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ABSTRACT 
 

Like world Pakistan is facing two major threats i.e. environment and energy. 

Rapid industrialization and urbanization have resulted in elevated emission of toxic heavy 

metals entering the biosphere. Activities such as mining and agriculture have polluted 

extensive areas throughout the world. The release of heavy metals in biologically 

available forms by human activities may damage or alter both natural and man-made 

ecosystems. Heavy metal ions such as Pb2+, Cr6+, Cd2+ Cu2+, Zn+2and Ni+2, are essential 

micronutrients for plant’s and animal’s metabolism but when present in excess, can 

become extremely toxic. Among the renewable energy technologies, solar energy, wind 

energy, biofuels and biomass conversion occupy the central stage. The current study 

belongs to biomass conversion to biofuels. It was focused on metal phytoremediation and 

biofuel production from water hyacinth by using Nanobiotechnology. 

Soil experiments show the phytoremoval of Pb2+, Cr6+, Cd2+ Cu2+, Zn+2+ and Ni2+ 

in μg/g of plant’s dry weight. Increase or decrease in pH and fresh weight is also 

discussed. Lead, chromium, cadmium, copper, zinc and nickel showed phytoremoval of 

27.91, 38.67, 1.915, 3.38, 13.11 and 24.23 μg/g of plant’s dry weight respectively. 

Similarly phytoremoval of lead, chromium, cadmium, copper, zinc and nickel in kg/ha is 

1582.45, 1053.38, 2852.75, 232.99, 1521.08 and 3449.76 respectively. 

Hoagland’s hydroponic experiments show the phytoremoval of Pb2+, Cr6+, Cd2+ 

Cu2+, Zn+2+ and Ni2+ in μg/g of plant’s dry weight. Increase or decrease in pH and fresh 

weight is also discussed. Lead, chromium, cadmium, copper, zinc and nickel showed 

phytoremoval 19.132, 2.369, 8.888, 4.085, 0.845 and 1.954 μg/g of plant’s dry weight. 

Adsorption and desorption experiments show phytoremoval (adsorption) of Pb2+, 

Cr6+, Cd2+ Cu2+, Zn+2+ and Ni2+ in μg/g of plant’s ash. While desorption (recovery for 

reuse) of lead, chromium, cadmium, copper, zinc and nickel in μg/g of plant’s ash. 

Adsorption capacity is 29.83, 24, 28.41, 29.83, 29.94 and 29.79 μg/g of plant’s ash 

respectively. The biosorptive capacity is highest with pH > 8.00. The desorption capacity 

of lead, chromium, cadmium, copper, zinc and nickel is 18.10, 9.99, 27.54, 21.09, 11.99, 

3.71 μg/g of plant’s ash respectively. 

Bioanalytical experiments were performed to assess the metallic concentrations of 

Taxilian water hyacinth. Some selected microbes from hyacinth’s roots were isolated, 
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identified by biochemical tests and purified by microbiological experiments. Our results 

show that Thiobacillus thiooxidans, Thiobacillus ferrooxidans, Azotobacter and A. niger 

are present in the roots of water hyacinth. Thiobacillus thiooxidans, Thiobacillus 

ferrooxidans and A. niger are commonly well known for metal’s bioremediation. Their 

presence in the roots of water hyacinth show that these microbes may have some role in 

metal’s phytoremediation by hyacinth. Azotobacter is generally nitrogen fixing bacteria its 

presence may shows relationship with nitrogen’s phytoremoval by hyacinth. The presence 

of Mn, Mo, Fe, Cr and some other metals in nitrogenase enzymes of Azotobacter, is 

already documented. Therefore Azotobacter’s presence may also be responsible for 

phytoremoval of these metals by water hyacinth. 

Three different studies were performed for the nanobiotechnological conversion of 

water hyacinth (Eichhornia crassipes) plant into biofuel. In the first study water hyacinth 

was saccharified with diluted sulfuric acid (1% v/v at 110oC for one hour) and fermented 

by yeast (Saccharomyces cerevisiae). The results show the formation of 55.20 % ethanol 

and 41.66 % acetic acid. In another experiment water hyacinth was gasified by using Ni 

and Co nano catalysts at 50-400ºC and atmospheric pressure. In catalytic gasification 

methane (2.41-6.67%), ethene (19.74-45.52%), propyne (21.04-45.52%), methanol (1.43-

24.67%), and propane/acetaldehyde (0.33-26.09%) products are obtained. In third study 

anatase form of titanium dioxide photocatalyst was used. The reaction was performed at 

room temperature which gives good percentage of methane (53.19%), methanol (37.23%) 

and ethanol (9.57%). This study reports an interesting finding that metal contaminated 

water hyacinth could be used for not only the production of biofuel but also hydrocarbons 

Present study gives solution of two major problems of the world i.e. 

environmental pollution and fuel. It also shows comparison of three different 

phytoremediation technologies and use of water hyacinth as a metal hyper accumulator 

and a source of hydrocarbon gases and bioethanol. These technologies are cheap and may 

be developed further for commercial use.  

 



Chapter 1 
INTRODUCTION 

 
1.1  ENVIRONMENT   

Environment means to encircle or surround (from French word environer). It 

can also be defined as (i). The circumstances or conditions that surround an organism 

or group of organisms, or (ii). The complex of social or cultural conditions that affect 

an individual or community. Since humans inhabit the natural world as well as the 

“built” or technological, social, and cultural world, all constitute important parts of 

our environment (Conningham, 2001). The environment consists of four segments 

atmosphere, hydrosphere, lithosphere and biosphere (De, 1997). 

 

1.2  ENVIRONMENTAL POLLUTION 

Environmental pollution control is the most important and highly discussed 

issue at the international level. Our & ours next generation’s survival highly depends 

on environment. Environmental security is not less important than territorial security. 

Living in the competitive trade, business and commerce era. WTO threats of 

globalization to countries like Pakistan require sharp and immediate actions. SOS 

steps should be taken in environmental education in order to reorganizing values and 

clarifying concepts to develop the necessary skills and attitude necessary to 

understand and appreciate the interrelations among masses, their cultures ecosystem 

(Siddique, et al., 2005). In the environment natural equilibrium acquired through ages, 

is being distributed by the uncontrolled human activities resulting in the 

environmental pollution (NIBGE, 1992). 
 

Chemistry XII (2003), describes environmental pollution as the addition of 

any substance which adversely affects the human health, quality of life and natural 

functioning of ecosystem. Environmental pollution on one hand causing deforestation 

and population explosion while on other hand threatening the every existence of life 

on the earth. This situation can improve only if people from all walks of life realize 

the importance of environmental protection (Dara, 1993). The ultimate interactions 

between man and environment were recognized long ago. The interest in this field has 

recently revived since the study of mortality statistics suggested the role of some 

1 



 2

possible new environmental factors (Takacs and Tatar, 1987). The adding into the 

environment of substances, which have harmful or unpleasant effects caused by 

natural events or by human activities. The pollution is a serious problem, worsened by 

non-degradable or toxic wastes that cannot be broken down by nature (Khoo et al., 

2002). Burning of fuel, disposal of waste, industrial accidents and forming in polluted 

area are the human activities, which are causing pollution. Consequences of pollution 

are following because pollution knows no boundaries (Khoo et al., 2002). 

Effects of pollution are: - 

 Damage to human health. 

 Damage to plant life. 

 Damage to animal life. 

 Damage to material. 

Pollution caused by human activities can be controlled by a number of 

measures such as (Khoo, et al., 2002). 

 Using substitutes. 

 Imposing penalties. 

 Practicing the 3Rs. 

 Using pollution equipment. 

 Using proper waste disposal methods. 

Table 1.1  Effect of pollution on receiving bodies  
1. EFFECT ON A STREAM 

                                           (i). Effect on public health & safety.  
                                           (ii). Effect on aquatic life. 
                                           (iii) Effect on materials, property value, navigation etc. 
 

2. EFFECT ON SOILS 
 

3.  EFFECTS ON SEWERS 
 

4. ESTUARINE POLLUTION 
  

5. MARINE POLLUTION 
 

6. EFFECT ON SEWAGE TREATMENT PLANTS 
Sastry, et al. (1995)     
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Table 1.2  Pollution types  
 

1. AIR POLLUTION 
2. HAZARDOUS WASTE POLLUTION 
3. NOISE POLLUTION 
4. SOLID WASTE POLLUTION 
5. TRACE ELEMENTS POLLUTION 
6. WATER POLLUTION 

Dara (1993) 
 
1.3   REMOVAL OF POLLUTION    

Rapid industrialization, urbanization, and population growth in different 

countries resulted in the generation of large quantities of waste materials, some of 

which are toxic, carcinogenic or mutagenic causing problems of their disposal into the 

environment. There are two choices, namely preventive or control methods. 

Prevention or control of wastes at the source is cheaper than purifying the 

contaminated water sources, soil or environment. Waste minimizing at all stages of 

production through process modification, recycling or reuse of raw materials, 

redesigning of equipment and product formation is better than end-of-pipe treatment 

which transfers pollutants from one environmental medium to another and consumer 

resources out of proportion to accursed benefits. In a process, any material being 

discharged into a waste stream constitutes a raw material of negative cost. It is sound 

business practice to recover these materials at economic cost. There is a need in 

evolving cleaner technologies with thrust on more selective and environmentally 

benign methods. In many instances it is not possible to achieve zero waste discharge. 

In such cases, waste treatment becomes essential. Waste treatment aims at the 

removal of unwanted components in wastewaters for safe discharge into the 

environment. This can be achieved by using physical, chemical and biological 

methods either alone or in combination. A treatment plant is like an assembly line in a 

factory, where the various steps in purification are arranged in such a sequence that 

the quality of the output of one step is acceptable in the next step. Physical treatment 

methods such as screening, sedimentation, and skimming remove floating objects, 

grit, oil and grease. Chemical treatment methods such as precipitation, pH adjustment, 

coagulation, oxidation and reduction remove toxic materials and colloidal impurities. 

Finally dissolved organics are removed by biological treatment methods. Tertiary 
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treatment methods are used for further purification and for reuse of treated wastewater 

for various purposes. Treatment units used, require proper design, construction, 

commissioning, operation and maintenance to meet the discharge standards fixed by 

regulatory authorities (Sastry, et al., 1995). The waste minimization, waste 

monitoring, waste audit, design of different treatment units, their operation and 

maintenance, sludge conditioning recent technological developments in wastewater 

treatment and technologies that conserve resources, minimize pollution and reuse 

wastewaters, are of great importance in developing countries (Sastry, et al., 1995). 

 

Physical, chemical and biological methods are used to remove contaminants 

from wastewater (U. N., 2003). 

 

Table 1.3  Waste-water treatment methods  

   PHYSICAL UNIT OPERATIONS 
                                                        1. Screening 
                                                                  2. Comminution 
                                                                  3. Sedimentation 
                                                                  4. Flotation. 
                                                                  5. Flotation 
                                                                  6. Granular-medium filtration 
CHEMICAL UNIT OPERATIONS 
                                                                 1. Chemical precipitation 
                                                                 2. Adsorption 
                                                                 3. Disinfection 
                                                                 4. Dechlorination 
                                                                 5. Other chemical applications 
BIOLOGICAL UNIT OPERATIONS 
                                                        1. Activated sludge process 
                                                                  2. Aerated lagoon 
                                                                  3. Trickling filters 
                                                                  4. Rotating biological contractors 
                                                                  5. Pond stabilization 
                                                                  6. Anaerobic digestion 
                                                                  7. Biological nutrient removal 
United Nations  (2003) 
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1.4    BIOREMEDIATION   

Bioremediation is the intentional use of biodegradation processes to eliminate 

environmental pollutants from sites where they have been released either intentionally 

or inadvertently (Mahmood, et al., 2005). 

Bioremediation technologies use the physiological potential of plants or 

microorganisms, as documented most readily in Laboratory assays, to eliminate or 

reduce the concentration of environmental pollutants in field sites to levels that are 

acceptable to site owners and regulatory agencies that may be involved (Shauver, 

1993). Bioremediation consists of either on plants (Phytoremediation) or on microbes 

(Microbial bioremediation) (Burlage, et al., 1998). It is also the partial simplification 

or complete destruction of the molecular structure of environmental pollutants by 

physiological reactions catalyzed by microorganisms by applying chemical and 

physiological assays to laboratory incubations of flasks containing pure culture of 

microorganism, mixed culture or environmental (Mahmood, et al., 2005). 

Phytoremediation (‘phyto’ means plants), is a generic term for the group of 

technologies that use plants for remediating soils, sludges, sediments and water 

contaminated with organic and inorganic contaminants. It is also efficient use of 

plants to remove, detoxify or immobilize environmental contaminants in a growth 

matrix (soil, water or sediments) through the natural biological, chemical or physical 

activities and processes of the plants (UNEP, 2002). Phytoremediation involves 

growing plants in a contaminated matrix, for a required growth period, to remove 

contaminants from the matrix, or facilitate immobilization (binding / containment) or 

degradation (detoxification) of the pollutants. The plants can be subsequently 

harvested, processed and disposed. 

Phytoremediation is: 

 A low cost, solar energy driven cleanup technique. 

 Most useful at sites with shallow, low levels of contamination. 

 Useful for treating a wide variety of environmental contaminants. 

 Effective with, or in some cases, in place of mechanical cleanup 

methods (UNEP, 2002). 

Phytoremediation is the use of green plants and their associated 

microorganisms, soil amendments, and agronomic techniques to remove, contain, or 
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render harmless environmental pollutants. At present time, phytoremediation is an 

emerging technology (Schwitzguebel, 2002). 

  Phytoremediation can be used to cleanup metals, pesticides, solvents, 

explosives, crude oil, polyaromatic hydrocarbons, and landfill leachates. It can also be 

used for river basin management through the hydraulic control of contaminants 

(UNEP, 2002). Phytoremediation can be categorized as: 

 Phytodegradation-: Use of plants to uptake, store and degrade 

contaminants within its tissue (UNEP, 2002). 

 Phytostimulation or Rhizodegradation-: Use of rhizospheric associations 

between plants and symbiotic soil microbes to degrade contaminants  

(UNEP, 2002). 

 Phytovolatilisation-: Use of plant’s ability to uptake contaminants from the 

growth matrix and subsequently transform and volatilize contaminants into 

the atmosphere (UNEP, 2002). 

 Phytoextraction-: Use of plants to absorb, translocate and store toxic 

Contaminants from a soil matrix into their root and shoot tissue (UNEP, 

2002). 

 Rhizofiltration-: Use of roots to uptake and also store contaminants from 

an aqueous growth matrix (UNEP, 2002). 

 Phytostabilisation-: Plant-mediated immobilization or binding of 

contaminants into the soil matrix, thereby reducing their bioavailability 

(UNEP, 2002). 

 

   Using plants and trees to remove or neutralize contaminants holds great 

promise for unobtrusively and cost effectively treating soils, groundwater, and 

wastewaters contaminated with heavy metals, organic xenobiotics, and radio nuclides. 

Although still an emerging technology, the phytoremediation market is fast-growing, 

especially in the United States and Europe (Van-Dar-Lelie, et al., 2001). In the recent, 

Phytoremediation has emerged as a promising ecoremediation technology, 

particularly for soil and water cleanup of large volumes of contaminated sites. The 

exploitation of plants to remediate soils contaminated with trace elements could 

provide a cheap and sustainable technology for bioremediation. Many modern tools 
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and analytical devices have provided insight into the selection and optimization of the 

remediation process by plant species (Singh, et al., 2003). Metal-hyper accumulating 

plants, desirable for heavily polluted environments, can be developed by the 

introduction of novel traits into high biomass plants in a transgenic approach, which is 

a promising strategy for the development of effective phytoremediation technology. 

The genetic manipulation of phytoremediator plants in a transgenic approach, which 

is a promising strategy for the development of effective phytoremediation technology. 

The genetic manipulation of a phytoremediator plant needs a number of optimization 

processes, including mobilization of trace elements / metal ions, their uptake into the 

root, stem, and other viable parts of the plant and their detoxification and allocation 

within the plant. This upcoming science is expending as technology continues to offer 

new, low cost remediation options (Singh, et al., 2003). 

Phytoremediation has been successfully tested in many locations, but full-

scale applications are still limited. In Maryland at U.S. Army testing, facility, hybrid 

Poplar trees were planted in a one acre area over shallow water containing several 

organic contaminants and toxic compounds. The Poplar trees are acting as hydraulic 

pumps for their prevention (Environ news, 2001).  

Recently there is a considerable interest in developing cost effective and 

environmentally friendly technologies for the remediation of soil and wastewater 

polluted with toxic trace elements. Plants have the ability to accumulate nonessential 

metals such as Cd and Pb and this ability could be harnessed to remove pollutant 

metals from the environment. Plants based bioremediation technologies have received 

recent attention as strategies to clean up contaminated soil and water. The submerged 

macrophytes are particularly useful in the abatement and monitoring of heavy metals. 

Water hyacinth, Eichhornia crassipes, is a floating macrophyte whose appetite for 

nutrient and explosive growth rate has been put to use in cleaning up municipal and 

agriculture wastewater. It has been discovered that water hyacinth’s quest for 

nutrients can be turned in a more useful direction. The plant has been shown to 

accumulate trace elements such as Ag, Pb, Cd and Zn. The focus on water hyacinth as 

a key step in wastewater recycling is due to the fact that it forms the central unit of a 

recycling engine driven by photosynthesis and therefore the process is sustainable, 
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energy efficient and cost effective under a wide variety of rural and urban conditions 

(Lu, 2004).   

 

1.5  TRACE ELEMENTS POLLUTION  

Out of 119 elements 92 are found naturally (Dara, 1993). Out of naturally 

occurring 9 elements are 99% by weight of earth crust. Those that are found in 0.14% 

by weight are called trace elements. These elements play vital role in plant and animal 

nutrition. These elements are mobilized by three types of mechanisms (Dara, 1993). 

 Primary dispersion (Hypo gene mobility) 

 Secondary dispersion (Super gene mobility) 

 Tertiary dispersion (by human activities) 

 

Those metals show density higher than 5g/cmL, are called heavy metals (Dara, 

1993). From the point of view of environmental pollution metals may be broadly 

classified as 

 Non-toxic but accessible 

 Toxic but non-accessible 

 Toxic and accessible     

 

McGrath (2000) studied that metals and metalloids can be deposited on land 

from many sources. The main anthropogenic inputs are: 

 atmospheric deposition from industry or from burning of fossil fuels. 

 mining activities and dispersal of mine wastes. 

 disposal of waste such as sludge, animal ash, domestic and industrial 

            wastes or byproducts. 

 irrigation and flood or seepage wastes. 

 utilization of fertilizers, lime or agrochemicals. 

Ihsanullah, et al. (2004) studied that in Peshawar, Pakistan, 60% of drinking 

water reservoirs were found unfit for human consumption. Most of the water samples 

had higher levels of Cd and Pb and pathogenic bacteria and hence, considered unfit 

for drinking purposes. Almost 400 residents of Lahore Pakistan suffered from 
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crippling born-deformities. The disease seemed to be water-born and caused by the 

seepage of poisonous matter into water table. 

Rapid industrialization and urbanization have resulted in elevated emission of 

toxic heavy metals entering the biosphere. Activities such as mining and agriculture 

have polluted extensive area throughout the world. The release of heavy metals in 

biologically available forms by human activity may damage or alter both natural and 

man-made ecosystem. Heavy metal ions as Cu+2, Zn+2 and Fe+2 are essential 

micronutrients for plant metabolism but when present in excess, can become 

extremely toxic (Lu, 2004).   

 

1.6    ENVIRONMENT AND TRACE ELEMENTS   

The risks of metal compounds to human health are highlighted by the ubiquity 

of exposure and their persistence in the environment (Chou, 1989). The essential and 

the toxic elements may both be present in a variety of environmental substances 

(water, soil, air, food etc). Their actual concentration depends on a number of factors. 

The most short or long term effects of toxic metals (lead, cadmium, chromium, nickel, 

etc), and their interaction with the essential elements may produce serious effects 

(Takacs and Tatar, 1983). 

Higher concentration of hazardous trace metals beyond permissible level is a 

matter of great concern to public health authorities all over the world. The problem is 

rather serious in Pakistan. Variation in the environment (soil and water), and 

agronomic factors could exert significant effects on the concentration of various 

metals (Ihsanullah, et al., 2005). Metal contamination is a persistent problem at many 

contaminated sites. In U.S., the most commonly occurring metals at superfund sites 

are lead, chromium, arsenic, zinc, cadmium, copper, and mercury. The presence of 

metals in surface and ground waters may be contaminated with metals from 

wastewater discharges or by direct contact with metals contaminated soils, sludges, 

mining wastes and debris (Bhatti and Perveen, 2005). A survey of three water 

channels in the vicinity of Peshawar city of Pakistan was made to assess the heavy 

metals hazards in sewage water, soil and plants growing on these soils (Bhatti and 

Perveen, 2005). High concentration of heavy metals in the environment creates 

serious pollution problems. The consequences of elevated levels of trace metals in the 
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ecosphere can be attributed to both natural and anthropogenic sources. These have 

been investigated intensely in recent years. The aquatic ecosystem of industrialized 

countries is being continuously contaminated by heavy metals; as a result, water 

pollution is now a serious global concern (Satyakala and Jamil, 1992). Ni++ and 

Cu++ are the major heavy metal ions in electroplating wastewater of Hong Kong 

(Wong, et al., 2003). 

Figure 1.1: Sources of heavy metal pollution. (metal pollution in soil-water-air- 
              organisms ecosystem)   

      
 

O. INDUSTRIAL PRODUCT               AIR                                       BIRDS 
O. BURNED FUEL                                SOIL            PLANTS                                    
O. FERTILIZERS                                                                            ANIMALS 
O. PESTICIDES                                     WATER 
                                                                                                          FISH 
 
 

                                                                                                                      MAN 
 

ROCKS IN EARTH  
 CRUST 

Das (2004) 
 
 The comparative study of drinking water of Abbottabad, Pakistan showed that 

Cd was high in some samples of water because of higher solubility of the compounds 

of  Cd metal present in soil or from plumbing system of water supplies (Mahmood, et 

al., 2002). Toxic heavy metal pollution of water and soil is a major environmental 

problem, and most conventional remediation approaches do not provide acceptable 

solutions. Wetland plants are being used successfully for the phytoremediation of 

trace elements in natural and constructed wetlands. So phytoremediation of heavy 

metals like Cd and Zn by water hyacinth is very useful (Lu, 2004). 
 

1.7    ANIMALS, HUMAN BEING AND TRACE ELEMENTS  

The highest copper content was found in the liver in the entire human organ 

studied (Takacs and Tatar, 1983). About 75% of the total cadmium content of the 

kidney was found in the cortex. In the lungs the concentration of elements is relatively 

low. The concentration of Cu, Zn. Pb, & Cd was higher in the adrenals of women 

relative to man. The two essential (copper and zinc) and the two toxic (lead and 
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cadmium) elements are very important; thus their presence in drinking water, food and 

human organs is of considerable interest (Takacs and Tatar, 1983). Due to use of 

sewage water and industrial effluents for agriculture in N.W.F.P. of Pakistan, there is a 

great threat to the human and animal health. From the use of sewage and industrial 

effluents for longer period can create heavy metals hazard in agriculture in N.W.F.P. 

Pakistan (Bhatti and Perveen, 2005). Cadmium can accumulate in living tissues which 

is a potential threat to the environment and human health (Bhatti and Perveen, 2005). 

An adequate intake of essential elements is fundamental for the maintenance of good 

health and optimum human performance. While inadequacy of essential elements may 

lead to physiological deficiencies in the human body creating a vicious cycle of 

structural abnormalities by biochemical changes that takes more than one generation 

to rectify. High intake of toxic elements may lead to serious health problems and may 

cause impairment of the vital organs of body (Husaini, et al., 2005). 

 

Cd is an environmental pollutant and is toxic to a number of organs. Chronic 

exposure to Cd causes loss of bone mass and increased incidence of bone fractures, as 

seen in Itai-itai patients and laboratory animals (Habeebu, et al., 2000). Chromium, in 

the trivalent form Cr (III), is an important component of a balanced human and animal 

diet and its deficiency causes disturbance to the glucose and lipid metabolism in 

humans and animals. In contrast, hexavalent Cr (VI) is highly toxic carcinogen and 

may cause death to animals and humans if ingested in large doses. Recently, concern 

about Cr as an environmental pollutant has been escalating due to build up to toxic 

levels in the environment as a result of various industrial and agricultural activities 

(Zayed and terry, 2003). Moss and Habden (2005), find out that zinc supplements are 

a safe, simple and cost effective way to reduce illness such as watery diarrhea, a major 

cause of death in zinc-deficient children in the developing world. The levels of HIV 

virus in children receiving zinc did not rise, indicating the supplements are safe. Zinc 

is found in protein-rich foods, with the highest concentrations in beef, poultry, fish and 

shellfish. Smaller amounts are found in eggs and dairy products, as well as nuts, seeds 

and pulses.        
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1.8   PLANTS AND TRACE ELEMENTS  

   Thlaspi caerulescens is hyper accumulator of heavy metals like Zn, Pb & Cd 

(Reeves, et al., 2001). Biochemical analysis indicated that enhanced Zn transport in 

roots and shoots of T. Caerulescens (Lansat, et al., 2001). Sharp dock (Polygonum 

amphibium L.), duckweed (Lemna minor L.), water hyacinth (Eihhornia crassipes), 

water dropwort [Lepironia articulata (Retz.) Domin], are good phytoremediator of 

polluted water especially metallic pollution (Wang, et al., 2002). Clemens (2001), 

writes that in phytoremediation of metals phytochelations are small glutathione-

derived metal binding peptides which are part of the plant metal detoxification system. 

Genes encoding phytochelation synthesis have been cloned and are now being studied 

with regard to their regulation, biochemistry and biotechnological potential (Schwartz, 

et al., 2001). Phytoextraction is strongly dependent on the concentration of the 

available metal in soils which may limit the growth of plant, and favour tolerant but 

low biomass plant species such as Armeria maritime. The main sources of cadmium 

contamination of vegetable crops are via farms soils and irrigation water and 

pesticides. The various food crops grown in sewage water irrigated area of Ludhiana 

and Punjab of India, had higher concentration of Pb, Cd and Ni than those grown on 

tube well water irrigated soil (Bhatti and Perveen, 2005). Cadmium accumulation by 

plants is a concern for human health and for decreased productivity of plants and 

animals. Uptake of Cd by plants is also fundamental in the process of 

phytoremediation, whereby plants are used to remove Cd from polluted soils. Plants 

have a substantial micro flora associated with their rhizospheres that influence nutrient 

mobilization and availability to the plant (Robinson, et al., 2001). The phytotoxic 

effect of heavy metals in soils especially Cd is known to be controlled by various 

mechanisms such as exchange reactions, chelation by organics absorption by colloidal 

oxides and hydroxides of iron and manganese etc. Besides this soil contamination due 

to inorganic pollutants may be alleviated by the elimination of soil application and 

recycling of toxins in soils. Concentration of some heavy metals in soil and plants is 

given below (Das, et al., 2004). 
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Table 1.4  Concentration (µg/g) of heavy metals in soil and plants 

HEAVY METAL SOILS (µg/g) PLANTS (mg/kg) 

As 0.1-40 0.1-5 

Cd 0.1-7 0.2-0.8 

Pb 2-200 0.1-10 

Ni 10-1000 

   
Das et al. (2004) 
 
 
Table 1.5  Typical concentration ranges of potentially toxic elements in plant  

          leaves (µg/g of dry matter) 
ELEMENT DEFICIENCY SUFFICIENT EXCESSIVE TOLERABLE IN 

  OR NORMAL OR TOXIC AGRICULTURAL
    CROPS 

Zn 10-20 27-150 100-400 300 
Cu 2-5 5-30 20-100 50 
Ni - 0.1-5 10-100 50 
Cd - 0.05-0.2 5-30 3 
Pd - 5-10 30-300 10 
Hg - - 1-3 - 
Cr - 0.1-0.5 5-30 2 
Mo 0.1-0.3 0.2-5 10-50 - 
Se - 0.01-2 5-30 - 
As - 1-1.7 5-20 - 
F - 5-30 50-500 - 

Be - <1-7 10-50 - 
B 5-30 10-100 50-200 100 
Ti - - 50-200 - 
V - 0.2-1.5 5-10 - 

Mn 10-30 30-300 400-1000 300 
Co - 0.02-1 15-50 5 
Zr - - 15 - 
Ag - 0.5 5-10 - 
Sn - - 60 - 
Sb - 7-50 150 - 
Ba - - 500 - 
Tl 20 - - - 

Das et al. (2004) 
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Figure 1.2  Mobility of soil metal ions by chelates 
 
 
 

 
                                                                  Das et al. (2004) 

 
 
 

Plant cells expand as much as 50% of their total intercellular energy reserves to 

maintain gradients of ions across their membranes. The electrochemical potential of 

these ion gradients represents stored energy. Plants and fungi are similar in that they 

use proton (H+1) gradients as the “Currency” with which to mediate transport of 

organic and inorganic ions (Li, et al., 2005). Plants show a number of changes at 

molecular and whole body levels under stress. Salinity tolerance is a mutagenic 

phenomenon leading to the expression of certain genes and the synthesis of various 

stress responsive metabolites (Wahid, et al., 2005). 

 

Hyper accumulator plants take exceptionally high concentrations of metals 

accumulating in their shoot tissues. Rather than accumulating in root tissues, the 

metals must be effectively loaded into the xylem and translocated to the roots. A series 

of transport steps must be involved in the moment of metals across the root and on to 

their final sites of accumulation in the shoot but these processes are complex. At the 
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cellular level, the lack of metal accumulation in the root appears attributable either to 

the absence of effective vacuolar sequestration mechanism in these tissues, or to 

efficient loading of metal ions into xylem for translocation (or perhaps to a 

combination of the two). On arrival in the shoot, the metals are ultimately sequestered 

predominantly into the cell wall and the vacuole, with some evidence for tissue 

specialization (epidermis versus mesophyll) in a number of species. A central problem 

in understanding metal trafficking in such plants is the relationship between metal 

hyper accumulation and tolerance. One view is that tolerance and hyper accumulation 

are mechanistically linked; suggesting that metal hyper accumulation might be simply 

a manifestation of a very high degree of tolerance. On the other hand, there is evidence 

that the two traits may be genetically independent. Whatever the exact relationship 

between tolerance and hyper accumulation, it is clear that with in cell cytoplasm 

virtually all of the metal must be present in complexed form to avoid cytotoxicity. 

While hydroxycarboxylic acids appear to be the predominant metal chelating ligands 

in the cell wall and vacuolar phases, nitrogen-donor ligands such as the amino acid 

histidine, and sulphur donor ligands such as phyochelatins or metallothioneins, may be 

very important for metal binding in the cytoplasmic phase. In deed the ability to 

induce the synthesis of such ligands in response to metal exposure may be one of the 

key determinants of tolerance in hyper accumulator plants (Baker, et al., 2000). 

 

1.9   TRACE ELEMENTS AND MICROBES    

Microorganisms are able to interact with metal ions in aqueous solutions and to 

accumulate considerable amounts of them. The mechanism of the accumulation 

depends on the physiological state of the cells. In case of resting cells the binding 

reaction takes place on the surface of the cell wall as a sorption process. The kinetic of 

the sorption processes in dependence of the physiological state of the cells, the 

concentration of Hg+2 and Cd+2 ions on the solution and the pH and temperature has 

been investigated (Gehre, et al., 1987). Several heavy metal resistant bacterial strains 

were isolated from a contaminated soil and from rhizosphere of some spontaneous 

plants grown there in. In adverse environment, plants and bacteria surely take 

advantage by cooperating. Several bacterial isolates were tested and found heavy 

metal resistant strain. Bacteria were isolated from the roots of some spontaneous plant 
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families, whose members are known to accumulate heavy metals (Carlot, et al., 2002). 

Mechanism of metal removal from aqueous system by microorganisms can vary with 

the metal and microorganisms involved. These range from purely physio-chemical 

interactions as adsorption on cell walls, to metabolism-dependent mechanisms such as 

transport, internal compartmentation and extra cellular precipitation by excreted 

metabolites. The microorganisms can alter metal chemistry and mobility through 

reduction, accumulation, mobilization and immobilization (Shakoori, et al., 2003). 

Tyagi and Covillard (1987), studied bacterial bioleaching of metals from anaerobically 

digested sludge in batch system by using mixed culture of Thiobacillus ferrooxidans 

and Thiobacillus thiooxidans. The maximum metal solubilization was observed in mix 

culture for Zn, Cu, Pb and Cd. It was in the order of 96%, 75%, 55% and 50% 

respectively in 10 to 12 days. The rate of solubilization in the order of Cu > Pb > Zn > 

Cd was observed. The recommended level of Cu in sludge (74% removal) was 

obtained in seven days. 

Sugio, et al. (1988) studied that Thiobacillus ferrooxidan plays a crucial role in 

the bacterial leaching of sulfide ores. The cobaltous Co+2 have been shown to be toxic 

metal for the growth of T. ferrooxidan on sulfur salts medium. They purified an 

enzyme or sulfur: Ferric ion oxidoreductase (SFRase) from T. ferrooxidans AP19-3 

that catalyzes the reduction by Fe+3 of elemental sulfur in the presence of reduced 

glutathione (GSH), and proposed a new type mechanism for the inhibition by Co+2 of 

the Sulfur metabolism of T. ferrooxidan AP19-3, in which Co+2 stops cell growth on 

sulfur by decreasing the intracellular GSH concentration to a level at which SFORase 

is no longer active, and so the cells cannot obtain energy through the oxidation of 

elemental sulfur. Villar and Garcia (2002), studied two patterns of solubilization of 

metal ions resulting from bioleaching of sewage sludge by sulfur-oxidizing 

Thiobacillus spp-. These patterns were established as a function of pH. Chromium and 

copper ions required a pH of 2-3 to initiate their solubilization, where as nickel and 

zinc ions had their solubilization initiated at pH 6-6.5. The patterns obtained were 

independent of the sludge solids concentrations investigated (10, 17, 25, 32.5, and 40 

g per Liter). 



 17

Cho, et al, (2002), found that Thiobacillus thiooxidans are much more 

effective than Thiobacillus ferrooxidans in removing heavy metals from anaerobically 

digested sewage sludge. Sukla et al. (1993), studied Lateritic nickel ore from the 

Sukinda mines of Orissa, India. They leached nickel by using Thiobacillus 

ferrooxidans, Bacillus circulans, Bacillus Licheniformis and Aspergillus niger at 5% 

(W/V) solid: liquid ratio for 5-20 days. Maximum leaching of Ni was achieved with 

Bacillus circulans (85%) and Aspergillus Niger (92%) after 20 days. Bacillus 

circulans showed significantly higher rate of leaching than other organisms giving 

(80%) Ni extraction after 15 days. The importance and usefulness of hetero tropic 

organisms in metal extraction is of greater interest. 

Pseudomonas putida 5-x cell biomass was used to remove Ni+2 and Cu+2 from 

electroplating effluents (Wang, et al., 2003). Several species of bacterial cells were 

found to adsorb to crystal particles of heavy metals, such as cadmium, zinc, copper, 

and iron (Yoshid and Murooka, 1994). Cheurg and Gu, (2003), studied that bacteria 

are capable of reducing highly toxic and soluble hexavalent chromium Cr+6 

enzymatically into less toxic and insoluble Cr+3 under anaerobic conditions.  

 

1.10    TRACE ELEMENTS AND SOIL    

Chen, et al., (1998), suggested that heavy metal contaminated soil could be 

remediated with a combination of chemical treatments and plants. 

 

           The mobility and bioavailability of heavy metals depends on metal retention 

capacity of soil and also the geochemical phases with which metals are associated. 

Difference in distribution of metal depends upon difference in soils (Veeresh, et al., 

2003). Elevated levels of arsenic can pose a major threat to both human health and 

environment. The phytoremediation of heavy metals from soil is emerging a cost-

effective technology for the remediation of contaminated soils. A green house study 

was undertaken to identify plants capable of tolerating and accumulating high 

concentrations of arsenic. The reduction in arsenic content of soil after plant harvests 

was observed (Bagga and Peterson, 2001). A pot experiment was conducted to 

compare two strategies of phytoremediation: natural phytoextraction using the Zn and 

Cd hyper accumulator Thlaspi caerulescens J. Presl & C. Presl versus chemically 
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enhanced phytoextraction using maize (Zea mays L.) treated with 

ethylenediaminetetraacetic acid (EDTA).The study used an industrially contaminated 

soil and an agricultural soil contaminated with metals from sewage sludge. Three 

crops of T. caerulescens grown over 391d  removed more than 8µg/g Cd and 200µg/g 

Zn from the industrially contaminated soil, representing 43 and 7% of the two metals 

in the soil. Phytoextraction of Cd and Zn by maize + EDTA was much smaller than 

that by T. caerulescens from industrially contaminated soil, and was either smaller 

(Cd) or similar (Zn) from the agricultural soil. After EDTA treatment, soluble heavy 

metals in soil pore water occurred mainly as metal-EDTA complexes, soluble heavy 

metals in soil pore water occurred mainly as metal-EDTA complexes, which were 

persistent for several weeks. High concentrations of heavy metals in soil pore water 

after EDTA treatment could pore an environmental risk in the form of ground water 

contamination (Lombi, et al., 2001). Sand can be used as a low cost adsorbent for the 

removal of heavy metals like Pb, Cr, Cu and Zn from waste water (containing low 

concentration of these metals), especially in the developing countries (Awan, et al., 

2003).  

 

Removal of Ni+2 from aqueous solution by adsorption process was investigated 

by using Cassia occidentalis leaf powder. The effect of concentration of nickel at 

different contact times and rpm was studied in batch experiments. The removal was 

most effective at lower doses of adsorbent (Murali and Sridevi, 2002). The chemistry 

of heavy metals in soil is related to the formation of complexes with organic matter 

whereas monovalent cations (Na+1, K+1 etc) are held mainly by simple cation 

exchange through the formation of salts with –COOH groups (RCOONa, RCOOK), 

multivalent cations (Cu+2, Zn+2, Mn+2 and others) have the potential for forming co-

ordinate linkages with organic molecules (Das,et al, 2004). 
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Figure 1.3   Reaction involving organic matter-metal ions chelation.  
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Different beneficial microbial processes in soil and interaction, both positive and 

negative may be affected or sometimes altered by the presence of high concentrations 

of different heavy metals may disturb the nutrient balance in soil and thereby affect 

the biochemical processes and crop yields (Das, et al., 2004). The reaction of zinc, 

copper, manganese and nickel in soil is certainly affected by the pH, organic matter 

content and the redox status of the soil. The tendency of these cations is to form 

“chelate” in the presence of organic matter which influences their behaviour in soils. 

The relative strength of chelation is generally copper> nickel > zinc > manganese. Soil 

lead is largely unavailable to plants. As with the other toxic metallic cations, lead is 

quite insoluble in soil, especially if the soil is not too acidic. The maximum amount of 

lead was found to be concentrated on the soil surface. Limiting reduces the availability 

of lead and its uptake by plants. Therefore lead does not create so much of problem in 

the phytotoxicity. Cadmium is extremely phytotoxic as well as poisonous to human 
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beings. The toxicity of Cd is dependent on the dynamic interactions that occur 

between the pollutant, the environment and the biota. Cd tends to accumulate in plant 

tissues at concentrations exceeding that of the soil solution. Besides its phytotoxic 

effect, high level of Cd in soil may disturb the nutrient balance in soil. Various 

physiochemical properties of soils the pH, temperature, organic matter, clay content, 

moisture content etc, also appear to influence Cd toxicity. Cd is most mobile in acid 

soil where as in alkaline soil, Cd is immobile. Cadmium seemed less associated with 

high molecular weight organics and hydrous oxides of Fe and Al and thus it is readily 

accumulated by plants grown in Cd-contaminated soils. The phytotoxic effect of Cd 

can be reduced with the application of organic matter and also with the application of 

micronutrient fertilizers like Zn and Cu which may interact with Cd rendering 

unavailable to plants (Das, et al., 2004). In soil Cd is measured by AB-DTPA method 

(Mahmood, et al., 2002). 

 

1.11   TRACE ELEMENTS ADSORPTION AND DESORPTION  

Studies investigated the ability of a 10 year old constructed wetland to treat 

metal-contaminated lecheate emanating from a coal ash pile at USA. Typha latifolia L. 

(cattail) and Juncus effuses L. (soft rush), were very effective at removing Fe and Cd 

from the wastewater, but less effective for Zn, S, B, and Mn. It was concluded that 

wetlands are still able to efficiently remove metals in the long term by adsorption (i.e. 

> 10 years after construction), (Ye, et al., 2001). Uranium uptake by dried roots of 

Eichhornia crassipes was rapid and the biomass could remove 54% of the initial 

uranium present within four minutes of contact time. The process was favored at pH 5-

6 and was least influenced by temperature. Biosorption data fitted to both Longmuir 

and Freundlich isotherm (Bhainsa and Souza, 2001). 

 

Biomass of non living dried water hyacinth roots, showed high sorption for 

copper, from aqueous solutions. Maximum sorption was 20.90 mg/g as determined for 

Longmuir isotherm. Several factors affecting sorption were investigated. Including 

effect of pH, initial concentrations, presence of chelators and other metals. The 

feasibility of removing copper from electroplating waste using this material in a 

packed-bed system was also discussed (Low, et al., 1994). The physical and 
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biochemical properties of the investigated biomaterials were studied by Schneider and 

Rubio, (1999). Batch sorption experiments were carried out in agitation flasks and 

continuous runs were performed in a packed bed column at the laboratory scale to 

investigate the sorption of heavy metal ions by non living biomass. The dried biomass 

of Potamogeton luecens, Salvinia herzogii and Eichhornia crassipes were excellent 

biosorbents for chromium Cr (III), nickel Ni (II), copper Cu (II), zinc Zn (II), 

cadmium Cd (II) and lead Pb (II). The sorption mechanism is of these biomaterials 

were found to proceed mainly by ion exchange reactions between the metal ions and 

the cationic weak exchanger groups present on the plant surface. Sorption followed the 

Longmuir isotherm and maximum metal uptake values (independently of the metal ion 

species) were attained at about 1.5 m equiv/g for P. lucens, 0.9 m equiv/g for S. 

herzogii and 0.7 m equiv/g for E. crassipes. The potential advantages and 

disadvantages of using these natural adsorbents for the removal of heavy metal ions 

present in industrial wastewaters are envisaged (Schneider and Rubio, 1999). Granular 

activated carbon, although relatively expensive, is used extensively to treat drinking 

water in both the United States and the United Kingdom (Lambert, et al., 2002). 

Cadmium absorption and distribution in roots of water hyacinth plants were studied. 

Adsorption was faster during the first three hours and higher in the absence of calcium 

(Ca) in the nutrient solution. Cadmium adsorption to negative sites on the cell walls 

was evaluated by determining the exchangeable fraction in the presence of excess Ca. 

Both exchangeable and absorbed fractions were dependent on Cd concentration in the 

absorption media. The absorbed fraction increased with exposure time, where as the 

exchangeable fraction remained constant. Cd was mainly associated with the sub 

cellular fractions “soluble” and “cell walls”, with small amounts present in the fraction 

“organelles”. Long exposure time resulted in higher amounts of Cd in the first two 

fractions, specially the “soluble” one, in which most of the cadmium was associated 

with compounds of molecular weight higher than 4kDa (84% after seven days), 

possibly phytochelating (Fett, et al., 1994). Bioassay, involving filtered root extracts 

of water hyacinth indicated that cellular constituents of roots were involved in the 

adsorption process (Nor, 1994). Xiulian, et al., (2003) found that maximum cadmium 

uptake / adsorption was 181 mg/g higher than that in other reported documents using 

Sargassum kjellmanum as biosorbent. 
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Ferrihydrite adsorption of Co, Pb and Cd is enhanced in the presence of 

Sulfate. This effect, which has been observed previously for Cu and Zn, is not 

predicted by the diffuse layer model using adsorption derived from single sorbate 

systems (Swedlund, et al., 2003). Pine bark was used to remove Lindane from 

contaminated waters. The adsorptive capabilities of this material were studied 

(equilibrium time, adsorption model and saturation of the adsorbent) and the 

interference of some metals (iron, cadmium, copper, nickel and lead) was also 

investigated. Results showed an excellent efficiency of adsorption (average 80.65%) 

and that the presence of the studied metal did not affect both efficiency and the model 

of the adsorption (Ratola, et al., 2003). Bone charcoal is being developed as a 

treatment for decontaminated polluted water. In particular, it’s potential to adsorb 

metals like Zn and Cu. The data from batch experiments fitted the Longmuir isotherm 

and so theoretical maximum binding capacities could be obtained (Wilson, et al., 

2003). 

Metal ions adsorbed by biomass could be eluted effectively with HNO3, while 

distilled water demonstrated negligible metal elution capacity (Yan and Viraraghavan, 

2003). A positive potential exists for the development of low cost biosorbent with 

excellent metal uptake properties using an abundantly available agricultural byproduct 

black gram husk. The black gram husk has shown an efficient sorbent property for the 

removal of Cd from aqueous solution with efficiencies as high as 99.99%, producing 

purified water with less than 0.01 mg/mL of remnant Cd ions. This is adequate for 

disposal in water ways according to EPA standards (Iqbal and Saad, 2002). 

 

1.12   WATER HYACINTH-AN INTRODUCTION                  

English name is water hyacinth, French name is Jacinthe d’eav and biological 

name is Eichhornia crassipes. It belongs to family Pontederiaceae (Hill and Cilliers, 

1999). The common name in Urdu is Gul-e-Bakouli (Rizvi, 1998). The taxonomy, 

distribution, cultural requirements and uses of the water hyacinth, Eichhornia 

crassipes (Mart.) solms (Potederiaceae), are discussed; an illustration and a full 

description of the species were discussed by Simpson and Sanderson (2002). 

Eichhornia crassipes is a handsome plant with blue flowers. It is sometimes covering 

ponds in the plains of the Punjab; Lahore, Wazirabad, Rawalpindi and also found in 



 23

various parts of world (Nasir and Ali, 1972). Water hyacinth is a member of Potederia 

(Pickerel weed). It is grown to limited extent as aquatic ornamental in pools 

(Alexander, 1937). Water hyacinth is a fast growing free-floating aquatic weed (Ingole 

and Bhole, 2003). Flowers of water hyacinth act as medicinal remedies for Arthritis 

and Gout. Growing period in Pakistan is April-July and found in filling ponds in 

plains (Rizvi, 1998). Giardia spp. Cysts, T.S.S. (Total Soluble Salts) and turbidity are 

reduced by water hyacinth (Belloso and Mendoza, 2000).  

 

The results of Lenzi et al.  (1994), showed that there was good removal of the 

Cr pollution by hyacinth for concentrations of 10µg/mL solution, but for higher 

concentrations (50-100µg/mL), the water hyacinth did not appear to be a good 

absorbent. It was also seen that higher rations of water hyacinth mass/solution volume 

lead to higher solution decontamination and that decrease in solution pH, the 

absorption of Cr (III) by the water was lower. The Cr (III) removal by the temperature 

in the range 17.5°C to 26°C, and by the dissolved oxygen concentration in solution 

between 4.71 to 6.77 mg/l. The contaminated water hyacinth was fired and the 

chromium recycled. The recovery was 87.52%.  

 

The Water hyacinth a potential a environmental resource. The ability of water 

hyacinth to survive under stress and wide ranging temperature, pH, and saline 

conditions enhances its ability for treating wastewaters. Moreover, the plant can be 

utilized for animal feed, biofertilizer production, biogas production, paper 

manufacture and also for integrated rural development (Mehra, et al., 1999). There 

was a differential accumulation of Ca and oxalate between component organs of the 

water hyacinth. The concentration of oxalate in the various organs was more than 

twice that of Ca. Soluble Ca decreased with age in all organs except the leaf, while 

oxalate increased with age in all organs except the rhizome. There were sites 

variations in the partitioning of both Ca and oxalate in the water hyacinth (Tabuti, et 

al., 1998). In a detention time of almost 10days 99% of the applied nitrate nitrogen 

and potassium were removed. The phosphate concentration was only reduced by 60-

65%. The turbidity of the final effluents was generally less than three standard Jackson 

turbidity units. The loss of water by transpiration was studied and on a 24 hours basis, 
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the loss exceeded 50% of the volume applied. This would represent a very significant 

reduction in the volume of wastewater to be treated (Simmands, 1979). Schwartz 

(1930), writes Potederiaceae pickerel-weed family that, aquatic mostly perennial herbs 

(annual only in Hydrothrix), floating or rooting in substrate; rootstock thick, short or 

creeping, with fibrous roots; stems very short or erect and unbranched, mostly 

enveloped by sheathing leaf base; leaves usually in opposite pairs or in whorls of 3-4, 

with fleshy sheathing petioles or sessile and sheathing, the blades emersed or floating, 

lanceolate to broadly ovate or elliptic, sometimes completely reduced, and leaf 

represented by a linear leaf like flattened petiole; inflorescence a raceme or panicle, 

usually subtended by a spathe like leaf sheath; flower bisexual, mostly regular or in 

some genera zygomorphic with (or more often without) subtending bracts, the perianth 

obscurely 2-sriate, of 6 imbricated segments, distinct or basally connate, all quite 

similar and petal like; pistil 1, the ovary superior, trilocular with axile placentae or 

unilocular with three parietal placenta, the ovules numerous, or solitary and 

pendulous, from each placenta, anatropous; the style 1, the stigma 1-6-lobed or 6-

toothed or capitate. 

 

The variation in lateral roots of water hyacinth can be considerable and plant 

can satisfy requirements for growth by redistribution of internal P source and increase 

of P absorption capacity in low-P waters (Xie and Yu, 2003). The antioxidative 

properties of water hyacinth leaves were investigated by evaluating the scavenging 

capacity of liquid extracts in a competitive protective process against oxygenated free 

radicals released via electrolysis in a phosphate buffer with a Pt-electrode. The 

glutathione content in the plant extract was further determined spectroscopically at 

412nm, through the enzymatic assay, using glutathione reductase. Small but 

interesting content of glutathione (ca. 40n mol eg/gdp) were found in the hyacinth 

leaves, making this plant to be regarded as an alternative and convenient low-cost raw 

material for antioxidizing recovery (Bando, et al., 2004). Xia and Ma (2005) 

investigated the removal of phosphorus pesticide ethion by water hyacinth and found 

that it can be utilized as an efficient, economical and ecological alternative to 

accelerate the removal and degradation of agro-industrial wastewater polluted with 

ethion.   
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Water hyacinth – an opportunity 

There are already many examples in many countries of the world of how 

individuals and communities have used water hyacinth to great advantage. New 

possibilities are constantly being discussed in the universities of the world. Water 

hyacinth can be very helpful in meeting some of the most urgent needs in tropical 

countries. 

 

1. In food production 

 as leaf protein concentrate, which is rich in protein and vitamin A. 

 as a substrate for mushroom cultivation. 

 by making soils more fertile which yield better crops. 

 by purifying water, in which fish can then thrive. 

 through the production of silage, for fattening animals. 

 through vermiculture, producing feed for poultry or fish. 

 

2. In regenerating degraded soils 

 as  mulch 

 as compost 

 as fertilizer, produced by mixing with other organic materials and phosphate 

rock. 

 

3. In energy production, thereby combating deforestation  

 as biogas which  can be used for cooking in kitchens for schools or restaurants. 

 As briquettes, which can be used for cooking in place of wood. 
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4. In providing employment and income, through the production and sale of;  

 a range of art papers and card. 

 crafts and furniture. 

 (on the industrial levels) chemicals and liquid fuels. 

5.   By removing pollutants and nutrients from water and soil. 

 
 
Utilization of water hyacinth makes economic and social sense 
          

When thinking about whether water hyacinth utilization is economically 

viable, the following factors should be taken into account. 

1. When water hyacinth is removed from water body, the nutrients and pollutants 

are also removed. Thus a contribution to improving the quality is made. If the 

hyacinth were allowed to rot in the water, even following control by chemical 

or biological means, a further reduction in oxygen content would take place. 

2. If the water hyacinth is returned to the land, then the nutrients are taken back to 

the land, even in an improved form.  

3. If villagers have improved crops of bananas or vegetables as a result of using 

water hyacinth, their standard of living and almost certainly their health will be 

greatly improved. 

4. Local economic activities will have been stimulated and opportunities for 

employment created. 

5. Purposeful activity and being able to meet one’s basic needs leads to an 

enhanced sense of well-being. 

 

1.12.3  Water hyacinth is like a fever thermometer 

When water hyacinth is found in abundance, it is not itself the problem, which 

is to be eradicated at all costs. Rather it is a clear sign that some thing else is out of 

balance. Often it is a sure sign that the water contains too many nutrients, which may 
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come from soil erosion (from careless agricultural practice), from agricultural 

chemicals or from domestic or industrial pollution.   

 

1.13    WATER HYACINTH AND BIOGAS 

  Neelakantan and Singh (1992) studied the conversion of water hyacinth into 

biogas, which was 310L/kg of dry mass produced by anaerobic digestion of water 

hyacinth with livestock excreta for one month. Singhal and Rai (2003), studied biogas 

production from water hyacinth (Eichhornia crassipes) and channel grass (Vallisneria 

spiralis)  and found that biogas production from channel grass was relatively greater 

and quicker (maximum in 6-9 days) than that from water hyacinth (in 9-12 days).  

When water hyacinth was subjected to various thermo chemical pretreatments and 

used as a substrate in anaerobic digestion for biomethanation. Results indicate that the 

pretreatment increased the solubility of biomass and improved gas production. Best 

results were obtained when water hyacinth was treated at pH 11.00 and temperature 

121°C. Severe treatment conditions showed a negative effect, especially on 

methanogenic bacteria caused by toxic compounds produced during treatment (Patel, 

et al., 1993). The suitability of water hyacinth for biogas production has been tested 

under mesophilic conditions, in 90 days laboratory- scale experiments. In almost all 

trials, anaerobic digestion of water hyacinth followed a balanced course producing 

good quality gas. Average of 630 Liter of biogas was obtained per kg of total solids of 

water hyacinth. Methane percentages in the gas produced ranged from 54 to 63%  in 

the steady state of batch and semi- continuous fermentations (Dirar and El-Amin, 

1986). Ganesh, et al. (2005), developed a procedure for extracting volatile fatty acids 

from water hyacinth by using simple and inexpensive equipment of the type 

commonly available in the rural households of the third world countries. The volatile 

fatty acids thus extracted were used as feed supplement in cow dung-fed floating-

dome biogas digesters. The volatile fatty acids extraction was based on 

aerobic/facultative degradation of water hyacinth and significant quantities were 

extracted from water hyacinth charge daily for up to six days. When cow-dung slurry 

was fortified with the volatile fatty acids and fed to a conventional biogas digester, it  
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yielded about 22% higher quantity of biogas per unit feed was obtained from 

equivalent mass (dry weight basis) of the unfortified cow-dung slurry. After volatile 

fatty acids have been extracted from water hyacinth, the ‘spent’ water hyacinth was 

vermicomposted and used as soil conditioner-cum-fertilizer.          

 

1.14   WATER HYACINTH AND METAL BINDING PROTEIN. 

El-Enany and Mazen (1996), reported that water hyacinth plants can 

accumulate heavy metal ions and may be useful for elutriation of polluted water. They 

also reported mechanism by which water hyacinth tolerates and accumulates toxic 

metal ions. Cadmium was accumulated in the plants against the concentration, 

gradient, mostly as a soluble form in the cytoplasm. Isolation and purification of Cd-

Binding protein with Sephadex A-25 and fractionation on Sephadex G-100 showed 

that the accumulated Cd was associated with two major protein fractions. The first 

with molecular weight 25-KD contained about 35% of bound Cd. The second fraction 

with molecular weight 12-8 KD contained about 40% of bound Cd. Metallothionein is 

a low molecular weight, cysteine- rich, metal binding protein, which has been shown 

to play an important role in the detoxification of Cd (Habeebu, et al., 2000). 

 

Ru Binggen, (2005) announced his invention in Beijing on 9th October 2005 at 

an international conference on Metallothionein, a protein produced in the livers of 

people and other mammals that binds easily to heavy metals. By inserting a rat gene 

into tobacco and the algae, Ru’s team made the plants produce metallothionein. The 

genetically modified tobacco produces the protein in its roots and can absorb several 

hundred times more heavy metal ions from soil than normal tobacco, says Ru. The 

plants can than be burnt and the heavy metals safely removed from the ash. Under trial 

conditions, the tobacco plants died before cold reproduce, so had to be replaced with 

new plants. Even so, says Ru, the method is still much cheaper than using a chemical 

process to remove heavy metal pollution. A different method was used with the 

genetically modified algae. Ru’s team pasted the algae to a nylon membrane, which 

was then lowered into polluted water. After absorbing the heavy metals, the algae-

covered membranes were taken out of the water and the heavy metals were extracted 
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from them in the safety of a laboratory. He added, “theoretically, the same kind of 

gene could be transplanted into rice to create a genetically modified variety that will 

absorb heavy metals. In rice, heavy metals normally remain in the plant’s roots and 

would not migrate to the grain”.   

 

1.15   WATER HYACINTH AND METALS 

Cr (VI) was supplied to water hyacinth through culture media. X-rays 

spectroscopic analysis showed that Cr (VI) was reduced to Cr (III) by lateral roots. 

Concentration of Cr (III) was variable in petiole, root, shoot and leaf. Cr rich 

crystalline structures were observed on surface of leaf. In roots Cr was hydrated with 

water but in petiole and leaves Cr (III) was assumed to be bound to oxalate legends 

(Lytle, et al., 1998). Chua, (1998), studied bioaccumulation of rare earth elements 

including the inner transition series, by water hyacinth from aquatic environment of 

southern China. Hyacinth absorbs rare earth elements through roots and distributes 

them in various parts of plant. Rare earth elements could also accumulate and 

concentrate in the leaves via those leaves that are exposed to atmospheric 

contaminants.  

 

X-rays microanalysis of water hyacinth indicated the presence of the Cd, Pb 

and Sr in Ca-oxalate crystals. Content of these metals in the crystals increased 

progressively over time of exposure in a way similar to those in whole plant tissues. 

These results suggest a possible role for calcium oxalate crystallization in toxic heavy 

metal deposition and thus tolerance by Eichhornia crassipes (Mazen and El-

Maghraby, 1998). Water hyacinth can remove nitrogen as contained in root attached 

particulate matter very effectively (Billore, et al., 1998). Two groups of bacteria 

normally exists in a water hyacinth pond, namely the suspended bacteria which are 

present in the liquid portion and the biofilm bacteria which are attached on the 

surfaces of roots of the water hyacinth plants and on the side walls and bottom layers 

of the pond itself (Polprasert and Khatiwada, 1998).  
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Water hyacinth can remediate aquatic environments that have been 

contaminated with lanthanide metal, europium Eu (III) (Kelly, et al., 1999). Using 

Scanning electron microscopy (SCM), adsorption of Eu (III) may be determined on 

roots and root’s hairs of water hyacinth. X-rays absorption spectroscopy (XAS) was 

used, to speciate adsorption of Eu (III) on roots. The XAS data for Eu contaminated 

water hyacinth roots provides evidence of Eu-oxygen environment and establishes that 

Eu (III), is coordinated to 10-11 oxygen atoms at a distance of 2.44 Angstrom. This 

likely involves binding of Eu (III) at the root surface (Kelly, et al., 1999). Zhu, et al., 

(1999) studied the ability of water hyacinth to take up and translocate six trace 

elements As (V), Cd (II), Cd (VI), Cu (II), Ni (II) and Se under controlled conditions. 

Water hyacinth accumulated Cd and Cr best, Se and Cu at moderate levels, and was a 

poor accumulator of As and Ni. 

 

The uptake of Cr, Ni and Zn from the wastewater by water hyacinth was 

investigated for five different concentrations 5, 10, 15, 20 & 25 µg/mL for a detention 

period of 10 days. Efficiency of removal was determined when each metal was present 

separately. Samples were analyzed by using UV visible spectrometer, model Chemito 

2000. Results indicated that at lower concentration, the plant growth was normal and 

removal efficiency was higher. At higher concentrations the plant started wilting and 

removal efficiencies declined. It was concluded that using water hyacinth, heavy 

metals could be effectively removed from wastewater when their concentration was 

less than 20µg/mL (Ingole, and Bhole, 2000). When pH was 7 temperature was 20-

25°C, one atmospheric pressure with lead (Pb (II)) concentration was 40-50g/L from 

wastewater (Dos-Santos and Linzi, 2000).       
 

Applications of hyacinth compost enhanced dry matter accumulation in seed 

yield and stimulated the uptake of micronutrient elements (Abdel-Sabour, et al., 

2001). Elevated accumulation of metals in Eichhornia crassipes and marsila growing 

along the effluent channel has been identified as a potential source of biomonitoring of 

metals particularly for Cu and Ca and can be utilized for the removal of heavy metal 

from wastewater (Barman, et al., 2001). Water, soil, suspended load and biomass 

samples were collected from sludge (Sujatha, et al., 2001), treated lake (Lake 
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Dalavayi) around Maysore, Karnataka, India. The polluted lake water is mainly used 

for irrigation and domestic purposes. The samples have been analyzed for heavy 

metals (Cu, Cr, Co, Cd, Ni, Fe, Mn, V, Zn and Sr) and cations (Ca, Na, Mg) by 

inductively coupled plasma emission spectrometer (ICP) model Labtam 8500. With 

the exception of water, all the matrices suspended particulate matter, lake bed 

sediment and biomass of the world health organization (WHO) standard, indicating 

metal toxicity in this lake. Elevated levels of heavy metal toxicity, especially Co and 

Cd, are indicated by the bioindicator Eichhornia crassipes (water hyacinth), which 

using these metals as micronutrients, has grown luxuriously over the lake water 

(Sujatha, et al., 2001).  

 

An experiment (Wang, et al., 2002), in laboratory showed that, sharp dock 

(Polygonum amphibium L.), duck weed (Lemna minor L.), water hyacinth (Eichhornia 

crassipes), water dropwort [Oenathe javanica (BL) DC] and clamus [Lepironia 

articulate (Retz)], are good for phytoremediation of polluted water. Water hyacinth 

acts as hyper accumulator of Cd. 
 

The results of experiment (Giraldo and Garzon, 2002), showed that organic 

matter degradation, sedimentation, nutrient and heavy metal absorption and sulphur 

reduction in Muna Reservoir of Colombia were tested and found that water hyacinth 

lagoon showed better removal efficiencies for, BOD5, total suspended solids, COD, 

nitrogen, phosphorus and heavy metals. Oti and Chude (2002), studied two treatments 

and two control outdoor concrete tanks (each of 1000 liters capacity). These were used 

to investigate the possibility of removing Pb and Hg from a sewage effluent using 

water hyacinth (Eichhornia crassipes) culture. The first tank contained 4000µg/mL of 

Pb while the other tank contained 6000µg/mL of Hg. The result of the bioassay 

showed that in 10 months water hyacinth stripped 2870µg/mL Pb, and 3880µg/mL 

Hg, respectively, or a daily uptake of 10 and 13µg, respectively. Water hyacinth 

accumulated Cd up to 462µg/g of dry weight from wastewater with BCF (Bio 

Concentration Factor), value 1225 (Wang et al., 2002). 
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Floating water hyacinth plants are capable of assimilating large quantities of 

trace elements and heavy metals, some of which are essential for plant’s growth. The 

uptake of these elements is often increased when plants are cultured in wastewater 

containing high levels of macronutrients. They have the ability to absorb heavy 

metals. Heavy metals and other trace contaminants enter surface and ground water in 

various ways and adversely affect flora and fauna. At lower concentrations i.e. 

5µg/mL of heavy metals, the plant’s growth was normal and removal efficiency was 

greater. At higher concentrations, greater than 10µg/mL the plant started wilting and 

removal efficiency was reduced. It was observed that in aqueous solutions containing 

5µg/mL, arsenic, chromium and mercury the maximum uptake was 26µg/g, 108µg/g 

and 327µg/g of dry weight of water hyacinth respectively. By using Water hyacinth, 

heavy metals could be effectively removed from wastewater when their concentration 

was less than 10µg/mL. Lead and zinc were removed more efficiently at higher 

concentrations than other metals, but plants started to discolour at higher 

concentrations of metals this luxury uptake leads to destruction of plants in most cases 

(Ingole and Bhole, 2003). Bacteria resistant to Cu+2, Ni+2 or Zn+2 were isolated from 

the rhizosphere of water hyacinth (Eichhornia crassipes [Mart.]) and their metal ion 

removal capacities were determined. The Ni+2 and Zn+2 removal capacities of the 

respective metal ion-resistant bacteria were less than 4.1µg/g, while one of the Cu+2-

resistant bacteria showed a significant high Cu+2 removal capacity of 10.6mg/g. the 

effect of inoculating water hyacinth with copper resistant strain on its Cu+2 removal 

capacity was further studied. Now when water hyacinth were treated with antibiotic, 

Oxytetracycline, to remove rhizospheric bacteria of plant roots. Inoculation of copper 

resistant strain increased the Cu+2 removal capacity of the plant root by 9.1 

(Oxytetracycline treated) folds respectively when compared with the control. Results 

also showed that copper resistant strain colonized on to the plant root and led to the 

increase Cu+2 removal capacity of the roots of water hyacinth (So, et al., 2003). 

Soltan, et al., (2003) studied that water hyacinth can survive in a mixture of heavy 

metal concentrations up to 3µg/mL and in 100µg Pb/mL solution, whereas higher 

concentrations of metals as mixture and 100µg Cd/mL led to rapid fading of the 

plants. Water hyacinth exhibited a deprotonation reaction during the uptake of metal 

ions, which was detected as a result of a decrease in pH of the growth media. The 



 33

results indicated that water hyacinth plays an outstanding role as heavy metal 

decontaminator; in addition, its role as a pollutant by releasing metal ions into the 

aquatic environment was also noted. Elevated pH and ammonia concentrations, along 

with low dissolved oxygen content in the microenvironment around the root hairs, are 

suggested as the main factors for the rapid wilting of plants growing in Kima drain 

(Egypt).  

 

Water hyacinth may be used in “Ecotechnology” (environmental technology) 

in constructed wetlands. Wetlands help to prevent the spread of heavy metal 

contamination from land to the aquatic environment. High metal removal rates of 

close to 100% have been reported both in natural and artificial constructed wetlands. 

The advantage of constructed wetlands being easy and cheep to construct and operate, 

suggests they are suitable alternative fir wastewater purification (Lu, 2004). Humic 

acids are animal and plant decay products that confer water retention, metal and 

organic solute binding functions and texture/workability in soils. Humic acids assist 

plant nutrition with minimal run-off pollution. Recent isolation of humic acids from 

several live plant prompted scientists to investigate the humic acid content of water 

hyacinth. Hyacinth thrives in nutrient-rich and polluted waters. It has a high affinity 

for metals and is used for phytoremediation. Humic acids were isolated from leaves, 

stem and roots of live water hyacinth. It was identified analyzed and was compared 

with authentic soil and plant humic acids. Similar carbohydrate and amino acid 

distributions and tight metal binding capacities of humic acids and their respective 

plant components suggest that the presence of humic acids in plant is related to their 

metal binding properties (Ghabbour, et al., 2004). Ntengwe, (2005), studied that 

wastewater coming from mining operations usually have low pH (acidic) values and 

high levels of metal pollutants depending on the type of metals being extracted. If 

unchecked, the acidity and metals will have an impact on the surface water. The fish 

and hyacinth placed in water at the two extremes of pH 2 and pH11 could not survive 

indicating that wastewaters from mining areas should be adequately treated and 

neutralized to pH range 6-9 if life in natural water is to be sustained.  
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1.16    METALS AND THIOBACILLUS  

Thiobacillus are sulphur and sulphur compound metabolizing bacteria. 

Thiobacillus are gram negative short rod, motile by means of polar flagella, widely 

distributed in soil, fresh waters, coal mine, drainage waters and marine environments. 

They derive energy  from  the oxidation  of  reduced  sulphur  compounds  including 

sulphides, elemental sulphur, thiosulphate, polythionates and sulphite. The final 

oxidation product is sulphate. One species, Thiobacillus ferrooxidans, can also derive 

energy by oxidizing, ferrous iron to the ferric form. Thiobacillus thiooxidans are 

obligate autotrops. T. Thiobacillus grow best at pH values of 2-5 and produce 

sulphuric acid and can decrease pH up to zero (Pelczar Jr, et al., 1986).  The Longmuir 

adsorption parameter (XAM) of a mixture culture of Thiobacillus ferrooxidan and 

Thiobacillus thiooxidan indicates that these bacteria have preferential and competitive 

adsorption sites on furnace dust (Kim, et al., 2000). T. ferrooxidan can adsorb 

82.61mg/g of dry biomass at 25 degree centigrade within 30 minutes (Celaya, et al., 

2000). A role played by cell surface modifications of T. ferrooxidans in imparting the 

copper tolerance to the cells and bioleaching of sulphide minerals (Das, et al., 1998).  

Thiobacillus sp. Strain 13-1, isolated from a corroded concrete sewer, was rapidly 

adsorbed to crystal particles of Cd. Observation under a light microscope revealed that 

cells of Thiobacillus sp strains 13-1 were adsorbed aggregately on the surface of 

crystal particles of Cd. The bacterial cells that adsorbed were released into the aqueous 

phase by the addition of carboxylic acid containing negatively charged hydroxyl 

groups or compounds. Since hydroxycarboxylic acid seems to prevent the tenacious 

adsorption of the bacterial cells on the crystal particles of heavy metals the adsorption 

of bacterial calls to such particles may be attributed to the electrostatic interaction 

between them (Yoshida and Murooka, 1994). The kinetics of the bioleaching of ZnS 

concentrate by Thiobacillus ferrooxidans was studied in a well-mixed batch reactor. 

Experimental studies were made at 30 degree centigrade and pH 2.2 on an adsorption 

of the bacteria to the mineral, ferric iron leaching, and bacterial leaching. The 

adsorption rate of the bacteria was fairly rapid in comparison with the bioleaching 

rate, indicating that the bacterial adsorption is at equilibrium during the leaching 

process. The rate of chemical leaching varied with the concentration of ferric iron, and 

the first-order reaction rate constant was determined (Konishi, et al., 1992). 
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   Plate 1.1.  Thiobacillus ferrooxidan’s image 
 

The applicability of biotechnological methods to metal recovery from non-

sulphide industrial waste products (slag, galvanic sludge, filtration press residue, filter 

dust and fly ash) was investigated. From some products, copper, chromium, zinc or 

vanadium were completely extracted by sulphuric acid produced by Thiobacillus 

thiooxidans. The efficiency of bacterial metal solubilization varied depending on the 

type of waste material and on the pulp density. In some cases bacterial leaching was as 

effective as chemical leaching with sulphuric acid (Bosecker, 1987). Major risks 

caused by microbial (Thiobacillus ferrooxidan and Thiobacillus thiooxidan), 

transformations of solid-state seduced sulphur compounds that are used or affected by 

anthropogenic activities. These materials such as fossil fuels, ores, anaerobic 

sediments or solid waste, may undergo oxidative changes, resulting in a solubilization 

of from the solid phase. The risks are generally, associated with acidification of the 

environment and the subsequent mobilization of toxic metals (Tichy, et al., 1998). 

Thiobacillus ferrooxidan solubilizes like Pb, Fe, Zn, Cu, and Cd from air pollution 

control residues (Mercier, et al., 1999). Biological deodorization of H2S was studied 

by using lava as a carrier of Thiobacillus thiooxidan on laboratory scale. The result 

showed that natural process lava is a promising candidate as a carrier of 

microorganism in biofilteration (Cho, et al., 2000). Autotrophic, and aerobic bacteria 

(Thiobacillus thiooxidans and Thiobacillus ferrooxidans), when grown in the presence 

of copper ores produce acid and effect oxidation of the ores with subsequent 

precipitation (removal) of the metal. This process is known as leaching. This 
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technique improves the recovery of metal from an ore and is nonpolluting to the 

atmosphere (Pelczar Jr, et al., 1986). 

Figure 1.4 An example of low-grade ore under going bacterial leaching 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 

 

Pelczar Jr, et al. (1986) 
 
 
 

Thiobacillus ferrooxidan plays an important role in the extraction (leaching) of 

metals from low-grade ores. This scheme shows an arrangement whereby the bacteria, 

nutrients and acid are pumped into the ore bed. Continued growth of Thiobacillus 

ferrooxidans produces more acid, which solubilizes the metal content, promoting 

extraction. The metal is than recovered from this acid solution (Pelczar Jr, et al., 

1986).  
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A variety of microorganisms are capable of acquiring their energy from growth 

from the oxidation of reduced sulphur compounds and they are natural inhabitants of 

acidic, sulphur and metal rich environments. Among those, acidophilic species of 

Thiobacillus spp., seem to have an important role (Harrison, 1984). Thiobacillus is 

recognized as a “genus of convenience”. Thiobacilli are a heterogeneous group in term 

of genetic and physiological similarity. The criteria to put these species into one genus 

are Gram negative, rod shaped colourless sulphur bacteria, able to obtain energy to 

support auto tropic growth by oxidizing reduced inorganic sulphur (Kuenen, et al., 

1992).  

Thiobacillus genus comprises 14 species including Thiobacillus ferrooxidan 

and Thiobacillus thiooxidan. However due to heterogeneity group of this group the 

genus should include only the obligate sulphur and sulphur compound oxidizing 

species and that the iron-oxidizing and facultative chemolithotropic species should be 

removed (Kelly and Harrison, 1989). Thiobacillus ferrooxidan grow in medium with 

pH range from 4 to 4.5 (Burlarge, et al., 1998). The recovery of lead from its ores is 

carried out through a pyrometallurgical process in blast furnaces. The metal is also 

refined by using dry processes. Metals containing sulphur, lead and copper are 

obtained during the first steps of refining and are treated later in veverberatory 

furnaces in order to produce the metals (Ballester, et al., 1988). From some products 

Cu, Cr, Zn or V was completely extracted by sulphuric acid produced by T. 

thiooxidans. The efficiency of metal solubilization varied depending upon type of 

waste material and on pulp density. Stepwise increase of pulp density promoted 

bacterial growth and activity, resulting in metal concentration of 6.6 µg Cu/mL, 6.3 µg 

V/mL, 24.4µg Zn/mL and 21µg Cr/mL in the leaching medium. In some cases 

bacterial leaching was as effective as chemical leaching with sulphuric acid (Bosecker, 

1987). The effect of municipal sewage sludge solids, leaching microorganisms 

(Thiobacillus thiooxidans or Thiobacillus ferrooxidans), and the addition of energy 

source So or Fe(II) on the bioleaching of metals from sewage sludge has been 

investigated under laboratory conditions using shake flasks. The results showed that 

metal solubilization was better accomplished if additional energy source is 

supplemented to the microorganisms and that T. thiooxidans furnishes, in general, 
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more adequate conditions for the bioleaching than T. ferrooxidans. At a total solids 

concentration of 70µg/mL (Lombardi, et al., 2001). The potential use of 

microorganisms for the biomachining of metals. As a “green process”, the innovative 

use of T. thiooxidans for the micro-machining of metals open up the possibility of 

bioleaching as an alternative to conventional metal processing (Ting, et al., 2000).  

Bacterial leaching of sulphide ores using Thiobacillus ferrooxidans, 

Thiobacillus thiooxidans, or a combination of the two was studied at various 

concentrations of specific anions. Selective Zn and copper solubilization was obtained 

by inhibiting iron oxidation without affecting sulphur sulphide oxidation. Phosphate 

reduced iron solubilization from pyrite (FeS2) - sphalerite (ZnS) mixture without 

significantly affecting zinc solubilization. Copper leaching from a chalcopyrite (Cu 

FeS2)- sphalerite mixture was stimulated by phosphate, whereas chloride accelerated 

zinc extraction. In a complex sulphide ore containing pyrite, chalcopyrite and 

sphalerite, both phosphate and chloride reduced iron solubilization and increased 

copper extraction, whereas only chloride stimulation zinc extraction. Maximum 

leaching was 100% Zinc and 50% copper. Time-course studies of copper and zinc 

solubilization suggest the possibility of selective metal recovery following treatment 

with specific anions (Harahuc, et al., 2000).   

Bioleaching is a simple and effective technology for metal extraction from 

low-grade ores and mineral concentrates. Metal recovery from sulphide minerals, is 

based on the activity of chemolithotrophic bacteria, mainly Thiobacillus ferrooxidans 

and T. thiooxidans, which convert insoluble metal sulphides into the soluble metal 

sulphates. Non-sulphide ores and minerals can be treated by heterotrophic bacteria and 

by fungi. In these cases metal extraction is due to the production of organic acids and 

chelating and complexing compounds excreted into the environment. At present 

bioleaching is used essentially for the recovery of copper, uranium and gold, and the 

main techniques employed are heap, dump and in situ leaching. Tank leaching is 

practiced for the treatment of refractory gold ores. Bioleaching has also some potential 

for metal recovery and detoxification of individual waste products, sewage sludge and 

soil contaminated with heavy metals (Bosecker, 1997). 
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Exocellular polysaccharides were extracted from Thiobacillus ferrooxidans 

cells grown in the presence of iron. Cells without these compounds could not adhere to 

covellite. The loss of the layer of exocellular polysaccharides also affected the direct 

mechanism of bioleaching of covellite in a negative way. This ability to attach to and 

leach covellite was restored within a few hours when exopolymeric material was 

produced again. The addition of exocellular compounds to cells stripped of exocellular 

polymers also restored their ability to the same level as that of untreated cells. T. 

thiooxidan was not able to attach to and leach covellite even when exocellular 

compounds from T. ferrooxidans were added (Pogliani and Donti, 1999).  

The acid-insoluble metal sulphides FeS2, MoS2 and WS2 are chemically 

attacked by Fe (III) hexahydrate ions, generating thiosulfate, which is oxidized to 

sulphuric acid. Other metal sulphides are attacked by iron (III) ions by protons 

resulting in the formation of elemental Sulphur via intermediary polysulphides. 

Sulphur is biooxidized to sulphuric acid. This explains leaching of metal sulphides by 

Thiobacillus thiooxidans (Schippers and Sand, 1999). Chromium (VI) reduction by 

filtrate of Acidithiobacillus ferrooxidans (new name of Thiobacillus ferrooxidans), 

cultures under acidic conditions, was higher than that observed for Acidithiobacillus 

thiooxidans (new name of Thiobacillus thiooxidans). However, at pH close to seven, 

chromium (VI) reduction by filtrates of Thiobacillus thiooxidans cultures, was as high 

as that by filtrates of Acidithiobacillus thiooxidans cultures and much higher than that 

observed for Acidithiobacillus ferrooxidans cultures at the same pH. The capacity of 

these cultures to reduced chromium (VI) was associated specifically with the fraction 

of cultures (cells, sulphur and associated sulphur compounds) retained by filtration 

through as 0.45 µm filter. In the fraction that comes from Acidithiobacillus 

thiooxidans culture (Allegretti, et al., 2005). 
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1.17   METALS AND AZOTOBACTOR 
 
KINGDOM = Eubacterium, Scientific Name = AZOTOBACTER  

 
Plate 1.2. Azotobacter cyst (image Size 2 microns) 

 
This is the cross section of a cyst of the bacterium, Azotobacter. Azotobacter is 

an organism that lives in soil. It can fix nitrogen. Unlike rhizobium, azotobacter is 

free-living. This cyst is a resting stage for this organism that allows it to survive in 

harsh conditions. This cyst has the same function as endospores in other bacteria.  

Azotobacter genus belongings to family Azotobacteraceae. These are blunt, rods oval 

cells. These are saprophytes and occur in soil, water and sometimes with the plant 

rhizosphere. These fix N2 under aerobic conditions and solubilize phosphorus. They 

form dissociation resistant cysts. 

 
Plate 1.3.    Azotobacter with cysts 
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  Maximum no of Azotobactor are observed with organic and biofertilizers 

applications. Azotobactors show creamy colour, circular surface form, Low convex 

elevation, entire surface margin, smooth texture, and are gram negative (Pelczer Jr, et 

al., 1986). The ability of Azotobacter vinelandii, a N2-fixing bacterium, to biodegrade 

tetracynonickelate was evaluated. It was found that this bacterium might have 

potential value in applied strategies for removing metalcyano wastes. Furthermore, 

these finding would be helpful in designing a practical system inoculated with 

Azotobacter vinelandii for the treatment of tetracynonickelate (Kao, et al., 2005).  

 

The relationship of manganese peroxidase and Azotobacter vinelandii was 

studied by Bromberg and Duran (2001). Production of exopolysaccharide production 

by Azotobacter vinelandii was studied by Moreno, et al. (1999). Selenocysteine 

specific enzyme similar to NIFS may be involved as an in vivo Selenide delivery 

protein for selenophosphate biosynthesis. The kinetic characterization of NIFS 

indicates the enzyme L-Cysteine as a substrate compared with bits selenium analog 

(Lacouriere and Stadtman, 1998). Ma-Li, et al. (1994), studied large scale isolation 

and characterization of the molybdenum-iron cluster from nitrogenase of Azotobacter 

vinelandii.  

Azotobacter is a gram negative bacterium. Fungi and actinomycetes are most 

resistant to metal toxicity than Azotobacter and nitrifying bacteria appear to be the 

most sensitive (Maliszewsha, et al., 1985). The acetylene reduction potential of both 

heterotropic N2 fixing soil bacteria and blue green algae was studied in a metal 

polluted soil (Dahlin, et al., 1997). Overall, soil metal pollution cause a shift in 

microbial community structure from sensitive to more tolerant microorganisms (Khan, 

2000). Metals seem to be less toxic to fungal than bacterial population in the soil. 

Similarly, Gram positive bacteria are more sensitive to metals than Gram negative 

bacteria (Knight, et al., 1997). Hattori (1989), observed that the addition of metal salts 

caused an immediate decrease in soil N-mineralization rate. There are many and 

various reasons for the diversity of these results. 

 

Rashid and Memon (1996), described Azotobacter as that these form cysts 

which serve as resting cells to survive harsh conditions. Azotobacter is rods, free 
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living heterotropic, can fix nitrogen but require organic compounds as energy source. 

In nature Azotobacter fixes N2 only when associated at least loosely, with higher 

plants. Azotobacter can fix N2 up to 36kg N/ha. Presently, it is generally recognized 

that the only free living diazotrophs of agronomic importance are probably 

cyanobacteria and Azotobacter. Azotobacters have been used as commercial 

inoculants to improve N-nutrition of cereals with variable success. Trace element 

Molybdenum is required and forms an important part of the nitrogenase enzyme of 

Azotobacter. Similarly Fe, S, Co and Cu are also essential for the N2 fixation process 

of it.   

Several type of biological nitrogen fixing systems exist in nature. Some free-

living bacteria like Azotobacter show asymbiotic nitrogen fixation, does not enter in 

many symbiotic relationships with any host, but lives in the soil. So this fixation is 

called asymbiotic or free fixation. Some times associative nitrogen fixation is caused 

by certain microorganisms of rhizosphere. One of them is Azotobacter paspoli. These 

organisms make lose type of association with roots of grasses, where the roots provide 

energy in the forms of roots exudates and the organism fix the atmospheric nitrogen. 

Biological nitrogen fixation is 80% of the total nitrogen fixation. It is a unique process 

restricted to certain microorganisms like Azotobacter and plant-microbe interactions, 

capable of harnessing atmospheric nitrogen by the action of enzyme Nitrogenase 

(Ihsanullah, 2004).  

 

Nitrogen fixation is the enzymatic reduction of nitrogen to ammonia mediated 

by nitrogenase. Iron and Mo are components of nitrogenase. Nitrogen fixation is 

widespread among physiologically distinct microbial groups. Nitrogen fixers are 

highly fastidious and are difficult to grow and maintain in culture. Therefore no single 

universal culturing technique can be prescribed. Following medium is commonly used 

for isolation of Azotobacter 
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Table 1.6   Chemical composition of Burk’s media 

------------------------------------------------------------------------------------------------------ 

Chemicals                                                  Quantity 

------------------------------------------------------------------------------------------------------  

K2HPO4                                                             0.5g 

MANNITOL                                                     2.0g 

MgSO4 . 7H2O                                                   0.2g 

FeSO4 . 7H2O                                                     0.1g 

DISTILLED WATER                                       1000ml 

------------------------------------------------------------------------------------------------------ 

 

All these chemicals are mixed, pH is adjusted from 7.3 to 7.6 and media is 

sterilized at 121 degree centigrade for 15 minutes (Burlarge, et al., 1998). The quarter 

nary structure of the Mo-Fe-protein from Azotobacter vinelandii has been studied by 

electron microscopy. It has been proposed that the Fe-protein could be situated in the 

central cavity of Mo-Fe-protein (Tsuprun, et al., 1985). 

 

1.18   METALS AND ASPERGILLUS NIGER  

Name is Aspergillus niger (Van Tieghem, 1867). According to Kirk, et 

al.(2001) taxonomy is as Trichocomaceae, Eurotiales, Eurotiomycetidae, 

Ascomycetes, Ascomycota, Eumycota. 

 
A. niger grows rapidly on a variety of artificial substrates producing colonies 

that consist of a compact white or yellow basal felt covered by a dense layer of dark-

brown to black conidial heads. Mycelial hyphae are septate and hyline. Conidiophores 

of this species are typically 900-1600 µm long, smooth-walled and terminate in pale-

brown colored globose vesicles 40-60 µm in diameter. Each vesicle is entirely covered 

with biseriate phialides that emerge from brown metulae. The phialides undergo 

blastic basipetal conidiogenesis to produce black globose mitospores 3-5 µm in 

diameter. Although the sexually reproductive state of A. niger has not been 

characterized, many cleistothecial ascomycetous teleomorphs have been identified in 
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closely related species (Tzean, et al., 1990). A. niger, has been identified as important 

pathogen for immuno-comprimised humans (Lewis, 1994).   

 

The biosorption of copper oxychloride fungicide particulates (similar to mu m 

diameter), at concentration ranging from 25 to 500µg/g active in gradient, by pelleted 

mycelium of Aspergillus niger grown on Czapek DOX medium, was evaluated 

(Gharieb, 2002). The removal of Lead Pb (II) by Aspergillus niger originated from 

citric acid fermentation industry was investigated. The experimental results indicated 

that the biosorption achieved equilibrium with in 4 hours. This research also 

demonstrated that the waste biomass of A. niger is a potential biosorbant for the 

removal of lead from aqueous solution (Jianlong, et al., 2001). 

 

Production of a cellobiase-rich preparation by A. niger 1 was achieved using 

water hyacinth cellulose as the sole carbon source in the culture medium (Ismail, et 

al., 1995). Biosynthesis of citric acid by A. niger in molasses medium in submerged 

and liquid surface fermentations is highly sensitive to the concentration of trace 

elements present in the medium. The advantage of solid-state fermentations in 

tolerating high concentrations of metal ions in the production of citric acid is probably 

due to concentration gradients and impaired transport of the metal ions in the 

conditions of limited water availability (Shankaranand and Lonsame, 1994).  

 

Sorption of the nitrates of cadmium (II), copper (II), lanthanum (III) and silver 

(I) by A. niger, was evaluated by using Freundlich adsorption isotherm. Differences in 

metal binding were observed among metals as well as calculated values of Freundlich 

K values indicated that metal binding decreases in the order La+3 > Ag+1 > Cu+2 > Cd+2 

(Mullen, et al., 1992).  

 

Fungal microorganisms like A. niger are being increasingly studied for the 

removal of heavy metal ions from aqueous solutions. The column adsorption study of 

A. niger shows that it can adsorb cadmium, copper, lead and nickel 3.60, 2.89. 10.05 

and 1.08mg/ g respectively from waste water. The sorbed metal ions were easily 

eluted from the column using 0.05 N nitric acid (Kapoor, and Viraraghavan, 1998).         
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Plate 1.4   Growth of Aspergillus niger 
 

A. niger can remove lead, cadmium, nickel and copper when pretreated A. 

niger biomass was used. This removal was better than the removal obtained by using 

granular activated carbon (Kapoor, et al., 1999). Fungal mycelium pellets of A. niger 

405 were used for adsorption of different metal ions. The biosorption of Cu+2, Zn+2, 

Ni+2 and CrO4
-2 was studied over a range of metal ion concentrations adsorption time, 

pH and Co-anions. The process of uptake obeyed both the Longmuir and Freundich 

isotherm (Filipovic-Kovacevic, et al., 2000). A. niger was used to solubilize phosphate 

rocks (Goenadi, et al., 2000). 

 

Fungi have the capacity to concentrate metal ions. Besides binding metals 

metal ions to cell wall, it is also possible that chemical complexation occurs between 

metal ions and extra cellular enzymes (Pradhan and Lavine, 1992). Aspergillus niger 

is capable of removing heavy metals such as Pb, Cd and Cu from aqueous solutions. 

The role played by various functional groups in the cell wall of A. niger in biosorption 

of Pb, Cd and Cu is investigated by Kapoor and Viraraghavan (1997).  

 

The biomass was subjected to chemical treatment to modify the functional 

groups carboxyl, amino and phosphate, to study their role in biosorption of metal ions. 

The modifications of the functional groups which resulted from these chemical 
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treatments were examined with infrared spectroscopy. It was found that esterification 

of carboxyl and methylation of amino groups present in the cell wall of A. niger 

significantly decreased biosorption of the heavy metals studied. These findings 

suggest that carboxylate and amino groups are important in metal biosorption on A. 

niger biomass (Kapoor and Viraraghavan, 1997).      
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Chapter 2 

AIMS AND OBJECTIVES 

This study demonstrates the phytoremediation potential of water hyacinth 

(Eichhornia crassipies), for the removal of zinc, cadmium, chromium, nickel, copper 

& lead. Phytoaccumulation of these six metals from soil and wastewater by water 

hyacinth are studied. The experimental design was based upon following five aims / 

objectives: 

1. To find out phytoremoval in microgram per gram of dry weight & removal 

in kg/ha of six metals from the soil with in a specific range of these metals 

2. To find out phytoremoval in microgram per gram of dry weight & 

percentage removal of six metals from the wastewater with in a specific 

range of these metals. 

3. To find out adsorption in microgram per gram of ash & percentage 

adsorption of six metals from wastewater on to the ash of  Water hyacinth 

with in a specific range of these metals. 

4. To find out desorption in microgram per gram of ash & percentage 

desorption of six metals which were already adsorbed / absorbed in the ash 

of water hyacinth with the help of HNO3. This was done in order to make 

them reusable. 

5. To find out microbial flora of roots of water hyacinth. The microbial role in 

metal solubilization and phytoremoval of these six metals  

I hope this study shall provide a base for further research in phytoremoval of 

metals. It is very cheap method, and is better than chemical and physical waste 

removal technologies.    After removal of metals the residual material is not hazardous 

like that of other chemical and physical methods. It is because of biomass of fresh 
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 water hyacinth can be used as source of biogas to fulfill energy requirements of poor 

countries like Pakistan. After production of biogas the compost of water hyacinth can 

be used as manure / fertilizer especially for sandy soil.   

  



Chapter 3 
MATERIALS AND METHODS 

 
 In order to find out phytoremoval of Cr, Cu, Zn, Pb, Ni and Cd from soil and 

wastewater by water hyacinth various experiments were designed. In order to find 

possible role of microorganisms in bioremediation and in microbial solubilization of 

metals some microbiological experiments were also designed. 

 The whole experimental research work is divided in to four experiments i.e. 

1. Soil experiment. 

2. Hydroponic experiment. 

3. Adsorption & desorption experiment. 

4. Microbiological experiments. 

 
3.1  SOIL EXPERIMENT  

  Soil experiments were performed at the department of Biochemistry, Quaid-e-

Azam university and soil fertility lab. of Land Resources Division of National 

Agricultural Research Center Islamabad, Pakistan. The soil experiment comprised of 

following steps. (1) Soil sampling. (2) Soil sample preparation. (3) Soil pH. (4) 

Weighing of soil samples. (5) Date of wet & dry cycle (6) Plant sample preparation. 

(7) Fresh weight of plants. (8) Dates and time of experiment. (9) Dry weight & 

moisture content of plants. (10) Change in concentration of metals in soil samples. 

(11) Minimum, maximum temperature, percentage humidity and photoperiod during 

experiment. (12) Electrical conductivity of soil. (13) Total soluble salts (TSS) of soil. 

(14) Soil osmotic pressure. (15) Soil sodium & potassium. (16) Phytoremoval of 

metals from soil. 

  Water hyacinth (Eichhornia crassipes) belongs to Pontederiaceae (Hill and 

Cilliers, 1999). The common local name in Urdu is Gul-e-Bakouli (Rizvi, 1998). The 

samples of plants were taken from Banni Mohallah and Railway crossing area of 

Taxila, district Rawalpindi of Pakistan.  

 
3.1.1  Soil sampling  

  Soil samples were collected from Wah Cantt area of tehsil, Taxila, district 

Rawalpindi, Pakistan. The samples were collected by standard sampling procedures 
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(Ryan, et al., 2001). For soil experiment samples were collected between September-

November 2003. These samples were sun dried, grinded with wooden hammer and 

mixed thoroughly in order to get composite samples. No metallic container was used 

in order to avoid metallic contamination. 

 

3.1.2  Soil samples preparation  

  The soil samples were weighted in electronic balance by standard procedure 

(Ryan, et al., 2001). Various metallic salts were taken for the preparation of known 

concentration containing metal polluted soil. Total weight of artificially polluted soil 

sample was taken as 2kg. These samples in triplicate were placed in plastic containers. 

These containers were labeled as 1, 2, & 3. In each container 150mL deionized water 

was added. These were left for 8 days for the adjustment of climatic conditions and 

development of a specified flora for the growth of water hyacinth.  

Table 3.1.1 composition of artificially contaminated soil 
 
Element  
 

 
Compound used for 
artificial contamination 
of soil 
 

 
Treatment used in soil experiment in  
(microgram/gram) 
 

 
Zn  
Cu 
Pb  
Cr  
Ni  
Cd 
 

 
ZnSO4.7H2O (E. Merck) 
CuSO4.5H2O (E. Merck) 
PbCl2  (E. Merck) 
K2CrO4 (E. Merck) 
NiSO4.7H2O (E. Merck) 
CdCl2.H2O (E. Merck) 

 
0 
0 
0 
0 
0 
0 

 
50 
25 
100 
5 
5 
5 

 
100
50 
200
10 
10 
10 

 
150 
75 
300 
15 
15 
15 

 
200 
100 
400 
20 
20 
20 

 
250 
125 
500 
25 
25 
25 

 
 
3.1.3   Soil pH  

  The pH is the negative log of the hydrogen ion activity. Since pH is log-

arithmic, the H-ion concentration in solution increases ten times when its pH is 

lowered by one unit. The pH range normally found in soils varies from 3 to 9. 

Significance of pH lies in its influence on the availability of soil nutrients, solubility of 

toxic nutrient elements in the soil, physical breakdown of root cells, cation exchange 

capacity in soils whose colloids (clay/humus) are pH-dependent, and on biological 
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activity. At high pH values, availability of phosphorus (P) and most micronutrients, 

except boron (B) and molybdenum (Mo), tends to decrease. pH meter with combined 

electrode was washed with deionized water, than it was standardized with deionized 

water, pH 7.0 and pH 4.0 buffer solutions. The pH of normal and artificially metal 

contaminated soil samples was measured before and after experiment according to 

standard procedure (Ryan, et al., 2001).  

 

3.1.4   Weighing of soil samples 

  The composite samples of soil were mixed with known quantity of metallic 

salts. The total weight of soil was noted. Each sample was 2kg and was placed in 

plastic container. 

 

3.1.5  Date and time of wet & dry cycle 

  For the metallic phytoremoval capacity of water hyacinth from soil, 150mL 

deionized water was added in each soil sample. The soil samples were left undisturbed 

for the settlement of soil fauna and flora, for 8 days.  

Table 3.1.2 detail of wet and dry cycle. 

 
Element  

 
Dates of wet and dry cycle 

 
Total 
Days 

 
Cu  
Pb  
Cr  
Ni  
Zn  
Cd  
 

 
25th September to 2nd October 2003 
25th September to 2nd October 2003 
29th September to 6th October 2003 
26th October to 2nd November 2003 
26th October to 2nd November 2003 
2nd November to 9th November 2003 
 

 
8 
8 
8 
8 
8 
8 
 

 
 
3.1.6  Plants sample preparation  

  These samples were washed with tape water in order to remove mud, died and 

unhealthy leaves. Now plants were washed with deionized water in order to remove 

adsorbed metals and other contaminants. These plants were dried with filter paper 

sheets. These were weighted in order to find out initial fresh weight before plantation. 
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3.1.7  Fresh weights of plants 

  Fresh weights of plants in triplicate were noted, before plantation in 

experimental plastic containers (Lu, et al., 2004). After plantation, these were watered 

with 1000mL-deionized water. The final fresh weight was noted after 10 days (Badr-

uz-Zaman, et al., 2002). The initial, final and difference in fresh is given in results of 

each metal (4.1).  

 

3.1.8  Dates and time of experiments 

  For phytoaccumulation of metal experiment water hyacinth plants in triplicate, 

were grown in artificially contaminated soils for 10 days. The detailed schedule is 

given below. All plants were grown at 1200hrs (Pakistan standard time) and removed 

at same time i.e. 1200hrs (Pakistan standard time). 

 

3.1.9   Dry weights & total moisture content of plants 

 After removal of plants from experimental container, were washed with 

deionized water. These were dried with filter paper from soil fresh weight was noted.  

These plants were placed in labeled brown paper envelopes. These were placed in 

incubator at 65 degree Celsius for 72 hours.  These samples of dry plants were 

immediately weighted. Dry weight in grams was noted. Water/moisture content was 

noted (Badr-uz-Zaman, et al., 2002) (Zhu, et al., 1999). The dry weights of plants are 

given in results of each metal (4.1).  

  Water content = fresh wt. – dry wt. 

 Change in fresh weight showed the growth of water hyacinth in contaminated 

and uncontaminated soil (Lu, et al., 2004). 

 Change in fresh weight = final fresh wt. – initial fresh wt.  
 

 Change in dry weight showed the growth of water hyacinth in contaminated 

and uncontaminated soil (Lu, et al., 2004). 

 Change in dry weight was noted by comparing dry weight of those plants, 

which were grown in contaminated soil with those grown in uncontaminated (control) 

soil. 
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 3.1.10   Change in concentration of metals in soil samples 

 For the measurement of phytoaccumulation of Cu, Pb, Cr, Ni, Zn and Cd by 

water hyacinth, following methodology was followed. 

 

1. Preparation of AB-DTPA chelating reagent. 

2. Measurement of Cu, Pb, Cr, Ni, Zn and Cd in experimental soil before 

experiment. 

3. Measurement of these metals in artificially contaminated soil before 

experiment. 

4. Measurement of these metals in artificially contaminated soil after 10 days of 

growth of water hyacinth. 

5. The change in extractability of these metals by AB-DTPA & the 

phytoaccumulation of these metals 

 

3.1.10.1  AB-DTPA Reagent preparation 

 The AB-DTPA is a multi-element soil test for alkaline soils (Ryan, et al., 

2001). It is developed by Soltanpour and Schwab (1977), and later modified by 

Soltanpour and Workman (1979) to omit the use carbon black. The extracting solution 

is 1M in the ammonium bicarbonate (NH4HCO3), and 0.005 M DTPA adjusted to pH 

7.6, metals including Na & K can be determined in the same extract. 

 A 0.005 M DTPA solution is obtained by adding 1.97g DTPA to 800 ml 

deionized water. Approximately 2 mL 1:1 ammonium hydroxide (NH4OH) is added to 

facilitate dissolution and to prevent effervescence when bicarbonate is added. When 

most of the DTPA is dissolved, 79.06g ammonium bicarbonate (NH4HCO3) is added 

and stirred gently until dissolved. The pH is adjusted to 7.6±0.02 with ammonium 

hydroxide. The solution is diluted to 1-L volume with deionized water, and is either 

used immediately or stored under mineral oil (Ryan, et al., 2001). 

3.1.10.2  Metal chelation procedure from soil samples 

 10g air-dried soil (2-mm) was weighted and added into a 125 mL conical flask. 

20mL AB-DTPA extract was added in the soil samples. Now flasks were shaked on a 

reciprocal shaker for 15 minutes at 180 cycles/minute. These flasks were kept open 
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while shaking. The extracts were then filtered through whatman No. 42 filter paper. 

Now it is ready for metallic analysis (Ryan, et al., 2001). 

3.1.10.3 Standard solution preparation & measurement of metals in soil samples 

 The standard solutions which are required for this experiment must contain 

very small concentrations of the relevant elements, and it is rarely practicable to 

prepare the standard solutions by weighing out directly the required reference 

substance. The usual practice therefore is to prepare stock solutions, which contain 

about 1000µg/mL (microgram per milliliter) of the required element, and then the 

working standard solutions are prepared by suitable dilution of the stock solutions. 

Solutions, which contain less than 10 microgram per Liter, are often found to 

deteriorate on standing owing to adsorption of the solute on to the walls of glass 

vessels. Consequently, standard solutions in which the solute concentration is of this 

order should not be stored for more than 1 to 2 days. 

 The stock solutions are ideally prepared from the pure metal or from the pure 

metal oxide by dissolution in a suitable acid solution; the solids used must be of the 

highest purity, e.g. BDH and Merck salts/chemicals are suitable for atomic absorption 

spectrophotometer & ICP-AES (Jeffery, et al., 1989). After the preparation of 1000 

microgram per milliliter (µg/mL) solutions of these metals these were diluted to 

required concentrations. 

  The standard solutions of sodium and potassium were prepared by 

NaCl & KCl by standard procedures (Ryan, et al., 2001). 

 3.1.11 Measurement of minimum, maximum temperature, percentage humidity   
and average photoperiod during experiment 

 As these experiments were performed at Islamabad. So the maximum and 

minimum temperature, percentage humidity average photoperiod were noted from 

daily news paper ”Dawn” and its website http://dawn.com the detail is given in 

experimental conditions of each metal.  

3.1.12   Electrical conductivity of soil 

 Ryan, et al. (2001), writes that soil salinity refers to the concentration of 

soluble inorganic salts in the soil. It is normally measured by extracting the soil 
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sample with water (1:1 or 1:5 soil: water ratio, W/V) or in an saturated paste extract. 

However, soil: solution ratios of a 1:1 or wider ratio are more convenient where the 

soil sample is limited. Such extracts are rapid and salinity is measured by electrical 

conductivity (EC) using a conductivity meter. For electrical conductivity measurement 

1:1 (soil: water) [20g soil +20mL deionized water] suspension, as for pH 

determination, was prepared. The suspension was filtered by using suction. Firstly a 

round Whatman No. 42 filter paper was placed in the Buchner funnel. Secondly filter 

paper was moistened with deionised water and was made sure that it was tightly 

attached to the bottom of the funnel and that all holes are covered. The vacuum pump 

was started. The suction was opened, and suspension was added to Buchner funnel.  

Filtration was continued until soil on the Buchner funnel started cracking. If the 

filtrate was not clear, the procedure was repeated. Clear filtrate was transferred into a 

50-mL flask. The electrode of conductivity meter was immersed in the solution, and 

reading was noted. The electrode of conductivity meter was removed from filtrate and 

was rinsed thoroughly with deionized water. It was dried carefully with tissue paper in 

order to remove excess water. The readings were recorded in deci-Siemens per meter 

(dS/m) or milli-mhos per centimeter (mmhos/cm). The use of the deci-Siemens is 

preferred over the unit milli-mhos. Both units are equal, that is, 1dS/m=1 mmhos/cm. 

The accuracy of electrical conductivity (EC) meter was checked by using a 0.01 N 

KCl solution, which should give a reading of 1.413 dS/m at 25°C.  

 

3.1.13  Total soluble salts (TSS) of soil 

 The total soluble salts (TSS) are those salts, which are present in soluble form. 

These are calculated by formula: 

 TSS = EC X 10 = me/L 

 TSS values of all soil samples are given in result of each metal (4.1). 

3.1.14  Soil osmotic pressure  

 The osmotic pressure (O.P) of soil can be measured by formula; 

 

O.P = EC X 0.36 X 1000 = atmospheres 

O.P. values of all soil samples are given in result of each metal (4.1).  

3.1.15  Soil sodium and potassium 



 56

 The sodium in soil extracts was determined directly by flame photometer 

(Jeffery, et al., 1989) (Ryan, et al., 2001).  

 

 Na (ppm/ micro gram per mL) = Na (ppm/ microgram per mL) X dilution 

factor. 

Sodium in soil samples is given in results of each metal (4.1).  

 The potassium in soil extracts was determined directly by flame photometer 

(Jeffery, et al., 1989) (Ryan, et al., 2001).  

 

K (ppm/ micro gram per milli Liter)  = K (ppm/ microgram per milli Liter) X Dilution Factor. 

Potassium in soil samples is given in results of each metal (4.1).  

 

3.1.16   Phytoremoval of metals from soil 

 The phytoremoval of metals from soil by water hyacinth was based upon the 

hypothesis that change in extractability of AB-DTPA is the phytoremoval. 

Concentration of metals in soil samples was noted before experiment in control 

(Blank) and in artificially contaminated soil.  Now concentration of these metals was 

noted after experiment of ten days. The change in concentration of metals in soils after 

experiment is may be due the absorption or adsorption of these metals by water 

hyacinth as given in result of each metal (4.1).  

 Phytoremoval of these metals per gram of dry weight of water hyacinth is 

given in result of each metal (4.1). Percentage phytoremoval of these metals by water 

hyacinth is given in result of each metal (4.1).  

 

 

 

3.1.17  Summary of soil experiment 

 Soil samples were collected, grinded, mixed, weighted and placed in labeled 

plastic containers. Weighted amount of salts of copper, lead, chromium, nickel, zinc 

and cadmium were mixed in soil samples in triplicate. 150 mL water was added and 

samples were placed for 8 days for wet and dry cycle. Water hyacinth plants were 

collected washed, weighted and planted in plastic containers. These plants watered 
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with deionized water for 10 days. After 10 days these plants were removed from 

artificially contaminated soil, washed, weighed for fresh and dried weight. AB-DTPA 

method was used for soil analysis before and after experiment. The change in 

concentration of these metals in soil is considered as phytoremoval or absorption by 

Water hyacinth plants. Phytoremoval per gram of dry weight of plant and percentage 

removal was calculated in following concentrations of these metals.           

 
 
Table 3.1.3. Metal treatment used for soil experiments 
  
 
Element  
 

 
Compound used for 
artificial contamination of 
soil 
 

 
Treatments used in soil experiment in 
(microgram/g) 
 

 

Zn 

  

Cu 

 

Pb 

Cr  

Ni  

 

Cd 

 

 

ZnSO4.7H2O (E. Merck) 

 

CuSO4.5H2O (E. Merck) 

 

PbCl2  (E. Merck) 

K2CrO4 (E. Merck) 

NiSO4.7H2O (E. Merck) 

 

CdCl2.H2O (E. Merck) 

 

0 

 

0 

 

0 

0 

0 

 

0 

 

50 

 

25 

 

100

5 

5 

 

5 

 

100 

 

50 

 

200 

10 

10 

 

10 

 

150 

 

75 

 

300 

15 

15 

 

15 

 

200 

 

100 

 

400 

20 

20 

 

20 

 

250 

 

125 

 

500 

25 

25 

 

25 
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Table 3.1.4. Experimental conditions for Zn 
 
S.No. Treatment / Parameter Quantity/Value 

1 Date of experiment 3rd November, 2003 to 13th November, 2003

2 Weight of soil in each pot 2kg 

3 Date of wet & dry cycle 28th October, 2003 to 3rd November, 2003  

4 Date of Plantation 3rd November, 2003  

5 Date of removal of plant from pot 13th November, 2003 

6 Water given for wet & dry cycle 150mL 

7 Number of days for experiment 10days 

8 Total water given to each plant 2150mL 

9 
Average photoperiod (light duration) in 

hours & minutes 
 13 hrs 21 minutes 

10 
Formula of compound used as source of 

metal 
ZnSO4.7H2O 

11 
Trade mark/manufacturer of metal 

compound 
E. Merck 

12 
Average minimum temperature of city 

(Islamabad) 
9 Degree Celsius  

13 
Average maximum temperature of City 

(Islamabad) 
26Degree Celsius       

14 
Average percentage humidity of city 

(Islamabad) 
52.50% 

15 
Weight of soil sample for analysis (AB-

DTPA) 
20g 

16 
Volume of AB-DTPA solution for chelation 

of metal 
40mL 

17 Shaking time for AB-DTPA extract 15minutes 

18 Technique used for metal analysis AAS 
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Table 3.1.5. Experimental conditions for Ni 
 
S.No. Treatment / Parameter Quantity/Value 

1 Date of experiment 
3rd November, 2003 to 13th November, 

2003 

2 Weight of soil in each pot 2kg 

3 Date of wet & dry cycle 
28th October, 2003 to 3rd November, 

2003  

4 Date of plantation 3rd November, 2003  

5 Date of removal of plant from pot 13th November, 2003 

6 Water given for wet & dry cycle 150mL 

7 Number of days for experiment 10days 

8 Total water given to each plant 2150mL 

9 

Average photoperiod (light duration) in hours & 

minutes  13 hrs 21 minutes 

10 Formula of compound used as source of metal NiSO4.7H2O 

11 Trade mark/manufacturer of metal compound E. Merck 

12 

Average minimum temperature of city 

(Islamabad) 9 Degree Celsius  

13 

Average maximum temperature of city 

(Islamabad) 26Degree Celsius  

14 

Average percentage humidity of city 

(Islamabad) 52.50% 

15 Weight of soil sample for analysis (AB-DTPA) 20g 

16 

Volume of AB-DTPA solution for chelation of 

metal 40mL 

17 Shaking time for AB-DTPA extract 15minutes 

18 Technique used for metal analysis ICP-AES 
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Table 3.1.6. Experimental conditions for Pb 
 

S.No. Treatment / Parameter Quantity/Value 

1 Date of experiment 
3rd October, 2003 to 13th October, 

2003 

2 Weight of soil in each pot 2kg 

3 Date of wet & dry cycle 
25th September, 2003 to 2nd 

October, 2003  

4 Date of plantation 3rd October, 2003  

5 Date of removal of plant from pot 13th October, 2003 

6 Water given for wet & dry cycle 150mL 

7 Number of days for experiment 10days 

8 Total water given to each plant 2150mL 

9 
Average photoperiod (light duration) in hours 

& minutes 
 12 hrs 22 minutes 

10 Formula of compound used as source of metal PbCl2 

11 Trade mark/manufacturer of metal compound E. Merck 

12 
Average minimum temperature of city 

(Islamabad) 
13.5 Degree Celsius  

13 
Average maximum temperature of city 

(Islamabad) 
30Degree Celsius  

14 
Average percentage humidity of city 

(Islamabad) 
50.00% 

15 
Weight of soil sample for analysis (AB-

DTPA) 
20g 

16 
Volume of AB-DTPA solution for chelation 

of metal 
40mL 

17 Shaking time for AB-DTPA extract 15minutes 

18 Technique used for metal analysis AAS 
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Table 3.1.7. Experimental conditions for Cr 
S.No. Treatment / Parameter Quantity/Value 

1 Date of experiment 7th October, 2003 to 17th October, 2003 
2 Weight of soil in each pot 2kg 
3 Date of wet & dry cycle 1st October, 2003 to 7th October, 2003   
4 Date of plantation 7th October, 2003  
5 Date of removal of plant from pot 17th October, 2003 
6 Water given for wet & dry cycle 150mL 
7 Number of days for experiment 10days 
8 Total water given to each plant 2150mL 

9 
Average photoperiod (light duration) in hours & 
minutes 

12 hrs 31 minutes 

10 Formula of compound used as source of metal K2CrO4 
11 Trade mark/manufacturer of metal compound E. Merck 

12 
Average minimum temperature of city 
(Islamabad) 

12.5 Degree Celsius  

13 
Average maximum temperature of city 
(Islamabad) 

30.45 Degree Celsius  

14 Average percentage humidity of city (Islamabad) 50.00% 
15 Weight of soil sample for analysis (AB-DTPA) 20g 

16 
Volume of AB-DTPA solution for chelation of 
metal 

40mL 

17 Shaking time for AB-DTPA extract 15minutes 
18 Technique used for metal analysis AAS 

 
Table 3.1.8. Experimental conditions for Cu 
S.No. Treatment / Parameter Quantity/Value 

1 Date of Experiment 
3rd October, 2003 to 13th October, 
2003 

2 Weight of soil in each pot 2kg 

3 Date of wet & dry cycle 
24th September, 2003 to 10th 
October, 2003  

4 Date of plantation 3rd October, 2003  
5 Date of removal of plant from pot 13th October, 2003 
6 Water given for wet & dry cycle 150mL 
7 Number of days for experiment 10days 
8 Total water given to each plant 2150mL 
9 Average photoperiod (Light Duration) in hours & minutes 12 hrs 22 minutes 
10 Formula of compound used as source of metal CuSO4. 5H2O 
11 Trade mark/manufacturer of metal compound E. Merck 
12 Average minimum temperature of city (Islamabad) 13.5 Degree Celsius  
13 Average maximum temperature of city (Islamabad) 30.30 Degree Celsius  
14 Average percentage humidity of city (Islamabad) 52.50% 
15 Weight of soil sample for analysis (AB-DTPA) 20g 
16 Volume of AB-DTPA solution for chelation of metal 40mL 
17 Shaking time for AB-DTPA extract 15minutes 
18 Technique used for metal analysis AAS 
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Table 3.1.9. Experimental conditions for Cd 
 
S.No. Treatment / Parameter Quantity/Value 

1 Date of experiment 
10th November, 2003 to 20th November, 
2003 

2 Weight of soil in each pot 2kg 

3 Date of wet & dry cycle 
3rd November, 2003 to 10th November, 
2003  

4 Date of plantation 10th November, 2003  
5 Date of removal of plant from pot 20th November, 2003 
6 Water given for wet & dry cycle 150mL 
7 Number of days for experiment 10days 
8 Total water given to each plant 2150mL 

9 
Average photoperiod (light duration) in hours & 
minutes 

  13 hrs 33 minutes 

10 Formula of compound used as source of metal CdCl2. H2O 
11 Trade mark/manufacturer of metal compound E. Merck 

12 
Average minimum temperature of city 
(Islamabad) 

6.6 Degree Celsius  

13 
Average maximum temperature of city 
(Islamabad) 

22.7 Degree Celsius  

14 
Average percentage humidity of city 
(Islamabad) 

54.27% 

15 Weight of soil sample for analysis (AB-DTPA) 20g 

16 
Volume of AB-DTPA solution for chelation of 
metal 

40mL 

17 Shaking time for AB-DTPA extract 15minutes 
18 Technique used for metal analysis AAS 

 
 
3.2  HYDROPONIC EXPERIMENT 

 Hydroponic experiment was performed at department of Biochemistry, faculty 

of Biological sciences, Quaid-e-Azam university, Islamabad, Pakistan. The main 

objective of hydroponic experiment was to determine the suitability of water hyacinth 

for the phytoextraction/phytoremoval of six metals (Cu, Pb, Cr, Ni, Zn and Cd) 

commonly found in wastewater. The ability of water hyacinth to take up and 

translocate six metals was studied under controlled conditions and in specified 

concentrations of these metals. For this purpose Hoagland’s solution was used (Zhu, et 

al., 1999). 

 

 

The hydroponic experiment comprised of following steps. 
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1. Preparation of Hoagland’s solution of required strength. 

2. Preparation of artificially metal contaminated Hoagland’s solutions of required 

strength. 

3. Hoagland’s solution pH measurement before experiment. 

4. Analysis of artificially contaminated Hoagland’s solution before experiment 

for six metals. 

5. Preparation of experimental bowls/containers & arrangement of aquarium 

pump. 

6. Plants samples preparation. 

7. Fresh weight of plants. 

8. Dry weight of plants. 

9. Dates and time of experiment. 

10. Change in fresh weight of plants. 

11. Change in dry weight of plants. 

12. Daily Hoagland’s solution given to plants. 

13. Daily absorption of Hoagland’s solution by plants. 

14. Analysis of artificially contaminated Hoagland’s solution after experiment for 

six metals. 

      15.Phytoremoval of metals. 

 

3.1.1  Preparation of Hoagland’s solution of required strength 

 

  To determine the ability of water hyacinth to take up six metals, plants were 

grown in Hoagland’s nutrient solution. For the Hoagland’s solution two types of 

nutrients were required i.e. macronutrients & micronutrients. The stock solutions of 

both micro & macronutrients were prepared. These both solutions were mixed to 

prepare one Liter solution (Hoagland and Arnon, 1950) (Badr-uz-Zaman, et al., 2002). 

In macronutrients KNO3, Ca(NO3)2.4H20, NH4H2PO4 and MgSO4.7H2O of E. Merck 

of AR grade were used as a source of N, K, Ca, P, S & Mg. 
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Table 3.2.1.   Macronutrients (concentration of stock solution) 
 
 Compounds 
  
 

Mol. weight 
 

g/mol 
 

Concentration of stock  
Solution (Molarity) 
 
 

 KNO3 
 Ca(NO3)2.4H2O 
 NH4H2PO4 
 MgSO4.7H2O 
 

101.10 
236.16 
115.08 
246.49 

 

1.00 M 
1.00 M 
1.00 M 
1.00 M 

 

 
 
 
Table 3.2.2. Macronutrients (stock solution)  
 
 Compounds             Concentration of             Volume of stock solution         Source of   
                                    stock solution                   per Liter of final solution 
                                                                                                                        element 
                                    (g/L) (mL) 
 
 KNO3                       101.10                                      6.0                                        N 
 Ca(NO3)2.4H2O       236.16                                      4.0                                        K 
 NH4H2PO4               115.08                                      2.0                                        Ca 
 MgSO4.7H2O           246.49                                      1.0                                        P 
                                            S 
                                            Mg 
 
 
 
 
Table 3.2.3 Macronutrients (concentration of elements in stock solution) 
 
 
  Compounds               Elements                Final concentration         Final concentration 
                                                                     of  Elements                  of element   
                                                                     µM (micromohs)          (ppm/µg/mL) 
 
 KNO3                            N                           16000                                    224                                                
 Ca(NO3)2.4H2O            K                             6000                                    235                                                
 NH4H2PO4                    Ca                            4000                                    160                                              
 MgSO4.7H2O               P                               2000                                     62                                               
   S                              1000                                      32                                     
                                       Mg                          1000                                      24                                     
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               In micronutrients KCl, H3BO3, MnSO4.H2O, ZnSO4.7H2O, CuSO4.5H2O, 

H2MoO4 [85% MoO3] and Fe-EDTA [ferrous  dihydrogen ethylenediamine tetraacetic 

acid] were used.  

 
  
 Table 3.2.4. Micronutrients (concentration of stock solution) 
 
 
   Compounds                   Mol. weight         Concentration of stock solution 

           g/mol                          mM (Milli Mohs) 
 

    KCl                          74.55                                     50 
   H3BO3                       61.84                                    25 
   MnSO4.H2O            169.01                                     2 
   ZnSO4.7H2O           287.55                                     2 
   CuSO4.5H2O           249.71                                     0.5 
   H2MoO4 (85%        161.97                                     0.5 
           MoO3) 
   Fe-EDTA                 346.08                                    20 
 
 
 
Table 3.2.5. Micronutrients (stock solution)  

 
   Compounds             Concentration of stock    Volume of stock solution      Source of  
                                      Solution (g/L)                per Liter of final solution      element 
                                              (mL) 
    KCl                                3.728                                                                         Cl                                     
   H3BO3                            1.546                                                                          B                                     
   MnSO4.H2O                   0.338                                       1.0                             Mn                                  
   ZnSO4.7H2O                  0.575                                                                         Zn                                      
   CuSO4.5H2O                  0.125                                                                         Cu                                     
   H2MoO4 (85%               0.081                                                                         Mo                                     
           MoO3) 
   Fe-EDTA                       6.922                                      1.0                              Fe                                    
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Table 3.2.6. Micronutrients (concentration of elements in stock solution)   
 
   Compounds             Elements        Final concentration          Final concentration 
                                                           of element (uM)                  of element 
                                                              (micro Mohs)                   (ppm / µg/mL) 
    KCl                               Cl                       50                                        1.77                                
   H3BO3                           B                        25                                        0.27                              
   MnSO4.H2O                  Mn                      2                                         0.11                              
   ZnSO4.7H2O                 Zn                       2                                         0.131                                
   CuSO4.5H2O                 Cu                       0.5                                      0.032                               
   H2MoO4 (85%              Mo                     0.5                                       0.05                                 
           MoO3) 
   Fe-EDTA                      Fe                       20                                        1.12                               
 
 
 

3.2.2  Preparation of artificially metal contaminated Hoagland’s solutions of  
    required strength. 
 

 Hoagland’s solution after preparation was diluted with deionized water to 

quarter-strength (Qian, et al., 1999). To this Hoagland’s solutions following metal 

salts were added in order to obtained artificially contaminated stock solutions. [Qian, 

et al., 1999; Zhu, et al., 1999]. Total volume of each stock solution was 4 L.  

 
 
Table 3.2.7. Metallic treatments given to plants in hydroponic experiment 
 
Elements   Compound used   Treatments used in Hoagland’s solutions in 

(µg/mL) 

Cr 

Cd   

Zn   

Ni 

Pb 

Cu 

K2CrO4   

CdSO4   

ZnSO4.5H2O        

NiSO4.6H2O   

Pb (NO3)2 

CuSO4.5H2O 

0,     5,     10,     15,     20,     25,     30 

0,     5,     10,     15,     20,     25,     30 

0,     5,     10,     20,     30,     40,     50 

0,     5,     10,     15,     20,     25,     30 

0,     5,     10,     20,     30,     40,     50 

0,     5,     10,     20,     30,     40,     50 
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3.2.3   Hoagland’s solution pH measurement before experiment.  

 The pH of Hoagland’s solution was adjusted at 6.00 ±0.2  and after dilution to 

quarter-strength, various metal concentrations were prepared by using as given in 

Table 3.2.7. The initial pH of all stock Hoagland’s solutions was measured by pH 

meter by standard procedure, after standardizing pH meter (Qian, et al., 1999). The 

initial pH of Hoagland’s solutions is given in result of each metal (4.2).   

 

3.2.4 Analysis of artificially contaminated Hoagland’s solution before  
      experiment for six metals. 
 
  According to Jeffery, et al., (1989), the stock solutions are ideally prepared 

from the pure metal or from the pure metal oxide by dissolution in a suitable acid 

solution which were suitable for atomic absorption spectrophotometer. The standard 

solutions of required volume were prepared in quarter strength Hoagland’s solution 

and the blank was Hoagland’s solution of quarter strength. The concentrations of six 

metals (Cu, Pb, Cr, Ni, Zn and Cd), were measured in artificially contaminated 

Hoagland’s solution before experiment.  

 

3.2.5    Preparation of experimental bowls/containers & arrangement of  
 aquarium pump. 
 
 Plastic bowls and Pyrex glass cylinders were washed with detergent, chromic 

acid, HNO3 and deionized water respectively. Fixed volume of Hoagland’s solution 

was added in these containers and cylinders. These were covered with paperboards 

and black tape in order to avoid light passage and algal growth. Every day these pots 

were aerated for three hours. 

 

3.2.6    Plant Samples preparation 

   The samples of plants were taken from Banni Mohallah and Railway crossing 

area of Taxila, district Rawalpindi of Pakistan.  These samples were washed with tape 

water in order to remove mud died and unhealthy leaves were removed. Now plant 

was washed with deionized water in order to remove adsorbed metals and other 

contaminants. These plants were dried with Whatman filter paper sheets. These were 

weighted in order to find out initial fresh weight before plantation.  
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3.2.7    Fresh weight of plants 

   Fresh weight of plants in triplicate was noted before plantation in experimental 

plastic containers. These were grown in 1000 mL Hoagland’s solution. After noting 

initial fresh weight in grams. The final fresh weight was noted after 10 days. The 

difference in fresh weight is given in result of each metal (4.2).  

 

3.2.8  Dry weight of plants 

 After removal of plant from experimental containers, these were dried with 

Whatman filter paper weight for fresh weight and packed in labeled paper envelopes. 

These envelopes were placed in incubator at 65 degree Celsius for 72 hours (Zhu, et 

al., 1999). The dry weight of dried plants samples was immediately noted after 

removal from incubator. The dry weight of plants is given in result of each metal (4.2).  

 

3.2.9   Dates and time of experiment 

   For phytoaccumulation of metal experiment water hyacinth plants in triplicate, 

were grown in artificially metal contaminated Hoagland’s solution for 10 days. The 

detailed schedule is given in experimental conditions of each metal. All plants were 

grown at1200hrs (Pakistan standard time) and removed at same time i.e. 1200hrs 

(Pakistan standard time). 

 

3.2.10  Change in fresh weight of plants 

Change in fresh weight showed the amount of water content of water hyacinth 

in contaminated and uncontaminated solution (Badr-uz-Zaman, et al., 2002). 

Change in fresh wt. = final fresh wt. – initial fresh wt. 

The change in fresh weight is given in result of each metal (4.2).  

 

3.2.11  Change in dry weight of plants 

Change in dry weight was noted by the difference in dry weight of water 

hyacinth grown in contaminated and that of grown in uncontaminated solution. The 

amount of water content was calculated by difference of fresh weight and dry matter 

yield (Badr-uz-Zaman, et al., 2002). 

 



 69

3.2.12  Daily Hoagland’s solution given to plants 

Daily variable quantity of Hoagland’s solution was given to plants. After 10 

days total quantity of solution was measured and noted in experimental conditions.  

 

3.2.13   Daily Absorption of Hoagland’s solution by plants. 

 In a set of containers only a measured quantity of Hoagland’s solution was 

added. This set of container was with out plants. After 10 days of experiment change 

in volume of solution was noted. This change in volume is the quantity evaporated 

during experiment. 

 Change in initial and final volume of Hoagland’s solution given to plants was 

noted and evaporated quantity was subtracted from it. This showed quantity of 

solution absorbed by plants. So per day absorption was calculated.  

 

Vol. Evaporated = Vol.  of solution placed in with out plant container - Vol.of solution 

left in with out plant container 
 

Volume of solution available = [total Vol. given – Vol. of solution left] - Vol. 

Evaporated 
 

Vol.of solution transpired = Vol. of solution available or absorbed – Total 

moisture/water content of   plant 

 

Daily absorption = total absorption of solution/10 

After noting quantity of solution absorbed by plants, change in moisture 

content was subtracted from it. This is the quantity of transpiration during experiment. 

So per day or daily transpiration was noted after dividing it with 10. 

 

Daily transpiration = total transpiration of solution/10 

 As these experiments were performed at Islamabad, Pakistan. So the maximum 

minimum temperature, the percentage humidity and the average days length 

(photoperiod), were noted from daily news paper ”Dawn” and its website 

http://dawn.com  The detail is given in experimental conditions of each metal Table 
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3.2.14  Analysis of artificially contaminated Hoagland’s solution after experiment  
 for six metals. 

 The quantity of six elements in Hoagland’s solution was measured before and 

after experiment by atomic absorption spectrophotometer by using standard solution 

(Jeffery, et al., 1989).  

 

3.2.15   Phytoremoval of metals. 

 The change in concentration of these metals in Hoagland’s solution was noted 

as the phytoremoval of these six elements by absorption and adsorption through roots. 

Phytoremoval of these metals in microgram per gram of dry weight  & percentage 

phytoremoval  by water hyacinth are given in result of each metal (4.2).  

  

3.2.16   Summary of hydroponic experiment 

 Hydroponic experiment was performed at department of Biochemistry, Faculty 

of Biological sciences, Quaid-e-Azam university, Islamabad, Pakistan. The main 

objective of hydroponic experiment was to determine the suitability of water hyacinth 

for the phytoextraction of six metals (Cu, Pb, Cr, Ni, Zn and Cd) commonly found in 

wastewater. The ability of water hyacinth to take up and translocate six metals was 

studied under controlled conditions and in specified concentrations of these metals. 

For this purpose Hoagland’s solution was used (Zhu, et al., 1999;Hoagland and 

Arnon, 1950) (Badr-uz-Zaman, et al., 2002). 

 

 Artificially contaminated with metals Hoagland’s solution was prepared and 

was diluted to desired concentration. Pre-weighted plants were grown in triplicate in 

known quantity of solutions. Known volume of Hoagland’s solution was added in 

each container of plants. Daily air passage was passed through these containers for 

three hours after regular interval of time. In one set of containers only air was passed 

through known volume of solution in order to know evaporation of solution. This set 

was with out plants. Daily minimum & maximum temperature, percentage humidity 

and average photoperiod was noted from website of daily “Dawn”. These plants were 

grown for 10 days and then were removed. These pre-weighted plants after removal 

were dried with filter paper sheets and were weighted for fresh weights. These were 



 71

dried at 65 degree Celsius for 72 hours and were weighted for dry weight. The total 

volume of solution given to these plants was noted. Total volume of remaining 

solution was noted. From moisture content of plants, volume of solution given and 

volume of solution left behind absorption & transpiration was calculated. Change in 

fresh weight, change in dry weight and change in concentration of metals of 

Hoagland’s solution were noted. Phytoremoval of metals per gram of dry weight and 

percentage removal was noted and recorded. The phytoremoval of metals showed 

removal from liquid media.   

 

Table 3.2.8. Experimental conditions for zinc (Zn) 

S.No. Treatment / Parameter Quantity/Value 

1 Date of experiment 
30th August, 2004 to 9th September, 

2004 

2 Formula of compound used as source of metal ZnSO4.7H2O 

3 Trade mark/manufacturer of metal compound E. Merck 

4 Date of plantation  30th August, 2004 

5 Date of removal of plant from pot 9th September, 2004 

6 pH of Hoagland's solution (average) 5.12 

7 Number of days for experiment 10days 

8 
Average photoperiod (light duration) in hours & 

minutes 
12 hrs 47 minutes 

9 Average minimum temperature of city (Islamabad) 26.2 Degree Celsius  

10 Average maximum temperature of city (Islamabad) 41 Degree Celsius  

11 Average difference of temperature 14.8 Degree Celsius 

12 
Average time of aeration (air blow) through 

Hoagland's solution 
1.5 hr + 1.5 hr = 3 hrs 

13 Technique used for metal analysis AAS 
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Table 3.2.9. Experimental conditions for Cr 

S.No. Treatment / Parameter Quantity/Value 

1 Date of experiment 
30th August, 2004 to 9th 
September, 2004 

2 Formula of compound used as source of metal K2Cr2O7 
3 Trade mark/manufacturer of metal compound E. Merck 
4 Date of plantation  30th August, 2004 
5 Date of removal of plant from pot 9th September, 2004 
6 pH of Hoagland's solution (average) 5.12 
7 Number of days for experiment 10days 

8 
Average photoperiod (light duration) in hours & 
minutes 

12 hrs 47 minutes 

9 Average minimum temperature of city (Islamabad) 26.2 Degree Celsius  
10 Average maximum temperature of city (Islamabad) 41 Degree Celsius  
11 Average difference of temperature 14.8 Degree Celsius 

12 
Average time of aeration (air blow) through 
Hoagland's solution 

1.5 hr + 1.5 hr = 3 hrs 

13 Technique used for metal analysis AAS 
 
 
 
Table 3.2.10. Experimental conditions for Cu 
 
S.No. Treatment / Parameter Quantity/Value 

1 Date of experiment 
12th September, 2004 to 22nd September, 
2004 

2 Formula of compound used as source of metal CuSO4.5H2O 
3 Trade mark/manufacturer of metal compound E. Merck 
4 Date of plantation 12th September, 2004 
5 Date of removal of plant from pot 22nd September, 2004 
6 pH of Hoagland's solution (average) 5.12 
7 Number of days for experiment 10days 

8 
Average photoperiod (light duration) in hours & 
minutes 

12 hrs 20 minutes 

9 
Average minimum temperature of city 
(Islamabad) 

27.1 Degree Celsius  

10 
Average maximum temperature of city 
(Islamabad) 

42 Degree Celsius  

11 Average difference of temperature 14.9 Degree Celsius 

12 
Average time of aeration (air blow) through 
Hoagland's solution 

1.5 hr + 1.5 hr = 3 hrs 

13 Technique used for metal analysis AAS 
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Table 3.2.11. Experimental conditions for Ni 
 
S.No. Treatment / Parameter Quantity/Value 

1 Date of experiment 
12th September, 2004 to 22nd 
September, 2004 

2 Formula of compound used as source of metal NiSO4.6H2O 
3 Trade mark/manufacturer of metal compound E. Merck 
4 Date of plantation 12th September, 2004 
5 Date of removal of plant from pot 22nd September, 2004 
6 pH of Hoagland's solution (average) 5.12 
7 Number of days for Experiment 10days 

8 
Average photoperiod (light duration) in hours & 
minutes 

12 hrs 20 minutes 

9 
Average minimum temperature of city 
(Islamabad) 

27.1 Degree Celsius  

10 
Average maximum temperature of city 
(Islamabad) 

42 Degree Celsius  

11 Average difference of temperature 14.9 Degree Celsius 

12 
Average time of aeration (air blow) through 
Hoagland's solution 

1.5 hr + 1.5 hr = 3 hrs 

13 Technique used for metal analysis AAS 
 

 
Table 3.2.12. Experimental conditions for Pb 
 
S.No. Treatment / Parameter Quantity/Value 

1 Date of experiment 
26th September, 2004 to 6th October, 
2004 

2 Formula of compound used as source of metal Pb(NO3)2 
3 Trade mark/manufacturer of metal compound E. Merck 
4 Date of plantation 26th September, 2004 
5 Date of removal of plant from pot  6th October, 2004 
6 pH of Hoagland's solution (average) 4.24 
7 Number of days for experiment 10 days 

8 
Average photoperiod (light duration) in hours & 
minutes 

12 hrs 11 minutes 

9 
Average minimum temperature of city 
(Islamabad) 

23.4 Degree Celsius  

10 
Average maximum temperature of city 
(Islamabad) 

44.8 Degree Celsius  

11 Average difference of temperature 21.4 Degree Celsius 

12 
Average time of aeration (air blow) through 
Hoagland's solution 

1.5 hr + 1.5 hr = 3 hrs 

13 Technique used for metal analysis AAS 
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Table 3.2.13. Experimental conditions for Cd 
 
S.No. Treatment / Parameter Quantity/Value 

1 Date of experiment 
26th September, 2004 to 6th 
October, 2004 

2 Formula of compound used as source of metal CdCl2 
3 Trade mark/manufacturer of metal compound E. Merck 
4 Date of plantation 26th September, 2004 
5 Date of removal of plant from pot 6th October, 2004 
6 pH of Hoagland's solution (average) 4.24 
7 Number of days for experiment 10days 

8 
Average photoperiod (light duration) in hours & 
minutes 

12 hrs 11 minutes 

9 
Average minimum temperature of city 
(Islamabad) 

23.4 Degree Celsius  

10 
Average maximum temperature of city 
(Islamabad) 

48.8 Degree Celsius  

11 Average difference of temperature 21.4 Degree Celsius 

12 
Average time of aeration (air blow) through 
Hoagland's solution 

1.5 hr + 1.5 hr = 3 hrs 

13 Technique used for metal analysis AAS 
 
 

3.3     ADSORPTION AND DESORPTION EXPERIMENT  

 Adsorption and desorption experiment was performed at department of 

Biochemistry, faculty of Biological sciences, Quaid-e-Azam university, Islamabad, 

Pakistan. The main objective of this experiment was to determine the suitability of 

water hyacinth ash for the adsorption and desorption of six metals (Cu, Pb, Cr, Ni, Zn 

and Cd solution) commonly found in wastewater. The ability of water hyacinth ash to 

take up these six metals was studied under controlled conditions and for specified 

concentrations of these metals. For this purpose two experiments were designed. In 

first experiment adsorption of these six metals was noted. This is one of the cheapest 

methods for phytoremoval of these metals from wastewater. In second experiment 

these six metals already adsorbed or absorbed, in ash of water hyacinth were leached 

down with the help of HNO3. This is one of the cheapest method for making waste 

metals reusable. In these experiments for Pb, Cd and Cu batch method was used & for 

Zn, Cr and Ni column method was used. The ash of water hyacinth was prepared by 

burning plants in muffle furnace at 220 degree Celsius for two hours.  
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3.3.1 Column method 

The column method of adsorption and desorption of Zn, Cr and Ni consists of 

following steps. 

1. Collection of plants samples. 

2. Preparation of ash. 

3. Column preparation. 

4. Preparation of standard solutions. 

5. Measurement of pH of standard solutions. 

6. Passage of standard solutions through ash column and time of flow 

7. Measurement of pH after passing through ash. 

8. Measurement of Zn, Cr and Ni in leachate. 

9. Calculation of adsorption per gram of ash. 

10. Preparation of HNO3 standard solutions of required strength. 

11. Passage of standard HNO3 solutions through ash column and time of flow. 

12. Measurement of Zn, Cr and Ni in leachate. 

13. Calculation of desorption per gram of ash. 

 

3.3.1.1    Collection of plants samples 

   The samples of plants were taken from Banni Mohallah and Railway crossing 

area of Taxila, district Rawalpindi of Pakistan.  These samples were washed with tape 

water in order to remove mud died and unhealthy leaves were removed. Now plant 

was washed with deionized water in order to remove adsorbed metals and other 

contaminants. These plants were dried with Whatman filter paper sheets & were 

weighted in order to find out initial fresh weight before experiment (Lu, et al., 2004).  
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3.3.1.2   Preparation of ash. 

These plants were dried in oven at 65 degree Celsius for 72 hours. Now these 

plants were weighted for dry weight (Badr-uz-Zaman, et al., 2002). After the dry 

weight these plants were placed in muffle furnace for burning, at 220 degree Celsius 

for two hours. The weight of ash was noted. The percentage by weight of oven dry and 

ash was noted.  

 

Fresh wt. based percentage of ash = wt. of ash X 100 

                                                            Fresh weight 

3.3.1.3   Column preparation 

Specified length Pyrex with known diameter were taken after washing with 

detergent, 1% HNO3 and rinsed with deionized water. Weighted quantity of ash was 

added in each glass tube column. The diameter, length, density and volume of each 

column were calculated.  

3.3.1.4  Preparation of standard solutions. 

 The standard solutions which are required for this experiment must contain 

very small concentrations of the relevant elements, and it is rarely practicable to 

prepare the standard solutions by weighing out directly the required reference 

substance. The usual practice therefore is to prepare stock solutions, which contain 

about 1000 µg/mL (microgram per milliliter) of the required element, and then the 

working standard solutions are prepared by suitable dilution of the stock solutions. 

Solutions, which contain less than 10 microgram per Liter, are often found to 

deteriorate on standing owing to adsorption of the solute on to the walls of glass 

vessels. Consequently, standard solutions in which the solute concentration is of this 

order should not be stored for more than 1 to 2 days. The stock solutions are ideally 

prepared from the pure metal or from the pure metal oxide by dissolution in a suitable 

acid solution; the solids used must be of the highest purity, e.g. BDH and Merck 

salts/chemicals are suitable for atomic absorption spectrophotometer (Jeffery, et al., 

1989). After the preparation of 1000 (µg/mL) solutions of these metals these were 

diluted to following concentrations. 
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Table 3.3.1. Concentration of standard solutions used in column method 
 
 Elements     Concentrations of standard solutions used in column method 
 (µg/mL ) 
  Zn                     0,        5,         10,        15,        20,        25,        30 
  Cr                      0,        5,        10,         15,        20,        25,        30 
  Ni                      0,        5,        10,         15,        20,        25,        30 
 
 
 

3.3.1.5  Measurement of pH of standard solutions 

The initial pH of all stock solutions was measured by pH meter by standard 

procedure (Qian, et al., 1999) (Badr-uz-Zaman, et al., 2002). After standardizing pH 

meter with deionized water of 7.00 pH, Buffers of 4.00 and 7.00 pH. The initial pH of 

all solutions is given in the results of each metal (4.3).  

3.3.1.6    Passage of standard solutions through ash column and time of flow  

100mL deionized water was added to wet the column. Now 100mL stock 

solutions of known strength was allowed to pass through these columns in triplicate. 

The average time of flow in hours and minutes was noted with the help of stopwatch.  

3.3.1.7    Measurement of pH after passing through ash. 

The final pH of all lecheates of column was measured by pH meter by standard 

procedure (Qian, et al., 1999). After standardizing pH meter with deionized water of 

7.00 pH, Buffers of 4.00 and 7.00 pH. The final pH of all solutions and difference in 

pH is given in the results of each metal (4.3).  

3.3.1.8  Measurement of Zn, Cr and Ni in leachate    

 The quantity of Zn, Cr and Ni was measured in stock solutions and leachate 

solutions before and after experiment by atomic absorption spectrophotometer by 

using standard solutions (Jeffery, et al., 1989).  

3.3.1.9 Calculation of adsorption of metals on ash.   

The quantity of Zn, Cr and Ni was measured in leachate in µg/mL. The 

decrease in concentration of these metals showed the quantity of these metals 

adsorbed in ash. Now the quantity of these metals microgram per gram of ash of water 
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hyacinth was calculated. From the fresh weight and weight of ash we can find the 

biomass of water hyacinth which is required for the removal of known quantity of 

these metals. The concentration of these metals adsorption per gram of ash is given in 

results of each metal (4.3).  

     Quantity Adsorbed 
Micro gram per gram of ash adsorption =     
                                                                         Dry wt. in grams 

 

Keeping in view concentrations of these metals in stock solutions and leachates 

the percentage adsorption by ash of water hyacinth was calculated  by formula given 

below. 

               Quantity adsorbed X 100    
  % Adsorption =     

                                                Quantity in stock solution       

 

The percentage adsorption of these metals is given in results of each metal (4.3).  

 

3.3.1.10   Preparation of HNO3 standard solutions of required strength 

For desorption of Zn and Cr from ash of water hyacinth 0.57 M HNO3 and for 

Ni 3M HNO3 was used. When the reagent is not available in the pure form as in the 

case of most alkali hydroxides, some inorganic acids like HNO3 and various 

deliquescent substances, solutions corresponding approximately to the molar strength 

required are first prepared. These solutions are then standardized by titration against a 

solution of a pure substance of known concentration. It is generally best to standardize 

a solution by a reaction of the same type as that for which the solution is to be 

employed, and as nearly as possible under identical experimental conditions (Jeffery, 

et al., 1989).  

0.57M & 3M nitric acid used in these experiment was AR-grade (E-Merck) 

and was prepared by standard procedures (Jeffery, et al., 1989). 
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3.3.1.11  Passage of standard HNO3 solutions through ash column and time of flow  

100mL stock solutions HNO3 of known strength was allowed to pass through 

these columns in triplicate. The average time of flow in hours and minutes was noted 

with the help of stopwatch.  

3.3.1.12  Measurement of Zn, Cr and Ni in leachate. 

 The quantity of Zn, Cr and Ni was measured in stock solutions and leachate 

solutions of HNO3 before and after experiment by atomic absorption 

spectrophotometer by using standard solutions (Jeffery, et al., 1989).  

3.3.1.13  Calculation of desorption per gram of ash 

The quantity of Zn, Cr and Ni was measured in leachate in ppm. The increase 

in concentration of these metals showed the quantity of these metals desorbed from 

ash. Now the quantity of these metals desorbed from per gram of ash of Water 

hyacinth was calculated. From the fresh weight and weight of ash we can find the 

biomass of Water hyacinth which is required for the desorption of known quantity of 

these metals. The desorption of these metals microgram per gram of ash is given in 

results of each metal (4.3).  

      Quantity desorbed (µg) 
Microgram per gram of ash desorption   =  
                                                                             Dry wt. in grams 

Keeping in view concentrations of these metals desorbed in ash and leachates 

the percentage desorption was found by formula given below. 

                                                Quantity desorbed X 100    
                 % Desorption =    
                                                      Quantity in ash      
  

The percentage desorption of these metals is given in results of each metal (4.3). 

 3.3.2   Summary of column method 

   The samples of plants were taken from Banni Mohallah and Railway crossing 

area of Taxila, district Rawalpindi of Pakistan. These samples were washed with tape 

water in order to remove mud died and unhealthy leaves were removed. Now plant 
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was washed with deionized water in order to remove adsorbed metals and other 

contaminants. These plants were dried with Whatman filter paper sheets. These were 

weighted in order to find out initial fresh weight before experiment. These plants were 

dried in oven at 65 degree Celsius for 72 hours. Now these plants were weighted for 

dry weight. After the dry weight these plants were placed in muffle furnace for 

burning, at 220 degree Celsius for two hours. The weight of ash was noted. The 

percentage by weight of oven dry and ash was noted. Specified length Pyrex with 

known diameter were taken after washing with 1% HNO3, rinsed with deionized 

water. Weighted quantity of ash was added in each glass tube column. The diameter, 

length, density and volume of each column were calculated. After the preparation of 

1000 µg/mL solutions of these metals these were diluted to following concentrations 

i.e. 5, 10, 15, 20, 25 and 30 (µg/mL. The initial pH of all stock solutions was measured 

by pH meter by standard procedure. 100mL deionized water was added to wet the 

column. Now 100mL stock solutions of known strength was allowed to pass through 

these columns in triplicate. The average time of flow in hours and minutes was noted 

with the help of stopwatch. The quantity of Zn, Cr and Ni was measured in leachate 

solutions after experiment by atomic absorption spectrophotometer by using standard 

solution (Jeffery, et al., 1989). The decrease in concentration of these metals showed 

the quantity of these metals adsorbed on to the ash. Now the quantity of these metals 

per gram of ash of water hyacinth was calculated. The percentage adsorption was 

found by formula given below. 

                                              Quantity adsorbed X 100  
                 % Adsorption =    

                                               Quantity in stock solution       

 

For desorption of Zn and Cr from ash of water hyacinth 0.57 M HNO3 and for 

Ni 3M HNO3 was used. The quantity of Zn, Cr and Ni was measured in stock 

solutions and leachate solutions of HNO3 before and after passing through metal 

adsorbing column by atomic absorption spectrophotometer by using standard 

procedure (Jeffery, et al., 1989). Now the quantity of these metals desorbed per gram 

of ash of water hyacinth was calculated. Keeping in view concentrations of these 



 81

metals in stock solutions and leachates the percentage desorption was found by 

formula given below. 

                                             Quantity desorbed X 100    
                 % Desorption =    
                                                       Quantity in ash       

 

3.3.3  Batch method 

The batch method of adsorption and desorption of Cd, Pb and Cu consists of 

following steps. 

1.  Collection of plants samples. 

2.  Preparation of ash. 

3.  Weighing of ash samples 

4.  Preparation of standard solutions. 

5.  Measurement of pH of standard solutions. 

6.  Shaking of standard solutions with ash samples and time of shaking 

7.  Filtration of ash samples 

8.  Measurement of pH of filtrate after filtration. 

9.  Measurement of Cd, Pb and Cu in filtrate. 

10.  Calculation of adsorption of metals by ash. 

11.  Preparation of HNO3 standard solutions of required strength. 

12.  Shaking of standard HNO3 solutions with ash containing adsorbed 

metals and time of shaking.  

13.  Filtration of ash samples 

14.  Measurement of Cd, Pb and Cu in filtrate. 

15.  Calculation of desorption of metals by ash. 
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3.3.3.1  Collection of plants samples 

   The samples of plants were taken from Banni Mohallah and Railway crossing 

area of Taxila, district Rawalpindi of Pakistan.  

   These samples were washed with tape water in order to remove mud died and 

unhealthy leaves were removed. Now plant was washed with deionized water in order 

to remove adsorbed metals and other contaminants. These plants were dried with 

Whatman filter paper sheets. These were weighted in order to find out initial fresh 

weight before experiment.  

3.3.3.2   Preparation of ash 

   These plants were dried in oven at 65 degree Celsius for 72 hours. Now these 

plants were weighted for dry weight. After the dry weight these plants were placed in 

muffle furnace for burning, at 220 degree Celsius for two hours. The weight of ash 

was noted. The percentage by weight of oven dry and ash was noted.  

3.3.3.3  Weighing of ash samples   

 Ash of water hyacinth was weighted and fix weight of ash was placed in a  

beaker.  

3.3.3.4  Preparation of standard solutions 

 The standard solutions which are required for this experiment must contain 

very small concentrations of the relevant elements, and it is rarely practicable to 

prepare the standard solutions by weighing out directly the required reference 

substance. The usual practice therefore is to prepare stock solutions, which contain 

about 1000 µg/mL (microgram per milliliter) of the required element, and then the 

working standard solutions are prepared by suitable dilution of the stock solutions. 

Solutions, which contain less than 10 microgram per Liter, are often found to 

deteriorate on standing owing to adsorption of the solute on to the walls of glass 

vessels. Consequently, standard solutions in which the solute concentration is of this 

order should not be stored for more than 1 to 2 days. 

 The stock solutions are ideally prepared from the pure metal or from the pure 

metal oxide by dissolution in a suitable acid solution; the solids used must be of the 
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highest purity, e.g. BDH and E. Merck salts/chemicals are suitable for Atomic 

Absorption spectrophotometer (Jeffery, et al., 1989). After the preparation of 1000 

µg/mL solutions of these metals these were diluted to following concentrations.  

Table 3.3.2 Concentration of standard solutions used in batch method 
 
 Elements     Concentrations of standard solutions used in batch method 
 (µg/mL)   
  Cd                     0,        5,         10,        15,        20,        25,        30 
  Pb                     0,        5,        10,         15,        20,        25,        30 
  Cu                     0,        5,        10,         15,        20,        25,        30 
 
 
 

3.3.3.5   Measurement of pH of standard solutions 

The initial pH of all stock solutions was measured by pH meter by standard 

procedure (Qian, et al., 1999). After standardizing pH meter with deionized water of 

7.00 pH, Buffers of 4.00 and 7.00 pH. The initial pH of all solutions is given in results 

of each metal (4.3).  

 

3.3.3.6  Shaking of standard solutions with ash samples and time of shaking 

 100mL of stock solutions were added in triplicate samples of ash. These 

triplicate samples were shaken at magnetic stirrer for 30 minutes. In case of blank 

samples deionized water was added. These samples were left undisturbed for 24hours.  

 

3.3.3.7  Filtration of ash samples 

These triplicate samples after 24 hours filtered through Whatman filter paper 

No. 1. The filtrates were stored in clean and sterile polypropylene bottles with screwed 

caps. These bottles were already washed with standard procedures (Jeffery, et al., 

1989). 

 

3.3.3.8    Measurement of pH of filtrate after filtration 

 The final pH of all solutions after shaking and filtration was measured by pH 

meter by standard procedure (Qian, et al., 1999). After standardizing pH meter with 

deionized water of 7.00 pH, buffers of 4.00 and 7.00 pH. The final pH of all solutions 

and difference in pH is given in results of each metal (4.3). 
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3.3.3.9    Measurement of Cd, Pb and Cu in filtrate 

 The quantity of Cd, Pb and Cu was measured in stock solutions before 

experiment and in filtrate solutions after experiment by atomic absorption 

spectrophotometer by using standard solution (Jeffery, et al., 1989).  

 

3.3.3.10    Calculation of adsorption of metals by ash 

The quantity of Cd, Pb and Cu was measured in filtrates in (µg/mL). The 

decrease in concentrations of these metals showed the quantity of these metals 

adsorbed by the ash. Now the quantity of these metals adsorbed in microgram per 

gram of ash of Water hyacinth was calculated. From the fresh weight and weight of 

ash we can find the biomass of water hyacinth which is required for the adsorption of 

known quantity of these metals. The concentration of these metals adsorption in 

microgram per gram of ash is given in results of each metal (4.3).  

       Quantity adsorbed in (µg)   

          Micro gram per gram of ash adsorption =     
                                    Dry wt. in grams 
 

Keeping in view concentrations of these metals in stock solutions and in 

filtrates the percentage adsorption was found by formula given below. 

                                                

     Quantity adsorbed X 100 
                 % Adsorption   =    
                                                 Quantity in stock solution       
  

The percentage adsorption of these metals is given in results of each metal 
(4.3).  
 

3.3.3.11  Preparation of HNO3 standard solutions of required strength 

For desorption of Cd, Pb and Cu from ash of water hyacinth 3M HNO3 was 

used. When the reagent is not available in the pure form as in the case of most alkali 

hydroxides, some inorganic acids like HNO3 and various deliquescent substances, 

solutions corresponding approximately to the molar strength required are first 

prepared. These solutions are then standardized by titration against a solution of a pure 

substance of known concentration. It is generally best to standardize a solution by a 
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reaction of the same type as that for which the solution is to be employed, and as 

nearly as possible under identical experimental conditions (Jeffery, et al., 1989). 0.7M 

3M nitric acid used in these experiment was AR-grade (E-Merck) and was prepared by 

standard procedures (Jeffery, et al., 1989). 

          3M nitric acid used in these experiment was AR-grade (E-Merck) and was 

prepared by standard procedures (Jeffery, et al., 1989). 

 

3.3.3.12  Shaking of standard HNO3 solutions with ash containing adsorbed  
metals and time of shaking.  

 
 100mL of stock solutions of 3M HNO3 were added in triplicate samples of ash 

containing adsorbed metals. These triplicate samples were shaken at magnetic stirrer 

for 30 minutes. These samples were left undisturbed for 24hours.  

3.3.3.13   Filtration of ash samples 

These triplicate samples after 24 hours filtered through Whatman filter paper 

No. 1. The filtrates were stored in clean and sterile polypropylene bottles with screwed 

caps. These bottles were already washed with standard procedures (Jeffery, et al., 

1989). 

3.3.3.14   Measurement of Cd, Pb and Cu in filtrate. 

 The quantity of Cd, Pb and Cu was measured in stock solutions and leachate 

solutions of HNO3 before and after experiment by atomic absorption 

spectrophotometer by using standard solution (Jeffery, et al., 1989).  

3.3.3.15  Calculation of desorption of metals from ash.  

The quantity of Cd, Pb and Cu was measured in filtrate in µg/mL. The increase 

in concentration of these metals showed the quantity of these metals desorbed from 

ash. Now the quantity of these metals desorbed per gram of ash of water hyacinth was 

calculated. From the fresh weight and weight of ash we can find the biomass of water 

hyacinth which is required for the desorption of known quantity of these metals. The 

concentration of these metals desorption microgram per gram of ash is given in results 

of each metal (4.3). 
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     Quantity desorbed in µg 
Microgram per gram desorption =  
                                                                 Dry wt. in grams 

 

Keeping in view concentrations of these metals in ash and in filtrates the 

percentage desorption was found by formula given below. 

                                                Quantity desorbed X 100 
                 % Desorption =    
                                                     Quantity in ash      

 The percentage desorption of these metals is given in results of each metal (4.3).  

 

3.3.4   Summary of batch method 

 The samples of plants were taken from Banni Mohallah and Railway crossing 

area of Taxila, District Rawalpindi of Pakistan. These samples were washed with tape 

water in order to remove mud died and unhealthy leaves were removed. Now plant 

was washed with deionized water in order to remove adsorbed metals and other 

contaminants. These plants were dried with Whatman filter paper sheets. These were 

weighted in order to find out initial fresh weight before experiment. These plants were 

dried in oven at 65 degree Celsius for 72 hours. Now these plants were weighted for 

dry weight. After the dry weight these plants were placed in muffle furnace for 

burning, at 220 degree Celsius for two hours. The weight of ash was noted. The 

percentage by weight of oven dry and ash was noted. Specified Pyrex glass beakers 

were taken after washing with 1% HNO3, rinsed with deionized water. Weighted 

quantity of ash was added in each beaker. After the preparation of 1000µg/mL 

solutions of these three metals, were diluted to following concentrations i.e. 5, 10, 15, 

20, 25 and 30 (µg/mL). The initial pH of all stock solutions was measured by pH 

meter by standard procedure. 100mL deionized water was added to blank samples of 

ash. Now 100mL stock solutions of known strength in triplicate were added in these 

beakers. These solutions were shaken for 30 minutes on magnetic stirrer. These 

samples were left undisturbed for 24 hours. After 24 hours these samples were filtered 

through Whatman filter paper number 1. Now the pH of these filtrate solutions was 
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measured. The quantity of Cd, Pb and Cu was measured in these filtrate solutions by 

atomic absorption spectrophotometer by using standard solution (Jeffery, et al., 1989). 

The decrease in concentration of these metals showed the quantity of these metals 

adsorbed in ash. Now the quantity of these metals in microgram per gram of ash of 

water hyacinth was calculated. The percentage adsorption was found by formula given 

below. 

                                                Quantity adsorbed X 100 
                 % Adsorption =    
                                                Quantity in stock solution       
 

For desorption of Cd, Pb and Cu from ash of water hyacinth 3 M HNO3 was 

used. 100 mL stock solution of 3M HNO3 was shaken for 30 minutes with ash samples 

containing adsorbed metals. These samples were left undisturbed for 24 hours. After 

24 hours these samples were filtered through Whatman filter paper number 1.Now the 

quantity of Cd, Pb and Cu was measured in these filtrate solutions by atomic 

absorption spectrophotometer by using standard procedure (Jeffery, et al., 1989). Now 

the quantity of these metals desorbed in microgram per gram of ash of water hyacinth 

was calculated. Keeping in view concentrations of these metals in ash and in filtrates 

the percentage desorption was found by formula given below: 

 

                                              Quantity desorbed X 100    
                 % Desorption =    
                                                       Quantity in ash       
 

3.4   MICROBIOLOGICAL EXPERIMENTS 

Microbiological experiments were performed at soil Microbiology and 

Biochemistry laboratory, Land Resources Division, National Agricultural Research 

Center, Islamabad, Pakistan. There were two main objectives of these experiments. 

1. To find out the possible role of microbes in phytoremoval of metals by 

hyacinth. 

2. To find out role of microbes in metals like Sb and Sn solubilization.  
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3.4.1  To find out the possible role of microbes in phytoremoval of metals by 
hyacinth. 

 

In first experiment main purpose was to identify microbes from the roots of 

hyacinth, growing wildly in soil and floating in wastewater. Lytle, et al., (1998) 

studied that Cr (VI) was supplied to water hyacinth through culture media. X-rays 

spectroscopic analysis showed that Cr (VI) was reduced to Cr (III) by lateral roots 

chromium (VI). Same type of reduction by filtrate of Acidithiobacillus ferrooxidans 

(new name of Thiobacillus ferrooxidans), cultures under acidic conditions, was 

observed and found higher than that observed for Acidithiobacillus thiooxidans (new 

name of Thiobacillus thiooxidans) (Yoshid and Murooka, 1994). However, it was at 

pH close to seven, chromium (VI) reduction by filtrates of Thiobacillus thiooxidans 

cultures, was as high as that by filtrates of Acidithiobacillus thiooxidans cultures and 

much higher than that observed for Acidithiobacillus ferrooxidans cultures at the same 

pH. The capacity of these cultures to reduced chromium (VI) was associated 

specifically with the fraction of cultures (cells sulphur and associated sulphur 

compounds) retained by filtration through as 0.45 um filter. In the fraction that comes 

from Acidithiobacillus thiooxidans culture (Allegretti, et al., 2005). Role of 

Acidithiobacillus thiooxidans (new name of Thiobacillus thiooxidans) and 

Acidithiobacillus ferrooxidans (new name of Thiobacillus ferrooxidans), in Cr (VI) 

reduction and at the same time same process is occurring in roots of hyacinth showed 

that there is some relationship between microbes and hyacinth. So identification of 

these bacteria from roots of hyacinth was carried out.  

Simmands, (1979) studied that in wastewater’s treatment detention time of 

almost 10days 99% of the applied nitrate nitrogen and potassium were removed by 

hyacinth. This would represent a very significant relationship/role of Azotobacter a 

nitrogen fixation bacterium with hyacinth. In present work isolation and identification 

of Azotobacter was studied from roots of hyacinth. 

As leaf protein concentrate, of water hyacinth which is rich in protein and 

vitamin A, and hyacinth also acts as a substrate for mushroom cultivation. Production 

of a cellobiase-rich preparation by A. niger 1 was achieved using water hyacinth 

cellulose as the sole carbon source in the culture medium (Ismail, et al., 1995). The 

metal sorption properties of A. niger pointed out the isolation and identification of A. 
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niger from roots of water hyacinth. In first experiment fallowing steps were carried 

out: 

I. Sample collection. 

II. Isolation and purification. 

III. Physical and biochemical characterization of microbes 

 

3.4.1.1   Sample collection 

 The samples of soil and water were collected from roots of water hyacinth 

grown wildly in soil and water of Banni Mohallah, Gulistan colony, Railway crossing 

area and Wah Cantt. area of tehsil Taxila, district Rawalpindi of Pakistan.  

Soil samples were collected from the rhizosphere of water hyacinth grown in 

Banni Mohallah Gulistan colony and Railway crossing area and Wah Cantt. area of 

tehsil Taxila. Water samples were collected from the rhizosphere of water hyacinth 

floating in natural wetland of Banni Mohallah, Gulistan colony and Railway crossing 

area of tehsil Taxila. The soil samples were placed in polyethylene bags and the water 

samples were collected in sterile glass bottles with screw caps and were labeled 

properly.    
 

Table. 3.4.1. Sampling Scheme for microbial isolation, identification and purification 
 
Sample                      Source                                                                           Symbols 
 

   SOIL                 Sample of soil collected from roots of water hyacinth           A 
                            grown at Gulistan colony Taxila Rawalpindi 
 

   SOIL Sample of soil collected from roots of water hyacinth            B 
                            grown at Banni Mohallah Taxila Rawalpindi                                        
 

   SOIL Sample of soil collected from bottom of a pond. In pond        C    
                            water hyacinth plants were floating at Railway crossing                                 
 area of Taxila city Rawalpindi 
 

   SOIL Sample of soil collected from roots of water hyacinth           D                                  
                            grown at home i.e. at Wah Cantt. Taxila Rawalpindi                                  
 

   WATER     Sample of water collected from bottom of a pond. In pond      E 
   water hyacinth plants were floating at Railway crossing 
   area of Taxila city Rawalpindi 
 

   WATER Sample of water collected from submerged   roots of              F                             
                           water hyacinth grown at Banni Mohallah Taxila                              
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All samples were taken to the laboratory and stored at 4 degree Celsius until 

microorganism’s isolation.  

 

3.4.1.2 Samples preparation 

Rhizosphere microorganisms were isolated from each sample by serial dilution 

and spread plate method. One-gram soil was dispersed in 10mL of sterile distilled 

water and thoroughly shaken as described by Sharpley (1960). One mL of above 

dilution was again transferred to 9mL of sterile distilled water to form 10-2 dilution. 

Similarly, 10-3, 10-4, 10-5 dilutions were made from soil samples. Water samples were 

also diluted in the same manner. An aliquot of 0.1 mL from each dilution was taken 

with micropipette (0.01-0.1 mL range) and plated on agar and in liquid media specific 

for each microorganism to be isolated.  

 

Samples were collected in screw cap glass bottles, which were cleaned 

sequentially with detergent wash, tap water rinse, 24 hours soaked in 1% HNO3 and 

several sterile distilled water rinses, then dried at 100 degree Celsius for one hour, 

cooled to room temperature, capped and labeled. Samples were immediately stored at 

4 degree Celsius until microorganism’s isolation. Analytical grade (A.R) chemicals 

were used in the preparation of reagents and standards (Mahmood, et al., 1997). 

 

Media preparation and growth conditions. 

Various medias were prepared for different microorganisms. For media 

preparation majority of chemicals and media compounds were obtained from:  

BDH Laboratory chemical division (Poole, Dorset, England.) 

DIFCO Laboratories (Detroit Michigan, USA.) 

MERCK (Darmstadt, Germany.) qau 

 

3.4.1.3  Media preparation and growth conditions. 

Following medias were prepared for the growth of Thiobacillus thiooxidans, 

Thiobacillus ferrooxidans, Azotobacter and Aspergillus niger.  

1. Thiobacillus ferrooxidans media with ferrous sulphate. 

2. Thiobacillus media. 
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3. Thiobacillus media I (for Acidophilic thiobacillus). 

4. Sabouraud dextrose media for A. niger. 

5. Burk’s media for Azotobacter. 

 

Thiobacillus ferrooxidans media with ferrous sulphate   

Two-liter medium was prepared. For one-liter broth liquid medium following 

chemicals were mixed. KH2PO4 = 0.4 g, MgSO4.7H2O = 0.4 g, (NH4)2SO4 = 0.4 g, 

FeSO4.7H2O =  33.3g, H2SO4 (1N) = 1 liter. After mixing the pH was adjusted to 1.4 

with the help of H2SO4 (6N). For solid medium these chemicals (ingredients) were 

dissolved in half of the volume required. In remaining water 20 g/L agar was 

dissolved.  This liquid broth medium was dispensed in sterile screw-capped tubes and 

agar-containing medium was poured in sterile petri dishes aseptically when still hot. 

The sterilization was done at 115 degree Celsius for 25 minutes 

(http://www.cect.org/english/media/25M.htm). 

 

Thiobacillus media 

Two-liter medium was prepared. Two solutions A & B were prepared. 

Following chemicals were mixed in solution A (NH4)2SO4 = 0.4 g, KH2PO4 = 0.20 g, 

MgSO4.7H2O = 0.08 g and sterile distilled water 400mL. Following chemicals were 

mixed in solution B FeSO4.7H2O = 10.0g, H2SO4 (1N) = 1 mL and sterile distilled 

water = 100 mL. After mixing the chemicals of solution sterilization was done at 115 

degree Celsius for 30 minutes. Sterilization of solution B was done by filtration 

through sterile filter paper.  Solution A& B were mixed dispensed in tubes in sterile 

screw-capped tubes aseptically. pH was adjusted to 2.8 with the help of H2SO4 (1N). 

For solid medium these chemicals (ingredients) were dissolved in half of the volume 

required. In remaining water 20 g/L agar was dissolved. Agar-containing medium was 

poured in sterile petri dishes aseptically. The sterilization of these petri dishes was 

done at 115 degree Celsius for 30 minutes (http://www.cect.org/ 

english/media/150M.htm). 
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Thiobacillus media I (for Acidophilic thiobacillus). 

Two-liter medium was prepared. For one-liter broth liquid medium following 

chemicals were mixed. NH4Cl = 0.1g, KH2PO4 = 3 g, MgCl2.6H2O = 0.1 g, CaCl2 = 

0.1g, Na2S2O3 = 5 g and sterile distilled water = 1 Liter. After mixing the pH was 

adjusted to 4.2 with the help of HCl (1N). For solid medium these chemicals 

(ingredients) were dissolved in half of the volume required. In remaining water 20 g/L 

agar was dissolved.  This liquid broth medium was dispensed in sterile screw-capped 

tubes and agar-containing medium was poured in sterile petri dishes aseptically when 

still hot. The sterilization was done at 120 degree Celsius for 20 minutes 

(http://www.cect.org/english/media/23M.htm). 

 

Sabouraud dextrose media for A. niger 

Two-liter medium was prepared. For one-liter broth liquid medium following 

chemicals were mixed peptone = 10 g, dextrose = 40 g and sterile distilled water = 1 

liter. After mixing the pH was adjusted to 5.6. For solid medium these chemicals 

(ingredients) were dissolved in 20 g/L agar.  This liquid broth medium was dispensed 

in sterile screw-capped tubes and agar-containing medium was poured in sterile petri 

dishes aseptically when still hot. The sterilization was done at 120 degree Celsius for 

20 minutes (Tabassum, 2003). 

 

Burk’s media for Azotobacter. 

Two-liter medium was prepared. For one-liter broth liquid medium following 

chemicals were mixed KH2PO4 = 2 g, K2HPO4 = 2 g, NaCl = 0.4 g, MgSO4.7H2O = 

0.4g, CaSO4.2H2O = 0.04 g, FeCl3.6H2O = 0.010 g and sterile distilled water = 1 Liter. 

After mixing the pH was adjusted to 7-7.5. For solid medium these chemicals 

(ingredients) were dissolved in 18-g/L agar.  This liquid broth medium was dispensed 

in sterile screw-capped tubes and agar-containing medium was poured in sterile petri 

dishes aseptically when still hot. The sterilization was done at 120 degree Celsius for 

20 minutes (Kausar, 2004). 
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3.4.1.4   Isolation and purification  

Five types of media were used for isolation of microbes. All these media were 

divided into two groups. One for solid agar and other for broth media (with out agar). 

Samples water dilutions and soil dilutions were inoculated in both types of media of 

five groups. Some were placed in shaker (water bath with fixed temperature) while 

others were placed in incubator at specified temperature. Temperature was fixed at 30 

degree Celsius but for Burk’s media it was 26 degree Celsius and for Sabouraud 

dextrose medium it was 40 degree Celsius. Initial pH of media was already noted by 

standard methods (Ryan, et al., 2001). Specified conditions are given in results  

(4.4.1). After one-week colonies appeared on these media and broth was became 

turbid. These colonies were picked up and were streaked in new solid media and broth 

colonies were inoculated in new broth for purification. This repeated process of 

inoculation and growth was used for the purification of these microbes. Isolated strains 

were enriched and purified by standard procedures (Jiao, et al., 2005).      

 

3.4.1.5  Identification and characterization of microbes 

All purified microbes were physically and biochemically characterized. Gram 

staining (Pandey, 1994), colony colour, colony surface, colony elevation, colony 

surface margin, colony surface texture and shape (Smibert and Krieg, 1994) 

(Shakoori, et al., 2003), were studied for morphology (Krieg and Holt, 1984).   

 

Gram staining 

Gram’s stain has long been used to separate bacteria into two groups, the 

gram-negative and positive types. Following procedure was used this experiment 

(Pandey, 1994). 

To stain a smear was made on a slide. It was dried, passed through a flame two 

or three times and was flooded with gram’s stain. It was washed, blotted dry and 

examined under microscope. Gram’s staining consists of following steps. 

1. Smear was stained in crystal violet for one minute. 

2. Smear was washed with water. 

3. Smear was immersed for one minute in Gram’s iodine solution. 

4. Smear was washed with water and blotted dry. 
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5. Now it was decolorized in 95%ethyl alcohol for 30 seconds with slight 

agitation. 

6. It was washed with water and counterstained with Safranin for 10 seconds. 

7. Now it was washed, dried, mounted and examined.    

 

By this method some bacteria retained the violet stain while some destained 

and appeared red. Control of known gram positive and gram negative were also used. 

For demonstrating spores, the following methods were used. 

1. A smear was made in the usual manner. 

2. It was covered with carbol-fuchsin and heated over a small flame until steam 

rose. It was steamed for five minutes; stain was added as it was evaporated. 

3. It was washed with water and was immersed in 5% acetic acid for less than 

two seconds. 

4. The smear was washed with water and was covered with methylene blue for 30 

seconds. 

5. Now it was washed, blotted dry and was examined. The spores were red; the 

vegetative parts of the cell were blue.   

The composition of solutions used in this staining procedure is given below 

(Pandey, 1994). 

 
CRYSTAL VIOLET 
Crystal violet = 3g. 
Ethyl alcohol (95%) = 20mL. 
Dissolved and mixed with ammonium oxalate = 0.8g. 
Distilled water = 80mL. 
 
METHYLENE BLUE 
Methylene blue = 0.3g. 
Ethyl alcohol (95%) = 30mL. 
Dissolved and mixed with potassium hydroxide  (0.01%) in distilled water = 
100mL. 
 
SAFRANIN 
Safranin = 0.25g. 
Ethyl alcohol (95%) = 10mL 
Distilled water = 100mL. 
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CARBON-FUCHSIN 
Solution  (A) 
Basic fuchsin = 0.3g. 
Ethyl alcohol (95%) = 10mL. 
Solution  (B) 
Phenol = 5g. 
Distilled water = 95mL. 
Solutions (A) & (B) were mixed together. 
 
IODINE SOLUTION 
Iodine = 1gm. 
Potassium iodide = 2g. 
 Distilled water = 300mL. 

 

Microscopy 

After Gram’s staining slides were prepared. The prepared slides of isolated 

microorganisms were studied under microscope (Leitz, model Dialux22) at the 

magnification of 1000 times. This microscope was fitted with Camera (model Wild 

MPS12). Some photographs were taken and given in results (4.4.). 

 

Identification biochemical tests 

For biochemical characterization, motility, Catalase, Oxidase, hydrogen sulfide 

(H2S), nitrate reduction and gas production tests were performed (Krieg and Holt, 

1984) (Shakoori, et al., 2003). All chemicals and substances used were of high purity.  

 

Hydrogen sulfide test 

The test organisms were inoculated on triple-sugar iron (TST) solid and broth 

media. These were incubated at 37degree Celsius for 96 hours. Blackening of the 

colonies was observed (Kausar, 2004). This method is applicable as yet (Shah, 2006). 

Whatman filter papers were soaked in 1% solutions of CdSO4.8H2O and 

Pb(CH3COO)2. These were dried in oven. These filter papers were suspended over 

liquid broth and were placed over solid media for one day. These filter papers changed 

color. Those who were soaked in cadmium sulfate solution became yellow while lead 

acetate soaked became black due to formation of sulfides. These sulfides were formed 

due to reaction of H2S with cadmium and lead. 
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Motility test 

 Semi-solid media was inoculated with Thiobacillus thiooxidans and 

Thiobacillus ferrooxidans bacteria with the help of a straight needle about 0.5 inch 

deep in the tube containing media. These tubes were incubated at 30degree Celsius 

and pattern of bacterial growth was checked after three days. Same procedure was 

adopted for Azotobacter at 26degree Celsius (Kausar, 2004).  

 

Catalase production test  

Three mL of hydrogen peroxide (3% vol/vol) was taken in test tubes and 

mixed with 24hours old inocula with the help of glass rod. Immediate bubbling in test 

tubes indicated the production of Catalase enzyme (Kausar, 2004). 

 

Oxidase production 

Only a few a few organisms produce oxidase enzyme, which has the ability to 

utilize oxygen directly due to presence of copper or iron as the part of their molecules. 

Inoculated agar tubes were incubated and the growth area was covered with oxidase 

reagent for two minutes. Excessive reagent was poured off and the colonies were 

watched for change in color. Change in colony color to red then gradually black was 

indication of positive reaction (Kausar, 2004). 

 

Nitrate reduction  

Five ml of peptone water was taken in test tubes and autoclaved. These tubes 

were inoculated with isolates and incubated at 37 degree Celsius for 24 hours. Nitrate 

broth (5.0 mL) containing 0.1 percentage (weight/volume) KNO3 was incubated with 

test organisms by adding incubated peptone water and then incubated at 37 degree 

Celsius for 48 hours. After incubation, 1.0 mL each of sulphanilic acetic acid and 

alpha napthylamine was added. After thorough shaking, development of color was 

noted. Red and purple color indicated the presence of nitrite (positive reaction). 

Absence of nitrite (negative reaction) was further confirmed by zinc dust.   

Sulfanilamide solution:  5g of AR grade sulfanilamide was dissolved in a mixture of 

50 ml concentrated hydrochloric acid and 300 mL deionized water. This solution was 

stable for several months. 
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 Alpha napthylamine solution:  AR grade alpha napthylamine was dissolved in 

deionized water. It was slightly soluble in water alkaline in nature and was stored in 

dark glass bottle. It was stable for one month (Burlarge, et al., 1998) (Kausar, 2004). 

 

3.4.2   Summary isolation and identification of microbes 

Soil and water samples were collected from roots of Water hyacinth grown in 

Taxila, district Rawalpindi, Pakistan. These samples were applied on Thiobacillus 

ferrooxidan’s media with ferrous sulfate. Thiobacillus medium, Thiobacillus media I 

(For Acidophilic thiobacillus), Burk’s media and Sabouraud dextrose media. The 

results showed the presence of Thiobacillus thiooxidans, Thiobacillus ferrooxidans, 

Azotobacter and Aspergillus niger. These microorganisms were again grown in pure 

media in order to obtain their pure cultures. Some samples were grown in shaker 

(water bath with automatic temperature control) and some were grown in oven with 

automatic temperature control. Various morphological and biochemical tests were 

performed for their identification, confirmation and for their physiological role. After 

preparation of slides of isolated microorganisms, were studied under microscope 

(Leitz, model Dialux22) at the magnification of 1000 times. This microscope was 

fitted with Camera (model Wild MPS12) the photographs are given in results (4.4).  

 

3.4.3  Metals like Sn & Sb solubilization on the basis of media 

Thiobacillus thiooxidans and Thiobacillus ferrooxidans are able to solubilize 

metal sulfides (Razell, et al., 1963). In this experiment three media were used and 

solubilization power of Thiobacillus thiooxidans and Thiobacillus ferrooxidans for Sn 

& Sb, was noted. Thiobacillus thiooxidans and Thiobacillus ferrooxidans strains were 

already isolated, purified and characterized in last experiments were used in this study. 

The three types of media used were  

(i). Thiobacillus ferrooxidan’s media with ferrous sulfate.  

(ii). Thiobacillus media.  

(iii). Thiobacillus media I (For Acidophilic thiobacillus). 

 

For each experiment three triplicates were used. In this experiment samples of 

media were taken in titration flasks in triplicate. For this purpose in solubilizing 
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experiments one set of flasks was taken as blank. These were with sterile media and 

metal sulfide but with out bacteria. While others contain sterile media, bacterial 

inoculants (2mL bacterial suspension of purified strains) and metal insoluble sulfides 

(Sb2O3 & SnS). In all samples 1g Sb2S3 was added. In one batch of samples 1g SnS 

was taken. Some samples were placed in oven and some were placed in water bath 

cum shaker at 30 degree Celsius after standard procedure of sterilization. After each 

week samples were taken after the measurement of pH by pH meter (Orion U.S.A. 

made model SA.720) and were analyzed for Sn & Sb an atomic absorption 

spectrophotometer. After each week increase in concentration in (µg/mL) of these 

metals showed the solubilization of these metals by Thiobacillus bacteria. For 

antimony experiment was of four weeks while for Sn experiment was of three weeks. 

SnS and Sb2S3 are ores these are water insoluble (Parker, 1986). 

 

After each week increase in concentration in (µg/mL) of these metals showed 

the solubilization of these metals by Thiobacillus thiooxidans and Thiobacillus 

ferrooxidans bacteria. The average results were presented for each experiment (4.4.). 

Growth conditions on the basis media for solubilization of Sb2S3 &SnS are given 

below in tables. 

 

3.4.3.1   Thiobacillus ferrooxidan’s media with ferrous sulfate 

 
Table 3.4.2. Growth conditions for Sb solubilization experiment 
 
Treatment/Bacteria  Weight of 

Sb2S3 
Volume of 

media 
Temperature Experimental 

conditions 
T. ferrooxidans    1g           100 mL      30°C            In oven 
T. ferrooxidans    -             100 mL      30°C            In oven 
T. ferrooxidans    1g           100 mL      30°C            In oven 
T. ferrooxidans  1g           100 mL      30°C            In shaker 
T. ferrooxidans    1g           100 mL      30°C            In shaker 
Blank for Sb          
without bacteria  

1g 100 mL      30°C In shaker 

Blank for Sn       
without bacteria  

- 100 ml      30°C   In oven 
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Table 3.4.3 Growth conditions for Sn solubilization experiment 
 
Treatment/Bacteria Weight of   SnS added Volume of bacterial     

suspension for 
inoculation 

T. ferrooxidans                     - 2 mL 
T. ferrooxidans                     1 g 2 mL 
T. ferrooxidans                     - 2 mL 
T. ferrooxidans                     - 2 mL 
T. ferrooxidans                     - 2 mL 
  Blank for Sb      
without bacteria          

- 2 mL 

Blank for Sn     
without bacteria  

1 g - 

 
3.4.3.2   Thiobacillus media 
 
Table 3.4.4. Growth conditions Sb solubilization 
Treatment/Bacteria  Weight of 

Sb2S3 
Volume of 

media 
Temperature Experimental 

conditions 
T. thiooxidans  1g           100 mL      30°C            In oven 

T. thiooxidans  & 
T. ferrooxidans  

-            100 mL      30°C            In oven 

T. thiooxidans & 
T. ferrooxidans   

-             100 mL      30°C            In oven 

T. thiooxidans     1g           100 mL      30°C            In shaker 
Blank for Sb         
without bacteria  

1g 100 mL      30°C In shaker 

Blank for Sn       
without bacteria  

- 100 mL      30°C   In oven 

 
Table 3.4.5. Growth conditions Sn solubilization 
Treatment/Bacteria Weight of   SnS  Volume of bacterial     

suspension for 
inoculation 

T. thiooxidans    - 2 mL 
T. thiooxidans & T. 
ferrooxidans  

1 g 2 mL 

T. thiooxidans & T. 
ferrooxidans  

1g 2 mL 

T. thiooxidans    - 2 mL 
  Blank for Sb      
without bacteria  

- 2 mL 

Blank for Sn     
without bacteria  

1 g - 
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3.4.3.3   Thiobacillus media I (for Acidophilic thiobacillus). 
 
Table 3.4.6. Growth conditions Sb solubilization 
Treatment/Bacteria  Weight of 

Sb2S3 
Volume of 

media 
Temperature Experimental 

conditions 
T. thiooxidans    1 g  100 mL  30°C            In oven 
T. thiooxidans   & 
T. ferrooxidans 

1 g  100 mL  30°C            In oven 

T. thiooxidans   & 
T. ferrooxidans 

1 g  100 mL  30°C            In oven 

T. thiooxidans    -             100 mL  30°C            In oven 
Blank for Sb         
without bacteria  

1g 100 mL  30°C In oven 

Blank for Sn       
without bacteria  

- 100 mL  30°C   In oven 

 
 

Table 3.4.7 Growth conditions Sn solubilization 
 
Treatment/Bacteria Weight of   SnS  Volume of bacterial     

suspension for 
inoculation 

T. thiooxidans                       - 2 mL 
T. thiooxidans  &  
T. ferrooxidans                     

- 2 mL 

T. thiooxidans  &  
T. ferrooxidans                     

- 2 mL 

T. thiooxidans                       1 g 2 mL 
  Blank for Sb      
without bacteria          

- 2 mL 

Blank for Sn     
without bacteria           

1 g 2 mL 

 

3.4.3.4   Summary of metals solubilization experiment  

In second experiment three media, Thiobacillus ferrooxidan’s medium with 

ferrous sulfate, Thiobacillus medium & Thiobacillus medium I (For Acidophilic 

thiobacillus), were used. Thiobacillus thiooxidans & Thiobacillus ferrooxidans were 

inoculated in these media. These samples were in broth form (liquid). Metal sulfides 

like SnS & Sb2S3 which were insoluble in water, were added in these media and 

control media (with out bacteria). A four week experiment for Sb2S3 and three week 

experiment for SnS was performed. The changes in pH after each week were noted by 

pH meter (Orion U.S.A. made model SA.720). The media samples were collected after 
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each week and were analyzed for Sn & Sb by atomic absorption spectrophotometer 

(Jeffery, et al., 1989). 

 
3.5  METAL ANALYSIS BY ATOMIC ABSORPTION 

SPECTROPHOTOMETER 
 

In all four research experiments metals were analyzed by atomic absorption 

spectrophotometer (model Shimadzu [Japan] AA670). It was consists of following 

parts. 

 Atomic absorption spectrometer 

 Burner with air-acetylene or air-hydrogen flame 

 Digital read out 

 Hallow cathode lamps 

 Pressure reducing valves 

 Vent for the removal of fumes and vapours from the flame 

 Auto sampler 
 

3.5.1   Stock solutions   

Stock solutions were prepared by standard methods (Jeffery, et al., 1989). 

Then these were diluted with deionized water according to the requirements of 

experiments. 

Analysis conditions by AAS 

 

Element         Wavelength of main resonance line        Flame used / Flame gases 
                        () in [nm] 
 
Cd                                 229                                          Air-Acetylene (fuel-lean) 
Cr                                  358                                          Air-Acetylene (fuel-rich)   
Cu                                 325                                          Air-Acetylene (fuel-lean) 
Ni                                  283.3                                       Air-Acetylene (fuel-lean) 
Pb                                  217.0                                       Air-Acetylene (fuel-lean) 
Sb                                  217.6                                       Air-Acetylene (fuel-lean) 
                                                                                      [By hydride generation method] 
Sn                                  224.6                                       Air-Hydrogen (fuel-rich)  
                                                                                      [By hydride generation method] 
Zn                                  213.9                                       Air-Acetylene (fuel-lean) 
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3.5.2   Procedure 

Proper hollow cathode lamps of Cd, Cr, Cu, Ni, Pb, Zn, Sb and Sn were 

chosen. After attaching proper lamp it was allowed to warm for a minimum period of 

15 minutes. Then a series of standards for these metals were run and a calibration 

curve was prepared by plotting on linear graph paper (absorbance of standards verses 

their concentrations). Then analysis of diluted samples stored in plastic bottles were 

done one by one. A blank was analyzed after each sample so for that a clean and 

precise data could be obtained (Jeffery, et al., 1989). For soil samples AB-DTPA 

extract was used while for plant’s samples acid (nitric acid/percholoric acid) digested 

samples were used. Standard procedure was used for the preservation of samples (De, 

1997). The result of metallic analysis by AAS is given in tables of results of each 

metal in its respective experiment. 

 

Cadmium  

Samples were directly aspirated into air-acetylene flame of atomic absorption 

apectrometer and Cd was measured at 229 nm. For soil samples AB-DTPA extract & 

for plants acid (nitric/perchloric acid) digested samples were aspirated into an air-

acetylene flame and absorbance was recorded (De, 1997). 

 

Chromium 

Samples were directly aspirated into air-acetylene flame of atomic absorption 

spectrometer and Cr was measured at 358 nm. For soil samples AB-DTPA extract& 

for plants acid (nitric/perchloric acid) digested samples were aspirated into an air-

acetylene flame and absorbance was recorded (De, 1997). 

 

Copper 

Samples were directly aspirated into air-acetylene flame of atomic absorption 

spectrometer and Cu was measured at 325 nm. For soil samples AB-DTPA extract & 

for plants acid (nitric/perchloric acid) digested samples were aspirated into an air-

acetylene flame and absorbance was recorded (De, 1997).  
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Nickel 

Samples were directly aspirated into air-acetylene flame of atomic absorption 

spectrometer and Ni was measured at 232 nm. For soil samples AB-DTPA extract was 

aspirated into an air-acetylene flame and absorbance was recorded (De, 1997). In case 

of soil experiment plant’s samples which were digested in acid were aspirated into 

ICP-AES by using Ar gas (Jeffery, et al., 1989). 

Lead  

Samples were directly aspirated into air-acetylene flame of atomic absorption 

spectrometer and Pb was measured at 283.3 nm. For soil samples AB-DTPA extract & 

for plants acid (nitric/perchloric acid) digested samples were aspirated into an air-

acetylene flame and absorbance was recorded (De, 1997).  

 

Antimony  

Samples were analyzed by hydride generation method. Elements like Sb are 

difficult to analyze by Flame atomic absorption spectrometer because it is difficult to 

reduce compounds of Sb (especially those in the higher oxidation states). Antimony 

(Sb) was measured at 217.6 nm. Air-acetylene flame was used for the measurement of 

absorbance (Jeffery, et al., 1989).  

 

Tin  

Samples were analyzed by hydride generation method. Elements like Sn are 

difficult to analyze by flame atomic absorption spectrometer. It was noted that the 

hydride generation method may also be applied to the determination of elements 

forming volatile covalent hydrides that are easily thermally dissociated thus; the 

hydride generation method has also been used for the determination of lead, bismuth 

and germanium besides tin. Tin (Sn) was measured at 224.6 nm.  Air-hydrogen flame 

was used for the measurement of absorbance (Jeffery et al., 1989).  

 

Zinc 

Samples were directly aspirated into air-acetylene flame of atomic absorption 

spectrometer and Zn was measured at 213.9 nm. For soil samples AB-DTPA extract& 
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for plants acid (nitric/perchloric acid) digested samples were aspirated into an air-

acetylene flame and absorbance was recorded (De, 1997).  

 

3.6     STATISTICAL ANALYSIS OF RESULTS 

Many ecological studies require only qualitative data. It may be sufficient, for 

example, to know that a particular organism is present in an environment or that a 

process is operating. Increasingly, however, a complete or even reasonable 

understanding of microbial ecology requires quantitative study (Burlarge et al., 1998). 

Data collected were analysed using MSTAT-C microcomputer programme version 

4.0. analysis of variance technique was used by applying CRD (complete randomized 

design). Treatment comparisons were performed using the Duncan’s multiple range 

test (DMRT).unless otherwise indicated , significant differences were  calculated at 

5% probability level. The main objective of these experiments was to evaluate and 

select a highly efficient technology for phytoremoval of six metals. The mean numbers 

of various parameters were calculated and to analysis of variance (ANOVA) using 

completely randomized design and least significant difference method (LSD) on the 

Mstat-C and SPSS for windows program after analysis of the homogeneity of variance 

according to Cochran’s test (Lu et al., 2004). 
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Chapter 4 
RESULTS 

 

Present work includes two under mentioned studies:  

4.1 Six metals phytoremediation from soil and water (hydroponics and 

adsorption/desorption experiments) & Hydrogen adsorption onto hyacinth’s 

ash. In these experiments phytoremoval of Pb, Cr, Cd, Cu, Zn and Ni from 

contaminated soil and wastewater by Eichhornia crassipes (water hyacinth) 

was estimated. In addition, the role of microorganisms in phytoremoval of 

metals by hyacinth was also studied. 

4.2 Nanobiotechnology of water hyacinth for biofuel production. In these 

experiments Nanobiotechnology was applied for production of biofuel using 

water hyacinth.  

4.1 RESULTS OF INDIVIDUAL METAL PHYTOREMEDIATION FROM 
SOIL AND WATER (HYDROPONICS AND ADSORPTION/ 
DESORPTION EXPERIMENT), HYDROGEN ADSORPTION ONTO 
HYACINTH’S ASH & ROLE OF MICROORGANISMS IN 
PHYTOREMOVAL OF METALS BY HYACINTH.  

 
In this study plants were grown in contaminated soil and waste water. Both soil 

and waste water contained serial dilutions of Pb++, Cr++, Cd++, Cu++, Zn++ and Ni++. 

For adsorption / desorption experiments hyacinth’s ash was used with serial dilution of 

said metals. The role of microorganisms in phytoremoval of metals by hyacinth was 

also studied. Several parameters were studied in these experiments. The results for 

each metal are described here under. 

 

4.1.1  Lead 

The results of pH changes in soil contaminated by serial dilutions of 100 to 

500 µg/g Pb due to growth (biological activity) of water hyacinth are given in Table 

4.1. The table shows that in absence of Pb (control) the pH increases slightly (+0.02) 

where as in presence of Pb (100 to 500 µg/g) the pH decreases. The decrease in pH 

appears to be concentration dependent and decreases from -0.02 in case of 100 µg/g 

Pb to -0.18 in case of 500 µg/g Pb. 
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Table 16: Values shown as mean (X±SD) for pH change in soil due to growth of 
water hyacinth. The mean showing similar letter (s) in a column does 
not differ significantly. 

 

Concentrations of Pb 
(µg/g) 

pH at beginning of 
experiment (day 0) 

pH after experiment 
(10th day) 

Soil pH change 

(control) 0 8.193±0.02 8.213±0.01 a +0.020b 

100 8.193±0.02 8.173±0.01 a -0.020b 

200 8.167±0.02 8.097±0.04 b -0.090b 

300 8.167±0.02 8.107±0.05 b -0.080b 

400 8.167±0.02 8.090±0.05 b -0.100b 

500 8.167±0.02 8.010±0.01c -0.180a 

LSD (0.05) NS 0.05626 0.0795 

 

Table 17 shows the change in plant fresh weight of water hyacinth grown in 

contaminated soil as compared to control. Increase in plant fresh weight in control 

(with out Pb) is minute as compared to those which are grown in Pb contaminated soil. 

Increase in plant fresh weight appears to be erratic. From initial +9.91 at 100 µg/g of 

Pb it decreases to +3.60 and +2.78 at 200 and 300 µg/g of Pb respectively. Later it 

became +8.82 and +8.89 respectively at 400 and 500 µg/g of Pb. Clearly, more or less, 

Pb contamination favors growth of water hyacinth. 
 

Table 17: Study of changes in plant fresh weight of water hyacinth grown in 
                        Pb contaminated soil (grams) 
 

Concentration of 
Pb (µg / g) 

Weight  (g) at 
beginning of 
experiment 

(day 0) 

Weight (g) after 
experiment 
(10th day) 

Increase in plant 
fresh weight (g) 

(control) 0 84.61 85.00 +0.39 

100 50.35 60.26 +9.91 

200 63.80 67.40 +3.60 

300 65.29 68.07 +2.78 

400 48.02 56.84 +8.82 

500 53.40 62.29 +8.89 
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Table 18 shows phytoremoval of lead by water hyacinth from contaminated 

soil. When control (with out Pb) is considered as zero than lead’s removal in µg/g 

of dry weight increases from 06.49 at100 µg/g Pb to 27.91 at 200 µg/g Pb in soil. 

Maximum phytoremoval 27.91 is obtained at 200 µg/g of Pb in soil. Where after it 

slightly decreases, to 24.05 at 300 µg/g of Pb but then is considerably reduced to 

4.67 and 1.77 at 400 and 500 µg/g of Pb respectively.  

 
 
Table 18:   Study of dry weight, removal of Pb per plant and removal of Pb per g 
                   of plant dry weight. 
 

Concentration  of 
Pb  ( µg/g) 

Dry weight  of  
plant (g) 

Removal of Pb from 
soil per plant      

(µg) 

Removal of Pb per g 
of dry weight   

(µg/g) 

(control) 0 12.18 000.0 00.00 

100 04.96 032.2 06.49 

200 06.82 190.4 27.91 

300 06.71 161.4 24.05 

400 04.83 022.6 04.67 

500 05.40 009.6 01.77 

 
 

Table 19 shows pH changes in Hoagland’s solution when water hyacinth is 

grown hydroponically. In absence of Pb (control) the pH increases up to +1.27 

where as in presence of Pb (5 µg / ml to 30 µg / ml) the increase in pH of solution 

is more or less similar to that of control.  

The pH of solution is observed to be +0.96, +1.06, +1.24 and +0.96 at Pb 

concentration of 5, 10, 20 and 30 µg/ml respectively. Thereafter the increase in pH 

reduces and is observed to be +0.96 and even -0.01 at Pb concentration of 40 and 

50 µg/ml.   
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Table 19: Values shown as mean (X±SD) for pH change in Hoagland's solution 
due to hydroponically growth of water hyacinth. The mean showing 
similar letter (s) in a column does not differ significantly 

  

Concentration of  
Pb (µg / ml) 

pH at beginning of 
experiment (day 0)

pH after 
experiment  
(10th day) 

Change in pH 
of solution 

(control) 0 4.24±0.03 5.51±0.01 +1.27 

5 4.16±0.02 5.12±0.01 +0.96 

10 4.08±0.01 5.14±0.04 +1.06 

20 4.02±0.01 5.26±0.02 +1.24 

30 4.16±0.01 5.12±0.01 +0.96 

40 4.12±0.01 4.77±0.07 +0.65 

50 4.09±0.01 4.08±0.03 -0.01 

 

Table 20 shows phytoremoval of lead by water hyacinth plants when grown 

hyroponically in Hoagland’s solution containing serial dilutions of Pb. When control 

(with out Pb) is considered as zero the phytoremoval of Pb successfully increases. it is 

observed to increase from1.121, 03.103, 04.068, 12.535, 12.359 and 19.132 µg/g of 

plant dry weight at 5, 10, 15, 20, 25 and 30 µg/ml of Pb. It may increase up to large 

extent when higher concentrations of lead will be applied.  

Table 20: Study of dry weight and removal of Pb per g of plant dry weight due 
to hydroponical growth of water hyacinth. Means showing similar 
letter (s) in a column do not differ significantly at p<0.01. 

 
Concentration of Pb in 

contaminated Hoagland’s 
solution (µg/ml) 

Plant’s dry weight 
(g) 

Removal of Pb in µg/g of 
plant dry weight 

(control) 0 7.55 a 00.000 
5 4.58 c 01.121 
10 3.45 d 03.103 
15 5.05 b 04.068 
20 2.56 f 12.535 
25 3.27de 12.359 
30 

2.86ef 
19.132 

LSD (0.05) 0.4181 - 
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Table 21 shows the changes in plant fresh weight of water hyacinth grown in 

Pb contaminated Hoagland’s solution as compared to control. In control plant fresh 

weight increase is 8.990g. The increase in fresh weight of plants grown in 

contaminated Hoagland’s solution is high at 5 and 50 µg/ml of Pb. This increase is 

less than control. The decreases in fresh weight of plants at 10, 20, 30 and 40 µg/ml of 

Pb are 6.490, 2.360, 0.130 and 0.240g respectively. 

 
Table 21: Study of change in fresh weight of water hyacinth grown in Pb 

contaminated Hoagland's solution. Means showing similar  letter (s) 
in a column do not differ significantly at p<0.01. 

 

Concentration of 
Pb in solution 

(µg/ml) 

Weight (g) at 
beginning of 
experiment 

(day 0) 

Weight (g) after 
experiment 
(10th day) 

Change in fresh 
weight (g) 

(control) 0 64.103d 73.096c +8.990a 

5 43.330 c 47.360 b +4.030 d 

10 42.830 d 36.340 e -6.490 b 

20 54.730 a 52.370 a -2.360 e 

30 27.880 g 27.750 g -0.130 g 

40 36.890 e 36.650 d -0.240 f 

50 28.850 f 33.210 f +4.360 c 

LSD (0.05) 0.235 0.271 0.323 

 
 

Table 22 shows results of adsorption when serial dilutions of Pb solutions are 

mixed with ash of water hyacinth (batch method) and desorption when 3M HNO3 

solutions are mixed with Pb containing ash of water hyacinth. The adsorption in µg/g 

of ash and adsorption factor of plant increases with increase of concentration of lead. 

Maximum biosorption 29.83 µg/g is obtained when given solution of Pb is 30 µg/ml.  

Desorption of Pb in µg/g of ash increases with increase in concentration of lead in ash. 

Maximum biodesorption of Pb is 18.100 µg/g of ash, obtained when given ash 

contains 29.83 µg/g of Pb. Suitable recovery of lead is possible at lower 

concentrations. 
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Table 22: Metal Concentration in µg/ml of solution, Adsorption Capacity in 
µg/g of plant ash, biosorption factor, Pb desorption in µg/g of plant 
ash and Biodesorption factor of Pb. 

 

Concentration 
of Pb in  
solution 
(µg/ml) 

Adsorbed Pb 
onto ash (µg/g) 

Pb biosorption 
factor of plant 

ash 

Desorbed 
Pb in µg/g 

of ash 

Biodesorption 
factor of Pb 

(control) 0 0.00 0.000 0.000 0.000 

5 4.70 0.940 4.619 0.982 

10 9.80 0.980 7.280 0.742 

15 14.73 0.982 10.610 0.720 

20 19.70 0.985 12.750 0.647 

25 24.84 0.993 15.370 0.618 

30 29.83 0.994 18.100 0.606 

 
Table 23 shows pH changes when serial dilutions of Pb solutions are mixed 

with ash of water hyacinth (batch method). Slight increase in pH is seen when distilled 

water (control) is mixed with ash. Increase in pH decreases from 5-15 µg/ml of Pb 

while increases with increase in concentration of lead from 20-30 µg/ml. Minimum 

increase is observed in case of 15 µg/ml while maximum increase 3.35 is observed at 

25-30 µg/ml of solution of lead. 

Table 23: Values shown as mean (X±SD) for pH change in leachate during 
adsorption of Pb onto ash of water hyacinth. Means showing similar 
letter (s) in a column do not differ significantly at (p < 0.01) 

 

Concentration of Pb 
in solution 

(µg/ml) 

pH at beginning of 
experiment 

(day 0) 

pH after experiment 
(10th day) 

pH change in 
solution 

(control) 0 7.51± 0.09a 7.90± 0.40 b +0.39 

5 4.95±0.00 b 8.14±0.04 ab +3.19 

10 4.95± 0.00b 8.11± 0.01ab +3.16 

15 4.95± 0.00b 8.08± 0.02ab +3.13 

20 4.95± 0.00b 8.13± 0.02ab +3.18 

25 4.95 ±0.00b 8.30 ±0.02 a +3.35 

30 4.95± 0.00b 8.35± 0.05 a +3.35 

LSD (0.05) 0.0554 0.271 - 
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Summary of these results for lead shows that maximum phytoremoval from 

soil, hydroponic solution and from adsorption onto ash was observed. In short, the 

phytoremoval of lead from Soil > phytoremoval by adsorption onto ash > 

phytoremoval from hydroponic experiment. 

Water hyacinth grown in soil pH of soil is decreased while increase in pH is 

observed in hydroponic experiment and in adsorption of Pb onto ash experiment. 

 

4.1.2  Chromium 

The results of pH changes in soil contaminated by serial dilutions of 5 to 25 

µg/g Cr due to growth (biological activity) of water hyacinth are given in Table 24. 

The table shows that in absence of Cr (control) the pH increases (+0.080) where as in 

presence of Cr (5 to 15 µg/g) the increase in pH decreases. The decrease or increase in 

pH appears to be concentration dependent. The decrease in pH appears not to be 

concentration dependent. It decreases from +0.020 (in case of 5 µg/g Cr) to -0.070 (in 

case of 25 µg/g Cr). 

 
Table 24: Values shown as mean (X±SD) for pH change in soil due to growth of  

water hyacinth. The mean showing similar letter (s) in a column does 
not differ significantly. 

 
Concentration  

of Cr 
(µg/g) 

pH at beginning of 
experiment (day 0)

pH after 
experiment (10th 

day) 
Soil pH change 

(control) 0 8.167±0.04 8.25±0.08 a +0.080 

5 8.167±0.02 8.19±0.01 ab +0.020 

10 8.167±0.04 8.18±0.02 ab +0.040 

15 8.167±0.04 8.17±0.04 abc +0.003 

20 8.167±0.03 8.14±0.01 bc -0.030 

25 8.167±0.04 8.09±0.01 c -0.070 

LSD (0.05) - 0.0795 - 
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Table 25 shows the change in plant fresh weight of water hyacinth grown in Cr 

contaminated soil as compared to control. Increase in plant fresh weight in control 

(with out Cr) is minute, while decrease in fresh is more prominent in those which are 

grown in Cr contaminated soil. Decrease in plant fresh weight is variable from 5 to 25 

µg/g of Cr. Clearly, more or less, Cr contamination not favors growth of water 

hyacinth. 

Table 25: Study of change in plant fresh weight of water hyacinth grown in  
Cr contaminated soil (grams) 

 
Table 26 shows phytoremoval of chromium by water hyacinth from 

contaminated soil. When control (with out Cr) is considered as zero than chromium’s 

removal in µg/g of dry weight increases from 13.36 at 5 µg/g Cr to 38.67 at 15 µg/g 

Cr in soil. Maximum phytoremoval 38.67 is obtained at 15 µg/g of Cr in soil. It 

decreases, from 31.78 to 22.27 at 20 to 25 µg/g of Cr respectively.  

 
Table 26: Study of dry weight, removal of Cr per plant and removal of Cr 
                     per g of plant dry weight 
 

Concentration 
of Cr (µg/g) 

Weight  (g) at 
beginning of 

experiment (day 0) 

Weight (g) after 
experiment. 

(10th day) 

Change in plant 
fresh weight (g) 

(control) 0 84.61 85.00 +0.39 

5 56.89 46.97 -9.92 

10 61.65 56.08 -5.57 

15 55.37 47.76 -7.61 

20 49.46 44.93 -4.53 

25 58.36 49.19 -9.70 

Concentration of Cr 
(µg/g) 

Dry wt of plant in g 
Removal of Cr from 

soil per plant (µg) 
Removal of Cr per g 
of dry weight (µg/g) 

(control) 0 12.18 00.0 00.00 

5 5.38 71.9 13.36 

10 5.02 163.1 32.49 

15 4.67 180.6 38.67 

20 3.58 113.8 31.78 

25 3.95 88.0 22.27 
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Table 27 shows pH changes in Hoagland’s solution when water hyacinth is 

grown hydroponically. In absence of Cr (control) the pH increases up to +0.12 where 

as in presence of Cr (5 µg/ml to 30 µg/ml) the increase in pH of solution is more or less 

similar to that of control. The pH of solution is observed to be +0.06, +0.12, +0.34, 

+0.47, +1.42 and +1.89 at Cr concentration of 5, 10, 15, 20, 25 and 30 µg/ml 

respectively. The increase in pH appears to be concentration dependent. 

 
 
Table 27: Values shown as mean (X±SD) for pH change in Hoagland's  solution 

due to hydroponically growth of water hyacinth. The mean showing 
similar letter (s) in a column does not differ significantly 

 

Concentration of Cr 

µg/ml 

pH at beginning of 
experiment (day 0) 

pH after experiment

(10th day) 

Change in pH 

of solution 

(control) 0 5.12±0.00 5.24±0.03 +0.12 

5 5.29±0.02 5.35±0.01 +0.06 

10 5.25±0.01 5.37±0.04 +0.12 

15 5.19±0.01 5.53±0.03 +0.34 

20 5.09±0.03 5.56±0.01 +0.47 

25 5.16±0.01 6.58±0.02 +1.42 

30 5.27±0.00 7.16±0.01 +1.89 

 

 

Table 28 shows phytoremoval of Cr by water hyacinth plants when grown 

hyroponically in Hoagland’s solution containing serial dilutions of Cr. When control 

(with out Cr) is considered as zero the phytoremoval of Cr successfully increases. It is 

observed to increase from 0.436, 0.845, 1.128 and 2.369 µg/g of plant dry weight at 5, 

10, 15 and 20 µg/ml of Cr respectively. After this concentration decline in 

phytoremoval of Cr is observed. Decrease in phytoremoval from 1.004 to1.716 µg/g 

of plant dry weight is seen at 25 and 30 µg/ml of Cr 
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Table 28: Study of dry weight and removal of Cr per g of plant dry weight due 
to hydroponical growth of water hyacinth. Means showing similar 
letter (s) in a column do not differ significantly at p<0.01. 

 
Table 29 shows the change in plant fresh weight of water hyacinth grown in Cr 

contaminated Hoagland’s solution as compared to control. Increase in plant fresh weight 

in control (with out Cr) is high as compared to those which are grown in Cr contaminated 

Hoagland’s solution. The decrease in fresh weight of plants grown in contaminated 

Hoagland’s solution is high at 5 and 30 µg/ml of Cr. The decreases in fresh weight of 

plants at 5, 10, 15, 20, 25 and 30 µg/ml of Cr are 15.520, 2.220, 6.190, 0.813, 3.360 and 

39.280 g respectively. This shows that Cr is not favoring growth of water hyacinth. 

Phytotoxicity of chromium for water hyacinth is clearly visible in plate 4.1.  

Table 29: Study of change in fresh weight of water hyacinth grown in Cr 
contaminated Hoagland's solution. Means showing similar letter (s) 
in a column do not differ significantly at p<0.01. 

 
Treatment of Cr 

(µg/ml) 
Weight before 
experiment. (g) 

Weight after 
experiment. (g) 

Change in fresh 
weight (g) 

(control) 0 064.103 d 73.096c +08.990 c 

5 070.940 d 55.420 d -15.520 b 

10 075.050 c 72.830 b -02.220 f 

15 101.980 a 95.790 a -06.190 d 

20 046.840 g 47.660 e -00.813 g 

25 060.860 f 57.500 c -03.360 e 

30 087.310 b 48.030 e -39.280 a 

LSD (0.05) 000.918 0.554 0.567 

 

Concentration of Cr in 
contaminated Hoagland’s 

solution (µg/ml) 

Plant’s dry weight 
(g) 

Removal of Cr in µg/g of 
plant dry weight 

(control) 0 7.550c 0.000 

5 7.350c 0.436 

10 8.870b 0.845 

15 12.000a 1.128 

20 5.740d 2.369 

25 8.720b 1.004 

30 5.530d 1.716 

LSD (0.05) 0.303 - 
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Plate 5 Phytoremoval of chromium by hydroponic experiment 
(Toxic effect and decrease in fresh weight) 

 
       Before experiment       After experiment 
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Table 30 shows results of adsorption when serial dilutions of Cr solutions are 

passed through column of ash of water hyacinth and desorption when 3M HNO3 

solutions are passed through Cr containing ash of water hyacinth. The adsorption in 

µg/g of ash and adsorption factor of plant is increasing with increase of concentration 

of Cr. Maximum biosorption of Cr is 24 µg/g of ash, is obtained when given solution 

of Cr is 30 µg/ml.  Desorption of Cr in µg/g of ash is increasing with increase in 

concentration of chromium in ash. Maximum biodesorption of Cr is 9.99 µg/g of ash, 

obtained when given ash contains 24 µg/g of Cr. Suitable recovery of chromium is 

possible at lower concentrations. 

 
 
Table 30: Metal Concentration in µg/ml, Adsorption Capacity in µg/g of plant 

ash, biosorption factor, Cr desorption in µg/g of plant ash and 
Biodesorption Factor of Cr. 

 
Cr  Conc. in  

µg/ml 

solution 

Adsorbed 
Cr onto 

ash in µg/g 

Chromium 
Biosorption 

Factor 

Desorbed 
Cr  in 

µg/g of ash 

Biodesorption 
factor of Cr 

(control) 0 0 0 0 0 

5 4.01 0.802 0.99 0.246 

10 9 0.900 2.49 0.276 

15 13.69 0.912 3.89 0.284 

20 17.30 0.865 5.55 0.320 

25 21 0.840 8.57 0.408 

30 24 0.800 9.99 0.416 

 

Table 31 reveals pH changes when serial dilutions of Cr solutions are passed 

through ash of water hyacinth (column method). It is increasing with increase in 

concentration of Cr. Increase in pH increases from 5-15 µg/ml of Cr while slight 

decline is observed from 25 to 30 µg/ml of Cr. Maximum increase 2.90 is observed at 

30 µg/ml of solution of chromium. 
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Table 31: Values shown as mean (X±SD) for pH change in leachate during 
adsorption of Cr onto ash of water hyacinth. Means showing similar 
letter (s) in a column do not differ significantly at (p < 0.01) 

 
Concentration of Cr 

in solution 
(µg/ml) 

pH at beginning of 
experiment 

(day 0) 

pH after experiment 
(10th day) 

pH change in 
solution 

(control) 0 7.51±0.09 a 8.18±0.02 f +0.67 

5 6.49 ±0.00 b 8.28±0.02 d +2.79 

10 6.49±0.00 b 8.26±0.02 e +2.77 

15 6.49 ±0.00 b 8.38 ±0.02ab +2.89 

20 6.49±0.00 b 8.37±0.02 b +2.88 

25 6.49±0.00 b 8.34±0.02 c +2.85 

30 6.49±0.00 b 8.39±0.02 a +2.90 

LSD (0.05) 0.0553 0.175 - 

 

Summary of these results for chromium shows that maximum phytoremoval 

from soil was obtained 38.67 µg/g of dry weight (for 15 µg/g). Hydroponic 

experiments show phytoremoval 2.369 µg/g of dry weight (for 20 µg/ml). 

Phytoremoval of chromium by adsorption was 24 µg/g of ash (when 30 µg/ml 

chromium was given). Desorption capacity shows that 9.99 µg/g of ash recovery is 

possible. In short, phytoremoval of chromium from soil > phytoremoval by adsorption 

onto ash > phytoremoval from hydroponic experiment. 

Similarly when water hyacinth grown in soil pH was significantly increased up 

to15 µg/g of soil but decreased onward while increase in pH was obtained in 

hydroponic experiments and in adsorption onto ash. 
 

4.1.3  Cadmium 

The results of pH changes in soil contaminated by serial dilutions of 5 to 25 

µg/g Cd due to growth (biological activity) of water hyacinth are given in Table 32. 

The table shows that in absence of Cd (control) the pH increases slightly (+0.040) 

where as in presence of Cd at 5, 15 and 20 µg/g the pH increases 0.043, +0.013 and 

+0.010 respectively. This increase is decreasing with increase in concentration of Cd. 

The decrease in pH -0.017 and -0.020 is observed at 10 and 25 µg/g Cd respectively. 
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Table 32: Values shown as mean (X±SD) for pH change in soil due to growth of  
water hyacinth. The mean showing similar letter (s) in a column does 
not differ significantly. 

 

Concentrations of Cd 
(µg/g) 

pH at beginning of 
experiment (day 0) 

pH after experiment 
(10th day) 

Soil pH change 

(Control) 0 8.157±0.02 8.197±0.03ab +0.040 

5 8.157±0.02 8.200±0.01 a +0.043 

10 8.157±0.02 8.140±0.03ab -0.017 

15 8.157±0.02 8.170±0.04ab +0.013 

20 8.157±0.02 8.167±0.01ab +0.010 

25 8.157±0.02 8.137±0.03 b -0.020 

LSD (0.05) - 0.0562 - 

 

Table 33 shows the change in plant fresh weight of water hyacinth grown in 

contaminated soil as compared to control. Increase in plant fresh weight in control 

(with out Cd) is minute as compared to those which are grown in 10 and 15 µg/g of Cd 

contaminated soil. Decrease in fresh-1.46, -3.90 and -0.20 was observed at 5, 20 and 

25 µg/g of Cd. 

 
Table 33:  Study of fresh weight of water hyacinth in Cd contaminated soil 
                      (grams) 
 

 
 

Concentration of 
Cd (µg/g) 

Weight  (g) at 
beginning of 
experiment 

(day 0) 

Weight (g) after 
experiment 
(10th day) 

Increase in plant 
fresh weight (g) 

(control) 0 84.61 85.00 +0.39 

5 85.57 84.11 -1.46 

10 76.36 76.99 +0.63 

15 70.18 70.85 +0.67 

20 76.62 73.43 -3.90 

25 83.47 83.27 -0.20 
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Table 34 shows phytoremoval of cadmium by water hyacinth from contaminated 

soil. When control (with out Cd) is considered as zero than cadmium’s removal increases 

0.2319, 0.4119, 0.4483, 1.1178 and 1.9150 µg/g of dry weight at 5, 10, 15, 20 and 25 µg/g 

of Cd in soil respectively. Maximum phytoremoval is obtained at 25 µg/g of Cd in soil. 

Table 4.19 shows that with the increase in concentration of Cd phytoremoval may 

increase up to large extent.  

Table 34: Study of dry weight, removal of Cd per plant and removal of Cd per 
g of plant dry weight 

 

Concentration of 
Cd  ( µg/g) 

Dry wt of plant  
(g) 

Removal of Cd from 
soil per plant  

(µg) 

Removal of Cd per 
g of dry weight 

(µg/g) 
(control) 0 12.18 0.0 0.000 

5 11.21 2.6 0.2319 

10 8.01 3.3 0.4119 

15 9.59 4.3 0.4483 

20 9.84 11.0 1.1178 

25 11.54 22.1 1.9150 

 

Table 35 shows pH changes in Hoagland’s solution when water hyacinth is grown 

hydroponically in Hoagland’s solution (quarter strength) containing serial dilutions of 

cadmium, pH of solution is increased. In absence of Cd (control) the pH increases up to 

+1.27. In presence of Cd (5 µg/ml to 15 µg/ml) the increase in pH of solution is slightly 

decreased. At 20 µg/ml of Cd, increase in pH is 1.05 while increase in pH is now 

gradually decreased up to +0.5630 at µg/ml of Cd.   

Table 35: Values shown as mean (X±SD) for pH change in Hoagland's   
solution due to hydroponically growth of water hyacinth. The mean 
showing similar letter (s) in a column does not differ  significantly 

 

Concentration of Cd 
µg/ml 

pH at beginning of 
experiment (day 0) 

pH after experiment 
(10th day) 

Change in pH 
of solution 

(control) 0 4.24±0.00 5.51±0.00 +1.27 

5 4.24±0.00 5.24±0.04 +1.00 

10 4.19±0.01 5.15±0.01 +0.96 

15 4.26±0.02 5.10±0.06 +0.84 

20 3.91±0.01 4.96±0.02 +1.05 

25 4.00±0.02 4.93±0.05 +0.93 

30 4.29±0.03 4.85±0.01 +0.56 
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Table 36 shows phytoremoval of Cd by water hyacinth plants when grown 

hyroponically in Hoagland’s solution containing serial dilutions of Cd. When control 

(with out Cd) is considered as zero the phytoremoval of Cd is increased. Minimum 

removal is at 5 µg/ml i.e. 0.662 µg/g Cd of plant’s dry weight while maximum 

removal is 8.888 µg/g of plant dry weight at 30 µg/ml Cd. It may increase up to large 

extent when higher concentrations of cadmium will be applied.  

 
 
Table 36: Study of dry weight and removal of Cd per g of plant dry weight due 

to hydroponical growth of water hyacinth.  
 

Concentration of Cd  
in contaminated 

Hoagland’s solution 
(µg/ml) 

Plant’s dry weight 
(g) 

Removal of Cd in µg/g  
of plant dry weight 

(control) 0 7.55 0.000 

5 3.52 0.662 

10 4.71 3.194 

15 5.91 2.781 

20 3.04 7.208 

25 4.06 6.704 

30 3.63 8.888 

LSD (0.05) 0.2215 - 

                        
 
 

Table 37 shows the change in plant fresh weight of water hyacinth grown in 

Cd contaminated Hoagland’s solution as compared to control. Increase in plant fresh 

weight in control (with out Cd) is high as compared to those which are grown in Cd 

contaminated Hoagland’s solution. The increase in fresh weight of plants grown in 

contaminated Hoagland’s solution is high at 5 µg / ml of Cd. The decrease in fresh 

weight of plants is gradually decreasing from 10 to 20 µg / ml of Cd while decrease in 

fresh weight is gradually increasing from 25 - 30 µg / ml of Cd.   
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Table 37: Study of change in fresh weight of water hyacinth grown in Cd 
contaminated Hoagland's solution. Means showing similar  letter (s) 
in a column do not differ significantly at p<0.01. 

 
 

Concentration of 
Cd in solution 

(µg/ml) 

Weight (g) at 
beginning of 
experiment 

(day 0) 

Weight (g) after 
experiment 
(10th day) 

Change in fresh 
weight (g) 

(control) 0 64.103d 73.096c +8.990a 

5 43.330 d 47.360b +4.030d 

10 43.190 d 36.340e -6.490a 

15 69.240 a 52.370a -2.360e 

20 36.600 e 27.750g -0.130f 

25 46.770 c 36.650d -0.240f 

30 43.150 d 33.210f -4.360c 

LSD (0.05) 0.277 0.0894 0.323 

 
 

Table 38 shows results of adsorption when serial dilutions of Cd solutions 

are mixed with ash of water hyacinth (batch method) and desorption when 3M 

HNO3 solutions are mixed with Cd containing ash of water hyacinth. The 

adsorption in µg/g of ash of plant is increased with increase in concentration of 

cadmium. Maximum biosorption 28.41 µg/g is obtained when given solution of Cd 

is 30 µg/ml.  Desorption of Cd in µg/g of ash is increased with increase in 

concentration of cadmium in ash. Maximum biodesorption of Cd is 27.54 µg / g of 

ash, obtained when given ash contains 28.41 µg/g of Cd. Suitable recovery of 

cadmium is possible at lower concentrations. Excellent recovery of Cd is possible 

at 30 µg/g of ash and may be more beyond this concentration. 
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Table 38: Metal Concentration in µg/ml of solution, Adsorption Capacity in 
µg/g of plant ash, biosorption factor, Cd desorption in µg/g of plant 
ash and Biodesorption factor of Cd. 

 
Concentration 

of Cd in 
solution 
(µg/ml) 

Adsorbed Cd 
onto ash (µg/g) 

Cd biosorption 
factor of plant 

ash 

Desorbed 
Cd in µg/g  

of ash 

Biodesorption 
factor of Cd 

(control) 0 00.00 0.000 00.00 0.700 

5 04.99 0.998 03.99 0.799 

10 09.95 0.995 08.97 0.901 

15 14.66 0.977 13.66 0.931 

20 19.34 0.967 18.41 0.951 

25 23.95 0.958 23.03 0.961 

30 28.41 0.947 27.54 0.969 

 
Table 39 reveals pH changes when serial dilutions of Cd solutions were mixed 

with ash of water hyacinth. Slight increase in pH was seen when distilled water 

(control) is passed through ash. Increase in pH is increased from 5-25 µg/ml of Cd 

while decreased at the 30 µg/ml of Cd. Minute decrease is observed in case of 30 

µg/ml of solution of cadmium 

 
Table 39: Values shown as mean (X±SD) for pH change in leachate during 

adsorption of Cd onto ash of water hyacinth. Means showing similar 
letter (s) in a column do not differ significantly at (p < 0.01). 

 
Concentration of 

Cd in solution 
(µg/ml) 

pH at beginning of 
experiment  

(day 0) 

pH after experiment 
(10th day) 

pH change in 
solution 

(control) 0 7.51±0.12a 7.90±0.40a +0.39 

5 1.58±0.00b 8.32±0.02b +6.70 

10 1.58±0.00b 8.32±0.02b +6.74 

15 1.58±0.00b 8.38±0.02b +6.80 

20 1.58±0.00b 8.45±0.05b +6.87 

25 1.58±0.00b 8.48±0.03b +6.90 

30 1.58±0.00b 8.32±0.02b +6.74 

LSD (0.05) 0.0183 0.0271 - 
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Summary of these results for cadmium shows that maximum phytoremoval 

from soil was obtained (at 1.915 µg/g for 25 µg/g). Hydroponic experiment shows 

phytoremoval 8.888 µg/g of dry weight (for 30 µg/ml). Phytoremoval of cadmium by 

adsorption was 28.41 µg/g of ash (when 30 µg/ml lead was given). Desorption 

capacity shows that 27.54 µg/g of ash recovery is possible. In short phytoremoval by 

adsorption onto ash > phytoremoval from hydroponic experiment > phytoremoval of 

cadmium from soil. 

Similarly when water hyacinth grown in soil, in hydroponic experiment or in 

adsorption onto ash, pH was significantly increased.  

 
4.1.4   Copper 

The results of pH changes in soil contaminated by serial dilutions of 25 to 125 

µg/g Cu due to growth (biological activity) of water hyacinth are given in Table 40. 

The table shows that in absence of Cu (control) the pH increases slightly (+0.010) 

where as in presence of Cu (25 to 125 µg/g) the pH decreases. The decrease in pH 

appears to be concentration dependent and increases from -0.070 in case of 25 µg/g 

Cu to -0.140 in case of 100 µg/g Cu. An abrupt change in pH is observed at 25 µg/g 

Cu in soil. 

 

Table 40: Values shown as mean (X±SD) for pH change in soil due to growth of  
water hyacinth. The mean showing similar letter (s) in a column does 
not differ significantly. 

 

Concentrations of Cu 
(µg/g) 

pH at beginning of 
experiment (day 0)

pH after  
experiment        
(10th day) 

Soil pH change 

(control) 0 8.27±0.03 8.26±0.005 +0.010 c 

25 8.27±0.03 8.19±0.020 -0.070bc 

50 8.27±0.03 8.13±0.020 -0.130 a 

75 8.27±0.03 8.13±0.030 -0.136 a 

100 8.27±0.03 8.12±0.010 -0.140 a 

125 8.27±0.03 8.14±0.010 -0.120ab 

LSD (0.05) - - 0.05626 
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Table 41 shows the change in plant fresh weight of water hyacinth grown in 

copper contaminated soil as compared to control. Increase in plant fresh weight in 

control (with out Cu) is minute as compared to those which are grown in Cu 

contaminated soil. The fresh weight of these plants is decreased except at 75 µg/g Cu 

where it is increased up to +3.81 g. Decrease in plant fresh weight is -3.07, -1.42, -

1.09 and -4.35g at 25, 50, 100 and 125 µg/g of Cu respectively. At 125 µg/g Cu 

decrease in plant fresh weight is high. 

 
 
Table 41: Study of changes in plant fresh weight of water hyacinth grown in 

Cu contaminated soil (grams) 
 

Concentration of 
Cu (µg/g) 

Weight  (g) at 
beginning of 
experiment  

(day 0) 

Weight (g) after 
experiment  
(10th day) 

Increase in plant 
fresh weight (g) 

(control) 0 84.61 85.00 +0.39 

25 50.51 47.44 -3.07 

50 58.83 57.41 -1.42 

75 45.71 49.52 +3.81 

100 44.11 43.02 -1.09 

125 76.02 71.67 -4.35 

 
 
 

Table 42 shows phytoremoval of copper by water hyacinth from contaminated 

soil. When control (with out Cu) is considered as zero than copper’s removal in µg/g 

of dry weight increases from 5 to 100 µg/g Cu in soil. Maximum phytoremoval is 

obtained at 100 µg/g of Cu in soil. At 125 µg/g of Cu in soil phytoremoval of copper 

is decreased. Increase in Cu phytoremoval is 0.98, 1.07, 2.30 and 3.38 at 25, 50, 75 

and 100 µg/g of Cu in soil.  
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Table 42: Study of dry weight, removal of Cu per plant and removal of Cu per  
g of plant dry weight 

 

Concentration of 
Cu  ( µg/g) 

Dry wt of plant 
(g) 

Removal of Cu 
from soil per plant

(µg) 

Removal of Cu 
per g of dry 

weight 
(µg/g) 

(control) 0 12.18 0.0 0.00 

25 5.19 5.1 0.98 

50 6.13 6.6 1.07 

75 4.85 11.2 2.30 

100 4.19 14.2 3.38 

125 7.74 23.0 2.97 

 

Table 43 shows that pH of solution is increased when water hyacinth grown 

hydroponically in  Hoagland’s  solution  (quarter  strength)  containing  serial  

dilutions of cadmium. In absence of Cu (control) the pH increases up to +0.12. In 

presence of Cu at 5 µg/ml increase in pH is highest. A continues increase in pH is 

observed from 10 to 40 µg/ml of Cu. The increase in pH of solution is slightly 

decreased at 30 µg/ml of Cd.  

 
Table 43: Values shown as mean (X±SD) for pH change in Hoagland's  solution 

due to hydroponically growth of water hyacinth.  
 

Concentration of 
Cu 

µg/ml 

pH at beginning of 
experiment (day 

0) 

pH after 
experiment 
(10th day) 

Change in pH 
of solution 

(control) 0 5.12±0.00 5.24±0.00 +0.12 

5 3.95±0.01 5.32±0.01 +1.37 

10 3.94±0.02 5.10±0.01 +1.16 

20 3.89±0.02 5.14±0.02 +1.25 

30 3.75±0.01 5.00±0.01 +1.25 

40 3.75±0.01 5.08±0.01 +1.33 

30 3.75±0.01 5.01±0.03 +1.26 
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Table 44 shows phytoremoval of Cu by water hyacinth plants when grown 

hyroponically in Hoagland’s solution containing serial dilutions of Cu. When control 

(with out Cu) is considered as zero the phytoremoval of Cu successfully increases up 

to 25 µg/ml. It is observed to increase from 0.056, 0.313, 0.712, 1.734 and 14.085 

µg/g of plant dry weight at 5, 10, 15, 20 and 25 µg/ml of Cu respectively. It is 

decreased to 2.830 at 30 µg/ml of Cu.  

 
 
Table 44: Study of dry weight and removal of Cu per g of plant dry weight  due 

to hydroponical growth of water hyacinth. Means showing similar 
letter (s) in a column do not differ significantly at p<0.01. 

 
Concentration of Cu in 

contaminated Hoagland’s 
solution (µg/ml) 

Plant’s dry weight 
(g) 

Removal of Cu in µg/g of 
plant dry weight 

(control) 0 07.55d 0.000 

5 10.53b 0.056 

10 07.57d 0.313 

15 05.22e 0.712 

20 08.91c 1.734 

25 04.85f 4.085 

30 11.51a 2.830 

LSD (0.05) 0.288 - 

                               
 

Table 45 shows the change in plant fresh weight of water hyacinth grown in 

Cu contaminated Hoagland’s solution as compared to control. Increase in plant fresh 

weight in control (with out Cu) is high as 8.990g. Decrease in fresh weight is observed 

in those which are grown in Cu contaminated Hoagland’s solution. The decrease in 

fresh weight of plants grown in contaminated Hoagland’s solution is variable. 

Maximum decrease in weight is -36.180 g (at 50 µg/ml of Cu) while minimum 

decrease in fresh weight is 0.720 g (at 5 µg/ml of Cu).  
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Table 45: Study of change in fresh weight of water hyacinth grown in Cu 
contaminated Hoagland's solution. Means showing similar  letter (s) 
in a column do not differ significantly at p<0.01. 

 

Concentration of 
Cu in solution 

(µg/ml) 

Weight (g) at 
beginning of 
experiment 

(day 0) 

Weight (g) after 
experiment 
(10th day) 

Change in fresh 
weight (g) 

(control) 0 64.103d 73.096c +08.990e 

5 86.900 b 86.180 a -00.720g 

10 64.230 d 52.770 e -11.460d 

20 50.760 e 41.000 f -09.760e 

30 75.800 c 53.620 d -22.180b 

40 47.130 f 35.110 g -12.020c 

50 106.680 a 70.500 b -36.180a 

LSD (0.05) 0.407 0.399 0.449 

 

Table 46 shows results of adsorption when serial dilutions of Cu solutions were 

mixed with ash of water hyacinth (batch method) and desorption when 3M HNO3 

solutions were mixed with Cu containing ash of water hyacinth. The adsorption in µg/g of 

ash of plant increased with increase in concentration of copper. Maximum biosorption 

29.83 µg/g is obtained when given solution of Cu is 30 µg/ml.  Desorption of Cu in µg/g 

of ash is increased with increase in concentration of Cu in ash. Maximum biodesorption of 

Cu is 21.09 µg/g of ash, obtained when given ash contains 29.83 µg/g of Cu. Suitable 

recovery of Cu is possible at lower concentrations. 

Table 46: Metal Concentration in µg/ml of solution, Adsorption Capacity in 
µg/g of plant ash, biosorption factor, Cu desorption in µg/g of plant 
ash and Biodesorption factor of Cu. 

Concentration 
of Cu in 
solution 
(µg/ml) 

Adsorbed Cu 
onto ash (µg/g) 

Cu biosorption 
factor of plant 

ash 

Desorbed 
Cu in 

µg/g of ash 

Biodesorption 
factor of Cu 

(control) 0 0.00 0.0000 0.00 0.000 

5 4.95 0.9900 3.89 0.785 

10 9.93 0.9930 7.59 0.764 

15 14.89 0.9926 11.29 0.758 

20 19.87 0.9935 14.49 0.729 

25 24.87 0.9948 17.71 0.712 

30 29.83 0.9943 21.09 0.707 
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Table 47 reveals pH changes when serial dilutions of Cu solutions were mixed 

with ash of water hyacinth. . Slight increase in pH is seen when distilled water 

(control) is mixed with ash. Increase in pH is increased from 5-10 µg/ml of Cu while 

decreased at 15 µg/ml of Cu. A gradual increase in pH is observed at 15-30 µg/ml of 

solution of Cu. Minimum increase is observed in case of 15 µg/ml while maximum 

increase 3.64 is observed at 30 µg/ml of solution of Cu. 

 
Table 47: Values shown as mean (X±SD) for pH change in leachate during 

adsorption of Cu onto ash of water hyacinth. Means showing similar 
letter (s) in a column do not differ significantly at (p < 0.01) 

 
Concentration of Cu 

in solution 
(µg/ml) 

pH at beginning of 
experiment 

(day 0) 

pH after experiment 
(10th day) 

pH change in 
solution 

(control) 0 7.51±0.09a 7.90±0.04 b +0.39 

5 4.77±0.00b 8.18±0.02ab +3.41 

10 4.77±0.00b 8.33±0.01 a +3.56 

15 4.77±0.00b 8.12±0.02ab +3.35 

20 4.77±0.00b 8.16±0.03ab +3.39 

25 4.77±0.00b 8.27±0.03 a +3.50 

30 4.77±0.00b 8.41±0.02 a +3.64 

LSD (0.05) 0.0553 0.392 - 

 
 

Summary of these results for copper shows that maximum phytoremoval from 

soil is obtained (At 3.38 µg/g of dry weight for 100 µg/g of soil). Hydroponic 

experiment shows phytoremoval 4.085 µg/g of dry weight (for 25 µg/ml). 

Phytoremoval of copper by adsorption is 29ml Cu is given). Desorption capacity 

shows that 21.09 µg/g of ash recovery is possible. In short phytoremoval by 

adsorption onto ash > phytoremoval from hydroponic experiment > phytoremoval of 

cadmium from soil. 

 

Similarly when water hyacinth grown in soil, in hydroponic experiment or in 

adsorption onto ash, pH was significantly increased.  
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4.1.5 Zinc 

The results of pH changes in soil contaminated by serial dilutions of 50 to 250 

µg/g Zn due to growth (biological activity) of water hyacinth are given in Table 48. 

The table shows that in absence of Zn (control) the pH increases slightly (+0.080) 

where as in presence of Zn (50 to 250 µg/g) the pH decreases. The decrease in pH 

appears to be not concentration dependent and decreases from -0.117  in case of 50 

µg/g Zn to -0.197  in case of 250 µg/g Zn. 

 
Table 48: Values shown as mean (X±SD) for pH change in soil due to growth of  

water hyacinth. The mean showing similar letter (s) in a column does 
not differ significantly. 

 

Concentrations  of 
Zn (µg/g) 

pH at beginning of 
experiment (day 0) 

pH after experiment 
(10th day) 

Soil pH change 

(control) 0 8.167±0.04 8.25±0.080 a +0.080a 

50 8.190±0.02 8.07±0.005 b -0.117ab 

100 8.190±0.02 8.02±0.020bc -0.173 a 

150 8.190±0.02 8.02±0.060bc -0.167 a 

200 8.190±0.02 8.04±0.010bc -0.153 a 

250 8.190±0.02 7.99±0.040 c -0.197 a 

LSD (0.05) - 0.0562 0.0795 

 
 
 

Table 49 shows the change in fresh weight of water hyacinth grown in zinc 

contaminated soil as compared to control. The fresh weight of these plants is increased 

except at control (with out zinc). The maximum increase in fresh weight is 3.92g at 

150 µg/g Zn while minimum increase is 1.58g at 100 µg/g Zn. Increase in fresh weight 

shows that Zn favors growth of water hyacinth. The increase in fresh weight appears 

not to be concentration dependent. 
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Table 49: Study of changes in plant fresh weight of water hyacinth grown in 
Zn contaminated soil (grams) 

 
 Table 50 shows phytoremoval of Zn by water hyacinth from contaminated 

soil. When control (with out Zinc) is considered as zero than zinc’s phytoremoval in 

µg/g of dry weight increases from 50 to 250 µg/g Zinc in soil. Maximum 

phytoremoval is 13.11 µg/g of dryweight obtained at 250 µg/g of Zinc in soil. Increase 

in Zinc phytoremoval up to 250 µg/g of Zinc from soil reveals that phytoremoval of 

zinc from contaminated soil may be increased as concentration of zinc in soil is 

increased 

 
Table 50: Study of dry weight, removal of Zn per plant and removal of Zn per 

g of plant dry weight 
 

Concentration of  
Zn  ( µg / g) 

Dry  wt  of  plant 
(g) 

Removal of Zn from 
soil per plant  

(µg) 

Removal of Zn per g 
of dry weight 

(µg / g) 
(control) 0 11.97 000.00 00.00 

50 10.59 028.30 02.67 

100 09.94 045.80 04.60 

150 10.15 114.00 11.23 

200 11.27 127.60 11.32 

250 9.68 127.00 13.11 

  
The increase in fresh weight of plants during the phytoremoval of zinc is seen 

in plate 6. It clearly indicates that Zn is favoring hyacinth’s growth 

 

Concentration of Zn 
(µg/g) 

Weight  (g) at 
beginning of 
experiment 

(day 0) 

Weight (g) after 
experiment 
(10th day) 

Increase in plant 
fresh weight (g) 

(control) 0 86.65 94.81 +8.16 

50 75.89 79.58 +3.69 

100 73.98 75.56 +1.58 

150 73.64 77.56 +3.92 

200 85.52 89.26 +3.74 

250 68.39 70.69 +2.30 
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Plate 6  Phytoremoval of zinc from soil 

Increase in fresh weight 
Before experiment 

      
After experiment 

 
 

        Before experiment  

   
After experiment 
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Before experiment  

     
 

After experiment 

 
 

Before experiment 

      
 

After experiment 
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Before experiment 

     
 

After experiment 

 
 

Before experiment 

     
 

After experiment 
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Table 51 shows that when water hyacinth grown hydroponically in Hoagland’s 

solution (quarter strength) containing serial dilutions of Zn, pH of solution is 

increased. In absence of Zn (control) the pH increases up to 0.12. In presence of Zn (5 

µg/ml to 50 µg/ml) the increase in pH of solution is observed. Increase in pH from 5-20 

µg / ml of Zn is decreasing while on ward at 30-20 µg / ml of Zn increase in pH is 

gradually increasing. The increase in pH appears not to be concentration dependent. 

 

Table 51: Values shown as mean (X±SD) for pH change in Hoagland's   
solution due to hydroponically growth of water hyacinth.  

 

Concentration of 
Zn µg/ml 

pH at beginning of 
experiment (day 0) 

pH after    
experiment  (10th 

day) 

Change in pH of 
solution 

(control) 0 5.12±0.00 5.24±0.00 +0.12 

5 4.48±0.03 5.26±0.01 +0.78 

10 5.00±0.02 5.39±0.04 +0.39 

20 5.16±0.01 5.33±0.05 +0.17 

30 4.93±0.01 5.47±0.05 +0.54 

40 5.02±0.00 5.59±0.02 +0.57 

50 5.10±0.02 6.28±0.01 +1.18 

 
 
 

Table 52 shows phytoremoval of Zn by water hyacinth plants when grown 

hyroponically in Hoagland’s solution containing serial dilutions of Zn. When control 

(with out Zn) is considered as zero the phytoremoval of Zn is increasing. Lowest 

removal is at 5 µg/ml i.e. 0.099 µg / g Zn of plant dry weight while highest removal is 

0.845 µg / g of plant dry weight at 20 µg / ml Zn. Increase in Zn removal up to 0.845 

µg / g of plant dry weight from Hoagland’s solution reveals that on bulk level this 

technology is good for zinc contaminated waste water 
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Table 52: Study of dry weight and removal of Zn per g of plant dry weight due 
to hydroponical growth of water hyacinth. Means showing similar 
letter (s) in a column do not differ significantly at p<0.01. 

 
Concentration of Zn in 

contaminated Hoagland’s 
solution (µg / ml) 

Plant’s dry weight 
(g) 

g of plant dry weight 

(control) 0 07.55d 0.000 

5 07.23d 0.099 

10 05.50f 0.192 

20 11.81a 0.282 

30 08.79b 0.845 

40 05.75f 0.312 

50 6.90c 0.792 

LSD (0.05) 0.308 - 

                        
Table 53 shows the change in plant fresh weight of water hyacinth grown in Zn 

contaminated Hoagland’s solution as compared to control. Increase in plant fresh 

weight in control (with out Zn) is high as compared to those which are grown in Zn 

contaminated Hoagland’s solution. The decrease in fresh weight of plants grown in 

contaminated Hoagland’s solution is high at 40 µg/ml of Zn. This shows that Zn is not 

favoring growth of water hyacinth. The decrease in fresh weight of plants is variable 

from 5 to 50 µg/ml of Zn.  

Table 53: Study of change in fresh weight of water hyacinth grown in Zn 
contaminated Hoagland's solution. Means showing similar letter (s) 
in a column do not differ significantly at p<0.01. 

 

Concentration of 
Zn in solution 

(µg / ml) 

Weight (g) at 
beginning of 
experiment 

(day 0) 

Weight (g) after 
experiment 
(10th day) 

Change in fresh 
weight (g) 

(control) 0 64.103d 73.096c +08.990 

5 63.090bc 50.370e -12.720 b 

10 50.700 d 43.900f -6.800 e 

20 103.087 a 83.150a -19.930 a 

30 49.550 d 37.943g -11.610 c 

40 62.900bc 59.500b -3.400 g 

50 62.210 c 56.420c -5.767 f 

LSD (0.05) 1.303 0.254 0.337 
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Table 54 shows results of adsorption when serial dilutions of Zn solutions are 

passed through column of ash of water hyacinth and desorption when 3M HNO3 

solutions are passed through Zn containing ash of water hyacinth. The adsorption in 

µg/g of ash and adsorption factor of plant is increasing with increase of concentration 

of Zn. Maximum biosorption 29.94 µg/g is obtained when given solution of Zn is 30 

µg/ml.  Desorption of Zn in µg/g of ash is increasing with increase in concentration of 

Zn in ash. Maximum biodesorption of Zn is 11.99 µg/g of ash, obtained when given 

ash contains 29.94 µg/g of Zn. Suitable recovery of Zn is possible at lower 

concentrations. 

 
 
Table 54: Metal Concentration in µg/ml of solution, Adsorption Capacity in 

µg/g of plant ash, biosorption factor, Zn desorption in µg/g of  plant 
ash and Biodesorption factor of Zn. 

 
Concentration 

of Zn in 
solution 
(µg/ml) 

Adsorbed Zn 
onto ash   

(µg/g) 

Zn biosorption 
factor of plant 

ash 

Desorbed 
Zn in µg/g 

of ash 

Biodesorption 
factor of Zn 

(control) 0 0 0 0 0 

5 4.90 0.98 1.19 0.242 

10 9.91 0.991 2.59 0.261 

15 14.91 0.994 5.12 0.343 

20 19.92 0.996 6.99 0.350 

25 24.93 0.997 8.99 0.360 

30 29.94 0.998 11.99 0.400 

 

Table 55 reveals pH changes when serial dilutions of Zn solutions are passed 

through ash of water hyacinth. . Slight increase in pH is seen when distilled water 

(control) is passed through ash. Maximum increase in pH is at 15 µg/ml of Zn while 

minimum increase is observed at 10 µg/ml of Zn.  
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Table 55: Values shown as mean (X±SD) for pH change in leachate during 
adsorption of Zn onto ash of water hyacinth. Means showing similar 
letter (s) in a column do not differ significantly at (p < 0.01) 

 
Concentration of Zn 

in solution 
(µg / ml) 

pH at beginning    
of experiment 

(day 0) 

pH after   
experiment (10th 

day) 

pH change in 
solution 

(control) 0 7.51±0.09 a 8.18±0.02 c +0.67 

5 6.48±0 b 8.32±0.01 b +1.84 

10 6.48±0 b 8.12±0.01 d +1.64 

15 6.48±0 b 8.37±0.01 a +1.89 

20 6.48±0 b 8.12±0.02 d +1.64 

25 6.48±0 b 8.31±0.01 b +1.83 

30 6.48±0 b 8.32±0.01 b +1.84 

LSD (0.05) 0.0553 0.175 - 

 
Summary of these results for zinc shows that maximum phytoremoval from 

soil was 13.11 µg/g of dry weight (for 250 µg/g). Hydroponic experiment showed 

phytoremoval 0.845 µg/g of dry weight (for 30 µg/ml). Phytoremoval of zinc by 

adsorption was 29.94 µg/g of ash (when 30 µg/ml zinc was given). Desorption 

capacity shows that 11.99 µg/g of ash recovery is possible. In short phytoremoval by 

adsorption onto ash > phytoremoval of cadmium from soil > phytoremoval from 

hydroponic experiment. 

Similarly when water hyacinth grown in soil pH was significantly decreased, 

while in hydroponic experiment or in adsorption onto ash, pH was significantly 

increased 

 

4.1.6  Nickel 

The results of pH changes in soil contaminated by serial dilutions of 5 to 25 

µg/g Ni due to growth (biological activity), of water hyacinth are given in Table 56. 

The table shows that in absence of Ni (control) the pH increases slightly (+0.04) 

where as in presence of Ni (at 5 µg/g) the change in pH decreases to zero. A regular 

increase in pH is observed from 10 to 20 µg/g of Ni in soil but an abrupt decrease in 

pH up to +0.01is seen at 25 µg/g. 
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Table 56: Values shown as mean (X±SD) for pH change in soil due to growth of  
water hyacinth. The mean showing similar letter (s) in a column does 
not differ significantly. 

 

Concentrations of Ni 
(µg/g) 

pH at beginning of 
experiment (day 0) 

pH after experiment 
(10th day) 

Soil pH change 

(control) 0 8.26±0 8.30±0.02 +0.04 

5 8.26±0 8.26±0.01 0.00 

10 8.26±0 8.27±0.03 +0.01 

15 8.26±0 8.29±0.04 +0.03 

20 8.26±0 8.31±0.01 +0.05 

25 8.26±0 8.27±0.03 +0.01 

LSD (0.05) - 0.07956 0.05626 

 

Table 57 shows the change in plant fresh weight of water hyacinth grown in Ni 

contaminated soil as compared to control. Increase in plant fresh weight is increased 

from 5 to 25 µg/g of Ni except at 20 µg/g of Ni. This decrease is may be due to low dry 

weight. The increase in fresh weight of plants in Ni contaminated soil shows that Ni is 

favoring growth of water hyacinth.  

 
Table 57: Study of changes in plant fresh weight of water hyacinth grown in Ni 

contaminated soil (grams) 
 

Concentration 
of Ni (µg/g) 

Weight  (g) at 
beginning of 
experiment 

(day 0) 

Weight (g) after 
experiment 
(10th day) 

Increase in plant 
fresh weight (g) 

(control) 0 131.02a 135.57a +4.55b 

5 097.46c 098.57d +1.11d 

10 081.83e 085.46e +3.63c 

15 102.64b 108.11b +5.47b 

20 072.93f 077.34f +4.41b 

25 093.33d 101.79c +8.46a 

LSD (0.05) 0.677 0.483 0.907 
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Table 58 shows phytoremoval of Ni by water hyacinth from contaminated soil. 

When control (with out Ni) is considered as zero than Ni removal in µg/g of dry 

weight increases from 5 to 25 µg/g Ni in soil. Maximum phytoremoval is obtained at 

25 µg/g of Ni in soil. Nickel’s removal is 6.690, 13.97, 15.72, 18.63 and 24.23 µg/g of 

plant dry weight at 5 to 25 µg/g Ni in soil. It may increase up to large extent when 

higher concentrations of nickel will be applied.  

Table 58: Study of dry weight, removal of Ni per plant and removal of Ni per g 
of plant dry weight  

 
Concentration of Ni  

(µg/g) 
Dry wt of plant (g) 

Removal of Ni from 
soil per plant (µg) 

Removal of Ni per g 
of dry weight (µg/g) 

(control) 0 16.92 0000.00 0.000 

5 11.09 0724.28 6.690 

10 10.40 1453.81 13.97 

15 12.36 1943.82 15.72 

20 09.26 1725.59 18.63 

25 12.71 3080.15 24.23 
 

Table 59 shows that when water hyacinth grown hydroponically in Hoagland’s 

solution (quarter strength) containing serial dilutions of nickel, pH of solution is 

increased. In absence of nickel (control) the pH increases up to +0.12. In presence of Ni (5 

to 30 µg/ml) the increase in pH of solution is observed. This increase is greater than 

control. Maximum increase (+1.07) is at 15 µg/ml of Ni, while minimum increase (+0.69) 

is at 30 µg/ml of Ni. Increase in pH of solution is not concentration dependent.  
 

Table 59: Values shown as mean (X±SD) for pH change in Hoagland's solution 
due to hydroponically growth of water hyacinth.  

 

Concentration of Ni 
µg/ml 

pH at beginning of 
experiment (day 0) 

pH after experiment 
(10th day) 

Change in pH 
of solution 

(control) 0 05.12±00 5.24±0.00 +0.12 

5 04.29±00 5.26±0.03 +0.97 

10 4.18±0.02 4.98±0.01 +0.80 

15 3.80±0.02 4.84±0.04 +1.07 

20 3.86±0.03 4.66±0.03 +0.80 

25 3.89±0.01 4.70±0.01 +0.81 

30 3.96±0.02 4.65±0.01 +0.69 
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Table 60 shows phytoremoval of nickel by water hyacinth plants when grown 

hyroponically in Hoagland’s solution containing serial dilutions of nickel. When 

control (with out Ni) is considered as zero the phytoremoval of Ni is increased. 

Lowest removal is at 5 µg/ml i.e. 0.034 µg/g of plant dry weight while highest 

removal is 1.954 µg/g of plant dry weight at 15 µg/ml Ni. Decrease in phytoremoval 

of Ni is observed from 20-30 µg/ml Ni.  

 
Table 60: Study of dry weight and removal of Ni per g of plant dry weight due 

to hydroponical growth of water hyacinth. Means showing similar 
letter (s) in a column do not differ significantly at p<0.01. 

 
Concentration of Ni in 

contaminated Hoagland’s 
solution (µg/ml) 

Plant’s dry weight 
(g) 

Removal of Ni in µg/g of 
plant dry weight 

(control) 0 07.55 c 0.0000 

5 09.43 b 0.0340 

10 09.53 b 0.0600 

15 06.39 d 1.9540 

20 06.43 d 1.4790 

25 10.94 a 0.0531 

30 06.21 d 0.0529 

LSD (0.05) 0.271 - 

 
 

Table 61 shows the change in plant fresh weight of water hyacinth grown in Ni 

contaminated Hoagland’s solution as compared to control. Increase in plant fresh 

weight in control (with out Ni) is high as compared to those which are grown in Ni 

contaminated Hoagland’s solution. The decrease in fresh weight of plants grown in 

contaminated Hoagland’s solution is high at 5 and 25 µg/ml of Ni. This shows that Ni 

is not favoring growth of water hyacinth. The decrease in fresh weight of plants is 

variable from 5 to 30 µg/ml of Ni.  
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Table 61: Study of change in fresh weight of water hyacinth grown in Ni 
contaminated Hoagland's solution. Means showing similar  letter (s) 
in a column do not differ significantly at p<0.01. 

Concentration of Ni in 
solution 
(µg / ml) 

Weight (g) at 
beginning of 
experiment 

(day 0) 

Weight (g) after 
experiment 
(10th day) 

Change in fresh 
weight (g) 

(control) 0 64.103d 73.096c +08.990 

5 93.720b 75.320b -18.400 

10 81.140c 76.300a -04.840 

15 56.250f 51.460e -04.790 

20 51.910g 47.830f -04.080 

25 94.180a 71.470d -22.710 

30 57.260e 39.960g -17.300 

LSD (0.05) 0.254 0.242 - 
                       

Table 62 shows results of adsorption when serial dilutions of Ni solutions are 

passed through column of ash of water hyacinth and desorption when 3M HNO3 

solutions are passed through Ni containing ash of water hyacinth. The adsorption in 

µg/g of ash and adsorption factor of plant is increasing with increase of concentration 

of Ni. Maximum biosorption 29.79 µg/g of ash is obtained when given solution of Ni 

is 30 µg/ml.  Desorption of nickel in µg/g of ash is increased with increase in 

concentration of nickel in ash. Maximum biodesorption of Ni is 3.71 µg/g of ash, 

obtained when given ash contains 29.79 µg/g of Ni. Suitable recovery of nickel is 

possible at lower concentrations. 

Table 62: Metal Concentration in µg/ml, Adsorption Capacity in µg/g of plant 
ash, biosorption factor, Ni desorption in µg/g of plant ash and 
Biodesorption Factor of Ni. 

Concentration 
of Ni in  solution 

(µg/ml) 

Adsorbed Ni 
onto ash (µg/g) 

Ni biosorption 
factor of plant 

ash 

Desorbed 
Ni in µg/g 

of ash 

Biodesorption 
factor of Ni 

(control) 0 0.00 0.000 0.00 0.000 

5 4.63 0926 0.99 0.213 

10 9.78 0.978 2.05 0.209 

15 14.70 0.983 2.49 0.169 

20 19.69 0.984 2.79 0.141 

25 24.77 0.990 3.39 0.136 

30 29.79 0.993 3.71 0.124 
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Table 63 reveals pH changes when serial dilutions of Ni solutions are passed 

through ash of water hyacinth. Slight increase in pH is seen when distilled water 

(control) is passed through ash. Maximum increase in pH is at 30 µg/ml of Ni while 

minimum increase is observed at 5 µg/ml of Ni. Increase in pH is variable.  

 
Table 63: Values shown as mean (X±SD) for pH change in leachate during 

adsorption of Ni onto ash of water hyacinth. Means showing similar 
letter (s) in a column do not differ significantly at (p < 0.01) 

 
Concentration of Ni 

in solution 
(µg/ml) 

pH at beginning of 
experiment 

(day 0) 

pH after experiment 
(10th day) 

pH change in 
solution 

(control) 0 7.51±0.09a 8.18±0.02 d +0.67 

5 6.54±0.00b 8.90±0.05 a +1.55 

10 6.54±0.00b 8.29±0.01bc +1.75 

15 6.54±0.00b 8.15±0.02 d +1.61 

20 6.54±0.00b 8.30±0.05bc +1.76 

25 6.54±0.00b 8.25±0.01 c +1.71 

30 6.54±0.00b 8.32±0.01 b +1.78 

LSD (0.05) 0.0553 0.055 - 

 
 

Summary of these results for nickel shows that maximum phytoremoval from 

soil was 24.23 µg/g of dry weight (for 25 µg/g). Hydroponic experiment showed 

phytoremoval in 1.954 µg/g of dry weight (for 15 µg/ml). Phytoremoval of nickel by 

adsorption was 29.79 µg/g of ash (when 30 µg/ml nickel is given). Desorption 

capacity shows that 3.71 µg/g of ash recovery is possible. In short phytoremoval by 

adsorption onto ash > phytoremoval of nickel from soil> phytoremoval from 

hydroponic experiment. 

Similarly when water hyacinth grown in soil, in hydroponic experiment or in 

adsorption onto ash, pH was significantly increased.  
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4.3   RESULTS OF ADSORPTION AND DESORPTION EXPERIMENT  

 

            The objective of this study was to measure adsorption of six metals on to the 

ash of water hyacinth and desorption of these adsorbed metals from ash. These results 

show adsorption µg/g of ash, percentage adsorption, desorption µg/g of ash and 

percentage desorption. Role of pH in these processes was also noted. For Cd, Pb and 

Cu batch method was used. While for Ni, Zn and Cr column method was used.   

 
 
4.3.1    RESULTS OF BATCH METHOD 

4.3.1.1   Results Cd adsorption & desorption 

When Cd solutions of various concentrations (0 to 30 µg/mL) were mixed with 

fixed weight of ash of water hyacinth. The adsorption was measured.  

 
Table 4.3.1.1  Study of pH changes during adsorption Cd onto ash of water  

hyacinth 
 

Treatments of Cd 
pH before 
experiment 

pH after 
experiment  

Change in pH 
Change per g of Ash 

0µg/mL 7.51 a 7.90 a  0.39 0.039 

5µg/mL 1.58 b 8.32 b 6.70 0.754 

10µg/mL 1.58 b 8.32 b 6.74 0.748 

15µg/mL 1.58 b 8.38 b 6.80 0.755 

20µg/mL 1.58 b 8.45 b 6.87 0.763 

25µg/mL 1.58 b 8.48 b 6.90 0.766 

30µg/mL 1.58 b 8.32 b 6.74 0.748 

LSD (0.05) 0.0183 0.0271 - - 

 
Means sharing similar letter (s) in a column do not differ significantly at (p < 0.01) 
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Table 4.3.1.1 shows that pH was increased as compared to control. Analysis of 

variance shows that increase in pH was highly significant (p < 0.01). DMRT shows 

that LSD was 0.0183 for Cd solution before experiment and 0.0271 after experiment. 

 
 
Table 4.3.1.2  Study of phytoremoval of Cd by adsorption  
 

Treatments of Cd 
Concentration in 

lecheate  
(µg/mL) 

Adsorption 
(µg) 

Adsorption      
per g of ash 

%age of 
adsorption  

0µg/mL 0.00 d 0 0 0 

5µg/mL 0.007 cd  4.99 0.554 99.8 

10µg/mL 0.020 c 9.98 1.108 99.8 

15µg/mL 0.040 b 14.96 1.662 99.73 

20µg/mL 0.050 b 19.95 2.216 99.75 

25µg/mL 0.050 b 24.95 2.772 99.8 

30µg/mL 0.090 a 29.91 3.323 99.7 

LSD (0.05) 0.0175 - - - 

 
Means sharing similar letter (s) in a column do not differ significantly at (p < 0.01) 
 

 

Table 4.3.1.2 shows phytoremoval of Cd. When Cd solutions after shaking 

with ash were filtered. The filtrate/lecheate show LSD 0.0175. DMRT was applied. 

Adsorption of Cd (µg/g of ash), increases with increase in concentrations of Cd. 

Maximum removal of Cd was 99.80%, when given concentration was 25µg/L. These 

results are highly significant (p < 0.01) 
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Fig. 4.3.1 Adsorption of Cd (µg/g) of ash of water hyacinth
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Fig. 4.3.2 Percentage adsorption of Cd onto the ash of water 
hyacinth
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Table 4.3.1.3  Desorption of Cd from ash by HNO3 
 
 

Treatments of Cd 
Adsorbed on 

ash (µg)  
Desorption 

(µg/mL) 

Desorption       
per g of ash 

(µg/g) 

%age of 
desorption  

0µg/g 0 0.00g 0.0 0 

4.99µg/g 4.99 4.00f 0.444 80.16 

9.98µg/g 9.98 9.00e 1.000 90.18 

14.96µg/g 14.96 13.75d 1.528 92.5 

19.95µg/g 19.95 19.00c 2.110 95.23 

24.95µg/g 24.95 24.00b 2.660 96.19 

29.91µg/g 29.91 29.00a 3.220 96.95 

LSD (0.05) - 2.564 - - 

 
Means sharing similar letter (s) in a column do not differ significantly at (p < 0.01) 
 
 

Table 4.3.1.3 shows that when 3M HNO3 was used desorption of Cd was 

highly significant (p < 0.01). DMRT shows that LSD was 2.564. Desorption of Cd 

µg/g of ash is increasing with the increase in concentration of Cd. Desorption of Cd 

µg/g of ash and percentage desorption is highly significant (p < 0.01). Maximum 

desorption was 96.95% (at 30µg/mL). These results show highest significance of this 

technology for making Cd reusable. 
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Fig. 4.3.3 Desorption of Cd from ash of water hyacinth
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Fig. 4.3.4 Percentage desorption of Cd from ash of water 
hyacinth
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4.3.1.2  Results Pb adsorption and desorption 

When Pb solutions of various concentrations (0 to 30 µg/mL) were mixed with 

fixed weight of ash of water hyacinth. The adsorption was measured. 

Table  4.3.1.4   Study of pH changes during adsorption Pb onto ash of water  
  hyacinth 

 

Treatments of Pb 
pH before 
experiment 

pH after 
experiment 

Change in pH 
Change Per g of ash 

0µg/mL 7.51 a 7.90 b  0.39 0.433 
5µg/mL 4.95 b 8.14 ab 3.19 0.319 
10µg/mL 4.95 b 8.11 ab 3.16 0.316 
15µg/mL 4.95 b 8.08 ab 3.13 0.313 
20µg/mL 4.95 b 8.13 ab 3.18 0.318 
25µg/mL 4.95 b 8.30 a 3.35 0.335 
30µg/mL 4.95 b 8.35 a 3.35 0.335 
LSD (0.05) 0.0554 0.271 - - 
Means sharing similar letter (s) in a column do not differ significantly at (p < 0.01) 
 

Table 4.3.1.4.  shows that pH was increased as compared to control. Analysis 

of variance shows that increase in pH was highly significant (p < 0.01). DMRT shows  

that LSD was 0.0554 for Pb solution before experiment and 0.0271 after experiment. 

Table  4.3.1.5 Study of phytoremoval of Pb by adsorption  
 

Treatments of Pb 
Concentration in 
lecheate (µg/mL)

Adsorption     
(µg) 

Adsorption    
µg/g of ash 

%age of 
adsorption  

0µg/mL 0 c 0 0 0 
5µg /mL 0.30 a 4.70 0.47 94.00 
10µg/mL 0.15 b 9.85 0.985 98.50 
15µg/mL 0.27 a 14.73 1.473 98.20 
20µg/mL 0.30 a 19.70 1.970 98.50 
25µg/mL 0.16 b 24.84 2.484 99.36 
30µg/mL 0.17 b 29.83 2.983 99.43 
LSD (0.05) 0.0553 - - - 
Means sharing similar letter (s) in a column do not differ significantly at (p < 0.01) 
 

Table 4.3.1.5 shows phytoremoval of Pb. When Pb solutions after shaking with 

ash were filtered. The filtrate/lecheate show LSD 0.0553. DMRT was applied. 

Adsorption of Pb (µg/g of ash), increases with increase in concentrations of Pb. 

Maximum removal of Pb was 99.43%, when given concentration was 30µg/L. These 

results are highly significant (p < 0.01) 
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Fig. 4.3.5 Adsorption of Pb onto the ash of water hyacinth
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Fig. 4.3.6 Percentage adsorption of Pb onto the ash of water 
hyacinth
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Table  4.3.1.6  Desorption of Pb from ash by HNO3 
 

Treatments of Pb 
Adsorbed  on 

ash  (µg) 
Desorption 

(µg/mL) 

Desorption       
per g of ash 

(µg/g) 

%age of 
desorption  

0µg/g 0 0 g 0 0 

4.70µg/g 4.70 4.62 f 0.462 98.29 

9.85µg/g 9.85 7.32 e 0.732 74.31 

14.73µg/g 14.73 10.62 d 1.062 72.09 

19.70µg/g 19.70 12.76 c 1.276 64.77 

24.84µg/g 24.84 15.38 b 1.538 61.91 

29.83µg/g 29.83 19.30 a 1.93 64.69 

LSD (0.05) - 0.0554 - - 

 
Means sharing similar letter (s) in a column do not differ significantly at (p < 0.01) 
 

 

Table 4.3.1.6 shows that when 3M HNO3 was used desorption of Pb was 

highly significant (p < 0.01). DMRT shows that LSD was 0.0554. Desorption of Pb 

µg/g of ash is increasing with the increase in concentration of Pb. Desorption of Pb 

µg/g of ash and percentage desorption is highly significant (p < 0.01). Maximum 

desorption was 98.29% (at 5µg/mL). These results show highest significance of this 

technology for making Pb reusable but  when it is present in low concentration. Pb is a 

heavy element so it removal percentage is decreasing with the increase in 

concentration.  
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Fig. 4.3.7 Desorption of Pb from ash of water hyacinth
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Fig. 4.3.8 Percentage desorption of Pb from ash of water 
hyacinth
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4.3.1.3   Results Cu adsorption and desorption  

When Cu solutions of various concentrations (0 to 30 µg/mL) were mixed with 

fixed weight of ash of water hyacinth. The adsorption was measured. 
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Table 4.3.1.7     Study of pH changes during adsorption Cu onto ash of water  
   hyacinth 

 

Treatments of Cu 
pH before 
experiment 

pH after 
experiment  

Change in pH 
Change Per g of ash 

0µg/mL 7.51 a 7.90 b 0.390 0.039 
5µg/mL 4.77 b 8.18 ab 3.410 0.341 
10µg/mL 4.77 b 8.33 a 3.560 0.356 
15µg/mL 4.77 b 8.12 ab 3.350 0.335 
20µg/mL 4.77 b 8.16 ab 3.390 0.339 
25µg/mL 4.77 b 8.27 a 3.500 0.350 
30µg/mL 4.77 b 8.41 a 3.640 0.364 
LSD (0.05) 0.0553 0.392 - - 
Means sharing similar letter (s) in a column do not differ significantly at (p < 0.01) 
 

Table 4.3.1.7.  shows that pH was increased as compared to control. Analysis 

of variance shows that increase in pH was highly significant (p < 0.01). DMRT shows 

that LSD was 0.0553 for Cu solution before experiment and 0.392 after experiment. 

Table 4.3.1.8    Study of phytoremoval of Cu by adsorption  

Treatments of Cu 
Concentration in 
lecheate (µg/ml)

Adsorption    
(µg) 

Adsorption     
µg/g of ash 

%age of 
adsorption  

0µg/mL 0 0.000 0.000 0.000 
5µg/mL 0.05f 4.950 0.495 99.000 
10µg/mL 0.07d 9.930 0.993 99.300 
15µg/mL 0.1c 14.900 1.490 99.330 
20µg/mL 0.13b 19.870 1.987 99.350 
25µg/mL 0.13b 24.870 2.487 99.480 
30µg/mL 0.16a 29.840 2.984 99.460 
LSD (0.05) 0.0175 - - - 
Means sharing similar letter (s) in a column do not differ significantly at (p < 0.01) 
 

Table 4.3.1.8  shows phytoremoval of Cu. When Cu solutions after shaking 

with ash were filtered. The filtrate/lecheate show LSD 0.0175. DMRT was applied. 

Adsorption of Cu (µg/g of ash), increases with increase in concentrations of Cu. 

Maximum removal of Cd was 99.48%, when given concentration was 25µg/L. These 

results are highly significant (p < 0.01) 
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Fig. 4.3.9 Adsorption of Cu onto the ash of water hyacinth
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Fig. 4.3.10 Percentage adsorption of Cu onto the ash of water 
hyacinth
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Table  4.3.1.9  Desorption of Cu from ash by HNO3 
 

Treatments of Cu 
Adsorbed on 

ash (µg) 

Desorption 

(µg/mL) 

Desorption       

per g of ash 

(µg/g) 

%age of 

desorption  

0µg/g 0.000 0.000 g 0.000 0 

4.95µg/g 4.95 3.90 f 0.39 78.78 

9.93µg/g 9.93 7.60 e 0.76 76.53 

14.90µg/g 14.90 11.30 d 1.13 75.83 

19.87µg/g 19.87 14.50 c 1.45 72.97 

24.87µg/g 24.87 17.80 b 1.78 71.24 

29.84µg/g 29.84 21.10 a 2.11 70.71 

LSD (0.05) - 0.795 - - 

 
Means sharing similar letter (s) in a column do not differ significantly at (p < 0.01) 
 
 
 

Table 4.3.1.9 shows that when 3M HNO3 was used desorption of Cu was 

highly significant (p < 0.01). DMRT shows that LSD was 0.795. Desorption of Cu 

µg/g of ash is increasing with the increase in concentration of Cu. Desorption of Cu 

µg/g of ash and percentage desorption is highly significant (p < 0.01). Maximum 

desorption was 78.78% (at 5µg/mL). These results show highest significance of this 

technology for making Cu reusable but when it is present in low concentration. Its 

removal percentage is decreasing with the increase in concentration but is reasonable 

for reuse.  
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Fig. 4.3.11 Desorption of Cu from ash of water hyacinth
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Fig. 4.3.12 Percentage desorption of Cu from ash of water 
hyacinth
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4.3.2   COLUMN METHOD 
 
4.3.2.1  Results Ni adsorption and desorption 
 

When Ni solutions of various concentrations (0 to 30 µg/mL) were passed 

through column filled with fixed weight of ash of water hyacinth. By using difference 

in concentration of Ni in original solution and in lecheate, the adsorption was 

measured.  

Table 4.3.2.1  Study of pH changes during adsorption Ni onto ash of water  
hyacinth 

 

Treatments of Ni 
pH before 
experiment 

pH after 
experiment  

Change in pH 
Change Per g of ash 

0µg/mL 7.51 a 8.18 d 0.67 0.044 
5µg/mL 6.54 b 8.90 a 1.55 0.103 
10µg/mL 6.54 b 8.29 bc 1.75 0.116 
15µg/mL 6.54 b 8.15 d 1.61 0.107 
20µg/mL 6.54 b 8.30 bc 1.76 0.117 
25µg/mL 6.54 b 8.25 c 1.71 0.114 
30µg/mL 6.54 b 8.32 b 1.78 0.118 
LSD (0.05) 0.0553 0.055 - - 
Means sharing similar letter (s) in a column do not differ significantly at (p < 0.01) 
 

Table 4.3.2.1  shows that pH was increased as compared to control. Analysis of 

variance shows that increase in pH was highly significant (p < 0.01). DMRT shows 

that LSD was 0.0553 for Ni solution before experiment and 0.055 after experiment. 

Table 4.3.2.2.    Study of phytoremoval of Ni by adsorption 
 

Treatments of Ni 
Concentration in 
lecheate (µg/mL)

Adsorption    
(µg) 

Adsorption   
µg/g of ash 

%age of 
adsorption  

0µg/mL 0  e 0 0 0 
5µg/mL 0.37 a 4.63 0.308 92.6 
10µg/mL 0.22 d 9.78 0.652 97.8 
15µg/mL 0.30 c 14.7 0.98 98 
20µg/mL 0.31 bc 19.69 1.312 98.45 
25µg/mL 0.23 d 24.77 1.651 99.08 
30µg/mL 0.32 b 29.68 1.978 98.93 
LSD (0.05) 0.0175 - - - 
Means sharing similar letter (s) in a column do not differ significantly at (p < 0.01) 
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Fig. 4.3.13 Adsorption of  Ni onto the ash of water hyacinth
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Fig. 4.3.14 Percentage adsorption of  Ni onto the ash of water 
hyacinth
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Table 4.3.2.2 shows phytoremoval of Ni. When Ni solutions of various 

concentrations (0 to 30 µg/mL) were passed through column filled with fixed weight 

of ash of water hyacinth. By using difference in concentration of Ni in original 

solution and in lecheate, the adsorption was measured. Lecheate show LSD 0.0175. 

DMRT was applied. Adsorption of Ni (µg/g of ash), increases with increase in 

concentrations of Ni. Maximum removal of Ni was 99.08%, when given concentration 

was 25µg/L. These results are highly significant (p < 0.01) 

 
Table 4.3.2.3   Desorption of Ni from ash by HNO3 
 

Treatments of Ni 
Adsorbed on 

ash (µg) 
Desorption 

(µg/mL) 

Desorption       
per g of ash 

(µg/g) 

%age of 
desorption  

0µg/g 0 0.000 d 0 0 

4.63µg/g 4.63 0.33 d 0.0666 21.59 

9.78µg/g 9.78 2.20 c 0.1466 22.44 

14.7µg/g 14.7 2.50 bc 0.1666 17 

19.69µg/g 19.69 2.80 b 0.1866 14.22 

24.77µg/g 24.77 3.40 a 0.2266 13.72 

29.68µg/g 29.68 3.70 a 0.2466 12.46 

LSD (0.05) - 0.411 - - 

Means sharing similar letter (s) in a column do not differ significantly at (p < 0.01) 
 

Table 4.3.2.3 shows that when 3M HNO3 was used desorption of Ni was 

highly significant (p < 0.01). DMRT shows that LSD was 0.411. Desorption of Ni 

µg/g of ash is increasing with the increase in concentration of Ni. Desorption of Ni 

µg/g of ash and percentage desorption is highly significant (p < 0.01). Maximum 

desorption was 22.44% (at 10µg/mL). These results show highest significance of this 

technology for making Ni reusable but when it is present in low concentration. Its 

removal percentage is decreasing with the increase in concentration but is reasonable 

for reuse.  
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Fig. 4.3.15 Desorption of Ni from ash of water hyacinth
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Fig. 4.3.16 Percentage desorption of Ni from ash of water 
hyacinth
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Plate 4.3  Adsorption and desorption of Ni 
(Column method) 
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4.3.2.2   Results Zn adsorption & desorption 

When Zn solutions of various concentrations (0 to 30 µg/mL) were passed 

through column filled with fixed weight of ash of water hyacinth. By using difference 

in concentration of Zn in original solution and in lecheate, the adsorption was 

measured.  

 
Table 4.3.2.4 Study of pH changes during adsorption Zn onto ash of water  
                       hyacinth 
 

Treatments of Zn 
pH before 
experiment 

pH after 
experiment  

Change in pH 
Change Per g of ash 

0µg/mL 7.51 a 8.18 c 0.67 0.044 
5µg/mL 6.48 b 8.32 b 1.84 0.096 
10µg/mL 6.48 b 8.12 d 1.64 0.086 
15µg/mL 6.48 b 8.37 a 1.89 0.099 
20µg/mL 6.48 b 8.12 d 1.64 0.086 
25µg/mL 6.48 b 8.31 b 1.83 0.096 
30µg/mL 6.48 b 8.32 b 1.84 0.096 
LSD (0.05) 0.0553 0.175 - - 
Means sharing similar letter (s) in a column do not differ significantly at (p < 0.01) 
 

Table 4.3.2.4  shows that pH was increased as compared to control. Analysis of 

variance shows that increase in pH was highly significant (p < 0.01). DMRT shows 

that LSD was 0.0553 for Zn  solution before experiment and 0.175 after experiment. 

 
Table 4.3.2.5  Study of phytoremoval of Zn by adsorption  
 

Treatments of Zn 
Concentration in 
lecheate (µg/mL)

Adsorption    
(µg) 

Adsorption   
µg/g of ash 

%age of 
adsorption  

0µg/mL 0  e 0 0 0 
5µg/mL 0.100 c 4.900 0.2578 98.00 
10µg/mL 0.082 a 9.918 0.5220 99.18 
15µg/mL 0.080 ab 14.92 0.7852 99.46 
20µg/mL 0.075 b 19.925 1.0486 99.62 
25µg/mL 0.075 b 24.925 1.3118 99.72 
30µg/mL 0.060 d 29.94 1.5757 99.80 
LSD (0.05) 0.005 - - - 
Means sharing similar letter (s) in a column do not differ significantly at (p < 0.01) 
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Fig. 4.3.17 Adsorption of  Zn onto the ash of water hyacinth
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Fig. 4.3.18 Percentage adsorption of  Zn onto the ash of water 
hyacinth
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Table 4.3.2.5 shows phytoremoval of Zn. When Zn solutions of various 

concentrations (0 to 30 µg/mL) were passed through column filled with fixed weight 

of ash of water hyacinth. By using difference in concentration of Zn in original 

solution and in lecheate, the adsorption was measured. Lecheate show LSD 0.005. 

DMRT was applied. Adsorption of Zn (µg/g of ash), increases with increase in 

concentrations of Zn. Maximum removal of Zn was 99.80%, when given 

concentration was 30µg/L. These results are highly significant (p < 0.01). 

 
Table 4.3.2.6  Desorption of Zn from ash by HNO3 
 

Treatments of Zn 
Adsorbed on 

ash (µg) 
Desorption 

(µg/mL) 

Desorption       
per g of ash 

(µg/g) 

%age of 
desorption  

0µg/g 0  0  f 0 0 

4.900µg/g 4.900 0.33 f 0.0526 24.40 

9.918µg/g 9.918 2.60 e 0.1368 26.21 

14.920µg/g 14.92 5.13 d 0.2700 34.38 

19.925µg/g 19.925 7.00 c 0.3684 35.13 

24.925µg/g 24.925 9.00 b 0.4736 36.10 

29.940µg/g 29.94 12.00 a 0.6315 40.08 

LSD (0.05) - 1.213 - - 

 
Means sharing similar letter (s) in a column do not differ significantly at (p < 0.01) 
 

Table 4.3.2.6 shows that when 0.57M HNO3 was used desorption of Zn was 

highly significant (p < 0.01). DMRT shows that LSD was 1.213. Desorption of Zn 

µg/g of ash is increasing with the increase in concentration of Zn. Desorption of Zn 

µg/g of ash and percentage desorption is highly significant (p < 0.01). Maximum 

desorption was 40.08% (at 30µg/mL). These results show highest significance of this 

technology for making Zn reusable. The low concentration of Zn desorption is because 

of low concentration of HNO3. It may be increased by increasing concentration of 

HNO3. It is because of high solubility of Zn(NO3)2. Its removal percentage is 

increasing with the increase in concentration Zn in ash. 



 174

 

Fig. 4.3.19 Desorption of Zn from ash of water hyacinth
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Fig. 4.3.20 Percentage desorption of Zn from ash of water 
hyacinth
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Plate 4.4  Adsorption and desorption of Zn 
(column method) 
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4.3.2.3   Results Cr adsorption & desorption  
 

When Cr solutions of various concentrations (0 to 30 µg/mL) were passed 

through column filled with fixed weight of ash of water hyacinth. By using difference 

in concentration of Cr in original solution and in lecheate, the adsorption was 

measured. 

Table 4.3.2.7 Study of pH changes during adsorption Cr onto ash of water hyacinth 
 

Treatments of Cr 
pH before 
experiment 

pH after 
experiment  

Change in pH 
Change Per g of ash 

0µg/mL 7.51 a 8.18 f 0.67 0.044 
5µg/mL 6.49 b 8.28 d 2.79 0.146 
10µg/mL 6.49 b 8.26 e 2.77 0.145 
15µg/mL 6.49 b 8.38 ab 2.89 0.152 
20µg/mL 6.49 b 8.37 b 2.88 0.151 
25µg/mL 6.49 b 8.34 c 2.85 0.15 
30µg/mL 6.49 b 8.39 a 2.9 0.152 
LSD (0.05) 0.0553 0.175 - - 
 
Means sharing similar letter (s) in a column do not differ significantly at (p < 0.01) 
 

Table 4.3.2.7 shows that pH was increased as compared to control. Analysis of 

variance shows that increase in pH was highly significant (p < 0.01). DMRT shows  

that LSD was 0.0553 for Cr solution before experiment and 0.175 after experiment. 

 
Table 4.3.2.8  Study of phytoremoval of Cr by adsorption  
 

Treatments of Cr 
Concentration in 
lecheate (µg/mL)

Adsorption    
(µg) 

Adsorption     
µg/g of ash 

%age of 
adsorption  

0µg/mL 0 e 0 0 0 

5µg/mL 0.99 de 4.01 0.211 80.20 

10µg/mL 0.33 de 9.00 0.436 90.00 

15µg/mL 1.30 d 13.70 0.721 91.33 

20µg/mL 2.70 c 17.30 0.9105 86.50 

25µg/mL 4.00 b 21.00 1.1852 84.00 

30µg/mL 6.00 a 24.00 1.2631 80.00 

LSD (0.05) 1.07 - - - 
Means sharing similar letter (s) in a column do not differ significantly at (p < 0.01) 
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Fig. 4.3.21 Adsorption of  Cr onto the ash of water hyacinth
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Fig. 4.3.22 Percentage adsorption of  Cr onto the ash of water 
hyacinth
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Table 4.3.2.8 shows phytoremoval of Cr. When Cr solutions of various 

concentrations (0 to 30 µg/mL) were passed through column filled with fixed weight 

of ash of water hyacinth. By using difference in concentration of Cr in original 

solution and in lecheate, the adsorption was measured. Lecheate show LSD 1.07. 

DMRT was applied. Adsorption of Cr (µg/g of ash), increases with increase in 

concentrations of Cr. Maximum removal of Cr was 91.33%, when given concentration 

was 10µg/L. These results are highly significant (p < 0.01). 

 
Table 4.3.2.9  Desorption of Cr from ash by HNO3 

 

Treatments of Cr 
Adsorbed on ash  

(µg) 
Desorption 

(µg/mL) 

Desorption       
per g of ash 

(µg/g) 

%age of 
desorption  

0µg/g 
0 0 f 0 0 

4.01µg/g 
4.01 0.33 f 0.0526 24.93 

9.00µg/g 
9.00 2.50 e 0.1315 27.77 

13.70µg/g 
13.70 3.90 d 0.2052 28.46 

17.30ugµg /g 
17.30 5.55 c 0.2923 32.1 

21.00µg/g 
21.00 8.57 b 0.4511 40.81 

24.00µg/g 
24.00 10.00 a 0.5263 41.66 

LSD (0.05) - 0.769 - - 

Means sharing similar letter (s) in a column do not differ significantly at (p < 0.01) 
 
 

Table 4.3.2.9 shows that when 0.57M HNO3 was used desorption of Cr was 

highly significant (p < 0.01). DMRT shows that LSD was 0.769. Desorption of Cr 

µg/g of ash is increasing with the increase in concentration of Cr. Desorption of Cr 

µg/g of ash and percentage desorption is highly significant (p < 0.01). Maximum 

desorption was 41.66% (at 30µg/mL). These results show highest significance of this 

technology for making Cr reusable. The low concentration of Cr desorption is because 

of low concentration of HNO3. It may be increased by increasing concentration of 

HNO3. It is because of high solubility of Cr (NO3)3. Its removal percentage is 

increasing with the increase in concentration Cr in ash. 
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Fig. 4.3.23 Desorption of Cr from ash of water hyacinth
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Fig. 4.3.24 Percentage desorption of Cr from ash of water 
hyacinth
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4.4   RESULTS OF MICROBIOLOGICAL EXPERIMENTS 
 
There were two main objectives of these experiments. 

 

1. To find out the possible role of microbes in phytoremoval of metals by 

hyacinth. 

2. To find out role of microbes in metal like Sb and Sn solubilization.  

The results of these set of experiments are explained below: 

 
 
4.4.1 To find out the possible role of microbes in phytoremoval of metals by  
          hyacinth. 

 

            In first experiment main purpose was to identify microbes from the roots of 

hyacinth, growing wildly in soil and floating in wastewater. So identification of 

bacteria was carried out. This experiment consists of fallowing steps. 

 

I. Sample collection. 

II. Isolation and purification. 

III. Physical and biochemical characterization of microbes 

 

The samples of soil and water were collected from roots of water hyacinth 

grown wildly in soil and water. 
 

All the samples were applies to five different media for isolation purification 

and identification of different microbes. The microbes were isolated, identified and 

purified. Results of these experiments are summarized here in the form of tables. 

These tables are based on type of media. 
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4.4.1.1 Results of Thiobacillus ferrooxidans media with ferrous sulphate   
 
Table 4.4.1.1 Thiobacillus ferrooxidans media with ferrous sulphate and  

           experimental conditions   
 

Treatments/Tests Sample A Sample B Sample C 

Both Solid Both Solid Both Solid 

T. THIOOXIDANS           +ve +ve +ve +ve +ve +ve 

T. FERROOXIDANS       +ve +ve +ve +ve +ve +ve 

Date of experiment          1st November to 30th November 2004 

Temperature of oven         30°C 30°C 30°C 30°C 30°C 30°C 

  Temperature of shaker     30°C - 30°C - 30°C - 

  Optimum growth pH. 1.4      1.4       1.4       1.4       1.4       1.4        

Colony morphology          Colorless for T.thiooxidans & yellow for T.ferrooxidans 

Shape Oval for T.thiooxidans & rod shape for T.ferrooxidans 

Mobility Polar flagella T.thiooxidans, perititrious flagella T.ferrooxidans 

Spore formation                 -ve     -ve       -ve       -ve       -ve       -ve        

Volume of media             100mL 100mL 100mL 100mL 100mL 100mL 

H2S Test                            +ve     +ve       +ve       +ve       +ve       +ve       

 
 

Plate 4.5  Thiobacillus ferrooxidans colony (100X) 
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Table 4.4.1.2 Thiobacillus ferrooxidans media with ferrous sulphate and  
       experimental conditions 
 

Treatments/Tests Sample D Sample E Sample D 

Both Solid Both Solid Both Solid 

T. THIOOXIDANS           +ve +ve +ve +ve +ve +ve 

T. FERROOXIDANS       -ve -ve +ve +ve +ve +ve 

Date of experiment          1st November to 30th November 2004 

Temperature of oven         30°C 30°C 30°C 30°C 30°C 30°C 

  Temperature of shaker     30°C - 30°C - 30°C - 

  Optimum growth pH. 1.4      1.4       1.4       1.4       1.4       1.4        

Colony morphology          Colorless for T.thiooxidans & yellow for T.ferrooxidans 

Shape Oval for T.thiooxidans & rod shape for T.ferrooxidans 

Mobility Polar flagella T.thiooxidans, perititrious flagella T.ferrooxidans 

Spore formation                 -ve     -ve       -ve       -ve       -ve       -ve        

Volume of media             100mL 100mL 100mL 100mL 100mL 100mL 

H2S Test                            +ve     +ve       +ve       +ve       +ve       +ve       

 
Table 4.4.1.1 and 4.4.1.2 show that the T.thiooxidans were present in all six 

type of samples while T.ferrooxidans were present in five samples but absent in one 

sample i.e. sample number (D). 

Plate 4.6  Tiobacillus thiooxidans 
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4.4.1.2 Results of Thiobacillus medium 
 
Table 4.4.1.3 Thiobacillus media and experimental conditions 
 

Treatment Sample A Sample B Sample C 

Both Solid Both Solid Both Solid 

T. THIOOXIDANS           +ve +ve +ve +ve +ve +ve 

T. FERROOXIDANS       -ve -ve +ve +ve +ve +ve 

Date of experiment          1st November to 30th November 2004 

Temperature of oven         30°C 30°C 30°C 30°C 30°C 30°C 

  Temperature of shaker     30°C - 30°C - 30°C - 

  Optimum growth pH. 1.4      1.4       1.4       1.4       1.4       1.4        

Colony morphology          Colorless for T.thiooxidans & yellow for T.ferrooxidans 

Shape Oval for T.thiooxidans & rod shape for T.ferrooxidans 

Mobility Polar flagella T.thiooxidans, perititrious flagella T.ferrooxidans 

Spore formation                 -ve     -ve       -ve       -ve       -ve       -ve        

Volume of media             100mL 100mL 100mL 100mL 100mL 100mL 

H2S Test                            +ve     +ve      +ve       +ve       +ve       +ve       
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Table 4.4.1.4. Thiobacillus media and experimental conditions 
 
 

Treatment Sample D Sample E Sample D 

Both Solid Both Solid Both Solid 

T. THIOOXIDANS           +ve +ve +ve +ve +ve +ve 

T. FERROOXIDANS         -ve -ve +ve +ve +ve +ve 

Date of experiment          1st November to 30th November 2004 

Temperature of oven         30°C 30°C 30°C 30°C 30°C 30°C 

  Temperature of shaker     30°C - 30°C - 30°C - 

  Optimum growth pH. 2.8      2.8       2.8       2.8       2.8       2.8        

Colony morphology  Colorless for T.thiooxidans & yellow for T.ferrooxidans 

Shape Oval for T.thiooxidans& rod shape for T.ferrooxidans 

Mobility Polar flagella T.thiooxidans, perititrious flagella T.ferrooxidans 

Spore formation                 -ve     -ve       -ve       -ve       -ve       -ve        

Volume of media             100mL 100mL 100mL 100mL 100mL 100mL 

H2S Test                            +ve     +ve       +ve       +ve       +ve       +ve       

 
 
 

Table 4.4.1.4 and 4.4.1.5 show that the T.thiooxidans were present in all six 

type of samples while T.ferrooxidans were present in four samples but absent in two 

samples i.e. sample number (A & D). 
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4.4.1.3  Results of Thiobacillus media I (for Acidophilic thiobacillus). 
 
Table 4.4.1.5 Thiobacillus media I (for Acidophilic thiobacillus) and  

experimental conditions 
 

Treatments Sample A Sample B Sample C 

Both Solid Both Solid Both Solid 

T. THIOOXIDANS           +ve +ve +ve +ve +ve +ve 

T. FERROOXIDANS       -ve -ve +ve +ve +ve +ve 

Date of experiment  1st November to 30th November 2004 

Temperature of oven  30°C 30°C 30°C 30°C 30°C 30°C 

  Temperature of shaker  30°C - 30°C - 30°C - 

  Optimum growth pH. 4.2      4.2       4.2       4.2       4.2       4.2        

Colony morphology  Colorless for T.thiooxidans & yellow for T.ferrooxidans 

Shape Oval for T.thiooxidans & rod shape for T.ferrooxidans 

Mobility Polar flagella T.thiooxidans, perititrious flagella T.ferrooxidans 

Spore formation  -ve     -ve       -ve       -ve       -ve       -ve        

Volume of media  100mL 100mL 100mL 100mL 100mL 100mL 

H2S Test  +ve     +ve       +ve       +ve       +ve       +ve       
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Table 4.4.1.6 Thiobacillus media I (for Acidophilic thiobacillus) and experimental  
conditions 

 

Treatment Sample D Sample E Sample D 

Both Solid Both Solid Both Solid 

T. THIOOXIDANS           +ve +ve +ve +ve +ve +ve 

T. FERROOXIDANS       -ve -ve +ve +ve +ve +ve 

Date of experiment  1st November to 30th November 2004 

Temperature of oven  30°C 30°C 30°C 30°C 30°C 30°C 

  Temperature of shaker  30°C - 30°C - 30°C - 

  Optimum growth pH. 4.2      4.2       4.2       4.2       4.2       4.2        

Colony morphology  Colorless for T.thiooxidans & yellow for T.ferrooxidans 

Shape Oval for T.thiooxidans & rod shape for T.ferrooxidans 

Mobility Polar flagella T.thiooxidans, perititrious flagella T.ferrooxidans 

Spore formation  -ve     -ve       -ve       -ve       -ve       -ve        

Volume of media  100mL 100mL 100mL 100mL 100mL 100mL 

H2S Test  +ve     +ve       +ve       +ve       +ve       +ve       

 
 

Table 4.4.1.6 and 4.4.1.7 show that the T.thiooxidans were present in all six 

type of samples while T.ferrooxidans were present in four samples but absent in two 

samples i.e. sample number (A & D). 
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4.4.1.4. Results of Sabouraud dextrose medium for A. niger 
 
Table 4.4.1.7 Sabouraud dextrose media and experimental conditions 
 

Treatment Sample A Sample B Sample C 

Both Solid Both Solid Both Solid 

A. Niger                   +ve +ve +ve +ve +ve +ve 

Date of experiment  1st November to 30th November 2004 

Temperature of oven  40°C 40°C 40°C 40°C 40°C 40°C 

  Temperature of shaker  40°C - 40°C - 40°C - 

  Optimum pH. 4       4 4 4 4 4 

Mobility -ve     -ve       -ve       -ve       -ve       -ve        

Spore formation  +ve     +ve       +ve       +ve       +ve       +ve       

Volume of media  100mL 100mL 100mL 100mL 100mL 100mL 

H2S Test  -ve     -ve       -ve       -ve       -ve       -ve        

Shape & colony morphology 
Colony consists of compact yellow basal felt covered by a dense layer of dark-brown      
to black conidial heads. Conidiophores were long, smooth-walled and terminate in  
pale-brown colored globose vesicles 

 
 

Plate 4.7   A. niger 
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Table 4.4.1.8. Sabouraud dextrose media and experimental conditions 
 

Treatment Sample D Sample E Sample F 

Both Solid Both Solid Both Solid 

A. Niger                   +ve +ve +ve +ve +ve +ve 

Date of experiment  1st November to 30th November 2004 

Temperature of oven  40°C 40°C 40°C 40°C 40°C 40°C 

  Temperature of shaker  40°C - 40°C - 40°C - 

  Optimum pH. 4       4 4 4 4 4 

Mobility -ve     -ve      -ve       -ve       -ve       -ve        

Spore formation  +ve     +ve       +ve       +ve       +ve       +ve       

Volume of media  100mL 100mL 100mL 100mL 100mL 100mL 

H2S Test  -ve     -ve      -ve       -ve       -ve       -ve        

Gram staining  -ve     -ve       -ve       -ve       -ve       -ve        

Shape & colony morphology 
Colony consists of compact yellow basal felt covered by a dense layer of dark-brown      
to black conidial heads. Conidiophores were long, smooth-walled and terminate in  
pale-brown colored globose vesicles 

 
 
 Table 4.4.1.7 and 4.4.1.8 show that the A. niger was present in all six types of 

samples. The presence of A. niger in the roots of water hyacinth shows that it has 

some interesting role in hyper accumulation of metals.   
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4.4.1.5. Results of Burk’s medium for Azotobacter 
 
Table 4.4.1.9 Burk’s media and experimental conditions 
 

Treatment Sample A Sample B Sample C 

Both Solid Both Solid Both Solid 

Azotobacter +ve +ve +ve +ve +ve +ve 

Date of experiment  1st November to 30th November 2004 

Temperature of oven  26°C 26°C 26°C 26°C 26°C 26°C 

  Temperature of shaker  26°C - 26°C - 26°C - 

  Optimum pH.  7-7.5   7-7.5     7-7.5     7-7.5     7-7.5     7-7.5      

Spore formation  +ve     +ve       +ve       +ve       +ve       +ve       

Volume of media  100mL 100mL 100mL 100mL 100mL 100mL 

 
Table 4.4.1.10. Burk’s media and experimental conditions 
 

Treatment Sample D Sample E Sample F 

Both Solid Both Solid Both Solid 

Azotobacter +ve +ve +ve +ve +ve +ve 

Date of experiment  1st November to 30th November 2004 

Temperature of oven  26°C 26°C 26°C 26°C 26°C 26°C 

  Temperature of shaker  26°C - 26°C - 26°C - 

  Optimum pH.  7-7.5   7-7.5     7-7.5     7-7.5     7-7.5     7-7.5      

Spore formation  +ve     +ve       +ve       +ve       +ve      +ve       

Volume of media  100mL 100mL 100mL 100mL 100mL 100mL 
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Plate 4.8   Azotobacter (100X) 

 
 
Results of morphological studies of Azotobacter 
 
Table 4.4.1.11 Results of morphological studies of Azotobacter based on Burk’s  

             media 
 
Treatment/ /Parameters Observations 

Colony colour     

Colony surface form 

Colony elevation 

Colony surface margin 

Colony surface texture 

Gram staining 

Shape 

Creamy 

Circular 

Low convex 

Entire 

Smooth 

Negative 

Rod shape 

 
Table 4.4.1.12 Results of biochemical characteristics of isolated Azotobacter  
              based on Burk’s media  
 

  Biochemical Tests  Result/Inference 

Catalase test 

Oxidase test 

Gas production 

H2S test 

Nitrate reduction test 

+ve 

+ve 

-ve 

-ve 

+ve 
 

 Table 4.4.1.10, 4.4.1.11, 4.4.1.12 and 4.4.1.13 show that the Azotobacter was 

present in all six types of samples. It’s presence is confirmed by morphological and 

biochemical tests. The presence of Azotobacter in the roots of water hyacinth shows 

that it has some important role in hyper accumulation of metals and nitrogen fixation.   
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4.4.2 METALS LIKE Sn & Sb SOLUBILIZATION ON THE BASIS OF  
            MEDIA 

 
 
A four week experiment was designed. Antimony experiment was of four 

weeks while Sn experiment was of three weeks. SnS and Sb2S3 are ores of tin and 

antimony. These are water insoluble (Parker, 1986). To make these metals water 

soluble two bacteria were used. 

 

 Thiobacillus thiooxidans and Thiobacillus ferrooxidans are able to solubilize 

metal sulfides (Razell, et al., 1963). In this experiment three media were used and 

solubilization power of Thiobacillus thiooxidans and Thiobacillus ferrooxidans for Sn 

& Sb, was measured. Thiobacillus thiooxidans and Thiobacillus ferrooxidans strains 

already isolated, purified and characterized in last experiment (4.4.1), were used in 

this study. The three types of media used were 

  

(i). Thiobacillus ferrooxidan’s media with ferrous sulfate. 

 (ii). Thiobacillus media.  

(iii). Thiobacillus media I (For Acidophilic thiobacillus). 

 

After each week samples were taken, change in pH was noted. Increase in 

concentration of these metals showed the solubilization of these metal’s sulfides by 

Thiobacillus thiooxidans and Thiobacillus ferrooxidans bacteria. Triplicate samples 

were taken. The average results were presented for each experiment. 
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4.4.2.1. Thiobacillus ferrooxidan’s medium with ferrous sulfate.   
 
 
Table 4.4.2.1 Growth conditions for Sb solubilization experiment 
 
 
Treatment/Bacteria  Weight of 

Sb2S3 
Volume of 

media 
Temperature Experimental 

conditions 
T. ferrooxidans    1g           100 mL      30°C            In oven 

T. ferrooxidans    -             100 mL      30°C            In oven 

T. ferrooxidans    1g           100 mL      30°C            In oven 

T. ferrooxidans  1g           100 mL      30°C            In shaker 

T. ferrooxidans    1g           100 mL      30°C            In shaker 

Blank for Sb          

without bacteria  

1g 100 mL      30°C In shaker 

Blank for Sn       

without bacteria  

- 100 ml      30°C   In oven 

 
 
 

Plate 4.9   Solubilization of Sb2S3 by Tiobacillus thiooxidans  
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Table 4.4.2.2. Growth conditions for Sn solubilization experiment 
 
Treatment/Bacteria Weight of   SnS added Volume of bacterial     

suspension for 
inoculation 

T. ferrooxidans                     - 2 mL 

T. ferrooxidans                     1 g 2 mL 

T. ferrooxidans                     - 2 mL 

T. ferrooxidans                     - 2 mL 

T. ferrooxidans                     - 2 mL 

  Blank for Sb      

without bacteria          

- 2 mL 

Blank for Sn     

without bacteria  

1 g - 

 
 
 
Table 4.4.2.3.  Results of solubilization of Sb in one month (from 1st December to  

      30th December 2004) in µg/mL  
 
 

Treatment/Bacteria  Sb after 
(0-week)    

Sb after   
(1-week)    

Sb after   
(2-week)    

Sb after 
(3-week)    

Sb after  
(4-week)    

T. ferrooxidans        0 256        256 475   253 

T. ferrooxidans        0           -  - - - 

T.ferrooxidans         0 243 279        300 542 

T. ferrooxidans        0 270 270 3.5         8 

T. ferrooxidans        0 268 245 475 9          

Blank for Sb            

without bacteria 

0 0 5 6 10 
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Fig. 4.4.2.1. Solubilization of Sb by T. ferrooxidans  
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Graph 4.4.2.1. shows that solubility was maximum after 7 days and remained 

unchanged up to 14 days. It starts increasing with passage of time but after 21 days 

there is a decline in solubility.  

 
Table 4.4.2.4  Results of solubilization of Sn in one month (from 1st December  

            to 30th December 2004) in µg/mL 
 
 
Treatment/Bacteria  Sn after 

(0-week)    
Sn after   
(1-week)    

Sn after   
(2-week)    

Sn after 
(3-week)    

Sn after  
(4-week)    

T. ferrooxidans        0 0          0 0   0 

T. ferrooxidans        0 290 79 35 - 

T. ferrooxidans  0 0 0          0 0 

T. ferrooxidans  0 0 0 0          0 

T. ferrooxidans        0 0 0 0 0          

Blank for Sn            

without bacteria 

0 0 0 0 0 
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Fig. 4.4.2.2. Solubilization of Sn by T. ferrooxidans  
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Graph 4.4.2.2. shows that solubility of Sn was maximum after 7 days, but it 

starts decreasing with passage of time.  

 
 
 
Table 4.4.2.5  Results of pH changes in medium in one month (from 1st December  
                        to 30th December 2004)   
 
Treatment/Bacteria  pH after 

(0-week)    
pH after   
(1-week)    

pH after   
(2-week)    

pH after 
(3-week)    

pH after  
(4-week)    

T. ferrooxidans        1.4 1.4         1.53        1.4         1.23 

T. ferrooxidans        1.4 1.1         1.41        1.06        1.17 

T. ferrooxidans        1.4 1.07 1.49        1.08        - 

T. ferrooxidans        1.4 0.90 1.78        1.26        2.52        

T. ferrooxidans        1.4 0.98 1.77        1.28        1.29        

Blank for Sb & Sn   

without bacteria 

       1.4       1.4 1.4 1.4 - 
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Fig. 4.4.2.3. pH change during solubilization of Sb by T. 
ferrooxidans  
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Fig. 4.4.2.4. pH change during solubilization of Sn by T. 
ferrooxidans  
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Graph 4.4.2.3. and 4.4.2.4 shows that pH was decreased in first 7 days  but it 

starts increasing with passage of time. Both graphs show that pH was decreasing after 

14 days. 
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4.4.2.2. Results of Thiobacillus medium. 
 
 For each experimental treatment triplicate samples were used. The average 

results were presented for each experiment. 

Table 4.4.2.6. Growth conditions Sb solubilization 
Treatment/Bacteria  Weight of 

Sb2S3 
Volume of 

media 
Temperature Experimental 

conditions 
T. thiooxidans  1g           100 mL      30°C            In oven 
T. thiooxidans  & 
T. ferrooxidans  

-            100 mL      30°C            In oven 

T. thiooxidans & 
T. ferrooxidans   

-             100 mL      30°C            In oven 

T. thiooxidans     1g           100 mL      30°C            In shaker 
Blank for Sb         
without bacteria  

1g 100 mL      30°C In shaker 

Blank for Sn       
without bacteria  

- 100 mL      30°C   In oven 

 
Table 4.4.2.7. Growth sonditions Sn solubilization 
Treatment/Bacteria Weight of   SnS  Volume of bacterial     

suspension for 
inoculation 

T. thiooxidans    - 2 mL 
T. thiooxidans & T. 
ferrooxidans  

1 g 2 mL 

T. thiooxidans & T. 
ferrooxidans  

1g 2 mL 

T. thiooxidans    - 2 mL 
  Blank for Sb      
without bacteria  

- 2 mL 

Blank for Sn     
without bacteria  

1 g - 

 
Table 4.4.2.8 Results of solubilization of Sb in one month (from 1st December to  

           30th December 2004) in µg/mL 
Treatment/Bacteria  Sb after 

(0-week)    
Sb after   
(1-week)    

Sb after   
(2-week)    

Sb after 
(3-week)    

Sb after  
(4-week)    

T. thiooxidans    0 7 7.1 7.6 5.27 
T. thiooxidans & 
T. ferrooxidans    

- - - - - 

T. thiooxidans & 
T. ferrooxidans   

- - - - - 

T. thiooxidans    0 7 7.5 7.7 8 
Blank for Sb        
without bacteria 

0 4 5 6 10 
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Fig. 4.4.2.5. Solubilization of Sb by T. thioxidans  
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 Graph 4.4.2.5. shows that solubility of Sb was maximum after 21 days, but it 

starts decreasing with passage of time.  

Table 4.4.2.9. Results of solubilization of Sn in one month (from 1st December to  
                 30th December 2004) in µg/mL 
 
Treatment/Bacteria  Sn after 

(0-week)    
Sn after   
(1-week)    

Sn after   
(2-week)    

Sn after 
(3-week)    

Sn after  
(4-week)    

T. thiooxidans         - - - - - 

T. thiooxidans & 

T. ferrooxidans        

0 7 6 2 - 

T. thiooxidans & 

T. ferrooxidans        

0 3 5 3.7 - 

T. thiooxidans          - - - - - 

Blank for Sn       

without bacteria 

0 4 5 6 - 
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Fig. 4.4.2.6. Solubilization of Sn by T. thooxidans  and T. 
ferrooxidans  
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Graph 4.4.2.6. shows that solubility of Sn was maximum after 7 days, but it 

starts decreasing with passage of time.  

 
Table 4.4.2.10  Results of pH changes in medium in one month (from 1st  
                          December to 30th December 2004)   
 
Treatment/Bacteria  pH after 

(0-week)    
pH after   
(1-week)    

pH after   
(2-week)    

pH after 
(3-week)    

pH after  
(4-week)    

T. thiooxidans         2.80 2.23 3.10 1.64 2.11 

T. thiooxidans & 

T. ferrooxidans        

2.80 2.07 3.04 2.24 - 

T. thiooxidans & 

T. ferrooxidans        

2.80 2.65 3.26 1.61 - 

T. thiooxidans         2.80 2.08 2.82 2.30 1.59 

Blank for Sb & Sn   

without bacteria 

2.80 2.46 3.01 2.09 2.52 
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Fig. 4.4.2.7. pH change during solubilization of Sb by T. 
thiooxidans  
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Fig. 4.4.2.8. pH change during solubilization of Sn by T. 
thiooxidans   and T. ferrooxodans
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 Graph 4.4.2.7. and 4.4.2.8. shows that pH was decreased in first 7 days  but it 

starts increasing with passage of time. Both graphs show that pH was decreasing after 

14 days. 
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4.4.2.3 Results of Thiobacillus medium I (For Acidophilic thiobacillus). 
 

 For each experimental treatment triplicate samples were used. The average 

results were presented for each experiment. 

 
Table 4.4.2.11. Growth conditions Sb solubilization 
 
Treatment/Bacteria  Weight of 

Sb2S3 
Volume of 

media 
Temperature Experimental 

conditions 
T. thiooxidans    1 g  100 mL  30°C            In oven 
T. thiooxidans   & 
T. ferrooxidans 

1 g  100 mL  30°C            In oven 

T. thiooxidans   & 
T. ferrooxidans 

1 g  100 mL  30°C            In oven 

T. thiooxidans    -             100 mL  30°C            In oven 
Blank for Sb         
without bacteria  

1g 100 mL  30°C In oven 

Blank for Sn       
without bacteria  

- 100 mL  30°C   In oven 

 
 
 

Table 4.4.2.12. Growth conditions Sn solubilization 
 
Treatment/Bacteria Weight of   SnS  Volume of bacterial     

suspension for 
inoculation 

T. thiooxidans                       - 2 mL 
T. thiooxidans  &  
T. ferrooxidans                     

- 2 mL 

T. thiooxidans  &  
T. ferrooxidans                     

- 2 mL 

T. thiooxidans                       1 g 2 mL 
  Blank for Sb      
without bacteria          

- 2 mL 

Blank for Sn     
without bacteria           

1 g 2 mL 
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Table 4.4.2.13 Results of solubilization of Sb in one month (from 1st December  
             to 30th December 2004) in µg/mL 

 
Treatment/Bacteria  Sb after 

(0-week)    
Sb after   
(1-week)    

Sb after   
(2-week)    

Sb after 
(3-week)    

Sb after  
(4-week)    

T. thiooxidans         0 3 8 8 6 
T. thiooxidans  & 
T. ferrooxidans        

0 7.6 7 7.5 6 

T. thiooxidans  & 
T. ferrooxidans  

0 9 10 13 19 

T. thiooxidans         - - - - - 
Blank for Sb  
without bacteria 

0 4 5 6 10 

 

Fig. 4.4.2.9. Solubilization of Sb by T. thiooxidans and T. 
ferrooxidans 
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Graph 4.4.2.9. shows that solubility of Sb was maximum after 28 days.  
 
Table 4.4.2.14 Results of solubilization of Sn in one month (from 1st December to  
                         30th December 2004) in µg/mL 
Treatment/Bacteria  Sn after 

(0-week)    
Sn after   
(1-week)    

Sn after   
(2-week)    

Sn after 
(3-week)    

Sn after  
(4-week)    

T. thiooxidans         - - - - - 
T. thiooxidans  & 
T. ferrooxidans        

- - - - - 

T. thiooxidans  & 
T. ferrooxidans        

- - - - - 

T. thiooxidans         0 2.5 4 2.5 - 
Blank for Sn 
without bacteria 

0 0 0 0 0 
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Fig. 4.4.2.10. Solubilization of Sn by T. thiooxidans 
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Graph 4.4.2.10. shows that solubility of Sn was maximum after 14 days but it 

started decreasing with passage of time..  
 

Table 4.4.2.15 Results of pH changes in medium in one month (from 1st December  
                         to 30th December 2004)   

 
Treatment/Bacteria  pH after 

(0-week)    
pH after   
(1-week)    

pH after   
(2-week)    

pH after 
(3-week)    

pH after  
(4-week)    

T. thiooxidans         4.20 3.63 4.08 2.93 1.27 

T. thiooxidans  & 

T. ferrooxidans        

4.20 3.20 3.39 2.39 3.47 

T. thiooxidans  & 

T. ferrooxidans        

4.20 3.89 3.55 3.54 4.08 

T. thiooxidans         4.20 4.38 5.11 4.16 - 

Blank for Sb & Sn 

without bacteria 

4.20 4.20 4.20 4.20 4.20 
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Fig. 4.4.2.11. pH change during solubilization of Sb by T. 
thiooxidans   and T. ferrooxidans 
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Fig. 4.4.2.12. pH change during solubilization of Sn by T. 
thiooxidans  
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Graph 4.4.2.11 shows that pH was decreased up to 21 days. Graph 4.4.2.12. 

shows that pH was increased in first 14 days  but it starts decreasing with passage of 

time. 



Chapter 5 
DISCUSSSION 

 

This study demonstrates the phytoremediation potential of water hyacinth 

(Eichhornia crassipes) for the removal of Zn, Cu, Cr, Cd, Ni and Pb from 

contaminated soil and wastewater. For this purpose four experiments were designed. 

1. Soil experiment for phytoremoval from soil (results 4.1). 

2. Hydroponic experiment for phytoremoval from wastewater (results 4.2). 

3. Adsorption & desorption of metals from ash for phytoremoval from 

wastewater (results 4.3). 

4. Microbiological experiment (results 4.4). 

Microbiological study was carried out to investigate the possible role of 

microbes in phytoremoval of these six metals by hyacinth and also to find out 

solubilizing power of Thiobacillus thiooxidans & Thiobacillus ferrooxidans, for 

insoluble Sb2S3 & SnS. 

For the solubilization of Sb2S3 four weeks but for SnS three weeks experiments 

were designed. Graphical results (4.4.2) show solubilization of both metals sulphides 

on the basis of different media.  The data regarding all these experiments, with 

different parameters, was analyzed statistically. Data given in results (4.1, 4.2. 4.3 

&4.4), is discussed here. In order to discuss all results in detail discussion is divided 

into two parts. In first part pyhtoremoval of all six metals from all experiments, is 

discussed individually, while in second part results of microbiological experiments are 

discussed.  

5.1.1. ZINC (Zn) 

When water hyacinth was grown in artificially contaminated soil containing 0 

to 250 µg/g Zn. The fresh weight of these plants was increased as compared to control 

(with out Zn) with an exception of decrease in weight at 20µg/g. Analysis of variance 

shows that increase in fresh weight was highly significant (p<0.01). LSD for change in 

fresh weight was 2.938. Increase in fresh weight shows that Zn favours growth of 
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water hyacinth. Zinc play vital role in plant and animal nutrition. It is mobilized in 

earth crust by various types of mechanisms (Dara, 1993). Table 4.1.2. Shows that LSD 

of K, Na & osmotic pressure is 2.239, 1.392 and 3.111 respectively. Analysis of 

variance of these parameters shows that these are highly significant (p<0.01). When 

we compare these values of soil before and after growth. These are increased after 

growth of water hyacinth. Table 4.1.3. shows that E.C and TSS values are increased 

due to growth of Water hyacinth but total moisture content is decreased. E.C & 

osmotic Pressure are related to TSS. TSS changes due to growth of water hyacinth are 

referred by Sooknah (2001). Nitrogen containing organic compounds due to microbial 

activities change into NH3 (Sooknah, 2001), this ammonia may be able to increase 

pH. Table 4.1.5. shows that on application of DMRT on dry weight and phytoremoval 

LSD values are 0.2869 & 0.4358 respectively. This table explains dry weight, 

phytoremoval of Zn µg/g of soil, phytoremoval µg/g of dry weight, phytoremoval 

µg/kg of dry weight and percentage removal from soil.  

When water hyacinth was grown in Hoagland’s solution containing 0 to 50 

µg/mL Zn. The fresh weight of these plants was decreased as compared to control 

(with out Zn). Complete removal of Zn is not possible due to its dual role toxic as well 

as micronutrient (Lu, et al., 2004). Analysis of variance shows that moisture content, 

dry weight and decrease in fresh weight was highly significant (p<0.01). Table 4.2.2 

shows that pH was increased with the growth of plants and with increase in 

concentration of Zn. The increase in pH of Hoagland’s solution is due to growth of 

plants and is high as compared to control. This increase in pH by water hyacinth is 

also verified by Santos and Lenzi, (2000) (Sooknah, 2001). Table 4.2.3 shows the 

phytoremoval of Zn from Hoagland’s solution. The phytoremoval (percentage) was 

maximum (99.69%), when given treatment of Zn was 40 µg/mL. In Hoagland’s 

solution acidic pH was used (Qian, et al., 1999). Zn availability to plant at low pH is 

verified by Ryan et al. (2001).  

                    Table 4.3.2.4 shows that pH was increased as compared to control. Analysis of 

variance shows that increase in pH was highly significant (p < 0.01). This increase in 

pH by water hyacinth is also verified by Santos and Lenzi (2000). pH is related to Zn 

accumulation (Kashem and Singh, 2001). 
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                   DMR shows that LSD was 0.0553 for Zn solution before experiment and 0.175 

after experiment. Table 4.3.2.5 shows phytoremoval of Zn. When Zn solutions of 

various concentrations (0 to 30 µg/mL) were passed through column filled with fixed 

weight of ash of water hyacinth. By using difference in concentration of Zn in original 

solution and in lecheate, the adsorption was measured. Lecheate show LSD 0.005. 

DMRT was applied. Adsorption of Zn (µg/g of ash), increases with increase in 

concentrations of Zn. Maximum removal of Zn was 99.80%, when given 

concentration was 30µg/L. These results are highly significant (p < 0.01). Adsorption 

of metals depends upon pH, shaking time and amount of adsorbant (Rauf, et al., 

2003). During adsorption of metals pH is increased (Qadeer and Saleem, 1997) 

(Webster, et al., 1998). Many authors stated that adsorption range of pH is 5-8.5 

(Schroth and Sposito, 1998). 

Table 4.3.2.6 shows that when 0.57M HNO3 was used desorption of Zn was 

highly significant (p < 0.01). DMRT shows that LSD was 1.213. Desorption of Zn 

µg/g of ash is increasing with the increase in concentration of Zn. Desorption of Zn 

µg/g of ash and percentage desorption is highly significant (p < 0.01). Maximum 

desorption was 40.08% (at 30µg/mL). These results show highest significance of this 

technology for making Zn reusable. The low concentration of Zn desorption is because 

of low concentration of HNO3. It may be increased by increasing concentration of 

HNO3. It is because of high solubility of Zn(NO3)2. Its removal percentage is 

increasing with the increase in concentration Zn in ash. The increase in fresh weight in 

above experiments is verified by Lu et al.(2004). All these results are verified by 

Kashem and Singh (1999, 2001,2002) (Wang, et al., 2002) Das et al. (2004) (Tyagi 

and Covillard, 1987), (Yan and Viraraghavan, 2003) (Ingole, and Bhole, 2000) 

(Ntengwe, 2005). Zn levels are high in cells of hyacinth and are increased in cell 

walls. With increase in Zn concentration will results in slight increase in K but 

decrease in Na. Little quantities of Zn were found in external granular form in Water 

hyacinth (Vesk, et al., 1999). 

5.1.2. NICKEL (Ni) 

When water hyacinth was grown in artificially contaminated soil containing 0 

to 25µg/g Ni. The fresh weight of these plants was increased as compared to control 
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(with out Ni). Analysis of variance shows that increase in fresh weight was highly 

significant (p<0.01). LSD for change in fresh weight was 0.907. Increase in fresh 

weight shows that Ni favours growth of water hyacinth (Qian, et al., 1999). Table 

4.1.6. shows the change in fresh weight and difference in fresh weight. The increase in 

fresh weight is verified by Lu et al.(2004). Table 4.1.7. shows that pH of soil 

increases. This increase in pH shows the mechanisms other than acidification, such as 

ion exchange and roots exudation, may be responsible for the increased heavy metal 

uptake in plants (Kashem and Singh, 2002). Nitrogen containing organic compounds 

due to microbial activities change into NH3 (Sooknah, 2001), this ammonia may be 

able to increase pH. LSD of K, Na & osmotic pressure is 2.239, 1.392 and 3.111 

respectively. Analysis of variance of these parameters shows that these are highly 

significant (p<0.01). When we compare these values of soil before and after growth. K 

is increased after growth of water hyacinth. At 20µg/g decrease in K is due to decrease 

in dry weight. Na is decreased as compared to control. In case of osmotic pressure it 

increases up to 10µg/g and it decreases after 10µg/g because of low E.C. pH changes 

are related to Ni removal (Kashem and Singh, 2001). 

Table 4.1.8. shows that when we use analysis of variance, results of these 

parameters are highly significant (p < 0.01). DMRT shows that LSD values of E.C, 

TSS and total moisture content of plants are 0.553, 0.429 & 3.763 respectively. E.C, 

TSS and moisture content values are decreased due to growth of water hyacinth E.C & 

osmotic Pressure are related to TSS. TSS changes during growth of water hyacinth are 

referred by Sooknah (2001). 

Table 4.1.10. shows that on application of DMRT on dry weight and 

phytoremoval LSD values are 0.733 & 0.533 respectively. This table explains dry 

weight, Phytoremoval of Ni µg/g of soil, phytoremoval  µg/g of dry weight, 

phytoremoval µg/kg of dry weight and percentage removal from soil. Removal of 

metals from soil is verified by Kashem and Singh (1999).    

When water hyacinth was grown in Hoagland’s solution containing 0 to 30 

µg/mL Ni. The fresh weight of these plants was decreased as compared to control 

(with out Ni). Analysis of variance shows that moisture content, dry weight and 

decrease in fresh weight was highly significant (p<0.01) (Zhu, et al., 1999). Table 
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4.2.10 shows that the LSD is 0.419 for change in fresh weight while for dry weight it 

is 0.271. Table 4.2.11 shows that pH was increased with the growth of plants and with 

increase in concentration of Ni. The increase in pH was high as compared to control. 

This increase in pH by water hyacinth is also verified by Santos and Lenzi (2000) 

(Sooknah, 2001).  Table 4.2.12 shows the phytoremoval of Ni from Hoagland’s 

solution (Zhu, et al., 1999). The phytoremoval (percentage) was maximum (51.17%), 

when given treatment of Ni was 5 µg/mL. Ni accumulation by hyacinth was also 

referred by Zayed, et al. (1998).  Phytoremoval per gram of dry weight and by 

percentage is illustrated by graphs. These graphs show that after 5 µg/mL percentage 

removal was decreasing. But sudden decrease in µg/g of dry weight at 15 µg/mL is 

due to increase in dry weight of plants. In Hoagland’s solution acidic pH was used 

(Qian, et al., 1999). 

When Ni solutions of various concentrations (0 to 30 µg/mL) were passed 

through column filled with fixed weight of ash of water hyacinth. By using difference 

in concentration of Ni in original solution and in lecheate, the adsorption was 

measured. Table 4.3.2.1 shows that pH was increased as compared to control. Analysis 

of variance shows that increase in pH was highly significant (p < 0.01). DMRT shows 

that LSD was 0.0553 for Ni solution before experiment and 0.055 after experiment. 

Table 4.3.2.2 shows phytoremoval of Ni. Water hyacinth is an absorber of Ni (Zhu, et 

al., 1999) (Qian, et al., 1999). Lecheate show LSD 0.0175. DMRT was applied. 

Adsorption of Ni (µg/g of ash), increases with increase in concentrations of Ni. 

Maximum removal of Ni was 99.08%, when given concentration was 25µg/L. These 

results are highly significant (p < 0.01) Adsorption of metals depends upon pH, 

shaking time and amount of adsorbant (Rauf, et al., 2003). During adsorption of 

metals pH is increased (Qadeer and Saleem, 1997) (Webster, et al., 1998). Many 

authors stated that adsorption range of pH is 5-8.5 (Schroth and Sposito, 1998). 

Table 4.3.2.3  shows that when 3M HNO3 was used desorption of Ni was 

highly significant (p < 0.01). DMRT shows that LSD was 0.411. Desorption of Ni 

µg/g of ash is increasing with the increase in concentration of Ni. Desorption of Ni 

µg/g of ash and percentage desorption is highly significant (p < 0.01). Maximum 

desorption was 22.44% (at 10µg/mL). These results show highest significance of this 
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technology for making Ni reusable but when it is present in low concentration. Its 

removal percentage is decreasing with the increase in concentration but is reasonable 

for reuse. All these results are verified by Kashem and Singh (1998, 2001,2002) Das et 

al. (2004) (Yan and Viraraghavan, 2003). 

5.1.3 LEAD (Pb)  

When water hyacinth was grown in artificially contaminated soil containing 0 

to 500 µg/g Pb. The fresh weight of these plants was increased as compared to control 

(with out Pb). Analysis of variance shows that increase in fresh weight was highly 

significant (p<0.01). LSD for change in fresh weight was 1.524. Increase in fresh 

weight shows that Pb favours growth of water hyacinth (Qian, et al., 1999). Table 

4.1.11 shows the change in fresh weight and difference in fresh weight. pH of soil is 

increased. This increase in  pH shows that mechanisms other than acidification, such 

as ion exchange and roots exudation, may be responsible for the increased heavy metal 

uptake in plants (Kashem and Singh, 2002). Nitrogen containing organic compounds 

due to microbial activities change into NH3 (Sooknah, 2001), this ammonia may be 

able to increase pH. Table 4.1.12. shows that LSD of K, Na & osmotic pressure is 

2.130, 1.669 and 4.155 respectively. Analysis of variance of these parameters shows 

that these are highly significant (p<0.01). When we compare these values of soil 

before and after growth, K is increased after growth of water hyacinth. At 400µg/g 

decrease in K is due to increase in sodium. Na is increased as compared to control 

except at 300µg/g & 500µg/g. In case of osmotic pressure it increases with increase in 

concentration of Pb. Table 4.1.13. shows that when we use Analysis of variance 

results of these parameters are highly significant (p < 0.01). DMRT shows that LSD 

values of E.C, TSS and total moisture content of plants are 0.0553, 0.648 & 3.692 

respectively. E.C, TSS and moisture content values are increased due to growth of 

water hyacinth. E.C & osmotic pressure are related to TSS. TSS changes by water 

hyacinth are referred by Sooknah (2001). Table 4.1.10. shows that on application of 

DMRT on dry weight and phytoremoval LSD values are 0.480 & 73.91 respectively. 

This table explains dry weight, phytoremoval of Pb µg/g of soil, phytoremoval  µg/g of 

dry weight, phytoremoval µg/kg of dry weight and percentage removal from soil. 

Percentage phytoremoval of Pb is maximum (95.50%) at 400µg/g. This shows that 
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water hyacinth is useful for the removal of Pb from contaminated soil. Removal of 

metals from soil is verified by Kashem and Singh (1999).    

When water hyacinth was grown in Hoagland’s solution containing 0 to 50 

ug/mL Pb. The fresh weight of these plants was decreased as compared to control 

(with out Pb) with two exceptions i.e. at 5 µg/mL and at 50 µg/mL. Analysis of 

variance shows that moisture content, dry weight and decrease in fresh weight was 

highly significant (p<0.01). Table 4.2.13 shows that the LSD is 0.323 for change in 

fresh weight while for dry weight it is 0.4181. Table 4.2.14 shows that pH increases 

with the growth and concentration of Pb. The increase in pH was low as compared to 

control. Exceptionally pH is very low at 50 µg/mL. Table 4.2.15 shows the 

phytoremoval of Pb from Hoagland’s solution. This increase in pH by water hyacinth 

is also verified by Santos and Lenzi (2000) (Sooknah, 2001). The phytoremoval 

(percentage) was maximum (96.06%) when given treatment of Pb was 10 µg/mL 

(Qian, et al., 1999) (Santos and Lenzi, 2000). But at 50 ug/mL abnormal removal was 

seen due to increase in fresh weight and sudden lowering of pH. This lowering may be 

due to Thiobacillus thiooxidans and Thiobacillus ferrooxidans bacteria as described in 

the results of microbiological studies (4.4.1) (Jiao, et al., 2005). These bacteria are 

present in roots of water hyacinth and are able to lower pH. Decrease in pH due to 

metal removal by water hyacinth is verified by Linzi, et al. (1994). In Hoagland’s 

solution acidic pH was used (Qian, et al., 1999). Pb removal by hyacinth is verified by 

Vesk, et al. (1999), and was also referred by Zayed, et al. (1998).  

When Pb solutions of various concentrations (0 to 30 µg/mL) were mixed with 

fixed weight of ash of water hyacinth. The adsorption was measured. Table 4.3.1.4.  

shows that pH was increased as compared to control. Analysis of variance shows that 

increase in pH was highly significant (p < 0.01). DMRT shows that LSD was 0.0554 

for Pb solution before experiment and 0.0271 after experiment. Table 4.3.1.5 shows 

phytoremoval of Pb. When Pb solutions after shaking with ash were filtered. The 

filtrate/lecheate show LSD 0.0553. DMRT was applied. Adsorption of Pb (µg/g of 

ash), increases with increase in concentrations of Pb. Maximum removal of Pb was 

99.43%, when given concentration was 30µg/L. adsorption of Pb is due to conversion 

of Pb into PbCO3 (insoluble) (Schroth and Sposito, 1998). These results are highly 
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significant (p < 0.01). Adsorption of metals depends upon pH, shaking time and 

amount of adsorbant (Rauf, et al., 2003). During adsorption of metals pH is increased 

(Qadeer and Saleem, 1997) (Webster, et al., 1998). Many authors stated that 

adsorption range of pH is 5-8.5 (Schroth and Sposito, 1998).  

Table 4.3.1.6 shows that when 3M HNO3 was used desorption of Pb was 

highly significant (p < 0.01). DMRT shows that LSD was 0.0554. Desorption of Pb 

µg/g of ash is increasing with the increase in concentration of Pb. Desorption of Pb 

µg/g of ash and percentage desorption is highly significant (p < 0.01). Maximum 

desorption was 98.29% (at 5µg/mL). These results show highest significance of this 

technology for making Pb reusable but when it is present in low concentration. Pb is a 

heavy element so it removal percentage is decreasing with the increase in 

concentration (Yan and Viraraghavan, 2003). 

5.1.4 CHROMIUM (Cr) 

When water hyacinth was grown in artificially contaminated soil containing 0 

to 25µg/g Cr. The fresh weight of these plants was decreased as compared to control 

(with out Cr). Analysis of variance shows that decrease in fresh weight was highly 

significant (p<0.01). LSD for change in fresh weight was 0.605. Decrease in fresh 

weight shows that Cr not favours growth of water hyacinth. Table 4.1.16. shows the 

change in fresh weight and difference in fresh weight. pH of soil is increase. The 

increase in pH shows that mechanisms other than acidification, such as ion exchange 

and roots exudation, may be responsible for the increased heavy metal uptake in plants 

(Kashem and Singh, 2002). Nitrogen containing organic compounds due to microbial 

activities change into NH3 (Sooknah, 2001), this ammonia may be able to increase 

pH. Table 4.1.17 shows that LSD of K, Na & osmotic pressure is 2.446, 2.935 and 

2.397 respectively. Analysis of variance of these parameters shows that these are 

highly significant (p<0.01). When we compare these values of soil before and after 

growth. K is increased after growth of water hyacinth. Na is decreased as compared to 

control. In case of osmotic pressure it decreases up to the treatments of 10µg/g Cr and 

it increases after 10µg/g because of low E.C. Table 4.1.18. shows that when we use 

analysis of variance results of these parameters are highly significant (p < 0.01). 

DMRT shows that LSD values of E.C, TSS and total moisture content of plants are 
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0.0553, 0.534 & 0.4284 respectively. E.C & osmotic pressure are related to TSS. TSS 

changes by water hyacinth are referred by Sooknah (2001). E.C decreases at 10µg/g 

but increases after 10µg/g. TSS and moisture content values are increased with an 

exception at 20µg/g due to growth of water hyacinth. Table 4.1.19 shows pH changes 

and it explains decrease in pH as compared to control. The lowering of pH for Cr (VI) 

biosorption on roots can be explained as the pH is lowered, however, the overall 

surface charge on the cell will become positive and the interaction of metal ions in 

anionic form, with the cell will be primarily electrostatic in nature (Cetinkaya, et al., 

1999).  Removal of Cr and decrease in pH is verified by Lenzi, et al. (1994). Table 

4.1.20. shows that on application of DMRT on dry weight and phytoremoval LSD 

values are 0.263 & 3.198 respectively. This table explains dry weight, phytoremoval 

of Cr µg/g of soil, phytoremoval  µg/g of dry weight, phytoremoval µg/kg of dry 

weight and percentage removal from soil. Maximum percentage removal is 94.02% at 

5µg/g. it is decreasing with increase in concentration of Cr. So this method is useful 

only for the phytoremoval of low concentration pollution of Cr. 

When water hyacinth was grown in Hoagland’s solution containing 0 to 30 

µg/mL Cr. The fresh weight of these plants was decreased as compared to control 

(with out Cr). Analysis of variance shows that moisture content, dry weight and 

decrease in fresh weight was highly significant (p<0.01). Table 4.2.4 shows that the 

LSD is 0.567 for decrease in fresh weight while for dry weight it is 0.303. Table 4.2.5 

shows that pH was increased with the growth of plants and with increase in 

concentration of Cr. The increase in pH of Hoagland’s solution is due to growth of 

plants and is high as compared to control. This increase in pH by water hyacinth is 

also verified by Santos and Lenzi (2000) (Sooknah, 2001). Table 4.2.6 shows the 

phytoremoval of Cr from Hoagland’s solution. The phytoremoval (percentage) was 

maximum (67.08%), when given treatment of Cr was 20 µg/mL (Zayed, et al., 1998). 

Phytoremoval per gram of dry weight and by percentage is illustrated by graphs. 

These graphs show that after 20 µg/mL percentage removal is decreasing. Water 

hyacinth is an absorber of Cr (Zhu, et al., 1999). In Hoagland’s solution acidic pH was 

used (Qian, et al., 1999). 



 214

When Cr solutions of various concentrations (0 to 30 µg/mL) were passed 

through column filled with fixed weight of ash of water hyacinth. By using difference 

in concentration of Cr in original solution and in lecheate, the adsorption was 

measured. Table 4.3.2.7 shows that pH was increased as compared to control. Analysis 

of variance shows that increase in pH was highly significant (p < 0.01). DMRT shows 

that LSD was 0.0553 for Cr solution before experiment and 0.175 after experiment. 

Table 4.3.2.8 shows phytoremoval of Cr. Adsorption of Cr on to ash is a positive 

agreement with the results of Cetinkaya, et al. (1999). Lecheate show LSD 1.07. 

DMRT was applied. Adsorption of Cr (µg/g of ash), increases with increase in 

concentrations of Cr. Maximum removal of Cr was 91.33%, when given 

concentration was 10µg/L. These results are highly significant (p < 0.01). Adsorption 

of metals depends upon pH, shaking time and amount of adsorbant (Rauf, et al., 

2003). During adsorption of metals pH is increased (Qadeer and Saleem, 1997) 

(Webster, et al., 1998). Many authors stated that adsorption range of pH is 5-8.5 

(Schroth and Sposito, 1998). 

 Table 4.3.2.9 shows that when 0.57M HNO3 was used desorption of Cr was 

highly significant (p < 0.01). DMRT shows that LSD was 0.769. Desorption of Cr 

µg/g of ash is increasing with the increase in concentration of Cr. Desorption of Cr 

µg/g of ash and percentage desorption is highly significant (p < 0.01). Maximum 

desorption was 41.66% (at 30µg/mL). Desorption of Cr by HNO3 is verified by 

Lenzi, et al. (1994). These results show highest significance of this technology for 

making Cr reusable. The low concentration of Cr desorption is because of low 

concentration of HNO3. It may be increased by increasing concentration of HNO3. It 

is because of high solubility of Cr (NO3)3. Its removal percentage is increasing with 

the increase in concentration Cr in ash (Yan and Viraraghavan, 2003). 

5.1.5 COPPER (Cu) 

When water hyacinth was grown in artificially contaminated soil containing 0 

to 125µg/g Cu. The fresh weight of these plants was decreased as compared to control 

(with out Cu) with exception of increase in weight at75µg/g. Analysis of variance 

shows that decrease in fresh weight was highly significant (p<0.01). LSD for change 

in fresh weight was 1.798. Decrease in fresh weight shows that Cu not favours growth 
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of water hyacinth. Table 4.1.21. shows the change in fresh weight and difference in 

fresh weight. pH of soil is increased. This increase in pH shows that the mechanisms 

other than acidification, such as ion exchange and roots exudation, may be responsible 

for the increased heavy metal uptake in plants (Kashem and Singh, 2002). Nitrogen 

containing organic compounds due to microbial activities change into NH3 (Sooknah, 

2001), this ammonia may be able to increase pH. Table 4.1.22 shows that LSD of K, 

Na & osmotic pressure is 0.709, 0.680 and 2.462 respectively. Analysis of variance of 

these parameters shows that these are highly significant (p < 0.01). When we compare 

these values of soil before and after growth. K is increased after growth of water 

hyacinth. Na is decreased with exception of increase at 75µg/g, as compared to control. 

Osmotic pressure of soil is increased. Table 4.1.23. shows that when we use Analysis 

of variance results of these parameters are highly significant (p < 0.01). DMRT shows 

that LSD values of E.C, TSS and total moisture content of plants are 0.0553, 0.469 & 

1.042 respectively. E.C & Osmotic Pressure are related to TSS. TSS changes by the 

growth of Water hyacinth are referred by Sooknah (2001). E.C, TSS and total 

moisture content is increased as compared to control due to growth of water hyacinth. 

Table 4.1.24. shows LSD (0.05626) of pH changes and it explains decrease in pH as 

compared to control. Table 4.1.25. shows that on application of DMRT on dry weight 

and phytoremoval, LSD values are 0.7235 & 0.631 respectively. This table explains 

dry weight, Phytoremoval of Cu µg/g of soil, Phytoremoval  µg/g of dry weight, 

Phytoremoval µg/kg of dry weight and percentage removal from soil. Maximum 

percentage removal is 81.60% at 100µg/g. it is decreasing after 100µg/g. So this 

method is useful for the phytoremoval of Cu pollution in soil. Removal of copper from 

soil is verified by Kashem and Singh (1999).    

When water hyacinth was grown in Hoagland’s solution containing 0 to 50 

µg/mL Cu. The fresh weight of these plants was decreased as compared to control 

(with out Cu). Analysis of variance shows that moisture content, dry weight and 

decrease in fresh weight was highly significant (p<0.01). Table 4.2.7 shows that the 

LSD is 0.449 for decrease in fresh weight while for dry weight it is 0.288. Table 4.2.8 

shows that pH was increased with the growth of plants and with increase in 

concentration of Cu. The increase in pH of Hoagland’s solution is due to growth of 

plants and is high as compared to control. This increase in pH by water hyacinth is 
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also verified by Santos and Lenzi (2000) (Sooknah, 2001). Table 4.2.9 shows the 

phytoremoval of Cu from Hoagland’s solution. The phytoremoval (percentage) was 

maximum (63.36%), when given treatment of Cu was 5 µg/mL. Phytoremoval per 

gram of dry weight and by percentage is illustrated by graphs. These graphs show that 

after 5 µg/mL percentage removal was decreasing. But sudden increase in percentage 

removal and decrease in µg/g of dry weight at 50 µg/mL is due to increase in dry 

weight of plants. In Hoagland’s solution acidic pH was used (Qian, et al., 1999). Cu 

removal by water hyacinth is verified (Zhu, et al., 1999) ( Kashem and Singh, 1999) 

(Qian, et al., 1999) (Vesk, et al., 1999). 

When Cu solutions of various concentrations (0 to 30 µg/mL) were mixed with 

fixed weight of ash of water hyacinth. The Adsorption was measured. Table 4.3.1.7.  

shows that pH was increased as compared to control. Analysis of variance shows that 

increase in pH was highly significant (p < 0.01). DMRT shows that LSD was 0.0553 

for Cu solution before experiment and 0.392 after experiment. Table 4.3.1.8  shows 

phytoremoval of Cu. When Cu solutions after shaking with ash were filtered. The 

filtrate/lecheate show LSD 0.0175. DMRT was applied. Adsorption of Cu (µg/g of 

ash), increases with increase in concentrations of Cu. Maximum removal of Cd was 

99.48%, when given concentration was 25µg/L. These results are highly significant (p 

< 0.01). Adsorption of metals depends upon pH, shaking time and amount of 

adsorbant (Rauf, et al., 2003). During adsorption of metals pH is increased (Qadeer 

and Saleem, 1997) (Webster, et al., 1998). Many authors stated that adsorption range 

of pH is 5-8.5 (Schroth and Sposito, 1998).Cu is found in granular form in water 

hyacinth (Vesk, et al., 1999). Cu absorption is also referred by Zayed, et al.(1998). 

Table 4.3.1.9 shows that when 3M HNO3 was used desorption of Cu was 

highly significant (p < 0.01). DMRT shows that LSD was 0.795. Desorption of Cu 

µg/g of ash is increasing with the increase in concentration of Cu. Desorption of Cu 

µg/g of ash and percentage desorption is highly significant (p < 0.01). Maximum 

desorption was 78.78% (at 5µg/mL). These results show highest significance of this 

technology for making Cu reusable but when it is present in low concentration. Its 

removal percentage is decreasing with the increase in concentration but is reasonable 

for reuse.  
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5.1.6 CADMIUM (Cd) 

When water hyacinth was grown in artificially contaminated soil containing 0 

to 25µg/g Cd. The fresh weight of these plants was decreased as compared to control 

(with out Cd) with exception of increase in weight at 10 &15 µg/g. Analysis of 

variance shows that change in fresh weight was highly significant (p<0.01). LSD for 

change in fresh weight was 0.3978. Change in fresh weight shows that Cd not favours 

growth of water hyacinth in majority cases. Table 4.1.26 shows the change in fresh 

weight and difference in fresh weight. pH of soil is increased. This increase in pH 

shows that mechanisms other than acidification, such as ion exchange and roots 

exudation, may be responsible for the increased heavy metal uptake in plants (Kashem 

and Singh, 2002). Nitrogen containing organic compounds due to microbial activities 

change into NH3 (Sooknah, 2001), this ammonia may be able to increase pH. Table 

4.1.27. shows that LSD of K, Na & osmotic pressure is 1.495, 4.255 and 16.22 

respectively. Analysis of variance of these parameters shows that these are highly 

significant (p < 0.05). When we compare these values of soil before and after growth, 

K is decreased after growth of water hyacinth and Na is increased as compared to 

control. In case of osmotic pressure it is increased with an exception of decrease at 

5µg/g of Cd. Table 4.1.28 shows that when we use Analysis of variance results of 

these parameters are highly significant (p < 0.01). DMRT shows that LSD values of 

E.C, TSS and total moisture content of plants are 0.0553, 0.418 & 0.3558 respectively. 

E.C & osmotic pressure are related to TSS. TSS changes due to growth of are referred 

by Sooknah (2001).  E.C, TSS & Total moisture content is increased with an exception 

of decrease at 5µg/g as compared to control due to growth of water hyacinth. Table 

4.1.29. shows pH changes and it explains decrease in pH as compared to control with 

an exception of increase at 5µg/g as compared to control. In low pH phytoremoval of 

Cd is verified by Kashem and Singh, (2001). Table 4.1.30 shows that on application of 

DMRT on dry weight and phytoremoval, LSD values are 0.332 & 0.303 respectively. 

This also table explains dry weight, Phytoremoval of Cd µg/g of soil, Phytoremoval  

µg/g of dry weight, phytoremoval µg/kg of dry weight and percentage removal from 

soil. Maximum percentage removal is 85.50% at 25µg/g. So this method is useful for 

the phytoremoval of Cd from contaminated soil. Removal of metals from soil is 

verified by Kashem and Singh (1999).    
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When water hyacinth was grown in Hoagland’s solution containing 0 to 30 

ug/mL Cd. The fresh weight of these plants was decreased except at 5ug/mL as 

compared to control (with out Cd). Growth of water hyacinth was inhibited during 

growth in Hoagland’s solution due to heavy metals (Zhu, et al., 1999). Zayed, et al., 

(1998) also referred Cd removal. Analysis of variance shows that moisture content, 

dry weight and decrease in fresh weight was highly significant (p<0.01). Table 4.2.16 

shows that the LSD is 0.323 for change in fresh weight while for dry weight it is 

0.2215. Table 4.2.14 shows that pH increases with the growth and concentration of Cd 

(Zhu, et al., 1999). The increase in pH was low as compared to control. This increase 

in pH by water hyacinth is also verified by Santos and Lenzi (2000) (Sooknah, 2001). 

Table 4.2.18 shows the Phytoremoval of Cd in Hoagland’s solution. This table also 

shows that phytoremoval (percentage) was maximum when given treatment was 30 

ug/mL. This result shows that if water hyacinth grown in Cd contaminated 

wastewater, its removal shall be maximum at 20 µg /mL it shall be up to 98.12%. 

Phytoremoval per gram of dry weight and by percentage is illustrated by graphs. 

These graphs show that after 20 µg /mL percentage removal and µg/g of dry weight 

removal was decreasing. But sudden decrease in removal in µg /g of dry weight at 25 

µg /mL is due to increase in dry weight of plants. In Hoagland’s solution acidic pH 

was used (Qian, et al., 1999). 

When Cd solutions of various concentrations (0 to 30 µg/mL) were mixed with 

fixed weight of ash of water hyacinth. The adsorption was measured. Table 4.3.1.1 

shows that pH was increased as compared to control. Analysis of variance shows that 

increase in pH was highly significant (p < 0.01). DMRT shows that LSD was 0.0183 

for Cd solution before experiment and 0.0271 after experiment. Table 4.3.1.2. shows 

phytoremoval of Cd. When Cd solutions after shaking with ash were filtered. The 

filtrate/lecheate show LSD 0.0175. DMRT was applied. Adsorption of Cd (µg/g of 

ash), increases with increase in concentrations of Cd. Maximum removal of Cd was 

99.80%, when given concentration was 25µg/L. These results are highly significant (p 

< 0.01).   Adsorption of metals depends upon pH, shaking time and amount of 

adsorbant (Rauf, et al., 2003). During adsorption of metals pH is increased (Qadeer 

and Saleem, 1997) (Webster, et al., 1998). Many authors stated that adsorption range 

of pH is 5-8.5 (Schroth and Sposito, 1998). 
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Table 4.3.1.3 shows that when 3M HNO3 was used desorption of Cd was 

highly significant (p < 0.01). DMRT shows that LSD was 2.564. Desorption of Cd 

µg/g of ash is increasing with the increase in concentration of Cd. Desorption of Cd 

µg/g of ash and percentage desorption is highly significant (p < 0.01). Maximum 

desorption was 96.95% (at 30µg/mL). These results show highest significance of this 

technology for making Cd reusable (Yan and Viraraghavan, 2003). 

 The overall results of metals show some other facts. Some are summarized 

here. Change in K is due to conversion of K into exchangeable or non-exchangeable 

form by secondary minerals. The ability of various soil colloids to fix K varies widely. 

Influence of pH is responsible for K in soil. Increase in pH will increase K (Brady and 

Weil, 2004). 

Sodium improves growth of certain plants. E.C of soil gives indirect 

measurement of salt content. TSS depends on E.C. E.C is the measure of sodicity of 

soil (Brady and Weil, 2004). The phytoremediation efficiency of water hyacinth may 

be improved by periodically harvesting plants, which removes trace elements from the 

site and mining toxicity of phytoaccumulated trace elements to wildlife. The trace 

elements accumulated in plant tissue may than be recovered for commercial use (Zhu, 

et al., 1999). If the major goal of the phytoremediation process is to remove the 

maximum amount of elements in the shortest time possible then the selection should 

be based on the element accumulation in harvestable tissues as well as known 

information on plant densities (Qian, et al., 1999).   

5.2. MICROBIOLOGICAL EXPERIMENTS 

There were two main objectives of these experiments. 

1. To find out the possible role of microbes in phytoremoval of metals by 

hyacinth. 

2. To find out role of microbes in metal like Sb and Sn solubilization.  

The results of these sets of experiments are explained below: 
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5.2.1. To find out the possible role of microbes in phytoremoval of metals by  

          hyacinth. 

            In first experiment main purpose was to identify microbes from the roots of 

hyacinth, growing wildly in soil and floating in wastewater. So identification of 

bacteria was carried out. This experiment consists of fallowing steps. 

I. Sample collection. 

II. Isolation and purification. 

III. Physical and biochemical characterization of microbes 

The samples of soil and water were collected from roots of water hyacinth 

grown wildly in soil and water. 

All the samples were applies to five different media for isolation purification 

and identification of different microbes. The microbes were isolated, identified and 

purified. Results of these experiments are discussed here. These results are based on 

types of media. 

 

5.2.1.1 Results of Thiobacillus ferrooxidans media with ferrous sulphate   

Table 4.4.1.1 and 4.4.1.2 show that the T.thiooxidans were present in all six 

type of samples while T.ferrooxidans were present in five samples but absent in one 

sample i.e. sample number (D). Villar and Garcia (2002), studied two patterns of 

solubilization of metal ions resulting from bioleaching of sewage sludge by sulfur-

oxidizing Thiobacillus spp-. The isolation, identification and purification of 

T.thiooxidans and T.ferrooxidans from the roots of water hyacinth during present 

study confirms that these bacteria play an important role in solubilization of insoluble 

sulphides of metals like Cr and Cu. Water hyacinth is an hyper accumulator of metals 

like Cr and Cu. So it confirms that these bacteria are responsible for providing metal 

to water hyacinth. According to Villar and Garcia (2002), these bacteria solubilize at 

acidic pH i.e. at 6-6.5. During present study water hyacinth was grown at the same 

range of pH.  The results (4.2) also show accumulation of metals at acidic pH (Qian, et 

al., 1999). Similarly according to Villar and Garcia (2002) these bacteria are able to 
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solubilize Ni and Zn up to 40g/L. This also proves that in solubilization of Ni & Zn by 

water hyacinth there is some role of these bacteria and also the results show the 

agreement with the objective of present study. 

 

5.2.1.2 Results of Thiobacillus media 

Table 4.4.1.4 and 4.4.1.5 show that the T.thiooxidans were present in all six 

type of samples while T.ferrooxidans were present in four samples but absent in two 

samples i.e. sample number (A & D). Cho, et al, (2002), found that Thiobacillus 

thiooxidans are much more effective than Thiobacillus ferrooxidans in removing 

heavy metals from sewage sludge. One species, Thiobacillus ferrooxidans, can also 

derive energy by oxidizing, ferrous iron to the ferric form. Thiobacillus thiooxidans 

are obligate autotrops. T. Thiobacillus grow best at pH values of 2-5 and produce 

sulphuric acid and can decrease pH up to zero (Pelczar Jr, et al., 1986). One species, 

Thiobacillus ferrooxidans, can also derive energy by oxidizing, ferrous iron to the 

ferric form. Thiobacillus thiooxidans are obligate autotrops. T. Thiobacillus grow best 

at pH values of 2-5 and produce sulphuric acid and can decrease pH up to zero 

(Pelczar Jr, et al., 1986). From some products Cu, Cr, Zn or V was completely 

extracted by sulphuric acid produced by T. thiooxidans. The efficiency of metal 

solubilization varied depending upon density  of type of waste material. Stepwise 

increase in density promoted bacterial growth and activity, resulting in metal 

concentration of 6.6g Cu/L, 6.3g V/L, 24.4g Zn/L and 21g Cr/L in the leaching 

medium. In some cases bacterial leaching was as effective as chemical leaching with 

Sulphuric acid (Bosecker, 1987). The isolation, identification and purification of 

T.thiooxidans and T.ferrooxidans from the roots of water hyacinth during present 

study confirms that these bacteria play an important role in solubilization of insoluble 

sulphides of metals.  This also proves that in solubilization of metals by water 

hyacinth there is some role of these bacteria and also the results show the agreement 

with the objective of present study. 
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5.2.1.3 Results of Thiobacillus media I (for Acidophilic thiobacillus). 

Table 4.4.1.6 and 4.4.1.7 show that the T.thiooxidans were present in all six 

type of samples while T.ferrooxidans were present in four samples but absent in two 

samples i.e. sample number (A & D). Cho, et al, (2002), found that Thiobacillus 

thiooxidans are much more effective than Thiobacillus ferrooxidans in removing 

heavy metals from sewage sludge. Sukla et al. (1993), studied Lateritic nickel ore 

from the Sukinda mines of Orissa, India. They leached nickel by using Thiobacillus 

ferrooxidans, Bacillus circulans, Bacillus Licheniformis and Aspergillus niger at 5% 

(W/V) solid: liquid ratio for 5-20 days. Maximum leaching of Ni was achieved with 

Bacillus circulans (85%) and Aspergillus niger (92%) after 20 days. Bacillus circulans 

showed significantly higher rate of leaching than other organisms giving (80%) Ni 

extraction after 15 days. The importance and usefulness of hetero tropic organisms in 

metal extraction is of greater interest. Thiobacillus ferrooxidan solubilizes like Pb, Fe, 

Zn, Cu, and Cd from air pollution control residues (Mercier, et al., 1999). Thiobacillus 

ferrooxidan grow in medium with pH range from 4 to 4.5 (Burlarge, et al., 1998) 

Chromium (VI) reduction by filtrate of Acidithiobacillus ferrooxidans (new name of 

Thiobacillus ferrooxidans), cultures under acidic conditions, was higher than that 

observed for Acidithiobacillus thiooxidans (new name of Thiobacillus thiooxidans). 

However, at pH close to seven, chromium (VI) reduction by filtrates of Thiobacillus 

thiooxidans cultures, was as high as that by filtrates of Acidithiobacillus thiooxidans 

cultures and much higher than that observed for Acidithiobacillus ferrooxidans 

cultures at the same pH. The capacity of these cultures to reduced chromium (VI) was 

associated specifically with the fraction of cultures (cell’s, sulphur and associated 

sulphur compounds) retained by filtration through as 0.45 um filter. In the fraction that 

comes from Acidithiobacillus thiooxidans culture (Allegretti, et al., 2005). pH 7 at 

which  T.thiooxidans and T.ferrooxidans can survive and can reduce Cr (VI) to Cr 

(III).  Water hyacinth can grow at same pH and  its lateral roots can reduce Cr (VI) to 

Cr (III) (Lytle, et al., 1998), proves the relationship of these bacteria with water 

hyacinth. The isolation, identification and purification of T.thiooxidans and 

T.ferrooxidans from the roots of water hyacinth during present study confirm that 

these bacteria play an important role in solubilization of insoluble sulphides of metals.  

This also proves that in solubilization of metals by water hyacinth there is some role of 
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these bacteria and also the results show the agreement with the objective of present 

study. 

 

5.2.1.4. Results of Sabouraud dextrose media for A. niger 

Table 4.4.1.7 and 4.4.1.8 show that the A. niger was present in all six types of 

samples. The presence of A. niger in the roots of water hyacinth shows that it has 

some interesting role in hyper accumulation of metals. Sukla et al. (1993), studied 

lateritic nickel ore from the Sukinda mines of Orissa, India. They leached nickel by 

using Aspergillus niger at 5% (W/V) solid: liquid ratio for 5-20 days. Maximum 

leaching of Ni was achieved with Aspergillus niger (92%) after 20 days. The 

importance and usefulness of hetero tropic organisms in metal extraction is of greater 

interest. 

The biosorption of copper oxychloride fungicide particulates (similar to mu m 

diameter), at concentration ranging from 25 to 500ppm active in gradient, by pelleted 

mycelium of Aspergillus niger grown on Czapek DOX medium, was evaluated 

(Gharieb, 2002). The removal of Lead Pb (II) by Aspergillus niger originated from 

citric acid fermentation industry was investigated. The experimental results indicated 

that the biosorption achieved equilibrium with in 4 hours. This research also 

demonstrated that the waste biomass of A. niger is a potential biosorbant for the 

removal of lead from aqueous solution (Jianlong, et al., 2001). Sorption of the nitrates 

of cadmium (II), copper (II), lanthanum (III) and silver (I) by A. niger, was evaluated 

by using Freundlich adsorption isotherm. Differences in metal binding were observed 

among metals as well as calculated values of Freundlich K values indicated that metal 

binding decreases in the order La+3 > Ag+1 > Cu+2 > Cd+2 (Mullen, et al., 1992). 

Fungal microorganisms like A. niger are being increasingly studied for the removal of 

heavy metal ions from aqueous solutions. The column adsorption study of A. niger 

shows that it can adsorb cadmium, copper, lead and nickel 3.60, 2.89. 10.05 and 

1.08mg/ g respectively from waste water. The sorbed metal ions were easily eluted 

from the column using 0.05 N nitric acid (Kapoor, and Viraraghavan, 1998). Fungi 

have the capacity to concentrate metal ions. Besides binding metals metal ions to cell 

wall, it is also possible that chemical complexation occurs between metal ions and 
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extra cellular enzymes (Pradhan and Lavine, 1992). Aspergillus niger is capable of 

removing heavy metals such as Pb, Cd and Cu from aqueous solutions. The role 

played by various functional groups in the cell wall of A. niger in biosorption of Pb, 

Cd and Cu is investigated by Kapoor and Viraraghavan (1997). The biomass was 

subjected to chemical treatment to modify the functional groups carboxyl, amino and 

phosphate, to study their role in biosorption of metal ions. The modifications of the 

functional groups which resulted from these chemical treatments were examined with 

infrared spectroscopy. It was found that esterification of carboxyl and methylation of 

amino groups present in the cell wall of A. niger significantly decreased biosorption of 

the heavy metals studied. These findings suggest that carboxylate and amino groups 

are important in metal biosorption on A. niger biomass (Kapoor and Viraraghavan, 

1997). The isolation, identification and purification of A. niger from the roots of water 

hyacinth during present study confirms that it play an important role in removal of 

metals by water hyacinth and also the results show the agreement with the objective of 

present study. 

5.2.1.5  Results of Burk’s media for Azotobacter 

Table 4.4.1.10, 4.4.1.11, 4.4.1.12 and 4.4.1.13 show that the Azotobacter was 

present in all six types of samples. It’s presence is confirmed by morphological and 

biochemical tests. The presence of Azotobacter in the roots of water hyacinth shows 

that it has some important role in hyper accumulation of metals and nitrogen fixation. 

Maximum no of Azotobactor are observed with organic and biofertilizers applications. 

Azotobactors show creamy colour, circular surface form, low convex elevation, entire 

surface margin, smooth texture, and are gram negative (Pelczer Jr, et al., 1986). ). Ma-

Li, et al. (1994), studied large scale isolation and characterization of the molybdenum-

iron cluster from nitrogenase of Azotobacter vinelandii. Azotobacter is a gram 

negative bacterium. Fungi and actinomycetes are most resistant to metal toxicity than 

Azotobacter and nitrifying bacteria appear to be the most sensitive (Maliszewsha, et 

al., 1985). The acetylene reduction potential of both heterotropic N2 fixing soil 

bacteria and blue green algae was studied in a metal polluted soil (Dahlin, et al., 

1997). Rashid and Memon (1996), described Azotobacter as that these form cysts 

which serve as resting cells to survive harsh conditions. Azotobacter is rods, free 
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living heterotropic, can fix nitrogen but require organic compounds as energy source. 

In nature Azotobacter fixes N2 only when associated at least loosely, with higher 

plants. Azotobacter can fix N2 up to 36Kg N/ha. Presently, it is generally recognized 

that the only free living diazotrophs of agronomic importance are probably 

cyanobacteria and Azotobacter. Azotobacters have been used as commercial 

inoculants to improve N-nutrition of cereals with variable success. Trace element 

molybdenum is required and forms an important part of the nitrogenase enzyme of 

Azotobacter. Similarly Fe, S, Co and Cu are also essential for the N2 fixation process 

of it. Several type of biological nitrogen fixing systems exist in nature. Some free-

living bacteria like Azotobacter show asymbiotic nitrogen fixation, does not enter in 

many symbiotic relationships with any host, but lives in the soil. So this fixation is 

called asymbiotic or free fixation. Some times associative nitrogen fixation is caused 

by certain microorganisms of rhizosphere. One of them is Azotobacter paspoli. These 

organisms make lose type of association with roots of grasses, where the roots provide 

energy in the forms of roots exudates and the organism fix the atmospheric nitrogen. 

Biological nitrogen fixation is 80% of the total nitrogen fixation. It is a unique process 

restricted to certain microorganisms like Azotobacter and plant-microbe interactions, 

capable of harnessing atmospheric nitrogen by the action of enzyme Nitrogenase 

(Ihsanullah, 2004). The nutrients removal from wastewater and contaminated soil by 

water hyacinth are due to this nitrogen-fixing bacteria like Azotobacter. It utilizes Cu, 

Co and Fe like metals. So the removal of nitrogenous wastes and hyperaccumulation 

of these metals by water hyacinth show a link between Azotobacter and water 

hyacinth. These results show the agreement with the objective of present study. 

5.2.2 METALS LIKE Sn & Sb SOLUBILIZATION ON THE BASIS OF  

         MEDIA 

A four week experiment was designed. Antimony experiment was of four 

weeks while for Sn experiment was of three weeks. SnS and Sb2S3 are ores of tin and 

antimony. These are water insoluble (Parker, 1986). To make these metals water 

soluble two bacteria were used. 

In this experiment three media were used and solubilization power of 

Thiobacillus thiooxidans and Thiobacillus ferrooxidans for Sn & Sb, was measured. 
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Thiobacillus thiooxidans and Thiobacillus ferrooxidans strains already isolated, 

purified and characterized in last experiment (4.4.1), were used in this study. The three 

types of media used were: 

(i). Thiobacillus ferrooxidan’s medium with ferrous sulfate. 

 (ii). Thiobacillus medium.  

(iii). Thiobacillus medium I (For Acidophilic thiobacillus). 

5.2.2.1 Thiobacillus ferrooxidan’s media with ferrous sulfate.   

Graph 4.4.2.1. shows that solubility was maximum after 7 days and remained 

unchanged up to 14 days. It starts increasing with passage of time but after 21 days 

there is a decline in solubility. Graph 4.4.2.2. shows that solubility of Sn was 

maximum after 7 days, but it starts decreasing with passage of time. Graph 4.4.2.3. 

and 4.4.2.4 shows that pH was decreased in first 7 days but it starts increasing with 

passage of time. Both graphs show that pH was decreasing after 14 days.   

5.2.2.2 Results of Thiobacillus media 

For each experimental treatment triplicate samples were used. The average 

results were presented for each experiment. Graph 4.4.2.5. shows that solubility of Sb 

was maximum after 21 days, but it starts decreasing with passage of time. Graph 

4.4.2.6. shows that solubility of Sn was maximum after 7 days, but it starts decreasing 

with passage of time. Graph 4.4.2.7. and 4.4.2.8. shows that pH was decreased in first 

7 days  but it starts increasing with passage of time. Both graphs show that pH was 

decreasing after 14 days. 

5.2.2.3 Results of Thiobacillus media I (For Acidophilic thiobacillus). 

For each experimental treatment triplicate samples were used. The average 

results  were presented for each experiment.Graph 4.4.2.9. shows that solubility of Sb 

was maximum after 28 days. Graph 4.4.2.10. shows that solubility of Sn was 

maximum after 14 days but it started decreasing with passage of time.  

The results of these experiments are verified by following studies 

Graph 4.4.2.11. shows that pH was decreased up to 21 days. Graph 4.4.2.12. 

shows that pH was increased in first 14 days  but it starts decreasing with passage of 
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time. ). Thiobacillus ferrooxidan plays an important role in the extraction (leaching) of 

metals from low-grade ores. This scheme shows an arrangement whereby the bacteria, 

nutrients and acid are pumped into the ore bed. Continued growth of Thiobacillus 

ferrooxidans produces more acid, which solubilizes the metal content, promoting 

extraction. The metal is than recovered from this acid solution (Pelczar Jr, et al., 

1986). Thiobacillus genus comprises 14 species including Thiobacillus ferrooxidan 

and Thiobacillus thiooxidan. However due to heterogeneity group of this group the 

genus should include only the obligate sulphur and sulphur compound oxidizing 

species and that the iron-oxidizing and facultative chemolithotropic species should be 

removed (Kelly and Harrison, 1989). Thiobacillus ferrooxidan grow in medium with 

pH range from 4 to 4.5 (Burlarge, et al., 1998). The recovery of lead from its ores is 

carried out through a pyrometallurgical process in blast furnaces. The metal is also 

refined by using dry processes. Metals containing sulphur, lead and copper are 

obtained during the first steps of refining and are treated later in veverberatory 

furnaces in order to produce the metals (Ballester, et al., 1988). The potential use of 

microorganisms for the biomachining of metals. As a “green process”, the innovative 

use of T. thiooxidans for the micro-machining of metals open up the possibility of 

bioleaching as an alternative to conventional metal processing (Ting, et al., 2000).  

Bacterial leaching of sulphide ores using Thiobacillus ferrooxidans, 

Thiobacillus thiooxidans, or a combination of the two was studied at various 

concentrations of specific anions. Selective Zn and copper solubilization was obtained 

by inhibiting iron oxidation without affecting sulphur sulphide oxidation. Phosphate 

reduced iron solubilization from pyrite (FeS2) - sphalerite (ZnS) mixture without 

significantly affecting zinc solubilization. Copper leaching from a chalcopyrite (Cu 

FeS2)- sphalerite mixture was stimulated by phosphate, whereas chloride accelerated 

zinc extraction. In a complex sulphide ore containing pyrite, Chalcopyrite and 

sphalerite, both phosphate and chloride reduced iron solubilization and increased 

copper extraction, whereas only chloride stimulation zinc extraction. Maximum 

leaching was 100% zinc and 50% copper. Time-course studies of copper and zinc 

solubilization suggest the possibility of selective metal recovery following treatment 

with specific anions (Harahuc, et al., 2000).  The acid-insoluble metal sulphides FeS2, 

MoS2 and WS2 are chemically attacked by Fe (III) hexahydrate ions, generating 
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thiosulfate, which is oxidized to sulphuric acid. Other metal sulphides are attacked by 

iron (III) ions by protons resulting in the formation of elemental sulphur via 

intermediary polysulphides. Sulphur is biooxidized to sulphuric acid. This explains 

leaching of metal sulphides by Thiobacillus thiooxidans (Schippers and Sand, 1999). 

Thiobacillus thiooxidans and Thiobacillus ferrooxidans are able to solubilize metal 

sulfides (Razell, et al., 1963). In short results are showing agreement with previous 

studies (Bosecker, 1987) (Tichy, et al., 1998). 

 

 

 

 

 

 

 

 

 

 



CONCLUSIONS 
  

This study demonstrates the phytoremediation potential of water hyacinth 

(Eichhornia crassipies), for the removal of zinc, cadmium, chromium, nickel, copper 

& lead. phytoaccumulation of these six metals from soil and wastewater by water 

hyacinth are studied. For this purpose four experiments were designed. The results 

were studied by using ANOVA (analysis of variance) and DMRT (Duncan’s multiple 

range test). The results were highly significant. 

              In first experiment phytoremoval of six metals from soil was measured. Zn, 

Ni, Pb, Cr, Cu and Cd showed 99.13, 95.96, 97.94, 94.02, 81.60 and 85.50 percentage 

removals respectively. While µg/g of dry weight removal for these elements by water 

hyacinth were 25.639, 2.014, 80.455, 4.762, 19.789 and 1.74 respectively. 

In second experiment phytoremoval of six metals from wastewater was 

measured by growing water hyacinth hydroponically in artificially contaminated 

Hoagland’s solution. Zn, Cr, Cu, Ni, Pb and Cd showed 99.69, 62.32, 63.36, 51.17, 98 

and 98.12 percentage removals respectively. While µg/g of dry weight removal for 

these elements by water hyacinth were 8.472, 2.369, 4.085, 1.249, 19.132 and 8.888 

respectively. 

            In third experiment the solutions of various concentrations of these six metals 

were used to find out adsorption power of ash of water hyacinth. Similarly in second 

part of this experiment HNO3 was used to desorb these six metals from adsorbed 

metals containing ash of water hyacinth in order to make them reusable. Cd, Pb, Cu, 

Ni, Zn and Cr showed 99.80, 99.43, 99.48, 99.08, 99.80 and 91.33 percentage 

adsorption on ash respectively. While µg/g of ash removals for these elements were 

3.323, 2.983, 2.984, 1.978, 1.575 and 1.263 respectively. 3M & 0.57M HNO3 was 

used for desorption of Cd, Pb, Cu, Ni, Zn and Cr from ash of water hyacinth. The 

percentage desorption of these six metals was 96.95, 98.29, 78.78, 22.44, 40.08 and 

41.66 respectively. While removals (desorption by HNO3) µg/g of ash for these 

elements were 3.220, 1.930, 2.110, 0.246, 0.631 and 0.526 respectively. 

In forth experiment two types of studies were carried out. In first study main 

purpose was to identify microbes from the roots of hyacinth, growing wildly in soil 

and floating in wastewater. All the samples were applies to five different media for 
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isolation purification and identification of different microbes. As a result five types of 

microbes (Thiobacillus thiooxidans, Thiobacillus ferrooxidans, Azotobacter and A. 

niger), were isolated, identified and purified. As literature shows these microbes are 

playing vital in absorption and adsorption of metals. This study reflects that these 

microbes are also responsible for hyper accumulation of six metals. In second study 

main purpose was to find out solublizing power of Thiobacillus thiooxidans and 

Thiobacillus ferrooxidans for water insoluble Sb2S3  & SnS. In four weeks experiment 

showed change in pH and increase in solubility of Sb. While three weeks experiment 

showed change in pH and increase in solubility of Sn. This study shows that 

Thiobacillus thiooxidans and Thiobacillus ferrooxidans are playing a possible role in 

making insoluble metal compounds soluble and in providing them to roots of water 

hyacinth. A. niger is also playing a possible role in absorption and adsorption of 

metals on to the roots of water hyacinth. Metals containing nitrogen fixing enzyme 

Nitrogenase of Azotobacter provides an evidence for hyper accumulation of metals 

and nitrogenous wastes by water hyacinth. 

The maximum values of percentage removal suggest that water hyacinth could 

be used to treat wastewater and contaminated soil. Isolation, purification and 

identification of Thiobacillus thiooxidans and Thiobacillus ferrooxidans shows that 

these could be used for solubilization of biometallurgy of NiS, ZnS, CdS, FeS, Sb2S3, 

PbS and SnS. Isolation, purification and identification of A. niger shows that it can be 

used for production of enzymes like protease on industrial level. Similarly isolation, 

purification and identification of Azotobacter show the use of water hyacinth as 

fertilizer. 

It is concluded that this study shall provide a base for further research in 

phytoremoval of metals. It is very cheap method, and is better than chemical and 

physical waste removal technologies. After removal of metals the residual material is 

not hazardous like that of other chemical and physical methods. It is because of 

biomass of fresh water hyacinth can be used as source of biogas to fulfill energy 

requirements of poor countries like Pakistan. After production of biogas the compost 

of water hyacinth can be used as manure / fertilizer especially for sandy soil.   
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APPENDICES 
1. SOIL DATA  
 
Appendix 1.   Analysis of variance for fresh weight before experiment (copper) 
Source Degrees of 

freedom 
Sum of 
squares 

Mean square F-value Prob 

Between  5 340.094 68.019 1141.889 0.0000 
Within  12 0.715 0.060   
Total 17 340.808    

Coefficient of variation = 0.44% 
 
Appendix 2.   Analysis of variance for fresh weight after experiment. 
 
Source Degrees of 

freedom 
Sum of 
squares 

Mean square F-value Prob 

Between  5 221.454 44.291 1117.516 0.0000 
Within  12 0.476 0.040   
Total 17 221.929    

Coefficient of variation = 0.41% 
 
Appendix 3.   Analysis of variance for difference in fresh weight (copper) 
 
Source Degrees of 

freedom 
Sum of 
squares 

Mean square F-value Prob 

Between  5 87.992 17.598 152.147 0.0000 
Within  12 1.388 0.116   
Total 17 89.380    

Coefficient of variation = 5.22% 
 
Appendix 4.   Analysis of variance for pH before experiment.  
 
Source Degrees of 

freedom 
Sum of 
squares 

Mean square F-value Prob 

Between  5 0.000 0.000 0.000  
Within  12 0.020 0.002   
Total 17 0.020    

Coefficient of variation = 0.49% 
 
Appendix 5.   Analysis of variance for pH after experiment.  
Source Degrees of 

freedom 
Sum of 
squares 

Mean square F-value Prob 

Between  5 0.043 0.009 5.301 0.0084 
Within  12 0.019 0.002   
Total 17 0.062    

Coefficient of variation = 0.49% 
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Appendix 6.   Analysis of variance for change in pH.  
 
Source Degrees of 

freedom 
Sum of 
squares 

Mean square F-value Prob 

Between  5 0.009 0.002 1.090 0.4144 
Within  12 0.021 0.002   
Total 17 0.030    

Coefficient of variation = 80.32% 
 
 
Appendix 7.   Analysis of variance for dry weight (g).  
 
Source Degrees of 

freedom 
Sum of 
squares 

Mean square F-value Prob 

Between  5 7.262 1.452 65.473 0.000 
Within  12 0.266 0.022   
Total 17 7.528    

Coefficient of variation = 3.36% 
 
Appendix 8.   Analysis of variance phytoremoval.  
 
Source Degrees of 

freedom 
Sum of 
squares 

Mean square F-value Prob 

Between  5 790.893 158.179 48.954 0.000 
Within  12 38.774 3.231   
Total 17 829.667    

Coefficient of variation = 17.19% 
 
Appendix 9.   Analysis of variance for potassium.  
 
Source Degrees of 

freedom 
Sum of 
squares 

Mean square F-value Prob 

Between  6 423.890 70.648 36.216 0.000 
Within  14 27.310 1.951   
Total 20 451.200    

Coefficient of variation = 2.08% 
 
Appendix 10.   Analysis of variance for sodium.  
 
Source Degrees of 

freedom 
Sum of 
squares 

Mean square F-value Prob 

Between  6 273.846 45.641 16.250 0.000 
Within  14 39.322 2.809   
Total 20 313.168    

Coefficient of variation = 6.08% 
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Appendix 11.   Analysis of variance for osmotic pressure.  
 
Source Degrees of 

freedom 
Sum of 
squares 

Mean square F-value Prob 

Between  6 3283.201 547.200 291.951 0.000 
Within  14 26.240 1.874   
Total 20 3309.441    

Coefficient of variation = 1.30% 
 
 
Appendix 12.   Analysis of variance for EC.  
 
Source Degrees of 

freedom 
Sum of 
squares 

Mean square F-value Prob 

Between  6 0.025 0.004 5.038 0.0060 
Within  14 0.012 0.001   
Total 20 0.037    

Coefficient of variation = 9.87% 
 
 
Appendix 13.   Analysis of variance for TSS.  
 
Source Degrees of 

freedom 
Sum of 
squares 

Mean square F-value Prob 

Between  6 2.787 0.464 5.015 0.0061 
Within  14 1.297 0.093   
Total 20 4.083    

Coefficient of variation = 10.45% 
 
Appendix 14.   Analysis of variance for moisture content.  
 
Source Degrees of 

freedom 
Sum of 
squares 

Mean square F-value Prob 

Between  6 19564.031 3260.672 740.107 0.0000 
Within  14 61.679 4.406   
Total 20 19625.711    

Coefficient of variation = 3.70% 
 
Appendix 15.   Analysis of variance for moisture chromium.  
 
Source Degrees of 

freedom 
Sum of 
squares 

Mean square F-value Prob 

Between  5 185.805 37.161 642.919 0.0000 
Within  12 0.694 0.058   
Total 17 186.498    

Coefficient of variation = 0.54% 
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Appendix 16.   Analysis of variance for fresh weight before experiment. 
 
Source Degrees of 

freedom 
Sum of 
squares 

Mean square F-value Prob 

Between  5 1600.029 320.006 5407.550 0.0000 
Within  12 0.710 0.059   
Total 17 1600.739    

Coefficient of variation = 0.31% 
 
Appendix 17.   Analysis of variance for fresh weight after experiment. 
 
Source Degrees of 

freedom 
Sum of 
squares 

Mean square F-value Prob 

Between  5 569.067 113.813 41.467 0.0000 
Within  12 32.936 2.745   
Total 17 602.002    

Coefficient of variation = 2.10% 
 
 
Appendix 18.   Analysis of variance for difference in fresh weight. 
 
Source Degrees of 

freedom 
Sum of 
squares 

Mean square F-value Prob 

Between  5 84.739 16.948 6.212 0.0046 
Within  12 32.738 2.728   
Total 17 117.477    

Coefficient of variation = 43.92% 
 
Appendix 19.   Analysis of variance for pH before experiment. 
 
Source Degrees of 

freedom 
Sum of 
squares 

Mean square F-value Prob 

Between  5 0.000 0.000 0.000  
Within  12 0.008 0.001   
Total 17 0.008    

Coefficient of variation = 0.32% 
 
 
Appendix 20.   Analysis of variance for pH after experiment. 
 
Source Degrees of 

freedom 
Sum of 
squares 

Mean square F-value Prob 

Between  5 0.040 0.008 6.510 0.0038 
Within  12 0.015 0.001   
Total 17 0.054    

Coefficient of variation = 0.43% 
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Appendix 21.   Analysis of variance for change in pH. 
 
Source Degrees of 

freedom 
Sum of 
squares 

Mean square F-value Prob 

Between  5 0.040 0.008 3.443 0.0368 
Within  12 0.028 0.002   
Total 17 0.068    

Coefficient of variation = 33.46% 
 
Appendix 22.   Analysis of variance for dry weight (g). 
 
Source Degrees of 

freedom 
Sum of 
squares 

Mean square F-value Prob 

Between  5 11.445 2.289 86.793 0.0000 
Within  12 0.316 0.026   
Total 17 11.761    

Coefficient of variation = 1.53% 
 
 
Appendix 23.   Analysis of variance for phytoremoval 
 
Source Degrees of 

freedom 
Sum of 
squares 

Mean square F-value Prob 

Between  5 129678.982 25935.796 434093.538 0.0000 
Within  12 0.717 0.060   
Total 17 129679.699    

Coefficient of variation = 0.20% 
 
Appendix 24.   Analysis of variance for potassium 
 
Source Degrees of 

freedom 
Sum of 
squares 

Mean square F-value Prob 

Between  6 171.806 28.634 17.512 0.0000 
Within  14 22.891 1.635   
Total 20 194.697    

Coefficient of variation = 1.95% 
 
Appendix 25   Analysis of variance for sodium 
 
Source Degrees of 

freedom 
Sum of 
squares 

Mean square F-value Prob 

Between  6 505.404 84.234 133.227 0.0000 
Within  14 8.852 0.632   
Total 20 514.255    

Coefficient of variation = 2.221 
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Appendix 26   Analysis of variance for osmotic pressure. 
 
Source Degrees of 

freedom 
Sum of 
squares 

Mean square F-value Prob 

Between  6 29297.007 4882.834 1546.949 0.0000 
Within  14 44.190 3.156   
Total 20 29341.197    

Coefficient of variation = 1.21% 
 
 
Appendix 27   Analysis of variance for EC 
 
Source Degrees of 

freedom 
Sum of 
squares 

Mean square F-value Prob 

Between  6 0.242 0.040 87.361 0.0000 
Within  14 0.006 0.000   
Total 20 0.248    

Coefficient of variation = 5.27% 
 
Appendix 28.   Analysis of variance for TSS 
 
Source Degrees of 

freedom 
Sum of 
squares 

Mean square F-value Prob 

Between  6 24.211 4.035 87.361 0.0000 
Within  14 0.647 0.046   
Total 20 24.858    

Coefficient of variation = 5.27% 
 
 
Appendix 29.   Analysis of variance for moisture content. 
 
Source Degrees of 

freedom 
Sum of 
squares 

Mean square F-value Prob 

Between  6 10477.030 1746.172 17541.679 0.0000 
Within  14 1.394 0.100   
Total 20 10478.424    

Coefficient of variation = 0.41% 
 
Appendix 30.   Analysis of variance for moisture content. 
 
Source Degrees of 

freedom 
Sum of 
squares 

Mean square F-value Prob 

Between  5 416.344 83.269 741.267 0.0000 
Within  12 1.348 0.112   
Total 17 417.692    

Coefficient of variation = 0.49% 
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Appendix 31.   Analysis of variance for fresh weight before experiment. 
 
Source Degrees of 

freedom 
Sum of 
squares 

Mean square F-value Prob 

Between  5 7070.416 1414.083 9741.100 0.0000 
Within  12 1.742 0.145   
Total 17 7072.158    

Coefficient of variation = 0.39% 
 
Appendix 32.   Analysis of variance for fresh weight after experiment. 
 
Source Degrees of 

freedom 
Sum of 
squares 

Mean square F-value Prob 

Between  5 5271.825 1054.365 14177.959 0.0000 
Within  12 0.892 0.074   
Total 17 5272.717    

Coefficient of variation = 0.27% 
 
 
Appendix 33.   Analysis of variance for difference in fresh weight. 
 
Source Degrees of 

freedom 
Sum of 
squares 

Mean square F-value Prob 

Between  5 86.322 17.264 66.470 0.0000 
Within  12 3.117 0.260   
Total 17 89.439    

Coefficient of variation = 10.95% 
 
Appendix 34.   Analysis of variance for pH after experiment. 
 
Source Degrees of 

freedom 
Sum of 
squares 

Mean square F-value Prob 

Between  5 0.014 0.003 1.597 0.2342 
Within  12 0.021 0.002   
Total 17 0.035    

Coefficient of variation = 0.51% 
Appendix 35.   Analysis of variance for change in pH. 
 
Source Degrees of 

freedom 
Sum of 
squares 

Mean square F-value Prob 

Between  5 0.002 0.000 0.325  
Within  12 0.012 0.001   
Total 17 0.014    

Coefficient of variation = 77.35% 
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Appendix 36.   Analysis of variance for dry  weight (g). 
 
Source Degrees of 

freedom 
Sum of 
squares 

Mean square F-value Prob 

Between  5 106.957 21.391 125.483 0.0000 
Within  12 2.046 0.170   
Total 17 109.003    

Coefficient of variation = 3.41% 
 
 
Appendix 32.   Analysis of variance for phytoremoval. 
 
Source Degrees of 

freedom 
Sum of 
squares 

Mean square F-value Prob 

Between  5 1124.544 224.909 2497.136 0.0000 
Within  12 1.081 0.090   
Total 17 1125.625    

Coefficient of variation = 2.56% 
 
Appendix 33.   Analysis of variance for potassium. 
 
Source Degrees of 

freedom 
Sum of 
squares 

Mean square F-value Prob 

Between  6 109.951 18.325 8.885 0.0004 
Within  14 28.875 2.062   
Total 20 138.825    

Coefficient of variation = 2.06% 
 
Appendix 34.   Analysis of variance for sodium. 
 
Source Degrees of 

freedom 
Sum of 
squares 

Mean square F-value Prob 

Between  6 220.563 36.761 25.095 0.0000 
Within  14 20.508 1.465   
Total 20 241.071    

Coefficient of variation = 3.15% 
 
Appendix 35.   Analysis of variance for osmotic pressure. 
 
Source Degrees of 

freedom 
Sum of 
squares 

Mean square F-value Prob 

Between  6 1431.406 238.568 178.352 0.0000 
Within  14 18.727 1.338   
Total 20 1450.132    

Coefficient of variation = 1.05% 
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Appendix 36.   Analysis of variance for EC. 
 
Source Degrees of 

freedom 
Sum of 
squares 

Mean square F-value Prob 

Between  6 0.011 0.002 3.032 0.0409 
Within  14 0.008 0.001   
Total 20 0.019    

Coefficient of variation = 8.01% 
 
 
Appendix 37.   Analysis of variance for TSS. 
 
Source Degrees of 

freedom 
Sum of 
squares 

Mean square F-value Prob 

Between  6 1.091 0.182 3.032 0.0409 
Within  14 0.840 0.060   
Total 20 1.931    

Coefficient of variation = 8.01% 
 
Appendix 38.   Analysis of variance for moisture content. 
 
Source Degrees of 

freedom 
Sum of 
squares 

Mean square F-value Prob 

Between  6 8653.476 1442.246 312.352 0.0000 
Within  14 64.643 4.617   
Total 20 8718.119    

Coefficient of variation = 2.28% 
 
Appendix 39.   Analysis of variance for moisture nickel. 
 
Source Degrees of 

freedom 
Sum of 
squares 

Mean square F-value Prob 

Between  5 3919.643 783.929 2572.180 0.0000 
Within  12 3.657 0.305   
Total 17 3923.300    

Coefficient of variation = 0.063% 
 
Appendix 40.   Analysis of variance for fresh weight before experiment. 
 
Source Degrees of 

freedom 
Sum of 
squares 

Mean square F-value Prob 

Between  5 755.542 151.108 195.294 0.0000 
Within  12 9.285 0.774   
Total 17 764.827    

Coefficient of variation = 1.56% 
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Appendix 41.   Analysis of variance for fresh weight after experiment. 
 
Source Degrees of 

freedom 
Sum of 
squares 

Mean square F-value Prob 

Between  5 358.377 71.675 1313.144 0.0000 
Within  12 0.655 0.055   
Total 17 359.032    

Coefficient of variation = 0.38% 
 
Appendix 42.   Analysis of variance for difference in fresh weight. 
 
Source Degrees of 

freedom 
Sum of 
squares 

Mean square F-value Prob 

Between  5 224.405 44.881 61.152 0.0000 
Within  12 8.807 0.734   
Total 17 233.212    

Coefficient of variation = 14.78% 
 
Appendix 43.   Analysis of variance for pH before experiment. 
 
Source Degrees of 

freedom 
Sum of 
squares 

Mean square F-value Prob 

Between  5 0.003 0.001 0.255  
Within  12 0.027 0.002   
Total 17 0.030    

Coefficient of variation = 0.58% 
 
Appendix 44.   Analysis of variance for pH after experiment. 
 
Source Degrees of 

freedom 
Sum of 
squares 

Mean square F-value Prob 

Between  5 0.075 0.015 11.261 0.0003 
Within  12 0.016 0.001   
Total 17 0.091    

Coefficient of variation = 0.45% 
Appendix 45.   Analysis of variance for change in pH. 
 
Source Degrees of 

freedom 
Sum of 
squares 

Mean square F-value Prob 

Between  5 0.051 0.010 4.351 0.0172 
Within  12 0.028 0.002   
Total 17 0.079    

Coefficient of variation = 55.38% 
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Appendix 46.   Analysis of variance for dry weight (g). 
 
Source Degrees of 

freedom 
Sum of 
squares 

Mean square F-value Prob 

Between  5 12.675 2.535 34.664 0.0000 
Within  12 0.878 0.073   
Total 17 13.553    

Coefficient of variation = 4.82% 
 
Appendix 47.   Analysis of variance for phytoremoval. 
 
Source Degrees of 

freedom 
Sum of 
squares 

Mean square F-value Prob 

Between  5 416866.266 83373.253 48.305 0.0000 
Within  12 20711.901 1725.992   
Total 17 437578.167    

Coefficient of variation = 18.78% 
 
Appendix 48.   Analysis of variance for potassium. 
 
Source Degrees of 

freedom 
Sum of 
squares 

Mean square F-value Prob 

Between  6 169.082 28.180 19.051 0.0000 
Within  14 20.708 1.479   
Total 20 189.790    

Coefficient of variation = 1.81% 
 
Appendix 49.   Analysis of variance for sodium. 
 
Source Degrees of 

freedom 
Sum of 
squares 

Mean square F-value Prob 

Between  6 704.214 117.369 129.212 0.0000 
Within  14 12.717 0.908   
Total 20 716.930    

Coefficient of variation = 3.04% 
 
 
Appendix 50.   Analysis of variance for osmotic presure. 
 
Source Degrees of 

freedom 
Sum of 
squares 

Mean square F-value Prob 

Between  6 19500.482 3250.080 577.279 0.0000 
Within  14 78.820 5.630   
Total 20 19579.302    

Coefficient of variation = 1.72% 
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Appendix 51.   Analysis of variance for EC. 
 
Source Degrees of 

freedom 
Sum of 
squares 

Mean square F-value Prob 

Between  6 0.150 0.025 18.250 0.0000 
Within  14 0.019 0.001   
Total 20 0.169    

Coefficient of variation = 9.67% 
 
Appendix 52.   Analysis of variance for TSS. 
 
Source Degrees of 

freedom 
Sum of 
squares 

Mean square F-value Prob 

Between  6 14.556 2.426 17.751 0.0000 
Within  14 1.913 0.137   
Total 20 16.470    

Coefficient of variation = 9.63% 
 
 
Appendix 53.   Analysis of variance for moisture content. 
 
Source Degrees of 

freedom 
Sum of 
squares 

Mean square F-value Prob 

Between  6 14617.406 2436.234 548.027 0.0000 
Within  14 62.236 4.445   
Total 20 14679.642    

Coefficient of variation = 3.14% 
 
Appendix 54.   Analysis of variance for moisture lead. 
 
Source Degrees of 

freedom 
Sum of 
squares 

Mean square F-value Prob 

Between  5 241.056 48.211 462.604 0.0000 
Within  12 1.251 0.104   
Total 17 242.306    

Coefficient of variation = 0.57% 
Appendix 55.   Analysis of variance for fresh weight before experiment. 
 
Source Degrees of 

freedom 
Sum of 
squares 

Mean square F-value Prob 

Between  5 2178.121 435.624 555.231 0.0000 
Within  12 9.415 0.785   
Total 17 2187.536    

Coefficient of variation = 1.65% 
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Appendix 56.   Analysis of variance for fresh weight after experiment. 
 
Source Degrees of 

freedom 
Sum of 
squares 

Mean square F-value Prob 

Between  5 1866.134 373.227 1979.455 0.0000 
Within  12 2.263 0.189   
Total 17 1868.396    

Coefficient of variation = 0.84% 
 
Appendix 57.   Analysis of variance for difference in  fresh weight. 
 
Source Degrees of 

freedom 
Sum of 
squares 

Mean square F-value Prob 

Between  5 45.985 9.197 9.001 0.0009 
Within  12 12.261 1.022   
Total 17 58.247    

Coefficient of variation = 31.28% 
 
 
Appendix 58.   Analysis of variance for pH after experiment. 
 
Source Degrees of 

freedom 
Sum of 
squares 

Mean square F-value Prob 

Between  5 0.045 0.009 19.393 0.0000 
Within  12 0.006 0.000   
Total 17 0.051    

Coefficient of variation = 0.26% 
 
 
Appendix 59.   Analysis of variance for change in pH. 
 
Source Degrees of 

freedom 
Sum of 
squares 

Mean square F-value Prob 

Between  5 0.031 0.006 6.611 0.0036 
Within  12 0.011 0.001   
Total 17 0.042    

Coefficient of variation = 28.56% 
Appendix 60.   Analysis of variance for dry weight (g). 
 
Source Degrees of 

freedom 
Sum of 
squares 

Mean square F-value Prob 

Between  5 27.820 5.564 33.637 0.0000 
Within  12 1.985 0.165   
Total 17 29.805    

Coefficient of variation = 7.55% 
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Appendix 61.   Analysis of variance for phytoremoval. 
 
Source Degrees of 

freedom 
Sum of 
squares 

Mean square F-value Prob 

Between  5 24276.477 4855.295 38517.527 0.0000 
Within  12 1.513 0.126   
Total 17 24277.990    

Coefficient of variation 0.75% 
 
 
Appendix 62.   Analysis of variance for potassium. 
 
Source Degrees of 

freedom 
Sum of 
squares 

Mean square F-value Prob 

Between  6 291.040 48.507 295.720 0.0000 
Within  14 2.296 0.164   
Total 20 293.337    

Coefficient of variation = 0.58% 
 
Appendix 63.   Analysis of variance for sodium. 
 
Source Degrees of 

freedom 
Sum of 
squares 

Mean square F-value Prob 

Between  6 203.911 33.985 224.430 0.0000 
Within  14 2.120 0.151   
Total 20 206.031    

Coefficient of variation = 1.29% 
 
Appendix 64.   Analysis of variance for osmotic pressure. 
 
Source Degrees of 

freedom 
Sum of 
squares 

Mean square F-value Prob 

Between  6 3014.126 502.654 254.268 0.0000 
Within  14 27.660 1.976   
Total 20 3041.786    

Coefficient of variation = 1.28% 
Appendix 65.   Analysis of variance for EC. 
 
Source Degrees of 

freedom 
Sum of 
squares 

Mean square F-value Prob 

Between  6 0.023 0.004 5.391 0.0045 
Within  14 0.010 0.001   
Total 20 0.033    

Coefficient of variation = 8.80% 
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Appendix 66.   Analysis of variance for TSS. 
 
Source Degrees of 

freedom 
Sum of 
squares 

Mean square F-value Prob 

Between  6 2.326 0.388 5.391 0.0045 
Within  14 1.007 0.072   
Total 20 3.333    

Coefficient of variation = 8.80% 
 
 
Appendix 67.   Analysis of variance for moisture content. 
 
Source Degrees of 

freedom 
Sum of 
squares 

Mean square F-value Prob 

Between  6 19887.915 3314.652 712.827 0.0000 
Within  14 65.100 4.650   
Total 20 19953.015    

Coefficient of variation = 3.68% 
 
Appendix 68.   Analysis of variance for moisture copper. 
 
Source Degrees of 

freedom 
Sum of 
squares 

Mean square F-value Prob 

Between  5 1443.399 288.680 841.986 0.0000 
Within  12 4.114 0.343   
Total 17 1447.513    

Coefficient of variation = 1.26% 
 
Appendix 69.   Analysis of variance for fresh weight before experiment. 
 
Source Degrees of 

freedom 
Sum of 
squares 

Mean square F-value Prob 

Between  5 551.185 110.237 3285.738 0.0000 
Within  12 0.403 0.034   
Total 17 551.587    

Coefficient of variation = 0.23% 
Appendix 70.   Analysis of variance for fresh weight after experiment. 
 
Source Degrees of 

freedom 
Sum of 
squares 

Mean square F-value Prob 

Between  5 545.436 109.087 4236.383 0.0000 
Within  12 0.309 0.026   
Total 17 545.745    

Coefficient of variation = 0.20% 
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Appendix 71.   Analysis of variance for difference in fresh weight. 
 
Source Degrees of 

freedom 
Sum of 
squares 

Mean square F-value Prob 

Between  5 18.676 3.735 75.232 0.0000 
Within  12 0.596 0.050   
Total 17 19.272    

Coefficient of variation = 20.47% 
 
 
Appendix 72.   Analysis of variance for pH after experiment. 
 
Source Degrees of 

freedom 
Sum of 
squares 

Mean square F-value Prob 

Between  5 0.011 0.002 2.034 0.1455 
Within  12 0.013 0.001   
Total 17 0.024    

Coefficient of variation = 0.40% 
 
Appendix 73.   Analysis of variance for change in pH. 
 
Source Degrees of 

freedom 
Sum of 
squares 

Mean square F-value Prob 

Between  5 0.002 0.000 0.852  
Within  12 0.004 0.000   
Total 17 0.006    

Coefficient of variation = 58.42% 
 
Appendix 74.   Analysis of variance for dry weight (g). 
 
Source Degrees of 

freedom 
Sum of 
squares 

Mean square F-value Prob 

Between  5 18.432 3.686 104.879 0.0000 
Within  12 0.422 0.035   
Total 17 18.854    

Coefficient of variation = 1.76% 
Appendix 75.   Analysis of variance for phytoremoval. 
 
Source Degrees of 

freedom 
Sum of 
squares 

Mean square F-value Prob 

Between  5 757.238 151.448 5136.713 0.0000 
Within  12 0.354 0.029   
Total 17 757.592    

Coefficient of variation = 1.75% 
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Appendix 76.   Analysis of variance for potassium. 
 
Source Degrees of 

freedom 
Sum of 
squares 

Mean square F-value Prob 

Between  6 217.463 36.244 49.722 0.0000 
Within  14 10.205 0.729   
Total 20 227.668    

Coefficient of variation = 1.43% 
 
 
Appendix 77.   Analysis of variance for sodium. 
 
Source Degrees of 

freedom 
Sum of 
squares 

Mean square F-value Prob 

Between  6 234.286 39.048 6.613 0.0018 
Within  14 82.667 5.905   
Total 20 316.952    

Coefficient of variation = 6.13% 
 
Appendix 78.   Analysis of variance for osmotic pressure. 
 
Source Degrees of 

freedom 
Sum of 
squares 

Mean square F-value Prob 

Between  6 2599.406 433.234 5.050 0.0059 
Within  14 1200.960 85.783   
Total 20 3800.366    

Coefficient of variation = 8.16% 
 
Appendix 79.   Analysis of variance for EC. 
 
Source Degrees of 

freedom 
Sum of 
squares 

Mean square F-value Prob 

Between  6 0.020 0.003 5.050 0.0059 
Within  14 0.009 0.001   
Total 20 0.0029    

Coefficient of variation = 8.16% 
Appendix 80.   Analysis of variance for TSS. 
 
Source Degrees of 

freedom 
Sum of 
squares 

Mean square F-value Prob 

Between  6 2.138 0.356 6.289 0.0022 
Within  14 0.793 0.057   
Total 20 2.931    

Coefficient of variation = 7.54% 
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Appendix 81.   Analysis of variance for moisture content. 
 
Source Degrees of 

freedom 
Sum of 
squares 

Mean square F-value Prob 

Between  6 10550.832 1758.472 400.525 0.0000 
Within  14 61.466 4.390   
Total 20 10612.298    

Coefficient of variation = 2.71% 
 
 
Appendix 82.   Analysis of variance for moisture cadmium. 
 
Source Degrees of 

freedom 
Sum of 
squares 

Mean square F-value Prob 

Between  5 378.283 75.657 1891.418 0.0000 
Within  12 0.480 0.040   
Total 17 378.763    

Coefficient of variation = 0.29% 
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2. HYDROPONIC DATA 
 
Appendix 1.  Analysis of variance for fresh weight before experiment  
 
Source  Degree of 

freedom 
Sum of 
squares 

Mean square F-value prob 

Between 6 5731.143 955.191 1724.160 0.0000 

Within  14 7.756 0.554   

Total 20 5738.899    
Coefficient of variation = 1.14% 
 
 
Appendix 2.  Analysis of variance for fresh weight after experiment  (zinc) 
 
Source  Degree of 

freedom 
Sum of 
squares 

Mean square F-value prob 

Between 6 3749.982 624.997 29134.051 0.0000 

Within  14 0.300 0.021   

Total 20 3750.282    
Coefficient of variation = 0.27% 
 
 
Appendix 3.  Analysis of variance for difference in fresh weight (zinc) 
 
Source  Degree of 

freedom 
Sum of 
squares 

Mean square F-value prob 

Between 6 543.747 90.624 2435.830 0.0000 

Within  14 0.521 0.037   

Total 20 544.268    
Coefficient of variation = 1.95% 
 
Appendix 3.  Analysis of variance for difference in fresh weight (zinc) 
 
Source  Degree of 

freedom 
Sum of 
squares 

Mean square F-value prob 

Between 6 82.740 13.790 440.980 0.0000 

Within  14 0.438 0.031   

Total 20 83.178    
 
Coefficient of variation = 2.31% 
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Appendix 4.  Analysis of variance for difference in fresh weight (Cr) 
 
Source  Degree of 

freedom 
Sum of 
squares 

Mean square F-value prob 

Between 6 3259.682 543.280 5154.004 0.0000 

Within  14 1.476 0.105   

Total 20 3261.158    
 
Coefficient of variation = 2.98% 
 
 
Appendix  5.  Analysis of variance for dry weight (Cr) 
 
Source  Degree of 

freedom 
Sum of 
squares 

Mean square F-value prob 

Between 6 87.221 14.537 491.982 0.0000 

Within  14 0.414 0.030   

Total 20 87.635    
 
Coefficient of variation = 2.16% 
 
Appendix  6.  Analysis of variance for fresh weight before experiment (Cu) 
 
Source  Degree of 

freedom 
Sum of 
squares 

Mean square F-value prob 

Between 6 7864.529 1310.755 24215.417 0.0000 

Within  14 0.758 0.054   

Total 20 7865.287    
 
Coefficient of variation = 0.33% 
 
Appendix 7.  Analysis of variance for fresh weight after experiment (Cu) 
 
Source  Degree of 

freedom 
Sum of 
squares 

Mean square F-value prob 

Between 6 5395.869 899.311 17426.882 0.0000 

Within  14 0.722 0.052   

Total 20 5396.591    
 
Coefficient of variation = 0.40% 
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Appendix 8.  Analysis of variance for difference in fresh weight (Cu) 
 
Source  Degree of 

freedom 
Sum of 
squares 

Mean square F-value prob 

Between 6 2361.543 393.590 5995.502 0.0000 

Within  14 0.919 0.055   

Total 20 2362.462    
 
Coefficient of variation = 1.77% 
 
 
Appendix 9.  Analysis of variance for dry weight (Cu) 
 
Source  Degree of 

freedom 
Sum of 
squares 

Mean square F-value prob 

Between 6 112.619 18.770 694.813 0.0000 

Within  14 0.378 0.027   

Total 20 112.997    
 
Coefficient of variation = 2.05% 
 
 
Appendix 10.  Analysis of variance for fresh weight before experiment (Ni) 
 
Source  Degree of 

freedom 
Sum of 
squares 

Mean square F-value prob 

Between 6 5922.970 987.162 45934.433 0.0000 

Within  14 0.301 0.021   

Total 20 5923.271    
 
Coefficient of variation = 0.21% 
 
 
Appendix 11.  Analysis of variance for fresh weight after experiment (Ni) 
 
Source  Degree of 

freedom 
Sum of 
squares 

Mean square F-value prob 

Between 6 3832.826 638.804 34256.690 0.0000 

Within  14 0.261 0.019   

Total 20 3833.087    
 
Coefficient of variation = 0.23% 
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Appendix 12.  Analysis of variance for difference in fresh weight (Ni) 
 
Source  Degree of 

freedom 
Sum of 
squares 

Mean square F-value prob 

Between 6 1072.740 178.790 3308.005 0.0000 

Within  14 0.757 0.054   

Total 20 1073.496    
 
Coefficient of variation = 2.01% 
 
 
Appendix 13.  Analysis of variance for dry weight (Ni) 
 
Source  Degree of 

freedom 
Sum of 
squares 

Mean square F-value prob 

Between 6 64.279 10.713 447.361 0.0000 

Within  14 0.335 0.024   

Total 20 64.615    
 
Coefficient of variation = 1.92% 
 
Appendix 14.  Analysis of variance for fresh weight before experiment (Pb) 
 
Source  Degree of 

freedom 
Sum of 
squares 

Mean square F-value prob 

Between 6 1862.704 310.451 16872.215 0.0000 

Within  14 0.258 0.018   

Total 20 1862.961    
 
Coefficient of variation = 0.33% 
 
 
Appendix 15.  Analysis of variance for fresh weight after experiment (Pb) 
 
Source  Degree of 

freedom 
Sum of 
squares 

Mean square F-value prob 

Between 6 1353.555 225.593 9388.425 0.0000 

Within  14 0.336 0.024   

Total 20 1353.891    
 
Coefficient of variation = 0.39% 
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Appendix 16.  Analysis of variance for difference in fresh weight (Pb) 
 
Source  Degree of 

freedom 
Sum of 
squares 

Mean square F-value prob 

Between 6 111.038 18.506 547.526 0.0000 

Within  14 0.473 0.034   

Total 20 111.511    
 
Coefficient of variation = 5.57% 
 
 
Appendix 17.  Analysis of variance for dry weight (Pb) 
 
Source  Degree of 

freedom 
Sum of 
squares 

Mean square F-value prob 

Between 6 15.582 2.597 45.277 0.0000 

Within  14 0.803 0.057   

Total 20 16.385    
 
Coefficient of variation = 6.43% 
 
Appendix 18.  Analysis of variance for fresh weight before experiment (Cd) 
 
Source  Degree of 

freedom 
Sum of 
squares 

Mean square F-value prob 

Between 6 1965.104 327.517 13236.821 0.0000 

Within  14 0.346 0.025   

Total 20 1965.451    
 
Coefficient of variation = 0.33% 
 
 
Appendix 19.  Analysis of variance for fresh weight after experiment (Cd) 
 
Source  Degree of 

freedom 
Sum of 
squares 

Mean square F-value prob 

Between 6 1353.555 225.593 9388.425 0.0000 

Within  14 0.336 0.024   

Total 20 1353.891    
 
Coefficient of variation =  0.39% 
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Appendix 20.  Analysis of variance for difference in fresh weight (Cd) 
 
Source  Degree of 

freedom 
Sum of 
squares 

Mean square F-value prob 

Between 6 111.038 18.506 547.526 0.0000 

Within  14 0.473 0.034   

Total 20 111.511    
 
Coefficient of variation =  5.57% 
 
 
Appendix 21.  Analysis of variance for fresh weight before experiment (Cr) 
 
Source  Degree of 

freedom 
Sum of 
squares 

Mean square F-value prob 

Between 6 5813.846 968.974 3526.406 0.0000 

Within  14 3.847 0.275   

Total 20 5817.593    
 
Coefficient of variation =  0.72% 
 
 
Appendix 22.  Analysis of variance for fresh weight after experiment (Cr) 
 
Source  Degree of 

freedom 
Sum of 
squares 

Mean square F-value prob 

Between 6 5309.698 884.950 8844.021 0.0000 

Within  14 1.401 0.100   

Total 20 5311.099    
 
Coefficient of variation =  0.51% 
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3.      ADSORPTION & DESORPTION DATA 
 
Appendix 1.  Analysis of variance for pH before experiment (Cd) 
 
Source  Degree of 

freedom 
Sum of 
squares 

Mean square F-value prob 

Between 6 90.424 15.071 13024.062 0.0000 

Within  14 0.016 0.001   

Total 20 90.440    
Coefficient of variation =  1.40% 
 
 
Appendix 2.  Analysis of variance for pH after experiment (Cd) 
 
Source  Degree of 

freedom 
Sum of 
squares 

Mean square F-value Prob 

Between 6 0.665 0.111 4.705 0.0080 

Within  14 0.330 0.024   

Total 20 0.995    
Coefficient of variation =  1.85% 
 
 
Appendix 3.  Analysis of variance for concentrations (Cd) 
 
Source  Degree of 

freedom 
Sum of 
squares 

Mean square F-value Prob 

Between 6 0.017 0.003 15.050 0.0000 

Within  14 0.003 0.000   

Total 20 0.020    
Coefficient of variation =  37.64% 
 
 
Appendix 4.  Analysis of variance for desorption (Cd) 
 
Source  Degree of 

freedom 
Sum of 
squares 

Mean square F-value Prob 

Between 6 2012.946 335.491 156.458 0.0000 

Within  14 30.020 2.144   

Total 20 2042.966    
Coefficient of variation =  10.38% 
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Appendix 5.  Analysis of variance for pH before experiment (Pb) 
 
Source  Degree of 

freedom 
Sum of 
squares 

Mean square F-value Prob 

Between 6 16.852 2.809 2427.264 0.0000 

Within  14 0.016 0.001   

Total 20 16.868    
 
Coefficient of variation =  0.64% 
 
 
 
Appendix  6.  Analysis of variance for pH after experiment (Pb) 
 
Source  Degree of 

freedom 
Sum of 
squares 

Mean square F-value Prob 

Between 6 0.395 0.066 2.788 0.0534 

Within  14 0.331 0.024   

Total 20 0.726    
Coefficient of variation =  1.89% 
 
 
Appendix 7.  Analysis of variance for concentration (Pb) 
 
Source  Degree of 

freedom 
Sum of 
squares 

Mean square F-value Prob 

Between 6 0.209 0.035 60.850 0.0534 

Within  14 0.008 0.001   

Total 20 0.217    
Coefficient of variation =  12.39% 
 
 
Appendix 8.  Analysis of variance for desorption (Pb) 
 
Source  Degree of 

freedom 
Sum of 
squares 

Mean square F-value Prob 

Between 6 778.690 129.782 165176.180 0.0534 

Within  14 0.011 0.001   

Total 20 778.701    
 
Coefficient of variation =  0.28% 
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Appendix 8.  Analysis of variance for desorption (Pb) 
 
Source  Degree of 

freedom 
Sum of 
squares 

Mean square F-value Prob 

Between 6 19.305 3.218 2475.031 0.0000 

Within  14 0.018 0.001   

Total 20 19.323    
 
Coefficient of variation =  0.70% 
 
Appendix 9.  Analysis of variance for pH after experiment (Cu) 
 
Source  Degree of 

freedom 
Sum of 
squares 

Mean square F-value Prob 

Between 6 0.737 0.123 2.468 0.0768 

Within  14 0.696 0.050   

Total 20 1.433    
 
Coefficient of variation =  2.71% 
 
Appendix 10.  Analysis of variance for concentration (Cu) 
 
Source  Degree of 

freedom 
Sum of 
squares 

Mean square F-value Prob 

Between 6 0.055 0.009 53.333 0.0000 

Within  14 0.002 0.000   

Total 20 0.057    
 
Coefficient of variation =  14.22% 
 
 
Appendix 10.  Analysis of variance for concentration (Cu) 
 
Source  Degree of 

freedom 
Sum of 
squares 

Mean square F-value Prob 

Between 6 1034.623 172.437 838.236 0.0000 

Within  14 2.880 0.206   

Total 20 1037.503    
 
Coefficient of variation =  4.17% 
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Appendix 11.  Analysis of variance for pH before experiment  
 
Source  Degree of 

freedom 
Sum of 
squares 

Mean square F-value prob 

Between 6 2.419 0.403 348.482 0.0000 

Within  14 0.016 0.001   

Total 20 2.436    
Coefficient of variation = 0.51% 
 
 
Appendix 12.  Analysis of variance for pH after experiment (Ni) 
 
Source  Degree of 

freedom 
Sum of 
squares 

Mean square F-value prob 

Between 6 1.164 0.194 222.558 0.0000 

Within  14 0.012 0.001   

Total 20 1.176    
Coefficient of variation = 0.35% 
 
 
Appendix 13.  Analysis of variance for concentration (Ni)  
 
Source  Degree of 

freedom 
Sum of 
squares 

Mean square F-value prob 

Between 6 0.258 0.045 223.000 0.0000 

Within  14 0.003 0.000   

Total 20 0.270    
Coefficient of variation = 5.66% 
 
 
 
Appendix 14.  Analysis of variance for Desorption (Ni)  
 
Source  Degree of 

freedom 
Sum of 
squares 

Mean square F-value prob 

Between 6 37.311 6.219 113.555 0.0000 

Within  14 0.767 0.055   

Total 20 38.078    
Coefficient of variation = 10.97% 
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Appendix 15.  Analysis of variance for pH before experiment (Zn)  
 
Source  Degree of 

freedom 
Sum of 
squares 

Mean square F-value prob 

Between 6 2.728 0.455 392.927 0.0000 

Within  14 0.016 0.001   

Total 20 2.744    
Coefficient of variation = 0.51% 
 
 
Appendix 16.  Analysis of variance for pH after experiment (Zn)  
 
Source  Degree of 

freedom 
Sum of 
squares 

Mean square F-value prob 

Between 6 0.198 0.033 91.237 0.0000 

Within  14 0.005 0.000   

Total 20 0.203    
Coefficient of variation = 0.23% 
 
 
Appendix 17.  Analysis of variance for concentration (Zn)  
 
Source  Degree of 

freedom 
Sum of 
squares 

Mean square F-value prob 

Between 6 0.015 0.002 5.014 0.0061 

Within  14 0.007 0.000   

Total 20 0.022    
Coefficient of variation = 35.38% 
 
Appendix 18.  Analysis of variance for desoption (Zn)  
 
Source  Degree of 

freedom 
Sum of 
squares 

Mean square F-value prob 

Between 6 364.292 60.715 126.366 0.0000 

Within  14 6.727 0.480   

Total 20 371.019    
Coefficient of variation = 13.45% 
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Appendix 19.  Analysis of variance for pH before experiment (Cr)  
 
Source  Degree of 

freedom 
Sum of 
squares 

Mean square F-value prob 

Between 6 10.423 1.737 1890.242 0.0000 

Within  14 0.013 0.001   

Total 20 10.436    
Coefficient of variation =  0.52% 
 
 
Appendix 19.  Analysis of variance for pH after experiment (Cr)  
 
Source  Degree of 

freedom 
Sum of 
squares 

Mean square F-value prob 

Between 6 0.111 0.018 124.903 0.0000 

Within  14 0.002 0.000   

Total 20 0.113    
Coefficient of variation =  0.15% 
 
 
Appendix 20.  Analysis of variance for concentration (Cr)  
 
Source  Degree of 

freedom 
Sum of 
squares 

Mean square F-value prob 

Between 6 87.973 14.662 39.257 0.0000 

Within  14 5.229 0.373   

Total 20 93.202    
Coefficient of variation =  28.48% 
 
 
Appendix 20.  Analysis of variance for Desorption (Cr)  
 
Source  Degree of 

freedom 
Sum of 
squares 

Mean square F-value prob 

Between 6 269.546 44.924 232.362 0.0000 

Within  14 2.707 0.193   

Total 20 272.252    
Coefficient of variation =  9.97% 
 
 
 


	1Tariq-Title and contents
	c1
	c3
	c4.1
	c4.2
	c5
	c6
	Literature Cited 
	Appendix-FINAL

