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Abstract

Many plants are capable of accumulating heavy metals (called hyperacumulators), one of which is the water hyacinth Eichhornia 
crassipes Mart. The roots of this water plant naturally absorb pollutants, including heavy metals such as Pb, Hg, Zn, Co, Cd, and Cu and 
can be used for wastewater treatment. The aim of this study was to assess the influence of heavy metals on growth and development of 
water hyacinth and to determinate the uptake capacity of heavy metals of this species. It was evaluated for its effectiveness in reducing 
pollution potential in wastewater. From the combination of experimental factors 11 variants resulted. The results showed that Eichhornia 
absorbed a high quantity of Pb (504 mg/kg dry matter) and Cu (561 mg/kg dry matter) in their roots. More Cu accumulated in the 
root compared to Pb. The level of Zn absorption was lower in roots (84 mg/kg dry matter) and also in stem plus leaves (51 mg/kg dry 
matter). A high quantity of Cd (281 mg/kg dry matter) was removed from stem plus leaves of Eichhornia while the level of Co was very 
low (45 mg/kg dry matter). Regarding the growth and development of this plant it was found that in tanks with Pb plants had a better 
development and had flowers also, and in the case of Cd, Co, Cu at a double dose of maximum admissible limits, the plants died and the 
growing period was shorter.
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Introduction

For growth and development plants absorb large 
amounts of elements and only small amounts of toxic ele-
ments that could harm them. There are 35 metals that con-
cern because of occupational or residential exposure; 23 
of these are the heavy elements or “heavy metals”: Ag, An, 
As, Au, Bi, Cd, Ce, Cr, Co, Cu, Fe, Ga, Hg, Mn, Ni, Pb, 
Pt, Te, Tl, Sn, U, V, and Zn (Glanze, 1996). While many 
heavy metals have considerable toxicity, others are not 
deemed to possess significant toxic properties. In fact, sev-
eral of these elements including Zn, Fe, Cu, Cr and Co are 
necessary for metabolic function for a large class of organ-
isms (Hogan, 2010). Removal of toxic heavy metals from 
industrial wastewater is essential from the standpoint of 
environmental pollution control (Hasan et al., 2007).

Aquatic plants absorb heavy metals from the water; and 
those rooted ones also from the bed material. Generally, 
aquatic plants accumulate high amounts of heavy metals. 
In this way, they reflect the toxicity of the water environ-
ment and may serve as a tool for the biomonitoring of 
contaminated waters (Cardwell et al., 2002; Ravera, 2001; 
Sawidis et al., 1995; Wang, 1991; Zurayk et al., 2001).

Hydrophytes can absorb heavy metals via roots, stems 
or leaves, and accumulate them in organs. They can ab-
sorb elements selectively. Accumulation and distribution 
of heavy metals in the plant depends on the plant species, 

bioavailability, pH, cation exchange capacity, dissolved 
oxygen, temperature, and secretion of roots. Plants are 
employed in the decontamination of heavy metals from 
polluted water and have demonstrated high performances 
in treating mineral water and industrial effluents (Cheng, 
2003).

Many aquatic plants have been used as a bio-filter to 
remove heavy metals from waste water such as: Salvinia 
sp. (Espinoza-Quinones et al., 2005), Potamogeton cris-
pus (Aysel et al., 2010), Potamogeton pectinatus and Pota-
mogeton malaianus (Peng et al., 2008), Typha angustifolia 
(Dilek and Ahmet, 2004), Myriophyllum heterophyllum 
(Aysel et al., 2010), Lemna minor (Yeşim et al., 2003) and 
Azolla caroliniana (Bennicelli et al., 2004). In addition, 
Lavid et al. (2000) discovered that water lilies (Nymphaea 
variety) are endowed with anatomical and physiological 
traits that allow them to thrive on water with high con-
centrations of heavy metals such as Cd, Hg, Ni and Co.

Experiments by Alka and Triphati (2007) revealed that 
Eichhornia crassipes bioaccumulated the most heavy metals 
followed by Lemna minor and Azolla pinnata. Skinner et 
al. (2007) evaluated the effectiveness of four aquatic plants 
including water hyacinth (Eichhornia crassipes), water let-
tuce (Pistia stratiotes), zebra rush (Scirpus tabernaemon-
tani) and taro (Colocasia esculenta) for their capabilities 
in removing Hg from water. They utilised concentrations 
of 0 mg/L, 0.5 mg/L, and 2 mg/L of Hg for 30 days. All 
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Elmer Analyst 800 Spectrometer, Breghof MWS-2 Miner-
alisation Oven and Direct Q UV3 Water Purify System.

After harvesting, the plants were divided into two 
parts: stem plus leaves and roots. Each part was dried for 
72 hours at 105°C. All parts were ground and screened by 
using a sieve of 250 μm. For each analysed sample 0.03 g 
material was used.

Results and discussion

Some data concerning the morphological characters 
of plants (root length, diameter of leaves rosette, number 
of leaves, total weight of water hyacinth) used in research 
were recorded. The root length (cm) recorded at 24 May 
(start of experiment) and 16 June (end of experiment) is 
shown in Fig. 1.

Each solution determines a normal growth of root 
system. The root length increased with increasing metal 
concentration. Some studies emphasise that at higher con-

species appeared to reduce Hg concentrations in the water 
via root uptake and accumulation. Water lettuce and wa-
ter hyacinth were the most effective, followed by taro and 
zebra rush.

The National Aeronautics and Space Administration/
National Space Technology Laboratories (NASA/NSTL) 
have successfully used water hyacinths to remove organics 
and heavy metals from chemical wastes before their dis-
charge (Wolverton et al., 1977). Biofiltration of the heavy 
metals (Pb, Zn, Cu, Cd, Co) has been successfully demon-
strated using Eichhornia crassipes plants as biological mate-
rial (Hasan et al., 2007; Wolverton et al., 1977; Xiaomei et 
al., 2004). Eichhornia can grow so quickly in nutrient-rich 
waters, such as in polluted ponds or lakes, that the surface 
covered by the mats doubles every 4-7 days.

The aim of this study was to assess the mode of action 
and role of aquatic plants in removing heavy metals from 
wastewater. During the experiments, some observations 
were also made concerning the morphological charac-
teristics of the plants, and the chemical compounds were 
analysed.

Materials and methods

The experiment was conducted in the greenhouse of 
the Floriculture Department of the University of Agri-
cultural Sciences and Veterinary Medicine Cluj-Napoca, 
Romania, in the period 24 March 2009-16 June 2009 i.e. 
with a duration of 84 days. Eleven plastic tanks of 15 litre 
capacity were used for the studies with water hyacinth. 
Two plants of different ages (mature and young plants) 
were put in each tank. The water was treated with differ-
ent doses of heavy metals (Tab. 1) while tap water was used 
in the control tank.

The experiment was conducted at an average tempera-
ture 29-31°C. For chemical analysis the following reagents 
and apparatus were used: HNO3 extra pure Merck (con-
centration of 65%) and H2O2 (concentration of 30%) and 
to determinate the concentration of heavy metals: Perkin 

Tab. 1. Doses of elements used in Eichhornia crassipes 
experiments

No. of 
variants Experimental variants Heavy metal 

dose (mg/L)
Flowering 

time
G1V1 Water hyacinth + tap water - -
G2V1 Water hyacinth + PbAc2 0,5* 19 May 2009
G4V1 Water hyacinth + ZnSO4 1,0 -
G6V1 Water hyacinth + CuSO4 0,2 -
G8V1 Water hyacinth + Cd pure 0,3 -
G10V1 Water hyacinth + Co (NO3)2 1,0 -
G3V2 Water hyacinth + PbAc2 1,0** 20 May 2009
G5V2 Water hyacinth + ZnSO4 2,0 -
G7V2 Water hyacinth + CuSO4 0,4 -
G9V2 Water hyacinth + Cd pure 0,6 -
G11V2 Water hyacinth + Co (NO3)2  2,0 -

Maximum admissible limits-MAL, **2 x MAL-double dose (HG188/2002, 
NTPA-002/2002); Doses exceeding the maximum admissible limits can be
toxic to living organisms

Fig. 1. The root length of Eichhornia crassipes at the start and end of the experiment
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centrations the metals inhibit plant growth (Hasan et al., 
2007).

Regarding the diameter of the rosettes it has been 
noted that in some cases this character decreases with the 
increase of metal concentration (Fig. 2). The diameter of 

rosette increasing tendency at ZnSO4 single and double 
dose, CuSO4 double dose, Cd single dose, Co (NO3)2 
double dose.

In the case of number of leaves, the level of metal con-
centration does not negatively influence this character. At 

Fig. 2. The diameter of the rosettes of Eichhornia crassipes at 24 May and 16 June

Fig. 3. The number of leaves of Eichhornia crassipes at the start and end of the experiment

Fig. 4. The total weight of water hyacinth under heavy metal toxicity in Eichhornia crassipes experiments
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the end of the experiment the data show that all the plants 
developed a large number of leaves (Fig. 3). There was a 
positive correlation between the level of metal concentra-
tion and the analysed character.

The effect of metal concentration on the total weight 
rate of the water hyacinth is shown in Fig. 4. It appears that 
the total weight rate increased with an increase in metal 
concentration.

Fig. 7. Lead quantity in all part of plants, in Eichhornia crassipes experiments

Fig. 5.The effect of metal concentration on solution pH in Eichhornia crassipes experiments

Fig. 6. The level of solution at the end of the experiments in the case of water hyacinth
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The level of solution in the tank at the end of the cul-
ture is shown in Fig. 6. In each tank, the level of solution 
decreased during the period of plant development. The 
lowest consumption was registered in the case of normal 
water. The highest one was measured in the solution with 
a double dose of ZnSO4, the other experimental variants 
showed approximately the same values.

Eichhornia crassipes uptake capacity of Pb, Zn, Cu, 
Cd, and Co was studied. The plant tissue analysis made by 

After establishing the heavy metal concentration in ex-
perimental tanks, the level of pH was determined, which 
varied between 6.94-8.28 (Fig. 5). The results show that 
upon the addition of heavy metal the solution pH was 
greatly modified. The lowest value was measured in the 
control (tap water) and the highest value was recorded 
at Co (NO3)2 double dose. In each case, the solution was 
alkaline; no one concentration caused the acidity of the 
developing medium.

Fig. 9. Uptake of Cd by water hyacinth in Eichhornia crassipes experiments

Fig. 10. Cobalt level in all parts of water hyacinth

Fig. 8. Zinc level in plants, in experiments with Eichhornia crassipes
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of Cd are presented in Fig. 9, both for the roots and stem 
plus leaves. In the roots the higher Cd level was recorded 
in the case of increasing concentration (double dose). Also 
in the stem plus leaves this metal shows increases at double 
dose. The uptake at single dose was 182.99 mg/kg dry mat-
ter and in the case of double dose was 280.85 mg/kg dry 
matter (Fig. 9).

The uptake of the metals by the plant and its tissues are 
affected by several parameters: pH, temperature, evapo-
ration, solar radiation, chemical compounds of normal 
water and others. It has been taken only two parameters: 
solution pH and heavy metal concentration.

Regarding the cobalt translocation in all part of Eich-
hornia crassipes Mart. it can be conclude that this metal is 
present in higher quantities in the roots when it has been 
used a single dose. This means that with increasing metal 
concentration the absorption tends to decrease (Fig. 10).

Analysing the quantity of heavy metal in stem plus 
leaves, the uptake is increasing with an increasing metal 
concentration (double dose).

Copper sulphate (CuSO4) is used as a fungicide and as 
algae control in domestic lakes and ponds. It is used in gar-
dening powders and sprays to kill mildew. Copper ions are 
highly toxic to fish, so care must be taken with the dosage. 
The very low concentrations of copper sulphate used to 
control most species of algae also inhibit growth of bacte-
ria such as Escherichia coli. Copper is particularly adsorbed 
or fixed in the soil, making it one of the less displaceable 
heavy elements.

The results from Fig. 11 show that the Cu quantity was 
higher in roots than in stem plus leaves. The maximum 
translocation was registered when a low concentration of 
this metal (single dose) was used. A negative correlation 
was found between translocation and increasing concen-
tration. In the other parts of Eichhornia (stem plus leaves) 
the absorption was lower than in the roots.

In Fig. 9-11 some data are missing, because using dou-
ble dose of Cd, Co and Cu the plants died and the remain-
ing biological material was insufficient to make the analy-

Alka and Triphati (2007) revealed a higher accumulation 
of metals in roots than leaves of water hyacinth. It is known 
that lead in high concentrations is a potential health risk, 
especially around large cities or industrial areas.

The Pb uptake in the roots of water hyacinth was high-
er than in the stem plus leaves. The accumulation of Pb is 
higher in the case of a single dose (Fig. 7). The accumu-
lation of this metal in the roots is sufficiently high such 
that Eichhornia crassipes is recommended for filtration of 
wastewater.

In the stem plus leaves the translocation was lower than 
roots. The data in Fig. 7 show that the accumulation rate 
in plants decreased with increasing concentration. The 
double dose negatively influenced the process of metal ab-
sorption in stem plus leaves.

Zinc is an essential and beneficial element for human 
bodies and plants. Complete exclusion of Zn is not pos-
sible due to its dual role, an essential microelement on 
the one hand and a toxic environmental factor on the 
other (Xiaomei et al., 2004). Zinc is considered with cad-
mium to be a very mobile and bioaccessible metal, which 
through its accumulation in soils and plants can reach the 
food chain.

In the experiment of Delgado et al. (1993) concerning 
the phytotoxic effect and uptake of cadmium, chromium 
and zinc by water hyacinth, plants showed some necrosis 
at higher concentration of solutions. Among the three ele-
ments tested, Cd was the most toxic. The greater absorp-
tion was registered at Cr better than Zn and Cd.

In the experiments with water hyacinth higher quan-
tities of Zn were measured in roots at single and double 
dose, too (Fig. 8). Approximately the same values of this 
metal were recorded in the stem plus leaves as in roots 
without any necrosis.

In addition to direct absorption by roots, cadmium can 
be absorbed through leaves and translocated in the plant, 
which is a significant route of access to this element in food 
and their consumption level implicit by the human body.

The accumulation of cadmium in analysed material is 
expressed as mg/kg dry matter. The data for accumulation 

Fig. 11. Copper absorption in different parts of Eichhornia crassipes in experiments
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sis. In the tanks with Pb contamination plants had a better 
development and had flowers also.

Conclusions

Analysing the data recorded in the greenhouse belong-
ing to UASVM Cluj-Napoca, using Eichhornia crassipes to 
take up heavy metals from water, it can be conclude that 
Eichhornia absorbed high quantities of Pb and Cu in the 
roots. Comparatively more Cu was accumulated in the 
roots compared to Pb. For Zn it was observed that the ab-
sorption was lower in roots and in stem plus leaves also. 
Eichhornia stem plus leaves can remove a high quantity of 
Cd and a very low amount of Co. Water hyacinth can be 
used as a “bio-filter” to prevent the spread of heavy metal 
contamination in the aquatic environment and success-
fully used for the removal of Pb, Zn, Cd, Co and Cu. In 
tanks with Cd, Co and Cu during the growing season was 
shorter than the contaminated tanks with Pb and Zn. It 
was found that the absorbtion period of plants is different 
depending on the type of metal and dosage used.
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