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Abstract: Management of MSW (Municipal Solid Waste) is a major downside in most of the biggest cities. The composting of the
organic fraction of MSW is one of the oldest and simplest ways of organic waste stabilization. It is a self-heating biological
conversion that generates appropriate finished merchandise such as soil conditioner or fertilizers. Mexico City generates about
12,500 ton/day of MSW, 44% of it is food scraps and yard trimmings which are the OFMSW (Organic Fraction of Municipal Solid
Waste), 2,500 ton/day of it is composted at the BPCP (Bordo Poniente Composting Plant) yielding 500 ton/day of compost. The
purpose of this study was to evaluate three treatments to accelerate the composting process, so eventually the city could increase the
amount of the OFMSW at BPCP. We compared three different treatments; one of them showed a significant reduction in time of the
composting process (p < 0.05) i.e., it took less time to reach the thermophilic stage, maturity and stabilization phases. Maturity was
achieved at 35 days and 60 days to stabilize. We conclude that shredding the feedstock plus leachate inoculum addition at the beginning
of the process, reduces the composting time in about 61% with respect to the time it takes at the BPCP, where lasted 90 days.
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1. Introduction operating, however, many have failed from economic

) ) . and environmental issues. In recent years, the overall
The composting of the OFMSW (Organic Fraction ) o .
o i ] ) trend is to control and optimize the process to avoid
of Municipal Solid Waste) is an economically and ) )
. . . environmental problems, poor product quality and
environmental opportunity, and an effective method . .
. . high production costs [2].
for treating the OFMSW, where the resulting product . .
Mexico City generates about 12,500 ton/day of

MSW (Municipal Solid Waste), 44% of it is food
scraps and yard trimmings. Since 2012 the BPCP

can be used as soil conditioner [1]. In recent decades
various large-scale composting systems have been
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scraps and yard trimmings in an area of 37 ha (112.2
ac) yielding 500 ton/day of compost in a process that
lasts 90 days [3]. The purpose of this study was to
evaluate three treatments to accelerate the composting
process, so eventually the city could increase the
amount of the OFMSW at BPCP and reduce the
amount of waste at landfills.

Accelerating the composting process can be achieved
through the addition of specific nutrients (biostimulation)
or by inoculation of specific microorganisms
(bioaugmentation). However, insufficient quantity or
poor ability to biodegrade the indigenous microbial
community used may easily lead to low composting
efficiency and undesirable compost quality [4].

The use of an external microbial inoculum in
composting materials produced a significant
acceleration of the composting process and showed
that there were no significant differences among the
different inoculation levels (10°, 10° and 10" CFU/g)
during the composting process [5]. The main concern
in the composting process is the time required to get
compost, so strategies have now been raised to
accelerate the process, one of which is microbial
inoculation to increase and improve microbial
populations that produce the enzymes required for the
degradation of organic materials [6, 7].

It has been observed that the leachate generated
during the OFMSW aerobic composting process,
contains sufficient native microorganisms with the
ability to consume the material and
emphasized that the particle size of the OFMSW is a
key in the acceleration of the composting process,

organic

since the ratio of oxygen contained in the pores of the
mixed materials depends on particle size, since air
flow is essential in composting an adequate particle
size will provide oxygen and moisture replenishment
and carbon dioxide removal bringing about aerobic
OFMSW decomposition [8]. Various authors mention
that particle size as a physical property plays an
important role during the composting process, and

between 2 and 3.5 cm in diameter can ensure aerobic

compost conditions [9]. Particle size associated with
OFMSW
transformations during the composting process [10].

pH and humidity accelerates the

Therefore, the purpose of this study was to evaluate
three treatments to accelerate the composting process
with OFMSW leachates as inoculum, and the
shredding of the OFMSW to increase the surface area
and the reaction rate of the process.

2. Material and Methods
2.1 Organic Waste

Source-selected OFMSWs from the composting
plant of Bordo Poniente (BPCP) were used as the
main substrate for composting experiments. Food
scraps and yard trimming shredding were made with a
Vermeer horizontal grinder with a size particle of 1
inch diameter.

2.2 Composition and Preparation of the Inoculum

Leachates were released from the feedstock
percolated through the windrows; the moisture content
of the feedstock was 55%. No coliforms were detected
in the leachates that served as inoculum for the
composting process. The average concentration of was
10° CFU/100 mL of leachates. The inoculum was
added at the beginning of the composting process in a
ratio of 200 mL per kilogram of feedstock. In Table 1
the results of the physicochemical proprieties of

inocula are shown.
2.3 Composting Experiments

We built three 155 kg piles with food scraps and
yard trimmings in a relationship 70%:30% (v/v). The
treatments applied to the piles were: A (31 L inoculum
with a count of 10° CFU/100 mL of leachates and
shredded feedstock),
inoculum was added; only shredded feedstock) the

B (control) (no leachates
control represents the used method by the BPCP and
C (31 L inoculum with a count of 10° CFU/100 mL of
leachates and non-shredded feedstock). The particle
size of OFMSW shredded was 1 inch? (Fig. 1).
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Table 1 Physicochemical proprieties of inoculum.

Parameter Units Value

pH 6.11+0.01
EC Mv 49.50 £ 0.00
Moisture % 90.11 £0.45
TS % 9.89 +0.43
FS % 19.85£0.43
TOM % 2.35+0.32
ocC % 1.31+0.18
TN % 3.80 £0.02
N-NH,4 mg/kg 12.76 £ 0.01
N-NO; mg/kg 0.33 £0.04
Total coliforms MPN/100 mL Not detected
Fecal coliforms MPN/100 mL Not detected

pH: potential hydrogen, EC: electrical conductivity, TS: total solids, FS: fixed solids, TOM: total organic matter, OC: organic carbon,

TN: total nitrogen, N-NH,: ammonium nitrogen, N-NOj: nitrate nitrogen.

 ———————————
=

Fig. 1 Experimental piles evaluated during the
composting process.

Temperature was measured with a thermocouple
sensor type K (FLUKE 51-2) and oxygen and carbon
dioxide concentration were measured in interstitial air
with a portable O, and CO, detector (FIRYTE Classic,
BACHARACH).

We analyzed other parameters of the composting
process in the laboratory from representative double
sample quartet of approximately 1 kg in weight in
three different points of the pile. Compost samples
were collected in sterile plastic containers and kept at
4 °C for microbiological and Solvita® tests [11].

2.4 Analytical Methods

Moisture, TOM (Total Organic Matter), pH, EC

(Electrical Conductivity), OC (Organic Carbon), TS
(Total Solids), FS (Fixed Solids), TN (Total Kjeldahl
Nitrogen), N-NH4 (Ammonia Nitrogen), N-NOs (Nitrate
Nitrogen), and the Solvita® test were determined
according to standard procedures [12, 13].

2.5 Data Analysis

The analysis was performed in duplicate, and the
results were expressed as mean, with standard
deviation and coefficient of variation. The samples’
differences between physical and chemical parameters
were established by one-way analysis of variance,
with the software SIGMAPLOT 12, where differences
were considered significant at p < 0.05.

3. Results and Discussion

The goal process temperature was 55 °C (Fig. 2) to
eliminate pathogens during the composting [14].

Fig. 2 shows in A treatment the four stages of the
composting process: mesophilic, thermophilic cooling
and maturing phases, with a short time between
mesophilic and the thermophilic phase when the
temperature reached the 55 °C, with significant
differences (p < 0.05) with treatment B (control) and C.

Such phenomenon has been described in references
[7, 15-17]. According to these authors, this effect is

achieved when adding inoculum concentrations
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Fig. 2 Temperature profiles (average values) for the treatments studied.
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Fig. 3 Moisture profiles (average values) for the treatments studied.

between 10° and 10’ CFU at the beginning of the

composting process, conditions happened in A
treatment, where in the beginning the leachate
inoculum (10" CFU) was added and the OFMSW was
shredded to a particle size between 2.5 and 3.5 cm®.

In addition, Fig. 3 shows that in A treatment,
moisture decreases more than in treatments B and C,

condition associated with the higher increment of

temperature in the beginning. Moisture decreases
when adding the inoculum in the beginning of the
OFMSW composting process, because thermophilic
stage is reached in a shorter time, when the
temperature is incremented [17].

The treatment A showed greater decrease in moisture
than treatments B and C, associated with the temperature

increment. Related with the oxygen concentration,
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Fig. 4 Oxygen profiles (average values) for the treatments studied.

Fig. 4 shows a decay in treatment A after 26 days,
associated with the maturation of the compost. For
this behavior in the maturity process there is a
decrease in oxygen and is an indicator of stabilization
of the final product [9].

Tables 2 and 3 show moisture, TOM, EC pH,
Organic Carbon, TS, FS, TN, N-NH, and N-NH; were
determined for the initial sample of OFMSW, day
zero for the three treatments, and the final compost
obtained for each treatment. As can be seen only slight

differences were observed among the treatments

applied. The differences were in pH, EC, and nitrogen
content in the final products.

In Table 4 we observed in treatment A, a better
quality in the final product, indicated by the grade, the
maturity and the stability Solvita® index, we observed
that the latter was 7, whereas, in treatments B and C, it
was 5 in 36 days, this confirms that the leachate
OFMSW
accelerates the composting process.

inoculum addition and the shredding
In addition,
presence of pathogenic organisms was not detected in

any treatment.

Table 2 Physicochemical characteristics of composting process in the treatments A and B.

Time (days)
Parameter Treatment A (inoculum + shredded feedstock) Treatment B (Control, shredded feedstock)
0 9 18 27 36 0 9 18 27 36

pH 4.72+0.01 4.72+0.01 8.02+0.24 4.79+0.07 8.23+0.09 8.17+0.12 8.23+0.09 9.20+0.05 8.18+0.19 8.27+0.05
EC (mS/cm) 4.63£0.44 2.64+1.34 2.78+1.75 2.70+1.28 4.86+0.25 5.80£0.08 5.39+0.44 4.66+£0.59 3.01+0.66 35.00+2.83
TS (%) 55.58+1.15 55.71+0.77 72.29+0.43 58.93+£1.03 74.04+0.81 67.13£1.15 57.13+0.71 69.40+0.77 78.59+0.54 78.59+0.45
FS (%) 0.64+£0.04 0.60+0.02 0.62+0.03 0.42+0.03  0.54+0.03 0.54+0.03 0.53+0.04 0.52+0.04 0.67+0.04 0.73+0.03
TOM (%) 36.71£3.94 40.66+1.52 38.74+3.15 58.14+2.80 46.32+3.42 46.65+£2.96 46.98+3.63 48.13+£3.72 33.204+2.45 27.65+3.09
OC (%) 20.40£2.19 19.59+0.85 15.36+1.71 22.30+1.56 26.10+2.02 25.92+1.42 26.104£2.02 26.74+2.07 18.44+1.24 15.36+1.71
TN (%) 0.91+£0.14 0.63+0.06 0.63+0.05 0.89+0.13 0.93+0.11 0.96+0.04 1.06+0.04 1.07+£0.25 0.67+0.24 0.70+0.04
N-NH,4 (mg/kg) 0.39+0.04 0.39+0.04 0.26+0.04 0.33+0.04 0.12+0.04 0.07£0.00 0.06£0.01  0.03+0.01 0.23+0.04 0.21+0.07
N-NOj; (mg/kg) 0.08+0.02 0.081+0.02 0.68+0.10 0.04+0.02 1.03+0.08 0.06£0.01 0.04+0.01 0.03+0.01 0.70+0.00 0.75+0.04

pH: potential hydrogen, EC: electrical conductivity, TS: total solids, FS: fixed solids, TOM: total organic matter, OC: organic carbon,
TN: total nitrogen, N-NH,4: ammonium nitrogen, N-NOs: nitrate nitrogen.
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Table 3 Physicochemical characteristics of composting process in the treatment C.

Time (days)
Parameter Treatment C (Only inoculum and non-shredded feedstock))
0 9 18 27 36

pH 8.14+0.09 8.09+0.18 8.28+0.18 8.51+0.06 7.47+0.02
EC (mS/cm) 4.18+0.25 5.09+0.16 4.20+3.84 2.65+0.43 3.57+0.54
TS (%) 87.32+0.56 80.49+0.78 78.61£0.95 76.74+0.55 87.09+0.83
FS (%) 0.66+0.03 0.57+0.04 0.64+0.03 0.71£0.02 0.60+0.04
TOM (%) 26.91+£3.38 43.65+3.77 36.40+2.85 29.14+1.69 29.83+3.74
OC (%) 16.30+1.88 16.19+0.94 20.22+1.24 16.19+0.94 21.13£2.08
TN (%) 0.63+0.06 0.92+0.15 0.94+0.17 1.04+0.15 1.06+0.05
N-NH, (mg/kg) 0.21%0.07 0.12+0.04 0.110.04 0.23+0.28 0.39+0.04
N-NO; (mg/kg) 0.82:0.08 1.030.08 1.02+0.04 1.00£0.15 1.030.04

pH: potential hydrogen, EC: electrical conductivity, TS: total solids, FS: fixed solids, TOM: total organic matter, OC: organic carbon,
TN: total nitrogen, N-NH,4: ammonium nitrogen, N-NOs: nitrate nitrogen.

Table 4 Indexes of maturity and stability and microbiological parameters.
. Finished product
Parameter Units
Treatment A Treatment B Treatment C

Stability Stability Index ®Solvita. 7 5 5

. Maturity Index ®Solvita 7 5 5
Maturity . .

Anaerobic conditions and pH > 6.5 7.48 +0.04 6.35+0.19 6.20+0.43

Fecal coliforms MPN/g TS 230.98 340.77 540.22
Salmonella and Shigella MPN/4 g TS Not detected Not detected Not detected

MPN: most probable number, TS: total solids.

4. Conclusions

The leachates generated from the OFMSW are an
effective inoculum to accelerate the composting time
if it is added at the beginning of the process.

In the treatment A, with a concentration 10°
CFU/100 mL of leachates and shredded feedstock is
optimal in terms of reducing the composting time by
approximately 20% faster, with respect to treatments
B and C.

Only temperature is statistically different among the
treatments studied, indicating that the addition of the
inoculum and shredding of the raw material at the
beginning of the process has an accelerating effect on
reaching the thermophilic stage and therefore the total

time of composting.
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