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Abstract: The toxicity and accumulation of heavy metals, cadmium (Cd) and lead (Pb) in aquatic fern, Salvinia cucullata were 
studied. Plants were cultured in Hoagland’s medium which was supplemented with 0.5,1,2, and 4 mg/l of Cd and 5, 10, and 40 mg/l 
of Pb and were separately harvested after 2,4,6, and 8 days. The toxicity symptoms of Cd and Pb to S. cucullata showed chlorosis 
on leaves. There were significant derceases in the relative growth, biomass productivity and total chlorophyll content when the 
exposure time and concentration were increased. The accumulation study showed the significant increases of both metals when the 
exposure time and concentration were increased. The roots of S. cucullata had higher Cd and Pb contents than leaves suggesting 
that the metals were bound to the root cells and were partially transported to the leaves. 
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Introduction 
 

In recent years interest has been focused on the 
study of aquatic plants as promising for pollutant uptake and 
biological indicators of heavy metals in aquatic ecosystems. 
Phytotoxicity data for aquatic plants have served a role in 
regulatory decisions concerning the environmental hazard of 
most potential contaminant. Aquatic plants presented a variety 
of algal and macrophyte species in many types of habitat. The 
use of aquatic plants in water quality assessment has been a 
common practice for years in-situ biomonitors. They have also 
been used frequently to remove suspended solids, nutrients, 
heavy metals, toxic organics and bacteria from acid mine 
drainage, agricultural, landfill, and urban storm-water runoff 
(Mohan and Hosetti, 1997). Rooted submerged and emergent 
macrophytes are seldom used in toxicity tests. Their large size 
and slow growth and lack of established test methods have 
contributed to this trend. However, the necessity of their use as 
test species cannot be overlooked due to their ecological 
significance. In addition, macrophytes are exposed to 
contaminants through their roots and entire plant surface. Due 
to their morphology and the recent regulatory focus on 
contaminated sediments, they may become important test 
species. Many submerged plants have been used as test 
species, but there is no widely used single species. The test 
species may be cultured or obtained from natural or 
commercial sources. They are exposed in the test chambers 
containing a nutrient enriched medium, which is often a 
variation of that used in algal toxicity tested. The tested periods 
range from several hours to six weeks, and the effects on such 
parameters as chlorophyll content, peroxidase activity, 
photosynthesis and growth are monitored. 

 

Studies with macrophytes have been conducted with 
a variety of metals such as Pb, Cd, Hg, Cr, Cu and several 

macrophyte species such as Hydrilla verticillata, Potomogenton 
pectinatus, and Vallisneria spiralis (Jana and Choudhuri, 1982), 
Salvinia molesta, Azolla pinnata, and Marsilea tninuta (Gupta 
and Devi, 1995), Elodea nuttallia (Vanderwerff and Pruyt, 1982), 
and Lemna spp. (Wang, 1986 ; Mohan and Hosetti, 1997). 
There are variations in terms of metal tolerance and ability to 
accumulate heavy metals among these macrophytes. 

 

In addition, several submerged, emerged and free 
floating aquatic macrophytes are reported to bioconcentrate 
heavy metals in natural as well as waste waters. Aquatic 
macrophytes take up metals from water, producing an internal 
concentration several folds greater than their surrounding 
(Greger, 1999). Many aquatic macrophytes are found to be the 
potential scavenger of heavy metals from aquatic environment 
and are being used in waste water renovation systems (Kadlec 
et al., 2000). The benefits of aquatic macrophyte treatment 
system over conventional method are their natural availability at 
low operating cost, low energy requirements, offering an 
alternative to the existing technologies and have potential to 
effectively remove heavy metals from waste water (Scott, 1992). 

 

Salvinia is an aquatic fern. It is common in tropical and 
subtropical regions of the world. Salvinia grows abundantly in 
ponds. It is a free floating plant that can be handled easily and 
economically. It has been used for removal of Hg, Cr, Ni and Pb 
(Banerjee and Sarker, 1997). The objectives of this study were 
to study the toxicity and bioaccumulation of Cd and Pb in 
Salvinia cucullata and also to explore the potential of S. 
cucullata in removing Cd and Pb from contaminated water. 

 

Materials and Methods 
 

Culture of plants: S. cucullata were collected from natural 
ponds and cultured in 3% Hoagland’s nutrient solution (pH 5.6) 
in  laboratory under controlled conditions (illuminated with a light  
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Fig. 1: The effects of Cd (A) and Pb (B) on biomass productivity (% of control) of S. cucullata at different concentrations and 
exposure times. 

 

intensity of 45 µmoles m -2s-1 ,  at 12hr/12hr light and dark 
cycle, under the temperature of 25 + 2 ºC).  
 

Experimental procedures:  About 10 g fresh weight of plant 
was placed in each experimental jar, which contained 300 ml of 
a control (metal free) and 0.5, 1, 2 and 4 mg/l of Cd solution 
(CdCl2) and 5, 10, 20 and 40 mg/l of Pb solution [Pb(No3)2]. The 
pH of the solutions was adjusted to 5.6.  Plant samples from 
each container were separately harvested after 2, 4, 6 and 8 
days to analyze for toxicity symptoms, biomass productivity, 
total chlorophyll content and metal content.  The experiments 
were set up in triplicate for each concentration and test 
duration. 
 

Biomass productivity: Plant samples were dried to a constant 
weight in an oven at 100 ºC for 24 hr. The dry weight of plants 

for each metal concentration and exposure time was expressed 
as percentage decrease of biomass relative to controls.  
 

Total chlorophyll contents: The chlorophyll content of treated 
and control plants were measured by the absorption spectra of 
frond extracts in UV spectrophotometer (CECIL 7200, England)  
(American Society for Testing and Materials, 1999; MacKinney, 
1941). The absorbance of pigment extract was measured at 
both 663nm (A663) and 645nm (A645). 
 

Heavy metal content: Plants were divided into two parts, 
leaves and roots. Each part was dried for 24 hr in an oven at 80 
ºC and weighed. Acid digested plant samples were analyzed   
for Cd and Pb by a flame atomic  absorption  spectrophotometer 
spectrophotometer (Perkin Elmer 3100) (APHA, 1998). The 
wavelengths    used   in   the    determination   of   Cd   and   Pb 
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Table – 1: Cd content in the leaves and roots of S.cucullata exposed to various Cd concentrations and exposure times. 
 

Cd content (µµµµg/g dry wt) 

Day 0 Day 2 Day 4 Day 6 Day 8 

Cd conc. 
 (mg/l) 

Root Leaf Root Leaf Root Leaf Root Leaf Root Leaf 

Control 

0.5 

1 

2 

4 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1.4 + 3.8a 

29.8+2.8b 

320.2+3.7c 

767.2+4.3d 

0 

0.5+3.5a 

5.5+6.7ab 

125.5+4.5c 

223.1+2.8d 

0 

5.1+2.6ab 

60.9+5.0a 

590.6+3.5c 

830.2+4.9d 

0 

1.4+3.5a 

6.6+5.4ab 

138.4+4.7c 

290.6+3.7d 

0 

16.0+4.8a 

83.1+6.9b 

789.2+6.3c 

1530.3+7.1d 

0 

2.1+4.6a 

12.5+7.0b 

154.4+3.5c 

310.1+4.0d 

0 

17.5+4.4a 

84.6+4.7ab 

829.1+6.3c 

1636.1+9.6d 

0 

3.8+4.6a 

13.8+6.3b 

189.2+4.2ab 

679.2+5.6c 

Means within a column followed by different letters indicate significant differences at p< 0.05. 
 

concentration were 228.8 nm and 217 nm, respectively. 
 

Bioconcentration factor:  Bioconcentration of chemical by 
aquatic organisms is generally expressed as the 
bioconcentration factor (BCF), which is the ratio of substance’s 
concentration sorbed to organism to that dissolved in the 
surrounding medium (Walker, 1987). It is calculated by the 
following equation: 

 

BCF   =  Concentration of metal in  dried plant 

 Initial concentration of metal in solution 
  

Statistical analysis: The mean number of biomass, 
chlorophyll content and metal content were calculated and 
subjected to analysis of variance (ANOVA) using randomized 
block design and least significant different methods (LSD) on 
the SPSS for windows program after analysis of the 
homogeneity of variance according to Cochran’s test (Winer, 
1971). 
 

Results and Discussion 
 

 

Toxicity symptoms: The toxicity symptoms of S. cucullata 
treated with Cd and Pb at different concentrations and 
exposure times were quite similar. Chlorosis was observed in 
the leaves starting from the margin of leaves and extending 
towards the inner portion of the blades. Finally, they were 
brown and easily separated from other parts on day 8. The 
toxicity symptoms increased with increasing concentration and 
exposure time. However, no morphological changes were 
observed in the roots of S. cucullata.  They were still brown in 
color and healthy looking.  The results indicated that roots of S. 
cucullata were more tolerant to heavy metals than leaves.    
 

Biomass productivity:  The effects of Cd and Pb on biomass 
productivity (% of control) of S. cucullata  are shown in Fig. 1. 
There were significant decreases of biomass when the 
exposure time and metal concentration were increased 
(p<0.05). The highest biomass (100%) was found in the control, 
while the lowest was found at 4 mg/l Cd (39.7%; Fig. 1A) and at 
40 mg/l Pb (48.0%; Fig. 1B). Comparatively, the biomass 
decrease in Cd treated plants was significantly lower than that 
of Pb treated plants (p<0.05), at the highest concentration of 
metal tested on day 8. 
 

Total chlorophyll content: The effects of Cd and Pb on total 
chlorophyll content of S. cucullata is shown in Fig. 2. The total 
chlorophyll content of control increased with increasing 
exposure time. The total chlorophyll contents in treated plants 
were significantly decreased from that of control (p<0.05). The 
highest total chlorophyll content (2.8 mg/g) was observed in the 
control, and the lowest was observed at 4 mg/l Cd (0.8 mg/g; 
Fig 2A) and at 40 mg/l Pb (1.3 mg/g; Fig. 2B), on day 8. 
Comparatively, at the highest concentration of both metals, the 
total chlorophyll content of plants treated with Cd was 
significantly lower than that of Pb treated plants (p<0.05). 
 

Heavy metal content: Metals (Cd and Pb) were not observed in 
the control plants at all exposure times. Cd and Pb contents in 
the roots and leaves of S. cucullata are shown in Tables 1 and 
2. The metal contents significantly increased when the exposure 
time and metal concentration were increased (p<0.05). At Cd 
concentrations of 0.5, 1, 2 and 4 mg/l, the Cd contents in the 
leaves increased to the maximum levels of 3.8, 13.7, 189.2, and 

679.2 µg/g dry wt, respectively, and 17.5, 84.6, 829.0 and 

1,636.1 µg/g dry wt in the  roots, respectively, on day 8 (Table 
1). At Pb concentrations of 5, 10, 20 and 40 mg/l, the Pb 
contents in the leaves increased to the maximum levels of 

273.4, 1040.7, 1340.3 and 3,982.6 µg/g dry wt, respectively and 

1,861.8, 7,661.3, 10,064.7 and 14,305.6 µg/g dry wt in the 
roots, respectively, on day 8 (Table 2).  Fig. 3 shows the metal 
contents in the whole plant at various metal concentrations and 

exposure times. The highest Cd content (2315.3 µg/g dry wt) 
was found in plants exposed to 4 mg/l Cd and the highest Pb 

content (18288.2 µg/g dry wt) was found in plants exposed to 
40 mg/l Pb. 
 

The results showed that S. cucullata could 
accumulate Cd and Pb at much higher concentrations in the 
roots.  However, when the biomass productivity was considered 
together with the accumulation capacity, S. cucullata could 

accumulate high concentrations of Cd (> 100    µg/g) and Pb 

(>1000 µg/g) and still remained healthy at 2 mg Cd/l and 10 mg 
Pb/l, respectively. 

 
 

Bioconcentration factor (BCF):  The BCFs of Cd and Pb in S. 
cucullata  at different   concentrations  and  exposure  times  are 
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Table – 2: Pb content in the leaves and roots of S.cucullata exposed to various Pb concentrations and exposure times. 
 

Pb content (µµµµg/g dry wt) 

Day 0 Day 2 Day 4 Day 6 Day 8 

Pb  
conc. 
(mg/l) 

Root Leaf Root Leaf Root Leaf Root Leaf Root Leaf 

Control 

5 

10 

20 

40 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

877.1 + 8.03a 

4034.4+5.3b 

5302.1+6.5c 

9388.9+7.1d 

0 

66.1+6.0a 

580.9+5.1b 

632.3+2.6b 

2005.6+3.3c 

0 

1237.4+9.5a 

5652.5+5.9b 

7241.4+9.5c 

12432.5+8.2d 

0 

176.2+6.5a 

831.7+5.3b 

837.1+4.1b 

2308.99+2.7c 

0 

1522.6+6.4a 

6939.7+6.6b 

9429.3+7.8b 

13009.0+9.5c 

0 

194.4+2.2a 

882.5+3.1b 

945.4+2.6b 

3453.5+6.0c 

0 

1861.8+5.9a 

7661.3+5.4b 

10064.4+6.9c 

14305.6+7.8d 

0 

273.4+4.2a 

1040.7+4.9b 

1340.3+6.2bc 

3982.6+2.8d 

Means within a column followed by different letters indicate significant differences at P< 0.05. 
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Fig. 2: The effects of Cd (A) and Pb (B) on total chlorophyll content of S. cucullata at different concentrations and exposure times. 
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Fig. 3: The accumulation of Cd (A) and Pb (B) by S. cucullata at different concentrations and exposure times. 
 

shown in Fig. 4A and 4B, respectively. The BCFs of metals 
increased when the exposure times were increased. The BCFs 
of Cd of S. cucullata at 0.5, 1, 2, and 4 mg/l were 42.6, 98.3, 
492.1 and 578.8 mg/l, respectively on day 8 (Fig. 4A). The 
BCFs of Pb of S. cucullata at 5, 10, 20 and 40 mg/l were 427.1, 
870.2, 570.2 and 457.2 mg/l, respectively, on day 8(Fig 4B). 
The BCFs of Pb in S. cucullata were highest at 10 mg/l at all 
exposure times. The higher value of BCF indicates the ability of 
plants to concentrate metals in their tissues.  Hence, S. 
cucullata could concentrate Pb in their tissues better than Cd. 
The present study shows that Cd and Pb are toxic to S. 

cucullata as shown by the toxicity symptoms such as chlorosis, 
decreases in the biomass and total chlorophyll content. The 
severity of symptoms increased with the increases in metal 
concentration and exposure time. In comparison, Cd is much 
more toxic than Pb as shown by the values of biomass and total 
chlorophyll content. Other studies have also shown that Cd was 
more toxic than Pb at the same concentration in L.. minor 
(Mohan and Hosetti, 1997), E. crassipes (Zhu et al., 1999).  
 

The toxicity symptoms observed as the result of Cd 
and Pb exposure was chlorosis in the leaves of S. cucullata. 
This  correlates   well   with  the   decrease  in   total  chlorophyll 
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Fig. 4: The bioconcentration factor values of Cd (A) and Pb  (B) in S. cucullata at different concentrations and exposure times. 
 

 

content. Similar symptoms were reported in other plants 
exposed to low concentration of Cd and high concentration of 
Pb. Heavy metals are reported to inhibit chlorophyll 
biosynthesis, particularly by inhibiting 2 – aminolevulinic acid 
hydrogenase and protochlorophyllide reductase (Ouzounidou, 
1995). Cd inhibited the synthesis of 5 - aminolevulenic acid and 
formation of photoreactive and protochlorophyllide complex 
with its substrate (Gadallah, 1995). Overnell (1975) reported 
that 0.01- 0.05 mg /l Cd reduced the concentration of ATP and 
chlorophyll in many species, and decreased oxygen production. 
While Cd does not appear to inhibit photochemical reductions, 

it may interfere with different steps of Calvin cycle, resulting in 
the inhibition of photosynthetic substances and in poisoning of 
the cell cytoplasm (Pahlasson, 1989). Pb inhibits PSI of 
photosynthesis and causes iron deficiency, indicating that the 
light phase of photosynthesis is affected in the treated plants 
due to the induced iron deficiency in PSII by Pb. Many heavy 
metals have effectively blocked photosynthetic electron 
transport at the level of PSII both at oxidizing (donor) and 
reducing (acceptor) site (Clijster and Van Assche, 1985; Krupa 
and Baszynski, 1995). 
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Another toxicity symptom observed as the result of 
Cd and Pb exposure was decrease in biomass of S. cucullata 
when the exposure time and metal concentration were 
increased. Both Cd and Pb were found to inhibit growth in 
many species of aquatic plants such as Lemna species 
(Huebert and Shay, 1993; Miranda and Hangovan, 1978; 
Mohan and Hosetti, 1997), Eichhornia species (Brown and 
Rattigan, 1979; Zhu et al., 1999), Spirodela species (Oron et 
al., 1984; Banerjee and Sarker, 1997). Cd was shown to 
interfere with the increased tissue permeability, hence the 
increase in toxicity (Sen and Mondal, 1987), the increased 
cross linking of pectins in the middle lamella of cell wall which 
might inhibit cell expansion (Poschenrieder et al., 1989), and 
the direct and indirect effect on the growth hormone, auxin 
metabolisms or auxin carriers. Similarly, Pb also causes severe 
impairment of plant metabolic processes including the 
photosynthetic activity and the induction of enzyme peroxidase 
that is involved in the degradation of indoleacetic acid which 
stimulates plant growth and multiplication (Hoffman et al., 
1985). 

 

S. cucullata possesses the potential to accumulate 
metals in its tissue. The results revealed that, under the 
experimental conditions, the accumulations of Cd and Pb by S. 
cucullata were increased when the exposure time and 
concentration of metal were increased. In the present study, S. 
cucullata accumulated metals to the highest concentration of 

679.2 µg Cd/g in the leaves and 1631.1 µg Cd/g in the roots 

and of 3982.9 µg Pb/g in the leaves and 14305.6 µg Pb/g in 
the roots, respectively. The accumulation of Cd and Pb in 
various parts of aquatic macrophytes under laboratory 
conditions had been reported in several species of aquatic 
plants, for example water hyacinth (Tokunaga et al., 1976), 
water milfoil (Myriophyllum aquatictum)  (Mutsunaga et al., 
1999), water lettuce (Pistia stratiotes; Maine et al., 2001), A. 
pinnnata, L. minor (Jain et al., 1990). Metal concentrations 
were reported to be higher  in the roots in  most studies 
(Cataldo et  al., 1981; Rauser, 1987). In addition, the difference 
in the ability of plants to accumulate heavy metals has been 
related to differences in their root morphology (Hemphill, 1972; 
Schierup and Larsen, 1981). The latter suggested that a plant 
with numerous thin roots would accumulate more metal than 
one few thick roots. S. cucullata possess numerous thin roots 
and they were shown to accumulate both Cd and Pb at the 
highest concentration in the roots. 

 The bioconcentration factor is defined as the ratio of 
metal concentration in the plant to the initial concentration of 
metal in the feed solutions. In this study, the BCF values of S. 
cucullata in each group of Pb was significantly higher than 
those in each group of Cd, indicating that the uptake of Pb was 
better than that of Cd. The ambient metal concentration in 
water was the major factor influencing the metal uptake 
efficiency (Rai and Chandra, 1992). Some aquatic plant 
species have been shown to exhibit higher accumulation of Pb 
and Cd with very high BCFs of Pb ranging from 2133 to 8064 
(8064 for coontail, 2521 for giant duckweed, 2133 for musk-

grass and 7174 for Hygrorhiza), which would also qualify them 
as good phytoremediator (Rai and Chandra, 1992).  In the 
present study, the highest BCF of Cd in S.cucullata was 578.8 
mg/l (at 4 mg Cd/L) while that of Pb was 870.2 (at 10 mg Pb/L). 
From the view of phytoremediation, a good accumulator should 
have the ability to concentrate the element in the tissue, for 
example a BCF more than 1000(100- fold compared on a fresh 
weight; Zayed et al., 1998). Based on these criteria, our results 
indicated that S.cucullata was a moderate accumulator of Cd 
and a good accumulator of Pb. 

 

The results of the present study indicated that S. 
cucullata is a promising plant for metal accumulation  and it may 
be used as a biological agent in phytoremediation. S. cucullata 
could be employed to remediate either waste water effluent 
streams or water bodies contaminated with Cd and Pb. The 
uptake of metal ion from water is influenced by various 
parameters such as temperature, pH and exposure time. 
However a suitable harvesting system will be required for 
obtaining meaningful results. The harvested S. cucullata tissue, 
rich in Cd and Pb can be processed easily. 
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