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Water is one of the most stable and abundant complexes on nature that can be polluted with natural 
and human factors. Polluted water is harmful to human health and need to purify. One of the economic 
and rapid methods for elements removal is displacement of metals by biosorption. Two treatments in 
four replications for the purpose of purifying wastewater by Ceratophyllum demersum were designed. 
The treatments included raw municipal wastewater (RMW) and treated municipal wastewater (TMW). 
The experiment was performed at the open air of Khorasgan University area for 18 days without 
aeration. Result of the COD indicated that the COD of RMW and TMW were decreased from 664 to 
152.75 mg/l and 260 to 64.5 mg/l, respectively. Also, this investigation demonstrated that the amount of 
ammonium in RMW and TMW decreased from135 to 15 meq/l and 90 to 10 meq/l, respectively. The 
amount of nitrate in RMW and TMW had a similar decreased from 60 to 30 meq/l as well as 4.48 to 0.53 
meq/l, respectively and the amount of phosphorous in RMW and TMW declined from 13.68 to 1.15 meq/l 
and 4.48 to 0.53 meq/l, respectively. It could be concluded from these results that a significant amount 
of these macro elements were absorbed by C. demersum. The other factor that was measured in this 
study was the electrical conductivity (EC). Results of this factor indicated that the EC of treated 
municipal wastewater (from 1.34 to 0.95 ds/m) and the EC of raw municipal wastewater (from 2.68 to 
2.12 ds/m) were reduced. The variation for NH4, NO3, COD and EC were < 5%. Therefore it was 
concluded that C. demersum can be used for refining wastewater. 
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INTRODUCTION 
 
By far the greatest volume of waste discharged to the 
marine environment is sewage. Sewage effluent contains 
industrial waste, municipal wastes, animal remains, 
slaughterhouse wastes, water and wastes from domestic 
baths, utensils and washing machines, kitchen wastes, 
faecal matter and many others. Huge loads of such 
wastes are generated daily from highly populated cities 
and are finally washed out by the drainage systems which 

generally open into nearby rivers or aquatic systems. 
Sewage effluent entering coastal waters contains a 
variety of harmful substances including viral, bacterial and 

protozoan pathogens, toxic chemicals such as organo-
chlorines, organotins and heavy metals and  a  variety  of 
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other organic and inorganic wastes (Islam and Tanka, 
2004). 

Cloern (2001) described two broad responses of 
nutrient loadings in coastal waters: direct responses such 
as changes in chlorophyll, primary production, macro and 
micro algal biomass, sedimentation of organic matter, 
altered nutrient ratios, harmful algal blooms and indirect 
responses such as changes in benthos biomass, benthos 
community structure, benthic macrophytes, habitat quality, 
water transparency, sediment organic matter, sediment 
biogeochemistry, dissolved oxygen, mortality of aquatic 
organisms, food web structure, among others. Blooming 
and finally collapse of algae may lead to hypoxia/anoxia 
and hence mass mortality of benthic invertebrates and 
fish over large areas. Sensitive species may be elimi-
nated and major changes in ecosystem may occur. 
Increases in nutrient concentration, phytoplankton biomass  



2126         Afr. J. Biotechnol. 
 
 
 

0

20

40

60

80

100

120

140

160

NH4 NO3 P

c
o

n
c
e
n

tr
a
ti

o
n

 m
e
/L

first

6 days

12 days

18 days

 
 

Figure 1. Removal of nutrient from RMW. 
 

 
 

and productivity, alternation of nutrient ratios, change of 
species composition and large scale hypoxia/anoxia 
affecting hundreds and thousands of km

2
 have been 

reported in many areas all over the world (Sheppard, 
2000). 

The problems of aquatic pollution are likely to exa-
cerbate and pose significant ecological/public health risk 

in the coming years, especially in developing countries 
(Islam and Tanka, 2004). Recently, particular attention 
was paid to metal ions binding by non-living (biosorption) 
and living biomass (bioaccumulation). The majority of 
studies usually focus on bioremoval of metals from 
wastewater (Pagnanelli et al., 2001; Naja and Volesky, 
2006; Miretzky et al., 2006; Keskinkan et al., 2004).  

Submerged aquatic vascular plants are known to 
absorb nutrients, such as nitrogen (N) and phosphorus 
(P), far in excess of their normal metabolic requirements 
(Wilson, 1972). Thus, considerable amounts of nutrients 
can be stored in plant dominated littoral areas of aquatic 
ecosystems. Nutrient uptake and storage by aquatic 
plants is an integral part of the biogeochemical cycle of 
both natural wetland ecosystems (Mitsch and Gosselink, 
2000) and treatment wetlands (Kadlec and Knight, 1996; 
Reed et al., 1995). Because some species of submerged 
aquatic vegetation (SAV) assimilate nutrients directly 
from the water column, this community may play an 
important role in maximizing nutrient removal in treatment 
wetlands (Gumbricht, 1993). 

Ceratophyllum demersum L. (Ceratophyllaceae, horn 
weed or coontail) grows in shallow, muddy, quiescent 
water bodies at lowlight intensities. It is a submerged, 
rootless, free floating, perennial and it is cosmopolitan in 
distribution. This 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). It is useful as an oxygenate 
or for use in the closed equilibrated biological aquatic 
system (CEBAS) (Ornes and Sajwan, 1993; Aravind and 
Prasad, 2005). 

This paper presents the results from a study of pollution 
removal by C. demersum from sewage and waste water. 
 
 
MATERIALS AND METHODS 
 

C. 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 tap 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 (volume 6 l). The experiment was perfor-
med at the open air of Khorasgan University area under natural 
daylight for 18 days without aeration. Samples were collected for 
three periods of six days and compared with primary sample (before 

using C. demersum). No3 and NH4 were measured according to 
standard method (keeney and Bremner, 1996). Phosphorous (P) 
was determined according to the estimation of available phos-
phorous in soil (Olsen et al., 1954). Electrical conductivity (EC) was 
measured according to comparison and extracts with saturation  
extracts (Hogg and Hurey, 1984) and COD was measured by COD 
meter. All of the data collected during this experiment were analy-
zed with Statistical Package for the Social Sciences (SPSS) 
software (version 16.0) and were compared with the Duncan’s 
multiple range test. 

 
 
RESULTS AND DISCUSSION 
 
The concentration of NH4 in RMW and TMW decreased 
from 135 to 15meq/l and from 90 to 10meq/l, respectively,  
for each three periods of six days (Figures 1 and 2). 

Unrooted submerged vegetation such as  C. demersum  
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Figure 2. Removal of nutrient from TMW. 

 
 
 

Table 1. Values of COD (mg/l) in samples of two treatments. 
 

Treatment 
COD (mg/l) 

First day 6 days 12 days 18 days 

RMW 664 257.25 231.50 152.75 

TMW 260 230.50 164.25 64.50 
 
 
 

Table 2. Changes process EC (ds/m) in samples of two treatments. 
 

Treatment 
EC (ds/m) 

First day 6 days 12 days 18 days 

RMW 2.68 2.32 1.88 2.12 

TMW 1.34 0.91 1.14 0.95 
 

 
 

requires nutrient uptake from the water (Mjelde and 
Faafeng, 1997). The concentration of P in RMW and 
TMW decreased from 60 to 30meq/l and from 4.48 to 
0.53meq/l for each three periods of six days, respectively, 
(Figures 1 and 2). Submerged macrophytes could be 
used in reducing the P levels of nutrient enriched waters 
(Gao et al., 2009). Mjelde and Faafeng (1997) showed C. 
demersum development in shallow Lakes with high 
phosphorous load. 

Analysis of NO3 in samples showed that concentration 
of NO3 in both treatments decreased from 135 to 15meq/l 
and from 90 to 22.5meq/l for the first two periods of six 
days, then concentration of NO3 increased from 22.5 to 
30 meq/l for the last period of six days (Figures 1 and 2).  

It has been well documented in studies by Allen (1971), 
McRoy et al. (1972), Wetzel (1969), Wetzel and Manny 
(1972) and Wetzel and Allen (1972) that appreciable 
amounts of dissolved organic matter (DOM), including 
soluble   nutrients,   are  continuously  being  excreted  by  

living aquatic vascular plants.  
The measured COD in RMW and TMW decreased from 

664 to 152.75 mg/l and from 260.5 to 64.5 mg/l for all 
three periods respectively (Table 1). 

Aquatic plants play a major role in the environmental 
conditions of stagnant and flowing waters. They produce 
organic matter and oxygen (Cedergreen et al., 2004). 
Zimels et al. (2009) showed that aquatic plants can be 
used for design calculations regarding expected removal 
of pollutants by aquatic floating plants and Tripathi and 
Shukla (1991) showed that they can decreased COD and 
increased dissolved oxygen. 
Results of EC in two treatment indicated that the EC 
reduced from 2.68 to 2.12(ds/m) and from 1.34 to 
0.95(ds/m) for all three periods of time (Table 2). Thus, 
considerable amounts of nutrients can be stored in plant 
dominated littoral areas of aquatic ecosystems (Kistritz, 
1978). The variation for NH4, NO3, COD and EC were < 
5%. 
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Conclusion 
 
The data showed that nitrogen and phosphorous was 
removed from RMW and TMW as these were adsorbed 
by C. demersum. This experiment showed that the aquatic 
submerged plant C. demersum can be an effective 
biosorbent for nutrient as it decreased these elements in 
RMW and TMW. Also the data indicated that C. 
demersum increased oxygen dissolved in water and 
therefore COD decreased. EC decreased in polluted 
water by C. demersum. The aquatic plant C. demersum 
can play a major role in the environmental conditions of 
stagnant and flowing waters and this plant could adsorb 
elements and decrease pollution of sewage and waste-
water. Therefore, it can be concluded that C. demersum 
can be used for refining wastewater. 
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