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ABSTRACT

In this paper, a leachate anaerobic digestion experiment was carried out in a sequencing batch
anaerobic digestion reactor. The anaerobic co-digestion characteristics of leachate and food waste
in landfills were studied. To conduct the experiment, 10, 20, 30 and 40 g of TS/L food waste were
added to leachate to observe the effect of food waste on the degradation of dissolved organic mat-
ter (DOM) in the leachate. The results of this experiment showed that adding food waste into the
anaerobic digestion system could significantly increase the gas and methane production per unit
organic load, and promote the degradation of DOM in leachate. When the initial load rate of food
waste was 30 g TS/L, the gas production was increased by 117.69%, the dissolved organic carbon
(DOC) of biogas slurry after anaerobic digestion of leachate and food waste is about 50% of the
DOC in the anaerobic mono-digestion leachate. The results show that the combination of leachate
and food waste can not only promote the anaerobic digestion of food waste, but also increase the
gas and methane production rates; this combination can also promote the degradation of DOM in

leachate. The combined anaerobic digestion of leachate and food waste had a synergistic effect.
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1. Introduction

Sanitary landfills are the most important treatment
method for municipal solid waste [1,2]. For example, in
China, according to the 2017 and 2018 Statistical Yearbooks,
more than 130 million tons of domestic waste were disposed
of in the country’s sanitary landfills. The total resulting
leachate generated by domestic waste landfills exceeded
60 million tons. Landfill leachate contains a large number
of organic pollutants [3] and other toxic and harmful sub-
stances [4]. In landfill leachate, dissolved organic matter
(DOM) accounts for approximately 85% of the total organic
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matter [5,6]. Due to the complex composition of DOM,
which is composed of compounds with different chemical
properties, detailed information on its molecular struc-
ture and composition is not clear [7]. However, researchers
have found that the main component of organic matter in
leachate species is humus (HS) [8]. The humus content in
leachate was found to increase with an increase in landfill
years [9], which leads to a decrease in the biodegradabil-
ity of leachate. Therefore, improving biodegradability
is the key factor to effectively degrade mature leachate.
Food waste has become a serious problem because
of the eating habits in China and the country’s generally
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booming food service industry. It is estimated that the
economic value of wasted food exceeds 200 billion yuan
every year, most of which is produced in public locations,
such as restaurants and other commercial service places [10].
The moisture content in food waste is often high (70%-90%)
and the nutrient content is usually sufficient, which makes
it an ideal substrate for anaerobic digestion [11]. When food
waste is anaerobically digested on its own, the hydroly-
sis and acidification processes are easily controlled by lac-
tic acid fermentation [12]. The accumulation of propionic
acid in volatile fatty acids (VFAs) is not conducive to the
utilization of methanogens [13], leading to acid inhibition
and ammonia inhibition in the anaerobic digestion system.
Some scholars have reviewed the research progress of anaer-
obic digestion of food waste and believe that the combined
anaerobic digestion of food waste and other biomass wastes
could improve the efficiency of anaerobic digestion [14].

Landfill leachate treatment and food waste resource
utilization are two main problems in domestic waste man-
agement in China. When the locations of municipal pub-
lic utilities are planned, many anaerobic digestion and
food waste treatment facilities and treatment facilities of
food waste are proposed to be built nearby and end up in
close proximity to landfill sites. The co-digestion of leach-
ate and food waste proposed in this paper can be realized
through the integrated construction and management
of leachate treatment facilities and food waste treatment
facilities, which is conducive to improving the operating
efficiency of these treatment facilities.

Anaerobic digestion of food waste mainly uses micro-
organisms to degrade the organic components of biomass.
The microorganisms in the system primarily come from
the inoculum [15]. In the process of anaerobic digestion,
the quantity and quality of the inoculum are very import-
ant for the operation efficacy and stability of the methane
production stage in anaerobic digestion [16]. At present, in
the study of anaerobic digestion of food waste, researchers
usually use domesticated anaerobic sludge as the inocu-
lum [17-19], and some researchers use materials such as
cow dung as inoculum [20-22]. A sanitary landfill is actu-
ally a giant anaerobic digestion bioreactor [23-25], and it
is rich in various anaerobic microorganisms that have been
domesticated for a long time [26-28]. The landfill leach-
ate must be rich in these microorganisms, and it can also
be one of the sources of microorganisms in the anaero-
bic digestion system [29,30]. Therefore, landfill leachate
may be a good substitute for inoculum as the digestion
solution for anaerobic digestion of food waste.

In this paper, a leachate anaerobic digestion experiment
was carried out in a sequencing batch anaerobic diges-
tion reactor, food waste was added to leachate to observe
the effect of food waste on the degradation of DOM in the
leachate. Three-dimensional fluorescence spectrum and
fluorescence regional integration (FRI) analysis methods
were used to reveal the conversion mechanisms of solu-
ble organic matter in the combined digestion of leachate
and food waste, to clarify the synergistic effect of leachate
involved in combined anaerobic digestion. The discovery
of these co-digestion and transformation mechanisms will
help improve the DOM biodegradation problem in leach-
ate. The knowledge acquired from exploratory this kind

of research can be applied to practical solutions for future
landfill leachate treatment. This kind of synergistic effect
can be realized in engineering applications, thus resulting
in large-scale economic and environmental benefits.

2. Materials and methods
2.1. Experimental material

Raw material leachate was taken from Chenjiachong
landfill in Wuhan, China. The Chenjiachong landfill has been
in operation since 2007. Table 1 summarizes the biochemi-
cal parameters of raw leachate and food waste. Food waste
was collected from the canteen of Huazhong University of
Science and Technology. The main components of the food
waste were rice, vegetables and meat. The inoculation sludge
was obtained from the anaerobic digestion system of Cofco
Meat Food Co. Ltd., (Wuhan, China). The sludge moisture
content was approximately 87.30%, the suspended solid
concentration (MLSS) was approximately 112.82 g TS/L, the
volatile suspended solid concentration (MLVSS) was approx-
imately 79.68 g TS/L, the MLVSS/MLSS was approximately
0.706, and the particle size was approximately 1.5 mm.

2.2. Experimental methods

Six identical batch reactors were used for the anaer-
obic co-digestion experiments. The total amount of raw
material and inoculation sludge in each reactor was 1,500 g,
and the sludge inoculation rate was 20% (300 g). To pre-
vent the inhibitory effect of ammonia nitrogen, water was
added to the leachate to adjust the concentration of ammo-
nia nitrogen before combined anaerobic digestion. The
concentration of anaerobic digestion stock was 2,000 mg/L.
There were four different initial organic loading rates
of 1040 g TS/L, and their experimental numbers were
Load21-Load24. In addition, three sets of experimental
reference systems, Load30, Leach34 and Water(04, were set
up. In Load30, only leachate was added to the inoculated
sludge; in Leach34, the concentration of ammonia nitro-
gen in the digestive stock was adjusted to 3,000 mg/L, and
Water04 is a separate anaerobic digestion system for food
waste without that lacks leachate in the digestive stock.
Table 2 shows the experiment numbers and conceptual
design of the 7 groups of experiments.

The anaerobic digestion experiment was conducted at
mesophilic conditions (35°C), and the temperature devi-
ated less than 1°C above or below this value. When the
anaerobic digestion experiment started, the gas produced
during the digestion process was recorded on a daily basis.
A Shimazu GC-2014c gas chromatograph (Japan) was used
to measure carbon dioxide and methane in biogas. The
measurement interval was determined according to the
conditions of the reactor. Parameters such as the pH and
VFA of the biogas slurry were measured on an irregular
basis. The VFA was measured jointly of acetate, propionate,
butyrate and others. Chemical oxygen demand (COD) in
leachate was determined by the combination of COD intel-
ligent digestion instrument (6B-12, Shanghai ShengAoHua
Environment Protection Technology Co., Ltd., Shanghai)
and visible light spectrophotometer (UV1800, Shanghai
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Fig. 1. Curve of relative parameters of anaerobic digestive system with time: (a and b) change of gas production rate per unit
mass with time, (c) Variation of methane concentration with time under different initial loading conditions, (d) VFA changes with
time under different initial load conditions, (e) pH changes with time under different initial load conditions, and (f) pH changes

with time under different reference conditions.

Chromatographic Instrument Co., Ltd., Shanghai), referred
to the Standard Method HJ/T 399-2007. pH value was
determined by pH meter (PHS-3C, Shanghai ShengAoHua
Environment Protection Technology Co., Ltd., Shanghai).
NH,-N concentration was determined by Micro-Kjeldahl
Method. VFAs value was determined by titration analysis,
referred to the Standard Method Q/YZJ10-03-02-20001.

2.3. Three-dimensional excitation-emission
matrix fluorescence spectrum analysis

Various kinds of fluorescent substances contained
in DOM have different reactions when excited at certain
wavelengths, which show as fluorescence peaks at different
positions in the three-dimensional fluorescence spectrum

[31]. The three-dimensional excitation-emission matrix
and fluorescence region integral methods were adopted
[32,33]. These methods can be used for quantitative anal-
ysis of various organic compounds in DOM, and even
though they have been applied to analyze DOM in land-
fill leachate [34-38], they are seldom used to analyze DOM
in biogas slurry [39].

In this study, the dissolved organic carbon (DOC; mg/L)
of leachate and biogas slurry was determined by the direct
determination method (NPOC) using a German multi N/C
2100 DOC tester. An FP-6500 fluorescence spectrometer
was used to determine the three-dimensional excitation-
emission matrix and perform fluorescence spectroscopy.
The excitation light source was a xenon lamp, the PMT volt-
age was 700V, the excitation and emission slit widths were
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Table 1
Parameters of digestion materials
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Parameters Raw leachate Parameters Food waste
COD (mg/L) 2,500 + 25 Protein (%) 3.37+0.12
DOC (mg/L) 1,298 +11 Fat (%) 443+0.14
NH;-N (mg/L) 3,625 25 TOC (g/kg TS) 4505
pH 8.54+0.12 Carbohydrate (%) 21.37+0.28
Salinity (g/L) 8.18+0.12 Moisture (%) 69.52 +0.42
C/N 25.39 £0.22
Salinity (g/L) 8.40+0.12

COD: chemical oxygen demand; DOC: dissolved organic carbon; TOC: total organic carbon; C/N: carbon to nitrogen.

Table 2

Combinations of co-digestion materials
Experimental Sample Food waste Food waste Landfill Water NH,-N
group number load (g TS/L) (g) leachate (mL) (mL) (mg/L)
Load30 L30 0 0 1,200 0 3,625
Load21 L21 10 39.2 639.2 521.6 2,000
Load22 L22 20 79.2 617.6 503.2 2,000
Load23 L23 30 116.0 597.6 486.4 2,000
Load24 L24 40 157.6 574.4 468.0 2,000
Load34 L34 40 157.6 861.6 180.8 3,000
Water04 W04 40 157.6 0 1,042.4 0

5 nm, the excitation wavelength range was 200-450 nm
(wavelength was 5 nm), the emission wavelength range was
250-550 nm (wavelength was 2 nm), and the scanning speed
was 1,200 nm/min. Before analysis, deionized water was
used as a blank sample to calibrate Raman scattering, and
the water samples were adjusted to pH =7. The dilution ratio
of DOC in the biogas slurry in each group was the same.
The fluorescence spectrum of the sample was subtracted
from that of deionized water to remove the effects of Raman
scattering and Rayleigh scattering.

3. Results and discussion
3.1. Cumulative gas production per unit dry material

Fig. 1a shows that the cumulative gas production per
unit dry material increases with time. The first 6 d after
the start of anaerobic digestion comprise phase 1, which
is typically the peak production period of the anaerobic
digestion system. The second phase is the continuous gas
generation phase. As seen in Fig. 1a, the unit dry material
gas production of Load24 in stage 1 is greater than that of
Load23; and the unit dry material gas yield of Load23 is
much higher than that of Load21 and Load22.

It can be seen from Table 3 that in the first 6 d after the
experiment began, the gas production per unit dry mate-
rial accounted for approximately half of the total gas pro-
duction per unit dry material for systems Load21-Load23,
and for Load24 it accounted for 73.15% of it. Thus, it can be
seen that for the experimental anaerobic digestion system

Load24, the effect of leachate on the anaerobic digestion
of kitchen waste is mainly reflected in the start-up stage of
the anaerobic digestion system.

3.2. Gas rate and methane concentration

Fig. 1b shows the gas production rate of the anaerobic
co-digestion reactor when the ammonia nitrogen concentra-
tion of the biogas slurry is 2,000 mg/L. It can be seen from
the figure that the gas production rate of the other three
tanks is relatively stable, except that the gas production
rate of the Load23 reactor fluctuates greatly many times.
Among the four groups of experimental data, the Load24
reactor with an initial load of 40 g/L TS had the highest peak
gas production rate per unit dry material. Its gas produc-
tion rate curve had the most stable change. The gas produc-
tion rate of Load23 with an initial load of 30 g/L TS fluc-
tuated at a larger amplitude, which indicates an obvious
unstable state.

Fig. 1c shows the change in methane concentration
over time. It also shows that the methane concentrations
of Load21 and Load22 typically remained at a higher level
with a small fluctuation range. Additionally, it shows that
the Load23 reactor produces the largest amount of meth-
ane, has the lowest methane concentration and has the most
fluctuation in its gas production rate curve. When the ini-
tial load is 40 g TS/L, the stability of the anaerobic diges-
tion system is the best, and the methane concentration is
the most stable.
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3.3. pH and VFA

Methanogens require a meta-alkalescent environ-
ment. The optimal pH range is 7.3-8.6. During the anaer-
obic digestion of food waste, the hydrolysis and acidifi-
cation rates are too fast, and acid inhibition easily occurs.
Leachate is generally more alkaline when it is mature, so
leachate has a certain pH buffer capacity. The results of this
experiment show that the acid buffer capacity of leachate
is important for the stability of methane production. As
seen in Figs. 1d—f the combined anaerobic digestive sys-
tem with leachate added has a strong acid buffer capacity.
When the initial load is less than or equal to 40 g TS/L, the
combined anaerobic digestion experimental system enters
the stage of stable gas production. The combined diges-
tive system can recover from the acidic state to the alka-
line state even at high rates of hydrolysis and acidifica-
tion, with VFAS up to 40,000 mg/L (as shown in Fig. 1d).
However, when water is used as the anaerobic digestive
stock (Water04), the anaerobic digestive system of food
waste is rapidly acidified and acid inhibition occurs.

3.4. Three-dimensional fluorescence spectrum

Fig. 2 shows the fluorescence spectrum of the leachate
sample and anaerobic digester. As shown in Fig. 2, the FRI
method was adopted to divide the fluorescence spectrum
into 5 regions [32]: tyrosine protein regions (Ex: 200-260;
Em: 250-340), tryptophan protein regions (Ex: 200-260; Em:
340-380), fulvic acid regions (Ex: 200-260; Em: 380-550),
soluble microbial byproducts regions (Ex: 260-450; Em:
200-380), and humic acid regions (Ex: 260—-450; Em: 380-550).

As seen from Fig. 2, the leachate sample raw leachate
(LR) had three fluorescence peaks, which were located in
the protein fluorescence region, the fulvic acid fluores-
cence region and the humic acid fluorescence region. In
the samples form anaerobic digesters with leachate and
food waste, the fluorescence peak in the fluorescent region
of humic acid disappeared. The three-dimensional flu-
orescence spectra of 5 samples (L21, L22, L23, L24, and
L34) showed a high degree of consistency. The spectrum
of sample W04 with water as the digestion solution was
completely different. The three fluorescence peaks were
located in the protein-like region and microbial by-product
region. The fluorescence range was found to be significantly
smaller than that of other samples. This demonstrates that
the combination of leachate and food waste for anaerobic
digestion can promote the degradation of protein soluble
organic matter and microbial by-products.

Table 3
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3.5. Fluorescence spectral region integral

The relative intensities P, and the standard volume
of the total fluorescence region @, of each region were
calculated by the continuous integral formula. The com-
ponents of DOM were analyzed quantitatively [32,33,40].
Table 4 shows the DOC of leachate and biogas slurry, the
relative fluorescence intensity P, and the total fluores-
cence volume @, in each region. @, can indirectly and
quantitatively reflect the degradation of organic matter.
Generally, the higher the ®, is, the lower the content of
non-fluorescent organic matter in the biogas slurry is,
which indicates that the organic matter in the digested
raw material has been fully degraded. Table 4 shows that
the @, value of sample L22 is the highest, while that of
W04 is the lowest, indicating that anaerobic co-digestion is
helpful to the degradation of organic matter.

As seen from Table 4 and Fig. 3, the content of humus
(humic acid + fulvic acid) in the 5 samples combined with
anaerobic digestion was not significantly different, with
percentages of 69%, 66%, 70%, 68%, and 64%, but the DOC
of L21, L22 and L23 was approximately 50% of LR in the
leachate sample. After combining leachate with food waste
for anaerobic digestion, DOM was reduced by approxi-
mately half. When the leachate was digested by anaerobic
mono-digestion, the content of DOC was 72% of the leach-
ate, which emphasizes how anaerobic co-digestion was
more conducive to the reduction of DOC. It can be con-
cluded that food waste can promote the degradation of
leachate DOM when the initial load is 30 g/L TS and that
the percentage of humus in biogas slurry can be increased.
Different results were observed when the content of DOC
in biogas slurry of food waste containing water is as high as
8,630 mg/L. However, when the digestion stock is leachate,
the content of DOC in the biogas slurry is greatly reduced.
Thus, leachate can promote DOM degradation in food waste.

Literature reports [41-43] suggest that, compared with
fulvic acid organic matter and humic acid organic matter,
tyrosine organic matter, tryptophan organic matter and
microbial by-products are more easily degraded, which
increases the humus proportion in DOM after anaero-
bic digestion. On the other hand, studies have shown [32]
that humic acid has better solubility, higher quinone con-
tent, and is more easily reduced by microorganisms than
fulvic acid humus. Cui et al. [44] believe that there are
microorganisms in leachate and that some microorgan-
isms will synthesize carbon sources into humus substances
under sufficient carbon sources. However, when carbon
source is poor, other microorganisms will degrade humus,

Comparison of gas production in stage 1 and stage 2 of Load1-Load4 reactors (mL/g)

Experimental number Load21 Load22 Load23 Load24
Total gas production per unit dry material 588 756 1,280 1,036
Phase 1 gas production (1-6 d) 304 370 672 758
Phase 2 gas production (7-30 d) 284 386 608 278
Phase 1 gas production/total gas production (%) 51.70 49.00 52.50 73.15
Phase 2 gas production/total gas production (%) 48.30 51.00 47.50 26.85
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Fig. 2. Three-dimensional fluorescence spectrum of raw leachate (LR) and biogas slurry samples.
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Table 4

DOC of leachate and digestate, relative fluorescence intensity of each region (P, ), and total fluorescence volume (@, )

Sample Food waste DOC P, (%) X0, (x10°)

number load (g TS/L) (mg/L) Humicacid Microbial by-products Fulvicacid Tryptophan Tyrosine (AU-nm*[mg/L]")

LR - 1,298 14 17 47 14 8 242.3

L30 0 935 15 11 54 16 4 277.3

L21 10 500 16 14 50 15 5 313.3

L22 20 472 15 10 55 15 5 304.6

L23 30 574 15 11 53 16 5 276.5

L24 40 1,113 16 17 48 17 2 159.1

L34 40 1,604 4 16 53 12 15 146.6

W04 40 8,630 17 23 27 21 12 29.5
#Humicacid = Fulvic acid Microbial by-products Tryptophan @ Tyrosine

100%
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70%
60%
50%
40%
30%
20%

10%

0%

LR L30 121 122

L23 124 L34 wo4

Fig. 3. Relative fluorescence intensity of DOM in leachate and biogas slurry.

which can be used as nutrients for their own growth. The
experimental results of this paper are consistent with the
above conclusions.

4. Conclusions

Anaerobic co-digestion of leachate and food waste can
not only promote the anaerobic digestion process of food
waste, but also improve the gas production and methane pro-
duction rates. It can also promote the degradation of DOM
in leachate. The anaerobic co-digestion of leachate and food
waste has a synergistic effect. The anaerobic co-digestion
of landfill leachate and food waste can maintain the buffer
balance between ammonia and VFAs, overcome the inhib-
itory effect of ammonia and VFAs, and improve the stabil-
ity of the system. When the initial load rate of food waste is
20 g TS/L, the DOC content in biogas slurry can be reduced
to 36% of raw leachate and 50% of leachate from anaerobic
mono-digestion. The results of this study showed that anaer-
obic co-digestion of leachate and food waste had synergistic
effect. This kind of synergistic effect can be realized in engi-
neering applications, thus resulting in large scale economic
and environmental benefits.

Acknowledgments

This work was supported by Natural Science Research
of Jiangsu Higher Education Institutions of China

(No.19KJB610012), and Introduction Talent Scientific
Research Foundation Project of Nanjing Institute of
Technology (No. YKJ201934).

References

[1] LM.-C. Lo, Characteristics and treatment of leachates from
domestic landfills, Environ. Int., 22 (1996) 433-442.

[2] M.A. Kamaruddin, M.S. Yusoff, LM. Rui, AM. Isa,
M.H. Zawawi, R. Alrozi, An overview of municipal solid
waste management and landfill leachate treatment: Malaysia
and Asian perspectives, Environ. Sci. Pollut. Res., 24 (2017)
26988-27020.

[3] K. Wang, LS. Li, FX. Tan, D.J. Wu, Treatment of landfill
leachate using activated sludge technology: a review, Archaea
Wastewater Treat.: Curr. Res. Emerging Technol., 2018 (2018)
1039453, doi: 10.1155/2018/1039453.

[4] C.Qi J. Huang, B. Wang, S. Deng, Y. Wang, G. Yu, Contaminants
of emerging concern in landfill leachate in China: a review,
Emerging Contam., 4 (2018) 1-10.

[5] Y.Y. Yang, Y. Chen, M.]. Lj, B. Xie, Effects of total nitrogen and
BODS/TN on anaerobic ammonium oxidation-denitrification
synergistic interaction of mature landfill leachate in aged
refuse bioreactor, Environ. Sci., 36 (2015) 1412-1416.

[6] M. Hassan, B. Xie, Use of aged refuse-based bioreactor/biofilter
for landfill leachate treatment, Appl. Microbiol. Biotechnol.,
98 (2014) 6543-6553.

[7]1 T. Marhaba, Y. Pu, Rapid delineation of humic and non-humic
organic matter fractions in water, J. Hazard. Mater., 73 (2000)
221-234.

[8] J. Artiola-Fortuny, W.H. Fuller, Humic Substances in landfill
leachates: I. humic acid extraction and identification, J. Environ.
Qual., 11 (1982) 663-669.



144

9]

[10]

[11]

[12]

[13]

[14]

[13]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

X. Liao et al. / Desalination and Water Treatment 222 (2021) 137-144

K. Kang, H.S. Shin, H. Park, Characterization of humic
substances present in landfill leachates with different landfill
ages and its implications, Water Res., 36 (2002) 4023-4032.

T. Chen, Y. Jin, D. Shen, A safety analysis of food waste-derived
animal feeds from three typical conversion techniques in
China, Waste Manage. (New York, N.Y.), 45 (2015) 42-50.

Q. Wang, J. Jiang, Y. Zhang, K. Li, Effect of initial total solids
concentration on volatile fatty acid production from food waste
during anaerobic acidification, Environ. Technol., 36 (2015)
1884-1891.

Q. Wang, K. Yamabe, J. Narita, M. Morishita, Y. Ohsumi,
K. Kusano, Y. Shirai, HI. Ogawa, Suppression of growth
of putrefactive and food poisoning bacteria by lactic acid
fermentation of kitchen waste, Process Biochem., 37 (2001)
351-357.

B. Zhang, L. Zhang, S. Zhang, H. Shi, W. Cai, The influence of
ph on hydrolysis and acidogenesis of kitchen wastes in two-
phase anaerobic digestion, Environ. Technol., 26 (2005) 329-340.
C. Zhang, H. Su, J. Baeyens, T. Tan, Reviewing the anaerobic
digestion of food waste for biogas production, Renewable
Sustainable Energy Rev., 38 (2014) 383-392.

YM. Wong, PL. Show, TY. Wu, H.Y. Leong, S. Ibrahim,
J.C. Juan, Production of bio-hydrogen from dairy wastewater
using pretreated landfill leachate sludge as an inoculum,
J. Biosci. Bioeng., 127 (2019) 150-159.

Z. Qiu, Y. Liu, L. Yang, M. Wu, Y. Wang, Treatment of landfill
leachate by effective microorganisms, Int. J. Environ. Pollut.,
38 (2009) 39-47.

S. Bi, X.J. Hong, G.X. Wang, Y. Li, YM. Gao, L. Yan, Y.J. Wang,
W.D. Wang, Effect of domestication on microorganism diversity
and anaerobic digestion of food waste, Genet. Mol. Res.,
15 (2016) 1-14.

R. Azarmanesh, M. Zonoozi, H. Ghiasinejad, Characterization
of food waste and sewage sludge mesophilic anaerobic
co-digestion under different mixing ratios of primary sludge,
secondary sludge and food waste, Biomass Bioenergy, 139
(2020) 105610, doi: 10.1016/j.biombioe.2020.105610.

J. Li, SM. Zicari, Z. Cui, R. Zhang, Processing anaerobic
sludge for extended storage as anaerobic digester inoculum,
Bioresour. Technol., 166 (2014) 201-210.

J.H. Patil, M.K. Shetty, R. Ravishankar, S.M. Desai, B.B. Shankar,
Kinetics of biomethanation of kitchen waste using fungi
and cow dung as inoculums, Int. J. Latest Sci. Res. Technol.,
ISSN 2348-9464 (Special Issue), (2014) 31-41.

K. Dhamodharan, V. Kumar, A.S. Kalamdhad, Effect of
different livestock dungs as inoculum on food waste anaerobic
digestion and its kinetics, Bioresour. Technol.,, 180 (2015)
237-241.

Z.Wang, F. Ma, L. Wei, G. Zhao, T. Zhou, Z. Zhao, Experimental
Study on Anaerobic Fermentation of High Concentrated Cow
Dung Mixed with Wheat Straw, 2011 Second International
Conference on Mechanic Automation and Control Engineering,
IEEE, Inner Mongolia, China, 2011, pp. 3124-3127.

M. Barlaz, D. Schaefer, R. Ham, Bacterial population
development and chemical characteristics of refuse
decomposition in a simulated sanitary landfill, Appl. Environ.
Microbiol., 55 (1989) 55-65.

P. Kjeldsen, M. Barlaz, A. Rooker, A. Baun, A. Ledin,
T. Christensen, Present and long-term composition of MSW
landfill leachate, Crit. Rev. Environ. Sci. Technol., 32 (2002)
297-336.

Y. Zhao, L. Song, R. Huang, L. Song, X. Li, Recycling of aged
refuse from a closed landfill, Waste Manage. Res., 25 (2007)
130-138.

L. Huang, H. Zhou, Y. Chen, S. Luo, C. Lan, L. Qu, Diversity
and structure of the archaeal community in the leachate of a
full-scale recirculating landfill as examined by direct 165 rRNA
gene sequence retrieval, FEMS Microbiol. Lett., 214 (2002)
235-240.

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

C.A. Bareither, G.L. Wolfe, K.D. McMahon, C.H. Benson,
Microbial diversity and dynamics during methane production
from municipal solid waste, Waste Manage., 33 (2013)
1982-1992.

S. Krishnamurthi, T. Chakrabarti, Diversity of bacteria and
archaea from a landfill in Chandigarh, India as revealed
by culture-dependent and culture-independent molecular
approaches, Syst. Appl. Microbiol., 36 (2013) 56-68.

W. Laloui-Carpentier, T. Li, V. Vigneron, L. Mazéas, T. Bouchez,
Methanogenic diversity and activity in municipal solid waste
landfill leachates, Antonie van Leeuwenhoek, 89 (2006) 423—434.
L. Song, Y. Wang, W. Tang, Y. Lei, Bacterial community
diversity in municipal waste landfill sites, Appl. Microbiol.
Biotechnol., 99 (2015) 7745-7756.

N. Hudson, A. Baker, D. Reynolds, Fluorescence analysis
of dissolved organic matter in natural, waste and polluted
waters — a review, River Res. Appl., 23 (2007) 631-649.

W. Chen, P. Westerhoff, J. Leenheer, K. Booksh, Fluorescence
excitation-emission matrix regional integration to quantify
spectra for dissolved organic matter, Environ. Sci. Technol.,
37 (2004) 5701-5710.

A. Li, X. Zhao, R. Mao, H. Liu, J. Qu, Characterization of
dissolved organic matter from surface waters with low to
high dissolved organic carbon and the related disinfection
by-product formation potential, J. Hazard. Mater., 271 (2014)
228-235.

A. Baker, M. Curry, Fluorescence of leachates from three
contrasting landfills, Water Res., 38 (2004) 2605-2613.

A. Yunus, D. Smallman, A. Stringfellow, R. Beaven,
W. Powrie, Feasibility assessment of spectroscopic methods
in characterising leachate dissolved organic matter, J. Water
Environ. Technol., 10 (2012) 317-336.

H. Pan, H. Lei, X. Liu, H. Wei, S. Liu, Assessment on the leakage
hazard of landfill leachate using three-dimensional excitation-
emission fluorescence and parallel factor analysis method,
Waste Manage., 67 (2017) 214-221.

Z. Liu, X. Li, Z. Rao, F. Hu, Treatment of landfill leachate
biochemical effluent using the nano-Fe,O,/Na,S,0, system:
oxidation performance, wastewater spectral analysis, and
activator characterization, J. Environ. Manage., 208 (2017)
159-168.

K. Luo, Y. Pang, X. Li, F. Chen, X. Liao, M. Lei, Y. Song, Landfill
leachate treatment by coagulation/flocculation combined with
microelectrolysis-Fenton processes, Environ. Technol., 40 (2018)
1862-1870.

X.Liao, S. Zhu, D. Zhong, J. Zhu, L. Liao, Anaerobic co-digestion
of food waste and landfill leachate in single-phase batch
reactors, Waste Manage., 34 (2014) 2278-2284.

X. Chai, G. Liu, X. Zhao, Y. Hao, Y. Zhao, Fluorescence
excitation—emission matrix combined with regional integration
analysis to characterize the composition and transformation of
humic and fulvic acids from landfill at different stabilization
stages, Waste Manage., 32 (2012) 438—447.

D. Barker, D. Stuckey, A review of soluble microbial products
(SMP) in wastewater treatment systems, Water Res., 33 (1999)
3063-3082.

M. Dignac, P. Ginestet, D. Rybacki, A. Bruchet, V. Urbain,
P. Scribe, Fate of wastewater organic pollution during
activated sludge treatment: nature of residual organic matter,
Water Res., 34 (2000) 4185-4194.

T. Shimada, J. Zilles, L. Raskin, E. Morgenroth, Carbohydrate
storage in anaerobic sequencing batch reactors, Water Res.,
41 (2008) 4721-4729.

J. Cui, J. Meng, W. Zhang, W. Wang, Effect of Microorganism
on the Degradation and Formation of Humic Acid in Landfill
Leachate, 2017 6th International Conference on Energy and
Environmental Protection (ICEEP 2017), Atlantis Press, 2016,
pp- 86-87.



	_Hlk21718510
	OLE_LINK81
	OLE_LINK82
	OLE_LINK98
	OLE_LINK79
	OLE_LINK80
	OLE_LINK52
	OLE_LINK57
	OLE_LINK33
	OLE_LINK44
	_Hlk59471491
	OLE_LINK7
	OLE_LINK8
	OLE_LINK10
	OLE_LINK11
	OLE_LINK3
	OLE_LINK4
	_Hlk26633008
	OLE_LINK97
	OLE_LINK99
	OLE_LINK96
	_Hlk48031727
	_nebD3B35D52_F587_43C9_B63A_7C35574B82C6
	_neb1753805B_2130_4B0C_BC05_10C4788C0345
	_neb2908615C_34AE_41E2_8CA3_36ED7B307C37
	_neb08E58044_1E23_40B8_B554_3C7F8ADA423A
	_nebA73332D2_72FB_4644_9A9E_73A2BF09E921
	_nebC3F70D33_74F7_4E5C_ADE6_2B13B4F97D99
	_nebFBB33197_E8A9_4ED9_A4C0_D801F464DF4D
	_neb122E1553_E74E_4E65_A3A2_ADBCE7977DB3
	_nebC27127EB_8FE6_449F_83A7_BE5831F5E3BC
	_neb505A8F64_74FC_4BF4_B614_D83F032FFB67
	_neb5D78389E_66B7_42FF_9021_422D7F737533
	_nebB80600A8_7A86_4FEC_9144_BBC20ED85ED2
	_nebB1E95CEA_F1EA_4D6E_A5C1_E2994CC140B1
	_neb54A6BD37_ACBF_4F72_A050_DF08E54F9AD3
	_neb8274F813_B407_48CA_B7EE_04B6148A1887
	_nebC5C9E1FB_B563_433C_A954_00E5D72E55FA
	_nebBA591ABF_BC22_4C56_A8FE_7E8988EB6AE3
	_neb4A99293E_65E4_4BFF_9960_4D2A75318121
	_neb733C0480_D0E3_44FA_9DD1_A28505C4192E
	_neb9276D193_2743_4D46_9351_898E0D59A3B5
	_nebA69559F8_F4CE_4485_9806_B205FEF497B0
	_neb79A04BA9_A1E7_4D60_A99C_297926FFA57C
	_neb4851A9D0_B77D_40B7_8341_A27F29F6FD92

