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ABSTRACT 
 

Toxic heavy metals pollution of water is a major environmental problem, and most conventional 
remediation approaches do not provide acceptable solutions. Wetland plants such as the water hyacinth 
"Eichhornia crassipes" have been used successfully for the Phytoremediation of heavy metals in natural and 
constructed wetlands. The present study was undertaken to determine experimentally the treatment of industrial 
wastewater collected from "Mubarak Industrial Area", Menofia Governorate, Egypt, for removal of heavy 
metals using different root's type of the water hyacinth "Eichhornia crassipes", results obtained indicated that 
water hyacinth roots are highly effective in treatment of wastewater to be used for irrigation. The whole fresh 
water hyacinth roots were the most efficient type capable of improving the quality of Phytoremediated 
wastewater. On comparing the reduction percentages of investigated heavy metals it was found that, about 50 % 
of studied metals were removed within 1hr. ( Cu, Pb, Zn, Cr and Ni ), 26 % within 9hr ( Mn and Ba ), 10% in 
6hr ( Cd ) and 10% in 24 hr ( Fe ). Maximum reduction percentages were recorded for Mn (87.88%) followed 
by Cd ( 81.69 % ) , Fe (81.09), and Cu (77.56 %), while minimum percentages were observed for Ba ( 31.94 % 
) followed by Ni (41%) and Cr (46.51%). The rest of investigated metals showed moderate reductions, Ni 
(66.32%), Al (66.28%) and Zn (56.11 %). 

 
Key words: Wastewater treatment, Heavy metals, Phytoremediation, Water Hyacinth (Eichhornia crassipes) 

 
Introduction 

 
Egypt has a fixed and rather limited surface and groundwater resources. The present per capita water 

availability is in the order of 1000 cubic meter per year which indicates that Egypt is currently under "Water 
Stress". It is anticipated that water availability may drop by year 2015 to 630 cubic meter per year which brings 
the country to a "Scarcity Level" (Tawfic, 2001). Consequently, one of the biggest challenges facing Egypt is to 
reduce the widening gap between available water resources and increasing demands by different economic 
sectors. 

Wastewater is considered one of the most important resources which could be a precious one if treated and 
managed well to be reused. However, in practice most of this domestic and industrial wastewater is discharged 
untreated or partially treated contaminated with a wide range of toxic chemicals and pathogens, causing serious 
drawbacks for human health and environment (Scott et al., 2004). 

Conventional treated methods are not designed to address today's concerns. To provide better water quality 
at a lesser cost, it is desirable to find sustainable alternatives more natural, new, and cost effective while 
minimizing the needs for chemicals. 

One of these alternatives is the use of treatment systems known as "Wetlands". Wetlands depend mainly on 
Phytoremediation using different plant species. They have high potential for application in rural areas with less 
capital and operational costs. Their ability to markedly reduce biological oxygen demand, nutrients, heavy 
metals, and pathogens has made them very attractive option (El-Gohary, 2006). 

The floating aquatic plant Water Hyacinth, Eichhornia crassipes is a worldwide invasion plant. It is 
capable of rabid reproduction in shallow water and able to tolerate a wide range of environmental conditions 
(Toft et al., 2003). 

Hyacinth has been known to assist in the purification of wastewater because of its settlement action and 
absorption capacity. Its ability to reduce organic matter (Mangkoedihardjo, 2006), fecal coliforms (Mayo and 
Kalibbala, 2007) and heavy metals (Malik, 2007) has been reported. 
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Laboratory studies showed that water hyacinth was an excellent accumulator for Cd, Se, and Cu (Soltan 
and Rashed, 2003). While more than 93 % of arsenite and 95 % of arsenate were removed from a solution 
containing 200ug/l arsenic within 60 minutes of exposure to the powder of non-living dried roots of water 
hyacinth (Ranalli et al., 2005). 

The present study was dedicated to assign water hyacinth, "Eichhornia crassipes" as Phytoremediator for 
heavy metals present in industrial wastewater, using the plant's root  in different forms (whole fresh roots, 
whole dry roots, coarse grinded dry roots, and fine grinded dry roots) under controlled experimental designed 
conditions. The quality of treated wastewater was compared to FAO guidelines to evaluate its suitability for 
reuse in irrigation.  

 
Materials and Methods 
 
Experiment set-up: 

 
Water hyacinth (Eichhornia crassipes) wastewater treatment experiment was conducted at the Central 

Laboratory for Environmental Quality Monitoring (CLEQM), El-Kanatir, Egypt, during the academic year 
2009 – 2010.  The conduct experiment is a glass tank with 90 cm length; 50 cm width and 50 cm height filled 
with wastewater and a plastic reservoir was hanged over the top of the glass tank with a valve for continuous 
filling of the tank with wastewater. The tank also has a valve to tip out the treated water to be collected and 
analyzed. The efficiency of heavy metals removal by different types of water hyacinth roots was evaluated 
through calculating reduction percentages in heavy metals. Short and long term treatments were studied during 
the time intervals 1, 2, 3, 6, 9 and 24 hours. The experiment and its specifications are illustrated schematically 
in Fig. 1 

 
 

 
 
 
 
 
 
    
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1: Schematic diagram and specification of the experiment 
 
Water hyacinth sampling and preparation: 

 
Water hyacinth was collected directly from the River Nile and was chosen according to the size of its roots 

which almost ranged between 13 to 15 cm in length. The roots were separated from the whole plant and were 
arranged into four groups; whole fresh roots, whole dry roots, coarse grinded dry roots, and fine grinded dry 
roots. Roots drying took place in the oven at 105 oC, and samples of each root type were digested and analyzed 
for heavy metals just before being incorporated into the experiment for base line data (Photos 1 and 2). 
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Photo 1:  Whole roots and dried roots of water hyacinth 
 

 
 
 
 
 
 
 
 
 
 
 

Photo 2:  Fine grinded roots and coarse grinded roots of water hyacinth 
 
Wastewater sampling and analysis: 

 
Wastewater sampling was done from a mixed industrial effluent located at Mubarak Industrial Area, 

Menofia governorate, Egypt (Map 1). This area is characterized by its excessive input loads of heavy metals 
due to industrial activities. 

 

 
 

Map 1: Mubarak industrial area 
 
Sampling procedures as well as analytical methods were carried out according to Standard Methods for 

Examination of Water and Wastewater (APHA, 2005). Sampling equipments and all facilities for heavy metals 
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determinations were supplied by the Central laboratory for Environmental Quality Monitoring, National Water 
Research Center "CLEQM- NWRC". 

Water samples were collected in Polyethylene containers (20 Gallons) and were preserved by adding 
concentrated nitric acid to achieve pH< 2 to protect against microbial reactions. 

Heavy metals analysis included 14 different metals, which were measured using the Inductively Coupled 
Plasma-Emission Spectrometry "ICP-ES" with Ultra Sonic Nebulizer "USN". This nebulizer decreases the 
instrumental detection limits by 10 %. The ICP is Perkin Elmer Optima 5300 DV, USA.  

 
Results and Discussion 

 
Heavy metals content of collected wastewater was determined before treatment and summarized as given in 

Table 1. Values obtained were compared to the available standard limits of the Egyptian Law 48/1982 and 
4/1994, regarding the protection of River Nile and water ways from pollution. 
 
Table1: Heavy metals determination of wastewater before treatment 

Heavy Metal 
Values 
(mg/l) 

ICP Detection limit 

Aluminum                        Al 0.151 0.010 
Barium                             Ba 0.165 0.005 
Cadmium                         Cd 0.011 0.0005 
Cobalt                              Co  0.004 0.005 
Chromium                        Cr 0.029 0.002 
Copper                             Cu 0.271 0.002 
Iron                                  Fe 2.728 0.010 
Manganese                      Mn 1.128 0.010 
Molybdenum                  Mo 0.016 0.005 
Nickel                              Ni 0.087 0.005 
Lead                                Pd 0.022 0.005 
Strontium                        Sr 1.188 0.005 
Vanadium                        V 0.133 0.005 
Zinc                                 Zn 0.370 0.005 

 
Table 1 shows that most of the heavy metals were detected with high values than the detection limit of the 

ICP. The highest metal was Iron "Fe" with value of 2.278 mg/l while the lowest metal was Cobalt "Co" with 
value of 0.004 mg/l. According to above mentioned results, the following heavy metals (Cd, Cr, Cu, Fe, Zn, Al, 
Ba, Mn, Pb and Ni) were chosen for subsequent investigations throughout the applied treatment experiment. 
 
Effect of water hyacinth roots on heavy metals removal: 

 
Water quality assessment regarding heavy metals budget of treated wastewater was given in (Table 2). The 

data clearly show recognizable improvement with an overall reduction in heavy metals pollution levels as 
compared to those demonstrated in Table 1. Generally, the root type as well as contact time during treatment 
were the main key factors governing the process. The type of heavy metal removed also played an important 
role. The absorption capacity for water hyacinth was estimated at 0.24 kg/ha for Cd, 5.42 kg/ha for Pb, 21.62 
kg/ha for Cu, 26.17 kg/ha for Zn, and 13.46 kg/ha for Ni. This study shows water hyacinth to be a promising 
candidate for Phytoremediation of wastewater polluted with Cu, Pb, Ni, Zn, and Cd (Liao Shao et al. 2007).  

The plants accumulated copper, chromium, and cadmium up to 0.96, 0.83, and 0.50%, respectively, of their 
dry root mass. However, lead and nickel were poorly accumulated in water hyacinth. Also, nonliving biomass 
of water hyacinth dry roots showed ability to accumulate all metals (El-Gendy et al. 2006). The phyto-
accumulation of heavy metals, Cd and Zn, by water hyacinth E.crassipes, was studied. Water hyacinths were 
cultured in tap water, which was supplemented with 0.5, 1, 2 and 4 mg/l of Cd and 5, 10, 20, and 40 mg/l of Zn, 
and were separately harvested after 0, 4, 8 and 12 days. The experiment showed that both Cd and Zn had effects 
on plant relative growth. Removal of metals from solution was fast especially in the first four days. The 
accumulation of Cd and Zn in shoots and roots increased with the initial concentration and also with the passage 
of time. Plants treated with 4 mg/l of Cd accumulated the highest concentration of metal in roots (2044 mg/kg) 
and shoots (113.2 mg/kg) after 8 days; while those treated with 40 mg/l of Zn accumulated the highest 
concentration of metal in roots (9652.1 mg/kg) and shoots (1926.7 mg/kg) after 4 days. (Xiaomei Lu, et al. 
2004). 
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Table 2: Heavy metals determination in wastewater treated by different water Hyacinth roots at different time intervals  
Water 
Hyacinth 
Roots 

Time/  
(hr.) 

Heavy Metals (mg/l) 

Cd Cr Cu Fe Zn Al Ba Mn Pb Ni 

W
ho

le
 f

re
sh

 

1 0.042 0.046 0.440 4.484 0.528 1.158 0.257 66.92 0.128 0.040 
2 0.033 0.040 0.358 4.467 0.476 1.141 0.242 52.34 0.104 0.031 
3 0.028 0.039 0.305 3.866 0.452 1.139 0.199 31.07 0.086 0.027 
6 0.013 0.036 0.305 2.959 0.432 1.121 0.192 16.67 0.059 0.021 
9 0.009 0.034 0.204 2.435 0.431 0.575 0.178 11.31 0.044 0.019 
12 0.008 0.030 0.181 2.112 0.397 0.039 0.078 8.79 0.024 0.014 
24 0.007 0.009 0.102 1.020 0.147 0.012 0.010 5.24 0.009 0.011 

W
ho

le
 d

ry
 

1 0.049 0.053 0.583 4.464 0.753 1.266 0.202 69.41 0.183 0.753 
2 0.035 0.050 0.435 4.061 0.555 1.263 0.182 55.73 0.168 0.555 
3 0.029 0.049 0.442 4.058 0.466 1.207 0.172 47.03 0.166 0.466 
6 0.017 0.048 0.316 3.505 0.429 1.189 0.170 41.75 0.159 0.028 
9 0.013 0.043 0.300 3.033 0.406 1.181 0.169 38.42 0.158 0.026 
12 0.013 0.040 0.279 2.200 0.402 0.128 0.153 32.29 0.120 0.016 
24 0.011 0.032 0.236 1.020 0.310 0.550 0.119 10.42 0.014 0.011 

C
oa

rs
e 

 g
ri

nd
ed

 d
ry

 1 0.045 0.054 1.653 4.511 0.904 1.478 0.223 82.02 0.236 0.051 
2 0.031 0.053 1.460 4.310 0.787 1.477 0.192 52.92 0.229 0.048 
3 0.026 0.052 1.345 4.221 0.579 1.463 0.189 45.95 0.199 0.046 
6 0.027 0.500 1.332 3.695 0.530 1.451 0.186 24.99 0.187 0.041 
9 0.017 0.049 1.275 3.206 0.484 1.311 0.181 23.29 0.170 0.030 
12 0.015 0.038 0.380 1.039 0.507 1.278 0.168 14.23 0.169 0.028 
24 0.012 0.030 0.030 1.002 1.031 0.237 0.164 9.36 0.168 0.020 

Fi
ne

  g
ri

nd
ed

  d
ry

 1 0.043 0.053 1.657 4.465 0.826 1.454 0.186 75.99 0.242 0.054 
2 0.036 0.052 1.595 4.286 0.768 1.413 0.177 70.65 0.241 0.046 
3 0.027 0.051 1.384 4.231 0.667 1.353 0.171 63.00 0.230 0.030 
6 0.023 0.048 1.293 3.192 0.632 1.339 0.164 41.64 0.202 0.029 
9 0.019 0.046 1.234 2.891 0.620 1.219 0.159 38.69 0.199 0.025 
12 0.380 0.017 0.044 1.188 0.556 0.940 0.128 20.55 0.197 0.018 
24 0.151 0.016 0.040 1.120 0.113 0.154 0.103 10.44 0.018 0.011 

 
The net efficiency of heavy metals removal by water hyacinth roots was evaluated through calculating the 

reduction percentages achieved (Table 3 and Fig 2). It was found that maximum levels of reduction were 
attained using the whole fresh water hyacinth roots. Chromium, Zinc, and Copper metals were reduced by 
46.51, 56.11 and 77.56 %, respectively in 1 hour. Cadmium was reduced by 81.69 % in 6 hours, aluminum, 
barium and manganese were reduced by 66.23, 31.94, and 87.88 %, respectively in 9 hours, while Iron 81.09 % 
in 24 hours. 

By using whole dry roots, 1 hour was enough to remove 38.37, 38.83, and 70.27 % of Chromium, Zinc, and 
Copper, respectively. Cadmium took 6 hours to attain a reduction of 76.05 %, while Iron metal was reduced by 
77.15 % within 24 hours. Aluminum, barium, and manganese showed reduction percentages 63.22, 54.75, and 
88.84 %, respectively within the same time interval.  
 
Table 3: Reduction percentages of heavy metals in treated wastewater by different water hyacinth roots  

Water hyacinth 
roots types 

Time/ 
(hr.) 

Reduction % 
Cd Cr Cu Fe Zn Al Ba Mn Pb Ni 

W
ho

le
 

fr
es

h 

1  46.51 77.56  56.11    66.32 41 
6 81.69          
9      66.28 31.94 87.88   
24    81.09       

W
ho

le
 d

ry
 1  38.37 70.27  38.83    51.84 25 

6 76.05          
9           
24    77.15  63.22 54.75 88.84   

C
oa

rs
e 

gr
in

de
d 

dr
y 1  37.21   26.56    37.21 26.56 

6           
9 46.05          
24   48.9 79.87  84.17 37.64 89.97   

F
in

e 
 

gr
in

de
d 

dr
y 1  38.37   32.9    36.32 20.59 

6           
9 73.24          
24   42.89 78.12  89.71 60.83 88.81   

 
The reduction percentages of most heavy metals under investigation showed a lower trend on using coarse 

and fine grinded dry roots. The coarse grinded dry roots removed 37.21 and 26.56 % of chromium and zinc 
metals, respectively after 1 hour.  The same reduction percentages within the same time interval was recorded 
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for both (Pb and Ni) respectively. The same roots reduced cadmium by 46.05% within 9 hours, while copper 
and iron were removed by 48.9 and 79.87 %, respectively after 24 hours. Metals including aluminum, barium 
and manganese were depleted in 89.71, 60.83, and 88.81 %, respectively after 24 hours of treatment. 
Aluminum, barium, and manganese showed reduction percentages reaching 84.17, 37.64, and 89.97 %, 
respectively within the same time interval. 

Using fine grinded dry roots for 1 hour reduced chromium and zinc metals by 38.27 and 32.9 %, 
respectively as well as lead and nickel by 36.32 and 20.59 %, respectively. A reduction percentage of 73.24 was 
recognized in cadmium after 9 hours, while copper and iron metals were removed by 42.89 and 78.12%, 
respectively within 24 hours. 

  

 
 

 
Fig. 2: Reduction percentages of heavy metals in treated wastewater by different water hyacinth roots at  
            different time intervals. 
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Fig. 3: Efficiency of whole fresh water hyacinth roots in heavy metals removal at different time intervals 

 
According to previously mentioned results, it could be observed that, in general the whole fresh water 

hyacinth roots were the most efficient type capable of improving the quality of Phytoremediated wastewater. 
Fig. 3 compares the reduction percentages of investigated heavy metals. About 50 % of studied metals were 
removed within 1hr. (Cu, Pb, Zn, Cr and Ni), 20 % within 9hr (Mn and Ba), 10% in 6hr (Cd) and 10% in 24 hr 
(Fe). Maximum reduction percentages were recorded for manganese (87.88%) followed by cadmium (81.69%) , 
iron (81.09), and Cu (77.56 %), while minimum percentages were observed for barium (31.94%) followed by 
nickel (41%) and chromium (46.51%). The rest of investigated metals showed moderate reductions. Pb 
(66.32%), Aluminum (66.28%) and Zn (56.11 %). 
 
Absorption efficiency of different water hyacinth roots: 

 
The four types of  roots were subjected to digestion as well as analyses before and after treatment. The 

analysis done just for heavy metals to figure out what happened during the treatment process Table 4, Fig 3 
explain the absorption efficiency of the roots for heavy metals removal.  
 
Table 4: Absorption efficiency of different water hyacinth roots  

Metals Symbol 
Absorption efficiency (%) 

Whole Fresh root Whole dry root 
Coarse  Grinded dry 
root 

Fine Grinded dry 
root 

Cadmium Cd 44.4 92.3 92.18 91.67 
Chromium Cr 16.75 23.18 23.82 20.44 
Copper Cu 26.78 46.98 33.01 30.17 
Iron Fe 61.04 65.57 65.51 65.00 
Zinc Zn 35.08 55.78 59.70 60.47 
Aluminum Al 51.22 40.09 47.12 48.71 
Barium Ba 35.43 25.04 17.68 25.76 
Manganese Mn 55.61 54.11 54.42 54.10 
Lead Pb 28.34 62.45 49.07 39.23 
Nickel Ni 61.58 47.50 49.24 47.50 

 
According to the previous mentioned results in Table 4, it's clear that, for cadmium the highest absorption 

efficiency (92.3%) was recorded by using whole dry root and the lowest absorption efficiency 44.4% by using 
whole fresh root. For chromium the highest was (23.82%) using coarse grinded dry root and the lowest was 
16.35% using whole fresh root, in the same time for Copper the highest was 46.98% using whole dry root and 
the lowest was 26.78% using whole fresh root, on the other hand for Iron the highest absorption was of 65.57% 
using whole dry root and the lowest absorption was 61.04% using whole fresh root, for Zinc the highest value 
of absorption efficiency was 60.47% using  fine grinded dry root and the lowest was 35.08% using whole fresh 
root. 

For Aluminum the highest value was 51.22% using whole fresh root while the lowest was 40.09% using 
whole dry root, for barium the highest value for absorption efficiency  was of 35.43% using whole fresh root 
and the lowest was 17.68% using coarse  grinded dry root, for Manganese the highest value was 55.61% by 
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means of using whole fresh root and the lowest was 54.10% using fine grinded dry root, for Lead metal the 
highest value was 61.59 using whole fresh root and the lowest value was 43.24% using coarse  grinded dry root, 
finally for Nickel metal the highest value was 62.45% using whole dry root and the lowest was 28.34% using 
whole fresh root.        
 
Treated wastewater quality in comparison to FAO Guidelines:  

 
According to the previous mentioned heavy metals quality data treated wastewater under investigation 

could be used for irrigation according to the Food and Agriculture Organization of the United Nations "FAO" 
guidelines for maximum concentrations of heavy metals in wastewater used for irrigation (Table 5). 

For water quality requirements for optimum crop production and potential impacts on soils and crops a 
number of elements are normally present in relatively low concentrations, usually less than a few mg/l, in 
conventional irrigation waters are called trace elements. They are not normally included in routine analysis of 
regular irrigation water, but attention should be paid to them when using sewage effluents, particularly if 
contamination with industrial wastewater discharges is suspected. These include Aluminum (A1), Cobalt (Co), 
Iron (Fe), Manganese (Mn), and Molybdenum (Mo). Heavy metals are a special group of trace elements which 
have been shown to create definite health hazards when taken up by plants. Under this group are included, 
Arsenic (As), Cadmium (Cd), Chromium (Cr), Copper (Cu), Lead (Pb) and Zinc (Zn). These are called heavy 
metals because in their metallic form, their densities are greater than 4g/cc (FAO, 1992). 
 
Table 5: Treated wastewater quality in comparison to FAO guidelines  

Metals Symbol 
Recommended 
Concentration 
For Irrigation 

Treated 
Wastewater  

Remarks 

Trace Metals (mg/l) 
Aluminum Al 5.00 0.012 Can cause non-productivity in acid soils (pH <5.5 

Cadmium Cd 0.01 0.007 
Conservative limits recommended due to its 
potential for accumulation in plants and soils to 
concentrations that may be harmful to humans. 

Chromium Cr 0.10 0.009 
Conservative limits recommended due to lack of 
knowledge on its toxicity to plants. 

Copper Cu 0.20 0.102 
Toxic to a number of plants at 0.1 to 1.0 mg/l in 
nutrient solutions. 

Iron Fe 5.00 1.02 Not toxic to plants in aerated soils 

Manganese Mn 0.20 5.24 
Toxic to a number of crops at a few-tenths to a few 
mg/l, 

Molybdenum Mo 0.01 ----  
Nickel Ni 0.20 0.011 Toxic to a number of plants at 0.5 mg/l to 1.0 mg/l 

Lead Pb 5.00 0.009 
Can inhibit plant cell growth at very high 
concentrations. 

Zinc Zn 2.00 0.147 
Toxic to many plants at widely varying 
concentrations 

 

Conclusion: 
 
In the present study, we demonstrate the floating aquatic plant water hyacinth Eichhornia crassipes as an 

efficient and cost effective Phytoremediator for heavy metals present in wastewater. The whole fresh roots 
showed the best efficiency in metals removal within time interval ranging between 1–24 hours which favors 
short–term Phytoremediation systems that are usually done in suburban areas where space is limited for long – 
term treatments. 

Comparing treated wastewater quality to FAO guidelines proved its suitability for reuse in irrigation 
purposes regarding maximum permissible limits for heavy metals content. 
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