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Abstract: Since the advent of flush toilet systems, the aquatic environment has received a massive
contaminant flow. Furthermore, the perception of human feces has changed from a useful nutrient
source for agriculture to a harmful contaminant. In this study, we compared the nutritional quality of
five samples: (1) human manure (HM), (2) human manure from a family mainly eating organic food
(HMO), (3) cow manure (CM), (4) poultry manure (PM), and (5) commercial nursery media (CNM).
Samples were analyzed in terms of organic and inorganic nutrient contents, molecular composition,
seed germination, and chlorophyll concentration. Pyrolysis gas chromatography/mass spectrometry
(GC/MS) was used to describe the differences in molecular composition. Three-dimensional excitation
and emission matrix fluorescence spectroscopy characterized the organic composition of water
extracts. From the results, CNM, PM, and HMO showed humic- and fluvic-like substance peaks,
the highest values of potassium and sulfate ions, and of C/N ratios, indicating greater plant growth
potential. This was confirmed by their higher chlorophyll concentrations and germination index
values. These results contribute knowledge about the positive effects of manure, changing the
negative perception of human excreta from waste to resource. This work provides a reference for
reducing the wastewater loading rate in society.

Keywords: human waste; organic matter characterization; pyrolysis GC/MS; humic substances;
seed germination

1. Introduction

Since the emergence of the flush toilet in conventional sanitation systems, humans have been
protected from waterborne diseases, which has resulted in groundbreaking improvements to public
health [1]. The ‘drop-and-discharge” approach is a convenient and comfortable solution for disposing
human excreta because it rapidly removes hazardous and unpleasant matter from households [2].
However, the convenient toilet takes the excreta out of sight and out of mind. People now discharge
their excreta without considering the method of treatment, thereby forcing our environment to receive
a massive contaminant flow. The influent of wastewater treatment plants contains approximately 12%
to 31% total nitrogen (TN) originating from human excreta [3]. Residual nutrients are still found in the
effluent after treatment; these intensify algal growth and cause the eutrophication of receiving water
bodies owing to algal bloom and declining dissolved oxygen concentrations [4]. This recurring problem
exists around the world, even in developed countries with well-established wastewater treatment
systems [5,6].

Nitrogen (N) is one of most important elements needed for plant growth, and human excreta
offers a potential source in the form of manure. However, society has reservations about using human
excreta in agriculture owing to the risk of contracting enteric diseases from the pathogens present in

Sustainability 2019, 11, 2346; doi:10.3390/su11082346 www.mdpi.com/journal/sustainability


http://www.mdpi.com/journal/sustainability
http://www.mdpi.com
http://dx.doi.org/10.3390/su11082346
http://www.mdpi.com/journal/sustainability
https://www.mdpi.com/2071-1050/11/8/2346?type=check_update&version=2

Sustainability 2019, 11, 2346 20f12

human feces as well as psychological reasons [7,8]. Composting is one method presented to eliminate
disease-causing microorganisms and reduce the amount of wastewater generated by flush toilets.
Bai and Wang [9] previously reported on using an aerobic thermophilic composting reactor for the
sanitary disposal of human feces. In their study, they found that thermophilic composting can retain a
high organic N content in the compost, which could then be used as a fertilizer. Livestock waste also
contributes high concentrations of N and P and has been used as manure for thousands of years [10].
In addition, livestock manure is a good source of potassium (K), sulfur (S), and many trace minerals
that are needed for crop growth. Recently, some researchers studied the production of biogas using
livestock manure [11,12]. Roubik et al. [11] examined manure management practices in the household
for the production of biogas. In their study, they reported the potential of biogas production and
some strategies for increasing the production. Biogas also serves as a soil conditioner by improving
the porosity and water holding capacity of the soil, and increasing its soil organic matter (SOM)
content. Organic matter (OM) provides macro- and micronutrients that improve the microbial activity
of the soil [13] and promote a plant growth [14]. SOM contains essential plant nutrients, making it an
important factor in sustaining soil fertility and productivity [15,16]. The continuous use of organic
materials such as plant or crop residues, green manure, and livestock manure, has a strong impact
on the N dynamics of soil-plant systems as well as on soil productivity [17-20]. Since the usage of
organic compost has various advantages, several studies have been published revealing its potential
and proposing its possible application in society [21,22]. However, the negative perception of manure
prevails mainly because of psychological factors [23].

Therefore, if a positive and valuable perception of manure is created in our society with supporting
scientific data, this can help solve aquatic pollution and waste management issues. The main objective
of this study was to showcase the efficiency of human feces as a soil amendment and nutrient source.
Five samples were assessed based on their physical and chemical properties, seed germination, and
chlorophyll concentration. In this study, we do not describe the compositing methods of each sample,
as our goal was not to provide an effective method for compositing but to show the potential of human
manure as a soil amendment and nutrient source. We believe that the outcome of this research will
help to change the general perception of human excreta in our society.

2. Materials and Methods

2.1. Sample Collection

Five sample types were collected: (1) human manure (HM), (2) commercial nursery media
(CNM), (3) poultry manure (PM), (4) human manure from a family mainly eating organic food (HMO),
and (5) cow manure (CM). HM was obtained from a household located in a small autonomous
decentralized community of Namwon City, Jeollanam-do, Republic of Korea. CNM was purchased
from Sanglim Inc. in Republic of Korea, and PM was purchased from Olivi Inc. in Republic of Korea.
HMO was taken from a family living in Seoul, Republic of Korea, that mainly consumes organic
food and cultivated vegetables using homemade manure. CM was obtained from a cow farm in
Ulju-gun, Ulsan, Republic of Korea. Since these three samples (HM, HMO, CM) are homemade
manures, their respective fermentation and maturity degrees may differ from each other. According to
the manufacturer, the CNM contained cocopeat, peatmoss, vermiculite, perlite, zeolite, humic acid,
and fertilizer. All solid samples were stored in a refrigerator to minimize microorganism activity.
The dissolved organic matter (DOM) in the manure samples was characterized by extracting them
using deionized water. A total of 5 g of each sample was mixed with 50 mL of deionized (DI) water for
extraction and filtered through a 0.45-pm Whatman filter.

2.2. Ion Chromatography

Ion chromatography was used to measure the ion concentrations in the manure extracts.
An ICS-2100 (Thermo Fisher Scientific Corp., Waltham, MA, USA) equipped with a Dionex IonPacTM
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AS14 column measured the anion concentration. A KOH eluent was used as the mobile phase at a flow
rate of 1.0 mL/min, and was generated from an EGC-KOH cartridge. A seven-anion standard solution
(Dionex, Sunnyvale, CA, USA) was used for the anion concentration calibration curve. The cation
concentration was estimated using an ICS-1600 (Thermo Fisher Scientific Corp., Waltham, MA, USA)
equipped with a Dionex IonPac™ CS12A and an MSA eluent generator. The eluent flow rate was
1.2 mL/min. A six-cation standard solution (Dionex, Sunnyvale, CA, USA) was used for the cation
concentration calibration curve. The concentration of three anions (chloride, phosphate, sulfate)
and four cations (sodium, potassium, magnesium, calcium) was measured in each manure extract.
Every sample analysis was triplicated.

2.3. Fluorescence Excitation-Emission Method (FEEM)

The DOM in the manure extracts was characterized using a fluorometer (Cary Eclipse, Varian,
Santa Clara, CA, USA). The FEEM has a wavelength range from 220 to 500 nm at 10 nm intervals in both
emission and excitation states. Scan speed was 1200 nm/min. DI water was used as a blank to remove
the inherent Rayleigh and Raman scattering. The detected organic matter was then classified into
four groups: aromatic-proteins-like substances (EX: < 250 nm, EM: < 350); microbial-byproduct-like
substances (EX: <250 nm, EM: <380); humic-acid-like substances (EX: >250, EM: >380 nm); and,
fulvic-acid-like substances (EX: <250 nm, EM: >380 nm) [24].

2.4. Pyrolysis Gas Chromatography/Mass Spectrometry (GC/MS)

For the pyrolysis GC/MS analysis, 0.1 mg of dried sample was wrap in a ferromagnetic foil (Pyrofoil
F590, JAI, Tokyo, Japan). Subsequently, the sample was pyrolyzed at 590 °C using a curie-point
pyrolizer (JCI-22, JAI, Tokyo, Japan). A Shimadzu GC/MS equipped with a DB-5MS (30 m, 0.25 mm,
i.d., film thickness 0.50 pm) analyzed the injected sample; Helium was used as the carrier gas at
3.0 mL/min. The oven temperature was heated from 40 °C to 300 °C at a rate of 7 °C/min and a 10-min
holding time for the final temperature. We used an ion source temperature of 210 °C and an ionizing
voltage of 70 eV. Ions were scanned in a mass range of 30-500 amu. The fragments were identified by
the NIST 02 library (National Institute of Standards and Technology).

2.5. Seed Germination

For seed sterilization, barley seeds were soaked in a 10% sodium hypochlorite solution for 10 min.
The pretreated seeds were then rinsed three times with DI water. Whatman filter paper was placed on
a petri dish, wherein 20 mL of manure extract was added. Afterwards, 40 seeds were put on top of the
filter paper in each dish. Each seed was carefully placed 1 cm apart from the other seeds. The petri
dishes were then covered and incubated in the dark at 30 °C for 5 days. At the end of the 5-day
germination period, the number of germinated seeds was counted while the root length of each seed
was estimated. The results were used to calculate the germination index (GI) of each manure using the
following equation [25]:

L Seed germination of treatment (%) X root length of treatment
Germination index (%) = — x 100, (1)
Seed germination of control (%) x root length of control

2.6. Chlorophyll and Carotenoid Analyses

A total of 50 barley seeds were sown into the dry soil mixed with each manure in a greenhouse at
25 °C. The emerged seedlings were flooded with water for 15 days. Seedling leaves from 15-day old
barley were harvested to determine chlorophyll and carotenoid concentrations.

After freeze-drying, the dry weight of the leaf was measured, 5 mg was then transferred to a
test-tube. We added 100 uL of DI water to hydrate the samples in the tube. Finally, 8 mL of 96% ethanol
was added, and the sample was incubated at room temperature overnight. Ultraviolet (UV) absorbances
of the extract at 470, 648, and 664.2 nm were measured using an ultraviolet-visible spectrometer (UV-1601,
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Shimadzu, Kyoto, Japan). Chlorophyll a (C,), chlorophyll b (Cy), total chlorophylls (C,4p), and total
carotenoids (Cy4.) concentrations were calculated using the following equations [26]:

mg (13.36 X Aggan — 519X A64g.6) x 8.1
—S dw) = 2
mg (2743 X Agage — 8.12 X A664.2) x 8.1
0 dw) =
mg (524 X Aggan +22.24 X A648.6) x 8.1
m 4.785 X A470 + 3.657 X A664‘2 - 12.76 X A648.6 x 8.1
Cx+c (?gdW) = ( DWW ) ’ (5)

where A is the absorbance at a given wavelength and DW is the dry weight of extracted plant tissue
(mg).
2.7. Statistical Analysis

A one-way analysis of variance (ANOVA) was used to determine the effect of samples on the
growth of plants. Post-hoc comparisons were conducted using Tukey’s tests with a 5% (p = 0.05)
significance level in SPSS Statistics Base 22.0 (IBM, Armonk, NY, USA).

3. Results and Discussion

3.1. Nutrient Analysis in Water Extract

Table 1 shows the dissolved organic carbon (DOC) and dissolved total nitrogen (DTN)
concentrations of each sample (ANOVA, p < 0.03). Comparing the nutrient values between the
samples, CNM contained the largest amounts of DOC and DTN, which were verified by post-hoc tests.

Table 1. Concentrations of soluble carbon and nitrogen in water extract (1 = 3).

DOC (mg C/L) DTN (mg N/L) C/N Ratio

HM 1.70 (x£0.5) 1.70 (£0.7) 1.00 (x£0.0)

CNM 62.0 (£1.2) 14.1 (x0.9) 441 (x0.1)

PM 37.0 (£2.0) 11.8 (x1.2) 3.15 (+0.8)

HMO 5.80 (+0.7) 2.40 (+0.5) 242 (+0.4)

CM 1.20 (£0.5) 0.63 (£0.4) 1.94 (£1.4)

p-value* 0.00 0.00 0.03

Post-hoc results CNM >PM >HMO> CNM>PM>HMO> CNM >PM >HMO >

(HM, CM) (HM, CM) CM > HM

HM, human manure; HMO, human manure from a family mainly eating organic food; CM, cow manure; PM,
poultry manure; CNM, commercial nursery media; DOC, dissolved organic carbon; DTN, dissolved total nitrogen.
p-value® results from one-way ANOVA.

Since the values vary based on the sample origin, calculating the ratio between DOC and DTN
provides a more informative representation than comparing individual amounts. According to He
and Ohno [27], the extraction efficiency of C in manure is lower than that of N, since soluble and
low-molecular-mass organic N compounds exist in animal manure [28]. In all water extract samples,
however, the C concentration was higher than the N concentration. This is mostly due to the fact that
the total mass of carbon in manure is higher than the total mass of nutrients [29]. The C/N ratio of
the water extracts followed the following order: CNM (4.41) > PM (3.15) > HMO (2.42) > CM (1.94)
> HM (1.000). Chanyasak and Kubota [30] proposed that the C/N ratio in a water extract can be an
indicator of compost maturity since soluble C and N concentrations relate to the metabolism rates
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of microorganisms during composting activity. They suggested that a C/N ratio between 5 and 6 is
an appropriate value indicating maturity. On this basis, none of the samples in this study achieved
maturity because the C/N ratios in the manures were lower than the suggested range. However,
since the C/N ratio decreases with compositing time, the low values indicated that HM and CM had
longer compositing time than did the other samples [29]. Tukey’s post-hoc tests for DOC and DTN
ratios indicated that HM and CM were not significantly different.

Figure 1 shows the ion concentrations of the manure water extracts. CNM, PM, and HMO showed
high concentration of potassium (K*), chloride (CI), and sulfate (SO4%), whereas CM and HM had
low concentration of the measured ions. The ion concentration of each sample was influenced by their
origin and additives to enhance the nutritional efficiency. Yao et al. [31] reported that PM contains
sodium, chloride, potassium, magnesium, and sulfate. They suggested using an optimum amount of
PM to prevent soil salinization. The high concentration of nutritional ions in CNM was derived from
its production, which included the balancing of ions for improving plant growth.

30

I Sodium
[ Potassium
25 T T 1 Magnesium
T I Calcium
I Chloride
I Phosphate
B Sulfate

N
o
1

Concentration (mg/L)
o o

HM CNM PM HMO CM

Figure 1. Jon concentrations in water extracts of five sample types (1 = 3). Each sample analysis was
duplicated: human manure (HM); commercial nursery media (CNM); poultry manure (PM); human
manure from a family eating organic food (HMO); and cow manure (CM). CNM, PM, and HMO
showed a high concentration of potassium, chloride, and sulfate.

The results imply that the three manures (CNM, PM, and HMO) are very effective fertilizers
that would improve crop produce, since farming reduces the major nutrients in the soil,
including phosphorus, potassium, and sulfate [32].

When the results in Table 1 and Figure 1 are compared, the composting periods of HM and CM
are longer than those of the other samples. This reflects the low nutrient condition of both samples,
as shown in Figure 1, during that period. DOC and DTN tend to decrease with time owing to nutrient
decomposition caused by microbial activity [33].
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3.2. Organic Matter Characterization

3.2.1. Fluorescence Excitation-Emissions

As shown in Figure 2, FEEM results indicate that CNM, PM, and HMO contained humic-acid-like
and fulvic-acid-like substances, while HM and CM only contained humic-acid-like substances.
The beneficial effects of humic and fulvic acid on plant growth have been investigated in previous
studies. Canellas et al. [34] reported that humic acid promotes root growth and proton pump activation
in maize vesicles. Jannin et al. [35] found that humic acid induces some genes that encode nitrate
transporters and leads to enhanced nitrate uptake in plants. Lulakis and Petsas [36] reported on the
beneficial effects of humic and fulvic acid on tomato seedling growth; they suggested that the optimum
concentration ranges of humic and fulvic acid are 100-300 ppm and 200-1000 ppm, respectively.
Rauthaan and Schnitzer [37] showed the effect of fulvic acid on significant increases in the growth
of cucumber plants in terms of height of shoot, length of root, and number of leaves and flowers.
Therefore, the three samples (HMO, CNM, PM) containing humic- and fulvic-acid-like substances
have higher potential for improving plant growth.

500 500
450 450
> e Hami LT < 400 Humic acid-
i umic acid-like #
350 350
300 300
LR Fulvic acid-like "\ 250
250 300 350 400 450 500 250 300 350 400 450 500 250 300 350 400 450 500
EM EM EM
500 500
€)
450 450
400 400 .
x Humic acid_like > Humic acid-like
350 350
300 300 @
Fulvic acid- | |
250 -Jote 250
250 300 350 400 450 500 250 300 350 400 450 500
EM EM

Figure 2. Fluorescence spectral characteristics of five types of manure; (a) human manure (HM),
(b) commercial nursery media (CNM), (c¢) poultry manure (PM), (d) human manure from a family
eating organic food (HMO), and (e) cow manure (CM). The red color means high intensity and the blue
color means low intensity. CNM, PM, and HMO have two peaks with high intensity.

Humic- and fulvic-acid-like substances are formed by the humification of manure during
composting. Organic matter in the manure increases their aromaticity, molecular weight, and functional
groups during the composting process [38]. In addition, humic-acid-like substances increase,
while fulvic-acid-like substances decrease, during composting [39]. Since fulvic acid is soluble
at all pH values, it is capable of leaching from the stored manure during the composting period.
Therefore, the absence of fulvic-acid-like substances in the HM and CM was due to the longer
composting periods for these manures. This is supported by the results presented in Section 3.1,
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wherein the lower nutrient compositions of HM and CM were caused by a longer period of microbial
activity as compared with the other samples.

3.2.2. Molecular Composition Analysis by Pyrolysis GC/MS

Fragments from the samples after undergoing pyrolysis were classified into five bio-polymer
groups. Polysaccharides, protein, and lipid originate from microorganisms [40], while polyhydroxy
aromatics and lignin are normally from decomposing plants [41]. The pyrolysis GC/MS results are
shown in Figure 3. Since the composition of manure is influenced by diet, the organic composition
of each analyzed sample differed from the rest. CM showed a high portion of lignin, since cows are
herbivores, whereas HM and PM had large portions of protein. HM and HMO showed different
biopolymer compositions even though both manures originated from human excreta. The protein
content of HM (35%) was higher than that of HMO (18.5%). However, the percentage of polysaccharide
in HMO was significantly higher than that in HM. These differences reflect the varied diet between
the human beings that produced the samples. In this regard, the results from this analysis cannot
determine the difference between consuming either conventionally grown food or organic products.
Conventionally grown food is farmed with the use of synthetic chemicals, while organic foods benefit
from low-level chemical contamination from agricultural pesticides. Pyrolysis GC/MS can only quantify
the amounts of biopolymers present in the manures but cannot recognize the differences between
biopolymer compositions. Therefore, we conducted an ecotoxicity assessment to differentiate HM from
HMO,; this assessment can provide qualitative and quantitative indicators of the potential impact of
some substances [42]. To estimate the ecotoxicity potential, chlorophyll concentrations and germination
indices of the seedling samples were compared in the next section.

100.0

90.0
80.0

70.0 +

60.0

50.0 o

40.0 A

Percentage (%)

30.0 +

20.0 A
10‘0 — .
0.0

HM CNM PM HMO c™M

B Polysccharide [@OProtein @ Polyhydroxy aromatics M Lignin M Lipid

Figure 3. Biopolymer distribution of five types of manures (HM: human manure, CNM:
commercial nursery media, PM: commercial poultry manure, HMO: human manure from a family
eating organic food, CM: commercial cow manure).
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3.3. Plant Productivity

3.3.1. Chlorophyll Concentration

Chlorophyll is a green pigment widely distributed in the leaves and stems of plants. It is
present in chloroplasts with carotenoids bound to proteins or lipoproteins, and plays an important
role in plant photosynthesis [43]. The composition of these photosynthetic pigments indicates the
physiological state of the plant. In particular, since there is a close correlation between the leaf
chlorophyll content and nitrogen availability, it can be used to estimate the nitrogen nutrient status of
plants [44]. In this study, the chlorophyll concentrations of barley were compared based on the type of
manure applied as fertilizer, as shown in Table 2. The ANOVA results revealed significant differences
between the effects of samples on chlorophyll and carotenoids concentrations (p <0.05 in all cases).
HMO had the highest chlorophyll a and b concentrations (3.69 mg/g and 1.85 mg/g, respectively).
The chlorophyll concentration indicates that the barley cultivated with HMO gained higher nutritional
benefits. However, there were only minor differences in chlorophyll and carotenoids concentrations
between HM and CNM. The measured concentration of total carotenoids was found to be insignificant.
In addition, post hoc results calculated with Tukey’s tests supported the significant difference between
HMO and the other samples, while HM and CNM showed no significant differences in any of the
cases. The ratio of carotenoids to chlorophylls reflects the effect of stress on the plants or wilting of
the plants [45]. Since barley seedlings were grown under identical cultivation conditions (i.e., water,
light intensity, and temperature), it is supposed that stress level was not critical to barley growth.

Table 2. Chlorophylls and carotenoids concentrations of different manures Ln=3).

Chlorophyll a Chlorophyll b Total Chlorophyll Total Carotenoids
(mg/g dw) (mg/g dw) (mg/g dw) (mg/g dw)
HM 2.64 (+0.03) 1.33 (+0.07) 3.97 (+0.04) 2.34 (+0.08)
CNM 2.63 (+0.05) 1.30 (+0.05) 3.94 (+0.03) 2.28 (+0.09)
PM 3.41 (£0.08) 1.64 (+0.05) 5.05 (+0.07) 2.81 (+0.03)
HMO 3.69 (+0.12) 1.85 (+0.09) 5.55 (+0.10) 2.88 (+0.08)
M 2.96 (+0.07) 1.34 (+0.06) 4.30 (+0.05) 2.24 (+0.05)
p-value* 0.00 0.00 0.00 0.00
Post-hoc results HMO>PM>CM> HMO>PM>CM> HMO>PM>CM > (HMO, PM) >
v (HM, CNM) (HM, CNM) (HM, CNM) (HM, CNM, CM)

1 HM, human manure; HMO, human manure from a family mainly eating organic food; CM, cow manure; PM,
poultry manure; CNM, commercial nursery media. p-value* results from one-way ANOVA.

3.3.2. Germination Index

Table 3 shows the germination parameters of the control seedlings and those grown with the
manures as fertilizers. Significant differences between each result were identified using ANOVA
(p <0.02). Out of a total seedling count of 40, the number of germinations for the control was 35,
while that of CM and HM was 31 and 34, respectively. CNM and HMO showed higher numbers of
germination (CNM: 39, HMO: 38). These results are consistent with the nutrient and ion concentration
results presented in Section 3.1 (CNM > HMO > PM > HM > CM), but the number of germinations
of PM (36) was not significantly higher than that of the control (35), even though it showed high
values of DOC and DTN. However, the post-hoc results in Table 3 determined the effects of PM on
the increase of the germination number. In addition, CNM, PM, and HMO were classified as samples
having positive potential in increasing the number of germinations. The average weight and root
length showed a different trend from the number of germinations. The average weight of CM was
the highest, although it showed the lowest number of germinations between the samples, while PM
showed the shortest length of root despite being second in terms of average weight. According to the
post-hoc tests, PM does not have a positive potential in increasing the weight of the seeds, and there
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were no significant differences in the root lengths in any cases. The variation of the results seems to
originate from the different inherent growth potential of the seeds.

Table 3. Seed germination in terms of the number of germinations, average weight, and average root
length (n = 3).

No. Germinations (ea) Average Weight (mg) Average Root Length (cm)

Control 35 (1) 400.4 (+30.4) 8.3 (+0.6)

HM 34 (£2) 447.1 (+£25.7) 6.2 (+0.3)

CNM 39 (1) 326.6 (+20.2) 8.4 (+0.9)

PM 36 (+2) 405.5 (£35.2) 6.1 (£1.2)

HMO 38 (1) 406.8 (+22.8) 7.4 (+0.8)

CM 31 (1) 611.6 (+43.5) 7.3 (£1.0)
p-value* 0.00 0.00 0.02

(CNM, PM, HMO,) > CM > HM >

Post-hoc results

(Control, HM, CM) (Control, CNM, HMO, PM)

HM, human manure; HMO, human manure from a family mainly eating organic food; CM, cow manure; PM,
poultry manure; CNM, commercial nursery media. p-value* results from one-way ANOVA.

A decreasing trend in the GI values of the five manure samples was as follows (ANOVA, p <0.02,
Table 4): CNM (97.5%) > HMO (95.0%) > PM (90.0%) > HM (85.0%) > CM (77.5%). The order is
similar to that of the C/N ratio and ion concentration results, indicating that CNM, PM, and HMO
have beneficial ions for plant growth (see Section 3.1). Tukey’s post-hoc test detected that the effects of
CNM and HMO on the GI value were significantly different from the HM, PM, and CM results. In
addition, a GI value higher than 50% indicates that the compost matured well and contained a low
level of phytotoxic substances [46]. Although none of the samples in this study achieved maturity
according to the results presented in Section 3.1, all of the samples showed GI values higher than 50%.
This implies that every sample contained a low level of phytotoxic substances.

Table 4. Germination index of five manure types 1

Germination Relative Length of the Root Germination Index (%)
Percentage (%) (Treatment/Control) ’
HM 85.0 (+2.9) 0.75 (+0.01) 72.6 (+0.3)
CNM 97.5 (+1.4) 1.01 (+0.02) 112.6 (+2.1)
PM 90.0 (+2.9) 0.73 (+0.05) 75.3 (+6.6)
HMO 95.0 (+1.4) 0.89 (+0.02) 96.6 (+1.9)
CM 77.5 (+1.4) 0.88 (+0.03) 77.7 (£3.1)
p-value* 0.00 0.00 0.02
Post-hoc results (CNM, PM, HMO,) > (CNM, HMO) > (CNM, HMO,) >
v (HM, CM) (HM, PM, CM) (HM, PM, CM)

1 HM, human manure; HMO, human manure from a family mainly eating organic food; CM, cow manure; PM,
poultry manure; CNM, commercial nursery media. p-value* results from one-way ANOVA.

4. Conclusions

Five types of samples (HM, CNM, PM, HMO, and CM) were investigated in terms of nutrient
concentration, organic matter composition, chlorophyll concentrations, and germination index. CNM,
PM, and HMO showed higher concentrations of potassium and sulfate, and higher C/N ratios than did
HM and CM. In addition, the three manures (CNM, PM and HMO) contained humic- and fulvic-acid-like
substances, while HM and CM only contained humic-acid-like substances. From the results, CNM,
PM, and HMO were considered to have higher plant growth potential than HM and CM. The plant
growth potential of the three manures was also proven by their high chlorophyll concentrations and
GI compared with the other samples. From the pyrolysis GC/MS results, molecular compositional
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differences between the manures were related to the diversity of the diets of the organisms from which
the manures came from. Overall, the results show that human manure can be an effective nutrient
source, and is comparable to commercialized fertilizers. Even though this study had some limitations
such as the unclear sample origin and small number of human manure samples, the value of human
manure was successfully described. We hope that the results of this study will help to change the
perspective on human excreta from an unwanted waste to a useful resource. In addition, this study
suggests an alternative way to deal with human waste in our society.
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