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Substrate Degradation and Gases Emission during Co-composting of
Chicken Manure Digestion
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Abstract: A laboratory scale experiment of chicken manure digestion co-composting was carried out using a reactor system
with oxygen monitoring and feedback control. The physiochemical indexes, including temperature, oxygen concentration,
volatile solid content (VS), moisture, C/N, pH value, EC, cellulose, hemicellulose, lignin, biological index, and main
gas emissions (CH,, NH; and N, O) were monitored and analyzed, respectively. Physical, chemical and biological
indicators presented a good dynamic corresponding relationship, and the degradation of cellulose materials mainly appeared
at the middle and later periods of aerobic co-composting. Temperature and oxygen concentration had an effect on gas
emissions: high temperature promoted the emissions of NH; and N, O with a significantly positive correlation (r =0.378;
r=0.695), high temperature and oxygen concentration decreased the emission of CH, with a significantly negative
correlation (r= -0.470; r= —0.494). Gas emissions can be controlled through adjusting the levels of composing oxygen
concentration and temperature. Multi-parameters characterization and correlation analyses can provide theoretical and
methodological basis for process optimization of chicken manure and digestion co-composting. However, characterization

and the coordination mechanism should be explored in depth on fermentation performance and gas emissions combining with

comprehensive multi-indexes during and digestion co-composting in future studies.
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0 Introduction

In recent years, the rapid development of large-scale
livestock and poultry industry promotes the rapid
growth of biogas project in China, and anaerobic
fermentation technology has been widely applied,
besides biogas production, meanwhile it also generates
a mass of fermentation residues-digestate in solid
fraction and biogas slurry. The resource utilization of
these residues is one of the important factors to restrict
the sustainable development of biogas project'' ~2'. At
present, biogas slurry has been mainly used for soaking
seed, feed additives, foliage dressing, insect disease
prevention and other aspects, with favorable utilization
value"*'. As one of solid waste, digestate has relatively
high improvable element content including nitrogen,
phosphorus, potassium and other elements, which is
the favorable alternative to inorganic fertilizer* .

However, digestate often contains some biodegradable
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organic matters, which can easily lead to “secondary

fermentation ” Moreover, digestate for direct

application can easily lead high organic matter,
nitrogen, phosphorus and potentially pathogenic
microorganisms into the environment and hinder its
efficient and safe recycling”'. Aerobic composting
treatment can be an effetive way for digastate disposal,
which can not only ensure its biological stability, but
direct

reduce the potential risk  of

Le]

greatly
application

Digestate co-composting with animal manure is the
process of aerobic composting using digestate with
animal manure, crop straw as well as other high
organic matter content wastes by reasonable ratio.
During this process, the superiority of digestate and
other adding materials can complement each other,
which not only drives the secondary fermentation of
digestate  with the help of high organic matter content

animal manure, but takes digestate as excellent mixing

Supported by Program for New Century Excellent Talents in University ( Grant No. NCET — 12 — 0524 ), and International Science & Technology

Cooperation Program of China ( Grant No. 2015DFA90370)

Corresponding author: Han Lujia, Professor. E-mail: hanlj@ cau. edu. cn. Tel: +86 —010 —62736313.



2 TRANSACTIONS OF THE CHINESE SOCIETY FOR AGRICULTURAL MACHINERY 2016

material and conditioner, conducive to the progress of

7} consequently at the same time

aerobic composting[z‘
of achieving efficient and safe resource utilization,
obtaining organic fertilizer products with more excellent
quality and value in agricultural production®’.
Researches show that, the fermentation effect of
digestate and animal manure co-composting have
otherness due to different ratios of raw materials,
bulking agents and oxygen-supplying modes'®°~'"). In
addition, as an approach of secondary treatment,
digestate co-composting with animan manure should
also pay attention to energy saving and emission
reduction, otherwise it will easily cause secondary
pollution and form ecological safety loophole under dual

of global
At present,

background warming and engineering

2 )
(21, researches about aerobic

benefits
composting substrate degradation and gases emission
regularity based on multi-parameter characterization
and correlation analysis method have been rarely
reported.

Therefore, in this study, chicken manure digestate
was used as research object and the aerobic co-
composting method was used to study on
physicochemical and biological key parameters as well
as dynamic changes of gas emission based on time
series and correlation analysis, in order to provide
theoretical and methodological support for digestate co-

composting process optimization.

1 Materials and methods

1.1 Raw materials

Chicken manure digestate was collected from Biogas
Station of Liuminying Village, Daxing District,
Beijing; Anaerobic reactor was up flow solid anaerobic
reactor (800 m’/d), and the digestate was the solid
part of solid-liquid separation after anaerobic
fermentation for 18 d in normal temperature. The pig
manure was taken from the farm of Chinese Academy of
Agricultural Sciences, Changping District, Beijing;
taken from DuoDuoXian

Park ,

Beijing; Wheat straw, which was cut short to 3 ~5 ¢m

Mushroom residue was

Ecological Mushrooms Tongzhou District,
for backup, was taken from one farm of Shandong
Province.

The mass ratio of chicken manure digestate, pig

manure, mushroom residue and wheat straw was

10:6:3:1 with total weight of 45 kg to control the
initial moisture content and the carbon to nitrogen ( C/
N) ratio close to 60% and 20, respectively >~
Basic physicochemical properties of compost raw
materials and initial mixture are listed in Tab. 1. The
volatile solid ( VS) content and C/N ratio of chicken
62.45% and 29.98

respectively. In contrast, the VS content of pig manure

was relatively high as 80.75% , while C/N ratio was

manure  digestate  were

relatively low as 11. 67, so both serving as main raw
materials mixing could play complementary role. At the
same time, adding high VS content of mushroom
residue and wheat straw as conditioners helped

. . . . 2
maintain composting porous medium structure'*’ .

Tab.1 Main physicochemical properties of the raw

materials and initial mixture

Moisture/ % VS/% * C/N*

Raw materials

Chicken manure

68.55 £0.07 62.45+0.32 29.98 +0.23
digestate
70.03 £0.06 80.75+0.14 11.67 +0.02
50.20 £0.34 91.25 +0.04 25.06 +0. 16
8.41 £0.32 93.22+0.04 54.91 +1.51

61.81 £0.14 73.96 £0.01 19.86 +0.08

Pig manure
Mushroom residue
wheat straw

Mixture

Note: #* dry matter basis.

1.2 Aerobic composting reactor system
The main structure diagram of aerobic composting

reactor system used in experiment is shown as
. 14
Fig. 1M

Fig.1 Main structure of aerobic composting reactor
1. Composting bin 2. Vertical mixing system 3. Material inlet
4. Sampling opening 5. Screen mesh for air supply 6. Blind
packaged plate 7. Material outlet 8. Insulation layer 9. Gas inlet
10. Water supplement 11. Gas outlet ~ 12. Built-in temperature
sensor 13. Built-in oxygen sensor 14. Leachate outlet 15. Movable

support

Reaction tank is stainless steel double-layer
structure, and intermediate thermal insulation layer is
formed by polyurethane foaming, while the heat in

upper connecting and top arc-shaped cover is relatively
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easy to dissipate, with effective volume of 85 L. The
tank is designed with three sampling ports, three
oxygen concentration sensors ( City Technology 40X-V,
England) and three temperature sensors ( Heraeus

32208551,

uniformly. The real-time monitoring and feedback

Germany ) distributed vertically and
control of temperature and oxygen concentration can be
realized by PLC control, while the composting oxygen
concentration control can be realized through adjusting
ventilation rate and time according to experimental
requirements.
1.3 Aerobic composting experiment

Studies have shown that, the secondary aerobic
fermentation of digestate needs less oxygen content than
traditional aerobic composting using animal manure as
raw materials'’’. Therefore, this study postulates
adequate oxygen supply at the early stage (0 ~3 d) of
composting, in order to meet the needs of vigorous

activity for aerobic microorganisms in the early

) and the oxygen concentration is controlled

stage[
within 5% ~ 15% by automatic feedback in the rest
time.

On days 0, 3, 6, 9, 12, 15, 18, 21, equal
samples ( about 150 g) were taken from the upper,
middle and lower sampling port of the reactor, then
mixed evenly and divided into two parts, one of which
was air-dried and sieved, the other one was stored at
—4°C for backup.

At the end of each sampling, the mixing system
started, in order to reduce composting spatial
difference among the upper, middle and lower layers.
1.4 Assaying and analysis method

Fresh samples were oven-dried to a constant weight
at 105°C to determine the moisture content''® ; The VS
content of samples was analyzed by the dry combustion
method at 540°C'"’; Scanning electron microscopy
(S—3400N, Hitachi, Japan) was used to acquire
compost particle images. The particles were prepared
to sieve the air-dried samples after 20 meshes.

Water extracts of the fresh compost samples were
prepared by shaking the fresh sample with distilled
water at 1: 10 (w/v), after which the pH value and
electrical conductivity (EC) of the fresh extract were
measured using pH meter ( SC8231, Japan) and
conductivity meter (SC8221, Japan). The total carbon

and total nitrogen content were measured using an auto

elemental analyzer ( Vario EL, CHNOS, Germany )
and then employed to calculate the C/N ratio. The
cellulose, hemicellulose and lignin contents were
determined using a standard detergent method called
Van Soest method'"®'. The measuring method of seed
germination index ( GI) referred to Practical Handbook
for Compost Engineering' '’ .

Portable pump suction gas detection analyzer was
used to monitor the emission concentration changes of
CH,, N,0, NH, during composting process, while the
gas detection analyzer sensors were CH,
(Premier, Dynament, England), N,O sensor ( NAP —
100A, Nemoto, Japan), NH, sensor (4NH,— 1000,

Solidsens, Germany) respectively. A plastic tube was

sensor

used to connect the port of gas detector with the gas
outlet to monitor and record the gas composition and
concentration discharged through the air outlet from
upper chamber of reactor.
1.5 Statistical analysis

Data statistical analysis and drawing were conducted
using SPSS  Statistics V.17.0 ( IBM, USA) and
OriginPro V.8.5 SR1 (OriginLab Corporation, USA)

platform respectively.
2 Results and discussion

2.1 Multi-parameter dynamic changes during
composting process
2.1.1 Dynamic changes of sensory index and particle
morphology

Fig. 2 shows sensory changes in the mixtures and
corresponding sample particle microstructure during the
preliminary, interim ( Day 9) and final stages ( Day
21) of composting. During the preliminary phase, the
mixture was yellowish-brown and had a pungent odor,
with uneven granularity. As the reaction proceeded,
the smell and color of the mixtures became stronger and
darker during the interim stage.

Subsequently, the smell gradually became weaker,
the color of the pile became blackish brown,as well as
the particle became smaller diameter and loose granular
structure. From the microscopic point of view, with the
change of composting time, the pore of compost
particles increased obviously, which was caused by the
decomposition of organic matter during composting
process. At the end of the reaction, the structure of

compost particles was loose with an irregular shape and
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(b} Day 9

Fig.2 Pictures of mixture and scanning electron microscopic

(aj Dag.r 0

{c) Day21

images of oven-dried compost particles at a magnification of
100 during the preliminary (Day 0), interim (Day 9) and

final (Day 21) composting
higher porosity.
2.1.2 Dynamic changes of temperature and oxygen
concentration

Fig. 3 is the changing scatterplot of average oxygen
concentration during composting process, which is
basically consistent with the setting value. Fig.4 is the
changing curve of average temperature during
composting and ambient. The average environmental
temperature remained at around 20°C throughout the

composting process.
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Fig.4 Changing curve of average temperature during

composting and ambient

The number of days that the compost temperature
reached above 50°C was in accordance with hygienic
requirements for harmless disposal of night soil in
China' ™",

decomposition utilized composting organic matter to

In the early stage of composting, microbial

conduct own metabolism and reproduction, which

intensively released lots of heat, and then the
composting temperature quickly rose to over 50°C. At
this time, large oxygen was needed, and sufficient
oxygen was correspondingly provided, as shown in Fig.3,
to promote the activities of aerobic microorganisms.

On day 6, the temperature showed an obvious
increase up to 51.29C, which could be the result of
turning, making material more fully mixed and causing
the reactivation of composting process. In the later
stage of composting, temperature showed a relatively
moderate secondary heating and cooling period. At this
time, microbial metabolic activity was low, and the
temperature decreased slowly, until the whole compost
gradually tended to be stable and close to the ambient
temperature[6’ n-nl
2.1.3 Dynamic changes of moisture content, VS

content and C/N ratio

As shown in Fig. 5, the moisture content of compost
continuously increased from 61.81% to 71.81%,
showing an overall uptrend, and this was because the
moisture generated by microbial metabolism exceeded
aerobic  fermentation

evaporated moisture  during

1) Comparing with open composting, the

process
evaporation and cooling of reactor composting were
limited, while moisture was not easier to lose.

During the composting process, the overall change of
VS content showed a decreasing trend because of
microorganism degradation of organic matter, while VS
content mainly contains biological volatile solid, and
non-biological volatile solid, namely the low bio-
degradability part. Since the non-biological degradation
volatile solid has small change during the composting
process, the VS content could reflect the change of
composting organic matter degradation degree.

As shown in Fig. 6, the C/N ratio showed an overall
downward trend during composting process, from initial
value 19. 86 to the end 15.33, which was consistent
with the C/N ratio dynamic change of pig manure
aerobic composting studied by QIN LI et al'*’.

2.1.4 Dynamic changes of pH and EC values

Fig. 7 shows the changing curves of pH value and

EC value

microorganisms usually have higher activity when the

during composting process.  Compost
pH value ranges from 6.7 t0 9. 0'”'. As shown in the
figure, the pH value basically remained stable around

9.0 during composting process. In the later period of
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Fig.6 Changing curve of C/N during composting

composting, pH value declined slightly. This was
because  the  ammonia  emission  decreased,
furthermore, there were many available energy

substances, so microbial reproduction was accelerated
and the organic acid generated in microbial activities
had neutralization, making the pH value decreased.
At the end of composting, the pH value was 8. 69,
which met the requirement.

The initial EC value gradually rose from 1. 16 mS/cm
to 3.03 mS/em ( Day 12), and then gradually
declined to be stable. At the end of the reaction, the
EC value was 1.51 mS/cm. The EC value was less
than 4 mS/cm during the whole composting process,

which met the requirement of crop safe growth'"”’.
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Fig.7 Changing curves of pH value and EC value during

composting
2.1.5 Dynamic changes of cellulose, hemicellulose
and lignin
Tab.2 shows the degradation of cellulose,

hemicellulose and lignin during composting process,
while the initial values were 21.59% , 29.66% and
7.81% respectively. In the early stage of composting,
the relative content of cellulose remained stable, with

less degradation. Until the reaction later stage ( Day

15), the relative content of cellulose gradually
declined and became 17.45% at the end of reaction.
The hemicellulose decomposition was quite slow in the
initial reaction, while its relative content increased
slowly. After Day 12, the hemicellulose decomposition
went rapid, became 24.43% until the end of the
reaction. In the whole composting process, lignin
content was relatively low, and remained relatively
stable. In later stage, its relative content increased
slightly and then remained stable until the end of
reaction. This indicated that lignin was less
decomposed during digestate co-composting, which was
research  of  aerobic

consistent with  existed

compostingm] .

Tab.2 Changes of concentration of cellulose,

hemicellulose and lignin during composting %

Composting time/d  Cellulose Hemicellulose Lignin
0 21.59 £0.07  29.66 £0.52 7.81 +0.08
3 21.76 £0.15  29.56 +1. 11 8.72x£0.30
6 21.88 £0.31  33.05 +0.44 8.73 £0.13
9 21.71 £0.16  32.96 +0. 81 8.84 £0.43
12 21.05 +0.42  34.55+0.76 8.72 £0.47
15 23.54+0.15 28.57+0.96  11.14 +0.88
18 20.62+0.28 21.29+1.18 11.62 +0.15
21 17.45+0.43  24.43+0.87 11.60 +0.33
Microorganisms mainly decompose VS during

composting process, while cellulose, hemicellulose and
lignin are essential part of VS. In this composting
experiment process, the main degradation part of VS
was hemicellulose, followed by cellulose, and lignin
degradation was very limited. Cellulose type material is
difficult to degrade, because its decomposition requires
the synergistic effect of a variety of microorganisms,
which needs oxygen during this process, while
cellulolytic enzymes need to create local anaerobic
environment during decomposing cellulose'’. In the
middle and late period of digestate aerobic composting,
the temperature dropped, cellulose type materials and
other  low-decomposability compounds slowly
decomposed in relatively anaerobic condition during
secondary fermentation process, then the composing

tended to be
[26]

stable and went into complete
maturity

In general, the decomposition of cellulose and
hemicellulose were mainly concentrated in the middle

and late period of digestate aerobic co-composting



6 TRANSACTIONS OF THE CHINESE SOCIETY FOR AGRICULTURAL MACHINERY 2016

process. This may be caused by the declining of
composting temperature and moisture content during
middle and late stage, resulting in fungi and
actinomycetes proliferation, and then cellulose type
material could be gradually decomposed to generate
heat. This phenomenon was consistent with the rising
temperature curve after Day 12 shown as Fig. 4.

KOMILIS et al'”’ showed that the ratio between
cellulose and lignin ( CEL/LIGN) could be used as
one of indexes to distinguish the fresh and thoroughly
decomposed waste. During this digestate composting
process, the initial value 2.7 of CEL/LIGN fell to
1.5, showing a favorable fermentation effect of
digestate composting.
2.1.6 Dynamic change of GI

Gl is one of the most sensitive indexes to evaluate
the toxicity of material, not well-composted material
contains toxic substances, which plays inhibitory effect
on seed germination and plant growth''®’. However,
different types of compost (material) have different GI

16 . oo .
!. Under normal circumstances, it is believed

value!
that the compost ( material) with GI over 50% nearly
have no toxicity for plant seed, and completely non-
toxic is believed when GI is over 85% "’ .

Fig.8 shows the GI value for original chicken
manure digastate and mixture during co-composting.
As shown in the figure, GI value of original chicken
manure digastate was 72.04% , showing no strong
toxicity to plant. This was because digastate was the by
products of anaerobic fermentation, moreover, the dry
matter content of digastate was relatively high after
solid-liquid separation, to some extent, it had lower
phytotoxicity than unfermented animal manure and
other raw materials"’ | however when it acts as high-
quality organic modifying agent, it still has certain
potential phytotoxicity'*'.

In the process of chicken manure digastate co-
composting, GI value showed an overall upward trend.
Among them, on Day 9, GI value decreased, probably
caused by enhanced mineralization degree, increasing
conductivity, partial anaerobism and other integrated
factors during composting process; at the end of
composting, GI value was 102. 99% , which indicated
the compost was completely decomposed and no

19, 28]

toxicity! From the perspective of lowering

phytotoxicity and ensuring application safety, aerobic

composting of chicken manure digastate for secondary

fermentation is an effective way.
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Fig.8 Germination index changing curve during composting

2.1.7 Dynamic changes of NH,, CH, and N,0O
As Fig.9 shown,

fraction) was basically remained below 0.05% in the

NH, concentration ( volume

whole composting process, except two concentration
peak values of 0. 1% appear on Day 3 and Day 6. The
volatile peak period of NH; mainly occurred during the
high  temperature  period.  Corresponding  with
temperature changing curve, there are also two peaks
on Day 3 and Day 6. Upon comprehensive analysis,
NH, volatile peak value may be caused by high

' n

temperature and enhanced alkaline environment'"
general , the NH; concentration in this study was higher
than the composting condition with less cyclical
turning®’ | but similar to the composting conditions
with forced ventilation and daily turning'* "
0.12
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0.08

0.06

NH;/%

0.04 % - 2
C-} g e
& a o o’ % e __‘g

0.02 c’ 9%.. - E & . g.og &

0 3 6 9 12 15 18 21
Composling time/d

Fig.9 Scatterplot of dynamic changes of NH; during

composting

In theory, favorable aerobic composting environment
is not suitable to produce greenhouse gases such as
CH,, N,O and so on. For example, CH, is produced
when methanogen deoxidizes CO, or hydrocarbons

. o . 32
under anaerobic conditions .

In this study, the
dynamic changes of above gases content were monitored
and shown in Fig. 10 and Fig. 11. In the early stage of
composting, the CH, concentration ( volume fraction)
was relatively low and stable because of sufficient
oxygen supplying. In the intermediate stage of
with  high

concentration of the

composting temperature, the CH,

compost  showed  periodic
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fluctuation. In the late stage, the CH, concentration
was high with periodic fluctuation as a whole, and
reached the highest value of 3.45% on Day 15; from
the late period of reaction to the end, CH,
concentration fell to a lower level. During composting
process, the N,O concentration ( volume fraction )
fluctuated greatly, but maintained at a low level, and
show overall declining trend. At the end of the
reaction, it tended to be zero. In this study, the CH,
and N,O emission level were consistent with the
condition of pig manure straw composting studied by

SOMMER"™' | but lower than the condition of pig

manure and  straw

composting  with  passive
. . 29
ventilation' '
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Fig. 10  Scatterplot of dynamic changes of CH, during
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2.2 Gas emission changes based on correlation
analysis

Tab. 3 shows the correlation analysis between gas
emission  concentration  with  average  oxygen
concentration and temperature of composting. As
shown in Tab. 3, CH, had good negative correlation
with oxygen concentration, which indicated that the
lower oxygen concentration in the compost, the more
rapidly the methane bacteria proliferated, the higher
level of producing CH,'". For the reasons, moisture
content can influence the overall oxygen supply

efficiency of the compost. In this study, moisture

content gradually increased in the late stage, which
caused less pores and more aggregation of composting
pile; moreover, decreasing GI value in late stage also
further indicated, there were more partial anaerobic
zones in late stage of composting corresponding with GI
curve. In addition, from the micro perspective, GE, et
al. ') quantitatively characterized the aerobic layer
thickness of pig manure particles during composting
based on Fourier transform infrared microspectroscopy.
Each composting particle had its own anaerobic core
and aerobic layer, which meant more anaerobic core
with  thinner

aerobic layer could produce more

anaerobic zones, and easier to produce more CH,.

Tab.3 Correlation result between gas emissions and

average oxygen/temperature during composting

CH, N,O NH;
Average oxygen -0.494" " 0.110 -0. 144
Average temperature -0.470" " 0.695" " 0.378" "

Note: #* * Significant correlation at 0. 01 level.

In addition, the CH, concentration also had good
negative correlation with temperature, which indicated
when the aerobic reaction accounted for the absolute
proportion under adequate oxygen condition, and
generated heat accumulation, the compost would
remain high temperature, playing inhibitory effect on
CH, production and emission.

The emission concentration of NH; and N, O were
positively correlated with temperature, which indicated
higher temperature could accelerate the production and
emission of NH; and N,O; especially a large number of
NH, was produced during organic matter degradation
process which generated heat, and NH, volatilization in
high temperature was the main cause of nitrogen
loss'™/.

Therefore, studying emission gas components and
dynamic changes during digastate composting are
significant for optimizing composting process, energy
saving and emission reduction, and reducing secondary

pollution to the environment just as other organic

wastes composting.
3 Conclusions

(1) Based on key parameters of physicochemical
and biological indexes as well as dynamic changes of
gas emission, the multi-characterization analysis shows

that aerobic composting with reasonable ratio of raw
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materials and moderate oxygen supplying can be an
effective method to handle chicken manure digastate,
and ensure its safety and qualify for utilization to some
extent .

(2) Tt can be seen from correlation analysis and
multi-characterization analysis, in chicken manure
digastate co-composting process, the degradation of
cellulose type material mainly concentrates in late stage
of reaction, and each index has good dynamic
corresponding relationship.

(3) During co-composting process, CH, emission
concentration has good negative correlation with
temperature and oxygen, while NH; and N,O emission
show correlation  with

concentration positive

temperature ; therefore, oxygen concentration and

temperature of composting can be adjusted to control
gas emission. Based on correlation analysis, studying
emission gas composition and dynamic changes is
significant for optimizing composting process and

reducing emissions.
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Substrate Degradation and Gases Emission during Co-composting of

Chicken Manure Digestion

Huang Guangqun Huang Jing Zhang Yang Han Lujia
(College of Engineering, China Agricultural University, Beijing 100083, China)

Abstract; A laboratory scale experiment of chicken manure digestion co-composting was carried out using
a reactor system with oxygen monitoring and feedback control. The physiochemical indexes, including
temperature, oxygen concentration, volatile solid content ( VS), moisture, C/N, pH value, EC,
cellulose, hemicellulose, lignin, biological index, and main gas emissions (CH,, NH, and N,0) were
monitored and analyzed, respectively. Physical, chemical and biological indicators presented a good
dynamic corresponding relationship, and the degradation of cellulose materials mainly appeared at the
middle and later periods of aerobic co-composting. Temperature and oxygen concentration had an effect
on gas emissions; high temperature promoted the emissions of NH; and N,O with a significantly positive
correlation (r=0.378; r=0.695), high temperature and oxygen concentration decreased the emission of
CH, with a significantly negative correlation (r = —0.470; r = - 0.494). Gas emissions can be
controlled through adjusting the levels of composing oxygen concentration and temperature. Multi-
parameters characterization and correlation analyses can provide theoretical and methodological basis for
process optimization of chicken manure and digestion co-composting. However, characterization and the
coordination mechanism should be explored in depth on fermentation performance and gas emissions
combining with comprehensive multi-indexes during and digestion co-composting in future studies.

Key words: chicken manure digestion; composting; substrate degradation; gas emission; correlation

analysis
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1.1 sERBEEREH

R 26 A U5 0 E AL BT R % X IE R A
PRAENE #4543 2 B A DR 8B L 2 (800 m’/dl)
JIt BOXS 26 T O i IR R R B 18 d IR B Y
W AR 73 4 FE I b AT P DX el B 2 e
e 5H 5 5 B ki 1 b T T O X O e AR 2 B

il

Pl 2R A AR A, VI 2R 3 ~5 em &
Mo

B XS HETH A BE 26 il 5 R RS R R
10:6:3: 1 AT Y S0 IR &, B BUE N 45 ke (1501 46
TR A PR K SRR A H 43 01l 42 1 76 60% F1 20 72
AR

SRS JEORE B A0 B TR A 0 e R R AR R A A
F Lo XGIETR M AF A R I MR (VS) T 20 HOR Bk
FC 43 53 H 62. 45% F129. 98 J#3E VS 43 HUH X
B, N 80.75% Bk 2 LU AR X BLAR, oy 1167, P
PRy 2 FORHE &l LIOE 2 B AME R . R, %5
VS L o M 2 A AR O R BER A B T 2
etk Z AL B

x1 HEEHRVKRESYRBEREASE
Tab.1 Main physicochemical properties of raw

materials and initial mixture

HENE R Tk % VS RS % AL

W 68.55£0.07  62.45£0.32  29.98+0.23

i 70.03 £0.06  80.75+0.14  11.67 £0.02

T 45 8 50.20 £0.34  91.25+0.04  25.06=0.16

3 8.41 £0.32  93.22+0.04  54.91x1.51

RAEYH  61.81£0.14 7396 £0.01 19. 86 +0. 08
w Tk,

1.2 HFRELRREFRE
T T e S I 4 2R 1Y T2 EAR 5 4 7
EEmE R

1 G S T S L 8 2R 0 M A 285 o 2 TR
Fig. 1 Main structure of aerobic composting reactor
LpeHe 2 8RS 3. ARD 4 AN 5. A M
6. PFEHMR 7.k H S RIRE 9. #HSK A 10 #KkH
LA H 1200 R EEGE 13, S0k 2 A0S i 1l
T4 R T 15, W 2% 2l 3 S I

S5 i A Ry A 5 B R 5 48, v ) 8 R T
R AR IR Z , Hrp 2 3% 2 40 AR 90 T 55
Ir PR B Ok A SO U 85 Lo WER KA
3 AT B A) 43 A PR 113 AN 3 5 40 A 1 R
e AL 4% ( City Technology 40X — V A J[E ) K&
3 AN L350 43 A 1 T B A% JR s (Heraeus 32208551
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) e SRk B VAUE BEOIR TR A L. A Van
Soest 1K £ Ui 3 - £F 4 BOAR B FE A iYL R
TR ZFARE(CCL) I E Jr i 2 OIS TR S F
Y

R P68 48 25 5 /= A A 0 3 7 A5 0 S S 5
t CH, \N,O NH, iy HE Ok B2 3h A2 40 1 00, BT <
PRAG I 73 BT A A% 1 % 43 i) 24 CHL, A% JE 2% ( Premier
I, Dynament, %[5 ) N, O & &% (NAP — 100A %,
Nemoto, H A< ) F1 NH, 1% J&& #% (4NH, — 1000 %Y,
Solidsens , T8 [ ) | JHJ B RL B4 3% 45 S I 4 B BB Y
HR AT B A A I 3 BT A 1T M 0 I3 SR B N
AR b J 2 S A UM 2 R B R
L5 BELBSSHAE

B Ge it oy M K 22 L5y 3l M SPSS - Statistics
V.17.0 (IBM, 2 [ ) f1 OriginPro V.8.5 SRI
( OriginLab Corporation, FE[E) #4F 4 58 M.

2 HRS5WRR
2.1 HEIEZTSHPEE
2.1.1 fERIESURE 3 B AL

B2 s MERC LG V56 9 K AR 21 Kk
TEHEROULAE A% B0 K HRFURL KP4 vl B R . M

NERT IR B B A (0, SRR, R S R HAN 3 205
Wit 5 2 T ) A BT e A, S R HICA 1 A OB, B
T AL TR s SN S 0T, R W A R A 0 R
TR, BURCRLAR AL /N, S BB AA 1 EDRLZE A . A
TRV 71 B DK T, I 7 A I ) ) 72 A, S A JB0RE 7 L
Bt A 4 22 TR ol I A TP L 0 A 5 1k
(9 o I 5 TR, SR A JIURE 25 44 i s, B AR AS LD
R EZN

(o) BB21R
B2 HEREWIGG 25 9 K58 21 RHEARREM
AR AL P B ML TR B 100 £% H 43 1 e BRI

Fig.2  Pictures of mixture and scanning electron microscopic

(@) i’éﬁE%}Jﬁé 7(.;)) FoR _

images of oven-dried compost particles at a magnification of
100 during the preliminary (Day 0), interim ( Day 9) and
final (Day 21) composting

2.1.2 RSN E S AL
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RO A T B S 0 Ak AR AR E o HERE BB , Ak
WOy S AT A ML BEAT A B A B, 4R
ORI B O (A U PR T v & S0°C LA L
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HEAF AW Bl .
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Fig.3 Changing of oxygen concentration during composting

HEAE 3 55 6 K, LB A B T w, G5 E
51.2°C X J2 T UL i AT HLBRBE ), R R &
RIS RS TR LA ML S, AR
JEE B D A R TR LR TR 5 e, B
PR PEAR I B2 2218 [ G, B 2= IR 2 i T



%9 1

BOLHE A5 X0 TR IR A G S T 4 TR 15 AU HE BT 5 223

75

ol ]

5 30

15WW.M

0 3 6 9 12 15 18 21
HEBE R E)/d

P4 HEAACE IR 5 3R 5T B g A5 Al ih 46
Fig.4 Changing curve of average temperature during

composting and ambient
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Fig.5 Changing curves of moisture and VS content

during composting
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Fig.6 Changing curve of C/N during composting
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Fig.7 Changing curves of pH value and electrical

conductivity during composting

2.1.5 S4E FFEREMARRIES LA

T2 MBI YE R LT g R MR R
FEOR 55 o 1 A8 Ak 18 0, L0 16 4 i R 21.59%
29.66% \1.81% . {EHENL AT, £F 4 2 A0 X 3 4t 5k
ARFRRE > HE RN E IS 15 X5 &
WK, B R A K 17.45% , R4 R AR
L) i R 0%, FLAE T B R B, AR5 12 R
S A R A T o N a A I |
24.43% , AW SR, KR & & EERE
%, HARFFAE A AR E , S 399 AR X & d A B i in e
PRIFHRE 12 I 45 R, 3R WK ot 28 76 4 71 i HE
W B B, S E A AR e —
2/ GRS

2 WHAAE LAEERARTANGBYAS

Tab.2 Change of concentration of cellulose, hemicellulose

and lignin during composting %
HEAL B[R] /d HFYgR YR RIFTH
0 21.59 +0.07 29.66 +0.52 7.81 £0.08
3 21.76 +0. 15 29.56 +1.11 8.72 £0. 30
6 21.88 +0.31 33.05 +0.44 8.73 £0. 13
9 21.71 £0. 16 32.96 +0. 81 8.84 £0.43
12 21.05 +0.42 34.55 +0.76 8.72 £0.47
15 23.54 +0. 15 28.57 +0.96 11.14 +0. 88
18 20.62 +0.28 21.29 +1. 18 11.62 £0. 15
21 17.45 £0.43 24.43 +0. 87 11.60 +0. 33
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Fig.8 Germination index changing curves during composting
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