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Abstract
Purpose An experiment was conducted to evaluate the potential use of a combination of food waste compost with sorbents 
as immobilizing agents to aid the phytostabilization of Ni-contaminated soil, using Lolium perenne L. (L. perenne).
Methods The content of Ni in plants, i.e. total and extracted by 0.01 M  CaCl2, was determined using the spectrophotometry 
method. Tests for the phytotoxicity of food waste compost were carried out using  Phytotoxkit™ tests.
Results The compost phytotoxicity tests showed that the growth of the roots of L. perenne was slightly stimulated for a 
compost concentration of 25%, showing the positive impact of this material on plant growth. The biomass of L. perenne in 
particular organs, Ni content and the properties of soil depended on the dose of a Ni contaminant and the type of mineral 
and organic mixture incorporated into the soil.
Conclusions Ni accumulated predominantly in the roots of the L. perenne. The greatest increase pH was observed after com-
post with chalcedonite mixture was added to the soil. The application of mineral and organic mixture, containing compost 
from food wastes and chalcedonite as a soil amendment, tended to reduce the soil total and mobile fraction of Ni more in 
comparison to the un-amended soil.

Graphical Abstract

Keywords Aided phytostabilization · Nickel contaminated soil · Food waste compost · Sorbents

 * Maja Radziemska 
 maja_radziemska@sggw.pl

Extended author information available on the last page of the article

http://orcid.org/0000-0002-3526-5944
http://orcid.org/0000-0002-2384-6207
http://crossmark.crossref.org/dialog/?doi=10.1007/s12649-017-0166-9&domain=pdf


1586 Waste and Biomass Valorization (2019) 10:1585–1595

1 3

Statement of novelty

Problems concerning food waste management and disposal 
worldwide are currently among the most difficult and most 
topical issues in the organized waste management system. 
Apart from the least appropriate placing of food waste 
in landfills, the methods for disposal/recycling of food 
waste are the production of animal feed and composting. 
It is considered that the compost may be recycled for the 
removal of heavy metals from contaminated soils through 
the use of organic acids, microorganisms and nutrients 
found in composts. In this manuscript, we show that the 
mixture of compost from food waste and mineral sorbents 
(chalcedonite, halloysite), are a promising amendments 
for co-remediation methods of nickel contaminated soils. 
These novel soil amendments could be used for enhanced 
phytostabilization methods.

Introduction

Problems concerning food waste (FW) management and 
disposal worldwide are currently among the most diffi-
cult and most topical issues in the organized waste man-
agement system (WMS). The currently functioning food 
systems are very inefficient; for example, it is estimated 
that as much as half of the produced foods is wasted [1]. 
Another major problem is the removal of excess FW pro-
duced in urban areas [2]. In conclusion, over 40% of foods 
produced use a large amount of energy and valuable land 
and aquatic resources consequently become waste [3]. 
Significant and ever-increasing amounts of FW on a large 
scale are disposed of by placing this waste in landfills. 
Since a very important issue is the control of the exces-
sive deposition of FW, increasing emphasis is being placed 
on improving recycling and disposal methods and on the 
searching for new ways of their efficient use.

FW are classified as organic wastes originating from 
various sources, e.g. from households, cafés or restaurants. 
It should be stressed that the incineration or deposition of 
FW are not economical methods, primarily due to the high 
water and organic substance content of these materials [4]. 
Apart from the least appropriate placing of FW in landfills, 
the methods for disposal/recycling of FW are the produc-
tion of animal feed and composting [5].

Composting is an environmentally friendly, biochemical 
and natural method which requires a minimum external 
energy source [6–9]. There are several factors affecting the 
maturation of composting, including feed mixtures C:N 
ratio, aeration, moisture content, temperature, pH, land 
requirement, etc. Bioreactor composting systems have a 

big advantage over traditional/windrow composting sys-
tems: they require less space and ensure better control than 
windrow systems do. They are also are very efficient and 
ensure appropriate conditions for the complete decomposi-
tion of organic substances [10–13].

Composting in bioreactors converts the FW (organic 
waste) into a stable humus-like material that can be used as 
an organic fertilizer, soil stabilizer, soil amendment and pro-
moter of crop growth [14–16]. Nevertheless, it is considered 
that the compost may be recycled for the removal of heavy 
metals from contaminated soils through the use of organic 
acids, microorganisms and nutrients found in composts.

Soil, as the top layer of the lithosphere, is the first recipi-
ent of all kinds of contaminants generated during anthropo-
genic activities [17–19]. The heavy metal content of the soil 
is stable and irreversible, which means that heavy metals are 
not decomposed (including biologically) [20], as is the case 
with most organic contaminants, which need to be either 
chemically/biologically immobilized or physically removed 
from the soil [21]. In order to eliminate heavy metals from 
contaminated soils, many remediation and ex-situ recovery 
methods are employed, including excavation, soil washing, 
and phytoremediation [22]. However, most conventional 
technologies used for remediation are expensive, greatly 
interfere with the other natural environment components 
and take a long time [23].

Environmentally friendly methods include phytostabiliza-
tion, which is aimed at counteracting wind and water ero-
sion as well as improving the physical properties of soils, 
and phytosanitary isolation of an area. Phytostabilization 
involves the use of plants to immobilize contaminants in the 
soil and to reduce their availability in the natural environ-
ment. The characteristic feature of xenobiotic immobiliza-
tion is that it can take place as a result of metal absorption 
and accumulation in plant roots, adsorption on the surface 
of the roots or precipitation in the rhizosphere zone. Litera-
ture [24, 25] reports Lolium perenne L. to be a suitable spe-
cies for the revegetation of metal-contaminated soils from 
metallurgical sites, mine tailings, and metalliferous wastes. 
Moreover, Smith and Bradshaw [26] defined this species 
as a facultative metallophyte, this plant produces high dry 
matter yields and well accumulates metals [27]. Addition-
ally, Arienzo et al. [28] showed that a healthy vegetative 
cover using L. perenne could be installed on metal-polluted 
soils. Phytostabilization may be supported using a variety 
of additives, including composts and mineral sorbents [29]. 
Previous studies [30–33] have shown that individual materi-
als used as additives aid phytostabilization. In this article, 
the authors recognized the impact of new amendments in 
the form of mineral and organic mixture on the process of 
aided phytostabilization in a soil artificially contaminated 
with Ni, enabling their use under in-situ conditions. The 
objectives of the present study were (i) to observe changes 
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in the physico-chemical properties of the tested soil (ii) to 
compare the effectiveness of various soil mixtures of addi-
tives on various chemical properties of the plant–soil system.

Materials and Methods

Characterization of Soil and Composts

The soil used in the experiment was characterized by the fol-
lowing physico-chemical properties: grain-size distribution: 
fractions 2.0–0.05 mm 86.6 (%); fractions 0.05–0.002 mm 
11.2 (%), fractions 0.002 mm 2.2 (%); pH 5.81; electrical 
conductivity (µS/cm) 87.21; hydrolytic acidity (mmol/kg) 
31.21; sum of exchangeable bases,  Ca2+,  Mg2+,  K+,  Na+ 
(mmol/kg) 61.10; cation exchange capacity (mmol/kg) 
94.20; base saturation (%) 65.20; total nitrogen (g/kg) 0.98; 
organic carbon (g.kg) 6.42; ammonia (mg/kg) 20.32; nitrate 
(V) (mg/kg) 2.01; extractable phosphorous (mg/kg) 43.20; 
extractable potassium (mg/kg) 8.72; extractable magnesium 
(mg/kg) 31.2; and Cu (mg/kg) 8.20.

According to our previous experiences the compost used 
in the experiment was prepared from 80% w/w of food waste 
and 20% w/w of wood pellets with a length of up to 40 mm 
and a diameter of 8 mm. Moreover, wood chips were used 
in order to raise the C:N ratio, because the compost emits 
an unpleasant odor if the C:N ratio is not in the appropri-
ate range. Wood pellets were used as a bulking agent and 
carbon source in the production of the compost. The wood 
pellets were characterized by the content as specified by the 
supplier: C—50.1%; N—0.1%; with C:N ratio of—500:1; 
dry matter content—91.5%; bulk density—650 kg/m3; ash 
content < 0.7%. According to the scientific literature the 
C/N ratio is important for several aspects of composting but 
is particularly crucial for the development of microorgan-
isms during composting because it provides the carbon and 
nitrogen source required for growth [34, 35]. The results of 
compost analysis are presented in Table 1.

Experimental Set‑Up

The greenhouse experiment was carried out in 5.0 kg poly-
ethylene (PE) pots containing soil contaminated with Ni, 
amended with the combination compost with mineral-based 
amendments (chalcedonite, halloysite) and vegetated with L. 
perenne plants. The pots were maintained under natural day/
night conditions; during the day (14 h), the air temperature 
was 26 ± 3 °C and ∼ 10° lower (16 ± 2 °C) at night (10 h), 
with a relative humidity of 75 ± 5%. Simulated soil contami-
nation with Ni (in the form of chemically pure aqueous solu-
tions  NiSO4·7H2O) was introduced in the following doses 
(mg/kg of soil): 0 (control), 150, 250, 350. The soil used in 
this study was sampled from a non-Ni-enriched site in an 

agricultural area from the sub-soil found in the layer between 
10 and 30 cm below the surface. Stones, sticks and roots 
were manually removed. The soil texture was dominated by 
2.0–0.05 mm (85%), 0.05–0.002 mm (15%), and 0.002 mm 
(1.8%) fractions. The soil was acidic (pH 5.6), contained 
8.04 (g/kg) total organic carbon and was found to have a 
hydrolytic acidity of 34.21 (mmol/kg), sum of exchange-
able bases  (Ca2+,  Mg2+,  K+,  Na+)—60.12 (mmol/kg), total 
nitrogen—1.02 (g/kg), organic carbon—7.32 (g/kg), extract-
able phosphorous (mg/kg)—30.12, extractable potassium 
(mg/kg)—7.32, extractable magnesium (mg/kg)—28.04, 
nickel—5.11 (mg/kg). Mineral-based amendments, i.e. chal-
cedonite and halloysite 3% (v/v) and compost 1% (v/v) were 
mixed in with the soil. Soils without Ni, and amendments 
(0.0%) were designated as the control. Basal fertilization 
with a macro- and micronutrient fertilizer mixture (200 mg 
per pot) containing: N—26%,  P2O5—12%,  K2O—26%, 
B—0.013%, Cu—0.025%, Fe—0.05% and Mn—0.025% 
was applied to all pots. L. perenne (cv. Bokser) seeds, each 
weighing 5 g, were sown in the pots, germinating 6 days 
later. The plants were watered every other day with distilled 
water to 60% of the maximum water holding capacity of the 
soil by adding deionized water. The plants were harvested 
after 40 days and the soil was then collected. Plants were 
separated into shoots and roots. The rhizosphere soil tightly 
adhering to the roots was collected by brushing off, then 
air-dried and sifted through 2-mm sieves for determining Ni.

Phytotoxicity Study of Compost

The aim of the experiment carried out using the germina-
tion test and an early plant growth test  Phytotoxkit™ [36] 
was to determine whether the addition of halloysite to soil 
polluted with Cu would have an influence on the develop-
ment of the test plants. This test was based on measuring the 
germination and early growth ability of L. perenne roots in 
the analysed sample in comparison to the values obtained for 
a reference soil containing 85% sand, 10% kaolin, 5% peat, 
at pH 6.5–7.0 controlled with  CaCO3. The test plates were 

Table 1  Properties of the FW compost

Parameter Unit Value

Electrical conductivity mS/cm 7.88
Total organic carbon g/kg dry mass 330.8
Total nitrogen g/kg dry mass 14.12
C:N ratio 23.42
N–NH4 mg/kg dry mass 1031.3
N–NO3 mg/kg dry mass 299.3
Phosphorus g/kg dry mass 8.71
Potassium g/kg dry mass 11.17
Calcium g/kg dry mass 13.36
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placed vertically in a holder incubated at 25 °C for 3 days. At 
the end of incubation, a digital picture was captured for each 
of these test plates with the germinated plants. The assess-
ment covered 25, 50, and 100% concentrations of compost 
from food waste. The 25, 50, and 100% concentrations of 
compost from food waste have been chosen on the basis of 
authors previous experiments [37, 38]. Measurements were 
taken in three repetitions for each amount of sorbent. The 
measurement of the length of the root for the Phytotoxkit test 
was carried out using Image Tool 3.0 software for Windows 
(UTHSCSA, San Antonio, TX, USA). The percentage of 
root growth inhibition (RI) was calculated with Formula (1)

where A is the mean root length in the control soil and B is 
the mean root length in the test.

Chemical Analysis of Plant Material

Before analysis, the plants were powdered using an analyti-
cal mill (Retsch type ZM300, Hann, Germany) and kept at 
ambient temperature in clean containers prior to chemical 
analyses. The roots and shoots were oven-dried at 55 °C to 
a stable weight and the dry biomass was recorded. A rep-
resentative subsample (0.200 g) was digested in nitric acid 
 (HNO3 p.a.) with a concentration of 1.40 g/cm and 30% 
 H2O2 using a microwave oven (Milestone Start D, Italy). 
After filtration, the digestion products were adjusted to 
100 mL volume with Milli-Q water (18.2 MΩ, Milli-Q Ele-
ment A10 purification system, Millipore, Billerica, MA, 
USA). Extracts were analysed for HMs concentrations 
determined by the Atomic Absorption Spectrometry (AAS) 
method using an iCE-3000 spectrophotometer (Thermo Sci-
entific, USA).

Laboratory equipment was acid-washed (20%  HNO3) and 
rinsed with deionized water. All reagents were of analyti-
cal reagent grade unless otherwise stated. Each sample was 
processed in triplicate.

Soil Analytical Methods

The physicochemical properties of the soil were analysed 
before setting up the experiment as follows: soil pH with 
a glass electrode was analysed in a 1:5 soil/water suspen-
sion using a pH meter (Model pH/LF 12, Schott, Germany); 
organic matter content measured by Tiurin’s method after 
hot digestion of soil samples with  K2Cr2O7 and  H2SO4 in the 
presence of  Ag2SO4 as a catalyst and the titration of  K2Cr2O7 
excess with  FeSO4/(NH4)2SO4·6H2O [39]; hydrolytic acidity 
(HAC) by Kappen’s method, the soil samples were treated 
with 0.5 M/dm3 Ca-acetate solution adjusted to pH 8.2 
in the ratio of 1:2.5 [40]; total exchangeable bases (TEB-
K+,  Na+,Ca2+, and  Mg2+) by Kappen’s method through 

(1)RI = A − B/A × 100

determining individual cations after extraction from the soil 
with  CH3COONH4 [40]; cation exchange capacity (CEC) 
from the formula: CEC = HAC + TEB; percentage base satu-
ration (V) from the formula: BS = 100.TEB/CEC−1; total N 
measured by the Kjeldahl method [41]; phosphorus (P) and 
potassium (K) content—Egner–Riehm method [42]; magne-
sium (Mg) content—atomic absorption spectrometry method 
following extraction using the Schachtschabel method [43].

Upon completing the experiment, for the determination 
of the trace element content in soil samples, 0.5 g of sieved 
soil were mineralized into a solution using a microwave oven 
(Milestone Start D, Italy) with a mixture of concentrated 
(69–71%)  HNO3 and concentrated (37%) HCl (9:3 mL), 
in a partial digestion procedure equivalent to the USEPA 
Method 3051 A [44]. Certified reference material (Sigma 
Aldrich Chemie GmbH, No. SQC001, St. Louis, Missouri, 
MO, USA) was used for analyses. The exchangeable soil 
metal fractions were determined using 0.01 M  CaCl2 (1:10 
soil-extractant ratio) after agitation for 2 h at 20 °C. The 
extract was separated from the solid residue by centrifuga-
tion for 15 min [45].

Statistical Analysis

The data were analysed using Statistica software (ver-
sion 10.0, San Diego, CA, USA). Significant differences 
(p < 0.05) between the mean values of different treatments 
were compared and evaluated using Duncan’s multiple range 
tests.

Results and Discussion

Phytotoxicity Evaluation of Compost

Ripe compost with no phytotoxins may be regarded as a 
source of nutrients improving physico-chemical and struc-
tural properties of the soil and accelerating germination [46]. 
Unripe composts with a high phytotoxicity value may lead 
to the inhibition of seed germination, destruction of roots, 
suppression of plant growth and damage to plants due to 
a high phytotoxin content [47]. Despite a wealth of study 
on composting, only few if any studies have attempted to 
determine toxicity of food waste compost. Mu et al. [48] 
conducted a test on plant-growth in order to examine how 
nutrients in compost from food waste were able to grow veg-
etables and what the quality was for vegetables grown with 
this compost. However, they did not provide the phytotoxic-
ity test of the compost. An assessment of the phytotoxicity 
degree of compost from food waste is necessary to obtain 
high quality compost. At the end of a 3-day toxicity bioassay 
test (Fig. 1) using  Phytotoxkit™, the root lengths of plants 
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(L. perenne) for all compost concentrations, i.e. 25, 50, and 
100%, were measured.

Figure 2 presents the lengths of the roots at a compost 
concentration of 25% for three replications (A–C). This 
concentration has a slightly stimulating effect on the root 
growth of the seeds (L. perenne) and the length of the roots 
at a concentration of 25% achieved the highest values (of all 
tested concentrations). The average length of the roots was 
30.02 mm, while the average value for the longest root (of 
three replications) amounted to 42.33 mm.

Subsequently, samples with a compost concentration of 
50% were subjected to an analysis. Figure 3 presents the 
lengths of the roots (L. perenne) at a compost concentration 
of 50% for all three replications. At a compost concentration 
of 50%, the lengths of the roots had much lower values com-
pared to the length of the roots at a compost concentration 
of 25%. The average length of the roots was 14.38 mm and 
reached the average value for the longest root (26.67 mm).

The toxicity symptoms become severe with an increased 
dose of compost. Figure 4 presents the results and the 
average lengths of the roots at a compost concentration of 

Fig. 1  Phytotoxicity test set up

Fig. 2  The lengths of the roots (L. perenne) at a compost concentra-
tion of 25%

Fig. 3  The lengths of the roots (L. perenne) at compost concentration 
of 50%

Fig. 4  The lengths of the roots (L. perenne) at compost concentration 
of 100%
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100%. Compared to the concentrations of 25 and 50%, it 
can be observed that this concentration had a strong inhibi-
tory effect on plants. The average length of the roots was 
0.98 mm.

Phytotoxicity is a measure of the delay or inhibition of 
seed germination, inhibition of plant growth or any adverse 
effect on plants caused by specific substances [49]. Thus, 
phytotoxicity bioassays can detect any substance capable of 
generating temporary or long-term stress on the germina-
tion capacity of seeds and roots growth [50]. For particular 
compost concentrations (25, 50, and 100%), the inhibition of 
the root growth was calculated. The results are presented in a 
graphical form in Fig. 5. A slightly stimulating effect on the 
growth of the roots can be noted at compost concentration of 
25%, which amounted to—5.79%, while the other concentra-
tions had an inhibitory effect on the growth of the roots and 
reached values of 49.33% for a compost concentration of 
50%, and 92.45% for a compost concentration of 100%. The 
inhibitory effect on the growth of the roots increased with 
an increase in compost concentration.

Germination inhibitory substances are eliminated during 
composting. In general, the decrease in phytotoxicity during 
composting results from the degradation of phytotoxic sub-
stances by microorganisms [51]. The present study showed 

that the growth of the roots of L. perenne was slightly stim-
ulated for a compost concentration of 25%, indicating the 
positive impact of this material on plant growth.

Biomass of L. perenne After Application of Compost 
with Sorbents

Since areas degraded and contaminated with heavy metals 
usually exhibit adverse conditions for the growth of plants, 
the application of various types of soil additives results in a 
stable and positive effect on plant growth and development 
[25]. The mineral and organic mixtures used in the experi-
ment as additives supporting phytostabilization processes 
had a significant impact on the yield of above-ground parts 
of L. perenne. The toxic effect of Ni on plants is primarily 
largely determined by the plant species and its surplus is 
manifested by chlorosis (damage to the roots), which con-
sequently limits the uptake and transport of nutrients to the 
above-ground parts of plants and the inhibition of photosyn-
thesis and transpiration [52]. In the conducted experiment, 
no visible toxicity symptoms were observed in the test plant 
from the objects in which immobilizing additives had been 
applied. Plant biomass (dry mass) was measured at the end 
of the experiment and is shown in Fig. 6. The above-ground 
parts of the tested plant grown in soil without the addition 
of the amendments were characterized by high sensitivity to 
soil contamination with Ni. In the pot, to which the highest 
dose of Ni was applied (350 mg/kg of soil), a significant 
decrease (46%) in plant yield occurred compared to the con-
trol series. The authors’ own research [53–55] shows that 
increased Ni contents in a soil environment influence the 
reduction of the crop yield of plants, e.g. Triticum aestivum 
L., Halimione portulacoides, Zea mays L.

According to the results of the present study, for the 
greatest doses of Ni contamination (240 and 350 mg/kg), a 
mixture of compost and halloysite (+ 52%) turned out to be 
the most successful, resulting in increased crop yields of L. 
perenne compared to the control group (without immobiliz-
ing additives). These results indicate that the addition of the Fig. 5  Inhibition of the root growth at various compost concentrations

Fig. 6  Effect of Ni, compost 
and sorbent mixture on the 
aerial biomass of L. perenne 
in grams of fresh mass per pot. 
Error bars are ± standard error 
(n = 3). Bars marked with differ-
ent letters differ significantly for 
the same Ni exposure (p < 0.05) 
according to the Duncan test
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mineral and organic mixture stimulates plant growth and 
affects the phytostabilization process. In other experiment 
carried out by [25], the introduction of both chalcedonite as 
well as halloysite to soil, which had been contaminated with 
nickel caused an increase in the yield of the tested plants.

Effects of Amendments on Ni Concentration in L. 
perenne Organs

Nickel is an element with high mobility in the natural envi-
ronment. The literature data confirm the correlation between 
the total amount of nickel in the soil and its concentration 
in plants [56]. This element is absorbed by hydrated alu-
minium and iron oxides, organic substances and clay mate-
rials, which contributes to its accumulation in the soil. The 
adverse effect of an excess Ni content of the soil on crop 
productivity and chemical composition of plants may be 
reduced by soil liming and fertilization with waste organic 
substances [57]. In the present study, the concentration of 
Ni in the roots and above-ground parts of L. perenne was 
closely correlated with the applied dose of Ni and mixtures 
of amendments (chalcedonite/compost, halloysite/compost) 
introduced into the soil. As shown in Fig. 7, the accumula-
tion of Cr was much higher in roots than in shoots. In the 
control, Ni concentrations (in mg.kg−1 dry weight) varied 
between 5.94 and 12.49 in the shoots and between 12.49 and 
205.42 in the roots.

It should be stressed that the uptake of metal from the 
soil into the roots is dependent on the bioavailability of 
the metal, as well as its mobility in the rhizosphere [58]. 
Compared with the control treatment, the mixture of com-
post from food waste and halloysite treatments significantly 
increased Ni concentration in plant roots as compared to pots 
in which additives had not been added. In another experi-
ment conducted by Radziemska et al. [25, 29], the applica-
tion of an immobilizing additive in the form of chalcedonite 

and halloysite caused significant increases in heavy metal 
concentrations in the roots of rye grass.

Effects of Amendments on Soil Chemical Properties

One of the main parameters affecting the successive course 
of phytostabilization processes is the maintenance of an 
optimum pH value in order to decrease the bioavailability 
of heavy metals. Both mineral and organic mixtures used in 
the experiment significantly increased the pH value of the 
soil (Fig. 8).

In the series lacking amendments, increasing doses of Ni 
contamination caused a successive increase in the soil pH. 
The greatest increase in pH was observed after compost with 
a chalcedonite mixture had been added to the soil. Gener-
ally, mineral amendment increases soil pH and favours the 
formation of oxides and metal carbonate precipitates, which 
decrease metal solubility [29]. In addition, plant roots can 
alter local soil pH through various rhizospheric processes 

Fig. 7  Ni concentration (mg/kg, dry weight basis) in the above-
ground part (a) and roots (b) of L. perenne at the end of the experi-
ment. Error bars are ± standard error (n = 3). Bars marked with dif-

ferent letters differ significantly for the same Ni exposure (p < 0.05) 
according to the Duncan test

Fig. 8  Results of soil pH obtained for the tested amendment; (mean 
SD, n = 3). Values in columns marked with the same letter do not dif-
fer significantly (Duncan’s test, p > 0.05)
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such as assimilation, production of anions/cations and the 
release of organic acids [59]. Other authors [60–62] applied 
mineral sorbents to soils contaminated with heavy metals 
and reported a significant increase in the soil pH values. As 
regards the use of organic additives, similar results were 
obtained by Montiel-Rozas et al. [63], in which biosolid 
compost was used to immobilize heavy metals. This addi-
tive decreased the pH value of the soil by more than 1 U.

In order to immobilize heavy metals in soils, treatments 
based on the modification of the pH value of the soil as well 
as an increase in the sorption capacity of soils by the appli-
cation of organic matter, e.g. composts, mineral sorbents 
or materials rich in clay fractions, are commonly applied. 
Since composts enhance the physical, physicochemical 
(including sorptive) and biological characteristics of soils, 
and are a significant source of nutrients, the authors used 
this material as an additive to the immobilizing mixture. 
In the experiment, the authors presented the possibilities 
for supporting the processes of Ni immobilization in the 
soil using a mineral and organic mixture comprising chal-
cedonite and halloysite as well as food waste compost. As 
regards heavy metal migration in the soil and water environ-
ment, it is not their total contents that are particularly impor-
tant but the potentially mobile forms which may be avail-
able to plants and soil microorganisms, and/or may migrate 
down the soil profile to groundwater. The most important 
factors determining the mobility of heavy metals include 
the origin and chemical form, pH and sorption capacity, 
oxidation–reduction potential, and the formation of com-
plex bonds with organic matter. In the presented research, 
the total and  CaCl2-extractable Ni concentrations in soil 
depend on the dosage of soil contaminants and the type of 
amendments added (Fig. 9). Moreover, the concentration of 
 CaCl2-extractable Ni in treatments with amendments was 
significantly lower than the total content. This suggests that 
soils treated with the application of the tested mineral and 

organic mixtures exhibit a greater ability to desorb Ni from 
the soil than soil without additives. In this study, the appli-
cation of a mixture of compost from food waste and chalce-
donite led to a significant decrease in total Ni concentrations 
in soil compared to the control pots.

In another experiment conducted by Radziemska and 
Mazur [64], the addition of mineral amendments to soil 
contaminated with HMs caused a significant decrease of 
Ni in the soil. The application of amendments reduced 
 CaCl2-extractable content of Ni in soil, with the most 
significant reduction observed for mixture of compost 
from food waste and chalcedonite treatment. Compared 
with the control, treatment with this amendment reduced 
 CaCl2-extractable Ni content by 61%. An analogical situa-
tion was observed when adding a mixture of compost from 
food waste and halloysite, although its influence was weaker. 
Alvarenga et al. [65] found that the application of both com-
posts and liming materials led to a decrease in the level of 
mobile/effectively bioavailable fractions of heavy metals.

Conclusions

Composting FW in a vessel is a modern and necessary 
method for waste disposal and, at the same time, can be a 
solution to the problem of their excessive disposal in land-
fills. In recent years, an increasing emphasis has been placed 
on limiting the excessive inflow of FW and green waste to 
landfills, which certainly requires improved and accelerated 
methods enabling the transformation of these organic wastes 
into valuable products, such as e.g. soil amendment, which 
can be tackled through the proposed system. This study exe-
cuted a pilot-scale experiment using an in-vessel compost-
ing system, which converts organic waste into good quality 
compost, which with mineral sorbents, can be used as a soil 
amendment. It was confirmed that a mixture of FW compost 

Fig. 9  Total (a) and  CaCl2-extractable (b) Ni fractions in soil with the different soil treatments (mean SD, n = 3). Values in columns marked with 
the same letter do not differ significantly (Duncan’s test, p > 0.05)
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with mineral sorbents could be used to successfully phyto-
stabilize Ni-contaminated soil. The biomass of L. perenne in 
particular organs depended on the dose of the Ni contaminant 
and the type of mineral and organic mixture incorporated into 
the soil. In the conducted experiment, Ni accumulated pre-
dominantly in the roots of L. perenne. The greatest increase 
in pH was observed after compost with the chalcedonite 
mixture was added to the soil. The application of mineral 
and organic mixture containing compost from FW and chal-
cedonite as a soil amendment tended to reduce the soil total 
and mobile fraction of Ni more than the un-amended soil.

Open Access This article is distributed under the terms of the Creative 
Commons Attribution 4.0 International License (http://creativecom-
mons.org/licenses/by/4.0/), which permits unrestricted use, distribu-
tion, and reproduction in any medium, provided you give appropriate 
credit to the original author(s) and the source, provide a link to the 
Creative Commons license, and indicate if changes were made.
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