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Dynamics of Oxygen Concentration and Its Relationship with Maturity Indexes During Forced Aeration

Composting
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Abstract Dynamics of the temperature, oxygen concentration, oxygen consumption rate, C/N ratio and germinate index Gl during compost—

ing of chicken manure were studied, and the relationship between oxygen consumption rate with the classic indicators of evaluating the matu—

rity of compost, C/N ratio and GI, and maturity of compost were researched. The results showed that the oxygen depletion time varied from

about 19% to 5% with different periods of composting, being 15, 30, 60 and 180 min at rapid rising—temperature stage, persistent high—tem—

perature stage, descending—temperature stage and maturity stage respectively. According to this, the ventilation plan was designed and tested.

The final ventilation time was set as 15, 20~30, 60 and 180 min for those 4 different composting stages. To take C/N ratio and germinate index

Gl as criteria, the compost would be matured when the aeration terminated 3 h after and the oxygen concentration inside the pile still main—

tained above 7%.
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Table 1 The properties of composting materials

1%

1% C/N

1%

28.2
52.7

2.1 13.4

49.0
0.4 131.8 16.4

1.2

C/N

25~30

2m 0.8 m

4.0 kg-cm™
1.0 m* min™

o

2007 1 20 o

PT-100
MF010-0-LC O,

1.3
1.3.1

1.4.8.11
5
1.3.2

17d

PT-100

02 o

H,S0,-H,0,

Gl

lh SmL

9 cm
C 48 h
GI

2.1

50 C
9d 60 C
12d o

3d
17d 2007 1 3

15 ¢m

MF010-0-LC
- m N
[14)
0,

5g 50 mL

20 30

17d |

2d >50 C

4d
€

GB7959—1987 ) 0

22

min

15.30.60 min

15.30.60 min 3 h,

5%

180 min,



28 1 191

80 3
70 :
60 5 min 15
P Sor min 5%
040 F .
28 30 | I5min  3a ., 5~8d
20 >60 C .
4 DA 5d 1 30 min
0123456789I101112131415161718 39 8d 1 30
HERE )
min 5% 3b. 3¢ .
B 1 IR R R ST sd
Figure 1 Changes of temperature during composting 8d
200 HRGETHRBICE 2d) °
12d 1h
o 1501
P 3d
k100 4% . 16d 17d  3e
w 50 ¢ 3f 5 min
20% 3h
0.0 . L e L !
0 5 10 15 20 25 7% o
e 1] /min 23
20.0 { E IR ICE S d) 4 C/N
- 17d  C/N 16.6
i GI 17d 61 8L1%
®
e 4d
W
1.76%*min™ 17d
00 e 0.22% min",
0 5 10 15 .2” . 25 30 35 40 7.5% 3e 3f
HE)/min
) C/N Gl
200 1 R (55 12.d)
3h
g 7%
;;; 0.22% min™ .
® 3
0.0 e
0 5 10 15 20 25 30 35 40 45 50 55 60 65 70
it i}/ min 0 20C
[15]
20.0 Y5 16d) °
o 150
“E 10.0
¥ 50 °
0.0 1 - L -
0 50 100 150 200 30~55C
[ [B)/min
Figure 2 Changes of oxygen concentration in a ventilation cycle al 4 [ ) 60 °C

different composting stages



>60 C 3b 3c

3d. 3f 4

192 2009 1
20 PR 2d) a 200 ¢ F B 5 d)
s 15 & 15.0
it i
# 10 #0100
Wt R
® w50
0 . \ . ) 0.0
0 50 100 150 200 0 20 -I(] t‘:(l Htl I'l'){} Ilfi !-IfHﬁf} IH{i 31‘]“
fif fiil/min [ 8] /min
200 R 8d) . 20.0 RO 12d d
< 150 150
E <
& 100} 10,0
o P
¥ 5ot o0
opL—t—r 001 1 0.0 = 3““
0 20 40 60 80 100 120 140 160 180 200 Q9
HERE B ] /min I ) fmin
R IO 17 d)
200 TR 16 d) o 200 i by O
. 150 L 150
& &
+= 100 #= 10,0
5 r
¥ 50 # 50
0.0 o9 2o '—I'II;“;“;HQI: oo ;Iéugugngl 0.0 :.I‘I‘f- = '_c” I:i W, ;I I'fn SV uwnong
PERRLRRSIREBERLRER CHRIZLINARRTRIZaR
B} [a)/min 11 6] fmin
M3 HIEAEMBESKEDNEEWR
Figure 3 Changes of oxygen concentration during composting
00 WGl e N e o .
| 20 %
80 - — g
= 70 ~ - 16 E °
S % 12 &
= 40 it °
= 30 . 0.8 4
O %H _h‘h_';‘__:“‘?: 04 B
Ave]
0 -0 15~20 min
I 4 8 1 17 30 mi
HERE I i)/ i
B4 IR TR /N B Gl ERR SRR ST Th 3he
Figure 4 Dynamics of C/N ratio, germinate index( Gl Jand oxygen Gl C/N
consumption rate during composting C/N
C/N 15~20:10 C/N / C/N
17 0.5~0.6 tn o

GI>80% °

[3 18-19]
o



28 1

193

o Tiquia™ g

0.5~0.75 pL-min™-g” 100 pL-L™"-s™

0.22% *min™! 5

C/N Gl

30~50 °C
15 min 19% 5%

3h o
2 C/N
Gl

5 min 20%
3h 7%

[1] Bari Q H, Koenig A, Guihe T. Kinetic analysis of forced aeration com—
posting  reaction rates and temperature[J]. Waste Manage Res, 2000,
18 4 303-312.

[2] Kérner I, Braukmeier J, Herrenklage J, et al. Investigation and optimiza—
tion of composting processes test systems and practical examples[]J].
Waste Manage, 2003,23 1 17-26.

[3] Michel Jr, Frederick C, Reddy C A. Effect of oxygenation level on yard
trimmings composing rate, odor production, and compost quality in
bench-scale reactors|J]. Compost Science & Utilization, 1998,6 4 6-14.

[4] A de Guardia, Petiot C, Rogeau D. Influence of aeration rate and
biodegradability fractionation on composting kinetics[J]. Waste Man—
agement, 2008,28 1 73-84.

[5] Petiot C, A de Guardia. Composting in a laboratory reactor a review[J].
Compost Science & Utilization, 2004, 12 1 69-79.

[6] Mason I G, Milke M W. Physical modeling of the composting environ —
ment areview. Part 1 Reactor systems|J|. Waste Management, 2005, 25

5 481-500.
[7] R R , . [J].
,2000,21 2 101-104.
WEI Yuan-song, FAN Yao—bo, WANG Min—jian, et al. Control modes
of aeration for composting systems[J|. Environmental Science, 2000, 21

2 101-104.

[8] s . [J]. s

2000, 8 3 97-100.
FENG Min—-qian, JIANG Pei—zhi. Design and study of horizontal com—
posting cylinder{J]. Environmental Sanitation Engineering, 2000, 8 3
97-100.

91 . ; ;

[J]- ,2004,24 5 930-935.
ZHENG Yu-qi, CHEN Tong-bin, KONG Jian-song, et al. Maturity as—
sessment by oxygen consumption rate in aerobic composting[J]. Acta
Scientiae Circumstantiae, 2004,24 5  930-935.

[10] . , ;

[J]- ,2004, 15 11 2179-2183.
CHEN Tong—bin, ZHENG Yu—qi, GAO Ding, et al. Variation of oxygen
concentration during aerobic composting of pig manure[J]. Chinese
Journal of Applied Ecology, 2004, 15 11  2179-2183.

[11] Ekinci K, Keener H M, Akbolat D. Effects of feedstock, airflow rate,
and recirculation ratio on performance of composting systems with air
recirculation|]J]. Bioresource Technology,2006,97 7 922-932.

[12] Liang C, Das K C, McClendon R W. The influence temperature and
moisture contents regimes on the aerobic microbial activity of a biosolids
composting blend|J]. Bioresource Technology,2003,86 2 131-137.

[13] : [M]. :

, 1999.
Nanjing Agricultural University. Soil and agricultural chemistry
analysis[M] 3rd Ed . Beijing China Agriculture Press, 1999.

[14] . NY525—
2002 [S]. ,2002.

Ministry of Agriculture of the People’s Republic of China. NY525—
2002 Organic Fertilizer|S]. Beijing Standards Press of China, 2002.
[15] Anderson M D. Composting sewage sludge by high—rate suction aera—
tion techniques the process as conducted at bangor, ME, and some
guides of general applicability[R]//Interim Report Number SW-614d .
Washington, DC United States of America Government Print—

ing Office, 1977.

[16] Garcia C, Hernaandez T, Fosta, et al. Evaluation of the maturity of mu—
nicipal waste compost using simple chemical parameters|[J]. Commun
Soil Sci Plant Anal, 1992,23 14 1501-1512.

[17] Morel T L, Colin F, Germon J C, et al. Methods for the evaluation of the
maturity of municipal refuse compost. In composting of agriculture and
other wastes| M]. London & New York Elsevier Applied Science
publishers, 1985. 56-72.

[18] Smars S, Gustafsson L, Beck—Friis B, et al. Improvement of the com—
posting time for household waste during an initial low pH phase by
mesophilic temperature control [J]. Bioresource Technology, 2002, 84

3 237-241.

[19] Wilshusena J H, Hettiamtchi J P A, Visscherb A D, et al. Methane oxi—
dation and formation of EPS in compost Effect of oxygen concentra—
tion[J]. Environ Poll, 2004, 129 2 305-314.

[20] Tiquia S M, Tam N F'Y, Hodgkiss I J. Microbial activities during com—
posting of spent pig manure sawdust litter at different moisture con —

tents[J]. Bioresource Technology, 1996,55 3 201-206.



