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Application of a modifi ed method of humic acids extraction as an effi cient 
process in the production of formulations for agricultural purposes
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Due to their properties, humic acids (HA) can interact with macro- and micronutrients and retain plant nutrients 
in the soil profi le. The aim of the presented work was to develop a new integrated 4-step process for the isola-
tion of humic acids from peat with their simultaneous enrichment in macronutrients. The study demonstrated the 
possibility of replacing traditional solutions used in the extraction of humic acids with solutions that are a source 
of macronutrients. For the alkaline extraction step, a process assisted with ultrasound was implemented, which 
allowed to increase the effi ciency of humic acids isolation. Optimization of this step has shown that, with the ap-
plication of ultrasound in the new procedure, it is possible to obtain the humic acids isolation effi ciency of more 
than 60%. The qualitative analysis of the products obtained confi rmed the presence of structures characteristic of 
humic acids, including key functional groups.
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INTRODUCTION

   One of the main problems of Polish agriculture is 
the poor quality of the soils, determined mainly by the 
type of bedrock. More than 70% of Poland’s soils were 
formed on the basis of clays and till sands of the Pleis-
tocene epoch. More than 40% of them are estimated to 
be characterised by low agricultural suitability, which is 
refl ected in the low production potential of an average 
hectare of arable land in Poland, compared to the soils 
of countries of the European Union1, 2.

In addition, in some soil profi les, due to global warm-
ing, climate change, and agricultural intensifi cation, which 
causes, among other things, dryness, acid or alkaline 
reaction, and lack of organic matter in the soil, nutrient 
uptake by plants can be limited. Humic substances (HS) 
have begun to be added to soil in different regions of the 
world to address this problem and increase agricultural 
yields3–6. These complex organic compounds play an im-
portant role in the process of forming soil structure. The 
presence in the soil of humus substances, including humic 
acids (HA), affects the structure of the soil, increasing 
its sorption properties, permeability, and water retention 
capacity, which is one of the factors that determine the 
effi ciency of water uptake by plant root systems, as well 
as mineral nutrients supplied by fertilisation7, 8. In addi-
tion, by improving the physical and chemical properties 
of soil, the diversity of soil microorganisms and soil en-
zymatic activity is also increased9. HA exhibits the ability 
to stabilise ammonium, which improves the availability 
of nitrogen in the soil. The application of humic acids 
indirectly increases the solubilization of phosphorus in 
the soil, reduces the sorption, and increases the desorp-
tion of phosphate ions in the soil, thereby increasing the 
amount of phosphorus in the soil solution6, 10.

The process of isolating humic acids is a multistep 
procedure, which involves the preparation of raw mate-
rial, alkaline extraction, and separation of humic acids 
from the extract by lowering the pH. In the alkaline 
extraction step, in addition to traditional extraction, 
where mass transfer is intensifi ed by mechanical stirring, 
ultrasound-assisted extraction (UAE) or microwave-

assisted extraction (MAE) methods are used. This allows 
a similar amount of humic substances to be obtained from 
a given mass of raw material in much shorter time11–15. 
The UAE is characterized by high reproducibility, con-
sumption of a small amount of energy, reduction of 
wastewater, and the possibility of introducing this type 
of support into an industrial process. During UAE, pro-
cesses such as fragmentation, erosion, ultrasonic capillary 
effect, sonoporation, local shear stress, or detexturation 
occur simultaneously or sequentially. These occur due 
to the propagation of ultrasonic waves in the extrac-
tion medium, resulting in the formation of cavitation 
bubbles in the medium. The implosion of such bubbles 
causes exfoliation of the sample surface, erosion, and 
disintegration, as well as inducing macroturbulence and 
micromixing. All of these effects increase the reactivity 
of the medium and mass transfer due to reduced particle 
size and facilitated solvent access16–17.

HS, available from many fertilizer manufacturers or 
specialized supply companies, comes in many different 
forms (granules, powder, liquid, and fl akes), that is vary 
due to the application technique, i.e., soil application, 
foliar application, seed treatment, root dipping, drip ir-
rigation, and application along with mineral fertilisers. 
The combined use of HA and mineral fertilizers allevi-
ates the problems associated with continuous cropping 
systems. With HA, the number of basic macronutrients 
(nitrogen, phosphorus, and potassium) and organic mat-
ter in the soil available to plants increases, resulting in 
an increased uptake of macronutrients by plants. Vari-
ous HS salts, such as potassium and calcium humate, 
are used as fertilizer additives to increase soil fertility. 
Increasing the level of natural HS, such as potassium 
humate, reduces the need for commercial fertilizers as 
it improves soil fertility18.

This study aimed to implement an integrated procedure 
for the isolation of humic acids with their simultane-
ous enrichment with macronutrients. Furthermore, to 
intensify the isolation process, the alkaline extraction 
step was assisted by the use of ultrasound, and statisti-
cal analysis was implemented to evaluate the effect of 
the process parameters of that part of the procedure on 
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the effi ciency of the HA isolation. On the basis of the 
attenuated total refl ectance Fourier transform infrared 
spectroscopy (ATR/FTIR) for the selected samples, 
a qualitative analysis of HA was performed. The devel-
oped procedure of humic acid isolation allowed for the 
obtainment of HS with an increase in nitrogen, phos-
phorus, and potassium content, eliminating the necessity 
to combine HS products with mineral fertilisers, which 
is the primary method of application of humic acids in 
agriculture.

MATERIALS AND METHODS

Raw material and chemicals
In the presented study, peat was used as a source of 

humic acids. The raw material was taken from a peat 
bog located in the northern part of Poland. On the basis 
of its structure analysis, it was classifi ed as pseudofi brus 
peat. To prepare it for the extraction process, the raw 
material was air-dried and ground, using an analytical 
mill, and passed through a sieve with a mesh diameter 
of 2 mm. The peat thus prepared was stored in a tightly 
closed polypropylene container. 

For the isolation of humic acids, chemicals have been 
used that were carriers of fertilizer macronutrients. For 
this purpose, KOH, NH3 

. H2O, H3PO4 and HNO3 solu-
tions were used. Their concentrations depended on the 
type of process variant and on the alkaline extraction 
step conditions described by the experimental matrix. 
The solutions were prepared with the use of deion-
ised water (conductivity <1 μS 

. cm–1) and analytical 
grade reagents: solid potassium hydroxide, ammonia 
(25 %mass), phosphoric acid (85 %mass), and nitric acid 
(65 %mass), which were purchased from POCH (Avan-
tor Performance Material, Gliwice, Poland).

Procedure of humic acids isolation 
For the implementation of the integrated process of 

extraction of humic acids and enrichment with fertilisers 
macronutrients (nitrogen, phosphorus, and potassium), 
four variants of the humic acids isolation procedure 
were considered. They differed in the type of acid or 
base solution that was introduced into the system at 
a certain stage of the process (Table 1). 

Isolation of the humic acids from peat based on the 
procedure described by Swift19 and recommended by 
the International Humic Substances Society (IHSS) 
with some modifi cations. Generally, the procedure was 
divided into four steps. The aim of the fi rst of it was 
to decalcify the peat with the use of acid solutions. In 
a 1 liter polypropylene bottle, 15 grams of peat were 
placed and acidifi ed to a pH equal to 2 by adding 1 M 
nitric or phosphoric acid (depending on the process 
variant). Subsequently, 0.1 M acid solution was added 
to the mixture, in such an amount that the ratio of 

acid solution to raw material mass was equal to 10:1. 
The bottle with acidifi ed peat was shaken for 1 hour at 
room temperature, with the use of a water bath shaker. 
After the decalcifi cation part, the peat was separated by 
sedimentation and solution decantation. In the second 
step of the proposed process, the peat was neutralised 
to pH = 7 by adding, depending on the variant, 1 M 
KOH or NH3 

. H2O. 
The third part of the HA isolation procedure focused 

on the alkaline extraction of humic acids from decalci-
fi ed and neutralized peat. It was the essential step for 
the whole process because it allowed for the transfer 
of humic acid from the solid raw material to the liquid 
phase (extract). The ratio of peat mass to extractant 
volume was equal to 1:15. For this step ultrasound-
assisted extraction (UAE) was implemented. It allowed 
for increasing the effi ciency of the isolation of humic 
acids, which was proved in our previous study20. In this 
part, the infl uence of various values of UAE conditions, 
such as temperature, ultrasound effi ciency, extraction 
time, and extractant concentration, on the effi ciency of 
HA isolation was examined. Next, based on the analysis 
of the results, for the variant that resulted in the highest 
effi ciency for the tested points, the process modelling, us-
ing fractional factorial design (FrFD), was implemented. 

After the extraction, the phases were separated by cen-
trifugation (15 min with 2000 rpm). For this process, the 
MPW-352 centrifuge was used. Moreover, after this step, 
the extract was vacuum-fi ltered with the use of a hard 
qualitative paper laboratory fi lter. The additional vacuum 
fi ltration step allowed the separation of solid elements 
that did not separate after the centrifugation process. 

The last step of the described method was associated 
with the precipitation of the humic acids fraction from 
the extract by its acidifi cation to a pH of approximately 
2 with the use of 1 M HNO3 or H3PO4 solution. After 
the acid addition, the extract was stored at 5 oC for 12 
hours. The precipitated HA fraction was then isolated 
by fi ltration with the use of quantitative fi lter papers 
and dried to the mass constant. 

The effi ciency of HA isolation was calculated using 
Equation (1), where HAdaf represents the amount of 
humic acids isolated from peat, calculated for the dry 
ash-free state, %mass, m1, m2 and m3 means the mass of 
the HA fraction after its drying, g, the mass of ash after 
burning of the humic acids, g, and the mass of the peat, 
g, respectively. M is the moisture content, %mass, and 
A is the ash content, %mass. The results were related 
to the mass of raw material in the dry ash-free state. 
Because of this, the moisture and ash content of the 
analysed samples was determined by drying them at 105 
°C and then burning them at 650 oC to a constant mass.

 (1) 

Table 1. Summary of the process variants to obtain humic acids enriched in fertilizer macronutrients
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Design of experiment
Based on the results of macronutrients content and, 

all the above, the effi ciency of HA isolation for four 
considered variants, the best integrated procedure of 
humic acids isolation and their enriched with nitrogen, 
phosphorus, and potassium was chosen. The design of 
the experiment focused on the third step of the proce-
dure related to the alkaline extraction of HA from the 
peat. The four crucial parameters for that step: alkaline 
extractant concentration, ultrasound intensity, extraction 
time, and temperature were examined. The infl uence of 
the parameters tested on the effi ciency of HA isolation 
for peat was tested with the use of a fractional facto-
rial design (FrFD), and each independent variable was 
determined in the experimental space by coded at three 
levels, which is presented in Table 2.

According to the FrFD for the conditions presented, 
the creation of an experimental matrix consisting of 27 
points was required. Moreover, for the improvement of 
the quality of statistical analysis, and reducing the noise, 
the three extra points, which were characteristic of the 
central point of the experimental space, were added to 
the plan. Due to that, it was possible to increase the 
degree of freedom in the analysis of variance (ANOVA). 

ATR/FTIR analysis
The attenuated total refl ectance Fourier transform 

infrared spectroscopy (ATR/FTIR) spectra were recorded 
using a Bruker Vertex 70 spectrometer for identifi cation 
of the functional groups characteristic of the HA sam-
ples. They were mixed with KBr (approximately 2 mg 
of sample for 200 mg of KBr) and prepared as pellets. 
Spectra were collected in the 400–4000 cm–1 region at 
room temperature with a resolution of 4 cm–1.

RESULTS AND DISCUSSION

Peat characteristics
To evaluate peat as a raw material for the HA isola-

tion process, moisture, ash, and macronutrient analyses 
were performed. The results are shown in Table 3. The 
evaluated parameters made it possible to determine the 
effi ciency of HA isolation in terms of dry ash-free peat. 
Based on the determinations of the macronutrients of 
fertilizer in peat, it was possible to determine whether 
the nitrogen, phosphorus, and potassium compounds 

Macronutrients determination
To describe the infl uence of the chemicals used in 

the HA isolation procedure on the content of nitrogen, 
phosphorus, and potassium compounds in the humic 
acids obtained, the analysis of these macronutrients was 
performed in selected HA and peat samples. 

The nitrogen compounds content was determined by 
the modifi ed Kjeldahl method, which is recommended 
for organic samples21. The method consists of sample 
mineralization, resulting in the conversion of all nitro-
gen forms to ammonia. The ammonia is then distilled 
from the alkaline solution and absorbed in the known 
volume of the standard solution of H2SO4. The excess 
acid was titrated using a standard solution of NaOH, 
in the presence of an indicator. The nitrogen content 
may be calculated using Equation (2), where: N is the 
nitrogen content in all forms, %mass, V1 and V2 repre-
sent the volume of standard solution of 0.05 M H2SO4 
and the volume of standard solution of 0.1 M NaOH, 
respectively, mol 

. dm–3, and m is the mass of the sample, 
which was used in the analysis, g.

 (2) 

The content of phosphorus was analyzed using a gravi-
metric method based on precipitation of phosphates in 
the form of magnesium-ammonia phosphate with the 
use of a magnesium mixture. The precipitate was then 
roasted at 800 oC to magnesium pyrophosphate and 
burnt at 1050 oC to a constant mass22. The phosphorus 
content in the samples analysed was determined using 
Equation (3), where P2O5 is the phosphorus content 
calculated in P2O5, %mass, m1 and m2 are the mass of 
the magnesium pyrophosphate ash after burning and the 
mass of the sample, respectively, g.

 (3)

The measurement of the potassium content, after 
mineralization and dilution of the samples, was done 
using a fl ame photometer. The results were specifi ed 
based on the calibration curve, determined in ppm, and 
converted to % of the mass of K2O according to Equa-
tion (4), where K is the potassium concentration in the 
tested samples, ppm. 

 (4) 

Table 2. Independent variables values and codes for fractional factorial design levels

Table 3. Results of the physicochemical analyzes of peat, which was used as a raw material in the procedure of humic acids isolation
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contained in the isolated humic acids came primarily 
from the raw material or were introduced as a result of 
the application of appropriate acid and alkaline solutions. 
Each of the mentioned analyses was performed in tripli-
cate, and the arithmetic mean was taken as a fi nal result.

Physicochemical studies of peat can also provide general 
information on its structure and degree of decomposition. 
The average moisture content for the analyzed material 
was 73.84 %mass and was relatively high in relation to 
the mass of the raw material. However, the result for this 
parameter was lower according to the average moisture 
content of the peat, which, according to Fuchsman, is 
between 80 and 90 %mass23. The lower moisture content 
may indicate an increase in mineral content. This is 
confi rmed by analysis of the ash content. Compared to 
the average result for that analysis (11.89 %mass.) with 
the data from the literature, it can be concluded that 
the ash content for the evaluated peat is slightly above 
the standard results, which range from 3 to 10 %mass24.

Based on analyses of micronutrients content, it is possi-
ble to assess the structure and degree of decomposition 
of the studied peat. According to the literature, the 
average nitrogen content of peat is in the range of 1 to 
2 %mass, and increases for samples with a higher degree 
of decomposition25. Jonczak points out that for peats 
from the northern part of Poland, these values may be 
higher, up to 3 %mass26. When the average total nitrogen 
content in the analysed raw material (1.65 %mass) with 
the data from the literature, it can be concluded that the 
studied peat was characterised by an average degree of 
decomposition. This is also confi rmed by the results for 
total phosphorus (0.48 %mass of P2O5). Paleckiene et al. 
showed that the phosphorus content in peat is negatively 
correlated with its degree of decomposition. This study 
showed that for pseudofi brous peat with an average 
degree of decomposition, which are defi ned on the von 
Post scale as H5, the total phosphorus content was 0.42 
%mass of P2O5. The result for the total potassium content 
of the evaluated peat (0.14 %mass of K2O) was slightly 
higher compared to the literature, where the range of 
values for pseudofi brous, middle decomposed peat, was 
from 0.01 to 0.12 %mass of K2O. This difference may 
be due to the depth of sampling27.

Assessment of process variants
To determine the best variant of the integrated process 

of isolating humic acids from peat, with their simultaneous 
enrichment in macronutrients, two criteria were taken 

into account, which were evaluated in terms of the order 
in which acids and alkaline solutions were implemented 
into the process, as well as in relation to the conditions 
of the ultrasound-assisted alkaline extraction step of 
the procedure. The fi rst of the evaluated criterium was 
the average content of total nitrogen, phosphorus, and 
potassium in the isolated humic acids samples. Table 4 
presents the results of the average macronutrients 
content of the humic acids extracted according to the 
experimental points evaluated. The nitrogen, phosphorus, 
and potassium content was higher for all experimental 
points, compared to the content of macroelements in 
the peat. This means that application of solutions that 
are a source of macronutrients leads to an increase in 
their content in isolated humic acids. On the basis of the 
comparison of results for the various variants, it can be 
concluded that higher amounts of macronutrients were 
obtained when the carrier solution was implemented in 
the ultrasound-assisted alkaline extraction and precipi-
tation steps, which are strictly related to the isolation 
of the humic fraction from the raw material, while the 
other two steps of the developed technology are related 
to the preparation (decalcifi cation) of the raw material 
and have little impact on the level of enrichment of the 
fi nal product in macronutrients. Therefore, the highest 
potassium content was observed under the same condi-
tions of the alkaline extraction step for variants III and 
IV, for which alkaline extraction was performed with the 
use of KOH solutions. Similarly, the highest total nitro-
gen content was obtained for variants I and II, that is, 
when ammonia solutions were used in step three of the 
procedure. However, comparing these variants, a slightly 
higher total nitrogen content was observed for variant I, 
due to the use of the HNO3 solution for the precipitation 
of humic acids from alkaline extract. And the highest 
phosphorus content was in humic acids samples isolated 
according to procedure IV, which was related to the use 
of the H3PO4 solution in the precipitation step.

The second criterium, which was taken into account 
for choosing the best variant of the integrated humic 
acids isolation procedure with their enrichment in mac-
ronutrients, was the infl uence of the alkaline extraction 
conditions on the effi ciency of the isolation of humic 
acids from decalcifi ed peat. For increasing the extrac-
tion effi ciency, compared with traditional procedure, 
where the mass transfer is intensifi ed by shaking, the 
ultrasound-assisted process was implemented. The results 
of this part of the procedure evaluation are presented in 

Table 4. Results of the macronutrients content in humic acids for the four evaluated variants of their isolation
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whose values were coded at three levels, should consist 
of 27 experimental points. In the presented study, the 
matrix has been extended by 3 additional points, defi ned 
by the centre of the experimental space evaluated. The 
matrix created was presented as Table 6. It consists of 
30 experimental points, where the values of the indepen-
dent variables were presented in coded form, that are 
compatible with the information presented in Table 2. 
For each point, an actual result of the effi ciency of hu-
mic acids extraction from peat was given. In addition, 
in Table 6, the effi ciencies of the humic acids obtained 
that were predicted based on the polynomial equation 
were also defi ned. The addition of three experiments 
to the built matrix allows to an increase in the total 
number of degrees of freedom (df) in the analysis of 
variance (ANOVA), thus, it allowed the increase in the 
precision of the analysis. Moreover, the analysis of the 
central point in triplicate caused a noise reduction that 
may be defi ned as a random result and could cause 
a disruption in the statistical evaluation.

Statistical analysis
To describe the infl uence of independent parameters of 

ultrasound-assisted alkaline extraction on the effi ciency 
of humic acids isolation in the integrated process of HA 
obtaining with their enrichment with macronutrients, 
statistical analysis was implemented. It was made on the 
basis of the results for experimental points defi ned by 
the design matrix. The main element of the evaluation 
of the process was to determine the effect estimates of 
the parameters of the ultrasound-assisted alkaline extrac-
tion step on the response. It was presented in Table 7. 
Based on the p-value (p) and factors of the Fischer test 
(F), it was possible to determine the signifi cance of the 
linear, quadratic, and interaction effects of the process 
parameters on the response. In the analysis, an effect 
was assumed to be statistically signifi cant when the 
p-value for it was less than 0.05. 

Based on the results presented in Table 7 it can be 
concluded that the linear effects of extractant concen-
tration (X1), ultrasound intensity (X2), extraction time 
(X3), and temperature (X4) were statistically signifi cant. 
Moreover, all were higher than 0, which means that 
they have a positive effect on the effi ciency of the HA 
isolation in the evaluated process. Furthermore, the 
quadratic effect of time (X3

2), as well as temperature 
(X4

2), was also characterised by a p value lower than 
0.05, but the fi rst has a negative value, which means 
that the increase in the time of the ultrasound-assisted 

Table 5. The effi ciencies obtained in HA isolation sug-
gested that the increase in the values of the parameters 
of the ultrasound-assisted alkaline extraction step, such 
as temperature, ultrasound intensity, time, and extractant 
concentration, have a positive effect on the amount of 
isolated humic acids and cause an increase in the effi -
ciency of the procedure. When comparing the effi ciency 
obtained depending on the order of the introduction of 
the solution, that is, for different variants of the procedure 
for isolating humic acids enriched in macronutrients, it 
can be concluded that the highest amount of HA can 
be isolated from the peat for variant III, where the peat 
is decalcifi ed with the use of H3PO4 solutions, neutral-
ized to pH=7 using 1 M NH3 

.
 H2O, ultrasound-assisted 

alkaline extraction was carried out with the use of KOH 
solutions and the humic acid fraction was precipitated 
by addition of 1 M HNO3.

Based on the results obtained for the four variants of 
the humic acids isolation procedure, for further study, 
which included a detailed evaluation of the infl uence 
of the parameters of the ultrasound-assisted alkaline 
extraction step on the isolation of humic acid from peat, 
variant III was selected. This choice was based mainly 
on the results of the effi ciency of humic acids extraction 
because the assessment of the micronutrients content in 
isolated humic acids did not allow to clear defi ne the 
procedure variant, which would lead to obtaining the hu-
mic acids with the highest content of three macronutrient 
simultaneously. However, humic acids isolated according 
to the procedure described in variant III, in addition to 
the highest effi ciency of the ultrasound-assisted alkaline 
extraction step (more than 60%), were characterized by 
the highest potassium content, as well as the high amount 
of total nitrogen, which was related to the use in variant 
III of the procedure KOH and HNO3 solutions at the 
ultrasound-assisted alkaline extraction and humic acids 
precipitation steps, respectively.

Effi ciency of humic acids isolation
A detailed assessment of the effi ciency of humic 

acids isolation was focused on the evaluation of the 
ultrasound-assisted alkaline extraction of humic acids, 
which was performed on the basis of the statistical analy-
sis of the infl uence of the extraction conditions on the 
effi ciency of humic acids isolation. For this purpose, an 
experimental matrix was created for four independent 
variables. It is based on the fractional factorial design 
(FrFD). According to that design plan, the experimental 
matrix that takes into account four process parameters, 

Table 5. Results of the effi ciency of the ultrasound-assisted alkaline extraction step for the four variants evaluated
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the positive effect of linear increase of independent 
variables values on the response. Furthermore, the plot 
that describes the isolation effi ciency as a function of 
time and ultrasound intensity (Figure 1d) indicates the 
negative value of the quadratic effect of time, which is 
related to fl attening of this graph for the higher values 
of independent variables. 

The statistical assessment of the ultrasound-assisted 
alkaline extraction step of the humic acid isolation pro-
cedure with their simultaneous enrichment in nitrogen, 
phosphorus, and potassium compounds allowed the 

alkaline extraction step in the developed procedure can 
cause a decrease in the effi ciency of HA isolation from 
peat. This is most likely due to the degradation of humic 
acids, treated with long-term sonication, into products 
with lower molecular mass.

The detailed effect of changes in the values of the 
independent variables of the ultrasound-assisted alkaline 
extraction process on the isolation effi ciency of humic 
acids is presented graphically, using response surface 
plots, which are summarized in Figure 1. Their shape is 
in line with the determined effect estimates and showed 

Table 6. Experimental matrix with actual and predicted results for four independent variables of the ultrasound-assisted alkaline 
extraction step in the humic acids isolation procedure

Table 7. Effects estimates of the independent variables of the ultrasound-assisted alkaline extraction on the effi ciency of humic acids 
isolation



  Pol. J. Chem. Tech., Vol. 25, No. 3, 2023 37

creation of the polynomial equation (5), which describes 
the effi ciency of the isolation of HA as a function of 
the extraction parameters. It was related to the coded 
values of independent variables. Due to that, the coef-
fi cients for individual elements, which were statistically 
signifi cant, were equal to half of their effect estimates. 

 (5)

Analysis of variance (ANOVA) showed that the lack of 
fi t for the created polynomial equation was characterised 
by the p-value equalling 0.6621 which means that the 
equation was statistically signifi cant. The coeffi cient of 
determination (R2) for a polynomial model was 0.9885. 
This indicates that 98.85% of the variations of the eva-
luated process may be explained by the model presented 

as Equation (5). The high R2 value is also confi rmed by 
the high fi t of the actual results to the predicted based 
on the model, which is presented in Figure 2.

Qualitative analysis of humic acids
For the assessment of the infl uence of ultrasound 

on the quality of the obtained product, HA extracted 
by both alkaline extraction conducted by mechanical 
shaking (S) and ultrasound-assisted extraction (UAE) 
were subjected to ATR/FTIR analysis. Extractions were 
conducted for different values of independent variables 
of alkaline extraction step (extractant concentration, 
time, temperature, and ultrasound intensity for the UAE 
process). Samples extracted from raw material after its 
decalcifi cation with H3PO4 and neutralisation with the 
use of 1 M NH3 

. H2O solutions were evaluated. Humic 
acids were extracted with KOH solution and 1 M HNO3 

Figure 1. Response surface plots of the infl uence of ultrasound-assisted alkaline extraction parameters on the effi ciency of humic 
acids isolation from peat
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peat with their simultaneous enrichment with nitrogen, 
phosphorus, and potassium was proposed. To increase the 
effi ciency of HA isolation, the alkaline extraction step was 
assisted by the use of ultrasound. The proposed procedure 
allows the production of the specialised humic product 
for agriculture purposes, which may be an alternative 
to traditional humic formulations that are mixed with 
mineral fertilizers. The results of the research showed 
the possibility of replacing the HCl and NaOH solutions, 
which are recommended by IHSS, with acids and alkaline 
solutions, which are sources of macronutrients. It has 
been shown that the content of nitrogen, phosphorus, 
and potassium depends mainly on the type of solutions 
used in the alkaline extraction and precipitation steps 
of humic acids. Evaluation of the four variants of the 
HA isolation procedure tested showed that the highest 
effi ciency of product isolation was obtained, when for the 
peat preparation step H3PO4 and NH3 

. H2O solutions, 
and for the ultrasound-assisted alkaline extraction and 
precipitation of humic acids KOH and HNO3 solutions 
were used, respectively. Statistical analysis of ultrasound-
-assisted alkaline extraction for that variant showed in 
most cases a positive effect of independent parameters 
on the effi ciency of HA isolation. However, the extension 
of the time of that step may cause a decrease in process 
effi ciency, which was stated on the basis of the negative 
quadratic effect of that parameter. The quality analysis 
of humic acids, with the use of ATR/FTIR spectroscopy, 
showed the presence in the isolated samples of structures 
that are characteristic of HA, especially carboxyl and 
carbonyl groups, that are crucial for the interaction of 
humic acids with macro and microelements. 
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CONCLUSIONS

The application of humic acids in agriculture improves 
soil structure and has a positive effect on the availability 
of macro and micronutrients for plants. In this study, the 
integrated procedure for the isolation of humic acids from 
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Table 8. Summary of parameters for obtaining humic acid samples subjected to ATR/FTIR analysis
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