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Abstract

Slurries are a problem for the food-producing industry. They are comprised of solid and liquid wastes which must

be precipitated and packed in polymers, and then disposed of in special landfills. A package of chemical substances
(TCAS-CATA) has been developed to control the smell of this type of material. However, questions arose as to whether
it would have any effect on nutrient bioavailability after eliminating the odors. To this end, slurries from animal
processing plants were treated with TCAS-CATA in different conditions, and the parameters of this resulting solu-

tion were measured. Our results indicate that the catalyst can increase 100% nitrogenated compound concentration
(400 mgy/L of nitrites and 250 mg/L of Nitrate). This nutrient liberation depends on the slurry source, i.e,, slurries with
shells generate fewer nitrogenated compounds, but deliver more calcium to the solution. The solution also generates
germination in some seed types and can stimulate development in some types of plants. Finally, the catalyst reduces
odor 100% without reducing the capacity of the slurry to deliver nutrients. Our data suggest that TCAS-CATA may be
catalyzing the bioavailability of the compound from the slurry without requiring microbiological processes, which
will reduce odor and permit the use of this slurry as a biological remediation, similar to what is achieved in compost-
ing systems, but without the associated thermophilic processes. Future studies will allow for more knowledge of the

mechanism and handling industrial material for agricultural processes.

1 Introduction

Obtaining nutrients for crops is a problem in agricultural
processes [1]. Nitrogen sources currently come primarily
from nitrogenated compounds, which must be incorpo-
rated into cultures, and which carry high costs [2]. New
sources allowing for use of organic wastes appear to be
sources for delivering nutrients to the soil, but the prin-
cipal model is composting which presents time and odor
problems throughout the process [3, 4]. Composting, the
main model for managing organic wastes, helps to gener-
ate soil with a high degree of organic material for agricul-
tural purposes [5, 6]. Composting is a strategy to reduce
organic garbage volumes, thereby aiding in organic waste
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problems at both the industrial and household levels [7].
In general terms, composting is a rather complex bio-
chemical process which concentrates the decomposition
process, allowing for more control of its variables and
achieving better efficiency. However, it has various entry
and process requirements which limit its action, as well
as generating a type of product which is not always com-
pletely used and requires various biological components
[8]. Composting is a special pathway of decomposition,
which is the way that organic material degrades into sim-
ple molecules, liberating organic and inorganic material
into the environment. The decomposition (stabilization)
process of organic material by biological action is an
intrinsic part of life, and fundamental to ecosystems. In
this process, the presence of necrobiota (Bacteria, fungi,
protozoa, and others) corresponds to saprophytic organ-
isms which begin the process by releasing molecules that
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feed the following food chain links [9]. Composting is
mainly a strategy to perform controlled decomposition
and generate soil, but the process presents a few problem
in the field for massive application [10].

The proposal is to evaluate a compound with the
capacity to catalyze organic material, allowing for the lib-
eration of its nutrients, and making it useful to improve
agricultural soils. Catalysis in chemistry is defined as
the capacity to reduce the energy needed to transform
a substrate into a product. This phenomenon is gener-
ated by molecules with enzymatic capacities, allowing
for the generation of a typical reaction curve with con-
stants defined in the Michaelis-Menten equation [11]. A
molecule with this type of reaction can be considered an
enzymatic catalyst, making it possible to reduce energy,
and therefore reaction time [11]. This is the principle of
composting, which accelerates biochemical processes
and reactions via closed conditions [12]. Within these
circumstances, it has been indicated that material gener-
ated within organic systems can be discharged as organic
fertilizer, which has certain characteristics ranging from
its organic material content to its humidity and physi-
ochemical properties. This system can be used in farming
as a fertilizer and is an alternative to composting which
takes less time but has lower nutritional value according
to its origin sources [13, 14]. TCAS-CATA compound
development by the TEQUIA corporation was evaluated
in the laboratory, measuring organic compounds released
from organic matter exposed to the compound to pro-
duce organic nutrients, reduce the odor and promote
germination, be suitable for future farming use from
various organic materials and without generating strong
odors or needing source usage restrictions, and incorpo-
rate industrial waste into this process.

2 Methods

2.1 TCAS-CATA

TCAS-CATA is a product under patent register and
product register in national law. It is a complex mix-
ture of chemical compound and one anionic surfactant
Sodium Dodecylbenzene Sulfonate SDBS as an active
principle, reported to the national environment service in

Chile.

2.2 Obtaining samples

Slurry samples were used from various food production
companies. The samples are blot water, mud (a mixture
of water, blood, and meat from Tattersal, Osorno, Chile)
and meat (bovine meat rest from Tattersal, Osorno,
Chile). We also used seafood waste (bivalves, crustacean
and eggshell, from St Andrews, Chonchi, Chile). The
slurry collected from the different origins presented low
concentrations of nitrogen, phosphorus, and calcium.

Page 2 of 8

The slurry presents 60% of humidity and pH6.7. There is
no presence of pathogen, fungi or other microorganism.
The general odor description of the slurry is a noxious
stench, with the presence of ammonia gas and sulfuric
acid gas. The sample was preserved at low temperature,
taken to the laboratory, and treated with TCAS CATA™
solution at different of dilution V/V to 0.1% to 5% prior
to continuous shaking, in a 1:1 proportion with the com-
pound at different dilutions for 0 to 180 min. Samples for
biochemistry and odor observation were prepared by
taking 20 ml of the samples in a beaker following different
catalyzing time lengths from 0 to 14 hrs and carrying out
parameter measurements.

2.3 Odor evaluation

Independent observers were asked to indicate unpleas-
antness on a subjective scale from 0 to 4. This was done
before treatment, after applying the treatment and
in samples over the same time without treatment, all
according to the considerations of the NCh3190 standard
regarding static or terrain observations of environmental
odor evaluation.

2.4 Nitrite and nitrate measurement

A Hanna spectrophotometer, instrument model
HI83399-02 was used. For the measurement a series of
Hanna reactive agents was used, which follow an adap-
tation of the Ferrous Sulfate Method where the reaction
between the nitrite and the reactive causes a color change
in the sample. For the nitrate, the cadmium reduction
adaptation method was used. The reaction between
nitrate-nitrogen and the reactive caused an amber tone
in the sample measured at 700nm. In both cases, color
intensity was determined by a compatible photometer,
and the concentration will be shown in mg/L (ppm) of
nitrite or nitrate.

2.5 Measurement of nitrogen, potassium and phosphate
A Hanna spectrometer, instrument model HI83399-02
was used. For the measurement biochemical techniques
recommended by Hanna Instruments were used accord-
ing to EPA norms. For potassium modification of the
turbidimetry techniques based on tetraphenylborate was
used, measured at 620 nm. For nitrogen chromatographic
acid techniques were used, as indirect nitrite and nitrate
measures made to 700nm. For phosphate, a method
adapted from ascorbic acid was used, indirectly estimat-
ing the phosphorus concentration 550nm. In all cases
color intensity is determined via a compatible photom-
eter and the concentration will be shown in mg/L (ppm)
of the various metabolites.
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2.6 Measurement of calcium

A Hanna spectrometer, instrument model HI83399-02
was used. For the measurement, biochemical techniques
recommended by Hanna Instruments according to EPA
norms were used.

2.7 Measurement germination and sprout

Seeds of Solanum lycopersicum were taken for research.
The seeds were put into a solid matrix of soil. In case of
S. lycopersicum germination, control soil was used and
mixed with catalysts from various sources, mud, meat
and blood water and was observed the day the seeds ger-
minated. Other seeds were observed for the presence of
a sprout and were monitored temporarily, to see their
growth. Irrigation was used with control water and mixed
with catalyzed supernatant in increasing concentrations
V /' V (0.1-5%). The growth in centimeters of the stem of
the germinated seed was observed day by day.

(2022) 2:6
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2.8 Data analysis

All the experiments were made in three replicas, and 6
independent experiments were made. Data were graphed
and treated with statistical normality tests, a two-path
ANOVA test with a Bonferroni test, using the Prism
Gradphad program (version 5). Data are presented on
average + SEM, with p > 0.5 being considered significant.

3 Results

3.1 Time measurement of nitrite and nitrate concentration
The use of nitrogenated molecules has been described
to evaluate compost and soil quality. The observation of
minerals such as calcium also makes it possible to obtain
information about organic fertilizer quality [15]. Fig-
ure 1A shows a progress curve for slurry catalyzed with
a 1% TCAS-CATA solution, observing changes in the
nitrite and nitrate concentration as a function of the time
curve. Figure 2A shows free calcium concentration in the
sample catalyzed with a 1% TCAS-CATA solution as a
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function of time. Both slurries are from slaughterhouse
production and showed significant levels after 60 minutes
of channeling.

3.2 Parameter measurement for calcium and nitrites
according to organic material source

It can be indicated that slurries from various sources
will have diverse nutritional profiles. In this line, diverse
production processes were used, taking their waste
products and catalyzing them for 60 minutes with a 1%
TCAS-CATA solution. Figure 2A shows the concentra-
tion of free calcium from slurry sources, both marine and
bovine. A differential increase of calcium appears, with
significantly more abundance from samples of eggshells
and bivalve shells. Figure 2B shows nitrite concentration
from various sources and indicates that slurry is signifi-
cantly higher in nitrite concentration. This may indicate
that samples could be mixed, generating catalyzed mate-
rial with greater nutritional value for soils.

3.3 Effect of temperature on nitrite and nitrate
concentration

The presence of nitrogenated compounds in the decom-
position process depends on temperature for bacteria
development [16]. The data seem to suggest that TCAS-
CATA can generate this catalysis, but it must be observed
how this variable affects the compound. Figure 3A shows
a progress curve in nitrite and nitrate concentrations in a
slaughterhouse slurry, without catalyst. We can observe
that room temperature samples (RM) without the cata-
lyst achieve nitrogenated compound generation, while
this is absent at low temperatures. Figure 3B shows the
same progress curve, but with the presence of 1% TCAS-
CATA. Here we see that in all temperature conditions
nitrogenated compounds can be released, being greater
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than RM when comparing catalysts between themselves.
This suggests that while there is a release of nitrogenated
compounds at RM without the catalyst, their efficiency
is greater with the catalyst, indicating quicker nutrient
release from the industrial slurry.

3.4 Evaluation of sample odors, concentration effect
Many of the problems with using organic material in
farming arise from the release of unpleasant odors, due to
the anaerobic decomposition process [16]. The compost-
ing process aims to accelerate this process in closed con-
ditions and reduce the problem [5]. These facts suggest
that TCAS-CATA generates material release without a
fermentation process, and thus without loathsome odors.
Figure 4A shows a graph of odor evaluation in independ-
ent observers of a slaughterhouse slurry catalyzed with
TCAS-CATA and shows the effect of odor appreciation
at different concentrations and times. A 50% decrease in
the level of disagreeable smell can be seen after using a
0.1% solution, while at 1 and 5% TCAS-CATA solution,
the disagreeable odor indication falls to an hour. Fig-
ure 4B shows how odor reduction goes together with
nitrite and nitrate release from slurries, showing that val-
ues over 0.1% can significantly reduce the odor while also
releasing nitrogenated molecules. This data suggests that
industrial slurries can be catalyzed without odor to gen-
erate compounds useful for farming.

3.5 Catalyzed material and its effect on plant germination
and development

The data suggest that industrial slurries catalyzed with

TCAS-CATA release nitrogenated compounds with-

out generating odors, which could be used in farming

to add nutrients to the soil. To investigate this, studies

were done on seed germination and plant growth using
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slaughterhouse slurries catalyzed with TCAS-CATA.
Figure 5A shows seed development time after exposure
to various industrial slaughterhouse slurries. All show a
time reduction of almost 50% where the seed managed
to show signs of development with seed opening. Con-
sidering this, Fig. 5B shows the stalk growth of Sola-
num lycopersicum exposed to slaughterhouse slurries
catalyzed with increasing TCAS-CATA concentrations,
where length over time increases after using slurry cat-
alyzed with 1% or 5% TCAS-CATA. This data suggests
that industrial slurries can be useful to stimulate plant
growth in farms.

4 Discussion

The results of this study present the novel option of treat-
ing organic material from industrial slurries intended for
special landfills with a catalyst, thus generating a fertilizer
which provides increased organic material concentration
in the soil for farming. The results are important since
they reduce organic waste, are generated in a short time
without odor, and provide rich nutrients and organic
compounds to use in the soil. Our results suggested an
enzymatic reaction-type mechanism. The different com-
pounds present in TCAS-CATA mediated a Michaelis-
Menten curve over the molecular degradation of the
slurry and generation of biomolecules for soils. The two
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main decomposition models are anaerobic or fermen-
tative, and aerobic. In the former, organic compounds
decompose by the action of living organisms which do
not require air in the normal sense. These organisms
use nitrogen, phosphorus, and other nutrients to live
and develop cellular protoplasm but reduce the organic
nitrogen to organic acids and ammonia [17]. Other fac-
tors must also be considered for efficient decomposi-
tion, including temperature. This is a key factor since the
decomposing biomass reaches its own internal tempera-
ture while the ambient temperature regulates the speed
of the process [17, 18]. Other relevant factors are oxygen
access and mechanical action resulting from currents
which allow for the movement of layers of saprophytic
agents, and the size of the particles or decomposition
matrix [19]. Composting generally allows for creat-
ing optimal decomposition process conditions, namely
a closed system which can generate the physiochemical
conditions for this to occur, accumulating temperature
and nutrients for the next phase in a much more effi-
cient way [20]. In the first stage the compost reaches a
high temperature and provides enough energy elements
to begin the decomposition process. This stage is key
because of the number of gasses generated, which should
be kept sealed within the composting unit [21, 22]. This
is one key problem in home composting, and the reason
for the recommendation to not use certain initial prod-
ucts such as animal proteins, due to the residues formed
and how the fermentation attracts vectors, especially
fruit flies [10]. Along with the others which have begun
to be described, such as the use of gasses and resistance
transfer, there is the degradation of antibiotics [23, 24].
Various modifications have been indicated for compost-
ing systems, helping to reduce their impacts, using some
substrate types to reduce gas generation [25] and also
including improvements for compost production such
as organic fertilizer (mulch) [13], the use of minerals
[26] and other strategies. These factors indicate that we
are still learning what happens inside a compost bin and
how it impacts nutrient generation, especially nitrogen
[27]. Doubtlessly, despite these problems, composting
organic material is a good waste management option, but
presents some disadvantages [28]. The data provide evi-
dence that organic material can be quickly catalyzed and
used as organic fertilizer, unlike what has been reported
with composting [12], for farming purposes. In this case
industrial slurries from various sources were used. In
only hours, as seen in Fig. 1, they were able to generate
a fertilizing solution. The compounds liberated by the
TCAS-CATA solution can also vary by industrial slurry
source, as seen in Fig. 2, offering the opportunity to mix
various sources to fulfill specific farm requirements. For
instance, the presence of calcium can be increased, as
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seen in Fig. 2A, when using wastes from marine indus-
trial processes. Interestingly, catalyzation was inde-
pendent of temperature, as observed in Fig. 3, allowing
us to indicate that the action of generating nitrogenated
compounds is more efficient and does not require spe-
cial physiochemical conditions (Fig. 3). This can suggest
a mechanism independent of fermentative processes.
Along these lines, the problem of using organic materi-
als is the generation of volatile acids (ammonia, sulfu-
ric acid and others) which create repulsive odors [29]
resulting from the action of anaerobic bacteria which
begin the decomposition process [9]. This process can
be reduced in duration with composting, because it is
done via oxygen entry by mixture, but without any nota-
ble odor elimination, apart from the fact that certain
protein sources are not recommended due to attracting
vectors to the compost bin [12]. In this line, as observed
in Fig. 4A, odor perception decreases with TCAS-CATA
use, showing that hours after using it on industrial slur-
ries and depending on the concentration, no unpleasant
odors are perceived and oxygen injection is unnecessary,
with only the compound having to be applied. This can
also be correlated with the release of nitrogenated com-
pounds, as seen in Fig. 4B, where TCAS-CATA concen-
trations over 0.1% significantly reduce odor and increase
nitrogenated compound concentration in the solution. It
is interesting to suggest the use of this material as organic
compost, while in Chile regulations emphasize odor gen-
eration from wastes used for this purpose, along with a
nitrogen source concentration allowing them to be used
for certain farming purposes (Law # 20412/2010). This
law indicates that there are various types of organic fer-
tilizer, which can be classified as organic-animal origin,
treated slurries and industrial or productive activities.
The sources of these fertilizers are guanos (fresh and
semi-composted), stabilized and fossilized guano, com-
post, humus, green fertilizer, crop wastes, wood and for-
estry industry wastes, agribusiness or municipal slurries
or combinations of the preceding. Industrial slurries can
therefore be used, but the odor they generate and their
low nutrient availability make them unattractive for this
use. As our results show, the system indicates that it is a
feasible catalyst, reducing odor and leaving organic mate-
rial available for plants. New studies to observe the effect
in other wastes are needed, as well as to establish the
concentration-response relation and kinetics to present a
working protocol for these wastes.

Finally, Fig. 5 shows that treated wastes have potential
use as fertilizer by reducing opening time for some seeds
and increasing growth speed. These observations must
be correlated with the land, but they allow us to suggest
the use of industrial slurries as organic material sources
for farming, without the odor problems which can arise
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with other organic fertilizers. This aligns with the circular
economy policies declared by various ministerial organ-
isms [30] and relates to organic waste reduction accord-
ing to the new circular economic path in Chile (https://
economiacircular.mma.gob.cl/hoja-de-ruta/), which
opens opportunities for the use of industrial process
slurries which had been sent solely to sanitary landfills
as organic material for farming. The option also arises
to catalyze these wastes as organic fertilizer in a much
shorter time than currently practiced.

This information allows us to indicate that compost-
ing still has much evidence which needs exploration,
continues to be perfected and is a real waste manage-
ment solution. Since there is still much to contribute,
be improved and even be replaced by some processes,
though, it also appears viable. The compound has seen
initial exploration, undergone years of development,
and had its effects observed in the field. Its description
is supported with in vitro and in vivo studies, suggest-
ing it as an alternative to obtain nutrients for farming.
While not all the experimental evidence is presented, it
is available and can be contrasted with the decomposi-
tion and composting process, showing how it can help
develop a circular economy innovation in the compost-
ing and organic waste management process.

5 Conclusion

This result helps us suggest a new industrial slurry
management pathway. The compound TCAS-CATA
can be used to take slurry and release it directly to the
soil to improve nutrition quality. This is because the
slurry is an excellent compound for the soil, but it is
not bioavailable, and the changes in the slurry are slow
and cause noxious smells. This strategy of using TCAS-
CATA as a chemical catalyst generated a bioavailable
nitrogen compound present in the slurry while not gen-
erating odor in the process. Future studies are required
to explore other slurries and organic wastes and reduce
garbage generation, in example at the domestic level.
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