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Abstract

Concerns with the final destination of organic solid waste (OSW) generated in rural
areas originate from the possibility of this waste harming the environment, in addi-
tion to producing bad smell and attracting pests, when improperly disposed of in the
soil. In this sense, composting might be a suitable way of dealing with this residue. This
chapter presents the advantage of treating rural OSW through composting in reactors.
Facultative reactors present the advantage of not requiring handling or large areas for
the waste processing, and they do not generate bad smell and do not attract pests, which
represent common drawbacks of the conventional windrow composting process. The
final product of this composting process can be used as fertilizer for crops, resulting in
the economy, since commercial fertilizers do not have to be bought. Works carried out
by the Analytical and Environmental Chemistry Research Group at the State University
of Ponta Grossa—Brazil have reported important results regarding the use of facultative
reactors with different OSW mixtures. From the monitoring of physical, chemical, bio-
logical and spectroscopic parameters, it was seen that composting in facultative reactors
produced stable compost matured in a short period of time.

Keywords: facultative reactor, OSW, monitoring, characterization, spectroscopic, physico-

chemical

1. Introduction

The final destination of solid residues originated in agriculture as well as other activities has
been a pressing concern in the contemporary society, due to its negative impact on the envi-
ronment. In the whole world, 1.3 billion tons of solid waste are generated every year accord-
ing to the Organization for Economic Cooperation and Development (OECD). It is estimated
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104 Solid Waste Management in Rural Areas

that 50% of this waste is produced by the 34 richest countries. Brazil, despite being considered
an underdeveloped country, occupies the third position among the countries that generate
the most waste in the world (220 million tons/year, 1.2 kg/inhabitant/day) [1].

The Brazilian agroindustry is the largest productive sector in the country. According to data
by the United Nations (UN), Brazil will be the greatest food exporter between 2015 and 2024.
Such a great food production places Brazil among the largest waste producers also in the
rural area [1].

According to the Applied Research Institute (IPEA/Brazil) [2], about 291 million tons of waste
are generated by the agroindustry every year. From this, 51% is organic material coming from
solid waste from sugar cane, rice, soybean, corn, beans, wheat, coffee and cocoa crops, along
with the growth of fruits, such as orange, banana, coconut and grapes. This organic solid
waste (OSW) is usually buried, burnt or simply disposed on the soil far from households (but
many times close to rivers), generating negative environmental impact [3, 4]. However, if
properly separated and treated, this waste can contribute to the reduction of environmental
problems originated from its improper disposal. The use of composting methods that can
transform this OSW into stable and mature organic matter in the shortest period possible is
the most suitable way of managing such residue.

This chapter presents the possibility of treating OSW through composting in facultative
reactors.

2. OSW treatment in reactors

In the rural area, OSW from different sources, both vegetable and animal origin, is generated
inside and outside the farms. Proper management of this residue might result in benefits
related to the prevention of river and soil pollution; reduction in chemical fertilizer use and
crop diseases. Therefore, the collection and composting of this OSW might constitute proper
technology, to be used by individuals or in association with other rural producers, aiming
at the agriculture technical-scientific advancement [5]. Up to now, some emphasis has been
given to home composting, which requires constant care such as moist content and mate-
rial aeration control. In addition, studies have demonstrated that due to the requirement of
constant handling, the composting process might present chemical and biological risks [5-7].

Taking these facts into consideration, the use of a reactor for the treatment process of OSW
generated in rural areas might be suitable, since it represents a low-cost process which
demands reduced workforce and small areas.

The composting in reactors is considered a promising technology when compared to con-
ventional technologies of open systems such as windrows or piles, since it does not require
revolving the composting mass and provides sufficient aeration to the mixture (with or with-
out mechanical injection of air) to produce mature final compost. It does not produce the bad
smell, leachate or pollutants. Also, it provides the control of physical and chemical param-
eters such as temperature and moist and can be used in different climatic seasons [8-10].
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Recent studies employing reactors for OSW treatment have proved the efficiency of this tech-
nology when compared to the anaerobic digestion or incineration, for resulting in composta-
ble to improve the physical and chemical conditions of the soil, preventing the emission of
greenhouse effect gases (CO,, NO, CH,) [11]. In recent years, models of vertical and or hori-
zontal reactors have been developed and adapted to OSW treatment [12, 13], and also several
works have demonstrated composting processes in pilot-scale reactor systems, with rotating
the drum and forced aeration [14-16].

Scale reactors between 10 and 300 liters involve different configurations that guarantee a pro-
cess with favorable results, allowing the study of parameters such as temperature, moist,
biological activity and oxygen content [17-19].

Taking that into consideration, some studies have emphasized that in order to retain heat and
keep ideal temperatures, the reactor walls should be covered with thermal insulating material
[14, 15, 20-22]. Several studies used OSW coming from vegetable, fruit, olive bagasse, grape
bagasse and olive bagasse, waste which is widely found in rural areas. Due to the high moist
of these substrates, in some experimental processes, output holes were adapted to drain the
material and collect slurry [14, 22-24].

A study carried out by Fernandez et al. [14], verified the influence of the granulometry in
temperature and moist variation in a reactor system for the treatment of sewage sludge com-
ing from an effluent treatment station (ETS), combined with carbonaceous materials with
different particle sizes. The authors concluded that the best results were obtained from the
ETS sludge and wood chips (5-15 mm). The use of wood chips as volume agents provides the
mixture with better aeration and moist levels below 65%, in addition to favoring the achieve-
ment of temperatures close to 70°C, ensuring the elimination of pathogens.

Paradelo et al. [22] investigated the efficacy of different volume agents and studied the
mixtures of food waste (raw and cooked vegetables and fruit) with the addition of differ-
ent OSW produced in rural areas such as hay, wheat straw and wood chips. The composts
were placed in a vertical cylindrical barrel of 30-liter volume for 2 months. The barrel was
placed on wood blocks to favor aeration and elimination of the leachate produced. The
authors concluded that the wood chip experiment produced a less decomposed material,
due to the larger particle size (25 mm); however, it also presented parameters favorable to
stabilization.

In another study by Li et al. [21], a reactor was built with plastic containers of different sizes,
a 10 L container, punctured and with external output, encased in a 15 L container. The space
between the reactors was 5 mm each side (filled with foam) and 20 mm in the lower part. At
the bottom of the bucket, gravel was placed and that surface was covered with a plastic screen.
The composting used grape bagasse and sawdust. The treatment was carried out with the lid
of the system closed. The authors concluded that the cellulose degradation occurred within
the three initial months; however, the variation of the C/N ratio from 30/1 (initial) to 28/1
(final) was low, and the temperature did not reach the thermophilic phase.

Composting in rotating drums with an aeration system and 250 L capacity has been widely
studied [23]. Different mixtures of OSW produced in rural areas were used such as grass,
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vegetable residue, bovine manure and sawdust. The authors concluded that the mixture
of bovine manure, vegetable residue and sawdust resulted in a stabilized compound and
agitation guaranteed aeration and uniformity to the mixture, preventing the generation of
bad smell.

Iyengar and Bhave [25] investigated composting in different kinds of reactors (aerobic, anaer-
obic and facultative) in laboratory scale, using OSW from rural areas such as bovine manure
and straw. The facultative reactor presented anaerobic lower regions and aerobic upper
regions, due to the distribution of the layers inside the reactor. The authors concluded that
the aerobic and facultative reactor systems produced a more stable compost.

For the OSW composting process in reactors to be considered efficient, it is necessary to moni-
tor the different physical and chemical parameters, and the compost obtained can be defined
as the stabilized and matured product.

The compost stability and maturity show the organic matter decomposition degree, and after
mature, it can be used as a soil fertilizer, releasing nutrients necessary to plant growth [9].
Stability and maturity can be monitored by observing the physicochemical properties (tem-
perature, moisture, pH, ash content and ratio C/N) along with spectroscopic (UV/Vis and IR)
and biological (germination index) parameters [26-29].

In recent years, the Analytical Environmental and Sanitary Chemistry Research Group (QAAS,
Brazilian abbreviation) of the State University of Ponta Grossa—Brazil has studied the treat-
ment of different OSW in a facultative reactor system [9, 30, 31]. Thus, this work presents an
extensive study of the OSW treatment in the facultative reactor, with great results obtained
through conventional (moisture, pH, temperature and C/N ratio), spectroscopic techniques
(UV/Vis and Infrared-IR) and germination index.

2.1. Facultative reactor

The facultative reactor (Figure 1) was constructed from a copper and zinc cylindrical metal
container with a capacity of 200 L (diameter 600 mm and height 700 mm). On the reactor was
designed a plastic cover of 300 mm of diameter x 60 mm of height that contains 120 holes of
5mm to allow a gas exchange. At the bottom of the reactor was coupled a liquid collection
system [9].

2.2. Composting using facultative reactor

The experiments were carried out at the State University of Ponta Grossa, where five reac-
tors were assembled, and the composting process was studied for 180 days. The reactors
were installed under shelter (shed) protected from the rain. For the experiment, the follow-
ing OSW was used: home organic waste (HOW), wood waste such as sawdust (WWS) and
chips (WWC) and smuggled cigarette tobacco (SCT) seized by the Brazilian Federal Revenue
and donated to the study. The combination of OSW used to assemble the five reactors is in
Table 1. The mixture was distributed in 200 mm layers in the reactors. Table 2 presents the
physical and chemical characteristics of the OSW used in the experiment.
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Figure 1. Schematic design of the facultative reactor.

DOW SCT WC S Total

(%) (kg) (%) (kg) (%) (kg) (%) (kg) (kg)
R1 70 157.2 10 2.62 20 8.7 - - 168.2
R2 60 116.4 20 4.84 20 8.0 - - 129.3
R3 40 86.3 40 10.1 20 8.3 - - 104.8
R4 70 105.6 10 1.69 - - 20 29 110.2
R5 40 57.6 40 6.7 - 20 2.8 67.1

Source: Zittel [31].

Table 1. Combination of the substrates, in proportion and mass, for the accomplishment of the experiment.

Parameters DOW SCT WRS RL
pH 5.5 7.2 6.4 6.0

C (%) 36.15 36.85 441 441
N (%) 3.04 3.20 0.28 0.28
Initial C/N ratio 11.89 11.15 157.5 157.5
Granulometry (mm)  20-50 >1 >1 20-40
Moisture content (%) 65 15,3 12 13

Source: Zittel [31].

DOW —domestic organic wastes; SCT—smuggled cigarette tobacco, WRS—wood residues sawdust; RL—Wood

Residues Chip.

Table 2. Initial physical and chemical characteristics of the solid residues used in the experiment.
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2.2.1. Home organic waste (HOW)

The average of six samplings was carried out to characterize the HOW, and a quar-
tering process was performed three times a week according to the Technical Norms
Brazilian Association—ABNT-NBR 10007/2004 [32]. Initially, the homogenized sam-
ple was divided into four parts, and two opposite quarters were selected, which were
homogenized again. The quartering procedure was carried out again with the samples
collected, selecting one of the remaining quarters to represent the waste characterization
(Figure 2).

2.2.2. Wood waste-sawdust (WWS) and chips (WWC)

The WWS used in the experiment had a diameter smaller than 1 mm, and the WWC diameter
was between 20 mm and 40 mm, as shown in Figure 3.

2.2.3. Smuggled cigarette tobacco (SCT)

The SCT used in the experiment was provided by the Brazilian Federal Revenue (Ponta
Grossa—Pr unit) after having sized the material. Different batches of this material were used
to assemble the reactors. The cigarette filter was separated from the tobacco portion and
ground in a commercial grinder shown in Figure 4.

Sample 1 Sample 2

Mixing and Quartet
homogenization

Mix of ROD | EEEEE—) . E—— g"

Sample 3 Sample 4

Mixing and
homogenization of
opposing parts

=

Quartet

@
14

Sample for
characterization

Figure 2. Quarantine process of the RODs used in the experiment.
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Figure 4. Equipment used for grinding tobacco and paper wrapping.
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After ground, the tobacco was separated from the wrapping paper around it using a
6 mm x 6 mm mesh sieve, resulting in a powder with particle smaller than 1 mm. The pro-
cess to separate the tobacco from the cigarette filter and wrapping paper can be seen in
Figure 5.

2.3. Sampling

To monitor the composting process, samples were collected every fortnight, from random
points inside the reactors. The sample collection was carried out on the 1st day and in
periods of 15, 30, 45, 60, 75, 90, 105, 120, 135, 150, 165, 180 days. In each collection, about
100 g of sample was removed from each reactor. These samples were homogenized, and
the portions needed for the analyses were separated. To monitor de composting process
and characterization of the final compost, the analyses carried out were: elemental (C/N),
temperature, moist, pH, seed germination index (SGI) and spectroscopic (UV/VIS and
Infrared).

2.4. Physicochemical analyses
2.4.1. Temperature

The temperature was measured three times a week using a portable digital thermometer. The
monitoring was carried out on the first day of the organic material deposition inside the reac-
tor and throughout the process, at three different points: surface, middle and bottom.

& ' D

Figure 5. Separation steps of the filter and the paper wrapper of the cigarette used in the experiment. (A) Cigarette with
filter; (B) filter separation; (C) shredded tobacco and paper wrapping; and (D) cigarette tobacco residue after sieving.
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2.4.2. Moist

To control moist content, readings of the mixture in the reactors were performed every fort-
night, at the surface and bottom of the reactor, using the combined digital thermometer and
hygrometer device.

2.4.3.pH

For the pH determination, the sample was diluted in a calcium chloride solution, following the
official method by the Brazilian Agriculture, Livestock and Supply Ministry [33]. The use of a
calcium chloride solution allows the hydrogen ions to get free from the colloid surface, resulting
in pH values which are moderately lower when compared to those found when the sample is
diluted in water [34].

2.4.4. Elemental chemical analysis

The elemental chemical analysis was carried out using the Elemental Analyzer. The C/N ratio
was obtained from the ratio between the percentage values of C and N in the sample.

2.4.5. Germination index (GI)

GI was performed by adapting the technique proposed by the Hong Kong Organic Resource
Centre [35]. About 20 g of the fresh compost was added to 200 mL of distilled water and stirred
for 2 h. Next, the solution was placed in the centrifuge at 9000 rpm for 25 min at 4°C. The GI
was carried out in triplicate in the periods of 90, 120, 150 and 180 days. GI was performed
by placing 5.0 mL compost extract on each petri dish. Next, 10 watercress seeds (Lepidium
sativum) were evenly distributed on each dish and incubated for 72 h in dark room and tem-
perature between 22 and 27°C. After 72 h, the number of germinated seeds was recorded, as
well as the main root length, so that the GI calculation could be done [34] (Egs. (1)-(3)). The
percentage of germinated seeds of each sample as calculated from the triplicate weighted
average. A control test was performed using 5.0 mL distilled water substituting the compost
extract.

Relative seed germination percentage

Weighted average of the no of germinated seeds in each extract x 100 1
Weighted average of the no of germinated - seeds in the control @)

RSG(% ) =

Relative root growth

Weighted average of root length in each extract x 100

O, —
RRG(% )= Weighted average of root lenght in the blank 2
Germination index (GI)
_RSG xRRG
GI=""50 (3)
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2.5. Spectroscopic analysis

2.5.1. Visible ultraviolet region (UV-Vis) molecular spectroscopy

For the absorption analyses in the UV-Vis, 10 mg of the sample was dissolved in 10 mL
sodium bicarbonate solution (NaHCO,) 0.05 mol. L-1, at the E,/E, (wavelength absorbance
280 nm and 365 nm) and E /E, (ratio between the absorbances 465 and 665 nm).

2.5.2. Infrared region Absorption Spectroscopy (IR)

For the IR analyses, pellets were prepared with 1.0 mg sample and 100 mg KBr. The spectra
were obtained in the band from 400 cm™ to 4000 cm™ [36].

3. Results

3.1. Physicochemical parameters

Figure 6 presents the results of physical and chemical analyses of the OSW mixtures used in

the composting with the facultative reactor.
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Figure 6. Control of moisture (a), temperature (b), pH (c) and C/N ratio (d) during the composting process of food
residues (40%), cigarette tobacco (40%) and sawdust (20%) in the optional reactor system.
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The moist (Figure 6a) in both layers (top and bottom) was seen to be kept between 40 and 70%
throughout the process, and from the 130th day on, there was no variation of this value at the top
or at the bottom of the mass, indicating the compost stability. Regarding pH (Figure 6b), a reduc-
tion was seen in the first 15 days in the two layers of the mixture, while, after the 80-day period,
the values were in the alkaline band. From the 130th day on, the values were seen to vary from
7.5 to 9, indicating the final compost stability. The variation in pH values is due to the existence
of different groups of microorganisms which are characteristic of the aerobic (bacteria, yeast,
and fungi) and anaerobic (bacteria) activities. Figure 6¢ shows that the thermophilic temperature
remained for a period of 40 days, which was efficient to eliminate pathogens. From the 100th day
on, temperatures close to the ambient were observed, confirming the compost stability.

The C/N ratio is a parameter that evaluates the compost maturity. According to the results
presented in Figure 6d, the ratio was seen to decrease throughout the process, indicating that
the initial materials, rich in nitrogen, were transformed into inorganic compounds such as
nitrates (NO,) and nitrites (NO,).

3.2. Germination index (GI)

Recently, the phytotoxicity evaluation through the germination index (GI) has been used
as one of the parameters to evaluate the compost maturity. The application of unstable and
immature compost to the soil might result in competition for oxygen by the plant roots and
the microbial mass. The continuous decomposition of immature materials might cause anaer-
obic conditions in the soil, resulting in the production of nitrite (NO,) and sulfuric acid (H,S)
[37]. Immature composts might contain high levels of organic acids, high C/N ration, extreme
pH values, high salinity content and high ammonium (NH,) concentrations, which inhibit
seed germination and root and plant growth [38].

When the GI increases along the process, one can assume that there is a reduction in phyto-
toxic substances and that the organic composts are reaching maturity, being enriched with
nutrients and humic substances [39].

Figure 7 presents the GI evolution in OSW composting with the facultative reactor.

Results revealed that from the 90th day on the compost was free of toxicity and reached SGI
values above 80%.

3.3. Visible ultraviolet region (UV-Vis) spectroscopic analyses

The formation of humic substances is a parameter used to evaluate the maturity of the final
compost obtained in OSW composting with the facultative reactor. Therefore, the humifica-
tion parameter among some ratios of absorbance is widely used. The main organic material
absorption bands occur in the region from 200 to 400 nm. In composting studies, the compost
UV/Vis analyses result in ratios between some absorbance. The E,/E, ratios (ratio between the
absorbance 280 and 365 nm) provide the relation between humified and non-humified groups
[40], while the E /E, ratios (ratio between the absorbance 465 and 665 nm) are used to indicate
the condensation degree and aromatic constituents during composting and may be seen as
humification index or compost maturity [40]. These ratios usually reduce with the increase
in simple and double chemical bond conjugations characterizing the formation of humic sub-
stances through the condensation of aromatic rings of greater molecular weight [41, 42]. The
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Figure 7. Seed germination index during composting process of food residues (40%), cigarette tobacco (40%) and brush
(20%).

relations E/E, and E /E, with values lower than 5.0 indicate that there was the formation of
mature compost due to the increase in the aromatic groups [43].

Figure 8 presents the E/E, and E /E, ratio curve during the OSW composting process with the
facultative reactor.

The E/E, and E /E, ratios were seen to decrease during the process reaching values below
5. These results indicated that the composting in reactors produced matured final compost
probably due to the high degree of humic acids present in the humic substance structure.
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Figure 8. Curve of E/E, ratio (absorbance between 250 and 365nm) and E/E, absorbance between 465 and 665 nm
during the process of composting food residues and sawdust.
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3.4. Fourier transform infrared spectroscopy (FT-IR)

The infrared spectroscopy (IR) has been used to evaluate the transformation of organic mat-
ter at the different stages of the composting process [44]. The increase and reduction in peaks
reveal the decomposition of immature residue and the formation of new compounds [45].

The main absorption peaks of the IR spectrum and their respective attributions are seen in
Table 3 [44, 46].

The IR spectrum of the OSW composting process with the facultative reactor in different peri-
ods is presented in Figure 9.

After analyzing the main absorption peaks in the different periods of the composting process,
it was seen that around 3400 cm™ a band characteristic of OH alcohols, phenols and carboxyl
acids occurred and another with aliphatic groups was seen around 2928 cm™. These bands
decreased along the process, due to the degradation of these groups characteristic of non-
humic substances (carbohydrates and fat acids) and the formation of humic substances due to
the microbiological action during the process [39, 41].

The peaks between the absorbance 1700-1750 cm™ conferred the C=O stretching vibration, of
carboxyl acid groups, ketones, and aldehydes, characterizing structures made of the non-ionized

Wave number (cm™) Assignments

3550-3300 H-OH vibration elongation (phenol groups, alcohols and
carboxylic acids); N-H (amides and amines)

2920 C-H vibration elongation of aliphatic structures

1715-1750 C=O0 vibration elongation of COOH of carboxylic acids

and ketones
1620-1660 C=O0 vibration elongation of primary amides
C=0 vibration elongation of ketones, acids and quinones

Vibration elongation C=C of aromatics

1505-1560 Vibration elongation C=C of lignin aromatics; N-H and
C=N of amine and secondary amide

1460 Vibration elongation C=C of aromatics, O-H of phenols

1375-1390 Vibration elongation COO, C-O of carboxylic acids and/

or carbonates and nitrates and deformation of vibrations
O-H of phenols

1220-1250 C-H and OH vibration deformation of carboxyl groups,
C-O-C aromatic ether and N-H of secondary amides

1120 and 1030-1050 C-C vibration elongation of aliphatic

C-O vibration elongation of polysaccharides, C-O of
aromatic-cycle ether

Source: Zittel [31].

Table 3. Peaks of absorption of the spectrum of IR and its attributions.

115



116  Solid Waste Management in Rural Areas

e

§ i
@
s
| .
o
§ —
——1 day
- “\ ——— 90 days
3400 2850 ----150 days
------ 210 days
m 2928 il
L 1 ¥ 1 ¥ L L 1 ¥ T L |
4000 3500 3000 2500 2000 1500 1000

wavenumber (cm™)

Figure 9. IV spectrum of food waste samples and sawdust in different periods of the composting process.

carbonyl. The spectrum region between 1600 and 1660 cm™ is related to the intensity of the
C=0 groups of ionized carboxyl (COO") and conjugated to the aromatic ring and humic acids
[39, 47].

The formation of a sharp peak between 1375 and 1390 cm™ in 180 days of the process might
be ascribed to the deformations of O=H of phenolic groups, present in the humic substance
structure, while the vibrations in the 1010-1035 region indicated polysaccharide, C=0,
stretching [41, 48].

The increase in the intensity of peak absorption at 1450 and 1390 cm™ indicated the presence
of oxidation reactions, with the formation of carboxyl and carbonate acids [46, 47, 49].

The IR spectrum presented absorption peaks which indicated the transformation of organic
matter and matured compost production, characterizing the increase in the humic acids dur-
ing the process.

4. Conclusions

From the results obtained, it was possible to conclude that the facultative reactor presented the
advantages of being a low-cost system, not attracting vectors, enabling moisture and tempera-
ture control without the need for handling, besides allowing the treatment of several organic
waste characteristic of rural areas. Phytotoxicity tests showed that the compost reached
maturity over a period of 90 days. The spectroscopic analyzes showed that degradation of
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compounds of simpler structure and the humification of the organic matter occurred. Thus,
the compost obtained, with a substantial richness of stabilized organic matter and absence of
toxicity, may be considered as an organic fertilizer. Finally, this study led to the conclusion
that the facultative reactor proposed can be a promising technology to manage organic solid
residue in rural areas.
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