L THER L.

TBVREAFEMEIR D21 X6 (DR/4000U, Hach) % V) 72 ADMI £ (Standard Methods 2120E), {5UEMi/K
1% CST A — % — (304B, Triton Electronics) % AV 7= CST {% (Capillary Suction Time, Standard Methods 2710 G),
ARGy (A& B IO @LKSE) 13 TCD ittt & T A7 o~ ~ 77 7 (GC9A, EERUWERT) THIE L.

2.3.2 WMEMERER

THALIBYED> B D DNA #hiHi1E, Extrap Soil DNAKit Plus ver2 (H#kFE&ERED) #H\C{To72. v—27 T A
AT LB 7Rl A 2 B et JLBl 8 D 7T A ~— & L C U5SI5F (GTGYCAGCMGCCGCGGTA, HiJLF 18 mer) £
K V926R (CCGYCAATTCMTTTRAGTT, HiAE 19 mer) Z M\, 16S rRNA {1~ V4-VS fEl A PCR HEIE
L7z. PCRICMEH L7285 DNA &%, AR 10465, HE2uL , 16S RNA B{s = B —43.9E+06 (=1

kv —/L) F721% 4.6E+06 UNEVLER) Td - 7=, £ 5 417- PCR BEEFEY) 2 K5 5144, 2100 /NA 47T A ¥ (Agilent
Technologies) % FHVNCTIERFFLAHEMEEY) DA M2 38 L, PicoGreen dsDNA Assay Kit (Invitrogen) % VN TR %
HIE L7

FofER A L2 PCRBIEEY OPREZFHH L, MiSeq (Illumina) (Z2C—7 = AT %4T-7-. PCR
TEFEW) DD B 250 A ST (X7 = NgNT) Z17V, 2 DORSIENTT — % DK a A —3—F v
TEE, K410 IO IERCSIE @ Z 1572

B ORI T — 2122\, QIIME (Quantitative Insights Into Microbial Ecology) /~A 7°F A © Z H\\TLA
FTOT—2ENfTE T o1z, WS OF = > 713, BNy T =207+ VT 4, ¥AT75%F v L, K&
WA T2 LTl T — X DB 7 4 V% ) 7 Liz. OTU (OTU; Operation Taxonomic Unit; BERY D FEHAL) D
BE - REESNOWRENE, LD 7 4 VB U 2 THOESNT — 22O T, RO E FEEME 97%LL o)
BHT—H % 1 DDITN—T DI FAX L LTELD. %7 7 AXEHNOT CThe b HBUBEE O & O EdY 2 E
OTU Ed%II & L, Silva @ Living Tree”® 16S rRNA &5 7 — & ~— RT3 3 D HEWERR 21TV, R A H#HE
ELT=.

3. MRBLUSBE

31 BRAMBELUHTARE

FERRIEIZOWT, HKIETE VS (volatile solids) R, U AFAEfIs LONHILIBIRET »E=T MEH (total
ammonia nitrogen, TAN) JEEZHY EiJ Fig. 2 1R, $£72, 2EBRBIF O EZ AT, mATGER X OVE
{EVGIE DMK % Table 2, WUHRENAED F & % Table 3 IZ/R7T.

Fig. 2 £ 0, MEVUEEE SN 72 R T, 22> br—2 80 BTG VS IBEEIXHITIKL, TARAR LW
{EVBIE TAN 138 - 7. {HIBIGTE TAN X% & 1 700~1,400mg/L OFFHIZH 0, BLERE (3,000~4,000 mg/L
PLE) ®OX 518 <, HEZ 5 HREIZITE > T o Tz,

Table 2 (273" SS (suspended solids) 33 J Y VSS (volatile suspended solids) T3 IR IR, TRASTE
VHIRIZB W TIMBLEZ X 0K 2/3 ~ & KIEIZHEAD L TR0, MBI ORI -IRYE 2T 551808 A 6
foo KERE LT, MBVLEZ X 5T VS SRR 7%, VSS SHEFEDR 16%, A X UFHAEFRBK 13%M L,
F MR & A D LALPRRGRIISGE LT &V 2 5.
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Fig. 2 Time course of major experimental results
Table 2 Summary of sludge characteristics
Influent Influent - WAS Effluent - digested sludge
- primary Control Thermal Control Thermal
sludge treatment treatment
TS (g/L) 43.1 84.3 81.1 33.8 32.7
VS (g/L) 37.0 66.9 64.0 23.1 21.6
SS (g/L) 414 77.4 524 29.8 26.1
VSS (g/L) 34.5 61.0 39.2 20.8 17.6
S-CODCr (g/L) — — 0.61 1.56
TAN (mg/L) — — — 887 1,190
Dewaterability (CST-sec/g-SS/L) — — 10.1 12.8
Color (ADMI) — — 705 1,220
pH — — — 7.1 7.2
Table 3 Summary of digester performance
Control Thermal treatment
Gas production (NL/day) 2.60 2.94
CH4 (%) 60.6 60.5
COz (%) 37.3 37.1
VS loading rate (gVS/L-day) 2.96 291
VS destruction (%) 48.1 514
VSS destruction (%) 49.2 57.0
Gas production rate (NL/gVS) 0.410 0.463
CHj4 production rate (NL/gVS) 0.248 0.280

EOEMZE O TIIMBVLENEE 170 CTAEIO 750 bORENH 122 L2 EET D &, GEOEITIN
DS R ESN TN,
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THALIBIEDBIKYER, FER7RIBIROEKRE, FRESCHAMR SICEEL 5252 L0 h, EE EOBEER T
TohD. A, CSTITMEVELRD LR HOTNNTEL L T, — RIS, BRI RIE 22 BiK PESCE D72 A
D, 15IEHE O BRI THOW S ERRIRSED & 20D, IR 160~200°CREE ONEVLEL X, (5IEDREE 7K D57
OB IC 3 £ D E A EEOBERIZ L 0 BKMREZ M S 5. A UIIEVLENREE 72 > 7@ T
b, WLEZR & DR OE T K0 Bk E & AL G 23814 K7z, 160~200°C & Y AKIR O INEVLEE T,
T A KD FBECBER A A TR, aa A RRWE O Z < 72 EI2 Lo THIEBKICERZ B2 5.2 % &
E2oD.

3.2 WEYE

THILTBTRME#EIZ DN T, MRHTICRE D DT — 2 % Table 4 1R L, MR KA A > Lol R A A > Ofifdt
FER A TN Table 5, Table 62U A h9°%. 7235, Table5 3L U Table 6 Tid, Y — FHEME KA A 5D
K 1% U EEOTbOEIY B, M RAL &8, [FESNZ LNARHNGFEE TEIRIZhz-> TR,
Fio, ar br—LRENEVER ORI TIPS TofE R & e o 7.

Table 5 (27T R A A 22OV TIE, unknown OFMIEAHE U — RELD 45~48% & 405 < &2 5D Tz, Ik
WT U — REDZ DX Bacteroidetes FADRIFEFET, ZDMDZL IFH /37 BOMEZ FHIZ L TIEBSRERN
[ ZHE59 %02, Bacteroidetes P12 13 Bacteroidia #8, Bacteroidales H 72 &6 &4, flZd 3 FMAFRE SN TND.
Proteobacteria ['] ™ Deltaproteobacteria H 1% 3 fE[FE SV CTE Y, D 5 5 Smithella propionica <> Syntrophorhabdus
aromaticivorans 1%, FERI/KFEFEBEIZ1T 5 WAEME T, 7'r 4 o mig U CHig & D &SR EZ AT 2
(13,04 Firmicutes P13 4 FE[RE SN TEK Y, HTH Clostridia ffl > Clostridiales B 13 Clostridium J&33 3 UMD [l
D% & x, RHEERRMEE CHIRER T 2812 H L, ZDIZE A SITBRET DL O, FrZ BEFIZ RN
TEENDBAEEMTHH02. £z, Sedimentibacter JEIX, FIZATF 7 T2 REIGIZE Y ELE VRCT 2 Bk
AR L, AKFEITAER L & S v T 502, Spirochaetes P4 Spirochaetaceae £+ & R AK(#) & 7 X/ W% [R5 -
TRAF—JRE UTHMT 5, i £ 72 1l ofE < 502,

Table 6 O HHME KA A 2D TIE, U — R 60%LL L8 A X U AERECEEEEZ PO e L
Euryarchaeota FID Wl L dE S e o T2, ZiUlE, 77 A ~—US15F Ol 2 3—33 54.5% & K0
T EDREL TV D AREME B 50, [AE S 722 < 23 Euryarchaeota ] Methanomicrobia #8 & Methanobacteria i
Tholz. D95, Methanobacteriaceae FliE Ho/CO, & e % FIH T 5K F TH 509,

Methanomicrobiaceae £} Methanoculleus JEILT )V a— V2R TX 5 Z & TH LN, Methanobacterium J& &
Methanolinea JEIXFITFEEE T2 13KFE+ R LIRFE 2 #2022 O FEL~NVLETRIESNTZHDOD H B,
Methanomassiliicoccus luminyensis (XA % J — )V &R IL L, KFEEBRILT H A X ERKE & L THRIESILTND09),
F 72, Methanothrix soehngenii |IFEEZFMTHEE L THLS b N TWVWASW, V=R 5 FHD
Thermoprotei 8 | LA AU D il & 47T e R S Ol ©, Fix OFE 2R3 502,

I, BERYEE b O RERRY, RAKE, Z o E, IBEEOAWY -7 m A g, BRREY%E O AR
—IKFBLOEHR > A Z o BLOBURFZDIAFF CEITT 5. Eiio X 51z, V— FRIZESTIE, Z#hEh
DRI ZELERIIR SN OB AEMREN LI TS EEZ NS, £72, MAEREREIGIE~DINED
AR OBENTIE, MEWEICKE RERHRNENZ D,

Table 4 Fundamental data for microbial analysis.

Control Thermal Treatment
Number of Read 81,283 84,848
Relative abundance (%) Archae.a 03 03
Bacteria 99.5 99.4
PD whole tree 49.8 39.0
a -diversity chaol 1,202 966
observed species 641 516
DNA from Bacteria (copy numbers/mL) 7.4X10° 8.6X10°
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Table 5 Bacteria species detected in digested sludge. Species with relative abundance of more than about 1% are shown
based on the read number of Domain Bacteria.

Read %
Phylum Class Order Family Genus Species Control Thermal
treatment
Bacteroidetes 234 13.7
Bacteroidetes Bacteroidia Bacteroidales 33 4.3
. L . . . Bacteroidesgraminisol-
Bacteroidetes Bacteroidia Bacteroidales Bacteroidaceae Bacteroides vens AB363073 0.3 2.5
Bacteroidetes Bacteroidia Bacteroidales Porphyromonadaceae 0.9 1.2
Firmicutes 1.6 1.7
Firmicutes Clostridia 3.8 4.0
Firmicutes Clostridia Clostridiales 1.5 2.6
Firmicutes Clostridia Clostridiales Sedimentibacter 0.5 1.6
Proteobacteria Deltaproteobacteria Syntrophobacterales Syntrophaceae 1.4 1.1
Proteobacteria Deltaproteobacteria Syntrophobacterales Syntrophaceae Smithella frznétzh;'zllap ropionica_AF 54 45
. . Syntrophorhabdus aro-
Proteobacteria Deltaproteobacteria UnnamedOrder Syntrophorhabdaceae | Syntrophorhabdus maticivorans AB212873 0.8 1.1
Spirochactes Spirochactes Spirochactales Spirochactaceae 1.4 1.6
unknown 44.6 48.1

Table 6 Archaea species detected in digested sludge. Species with relative abundance of more than about 1% are shown
based on the read number of Domain Archaea.

Read %
Phylum Class Order Family Genus Species Thermal
Control
treatment
Crenarchaeota Thermoprotei 1.9 1.3
Euryarchacota 65.5 68.2
Euryarchaeota Methanobacteria Methanobacteriales Methanobacteriaceae 1.2 0.4
Euryarchacota Methanobacteria Methanobacteriales Methanobacteriaceae | Methanobacterium 2.9 3.6
Methanomassiliico
Euryarchacota Methanomicrobia Methanomassiliicoccus | ccusluminyensis_H 15.2 12.9
0896499
Euryarchaeota Methanomicrobia Methanomicrobiales Methanomicrobiaceae | Methanoculleus 72 8.7
Euryarchacota Methanomicrobia Methanomicrobiales Methanoregulaceae Methanolinea 1.2 0.7
— . . . Methanothrixsoehn
Euryarchaeota Methanomicrobia Methanosarcinales Methanotrichaceae Methanothrix genii CP002365 1.2 1.1

4 #

AWFFETIT FARIGIE DBEEIEHEIZ BT, RARERGIEIZ R 215 TEIRNE 72 b ONTHIIBVLER D R 2 fit L
7o IRATHIROBEEIEH LIZ B W TR ARRIGIRICIEVLER A/l AT &, a2 b —)L L bl LT VS s
D 7%, A X RAERPK 13%UGES N, TOMERHERI N, —F, BAESHEMNE CODIEElL, Zh
IESR, BMLERD K il L TR SOV e b D TH 5. — RIS, IEVLE I KM 2 8ET 2 & Wibiv b 723,
AENEX CSTE TR AR Y T 2MTEAL L, MEVLERIRE-CARFNGIEIRE N ET D LB 2 bz, HEIBIROM
AEMIFRNTIC > C,  HRERIIR B AV RN iR s 2 H > T % EHEER ST, B N7 7 2 Atk ORFZEIC% ST
TTW&E.
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