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Abstract

The effects of a commercial inoculum (MicroGest 1@fookside Agra L.C.) on
the field-scale composting of source-selected acgémaction of municipal solid wastes
(OFMSW) have been studied by following routine paeters of the composting process
(temperature, oxygen content and moisture) andogicélly-related tests such as the
respirometric index and the maturity grade. Theuhom was added to composting piles of
OFMSW at different levels: Control (no added inacu), Treatment A (IDCFU/g of
OFMSW), Treatment B (fOCFU/g of OFMSW) and Treatment C (1@CFU/g of
OFMSW). The inoculum selected produced a signiticateleration of the composting
process with high levels of biological activity the thermophilic phase. In terms of
composting acceleration and economical costs th@map treatment was B, which
produced a reduction of approximately half of tb&lt composting time. Treatment C did
not improve significantly the results obtained witeatment B, whereas treatment A has
little effect on the OFMSW composting when compared control experiment.
Respirometric index (determined at 55°C) and migtugiade appeared to be the most
reliable tests to follow the biological activity the OFMSW composting. On the other
hand, routine parameters such as temperature, oxggetent and moisture showed no
significant differences among the different inotiola levels tested in the composting

process.
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Introduction

In recent years, the international policy on managet of organic wastes has been
increasingly directed towards recycling. There d@ifferent technologies to recycle organic
wastes from municipal solid wastes (mainly composk#itchen wastes, pruning wastes
and green wastes) and composting is often presesded low-technology and low-
investment process to convert organic wastes torgamic fertilizer known as compost.

Composting is a biotechnological process by whiffere@nt microbial communities
decompose organic matter into simpler nutrientsn@asting is an aerobic process, which
requires oxygen to stabilize the organic wastestimap moisture and porosity.
Temperature, oxygen and moisture are often seleatedhe control variables in the
composting process, because they can be simplyndetd. However, there is scarce
information about the monitoring of biological adty of composting processes in
comparison with other biotechnology fields. Prolyabite parameters most commonly used
to describe the biological activity of a compostipigpcess or compost are stability and
maturity. Stability is related to the presence aéily biodegradable compounds and is
routinely measured by the respirometric index as @xygen Uptake Rate (OUR) of a
compost samplé® Maturity is usually determined with self-heatiregts in Dewar vesséls
or germination indicésand it is used in relation to compost applicadod plant growtfi.

As a biotechnological process, composting needsulation. Nevertheless, most of
the traditionally composted wastes, such as sasgtexted organic fraction of municipal
solid wastes (OFMSW), sewage sludge or animal nggrare supposed to contain enough
autochthonous microorganisms and thus inoculagoratiely used in composting. In fact,

opposite results on the inoculation of differentnpmsting processes can be found in



literature. In general, from previous studies,eéms that when a specialized inoculum is
used some positive effects can be observed. Foanios, it has been reported that a
bacterial inoculum enriched with feather-degradoagteria enhances keratin degradation
and biofilm formation in poultry compo$pr that the biodegradability of poly-caprolactone
in a compost environment is significantly alteradthe type of inoculum usédHowever,
other similar works have not found significant impements when some inoculum was
used in the composting of different wastes. Théurfaiof inoculum in these works is
attributed to different reasons, such as the poesehsufficient quantity of microorganisms
in composted materials for an adequate compostingr competition between
autochthonous and inoculated strdihs$n other works, although there is no perceptible
effect of inoculation, it is pointed that inocutati decreases the variability observed in the
composting experiences.

Nevertheless in most of the cited works only roaifparameters of the composting
process are profiled and compared between inoclulatel non-inoculated treatments.
Moreover, only an inoculum dosage is usually testéd the few works when
microbiological parameters are determined, it seefear that inoculation can have a
positive effect in the composting acceleration #relquality of the compost, especially in
the first thermophilic stage of the procés

The objective of this work is to study systematic#ihe effect of different dosages
of a commercial inoculum (MicroGest 10X, Brooksiigra L.C.) in the acceleration of the
composting process of OFMSW. The study is focusedhe biological activity of the
OFMSW composting (measured as respirometric indenaaturity grade), since this is the

key parameter for the determination of an inocuperformance.



Materialsand Methods
Organic wastes

Source-selected organic fraction of municipal selastes (OFMSW) was used as
main substrate for composting experiments. OFMSW walztained and composted at the
composting plant of Jorba (Barcelona, Spain). Rlashetal, glass and other visible

contaminants of the organic fraction were manualiyoved.

Inoculum composition and preparation

A commercial inoculum named MicroGest 10X was geusly provided by
Brookside Agra L.C. MicroGest 10X is a combinatmirenzymes and microorganisms. Its
ingredients are: driedBacillus megaterium fermentation product, driedBacillus
licheniformis fermentation product, dried@acillus subtilis fermentation product, dried
Saccharomyces cerevisiae fermentation product, driedrichoderma reesei fermentation
extract, driedAspergillus niger fermentation extract, dried whey and silicon ditei The
minimum number of totaBacillus bacteria is 4-10Colony Forming Units (CFU)/g of
MicroGest 10X.

The treatments applied to the OFMSW piles were:t@bno added inoculum), A
(10° CFU/g of OFMSW), B (10 CFU/g of OFMSW) and C (YOCFU/g of OFMSW).
According to the different treatment applied, diffet weights of MicroGest 10X powder
were suspended in 5 L of distilled water per torO6IMSW at room temperature to reach
the desired concentration of CFU/g of OFMSW. Theoam of water was maintained
constant in all the treatments to prevent a changmaoisture content of OFMSW. This

suspension is prepared fresh within one hour beftreapplication and applied uniformly



by spraying on the solid waste. All the compostimaterial was turned after inoculation to

spread the bacterial consortium.

Composting experiments

Piles of source-separated OFMSW were investigdtee piles were built according
to the normal operation of the plant. Trapezoidiégésp(base: 2 m; height: 1.5 m) of
approximately 30 t of OFMSW mixed with pruning wessin a 2:1 volumetric ratio were
used for each treatment of inoculum applied. Piese turned weekly using a turner
Backhus Model 15.50. No forced aeration was pratide

Pile temperature was measured at 50 and 100 crh dagtpile oxygen content was
measured at 100 and 150 cm depth in 4 points opitee Temperature and oxygen values
are presented as average values. Variability betweenperature and oxygen values
measured at different points of the pile was inrdrege of 10-20% (error bars not included
in figures due to space limitations). Temperatuigs wneasured with a portable Pt-100
sensor (Delta Ohm HD9214) and oxygen concentrationterstitial air was measured with
a portable @ detector (Oxy-ToxiRAE, RAE) connected to a portablkpiration pump.
Other parameters of the composting process wetgzakin the laboratory after extracting
a representative solid sample (approximately 2-lume) of the pile from 4 different
points. Samples were sieved in order to removesgfaastics and other inert and oversize
materials. For respirometric experiments, Rottegradif-heating test and Solvita® test,

moisture content was adjusted to a range of 40-508¢uired.



Respirometric tests

A static respirometer was built according to amiodl model previously described
and following the modifications and recommendatigngen by the U.S. Department of
Agriculture and U.S. Composting Countill.

Approximately 250 mL of compost samples (represergasample of the pile from
4 different locations) were placed in 500 mL Erlayer flasks on a nylon mesh screen that
allowed air movement under and through the solidpdas. The setup included a water
bath to maintain the selected temperature duriegespirometric test. In the experiments
presented, respirometric tests were obtained atémperatures: 55°C (related to the actual
biological activity of the process) and 37°C (rethto the stability of the material). Prior to
the assays, samples were incubated for 18 ho@®#°&t or 4 hours at 55°C. During all the
incubation period samples were aerated with prelohumidified air at the sample
temperature. The drop of oxygen content in a flesktaining a compost sample was
monitored with a dissolved oxygen meter (Lutron &51utron Co. Ltd., Taiwan)
connected to a data logger. The rate of respiraifdhe compost sample (Oxygen Uptake
Rate, OUR, based on total organic matter conte@®M) was then calculated from the
slope of oxygen level decrease according to thedata procedures.Results of the static
respirometric index referred to total organic mattentent are presented as an average of
three replicates. The standard deviation betwegpirn@metric replications is in the range of

5-10% (error bars not included in figures due tacgplimitations).



Analytical Methods

Moisture, total organic matter (TOM), pH, electticanductivity (EC), Solvita test
and Rottegrade self-heating test were determinedrding to the standard procedut®s.
Solvita test is based on the qualitative calcutatdd CO, and NH emissions which are
correlated to a maturity grade, with a range frofnalv material) to 5 or 8 for N¢-or CG,
respectively (finished compost). The Rottegradé-Isshting test measures a temperature
rise due to the exothermic biological and chemmetivity with a range from | (fresh
material) to V (compost completely mature). Repnéstéve samples of the pile from 4

different locations were used to carry out all @inalytical tests.

Data analysis
Variance analysis was done to compare mean vafudiferent parameters studied
for each treatment applied using the least-sigaibe difference test at 5% level of

probability.

Results and Discussion
Evolution of composting experiments

Different routine parameters were determined in dognposting experiments.
Figure 1 presents the temperature profiles obtafoethe different experiments (average
values). Thermophilic range of temperatures (>508@)ld be easily reached for all the
dosages of inoculum, including the control experitnAccording to Figure 1, temperature-
time profiles indicated that the material should hygienized. However, no significant

differences (R0.05) were observed among the treatments used.



Figure 2 shows the evolution of interstitial oxygeantent of the material for each
treatment. Although the oxygen profiles were simiéad differences among average
oxygen values were not statistically significark@r5), it seemed that dose C of inoculum
implied lower oxygen concentrations in some samphgvertheless, all experiments
showed an oxygen profile very similar to those fbimtypical windrow compostingwith
oxygen limitation in the first stage (some oxygetues below 5%) and a final stage with
high concentrations of oxygen (corresponding te@ehse in biological activity).

On the other hand, moisture quickly decreased [fadha dosages (data not shown)
according to the high temperatures reached, andrvaaldition was necessary after 20-30
days of composting to maintain a moisture levelraV@%. No significant differences were
detected for each treatment=(P05). In conclusion, it can be stated that theszewno
significant differences among the treatments udiffgrent doses of inoculum in relation to
the common composting parameters, such as temperatxygen content and moisture.
The profiles obtained for these parameters werg senilar to those found in typical

windrow composting of OFMSW.

Physico-chemical characteristics

Moisture, TOM, EC and pH were determined for théahsample of OFMSW and
the final compost obtained for each treatment (af@0 days of composting). Results
obtained are presented in Table 1. As can be se@ahble 1, only slight differences were
observed among the treatments applied. In facs, Wariability is usually observed in

different batches of standard non-inoculated batdieOFMSW compostitg*®and they



were not statistically significant. Therefore, dutd be concluded that inoculation did not

have a significant impact on these parameters.

Biological activity indices

Different measures of biological activity relatedrhaturity and stability were used
to follow the material evolution and include regpiretric index (measured at 37°C and
55°C), Rottegrade self-heating test and Solvith Td®ese tests have been extensively used
in the composting field to characterize the stgbdind maturity of compogt*'’ However,
the information they provide are qualitatively dint. Thus, respirometry refers to the
aerobic biological activity of the material, and i& recommended to monitor the
composting process*® Also, it can be determined at two different tenaperes: 55°C
(which is a measure of the real activity of thegass in the thermophilic range) or 37°C
(which is related to the stability of the materidt)is generally considered that values of
respirometric index (measured at 37°C) below 1 mg@OM™* h* correspond to stable
compost® On the other hand, Rottegrade self-heating test Solvita tests give
information in form of maturity grade. In Européhet Rottegrade self-heating test is
commonly used to quantify the maturation of compesth a range from | to V> The
results of the respirometric index (at 37°C and)%thd maturity grade obtained for each
treatment are presented in Figures 3, 4 and Secasply.

From Figures 3 and 4, it was obvious that dosesid @ of inoculum produced a
faster decrease of the respirometric index (medsatr87°C and 55°C) than those observed
for dose A and control, indicating a clear acceleraof the whole process. This fact can be

due to a high microbial activity in the compostitftermophilic phase, which finally

10



produced a more stable product. As expected, italssclear that between doses B and C,
dose C is more effective. It can be concluded ldrger quantities of inoculum accelerates
the composting of OFMSW, however, the differengeshie respirometric index between
doses B and C probably are not high enough frometmmomical point of view. Finally,
dose A does not seem to have a significant effie¢he respirometric index. Thus, it seems
that the main reason of the positive results obtawith MicroGest 10X is due to the fact
that there is an increase in the number of activeraorganisms that accelerates the
degradation of organic matter. This is clearly obseé from the values of respirometric
index (Figure 4), which is directly related to tb&ygen consumption of the aerobic
microbial population§?

As expected, when respirometric indices were detexth at 37°C and 55°C,
differences between both indices were more impoitathe first thermophilic phase than
in the final maturation phase, when the temperata® close to 37°C. In fact, respirometric
indices determined at 37°C were not statisticailigicent (”20.05) from those determined
at 55°C from day 50 on (corresponding to mesopbitiase, Figure 1). From 0 to 50 days
(thermophilic phase of composting) the thermophiticroorganisms only exhibited a
limited growth at 37°C, whereas the mesophilic pafon was scarce. At 55°C, the
respirometric index was determined under thermaplabnditions and the microbial
populations present in the material were fully \agtiresulting in high values of the
respirometric index. In conclusion, it can be stdteat the respirometric index can be used
for monitoring the biological activity of the comgtong process; however, it should be
determined at thermophilic conditions, whereas rd@teations at mesophilic temperature

should be exclusively used for compost materialthe maturation stage. The use of
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respirometric index as a measure of biologicalvagtis of special relevance at full-scale
facilities (specially in the maturation stage) wheemperature is maintained in the
termophilic range because of the limited heat feansf the compost material (low thermal
conductivity), the oxygen content is very closethat of ambient air and the moisture
content is roughly constant. Therefore, in thegeations the respirometric index provides a
more accurate measure of the biological activitthefcompost material.

On the other hand, results from Figure 5 (matugtade) are very interesting
because they confirm the results obtained for éispirometric index. Thus, it took 56 days
for the control experiment to reach a maturity gransidered stable (IV), which is a
typical time in the windrow composting of OFMSW Bpain?* In the inoculated
experiments, the acceleration in the process taimbhature compost was spectacular.
With dose B, it only took 28 days to obtain gradlecbmpost, and 49 days to obtain grade
V (the maximum maturity grade). With dose A, theulés were less positive, but better
than control experiment. The results for dose Cewsimilar to those obtained in
experiment B, which indicated that the optimal doséerms of acceleration and cost was
dose B. The optimal treatment in terms of matugtgade is therefore dose B, which
produced a reduction of the 50% of the composting.t

Finally, Solvita test was studied for initial anddl samples of compost (Table 1).
From our results, there were no differences ambadreatments using the Solvita test, and
all the materials appeared to be only partiallypititeed. These results were contradictory
with respirometric index and maturity grade. Ifpi®bable that this test is not suitable to
assess the stability of heterogeneous materials ascOFMSW, although it has been

successfully used with other wastes in the finaursgion stage’
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Conclusions
From the results obtained, it can be concluded that

1) MicroGest 10X is an effective inoculum to accelertite composting of OFMSW,
by enhancing the biological activity in the therrhiig stage of the process.

2) Among the inoculum dosages tested, treatment 8 CFU/g of OFMSW) is the
optimal in terms of reduction of the composting dinfapproximately 50%
reduction) and economics of the treatment. Treatn@ei(10-fold more inoculum
amount than treatment B) does not improve signmtigathe composting of
OFMSW in comparison to treatment B, whereas treatrAg10-fold less inoculum
amount than treatment B) has little effect when garad to control experiment.
The determination of an optimal dosage of inocuappears to be as important as
the decision to use it.

3) Routine parameters (temperature, oxygen contentramsture) are not statistically
different among the treatments studied. Howevenpegature is a crucial parameter
to study some aspects of the composting proceds asiccompost sanitation or
moisture control.

4) Parameters related with biological activity of thmaterial such as stability and
maturity are specially indicated to study the dfeaf inoculation of composting
materials. Specifically, respirometric index (detared at 55°C) and maturity grade
can be considered as reference parameters in thigosting field. Additionally, the
use of respiration indices is recommended by thegaan Commission as the most

suitable measure to certificate compost stabilitgrgo its application to soff®
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5) Future work on the use of inoculating microorgarssim the composting process
should be focused on the study of its effects d¢rerotypes of organic wastes and

composting plants configurations.
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Tables

Table 1. Initial characteristics of OFMSW composted and [ficharacteristics of the

compost obtained for each treatment studied.

Parameter Initial Control Treatment|ATreatment B Treatment C
Moisture (%) 57.98 35.5 35.2 33.1 24.2*
TOM (%) 62.86 45.8 47.7 44.4 46.8
pH 6.90 8.60 8.33 8.48 8.90
EC (mS cni) 2.97 5.25 4.92 5.57 4.82
Solvita CQ 3 5 5 5 5
Solvita NH; 4 5 4 4 4

*Statistically different (P<0.05).
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FigureLegends

Figure 1: Temperature profiles (average values) for thattnents studied. Legend is

included in the graphic.

Figure 2: Oxygen content profiles (average values) for tteatments studied. Legend is

included in the graphic.

Figure 3. Respirometric index (37°C) profiles for the treants studied. Legend is

included in the graphic.

Figure 4. Respirometric index (55°C) profiles for the treants studied. Legend is

included in the graphic.

Figure 5: Maturity grade profiles for the treatments stadiéegend is included in the

graphic.
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Figure 1: Barrena et al.
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Figure 2: Barrena et al.
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Figure 3: Barrena et al.
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Figure4: Barrena et al.

Respirometric index 55°C (mg,@ MOT"h")

8

a —e— Control
—v— exp.A

6 —=— exp.B
—— exp.C

5 .

4 .

3 .

2 .

1 .

O T T T T T T T T

0 10 20 30 40 50 60 70 80 90
Time (days)

100

23



Figure5: Barrena et al.
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