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Abstract. The study shows results of research on heavy metal concentration in the biomass of common reed, hemp
and reed canary grass. Research of common reed was performed in winter from 2010 until 2012 in 11 natural and
artificial water bodies of Latvia. Samples of hemp and reed canary grass collected in the spring of 2009 and 2010 were
analysed.
Analysis of the collected samples of common reed allowed detecting heavy metal content (Cd, Pb, Cu, Ni, Fe) in
the biomass. Studies of samples of hemp and reed canary grass revealed that Cd and Pb were present in the biomass.
Basing on these results, suitability of the plant biomass for energy production was analyzed.
Heavy metal content in the common reed biomass complies with the requirements of solid biofuel. Common reed
from all the reed beds of Latgale region can be collected in one place and used for the production of fuel. Removal of
common reed would help to reduce the concentration of heavy metals in natural waters and sediment of the reed beds.
The content of heavy metals in the samples of hemp and reed canary grass was periodically analysed. It was found
out that in some of the research samples the amount of heavy metals exceeded the maximum acceptable
concentrations for fuel.
Keywords: common reed, heavy metals, solid biofuels, reed beds.

I

INTRODUCTION

Common reed (Phragmites australis (Cav.)
Trin. = Ph. communis Trin. = Arundo phragmites L)
is a perennial plant of the cereal grass family, and it is
one of the most widely spread plants worldwide [1; 2].
The common reed can be used for energy production
[3; 4].
Common reed, similarly to other plants in different
growth stages actively absorbs nutriments from water,
which helps to reduce environmental pollution [5; 6;
7]. Artificial common reed plantations are useful for
effluent water treatment and purification. [8; 9; 10; 11;
12]. Common reed absorbs heavy metals well. [13; 14;
15; 16; 17]. Heavy metals are very dangerous for
natural ecosystems. One of the methods used for
removal of heavy metals from natural waters is
phytoremediation, i.e. the use of plants to remove
heavy metals from water bodies [18; 19; 20]. The
common reed is suitable for removal of heavy metals,
therefore its harvesting would help the purification of
water bodies from heavy metals. One of the aims of
the research is to establish the amount of heavy metals

that can be removed from water bodies, by cutting the
common reed above the ice in winter. On the other
hand, it is not known if the heavy metal content in the
common reed does not exceed the maximum allowed
concentration (MAC) for biofuel. Similarly to the
common reed that removes heavy metals from water
bodies and sediments, hemp and reed canary grass
take up heavy metals from the soil. Thus, the biomass
of these plants can contain heavy metals, therefore it is
necessary to examine this issue.
The content of heavy metals in the biomass used
for fuel production is limited by various standards.
Suitability of reed biomass has been evaluated
according to the German standard DIN 5173 and EC
standard prEN 14961 – 3 that specify the maximum
acceptable concentrations (MAC) of heavy metals in
solid biofuel.
II

MATERIALS AND METHODS

In order to inspect the areas of common read, in
each of the investigated lakes four reed stands were
chosen that visually corresponded to the characteristic
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parameters of the average reeds found in the specific
water body. For each stand two sampling plots were
investigated. About 1kg of the common reed biomass
was taken from each sampling plot, and it was used
for determination of the parameters in laboratory
conditions. However, previous research has shown
that the stalks and leaves of common reed have
different capacities of accumulation of heavy metals
[21].
In this research the stalks and leaves of common
reed were not separated because harvesting of
common reed for the production of biofuel and
separating would be complicated and energy
capacious, which would increase the cost of the
common reed processing. The samples of common
reed collected from the 8 sampling plots in each lake
were combined to form an average sample. The reeds
were chopped up, and for the laboratory research 1kg
was taken of the average sample.
Reed canary grass (RCG) varieties ‘Marathon’ and
‘Bamse’ were cultivated in sod-podzolic loamy soil
(the organic content of the soil – 5.2%, pH KCl – 5.8,
P2O5 – 20 mg·kg-1, and K2O – 90 mg kg-1 of the soil)
in the Agricultural Science Centre of Latgale. The area
of plots was 16 m2, the location of the plots was
randomized. The RCG was sown after a bare fallow.
Before sowing a complex fertilizer was applied
N:P:K – 5:10:25 – 400 kg*ha-1. The RCG varieties
‘Marathon’ and ‘Bamse’ were sown in April 2009 and
2010. The local hemp 'Pūriņi' (Cannabis sativa L.) is
an annual crop from the Cannabinaceae family which
has been cultivated in Latvia for more than 200 years.
Hemp trials (varieties ‘Pūriņi’ and ‘Bialobrzeskie’)
were on the sod gleisoil soil (organic matter content
35 – 38 g kg-1, pH KCI 7.0 – 7.3, available plant
phosphorus content – 83 – 145 mg kg-1 P2O5, changes
in the potassium content – 65 – 118 mg kg-1 K2O). The
samples for the laboratory research were gathered in
April 2009 and 2010.
To establish the heavy metal content in the
biomass samples, mineralization was undertaken by
using the following methodology: biomass samples
were reduced to fragments <150 µm by using a mill,
and then producing a sample of 1.5 g. Then 15 ml
concentration HNO3 was added, and the sample was
heated to 95 0C temperature over a period of 2 hours.
The cooled sample was strained through a filter, which
had been previously washed with 0.5% HNO3, and
diluted with deionized water up to 65 ml.
The metal content in the solution was determined
by optical plasma emission spectrometer Perkin Elmer
Optima 2100 DV. The data procured were recalculated
for mg*kg-1 dry matter.
III

(see Figure 1). Cd content in forestry production waste
is 0.1 – 0.2 mg*kg-1 [22] which indicates that the Cd
content is similar in reed biomass and fire wood. The
Cd substance output from reeds comprised 0 – 0.20
mg*m-2*year-1, which was higher than from reeds in
sewage treatment plants [21], where it consisted of
0.014 – 0.038 mg*m-2*year-1, which shows that Cd
absorption in reed stalks depends on its content in
water and sediment.

1-Lubanas lake, 2-Kvapanu ponds, 3-Idenas ponds, 4-Luknas lake,
5-Cirisa lake, 6-Sivera lake, ‘7-Rusonas lake, 8-Feimanu lake, 9Raznas lake, 10- Cirmas lake, 11-L.Ludzas lake.
Fig. 1.
Cd content average values in winter for the reed biomass
harvested above ice level in the lakes of Latgale

In all the researched water reservoirs, Cd content
in reed biomass significantly changed according to the
harvesting year, which shows a high Cd compound
mobility in natural waters that has been described in
another research [23; 24]. In Feimanu and Raznas
lakes no traces of Cd have been found in the reed
biomass for years of research, in Lubanas lake Cd was
found in 2010 in the reed biomass, but not in 2011 or
2012. In Kvapanu and Idenas ponds no Cd was found
in the research samples of reed biomass in 2010, but
was found in 2011 and 2012. In another lakes Cd was
found in various concentrations every year, which
shows a high Cd compound mobility in natural waters.
Cd content was different in the reeds harvested from
different lakes, although it did not exceed the MAC, as
a result one can assume that the reeds from different
lakes can be mixed together as a fuel.
Cd in the hemp samples was not found in any of
the years of investigation, thus it can be deduced, that,
in terms of Cd content, the hemp biomass is suitable
for biofuel production. In the samples of 2010, in the
reed canary grass Cd was established for both
researched varieties, which comprised 1.85 mg* kg -1
for the variety ''Marathon'' dry mass and 1.18 mg *kg-1
for the variety ''Bamse'', which exceeded MAC
(0.5 mg * -1 kg) However, in the samples of 2009 Cd
compounds were not observed. Such variation in Cd
presence indicates to a high degree of Cd mobility. Cd
content can cause problems of compliance with
quality standards when using reed canary grass as
biofuel.
Pb content in the dry matter of reed biomass varied
within the limits of 0 – 1.81 mg*kg-1 and in none of
the researched lakes it exceeded MAC. Pb content in
forestry production waste is 2 – 5mg mg*kg-1, [22]
which makes one conclude that the Pb content in the

RESULTS AND DISCUSSION

Amount of Cd in the reed biomass was relatively
small and varied within limits of 0 – 0.28 mg*kg-1,
which was below MAC in all the lakes under research
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reed biomass is lower than in the forestry production
waste. In this research, Pb in the reed substance was
0 – 1.27 mg*m-2*year-1, which varied over a wider
range than for reeds that are used for sewage
treatment [21] where the substance value for Pb is
0.36 – 0.44 mg*m-2*year 1. In all the researched water
reservoirs, except for Lukna and Cirisa lakes, the Pb
content in the reed biomass changed significantly
according to the harvesting year. In Lubanas lake, Pb
has not been detected in the read biomass in any of the
years (Fig. 2).

reeds used in sewage treatment plants [21] where the
Ni substance output was 0.57 – 0.91 mg*m-2*year-1,
Ni compounds were found in all the analyzed samples.
In Lubanas lake, Idenas ponds and Cirisa lake
significant differences were detected in the reed
biomass for Ni content in the samples taken in
different years. In the other researched lakes, Ni
content in the reed biomass did not change
significantly depending on the harvesting year (Fig.
3).

1-Lubanas lake, 2-Kvapanu ponds, 3-Idenas ponds, 4-Luknas lake,
5-Cirisa lake, 6-Sivera lake, 7- Rusonas lake, 8-Feimanu lake, 9Raznas lake, 10-Cirmas lake,11-L.Ludzas lake.
Fig. 2.
Pb content average values for the reed biomass
harvested above ice in the lakes of Latgale

1-Lubanas lake, 2-Kvapanu ponds, 3-Idenas ponds, 4-Luknas lake,
5-Cirisa lake, 6-Sivera lake, 7-Rusonas lake, 8-Feimanu lake, 9Raznas lake, 10-Cirmas lake, 11-L.Ludzas lake.
Fig. 3.
Ni content average values in winter in the reed biomass
harvested above ice in the lakes of Latgale

The Pb content varied significantly among the
reeds of different lakes, even though it did not exceed
the MAC in the researched lakes, and therefore is can
be assumed that the harvested reeds can be mixed
together and used as fuel.
Pb content in hemp biomass was established while
studying both samples of 2009. Pb content for the
variety ''Puriņi'' comprised 14.97 mg *kg-1 of the dry
mass, but for the variety ''Bialobrzeskie'' 11.23 mg *kg
-1
of the dry mass, which exceeds the MAC for biofuel
(10mg *kg -1). In 2010 Pb was not established in the
samples taken.
In the reed canary grass samples of 2009 Pb was
not established, however in 2010 the level of Pb – for
the variety ''Marathon'' 35.4 mg *kg-1 in the dry mass,
but for the variety ''Bamse'' 22.1 mg *kg -1in the dry
mass. The different Pb concentrations in different
years can be explained by the influence of climatic
conditions. A higher Pb concentration in hemp and
reed canary grass could cause problems with
conformity to standards. The heavy metal content and
influencing factors in hemp and reed canary grass
need to be researched further, in order to clarify the
causes of their formation in the biomass. Ni content in
the reed biomass varied within limits of 0.29 – 2.06
mg*kg-1, in all the research water reservoirs it was
about five times lower than the MAC. Ni content in
forestry production waste was 0.5 mg*kg-1 [22] which
indicates that the Ni content in the reed biomass is on
average three times greater than the Ni content for fire
wood, although it does not exceed the MAC. The
output of reed Ni substance was 0.2 – 1.44 mg*m2
*year-1, which varied within a wider range, than for

Ni content varies among the reeds harvested in
different lakes, however in none of the researched
lakes it did not exceed the MAC, therefore one can
assume, that the reeds collected from various lakes
can be mixed together and used for fuel.
Cu content in the reed biomass varied within the
limits of 2 – 5 mg*kg-1 which comprised up to 50% of
the MAC biomass fuel. Cu content in forestry
production waste amounts to about 2 mg*kg-1 [22]
which indicates that the reed biomass contains on
average 1.5 times more Cu than the forestry
production waste however it is still within the MAC
limits. The reed plant Cu substance output was 1.4 –
3.5 mg*kg-1*year-1 which is about two times less than
the amount established in the reed biomass of sewage
treatment plants [21].
The ability of reeds to absorb Cu from natural
water bodies and sediments depends on the Cu
compound concentration in them. By harvesting 1ha
of reeds from the water it is possible to remove 138 –
148g Cu. The Cu substance output in another research
[14] where reed stalks were harvested was 570 g for
1ha, which shows that reed stalks have a good
capacity of absorption of Cu, which confirms the
findings of the previous research [24].
Cu compounds were noted in all the analyzed
samples. In terms of Cu content in Lukna, Sivers and
Cirma lakes there were no significant differences
between the samples taken over different years, in the
other lakes the Cu content varied in the reed biomass
according to the harvesting year, which shows high Cu
mobility in natural waters, although in none of the
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established that Pb content exceeded MAC in 2
samples, which can cause problems related to
compliance of biofuel with the set standards.
While studying the reed canary grass biomass, it
was established that Pb exceeded MAC in 2 samples,
and that the amount of Cd exceeded MAC in 2
samples as well, which can produce problems related
to compliance of biofuel with the set standards. The
problem can be solved by producing composite
biofuels from various types of biomass.

research samples did the Cu content exceed the MAC
(Fig. 4).

1-Lubanas lake, 2-Kvapanu ponds, 3-Idenas ponds, 4Luknas lake, 5-Cirisa lake, 6-Sivera lake, 7-Rusonas lake, 8Feimanu lake, 9-Raznas lake, 10-Cirmas lake,11-L.Ludzas lake.
Fig. 4.
Cu average content in winter in the reed biomass
harvested in the lakes of Latgale

V
1.
2.

Cu content was different in the reeds harvested
from different lakes, although it did not exceed MAC
in any of the researched lakes, which allows
concluding that the reeds extracted from various lakes
can be mixed together and used as fuel.
Fe compounds were detected in all the analyzed
samples. Fe content in reed biomass varied within
limits of 12.9 – 42.4 mg*kg-1 (Fig. 5), Fe
concentration is not limited by analyzed standards.

3.

4.
5.

6.
7.

8.
1-Lubanas lake, 2-Kvapanu ponds, 3-Idenas ponds, 4-Luknas lake,
5-Cirisa lake, 6-Sivera lake, 7-Rusonas lake, 8-Feimanu lake, 9Raznas lake, 10-Cirmas lake,11-L.Ludzas lake.
Fig. 5.
Fe average content in winter in the reed biomass
harvested in lakes of Latgale

The Fe substance output from reeds amounted to
3.7 – 12.1 mg*m-2*year-1, and this result was higher
than results provided by another elements. Fe
absorption in reed stalks depends on its concentration
in water and sediment.
IV

CONCLUSION

Heavy metals were found in all the common reed
samples, in all the researched years. The content of
heavy metals essentially changes depending on the
harvesting year, which shows a high degree of heavy
metal mobility in nature.
The analyzed heavy metal content in the common
reed biomass corresponds to the requirements of solid
biofuel. The common reed can be collected from all
the water bodies of Latgale region in one location and
used for the production of biofuel. Harvesting of the
common reed would reduce the content of heavy
metals in the natural water and water body sediments.
While studying the hemp biomass, it was

9.
10.
11.

12.
13.

14.
15.

16.
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