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ABSTRACT: Trace element contamination in aquatic ecosystems is one of the most important concerning of environmental health. 

Submerged aquatic plants can be used for the removal of Trace elements. The aim of this study was to investigate how Ceratophyllum demersum 

could affect on wastewater quality for recycling the wastewater to reuse for other purposes in agriculture and industrial fields. In this survey, two 

treatments in four replications were designed. The treatments were included raw municipal wastewater (RMW) and treated municipal wastewater 

(TMW). The experiment performed in outdoor of Khorasgan University area without aeration through 18 days period. In this study Fe, Zn, Mn, 

Ni, Pb and Cd were measured in wastewater through experiment. The average of removal efficiency of Fe, Zn, Mn, Ni, Pb and Cd from TMW 

were 40%, 47.5%, 90.82%, 96.55%, 100% and 100% respectively. Removal efficiency of Fe, Zn, Mn, Ni, Pb and Cd from RMW were 67.5%, 

37.5%, 94.21%, 94.21%, 100% and 97.77% respectively. The results indicated that Ceratophyllum demersum had high capabilities to remove 

trace elements directly from the contaminated water. Therefore it can conclude that Ceratophyllum demersum could be used for refining the 
wastewater.  @JASEM 
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Pollution of the environment with toxic metals has been 

attracting considerable public attention over the past few 

decades (Li and Thornton, 2001). Heavy metals are one 

of the most detrimental fractions, being persistent 

accumulates in water, soil, sediment and living 

organism (Miretzky et al., 2004). 

 

Heavy metals may come from various industrial sources 

such as electroplating, metal finishing, textile, storage 

batteries, lead smelting, mining, plating, ceramic and 

glass industries. Zinc, copper and lead are common 

contaminants of industrial wastewaters. Because they 

pose serious environmental problems and are dangerous 

to human health, (Cheung et al, 1997; Sternberg and 

Dom, 2002) 

 

Occurrence of toxic metals in plants and water bodies 

adversely affects the lives of local people since they 

utilize this water for daily requirements. These heavy 

metals can be incorporated into food chain and their 

levels can increase through biological magnification 

(Cardwell et al., 2002). 

 

Heavy metals are highly toxic elements that can 

accumulate and concentrate in live tissues. Lead, copper 

and especially cadmium can become a sanitary and 

ecological threat to drinking water resources, even at 

very low concentrations. Cd and Zn are common 

industrial pollutants. Both Cd and Zn are harmful to 

plant at relatively low concentrations (Chakravarty and 

Srivastava, 1992).Thus, clean alternatives must be 

developed in order to remove heavy metals from 

effluents (Volesky, 2003). 

The methods for removal of many heavy metals include 

precipitation, oxidation, reduction, ion exchange, 

filtration, electrochemical treatment, membrane 

technologies, reverse osmosis and solvent extraction 

(Cheung et al, 1997; Sternberg and Dom, 2002) The 

traditional methods for the removal of heavy metals 

from water are generally expensive or inadequate to 

treat highly dilute solutions. Biosorption is a cost 

effective alternative that can be appropriate for treating 

effluents with low metal concentrations and can also be 

used to remove other contaminants such as dyes and 

organic compounds. (Volesky, 2003). 

 

This technique is now recognized as an alternative 

method for the treatment of wastewaters containing 

heavy metals (Aksu and Akpnar, 2000; Kaewsarn, 

2002). It has been long known that aquatic plants, both 

living and dead, are heavy metal accumulators and, 

therefore, the use of aquatic plants for the removal of 

heavy metals from wastewater gained high interest 

(Kuyucak and Volesky, 1989; Lacher and Smith, 2002). 

Some freshwater macrophytes including Potamogeton 

lucens, Salvinia herzogoi, Eichhornia crassipes, 

Myriophyllum brasillensis, Myriophyllum spicatum, 

Cabomba sp., Ceratophyllum demersum have been 

investigated for the removal of heavy metals (Wang et 

al, 1996; Schneider et al, 1999).  

 

Aquatic plants like Ceratophyllum demersum are known 

to accumulate industrial radionuclides and also heavy 

metals (Ornes and Sajwan, 1993; Bolsunovskii et al, 

2002).especially Cd at low concentrations (0.1– 
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TOP = total dissolved phosphorus, N = ammonium nitrogen, 

NO3-N = nitrate nitrogen, COD = chemical oxygen demand, 

EC= Electrical Conductivity. 

Table 1.The initial physico-chemical parameters of TMW and RMW 

quality of experimental water. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

0.5 ppm). Cadmium (Cd) is a non-essential and toxic 

element (Vallee and Auld, 1990). C. demersum 

(Coontail or hornwort) is a completely submersed plant 

and commonly seen in ponds, lakes, ditches, and quiet 

streams with moderate to high nutrient levels (Johnson 

et al., 1995). It does not produce roots, instead it absorbs 

all the nutrients it requires from the surrounding water. 

If it is growing near the lake bottom, it will form 

modified leaves, which it uses to anchor to the sediment. 

However, it can float free in the water column and 

sometimes forms dense mats just below the surface. 

The main purpose of this study is to investigate the 

adsorption of heavy metals such as lead, cadmium, zinc, 

iron, nickel and manganese form Ceratophyllum 

demersum in the natural situation.  

 

MATERIALS AND METHODS 

Ceratophyllum demersum plants were collected from 

Zayanderood river in spring season of 2009 (Isfahan, 

Iran, 32° 38' 30'' N, 51° 39' 40'' E). Samples were 

thoroughly washed with distilled water to remove any 

soil /sediment particles attached to the plant surfaces. 

The plants were then placed in urban wastewater and 

Khorasgan University's sewage water in 8 bottles. The 

weather of Khorasgan University during this study was 

between 28 and 32 degree centigrade. However, the 

temperature of wastewater, which plants were located in 

them, was between 24 and 26 degree centigrade. The 

experimental were performed in outdoor of Khorasgan 

University area under natural daylight for 18 days 

without aeration. Preliminary tests were run on the raw 

municipal wastewater (RMW) and treated municipal 

wastewater (TMW) at the beginning of the experiment 

(Table 1). 

 

Samples were collected for three periods of six days at 

noon and compared with primary sample (before using 

C.demersum).After each collection from samples, 

volume of TMW and RMW that were evaporated was 

replacement with equal amount of distilled water. No3 

and NH4 were measured according to standard method 

(keeney and Bremner, 1966). 

 

Standard Testing Method:  Phosphorous were 

determined according to the estimation of available 

phosphorous in the soil (olsen et al., 1954). EC was 

measured acoording to comparison and extracts with 

saturation extracts (Hogg and Hurey, 1984), and COD 

was measured by COD meter. For analyses the data of 

this study and for investigating the significant of heavy 

metals, Randomized Complete Block Design was used. 

Statistical analyses of experimental data were performed 

using SPSS Version 16 statistical software package. Fe, 

Zn, Mn, Ni, Cd and Pb were measured according to 

Analytical method for Atomic Adsorption 

Spectrophotometer (AAS) (Perkin Elmer, 1982).  

 

RESULTS AND DISCUSSION 

1. Fe concentration in RMW and TMW:  Amount of Fe 

concentration adsorbed by C.demersum during 18 days 

in RMW and TMW was illustrated in figure 1. After 18 

days, the concentration of Fe in RMW and TMW 

decreased from 0.04 (at first day) to 0.022 mg/l (after 18 

days) and from 0.036 (at first day) to 0.02 mg/l (after 18 

days) respectively. The amount of Fe, which was 

removed by C.demersum after 18 days, was 40% from 

TMW and 67.5% from RMW. The maximum amount of 

Fe that would remove by C.demersum from RMW and 

TMW was after 6 days. Based on Fig 1, the most 

adsorption occurred after 6 days and the the final stage 

of research (18th day), a part of Fe returned to 

wastewater again. Unrooted submerged vegetation such 

as Ceratophyllum demersum requires nutrient uptake 

from the water (Mjelde and Faafeng, 1997). 

 

 
 

 

 

2. Zn concentration in RMW and TMW: Zn 

concentration after 18 days in RMW and TMW and 

amount of removal by C.demersum was shown in figure 

2. Amount of removal Zn from RMW was 0.04 to 0.02 

mg/l and from 0.017 from 0.033 mg/l for TMW after 18 

days. 
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Fig1. Concentration of Fe (mg/l) in RMW and TMW 

during 18 days. 
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The measured Zn in RMW and TMW has decreased 

47.5% from TMW and 37.5% from RMW. The 

maximum amount of Zn that would remove by 

C.demersum from from treatments was after 6 days. 

Aquatic submerged plant C. demersum could be an 

effective biosorbent for zinc, removal under dilute metal 

conditions. Batch adsorption studies showed that C. 

demersum would adsorb zinc, lead and copper                

(Keskinkan  et al., 2004). 

 

 
 

 

 

3. Mn concentration in RMW and TMW: The amount of 

Mn that was removed by C.demersum was 90.82% from 

TMW and 94.21% from RMW. The maximum 

adsorption of Mn related to first 6 days of experiment. 

It has been long known that aquatic plants, both living 

and dead, are heavy metal accumulators and, therefore, 

the use of aquatic plants for the removal of heavy metals 

from wastewater gained high interest (Kuyucak and 

Volesky, 1989; Lacher and Smith, 2002). 

 

 
 

 

 

4.  Ni concentration in RMW and TMW: Analysis of Ni 

in samples showed that concentration of Ni in TMW 

decreased from 0.29 to 0.0075 mg/l and from 0.38 to 

0.005 mg/l in RMW for first three periods of six days 

(Fig 4). Result showed that amount of Ni which was 

removed by C.demersum after 18 days was 96.55% 

from TMW and 94.21% from RMW as compared to 

initial value after 18 days. The maximum adsorption of 

Ni related to first 6 days of experiment. Ceratophyllum 

demersum is a submerged freshwater macrophyte of 

major importance in aquatic ecosystems for at least two 

reasons: (i) it is known to produce allelochemicals that 

influence the development of phytoplankton (Hilt and 

Gross, 2008; van Donk and van de Bund, 2002); (ii) it is 

an indicator of environmental pollutants such as heavy 

metals or phytotoxins (Lewis, 1993). 

 

 
 

 

 

5. Pb concentration in RMW and TMW: The measured 

Pb values in RMW and TMW have decreased from 0.58 

mg/l to ns (not seen value by AAS) and from 0.59 mg/l 

to ns (not seen value by AAS) for all three periods 

respectively (Fig 5). 

The average removal efficiency of Pb was almost 100% 

from both treatments by C.demersum after 6 days. (Fig 

5). It means that C.demersum has most capability 

adsorption for Pb as compared to other kinds of trace 

elements. 

Aquatic plants have shown greater potential in 

ameliorating the metal load of wastewater by active 

uptake and surface adsorption (Chigbo et al., 1982). 

Zimels et al. (2009) showed that aquatic plants can be 

used for design calculations regarding expected removal 

of pollutants by aquatic floating plants 

  
 

 

 

 

6. Cd concentration in RMW and TMW 

Results of Cd in two treatment indicated that the Cd 

reduced from 0.036 mg/l to (not seen by AAS) in both 

treatments for all three periods of time (Fig 6). ). About 

Fig2. Concentration of Zn (mg/l) in RMW and TMW 

during 18 days. 

Fig3. Concentration of Mn (mg/l) in RMW and TMW 

during 18 days. 

 

Fig4. Concentration of Ni (mg/l) in RMW and TMW 

during 18 days. 

Fig5. Concentration of Pb (mg/l) in RMW and TMW 

during 18 days 



200 

 

MARYAM FOROUGHI; PAYAM NAJAFI; SAJJADTOGHIANI 

100% Cd were removal from both treatments after 6 

days. It is related to low values of Cd in initial 

wastewater samples and the capability of C.demersum 

for adsorption of this kind of metal. 

Submerged macrophyte has a high capacity for 

vegetative propagation and biomass production even 

under low nutritional conditions, which removes excess 

nutrients and cadmium from stagnant waters (Best, 

1977; Pomogyi et al., 1984). 

  
 

 

 

 

Conclusion: The concentration of Fe, Zn, Mn, Ni, Cd 

and Pb decreased in TMW and RMW after 18 days. 

Based on the results of this research, most adsorption of 

trace elements occurred after 6 days. Longer contact 

wastewater with plants, had reverse effects on 

adsorption of some elements. In addition, the capability 

of C.demersum for removal Pb, Cd and Ni were more 

than Fe, Mn and Zn. This study showed that C. 

demersum could be as a major role in the environmental 

conditions of stagnant and flowing waters and this plant 

could adsorb elements and decrease pollution of 

wastewater.  
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