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Worldwide, scientists have long been researching municipal sewage sludge management options in 
the context of the circular economy. In Chile, in particular, there have been a lot of misgivings about 
the disposal of sewage sludge. Liquid humus is a solution of humic and fulvic acids that can be used 
to add organic matter to soil via irrigation. The objective of this study was to evaluate the industrial 
potential of sewage sludge as a source material for the production of liquid humus. The sludges 
analyzed in the study produced liquid humus with high concentrations of humic and fulvic acids 
(7.3–7.9 g L-1). In one sludge under study, humic acids constituted the principal ingredient, while 
in another sludge, humic and fulvic acids were found in similar proportions. Since the results point 
to the occurrence of sewage sludge humification, such sludge from wastewater treatment plants 
may potentially be used as a source for the production of liquid humus. However, future studies are 
needed to evaluate agronomical performance of liquid humus sourced from urban sewage sludge. 
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RESUMEN

A nivel mundial, los científicos han estado investigando las opciones de gestión de lodos urbanos en el contexto de la economía 
circular. En Chile, en particular, ha habido muchas dudas respecto a la eliminación de lodos de aguas servidas. El humus líquido 
es una solución de ácidos húmicos y fúlvicos que se puede utilizar para añadir materia orgánica al suelo a través del riego. El 
objetivo de este estudio fue evaluar el potencial industrial de lodos urbanos como fuente para la elaboración de humus líquido. 
Los lodos analizados en el estudio produjeron humus líquido con altas concentraciones de ácidos húmicos y fúlvicos (7,3–7,9 
g L-1). En un lodo estudiado, los ácidos húmicos constituían el ingrediente principal, mientras que, en otro lodo, los ácidos 
húmicos y fúlvicos se encontraban en proporciones similares. Dado que los resultados apuntan a la existencia de humificación 
en lodos urbanos, tales lodos de las plantas de tratamiento de aguas servidas pueden potencialmente utilizarse como fuente 
para la producción de humus líquido. Sin embargo, se necesitan futuros estudios para evaluar el desempeño agronómico del 
humus líquido proveniente de lodos urbanos.
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INTRODUCTION

Humus is an important fraction of soil organic matter 
that is characterized by enduring stability (Tan, 2014). It 
is composed of humic and fulvic acids as well as humin. 
At present, aqueous solutions called “liquid humus” have 
been developed to supply the same benefits to the soil and 
crops through irrigation systems as those that traditiona-
lly were delivered by means of solid organic amendments 
(Fataftah et al., 2007, Ortega and Fernandez, 2007).  

In Chile, in particular, there is great inquietude 
about the disposal of sewage sludge (Secretaría Gene-
ral de la Presidencia, 2009), in part, because sewage 
sludges can carry a high pathogenic load (e.g., Ogleni 
and Ozdemir, 2010) and large concentrations of toxic 
metals (e.g., Mossa et al., 2017), which makes their use 
uneconomic, especially in direct applications to agricul-
tural soils. However, pathogenic load in sewage sludges 
can be reduced by means of alkaline treatments (US 
EPA, 2003). In fact, liquid humus extraction from bioso-
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lids by means of an alkaline treatment can produce hu-
mic solutions with low pathogenic loads. Furthermore, 
given that metals are less soluble in alkaline medium 
(McBride, 1994), alkaline extraction from biosolids can 
deliver humic solutions with low metal content.

It is on this basis that this study set out to evaluate 
the potential of wastewater treatment sludge as a sou-
rce for the production of liquid humus.

MATERIALS AND METHODS

The sewage sludges used in this study were collec-
ted from Aguas Andinas S.A. (Metropolitan Region, Chi-
le) wastewater treatment plants in May of 2006. The 
following sludges were used in this study: Paine centri-
fuged (P-C) and Trebal sun dried (T-SD). The humic acid 
(HA) and fulvic acid (FA) content in the sludges was 
determined based on the humus fractioning method 
described by Orlov and Grishina (1981). This method 
consists in separating the humic and fulvic acids (HFA) 
in an alkaline medium (0.1 M NaOH + 0.1 M Na2H2P2O7) 
followed by separation based on differences in solubi-
lity at different pHs. The HFA solution thus obtained 
was then acidified with 1 N H2SO4, causing the humic 
acids to precipitate, while the fulvic acids remained so-
luble in the acid medium. Afterward, the HA was again 
dissolved in an alkaline medium. The HFA concentra-
tions were determined using the dichromate oxidation 
method in an acid medium and colorimetric determi-
nation of reduced chromate (Sadzawka et al., 2006).

A previous study (Orlov and Grishina, 1981) has 
recommended the use of NaOH + Na2H2P2O7 for the ex-
traction of HFA. However, due to the harmful effects of 
sodium on soil structure (Sparks, 2003), we decided to 
evaluate 0.01 M KOH and 0.01 M Ca(OH)2 as a medium 
of HFA extraction from sludge, and the evaluation was 
performed according to the methods described above. 
The low concentrations of both extraction agents were 
chosen to minimize salt damage to soil. The concen-
trations of HFA were determined as a function of time 
that the sludge was exposed to the extractants. The 
HFA concentrations obtained with Ca(OH)2 were much 
lower than those achieved with KOH (Merino, 2007), 
thus it was eliminated as a potential extractant.

The liquid humus was made by pouring the slud-
ge in a 2 L beaker for precipitation, to which 0.01 M 
KOH was added (pH 12), with a sludge/extractant pro-
portion of 1/1. The suspension was left to rest for 96 
hours, after which the contents were filtered to obtain 
liquid humus. Preliminary tests demonstrated that 
the maximum extraction of HFA was achieved after 96 
hours of exposure (Merino, 2007).

RESULTS AND DISCUSSION

The sludges analyzed in this study produced liquid 
humus with high concentrations of humic and fulvic 
acids (7.3-7.9 g L-1, Table 1). The humic acids corres-
ponded to the principal fraction of the P-C, while for 
the T-SD, humic and fulvic acids were found in similar 
proportions. The results reveal the occurrence of hu-
mification in sewage sludge. This correlates with the 
results of Li et al. (2014) who reported on the extrac-
tion of humic and fulvic acids from sewage sludge by 
alkaline treatment. 

Most of commercial liquid humus is obtained from 
leonardite (the oxidized form of carbon of lignitic ori-
gin) (e.g., Sun et al., 2020). Our preliminary study (Me-
rino, 2007) suggests that liquid humus derived from 
sludge is as efficient in increasing soil aggregate sta-
bility index as commercial liquid humus derived from 
leonardite. Interestingly, this echoes the results of Or-
tega and Fernandez (2007) who found no considera-
ble differences between liquid humus obtained from 
earthworm humic substances and leonardite-based 
products. Furthermore, Ortega and Fernandez (2007) 
claimed that earthworm humic substances represent a 
more sustainable alternative as a source material for 
liquid humus production because of their renewable 
nature. In contrast, leonardite takes thousands of years 
to form, and, moreover, has never been found in Chile.

Scientists worldwide have long been researching 
options in the area of municipal sewage sludge ma-
nagement in the context of the circular economy (e.g., 
Rosiek, 2020). Although liquid humus extraction from 
urban sewage sludge represents an example of waste 
reutilization in the economy of circular character, the 
studies dedicated to this specific method are scarce 

Table 1.	 Humic and fulvic acid concentrations in liquid humus obtained from urban sewage sludge. 
Cuadro 1.	Concentraciones de ácidos húmicos y fúlvicos en el humus líquido obtenido de lodos urbanos.

Humus HFA 
(g L-1)

HA 
(g L-1)

FA 
(g L-1)

HA/FA
ratio

P-C 7.9 6.7 1.2 5.6

T-SD 7.3 3.4 3.9 0.9

HFA = humic and fulvic acids, HA = humic acids, FA = fulvic acids. 
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(Norambuena et al., 2014). Future studies are required 
to evaluate the agronomical properties of liquid humus 
obtained from urban sewage sludge to be able to com-
pare the results with those from leonardite-based pro-
ducts (e.g., Akimbekov et al., 2020, Kaya et al., 2020). 

CONCLUSION 

Sewage sludge from wastewater treatment plants 
can potentially be used for the production of liquid hu-
mus. 
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