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ABSTRACT 
Water hyacinth (Eichhornia crassipes) is a free floating aquatic weed, which creates a serious 
problem of eutrophication and imposes harm to the aquatic life, causes potential nuisance in 
irrigation, power generation and in domestic water usages. But, this weed can be biotic resource 
due to its several properties which are useful in waste water treatment through Phytoremediation 
technology. In the present investigation, water hyacinth is used for the treatment of sewage, 
because of its highest pollution reduction capacity. It has been used for the treatment of sewage 
of Solapur city for recycling and reuses purpose. The samples of sewage with different dilutions 
viz. 20%, 40%, 50%, 60%, 80% and 100% were tested for the treatment. Results reveal that DO 
level increased after treatment from 1.3 mg/L to 3.2, TS, TDS, TSS, chlorides, nitrates are 
reduced by 59.93 %, 59.92%, 66.75%, 17.99 % and 86.63% respectively. The colour and odour 
are removed resulting clear water. The BOD and COD are reduced by 48.69% and 54.38% 
respectively, along with the reduction in heavy metals like Cu, Ni, Co and Fe. 
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INTRODUCTION 

Increasing population, unplanned urbanization 
and industrialization are responsible for the 
water pollution. Several water bodies are the 
main receiving end for capturing the water 
pollutants, discharged as city sewage, 
wastewater and untreated or poorly treated 
effluents from industries.1-3 Total global water 
use has steadily increased throughout the 
human history. The wastewater generated in 
different activities enters into the pure water 
bodies either in untreated or in partially treated 
conditions with heavy load of pollutants 
containing pathogen, oxygen depleting 
biodegradable organic matter, non 
biodegradable organic chemicals, including 
detergents, sediments and suspended inorganic 
matter etc. and causes large scale pollution of 
these water bodies. As the organic matter 
decays, the oxygen levels decrease and fish  

and other aquatic species die due to shortage of 
oxygen. It results in depletion of oxygen in the 
water body. In many cases, enrichment of 
nitrogen and phosphorus is accompanied by 
the addition of organic waste leads to the 
deoxygenating problem.4 Therefore, there is 
need to treat the sewage before disposes off. 
Another option is to recycle and reuse it 
through phytoremediation technology by using 
macrophytes. Phytoremediation is an in-situ 
remediation technology that utilizes inherent 
abilities of living plants. Aquatic macrophytes 
particularly floating species such as the water 
hyacinth and pennywort are exhibiting very 
high rate of growth hence can be used in 
phytoremediation technology.5-8 
In India, almost all the water bodies are 
occupied with various types of macrophytes 
viz. free floating, submerged and emergent 
(shoreline) plants which are an integral part of 
the aquatic ecosystem and act as bio-filters.9,10 
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The conventional wastewater treatment 
process is inconvenient in the form of its 
operation and also very costly for its 
maintenance. Therefore efforts are made for 
the use of natural devices, which can be used 
as an eco-friendly and effective source of 
treatment.  
Considering the abundant availability of E. 
crassipes in Solapur region, this weed was 
selected for the present study. This weed is 
locally adaptive, abundant, fast growing and 
ease of its availability made it easy to select for 
the present investigation. 

MATERIAL  AND  METHODS 
Sample collection  
For the treatment of wastewater (sewage) Grab 
samples of sewage were collected from Shelgi 
nala (Pune naka) located near national 
highway no. 9 in Solapur city for the treatment 
studies using phytoremediation technique. 
Macrophyte collection  
The selected plants E. crassipes classified 
under kingdom - plantae, is a vascular plant 
and has class-monocotyledons. Its seeds 
require warm condition with shallow water and 
having high light intensities. The plant has 
ability for rapid vegetative reproduction which 
enables it to cover an available water surface 

in a short period. This plant has subclass- 
Liliiaceae and family-Pontericeae. The young 
and healthy natural plants of E. crassipes were 
collected from ponds and used for the present 
study. This plant is free floating and 
unattached and has very short life cycle. It 
grows up through vegetative growth and 
reproduction. The growth process rate is 
usually very high and has a doubling time of 
about 13 days to 20 days depending upon 
growth conditions in surrounding.  
Experimental setup 
Three sets of buckets with different sizes and 
dimensions were used. The vertical buckets 
were as holding tanks (inlet) used to hold the 
waste water. The water storing capacity of 
each tank was 30 liters. The rectangular tubs of 
17052 cm3 were used as a bed for root zone 
treatments, having 10 liters of water storage 
capacity each and plastic cans were used for 
the collection of treated water, flowing out 
from the root zone bed through the outlet. 
Treated water samples were collected and 
analyzed in laboratory. Inlet, root zone tub and 
outlet were connected to each other with taps 
by tubes and plastic water pipes. Flow rate was 
adjusted at both ends through Bucket- Timer 
method (Fig. 1 and Fig. 2). 

 
 
 
 
 
 
 
 
 
 
 
                                 
                                  (A)                                                                           (B) 
Fig. 1 : (A) and (B) showing experimental setup of Horizontal Surface flow constructed wetland 

using E .crassipes 

Six sewage concentrations in the form of 
dilutions (sewage + tap water) were taken for 
study i.e. 20%, 40%, 50%, 60%, 80% and 100%. 
Horizontal flow with rate of 0.5 L/ hr was 
adjusted and surface flow method was preferred 
for the treatment tests. Retention time of about 

96 hrs (4 days) was provided for achievement of 
good pollution reduction efficiency. Initially, 
young and new plants weeds were 
acclimatized in the laboratory and then various 
sewage concentrations of wastewater were 
passed through the plant bed. 
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                                        (A)                                                                      (B) 
Fig. 2 :  (A) Showing 20 % and (B) 100% dilution of before treatment sample and after treatment 

sample 
Each of these dilutions was studied for the 
assessment pollution reduction efficiency in 
terms reduction of organic and inorganic 
pollutants. The experiments were performed in 
the Department of Environmental Science, 
University of Solapur (M.S.) , India. 
Characterization of both before and after 
wastewater was carried out using standard 
methods11 and results are the expressed in 
terms of percentage reduction efficiency.  

RESULTS  AND  DISCUSSION 
Phytoremediation technique is useful for the 
cleanup of waste water.12 It showed on ability 
of bioaccumulation and degradation of 
contaminants with   E. crassipes. This plant 
has been studied and reported as suitable for 
wastewater treatment.13 The study focuses on 
the overall performances of E. crassipes for 
the treatment of domestic wastewater. Water 
quality parameters studied such as pH, DO, 
BOD, COD, nitrate, chloride, TS, TDS, TSS 
and heavy metals reflected different treatment 
efficiencies.  
The color and odor were removed and hence 
treated samples were observed clear and 
odorless. The pH values in before and after 
treatment were changed at different sets of 
dilutions. In all sets of dilutions the results 
obtained were in near to the neutral form 
(Table 1 and Table 2). In 20% dilution before 
treatment the pH was 7.5 and in after treatment 
it was 7.2. In 100% dilution the pH was 6.7 in  

before treatment but after treatment it was 7.2 
(Fig. 3(a)) also reported same decreasing trend 
in pH but it was observed in the lake water.3 
The effluent standard enacted by Central 
Pollution Control Board, Ministry of 
Environment and Forest, India specified by the 
pH of effluent to range between 6.5 and 7.5 
which were achieved in all treatment tests. 
The DO values were changed after treatment 
of wastewater through E. crassipes in various 
sets of dilutions (Fig. 3(b)). Without dilution 
of sewage was observed very less dissolved 
oxygen (DO) due to presence of high amount 
of organic and inorganic matter and had the 
noxious smell. But, after treatment the DO 
values were changed. In 20% dilution the DO 
mg/L in before treatment was 0.0 and after 
treatment it was increased to 1.3 mg/l. Similar 
trend was noticed in 100% dilution the DO 
before treatment was 0.6 and after treatment it 
was 3.2 mg/L. In all these sets of dilution of 
wastewater, dissolved oxygen levels were 
increased. The BOD5 estimated in the samples 
before and after treatment. In 20 % dilution 
BOD was 210 mg/L before treatment and after 
treatment it was reduced to 160 mg/L  (Fig. 
3(f)). Likewise in 100% sewage dilution BOD 
observed was 230 mg/L which was decreased 
to 120 mg/L. Better BOD reduction was 
observed from 20% to 80% and then reduction 
was less. This BOD removal efficiency is a 
function of Hydraulic Retention Time (HRT). 
The longer HRT increases the interaction
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Table 1 : Showing results of wastewater (before and after treatment) in the phyto-technology method using E. crassipes after              
4days(96 hrs) HRTs 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

* B.T. means before treatment and A.T. means after treatment 

Table 2 : Showing pollution reduction of wastewater in percentage wise using E. crassipes 

Parameters/ 
Treatment 

pH 
DO 

mg /L 
TSS 

mg /L 
TDS 

mg /L 
TS 

mg /L 
BOD 
mg /L 

COD 
mg /L 

NO3 
mg /L 

Chlorides 
mg /L 

B.T.* A.T. B.T. A.T. B.T. A.T. B.T. A.T. B.T. A.T. B.T. A.T. B.T. A.T. B.T. A.T. B.T. A.T. 

20% Sewage 
 

7.5 7.2 1.1 1.3 710 595 840 545 1550 1140 210 165 290 220 4.0 3.0 24.14 22.10 

40%  Sewage 7.4 7.2 0.9 1.4 806 710 950 520 1756 1230 200 144 310 192 5.1 3.5 26.98 24.15 

50% Sewage 7.2 7.1 0.8 1.9 844 749 990 495 1834 1244 220 138 330 186 6.0 3.2 27.13 23.16 

60% Sewage 7.1 7.0 0.7 2.2 888 690 1123 450 2011 1140 220 130 342 156 8.0 3.9 27.20 24.10 

80% Sewage 6.9 7.1 0.0 2.8 1805 600 1140 580 2945 1180 230 118 320 172 8.5 3.0 28.40 22.80 

100% Sewage 6.7 7.2 0.0 3.2 1920 970 1240 610 3160 1580 230 120 315 160 9.2 1.23 44.02 36.10 

Parameters Sewage dilution in percentage (%) 
20 40 50 60 80 100 

TSS  (mg /L) 16.19 11.91 11.25 22.29 66.75 49.47 
TDS (mg /L) 35.11 45.26 50.00 59.92 49.12 50.80 
TS (mg /L) 26.45 29.95 32.17 43.31 59.93 50.00 
BOD (mg /L) 21.42 28.00 37.27 40.90 48.69 47.82 
COD (mg /L) 24.13 38.06 43.63 54.38 46.25 49.20 
NO3 (mg /L) 25.00 31.37 46.66 51.25 64.70 86.63 
Chlorides(mg/L) 8.45 10.48 14.63 11.39 19.71 17.99 
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Table 3 : Analysis of metals in the plant parts (root, leaf and stem) of E. crassipes 

Metals Heavy metals  before 
treatment in the plant 

parts (mg) 

Heavy metals  after treatment 
in the plant parts (mg) 

Reduction efficiency 
(%) 

Cu 2.069 2.667 28.90 
Ni 0.227 0.230 1.32 
Co 0.033 0.059 78.78 
Fe 0.175 0.216 23.42 

 
within the aquatic plant system, which results 
in higher organic matter which can be improve 
treatment efficiency further.14,15 
The COD values before treatment and after 
treatment varied in all sets of dilutions        
(Fig. 3(g)). In the 20% dilution, COD before 
treatment was 290 mg/L and after treatment 
found reduced to 220 mg/L. The COD 
reductions were found in increasing order up to 
80 % then there was less reduction. Dhote and 
co-workers reported same the 75% reduction 
of BOD and 71% at 100% concentration of 
lake water.9 
The chlorides were determined by titration 
method. The values of chlorides in before 
treatment and after treatment were varied in all 
sets of dilutions (Fig. 3(i)). Nitrate is 
commonly present in various forms in the 
wastewater and it is important parameter for 
plant growth. Nitrate was estimated by Phenol 
Disulphonic Acid (PDA) method. The values 
of nitrate showed variables nature at various  

 
dilutions (Fig. 3(h)). In 80% and 100% sets of 
dilution, maximum reduction was observed.  
Solid contents such as TDS, TSS and TS 
estimated through this technique reflected better 
treatment with phytoremediation. The maximum 
reduction of solids was found in 80 % dilution 
(Fig. 3(c) to Fig. 3(e)). Presence of common 
heavy metals viz. Cu, Ni, Co and Fe in domestic 
wastewater was determined in before and after 
treatment (Fig. 3(j)). Selected as a plant parts 
such as root, stem and leaves were used for the 
estimation of heavy metals sample following the 
acid digestion method. Metal concentrations 
were estimated in plant parts using Atomic 
Absorption Spectroscopy (AAS). The metal 
reduction was noticed in all treatments. The Co 
was reduced by 78.78%, Cu was reduced by 
28.90%, Fe by 23.42% and Ni by 1.32% (Table 
3). The results obtained from analysis of treated 
wastewater indicated that the treated water can 
be useful for agriculture, washing, gardening, 
planting or many more purposes.  

 
     
 
 
 
 
 
 
 
 
 
 
  
    
Fig. 3(a) : Change in pH before and after               Fig. 3(b) : Change in DO before and after                                       
                                 treatment                                                                   treatment 
 

pH pH D.O. mg/L 
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Fig. 3(c) : Reduction in T.S.S. before and               Fig. 3(d) : Reduction in T.D.S. before and 
                         after treatment                                                           after treatment 

 

 

        
 
 
 
 
 
 
 
 
 
 
    Fig. 3(e) : Reduction in T.S. before and                   Fig. 3(f) : Reduction in B.O.D. before and 
                           after treatment                 after treatment 
 

 

 

 

 

 

 

 

 
 
 

Fig. 3(g) : Reduction in C.O.D. before and           Fig. 3(h) : Reduction in NO3 before and  after 
treatment                                                                     after treatment 
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    Fig. 3(i) : Reduction in chloride before and              Fig. 3(j) : Reduction in metals before 
                          after treatment                                                        and after treatment 
 

Fig. 3 : Showing graphical presentation of pollution reduction in various physic-chemical 
parameters 

 
 
 

 
 
 
 
 

Fig 3.1 : Percentage wise pollution reduction efficiency 

CONCLUSION 
It is concluded that E. crassipes plant is 
suitable for wastewater treatment. It has 
considerable capacity of pollutant reduction 
and accumulation of heavy metals from the 
wastewater. Treated wastewater is useful for 
domestic, agricultural and industrial 
applications.  
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