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Abstract: Aerobic composting is widely used worldwide as a natural process for handling human
waste. Such waste often contains pharmaceutical residues from human consumption, yet their
impact on composting has not been studied. The aim of this study is to investigate the impact of the
antihistamine cimetidine (10 mg/kg, 100 mg/kg) on the aerobic composting of human feces. The key
results show that 10 mg/kg of cimetidine accelerates temperature increase and moisture removal
of the composting substrate. The organic matter in all the groups gradually decreased, and the pH
values increased first and then declined with the composting time, with no significant differences
between the groups. The NH4

+-N concentrations and NH3 emission reached the maximum at
1.5 days and then declined rapidly, while the NO2

−-N concentrations increased and then decreased,
and the NO3

−-N contents tended to increase all the time during the composting. The 100 mg/kg
cimetidine caused a higher maximal NH4

+-N concentration of compost, and a lower maximal NH3

emission at 1.5 days, while 10 mg/kg cimetidine led to more NO2
−-N and NO3

−-N contents. In
addition, 10 mg/kg cimetidine enhanced the aromatization and humification of dissolved organic
matter and promoted the degradation of aliphatic substances. Furthermore, 100 mg/kg cimetidine
generated a larger influence on the microorganisms than 10 mg/kg cimetidine, especially for the
microorganisms related to nitrogen transformation. The findings imply that cimetidine has a dose-
dependent impact on the decomposition of organic matter and the conversion of nitrogen in human
feces during composting. It deserves further investigation of the possible hormesis effect.

Keywords: human; aerobic composting; cimetidine; potential effect; nitrogen conversion

1. Introduction

Pharmaceuticals and personal care products (PPCPs) are extensively applied for health
care and animal husbandries such as antibiotics, antihistamines, and cytostatic drugs, and in
people’s daily lives, such as sunscreens, antibacterial agents, preservatives, and household
detergents [1]. These compounds, representing a wide range of human consumption
products, are discharged into the environment because of widespread consumption, limited
human metabolism, and inappropriate management [2]. The global demand for medicine
is increasing with the impact of the 2019 coronavirus disease [3], and the scale is expected
to reach USD 1.06 trillion in 2024 [4]. Once these pharmaceuticals enter the environment,
their negative effect is generated on untargeted organisms, even at trace concentrations.
Jechalke et al. reported that several PPCPs, such as antibiotics, can decrease soil nitrification
and respiration rates and generate an effect soil microbial community [5]. Besides the
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impacts on the soil ecosystem, PPCPs can also interfere with the human endocrine system.
More than one-third of pesticides and their metabolites exhibit human antiglucocorticoidic
activity and have cumulative or synergistic effects of endocrine disruptors [6]. Furthermore,
these transformation products of pesticides may increase hormone secretion and associated
gene expression levels [7].

Cimetidine is a widely-used typical H2 antihistamine for treating stomach illness [8].
Large amounts of cimetidine are consumed every year [9]. The annual consumption of
cimetidine was almost 160 tons in the USA [10] and about 125–130 tons in Korea [11]. A
high content of cimetidine is emitted into the environment since pharmaceuticals such
as cimetidine cannot be removed effectively by conventional wastewater treatment [12].
The residual medicine will be released into the soil through sewage recycling and sewage
sludge application as fertilizer. Pérez-Carrera et al. reported that the concentration of
cimetidine is the most abundant (7.8 ng/g) of all the tested medicines in the sediment near
a wastewater treatment plant in Spain [13]. A low concentration of cimetidine is found in
soil (<1.69 ng/g dw), but the plants can enrich cimetidine up to 997 ng/g dw, according
to the Dynamic Plant Uptake model [14]. Some studies investigated the potential risks of
cimetidine residues to ecosystems and human receptors. Lee et al. reported that cimetidine
could disrupt the endocrine system after short-term exposure and change the steroidogenic
pathway and sex hormone balance of adult zebrafish, such as the development of gonadal
intersex in the female fish [15]. Hoppe et al. found that long-term exposure to cimetidine
negatively affects aquatic invertebrate growth and population dynamics [16]. Manzato
et al. suggested that cimetidine also causes androgenic failure in the serum testosterone
levels of rodents [17]. In fact, humans do not fully absorb cimetidine when taking this
drug, and sixty percent of cimetidine is excreted in the form of human excreta [18], causing
high contents of cimetidine in human waste. At present, it is unclear about the effect of
cimetidine on the treatment and disposal of human excreta.

Co-composting of crop residues and feces in rural areas is an efficient treatment
method to reduce the pollution of solid waste and promote the reuse of the waste [19].
Composting can efficiently eliminate persistent organic compounds such as PPCPs, and
pathogenic microorganisms in human feces [20]. In turn, the organic compounds in human
feces may exert an influence on the composting process. Antibiotics are capable of affecting
the release of ammonia, causing the pH decline during composting process [21]. Nitrogen
is an important macronutrient for cell growth and biochemical processes of the composting
process [22]. The five main stages of the nitrogen cycle—ammonification, nitrification, deni-
trification, anammox, and assimilation—are all largely controlled by microbial activity [23].
However, the pollutants of raw materials can influence the nitrogen transformation during
composting. Vieuble Gonod et al. found that sulfonamides inhibit the N cycle process
and enhance the concentration of total nitrogen content (TN) during composting due to
the hormesis effect [24]. A high concentration of amoxicillin leads to lower NO2

−-N and
NO3

−-N contents in the thermophilic period, implying that the presence of amoxicillin
weakens the nitrification [25]. They may result from the high sensitivity of the nitrogen-
converted microorganism to high contents of medicine [26]. The addition of oxytetracycline
changes the nitrogen transformation by reducing nitrifying bacteria and the emergence of
Bacillus and Thermobifida [27].

Humification is a nutrient-stabilizing process of compost, which is also affected by
medicine. Penicillin G reduces the synthesis of humus and humic acid by disrupting the
metabolisms of amino acids and carbohydrates in the microorganism communities [28].
Composting is directly tied to microbial succession since the organic matter degradation
is mostly carried out by a variety of microorganisms [29]. The abundance of medicine
also exerts an influence on the microbial population. Guo et al. (2022) found a decrease
in Firmicutes and an increase in Bacteroidetes at the end of the composting in Chinese
herbal medicine [30]. The studies imply that various PPCPs, such as pharmaceuticals,
have complex and unpredictable effects on the nitrogen conversion, humification, and
microorganism community in aerobic composting. Therefore, it is hypothesized that
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cimetidine has a considerable effect on composting due to the potentially high content of
cimetidine in human feces.

The objects of the study are to (1) investigate the impact of the cimetidine on the treat-
ment performance of the human-feces composting; (2) explore the evolution of dissolved
organic matters (DOMs) using fluorescence and Fourier transform infrared (FTIR) spec-
troscopy; (3) analyze the microbial community succession during the composting through
high-throughput sequencing technologies. The study will give a detailed understanding of
the potential effects of cimetidine on the treatment and disposal of human feces, particularly
for composting process.

2. Materials and Methods
2.1. Samples and Composting Reactor

The human-feces samples were taken from a rural village in Wuwei County, Wuhu
City, Anhui Province, China. The collected samples were then stored in plastic containers
at 4 ◦C until the experiment began. Rice bran (1–2 mm) as bulking material of composting
was gained in a food supplier in Panjin City, Liaoning Province, due to its highly porous
structure and specific surface area [31]. Table S1 displays the physicochemical properties of
human feces and rice bran.

Three 10-L bench-scale compost reactors were set up, as shown in Figure S1. Each
reactor was covered by a thermal insulator to maintain temperature and reduce heat loss
during composting. The perforated bottom plate of the reactors was used for the aeration
process. The aeration rate was 0.25 L (air)/(min·kg) with 40 min on/20 min off during the
human-feces composting [32].

2.2. Human Feces Composting

A total of 6.3 kg of human feces and 4.5 kg of rice bran (wet weight) were fully
mixed. The carbon-nitrogen ratio (C/N) and moisture content of the mixtures were
around 16 and 60% [33]. Then, the substrates (10.8 kg in total) were divided into three
groups, with an average of 3.6 kg per group. Two cimetidine concentrations (10 and
100 mg/kg) were prepared in the initial mixtures based on the daily consumption dosage
(www.drugbank.ca/drugs/DB005, acessed on 14 February 2019, the excreted percentage
of the medicine [16], and the excrement mass per capita [34]. 10 mg/kg is the average daily
dosage of cimetidine, and 100 mg/kg is the higher concentration to investigate the effect
on the environment. The three groups are shown as followings: two experiment groups,
composting with 10 mg/kg cimetidine, composting with 100 mg/kg cimetidine; and one
control group, composting without cimetidine. Deionized water without cimetidine was
added to the mixture as the control group. Then the mixtures were added to the reactors
for a 21-day composting [25]. Approximately 50 g of the samples were collected from the
reactor’s upper, middle, and bottom sections per 1.5 days during days 1–3 and per 3 days
during days 3–21. Two subsamples were taken from each sample. One subsample was
kept at −20 ◦C for analyzing the physicochemical characteristics of the substrates, while
the other was kept at −80 ◦C for the analysis of microbial community using 16S rDNA
high-throughput sequencing.

2.3. Compost Physicochemical Properties

The temperatures were measured at the reactors’ top and bottom sections with a
K-type thermometer every 12 h. The moisture content was estimated by drying the samples
in a 105 ◦C oven for 24 h. The dried composting samples were then burned at 550 ◦C for
four hours in a muffle furnace to determine the content of volatile solids (VS). The pH value
of the samples was determined using pH meters in deionized water with a solid-to-water
ratio of 1:10 [35]. NH3 content was measured following the Chinese HJ 533-2009 National
Standard, using a 0.01 mol/L H2SO4 solution for titration. NH4

+-N, NO2
−-N, and NO3-N

contents of the samples were determined according to the reference (APHA, 2005). Each
test was carried out in triplicate.

www.drugbank.ca/drugs/DB005
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2.4. Characterization of Dissolved Organic Matters

DOMs were extracted from the samples according to the reference [36]. A Multi
N/C 2100 TOC analyzer (Analytikjena, Jena, Germany) was used to estimate the soluble
TOC contents (STOC) of the samples. Fluorescence spectroscopy was used to analyze
the fluorescent components in the DOM samples obtained at 1.5, 6, and 21 days based
on the reference [37], using an F-7000 fluorescence spectrophotometer (Hitachi, Tokyo,
Japan). Three-dimensional(3D) excitation/emission matrix (EEM) spectra were acquired by
scanning the excitation wavelength between 200 to 500 nm and the emission wavelength
between 250 to 600 nm. The EEM spectral data were analyzed using Fluorescence Regional
Integration (FRI) techniques [37]. Convectional emissions and excitation spectra of the
DOM samples were also gained with a speed of 12,000 nm/min based on the reference [38].
In addition, the DOM samples collected at 0, 1.5, 3, 6, 9, 12, 15, and 21 days were measured
using Fourier transform infrared (FTIR) spectroscopy of Nicolet 389 spectrometer (Thermo
Fisher, Tokyo, Japan) according to the reference [39].

2.5. Microbial Community Analysis

The microbial community of the samples collected at 1.5, 6, and 21 days were analyzed
using 16S rRNA high-throughput sequencing analysis after their DNA was extracted using
the E.Z.N.A.® Soil DNA Kit (Omega Bio-tek, Norcross, GA, U.S.) based on the instruction
according to our previous study [36]. A NanoDrop2000 UV-vis spectrophotometer was
used to measure the content and purity of the DNA samples. Illumina MiSeq sequencing
of the DNA samples was carried out by Majorbio-Biopharm Biotechnology Co., Ltd. in
Shanghai, China. The original sequencing quality was controlled by Trimmomatic (Illumina,
California, U.S.) and FLASH (U.S.) software (Version 1.2.11). UPARSE software (Version 7.1)
was used to analyze operational taxonomic units (OTUs) with a similarity level of 97%. Each
sequence labeled using the RDP classifier was further compared with the Silva database
(SSU123) (Bremen, Germany) with an alignment threshold of 70%. The Heatmap and
cluster analysis were performed with Origin 2022 to present the species composition and
abundance information among different samples at the genus level. The differences in the
distribution of microorganisms among various samples were assessed through principal
component analysis (PCA) using Majorbio official website tools.

3. Results and Discussion
3.1. Effect of Cimetidine on Treatment Performance of Human Feces Composting
3.1.1. Physicochemical Properties of the Bulk Substrate

Temperature variation reflects microbial activity and progress relating to the mineral-
ization and humification of composting [34]. The temperatures in all the groups rapidly
increased and then decreased with the composting time (Figure 1a). The control, 10 mg/kg,
and 100 mg/kg groups arrived at the maximum temperature at 0.5–1.0 days, which is
40.4, 42.4, and 39.4 ◦C, respectively. As shown in Figure 1b, the cumulative temperature
increase in the 10 mg/kg group is much higher than that of the other two groups. The
results indicate that the presence of low-dose cimetidine promotes the enhancement of
aerobic composting temperature due to the higher microbial activity [40]. They correspond
to the previous study about the effect of ranitidine, possibly due to the hormesis effect [41].
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Figure 1. Changes in temperature (a), accumulated temperature (b), moisture content (c), and pH
value (d) in the control, 10 mg/kg, and 100 mg/kg groups as the composting of human feces.

The moisture content is linked to the dissolved organic matter and enzyme activity,
thus affecting the microbial succession [42]. Figure 1c shows that the moisture contents in
the initial thermophilic period of the groups rapidly decrease with the composting time,
implying the high microorganism activity because of the high-temperature [32]. After
21 days, the 10 mg/kg group’s moisture content was lower than the control and 100 mg/kg
group, in accordance with the temperature results (Figure 1b), implying that the 10 mg/kg
group had more water removal. Figure 1d shows that pH values present a similar variation
in the groups; all display the first rise and then a decline during the composting process.
The pH increase possibly resulted from the deterioration of organic acids and the formation
of ammonium nitrogen (NH4

+-N) [21]. In contrast, the pH decrease may be ascribed to the
following hydrogen ions accumulation caused by the nitrification [43].

3.1.2. Transformation of Carbon-Containing Materials

Human feces possess various organic matter, such as sugars, proteins, fats, and cellu-
lose [44], which can supply the carbon or energy sources for microorganisms’ growth and
metabolism. The VS contents of all the groups gradually decreased over the operation time
(Figure S2), indicating organic matter degradation, and stabilization of the composting sub-
strate [43]. As shown in Figure 2, STOCs of all the groups decreased very quickly in six days,
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implying that the labile organic matter is degraded rapidly in the initial stage of aerobic
composting [45]. Then, the STOC contents tended to stabilize over 6–21 days, correspond-
ing to the results of Xu et al. [18]. At the end of composting, the STOC contents decreased
to 0.80 mg/g, 0.89 mg/g, and 0.92 mg/g for the control, 10 mg/kg, and 100 mg/kg groups,
respectively. Overall, the groups had the similar changes in the VS and STOC contents,
indicating that cimetidine had no undetectable influence on the decomposition of organic
matter during the human feces composting.
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3.1.3. Transformation of Nitrogen-Containing Materials

Nitrogen is a critical component of microbial cell structure materials, an essential
component for microbial activity and a source of synthetic nitrogen-containing metabolites
during composting [25]. Figure 3a shows that the NH4

+-N concentration in the 100 mg/kg
group reached the maximum values (4.72 mg/kg) at 1.5 days, which is higher than the
10 mg/kg group (2.70 mg/kg), followed by the control group (1.89 mg/kg). The results
indicate that the cimetidine promotes the ammoniated process, especially for the 100 mg/kg
group. Then, the NH4

+-N concentrations tended to decrease, possibly due to the nitrifi-
cation by ammonia oxidizing microorganisms and nitrite oxidizing bacteria (NOB) [25].
NH4

+-N content in each group was below the threshold (0.40 g/kg) after 21 days, sug-
gesting the compost maturity [46]. As shown in Figure 3b, the NH3 emissions in all the
groups reached the maximum also at 1.5 days (Figure 3b). The 100 mg/kg group had
much lower NH3 emission, compared with the two other groups, inferring that the high
dosage of cimetidine inhibited the NH3 emission during the composting. The sequential
decrease in NH4

+-N content and NH3 emission after 1.5 days was possibly associated with
the decreasing degradation of nitrogen-containing organic matter as well as the nitrification
of NH4

+-N [47]. The NO2
−-N concentrations in all the groups were very low in the first

3 days, then firstly increase in 3–12 days and decrease after 12 days (Figure 3c). The low
NO2

−-N contents for the first 3 days may be attributed to high sensitivity of nitrifying
bacteria to high temperature in the initial composting, leading to inhibition of the nitrifica-
tion [48]. The reduction of NO2

−-N concentration after 12 days resulted from the oxidation
of NO2

−-N by the NOB [49]. Meanwhile, the NO3
−-N contents in all the groups fluctuate

in first 9 days, and then rapidly increase in 9–21 days (Figure 3d). Generally, the 10 mg/kg
group has the highest NO2

−-N content but the lowest NO3
−-N contents after 9 days in all

the groups. They imply that the 10 mg/kg of cimetidine may exert a great adverse effect
on oxidation of NO2

−-N by NOB. Therefore, the results demonstrate that the presence of
cimetidine may boost the ammoniation process but inhibit the nitrite-oxidizing process
during aerobic composting.
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3.2. DOMs Analysis Using Fluorescence and FITR Spectroscopy

DOMs represent the most active component of the compost organic matter [50], which
not only contain a large number of biological by-products but can also supply a direct
nutrition source for microorganism growth. The quality of composting products is often
evaluated through the chemical composition and structure of the DOMs [51]. Therefore, it
is significant to investigate the effect of cimetidine on the DOMs during the human feces
composting process.

3.2.1. Fluorescence Spectroscopy

Fluorescence spectroscopy is often used to measure the changes in organic fluorescent
groups, e.g., proteins, humic acids, and fulvic acids, during biological treatments [52]. The
EEM spectra of DOMs at 1.5, 6, and 21 days are shown in Figure 4. Four characteristic
peaks are found in the EEM spectra. Peak 1 (Ex/Em = 225–230 nm/310–325 nm) and
Peak 2 (Ex/Em = 275–280 nm/320–350 nm) relate to the soluble microbial by-product
and aromatic proteins such as tyrosine-like and tryptophan-like groups [38], while Peak 3
(Ex/Em = 325–340 nm/420–430 nm) and Peak 4 (Ex/Em = 285–290 nm/415–425 nm) rep-
resent the compounds such as humic acid and fulvic acid [53].
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Specific fluorescence intensities (SFIs) of Peaks 1 and 2 tended to decrease. At the same
time, those of Peaks 3 and 4 had an increasing tendency as the operation time, indicating
the decomposition of soluble microbial by-product and protein-like groups, the accumu-
lation of humic acid and fulvic acid during the composting of human excrement [54].
Microorganisms use degradable and unstable DOMs, such as proteins and soluble micro-
bial by-products, for metabolic activities and generate more stable compost with humus
macromolecular organic matter during the composting [55]. SFIs of all four peaks in the
10.mg/kg group were greater than that in the others at 1.5 days (Table 1), implying that
the 10 mg/kg group has higher organic fluorescent matter. They are attributed to higher
microbial activity causing the transformation of more organic matter to fluorescent DOMs
due to higher temperature in the 10 mg/kg group (Figure 1).
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Table 1. Ex/Em maxima and specific fluorescence intensity (SFI) of EEM spectra of human feces
aerobic composts. DOMs at 1.5, 6, and 21 days.

Samples
Peak 1 Peak 2 Peak 3 Peak 4

Ex/Em SFI Ex/Em SFI Ex/Em SFI Ex/Em SFI

1.5 days
Control 225/320 110.35 280/325 174.81 335/425 178.93 285/420 167.71

10 mg/kg 225/325 130.79 280/325 194.71 340/430 209.83 285/425 192.40
100 mg/kg 225/325 115.59 280/325 169.41 340/430 191.33 285/420 182.51

6 days
Control 230/315 19.82 280/325 135.91 340/430 240.13 285/425 210.10

10 mg/kg 230/325 27.73 280/325 128.11 340/430 232.83 285/425 193.90
100 mg/kg 230/325 45.17 280/325 128.91 340/430 240.73 285/425 208.30

21 days
Control 230/325 9.00 280/325 96.85 335/425 311.01 285/425 247.55

10 mg/kg 230/325 15.62 280/325 116.15 340/430 312.41 285/425 247.15
100 mg/kg 230/325 10.57 280/325 90.05 340/430 296.81 285/425 241.45

The FRI technique is a quantitative method, integrating the defined EEM region accord-
ing to the fluorescence intensity [56], which can be used to analyze the fluorescence intensity
data and overcome the overlapping and heterogeneity of four products’ EEM spectra. Φi
denotes the accumulated fluorescence intensity of organics with similar characteristics by
normalizing Φi to relative regional areas to obtain the Ex/Em area volumes (Φ(i,n), Φ(T,n))
and percent fluorescent response (P(i,n)). The P(1,n), P(2,n), and P(3,n) in all the groups show a
decreasing tendency with the composting time, and the P(4,n) and P(5,n) tended to increase
(Figure S3), implying a decrease in the percentages of protein-like groups and an increase
in the percentages of humic acid-like materials during the composting. Compared with
the other groups, higher Φ(T,n) in the 10 mg/kg group implies higher fluorescence organic
matter in the samples. The possible reason is that low-dosage cimetidine enhances the
organic matter degradation, and the enrichment of fluorescence organic matters such as
aromatic protein and humic acid-like groups, in accordance with the previous studies based
on ranitidine [36].

Studies have shown that the concentration of humic acid-like groups positively corre-
lates with the fluorescence intensities of emission spectra in the 380–550 nm range with a
fixed excitation wavelength of 360 nm and excitation spectra at a fixed emission wavelength
of 520 nm in the range of 300–500 nm [57]. The intensities of the emission and excitation
spectra from the three groups gradually increase with the composting time, indicating the
enhancement of the humic acid-like groups (Figure S4). The 10 mg/kg group has higher
intensities of emission and excitation spectra compared with the other two groups, further
confirming that the DOMs in the 10 mg/kg group have a greater degree of humification
and stability [57].

3.2.2. FTIR Spectroscopy

As shown in Figure S5, the main changes in the FTIR spectra are outlined with
composting time as followings: (1) a decrease in the peak intensity at 2930 cm−1 and
2855 cm−1 relating to C–H stretching of aliphatic substances [58]; (2) an intensity increase at
1630–1640 cm−1 (C=O stretch of the amide groups and C=C of aromatic groups) [59]; (3) a
weakening of peak intensity at 1546–1553 cm−1 (N-H stretching of amide II) [54]; (4) an
intensity decrease at 1050–1080 cm−1 (C-O bond of polysaccharides) [51]. They indicate the
loss of aliphatic, protein, and polysaccharides substances and the enrichment of aromatic
compounds during the composting. The 10 mg/kg and 100 mg/kg groups exhibit greater
reduction at about 2930 and 2855 cm−1 than the control group and even disappear after
21 days, implying that the cimetidine accelerates the degradation of aliphatic substances in
composting of human feces.
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3.3. Effect of Cimetidine on Microbial Community Succession during Human Feces Composting

Microbial community in the three groups at 1.5, 6, and 21 days of composting are
shown in Figure 5 at the phylum level. The top 10 bacteria accounted for about 99% of the
total number of microbes, namely Proteobacteria (37.20–70.53%), Firmicutes (19.68–47.7%),
Actinobacteria (1.79–13.31%), Bacteroidetes (1.91–9.70%), Patescibacteria (0.14–2.32%), Chlo-
roflexi (0.33–1.35%), Myxococcota (0.04–1.03%), Verrucomicrobiota (0–0.71%), and Plancto-
mycetes (0–1.73%). Awasthi et al. reported that Proteobacteria, Actinobacteria, and Bac-
teroidetes play vital roles in organic matter degradation during composting [55]. Firmicutes
are the dominant bacteria in the mesophilic and thermophilic periods of the composting
process and can degrade lignin and cellulose [25]. The relative abundance of Actinobacteria
gradually increased as the composting proceeded, implying the enhancement of compost
decay [60]. The 10 mg/kg group had a high relative abundance of Proteobacteria compared
with the control and the 100 mg/kg groups at 6 and 21 days. They indicate that the growth
of Proteobacteria may promote at low dosage of cimetidine, but inhibit at high dosage of
cimetidine, possibly due to the hormesis effect.
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As shown in Figure S6, a heat map of top 20 abundant bacteria among the samples was
constructed at the genus level. Clostridium sensu stricto was the dominant bacteria in the
composting substrates, corresponding to the result by Chen et al. [52]. They can degrade
lignocellulose and polysaccharides to form acetates and butyrate [61]. The 10 mg/kg group
had higher abundance of Clostridium sensu stricto than the control and 100 mg/kg groups
at 1.5 days, corresponding to the above result of temperature, possibly due to the hormesis
effect [41]. Parapusillimonas abundance in the control (2.75%) and 10 mg/kg (3.50%) groups
was higher than the 100 mg/kg group (1.88%) at 1.5 days. Parapusillimonas is associated
with heterotrophic nitrification and denitrification of compost and wastewater [62], imply-
ing that a high dosage of cimetidine may inhibit the nitrification bacteria, thus causing
the NH4-N accumulation (Figure 3a). At 6 days, 10 mg/kg group had lower abundance
of Hydrogenophaga than the control and 100 mg/kg groups, corresponding to the above
result of NO2

−-N concentration. At 21 days, the control group had the highest abundance
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of Ochrobactrum in all the three groups, in accordance with the NO3
−-N results. The results

indicate that the cimetidine may exert a differentiate effect on the microorganisms relating
to the nitrite and nitrate nitrogen conversion during the human feces compositing [63–66].
The previous study has also found that cimetidine had significant effects on respiration
of heterotrophic microbial biofilms, and antihistamines can significantly alter bacterial
community composition, resulted in significant relative increases in Pseudomonas sp. and
decreases in Flavobacterium sp. [67]. As shown in Figure 6, the cluster analysis show that
10 mg/kg group had a more similar microorganism composition to the control group, com-
pared with 100 mg/kg group for all the samples, implying that the high-dosage cimetidine
may have higher influence on the microorganisms than the low-dosage cimetidine. Mean-
while, principal component analysis also reveals that the samples may be separated into
three groups representing the various periods of composting, according to the microbial
composition. This result demonstrates that the composting period generates an essential
influence on bacterial community formation, similar to previous studies [68].
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4. Conclusions

The water removal, organic matter degradation, NH4-N reduction, and increased
degree of humification of human feces substrate happen after the aerobic composting,
implying that composting enhances the maturity and stability of human feces. Cimetidine
promotes an increase in the temperature and a reduction of the moisture content of the
compost. The possible reason is that it promotes the degradation of aliphatic substances
and the humification and aromatization of organic matter. Meanwhile, the presence of
cimetidine may boost the ammoniation process of organic nitrogen but inhibit the nitrite-
oxidizing process during aerobic composting. In addition, cimetidine enhances the relative
abundance of Proteobacteria and Clostridium sensu stricto, and a high dosage of cimetidine
has a greater effect on the microorganism composition. In sum, cimetidine has a dose-
dependent influence on the organic matter and nitrogen conversion during human feces
composting, possibly due to the hormesis effect.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/su142114454/s1. Table S1 Physicochemical properties of initial
composting materials. Figure S1. Schematic diagram of an aerobic composting reactor. Figure
S2. VS changes in the control, 10-mg/kg and 100-mg/kg groups during human feces composting.
Figure S3. Normalized excitation-emission area volumes (a) and percent fluorescence response (b) of
DOMs isolated from the composts. Figure S4. Emission (left) and Excitation (right) spectra of DOMs
extracted from human feces aerobic composts. Figure S5. Changes in the FTIR spectra of DOMs
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during human feces aerobic composting. Figure S6. Heat map of top 20 abundant bacteria at the
genus level in the composting samples.

Author Contributions: Conceptualization, X.L. (Xiaowei Li) and P.Z.; methodology, X.W. and X.P.;
software, X.W. and X.P.; validation, X.P. and X.H.; investigation, X.P., Y.D., and X.L. (Ximing Liu);
resources, X.D.; data curation, X.W. and X.H.; writing—original draft preparation, X.W. and X.P.;
writing—review and editing, X.L. (Xiaowei Li), P.Z., J.L.Z., Q.Z., and Z.W.; visualization, X.W. and
X.P.; supervision, X.L. (Xiaowei Li) and P.Z.; project administration, X.L. (Ximing Liu) and X.D.;
funding acquisition, X.L. (Xiaowei Li) and P.Z. All authors have read and agreed to the published
version of the manuscript.

Funding: This research was funded by the National Key R&D Program of China (2018YFC1903202
and 2018YFC1903201), the National Natural Scientific Foundation of China (52070126), and the
Shanghai Committee of Science and Technology (22WZ2505300 and 19DZ1204702).

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Lin, T.; Yu, S.; Chen, W. Occurrence, removal and risk assessment of pharmaceutical and personal care products (PPCPs) in

an advanced drinking water treatment plant (ADWTP) around Taihu Lake in China. Chemosphere 2016, 152, 1–9. [CrossRef]
[PubMed]

2. Yang, Y.Y.; Toor, G.S.; Wilson, P.C.; Williams, C.F. Micropollutants in groundwater from septic systems: Transformations, transport
mechanisms, and human health risk assessment. Water Res. 2017, 123, 258–267. [CrossRef] [PubMed]

3. Parvathaneni, V.; Gupta, V. Utilizing drug repurposing against COVID-19-Efficacy, limitations, and challenges. Life Sci. 2020, 259,
118275. [CrossRef] [PubMed]

4. MedTech, E. World Preview 2018, Outlook to 2024. 2018. Available online: https://info.evaluategroup.com/rs/607-YGS-364/
images/WPMT2018.pdf (accessed on 21 August 2022).

5. Jechalke, S.; Heuer, H.; Siemens, J.; Amelung, W.; Smalla, K. Fate and effects of veterinary antibiotics in soil. Trends Microbiol.
2014, 22, 536–545. [CrossRef] [PubMed]

6. Zhang, J.Y.; Zhang, J.; Liu, R.; Gan, J.; Liu, J.; Liu, W.P. Endocrine-Disrupting Effects of Pesticides through Interference with
Human Glucocorticoid Receptor. Environ. Sci. Technol. 2016, 50, 435–443. [CrossRef]

7. Ji, C.Y.; Song, Q.; Chen, Y.C.; Zhou, Z.Q.; Wang, P.; Liu, J.; Sun, Z.; Zhao, M.R. The potential endocrine disruption of pesticide
transformation products (TPs): The blind spot of pesticide risk assessment. Environ. Int. 2020, 137, 105490. [CrossRef]

8. Payne, N.A.; Gerber, J.G. The effect of beta andrenoceptor stimulation of canine stomach on pentagastrin-stimulated histamine
release. J. Pharmacol. Exp. Ther. 1996, 276, 984–988.

9. Duan, L.; Zhang, Y.; Wang, B.; Yu, G.; Gao, J.; Cagnetta, G.; Huang, C.; Zhai, N. Wastewater surveillance for 168 pharmaceuticals
and metabolites in a WWTP: Occurrence, temporal variations and feasibility of metabolic biomarkers for intake estimation. Water
Res. 2022, 216, 118321. [CrossRef]

10. Anderson, P.D.; D’Aco, V.J.; Shanahan, P.; Chapra, S.C.; Buzby, M.E.; Cunningham, V.L.; Duplessie, B.M.; Hayes, E.P.; Mastrocco,
F.J.; Parke, N.J.; et al. Screening analysis of human pharmaceutical compounds in US surface waters. Environ. Sci. Technol. 2004,
38, 838–849. [CrossRef]

11. Choi, M.; Furlong, E.T.; Werner, S.L.; Pait, A.S.; Lee, I.-S.; Choi, H.-G. Cimetidine, acetaminophen, and 1, 7-dimethylxanthine, as
indicators of wastewater pollution in marine sediments from Masan Bay, Korea. Ocean. Sci. J. 2014, 49, 231–240. [CrossRef]

12. Zhou, J.; Zhang, Z.; Banks, E.; Grover, D.; Jiang, J. Pharmaceutical residues in wastewater treatment works effluents and their
impact on receiving river water. J. Hazard. Mater. 2009, 166, 655–661. [CrossRef] [PubMed]

13. Pérez-Carrera, E.; Hansen, M.; León, V.M.; Björklund, E.; Krogh, K.A.; Halling-Sørensen, B.; González-Mazo, E. Multiresidue
method for the determination of 32 human and veterinary pharmaceuticals in soil and sediment by pressurized-liquid extraction
and LC-MS/MS. Anal. Bioanal. Chem. 2010, 398, 1173–1184. [CrossRef]

14. Prosser, R.S.; Trapp, S.; Sibley, P.K. Modeling Uptake of Selected Pharmaceuticals and Personal Care Products into Food Crops
from Biosolids-Amended Soil. Environ. Sci. Technol. 2014, 48, 11397–11404. [CrossRef]

15. Lee, S.; Jung, D.; Kho, Y.; Ji, K.; Kim, P.; Ahn, B.; Choi, K. Ecotoxicological assessment of cimetidine and determination of its
potential for endocrine disruption using three test organisms: Daphnia magna, Moina macrocopa, and Danio rerio. Chemosphere
2015, 135, 208–216. [CrossRef] [PubMed]

16. Hoppe, P.D.; Rosi-Marshall, E.J.; Bechtold, H.A. The antihistamine cimetidine alters invertebrate growth and population dynamics
in artificial streams. Freshw. Sci. 2012, 31, 379–388. [CrossRef]

http://doi.org/10.1016/j.chemosphere.2016.02.109
http://www.ncbi.nlm.nih.gov/pubmed/26943873
http://doi.org/10.1016/j.watres.2017.06.054
http://www.ncbi.nlm.nih.gov/pubmed/28672210
http://doi.org/10.1016/j.lfs.2020.118275
http://www.ncbi.nlm.nih.gov/pubmed/32818545
https://info.evaluategroup.com/rs/607-YGS-364/images/WPMT2018.pdf
https://info.evaluategroup.com/rs/607-YGS-364/images/WPMT2018.pdf
http://doi.org/10.1016/j.tim.2014.05.005
http://www.ncbi.nlm.nih.gov/pubmed/24950802
http://doi.org/10.1021/acs.est.5b03731
http://doi.org/10.1016/j.envint.2020.105490
http://doi.org/10.1016/j.watres.2022.118321
http://doi.org/10.1021/es034430b
http://doi.org/10.1007/s12601-014-0023-8
http://doi.org/10.1016/j.jhazmat.2008.11.070
http://www.ncbi.nlm.nih.gov/pubmed/19121894
http://doi.org/10.1007/s00216-010-3862-x
http://doi.org/10.1021/es503067v
http://doi.org/10.1016/j.chemosphere.2015.04.033
http://www.ncbi.nlm.nih.gov/pubmed/25957140
http://doi.org/10.1899/11-089


Sustainability 2022, 14, 14454 13 of 15

17. Manzato, M.C.; de Santi, F.; da Silva, A.A.S.; Beltrame, F.L.; Cerri, P.S.; Sasso-Cerri, E. Cimetidine-induced androgenic failure
causes cell death and changes in actin, EGF and V-ATPase immunoexpression in rat submandibular glands. J. Anat. 2021, 239,
136–150. [CrossRef] [PubMed]

18. Kiszkiel-Taudul, I. Determination of antihistaminic pharmaceuticals in surface water samples by SPE-LC-MS/MS method.
Microchem. J. 2021, 162, 105874. [CrossRef]

19. Gao, Y.; Tan, L.; Liu, F.; Li, Q.; Wei, X.C.; Liu, L.Y.; Li, H.Y.; Zheng, X.Q.; Xu, Y. Optimization of the proportion of multi-component
rural solid wastes in mixed composting using a simplex centroid design. Bioresour. Technol. 2021, 341, 125746. [CrossRef]

20. Iranzo, M.; Gamon, M.; Boluda, R.; Mormeneo, S. Analysis of pharmaceutical biodegradation of WWTP sludge using composting
and identification of certain microorganisms involved in the process. Sci. Total Environ. 2018, 640, 840–848. [CrossRef]

21. Xu, X.; Ma, W.; Zhou, K.; An, B.; Huo, M.; Lin, X.; Wang, L.; Wang, H.; Liu, Z.; Cheng, G.; et al. Effects of composting on the fate
of doxycycline, microbial community, and antibiotic resistance genes in swine manure and broiler manure. Sci. Total Environ.
2022, 832, 155039. [CrossRef]

22. Guo, H.; Gu, J.; Wang, X.; Nasir, M.; Yu, J.; Lei, L.; Wang, J.; Zhao, W.; Dai, X. Beneficial effects of bacterial agent/bentonite on
nitrogen transformation and microbial community dynamics during aerobic composting of pig manure. Bioresour. Technol. 2020,
298, 122384. [CrossRef] [PubMed]

23. Zhong, X.-Z.; Zeng, Y.; Wang, S.-P.; Sun, Z.-Y.; Tang, Y.-Q.; Kida, K. Insight into the microbiology of nitrogen cycle in the dairy
manure composting process revealed by combining high-throughput sequencing and quantitative PCR. Bioresour. Technol. 2020,
301, 122760. [CrossRef] [PubMed]

24. Vieuble Gonod, L.; Dellouh, L.P.Y.; Andriamalala, A.; Dumeny, V.; Bergheaud, V.; Cambier, P. Fate of sulfamethoxazole in compost,
manure and soil amended with previously stored organic wastes. Sci. Total. Environ. 2022, 803, 150023. [CrossRef]

25. Liu, N.; Hou, T.; Yin, H.J.; Han, L.J.; Huang, G.Q. Effects of amoxicillin on nitrogen transformation and bacterial community
succession during aerobic composting. J. Hazard. Mater. 2019, 362, 258–265. [CrossRef] [PubMed]

26. Sun, J.; Qian, X.; Gu, J.; Wang, X.; Gao, H. Effects of oxytetracycline on the abundance and community structure of nitrogen-fixing
bacteria during cattle manure composting. Bioresour. Technol. 2016, 216, 801–807. [CrossRef]

27. Zhang, X.; Li, S.Z.; Cheng, W.T.; Zhao, Y.; Cui, H.Y.; Xie, X.Y.; Wu, J.Q.; Wei, Z.M.; Liu, Y. Oxytetracycline stress reconstruct
the core microbial community related to nitrogen transformation during composting. Bioresour. Technol. 2021, 319. [CrossRef]
[PubMed]

28. Kang, J.; Yin, Z.; Pei, F.; Ye, Z.; Song, G.; Ling, H.; Gao, D.; Jiang, X.; Zhang, C.; Ge, J. Aerobic composting of chicken manure with
penicillin G: Community classification and quorum sensing mediating its contribution to humification. Bioresour. Technol. 2022,
352, 127097. [CrossRef] [PubMed]

29. Wang, X.; Wang, M.; Zhang, J.; Kong, Z.; Wang, X.; Liu, D.; Shen, Q. Contributions of the biochemical factors and bacterial
community to the humification process of in situ large-scale aerobic composting. Bioresour. Technol. 2021, 323, 124599. [CrossRef]

30. Guo, B.B.; Wu, J.P.; Chen, J.W.; Zhang, H.; Li, J.J. Effects of Chinese medicine herbal residues on antibiotic resistance genes and
the bacterial community in chicken manure composting. J. Antibiot. 2022, 75, 164–171. [CrossRef]

31. Hou, J.; Cao, C.; Ma, X.; Idrees, F.; Xu, B.; Hao, X.; Lin, W. From rice bran to high energy density supercapacitors: A new route to
control porous structure of 3D carbon. Sci. Rep. 2014, 4, 7260. [CrossRef]

32. Guo, R.; Li, G.X.; Jiang, T.; Schuchardt, F.; Chen, T.B.; Zhao, Y.Q.; Shen, Y.J. Effect of aeration rate, C/N ratio and moisture content
on the stability and maturity of compost. Bioresour. Technol. 2012, 112, 171–178. [CrossRef] [PubMed]

33. Shi, H.L.; Wang, X.C.C.; Li, Q.; Jiang, S.Q. Degradation of typical antibiotics during human feces aerobic composting under
different temperatures. Environ. Sci. Pollut. Res. 2016, 23, 15076–15087. [CrossRef] [PubMed]

34. Wang, N.; Huang, D.; Shao, M.; Sun, R.; Xu, Q. Use of activated carbon to reduce ammonia emissions and accelerate humification
in composting digestate from food waste. Bioresour. Technol. 2022, 347, 126701. [CrossRef] [PubMed]

35. Xin, L.; Li, X.; Bi, F.; Yan, X.; Wang, H.; Wu, W. Accelerating Food Waste Composting Course with Biodrying and Maturity Process:
A Pilot Study. ACS Sustain. Chem. Eng. 2020, 9, 224–235. [CrossRef]

36. Zhu, P.; Pan, X.; Shen, Y.; Huang, X.; Yu, F.; Wu, D.; Feng, Q.; Zhou, J.; Li, X. Biodegradation and potential effect of ranitidine
during aerobic composting of human feces. Chemosphere 2022, 296, 134062. [CrossRef]

37. Li, X.; Xing, M.; Yang, J.; Zhao, L.; Dai, X. Organic matter humification in vermifiltration process for domestic sewage sludge
treatment by excitation-emission matrix fluorescence and Fourier transform infrared spectroscopy. J. Hazard. Mater. 2013, 261,
491–499. [CrossRef]

38. Maqbool, T.; Qin, Y.; Ly, Q.V.; Zhang, J.; Li, C.; Asif, M.B.; Zhang, Z. Exploring the relative changes in dissolved organic matter for
assessing the water quality of full-scale drinking water treatment plants using a fluorescence ratio approach. Water Res. 2020, 183,
116125. [CrossRef]

39. Li, X.W.; Dai, X.H.; Dai, L.L.; Liu, Z.G. Two-dimensional FTIR correlation spectroscopy reveals chemical changes in dissolved
organic matter during the biodrying process of raw sludge and anaerobically digested sludge. RSC Adv. 2015, 5, 82087–82096.
[CrossRef]

40. Sanchez-Garcia, M.; Alburquerque, J.A.; Sanchez-Monedero, M.A.; Roig, A.; Cayuela, M.L. Biochar accelerates organic matter
degradation and enhances N mineralisation during composting of poultry manure without a relevant impact on gas emissions.
Bioresour. Technol. 2015, 192, 272–279. [CrossRef]

http://doi.org/10.1111/joa.13408
http://www.ncbi.nlm.nih.gov/pubmed/33713423
http://doi.org/10.1016/j.microc.2020.105874
http://doi.org/10.1016/j.biortech.2021.125746
http://doi.org/10.1016/j.scitotenv.2018.05.366
http://doi.org/10.1016/j.scitotenv.2022.155039
http://doi.org/10.1016/j.biortech.2019.122384
http://www.ncbi.nlm.nih.gov/pubmed/31839495
http://doi.org/10.1016/j.biortech.2020.122760
http://www.ncbi.nlm.nih.gov/pubmed/31972401
http://doi.org/10.1016/j.scitotenv.2021.150023
http://doi.org/10.1016/j.jhazmat.2018.09.028
http://www.ncbi.nlm.nih.gov/pubmed/30243248
http://doi.org/10.1016/j.biortech.2016.05.060
http://doi.org/10.1016/j.biortech.2020.124142
http://www.ncbi.nlm.nih.gov/pubmed/32987278
http://doi.org/10.1016/j.biortech.2022.127097
http://www.ncbi.nlm.nih.gov/pubmed/35367602
http://doi.org/10.1016/j.biortech.2020.124599
http://doi.org/10.1038/s41429-022-00505-x
http://doi.org/10.1038/srep07260
http://doi.org/10.1016/j.biortech.2012.02.099
http://www.ncbi.nlm.nih.gov/pubmed/22437050
http://doi.org/10.1007/s11356-016-6664-7
http://www.ncbi.nlm.nih.gov/pubmed/27083910
http://doi.org/10.1016/j.biortech.2022.126701
http://www.ncbi.nlm.nih.gov/pubmed/35032560
http://doi.org/10.1021/acssuschemeng.0c06899
http://doi.org/10.1016/j.chemosphere.2022.134062
http://doi.org/10.1016/j.jhazmat.2013.07.074
http://doi.org/10.1016/j.watres.2020.116125
http://doi.org/10.1039/C5RA13069G
http://doi.org/10.1016/j.biortech.2015.05.003


Sustainability 2022, 14, 14454 14 of 15

41. Lang, L.; Zhang, Y.; Yang, A.; Dong, J.; Li, W.; Zhang, G. Macrophage polarization induced by quinolone antibiotics at
environmental residue level. Int. Immunopharmacol. 2022, 106, 108596. [CrossRef]

42. Sardar, M.F.; Zhu, C.; Geng, B.; Ahmad, H.R.; Song, T.; Li, H. The fate of antibiotic resistance genes in cow manure composting:
Shaped by temperature-controlled composting stages. Bioresour. Technol. 2021, 320, 124403. [CrossRef] [PubMed]

43. Liu, B.; Li, Y.; Zhang, X.; Feng, C.; Gao, M.; Shen, Q. Effects of composting process on the dissipation of extractable sulfonamides
in swine manure. Bioresour. Technol. 2015, 175, 284–290. [CrossRef] [PubMed]

44. Penn, R.; Ward, B.J.; Strande, L.; Maurer, M. Review of synthetic human faeces and faecal sludge for sanitation and wasteWater
Res. Water Res. 2018, 132, 222–240. [CrossRef]

45. Qi, H.S.; Zhao, Y.; Zhao, X.Y.; Yang, T.X.; Dang, Q.L.; Wu, J.Q.; Lv, P.; Wang, H.; Wei, Z.M. Effect of manganese dioxide on the
formation of humin during different agricultural organic wastes compostable environments: It is meaningful carbon sequestration.
Bioresour. Technol. 2020, 299, 122596. [CrossRef]

46. Bernal, M.P.; Alburquerque, J.A.; Moral, R. Composting of animal manures and chemical criteria for compost maturity assessment.
A review. Bioresour. Technol. 2009, 100, 5444–5453. [CrossRef] [PubMed]

47. Sun, Y.; Ren, X.N.; Pan, J.T.; Zhang, Z.Q.; Tsui, T.H.; Luo, L.W.; Wang, Q. Effect of microplastics on greenhouse gas and ammonia
emissions during aerobic composting. Sci. Total Environ. 2020, 737, 139856. [CrossRef]

48. Yu, H.; Xie, B.; Khan, R.; Shen, G. The changes in carbon, nitrogen components and humic substances during organic-inorganic
aerobic co-composting. Bioresour. Technol. 2019, 271, 228–235. [CrossRef]

49. Zhang, D.F.; Luo, W.H.; Yuan, J.; Li, G.X.; Luo, Y. Effects of woody peat and superphosphate on compost maturity and gaseous
emissions during pig manure composting. Waste Manag. 2017, 68, 56–63. [CrossRef]

50. He, X.-S.; Yang, C.; You, S.-H.; Zhang, H.; Xi, B.-D.; Yu, M.-D.; Liu, S.-J. Redox properties of compost-derived organic matter and
their association with polarity and molecular weight. Sci. Total Environ. 2019, 665, 920–928. [CrossRef]

51. Guo, X.J.; He, X.S.; Li, C.W.; Li, N.X. The binding properties of copper and lead onto compost-derived DOM using Fourier-
transform infrared, UV-vis and fluorescence spectra combined with two-dimensional correlation analysis. J. Hazard. Mater. 2019,
365, 457–466. [CrossRef]

52. Chen, W.; Yu, H.Q. Advances in the characterization and monitoring of natural organic matter using spectroscopic approaches.
Water Res. 2021, 190, 116759. [CrossRef] [PubMed]

53. Carstea, E.M.; Bridgeman, J.; Baker, A.; Reynolds, D.M. Fluorescence spectroscopy for wastewater monitoring: A review. Water
Res. 2016, 95, 205–219. [CrossRef] [PubMed]

54. Yu, Z.; Liu, X.; Zhao, M.; Zhao, W.; Liu, J.; Tang, J.; Liao, H.; Chen, Z.; Zhou, S. Hyperthermophilic composting accelerates
the humification process of sewage sludge: Molecular characterization of dissolved organic matter using EEM–PARAFAC and
two-dimensional correlation spectroscopy. Bioresour. Technol. 2019, 274, 198–206. [CrossRef] [PubMed]

55. He, X.S.; Xi, B.D.; Wei, Z.M.; Guo, X.J.; Li, M.X.; An, D.; Liu, H.L. Spectroscopic characterization of water extractable organic
matter during composting of municipal solid waste. Chemosphere 2011, 82, 541–548. [CrossRef]

56. Zhou, J.; Wang, J.J.; Baudon, A.; Chow, A.T. Improved fluorescence excitation-emission matrix regional integration to quantify
spectra for fluorescent dissolved organic matter. J. Environ. Qual. 2013, 42, 925–930. [CrossRef]

57. Xing, M.; Li, X.; Yang, J.; Huang, Z.; Lu, Y. Changes in the chemical characteristics of water-extracted organic matter from
vermicomposting of sewage sludge and cow dung. J. Hazard. Mater. 2012, 205, 24–31. [CrossRef]

58. Zhang, J.; Zou, H.; Liu, J.; Evrendilek, F.; Xie, W.; He, Y.; Buyukada, M. Comparative (co-)pyrolytic performances and by-products
of textile dyeing sludge and cattle manure: Deeper insights from Py-GC/MS, TG-FTIR, 2D-COS and PCA analyses. J. Hazard.
Mater. 2021, 401, 123276. [CrossRef]

59. Li, W.W.; Zhang, F.F.; Ye, Q.; Wu, D.; Wang, L.Y.; Yu, Y.H.; Deng, B.; Du, J.Z. Composition and copper binding properties of
aquatic fulvic acids in eutrophic Taihu Lake, China. Chemosphere 2017, 172, 496–504. [CrossRef]

60. Guo, A.; Gu, J.; Wang, X.; Zhang, R.; Yin, Y.; Sun, W.; Tuo, X.; Zhang, L. Effects of superabsorbent polymers on the abundances of
antibiotic resistance genes, mobile genetic elements, and the bacterial community during swine manure composting. Bioresour.
Technol. 2017, 244, 658–663. [CrossRef]

61. Sitthi, S.; Hatamoto, M.; Watari, T.; Yamaguchi, T. Accelerating anaerobic propionate degradation and studying microbial
community using modified polyvinyl alcohol beads during anaerobic digestion. Bioresour. Technol. Rep. 2022, 17, 100907.
[CrossRef]

62. Zainudin, M.H.; Mustapha, N.A.; Maeda, T.; Ramli, N.; Sakai, K.; Hassan, M. Biochar enhanced the nitrifying and denitrifying
bacterial communities during the composting of poultry manure and rice straw. Waste Manag. 2020, 106, 240–249. [CrossRef]
[PubMed]

63. Liu, X.; Huang, M.; Bao, S.; Tang, W.; Fang, T. Nitrate removal from low carbon-to-nitrogen ratio wastewater by combining
iron-based chemical reduction and autotrophic denitrification. Bioresour. Technol. 2020, 301, 122731. [CrossRef] [PubMed]

64. Ren, J.; Bai, X.; Liu, Y.; Huang, X. Simultaneous nitrification and aerobic denitrification by a novel isolated Ochrobactrum anthropi
HND19. Bioresour. Technol. 2021, 340, 125582. [CrossRef] [PubMed]

65. Tian, J.H.; Pourcher, A.M.; Bouchez, T.; Gelhaye, E.; Peu, P. Occurrence of lignin degradation genotypes and phenotypes among
prokaryotes. Appl. Microbiol. Biotechnol. 2014, 98, 9527–9544. [CrossRef]

http://doi.org/10.1016/j.intimp.2022.108596
http://doi.org/10.1016/j.biortech.2020.124403
http://www.ncbi.nlm.nih.gov/pubmed/33217693
http://doi.org/10.1016/j.biortech.2014.10.098
http://www.ncbi.nlm.nih.gov/pubmed/25459834
http://doi.org/10.1016/j.watres.2017.12.063
http://doi.org/10.1016/j.biortech.2019.122596
http://doi.org/10.1016/j.biortech.2008.11.027
http://www.ncbi.nlm.nih.gov/pubmed/19119002
http://doi.org/10.1016/j.scitotenv.2020.139856
http://doi.org/10.1016/j.biortech.2018.09.088
http://doi.org/10.1016/j.wasman.2017.05.042
http://doi.org/10.1016/j.scitotenv.2019.02.164
http://doi.org/10.1016/j.jhazmat.2018.11.035
http://doi.org/10.1016/j.watres.2020.116759
http://www.ncbi.nlm.nih.gov/pubmed/33360618
http://doi.org/10.1016/j.watres.2016.03.021
http://www.ncbi.nlm.nih.gov/pubmed/26999254
http://doi.org/10.1016/j.biortech.2018.11.084
http://www.ncbi.nlm.nih.gov/pubmed/30504103
http://doi.org/10.1016/j.chemosphere.2010.10.057
http://doi.org/10.2134/jeq2012.0460
http://doi.org/10.1016/j.jhazmat.2011.11.070
http://doi.org/10.1016/j.jhazmat.2020.123276
http://doi.org/10.1016/j.chemosphere.2017.01.008
http://doi.org/10.1016/j.biortech.2017.08.016
http://doi.org/10.1016/j.biteb.2021.100907
http://doi.org/10.1016/j.wasman.2020.03.029
http://www.ncbi.nlm.nih.gov/pubmed/32240940
http://doi.org/10.1016/j.biortech.2019.122731
http://www.ncbi.nlm.nih.gov/pubmed/31927457
http://doi.org/10.1016/j.biortech.2021.125582
http://www.ncbi.nlm.nih.gov/pubmed/34332445
http://doi.org/10.1007/s00253-014-6142-4


Sustainability 2022, 14, 14454 15 of 15

66. Zhao, H.P.; Van Ginkel, S.; Tang, Y.N.; Kang, D.W.; Rittmann, B.; Krajmalnik-Brown, R. Interactions between Perchlorate and
Nitrate Reductions in the Biofilm of a Hydrogen-Based Membrane Biofilm Reactor. Environ. Sci. Technol. 2011, 45, 10155–10162.
[CrossRef]

67. Rosi-Marshall, E.J.; Kincaid, D.W.; Bechtold, H.A.; Royer, T.V.; Rojas, M.; Kelly, J.J. Pharmaceuticals suppress algal growth and
microbial respiration and alter bacterial communities in stream biofilms. Ecol. Appl. 2013, 23, 583–593. [CrossRef]

68. Wei, Y.; Wei, Z.; Cao, Z.; Zhao, Y.; Zhao, X.; Lu, Q.; Wang, X.; Zhang, X. A regulating method for the distribution of phosphorus
fractions based on environmental parameters related to the key phosphate-solubilizing bacteria during composting. Bioresour.
Technol. 2016, 211, 610–617. [CrossRef]

http://doi.org/10.1021/es202569b
http://doi.org/10.1890/12-0491.1
http://doi.org/10.1016/j.biortech.2016.03.141

	Introduction 
	Materials and Methods 
	Samples and Composting Reactor 
	Human Feces Composting 
	Compost Physicochemical Properties 
	Characterization of Dissolved Organic Matters 
	Microbial Community Analysis 

	Results and Discussion 
	Effect of Cimetidine on Treatment Performance of Human Feces Composting 
	Physicochemical Properties of the Bulk Substrate 
	Transformation of Carbon-Containing Materials 
	Transformation of Nitrogen-Containing Materials 

	DOMs Analysis Using Fluorescence and FITR Spectroscopy 
	Fluorescence Spectroscopy 
	FTIR Spectroscopy 

	Effect of Cimetidine on Microbial Community Succession during Human Feces Composting 

	Conclusions 
	References

