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ABSTRACT 

 
The experiment was design and conduct in control environmental  condition  for the 
purpose to investigate the impact of given metals Fe3+ and Cu2+ in the presence of  
nitrate and phosphate on the growth, protein level ( root, leaf, fruit ) production of 
photosynthetic pigments  in macrophyte  and its metal accumulation and removal 
capacity in the provided condition. T. natans survive very well with Fe3+ in presence of 
nitrate and phosphate by increasing in biomass 1.17% more than the Cu2+. In the 
protein level there is increment of 10.11%, 5%, 13.16% observed in leaf, root and fruit 
respectively. Photosynthetic pigments was observed 4.88% more in Fe3+ treated plant 
than that in Cu2+ treated plant and it was also noticed that bio accretion of Fe3+ was 
8.8% more than of Cu2+. Its resulted that given plant also played an important role in the 
elimination or purging of pollutant/metal ions (Fe3+, Cu2+) in the maintenance of water 
quality, whereas in case of Fe3+ T. natans also tolerated the biochemical and 
physiological stress and have a positive characteristic  for the remedial process of 
polluted water. 
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INTRODUCTION 

  
The organic/inorganic pollutants create 
unfavourable condition for the survival of 
aquatic ecosystems by effecting their naturally 
growing flora and fauna. Heavy metals are 
special group of contaminants of water 
reservoirs they have high ecological 
consequence since it cannot be removed from 
water as a result of self-purification, but 
accumulate in reservoirs and enter into the 
food chain so it also concern to human health 
issue 1,2. Heavy metal contamination is one of 
the major quality issues in fast growing cities 
because maintenance of water quality and 
sanitation infra-structure does not increase 
along with population and urban growth 
especially in developing countries. Studies on 
heavy metals pollution in rivers, lakes, fish and 
sediments have been a major environmental 
focus especially during the last some years3,4 
Fresh water bodies have a great facility to 
break down some organic waste materials with 
the help of habitual action of micro organisms 
The energy from sunlight drives the process of 
photosynthesis in aquatic macrophytes for the 
production of oxygen which inturn is used by 
the micro-organisms to break down the organic 
and inorganic substances and animal waste. 
The decomposition produces carbon dioxide, 
nutrients and other substances needed by 
macrophytes and animals living in the water. 
The purification cycle continues when these 
macrophytes and animals die and the micro 
organism decompose them, providing new 
generations of organisms with nourishment. 
These cycles are adversely effected by the 
metals involve meant. Self-cleaning capacity of 
water bodies and the overload results on the 
extinct of water bodies and at a time water 
bodies are not seems to have any dissolved 
oxygen and no wonder they fail to support the 
growth of desired aquatic flora and fauna or 
inhibit the growth and productivity. On the other 
hand nutrients like nitrate and phosphate are in 
large concerns pollutant and their main 
sources are the agriculture waste (by using in 
fertilizers). Overload of this nutrient has caused 
many problems in entire aquatic ecosystems 

such as harmful phytoplankton blooms, closed 
mats of floating macrophytes, hypoxia and loss 
of biodiversity of flora and fauna5,6 Fe3+ and 
Cu2+ are selected for study because both the 
metals are found naturally as well as both the 
metals are commonly found in all type of 
industrial waste i.e. motor and vehicle industry, 
electronic, and electroplating industries, 
synthetic fertilizers, pesticides, paint industry 
etc. in the light of given above facts experiment 
was designed and conduct on the stress 
response of T. natans an aquatic macrophyte 
of the fresh water system. 
 

MATERIALS AND METHODS 

 
EXPERIMENT DESIGN 
To evaluate the stress response of aquatic 
macrophyte T. natans. Fresh plants were 
picked from their original habitat, brought to the 
laboratory and washed with tap water.  The 
experiment was conducted in the simulated net 
house condition in 10L-1 plastic tubs, containing 
water and plants in which known concentration 
of Fe3+ and Cu2+ i.e. 0.09 mg L-1 and 0.15 mg 
L-1 respectively was maintained which was 
three fold of maximum acceptable limit for 
surface water given by6 were as nitrate and 
phosphates concentrations was maintained 
fivefold of their acceptable limit as given by 7,8. 
The experiment was set up for 21 days and the 
samples were collected at every 7th   day for the 
analysis.  
 
ANALYSIS OF SAMPLES  
(A) Estimation of protein was done as per the 
method described9.  
(B) Estimation of photosynthetic pigments was 
done by the method given 10.  
(C) Nitrate was estimated by the method of 11 
(D) Phosphate in water was estimated by the 
stannous chloride method 12. 
(E) Metal in the aquatic macrophytes in the 
water was estimated as per the method of 
using Varian ModelSpectra AA-250 plus 
Atomic Absorption Spectrophotometer.13 
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Metal concentration (µg g-1 dry wt.) =                                                               

Where:  
X = Reading in ppm on AAS,  
V = Final volume of digested samples (ml)  
W = Dry weight of the sample (g)  
 

RESULTS AND DISCUSSION 

  
(i) Bio-elimination and accretion of Fe3+ and Cu2+ in aquatic Macrophyte T. natans 
As substantiation from table and figure 1 it has been observed that at 21st day, T. natans remove 
total 55% of Fe3+ in presence of nitrate and phosphates. Level of iron was also reported high by13, 
among some observed metals i.e. Fe, Cu, Cr, Mn and Pb in the plant T. natans.  
 

Table 1 
Bio-elimination and accretion of Fe3+[(mg L-1) & (µg g-1)] from water by T. natans grown in 

the plastic tubs for 21 days in presence of nitrate and phosphate  
(Initial conc.= 0.90 mg L-1). 

 
T. natans 0

th
d 7

th
d 14

th
d 21

st
d 

Bio elimination 0.90±0.0 0.71±0.05 0.52±0.03 0.40±0.03 

Accretion 219.14±0.02 219.31±2.31 219.44±3.65 219.58±1.02 

                                                      Values shown are the mean S.D. (n=5). 

 
There was decrease in initial maintained level 
of Fe3+ in water was up to 0.50 mg L-1 and the 
increment of Fe3+ in tissues of macrophyte was 
noted up to the level of 48.8% on the last 
observed day (21th day ) by the initial day (0th 
day). It has been also observed that the rate of 

the accretion and the bio-elimination was 
steadily increased during observation time from 
the initial day to the last day. However, it was 
noted that there was difference of 6.7% in bio 
elimination and accretion which was 
considered as environmental loss of Fe3+. 

 
Table 2 

Bio-elimination and accretion of Cu2+ [(mg L-1) & (µg g-1)] from water by T. natans grown 
in the plastic tubs (capacity = 10L) for 21 days in presence of nitrate and phosphate 

(Initial conc. = 0.15 mg L-1). 
 

T. natans 0
th

d 7
th

d 14
th

d 21
st

d 

Bio elimination 0.15±0.0 0.12±0.002 0.10±0.003 0.07±0.001 
Accretion 4.05±0.05 4.07±0.05 4.09±0.03 4.11±0.01 

                                                         Values shown are the mean S.D. (n=5) 

 
In the term of  Cu2+ T. natans  eliminate  total  53%  metal  ion  from the water  on the 21st day and 
accretion of 40% was noted (Table 2 and Fig. 2).  
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Figure 1  
Removal/accumulation of Fe3+   by T. natans              

 

 
 

Figure 2  
Removal/Accumulation ratio of Cu2+ by T. Natans 

 
Now here also 14% environmental loss of 
metal (Cu2+) is noted and it was also observed 
that there was 2.5% less bio-elimination was 
done than that in case of Fe3+ and a 
remarkable difference was observed in term of 
accretion of metal ions that was 8.8% less Fe3+ 
its resulted that T. natans bio elimination and 
accretion Fe3+ more efficiently (Table and Fig. 
1) in presence of nitrate and phosphate. 
 
(ii) Biochemical responses of T. natans 
against the Fe3+ and Cu2+ in presence of 
nitrate and phosphate 
There are so many studies by several 
researchers time to time on the macrophyte T. 

natans for various reasons like role in water 
quality management, metals hyper 
accumulation, role and response in removal of 
pollutant (organic and inorganic) etc. (A) 
Biomass: In the term of biomass, the 
macrophyte showed potential increase i.e. 
7.37% at 21st day when treated with Iron (Table 
3 and Figure 1). Biomass of macrophyte 
treated with Cu2+ was increased by 6.21% on 
21st day and the total difference was observed 
between both the conditions (Fe3+ and Cu2+) 
was found to be 1.16%  (Table 3, 4 and Figure 
1, 2).  Baldisserotto15 also observed positive 
increment in T. natans biomass when treated 
with manganese. 
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Table 3 
Biochemical responses of T. natans against iron (Fe3+) cultivated    
in plastic tubs for 21 days in the presence nitrate and phosphate 

 

 
           Values shown are mean ± s.d. of 5 replicates. 

 
Table 4 

Biochemical responses of T. natans against copper (Cu2+) cultivated  
in plastic tubs for 21 days in the presence nitrate and phosphate 

 

 
                Values shown are mean ± s.d. of 5 replicates 

 
(B) Protein level: In the biochemical response 
in the protein level was estimated in the 
different parts of macrophyte i.e. leaf, root, and 
fruit and photosynthetic pigments observed at 
the different time of interval during the 
experiment. Increment in protein level in leaves 
of the experimental macrophyte shown that the 
T. natans was growing, glowing and tolerating 
the Fe3+  stress more than the  Cu2+ and  the 

difference of about 10.11% is observed 
between the macrophyte leaf protein of Fe3+ 

and Cu2+ . Similar results are shown in case of 
root protein, the percentage increment in root 
protein was noted 5% more in Fe3+ treated 
macrophyte than Cu2+ (Figure 3 and 4). The 
protein level in fruit of T. natans was found 
13.16 % more in the presence of Fe3+ than that 
of Cu2+.  
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(C) Photosynthetic pigments: In the 
macrophyte T. natans the level of Chl. a+b was 
noted 1.89 mg g-1  on 21st day in case of  Fe3+ 
and in the case of Cu2+  it was noted 1.62 mg 
g-1 on 21th day (Table 3and 4) which showed 
that the 4.5% more photosynthetic pigments 
are present in the macrophyte (Figure 1 and 2) 
treated with Fe3+ analogous result was also 
obtained by16 in presence of nitrate and 
phosphate.  The concluded results from the 

study state that T. natans can survive very well 
and accumulate /remove Fe3+ more efficiently 
than Cu2+ load from water even in presence of 
nitrate and phosphate. Kousar and Puttaiah17 
also acknowledged T. natans as an efficient 
macrophyte in treating the pulp and paper 
industry effluent and also pose an outstanding 
ability for assimilating nutrients and heavy 
metals. 
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