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Abstract 
In order to use the Danube water as a supply source for a recirculating system, an attempt was 

made to use L. minor for phytoremediation by bioaccumulation of lead, a heavy metal that is toxic 
to aquatic life. The experiment was designed to achieve a gradient of concentrations to determine 
the most effective conditions for removing lead. In the first experimental variant, the Danube water 
was used undiluted as a growth medium, in the second experimental variant the Danube water 
represented 75% of the growth medium and in the last experimental variant the Danube water 
represented 50% of the growth medium, the experiment being performed in triplicate. The best 
percentage of lead removal was achieved in the aquarium with 100% Danube water, obtaining a 
reduction of lead in the water volume by 97.86±0.1%. The species L. minor can be used successfully 
for phytoremediation of Danube water, in order to use it as a water source for a recirculating 
aquaculture system. 
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INTRODUCTION1 
For the environment and human health 

protection as well as for the mitigation of 
heavy metal toxicity that threatens aquatic 
ecosystems, it is important to remove or 
recover heavy metals from wastewater. 

There are various techniques that can be 
used to remove toxic metal compounds from 
water, such as: evaporation, galvanization, 
adsorption and ion exchange. The high 
technological costs and the possibility of 
using these techniques only in waters that 
contain high concentrations of metal ions, 
make their implementation difficult. 

The bioaccumulation capacity of heavy 
metals differs depending on the plant species. 
Duckweed (Lemna minor) is known for its 
high bioaccumulation capacity and tolerance 
to higher concentrations of heavy metals, 
compared to other macrophyte species. 
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Conventional methods of lead removal 
are reverse osmosis, ion exchange, chemical 
precipitation, electrodialysis [1]. 

 
MATERIAL AND METHOD  

The plants were sterilized by bathing in a 
1% hydrogen peroxide solution for 5 minutes 
to remove organisms (bacteria, algae, 
invertebrates) that could interfere with 
bioaccumulation, as Pb can also accumulate 
in phytoplankton or zooplankton tissues. 
After sterilization, the plant was distributed 
in equal amounts in the experimental 
aquariums, respectively 0.1 g in each. 

The water used as a culture medium 
represents the water from the Danube River, 
a potential supply source for the recirculating 
system, belonging to ICDEAPA Galați, 
where different species of fish are reared. 

The aquariums were placed so as to 
receive natural light, in conditions similar to 
the environment from which the plants were 
taken, namely the surface of Brateș Lake, in 
Galați County. 

The experiment was mounted in 10 glass 
aquariums measuring 100×38×34 cm and 
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lasted 21 days. An aquarium was considered 
for control in which only plant-free Danube 
water was added. In experimental aquariums, 
0.1 g of L. minor was used for each. The 
volume of water used (38 litres) was 10 cm 
high, enough to allow the roots to extract 
nutrients. The water lost by evaporation was 
replaced with dechlorinated drinking water 
so as not to alter the dilution of lead. In 3 
aquariums the Danube water was used as 
such, in other 3 the Danube water was diluted 
with 3:1 dechlorinated drinking water, and in 
the last 3 Danube water was diluted with 1:1 
dechlorinated drinking water.  

The pH of the water used in the 
experiment was monitored every 3 days 
using the portable multi-parameter with the 
pH probe from HACH. 

To accurately determine the Pb 
concentrations in water and plant samples, 
the ANALYTIK JENA ContrAA 700® 
atomic absorption spectrophotometer was 
used, which allows the sequential analysis of 
metallic and non-metallic traces in liquid and 
dissolved samples. 

To determine the development of plants 
and the effects of lead on them, a number of 
indices were calculated: 
♦ The relative growth rate of L. minor plants 

was calculated using Hunt's equation: 
 
R = (lnW2 - lnW1) / (T2 - T1), 
where: 
- R is the relative growth rate measured 

as g/(g*day), 
- W1 and W2 represent the initial and 

final dry weights, 
- the difference T2 - T1 represents the 

duration of the experiment [4]. 
 

♦ The FBC bioconcentration factor was 
calculated as follows: 
 
FBC = (Pb in plant biomass mg/kg) / (Pb 

in solution mg/L) [8]. 
 
The Pb concentration was determined 

both in the volume of water in each aquarium 
and in the plant samples at the beginning and 
end of the experiment. In order to perform 
the analyses of the Pb content from the 
studied plant biomass, the digestion of the 

samples is performed beforehand, using the 
TOPWAVE ANALYTIKJENA GERMANY 
digestion furnace. The analysis of the 
samples was performed in duplicate by 
reference to the calibration curve and the 
final value of each concentration represents 
the average of the 2 readings. 

The growth medium and plants in each 
aquarium were gently shaken for about 5 
minutes each day to ensure homogeneity of 
the culture medium. 

All analyses were performed in triplicate. 
Statistical analysis was performed using Excel 
tools. Mean values are reported along with 
standard deviations. Statistical interpretation 
of the data was performed according to a 
significance threshold of P<0.05. 
 
RESULTS AND DISCUSSIONS  

The amount of lead measured in samples 
taken from the Danube water (4.21 μg/l) is 
below the limit of the average quantity of 7.2 
μg/l, registered by Directive 2008/105 / EC 
of the European Parliament on environmental 
quality standards in aquatic field [3]. 

In the experimental aquariums with 100% 
Danube water, the amount of Pb in the water 
was reduced by 97.86 ± 0.1%. In aquariums 
with 75% Danube water, the amount of Pb 
was reduced by 83.93 ± 0.1%. In aquariums 
with 50% Danube water, the amount of Pb 
was reduced by 76.38 ± 0.1%. In the control 
aquarium the lead concentration did not 
change significantly (p>0.05). Small 
differences can most likely be attributed to 
the deposition or precipitation of lead 
compounds at the bottom of the aquarium. 
Figure 1 shows the changes in the amount of 
lead in the 3 experimental variants. The 
percentage of lead accumulated in the present 
experiment (97.86%, 83.93% and 76.38%) 
using duckweed, is comparatively higher 
than that obtained by Axtell et al. for Pb 
(76%) [2] and then those obtained by Parra et 
al., for duckweed grown at pH=7 [7]. 

The largest amount of lead removed by 
duckweed was in the experimental version 
with 100% Danube water as a growth 
medium. This phenomenon can be explained 
by the higher bioavailability of the metal in 
the aquatic environment. 
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Fig. 1 Pb quantity found in Danube water, from the 3 experimental variants, at the beginning  
and end of the experiment, after 21 days 

 
In figure 2, the amount of lead that was 

accumulated by plants in its tissues, is 
presented as the average value of the 3 
aquariums in each experimental variant. 

At the beginning of the experiment, traces 
of lead ions (0.01 μg/g) were detected in the 
plants, most likely due to the presence of lead 
in the water from which the plants were 
collected. 

pH is considered the most important 
physicochemical water parameter that 
influences the bioaccumulation capacity of 
heavy metals by L. minor species. Figure 3 
shows the evolution of pH over the 21 days 
of the experiment. 

The bioconcentration factor reached the 
values 2077±4.5 for plants grown with 100% 
Danube water, 236.32±1.9 for plants grown 
with 75% Danube water and 147.25±1.1 for 
plants grown with 50% Danube water. These 

values are comparable to those obtained by 
Uysal et al. in 2009, at similar water pH 
values [9]. 

The higher bioabsorption capacity of 
duckweed at acidic pH was also observed by 
Kaur et al., who obtained the highest lead 
bioaccumulation at pH 5 and the lowest at pH 
10 [6]. 

The acidification of the culture medium 
was directly proportional to the percentage of 
Danube water used. In the experimental 
variant with 100% Danube water, the pH 
reached 6.8±0.1 at the end of the experiment 
compared to the pH=8.1 in the control 
aquarium. This change is due to the 
metabolic stress caused on plants by the 
presence of lead ions in larger quantities, 
effects also confirmed by Jayasri et al. [5]. 
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Fig. 2 Pb quantity found in plants, from the 3 experimental variants, at the beginning and end of the 
experiment, after 21 days

 
 

Fig. 3 Variation of water pH during the experiment 
 
Foliar development of plants was 

influenced by the amount of lead and its 
ability to inhibit plant growth. Figure 4 
graphically represented the plant biomass 
from each experimental variant, both at the 
beginning and at the end of the experiment. 

The quantity of plants found in the 3 
experimental variants at the end of the 
experiment was between 12.04±0.7 g and 
12.62±0.3 g, which suggests a similar 
inhibitory effect of lead ions on plants at 
concentrations present in the water. The best 
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development of biomass took place in the 
experimental variant with 50% of the culture 

medium represented by the Danube water. 

 

 
 

Fig. 4 The evolution of Lemna minor biomass in the 3 experimental variants at the beginning and end 
of the experiment 

 
CONCLUSIONS 

The ability of Lemna minor to remove 
lead from the aquatic environment is affected 
by the capacity to increase plant biomass and 
the kinetics of lead in the volume of water, 
which alters its bioavailability to the plant. 

There is an upward trend in the removal 
of lead from water by plants, as the gradient 
of Pb in the water increases. 

The species Lemna minor can be used 
successfully for phytoremediation of Danube 
water, in order to use it as a supply source for 
a recirculating aquaculture system. 
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