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Abstract The composition of municipal sludge is complex and changeable. Besides containing a large amount of organic matter, it
may also concentrate heavy metals, trace organic pollutants and a small amount of pathogenic organisms and other toxic and harmful
substances. Self-heating high temperature aerobic digestion (ATAD) is a rapid and stable biological treatment of sludge. In order to
improve the digestion efficiency and shorten the stabilization time, the high solid sludge was pretreated with sulfite before ATAD. The
results showed that sulfite pretreatment could accelerate the stabilization of high solid phase sludge (the stabilization time of ATAD was
reduced by 12 d compared with untreated sludge) , and the removal rate of volatile solid was 40. 9% after 9 days of ATAD treatment at
500 mg/L sulfite (measured in S). The pretreatment was 12 d earlier than the untreated sludge. Intracellular organic matter release and
hydrolysis were enhanced, protein and polysaccharide release were increased by 14. 2 times and 8.3 times. The significant difference of
microbial composition between the pretreatment group and the control group indicated the accelerated stabilization of the sludge under
thermal hydrolysis. This work provides an effective and practical strategy for realizing rapid stabilization of high solid sludge.
Keywords high solid sludge self-heating high temperature aerobic digestion (ATAD)  sulfite pretreatment sludge disposal
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Tab. 1 Properties of Sludge Samples
~ TS/ \o% SCOD,,/
ey S _ _ - H i

(gL (gL (et T
WIAIEYE 101.1+0.8  65.5£0.2 108+9 6.54
FMTIEIR 104.2+1.2 67.420.4 19 783+707 6.87
FALFRI5IE  96.420.6  59.4+0.4 50 829+1 207  5.85
1.2 KEHE
1.2.1  WAREREh mkb B

SR FH I At i 8 X490 ¥ i 1 47 T 4k B, AR
AR FRER Tl R /K i SR AR AE | 16 WV A7t R ko
WeRE (LS ) 4 100,300,500 mg/L, X5 HE4T T
PRI (K 2) . 4 400 mL WIEATS VR A B BEHR
b I KT R S B R . 0.1 mol/L HCL Al
NaOH {7 pH {EZ 6. 0£0. 1, 7% T 120 r/min

ORE R AL B 24 b, 358 LIRSS ML AR R EL A A%k
e

x2 TR A
Tab.2 Control Conditions of Pretreatment Experiment
VA R R BT R 237 V4
i ‘f\\é H :lﬁll i3
REd (@ Sﬂ“)/(mg-L_l) pH fi R (rmin”")
R1 0 6.0+0. 1 FEi 120
R2 100 6.0+0.1 =i 120
R3 300 6.0+0.1 =i 120
R4 500 6.0+0. 1 EiE 120
1.2.2  {5UHEMH ATAD SN g%

FhFis e g KMtk (4 ~HLLE) J5,
S E A E B AT I BN A% AR AS 0 v AR i
e, XTI, 0.1 LFF5RS 1.0 L
A5 IR, BAL S 1576 pH B 6. 54 [%
35.85, N T UK pH X HERP AR B 0 S F 5
Wi, ZEFEFF AT I NaOH (3 mol/L) , %75 1% pH
HIHZ 6. 85,

SN i B P AR A B ASCRNE PRs A A
B, TR ATAD 20, Ja shii i A4 s 1R
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DA, Aol v 3 U 9 BB I 485 B 2 R R i
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Fig. 1 Changes of VS Removal Rate
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AR R AEB 1T 2200, A5 Ui R G P i B
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R1.R2 .R3 [y SCOD, #&1 T JeTHt G by
# 5 R4 R, TTREZFECY R4 hGR R ER
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YIEAEE R K T 3R fir L SCOD,, 2 TR
B MHAB LA IS TR R K R AR A R4 L
NG A AL A SR S 5 TN FE R B LA
SCOD,, fi T+ ads,
2.2.2 HEHABMEZHEZL

B TR Z2 W2 15 U6 i PR 32 B4 AL 4, X
TH IR RS A RIS, V5 R R e i
il 11 RIS A P 2 M 1) R, 0 3 0 T V7 o 1 2R
TR e 22 W8 i vk B2 AT DL — 20 Y f S R

*3

IR TS Ve s T I E R, gk 3 MR 4
7N, FE R SR A 92 &k 79 4 B, (AR 5 A 9
K FE A T K A K R G208 T LAAE ATAD i 72
HISFEHEA TR | e 2 BUE 11 0T I 2 T A i %
S AL TRAL SRS I ss T K i B V5 e bR A
o S 07 i TP AR P B 1 T A 2 W T VR E 431
i 65,309 mg/L fi i £ = #9872 865 mg/L, i
SR, W BRIRER 1 N FH 3 i T 7 i P B 1 R i 1k 2
BEAUREIL , R4 A BRI 205 23 ) 3E N 249 14,2 F
8.3 i Atk TH ML B HORK i, T2 5 T 5
S ATAD i B P I ALROR . RS G, kb 3
JE BN 2, JEH S Ra w0 37 it 2 2 F R i
EZi 1/ 30 RN Qe NN 4 i 3 S a8 )
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Tab.3 Changes of Protein in Sludge after Pretreatment

g HUAEHRRT/ (mg-L7") BTG/ (mg-L7") ATAD 259 )5/ (mg-L™") GRS
R1 65 70 136 -94.3%
R2 65 246 138 43.9%
R3 65 567 278 51.0%
R4 65 987 387 60. 8%

x4 BB TGITH 2R
Tab.4 Changes of Polysaccharides in Sludge after Pretreatment

FanE AL FITHT/ (mg-L7") B/ (mg-L7") ATAD Z5 )5/ (mg-L™") EZ 091
R1 309 318 1 870 -488. 1%
R2 309 1245 1457 -17.0%
R3 309 2 098 1367 34. 8%
R4 309 2 865 1098 61.7%

2.2.3 pH 1 ORP (Y75 4k
i EREE pH F1 ORP B8l 2k I ATAD R 58
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HEEEME B AT, pH BTG, W R1 B IAR
A 7E 18 d J5 pH {HIAF 8. 5,5, R1 1Y pH
WA TR, BRI, 5 R2 ML, R1 ) pH |
T BE 0%, IR T B 2 1 V5 A AL T A i 3 48
M, FS L TG pH Z 2R R R,
VFA FZAL A TH IR R Bk R

R1.R2.R3 R4 ) ORP 7E3H1k 3 d J5 7351 F B
#]-335.-300,-280.-240 mV, ORP HH & F&EH
TP A K AR A W TR R TR e
T e i R o AR VA BE T AR AR B Y IR A 2 X
ATAD 32 H i 5 i 0™ AE U 2 e, B S, ORP
Wi #5124 5 A BT S FE 1 0 35 T O W R, fE
ATAD 3 FE T ORP 938 i 25 R 5 5 A S B4, 3k
AR A 0 ) 358 BE R ML 1 R A, B st
TEREE FTE AL BE SR AR B B E 22 5. RL Y
ORP £ ATAD Z5HIIEINE]-80 mV , HoAt 3 4145351
HME]-75 . -60 mV F1-40 mV, #E1 ORP Mt
T AL )R A RS o U AR, BRI AR
MR AR TR, ORP BT, LBk
PR IHALES AT ORP /NTF O, UL ISR I FE A i
Tt
2.3 XBHEMNEL

GRS FE MY, AP X RS
MBI S E . RS PR T ATAD AifE K
kT o A AR AR B 50 . 7E ATAD i, KT # $0E h
(8. 84lg+5. 891g) CFU/ (g TS) , M1t ATAD J&, 2
I s P B R AT R R 43 0 T T 249 33.9% (R1) |
43.0%(R2) 48.2%(R3) 1 63.3%(R4) , 5 R1 #
Eb, R4 KT PR A0 o 35 B U0 A ST 4 R R T
AEFRAERR T ATAD HEURHE I KIG

x5 Kptrezfe
Tab.5 Changes of E. coli

wIts/ ATAD £5% )5/

P [CFU-(gT8) "] [CFU-(gT8)™"]
R1 8. 84lg+5. 891g 5. 84lg+1. 891g
R2 8. 841g+5. 89lg 5. 04lg= 1. 24lg
R3 8. 841g+5. 891g 4.581g+0. 87lg
R4 8. 841g+5. 89l 3. 241g+0. 77lg

2.4 WMEMREEEHIW

AR Alpha Z2AEE X I o A M A0 v 19 = BE A
ZAEEIEAT %5, o Chaol FRFBE T HEVE £ & E,
Shannon 1 Simpson f88UfCER THE& ZHEME, sk

6 i/, R1 . R2 R3 HI R4 £ i 1 o] #8245 43 25 81 5T
(operational taxonomic units, OTUs ) 543514 133 |
163165 Fl 187, {HAHITREIRZ, 5 R1AHIL, HoAl )
B 5 I U YIRE R AR Y W RAR, R
Prigsi > W ATAD Xof fil A= 0 A 5 K Y i 16 7R
A, R2 (R3 F1 R4 i T Fl b B FH i 45 2154
BRI Shannon FEECKRE R4 RO Fh £ E BEWS = T
R1,HAFFE A B 2252
R 6 MAEYVTIENFEEMEZ

Tab. 6 Abundance and Diversity of Microbial Communities

A3 Chao 1 0OTU Shannon Simpson
R1 154.244 3 133 0.264 45 1.976 55
R2 207.123 4 163 0.23556  2.123 56
R3 219.648 3 165 0.213 45 2.213 45
R4 287.083 6 187 0.207 64  2.344 57

RIS SR Z S5, 15U 7 R AR 10 A
IRetE U WIS o A AR 4 TR, o B2 o e
I Bl ( Xanthomonadaceae ) | 1 % & F} ( Gemmata-
ceae) % 48 18 F} ( Caldilineaceae ) . A\ & H. Jifd 15 #}
( Comamonadaceae ) I Ji& W 2 JiE & #} ( Saprospira-
ceae) %,

L --- Xanthomonadaceae
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Fig. 4 Heat Map of Functional Microbial Community

Distribution
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