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Introduction
Water hyacinth (WH) has been identified as the world’s worst 

and fast growing water weed, known as “Blue Devil”. It reached 
India in 1902 and spread in other countries in different phases. 
In India, its massive growth has destroyed many lakes, canals, 
ponds, and river water bodies.  The invasiveness of macrophyte 
is mainly due to the disposal of excessive nutrients - enriched 
waters and wastewater from point and non- point sources, 
such as industrial, massive flow of municipal wastewater, and 
occasional surface run off from urban, agricultural, deforestation 
lands into aquatic resources. These sources are responsible to 
promote growth of aquatic plants species [1-26]. A review on 
the current status of aquatic weeds in South Africa, their socio-
economic and environmental impact has been documented [27]. 
Water hyacinth as reported adversely impact, the biodiversity 
of aquatic system, socio-economic conditions due to changes in 
physic-chemical   parameters of water bodies [28-42] and water 
supply system.    

In spite of environmental degradation associated with 
growth of water hyacinth, this plant has played tremendous 
positive role as resource conservation like in production of 
compost, bio-fuel, and environmental management. It has wide 
acceptance in phyto remediation for clean-up of pollutant’s 
contaminated sites, industrial & municipal wastewater, and 
groundwater as successful techno-economically feasible option  
[19, 29]. Treatment of contaminated environmental media by 
conventional engineering processes is prohibitively expensive. A 
less expensive and effective waste treatment systems, particularly 
in developing countries for continuous operation are required as 
regular supply of electricity in rural areas disrupts frequently. 
The idea of natural means of waste treatment by using plants, 
in the presence of sunlight, was developed earlier [43-50] and 
being practiced now.  The concept of phyto–treatment or phyto-
remediation is a new emerging cost effective alternative and 
efficient in-situ non- polluting environmental friendly, solar-
driven process adopted to treat wastes for the protection of 
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Abstract

Water hyacinth (Eichhorniacrassipes) is a fast growing and worst kind of aquatic plant which has caused adverse socio-economic and 
environmental impacts. In spite of these problems, it has several benefits in resources conservation and clean-up of contaminated environmental 
media. Several studies reviewed suggesting that Water Hyacinth (WH) can effectively remove pollutants. Nowadays, particularly in the developing 
countries, the wastewater including sewage posing serious problems of treatment In the present study water hyacinth is used to treat wastewater 
containing high biodegradable organics of Poultry Processing Industry (PPI) mostly located in rural areas of India where availability of electricity 
is a major problem. The treated wastewater quality showed high pollutant removal rate in terms of Biochemical Oxygen Demand (BOD), and 
other parameters in a defined time. The treated wastewater meets the norms prescribed under Indian Water Pollution Control Act. The BOD 
removal efficiency was found at 85.5% and 92% in case of WH-1(50% wastewater surface coverage area by WH) and WH-11 (75% wastewater 
surface coverage area by WH) as compared to control condition without WH.  A significant reduction in all the parameters achieved in 4 to 5 
days of retention time. The high biodegradation rate of organics is derived by the bacterial actions in two phases - suspended culture (liquid 
phase) and attached culture-a bio-film on plant roots. The efficacy of the natural process using water hyacinth for treatment of PPI wastewater 
is discussed in this paper.
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soil, lake, river ecosystems. Several plant species have been 
reported which were used to clean- up or treat contaminated 
environmental media [51-57]. The most commonly used 
species such as hemp dogbane (Apocynumcannabinum), 
common ragweed (Ambrosia artemmisiiflia), Asiatic dayflower 
(Commelinacimmunis), maize (Zeamays), Indian mustard 
(Brassica juncea), and Thlasicaerulescens, were shown to have 
pollutant accumulating and removal potentials. Several reviews 
have been published dealing with such aspects of pollution 
control [58,59]. 

The method of phyto- treatment has been defined by 
Cunningham and Brite [11] as the use of vascular plants to 
remove pollutants from the environment or to render them 
harmless. It was stated that plants can be divided into two types: 

a)	 Sensitive species with varying degree of sensitivities 
to the detrimental effects of pollution and ultimately 
succumbing to pollution. 

b)	 Tolerant species which remain viable in their native 
habitat. The selection of phyto- treating or phyto-remediating 
species is possibly the single most important factor affecting 
the extent of pollutant removal. As a general rule, native 
species preferred to exotic plants which can be invasive and 
endanger the harmony of the ecosystem. 

Despite of several advantages of phyto-treatment, there are 
some specific draw back also other than those in case of toxic 
pollutants, for the applicability of such natural methods of 
treatment. These are: lack of plants species for effective waste 
treatment, risk to food chain, disposal of contaminated plants 
wastes, and plant based biological limitation etc. The phyto 
remediation technology has been applied by various consulting 
engineering services as a most techno-economic method for 
treating contaminated wastewater, ground-water, soil, and lakes 
water etc. [60,61]. Cost estimates of such process for many types 
of pollutants were reported. The estimates made by USEPA 
were fraction of the exorbitant cost for treatment of pollutant 
contaminated areas using engineering methods [62]. In addition 
to the cost components, natural plant treatment system avoids 
landscape disruption and pressure on ecosystem. 

The one most important concern in the application of 
phyto remediation is the handling &disposal of plant residue 
contaminated particularly with toxic pollutants as it falls under 
the hazardous waste category. This entails an added cost and 
represents drawback of phyto-treatment. However, to overcome 
such problems, one option to reduce land filling disposal cost is 
to reduce its volume by thermal, microbial, or chemical means. 
The volume of plant residue after incineration is reduced as 
concentrate (a bio-ore) for recovery metals. These authors 
showed that the cost of metal recovered from such plant biomass 
was found to offset the cost of phyto treatment. Such associated 
costs of treatment, however, may not arise in case of industrial 
or municipal wastewater containing only biodegradable 
substrates. In another study, it is reported that plant loaded after 

absorption of heavy metals provide an opportunity for their 
extraction, reused, and the left over extracted biomass can be 
safely disposed in landfill [63].

The beneficial use of water hyacinth for waste treatment has 
been recently documented. Large quantity of wastes generation 
and its inadequate treatment and disposal affects adversely 
human health. This requires protection by suitable treatment 
to meet the stipulated discharge standards notified by Indian 
Ministry of Environment and US-EPA. A number of physical 
chemical and conventional engineering processes were used for 
the treatment of contaminated media. However, these methods 
considered expensive, not environment friendly and suitable to 
eliminate and achieve the discharge standards for pollutants 
set by environmental regulatory agency. A low cost, efficient 
natural system has been demonstrated by using aquatic plants 
specie water hyacinth to achieve desired limit of pollutants. 
Many research studies were undertaken which suggest the 
usefulness of water hyacinth as a means of phyto remediation 
for clean-up of contaminated sites, water quality management, 
and wastewater. It has been an accepted practice that waste 
water, after treatment by activated sludge process, is subjected 
for further treatment through a polishing pond using aquatic 
plants to achieve stringent wastewater discharged standards.

The water hyacinth over other plants species for treatment 
of wastewater containing heavy metals and organic substances 
has shown several advantages. Removal capacity of water 
hyacinth for heavy metals was carried out and protein profile 
of the plant was examined for the purpose to assess the metal 
tolerance level in plant which can be a good idea to use the 
data as bio-indicator form pollution regulation view point [64]. 
Using naturally or genetically engineered plant species, removal 
of small level of pollutants in field and laboratory conditions 
were successfully carried out [65]. A laboratory and pilot study 
demonstrated to treat organic matter from wastewater   using 
water hyacinth [66]. Many aquatic plants including Eichhornia 
have the potential to uptake and absorb heavy metal and 
other pollutants by their root, stem or leave from soil [16, 56]. 
Application of water hyacinth in a continuous flow system, 
studied to develop a kinetic model incorporating the activities of 
bacteria suspended in wastewater phase and attached on plant 
roots [48].The findings suggest that organic carbon degradation 
efficiency is dependent on the biomass of film bacteria, which is 
determined by the available root surfaces of the water hyacinth. 
It was found necessary to periodically harvest water hyacinth for 
proper bacterial [67] for increased removal efficiency BOD, COD 
and SS. Natural systems are therefore needed to be evolved and 
commercialized on a large scale. The harvested biomass in such 
cases will be a potential source of energy recovery, fodder, and 
compost products which will not pose any adverse impacts on 
food chain and also if it is land filled. This is true only in case 
of pollutants highly biodegradable one. This is a potential for 
of resource recovery & conservation and such system being 
encouraged in India.   
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The treatment of wastewater from most of the industries is 
based on activated sludge process which requires regular power 
supply. Considering the local conditions in rural areas, there 
is a need to study a suitable method of waste treatment based 
on natural processes. The present study is carried out to treat 
a high biodegradable organic wastewater from Indian Poultry 
Processing Industry (PPI) by using Eichhornic Crassipes, a native 
species of water hyacinth. Poultry Processing Industry (PPI): 
The poultry processing industry is engaged in slaughtering, 
dressing & freezing, and packing of broilers and mature chickens.  
Wastewater from PPI is potential source of nuisance like odour, 
contains high organic matter, solids, and oil & grease which 
warrants sustainable management of wastewater.

Methodology

Experimental Set-up and parameter selection 

A study was conducted using Eichhornic Crassipes (local 
name water hyacinth) which has   high mineral absorption 
capacity with rapid growth and can easily be harvested.  The 
liquid waste was collected from a poultry processing industrial 

(PPI) unit. Water hyacinth was placed in a mixture of 9 liters tap 
water and 0.6 liter poultry wastewater for acclimatization. After 
acclimatization period of 10 day, the water hyacinth was used 
for wastewater treatment. Three glass containers (experimental 
tanks) were taken and 50 liters of wastewater of PPI was poured 
in each container. First container was kept as control i.e. without 
WH. In second container WH was introduced and the leaves 
of WH covered half of the wastewater surface area (container 
marked as WH-I).   In third container, two third of wastewater 
surface area was covered by plants leaves (container marked as 
WH-II). All the containers were kept in full diffused light. The 
detention time for experiments was kept for 10 days. Triplicate 
samples of 500 ml from each of the three containers were 
taken daily for ten days on a fixed time at 11 a.m. The samples 
were analyzed for pH, Suspended Solid (SS), dissolved solid, 
Total Dissolve Solid (TDS), BOD, and oil & grease by using the 
standards. These parameters selected, are the critical one for the 
industrial wastewater discharge requirements notified under 
the Water Pollution control Acts in US and Indian water [68]. The 
experimental setup is shown in (Figure 1).

Figure 1: Experimental setup-container’s wastewater surface area covered with WH.

Result and Discussion

Characteristics of Waste Water 
Analysis results for wastewater collected from PPI showed 

BOD at 1783 mg/l, TSS 1400 mg/l, TDS 2350 mg/l, and Oil & 
Grease at 203 mg/l indicating that the wastewater from PPI is a 
strong organic waste. 

Treated Wastewater Quality
Performance results of phyto treated wastewater quality are 

briefly presented below:

pH and Total Suspended Solid: pH of PPI wastewater 
showed increase  from 7.3 to 9.0 with time and deceases after 
about 7days of retention time in control condition i.e. without 
water hyacinth. The fluctuation of pH in this case was relatively 
higher due to high rate of biodegradation of nitrogenous 
compounds and release of ammonium ion during the Retention 
Time (RT). A similar pattern in pH variation was observed in the 
presence of plant in experimental tanks (container) WH-1 and 
WH-11 showing pH value with time found to be lowered up to 
8.0 after 6-7 of RT and marginally decreased further (Figure 2). 
It was found relatively more reduction in case of WH-II. The pH 

reduction follows as: pH of WH-II < WH-I <Control condition. 
This may be due to the uptake of released NH4 +/NO3- by plants 
from wastewater (in the process of organic decomposition) in 
two ways, one by bacterial release of NH4+ and its absorption 
by WH and secondly the bacterial conversion of NH4+ to NO3-
( nitrification) by the presence of bacteria in suspension and 
attached on plant roots.

Figure 2: Variation in pH with time.

pH variation relatively exhibited low at normal range in high 
coverage of wastewater surface area by water hyacinth in the 
experimental tanks.  Such observations were reported by other 
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authors in lake system with high WH area density. Therefore on 
the basis of the pH results of the treated wastewater it can be 
stated that the WH is found to be a good water and wastewater 
pH stabilizer as also reported by others. The decrease in water 
pH by the growth of WH may also be attributed as the resultant 
of intensive respiration of WH roots releasing CO2 into the water 
and relatively low CO2 uptake in photosynthesis due poor light 
penetration caused by high SS resulting increased turbidity in 
the experimental tank’s waste water. Both the above factors, i.e., 
the NH4+ reductions and CO2 availability in wastewater resulting 
stabilization of pH to normal level of liquid discharge standards, 
are related to WH biological process. 

Total Suspended Solid (TSS): In case of Total Suspended 
Solid (TSS) of initial conc. of raw wastewater at 1440 mg/l, a 
maximum reduction up to 50% (700 mg/l) and 61% (560 mg/l) 
were found in wastewater of experimental tank WH 1 and WH 
I1 after 10 days of RT in comparison with control condition 
(without plant) having TSS reduction only up to 36 % (920 
mg/l) from the initial conc. of 1440 mg/l. However, maximum 
reduction in TSS was observed in 4 days, of RT i.e. 25%, 44%, and 
46% in waste water for control, WH-1, and WH-11 experimental 
tanks. A variation trend with time in TSS concentration showed 
a significant statistical coefficient of correlation. The result 
suggest that in case of 75 % of wastewater surface area coverage 
by water hyacinth, the TSS concentration was found to less than 
the wastewater discharge standards (600 mg/l) prescribed 
for disposal to public sewer. The reduction in TSS may be due 
the bacterial degradation of organic substances attached with 
suspended colloidal mass. 

Total Solid (TS) and Oil & Grease: The wastewater 
treatment result using WH showed that after 10 days of RT, 
the reduction in Total Solid (TS) were 18%, 44.5%, and 50% 
respectively in case of control, WH-1, and WH-11 conditions. 
However, a significant reduction in TS occurred after 4-5 days. 
Variation in TS with time as in other parameters also showed 
a high degree of coefficient of correlation. Based on TSS and TS 
value, the total dissolve solid (TDS) found at 2200 mg/l, 1400 
mg/l, and 1350 mg/l respectively under control, WH-1, and 
WH-11 conditions suggesting significant reduction in less than 
10 days of RT. The wastewater treatment by natural process 
showed that the discharge standards for TDS (i.e. 2100 mg/l) 
is achievable in a short hydraulic RT.The reduction of TS during 
the growth period of water hyacinth attributed due to the crop 
root mats which were fully developed and the absorption or 
filtration capacity of the roots increased for suspended solids 
along with other nutrients and organics. The oil & grease (o/g) 
concentration in case of control, was reduced only up-to 35 % 
after 5 days of RT. However, the same was observed at 55% i.e. 
80 mg/l from initial value of 200 mg/l of o/g in both the WH-1 
and WH-11 cases. The o/g value is found less than the stipulated 
standards (100 mg/l) for discharge to public sewer system. 

Biochemical Oxygen Demand (BOD): BOD is an important 
parameter to assess the performance of Waste Water (WW) 
treatment scheme. In the present study of natural process of 
wastewater treatment using water hyacinth (WH) showed 
maximum removal of BOD at 85.5 % and 92 % in case of WH-
1(50% surface area coverage of WW by WH) and WH-11(75% 
surface area coverage of WW by WH) while, in comparison, 
it was 65% in control condition after 10 day of RT from the 
initial value of BOD (1800 mg/l of PI- WW). Similar finding was 
reported in other study which showed high removal efficiency of 
organic matter by water hyacinth. The high removal efficiency of 
BOD found in this case is comparable with the activated sludge 
process of wastewater treatment. A significant reduction in BOD 
was observed at 60 % in 4 days of RT. The BOD variation with 
time showed a significant coefficient of correlation (Figure 3).

Figure 3 : Reduction in BOD with time.

The BOD remaining in case of WH-11, after 10 days of 
retention time was found to be 140 mg/l. This value of BOD after 
PPI WW treatment is much less than the effluents discharge 
limitation i.e., 500 mg/l, as applicable for land and sewer 
disposal. It expected in case of municipal wastewater whose 
BOD value range 150-200 mg/l, the present natural process of 
treatment can be used to achieve the BOD at 15-20 mg/l which 
is as per the US-EPA discharge limitation and Indian E(P) Act 
for treated wastewater .The high BOD removal efficiency is due 
to symbiotic relationship between bacteria and plant growth 
which creates aerobic conditions. The biodegradation of organic 
matter occurs by bacteria in suspension phase as well as 
attached biomass (bio film) on plant roots. Oxygen produced by 
the plant is utilized aerobically for the biodegradation of organic 
matter. Biochemical processes, in aerobic condition created by 
plant, produce CO2, and nutrients which are utilized for plant 
for its growth. The oxygen produce is transferred to the surface 
of the plant’s root mat having bacterial growth that   serves as 
one of the sites for biochemical transformations of organics 
and thus reduces BOD of wastewater. The natural process of 
waste treatment is, therefore, a two way combination of organic 
degradation by bacteria in suspended and attached (bio film) on 
plant root’s mat (Figure 4).This relates to enhanced increase of 
substrate removal efficiency. The BOD decreased significantly 
during the growth period of water hyacinth because the crop 
root mats were fully developed for degradation of organic 
substances by microbes and absorption of nutrients etc. 
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Figure 4 : Wastewater Treatment System: a symbiotic function 
of water hyacinth and bio film bacteria. (DOC: Dissolved organ-
ic carbon; POC: Particulate organic carbon).

The BOD is expected to increase after certain interval due to 
decomposition of dead plant’s organic matter in the experimental 
tanks (WH-I &WH-II) and release nutrients for growth of water 
hyacinth. Such step would complicate the treatment process 
and so water hyacinth should be harvested periodically in 
order to avoid such situation in treatment efficiency. A similar 
observation reported that water hyacinth is very efficient to treat 
wastewater for removal of COD, BOD, and suspended solids. The 
advantage of natural process for treating waste water containing 
mainly biodegradable nature of organic matters is that the 
harvested biomass (used plants) in such case will be free from 
toxic contaminants and can better be utilized as a good source of 
energy recovery as CH4, digested residue as compost, and other 
useful products by means of biotechnological processes. Such 
material in case disposed for land filling, will also not pose any 
adverse effect on food chain and environment. The technology 
which serves both the above purposes, i.e. waste treatment & 
resource recovery, is encouraged by the Government of India.

Conclusion
The plant species (E. Crassipes) used in the present study has 

proved to be effective for treatment of wastewater containing 
high biodegradable organics. The study results showed that 
about more than 90% removal of organic matter can be achieved 
in less than 10 days of retention time and meets the regulatory 
requirements for waste disposal.  The natural process of waste 
treatment is gaining momentum in India like in Indian Tobacco 
Company where such treatment technology has been adopted 
and, being operated successfully for treatment of waste water. 
Successful phyto treatment for water and wastewater relies on 
water hyacinth mat size i.e. the WH surface coverage area of 
wastewater, gap between WH patches or mat (in case of large 
water bodies like pond or lake), sunlight , and periodic harvesting 
strategy of WH .biomass This will reduce the management cost 
and ensure better treatment efficiency. The laboratory results 

can be utilized for evaluating the biology of WH and designing 
the continuous flow based ecological engineering system for 
water quality improvement as a practicable natural process of 
bio remediation. The harvested biomass can be used for energy 
recovery, compost as fertilizer, soil conditioner etc and will not 
have any adverse impact on environment in case it requires 
disposal by land filling as it is  free from toxic substances.
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