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Abstract

The paper presents the results of compost tests from home
composters and earthworms living there, that treating waste into
compost. The samples were taken from home composters and
allotment gardens from Opole Region. The composting material
was green waste. The total content of heavy metals (Cd, Pb,
Cu, Zn, Ni Cr) in compost and compost earthworms’ samples
were determined. It was found that the compost samples were
not contaminated with heavy metals. According to the Polish
classification of composts from municipal wastes, the composts
met the requirements for first class of quality. The composts did
not exceed the limits of heavy metals specified in the Polish law
for solid organic fertilizers. The degree of metal accumulation
by compost earthworms depended on the type of metal. The
high value of the bioaccumulation factor (BAF) was obtained for
Cd, Pb and Zn. No accumulation of other metals (Ni, Cr, Cu) in
earthworm bodies was found. It has been found that earthworm
species, naturally occurring in Poland, can also be used as
potential bioindicators of metals in the environment, such as the
species Eisenia fetida. The aim of the study was to evaluate the
heavy metal content in composts from home composters and
ability to accumulate metals by compost earthworms.
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1. INTRODUCTION

Composting is one of the most preferred methods of solid waste
management principally due to the high percentage of organic
matter [Mohee, Soobhany 2014]. A variant of the composting of
wastes is the use of earthworms in the vermicompost process.
The earthworms degrade and homogenise the organic material
and indirectly increase the surface area for microbial action
[Bozym 2016]. The mutual reaction of earthworms and aerobic
microbes accelerates the biodegradation of organic wastes.
Besides, after passing through the intestines, there are many
useful microorganisms in the coprolite [Gajewska et al. 2007].
The vermicomposting process is used to treat the sewage sludge
[Bozym 2004, 2012, 2014, 2016]. This process involves the
stabilization of organic matter through earthworm consumption
that converts the waste into high quality fertilizer [Mohee,
Soobhany 2014, Suleiman et al. 2017].

Streszczenie

W pracy przedstawiono wyniki badan kompostéw pochodzgcych
z przydomowych kompostownikéw oraz zyjgcych tam dzdzow-
nic, ktére biorg udziat w przetwarzaniu odpadoéw. Probki pobrano
z kompostownikéw przydomowych oraz z ogrodow dziatkowych
Opolszczyzny. Kompostowanym materiatem byty odpady zielo-
ne. W prébkach kompostéw i dzdzownicach oznaczono ogodlng
zawartos¢ metali ciezkich (Cd, Pb, Cu, Zn, Ni Cr). Stwierdzono,
ze komposty nie byty zanieczyszczone metalami ciezkimi. Zgod-
nie z polska klasyfikacjg kompostéw z odpadow miejskich, bada-
ne komposty spetniajg normy dla | klasy jakosci. W kompostach
nie zostaty przekroczone graniczne wartosci metali cigzkich
okreslone w polskim prawie dla statych nawozéw organicznych.
Stopien kumulacji metali przez dzdzownice kompostowe zaleza-
ta od rodzaju metalu. Wysokag warto$¢ wspotczynnika kumulacii
BAF uzyskano dla Cd, Pb i Zn. Pozostate metale (Ni, Cr, Cu) nie
byly kumulowane w ciatach dzdzownic. Stwierdzono, ze gatunki
dzdzownic, wolnozyjgce, naturalnie wystepujgce w Polsce, mogg
takze by¢ wykorzystywane jako potencjalne bioindykatory metali
w srodowisku, podobnie jak gatunek Eisenia fetida. Celem pracy
byto badanie zawartosci metali ciezkich w kompostach z domo-
wych kompostownikéw oraz stopnia gromadzenie metali przez
dzdzownice kompostowe.

The application of compost could potentially contaminate the
environment with heavy metals. The environmental problem with
heavy metals is that they are unaffected during the degradation
of organic waste. The compost could be used as fertilizer and the
heavy metals may be subjected to bioaccumulation and cause
risk to animals and humans when transferred to the food chain
[Mohee, Soobhany 2014]. The problem of heavy metal pollution
concerns mainly composts from municipal waste and sewage
sludge used as fertilizer [Bozym, Rajmund 2015, Hadam,
Obidoska 2009, Kucharczak et al. 2010]. The toxicity of metals
is influenced by their chemical form. Various extraction methods
are used to assess the bioavailability and mobility of metals in
soil, composts, sewage sludge and others, [Bozym, Rajmund
2015, Jeske, Gworek 2011, Rao et al. 2008]. Compost from green
waste is not a threat to the environment. Due to the susceptibility



Marta Bozym

of earthworms to high concentrations of heavy metals in the soil
or compost, they are often used as bioindicators of environmental
pollution. Eisenia fetida species of earthworm is most commonly
used as a bioindicator [Bozym 2005, 2014, Li et al. 2010]. The
BAF (Bio Accumulation Factor) are used to calculate the degree of
metal accumulation by earthworms, [Dai et al. 2004, Li et al. 2010,
Saxe et al. 2001, Suleiman et al. 2017]. It is well recognized that
accumulation of heavy metal in earthworms depends strongly on
not only the total metal content and pH and organic carbon content
[Bozym 2012, 2014, Ma 2004], but also on the species and stage
of development of the earthworm (adults) [Ma 2004, Suleiman
et al. 2017]. According to Suleiman et al. [2017], Dendrobaena
veneta exhibited much lower resistance to toxic effects of heavy
metals in composted sewage sludge than other species: Eisenia
fetida, Eisenia andrei. It has been found that earthworms could
not regulate metal uptake. However, there is a phenomenon of
food selectivity by earthworms [Bozym 2005, 2012].

The aim of the study was to evaluate the heavy metal content in
composts and ability to accumulate metals by compostearthworms
from home composters. In addition, the bio-accumulation factor
(BAF) of metals by compost earthworms and the confirmation of
their usefulness as bioindicators were investigated.

2. MATERIAL AND METHODS

The samples were taken from home composters and allotment
gardens from Opole Region. The composting material was only
green waste such as vegetable and fruit waste, leaves, branches
and so on. The total content of heavy metals (Cd, Pb, Cu, Zn, Ni
Cr) in compost and compost earthworm samples were determined
using the FAAS method after mineralisation with aqua-regia. The
15 open composters, fenced with boards or concrete walls, with a
capacity of 1—10m?® were selected. The samples were taken three
times at monthly intervals in July, August and September 2016.
Composted material (1 kg) and earthworms (> 10 adults) were
collected from the bottom of the composters. In the laboratory,
the compost was homogenized, dried at 105°C and powdered
in a mortar. The adult earthworms were washed with deionized
water and placed in plastic containers with a few pieces of wet
lignin. In order to void their guts, the earthworms were kept on
the moist lignin for 48 h without food. Earthworms were killed
by acetone, dried at 105°C and powdered in a mortar. All the
samples were digested by aqua regia in a microwave digestion
system Milestone Start D in closed Teflon bombs and measured
by flame atomic absorption spectrometry (FAAS, Solaar 6M
Thermo). Bioaccumulation factor (BAF) of metals was calculated
according to Eq. (1).

_ [metal],pyordmg ! kg] ©)
[metal],,,,.[mg/kg]
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where:
BAF represents bioaccumulation factor,
[metall , ... represents the total
earthworm [mg/kg],

[metal]compOst
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metal concentration of

represents the total metal concentration of compost

The results were presented as the mean of the three replicates.
For quality control of total metal content determination in the
samples, a certified reference material (CRM) ‘Sewage sludge
amended soil’ CRM005—050 was analysed. The recovery of
metals content in CRM were respectively: Cd 96%, Pb 95%, Cu
95%, Zn 97%, Cr 95%, and Ni 95%.

3. RESULTS AND DISCUSSION

The heavy metal content in the compost in comparison to the
Polish standards for first class of compost from municipal waste
and limitation for solid organic fertilizers was presented in table 1.
Table 2 shows the heavy metals content in the earthworms’
bodies.

Table 1. The mean, SD and range of heavy metals in compost
samples and earthworms [mg/kg d.m.].

type of Limit values according to
sampling Polish law
metal . .
compost | class of solid organic
(n=15) compost* fertilizers**
Cd
range 0.20—0.70 5 5
mean 0.49
SD 0.13
Pb
range 17.3—28.5
mean 20.8 S L
SD 3.0
Cu
range it 300 no limited
mean 36.0
SD 8.9
Zn
range 144—388 .
mean 240 1500 no limited
SD 83
Cr
range 7.8—25.6
mean 14.9 Sl Lot
SD 6.2
Ni
range 12.8—34.5
mean 17.0 ¢ eL
SD 6.0

*- requirements for | class of quality of compost from municipal
wastes [BN-89/9103-090]
**- limit values for solid organic fertilizers according to
[Rozporzadzenie...2008]

Cadmium content in compost samples ranged: 0.20—0.70 mg/
kg (mean 0.49 mg/kg). The earthworms accumulated cadmium;
the content of cadmium in the earthworms’ bodies were higher
(0.31—5.22 mg/kg) than in the compost. The range of lead
content in composts were within 17.3 to 28.5 mg/kg (mean 20.8
mg/kg) (Table 1). The range of Pb content in the earthworms’
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Table 2. The heavy metals concentration (range, mean, SD) in earthworms’ bodies [mg/kg].

metal Cd Pb Cu Zn Cr Ni

range 0.31-5.22 14.6-37.5 2.8-13.7 98-333 2.2-8.5 3.5-15

mean 1.18 23,0 7.2 190 4.3 8.7
SD 1.41 8,3 3.1 78 2.1 3..6

Table 3. Bioaccumulation factor (BAF) of metals in earthworms (n = 15)

metal Cd Pb

range 0.7-12.2 0.8-2.2

mean 25 1.2
SD 8.8 0.5

bodies was: 14.6—37.5 mg/kg (table 2). The copper content in
the compost samples ranged from 22.1 to 49.8 mg/kg (mean
36.0 mg/kg). Cu is classified as micronutrients and its content is
not regulated in the guidelines for organic fertilizers. Earthworms
did not accumulate copper, the content of this metal in the
earthworms’ bodies (2.8—13.7 mg/kg) was lower than that of
the compost. The zinc content in compost samples ranged from
144 to 388 mg/kg (mean 240 mg/kg). Zinc, similar to copper, is a
microelement and its content is not limited to organic fertilizers.
The Zn content in the earthworms’ bodies was within limits: 98—
333 mg/kg. The chromium content of the compost varied within
7.8—25.6 mg/kg (mean 14.9 mg/kg); however, the content of
this metal in the bodies of earthworms was lower and ranged
between 2.2—8.5 mg/kg. Nickel in the compost samples was
determined in the range of 12.8 to 34.5 mg/kg (mean 17.0 mg/kg)
and in the earthworms’ bodies on lower level, from 3.5 to 15 mg/
kg (table 1 and 2).

The results showed no heavy metal contamination of the analysed
compost. According to the Polish classification of composts from
municipal wastes, the composts met the requirements forfirst class
of quality [BN-89/9103-090]. The composts did not exceed the
limits of heavy metals specified in the Polish law for solid organic
fertilizers (Table 1) [Rozporzadzenie...2008]. Similar results of
metal content in the composts from Opole home composters have
been obtained by Ciesielczuk and Kusza [2009]: Cd 0.50-0.94
mg/kg, Pb 19.3-33.0 mg/kg, Zn 168-277 mg/kg, and Ni 11.1-16.5
mg/kg. The authors received higher content of Cr (15—80 mg/
kg) and Cu 23—80 mg/kg. The content of metals in composts is
affected by the contamination of substrate. Heavy metal content
in composts from municipal waste or sewage sludge is usually
much higher than from green waste [Ciesielczuk and Kusza
2009]. Further, an analysis of the bio-accumulation factor (BAF)
was conducted to assess the extent of metals’ accumulation by
earthworm. The results are given in Table 3.

BAF refers to the bioavailable concentration, operationally
reflecting the efficiency of sentinel organisms as bioconcentrators
of any given metal [Dai et al. 2004, Li et al. 2010, Saxe et al.
2001]. If the value exceeds 1, this means that the earthworms
have the ability to accumulate metal. Earthworms are often
used as bioindicators of metal, due to their ability to accumulate
these pollutants and their high resistance to toxicity. The adult
earthworm was speculated to have such an ability to store high
concentrations of heavy metals in the non-toxic forms [Li et al.

Cu Zn Cr Ni
0.1-0.3 0.3-1.3 0.2-0.6 0.2-0.8
0.2 0.8 0.3 0.5
0.1 0.2 0.2 0.2

2010]. It has been shown that the species Eisenia fetida have
a high ability for metal accumulation, which is also used to treat
sewage sludge [Bozym 2004, 2012, 2014, 2016, Li et al. 2010]. In
addition, earthworms living in the soil have such an ability. Broma
et al. [2009] confirmed the ability of two species of earthworms
(Dendrobaena veneta, Lumbricus terrestris) to accumulate heavy
metals. They have proven that accumulation depends on the
concentration of metals in the soil.

As shown in Table 3, the BAF of Cd were much higher than 1.
For one compost sample, the BAF(Cd) high value was calculated
as 12.2. The ability to accumulate cadmium by earthworms is
confirmed by the results obtained for Eisenia fetida species
processing manure and sludge [Bozym 2014, Li et al. 2010].
The BAF value for lead was calculated to be approximately 1 for
all samples. Only in few cases, BAF(Pb) exceeded 1. Lead is a
metal that is not toxic to earthworms due to its calcium affinity.
Lead accumulates in limestone glands and is readily excreted in
a non-toxic form. For this reason, the degree of lead accumulation
in earthworms may be low. As in the case of lead, the BAF
value for zinc was in most cases close to 1, which means that
the content in the compost was close to that in the earthworms.
For other metals, that is, Cu, Cr, and Ni, no ability to accumulate
these metals by earthworms was found. The BAFs of these
metals were less than 1 in all cases. For analysed composting
earthworms, BAFs were in the following order: Cd > Pb > Zn >
Ni, Cr, Cu. According to Bozym [2014], the BAF for Eisenia fetida
from sewage sludge was arranged as follows: Cd > Ni > Zn > Pb
= Cu > Cr, whereas according to Suleiman et al. [2017], it was:
Cd>Co>Cu>2Zn>Ni>Pb>Cr.

4. CONCLUSIONS

No contamination of heavy metals in compost from home
composters was found. Therefore, according to the Polish
classification of composts from municipal waste, the composts
belonged to class | quality. Furthermore, the composts did not
exceed the limits of heavy metals, specified in the Polish law
for solid organic fertilizers. The metal content in the earthworms
depended on the type of metal. The high bioaccumulation factors
(BAFs) of earthworm to heavy metals were calculated for Cd (2.2)
and Pb (1.2). The content of zinc in earthworms was calculated
as 0.8. The contents of other metals (Cu, Ni, Cr) were lower
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(0.2—0.5), this proves no ability to accumulate these metals
by earthworms. It has been found that the earthworm species,
naturally occurring in Poland, can also be used as potential
bioindicators of metals in the environment, such as the species
Eisenia fetida.
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