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Abstract. In order to release the emissions of H,S, this study designed experiments investigate the
effects of nitrification (NaN O3z, NaNO, and ammonium molybdate) on producing and releasing H,S
during kitchen waste composting. All treatments were analyzed using 60L heat insulated
composting vessels with forced aeration systems. Temperature, O,, NH3, Gl were carried out as
indexes. The result shows that compare with contrast, NaNOs; and ammonium molybdate could
release emissions of H,S, while NaNO, would increase emissions of H,S, and ammonium
molybdate have the best effect on H,S emissions during kitchen waste composting.

Introduction

During Kitchen waste composting there are many problems, such as emissions of H,S. As a
kind of low olfactory threshold gas, emissions of H,S not only reduce the nutrient content of
compost, but also cause serious pollution of stench ™. How to increase nutrient content and reduce
emissions of stink had aroused many attentions. Researchers did many studies in this filed. GUI
Xianyang et al. added Hematite and magnesium oxide during Aquaculture waste anaerobic
fermentation found that this two kinds of additive could inhibition of H,S emissions? Bernardo et
al. found that add Sodium nitrite and sodium molybdate in pig manure could control emissions of

H,S®. ZHANG Hong-yu added 4 kinds of nitrogen control materials( HsPO*™, Mg(OH),.

Ca(H2PO4), and FeCl3 )into kitchen waste to research the influence of NH3 and H,S emissions, and
found that the four kinds of materials are controlled by different reduction mechanism to reduce
emissions of NH3 and H,S .

M aterials and methods

Raw materials and treatments design. The mixed household waste (with the size among 15-80
mm) used in this experiment was collected from Ma Jia-lou pre-sorting station in Beijing. In this
study, four group experiments were conducted with nitrification inhibitor, the treatments design as
below.
Table 1 Design of experiment
Item T1 T2 T3 T4

nitrification inhibitor ~ ------ NaNO, NaNOz; (NH4)eM0;024

The composting cycle is 30 days. Take the forced ventilation which is 3.3m* m*h ( ventilate
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shutoff 20 min and turn on 40 min). Turns heaps and sampling time are 0d, 3d, 7d, 14d, 21d and
30d, turn out al material and fully blending, take 500 g for solid indexes determination follow-up.
Then put material back into the fermentation tanks continue composting experiment.

Analysis method. Composting temperature recorded by the temperature automatic monitoring
system, directly read by computer. Germination index (Gl) is used fresh samples extraction liquor
in deionized water, solid-liquid ratio is 1:10, take 9 ml extraction liquor in a petri dish with a filter
paper ,put 10 seeds in it then placed in aincubator with the temperature of (20+1) °C, cultivate 48 h.
The moisture content was determined by drying the samples at 105°C until the weight was constant.

Results and discussion

Changes of temperature. Temperature is an important index to reflect the catabolism of organic
matters and microbial activity changes in compost material ™. It is can be see in Fig.1, temperature
of four treatments (T1,T2,T3 and T4) had a same tendency during composting, al risen at first
(CK,TI,T3were 15 to 7" ;T2 was 1% to 13" ) and went down latter. Organic matters decompose and
release a large mount heat due to the rise of temperature a initial phase. The later part of
composting, decomposable organic matters used up, temperature decline and approach room
temperature. Changes of T2 had a little different from other three treatments. It is because NaNO,
have inhibitory effect on microorganism growth, so microorganism growthirregular. at first. Along
with proceed of composting, NaNO, oxidation slowly in compost material changed into NaNOs, did
not have inhibitong effect on microorganism, so the tempreture rise up later. The thermophilic
phase(>55°C) of four treatments lasted 11 days, 10 days, 6 days and 11 days. All treatments met the
Chinese standard of >55°C for 5-7 days for sanitation '°!.
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Fig.1 Changes of temperature of different treatments during composing

Changes of O,. The O, concentrations affect the activity on microorganism in aerobic composting
process, and furthermore reflect the symbol of decomposition degree of organic matter [, Changes
of outlet O, concentration during composting were shown in Fig.2. Change of O, concentration of
al four treatments are similarity, all have a brief drop at the beginning days of compost and then
rise gradually. Falling of O, concentration during compost is due to consume of O, by microbial
decompose organic matter. Turning compost material improve environment of compost body,
accelerate decompose organic matter by microbial. At the beginning of compost, O, of T2 had a
high concentration due to NaNO, is a kind of preservative, would inhibits the growth of
microorganisms, so microorganisms growth retardation, could not fully decomposition organic
matter to release enough hest.
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Fig.2 Changes of O, of different treatments during composing

Changes of H,Semissions. H,S is the by-product in the process of organic matter anaerobic
fermentation [®. Changes of H,S concentration and cumulative of different treatments during
composting are shown in Fig.3. O the whole, emissions of H,S all low at the beginning of compost,
emissions of H.S most take place in first two weeks, some researchers found similar rules ¥,
Compare with contrast, added of NaNO3; and ammonium molybdate release emissions of H,S, while
as NaNO; increase emissions of H,S. Though the Fig.3b, we can find that NaNOs have the best
effect on emissions of H,S, next is ammonium molybdate, and NaNO, will promote H,S emissions.
T2 has the lowest H,S emissions is due to add NaNOs; in compost material could add NOs™, the
microorganism which use NOs™ produce NH3 and the microorganism which use SO,* produce H,S
have competitive relation, when NOs™ and SO,* exsit at same time, microorganism will use NOs™
first, there by inhibit emissions of H,S. H,S emissions of T3 lower than contrast deal to nitrate
reductase containing Mo, added of ammonium molybdate increase the number of nitrate reductase
and accelerate use of NOs~, and nitrate-reducing bacteria dominant in biochemical reactions, inhibit
emissions of H,S.

50 - 120 -
= CK —a— CK
40
9
T %
S k=)
3 f;, 60
2 20 E
) 30
T 10
0 0
Compostingtime/d Compostingtime/d
a. HS emissions during composting b. Cumulative emissions of H,S during composting

Fig.3 Changes of H,S concentration and cumulative of different treatments during composting

Changes of Gl. Germinate seed experiment with composting extraction liquor is the most
effective and accurate method to confirm toxicity and maturity of compost material . It is often
be used to evaluate performance of plants sprout and take root. Composting material is deemed
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have been maturity when Gl is larger than 50%, and have no toxicity to plants. Composting material
is deemed have been maturity completely when Gl is larger than 80%, and have no effect to plants
sprout and take root!*¥. Changes of GI during composting are shown in Fig.4. Gl of four treatments
al presented a rising tendency during composting. Along with proceed of composting, toxic
substance was decomposed persistently, and composting material was approach maturity. At the
end of composting, Gl values of CK, T1, T2 and T3 were 62.1%, 54.1%, 65.9% and 71%
respectively. All four treatments up to the standard of harmless only.
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Fig.4 Changes of Gl of different treatments during composing

Conclusion

(2) All four trestment met the Chinese standard of >55°C for 5-7 days for sanitation (Chinese
Standard DB11/T 272-2005).

(2) It can be seen from emissions of H.,S, we can find that NaNOs have the best effect on emissions
of H,S, next is ammonium molybdate, and NaNO; will promote H,S emissions.

(3) It can be seen from Gl, all four treatments up to the standard of harmless only.

(4) Under the condition of four experiments, NaNOs; the best nitrification inhibitor for reduce
emissions of H,S comprehensive the views above.

Acknowledgements

This study was financially supported by Beijing Natura Science Foundation (NO.8144050), and
supported by the country “12th Five-Year Plan” to support science and technology projects
(2012BAC15B04).

References
[1] H.Y. Zhang, F. Schuchardt, GX. Li, et a. Emission of volatile sulfur compounds during

composting of municipal solid waste (MSW) , J. Waste Management,33(2013)957 - 963.

[2] X.Y, Gui, T.H. Chen, Y.F. Zhou, et al. Effects of hematite and magnesium oxide on the H,S
produced in manure anaerobic fermentation, J. Mineral Journal, 31(2011)732 - 737.

[3] P. Bernardo, N. Mehdi, S. Sarah, et al. Control of H2Semission from swine manure using

© 2015. The authors - Published by Atlantis Press 335



International Forum on Energy, Environment Science and Materials (IFEESM 2015)

Na-nitrite and Na-molybdate J. Journal of Hazardous Materials, 154(2008) 300 - 309.

[4] H.Y. ZHANG, GX. LI, J. YUAN, et al. Nitrogen fixation additive reducing emission of NH3 and
H.,S during composting of kitchen waste and cornstalk J. Transactions of the Chinese Society of
Agricultural Engineering, 23(2013)173-178.

[5] F. YANG X.H. OUYANG GX. LI, e a. Effect of bulkong agent on CHs, NOandNH3

emissions in kitchen waste composting J. Transactions of the CSAE, 29(2013)226-233.

[6] Chinese Standard DB11/T 272-2005, 2005

[7] G Eftoda, D. Mccartney. Determining the critical bulking agent requirement for municipal
biosolids composting J. Compost Science & Utilization, 12(2004)208-218.

[8] Schlegelmilch M, Streese J, Biedermann W, et al. Odor control at biowaste composting

facilitieg J. Waste Management, 2005, 25(9): 917 - 927.
[9] T. Wu. X. M. Wang, D. J. Li, et a. Emission of volatile organic sulfur compounds (VOSCs)
during aerobic decomposition of food wastes J. Atmospheric Environment, 44(2010) 5065 - 5071.

[10] R. D. Bipro, Y. Emhemmed, N. George, et a. Pretreatment of municipal waste activated
sludge for volatile sulfur compounds control in anaerobic digestion J. Bioresource Technology,

102(2011)3776 - 3782.

[11] W.W. Feng. Interactions of nitrate-reducing bacteria and sulfate- reducing bacteria. D,
Shanghai:East China University of Science and Technology, 2011:1-6.

[12] F. Zucconi, M. Forte, A. Monac ,et al. Biological evaluation of compost maturity J.Biocycle,
22(1981)27-29.

[13] S. Neyla, K. Soulwene, M. Fadhel, et al. Microbiological parameters and maturity degree
during composting of Posidonia oceanica residues mixed with vegetable wastes in semi-arid
pedo-climatic condition. J.of Environ. Sci. 21(2009): 1452-1458.

© 2015. The authors - Published by Atlantis Press 336





