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Abstract

At present there is a great advance in the use of organic substances as fertilizers; humic substances are one of them with various forms of
extraction. This article evaluates the extraction yield of humic substances (humic acid and fulvic acid) from three raw materials and
different basic extractants and acids. In the basic extraction of humic substances, the type of raw material significantly influences, to a p
value equal to 5 %. The maximum extraction volumes of humic substances are with garden waste. The fractionation stage of the humic
and fulvic acids (acid extraction) depends on the type of basic extractant. The alternative Vermicompost - NaOH - HCl is the most economic
and technically feasible, with 38.53 % of extraction yield value of humic acid and 64.90 $/h of gross profit.

Keywords: yield extraction; organic solid waste; humic substances.

Rendimiento de extraccion de sustancias a partir de materiales
organicos

Resumen

En la actualidad existe un gran avance en la utilizacioén de sustancias organicas como fertilizantes; las sustancias hiimicas son una de ellas
con diversas formas de extraccion. En este articulo se valora el rendimiento de extraccion de sustancias humicas a partir de tres materias
primas y diferentes extractantes basicos y acidos. En la etapa de extraccion basica de las sustancias humicas influye significativamente el
tipo de materia prima, para un valor P igual 5 %. Los mayores volumenes de extraccion de sustancias hiimicas son con el residuo de
jardineria. El fraccionamiento de acidos hiimicos y fulvicos depende del tipo de extractante basico. La alternativa Humus de lombriz —
NaOH — HCl es la mas factible desde el punto de vista técnico y econémico, con un 38.53 % de rendimiento de extraccion de dcido hiimico
y un beneficio bruto igual a 64.90 $/h.

Palabras claves: rendimiento de extraccion; residuos solidos organicos; sustancias himicas.

1  Introduction risk for the immediate and long-term future, since the

progressive increase of such contaminants can transform

At present, one of the major environmental problems is
the impact of the intensive and inadequate use of chemical
fertilizers, what causes soil degradation and loss of its
productive capacity, the contamination of food for human
consumption and water pollution [1].

Mineral fertilizers have a negative impact on the physical
properties and fertility of the soil, by the doses and forms of
application. The accumulation of pollutants in soils poses a

them into unstable systems (ecosystem degradation) and
increase agricultural production costs [2]. In addition,
contaminated or poorly treated soils may also affect the water
and the atmosphere and generate harmful effects for humans,
wildlife in general and vegetation.

A solution has been the use of organic fertilizers, where
the humic substances (HS) play a decisive role, due to the
capacity of absorption and mobilization of nutrients by the
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plants, so that each biosynthesis process is optimized with
productive and qualitative benefits [3,4]. So far, HS have
been used mainly to improve soil fertility conditions and
optimize the structure, permeability, and levels of organic
matter in soils, although there are foliar application studies
[5].

HS are defined as dark-colored amorphous polymers,
which are synthesized biochemically and/or chemically in the
environment from biomass constituents or their metabolites
[6]. HS are classified in function on their solubility and are
divided into three groups. Humic acids (HA) are the fraction
of HS that are insoluble in water under acidic conditions (pH
<2), but soluble at higher pH values. However, fulvic acids
are soluble in water throughout the pH range, while humin
represents the insoluble fraction at any pH value. It is often
referred to as the highest molecular weight fraction (1500—
5000Da and 50,000-500,000Da in streams and sediments,
respectively. On the other hand, fulvic acid (FA) is soluble in
water at any pH conditions, it contains more acidic functional
groups and it ranges from 600to 1000 Da in streams and a
little bit higher in soils (1000 to 5000 Da). The humin
molecular weight is considerably higher than the rest.

Due to their deposition tendencies, ground accumulation
and sedimentation, these molecules became the main
kerogen, a complex fossilized organic material found in oil
shale and other sedimentary rocks. This material is insoluble
in common organic solvents and yields petroleum products
on distillation. The bulk of organic matter in sedimentary
rocks appears in the form of kerogen: complex polymeric
material that is insoluble in inorganic solvents, and difficult
to analyze chemically precursor [7].

HS are one of the main classes of organic matter and contain
carboxylic, phenolic, and hydroxyl groups. The presence of these
groups makes HS attractive for environmental remediation, because
it is by means of these groups that the HS can bind to organic and
inorganic pollutants, what leads to the decrease of the toxicity and the
increase of the cation exchange capacity (CEC) of the soil [8].

The differences between humic and fulvic acids from the
point of view of their applications are mainly related to their
molecular weight and their mobility in soil solution. Thus,
HA with high molecular weight have a greater impact on the
physical properties and local biological effects of the soil,
whereas low molecular weight FA influences in the transport
of micronutrients in soil solution. In addition, they also exert
biological effects in the rhizosphere [9].

The role of HA in agricultural soils is well established,
especially in those soils with low organic matter, and also too
in pollution remediation [9]. HA has long been used in
improvement crop productivity and soil fertility. Authors
various [10] relate numerous studies that show the beneficial
effects of HS on specific crops, such as barley, olive trees,
corn, oats, grapes, cocoa trees and tomatoes.

In medicine, HA is has several uses: as antiviral and anti-
inflammatory agent, in wound healing, cancer and prion
disease therapy and as antimutagenic/desmutagenic
potential. In the pharmaceutical and cosmetic areas, they are
known to protect against UV-VIS radiation and to act as
antioxidants. Further applications include their use as
solubilizing agents and for transporting hydrophobic active
compounds, two applications that may be improved by their

administration as HA-surfactant nanoparticles [11].

There is a great number of methods for extraction of HS,
with different extraction reagents [8,12-15]:

The strong Reagents (NaOH — KOH) are commonly used
for the isolation of HS present in organic matter. Extraction
of HS from organic materials with alkali solution leads to the
recovery of approximately two-thirds of the organic matter.
The amount of organic matter extracted with caustic alkali
increases with time of extraction.

The main mild reagents is NasP,0-, although, there are
other neutral salts. As note earlier, the amount of organic
matter recovered (<30%) is considerably less than when use
caustic alkali, but less alteration occurs. To minimize
chemical modification of the humic material, extraction
should be carried out at pH 7.0. This method recommends
some alternatives with strong alkali to increase extraction.

The use of organic chelating agents (acetylacetone,
cupferron and hydroxyquinoline) is one way to increase
effectiveness by mixing these reagents with other products
such as urea at high concentrations.

A method with formic acid (HCOOH) has been used to
remove HA present in soil and compost.

The objective of this paper is to evaluate the extraction of
HS (HA and FA) from three organic materials, with different
basic and acid extractants.

2 Materials and methods

2.1  Preparation of raw materials used

Three types of raw material are used: vermicompost,
compost and garden waste. Vermicompost and compost were
obtained from the Provincial Soil Laboratory in Matanzas.
Garden waste comes from the green areas of the University
of Matanzas. Raw materials were sampled at random and
passed through a 2 mm sieve [15]. The garden waste sample
was ground before application.

The three materials are characterized. Humidity, organic
matter, phosphorus, potassium, sodium, calcium and
magnesium content are determinate.

2.2 Methodologies of extraction of humic substances
Two methods are used for the extraction of humic
substances [8,13]. Both are based on two fundamental stages:
basic extraction with NaOH (0.1 mol.L") or KOH (0.1 mol.L"
1) respectively as basic extractants (BE), and acid extraction
with HCI (6 mol.L™") or H2SO4 (6 mol.L") as acid extractants
(AE), respectively (see Table 1).

The first stage is the separation of HS. The sample is
weighed and then the basic extractant is added with raw
material/extractant ratio of 1/10 [15]. It is stirred
continuously for 12 hours and centrifuged. The supernatant
is the HS and the precipitate correspond to the humin. The
raw materials sample mass was 0.5 g for all experiments.

The second stage is the fractionation of HS into HA and FA.
The HS are acidified with HCI or H,SO4 to a pH value between
1 and 2, they are left to stand for 24 hours and centrifuged. The
supernatant is the FA and the precipitate is the HA.
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Table 1.
Description of methods used in the work.

Method Basic Extractant Acid Extractant
1 NaOH HCI
11 KOH H,SO4

Source: Own elaboration

Table 2.
Experimental field definition for the Multi-Level Factorial design.

Alternative Raw materials  Basic Extractant Acid Extractant
1 Garden waste NaOH H,SO,
2 Garden waste KOH HCI
3 Vermicompost KOH H,SO,
4 Compost KOH HCI
5 Garden waste KOH H,SO,
6 Garden waste NaOH HCI
7 Vermicompost NaOH H,SO,
8 Vermicompost NaOH HCI
9 Vermicompost KOH HC1
10 Compost KOH H,SO,
11 Compost NaOH H,SO,
12 Compost NaOH HC1

Source: Own elaboration

A pH meter model PHSSJ-3F is used to measure the pH,
and the density from a Gay Lussac 25 mL pycnometer.
2.3 Experimental design
In this investigation a Multi-Level Factorial experimental
design is planned. The factors to be studied are: 1) type of
basic extractant (NaOH or KOH), 2) type of acid extractant
(HCI or H;SO4) and 3) type of raw material (RM):
vermicompost (VC), compost (C) and garden waste (GW).
Table 2 shows the alternatives proposed in the study.
The variables responses determined in this research are:
e  Volume of humic substances: V(HS). (the supernatant of
the basic extraction, for gravimetric methods).
e Mass of dried Humin: m(H), g (the precipitate of the
basic extraction, for gravimetric methods).
e  Volume of acid extractant: V(AE), mL.
e  Volume of FA: V(FA), mL (the supernatant of the acid
extraction, for gravimetric methods).
e Mass of dried HA: m(HA), g (the precipitate of the acid
extraction, for gravimetric methods).
The extraction yield of FA and HA is calculated by the
next expressions:

V(FA) = p(FA)

Vield (FA) = —— i+ 100 )
. (HA)
Yield (HA) = : & 100 @)
Where:

Yield (FA): Extraction yield FA

Yield (HA): Extraction yield of HA.

V (FA): Volume of FA (mL)

p (FA): Density of FA (1.11 g/ mL) (from a Gay Lussac
25 mL pycnometer)

m (HA): Mass of HA extracted (g)

m (RM): Mass of raw material (0.5 g)

2.4  Statistical analysis

In order to evaluate the differences between the means,
for a probability value < 0.05, is used the multivariable
ANOVA analyses and the Duncan multiple range test. The
Pareto Diagram allows the determination of factors
influence. To process the information is used the statistical
package Statgraphics Plus Version 5.1.

2.5  Economic analysis

To determine if the proposed extraction alternatives are
economically feasible, a preliminary calculation of the gross
profit is carried out, to produce 1kg of HA (Wna). The gross
profit (GP) is calculated from eq. (3), taken into acount the
result of the sale of the products (HA and FA), PV, as well as
the costs of the auxiliary materials consumed, MC (NaOH,
KOH, HCI, HzSO4, HzO)I

GP=PV*ZMC 3)

The flows of FA and HA produced and auxiliary
materials consumed (basic extractant, acid extractant and
water) in each alternative are calculated by eq. (4)

Mx)

Wy = Wya * “)

M(12)

Where:

Wx: flow of each stream (FA, basic extractant, acid
extractant and water), kg/h

m(X): mass of each current consumed or produced, g

The amount of water consumed will be the sum of the
water consumed in each extractant to achieve the desired
concentration and that which must be added to the basic
extraction to guarantee the solid/liquid ratio.

3 Results and discussion

3.1  Characterization of raw materials
The content of organic matter (OM) is of vital importance
in these sources, due to the lack of this component in the soils,
caused by the irrational use of chemical products [1], being
the component of interest of humic acid.

Compos and vermicompost have higher organic matter
content than garden waste, which makes them valuable
sources of HA matter [5].

Table 3.
Chemical characterization of raw materials.

Raw material

Parametros vC C GW
Humidity (%) 35,19 41,37 59.81
Organic matter (%) 43,93 46,86 39.27
Phosphorus (mg/L) 0,87 0,95 0,92
Potassium (mg/L) 0,72 0,61 0,75
Sodium (mg/L) 0,38 0,36 0,42
Calcium (mg/L) 2,79 2,80 2,96
Magnesium (mg/L) 1,23 1,18 1,29

Source: Own elaboration
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Table 4. Table 5.
Responses variables for all alternatives. Variance analyzes for responses variables and Duncan test.
Alt V HS m (H) V(AE) V FA m (HA) Factor Responses variables
) (mL) (g (mL) (mL) [(3) P-value V (HS) m (H) V(AE) V(FA) m (HA)
1 43.00 4.84 0.50 41.00 1.41 RM 0.004 0.000 0.460 0.0000 0.396
2 42.00 4.93 0.10 40.00 1.35 VvC a a a a a
5 40.00 4.80 0.20 38.00 1.42 C ab b a b a
6 27.00 5.16 0.20 43.00 1.51 GW c c a ac a
3 42.00 12.65 0.10 40.00 1.23 BE 1.000 0.490 0.020 0.160 0.941
9 43.00 12.21 0.30 38.00 1.51 NaOH a a a a a
7 39.00 13.31 0.30 40.00 1.64 KOH a a b a a
8 40.00 12.02 0.40 39.00 1.93 AE - - 0.340 0.160 0.967
4 41.00 27.21 0.30 23.00 1.23 HC1 - - a a a
10 28.00 22.40 0.20 19.00 1.22 H,SO, - - a a a
11 28.00 22.03 0.80 21.00 170 The letters a, b and ¢ define the homogeneity between the nivels of each
12 27.00 23.15 0.40 23.00 1.80 factor.

Source: Own elaboration

The garden waste has a higher humidity content, which
causes a higher consumption of raw material and favors a
lower consumption of water, depending on the solid-liquid
ratio used in the basic extraction.

The composition of Na, Ca, Mg, P and K do not differ
considerably between the different sources.

3.2 Basic extraction stage
At this stage the volume of HS extracted and the amount
of separated humin are analyzed.

The highest amount of HS extracted (43 mL) is obtained
from garden waste with NaOH as the basic extractant (see
Table 4). Meanwhile, the lower volume extracted (4,87 g) is
obtained from the compost, a product where the organic
matter decomposes slowly, and that process depends on
several factors, such as temperature, O, supply conditions
and pH [16].

In Fig. 1, it is observed that the type of raw material
influences inthe volume of HS extracted. The Duncan test
shows that the fractions of HS from the garden waste differ
from the other two (vermicompost and compost) (Table 5).
This shows that this raw material content the highest
proportion of decomposed organic matter [17].

The raw material-garden waste combination (GW-
NaOH) matches with the highest HS volume extracted,
therefore, it is where the greatest conversion of the basic
reaction occurs (Fig. 2).

AA By

= -
A-Faw materials
AB

BBasic_FExtractant

1] 10 20 30 40 50
Standardized effect

Figure 1. Pareto diagram for volume of humic substances.
Source: Own elaboration.

Source: Own elaboration

The type of raw material influences on the amount of humin
removed, because the P-value is less than 0.05. The Duncan test
shows that the results are different for the three raw materials
(Table 4). The lowest amount of humin (4.60 g) is obtained from
garden waste. It corresponds with the conditions in which the
largest volume of HS is extracted, as shown in Fig. 2.

3.3 Acid extraction stage

The volume of acid extractant to be added in the separation
stage of humic and fulvic acids depends on the type of basic
extractant used in the previous step, since in the analysis of
variance the p-value of this factor is equal to 0.02 (Table 5).
When sodium hydroxide is used, more acid extractant is
consumed, based on the Law of the chemicals combinations [17].

The amount of FA extracted depends on the type of raw
material. The Duncan test shows that the results for the
compost are significantly different from those obtained from
the vermicompost and the garden waste (Table 5). The Fig. 3
shows that the effect of interaction between the raw materials
has a significant influence. The highest volume of FA (43
mlL) is obtained in the alternative 6 (garden waste - NaOH -
HCI), which was used by the International Humic Substances
Society [13]. While the lowest volume is appreciated with the
combination compost - NaOH - H,SOy; it matches with what
is explained in the basic extraction stage (in epigraph 3.1).

45
é 30 -
oo
s
5| uGW
S 15 - =ve
> ol

0 - T - 1

KOH NaOH
Basic extractant

Figure 2. Behavior of extraction volume of HS
Source: Own elaboration.
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Figure 3. Pareto diagram for the AF Volume.
Source: Own elaboration.

The Fig. 4 shows that the type of basic extractant used
influences on the amount of extracted HA. The highest
amount of HA (1.93 g) is obtained in the alternative 8 (VC-
NaOH-HCI) (see Table 3). These extractants have been used
by the International Humic Substances Society because they
are considered stronger [13].

The vermicompost is the raw material where the
decomposition process of organic matter occurs faster, due to
the microbial action exerted by earthworms. The earthworms
fragment the organic waste substrates, stimulate microbial
activity and increase the mineralization rates. This causes a
quick conversion the wastes into humus-like substances with
a finer structure than composts. [18].

3.4  Extraction yield of FA and HA

The maximum value of the percentage yield of AF
extraction (9.65%) is obtained in alternative 6 (Table 6),
with the material garden waste with sodium hydroxide and
hydrochloric acid as basic extractants and acids
respectively.

The highest extraction yield value of HA is 38.53%,
obtained in alternative 8 (VC-NaOH-HCI), higher than
shown by [13] who reported 13.67%. The vermicompost is
the raw material with the highest amount of organic matter
(35-60%), agreed to data reported by the Provincial
Laboratory of Soils in Matanzas (2020). [17] developed a
preliminary experimentation of extraction of HA from VC,
which can be considered an example of green technology,
which will help to a sustainable, environmental-friendly and
ecological agriculture.

3.5  Economic evaluation of alternatives
The Table 7 shows the reagents quantity and costs for
alternative.

Alternatives 2, 3,4, 5,9 and 10 have the highest material
costs, because they use KOH as the basic extractant, which is
more expensive than NaOH.

B:Basic_Extractant | | o+
so | o-
a
C:Acid Extractant I:l
= [
A -Raw materials |:|
aclf]
] 1 2 3 4
Standardized affect
Figure 4. Pareto diagram for HA mass.
Source: Own elaboration.
Table 6.
Extraction yield of FA and HA for all alternatives.
Extraction yield (%) Extraction yield (%)
Alt. FA AH Alt. FA AH
1 9.09 28.21 7 8.81 32.73
2 891 26.92 8 8.58 38.53
3 8.88 24.53 9 8.51 30.13
4 5.11 33.93 10 4.14 24.33
5 8.44 28.41 11 4.59 34.07
6 9.65 30.28 12 5.03 35.93

Source: Own elaboration

Table 7.
Reagents quantity and costs for alternative to produce 1kg of HA.
Al BE AE H,0 TOTAL
"W  MC W MC w MC MC
1 1.42 0.11 0.35 0.24 19.67 0.03 0.38
2 3.38 2.54 0.06  0.00 5.38 0.01 2.55
3 3.71 2.78 0.15 0.27 8.93 0.01 3.07
4 2.68 2.01 0.07 0.00 5.92 0.01 2.03
5 3.20 2.40 0.11 0.22 6.65 0.01 2.63
6 1.32 0.10 0.12 0.01 9.91 0.02 0.12
7 1.22 0.09 0.17 0.20 9.73 0.02 0.31
8 1.04 0.08 0.12 0.01 10.43 0.02 0.10
9 3.02 2.26 0.12 0.01 10.01 0.02 2.29
10 3.74 2.80 0.15 0.13 8.56 0.01 2.94
11 1.17 0.09 0.43 0.10 23.67 0.04 0.22
12 1.11 0.08 0.13 0.01 11.19 0.02 0.11
Source: Own elaboration
Table 8.
Products quantity and the gross profit for alternative to produce 1kg of HA.
Alt FA HA GP
i W MC w MC ($/h)
1 32.28 56.49 1.41 16.29 72.41
2 32.89 57.56 1.35 15.55 70.56
3 29.70 51.98 1.23 14.17 63.08
4 31.61 55.32 1.70 19.60 72.89
5 36.10 63.18 1.42 16.41 76.95
6 27.93 48.88 1.51 17.49 66.24
7 27.07 47.37 1.64 18.90 65.97
8 24.43 42.75 1.93 22.25 64.90
9 20.76 36.33 1.51 17.40 51.44
10 17.29 30.26 1.22 14.05 41.37
11 13.71 23.99 1.70 19.67 43.44
12 14.18 24.82 1.80 20.75 45.46

Source: Own elaboration
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The alternative 5 (garden waste - KOH — H2SOy) is the
most economic feasible, with 76.95 $/h of gross profit (see
Table 8). For the compost case, the KOH-HCI ratio
(alternative 4) is the one that reports higher values of gross
profit, while for the vermicompost is the alternative 7 (NaOH
- H2SO4). The most appreciable costs correspond to the acid
extractants used (HCI and H,SOs,).

It is important to note that this economic analysis does not
take into account production costs, so these results are not
definitive for an industrial scale implementation.

4 Conclusions

In the stage of basic extraction of the humic substances,
the type of raw material used was very important, the highest
HS volume values were obtained with the garden waste. On
the other hand, the type of basic extractant influences on the
fractionation stage of the humic and fulvic acids (acid
extraction). The alternative 8 (Tables 6 and 8)
(Vermicompost - NaOH - HCI) is the most economic and
technically feasible, with 38.53 % of extraction yield value
of HA and 64.90 $/h of gross profit.

4.1 Future works

This research defines the most convenient extractants for
the extraction of humic substances, for these organic
materials. In future works, the optimal operational conditions
for extraction will be determined.

Acknowledgements

The authors express their gratitude to Catholic University
of Leuven for support of the VLIR UOS through the
ZEIN2015PR402 — 3942 project.

References

[1] Martinez-Dalmau, J., Berbel, J. and Orddiiez-Fernandez, R. Nitrogen
fertilization. A review of the risks associated with the inefficiency of
its use and policy responses. Sustainability, 13(10), art. 5625, 2021.
DOI https://www.doi.org/10.3390/sul3105625

[2] Kandil, A., Sharief, A. and Fathalla, H., Onion yield as affected by foliar
application with amino and humic acids under nitrogen fertilizer levels. ESci
Journal of Crop Production, [online]. 02(02), pp. 62-72, 2013. Available at:
https://www journals.esciencepress.net/index.php/EJCP/article/view/215/197

[3] Jindo, K., Olivares, F.L., Malcher, D.J.P., Sanchez-Monedero, M.A.,
Kempenaar, C. and Canellas, L.P., From lab to field: role of humic
substances under open-field and greenhouse conditions as biostimulant
and biocontrol agent. Frontiers in Plant Science, 11, art. 426, 2020.
DOI: https://doi.org/10.3389/fpls.2020.00426.

[4] Aguiar, N.O., Medici, L.O., Olivares, F.L., Dobbss, L.B., Torres-
Netto, A., Silva, S.F., Novotny, E.H. and Canellas, L.P., Metabolic
profile and antioxidant responses during drought stress recovery in
sugarcane treated with humic acids and endophyticdiazotrophic
bacteria. Annals of Applied Biology, 168, pp. 203-213, 2016. DOI:
https://doi.org.10.1111/aab.12256

[5] Mosa, A.A., Taha, A. and Elsaeid, M., Agro-environmental
applications of humic substances: a critical review, 60(3), pp. 207-220,
2020. DOI: http://doi.org.10.21608/ejss.2020.27425.1351

[6] Stevenson, F.J., Humus Chemistry. Genesis, Composition, Reactions.
2" ed., New York, USA, 1997.

[71 Raposo, J., Villanueva U., Olivares, M. and Madariaga J., Determination of
humic substances in sediments by focused ultrasound extraction and

ultraviolet visible spectroscopy. Microchemical Journal, 128, pp. 26-33,2016.
DOL http://dx.doi.org/10.1016/j.microc.2016.04.004
[8] De Oliveira, L.K., De Almeida, C., Fernandes, L., Friese, K. and
Henrique, A., Interaction of arsenic species with tropical river aquatic
humic substances enriched with aluminum and iron. Environ Sci Pollut
Res, 23, pp. 6205-6216, 2016. DOL:
http://www.doi.org.10.1007/s11356-015-5816-5
[91 Veobides, H., Guridi, F. y Vazquez-Padrén, V., Las sustancias
htmicas como bioestimulantes de plantas bajo condiciones de estrés
ambiental. Cultivos Tropicales, [en linea]. 39(4), pp. 102-109, 2018.
Disponible en: http://scielo.sld.cu/scielo.php?pid=S0258-
59362018000400015&script=sci_arttext&tlng=pt
Saito, B. and Seckler, M.M., Alkaline extraction of humic substances
from peat applied to organic-mineral fertilizer production. Brazilian
Journal of Chemical Engineering, 31(3), pp. 675-682, 2014. DOLI:
http://www.dx.doi.org/10.1590/0104-6632.20140313s00002512
Gomes de Melo, B.A., Lopes, F. and Andrade, M.H., Humic acids:
structural properties and multiple functionalities for novel
technological developments. Materials Science and Engineering C, 62,
pp. 967-974,2016. DOL: http://dx.doi.org/10.1016/j.msec.2015.12.001
IHSS (International Humic Substances Society). From molecular
understanding to innovative applications of humic substances. In: 14%
International Meeting (I), Rusia, 2008, pp. 43-47.
Lukyanov, N.V., Syroezhko, A.M., Slavoshevskaya, N.V., Strakhov,
V.M., Potekhin, V.M. and Itskovich, V.A., Extraction of humic acids
from Kansko Achinsk lignite. Coke and Chemistry, [online]. 59(2),
pp- 48-53, 2016. Available at:
https:/link.springer.com/article/10.3103/S1068364X16020022
Fuentes, M., Baigorri, R., Gonzalez-Gaitano, G. and Garcia-Mina,
J.M., New methodology to assess the quantity and quality of humic
substances in organic materials and commercial products for
agriculture, 18(4), pp- 1389-1399, 2018. DOI:
http://www.doi.org/10.1007/s11368-016-1514-2
Xu, J., Zhao, B., Chu, W., Mao, J. and Zhang, J., Chemical nature of
humic substances in two typical Chinese soils (upland vs paddy soil):
a comparative advanced solid state NMR study. Science of the Total
Environment, 576, pp- 442-52, 2017. DOLI:
http://dx.doi.org/10.1016/j.scitotenv.2016.10.118
Scaglia, B., Rachide, R., Oliveira, M.O., Tambone, F. and Adani, F.,
Investigating organic molecules responsible of auxin-like activity of
humic acid fraction extracted from vermicompost. Science of the Total
Environment, 562, pp- 289-295, 2016. DOIL:
http://dx.doi.org/10.1016/j.scitotenv.2016.03.212
Cheremisinoff, N.P., Handbook of hazardous chemical properties.
United States - Ukraine - Russia - Central Eastern Europe Boston. New
Delhi Copyright, 2000
Chandan, K.J., Nilanjana, D. and Gunindra, N.C., Improved extraction of
humic acids from vermicomposted organic waste by a column-based
continuous elution method. Separation Science and Technology, 51(17), pp.
2780-2789, 2016. DOL: http://dx.doi.org/10.1080/01496395.2016.1218513

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

I. Pedroso, received his BSc. Eng in Chemical Engineer and MSc.
Environmental Pollution from the University of Matanzas, Cuba, in 2002
and 2007 respectively. Is an assistant professor in the Department of
Engineering Chemistry at the University of Matanzas, Cuba. Her research
interests include: process efficiency, humic substance extraction
technologies, tools for quality control in industrial chemical processes
environmental studies.

ORCID: 0000-0002-5853-7607

L.Y. Gonzilez, obtained his BSc. Eng in Chemical Engineering in 1994, his
MSc. in Control and Treatment of Environmental Pollution in 2002, all of
them form the University of Matanzas, Cuba and his PhD. in Environmental
Management and Sustainable Development at the University of Girona,
Spain, and his PhD. in Technical Sciences in 2006 from the University of
Matanzas, Cuba. She is full professor of the Chemical Engineering degree at
the University of Matanzas, Cuba. His research interests include: Solid waste
management, water and wastewater treatment and environmental studies.
ORCID: 0000-0001-8478-6618

J. Luis, obtained his BSc. Eng in Chemical Engineering in 1984, his MSc.
in Control and Treatment of Environmental Pollution in 2001 all of them

112



Pedroso-Rodriguez et al / Revista DYNA, 89(223), pp. 107-113, July - September, 2022.

from the University of Matanzas, Cuba and PhD. in Environmental
Management and Sustainable Development from the University of Girona,
Spain, and PhD. in Technical Sciences in 2006, from the University of
Matanzas, Cuba. He is full professor of the Chemical Engineering degree at
the University of Matanzas, Cuba. He is a permanent member of the national
court of doctorate in Chemical Engineering. Coordinator of the research
group: Efficiency of Industrial Processes. He has directed and participated
in several national and international research projects. His research interests
include: improving the industrial efficiency of the sugar production process,
use of enzymes in industry, industrial risk analysis and environmental
studies.

ORCID: 0000-0001-6484-0672

L. Pérez, received his BSc. Eng in Computer Engineer in 2012 and MSc. in
Business Administration in 2015, all of them form the University of
Matanzas, Matanzas, Cuba. Is currently an assistant professor in the
Computer Science Department of the University of Matanzas, Matanzas,
Cuba. Her research interests include applications of Artificial Intelligence to
business management and environmental management.:

ORCID: 0000-0001-6187-7875

C. Vndecasteele, is professor emeritus at the Department of Chemical
Engineering, Faculty of Engineering of the University of Leuven (Belgium),
obtained his PhD. Environmental Technology in 1975. He headed the
division 'Environmental Technology' (now: Process Technology for
Sustainable Systems), was program director of the masters 'Chemical
Technology' and 'Environmental science and technology' and headed the
Department of Chemical Engineering. Special research and teaching
interests in waste management, treatment and recycling. Is president of the
International Society for the Environmental and Technical Implications of
Construction with Alternative Materials (ISCOWA), member of ISWA,
board member of WWF (Belgium) and member of the SRI Advisory Board
of KBC Asset management and of the External Sustainability Advisory
Board of KBC group.

ORCID: 0000-0002-1952-5347

J.V. Caneghem, is professor in campus Group T, University of Leuven,
Belgium. Is BSc. Eng in Chemical Engineering, PhD. in Environmental
Indicators in 2012. His research interests include: waste characterization and
recovery.

ORCID: 0000-0002-4052-1260

113



	1 Introduction
	2 Materials and methods
	2.1 Preparation of raw materials used
	2.2 Methodologies of extraction of humic substances
	2.3 Experimental design
	2.4 Statistical analysis
	2.5 Economic analysis

	3 Results and discussion
	3.1 Characterization of raw materials
	3.2 Basic extraction stage
	3.3 Acid extraction stage
	3.4 Extraction yield of FA and HA
	3.5 Economic evaluation of alternatives

	4 Conclusions
	4.1 Future works

	Acknowledgements
	References

