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The effect of industrial wastes and municipal sewage sludge compost on 
the quality of virginia fanpetals (SIDA HERMAPHRODITA RUSBY) biomass
Part 2. Heavy metals content, their uptake dynamics and bioaccumulation
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A single-factor fi eld experiment was carried out at the Cultivar Evaluation Station in Szczecin-Dąbie 
in 2008–2010. In the experiment, the compost produced with municipal sewage sludge by the GWDA 
method and high-calcium brown coal ash (furnace waste) were used.  The perennial energy crop was 
a test plant – Virginia fanpetals (Sida hermaphrodita Rusby). It results from the carried out study 
that Virginia fanpetals biomass contained on average the most manganese (24.7 mg∙kg-1 d.m.), lead 
(2.50 mg∙kg-1 d.m.) and zinc (50.5 mg∙kg-1 d.m.) in 2008, while the most cadmium (0.33 mg∙kg-1 d.m.), 
copper (3.78 mg∙kg-1 d.m.) and nickel (2.57 mg∙kg-1 d.m.) in 2010. Average cadmium, copper, manganese, 
nickel, lead and zinc contents in test plant biomass were higher, respectively by 14.3%, 10.0%, 7.3%, 
19.3%, 29.1% and 6.9%, in the objects where municipal sewage sludge compost had been applied without 
and with addition of high-calcium brown coal ash when compared to those where only calcium carbonate 
or high-calcium brown coal ash had been introduced into the soil. The differences in cadmium, copper, 
manganese, nickel, lead and zinc contents in Virginia fanpetals biomass between particular experimental 
objects were not signifi cant. The least zinc was absorbed by the test plant biomass in the object with 
high-calcium brown coal ash being applied in the fi rst year of study and annually. When evaluating the 
dynamics of heavy metals uptake, it was found to be the lowest in the fi rst year of study (ranging from 
4.40% to 11.0%). It increased in the second  and the third year of study, oscillating between 29.9% and 
65.7%. The degree of heavy metals accumulation in Virginia fanpetals biomass differed, depending on 
the fertilisation applied. The bioaccumulation factor of cadmium, copper and nickel after three study 
years was average, while that of manganese, lead and zinc was intense.
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INTRODUCTION

A by-product being developed during technological 
processes of coal combustion is ashes which contain 
chemical elements required by plants for their growth 
and development1–4. The problem of proper furnace waste 
management in Poland and other countries producing 
electric energy from coal combustion has become a 
subject of intensive scientifi c research. This is connected 
with a need to protect the areas of their storage against 
dusting and migration of heavy metals to the subsoil and 
to improve hygienic and aesthetic environmental condi-
tions5,6. Municipal sewage sludge and composts produced 
from them may be used to enrich the soils with organic 
matter and indispensable nutrients for plants7–14. 

Certain municipal sewage sludge may be a carrier of 
heavy metals and organic and microbiological pollut-
ants15–18. For that reason, the Minister of Environment 
issued the Regulation19 specifying the permissible contents 
of heavy metals, quantities of pathogenic microorgan-
isms and parasites in composts produced from municipal 
sewage sludge designed for ecological and agricultural 
utilisation and land reclamation. These composts may 
be used for land reclamation of anthropogenic areas 
provided that they will be overgrown with plants with 
intensive growth and unfi t for consumption, e.g. energy 
crops.

Both the ashes and composts produced with municipal 
sewage sludge may be a potential source of excessive 
amounts of heavy metals and constitute a threat for the 
environment. Therefore, their content in composts pro-

duced with municipal sewage sludge and ashes (waste), 
as well as the degree of their utilisation by cultivable 
plants, should be successively evaluated.

Studies on Virginia fanpetals (Sida Hermaphrodita 
Rusby) cultivation have been carried out in Europe for 
many years. This plant is characterised by high tolerance 
to soil macroelements and heavy metals level. It is a plant 
which is considered as a renewable energy source (RES). 

The rational use of energy from biomass contributes 
to the reduction of the demand for natural energy raw 
materials. It has been found that their application is 
followed by environmental quality improvement through 
reduction of pollutants passing through to atmosphere 
and ground waters. As a result, this leads to reduction 
of the amount of produced wastes being deposited on 
landfi ll sites. Under the local conditions in Poland, a 
primary source of renewable energy is plant biomass. 
At present, this biomass is mainly delivered by forests 
and timber industry wastes. The necessity to limit forest 
felling has contributed to the development of energy 
crops plantations of perennial species, which include 
Virginia fanpetals20.

Taking into account the favourable effect of composts 
produced with sewage sludge and the problem with fur-
nace waste storage, a study was carried out that aimed 
at the determination of the effect of compost produced 
from municipal sewage sludge by the GWDA method 
(organic fertiliser) and high-calcium brown coal ash 
(waste) as a soil de-acidifying fertiliser on the content 
and the dynamics of cadmium, copper, manganese, nickel 
and zinc uptake and their bioaccumulation in Virginia 
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fanpetals (Sida Hermaphrodita Rusby) biomass during a 
three-year fi eld experiment.

*Part of this study was conducted within the framework 
of a research and development project No. 0397/R/
P01/2008/04.

MATERIAL AND RESEARCH METHOD

The methods for setting up and conducting fi eld experi-
ment have been partly described in part I of the study21.

The high-calcium brown coal ash used in this study 
came from the Pątnów-Adamów-Konin Power Plant 
Complex. It contained more potassium (5.50 g∙kg-1 
d.m.) than phosphorus (2.52 g∙kg-1 d.m.). This ash partly 
supplemented potassium defi ciency in the compost. It 
was characterised by a high value of pHKCl (11.0) and 
contained 986 g∙kg-1 dry matter as well as 145 g Ca∙kg-1 
d.m. and 12.5g Mg∙kg-1 d.m. No nitrogen or organic 
carbon was found in the ash.

High calcium content in the ash used in this study (145 
g Ca∙kg-1 d.m.) allowed it to be classifi ed into the group 
of high-calcium ashes. The total content of cadmium (2.77 
mg∙kg-1), manganese (265 mg∙kg-1), nickel (12.6 mg∙kg-1), 
zinc (231.0 mg∙kg-1) and chromium (20.6 mg∙kg-1) in the 
examined high-calcium brown coal ash used in experi-
ment was higher than in the municipal sewage sludge 
compost. On the other hand, copper and lead contents 
(respectively 27.6 and 16.2 in mg∙kg-1) were higher in 
the compost when compared to high-calcium brown 
coal ash. Taking into consideration the standards refer-
ring to the content of heavy metals in fertilisers for soil 
de-acidifi cation18, high-calcium brown coal ash may be 
included among the factors affecting soil de-acidifi cation 
without the negative environmental impact.

The compost with municipal sewage sludge used in the 
experiment, produced by the GWDA method at the Mu-
nicipal Sewage Treatment Plant in Stargard Szczeciński, 
corresponded, in respect to its chemical composition, to 
the standards allowing it to be classifi ed into the group 
of organic fertilisers. This compost had a pHH2O of 8.50 
and therefore can be applied without fear on strongly 
acid and acid soils which constitute more than 50% in 
Poland. The total content of nitrogen (18 g N∙kg-1 d.m.) 
and phosphorus (10.2 g P∙kg-1 d.m.) in this compost was 
clearly higher than that of potassium (3.58 g K∙kg-1 d.m.). 
Therefore, defi ciencies of this chemical element should 
be supplemented  in it with potassium mineral fertilisers.

The content of heavy metals in Virginia fanpetals 
biomass in successive study years was determined in 
averaged samples from four replications of each ferti-
lisation object. Cadmium, copper, manganese, nickel, 
lead and zinc contents were determined by the method 
of atomic absorption spectrometry on a Perkin Elmer 
AAS 300 spectrometer. The stock solution was obtained 
after the previous wet mineralisation of plant material 
according to the Polish standards PN–ISO 11466 and 
PN-ISO 11047.

The content of heavy metals was processed statistically 
by the analysis of the variance method using Statistica 8.0 
PL computer software package. In the case of signifi cant 
differences, the Tukey’s test was used at the signifi cance 
level p=0.05. The uptake of respective elements in the 
successive study years was calculated as a product of 

the content of a given chemical element and the yield 
size. Bioaccumulation factors for heavy metals were 
calculated as a ratio of the content of a given chemi-
cal element to the doses introduced into the soil with 
the municipal sewage sludge compost and high-calcium 
brown coal ash22,23.

When evaluating the bioaccumulation factors of cad-
mium, copper, manganese, nickel, lead and zinc in the 
test plant, a four-point scale was adopted according to24. 
The degree of accumulation was determined as: intense, 
average, poor and none, whereas the corresponding 
values of bioaccumulation factors are 1.0 to 10.0, 0.1 to 
1.0, 0.1 to 0.01 and 0.001 to 0.01, respectively.

RESULTS AND DISCUSSION

The biomass of Virginia fanpetals contained on av-
erage the most manganese (24.7 mg∙kg-1 d.m.), lead 
(2.50 mg∙kg-1 d.m.) and zinc (50.5 mg∙kg-1 d.m.) in 2008, 
while the most cadmium (0.33 mg∙kg-1 d.m.), copper 
(3.78 mg∙kg-1 d.m.) and nickel (2.57 mg∙kg-1 d.m.) in 2010. 
Average copper, nickel and lead contents in test plant 
biomass slightly differed in particular study years and 
amounted to 2.78, 2.54 and 2.35 mg∙kg-1 d.m., respectively.

In the carried out experiment, average cadmium, 
copper, lead and nickel contents in Virginia fanpetals 
biomass were smaller and that of zinc was over three 
times larger than the fi ndings20. On the other hand, 
when comparing the obtained cadmium, lead and zinc 
contents in Virginia fanpetals biomass, they were higher 
in relation25. Average cadmium, copper, manganese, 
nickel, lead and zinc contents in test plant biomass 
were slightly higher, respectively by 14.3%, 10.0%, 7.3%, 
19.3%, 29.1% and 6.9%, in the objects where municipal 
sewage sludge compost had been applied without and 
with addition of high-calcium brown coal ash (fertilisation 
objects III, IV and VI) when compared to those where 
only calcium carbonate or high-calcium brown coal ash 
had been introduced into soil (fertilisation objects I and 
II); see Tab. 1 and 2.

The biomass of Virginia fanpetals contained sig-
nifi cantly more lead as affected by organic fertilisation 
without and with the addition of high-calcium brown 
coal ash when compared with the fertilisation objects 
where calcium carbonate or high-calcium brown coal 
ash had been introduced into the soil. The differences 
in the average content of other heavy metals in test 
plant biomass from the objects fertilised with municipal 
sewage sludge compost with and without the addition of 
high-calcium brown coal ash were not signifi cant (Tab. 
1 and 2).

The differences in cadmium, copper, manganese, nickel, 
lead and zinc contents in the test plant biomass between 
particular experimental objects were not signifi cant.

The least average copper and zinc contents in Virginia 
fanpetals biomass were found in the object where high-
calcium brown coal ash had been introduced into the 
soil at a dose corresponding to 1.5 Mg CaO∙ha-1 in the 
fi rst year of study and to 0.75 Mg CaO∙ha-1 and annually 
(fertilisation object V) when compared to those where 
calcium carbonate and high-calcium brown coal ash had 
been applied (fertilisation objects I and II), respectively 
by 12.6% and 11.7%; see Tab. 1 and 2.
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Table 1. The content of cadmium, copper and manganese in Virginia fanpetals biomass. The data are given in mg∙kg-1 d.m.

The value of heavy metals uptake by Virginia fanpetals 
biomass depended on the yield size and the content of 
the chemical elements under discussion. The total up-
take of heavy metals concerned is compared in Table 3.

The total uptake of heavy metals by Virginia fanpetals 
biomass from the objects fertilised with municipal sewage 
sludge compost with and without the addition of high-
calcium brown coal ash being applied at the beginning 
of study and annually (fertilisation objects III, IV and 
VI) increased on average by 51.0% for lead, 33.2%, for 
nickel, 32.2% for cadmium, 24.4% for manganese, 17.9% 
for copper and 17.4% for zinc when compared to that 
fertilised with calcium carbonate (fertilisation object I) 
(Tab. 3). The least zinc (1369 g∙ha-1 d.m.) was absorbed 
by the test plant biomass in the object with high-calcium 
brown coal ash being applied in the fi rst year of study 
and annually (fertilisation object V).

The uptake quantity was on average smaller by 17.2% 
when compared to fertilisation objects III, IV and VI. 
As a result of organic fertilisation with and without the 
addition of high-calcium brown coal ash being applied 
at the beginning of study and annually, the uptake of 
copper, manganese, nickel, lead and zinc by Virginia 
fanpetals biomass signifi cantly increased when compared 
to fertilisation objects I and II. A signifi cant increase in 
the uptake of manganese, nickel and lead by test plant 
biomass was found in the object fertilised with high-
calcium brown coal ash when compared to that where 
carbonate lime had been introduced into the soil (Tab. 3). 
The effect of fertilisation with calcium carbonate, high-

calcium brown coal ash and municipal sewage sludge 
compost on the total uptake of heavy metals by Virginia 
fanpetals biomass differed. The biomass of the test plant 
had absorbed signifi cantly less heavy metals concerned 
from the objects fertilised with calcium carbonate or 
high-calcium brown coal ash when compared to those 
where organic fertilisation had been applied without and 
with addition of high-calcium brown coal ash.

The total uptake of cadmium, copper, manganese, 
nickel and lead by test plant biomass was the least in 
fertilisation objects I and II, while that of zinc in ferti-
lisation object V (Tab. 3). When analysing the dynamics 
of heavy metals uptake, it was found to be decidedly 
smaller in the fi rst year of study and ranged from 4.40% 
to 11.0%. It increased in the second year of study, being 
within the limits of 29.9% to 47.9%, while reached the 
largest value in the third year of study, oscillating between 
39.7% and 65.7% (Fig. 1). It results from the carried 
out study20 that the total uptake of copper, manganese, 
nickel, lead and zinc by Virginia fanpetals biomass in 
this experiment was similar, whereas that of cadmium 
almost ten times smaller.

The uptake of heavy metals by Virginia fanpetals bio-
mass, i.e. its mean value of three harvests during three 
years of its cultivation, can be arranged in the following 
descending order of values: Zn > Mn > Cu > Ni > Pb 
> Cd. Different results were obtained26,27 which found 
that the quantity of heavy metals absorbed by plants 
could be presented as the following series: Zn > Cd 
> Ni > Cu > Pb = Cr. The small uptake of copper 
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Table 2. The content of nickel, lead and zinc in Virginia fanpetals biomass. The data are given in mg∙kg-1 d.m.

Table 3. Total cadmium, copper, manganese, nickel, lead and zinc uptake by Virginia fanpetals biomass in 2008–2010. The data 
are given in g.ha-1 d.m.

(107.1 g∙ha-1 d.m.), nickel (87.7 g∙ha-1 d.m.) and lead 
(82,5 g∙ha-1 d.m.) by Virginia fanpetals biomass during 
the three study years should be explained by the bonding 
of chemical elements under discussion by organic matter 
and the formation of chelate bonds in the soil28,29. The 
limited uptake of nickel by plants from the soil fertilised 
with sewage sludge or sewage sludge compost may also 
result from the selectivity of this process. Antonkiewicz 
and Jasiewicz30 tested several species of energy crops 
and found that Virginia fanpetals biomass accumulates 
large quantities of metals and is resistant to their high 
concentrations in the tissues of overground parts, and 
therefore it is possible to use this plant for land recla-
mation purposes.

The biomass of the test plant did not absorb large 
quantities of heavy metals since they had not been 
brought into the soil with municipal sewage sludge and 
high-calcium brown coal ash in considerable amounts, 
whereas the soil itself did not contain their excessive 
amounts.

When evaluating the usefulness of Virginia fanpetals 
biomass for the use of heavy metals from the compost 
produced with municipal sewage sludge and high-calcium 
brown coal ash, cadmium, copper, manganese, nickel, 
lead and zinc, bioaccumulation factors were calculated 
(Tab. 4). When calculating the degree of bioaccumula-
tion, fertilisation object I, where municipal sewage sludge 
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Table 4. Bioaccumulation factors for heavy metals in Virginia fanpetals biomass in 2008–2010 as affected by municipal sewage 
sludge compost and high-calcium brown coal ash

compost nor high-calcium brown coal ash had not been 
applied, was omitted.

The bioaccumulation factor for heavy metals in Virginia 
fanpetals biomass differed, depending on the fertilisation 
applied. The degree of cadmium, copper, nickel, lead 
and zinc accumulation was intense after three study 
years in the object where high-calcium brown coal ash 
had been applied at a dose corresponding to 1.5 Mg 
CaO∙ha-1, while that for manganese was average (0.880). 
In the objects with high-calcium brown coal ash being 
introduced into the soil at a dose corresponding to 1.5 
Mg CaO∙ha-1 in the fi rst year of study and to 0.75 Mg 
CaO∙ha-1 in the following study years and with municipal 
sewage sludge compost and an annual application of high-
calcium brown coal ash (fertilisation objects V and VI), 
an intense degree of accumulation in Virginia fanpetals 
biomass was found in the case of nickel, lead and zinc, 
whereas an average one for other heavy metals (Tab. 4). 
Municipal sewage sludge compost being introduced into 
soil at a dose corresponding to 250 kg N∙ha-1 and with 
high-calcium brown coal ash at a dose corresponding to 
1.5 Mg CaO∙ha-1 in the fi rst year of study induced an 
average degree of accumulation of all chemical elements 
under discussion in test plant biomass. An intense degree 
of accumulation in test plant biomass was characteristic 
of lead (1.150) in the object where organic fertilisation 
had been only applied (fertilisation object III), whereas 
other heavy metals showed an average accumulation. It 
was also found that the higher the content of a given 
heavy metal being brought into soil with municipal sewage 
sludge compost with and without the addition of high-
calcium brown coal ash, the smaller bioaccumulation 
factor in Virginia fanpetals biomass.

The reason of average heavy metals bioaccumulation 
in Virginia fanpetals biomass was alkaline reaction of 
municipal sewage sludge compost (8.50) and high-calcium 
brown coal ash (pHKCL 11.0). This induced a weak mobil-
ity of these chemical elements and their small sorption. 
It results from the studies carried31,32 that some heavy 
metals form chelate complexes with organic matter in 
the soil, the bond strength which increases together with 
an increase in the soil pH.

The average bioaccumulation of heavy metals may be 
the result of organic matter introduction with compost 
and increased soil sorption capacity33,34. It results from 
the studies carried35–37 that the complexing properties 
increase in the soil being fertilised with composts, as a 

result of which stable metal-organic associations that limit 
the availability of heavy metals for plants are formed. 
On the other hand, high-calcium brown coal ashes do 
not have a negative effect on the chemical and biological 
processes taking place in the soil38.

CONCLUSIONS

1. Virginia fanpetals biomass contained on average the 
most manganese, lead and zinc in 2008, while the most 
cadmium, copper and nickel in 2010.

2. Average cadmium, copper, manganese, nickel, lead 
and zinc contents in the test plant biomass were higher, 
respectively by 14.3%, 10.0%, 7.3%, 19.3%, 29.1% and 
6.9%, in the objects where municipal sewage sludge 
compost had been applied with and without the addi-
tion of high-calcium brown coal ash when compared to 
those where calcium carbonate or high-calcium brown 
coal ash had been introduced into the soil at a dose 
corresponding to 1.5 Mg CaO.ha-1.

3. Differences in cadmium, copper, manganese, nickel, 
lead and zinc contents in Virginia fanpetals biomass be-
tween particular experimental objects were not signifi cant.

4. The total uptake of heavy metals by Virginia fan-
petals biomass from the objects fertilised with municipal 
sewage sludge with and without the addition of high-
calcium brown coal ash being applied at the beginning 
of the study and annually increased when compared to 
that fertilised with calcium carbonate.

5. The least zinc was absorbed by the test plant bio-
mass in the object with high-calcium brown coal ash 
being applied in the fi rst year of the study and annually.

6. The bioaccumulation factor for heavy metals in 
Virginia fanpetals biomass differed, depending on the 
fertilisation applied. The degree of heavy metals accu-
mulation in Virginia fanpetals biomass oscillated between 
intense and average.
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