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Abstract ; In order to improve the efficiency of anaerobic digestion for biogas production and achieve the resource recovery and
decrement of antibiotic bacterial residue, ultrasonic/alkaline pretreatment is used to treat penicillin bacterial residues (PBR),

the influence of pH value, ultrasonic sound energy density, moisture content and reaction time on pretreatment effect are inves-
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tigated, and the biodegradability of PBR is evaluated by biochemical methane potential (BMP) test. The orthogonal experiment
result shows that ultrasonic/alkaline pretreatment can enhance the residue cell wall broken effect, and promote intracellular
organic matter dissolution. The optimum pretreatment conditions are pH of 10, ultrasonic sound energy density of 2. 0 W/mL,
moisture content of 97 %, and pretreatment time of 5 min. In this case, the highest COD dissolution rate can reach 84. 69 % ,
which is 2. 08 times higher than that by the ultrasonic pretreatment only. The BMP test results show that the impact of the
pretreatment factors is as follows: moisture content > ultrasonic sound energy density >> reaction time > pH value. The
optimum pretreatment conditions according to methane productivity are pH of 9, ultrasonic sound energy density of 0.5 W/
mL, moisture content of 96% , and reaction time of 30 min. In this case, the methane yield rate can reached 335 mL/g, which

is 2. 2 times higher than that from the untreated bacteria residue.

Keywords: wastes disposal and comprehensive utilization; penicillin bacterial residue; ultrasonic/alkaline pretreatment;

anaerobic digestion; biochemical methane potential
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Fig.1 Schematic diagram of device of BMP test
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Tab.1 Characteristics of the penicillin bacterial residue

i ® M
pH ff 5.98~6. 21
TKE/ N 76.34~83. 62
w(TSgr)/(mg + g~ 1) 202. 61~254. 82
w(VSyw)/(mg « g=1) 179. 14~230. 90
w(SSpw)/(mg + g~ 1) 191.32~243.74
w(VSSg)/(mg + g~ 1) 160. 83~219. 80
w(SCODg%)/(mg » g~ 1) 13.69~16. 98
w(TCODy)/(mg + g~ 1) 15.43~18. 43

T« TS 4 PRI 19 0 B 1A 5 VS O B I 19 #8281k 4K 5 SSqme
Ry T TR V) A U I 5 VSSpwe iy 1 S 1 48 R M B T B K ; SCODgw
B T R AL T BB s TCOD g NI BL ¥ F A& .

%2 EXRBOHEEARKE

Tab.2 Factor and level of orthogonal design

e FHE A K% B W% C H#% D
pH {H FEEH /(W » mL™D) KR/ % S BE I 6] / min
1 JERE 0 96 5
2 9 0.5 97 10
3 10 1.0 98 20
4 11 2.0 99 30
A3 EXREABAR
Tab.3 Orthogonal design
W HEA K% B EEC W& D
£ pH {H FREERE/(W - mL™D) HIKE/ 7 B BE i 8] / min
1 JERE 0 96 5
2 JRRE 0.5 97 10
3 ek 1.0 98 20
4 ek 2.0 99 30
5 9 0 97 20
6 9 0.5 96 30
7 9 1.0 99 5
8 9 2.0 98 10
9 10 0 98 30
10 10 0.5 99 20
11 10 1.0 96 10
12 10 2.0 97 5
13 11 0 99 10
14 11 0.5 98 5
15 11 1.0 97 30
16 11 2.0 96 20
3)BMP iR %

¥ E TR WS 70 mL A EMISIR A SR A AR ET 150 mL i #IB 5  5)
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BB 2 W], FER RIS B2 B T, COD ¥ H 258 347 il Bof [ 384 00 A B 75 » 224 788 75 B ] 5k 30 min B, COD
HRFEEE, ARG T, AR EELE 0.5~2.0 W/mL Ja N, 75 g % BF A9 3% i COD ¥ 1
BFE L ERE A 40.69% ; S4EEER L F] 2.5 W/mL Bf,COD ¥ H R F S 34.44% , AlRE2H N7 —
E 75 R YA EE PN, 75 B B RGBS AL 3R A A HLAR BY YD 7 B L XoF T U 40 B BE O B SRR R B L
FIF COD [ AEME . GEF R, HEHEEKER I6KE  RIMFREE R 2.0 W/mL, 7 5 [E 2k 30
min, %4 T COD B H % H 40.69%.,
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B 3 A, 14 X R (R A pHAE KRB ALHE &K ERA 96 % WA A 7 5 min) B COD % i 3
BAK, N 24.78% ;124 KA (pHAE K 10, FREHEE N 2. 0 W/mL, F/KERHK 97% , R MK [E] & 5 min)
COD % i B e i, ABIA B 84. 6900, M B 75 BUAL H (P& /KK 96 %0, HAEH E N 2.0 W/mL, )R i
Bt [E] 2 30 min) i) COD ¥ Hi 2 40. 69079 2. 08 £, HEBFEHEE L BHA SWMMHEER BT HE
HH B 22 AR A T R SR O B P A P R DR R B BBAE L, T B COD I H B4R, M IR E B B R A AL
PR T A
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Fig. 2 Variation of the COD dissolution rate at different ultrasonic Fig. 3 COD dissolution rate under different ultrasonic/

pretreatment time and sound energy density alkaline pretreatment conditions
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Fig. 4 Biogas yield under different ultrasonic/alkali

pretreatment conditions
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Tab.4 Experimental results of the orthogonal design

= AR/

(mL - g™ 1)

H#E D
R B 8] /min

H#EC
HkE/ %

H%E B
FREH /(W » mL™1)

HE A
pH {H
JERE
JFRE
JERE
JERE

¥ 5

152

96

289

10

97

0.5

235

20

98

1.0

253

30

99

2.0

239

20

97

335

30

96

0.5

227

99

1.0

258

10

98

2.0

311
218
311
286
193
256
227
308

30
20
10
5
10
5
30
20

98
99
96
97
99
98
97
96

5

0
.0
5
1.0
2.0

- = = = = = =

921

1106

895

929

1051

1041

1078

1 059

K

1000

1 060

1020

1126

Ks

1126

891

1105

984

K,

205

215

210

197
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B3R 4 A, B /DR B BN E B R DA R LT AL R b 7 R R A R B 22 RN K, e B AR KR
EAKESFRRBEE>S RN >pHE., HTBSBEEATERS N EKEBE(—BEKELE IBKWL LA
RE 6% 76 W R 3R T8 7 AR R B 9 23 A6 S RS K B9 BT 1) 77, 8 T B O 400 i B , {5 P & v o, TR UK R B S
BEREMERLK. KEFEZRHERRBOBRESRF.pHENR I, FREE R 0.5 W/ mL, FKEH
96 %0, K Bif 6] 2 30 min, B 458 7 F i 8 FI 3 335 mL/g, JE AR AL B TE ¥ H e 7= % 152 mL/g 19 2. 2 %,

DEBRWEMES /MK TAHERRRN, fEBLE L&A pHEN 10, FREHBEE N 2.0 W/mL, &
IKERA 97 % , ) B Bt [E] & 5 min, COD ¥ H R & Al ik 84. 69 %, B BAM B A BAL B (HE & KER N 96 %, /4
BEB K 2.0 W/mL, i BHAE] & 30 min) COD ¥ 4 % 40. 69 %1 2. 08 4%,

2) Gk S /PR G AL B S B TR 19 BMP X560 R B, T 40 31 vh & R 20 R 7 R Y B e AR RN
KB > AR B > SO B A > p H A, 3 B e 7= B 8 B AR BAL B4k 1 pH (B 9 FF BB EE N 0.5 W/
mL. & 7KZH 96 %0 )BT [E] 5 30 min, 48 7= Fe R 18 AT 3k 335 mL/g, J& AR AL B TR ¥ F e 7= % 152 mL/g
1 2.2 1%,
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