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Table 1 Properties of aerobic fermentation raw materials

AL Lol L LN %
bkt HRE AR Ak
Raw material Carbon Nitrogen Moisture
content/% content/% content/%
32K S e 3
PRRBRIEI) 39.48+1.22 3.5+0.29 86.29+0.48
Leaf vegetable waste
¥%3% Pig manure 35.01£0.27 2.87+0.06 72.31%£1.25
F&#F Corn stalk 4254041 0.76+0.06 6.33+£0.31
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AR IR FH s 1) 8 R A R B T2, S0 3% %
R E R B B (I 1 B o NI R YR
PKE, CN %, RHBRIEF Y S5 R B R RS
R, IUAERFEFFAE N HRE, ARE TR 45 R, &
fEFTER L 10 0 4 0 3RAE], T REYIE CON LA
2511, HIKEN 65%~T70%, N 60 L S M gshiEfT
USRI o eI A8 rp R F D g st gl R, 6 PRI A
(<45°C) 43k 30 min AR 5 min, &R (>45°C)
££F% 20 min KBRS 5 min, FEIRIT (<45°C) AEFE 40 min
SXBES 5 min, JEXEN 0.25 m*/(min'm?), AL, ik
AR, (R RE, Az 8 K. 5 12
RAEE 19 REIHE KRN 20 d, 7255 1 R HEID |
FaR GRiD « 510 K (BRI RESAREEM
SAEREIIEBIRE ST, RFETVEARAERE (5L 4b
FURE, SR 5 16 B SR BE ORGP % 5Ly e ds thi] H i S0 8
M5E VOCs &7 L AW
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VOCs &H - 5lkEEsr#r, KM US EPA-14. 15 J7
%, 4 800 mL SRAEHIFE M AL L ENTECH 7100 /4B
Tk 4E KRG ik4s, WiBR/KZES. COn N AL O, )5, #EA
S EE-TRECR S (3£E Angilent 7890-5975C) #EAT
SHTIE . RAADRHEEE, SAHEOEZFWT: A
¥ A DB-5MS 60 mx0.32 mmx1.0 um , #H K & K >
99.999%, #H/SIMiEN 1.5 mL/min, FHEFTHR, 26/

35 ‘C N &#F 5 min, ZRJ5LL 5 ‘C/min FHEZE 150 'C, LA
15 °C/min FHE % 220 CLREF 7 min, ZEFE R E R 100 C;
JREE AT RAR R . BRI 230 °C, PUMRATIREE
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Fig.1 Closed aerobic fermentation reactor
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Fig.2 Profiles of temperature and oxygen concentration in aerobic
fermentation

2.2 VOCs o

TEBR SRR A G & & IAEA I R B A2 A A
T 34 FERMEYR (WK 2) , HhEHiEy 4 #,
SR FEREE. H OREE. BRILER. CEUALRE, B2
o, AN CERTHEG. ZMRAEE; W2k 2 Fh, 25~ a
B, SR B 1M, NORE; B2k 4 R, 20N E
iy 2-THd. 2-CUB . HESR TR sEREY 3 Fir,
A E R, &0 (CEFR) - 12-S8 Ok b
Ko TR, RN 2-HEE T ke ke HEEER kD, 2-F 3
Bkt 3-HERE. Eok. ki HHERRMLEY 1
B, R, B 123-=HZE, A ZHZE, M
Ky ABTHIIR. LK. 2-F3E 13- T A a-lRMG . A
Wiy KON, FHNEEERMETCHLY NH; f1 HyS. Hrf
TG 187 Fh3E [ HE s fa i d 2 I e i 12 F7,
22 Fft H AR E e s H B RS b i 5 Fhi, 8
Tl ) A5 R 5 4 o) 0 ST L35 e b i 3 R,

KR FE R IL AL B &I E AR I R
MEF VOCs HEE R LA R P LF RN, &8
FEAF ., AEVERIR . B SRR AR TS Ve N R i R
F it FE VOCs [HEURR S AR 1520203030 e i B il 1 &
M E R ZE R, HIRRTR S HERANEE B SR
(2R (A 5 ARG i A L1 AR S b R B ERI AN ],
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Table 2 Concentration of volatile compounds emitted during
aerobic fermentation of vegetable residues and livestock manure

mg'm'3
, . . . L3
fammr FHEW RRM g N
Mo - - "~ Olfactory
Compound Mesophilic Thermophilic Cooling
types Component phase phase phase threshold
o value
FRILH 5.738 - - 0.46
/E\WJC%% F Bk * - 0.028 0.115  0.003 0
Suiphur
compounds ~ _-BufbEk * 0.111 0.052 0.003  0.0240
TR RREE Y 4.969 0.188 0.006  0.000 1
[ eRE] IR T B - - 0.001 /
Esters SR
compounds LR I - - 0.005  0.008 7
BRI ED
Aldehyde L *° 16.051 0.0180
compounds
P 6219 0.096 0.131 20
AL 2-THd 0.031 2
Ketone
compounds 2-CL 0.051 - - /
FESETE * 0.155 /
BERNED) L 2.899 - 0.027 /
Alcohol "
compounds A BE 3.407 - 0.025 3.9
EREAL A i *° 0.144 - 0.002 /
Halogenated — —4(Hi%% *© - - 0.011 /
hydrocarbon ) o g 0.1 0.007 0.004 6
2-FEET - - 0.004 /
ek - 0.012 - /
Sk 2-FHE bt - - 0.001 /
et 3-FEE b - - 0.002 /
Alkane - :
compounds PRI IR TR b - - 0.001 /
(S - 0.007 0.147 /
Fh - - 0.249 /
a-JkHi - - 0.001  0.001
Frt - 0.008 0.002  0.016
CFEE] 3.
BT 503 0.342 0.014 /
-y
. ] g +0 0.067 0.011 0.007  0.1700
FEREIAN »
p 7 0.028 0.004 0.004 0.8045
Aromatic i R+ 0.067 0.01 0.01 0.030
hydrocarbon 4 — e + 0.033 0.004 0.004  0.058
KL * 1.756 - - 0.202
A IR - 0.006 0.007  0.700
1,2,3-=H% - 0.004 0.001 /
#O - 0.003 0.002 9.4018
NH; 27.57 85 2125 0.0270
H,S 0.446 0.053 0.036  0.000 7
R Odor concentration 72 443 4168 229

W 7 FOREMIIOREEC TR IR <7 RRAREHRINRRE. + KEE
RPERE R OAARBRRIEHGHY): * thEERAEHTG I,
Note: “-” indicates that the substance concentration is lower than the detection
limit; */” indicates no query to the olfactory threshold. 4 indicates hazardous air
pollutants in US EPA; O indicates odor control pollutants in Japan; >indicates
odor control pollutants in China.
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Fig.3 GS-MS map of VOCs emission
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TEERRIR S5 & 8 S I S R R THIR I R SR
Wi, IEH) 72443, ZJEIRETRK, BRIRIARE 229, 78
34 F VOCs W, HIEREE. W AREE. RiALDR. PRk
B LB, HEFTE. KW, MERELIY H,S
A NH; #RE T % AR RE, AR &% [
BIE. Fk, X 9 RYFREREAYES &R HREE
R R R NS B2

TEFBH S E LR IX 9 Rl R MEPIIR R,  FRIERR
W, WIS TE. KM A HBUETHR I, BOEmR
IRB R REIR R 12.5 15, LR P IR B FLnR R (VR
) 891.7 %, RIHIKEEAHREXRER 8.7 5, HCE
PEHN R [ B35 YW AE (GB 14554—2018) ),
P S T AR P8 A R B R BRI . AR R
IR MSMERI R, 1EFHR Y B4 1% S 6
FHF N WS IRIER>S IR L 0> L 7 T . AL
TEIARN IR RSS2 A, LR KR 2k 1) JH L R {9 P 11
58 %, EUFE RIS G — BAE NSRS
(R T SRR R, Ak, SRR, O
2-HRE-13-T s, AR, &R BRI EA, H
T REE. R BRIRE S RIS B
LT AR, O CERERRE R, HIEERRIRE
IRF LI AR 45.2 £, 2-FJE-1,3-T 4R i)
EAF

Bk 34 B VOCs b, i far H 45 K2 1 TE LA NH; A1 H,S,
M2 FTLLEH, KEEFEH HyS M 0.446 mg/m® FREE

0.036 mg/m’, EPLZRETFFICA S, 1 NHs KM
27.57 mg/m’ Jt & & 8Smgm’, R G F i KK =
21.25 mg/m’, RIS E G RRRIEH . TR R,
e A AR I 25 NP B ) NH A1 HLS HETSOAR BE 35 v T
BIE, H,pS BNk A FnR BIE 1 372 £, NH; fk
TR PE S HAG NN R (B 1 283 £ o

U EOR IR ARIAN ], HEBU & BRI AR —
EER. R BRI R R I AR B RN
WRY AT 6. S = SR HaS.
JEIR o S VAP S R IS 2 A PR AR T S R L R
B EEBRYTON = . AR, R R
MZHE=M. TR, SHEFA KM, At
R RIE TS & B EENA A R 2 = A
B AW RAAFAEERE R
2.4 EEMYRSERRSERENHEEMESH

RNt R B R IEZY S & &I RA I H K
T R Hp 32 BB LR B B DR RN, IR
v i AP B8R A () R TR B B R T %) 3 0% B Jo AR B R R
RIRFERIATHI R T (R 3) o WTRLEH, —H 6
fif . H,S 5 RAIKE ST EEMHL (P<0.01) , ZHiftk
BrSSRAWRE R R EMEMAR (P<0.05) , FHEA NH;
HRAIREMATMEAKR, HEGREBM NH; IEE &, H
AU R R, X RARKRE TR, BT E
AU S EE] . A, W aEE. H,S. R =
Z A B EMR (P<0.05) . ZH il H,S. ZHifh
Tk« NH; A1 Rt 1K 7 A S 5 IR e 0 & U SR R B A 1
TR EEEBURYIBT, AR O FE 5 WA LA D,
IR 2 ) S A2 IR DL S HE A B > H,S >
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Table 3 Correlation analysis between odor concentration and
emission of odor compounds

ZHZ W - s
IDE ] Z\@'Z Eﬁ% “1.67)% EFﬁJlLM Eifiﬂg
. Dimethyl ~ NHj Odor
Item Parameters Disulfide, Carbon :
sulfid concentration

dimethyl disulfide

S r 1.00%*  0.907* -0.714  -0.387 1.00%*
2!
P 0.003  0.0276  0.493 0.747 0.008
T H T r 0.906*  -0.711 -0.390 1.00%*
Disulfide,
dimethyl P 0.0279  0.496 0.745 0.009
ZiAk r -0.942 0.037 0.912%
Carbon
disulfide P 0217 0.977 0.0268
FR il r -0.369 -0.723
Dimethyl
sulfide P 0.759 0.486
NH r -0.376
3
P 0.755

e PROR @ £E 0.01 K ERBFEMR, R a 1L 0.05 K EBEMRK.

Note: ** indicate significant at 0.01 level, * indicate significant at 0.05 level.
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Emission characteristics of volatile organic compounds during vegetable
residues and livestock manure combined aerobic fermentation

Zhang Xi'?, Meng Haibo'?, Liu Wenjie>*, Shen Yujun***, Zhao Lixin', Zhang Pengyue'?, Wang Jian'?,

Zhou Haibin'?, Cheng Hongsheng'?, Song Liqiu®?
(1. Chinese Academy of Agricultural Engineering Planning & Design, Beijing 100125, China; 2. Key Laboratory of Technology and

Model for Cyclic Utilization from Agricultural Resources, Ministry of Agriculture and Rural Affairs, Beijing 100125, China;
3. Heilongjiang Bayi Agricultural University, Daqing 163319, China)

Abstract: The aerobic fermentation process will emit a trace of volatile organic compounds (VOCs), although the VOCs
content is less, the effect on human health cannot be neglected. VOCs are not a single substance, but a class of compounds.
However, the emission characteristics of VOCs and key odor substances during vegetable residues and livestock manures
combined aerobic fermentation process is relatively limited at present. In order to investigate the characteristics of VOCs and
key odor substances, vegetable residues and livestock manures combined aerobic fermentation was carried out, and the
experiment lasted for 20 days in November 2018 at the Key Laboratory of Technology and Model for Cyclic Utilization from
Agricultural Resources. The water content of leaf vegetable residues-pig manures-straw mixes for aerobic fermentation was
65%, and the ratio of carbon to nitrogen was 25:1. During the aerobic fermentation process, the forced ventilation was used,
and the ventilation rate was 0.25 m*/(min-m®). The temperature inside the fermentation pile rose and exceeded 55 C within 3
days, and kept above 50 C for 7 days, kept above 55 C for 6 days, which could secure pathogen inactivation and meet the
non-hazardous requirement of national standards. The experiment to monitor volatile gas emission from the aerobic
fermentation process, the VOCs concentration at different phases were analyzed and detected by GC-MS, and the odor
concentration was determined by three-point comparative odor bag method. The results showed that 34 kinds of VOCs were
detected, besides ammonia and hydrogen sulfide. The detected VOCs included carbonyl sulfide, methyl sulfide, carbon
disulfide, dimethyl disulfide, butyl acetate, ethyl acetate, ethanol, isopropanol, acetaldehyde, acetone, 2-butanone, 2-hexanone,
methyl isobutyl ketone, chloroform, dichloromethane, 1,2-dichloroethane, 2-methylbutane, pentane, 2-methylpentane,
3-methylpentane, methylcyclopentane, N-hexane, octane, a-pinene, limonene, 2-methyl-1,3-butadiene, toluene, ethylbenzene,
m-xylene, p-xylene, styrene, o-xylene, 1,2, 3-trimethylbenzene, benzene. There were sulphur compounds, esters compounds,
aldehyde compounds, ketone compounds, alcohol compounds, halohydrocarbons, alkane compounds, aromatic compounds
were 4,2, 1, 4,2, 3,7 and 11, respectively. The highest odor concentration was 72 443 during the mesophilic phase, however
the most variation of VOCs was up to 29 during the cooling phase. The correlation analysis between importance to smelly
gases and odor concentration showed that the hydrogen sulfide and dimethyl disulfide were significantly positively correlated
with odor concentration (P<0.01). Carbon disulfide was significantly positively correlated with odor concentration (P<0.05).
The relationships between dimethyl sulfide, ammonia with ordor gas were not strong, but the concentration of dimethyl sulfide
and ammonia were high and had a strong pungent odor. Beyond that, it contributed a lot to the odor concentration, and should
be monitored and controlled. Therefore, the smelly and odor-causing matters of vergetable residues and livestock manures
combined aerobic fermentation were mainly disulfide dimethyl, hydrogen sulfide, carbon disulfide, dimethyl sulfide and
ammonia. In order to monitor the key odor substances and provide reference for making control strategy in the vergetable
residues and livestock manure combined erobic fermentation, we recommended disulfide dimethyl, hydrogen sulfide as a foul
odor pollution indicator. Next, we need to study the emission of VOCs from vergetable residues with different feedstocks and
different fermentation conditions. The study provides data support for mitigating VOCs gas emissions during the composting
of agricultural wastes aerobic fermentation.

Keywords: wastes; manures; emission control; combined aerobic fermentation; olatile organic compounds; key odor
substances



