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ABSTRACT 
 
This study examined the ability of duckweed (Lemna trisulca L.) to remove soluble cadmium from water. The duckweed was 
obtained from the Işikli Lake plant in Denizli. Cadmium tolerance in L. trisulca was investigated under hydroponics 
conditions. Within a span of 4 days, the plant was capable of removing about 75-85% Cd from 100 mL of both kinds of waste 
waters containing 3.0-7.0 mgL-1 of the metal at an optimum pH of 6.5. All measurements were done in triplicate and 
performed in accordance with standard methods. The aim of this study was to establish more knowledge about this species 
innate metal tolerance and its may rapidly to absorb heavy metals. 
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INTRODUCTION 
 

Duckweed (Lemna trisulca L.) is an aquatic plant with 
an excellent potential for toxicological studies. Like other 
species of the family Lemnaceae, it is small in size, grows 
rapidly and, because it is unattached to the substrate, is 
relatively easy to culture. It differs from the species of 
duckweed normally used for toxicity assessment such as L. 
minor and L. gibba, since it grows entirely submerged. 
Lemna trisulca is a truly aquatic plant and working with it 
avoids complications, which may be associated with 
air/water interfaces (Huebert et al., 1993). Duckweeds 
(Lemna, Spirodela, Wolffia & Wolfiella) are worldwide 
distributed in freshwater to brackish estuaries. These are 
free-floating, easy to culture in laboratory and are a 
convenient plant material for ecotoxicological investigations 
(Prasad et al., 2001). In particular, species of Lemna are 
reported to accumulate toxic metals and therefore are being 
used as experimental model systems to investigate heavy 
metal induced responses. Bioavaibility and bioaccumulation 
of various heavy metals in aquatic and wetland ecosystems 
is gaining tremendous significance globally (Greger, 1999). 

Aquatic macrophytes take up metals from the water, 
producing an internal concentration several fold greater than 
their surroundings. Many of the aquatic macrophytes found 
to be the potential scavengers of heavy metals from aquatic 
environment and are being used in wastewater renovation 
systems (Abbasi et al., 1999; Kadlec et al., 2000). Cadmium 
does not have any metabolic use for plants, it has several 
industrial applications, electroplating, pigments, (nickel-
cadmium; silver-cadmium; mercury-cadmium) alloys etc. 

Intrinsic growth rates of aquatic plants are not constant 
overtime. Hubert and Gorham (1993), and Landolt and 
Kandeler (1987) found that the doubling time of L. minor 

varied from 1-3 to 2-8 days over 18 month period. Data on 
the effect of a reference toxicant over time are scarcer 
reported no cyclic changes in the effect of relationship 
between intrinsic growth rate and the Cd reference toxicant 
(Thorsteinsson et al., 1987). The aim of the present work is 
to investigate the performance of (Lemna trisulca L.) to 
remove Cd from aquatic systems and to represent the rate of 
Cd removal. 
 
MATERIALS AND METHODS 
 

(Lemna trisulca L.) (duckweed) was used as research 
material. The plants used in the study were obtained from 
the Işikli Lake wastewater treatment plant located in Işikli 
Lake, Denizli Turkey (Fig. 1). The duckweed was 
acclimatized to laboratory conditions for one week before 
starting the experiments. Different concentrations (1.0, 3.0, 
5.0 & 7.0 mg/L) of Cd was prepared using Cd (NO3)2 with 
stock solution (AR, E. Merck, Germany). Test plants were 
cultivated for one week in laboratory for the experiment. 
Control samples have been prepared selecting an equal 
number of plants kept under in the conditions in Cd 
solutions for 24, 48, 72 and 96 h. After the water samples 
have been taken analyzed at 228.8 nm by Atomic 
Absorption Spectrometry, with a Pelkin Elmer, USA AAS 
700 (Table I). 
 
RESULTS AND DISCUSSION 
 

Ideally, all aquatic plant species should be at the same 
size and growth stage when exposed to trace elements in 
order to compare their ability to remove various trace 
elements under study. The goal of the present study is to 
identify wetland plant species that are most efficient to 
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remove trace elements from wastewaters. There is little 
agreement regarding the optimum length of time for toxicity 
tests using duckweed. According to Wang (1991) duckweed 
should be grown for 4 weeks under constant conditions 
before any growth rate measurements are taken, but toxicity 
tests that use duckweeds are only of 1 to 4 days duration 
(Hughes et al., 1988; Taraldsen et al., 1990; Kwan & Smith, 
1991; ASTM, 1991; Wang, 1990; Muramoto & Oki, 1983), 
using (Lemna minor L.) showed that the Cd content reached 
steady state conditions after 12 days when the plant was 
exposed to 1.5 μM Cd. This suggests that perhaps 4 weeks 
is too long, but that 4 to 7 days is not long enough to assess 
to toxicity adequately. However, some other wetland plant 
species have been shown to exhibit higher accumulation of 
Cd and, therefore, are considered excellent Cd 
accumulators. Muramoto et al. (1989), in two separate 
studies, showed that water hyacinth accumulated 36 and 
10.6 g Cd, respectively while Lemna trisulca was even 
better accumulators of Cd than Lemna minor. Researchers 

have found high levels of Cd accumulation in inflated 
duckweed (L. gibba) and ivy duckweed (L. trisulca). 

Within a span of 4 days treatment period, at an 
optimum pH of, test plant could remove more than 70% of 
Cd from a cadmium-based synthetic solution. We conclude 
that duckweed shows promise for the removal Cd from 
contained wastewater since it accumulates high concentrates 
of this element. Further, the growth rates and harvest 
potential make L. trisulca a good species for 
phytoremediation activities. 

Recently, there has been growing interest in the use of 
metal-accumulating roots and rhizomes of aquatic or semi-
aquatic vascular plants for the removal of heavy metals from 
contaminated aqueous streams. For example, water 
hyacinths (Eichornia crassipes), pennywort (Hydrocotyle 
umbellate) and water velvet (Azolla pinnata) (Jain et al., 
1989) take up Pb, Cu, Cd, Fe and Hg, from contaminated 
solutions. A few laboratory studies have clearly 
demonstrated the importance of aquatic plants in 
accumulation of cadmium (Salt et al., 1995). (Qutridge et 
al., 1991; Qutridge & Hutchinson, 1991), in a similar 
experiment examined the effect of 15 or 25 ppb Cd on 
Salvinia minima plants that had been pretreated with 0, 10, 
25 or 50 ppb Cd while there was clear evidence that 
exposure to 25 ppb Cd increased PC in the plants (Qutridge 
et al., 1991), there was no statistical evidence to indicate 
that pretreatment altered the amount of PC produced when 
the plants were exposed to 25 ppb Cd. There were also few 
consistent effects of pretreatment on Cd toxicity as tested by 
biomass, chlorophylla, metal binding proteins or trios. Our 
results and those of Qutridge et al. (1991) and Qutridge and 
Hutchinson (1991) suggest that more work needs to be done 
to characterize the long term response of aquatic plants to 
Cd. 

It is believed that this system could be employed to 
remediate either wastewater effluent streams or water bodies 
contaminated with Cd. 
 
CONCLUSION 
 

This study demonstrates the use of Lemna minor 
(duckweed) to remove Cd from solution. Duckweed appears 
to be especially advantageous in such systems. Duckweed 
appears to be especially advantageous in such systems. It 
exhibits high potential for wastewater treatment because of 
its ubiquity, rapid growth rate, ease of harvest, wide range 
of temperature tolerance and extended growing and 
harvesting periods. The results from this study show that 
duckweed is effective in removal of Cd from water and that 
this Cd can then be removed from the water by simply 
harvesting the plant. 
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Table I. Bioremoval of cadmium by L. trisulca 
 
Period 
(day) 

Init. Con. (Cd in 
solution) (mg/L) 

Cd++ Final Con. 
(mg/L) 

Cd++ Removed Con. 
(mg/L) % 

1 0.16 83.9 
3 0.56 81.4 
5 1.12 77.6 1 

7 1.58 77.4 
1 0.23 77.1 
3 0.55 81.6 
5 1.06 78.9 2 

7 1.78 74.5 
1 0.22 77.6 
3 0.63 79.2 
5 0.99 80.2 3 

7 1.33 80.9 
1 0.23 76.7 
3 0.46 84.7 
5 0.81 83.7 4 

7 1.44 79.5 
 
Fig. 1. Map of the study location 
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