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Abstract: With the development of urbanization, kitchen waste and garden waste have become an
important part of municipal solid waste (MSW), which is in urgent need of resource treatment. This
study investigated the impacts of garden waste as auxiliary materials on maturity and odor emissions
(NH3 and H2S) during kitchen waste composting. The result showed that the combined composting
product of kitchen waste and garden waste achieved the maturity effect, and the co-composting effect
was better than that of separate composting of kitchen waste. Meanwhile, compared with the separate
composting treatment of kitchen waste, the co-composting treatment of kitchen waste and garden
waste can effectively reduce the cumulative emissions of H2S by more than 85%, and effectively
reduce the cumulative emissions of NH3 by more than 75%. This study provides a technical reference
for the green fertilizer utilization of kitchen waste and garden waste.
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1. Introduction

With the development of the economy, the continuous promotion of urbanization and
the implementation of the new policy of waste classification, the resource treatment of
municipal solid waste (MSW) had been widely carried out [1]. At present, kitchen waste
(KW) and garden waste (GW) were the main MSW related to our life. In particular, first-tier
cities, with a high degree of urbanization and high population density, result in large and
concentrated production of KW and GW, which was in urgent need of resource treatment.

KW is difficult to place in landfill and incinerate directly because of its high organic
matter and moisture content, ease of corruption, and low calorific value [2]. Composting
can not only realize the harmlessness and reduction in KW, but also produce organic
fertilizer for agriculture, which is an effective way to treat KW [3]. However, due to the
high moisture content and nitrogen content of the KW, composting the KW alone will
produce a large amount of leachate and affect the composting process. Adding auxiliary
materials to KW can not only adjust the moisture content and carbon–nitrogen ratio of
the original materials, but also adjust the matrix porosity of the pile [4,5]. Therefore, the
addition of auxiliary materials is conducive to ventilation and oxygen supply, ensuring
rapid and efficient composting [6].

The addition of auxiliary (structure-forming) materials will not only affect the maturity
of composting, but also affect the gas emission in the composting process [6]. At present,
the main problem restricting the development of composting plants in China is the effect
of the odor discharged in the composting process on the surrounding residents [7]. China
has clearly defined limits for NH3 and H2S emissions from composting plants. The most
concentrated odors emitted during the composting of KW are NH3 and H2S [8]. Among
them, H2S contributes the most to the concentration of odor [9]. The massive emission of
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NH3 and H2S during the composting process not only produced odor pollution, but also
reduced the nutrient content of the compost. The NH3 volatilized with the high temperature
of the compost is the main reason for the loss of nitrogen during the composting process,
accounting for about 20% to 60% of the total nitrogen [10].

Composting is an aerobic process in which bad aeration conditions can occur, being
the main reason for the generation of H2S. About 9~43% of volatile sulfur compounds are
lost in the form of H2S, which is characterized by a low detection odor threshold and high
odor activity [11–13]. Therefore, serious odor pollution will occur even the concentration
of H2S is low. Adding auxiliary materials to the compost can improve the porosity of the
pile, which is conducive to ventilation and oxygen supply, thereby reducing the emission
of odor. Studies have shown that adding auxiliary materials to compost can reduce odor
emission to varying degrees [3,14].

Agricultural wastes such as straw and fungus chaff have been proven to have signifi-
cant effects as auxiliary materials [15,16]. However, as a large number of KW is produced
in cities, the transportation cost of agricultural waste as auxiliary materials is high. Mean-
while, the large amount of GW produced in cities together with KW has become a potential
choice for composting.

Therefore, this research attempts to build a technology for reducing pollution and
improving the maturity of the KW composting based on GW as an auxiliary material.
Through the co-composting treatment of GW and KW, the maturity and gas emission of
compost samples were measured. The feasibility of co-composting of GW and KW was
verified by integrating the effects of pollution gas emission and product ripening in the
composting process, in order to provide technical support for the green fertilizer utilization
of kitchen waste.

2. Materials and Methods
2.1. Composting Materials

KW came from the waste collection and transfer station of Qingdao Agricultural
University. KW consists of 45% vegetables, 29% fruits, 10% staples, 7% bones, eggshells
and shells, 5% meat and 4% other food (wet weight). GW was collected from tree pruning
and leaves in the campus of Qingdao Agricultural University. The initial moisture content
of KW was about 70.6 ± 2.2%, and that of GW was about 4.9 ± 1.4%.

2.2. Experimental Protocol

Two treatments were designed in this study. In treatment 1 (T1), KW was used as
a single material for composting. Additionally, in treatment 2 (T2), 15% GW and 85%
KW were used as raw materials for composting. The proportion of raw materials in
co-composting treatment is widely used for composting in practice [7]. The composting
experiment was conducted for 21 days, with turning on the 3rd day and 7th day of the first
week and weekly thereafter. About 150 g of solid samples were collected after each turning
to analyze the physicochemical properties of the compost material. All testing of waste
samples in this study was conducted in triplicate. Mean values and standard deviations of
triplicate samples are shown in this study.

2.3. Experimental Device

A 20 L cylindrical self-made composting reactor (Figure 1) was used in this project.
The reactor was surrounded by a foam layer to prevent heat loss. There are holes in the top
of the lid to collect the gas released each day and to insert the temperature detector. An
air pump aeration system was used to provide a continuous aeration rate of 0.4 L/kg dry
weight (DM) every minute to maintain aerobic compost.
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Figure 1. Schematic diagram of composting device.

2.4. Analytic Methods

The temperature of the reactor was read by a temperature sensor inserted into the
reactor. NH3 was absorbed by boric acid with a mass fraction of 2%, and then titrated
with dilute sulfuric acid at a standard concentration. H2S was determined using a portable
biogas analyzer (BioGAS 5000).

Aqueous extract: 10.0 g of the frozen wet sample was weighed and added with
deionized water at the ratio of 1:10 (w/v) for extraction, oscillated for 30 min, stood for
10 min and then filtered. The aqueous extract was taken to measure pH, EC and the
germination index (GI). The pH value was measured by an S-3C pH meter, and EC was
measured by a DDS-11A conductivity meter. The GI value was determined by taking 5 mL
of the aqueous extract above in a Petri dish with 10 seeds of Xinlimei radish covered with
filter paper and incubating it in an incubator (SHP-250, Jinghong, Shanghai) at (20 ± 1) ◦C
for 48 h in the dark. The root length and germination rate of the seeds were determined.

3. Results and Discussion
3.1. Temperature

During the whole composting process, temperatures of all the treated samples showed
a similar change of rapid rise followed by a slow decrease (Figure 2). Due to the rapid
degradation of organic matter in the compost material, a large amount of heat was gener-
ated [17], which had a good killing effect on Acaris eggs, Escherichia coli and other harmful
pathogens. Previous studies proved that the thermophilic phase was reached faster due
to the high decomposition of organic matter [18]. All treatments significantly increased
to peak temperature (about 60 ◦C) on day 3 to day 4, and then gradually decreased. Due
to the redistribution of organic material and associated microorganisms by turning, the
temperature of all treatments increased again on day 7 after turning. Over the next two
weeks, the temperature followed a similar pattern of rising and then falling. At the end
of the composting process, the temperature of all treatments was basically reduced to the
ambient temperature, indicating that the compost had reached the ripening stage.
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3.2. pH and EC

Different treatments had little influence on the pH value of the composting process.
The pH value of all treatments increased significantly in the first week and finally main-
tained a stable stage of 7 to 8 (Figure 3). In the early stage of the co-composting of KW and
GW, the pH value of the materials was about 4 due to the acidification phenomenon of KW
during the early storage. With a rapid biodegradation of easily degradable organic matter,
small molecular organic acids were produced. With the rise of temperature, organic acid
volatilization and mineralization of organic nitrogen will gradually increase pH [19]. In this
study, due to the higher temperature and continuous aeration accelerating the generation
of NH3 during the high temperature phase, organic acids volatilized and neutralized more
thoroughly, resulting in the initial increase in substrate pH. In the later stage of composting,
the pH value of all treatments no longer increased in a large range due to the increased
activity of nitrifying bacteria, which promoted the conversion of a small amount of NH4

+

into NO3
− [20].

The EC value is an indicator of the soluble salt concentration in the aqueous extract
of compost. Too high an EC value can cause toxic effects on crops [21,22]. The EC value
for T1 treatment increased significantly in the first few days. This may be due to the rapid
decomposition and mineralization of organic matter into small molecules, which increased
the salt ion content. A downward trend was observed in the two subsequent treatments,
which was due to the volatilization of organic acids and NH4

+ and humification [23,24]. By
the end of composting, the EC values of all treatments were less than 3 mS/cm, meeting
the safe composting standard (<4 mS/cm). Compared with T1 treatment, T2 treatment
can effectively reduce the EC value within 21 days of composting, which may be due to
the improvement of physical and chemical properties of the composting materials, thus
accelerating the humification process.
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3.3. Germination Index (GI)

The toxicity test of a water extract of compost on plant seeds is one of the important
methods to test compost ripening degree [25]. The germination index (GI) of all treatments
showed an increasing trend during the composting process (Figure 4). The elevated GI
may be related to the removal of toxic substances (such as small molecular organic acids
and NH4

+) and the formation of humus. After 21 days of composting, GI was higher than
80% in T2 treatments, indicating that the composting product was free of plant toxicity and
ripe [25]. Compared with the single composting treatment of KW (T1), the co-composting
treatment of KW and GW (T2) had a higher GI value, and the products were less toxic
to plants.
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3.4. NH3 Emission

The NH3 emissions from all treatments mainly occurred during the high temperature
period (Figure 5). This was mainly due to the strong mineralization of organic nitrogen
into NH4

+, which was further converted into NH3 under high temperature and alkaline
conditions [10]. Therefore, NH3 emission peaks were observed for each treatment around
day 7 of composting. As the temperature decreases, NH3 emissions then drop to a lower
concentration. As mentioned above, turning can reactivate related microorganisms, re-
store biodegradation of organic matter, and regulate matrix porosity, thus facilitating the
occurrence of NH3 re-discharge.
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Compared with T1 treatment, T2 treatment can effectively reduce the cumulative
NH3 emission by more than 75% (Figure 5). The main reason was that the addition of GW
improved the C/N ratio and biodegradation efficiency of the matrix in the composting
process. In fact, T1 treatment inhibited biodegradation efficiency and prolonged the high
temperature period (Figure 2), resulting in increased NH3 production after each turning of
the heap to activate the compost matrix between day 7 and day 21.

3.5. H2S Emission

The H2S emission rate of all treatments increased first and then decreased, and finally
was basically close to zero (Figure 6). H2S emission in the whole composting process mainly
occurred in the first 7 days, accounting for about 80% of the total H2S emission. Similar to
the results of previous studies [26], H2S emissions in the process of KW composting were
mainly concentrated in the early stage, which may be mainly due to the intense microbial
activities in the early stage of the reactor and the rapid temperature rise that consumes
oxygen in the reactor, leading to the emergence of the local anaerobic environment. Other
research also indicated that the main cause of generation of H2S emission during compost-
ing was the lack of aeration [27]. Thus, the use of bulking agent provided porosity to the
organic material to be composted. There is a peak of H2S emissions after turning, which
was consistent with the results of existing studies [9]. Compared with T1 treatment, T2
treatment can effectively reduce the cumulative H2S emission by more than 85%. The main
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reason was that the addition of GW improves the permeability of the matrix in the process
of composting, improved the hypoxia condition in the material and inhibits the generation
of H2S.
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4. Conclusions

The co-composting of kitchen waste and garden waste can achieve the ripening effect,
and the co-composting effect was better than the single composting treatment of kitchen
waste. The pH and EC values of each treatment meet the safe application of organic
fertilizer at the end of composting. GI was higher than 80% in co-composting treatment,
indicating that the composting product was free of plant toxicity and ripe. Compared with
the separate composting treatment of kitchen waste, the co-composting treatment of can
effectively reduce the cumulative H2S emission by more than 85%, and effectively reduce
the cumulative NH3 emission by more than 75%.
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