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Abstract: Aquatic macrophytes are well known accumulators for heavy metals from wetlands.
The objective of  this  study is  to  evaluate  the capacity of  lead (Pb),  zinc (Zn),  cadmium (Cd),
copper (Cu) and chromium (Cr) uptake and bioaccumulation factor of Eichhornia crassipes and
Pistia stratiotes from wastewaters. Young plants of Eichhornia crassipes and Pistia stratiotes
of equal size were grown in industrial wastewater effluents for 20 days. The plants in the
experiment removed more than 50 % of Zn, Cu, Cr and Pb. Removal of metals from water was
fast especially in the first ten days. Metals accumulation in water hyacinth and water lettuce
was in the order of Zn> Pb> Cr > Cu> Cd. Roots of Eichhornia crassipes proved better
accumulator  of  the  metals  than  leaves.  Bioconcentration  factor  (BCF)  of  Pb,  Zn  and  Cu  was
more than 1000 in two species. The translocation factor (TF) of Cr, Pb, Cu and Zn in water
hyacinth was low (0.07 – 0.46) except for Cd (3.35). Eichhornia crassipes and Pistia stratiotes
are found to be suitable candidates for effective removal of heavy metals from wastewaters.
Keywords: Aquatic macrophytes, Phytoremediation, Bioconcentration factor, Trace metals.

Introduction

Water pollution by heavy metals is a major environmental problem in the modern world1,  2. Pollutants
enter aquatic systems via effluent discharge, industrial, urban and agricultural run-off. Unlike organic
pollutants, natural processes of decomposition do not remove heavy metals. On the contrary, they may be
accumulated in aquatic biota and can be converted to organic complexes, which may be even more toxic3.
Moreover, heavy metals can have ecological impact on water bodies leading to increased nutrient load
especially if they are essential metals. These metals in effluent may increase fertility of water leading to
eutrophication which in open water can progressively lead to oxygen deficiency, algae blooms and death of
aquatic life4. Contaminants present in aquatic systems commonly include a wide range of metallic such as
cadmium, lead, chromium, zinc and copper particularly in areas with high anthropogenic pressure.

The removal of toxic heavy metals from industrial wastewater is essential for the environmental
pollution control5. Many technologies have been used to reduce aquatic pollution, but they are generally costly.
An interesting alternative approach is phytoremediation where plants are used to stabilize or even to remove
metals from water through phytoaccumulation, phytodegradation and phytostabilization mechanisms6.  It  is  an
emerging technology that utilizes the capacity of vascular aquatic macrophytes such as water hyacinth and
water lettuce and their associated microbes for soil or water cleanup7, 8.
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They can remove suspended materials, nutrients and heavy metals from wastewater with great
efficiency9, 10. Plants species used in phytoremediation are biologically active plants and most are suitable for
removal of heavy metal ions and are capable of phytoaccumulating heavy metals from soil and water11, 12. The
objective of this study is to evaluate the capacity of heavy metals (Pb, Zn, Cd, Cu and Cr) uptake and the
bioaccumulation factor of Eichhornia crassipes and Pistia stratiotes from wastewaters.

Materials and methods

Sampling and batch studies

Triplicate batch tests were conducted in cylindrical tanks of 1000 L capacity with 0.8 m radius and
0.5 m depth. In each tank, 400 L of wastewater (0.2 m deep) coming from industrial park of Yopougon
township were poured and it was planted with 4 kg (fresh weight) of young plants (figure 1). Experiments were
performed with an additional single unplanted control to assess the role of Eichhornia crassipes and Pistia
stratiotes in the removal of heavy metals. Young plants of Eichhornia crassipes and Pistia stratiotes were
collected from a local unpolluted River (Côte d’Ivoire). The plants were thoroughly washed with tap water
before being placed in tanks containing industrial wastewater effluents. Three replicates in each group were
conducted for a residence times of 20 days each one. Heavy metals (Pb, Zn, Cd, Cu and Cr) from effluents were
analyzed at initial level, 5th, 10th, and 15th day. Metals concentration of each plant species were analyzed at
initial and final stage of the experiment.

Figure 1: Picture of three tanks used for the study at the end of the 3rd week

Chemical analysis

Water samples were collected in duplicate at the time of harvesting the plants and the samples were
acidified to a pH less than 2 with concentrated HNO3. 50 mL of water samples were digested with 2 M HNO3 at
95 °C for 2 hours and were made up to 100 mL in a volumetric flask with distilled water. The digestion was
done in glassware previously soaked in nitric acid and washed with distilled water. The digested samples were
analyzed for metals in duplicate using a Perkin Elmer 3000DV Inductively Coupled Plasma-Atomic Emission
Spectrometer (ICP-AES).

The plant samples were separated into root and leaves to determine the accumulation trend from water
to the roots and to the leaves. They were each dried in an oven at 60°C till well dried. The dried samples were
ground before digestion. Five hundred milligrams (500 mg) of dried weight of each fraction were digested with
10  mL of  HClO4 and HNO3 mixture (1:3) at about 80°C for 4 hours. The resulting cleared colored solutions
were made up to the mark in a 25 mL volumetric flask with the distilled water. All the reagents that were used
were of analytical grade and all the reaction vessels were treated well to avoid external contributions of the
metals. Sample blanks were analyzed to correct the possible external contributions while replicate samples were
also evaluated and all the analyses were done in triplicate to ensure reproducibility of the results. The digested
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samples were analyzed for five metals (Pb, Zn, Cd, Cu and Cr) by a Perkin Elmer 3000DV Inductively Coupled
Plasma-Atomic Emission Spectrometer (ICP-AES).

In the present investigation, the bioconcentration factor (BCF) and the translocation factor (TF) of heavy metals
within hydrophytes were calculated as shown below13, 14 :

Results and discussion

The concentrations of metals (Zn, Cu, Cd, Cr, Pb) in experimental tanks during the treatment are
showed in figure 2. In all cases, the final concentration of each metal in wastewater with Eichhornia crassipes
or Pistia stratiotes was lower than in control wastewater. The concentration of zinc decreased rapidly in all
containers until the 10th day. Then it noticeably decreased to stabilize. The initial value was reduced from
212.74 to 5.2 µg.L-1 in wastewater treated by water hyacinth and to 13.81 µg.L-1 in water lettuce tanks. Thus,
the percentage reduction was 97.56 and 93.51 %, respectively. Cadmium concentration decreased until 15th day
from 0.7 µg.L-1 to 0.25 µg.L-1 for water hyacinth and 0.23 µg.L-1 for water lettuce. The reduction on copper
concentrations was similar. However, this reduction was greatly the first five days. At the 15th day, copper value
was lowest in wastewater treated by water lettuce. Contrary to the three previous heavy metals, the
concentrations of chrome decreased during the first 10 days then increased highly in all containers. According
to Liao and Cheng15,  water hyacinth is able to absorb and translocate Cd, Cu and Zn in the plant’s tissue as a
root or shoot. This shows that water hyacinth can be a promising candidate to remove the heavy metals. Some
researchers found similar metal uptake in water lettuce and water hyacinth for heavy metals16, 17, 18. Highest
removal of these heavy metals may be due to its fast growth and to the plant bioaccumulation19.

  Trace element concentration in plant tissue (mg/kg) at harvest
BCF =

 Initial concentration of the element in water (mg/L)

  Root concentration (mg/kg)
TF =

 Leave concentration (mg/kg)
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W-EC: water treated by Eichhornia crassipes W-PS: water treated by Pistia stratiotes W-C: Water control
Figure 2: Variation of heavy metals (Zn, Cu, Cd, Cr, Pb) in different tanks of wastewater treatment with time

In the present study, contrary to water hyacinth, metals accumulation by water lettuce was determined
for all plant because it was difficult to make the difference of plant organs after experiments. The accumulation
of metals in the roots and the leaves of water hyacinth and in water lettuce collected in natural environment
(before experiments) and after wastewaters phytoremediation was showed in figure 3. Zn and Cu concentrations
in both plants collected in natural environment were higher than Cd, Pb and Cr contents. After the experiments,
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the concentrations of all metals increased. Zn increased from 745.16 to 1304.29 mg/kg for Eichhornia crassipes
and from 1577.71 to 2036.01 mg/kg for Pistia Stratiotes. Cu increased from 78.12 to 147.51 mg/kg and from
46.29 to 202.30 mg/kg for Eichhornia crassipes and Pistia Stratiotes respectively. From the experiment, water
hyacinth accumulated the highest concentration of metals in roots (1792.66 mg/kg for Zn, 655.25 mg/kg for Cr,
225.19 mg/kg for Cu and 104.54 mg/kg for Pb). The high metal concentration in the plant roots is found to be
similar with the results of previous studies1, 20. In general, most studies reported that higher levels of metals
were accumulated more in roots compared to leaves. One of the reasons for higher accumulation factor in the
plant roots may be due to of their absorption to the surface of root tissue21. The highest metals accumulations in
water hyacinth leaves were found to be 817.91 mg/kg for Zn and 69.83 mg/kg for Cu. Zn and Cu were more
accumulated because they are micro-nutrients for plants17.

EC: Eichhornia crassipes ; PS: Pistia stratiotes

Figure  3:  Metals  concentrations  in  the  organs  of Eichhornia crassipes and Pistia stratiotes before and
after wastewater treatment.
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Bioconcentration factor of heavy metals in water hyacinth and water lettuce and their translocation
factor in the present study are given in table 1. BCF of the roots is higher than that of the leaves for the five
metals which indicates that the roots accumulated more than leaves. That showed that metals accumulated by
water hyacinth were largely retained in roots22, 23. BCF values in water hyacinth were 6136.77 for Zn, 4874.45
for Pb and 2931.74 for Cr and those in water lettuce were 7417.54 for Zn, 3883.94 for Pb and 1831.74 for Cr
respectively. Low values were obtained for cadmium for the two species plants. For the two species, metals
accumulation was in the order of Zn> Pb> Cr > Cu> Cd. The BCF values were also comparable to those
reported for wetland plants recommended for use in phytoremediation13, 24.  According  to  Zu  et  al.25, a BCF
value ≥ 1000 has been suggested to indicate that a plant species is a hyperaccumulator. The results of the
present study showed that Eichhornia crassipes and Pistia stratiotes are good accumulators of Zn, Pb, and Cr.
Translocation factor revealed that metals were largely retained in the roots of water hyacinth. Water hyacinth
had low TF values of Cr, Pb, Cu and Zn (0.07 – 0.46) except for Cd (3.35) (Table 1). Lower accumulation of
metal in leaves than roots can be associated with protection of photosynthesis from toxic levels of heavy
metals26. Moreover, metals are accumulated in roots, probably due to some physiological barriers against metal
transport to the aerial parts of plants, while others are easily transported in plants27.

Table 1: Bioconcentration factor (BCF) of heavy metals in Eichhornia crassipes and Pistia stratiotes and
their translocation factor (TF)

Eichhornia crassipes Pistia stratiotesMetals
BCF in roots BCF in leaves BCF in plant TF BCF in plant

Pb 7630.66 ± 778.78 2117.52 ± 104,93 4874.45 ± 528.17 0.28 ± 0.13 3883.94 ± 654.71
Zn 8428.12 ± 561.52 3845.37 ± 234,67 6136.77 ± 981.37 0.46 ± 0.42 7417.54 ± 346.65
Cd 957.14 ± 78,43 285.71 ± 45.27 485.71 ± 35.34 3.35 ± 1.73 171.43 ± 35.42
Cu 1260.86 ± 761.68 390.99 ± 91,89 825.92 ± 78.90 0.31 ± 0.12 1132.70 ± 317.08
Cr 5487.86 ± 617.24 375.54 ± 87,31 2931.74 ± 445.77 0.07 ± 0.09 1831.74 ± 97.91

Conclusion

Results from the present study show that water hyacinth and water lettuce can be use effectively in the
removal  of  selected heavy metals  present  in  wastewaters.  These species  are  good accumulators  of  Zn,  Pb,  Cr
and Cu from wastewater. Metals accumulation was in the order of Zn> Pb> Cr > Cu> Cd. Roots of Eichhornia
crassipes proved better accumulator of the metals than leaves. Based on these results Eichhornia crassipes can
be used on large scale for the removal of heavy metals. Water hyacinth had low TF values of Cr, Pb, Cu and Zn.
TF value of Cd was highest.
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