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Humification Process of Biogas Residue Combined with Food
Waste and Cattle Manure Co-composting

BAI Ling'® LI Qian'” DENG Yun'® HUANG Zhenxing'” XIE Lijuan'? RUAN Wenquan'~
(1. School of Environment and Civil Engineering, Jiangnan University, Wuxi 214122, China
2. Jiangsu Key Laboratory of Anaerobic Biotechnology, Wuxi 214122, China)

Abstract: Sludge residue (SLR), straw residue (STR) and vinegar residue ( VR) combined with food
waste and cattle manure were used as composting substance, respectively. The dynamics of enzymatic
activity during composting, including dehydrogenase, urease, polyphenol oxidase and cellulase activity,
and the change of humic acid composition (HA, FA) before and after composting were monitored and
analyzed. The results showed that the activities of dehydrogenase and urease in the composting process of
STR were increased first and then decreased with composting, and the polyphenol oxidase and cellulase
activity were higher, which accelerated the decomposition and humification of organic matter. Compared
with STR and VR, the dehydrogenase and urease activities of SLR remained high at the end of
composting, which were 19.25 pg/(g-h) and 6. 22 mg/(g-d), respectively, indicating that there was
some unstable organic matter. After 30 days of composting, STR presented the highest degree of
humification in compost, humification ratio (HR), humification index (HI), degree of polymerization
(DP) and percentage of HA (PHA) was 28.89% , 19.24% , 1.99 and 66. 60% , respectively. The
molecular weights of humic acid were changed from 2 024 Da, 3 284 Da and 2 090 Da before composting
to 2061 Da, 3929 Da and 3 990 Da after composting. Compost was used for different purposes depending
on the molecular weight of humic acid. Therefore, based on multivariate parameter characterization of
different residues, it provided a theoretical basis for efficient resource utilization of biogas residue and its
product application.
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Tab.1 Physicochemical characteristics of different raw materials for composting

24 15 UeTRE FEFFR FiE R Bt 554 438 T

pH {H 8.62+1.59 9.25 +1.94 4.56 £0.76 3.67 0. 47 6.10 +1.45

AL 5 A % 39.75 £2.34 73.75 £5.38 93.58 +5.48 87.08 +4.24 59.62 £3.23 74.10 £4. 49
BAEE T % 3.03 £0.27 1.83 +0. 12 2.01 0. 10 4.85 +0.23 2.29 0. 14 0.25+0.08
B RT i E % 2.82+0.10 0.33 +0. 06 0.11 £0. 04 0.75 +0. 10 0. 84 +0. 06 0.16 +0. 05
AP E % 0.80 0. 11 3.91 £0. 69 0.42 0. 08 0.74 0. 14 0.78 +0. 09 1.25£0. 11
EIKES % 74.23 £4.48 77.61 £6.20 69.46 +4.24 77.07 £5.83 41.20 £2.56 7.85 £1.05
A 6.67 £1.29 26.8 +1.25 18.67 £1.87 7.60 +1.34 13.76 £2. 48 36.45 £3.73

1.2 EI&igit

AL R HBAMENE , R VTR DA AE R R
ARSI E AT, WE 5 I (Sludge residue,
SLR) F5#F{A# ( Straw residue, STR) \Eif# ( Vinegar
residue, VR) N FEZFURHY 3 4505, RS0 A
3, IBEWRVIE A LR 25, F KRR
60% ~70% , o SLR A it A& BT RS9 . A4 3%
FEAF TR ol 13:3:3: 6, STR F1 VR ZHAH B (B K
13:3.25:3.25:3.25 f113:3:3: 1, FHIEEWEIR G
PISEREARTR 5 L IR AR i, B HE R % T
JAI R 30 d, >Rk B0E 7 Xk 4738 K, 78 HE AT
10d, 52 d @ —k, LLORIIE & 45 093 <&, 7
11 ~30d,% 5 d @#dE—K, &6 dB—WHEM, R
M2 SR IR G YIS R 5 WGy, — 8o R A

TE ACUKAR T, T RS R S A AL (DOM) &
AN 5 53— o0 76 B 3l XU T I B, 2o
1 mm 5, FH T 58 0 45 41 53 e o35 (R o
1.3 WMEMBS5AH*
1.3.1 BTSRRI

Jo SR MR A A = ORI DA (TTC) e
WUV Z2 A AR TG T A R SR AR A = H £
RN RS T 0 5 SR P R U L ik T AR 4
FWEEPE I E R DNS (3,5- "l F2k 1R ) kb

é?£[17] (e}
1.3.2  JEFE R4S Ao RIS b

FREL 2 g £ T 50 mL B0, il A 40 mL
0. 1 mol/L NaOH 5 0. I mol/L Na,P,0,iR &, IR A
Y1515 75 30°C 150 v/min Z50F F 4R 24 h, i E& )5
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5000 r/min E5.L> 10 min, J 0. 45 pum JEMET 38, 7551
DRI, LA T 55T (HS ) 5 H— 5 1 JE VR 6 mol/L
HCl % pH (HZE 1,7E 4°CAR-AF 12 h, B DiTE i
IR (HA) , IS & BRR (FA) 183U PEIE 4t
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1.3.3  JEGH R TRIE

R FH e 85 I £ 15 1 (HPGFC) |, i 45 4. (5
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FEIR A 30°C o 4 A 0 1 2 ST 1 2 0 A 7 o
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L3.4 FOUuEE

FOEIEIEI E ALERH F — 7000 BLHEOLEE T
(HARHSLATR]) o ZALE A EIR R 150 W AT,
PMT OGHLAFHEE ) H TR 400 V5 0 SR 30, 3
LIS IEATIAS A SRE . —HEP LI
KPR 220 ~ 450 nm, & G KA 220 ~ 500 nm,
FU R B 1R 5 2 400 nm/min, BANRE S TOC ¥k BE
P ZE 10 mol/L,
1.3.5 Bdiits 55t

JETEAL R B ( Humification ratio, HR) A
H

S

A:7x100% (1)

X S—— @5 BThk B b, o/ kg
T— AR T I, g/ke
JEhEAL 78 3% ( Humification index, HI) 323 2

H
B:%xlOO% (2)

L H— IR I, o/kg
RA L ( Degree of polymerization, DP) 3158/
B2 W
H
= (3)

C
Ko P BRI I ke
BIEINR 57 %R ( Percentage of HA ,PHA) 11582
KN

D:%xlOO% (4)

K Excel 2016 Hl Origin 2016 #4755 4> #r
giit,

2 HR5SiTH

2.1 EREMEKE
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AT RE SR T 52 2 ML B A N 13 BN A&
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Jor s S FIELFEE A A S %) e U (PR B4 S v
FHEr B, AR 1 d B 25 S, X 5 MUKESH
4111 F1 AWASTHI 252V BF98 45 5 — 3%

FK RSO S R EE IR bR —, K
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Fig.1 Changes of temperature and moisture content

during composting
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Fig.2 Changes of dehydrogenase and cellulase activities during composting
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Fig.3 Changes of urease and polyphenol oxidase activities during composting
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2.3 BEREESESERBENEENTK
HEAE 1ok AR v | 2 25 2R I AR W R A I T AR R /)N
SACEY, MW IS/ N T B B AT R AP
AR VEREIT 5 AL B YR G, AP U 5 5
ARG gk 2 FioR, ARG , HS-C & fE i
i, H STR # HS-C & #x &, SLR . STR 1 VR 435
WhNT 5.71% .10.56% \1.53% . J& 74 0 5 &
EHRORR AN R BLRR 20 R — R 9 5 TR RN DG 1Y
B TAEIREY ., MR EH L R HA-C 7%
TGN, M FA-C & @B, X 577 2 00 A B 504
W—g722 | SLR.STR il VR 4bH HA-C Jii i [t

ARABEIN T 17,55 .17.30 3. 07 g/kg, 3 H. STR i
MR & i demn , X AT RE S OB TR AR 4E R S A G R
S A ) A ) 1 PR MEAE S, SLR B FA-C &%
AR U0 T 31.33% ,STR 2, VR 28 fk ik
/N AR E R E 2R T ERR 5
TR, EEY AT LLR A R 31 R B850 5 5%
FE R,

S A sk A P JE B A AN S 2 DR B T | A R
e R n ARk, HEE X LS E0 S TOC LA
KEMZ BT X%, HR HI, DP fil PHA 7£ 4k
NEFTE 226N 2 fros o AEHEAL R b AT LK 2

Tab.2 Changes of humus composition, HR, HI, DP and PHA before and after composting

Fx2 ARBEHEWNEEEREHES X HR HI,DP PHA ik

e HEAL HEAL A
SLR STR VR SLR STR VR
HS-C it/ (g-kg™") 68.51 +3.21 98.80 +2.34 89.91 =1.26 72.66 +4.51 110. 50 +3. 65 91.31 £4.25
HA-C Jfisg b/ (g-kg™") 25.77 £1.25 56.30 £2.95 46.87 +0.92 43.32 +1.65 73.60 £4. 03 49.94 £2. 15
FA-C it/ (g kg ™) 42.74 £2.01 42.50 £1.20 43.04 +2.31 29.35 £1.05 36.90 £2.31 41.38 £1.83
HR/ % 20.43 +0. 31 22.84 +1.06 18.14 £0. 56 24.67 +0. 69 28.89 +0. 67 19. 14 +0. 37
HI/ % 7.69 +0.48 13.01 0. 57 9.46 +0.74 14.70 £0. 47 19.24 0. 34 10.46 +1. 01
DP 0.60 0. 02 1.32 £0.04 1.08 £0. 08 1. 47 £0. 06 1.99 £0. 04 1.20 +0. 06
PHA/ % 37.61 £2.49 56.98 +3. 80 52.13 £2.93 59.61 £2.32 66. 60 +4. 63 54.69 £2.73

T - HS-C R A BUak , HA-C 278 BB , FA-C 27 55 HLIRAK
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/N X AT R 7E STR , 2F 4 25 1% [ fi 7] 42
HETE 2155 B A5 W, {60 J6 B IO 1) &5 4 0N 52 4 1
R PR 24
2.4 HEEIEEERS FENTWL

HERE A ML) B A | e A R B 5 i 25 )
BT, B /Ny F i A0 R o3 T B IR 3 28 2 R v
TR RN e BLRR 2H B, P EORR 1 R ROR . T
Kl 4 FroR , HENE J5 I8 58 R 1) 43 i 385 n, o SLR
FEHENE A 5 JE B IR 43 1 09 A8 AL AS B 5, 7 A A
& B 1 4 i o i W HENE T 2 024 Da 1 585 Da
A AHEARJS 2 061 Da il 566 Da, X STR fil VR,
JEBERR I 4312 3 WHERE R 3 284 Da 12 090 Da
AR HEAE S 3 929 Da 13 990 Da, 7= % J5 i 2 HEAE
JE IR Y 3 e G, (0 AR R o e 1, M
NERGTSS SLR W@ AR o> T 8 % A A, (H H S SR 1)
SR (% 2) , WBTE SLR /N T Z R E
YEFIE UK 3 S R 1T K 43 S B0R 5 /N o+
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Fig.4 Molecular weight changes of humus component

before and after composting
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PG FERITARICN A B C A1 D, Horp A 3R]
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HT,SLR .STR 1 VR £ B Al D Pi2REEY R,
11000 450 1100.0
962.5 962.5
825.0 825.0
687.5 687.5
550.0 550.0
4125 4125
275.0 275.0
1375 137.5
0 0

(Q o>
250 300 350 400 450 500

E /nam E /nm E /nm
(a) 0d,SLR (b) 0d,STR (¢)0d,VR
1100.0 450 1100.0 450
962.5 962.5
g250 400 825.0
6875 = .o 687.5 g
550.0 Sn 550.0 ;»

4125 350
275.0
1375 250

250 300 350 400 450 500

(d) 30d,SLR

250 300 350 400 450 500
E /nm E /am
(e)30d,STR

4125
275.0
137.5

o~
250 300 350 400 450 500
E /nm
(f)30d,VR

0

K5 MENLHT G I A LR = 40O tig 2 1k

Fig.5 EEM changes of dissolved organic carbon before and after composting
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H VR ESEER, MG, SLR AABH I T A 2
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