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Impact of a vinegar residue covering on the NH; and CO, emissions from cattle manure

ZHANG Jin—rui'?, JTA Shu—yun'?, LIU Mei-ling"?*, ZHANG Yi'?, GAO Zhi-ling"*

(1.College of Resource and Environmental Sciences, Hebei Agricultural University, Baoding 071000, China; 2.Key Laboratory for Farm-
land Eco—Environment of Hebei Province, Baoding 071000, China)

Abstract: An experiment was carried out to explore the effects of covering on ammonia (NH;) and carbon dioxide (CO,) emissions from
stored cattle manure. NH; and CO, emissions from stored cattle manure covered by vinegar residues (cover thicknesses of 0.5, 1.0 ¢m, and
2.0 cm) were measured, using an online measurement system (Innoval412i) and a dynamic chamber technique. The results showed that
the vinegar residue covering with thicknesses over 1 em significantly reduced the NH; and CO, emissions from cattle manure, in compari-
son with the uncovered control (P<0.05). The removal of acid components from the vinegar residue with simulated rainfall (washed vinegar
residue) had little effect on its ammonia reduction effect, as covering by washed vinegar residues still achieving an ammonia reduction rate
of 81.34%(P<0.05), while mixing with the vinegar residues washing solution had little effect on the NH; and CO, emissions. When the cov-
ering period was extended from 2 weeks to 3 weeks, the ammonia reduction rates declined from 35.22%~84.97% to 15.58%~60.25%. In ad-
dition, the vinegar residue covering also effectively reduced the manure C/N and increased the N/P. In summary, the acidic organic material
vinegar residue has been demonstrated to be a useful material for ammonia control, nitrogen retention, and quality upgrading for cattle ma-
nure in storage, although the ammonia reduction rate is affected by the implementation duration, and is also influenced by manure storage
and covering techniques.
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Table 1 Basic physical and chemical properties of cattle manure

RN Z K Water

X pH BAMLUE TOC/g - kg™ 2% TN/g- kg™ B TP/g - kg™
Research content content/%
— Research content1 71.66 9.19 450.81 3.56 5.94
. Research content2 69.89 8.49 582.24 9.47 13.10
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Table 2 Details of each treatment of research content 1 and

research content 2
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Figure 1 Schematic diagram of the cattle manure ammonia volatilization measurement system
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Figure 2 Changes of NH; emission rate of cattle manure under different thicknesses of vinegar residue
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Table 3 Cumulative emissions of NH; and CO> from cattle manure in each treatment of study content 1

Sk Gas CK 0.5 cm 1 em 2cm
NH;(14 d)/mg 1057.5+195.7a 1033.3+63.8a 685.1£102.9b 158.9+58.7¢
NH:(21 d)/mg 1393.24244.3a 1 474.9+103.5a 1176.1+163.6a 553.8+117.7b

COg 91.7+2.0a 83.4+7.7ab 77.4+4.7h 72.9+6.2b

T RATAN R ING TR R OR A BRI 22 57 555 (P<0.05) . Rl

Note: Different small letters in the same row mean significant difference at 0.05 level among different treatments. The same below.
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Table 4 Cumulative emissions of NH; and CO, from cattle manure in each treatment of study content 2

S Gas CK CY cc CZ
NH;(14 d)/mg 1174.5+137.1a 1 187.7+103.4a 67.8+73.9b 37.3+22.2b
NH;(21 d)/mg 1474.0+149.2a 1506.0+143.9a 275.0+110.2b 161.1£103.4b

CO,/g 149.2+5.6a 143.9+8.1a 110.2+8.7b 103.4+3.2b
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Figure 3 Changes of NH; emission rate from cattle manure under each treatment of study content 2
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Figure 4 Changes of CO, emission rate of cattle manure under different thicknesses of vinegar residue
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Figure 5 Changes of CO; emission rate from cattle manure under each treatment of study content 2
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Figure 6 Changes of pH of cattle manure under different thicknesses of vinegar residue
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Figure 7 Changes of TAN of cattle manure under different thicknesses of vinegar residue
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Table 5 Changes in indicators for each treatment of cattle manure in study content

T H Ttems SEAliAF Basic sample CK 0.5 cm 1 cm 2 cm
TN/g kg™ 3.56+0.18b 3.87+0.46b 4.23+0.16ab 4.75+0.17a 4.88+0.30a
TOC/g kg™ 261.49+0.62a 256.29+14.84a 233.61+35.80ab 223.42+20.71ab 206.94+10.27b
TP/g kg™ 5.94+0.41b 7.22+0.70ab 7.10+0.56ab 7.67+0.82a 7.57£0.89a
C/N 73.61+3.70a 66.97+4.57ab 55.21+8.26bc 52.54+0.68¢ 43.76+2.89¢
N/P 0.61+0.08a 0.54+0.14a 0.58+0.06a 0.59+0.01a 0.64+0.10a

Gl/% 93.14+6.54b 112.09+6.15a

105.78+11.6a 117.35+5.43a 119.45+22.7a




2200

URIEIRCX ity 53855 9H

MRS SRR P AR (AR — P PR T
4 £

(1) 78 5 B AT OB RIS T HEA7 9 B 2 3% NH AT
CO, FHERY , 78 55 R 1 em BPIRHESCR B3 . B
i I REXT N HL 174 9ok HE 23 e 2 7 i B T 335 oy 38 3 e
5%, M 2 J& B Y 35.22%~84.97% [ A% 2 3 & i 1)
15.58%~60.25% .

Q) BRYEA DL R} A 2 oM L 55 R 1A 45
FE R AR, AT A AR A 25 C/N 4 = NP, X
THE A 1 2R 2 A 2 R AR BT RCR A R
T ORI THENE 9 )5 B2 FH

(3)F 53 2 BRMR M B A3 % i A 1) 28 Ul HE AL 572 T
/I o TR A5 g ot S o g FH HR R ) 2 D HE R T 5
MR/

(4) ¥ A SRR 2 3700 28 HETC A 3l D 2R ge
1 T 2 UHE R AR BCR MR A B IR A, AT SRy R L
VB AT v A A R0 B e S L A RO B TE $ it 4
AR

S 3k

[1] Sun J, Liu L, Xu L, et al. Key role of nitrate in phase transitions of ur-
ban particles : Implications of important reactive surfaces for secondary
aerosol formation[J]. Journal of Geophysical Research Atmospheres,
2018, 123(16) :1234-1243.

[2] SZNLE . bR 01 55 4 35 e A S0 DR B 0 SR 43 e[, T RIS -
BB AR, 2013, 5(3):233-239.

PENG Ying—deng. Analysis of the causes of recent Beijing haze pollu-
tion and its countermeasures|J]. Journal of Engineering Studies, 2013, 5
(3):233-239.

[3] Zhang Y, Dore A J, Ma L, et al. Agricultural ammonia emissions inven-
tory and spatial distribution in the North China Plain[J]. Environmental
Pollution, 2010, 158(2) :490-501.

[4] Huang X, Song Y, Li M, et al. A high—resolution ammonia emission in-
ventory in Chinal]]. Global Biogeochemical Cycles, doi: 10. 1029 /
2011GB004161, 2012.

[51 4 0. FE LM R TP R ae AL LR B 5ED]. dbat . hE
PrBLABE, 2015.

ZUO Xu. A research on the development and utilization of the agricul-
tural residues as new sources energy in China[D]. Beijing: Chinese
Academy of Agricultural Sciences, 2015.

[6] Dong H M, Zhu Z P, Zhou Z K, et al. Greenhouse gas emissions from
swine manure stored at different stack heights|J]. Animal Feed Science
& Technology, 2011, 166/167(7) :557-561.

[7] Dominici F, Greenstone M, Sunstein C R. Particulate matter matters[]J].
Science, 2014, 344(6181) :257-259.

[8] A SCIH, i3S, e Je, 45 . i [E GO PMos 15 YL RS2 R[],

[ FRBERL, 2016, 36(12) :3531-3539.

XUE Wen-bo, XU Yan-ling, TANG Xiao—-long, et al. Impacts of am-
monia emission on PMas pollution in ChinalJ]. China Environmental
Science, 2016, 36(12) :3531-3539.

OB KRR, M, 2% %, &5 ARG 3 s P HR SR
BEsw g k(). BlaEd R 5 TR, 2016, 16(28) : 144-152.
ZHAO Tian-liang, LIU Di, LI Tian, et al. Progress of study on atmo-
spheric pollutant emissions from agricultural activity and their effect on
atmospheric environment[J]. Science Technology and Engineering,
2016, 16(28) : 144-152.

[10] Silaban R, Sumiati S, Adrizal A, et al. Nitrogen and ammonia mitiga-
tion on laying hen farms: Effects of low—protein diet and manure filter-
ing[J]. International Journal of Poultry Science, 2017, 16 (4) : 125-
131.

[11] Hansen C F, Sgrensen G, Lyngbye M. Reduced diet crude protein lev-
el, benzoic acid and inulin reduced ammonia, but failed to influence
odour emission from finishing pigs[J]. Livestock Science, 2007, 109
(1):228-231.

[12] XV 4, fp s, B, 45 DURT I Ak 2 5 R Sy B T i) F AR
EXGFEM AR RS2 M), fA BT, 2006(11) :5-8.

LIU Guo-hua, YANG Gui—qin, TIAN He, et al. Effects of well-bal-
anced diet of digestible amino acids on physical and chemical charac-
teristics of layer feces[J]. Feed Review, 2006(11) :5-8.

[13] 2K B, AL ARGV, 5 BRI AL BN 4637 IR FITH WAt

T SRR B S R ()], R IR R 2 4], 2016, 35(4) - 774
784.
LI Lu=lu, DONG Hong-min, ZHU Zhi—ping, et al. Effects of acidifica-
tion on gas emissions from raw pig slurry and biogas liquid during
storage[J]. Journal of Agro—Environment Science, 2016, 35(5) : 774—
784.

[14] Sommer S G, Clough T J, Balaine N, et al. Transformation of organic
matter and the emissions of methane and ammonia during storage of
liquid manure as affected by acidification[J]. Journal of Environmen-
tal Quality, 2017, 46(3):514-521.

[15] A A, ZeA@on, FELR, 45 . A o MORL I EE B2 X0 M A7 2 2 U
T SRHE SR Al TR, 2015, 31(6) :223-229.
ZHU Hai-sheng, ZUO Fu-yuan, DONG Hong—min, et al. Effects of
covering materials and sawdust covering depths on ammonia and
greenhouse gases emissions from cattle manure during storage|J].
Transactions of the Chinese Society of Agricultur Engineering, 2015, 31
(6):223-229.

[16] Holly M A, Larson R A. Thermochemical conversion of biomass stor-
age covers to reduce ammonia emissions from dairy manure[]]. Water
Air & Soil Pollution, 2017, 228(11) :434.

[17) RIGEE, FMEDT, A W], 45 . BEREAY 3 TR (BB HAE f R A 7 o
FYRE I R e, 2011, 47(9) :73-76.
SONG Zeng—ting, DONG Xiao - fang, TONG Jian—-ming, et al. Re-
search advances in nutritional value and application of waste vinegar
residue in feedstuff[J]. Chinese Journal of Animal Science, 2011, 47
(9):73-76.

[18] BRI T, AR, ThifIR, 55 . BRSO T BUIR B i St o



AT - MRS AT A7 3 NEL I COHERE Y B 2201

i, 2010,29(10) : 1-4.

CHEN Xiao-yin, WANG Zhen-bin, MA Hai-le, et al. Situation and
prospect of the utilization of vinegar residue[J]. China Brewing, 2010,
29(10): 1-4.

[19] Hansen M N, Henriksen K, Sommer S G. Observations of production
and emission of greenhouse gases and ammonia during storage of sol-
ids separated from pig slurry : Effects of coveringlJ]. Atmospheric Envi-
ronment, 2006, 40(22) :4172-4181.

[20] Lh XXX, PINGEREE, wh 5, 45 . SRR ISR 2 f AU M HE o 78R 2 o HE

PEREDEFEL)]. R 4H, 2017, 48(11) :344-349.
MA Shuang-shuang, SUN Xiao—xi, HAN Lu—jia, et al. Reduction of
ammonia emission during membrane - covered aerobic composting[J].
Transactions of the Chinese Society for Agricultural Machinery, 2017,
48(11):344-349.

[21]1 7L F, Schuchardt F, 2% [¥] 2% . & Z=HE 0 op #HEFI 3 56 XTI =S
PRANE S HEEZ ). Al AR, 2011, 27(10) :212-217.
JIANG Tao, Schuchardt F, LI Guo—xue. Effect of turning and covering
on greenhouse gas and ammonia emissions during the winter compost-
ing[J]. Transactions of the Chinese Society of Agricultural Engineering,
2011, 27(10):212-217.

[22] 5K Al . ARSI % A 2 A 4 DR R MBHERCR B E [ D
PR el Ry, 2017
ZHANG Nan. Effect of different additives on nitrogen preservation
and gas emission reduction of dairy manure during storage[D]. Baod-
ing: Hebei Agricultural University, 2017.

(23] £ Bt S G T WOCAT I AR R AR S ML S [D]. b
FrE LA BE, 2016.

WANG Yue. Emission and mechanism study of carbonaceous and ni-

trogenous gases from the storage of pig manure based biogas digester

effluent[D]. Beijing: Chinese Academy of Agricultural Sciences, 2016.

[24] Tk, ARG . R B4 HAR AT RIS BOR ). R
¢, 1992(6) :22-23.

MA Yu-sheng, SONG Zhi—fu. The effect of adding soda to the diet of
cows in hot summer|J]. Feed Research, 1992(6):22-23.

[25] B AT, EWEAR, JAVTH, 48 W)k pH BN 38 & 20 R AR 4

HRIENE RSS2 ). TR 274, 2016, 28(9) : 1595-1602.
JIANG Xin-you, WANG Xiao—dong, ZHOU Jiang—ming, et al. Ef-
fects of initial pH values on maturity and nitrogen loss during co—com-
posting of pig manure and edible fungus residue[J]. Acta Agriculturae
Zhejiangensis, 2016, 28(9) : 1595-1602.

[26] Nakasaki K, Yaguchi H, Sasaki Y, et al. Effects of pH control on com-
posting of garbage[J]. Waste Management & Research, 1993, 11(2) :
117-125.

2715 %, 9K/Nl§< (/ﬁﬁﬁﬁﬂﬂﬂll R FSENEARIAL B4 N P LK
BeATHUB i B A ARk R AR, 2010, 36(4) :26-29.
SHI Chnng, ZHANG Xiao—e, Shayifujiamali, et al. Dynamic changes
of total N, P, K and organic matter by different treatments on cattle
manure composting[J]. China Cattle Science, 2010, 36(4) :26-29.

[28] mi K, ESCHE, MR, AR I R P Ak U AL T IR R
TR TR ). AR AR 2412, 2014(8) :803-814.

GAO Ling—fei, WANG Yi-xiang, YE Qing, et al. Progress on carbon—
and nitrogen—transformation and greenhouse gas emission in compos-
ing[J]. Fujian Journal of Agricultural Sciences, 2014(8) :803-814.

[20] MM, e Ty, A% g0, A5 LY S R PR b oA AR 3 i o T
[J]. FEPRE Tk, 2015, 36(9) : 22-25.

CUI Yao-ming, DONG Xiao—fang, TONG Jian-ming, et al. Analysis
on the content of organic acids in vinegar residuel]]. Feed Industry,

2015, 36(9):22-25.



