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Research progress on synergistic emission reduction of ammonia and hydrogen sulfide in composting
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Abstract: Rapid growth in the annual production of organic solid waste has become a huge challenge worldwide. Aerobic composting
technology is one of the mainstream technologies based on utilizing organic solid waste resources. However, during the composting process,
microorganisms are highly active, constantly decomposing organic matter and often produce large amounts of foul-smelling gases that are
released in atmosphere, especially ammonia (NH;) and hydrogen sulfide (H,S); these gases have serious impacts on human and animal
health as well as environmental quality. The present study focuses on summarizing the generation mechanism and transformation pathway of
NH; and H,S during the aerobic composting process of organic solid waste. Concerning the aspects of controlling endogenous parameters
(C/N ratio, aeration rate, initial moisture content, and initial pH) and exogenous material addition (chemical, physical, and biological
additives ), this study introduces the synergistic emission reduction technologies of NH; and H.S. Furthermore, this study proposes

prospects for future research directions based on the research status quo in this field. A review of existing research has shown that various
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composting parameters interact with each other and must be considered and optimized together. The effect of regulating the endogenous

parameters within the compost pile is limited. However, further optimization of the endogenous parameters and coupling of exogenous

material addition can improve the emission reduction efficiency of NH; and H,S during composting; this will help in promoting the green

and efficient development of aerobic composting technology.

Keywords: aerobic composting; NHs; H,S; emission reduction; organic waste; solid waste
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Figure 1 Generation and transformation of ammonia(NH;) and hydrogen sulfide (H,S) during aerobic composting process
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Table 1 Effects of aeration mode and aeration rate on ammonia(NH;) and hydrogen sulphide(H.S) reduction during aerobic

composting process

HENE SR HENE (8]

oLy | el R R NH. AR HS AR itk
P . & p & Optimum aeration mode and aeration rate NH; emission reduction effect H.S emission reduction effect Reference
material time
B 18d [A] BRIES,0.35 Lok »min™ 7655 0~4 K HIELEES 0.3 Lokg - min ' Zb B FLIEZEIEX0.3 Lokg ' »min” [39]
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Table 2 Optimal moisture content for different composting systems

HENE Sk AR s i) HEAE A R IG5 KR SCHk
Composting material Composting time Composting system Optimum moisture content Reference
A EAKFEFE 35d 60 L J52 i i HE N 65% [43]
43¢ KRS FF 48 d HE AN, HEATE 15 m 1 m K 1.7 m 71% [44]
WA EOKFSF 30d 50 L i HEAE 65% [45]
1518 FAARHE 10d 500 mL J b #5 HEAE 60%~70% [46]

BRI E ARG 15d 60 L J5Z 1o i HEJIEL 65% [35]
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Ty, 5 NHs B3+ HECER 8070 48% , H 1 Tl on R 1
i, HoS B HE i w3 55% . BRSO E,
7] BE BT AL S 7 AR R e

HEAR pH 52 e 3 AT 2o A5 v (8 fh 2= AR AL TR B 25
SR P 3 IR 8 3 3 S 2o 5 i M S e 8 o
i, PRt HAR S R Y MR A pHE LA SE B NH: Rl HLS 1Y
P IRIHE | 222 1R A RCHE R A G o

B — RS KR R C/N B pH S IS EL
BIMXT 45 5 Rk Se S50 2 [ AR A AH AR A B
me , A AE LR R IAHEE , A Re SEBMENE S
PRAEAE o (H NH; H1HLS 76 P8 425 P U5 2 55050 B HE s
AR v, BRI i 98 e il S 50 15 NHs
HLS S HE R f5 /1N FLAS 52 M 38 E o o
2.2 SNEH RN

FEHEIAR S S B0GE T EE P ARG SN s,
AL i — A5 2 5 NH A HLS A9 PR R HE SR o By
AN BT FE 3 A2 S R B S 0 R AN AR s
izl
2.2.1 feEus s

R H DL B4 A 2 T 0 75 2 A B R R N
F L ERBEES NR AR . e T R A
(MgNH.PO, - 6H0) INBIFFE R |z, MV i A A
BT (Mg™) AR BT (NH) FEBEIRER (H.PO; (HPO:
PO B, AT RETE B S 2540, o N & [ ZEHEAAR Y, s
D NH HETS o Jiang S50 78 21 3R AT v s i 6 A g
FRER , 5 A IS s A0 e NH,y 23R &8 55%~
82% . 3 AT YL YE M 7] F 7E 7.5~9.0 [ e 4 pH T IE
A%, Liang 2552 BLS T MgS 0. Al KH.PO,—K,HPO, Z& i
VWA BT G2 s HEAR pH AR 1R, A TE B S 264 e
PEALATE IY pH Y5 [, 2 1M B 4 M 45 5 NH:, 523 NH;
CHE . BERRER WS I A F T80 HaS R, Tk 4t
e AFTE JaT 4% b7 CHE A AR i HaPOL A Mg (OH ), 3
5 NHIgE I8 S 354, (8 NHsHE B Ik D> 50% ; ()
B HaPOL Ft Mg (OH ). S IR 55 T HEAR pH, HaS HE ik
T T 39%, SEEL T NHFHLS P Rl HE . 3 iR
R IR 2 0 — RIS N A B}, Zhang 5576 4
FEHERE AN I B R S IS, NHs A1 HLS HE B 20 31
24 38% F1 66% , s N IR 45 25 5 HEAK v (1) NHIZ%
BIE RS 2E 4, [A) B 25 B AR HE AR pH AR B a2
NH: HE ; 75 0 3 1R 45 11 b R 2 O, T A it /b, HE
PArb DA 3 (A1 980/ )N , DT HoS HE ik 2 A

BRULZ A0, A 4R B AE R A2 s Rl e sz 3]
2R o AE YA U v B TS R AT O R AR R
— 436 —

A AR BN, DT RS ARG T 254 A B R
It Ak Ry T BE T AR, R PR R SR FHS R A S B
Py i 4334 AT LA A P i, DT R R
W= A SHERC®, Chen 255 BF5E & B0, 2% H 585 (M.
micrantha ) B IR RO 1 35 AU AL A S8 A7) 32 5 2
AR HEAE A, P RE R 32 L5 A A SRR AL 1oy 5
M, FARPLHA A FEF9E . B 3 B n] ae 25
MU HER pHAE, DI 38 320 2028 AOA T AOB = JiE 521
N AL FASARHE R, & 8 250 vh R 20K | R
BT R — b R 2R K S R AR R 1Y
it , A4 $ BCH) A RT3 S 4D o) R I 3 A D/ NH HE
JiC, ETE AE 2 FhE 47 B IR LA 0 ] il 0 42 1
FHEPIRT, Qn g Aoy i 3R O 5E . He S5°BF
G R BV KT R Tt P 411 ) 3 1 3K 84% , X S R Ry
HEBR AT A5 R 18 T S M L S5 IR E 0 FIE
SRR IR R . TERSNIEAT IR B
REARIG T, 1.2.6 h Fl 12 h I NHs=N 7543 51l 2>
30% .18% .26% F1 16%. Matusiak 25 C7F X 2 th s 0
22 22 PLHUY) , 48 h i NH R BE AR T 66% , HaS 1k i %
KT 29%.
2.2.2 YELTINF)

) BS54 7 S A e 3 3 W R AR ) B8 e AR
HE A S R ol A S SR HE R M o . B SR
KTIZ A A N T T A g1
VaRNGE o LN LIy =y Sl S ¢y p S S SRS K
KA EE R AR AR, A T8 R SR FT A
Jo (AN 20 IR 3R PR 55 ) W B, ] Bsf Ay HE AR v i A
PR R AT i A K BREE A R T A R AEE IR
(AT A o F8 50 A Rk 3R TR HLAT R 1k sl Bl 1 RE AT, AT
DL NHE  HS 45 3 1A S5 A M T S 8RS dE

Awasthi ZF77E 15 7K 75 e HE IR Hr s i 7 i (8%
12% 1 18% ) /) A= ) ¢, 45 NHs SR HE = 43 51 S
F AL 44% . 59% F165% . Ouyang 5775 Je HEAE
APy o, A HoS HE I i AR 13%~50% 5 2L 45
KV L2 BRI, PR B8 428 | HL0, 55 %
FRFAA AR A T e T DA o L T e 1 s mei v e
B K b 3R v R R FL A R R v R B E
Huang 25 FF 2 X A0 576 16 1k e A 7 el e, ik S it
¢ 3% THT 1R R 1 56 P et i m , MR Bf %) NH 5 3R 1T 7Y
ik P 35 A AR AR T e NG, DAY Dk 2> NHL HE B
Zhou ZE T Ha0, %F £ K AS FF A= 9 e oA 7 el e | el bk
Ji M W o B 2% T AR B FL AR B 43 0 4 i 90% i
143% , 5 U J5 1R A2 0 ¢ s N AE XS ZEHENE H , NH HE
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D 62% . HoS BRI , IRk VE 5 i Ak A
FITF W B HaS™ s BN AE A e T LS S HE AR N AR
i, ISk B8 T HoS BHER , 32 w0 2 A A TR
A A0 A A AR 20 A R R, £ R A Ak R A AR Ak
TR P A A e R R R R A S R el HE AR
o AR R BB R I A A A 5 R AR AR
WA I T 109%~27% ) NH HERC®, 3 AT GE 2 i T
g A ES - (U0 O A1 03) AT LAYE S NHE A4 W B3z
L T Ay 2R T A P 8 (4 KO Na ™)t AT LS NH3
A Bl i e B FREE v, {8 NHEAE R 4y 19 28 A7 & A W)
B, DTS 2F NH s HES
2.2.3 AW

A 3 R ) R A R BRAE 2 5 1 v 3 R
SAESG, TE2 AL RUZE D AR TS NHIER AL NOS, 22
Jei AR A B 0 — 26 NOLFE Ak R NOs, AT I8 2> NH;
HERC, 7 SR AL i 2B NOSIB ik NO,, 41 i & 4R
a2, —E R F 4 8 NH HERE 0, A2
PR AN S AR R AR, A R A
Y0 TRV B AR A R SOT, 8/ HLS HEC, [R] e At iR
R A TR S 20 i R R A IR R B AR, = BHLS HE
o WS IINA TR R AT DA CE O P TR S5 L B D
RE MR W i 32 B A2 R A Ak ol R R A Ak i R R
A, DT S B B A8 HE -

& 35 T A0 G AR R e R R I R
Tl 24 Je FL6F NH5 A1 HoS A 98 HERCR AE R L 45, il
22 3 0] LUK B — TR AR A1 T A B, OO B SR Y
FBRAE FIME LR B BEANAL 25 5 e iR . T

NE IS (T AE S Z 0 R U RV A AT A8 4, 525
AR AT BEE B SE R . ANFETIREMA 2 E Y
SZIL A HE o VR AR 0% [ B B A R 1 52 81 NH, A
H.S Pr A8 HE

FE A R AR B A R R e LR O 2
AR B0 A= 0 1 R0 A 7 P B R T A 2 X B A
PTG Y — OXER SRR IR IR BT A e 2 RE
A R 0 1 HE R R B op (0 20 A2 3R 2 [ 5
M), G0 = 25 G A 0 1 5 4 BB 0 AR AR A R S 32
A AR TG R DR o5 A B B AL, R RUE
YIS AR A S5 A, 5140 Awasthi ZE7E
A= 2 M B P TS AR W e RN B R, A W e R A R
Hb R A G L, $ R B P TR, BN B ) 2 A
P [RS8 R HE R FL B %, 41 5 HE A o 4
S, — R A SR Ak 2 B N R AR A T
PR M 2 2B W e A B AT W B R D7, BT LA
1 R B 7] A TC A5 68 FE AT LA S ] S A HE A
B IR AORAT, 50 BEOAE H NH HE R I 75% A2
o BRAEW IR Z A0 AT TPy BRGS0 550 o] LAAE
PO 0 B AR AN R SR B 4 T T e R
A S A O HERSCR B T B TR

F 4 0G5 T AL A AR H NH, FHLS JlcHE R 5
PR it B2 AR FABLH o PR HENE i R i W06 5K
R WA pH LE SEE NH, A1 HLS B[R] 9 HE B 35 47 78 v
%, HBe TR i S 50115 NH, R HoS HE R it i
fiko HEAR C/N 5 HERE /) B2 AT NH; | HoS HE & 52
BRSO, DR MR AR SR HIE A S0 8 A R i T B e M

R 3 EWRMFIITIF S HERL T2 h NH, F0 HLS B HER 20

Table 3 Effects of biological additives on ammonia(NH;) and hydrogen sulfide(H,S) reduction during the aerobic composting process

c2 | AR ey o PR FEFIBLA ik
R e Biological additive Hission FeCUetion Mechanism Reference
material time efficiency
LS 15d FEPNE T 2E#AF 1R ( Bacillus stearothermophilus ) JERE 22 NHaUsHE 10%~  FEARHEIA pH; ek A b an A [72]
Btk (Candida utilis) VR 55 2FAUFT B (Bacillus subtilis) 53% A o R A
pLES 12d FEIAE 5 2E 70T B ( Bacillus stearothermophilus ) NH: I8 HE 4%~11% [FEARHER pH ; FE 7EhS b 20 8 A [73]
KA R R AR
V57K 35 e 25d T AT B G T ( Cohmella thermotolerans ) HSUHE3S% A IR s AE i ik [74]
SN A4

g 21d
Lk 54d AN = W

Bt b 50d

T AT B8 J& A JELFT B8 ( Thiobacillus thioparus 1904 )

AR AT (TE R R AR AT T A0 3R R AR 14

NH: 8 HE22%,
HLSWlHE 33%

NH:iHE47% SO A a8 [75)
AN 1 3 e ik 28 S AL S i

BT IR R A, EE IRE [76]

P BERR AL RO R pH - [49]

NH, A 58% .,

P S5 P i ) HSWHE29% AR WITRE SR i P T 1
PRI P30 CRAL AT TS AL SRR A TR
I#l AT )
e 43 d B RZEHHFH (Bacillus megaterium ) NH3 I HE31% e E b i A K [77]
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R4 WFEHERD B NH A0 H.S R DR HER A

Table 4 In—situ reduction technology for ammonia(NH;) and hydrogen sulfide(H.S) in aerobic composting

HOARKRY B A AL SR

IR ES

Technology Emission reduction Composting /E\-Mqﬁﬁﬁ Emission reduction VPFHM?EU Sk
. Specific measure .. Mechanism Reference
type technology material efficiency
WiRZ T ON RS BERRI. TERIIR KRN 65%  BERHR NHaIHE4% , HoSIEHE C/N EZP AL AU [35)
Bl AR BIREKE SRS 0.3 L-kg™"*min™, C/N 4y 27 21% B WU 5 KA LB
AR A 4
JE5 pH X3 RJE I 11% it NH:J8HE31% SR A PSR [81]
ol
JE1 pH X2 HE W 0.25% B NH i AlE 48% , H.S B 5200 SR ) VEAHEAE [49]
FTHHEBCRRE N T 55% 2R gtk As 4k
SN feesasng e EOK NI 10% F5 BERE IR NHaJlHE 43% , HoS 98l RAALSA O, B S 2E [82]
s FEAT HE35% A1 71 CaS
KEFEE U 50 mL-kg ' WRBE N 5% 2225 NHiHE66% , HoS Ik 345 pH, I BUZEMIEG [60]
P HE29% P, B AR A R A
7B 1Bl NP NI 10% A9 5 NH: )8 HE24% , HLS I 2 AR WA, 5 pH, - [82]
FEFF HE13% N W P4 B A A
FRb
Rl KGR BWEIE AR (Paenibacillus ehimensis  NHsJSHE49% , .Sl 2 DG HEAR FUALBE AT [83]

LYH-1) i AT 8 QT (Cohnella
thermotolerans LYH=2) FIZEZFE AT TH

HE19% P, 32 R A AR RO B

fRHEAR pH

(Paenibacillus naphthalenovorans LYH-3)

C/N, A SZ B0 NH: A1 HS B )i HE . 4% 2 802 [al A B
SO, T LA E PR R A . AR PRIEHENE T
HI4R T L HEHFESH N C/IN 24~30, 55 7K % 60%~70%,
WS % 0.2~0.3 L-kg ' »min™, pH 5~9, 7EIRFHEIL
I FES B S S I AN 5, T DA — 2B 2
NH; A1 HoS PUSHERCR oAby R BRI 0 0] 4 18 o0 448
B HERCR AT AR A (A SRR
AR Z BB . MR AR IR A
I, AR 5B 2 R R AR 0 000 o R SRS Ry
TC R o R i s IR R AR D S AR
HE, 380 2 A F A TC ) B8 S A 0 AN AT DA AR g R
It T A S 2 R R AR P R s HE N 2
VEIRAR . % T HENE FREE A W 76 2 A M PN A W eV
A AR Z R Y 25 B S PR Ak 2= a7
A filt A O X HLAT S5 4 1 A Rl i O i

3 FitE5RE

U A HENE SCIL T R S R DAL A (R AEHE I 2T
P v 25 AR K R B AA, o NHL i HLS XS,
PO R BT AN K o AN SOHEA T 4 S HE IR 2 A2 o NH;
I HLS M 77 A DL R — 35 U ) i AR 58 0k
Horp RSB TR B, 75 A S B A A )
W ARG AL (EA S P9 U S B8 4 DL SE B NH Al
HLS B Rl HE , 3875 S e & AMEY) R B as . LW
TFIAR HE R AR a8 R 22 5 AR, a2t A
— 438 —

SETCUA S S B AR ds R A il 2 =T DLk
— B NH A HLS I HESCR

A W I B %) S B A T 7 28 1 R A A i T g
PERCAEYD , A SR S A HE KR 8 AT 1 R 8 9 1k
Yy, SISO B 0 B AR A 7 AR WL A T Xl b i 226
YL GED , LAARAS B Z B PR GEUR . 25 RS IR A
Ul HE 2 R R HE A R AL 1 AN BR A, 2R AR5 v
VORI AE Y B2F 70k  AERUE )2 E DL R LR 2
T 4 7 AH DGR AL o B — A Dl Jr v R 45 VE
A B, 25 A E YA AR E A A BE A S
NH; Fll HoS Fr [FI8HE , B AL AL IR S 50 Ll 1
ShAR R R AR BUR 2 R A AMIE A SR A TS
R B R R HE LAV HE S SR, BRTRZ
BORFFE I R Se i 2 FUASE, 55 52 PR A 7 iy IR A R Y
ZEE A J5 N B — A R B Hpiaial e sl 3 S B
M.

SE k-

[1] XIONG J, MA S, HE X, et al. Nitrogen transformation and dynamic
changes in related functional genes during functional-membrane cov-
ered aerobic composting|J]. Bioresource Technology, 2021, 332:125087.

[2] AR N RAEFIE A 57 59k S B et . b [ 2 B gE AR 4L M.
JbEC R E G iE kR, 2021, Ministry of Housing and Urban—Ru-
ral Development of the PRC. China urban—rural construction statistical
yearbook[M]. Beijing: China Statistics Press, 2021.

B3] WZRGEiH R . HIESETHAESM]. Lt P E ST H AL, 2020, Na-

http://www.aed.org.cn



EE, 5 HEIRSES RUSHEBHIRRHE

2024438

tional Bureau of Statistics of the PRC. China statistical yearbook[M].
Beijing: China Statistics Press, 2020.

[4] SHAH A V, SINGH A, MOHANTY S S, et al. Organic solid waste : bio-
refinery approach as a sustainable strategy in circular bioeconomyl[J].
Bioresource Technology, 2022, 349:126835.

[5] CUDJOE D, ACQUAH P M. Environmental impact analysis of munici-
pal solid waste incineration in African countries|J]. Chemosphere, 2021,
265:129186.

[6] W eta . A HUAL X BN 7 0 SRR BTk A SE M) B S8 08 e (). 46
I 5345, 2019(8) :29.  PAN X J. Research progress on the ef-
fect of organic fertilizer on soil fertility and soil environmental quality
[J]. Agricultural Development & Equipments, 2019(8) :29.

[7] %H3, fRAkAE, BB, 45 . PME I Ak et A 0 A HLAE X 85 b K 11 307
R TSR (). WA 2741, 2022, 34(8) 1 1626-1637. RU
C, YU J H, WU Y, et al. Effect of reducing chemical fertilizer and ap-
plying bio—organic fertilizer on yield and quality of Chinese cabbage in
open field[J]. Acta Agriculturae Zhejiangensis, 2022, 34 (8) : 1626~
1637.

[8] “hA1EE, R 3C, AR, 55 . BUEWIBR R AN T8 & AR m oY
BRI Wvr Al 24, 2021, 33(8) : 1552-1564.  MA S X, BAI Q
W, ZHOU W, et al. Application of microbial deodorant in livestock and
poultry farms[J]. Acta Agriculturae Zhejiangensis, 2021, 33(8) : 1552—
1564.

[9] SHAN G C, LI W G, GAO Y J, et al. Additives for reducing nitrogen
loss during composting: a review[J]. Journal of Cleaner Production,
2021, 307:127308.

[10] WONG J, WANG X, SELVAM A. Improving compost quality by con-
trolling nitrogen loss during compostingM]//Current developments in
biotechnology and bioengineering. Elsevier, 2017 :59-82.

[11] CUI G Y, BHAT S A, LI W ], et al. H,S, MeSH, and NH; emissions
from activated sludge: an insight towards sludge characteristics and
microbial mechanisms[J]. International Biodeterioration & Biodegra-
dation, 2022, 166:105331.

[12] CHEN J, CHEN T B, GAO D, et al. Reducing H»S production by O,
feedback control during large—scale sewage sludge composting[J].
Waste Management, 2011, 31(1) :65-70.

[13] WU T, WANG X M, LI D J, et al. Emission of volatile organic sulfur
compounds (VOSCs) during aerobic decomposition of food wastes[J].
Atmospheric Environment, 2010, 44(39) :5065-5071.

[14] ANDRASKAR J, YADAV S, KAPLEY A. Challenges and control
strategies of odor emission from composting operation[]J]. Applied Bio-
chemistry and Biotechnology, 2021, 193(7) :2331-2356.

[15] Fli R, BF M, X, 5. 5T Al HOR 2875 B & 50 F
JBLAR ()] A5 B B8 A ) 4 i, 2022, 28 (5) 1 1357 - 1366.
WANG J L, LU Q Y, LIU Y, et al. Research and development status
of fecal microbial deodorant based on in—situ control technology[J].
Chinese Journal of Applied and Environmental Biology, 2022, 28(5) :
1357-1366.

[16] WANG S G, ZENG Y. Ammonia emission mitigation in food waste
composting: a review[J]. Bioresource Technology, 2018, 248:13-19.

[17] LEHTOVIRTA-MORLEY L E. Ammonia oxidation : ecology, physiol-

http://'www.aed.org.cn

ogy, biochemistry and why they must all come together[J]. FEMS Mi-
crobiology Letters, 2018, 365(9) : fny058.

[18] GWAK J H, JUNG M Y, HONG H, et al. Archaeal nitrification is con-
strained by copper complexation with organic matter in municipal
wastewater treatment plants[J]. ISME Journal, 2020, 14(2) :335-346.

[19] DENG LT, ZHAO Y, ZHANG ] Z, et al. Insight to nitrification during
cattle manure—maize straw and biochar composting in terms of multi—
variable interaction[]]. Bioresource Technology, 2021, 323:124572.

[20] KITS K D, SEDLACEK C J, LEBEDEVA E V, et al. Kinetic analysis
of a complete nitrifier reveals an oligotrophic lifestyle[J]. Nature,
2017, 549(7671) :269-272.

[21]SHIM Z, ZHAO Y, ZHU L ], et al. Denitrification during composting :
biochemistry, implication and perspective[]]. International Biodeterio-
ration & Biodegradation, 2020, 153 :105043.

[22] FRENEY J R, SIMPSON J R. Gaseous loss of nitrogen from plant-soil
systems[M]. Springer Science & Business Media, 2013.

[23] HUANG Y, YANG H, LI K, et al. Red mud conserved compost nitro-
gen by enhancing nitrogen fixation and inhibiting denitrification re-
vealed via metagenomic analysis|J]. Bioresource Technology, 2022,
346:126654.

[24] QIAN X, SUN W, GU J, et al. Variable effects of oxytetracycline on
antibiotic resistance gene abundance and the bacterial community
during aerobic composting of cow manure[J]. Journal of Hazardous
Materials, 2016, 315:61-69.

[25] LOMANS B P, POL A, DEN CAMP H J M O. Microbial cycling of vol-
atile organic sulfur compounds in anoxic environments|J]. Water Sci-
ence and Technology, 2002, 45(10) : 55-60.

[26] LI X, CHEN S, DONG B, et al. New insight into the effect of thermal
hydrolysis on high solid sludge anaerobic digestion: conversion path-
way of volatile sulphur compounds[]J]. Chemosphere, 2020, 244:
125466.

[27]1 IM S, MOSTAFA A, KIM D-H. Use of citric acid for reducing CHs4
and H,S emissions during storage of pig slurry and increasing biogas
production:lab— and pilot-scale test, and assessment[J]. Science of
the Total Environment, 2021, 753:142080.

[28] POKORNA D, ZABRANSKA J. Sulfur-oxidizing bacteria in environ-
mental technology[J]. Biotechnology Advances, 2015, 33 (6) : 1246—
1259.

[29] TANG K, BASKARAN V, NEMATI M. Bacteria of the sulphur cycle:
an overview of microbiology, biokinetics and their role in petroleum
and mining industries[]|. Biochemical Engineering Journal, 2009, 44
(1):73-94.

[30] TUOMELA M, VIKMAN M, HATAKKA A, et al. Biodegradation of
lignin in a compost environment: a review|J]. Bioresource Technology,
2000, 72(2) : 169-183.

[31]ONWOSI C O, IGBOKWE V C, ODIMBA J N, et al. Composting tech-
nology in waste stabilization: on the methods, challenges and future
prospects|]]. Journal of Environmental Management, 2017, 190: 140~
157.

[32] ESTEVEZ-SCHWARZ 1, SEOANE-LABANDEIRA S, NUNEZ-

DELGADO A, et al. Production and characterization of compost made

— 439 —



Al B R S IR

FH-E4E-F2H

from garden and other waste[J]. Polish Journal of Environmental Stud-
ies, 2012, 21(4) : 855-864.

[33] TU Z N, REN X N, ZHAO ] C, et al. Synergistic effects of biochar/mi-
crobial inoculation on the enhancement of pig manure composting[J].
Biochar, 2019, 1(1) :127-137.

[34] LI D, YUAN J, DING J, et al. Effects of carbon/nitrogen ratio and aer-
ation rate on the sheep manure composting process and associated
gaseous emissions[J]. Journal of Environmental Management, 2022,
323:116093.

[35] TANG R, LIU Y, MA R, et al. Effect of moisture content, aeration
rate, and C/N on maturity and gaseous emissions during kitchen waste
rapid composting[J]. Journal of Environmental Management, 2023,
326:116662.

[36] XU Z, QI C, ZHANG L, et al. Bacterial dynamics and functions for
gaseous emissions and humification in response to aeration intensities
during kitchen waste composting[J]. Bioresource Technology, 2021,
337:125369.

[37] ZENG J F, SHEN X L, HAN L J, et al. Dynamics of oxygen supply
and consumption during mainstream large—scale composting in China
[J]. Bioresource Technology, 2016, 220:104-109.

[38] ELWELL D L, HONG J H, KEENER H M. Composting hog manure/
sawdust mixtures using intermittent and continuous aeration: ammo-
nia emissions[J]. Compost Science & Utilization, 2002, 10(2) : 142-
149.

[39] PENG L, TANG R, WANG G, et al. Effect of aeration rate, aeration
pattern, and turning frequency on maturity and gaseous emissions dur-
ing kitchen waste composting[J]. Environmental Technology & Innova-
tion, 2023, 29:102997.

[40] ZENG J, SHEN X, YIN H, et al. Oxygen dynamics, organic matter
degradation and main gas emissions during pig manure composting:
effect of intermittent aeration[]J]. Bioresource Technology, 2022, 361 :
127697.

[411ZHANG HY, LI G X, GU ], et al. Influence of aeration on volatile sul-
fur compounds (VSCs) and NH; emissions during aerobic composting
of kitchen waste[J]. Waste Management, 2016, 58:369-375.

[42] YUAN J, CHADWICK D, ZHANG D, et al. Effects of aeration rate on
maturity and gaseous emissions during sewage sludge composting[J].
Waste Management, 2016, 56:403-410.

[43] ZEFHBH, B 5, O A A, A5 KRR S FEHENE I AR K5 R
PRHERCA S )] Ak TR 4R, 2020, 36(20):254-262. LI D
Y, MA R N, QI C R, et al. Effect of moisture content on maturity and
pollutant gas emissions during sheep manure composting[J]. Transac-
tions of the Chinese Society of Agricultural Engineering, 2020, 36
(20):254-262.

[44] B, FE3CHH, A0 . SRR FF IR 4 385 K S0 HUE A 1
SRR R [T, £ SR, 2020, 39(5) : 179-186.  ZHAO X,
WANG W L, LI J. Effect of corn stalk regulating moisture content on
cow manure compost and ammonia release[]]. Ecological Science,
2020, 39(5) : 179-186.

[45) VLA, diFi, SR A, &5 . SR FEMEAL 5 R A BIL) 5 A LA

SR D). Al TR, 2017, 33(5) :211-216. SHEN Y J,

— 440 —

MENG H B, ZHANG P Y, et al. The production rules and influencing
factors of volatile organic compounds in pig manure[J]. Transactions
of the Chinese Society of Agricultural Engineering, 2017, 33(5) :211-
216.

[46] LIANG C, DAS K C, MCCLENDON R W. The influence of tempera-
ture and moisture contents regimes on the aerobic microbial activity
of a biosolids composting blend[]]. Bioresource Technology, 2003, 86
(2):131-137.

[47] ANDRIAMANOHIARISOAMANANA F J,SAKAMOTO Y, YAMASHI-
RO T, et al. Effects of handling parameters on hydrogen sulfide emis-
sion from stored dairy manure[]]. Journal of Environmental Manage-
ment, 2015, 154:110-116.

[48] LI R, XU K, ALI A, et al. Sulfur-aided composting facilitates ammo-
nia release mitigation, endocrine disrupting chemicals degradation
and biosolids stabilization[J]. Bioresource Technology, 2020, 312:
123653.

[491 GU W J, SUN W, LU Y S, et al. Effect of Thiobacillus thioparus 1904
and sulphur addition on odour emission during aerobic composting[J].
Bioresource Technology, 2018, 249 :254-260.

[50] ERIKSEN J, ANDERSEN A J, POULSEN H V, et al. Sulfur turnover
and emissions during storage of cattle slurry: effects of acidification
and sulfur addition[J]. Journal of Environmental Quality, 2012,41(5) :
1633-1641.

[S1]JIANG T, MA X, YANG J, et al. Effect of different struvite crystalliza-
tion methods on gaseous emission and the comprehensive comparison
during the composting|J]. Bioresource Technology, 2016, 217: 219~
226.

[52] LIANG J Y, SHEN Y W, SHOU Z Q, et al. Nitrogen loss reduction by
adding KH,PO,~K,HPO, buffer solution during composting of sewage
sludgelJ]. Bioresource Technology, 2018, 264 :116-122.

31 IR, AR A, AT, A T SRR B A0S I A B RO AE R NHs
I HS HE (] Zzﬂk TRE#41, 2013, 29(23) : 173-178.  ZHANG
HY, LI G X, YUAN J, et al. Nitrogen fixation additive reducing NH3
and H,S during composting of kitchen waste and cornstalk[J]. Transac-
tions of the Chinese Society of Agricultural Engineering, 2013, 29
(23):173-178.

[54] ZHANG D, LUO W, YUAN ], et al. Effects of woody peat and super-
phosphate on compost maturity and gaseous emissions during pig ma-
nure composting|J]. Waste Management, 2017, 68 : 56—63.

[55] JEI ST, Bk, A RF Ak . AP BR RN A RIE S T Je ). 1 E
K2R (A REE R, 2020, 42(6) : 644-648.  ZHOU L X,
ZHONG ] C, DU Z Z. Research and application progress of plant de-
odorant[]]. Journal of Hubei University (Natural Science), 2020, 42
(6):644-648.

[56] WANG Y, ZHANG Y, SHI Y Q, et al. Antibacterial effects of cinna-
mon ( Cinnamomum zeylanicum) bark essential oil on Porphyromonas
gingivalis[]]. Microbial Pathogenesis, 2018, 116:26-32.

[57] CHEN W B, CHEN B M, LIAO H X, et al. Leaf leachates have the po-
tential to influence soil nitrification via changes in ammonia—oxidiz-
ing archaea and bacteria populations|J]. European Journal of Soil Sci-

ence, 2020, 71(1):119-131.

http://www.aed.org.cn



EE, 5 HEIRSES RUSHEBHIRRHE

2024438

[58] MAZLOOMI F, JALALI M. Effects of vermiculite, nanoclay and zeo-
lite on ammonium transport through saturated sandy loam soil: col-
umn experiments and modeling approaches|]]. Catena, 2019, 176:
170-180.

[59] HE Y, ZHANG X, LI M, et al. Coptisine: a natural plant inhibitor of
ruminal bacterial urease screened by molecular docking[J]. Science of
the Total Environment, 2022, 808:151946.

[60] MATUSIAK K, OLEKSY M, BOROWSKI S, et al. The use of Yucca
schidigera and microbial preparation for poultry manure deodorization
and hygienization[J]. Journal of Environmental Management, 2016,
170:50-59.

[61] CHEN W, LIAO X D, WU Y B, et al. Effects of different types of bio-
char on methane and ammonia mitigation during layer manure com-
posting[J]. Waste Management, 2017, 61:506-515.

[62] HUANG C C, LI H S, CHEN C H. Effect of surface acidic oxides of
activated carbon on adsorption of ammoniall]. Journal of Hazardous
Materials, 2008, 159(2/3) :523-527.

[63] HE Z H, LIN H, HAO J W, et al. Impact of vermiculite on ammonia
emissions and organic matter decomposition of food waste during com-
posting[J]. Bioresource Technology, 2018, 263 :548-554.

[64] CHAN M T, SELVAM A, WONG ] W. Reducing nitrogen loss and sa-
linity during ‘struvite’ food waste composting by zeolite amendment
[J]. Bioresource Technology, 2016, 200: 838-844.

[65] MAO H, ZHANG H, FU Q, et al. Effects of four additives in pig ma-
nure composting on greenhouse gas emission reduction and bacterial
community changel|J]. Bioresource Technology, 2019, 292 :121896.

[66] LIU X, WANG R. Effective removal of hydrogen sulfide using 4A mo-
lecular sieve zeolite synthesized from attapulgite[]J]. Journal of Haz-
ardous Materials, 2017, 326:157-164.

[67] AWASTHI M K, WANG M J, CHEN H Y, et al. Heterogeneity of bio-
char amendment to improve the carbon and nitrogen sequestration
through reduce the greenhouse gases emissions during sewage sludge
composting[J]. Bioresource Technology, 2017, 224 :428-438.

[68] OUYANG X, LIN H, HU Z, et al. Effect of biochar structure on H,S
emissions during sludge aerobic composting: insights into microscale
characterization and microbial mechanism[J]. Biomass Conversion and
Biorefinery, 2022, 12, https://doi.org/10.1007/s13399-022-03388~y.

[69]1 ZHOU S Z, WEN X, CAO Z, et al. Modified cornstalk biochar can re-
duce ammonia emissions from compost by increasing the number of
ammonia—oxidizing bacteria and decreasing urease activity[J]. Biore-
source Technology, 2021, 319:124120.

[70] SEO D C, GUO R F, LEE D H. Performance of alkaline impregnated
biochar derived from rice hull for hydrogen sulfide removal from gas
[J]. Environmental Engineering Research, 2021, 26(6):200452.

[71] SANCHEZ-MONEDERO M, CAYUELA M L, ROIG A, et al. Role of

http://'www.aed.org.cn

biochar as an additive in organic waste composting[J]. Bioresource
Technology, 2018, 247:1155-1164.

[72] ZHOU S Z, ZHANG X Y, LIAO X D, et al. Effect of different propor-
tions of three microbial agents on ammonia mitigation during the com-
posting of layer manure[J]. Molecules, 2019, 24(13) :2513.

[73] WANG Y, BI LL L, LIAO Y H, et al. Influence and characteristics of
Bacillus stearothermophilus in ammonia reduction during layer ma-
nure composting[J]. Ecotoxicology and Environmental Safety, 2019,
180:80-87.

[74] CHEN L, LI W, ZHAO Y, et al. Isolation and application of a mixotro-
phic sulfide—oxidizing Cohnella thermotolerans LYH-2 strain to sew-
age sludge composting for hydrogen sulfide odor control[]]. Biore-
source Technology, 2022, 345:126557.

[75] ZHANG Y, ZHAO Y, CHEN Y N, et al. A regulating method for re-
ducing nitrogen loss based on enriched ammonia-oxidizing bacteria
during composting|J|. Bioresource Technology, 2016, 221:276-283.

[76] WANG C, WU M H, PENG C H, et al. Bacterial dynamics and func-
tions driven by a novel microbial agent to promote kitchen waste com-
posting and reduce environmental burden(J]. Journal of Cleaner Pro-
duction, 2022, 337:130491.

[77] GUO H, GU J, WANG X, et al. Beneficial effects of bacterial agent/
bentonite on nitrogen transformation and microbial community dynam-
ics during aerobic composting of pig manure[J]. Bioresource Technolo-
gy, 2020, 298:122384.

[78] MAO H, LV Z Y, SUN H D, et al. Improvement of biochar and bacteri-
al powder addition on gaseous emission and bacterial community in
pig manure compost|J]. Bioresource Technology, 2018, 258:195-202.

[79] AWASTHI M K, DUAN Y M, AWASTHI S K, et al. Effect of biochar
and bacterial inoculum additions on cow dung composting[J]. Biore-
source Technology, 2020, 297 :122407.

[80] FE3RUH, RUE A, SRHIH. 45 . 7[R A XA 36 by 14 v SR
KRG ERE B SZ R[], Tolk &2 4 53R, 2021, 47(11) : 92-98.
WANG M J, WU LY, GUO H J, et al. Influences of different carriers
on lytic effect and stability of algolytic dry powder agent[J]. Industrial
Safety and Environmental Protection, 2021, 47(11):92-98.

[81] LIU C, ZHANG X, ZHANG W, et al. Mitigating gas emissions from
poultry litter composting with waste vinegar residue[J]. Science of the
Total Environment, 2022, 842 :156957.

[82] LIU Y, MA R, LI D, et al. Effects of calcium magnesium phosphate
fertilizer, biochar and spent mushroom substrate on compost maturity
and gaseous emissions during pig manure composting[J]. Journal of
Environmental Management, 2020, 267 : 110649.

[83] CHEN L, LI W, ZHAO Y, et al. Effects of compound bacterial agent
on gaseous emissions and compost maturity during sewage sludge

composting[J]. Journal of Cleaner Production, 2022, 366:133015.

— 441 —



