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Abstract
Our study analysed the content of selected heavy metals (Fe, Zn, Mn, Pb, Cd, Ni and Cu) in soils
fertilised with mineral fertilisers (NPK and CaNPK), and fresh and granulated digestate. The content
of the elements was compared with non-fertilised treatments (0 and control treatment). The maximum
permitted limits were found not to have been exceeded in any of the treatments. The study demonstrated
that the digestates under analysis were safe for use as fertilisers. The contents of Zn, Cu, and Mn after
fertilisation with fresh digestate were found to be statistically significantly lower than in the control
treatments. Following the application of the granulated materials, smaller quantities of Cu, Fe and Cd
were noted.
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Introduction
Soil is one of the basic non-renewable resources
of the natural environment, which is why it should be
protected. It contains all the nutrients necessary for the
growth of plants, which in turn are a valuable source of
food for animals and humans. One of the main threats
to soils, particularly those used for farming purposes, is
the presence of heavy metals. Sources of heavy metals
in agricultural areas include fertilisers and waste, as
well as plant protection products [1-5].
Heavy metals are found in all soil types, but if
their natural concentrations are exceeded, they become
a significant threat. An excess of heavy metals in the
soil inhibits the development of microorganisms, thus
interfering with the processes involved in the turnover
of organic matter. It also causes the accumulation
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of toxic elements in plant tissues, which adversely
affect the reproduction of plants, and thus reduce their
nutritional value. In humans and animals, heavy metals
may produce mutagenic, carcinogenic or embryotoxic
effects [6-9].
The maximum permitted content of substances
causing risk in agricultural areas, including heavy
metals, is defined in the Regulation of the Minister of
the Environment of 1 September 2016 on the method
of conducting assessment of soil surface contamination
[10]. Annex 1 to the Regulation contains, among other
things, a listing of the maximum permitted contents
of heavy metals in the soil (Table 1). The ranges for
different substances are defined depending on soil
depth, with a division into soil groups based on their
type of use, soil subgroups (soil properties), and water
permeability of soil and ground.
According to Ociepa-Kubicka and Ociepa [9],
heavy metals, depending on their influence on living
organisms, can be classified into those showing
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Table 1. Permissible content of selected heavy metals in soil.
Element

Permissible content

Arsenic (As)

10-50

Chromium (Cr)

150-500

Tin (Sn)

10-50

Zinc (Zn)

300-1000

Cadmium (Cd)

2-5

Cobalt (Co)

20-60

Copper (Cu)

100-300

Molybdenum (Mo)

10-50

Nickel (Ni)

100-300

Lead (Pb)

100-500

Mercury (Hg)

2-5

Source: Piątek, Bartkowiak [2019a]

beneficial effects and those producing an adverse
impact.
Beneficial effects occur at doses not exceeding
maximum permitted limits, and promote the normal
progress of metabolic processes and healthy functioning
of living organisms. This group of elements includes Fe,
Mn, Cu, Zn, and Mo. However, excessive accumulation
of these elements in the soil is harmful, particularly to
plants [6, 11-16].
–– Iron is one of the key microelements present in the
soil, but excessive amounts of iron can be toxic
to plants, reducing their ability to take up other
nutrients such as phosphorus. A surplus of iron is
manifested through the inhibition of plant growth,
browning of roots, and excessive colouration and
drying of leaves. The content of Fe in soils is linked
both to the type of parent rocks and soil formation
processes. Soils usually contain between 0.5 and 5%
of the element. Plants usually take up iron from the
soil in the form of Fe2+. Most Fe is accumulated in
leaves, followed by shoots. The smallest amounts are
detected in plant roots.
–– Zinc – the mean content of Zn in soils across the
world is approximately 64 ppm, while the average
content in all mineral soils in Poland varies from 33
ppm in sands to 80 ppm in heavy clay soils. Soluble
zinc-organic complexes, which are found primarily
in municipal sewage sludge, are very mobile in the
soil, and easily accessible to plants. Therefore, soil
contamination due to excessive amounts of zinc can
be an important environmental problem. A surplus
of zinc in plants leads to the chlorosis of young
leaves, and has an adverse effect on plant and root
growth.
–– Copper plays a significant role in the physiological
processes of plants. The main sources of soil
contamination caused by copper compounds include

fertilisers and sprays, agricultural or municipal
waste, and industrial dusts. Cu is an element
that It is involved with in a number of processes
such as photosynthesis, respiration, carbohydrate
distribution, protein and vitamin C synthesis, as
well as N reduction and fixation. Excessive amounts
of Cu lead to severe abnormalities, including tissue
damage and elongation of root cells, changes in
membrane permeability, leakage of ions (e.g., K)
and substances dissolved from roots, peroxidation
of chloroplast membrane lipids, and inhibition of the
photosynthetic electron transport. Signs of excess
copper in plants include iron chlorosis, i.e., yellowing
of the tissue between the veins of young leaves.
Other characteristic features include dark green leaf
colour with a slight bluish hue, as well as shortened
and thickened stems. In humans, copper overload is
very rare, but the excess accumulates primarily in
the liver, brain, and the cornea of the eye, and can
ultimately result in damage to these organs.
–– Manganese has a significant impact on a range of
soil properties, mainly contributing to pH increase.
Even though Mn can be concentrated in various soil
horizons (predominantly those rich in Fe oxides or
hydroxides), the element usually accumulates in
the upper soil profiles as a result of its fixation by
organic matter. All manganese compounds play a
very important role as soil components, especially in
plant nutrition and control of the behaviour of several
other trace elements. Mn compounds are known for
their rapid oxidation and reduction under varying
soil conditions.
–– Nickel is one of the components of urease, and its
content is known to be the highest in ultramafic rocks
(1400 to 2000 ppm). In addition, it is responsible for
the activation of arginine and certain peptidases,
and it is involved in the transport of nitrogen to
the above-ground plant parts. The distribution of
nickel in soil profiles is linked to organic matter or
amorphous oxides and clay fractions (depending
on soil type). The level of Ni in the soil is strongly
correlated with the content of this element in parent
rocks. However, the concentration of Ni in surface
soils also reflects on soil formation processes and
the presence of contaminants. Recently, nickel has
become a major contaminant because of urbanisation
and industrialisation processes – most notably the
production of sewage sludge and municipal waste.
Other potentially important sources of Ni include
some of the phosphorus fertilisers. Anthropogenic
sources of this element, particularly related to
industrial activities, have led to a significant increase
in Ni content in soils. Excessive amounts of nickel in
plants disrupt photosynthesis, and interfere with the
ionic equilibrium through their negative impact on
the metabolism of nutrients (including iron). Nickel
can also be toxic to humans by causing allergies, and
at high doses it may affect the cardiovascular system
and kidneys.
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Adverse effects are caused by metals which,
even in trace amounts, pose a major threat to living
organisms, e.g., As, Hg, Pb, and Cd. These elements
are particularly dangerous to people, and may lead to
acute poisoning and cancer, among other effects. The
consequences of heavy metal exposure to the human
body are long-lasting. Numerous studies have shown
that elements such as lead and cadmium are particularly
dangerous, and have a negative impact both on plant
yield and human health. The natural cadmium content
in soils ranges from 0.2 to 1.05 mg/kg DM. The element
is very mobile, active and easily absorbed by plants
because of the readily available form of the Cd 2+ ion.
Environmental concerns are growing, since Cd ranks
among the most toxic metals, adversely affecting the
biological activity of soil, plant metabolism, human
health, and the animal kingdom. An excess of cadmium
in plants is manifested by the twisting of leaves and
the appearance of brown spots on the leaf surface.
Another toxic element is lead. Its natural content
in the soil is closely linked to the composition of the
rock substrate. Lead is characterised by the lowest
mobility of all heavy metals. The highest Pb content in
the soil is noted in highly industrialised regions. Lead
can enter the body via two routes: the food chain and
inhalation of soil dust. It is a very dangerous metal that
has been shown to exert a negative effect on people,
animals and plants. An excess of lead reduces crop
yields and causes dark green or red patches on the leaf
surface. The soil lead content exceeding 500 mg/kg is
toxic. Characteristically, this heavy metal accumulates
in the human body, as it does not break down in the
environment. Doses of approximately 20 to 50 g are
known to be lethal [13, 17-19].
In their studies of the content of total and
bioavailable forms of selected elements (Cd, Cr, Ni, Cu,
Pb, Zn and Mn) in agricultural soils, Koncewicz-Baran
and Gondek [20] showed that the greatest proportion
of the soils under study naturally contained Ni, Cu and
Pb. Other soils were found to have an elevated content
of Cd and Zn. It has been repeatedly demonstrated that
mineral fertilisers contain heavy metals that lead to soil
contamination. The greatest contamination with heavy
metals is in phosphorus fertilizers, and less in calcium,
potassium and nitrogen fertilizers. The accumulation of
these elements in the fertiliser material depends mostly
on the technology used, and the material from which
fertilisers are produced.
In sustainable agriculture production, one method
for reducing the risk due to excessive amounts of heavy
metals in the soil involves the use of digestate for
fertilization. Digestate is a valuable organic fertiliser
enriching the soil with easily absorbed nutrients. It can
be used both in its liquid form, as a solid (granulated
material), and as compost [3, 22-29].
Digestate utilisation or application as a fertiliser
is regulated by Polish law. Annex 1 to the Act of 14
December 2012 on Waste [30] lists three methods of
digestate utilisation:
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–– Process R3 – composting and other biological
transformation processes.
–– Process R1 – use as a fuel or other means to generate
energy.
–– Process R10 – direct land treatment resulting in
benefit to agriculture or ecological improvement.
The chemical composition of digestate is similar
to that of natural fertilisers: manure, liquid manure
and slurry. Used for fertilisation purposes, digestate
can cover the mineral requirements of plants while
preventing the negative effects of overfertilisation with
mineral fertilisers. Furthermore, it shows a narrow
carbon-nitrogen (C:N) ratio, which entails more rapid
degradation in the soil [23, 31].
Digestate can be composted and processed
into granulated material obtained in the process of
dehydration followed by granulation and drying of dry
matter. Consequently, it is characterised by the highest
dry matter content, and high content of organic dry
matter (Table 2). Fresh digestate pulp is processed into
granulated material using waste heat generated by CHP
units in biogas plants [32, 33].
According to Kuppera et al. [34], products such as
compost and digestate obtained from organic residues
can also be a source of soil contamination. The authors
analysed solid composts and liquid digested products
to determine their content of heavy metals (Cd, Co, Cr,
Cu, Ni, Pb, and Zn), taking into account factors that
might have affected their concentrations, including the
type of processing, composition, origin, particle size
and content of contaminants in the starting materials,
season of material collection or degree of organic
matter degradation. They found that the mean content
of heavy metals in the composts was 60% or less of
the maximum permitted thresholds. The content of
Cd, Co, Pb and Zn was 20% to 50% lower in solid
digested products, but the values determined for Cr, Cu
and Ni were similar. For the majority of the elements,
liquid digested products showed mean concentrations
that were approximately twice as high as the values
measured in the compost. However, statistical analyses
failed to identify any clear links between the evaluated
factors and the heavy metal content.

Table 2. Dry matter and organic dry matter content of digestate
[%].
Product

Dry matter
content

Organic dry
matter content

Digestate

5

79

Solid fraction

20

87

Liquid fraction

30

76

Digestate compost

33

78

Digestate granules

95

79

Source: own study based on Kowalczyk-Juśko, Szymańska.,
2015
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Table 3. Nitrogen, phosphorus and potassium content in soil used in the experiment and pH .
Content in soil
Treatment

pH

N
g∙kg–1

P
mg∙kg–1

K
mg∙kg–1

0

4,65

0,84

42,79

41,50

NPK

4,62

1,04

49,21

67,77

CaNPK

6,03

1,11

60,87

60,94

Source: own study

In another study, Pilarska et al. [31] assessed
the content of heavy metals (Cd, Cu, Ni, Pb, Zn, Hg)
in digested pulp and composts produced from it. Based
on their analyses of organic materials, the authors
showed no significant differences in the content of the
elements, except for the pulp and compost obtained
from sewage sludge, where the content of Zn was
found to be about twice as high as in the other
fertilisers.
In light of the above considerations, the aim of this
study was to analyse the content of selected heavy
metals (Fe, Zn, Mn, Pb, Cd, Ni and Cu) in soils fertilised
with mineral fertilisers, digestate, and digestate-based
granulated materials. The content of the elements was
compared to non-fertilised treatments.

Experimental
Our study was conducted in the experimental station
of the Faculty of Agriculture and Biology, Warsaw
University of Life Sciences (SGGW), in Skierniewice
in 2016-2017. Digestates were produced in two digesters
with a volume of 147 dm3 each. In the first digester, the
substrates were maize silage and distillers’ solubles.
The resulting digestate was designated as MPF1. In
the second digester, a mixture containing maize silage
and pig slurry was used. The digestate thus produced
was designated as MPF2. In both cases of methane
fermentation, the proportions were adjusted so that the
dry matter content of the substrate was approximately
12%. The resulting digestates were dried to achieve a
dry matter content of approximately 85%, and then
subjected to granulation to obtain granulated materials:
GCF1 (from digestate MPF1) and GCF2 (from digestate
MPF2).
Soil for the pot experiment was collected from longterm fertilisation experiments conducted in the Faculty
Experimental Station of SGGW. It was fortified with
inorganic nutrients as follows:
–– 0 – non-fertilised and non-lime-treated soil.
–– NPK – soil fertilised with nitrogen, phosphorus and
potassium.
–– CaNPK – lime-treated soil fertilised with nitrogen,
phosphorus and potassium.
The physicochemical properties of the soil samples
used in the experiments are listed in Table 3.

Nutrients sources were:
–– N as ammonium nitrate at a dose of 90 kg N∙ha-1.
–– P as triple superphosphate – 26 kg P∙ha-1.
–– K as highly concentrated potassium salt –
91 kg K∙ha-1.
–– Mg and Ca as magnesium and calcium fertiliser in
the amount of 1.14 kg Mg + Ca∙ha-1.
The experiment was conducted in an SGGW
greenhouse. The plant tested was winter oilseed rape,
Sherlock variety, treated with Cruiser 70 WS herbicide.
The digestate products investigated, namely MPF1,
MPF2, GCF1, GCF2, were applied at doses equivalent
to 170 kg N∙ha–1. Controls consisted of corresponding
non-fertilized digestate products.
Soil samples were collected from each pot and
sieved through a 2-mm mesh screen. The contents of
Fe, Zn, Mn, Pb, Cd, Ni and Cu in air-dried soil samples
were determined by the ASA method in 1 mol.dm-3 HCl
extract. The results obtained were subjected to oneway ANOVA variance analysis, and the separation into
homogeneous groups was performed with Tukey’s test
at a significance level of p<0.05. Statistical analyses
were conducted with the Statistica 10.0 package.

Results and discussion
The study results are presented in Tables 4-10.
The study showed significantly lower differences
(p<0.05) between the content of Zn in control (nonfertilised) versus CaNPK (fertilised and limetreated) soil that received the digestate product MPF1
(Table 4). In this treatment, CaNPK caused about a 20%

Table 4. Content of zinc (Zn) in 0, NPK and CaNPK treatments
fertilized with post-fermentation products (MPF1, MPF2, GCF1,
GCF2) and control [mg·kg-1].
Treatment

MPF1 MPF2

GCF1

GCF2

Control

0

a

6,07

b

6,85

b

7,06

b

7,04

6,69b

NPK

7,91

7,82

8,20

7,74

7,08

CaNPK

6,55a

7,96bc

7,88bc

7,84b

8,07c

a, b, c = p<0,05
Source: own study
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decrease in Zn compared to the level of the element
in the controls. In contrast, soil amendment with NPK
fertilizer did not cause significant differences in Zn
recovery in soil compared to that in controls. However,
in some cases higher Zn levels were found than in the
0 and CaNPK. The lowest Zn content (7.08 mg·kg-1)
was noted in the control soil sample (non-fertilised
with mineral fertilisers or digestate), while the highest
content (8.20 mg·kg-1) was measured in the soil fertilised
with the GCF1granulated material.
Łagocka et al. [224] studied the content of zinc
in digestates obtained from agri-food products. The
main factor determining digestate composition was
the substrate used for biogas production. The studies
yielded values of from 1.4 mg·kg-1 to 15.1 mg·kg-1 Zn
depending on the charge used.
The content of copper in all the fertilization
treatments differed in a statistically significant manner
(p<0.05) (Table 5). In treatment 0, control treatment
(0), the highest values of Cu were observed in the soil
with added granulate from the second digester (GCF2),
and in the control soil. NPK fertilisation triggered
an increase in the Cu content in the soils studied,
which was particularly marked in the treatment
with added GCF2 (2.64 mg·kg-1). In contrast, in the
CaNPK treatment, markedly higher concentrations were
found in the soils treated with fresh digestate (MPF2
and MPF1), while the lowest values were found in
the soils with added granulated materials (GCF1 and
GFC2).
An analysis of manganese content in the soils
showed a significant increase in the amount of this
element (p<0.05) in treatment 0 after the application
of the granulated materials GCF1 and GCF2 (Table 6).
In the control soil, without added mineral fertilisers
or digestate (either fresh or granulated), the content
of Mn was only 52.70 mg·kg-1. Higher amounts of this
element were found in the treatment NPK with added
fresh digestate (on average 70 mg Mn·kg-1). In turn,
lime-treatment and fertilisation (CaNPK) led to an
increase in the content of manganese in the soil, as
evidenced by the amount of Mn in the control soil (over
75 mg·kg-1). However, the addition of digestate resulted
in a statistically significant decrease in the Mn content
in the soils treated with MPF1 – by approximately 9%,
GCF1 – 7%, and MPF2 – 4%.

Digestate treatment in treatment 0, especially in
the form of granulated materials, caused a statistically
significant (p<0.05) increase of iron content in the
soil (Table 7). In the remaining treatments (NPK and
CaNPK), the results obtained were quite varied. In the
NPK treatment, statistically significantly the highest
Fe content (p<0.05), amounting to 358.21 mg·kg-1,
was found in the soil with added digestate from the
second digester (MPF2). In contrast, in the limetreated and fertilised soil (CaNPK), the highest iron
content was found in the soil without added digestate
(351.20 mg·kg-1).
Borek et al. [35] studied the effect of four digestate
materials based on different organic substrates on the
content of heavy metals (Zn, Cu, Fe, Mn) in the soil.
The authors did not find any significant accumulation
of heavy metals after digestate application, so they
concluded that the digestate materials could be used
as a safe alternative to traditional fertilisers. Similarly,
Rajmund and Bożym [36], using sewage sludge
and composts produced from it, failed to detect any
significant differences in the total iron and manganese
content compared to the control group.
The content of nickel in treatment 0 was higher in
a statistically significant manner (p<0.05) in the soils
treated with the digestate compared to the control
soil (Table 8). In the NPK treatment, statistically the
lowest (p<0.05) content of Ni was detected in the soil
treated with the fresh digestate MPF2 (0.17 mg·kg-1).
The content of Ni in the MPF1-treated soil and the
control soil was higher than in the soil treated with
MPF2 by approximately 35% and 32%, respectively,
and in the soils treated with the granulated materials

Table 5. Content of copper (Cu) in 0, NPK and CaNPK treatments
fertilized with post-fermentation products (MPF1, MPF2, GCF1,
GCF2) and control [mg·kg-1].

Table 7. Content of iron (Fe) in 0, NPK and CaNPK treatments
fertilized with post-fermentation products (MPF1, MPF2, GCF1,
GCF2) and control [mg·kg-1].

Table 6. Content of manganese (Mn) in 0, NPK and CaNPK
treatments fertilized with post-fermentation products (MPF1,
MPF2, GCF1, GCF2) and control [mg·kg-1].
Treatment

MPF1

MPF2

GCF1

GCF2

Control

0

ab

56,17

56,21

61,22

b

60,27

52,70a

NPK

69,96b

71,1b

62,40a

58,18a

59,84a

CaNPK

69,21a

72,94c

70,68b

74,86d

75,86d

ab

b

a, b, c = p<0,05
Source: own study

Treatment

MPF1

MPF2

GCF1

GCF2

Control

Treatment

MPF1

MPF2

GCF1

0

1,58

1,39

1,64

2,39

2,59

0

299,99

301,65

304,72

NPK

2,34ab

2,15a

2,41ab

2,64b

2,32a

NPK

302,16a 358,21c 312,65b 307,04b 308,99b

CaNPK

2,43c

2,91d

1,42a

1,49a

1,77b

CaNPK

302,16ab 307,09b 290,74a 308,55b 351,20c

ab

a, b, c = p<0,05
Source: own study

a

b

c

d

ab

a, b, c = p<0,05
Source: own study

b

GCF2
b

Control

304,51

b

295,7a
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Table 8. Content nickel (Ni) in 0, NPK and CaNPK treatments
fertilized with post-fermentation products (MPF1, MPF2, GCF1,
GCF2) and control [mg·kg-1].

Table 10. Content of lead (Pb) in 0, NPK and CaNPK treatments
fertilized with post-fermentation products (MPF1, MPF2, GCF1,
GCF2) and control [mg·kg-1].

Treatment

MPF1

MPF2

GCF1

GCF2

Control

Treatment

MPF1

MPF2

GCF1

GCF2

Control

0

0,28

0,25

0,28

0,27

0,22

0

8,31

8,36

9,21

8,71

7,83a

NPK

0,26d

0,17a

0,22bc

0,21b

0,25cd

NPK

8,93

8,67

8,66

8,32

8,88

CaNPK

0,54c

0,57c

0,49ab

0,52cd

0,46a

CaNPK

8,76ab

9,05b

8,32a

9,01b

9,70c

b

b

b

b

a

a, b, c = p<0,05
Source: own study

ab

c

bc

a, b, c = p<0,05
Source: own study

by approximately 23% and 19%, respectively. Markedly
higher amounts of this element were detected in the
NPK-fertilised and lime-treated (CaNPK) treatments.
Statistically the highest (p<0.05) content of Ni was
determined in the soil treated with the fresh digestates
(MPF2 and MPF1) and granulated material (GCF2).
In the control soil, the content of Ni increased by
approximately 52% and 46% compared to the treatments
0 and NPK, respectively.
Alongside lead and mercury, cadmium is a heavy
metal proven to have the most toxic effect on animals
and humans. It has been linked to multiple severe
disorders [37, 38]. Therefore, it is very important that
digestate-based fertilisation does not lead to high
increases in Cd content in the soil. In treatment 0 (nonfertilised and non-lime-treated), the application of the
digestate statistically significantly (p<0.05) contributed
to an increase in the content of cadmium by 13-27%,
compared to the control soil (Table 9). No statistical
differences were found in the NPK and CaNPK
treatments. However, mineral fertilisation (NPK) with
added digestate, particularly in the granulated form,
resulted in a more than two-fold increase in the Cd
content in the studied soils, compared to treatment 0.
In contrast, the amount of cadmium in the CaNPK
treatment was radically decreased, ranging from 0.11 to
0.15 mg·kg-1.
An analysis of lead content in the soil showed
statistically significant differences (p<0.05) in two
treatments: 0 and CaNPK (Table 10). In treatment
0, non-fertilised with mineral fertilisers, the highest
lead content was measured in the soils where the
granulated materials (GCF1 and GCF2) were applied,

Table 9. Content of cadmium (Cd) in 0, NPK and CaNPK
treatments fertilized with post-fermentation products (MPF1,
MPF2, GCF1, GCF2) and control [mg·kg-1].
Treatment

MPF1

MPF2

GCF1

GCF2

Control

0

b

0,28

b

0,25

b

0,28

b

0,27

0,22a

NPK

0,63

0,63

0,76

0,76

0,66

CaNPK

0,14

0,15

0,11

0,12

0,13

a, b, c = p<0,05
Source: own study

ab

and it was the lowest in the control soil. In contrast, in
the CaNPK treatment, the highest amount of Pb was
detected in the control soil, and it was lower in the soil
with added fresh digestate and granulated digestate
material from the second digester (MPF2 and GCF2).
In the soil treated with fresh digestate and granulated
digestate material from the first fermenter (MPF1 and
GCF1), the amount of this element did not exceed
8.80 mg·kg-1.
Other studies [3] evaluating digestate-based compost
did not show that the heavy metal content in soils
exceeded maximum permitted limits. A statistically
significantly lower content of assimilable forms of
metals (Ni, Pb and Fe) was found in the fertilised (NPK)
and lime-treated (CaNPK) treatments, with added
compost (except for compost obtained in the process of
methane fermentation of maize silage combined with
distillers’ solubles at a dose equivalent to 85 kg N/ha),
and Zn and Ni in the soil with no mineral fertilisation.
In the NPK treatment, there was a significant decrease
in the content of the majority of studied metals, with the
exception of Cu.

Conclusions
The experiments performed in the study showed
that the maximum permitted limits set out in the
Regulation of the Minister of the Environment of
1 September 2016 on the method of conducting
assessment of soil surface contamination were not
exceeded in any of the treatments. The use of the
digestate as a fertiliser brings considerable benefits
in agricultural production, and has the potential to
reduce the harmful effects of mineral fertilisation.
Since methane fermentation products did not result in
the accumulation of metals in the soil, the digestate
– both fresh and processed into granulated material –
can be safely used for soil fertilisation. In many cases,
it had a statistically significant effect on reducing their
soil content compared to the control sample.
Consequently, the study found that the application of
the digestate did not contaminate the soil environment
and the plant world with heavy metals, and hence
contributed to the maintenance of human and animal
health.
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