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ABSTRACT 

Among several invasive alien species (lAS) , water hyacinth (Eichhomia 
crassipes (Mart.) Solms) is cons idered as an emerging issue in the world . This 
aquatic plant is onc of the important, valua ble and most promising plants of 
different purposes. On the other hand due to its fast spread and congested 
growth, the plant is con sidered as one of the tcn top noxiou s weeds of great 
treat to the ecology and economic well being of the planet. Therefore, the 
present study demonstrates the potential of water hyacinth for the removal of 
Cr from wastewater and its limitation in natural wetland . This experiment was 
performed u s ing healthy and young acclimatized wa ter hyacinth collected 
from Awash river. Cr concentrations of 3, 5, 7, 10 and 20 mg/ L were added to 
five different polyethylene tanks, containing 40 liter tap water cultured with 
Hoagland's solution and the 6 th polyethylene tank as a control group (without 
Cr). Six s imilar water hyacinth plants of equ al wet mass (wet mass of each 
plant 12.5 ± 2 g), shoot len gth (11 ± 2 em) and root length (6 ± 2 em) were 
transferred into each tank and allowed to grow in greenhouse for 42 days. 
Water hyacin th of s imilar mass and length were also transferred into 7th 

polyethylene tank for transpiration data measurements. From each tank 
plants were harvested randomly each week. Shoot and root length; wet 
biomass and dry weight of the shoot and root were measured. Rela tive growth 
rate (RGR), tolerance index of the root (TIR) , tolerance index of wet mass 
(TIWM), bioaccumulation factor (SAF) and translocation factor (TF) were 
analyzed. After all the water hyacinth plant samples had been harvested from 
each tank the water level of the tanks were a djusted to the original level and 
water samples were collected for the determination of Cr remained in each 
tank. After 42 days of plant growth transpiration (water loss) of the plant 
(Eichhomia crassipes) were also condu cted from the 7 th tank using portable 
Porometer on wet and dry seasons. The RGR of the plant during 42 days of Cr 
exposure showed decreasing trend in increasing Cr concentration and the 
growth were inhibited above 15.3 mgj L Cr concentration. The maximum 
accumulation of Cr 2.52 X 103 J.l g/g in water hyacinth was noted in the plant 
exposed to 20 mg/ L Cr solution. The highest BAP, 506 was obtained in plant 
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treated in 3 mg/L Cr solution. The root part of the plant accumulates 2.42 to 
3.82 times higher than the shoot part. Maximum removing potential 9 1 % was 
recorded for the plant grown in 3 mg/L Cr containing solution. The maximum 
transpiration of water hyacinth 9.26 ± 0.26 mM / m2/s (millimole per meter 
square per second) was measured at dry season. By considering the LAI of the 
plant at Aba Samuel wetland , the plant loses (transpires) 18.57 and 12.33 mm 
of water per day in dry and wet seasons, respectively. The evaporation in dry 
and wet seasons were 5.32 and 2.54 mm per day, respectively. Therefore, 
transpiration of water hyacinth exceeds evaporation 3.49 to 4 .85 times in dry 
and wet season, respectively. 

Keywords/phrases: Water hyacinth, Wastewater treatment, Cr, 
Bioaccumulation factor, Translocation factor, Root tolerance 
index, Wet mass tolerance index, Transpiration, Aba Samuel 
wetland 
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1. INTRODUCTION 

1.1. Exot ic invasive alien s pecies 

An exotic species is a non-na tive plant, animal or microbe del iberately or 

accidental ly introduced in to a new h a bi tat. Such species tha t are able to 

reproduce and su rvive outs ide their ha bi tats where they evolved are also 

referred to as alien, introduced , invas ive, non-na tive, or non-indigenou s 

(Elton , 2000). 

Invasive alien species (lAS) is a species introduced outside its natu ral 

distribution ; that out-competes native species for available resources, 

reproduce prolifically and domina te region s and ecosystem becau se they 

often arrive in new area u naccompanied by their na tive preda tors. The 

threat to biodivers ity due to invasive alien species is considered second only 

to that of ha bi tat loss. They cau se negative economic, environmental and / or 

social impacts (Mooney and Hobbs, 2000) . 

The spread of lAS is now recognized as one of the greatest threats to the 

ecological and economic well-being of the planet. Globalization , with 

increasing trade, travel and transport of good s across borders, facilitates the 

spread of lAS (Bolenz et a i. , 1990) . These alien species are cau sing enormous 

damage to biodiversity and the valua ble natural agricultural systems upon 

which we depend. They affect the native biodivers ity, by transforming the 

s tructure and species composition of the ecosystems and by repress ing or 

excluding native species, either directly by out-competing them for resources 

or indirectly by changing the nutrient cycle. The damage to nature is often 

irreversible (Julien et al., 1999). 

I 



l. 2. Water hyacinth 

Among several lAS, water hyacinth IS an a quatic plant species tha t is 

cons idered as an emerging issue in the world. It is one of a ra pidly growing 

and very productive frce- floating aquatic weed, origina ted in the Amazon 

South America, where it was kept under control by na tu ral preda tors 

(Bolenz el al., 1990). Outside its native range, South America, it has invaded 

many waterways and qu ickly grows to very high dens ities (over 60 kg m·2) 

thereby comple tely clogging wa ter bodies (Julien et ai.} 1999). 

Wa ter hyacinth is the eighth fastest growmg plan t on earth. Its explosive 

growth is con sidered unfavora ble in natural water bod ies and causes 

undesira ble taste and odor to the water (Lockley and Turner, 196 1). Due to 

its fast growth and toughness of its seeds, water hyacinth has cau sed majo r 

problem in the whole world (Aweke, 1993). It is now widely recognized as one 

of the top ten weed s in the world (Holms et al., 1977). 

Water hyacinth was in troduced into many countries during la te 19th and 

early 20 th centuries, where it spread and degraded a qua tic ecosystems. It is 

still ra pidly spread ing throughout Africa, where new infestations are creating 

life- threatening situations as well as environmental and cultu ral upheaval 

(Cock et ai., 2000). 
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1.2.1. Plant biology 

Scientific name: Eichhomia crassipes (Mart.) Solms; Common names: Water 

hyacinth (English) (Thome, 1992), Bochae (Ethiopia) (personal 

communication with the local community), Organism type: Floating aquatic 

plant (Plate 1). 

Non-Native 
Freshwater 

.Pl ants 
Water I l v;:Icimh 

"A" (Thorne, 1992) 

-B- (Source: Daniel, this study) 

Plate 1 "A" and "B" water hyacinth on water body 

1.2. 1. 1. Flower 

Water hyacinth has attractive bluish purple or lilac colored flower with a 

yellow spot of two-three inches in size (Plate 2). The flowering period lasts for 

about fifteen days. When flowering period ends flower stalk bends and the 

3 
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pike is now under the water surface and seeds are released directly into the 

water (Thorne, 19921. 

Plate 2 Flower of water hyacinth 

1.2.1.2. Leave 

Water hyacinth is a noating plant with round to oval leaves up to ten inches 

in diameter, although smaller leaves are common. The leaves are bright 

green, shiny, and held upright; so they act like sails, which facilitates 

distribution of the plant (Plate 3). The leaf is spongy and thick and helps tc? 

keep the plant buoyant (Barrett, 19801. 

4 
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Plate 3 Leaves of water hyacinth 

1.2.1.3. Root 

As much as 50% of water hyacinth's biomass is root. Roots are adventitious 

and fibrous, 10-300 em in length (Plate 4 "8"). As many as 70 lateral roots 

per em gIve the roots a feathery appearance (Plate 4 "A"). They are dark 

violet to bluish or pinkish violet (though whitish if grown in total darkness) 

and contain soluble pigments, including anthocyanins that may protect the 

root from herbivores (Barrett, 1980) . 

• 
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"A" "8" (Source: Daniel, this study) 

Plate 4 "A" and "8" roots of water hyacinth 

1.2.1.4. Reproduction 

Water hyacinth reproduces sexually by seeds and vegetatively by budding 

and stolon production. For rapid spreading, the vegetative propagation is 

more important (Verma et aI., 2003). Daughter plants sprout from the 

stolons and doubling times have been reported 6-18 days (Barrett, 1980). 

Under favorable conditions of temperature and high nutrient availability, the 

vegetative propagation is very fast and the edge of mat can even -enhance by 

60 em /month . Whether sexual reproduction occurs in the water hyacinth 

had been a mystery for long time as most of the early investigators could not 

observe seeds/ seedlings in nature. Seed capsules normally contain fewer 

than 50 seeds each (Barrett, 1980). Each inflorescence can produce more '. . ' 

than 300'0 seeds and a single rosette can produce several inflorescences 

6 

• 

• 

• 



each year (Barrett, 1980). The small, long-lived seeds sink and remain viable 

in sediments for 15 to 20 years (Gopal, 1987). Seeds germinate on moist 

sediments or in warm shallow water (Hitchcock et ai., 1950). 

Population increases mainly by vegetative means. However, observations 

showed that even after complete eradication of vegetative parts, there was 

recurrence of the water hyacinth. This suggested, new plant must have 

developed from seeds (Parija, 1934). 

Holm el ai. (1969) found that two parent plants were surrounded by 300 off­

springs in 23 days and by 1200 after 4 months. A s ingle inflorescence will 

have about 20 flowers and each flower produces 3000 to 4000 seeds. The 

seeds germinate only when the water recedes 3-4 cm. After germination, the 

seedlings remains attached to the mud. 

1.2.2. Environmen tal requiremen ts 

Water hyacinth grows best in neutral pH , high macro nutrients. warm 

temperature and high light intensity. It tolerates pH levels from 4.0 to 10.0 

(Haller and Sutton, 1973). Prolonged cold kills the plant, but reinfestation 

from seed follows during later warmer periods (Penfound and Earle, 1948). 

Growth inhibited at water temperature above 33 °C. Salinity is the main 

obstacle for growth of water hyacinth (Knipling et al., 1970). 

7 
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1.2.3 . Pla nt origin and geogra phical d istribution 

Water hyacinth is Sou th American plant. Ou tside its na tural environment it 

was firs t a ppeared in North America, at the end of 19th century (1 884) about 

the same time it was spotted in Egypt (Gha bbour et al., 2004; GopaJ , 1987). 

It was introduced in lo many countries during the latc 19th and early 20th 

cen turies, where spread and degraded a qua tic ecosystems. It is still ra pidly 

spreading th roughout Africa, where new infesta tions are creating lifc­

threatening situa tions as well as environmental and economic upheaval 

(Cock et al., 200 0). Water hyacinth was first reported in lake Victori a in 1989 

and quickly spread around the lake margins (Twongo, 1991 ). Water hyacinth 

now flourishes in al l continen ts bu t Europe, where it exists , but does not 

nourish as a resul t of climatic conditions. Water hyacinth grows abundantly 

throu ghout the tropical and sUbtropical regions of the world (Cock e l at, 

2000). 

In Eth iopia th is weed was officially reported in the year 1956 in Koka dam 

and Awa sh river. Although the infesta tion was small the earlies t observa tion 

of water hya cinth wa s reported in Dugda Bora d istrict between the year 

1949 to 1958 (Stroud, 1994) . The point of introdu ction and the primary 

source of infestation were assumed to be Aba-Samuel wetland tha t is 

enriched by Akaki river , in which almost all types of wastes of Addis Ababa 

city have been damped . Farmers in the area reported tha t foreign 

inha bitants residing near the wetland introduced water hya cinth to the 

water body (Senait et al., 2007). Except lake Elen (8 Ian North of Alemtena 

tovm) and Koka dam, other rift valley Lakes: Ziway, Langano, Abijata, Shala 
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and Awassa are proved to be free from water hyacinth, but the risk 

(potential) for their infestation is still there (Rezene, 2005). During 1962 the 

plant succeeded in infesting the whole stretch of the White Nile from Juba to 

J ebel Aulia dam; the whole length of the Sabat river from its mouth 

eastwards up to Baro and Gillo rivers and south wards from Pibo river to 

Akobo (Rezene, 2005). 

1.2.4. Negative impacts 

Water hyacinth is considered as one of the world's worst aquatic plants. It 

can double its size in a week time and a mat of medium sized plant may 

contain 2 million plants per hectare that weigh 270 to 400 ton (Epstein, 

1998). Water hyacinth poses serious socioeconomic and environmental 

problems for millions of people in riparian communities (Howard, 2003). 

The rapid growth of water hyacinth forms expanSIve colonies of tall and 

interwoven plants. It blankets large water bodies, creating impenetrable 

barriers and obstructing navigation (Zeiger, 1962). The dense mats of water 

hyacinth loses water from a body of water, reduce light to submerged plants, 

prevents oxygenation of water and the establishment of phytoplankton and 

much of the zooplankton, making areas unsuitable for fish feeding and fish 

breeding ( Holms et ai., 1977; Howard , 2003; Barret, 1980; Annushee, 

2005). The resultant lack of phytoplankton alters the composition of 

invertebrate communities, ultimately affecting fisheries, decreased fish 

population destroying native plants and wildlife habitat (Hansen el al., 

1971). The plant interferes with navigation, recreation, irrigation, power 
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generation and enhances reduction of biodiversity. They also create good 

breeding conditions for mosquito vectors of malaria (Epste in , 1998; Mailu , 

2001 ). 

1. 2.4.1. The water loss (transpiration) impact of water hyacinth 

Transpiration IS the evaporation of water in the vascular system of plants 

th rough leaf stomata. Opening and closure of stomata is controlled by their 

guard cells. Hence, transpiration is a bio-physical process, becau se it 

involves tissues of living organism s. Liquid water extends through the plant 

from the soil or water to the leaf cell surfaces where it is converted from a 

liquid into gas through the process of evaporation (Salis burg and 

Wadsworth, 1992; Noble, 199 1). 

The hydrological impact of water hyacinth is increased transpiration rates. 

The increased transpiration due to dense mates of water hyacinth can have 

serious implications where water is already scarce for increasing human 

demands, feeding and breeding for fi sh , birds and other organisms (Noble, 

199 1). For example in Texas, USA water hyacinth transpiration rates are 

estimated to be three to six times normal evaporation. Immersed and 

floating plants, su ch as cattail and water hyacinth, becau se of their 

structure and leaf area, transpire more water than would evaporate in the 

same area. Therefore, lakes filled with immersed and floating plants will lose 

more water to the atmosphere than will open water lakes having few plants 

(Maarguarite and Rawlik, 1993). 
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In aU wetlands evapotranspiration causes major loss of water (Winter, 

1992). Despite evaporation and transpiration cau sing the largest water loss 

from wetlands, aspects of transpiration characteristics of wetland 

vegetation and their role in wetland hydrology are not well u nderstood 

(Winter, 1992). Studies of transpiration are inconclusive, for it is not clear 

whether the presence of wetland vegetation increases or decreases water 

losses from a body of water. Obviously, the presence of vegetation retards 

evaporation from the water surface, but the question is whether the 

tra nspiration of water through the plants matches or exceed s the difference 

(Kadlec, 1989). 

Evaporation and transpiration are enhanced by meteorological conditions, 

such as solar radiation or sur face temperature that increase the value of 

the vapour pressure at the water surface (Mitsch and Gosselink, 1993). 

Despite adequate moisture, certain plants can also physiologically limit 

transpiration through the closing of leaf stomata during a period of stress 

(Mitsch and Gosselink, 1993). It is known that environmental variables can 

condition plant physiology markedly, thereby regulating transpiration 

(Snyder and Boyd, 1987; Van der Weert and Kamerling, 1974). As pointed 

out by Lee (1967) transpiration seems to be controlled by stomata rather 

than by environmental condition s. 

1.2.5. Potential uses of water h yacinth 

Although water hyacinth is often seen as a weed responsible for many of the 

problems outlined above, there are other schools of thought that advocate 
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useful applications of the plant. These groups of people strongly agree tha t 

Eichhornia crassipes, is one of the most productive and most promising aquatic 

plants that could serve different purpose in different part of the world (Nevena, 

2006; Abbasi and Ramasamy, 1999). Fast growth is a feature valued in crops 

grown by man. The water hyacinth would therefore, have a great potential if it 

is seen as raw material for industries or if incorporated into agricultural 

practice (Anushee, 2005). Water hyacinth contains more than 95% water but 

due to its fibrous tissue and a high energy and protein content, it can be used 

for a variety of useful applications, such as: wastewater treatment, alcohol 

production , biogas production, compost, animal fodder and a number of other 

uses some of which have been developed and others are still in their infancy 

(Tchobanoglous et al., 1989; Woomer et al., 2000; Stocker and Haller, 1999; 

Nigam, 2002; Van Oer Meer and Verdegam, 1996; Kumar, 2005). 

1.2.5.1. Water hyacinth for the application of wastewater treatment 

Water hyacinth (Eichhomia crassipes (Mart.) Solms) is quite versatile plant 

as far as phytoremediation capability is concerned. Natural wetland 

systems colonized by water hyacin th could serve as "nature's kidney" for 

proper efflu ent treatment to preserve the earth's precious water resource 

from getting polluted (Tchobanoglous et al., 1989). 

Eichlwmia crassipes, has attracted considerable attention because of its 

ability to grow in heavily polluted water together with its capacity for metal 

ion accumulation (Annushee, 2005). The plant has been used for 

decontaminating inorganic nutrients, persistent organic pollutants, as well 

as toxic metals (Tchobanoglous et al., 1989). 
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Water hyacinth can serve for the reduction of BOD, COD, total nitrogen as 

well as other nutrien t-rich wastes (Trivedy and Thomas, 2004; Sinha and 

Sinha , 2000 ). The p lant can also be used for th e a pplication of phosphorus 

removal , agricultural ru noff, dairy efflu ents, pulp and paper m ill , textile 

and electroplating efflu en ts and fo r the treatment of recalcitrant organic 

chemicals s u ch as herbicides (Roy and Hanninen, 1994; Debusk el al., 

200 1; Reddy er aI., 1982; Tripa thi and Upa dhyay, 2003; Singhal and Ray, 

2003; Trivedy and Gudekar, 1987). 

In ter m s of growth output as well as nutrient reduction from wastewater, 

water hyacin th has been fou nd to perform better than other plan ts such as 

pennywort (Hydrocolylea umbellat) and water le ttuce (Pis l ia slratiotes) 

(Sooknah and Wi lk ie, 2004) . 

1. 2.5. 1. 1. Heavy metal removal capability of water hyacin th 

In the last few decades , s ign ificant progrc ss in biorcm cdia tion of metals and 

ra dionuclide has been m ade. Aqua tic plants are known to accumula te 

metals from their en vironment and affect metal flux th rough ecosystem s. 

Wa ter hyacinth has exceptionally high affinity and a ccu mulation capacity fo r 

several m etals {Zhu et ai. } 1999). Particu larly roots of water hyacinth have 

high capacity not on ly for nutrien t uptake but also fo r trace elements u p take 

(Guo and Zhang, 2002 ). 

Water hyacin th has been used for t reatments of variou s metals: for example, 

for the a pplication of silver recovcry, for rem oval of lead , copper, zinc, 

aluminum , and also showed h ighest removal capacity for cadmium, 
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chromiu m , arsen ic and n ickel from low external concentrations (Zhu eL ai. , 

1999; Gu o and Zhang, 2002; Liao and Chang, 2004; Roldan, 2002; 

Mu kherjee Mondal , 1995). 

1. 2.5. 1. 2. Application for chromium removal from indus trial 

wastes 

In recent years, contamina tion of the environmen t by Cr , especially Cr (VI) 

has become a major area of concern . Cr is u sed on a large scale in many 

different industries, including metal lurgy, electropla ting, production of 

pain ts and pigments, tanning, wood preserva tives, Cr chemical production 

and pulp and pa per production are among others (Guo and Zhang, 2002; 

Mu kherjee Mondal, 1995). Due to its huge indus trial u se, this metal is one 

of the important contaminant released into the environment (Nriagu and 

Nieboer, 1988). Of len wastes from such indu s tries are u sed as a fill material 

a t numerous location s to reclaim marsh lands, and for backfill a t s ites 

following demolition . At many su ch sites, leaching and seepage of Cr(Vl) 

from the soils into the groundwater poses a con s iderable health hazard. The 

tanning industry is an especially large contribu tor of Cr pollution to water 

resources (Salunkhe et al., 1998). 

In Addis Aba ba Eth iopia, there is increasing concern a bou t water pollution 

from indus tries. According to Addis Aba ba environmental protection agency 

(AAEPA) more than 80% of industries in the city discharge their effluen t into 

the environment without any a ppropriate treatmen t (AAEPA, 2004). Of all 

the discharged contaminates, the total Cr discharge of paint manufacturing 
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indu s tries in the year 2000 alone exceeds 2000% a bove the industrial 

efflu ent discharge standard limit o f the country (AAEPA, 2004). 

Moreover, t reatments of this wastewater is expen SIve; so tha t many poor 

countries only employ an initial treatment and th is treatment sti ll leaves 

ch romium a bove the legal discharge limit for surface as well as for ground 

wa ters (Alves el ai., 1993). Therefore, in the case of Cr, fu rther treatmen t is 

often mandatory such as: ion exchange resin , reverse osmosis and 

electrolysis have been investigated as methods of further pu ri fication 

(Kocaoba and Akcin , 2002; Vlyssides a nd Is railides , 1997; Hafez el al ., 

2002). However , these methods are expens ive and are often not cons idered 

cost effective for smal l s ized industries. 

Currently there is considera ble in terest in the u se of bioremediation and 

phytoremed iation to treat Cr con taminated soils, sediments, and waters 

(Cha ndra et ai., 1997). Phytoremediation of Cr pollution can be achieved by 

extraction of the metal from pollu ted soils and water in to harvestable plant 

tissues (Terry and Banuelos, 2000). The choice of a ppropria te method of 

remedia tion is governed largely by the mobility, d istribution and specia tion 

of Cr in soils and plants . Knowledge of the physical, chemical , and biological 

processes affectin g the mobili ty, d istribution, and chemical speciation of Cr 

in the environmen t is therefore, essential in order to devise cost-effective and 

efficien t remedia tion stra tegy (Chandra el al., 1997). 

Therefore, in view of the sen ousness of Cr pollu tion, cons idera ble efforts 

have to be ma de to develop suita ble methods for the remed iation of 

15 



chromium contaminated soils, sediments and water (Nriagu and Nieboer, 

1988). Water hyacinth, whose increased appetite for nutrients and high 

explosive growth rate could be harnessed to remove Cr from the 

environment (Salt el al., 1995). 

Lots of researches have been done to show the potential of water hyacinth to 

accumulate heavy metals such as: s ilver, lead , cadmium, zinc, iron and 

mercury. There are very few plant species such as: Sutera fodina, Dicoma 

niccoli/era and Leptospermwn scoparium which have been reported to 

accumulate Cr(VI) in thei r tissues (Peterson , 1975). However , study on the 

accumulation potential of water hyacinth to Cr is scarce, particularly here in 

Ethiopia. Study on the poten tial of water hyacinth is key for Cr removing 

from wastewater due to the fact tha t the plant is already introduced in to the 

environment and the central unit of the treatment engine is driven by 

photosynthesis , thus the process is sustainable, and cost efficient. 

Therefore, the present study was conducted to assess the potential of wa ter 

hyacinth to remove Cr(VI) from wastewater and evalua te the water loss 

impact of this exotic alien invasive plant, due to transpiration . 
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2. OBJECTIVES 

2.1. General objective 

To study and compare the poten tial use of water hyacinth for wastewater 

treatment with its limitation 

2.2. Specifi c objectives 

To: 

.:. determine the effect of chromium on the growth of water hyacinth 
and estimate the toxicity level; 

.:. evaluate the chromium removing potential of water hyacinth from 
chromium contaminated water; 

.:. assess the chromium bioaccu mulation factor and the chromium 
localizatio n of the planl pa n (Li:s:s u t:); 

.:. estima te the amount of wa ter loss from the s urface of a water body 
covered by wate r hyacinth , and 

.:. compare water loss from covered water surface (transpiration) by 
water hyacinth with uncovered water surface (evaporation ). 
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3. MATERIALS AND METHODS 

3 . l. Description of the experimen tal sites 

Experiments were conducted in a green hou se a t Addis Aba ba University, over 

a period of 7 weeks between May and July 2008. The average tempera tu re 

and rela tive humidi ty of the greenhouse were 26.87 0C and 22. 07%, 

respectively. The average water tempera ture and pH were 22.43 0C and 6.4 , 

respectively. 

The plant ma terial , Eichhomia crassipes were obtained from Awash river 

located near Wonje town . 

The transpira tion poten tial of the plant was determined by evaluating the leaf 

area index (LAl) of the plant at Aba Samuel wetland. The wetland is fou nd 20 

km South-East of Addis Ababa. It was chosen based on the local and global 

biodivers ity importance of the si le and the severity of the invasion of water 

hyacinth . Eva pora tion from the open wa ter surface (free from vegetation) and 

transpira tion from the to tal vegetation cover (wa ter hya cinth) of the projected 

area were also assessed from Aba Samuel wetland. 

3.2 . Experimental conditions 

During the experiment the following in s truments have been u sed : 

Polyethylene tanks were u sed for water hyacinth sample collection from the 

field and for plant growth in the greenhouse. Digital analytical balance 

(ME'ITLER Toledo, Model AT250, Switzerland) for weighing plant samples 

(wet and dry biomass). Portable pH meter, for measuring the pH and 
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temperature of the waler. Oven (J.P.SELECT, Spain) was used for drying the 

wet plant samples. Ceramic mortar and pestle were employed for grinding 

and homogenizing plant samples. Quick·fit round bottom flask (150 mL) 

fitted with reflux condenser were u sed in KjcJdahl apparatus hot plate to 

digest the samples. (BUCK SCIENTIFIC MODEL 210VGP East Norwalk, USA) 

Atomic Absorption Spectrophoto meter (AAS) equipped with deuterium ark 

was used for analysis of Cr. Leaf area meter (ADe, AM 100 Analytical 

Development Company Limited EN IIOAQ, 1997, UK) was used for 

measuring plant leaf area. Quad rate (50 em x 50 em) made of timber was 

used for measur ing leaf area index. Portable analytical balance was also 

used for measuring water hyacinth mass in the field. Parameter (ADe, Bio· 

Scientific Ltd , Hoddeson, ENIIODB, 2002, UK) was employed for measuring 

transpiration of water hyacinth. 

3.2. 1. Setup of instruments and calibrations 

AAS standard solution containing 1000 mg/ L (Buck Scientific) were used fo r 

preparing intermediate standard (1 0 mg/ L). The working standard solutions 

were prepared freshly by appropriately diluting the intermediate standard of 

Cr with de-ionized water in the range of 0.5-3 mg/L (Table 1). The 

cal ibration curve (Figure 1) of the working standard solution was made after 

optimizing maximum signal intensity and sensitivity of the instrument 

(Table 2). 
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Table 1 Working standard for determination of Cr in plant and water samples 

Conc. (mg/ L) Absorbance 

0.5 0.0 1228 

1 0 .02351 

1.5 0.03614 

3 0.06836 

- _ Calibration graph Cr 

0.07 • 

0.06 

0.05 
• u 
c 
ro 0 .04 -e 
0 • ~ 0.03 

" 
0 .02 

0.01 

0 .5 1.0 1.5 2.0 2 .5 3.0 

Concentration (mg/ l ) 

R' - 0.999 

Figure 1 Calibration graph of Cr standard solution 
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Table 2 Instrumental operating conditions for determination of Cr 

Element 

Cr 

Wave length (A) 
Inml 
357.9 

Slit width ~p 
0.7 2 

energy 

A steady state Porameter was used to measure water loss (transpiration) of 

water hyacinth . This method measures the flow rate of dry air necessary to 

maintain a cons tan t relative humidity (nu lled to ambient RH) inside a 

cuvette which has been clamped onto a transpiring leaf. The Porameter 

con sists of a cuvette with a broad leaf aperture (6.25 cm2) which permits 

precise measurements of water loss by transpiration. 

3.2.2. Setup of target chromium concentrations 

Cr(VI) concentrations of 3, 5, 7, 10 and 20 mg/L were added to 5 different 

polyethylene tanks containing 40 liter tap water cultured \o,rith Hoagland 's 

solution. 

From the collected plant samples healthy and young water hyacinth of 

s imi lar shape and size were selected . Those plants were first acclimatized for 

a period of 7 days in greenhouse without addition of any nutrient. After 7 

days equal wet mass (wet mass of each plant 12.5 ± 2 g), shoot and root 

length (aerial part 11 ± 2 cm and root 6 ± 2 cm) and equal number (6 plants 

in each pot) were transferred into round polyethylene containers of 60 cm 

depth and 50 cm width containing various concentration s of Cr and tap 

water cultured with Hoagland 's nutrient solution. One control group was 

prepared in which the same volume of water cultured with Hoagland 
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solution in a similar way but Cr was not added . The total volume of the 

solution in each container wa s kept constant by adding tap water cu ltu red 

with Hoagland's solu tion every 5 days for water lost through p lant 

transpiration and evaporation . Each experiment was performed in 

triplicates. 

The same procedu re for plant growth described above was maintained, for 

measuring the trans pira tion aspect of water hyacinth but Cr was not added 

in the solution. 

3.3. Reagents and nut rien t medium 

During the experiment the following chemicals have been used: 69-72% 

HNOJ and H20 2 were used for digestion of plant samples. Analytical reagent 

K2Cr20 7was u sed for Cr stock solution (1000 mg/ L) prepara tion. Hoagland's 

nutrient solu tion was prepared from macro and micro nutrients. De-ionized 

water was u sed for preparation of Hoagland solu tion , sample dilution, and 

cleaning (rins ing) purpose. Tap water was used for water hyacinth growth 

medium. 3% (v Iv ) HN0 3 used for cleaning purpose. 

3.3.1. Chromium stock solution prepara tions 

Mass of 3.734 g K2Cr20 7 (dried at 100 oC for 1 h) were measu red and 

transferred to 1000 mL volumetric flask containing 100 mL de- ionized water 

to that 5 mL 1: 1 HN03 was added to dissolve the salt and de-ionized water 

was added to the mark and the solu tion was kept in polyethylene bottle and 

stored in refrigerator less than 4 0C (Hashitani et ai., 1987). 
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3.3.2. Preparation of Hoagland's nutrient solutions 

Plant nutrient solution was prepared by Gamberg and Wetter (1975) method . 

Solution "'A" 

280 mg H3803 

340 mg MnSO .. ' H, O 

10 mg CuSO, ' 5 H, 0 

22 m g ZnSO, ' 7 H, 0 

10 mg NH4Mo70 24· 4H20 

The volume was adjusted to 100 mL with de-ionized water. Stored at 4 oc . 

Solution "8 " 

0.5 mL 

The volume was adjusted to 100 mL with de-ionized wate r. Stored a t 4 oc . 

Solution <le" 

3 .36 g 

2.79 g 

Na, EDTA 

FeSO, 

The volume was adjusted to 400 mL with de- ionized water. 

The solution was heated to 70 0C while stirring until the color tu rns yellow 

brown cooled down , the volume adjusted to 500 mL and stored at 4 oc. 

Hoagland's stock solution 

4.7 g Ca(N03)" 4H, 0 
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2.6 g MgSO, ' 7 H, O 

3.3 g KN03 

0.6 g NH4H2P04 

5 mL Solu tion "A" 

0.5 mL Solu tion "B" 

The volume was adjus ted to 500 mL with dCMionized water. S tored at 4 oc. 

Hoagla nd 's n u trient solu tion 

100 m L stock solution 

5 mL solution "C" 

The volu me was adj usted to 1000 m L with de-ionized water prepared just 
before use. 

3 .4 . Sampling 

To de le nnine Cr accumulated in th e p laJlt pru'ts, water hyacinth sam ples 

were randomly harvested each week, from 9 to 11 A.M for consecutive s ix 

weeks (42 days) from all polyethylene tanks of d ifferent Cr concentrations ( 0 

(con trol), 3, 5, 7, 10 and 20 mg/ L) . 

Percen tage rem oval capacity of the plant of each treatment tanks (3, 5, 7, 10 

and 20 m gt L) were determ ined after al l the plant samples (water hyacin th) 

had been harvested a nd volumes of the water in the plant growth tank were 

adjusted to the originaJ level. Water samples (500 mLI were collected from aJl 

tanks and filtered with Wh atman filter pa per No 41 (0.45 jJm pore s ize). 
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After 6 weeks of the p lant growth, transpiration potential of the plant was 

conducted uSing portable Parameter. Sampling was conducted for 

consecutive 6 sunny and 6 rainy days. May 1 to 6 "Bcga" (sunny season) 

and June 3 to 14 "Kiremt" (rainy season) at hou rly in tervals from sunrise to 

su nset (7:00 to 18:00 standard t ime) in the year 2008. To avoid bias of the 

analysis by stomatic varia bility, th ree s imu ltaneou s measurements on each 

of th ree diffe ren t leaves of the plant with diffe ren t orien tations were 

conducted. Care was taken dur ing sampling to en sure tha t all lcaves were 

com pletely dry before rcad ing. 

The LAI, the area of which this plant has covered the water surface was 

assessed from (50 em x 50 em) quadrant m easu red fou r times at three 

randomly selected sites of Aba Samuel wetland: April, May, June and 

Septem ber 2008. 

3.5. Sample preparation 

The harves ted plants were washed three to fou r t imes with tap water to 

remove any adsorbed materials on the plant external part. Afte r the separate 

part (shoot and root) were oven dried separately a t 85-90 oC for 24 h the 

samples were weighed, grou nd and homogen ized separately. 

Well powdered and homogenized plant parts of 0 .25 g were weighed and 

transferred into a round bottom flask (150 m Ll to this 5 m L HN03 and 2 mL 

H20 2 had been added and u nderwent wet digestion overnigh t. The wet 

digested solutions were then fitted to micro Kjeldahi digestion apparatus by 

setting the temperature dial to 6 (150 oe) for 3 h and 30 min. The digested 
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solution was then cooled for 15 min a t room temperature. After cooling, the 

solution was filtered inLO 50 mL volu metric flask fitted with Whatman filter 

paper (OA ] )lm) and the samples were d ilu ted with de-ionized water to the 

mark. 

From each collected water samples, 100 mL were transferred into 250 mL 

round bottom flask containing 2 mL HN03 and 1 mL He L The flask was 

placed on hot pla te covered with an elevated watch glass. The temperature 

was adju sted to a pproxima tely 85 0C. After 2 h and 30 min the volume of the 

sample was red uced to 20 m L. The flask was allowed to cool for 15 min and 

transferred to 50 mL volumetric nask, the volume was adjusted to the mark 

with de-ioni7..ed water (Martin et ai. , 1994). 

The blank solution was prepared by digesting the mixture of reagents (69· 

72% HN03 and H20 2) following the same digestion and dilution procedures. 

The samples were kepl in the refrigerator below 4 OC, un til levels or Cr in the 

sample solution were determined by AAS. 

3.6. Measurem ent and analysis 

3.6. 1. B io m etrics 

Every week the s hoot and root length of the harves ted plant samples from all 

tanks were separated and measured using ruler. Wet and dry masses of the 

shoot and roo t part were measured using analytical balance. 
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3.6.1. 1. Tolerance index (TIl 

Root tolerance index (RTf) of rooL length and wet biomass tolerance index 

(WMTI) of the totaJ fresh weight are commonly used to quantify plant metal 

tolerance (Benicassa, 1988). The higher the TI, the better the tolerance. 

RTI = 
Root growth in meta l containi ng so lu tio n (em) 

Root growth in co ntro l g roup (em) 

WMTI = 
Wet biomass in metal containg solution (g) 

Wet b iomass in cont rol group (g) 

3.6. 1.2. Relative growth rate (RGR) 

Plant growth rate was evaluated according to Radford (1967). 

RGR = 
In dm2- ln dmt 

t2-tl 

Where: dm , and dm 2 '" Initial and final total dry mass 

tJ and t 2 ::: Time interval between two samplings (days) 
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3.6.2. Determination of chromium 

The accumula tion of metal in plant part is expressed in microgram (J.lg) of 

metal per gram (g) of dry matter. To determine the original Cr concentration 

in the plant part (before exposed to different chromium solutions), 6 plants 

were randomly chosen , their shoot and root parts were separated and Cr 

concentration s were analyzed. 

The prepared sample solutions were aspirated in to the AAS instrument and 

concentration or a bsorbance readings of total chromium concen tra tions of 

the separate plant part (shoot and root) and water samples were examined. 

Average valu es of three replicates were taken for determination of Cr in each 

measuremen t. Blanks were also analyzed in the same manner. The 

concentration reading from AAS was directly used and those reading above 

detection limit of the instrument, absorbances were recorded. All absorbance 

readings were converted into concentrations using the calibra tion curve and 

Origin 6 software. 

The recorded concentrations from AAS and the converted absorbance from 

Origin software was changed into actual concentration of metal in the 

sample using the equation : 

"A::.A::S..:r..:e-=a-=d.cin"g,-("~"g,,/-,,ge.)_xc....:D:..:i-,-l u:ct::.io=-n::...:.v-=0.clu::m=e-,-(::m::L~) Cone. (~g/ gJ • -
Digested sa mple mass (g) 
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3.6.2.1. Bioaccu mulation factor (BAF) 

The BAP provides an index of the a bility of the plant to accumulate the 

metal with respect to the metal concentration in the external solution, which 

is the ratio of particular metal concentration in the plant to concentra tion in 

external solution. Thi s parameter is a u seful parameter to evaluate the 

potential of the plant in accumula ting metals from soil/wate r (Zayed e L ai., 

1998). 

~g/g ofCr in plant body (dry mass) 
BAF · 

~g/g ofCr in external solution 

3.6.2.2. Tra n s location factor (TF) 

Movement of metal containing sap from the root to the shoot termed as 

trans location . TP gives the root/ leaf chromium concentration and depicts 

the ability of the plant to translocate the metal s pecies from roots to shoot at 

different concentration s (Zayed e L ai., 1998). 

TF · 
Cr content of the root ~g/g 

Cr content of shoot ~g/g 
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3 .6 .3 . 

3.6.3. 1. 

Dete rmina tion of tra ns pira tion 

Pa rometric measurement 

Tra nspira tion potential of water hyacinth was measured in millimole per 

square meter per second (rnM / m2/ sJ. The transpira tion rate of thi s plant a t 

each hour was obtained from the mean of the two successive hour 

Pa rameter rea d ings (E) . Measurements of tra nspira tion and leaf conductance 

before sunrise and after sunset have shown tha t the stoma ta of th is species 

close in the a bsence of light (Groeneveld, 1986). To set the zero points on the 

parabolic diurnal transpira tion curve, the sunrise and sunset time were 

assu med to be at 6:00 and 19:00 standard time. 

3.6.3.2. Leaf area index (LAI) and plant growth 

LAI were calcula ted from total leaf area per su rface (ground) area (cm2 cm-2). 

Simple LAI is used to describe the average number of leaf layers covering a 

given s ite (Brown and Blaser, 1968). 

From the laid quadra tes all leaves were cut, collected and counted . 

Representative leaf samples from each quadran t were separa ted into 10 

types (by leaf s ize). Then the leaf samples were subsequently transported to 

the la boratory and leaf area was measu red in two replicates. The area 

covered by the plan t in a quadrate was calcula ted by multiplying total 

number of leaves with the mean of the represen tative leaf samples. 

Individual leaves were also examined for dead and other non-photosynthetic 

(brown) areas, which were removed . 
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Plant growth is descr ibed in two ways: one by reporting the percentage of 

water surface covered by plant species and second and morc usefu l method 

is by reporting the p lant density; wet plant mass per u nit of surface area (US 

EPA, 1988). In th is study, the waler hyacin th growth in Aba Samuel we tland 

was assessed by both methods: by the plant dens ity and percentage of the 

water su rface covered. 

3.6.3.3. Determination of vo lu me of wa ter transpired 

Volume of water t ranspired from water hyacinth was calcula ted from the 

diurnal m ean Lranspiration of the 12 hour of the sunny and rainy days, 

separately. To convert quantity of wate r t ranspired from mM m·2 5 . 1 to mL 

m-2 S· l and progressively to m3 m-2 5 . 1 the following Cannula was used. 

Volume of water transpired (m L m 02 sol) -

(E) Transpiration in mole x Molecular mass of w ater (1 8~) 

Density of wa ter (1 r;L) 
I mole = 1000 mM 

3.6 .3.4 . Addi tional data sou rce 

In addi tion to the primary data generated during this s tudy, evaporation 

data was collected from National Meteorology Agency (NMA) for the year 

2000-2006. 
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3.7. Data analysis 

ANOVA, regression, mean and standard error of the mean ( ± SEI of the 

shoot length, root length, wet b iomass, dry biomass, relative growth, Cr 

concen tration , RTI, WMTI, BAF, TF, percentage removal and volume of water 

transpired were calcu lated using SAS 8.2 (200 1) program, Origin 6 software 

and Microsoft excel (2007). (P<O.05) was regarded as statisticaJly signi fi cant. 
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4 . RESU LTS AND D ISC USSION 

4.1. Growth of wa te r hyacinth in chromium containing 

wastewa ter 

4.1. 1. Shoot a nd root length 

Resu lts of mea n shoot, root length (em) and the root tolerance index (RTI) of 

wa ter hyacinth afte r exposure to 3, 5, 7, 10 and 20 mgj L Cr fo r 42 days are 

given in Ta b le 3. It was noted tha t the shoot and rooL length of the water 

hyacinth decreased wi th increasing Cr concentration. However, there is no 

significance d iffe rence (P<O.OS) be tween the plan ts grown in 3 and 5 mgj L 

Cr containing solu tion and the control group. The s hoot and root length of 

the plant exposed to 7, 10 and 2 0 mgj L Cr solution significantly decreased 

(P<O.OS) compared to the control group. 

Phytotoxic ity symptoms are usually quoted as a percen tage growth 

inhibition (Cervantes et al., 200 1). Figure 2 shows the s hoot and roOl length 

growth of wa te r hyacin th exposed to 3, 5, 7, 10 and 20 m g/ L Cr containing 

wa ter solutions. The s hoot length of the plant exposed to 20, 10 and 7 mg/ L 

Cr concen tration decreases by 43, 25 and 23% and the root length 

decreased by 44, 36 and 32% compared to the con trol grou p. It wa s reported 

tha t a t higher Cr concentra tion (plants grown in 25 to 50 mg/ L) , p lants were 

stun ted and ha d narrow and b rownish red leaves with small necrotic areas 

with poorly d eveloped roo t system (Hunter and Vergnano, 1953). Growth 

change is often the first and most obviou s reactions of p lants u nder heavy 

metal stress (Hagemeyer, 1999). In thi s s tudy wilting and plasmolysis 
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on wa ter hyacinth exposed to 10 and 20 mg/ L Cr solutions were observed. It 

was also reponed that Cr can affect roots of plants causing wilting and 

plasmolysis (Roy eL al. , 1992). The finding of this study partly agrees with 

Hunter and Vergnano (l953) tha t they observed chlorotic leaves and normal 

roots at low Cr concen tra tions (5- 10 mg/ L). 

Table 3 Mean s hoot and foot length and rool tolerance index of water 
h h f 2 d C hyacmt a lef 4 ays exposure to r 

Cone. Mean length (em) RTI 
(mg/ L) S hOOl ±SE Root ± SE 

3 12.23 1.07 9.25 1.09 0.78 

5 II. 14 0 .60 8.8 0 .84 0.75 

7 10.05 0.68 8.02 0.44 0.68 

10 9.83 0.70 7.62 0.58 0.64 

20 7.36 1.02 6.57 0.20 0.56 

Con 13.02 1.1 I 11.83 1. 55 

Con - Contro l; R1'1 - ROOl Tolerance Index; SE - Standard error 

RTI of the plant decreased with increasing Cr concentration . This is in 

agreement with Shcwry and Peterson (1974); they observed that the first 

toxic effect of Cr was inhibition of raOl growth. Shoot growth is only being 

affected at higher levels. This might be due to degradation of protein in 

plants which results in the inhibition of nitrate reductase activi ty (Panda 

and Choudhury, 2004). High production of H20 2 and 0 21- radicals were 

reported in many plant species exposed to Cr and the metal has been 

implicated in the generation of oxidative stress (Roy el ai., 1992; Dixit et ai., 

2001). It is also known that Cr is a non-essential heavy metal, and has 

inhibitory effects on plant growth . 
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Figure 2 The mean length of shoot and foot (cm) of water hyacinth 
after 42 days exposure to Cr solution (A=3; 8::5; G=7; D=10; 
and E-20) 

, 4.1.2. Mean wet biomass a nd wet mass tolerance index 

The mean wet biomass of the shoot, the root and WMTI of the water 

hyacinth grown in various Cr concentrations for 42 days are given in Table 

4. As it is shown from the Ta ble, both the shoot biomass and the root 

biomass decreased with increasing Cr concentration. However, the shoot 

and root biomass of the plant grown in 3 and 5 mg/ L Cr solution did not ... 

s ignificantly decreased (P<0.05) but, the plant exposed to 7 , 10 and 20 mg/ L 

Cr solution signi ficantly decreased (P<O.05) compared to the controlled 
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grou p. The shoot wet mass of the water hyacinth exposed to 20, 10 and 7 

mg/ L Cr decreased by 72, 5 1 and 44% and the root wet mass decreased by 

73, 64 and 60%, compared to the shoot and the root wet mass of the 

con trolled group, respectively (Table 4). It was also reported by Hagemeyer , 

(1999) that Cr toxicity was eviden t in form of reduction of biomass of the 

plant. 

Table 4 Mean wet b iomass and wet mass tolerance index of water hyacinth 
after 42 days exposure to Cr 

Conc. Wet biomass (g) WMTI 
(mg/ L) Shoot ± SE Root ± SE Total ± SE 

3 24 .29 5.80 4.18 0.76 28.47 6.52 0 .69 

5 22.68 5.46 4.13 1.44 26.81 6.78 0.65 

7 19.55 4.08 4.05 1.02 23.60 5.07 0.53 

10 17.17 3.43 3 .65 0.30 20.82 3.73 0.45 

20 9.82 0.48 2.72 0.23 12.54 0.52 0.27 

Con 35.1 8 10.72 10.23 3.13 45.42 13.56 
WMTI - Wet Mass Tolerance Index 

The WMTI of the plant decreased with increas ing Cr concentration (Table 4). 

Visible damage symptom like wilting and ch lorosis was observed on plan ts 

exposed to 10 and 20 mgjL Cr solutions. It was reported that the initial 

symptoms of Cr toxicity appeared as severe wilt ing and chlorosis in water 

hyacinth, as confirmed by Turner and Rust (197 1). 

As a resu lt of root damage, water and nutrient uptake is diminished and this 

is evidenced by wilting and reduced wet biomass and by visual symptoms, 

like mineral deficiencies (e.g., Fe deficiency chlorosis) in leaves. Reduced 
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shoot wet biomass probably results in reduced leaf expansIOn. This was 

observed in this study, in higher Cr concentrations (10 and 20 mg/ L) . 

1'urner and Rus t (l 97 1) proposed that chlorosis appeared in the upper 

leaves of the plant, as an indirect effect of Cr, proba bly due to the 

retardation of Fe and Zn trans location. 

In this study, the following sequence of sen s itivity of the symptoms of Cr 

toxicity was observed : root wet mass> s hoot wet mas~ > root length > shoot 

length . It agrees with Hauschild (J 993) that he observed the fo llowing 

sequence of sensiuvity of symptoms of Cr toxicity: root growth > visible 

damage symptoms> leaf growth . 

4.1.3 . Pa ttern of relative change in wet mass growth with time 

Results of the total biomass growth pa ttern of water hyacinth exposed for 42 

days under diffe rent Cr concentration s are s hown in Figure 3. In this study 

the growth patte rn of the plants exposed to 3, 5, 7, 10 and 20 mg/ L Cr 

containing water solution increased with time, regularly up to 2Jl1t day a nd 

s udden increment was observed after the 2 1st d ay (3 rd week) except the p lant 

in 20 mg/ L. However, the growth of all treatments was almost in a regu lar 

pattern after 28th d ay (4th week) . The maximum wet mass growth was 

measured at the 42th d ay (6 th week) for all treatment groups, except for 20 

mg/ L Cr concen tration (Figure 3). This agrees with J ayaweera and 

Kasturiarchchi (2004) who documented optimum growth of water hyacinth 

was observed when the plant attained 4 to 6 weeks of age. 
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The wet mass of the plant in 20 mg/L Cr treatment decreased after 2 18\ day 

and the maximum biomass growth was observed at 21 81 day (3rd week). After 

the 35th day of Cr exposure. the wet mass of the plants in 3 and 5 mg/L was 

similar (Figure 3). 
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Figure 3 The wet biomass growth pattern for all portion of water hyacinth 
exposed to different Conc. of Cr containing water solutions 
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4.1.4. Relative growth rate 

The effect of chromium on the growth rate of water hyacinth is given in Table 

5. From the Table it was noted that the RGR decreased with increasing Cr 

concentration and a t exposure of 20 mg/L of Cr the growth was negative. 

The negative value of RGR may be taken to indicate zero growth. It was 

considered that a decrease in the growth was induced by metal toxicity. 

Table 5 Effect on the growth of water hyacinth following the exposure 
of Cr after 42 days 

Conc. In itial dry Dry weight Growth Growth rate RGR 
Img/L) weight (g) after 42 days (g) Ix 10" ) Ix IO·~ 

3 0.53 2.78 2.25 5.35 4.20 

5 0.61 2.78 2.17 5.15 3.50 

7 0.56 2.19 1.63 3.87 0.90 

10 0.59 1.82 1.23 2.93 0.30 

20 0.67 0.61 -0.06 -0.14 -0.20 

Con 0.62 4.93 4.32 10.27 4.90 

Negative growth IS due to mhlbltlon caused at stated concentmtlon. 

The RGR curve of water hyacinth grown in 3, 5, 7, 10 and 20 mg/Lchromium 

concentrations for 42 days are shown in Figure 4. It is apparent that the RGR 

cutve intercepts the concentration axis approximately at 15.32 mgj L. This 

indicates that the growth stopped after this concentration, due to the metal 

toxicity (Figure 4 ). It was reported for toxicity level of Cd to water hyacinth at 

3.3 mgj L (Hasan et aI., 2006). This shows that Cr is less toxic than Cd. 
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Figure 4 Relative growth rate of waler hyacinth exposed for 42 days in 
different Conc. of Cr containing water solutions 

In this study, despite the fact that. growth of the plant decreased with 

increasing Cr concentration but the plant was healthy up to 10 mgj L. The 

abil ity of the plants to stay healthy and therefore continue to grow is an 

important factor in the choice of plants for wastewater treatment. A plant 

will only take up the metal to any great extent if it is growing, and it will only 

grow if it can tolerate the concentration of metal in the media in which it is 

growing. Therefore, the plant in 20 mg/ L was unable to tolerate the toxicity 

level of Cr and the growth retarded after 21 11t days of exposure (Figure 3). 
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4.2. Accumulation of chromium in plant tissue 

The data for accumula tion of chromium in plant parts (shoot and root) 

grown in different Cr concentra tions and exposure time are shown in Table 

6. The chromium concentration in shoot and root increased with increasing 

Cr concentra tion a nd with exposure time. The resu lts of this study indicates 

tha t the uptake of the plant exposed to 20 mgJL decreased a t 28th day and 

suddenly increased a t 35th day. Highes t accumulation of chromium (shooL + 

root) 4.18 x 103 ± 19 )lg/g in water hyacinth was noted in plant exposed to 

20 mg/L a t the 42 nd day (6th week) (Ta ble 6 ). The analytical results in this 

study pertaining to Cr metal concentrations in root and ShOOl of plants in 

the study pe riod rcveaJed that, the highest concentration of Cr in the shoot 

accumulated 1.01 x 103 ± 82 IJg/g a t the 35th day and in the root 3. 17 x 103 

± 78 IJg/g at the 42 nd day in the plant grown in 20 mg/ L Cr solu tion . The 

results of the present study s uggested that the plant accumulates morc Cr 

in its root than shoot. 

Similar result was reported with other metals, that water hyacinth grown in 

water contain ing Cd and Zn showed higher accumulation of thesc metals as 

a resu lt of increasing metal concentration in growing medium and exposure 

period (Hasan et ai., 2006). 
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Table 6 Cr uptake of water hyacinth ()Jg/gl exposed to different Cr solutions 

Cone. Plant Days of treatment (day) 
(mg/L) part Initial 7 14 21 28 35 42 
3 S 6 175 302 366 437 414 507 

• 1 • 1 
.32 • 33 

.27 • 25 
.71 

R 16 75 1 1,028 1,390 1,536 1,72 1 1,985 

• 1 
.9 ± 176 :t 109 .72 :t 234 • 135 

T 22 926 1,329 1,756 1,972 2, 134 2,49 1 

• 1 • 10 
± 144 .78 • 48 

.259 • 206 
5 S 5 241 385 260 493 53 1 661 

± 0 .14 .5 • 17 • 26 
.5 • 22 .28 1 

R 14 9 18 846 1,647 1,8 14 2,148 2,292 

• 1 • 18 • 70 • 8 1 
± 129 • 39 

.70 
T 19.49 1,158 1,232 1,907 2,307 2,679 2,953 

• 1 • 15 • 86 
.55 1: 123 .29 .21 

7 S 6 456 473 613 893 905 941 
± 0.42 . 7 • 12 • 32 .37 • 35 

.21 
R 17 1,144 1, 193 1,507 2,01 7 2,173 2,306 

• 1 
.22 .34 ± 158 • 19 

.67 • 91 
T 23 1,600 1,666 2, 120 2,9 10 3,078 3,247 

• 1 • 14 .25 • 129 • 41 
• 39 .78 

10 S 6 427 471 707 84 1 865 948 

• 0.47 .2 1 • 30 • 33 • 3 1 • 45 • 39 
R 14 1, 140 1,302 1,592 2,39 1 2,502 2,57 1 

• 0.39 .70 • 46 
± 120 • 136 .95 .92 

T 20 1,567 1,773 2,299 3,232 3,367 3,519 

• 0.65 .85 • 68 
± 148 • 106 • 56 • 68 

20 S 6 142 616 945 825 1,014 1,0 11 
.0. 12 • 10 .38 • 5 1 • 52 .83 • 98 

R 16 1, 152 1,665 2,663 1,756 3,000 3, 173 

• 0.30 . 47 .67 • 58 68' 102 • 63 
.78 

T 22 1,294 2,28 1 3,608 2,582 4,014 4,184 

' 0. 18 . 37 • 29 • 6.35 • 50 • 20 .20 
Con S 5 9 10 17 12 15 16 

• 0.33 • 0.35 . 0.27 ± 0.33 • 0.09 • 1 • 1 
R 15 8 15 37 35 67 55 

• 0.00 • 0.43 ± 0.43 • 0.59 ± 0.14 . 0.29 . 0 .87 
T 20 17 25 54 47 82 70 

.2 .3 . 4 '4 '5 • 1 
'2 

S .. shoot. R ... root, T .. lotal , Con " Control 
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4.2.1. The mean accumu lation of c hromium in plant tissue 

Table 7 presents the mean Cr accumulation in plant shoot, foot and the 

whole portion after exposed to 3, 5, 7, 10 and 20 mg/ L Cr solu tion for 42 

days. The mean Cr accumulation increased with increasing Cr concentration 

in both the shoot and root part. Deducting Cr content of the plant in the 

control group, the plant in 20, 10, 7, 5 and 3 mg/L Cr containing water 

solution accumu lates 2.52 x 103, 2.2 X )03,2.04 X 103, 1.7 X 103 and 1.47 x 

103 j..lg/g of Cr from first to fifth rank, respectively. 

Table 7 Mean Cr accumulation in shoot (top), root and whole portion of waler 
hyacinth exposed to different Cr Cone fo r 42 days 

Cone. Shoot Root Total 
Img/L) Ix 10' "gig 1 ± SE Ix Hl'"g/g l ±SE Ix 10'"g/g l ± SE 

3 3.15 65 1.20 252 1.52 317 

5 3.68 83 1.38 310 1.75 386 

7 6.12 128 1.48 300 2.09 428 

10 6.09 125 1.52 35 1 2.25 475 

20 6.51 159 1.92 425 2.57 576 

Con 0.11 2 0.031 9 0.044 10 

Con - Control 

In the present study, accumu lation of water hyacinth to Cr shows better 

than other aquatic plants. For example, Sari tal et al. (2001) reported that 

Alternathera sessilis (rooted emergent), accumulated 1.21 x 103 IJg/g; and 

Najas indica (submerged) 473 IJg/ g of Cr, when exposed to 8 mg/ L Cr solution 

for 9 days. 
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Uptake of meta1s by plants is affected by several parameters; for example pH, 

temperature and chemical constituents. However, this study has taken only 

two important parameters in detail: exposure time and concentration of Cr to 

which the p lant was exposed. 

4.2.2 . Cr uptake versus t ime of exposure 

The pattern of Cr uptake of wate r hyacinth with respect to exposure time 

and exposu re level (concentration) is shown in Figure 5. The uptake 

increased with Lime and took place in three stages (Figure 5). The first 

uptake look place, up to the 14th day (2nd week), except the plant grown in 

20 mg/ L followed by a second stage, with enhanced uptake up LO the 28th 

day (4th week), and the third stage, up to 42nd day (7th weeki. as it is 

observed in Figure 5. The result of this study agrees with the result reported 

by Jayaweera and Kasturiarchchi (2004), they noted that water hyacinth 

would optimize phytoremedialion during the period of optimum growth. In 

this study, the maximum growth of water hyacinth was observed on 35th 

and 42 nd day of the exposure time. During this period the maximum 

accumulation of Cr for all trea tment groups were noted and the plant in 20 

mg/ L accumu lates best in this study period, 4.18 x 103 ± 19 )Jgjg at the 

42 nd day. The plant in 20 mgj L Cr solution showed a sharp peak uptake of 

3.60 x 103 ± 6 )Jgjg on the 21St day; this is due to the peak biomass growth 

encountered during this period (Figure 3). Plants with higher biomass 

accumulate higher metaJs Soltan and Rashed (2003). However, on the 28th 

day falling down to 2.58 x 103 ± SO )Jgjg showing saturation of the cell with 

Cr, reflecting domination of hindering processes due to reduced biomass at 

the 28th day. The third enhanced uptake of the plant in 20 mgj L Cr solution 
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was the maximum peak encountered on the 35th and 42nd days of exposure 

were 4.01 x 103 ± 19 IJ g/ g and 4 . 18 x 103 ± 20 IJg/g respectively. This migh t 

be due to high exposure time and optimum biomass growth. 

The calculated regression coefficient between Cr uptake and its exposure 

time were found to be 0 .9 19, 0.945, 0 .883, 0.9 01 and 0.841, for the plant 

grown in 3, 5, 7, 10 and 20 mg/ L Cr contain ing wa ter solutions , 

respectively. The accumu la tion versus time of exposure showed linea rity 

between all exposure levels. The linearity trend could be established with 

highest confidence a t 3 a nd 5 mg/ L exposure levels (Figure 5). Thus, this 

observation showed that the extent of Cr uptake of the plant in 3 and 5 

mg/ L Cr containing solution was highly dependent on exposure time than 

exposure level (Conc. ) and the uptake of the plant in 7, 10 and 20 mg/ L Cr 

containing solution dependent on exposure time too and also other factors. 
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Figure 5 Concentration of Cr in all part of water hyacinth treated under 3, 5, 
7, 10 and 20 mg/ L Cr solution for 42 days 

4.2.3. Cr u ptake versus exposure level (concentration in 

mediu m) 

The uptake patterns of water hyacinth grown in different concentration of Cr 

containing water solution are given in Figure 6. The uptake increased with 

increasing concentration of Cr in aqueous solution (3, 5, 7, 10 and 20 mg/ L) 

as exhibited in the Figure 6. 
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The calculated regression coefficient between Cr uptake and its exposure 

level (Cone.) were found LO be 0.102, 0.918, 0.985, 0.130, 0.891 , 0.929 on 

the 7th, 14th, 21 't, 28th , 35th and 42nd day, respectively. The uptake versus 

exposure level exhibited linearity at the 14th , 21 st , 35th and 42nd day. 

However, the linearity trend could not be established with confidence at the 

7th and 28th day (Figure 6 ). At higher concentration (10 and 20 mg/ L) the 

plant was unable to adapt toxicity of Cr at the beginning of exposure time, 

7 th day. Again the uptake cu rve on the 28th day of the plant in 20 mg/ L was 

sharply falling; it mighl be due to fallin g down of plant biomass encountered 

during that period (Figure 3 ) and saturation of Cr in the plant tissue. 
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Figure 6 Cr accumulation of the plant exposed to 3, 5, 7 , 10 and 20 mg/ L Cr 
containing water solution 
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4. 3. BAF of wa ter hyacinth to chromium 

Data on BAF and TF of water hyacin th resul t ing from exposure of 42 d ays to 

various concen tra tion of Cr contain ing wa ter solutions (3, 5, 7, 10 and 20 

mg/ L) are s hown in Ta ble 8. The BAr of wa te r hyacinth decreased with 

in creasing Cr concen t ration (Table 8). The BAr of Lht: Shool r anged : (rUIn 33-

1.0 5 x 102 and the root part 96A.O I x 102 . An a ssessment of the da ta given 

in Ta ble 8 s howed tha t lhe accumula tion of Cr in root part was h igher than 

the s hoot part and th is might be the direct contact of surface of the roOl 

t issue to the metal ions and stra tegy of the plant not to accumula te harmful 

ions to the ShOO L part. The maximum and the minimu m BAr recorded for 

the whole part in this study were 5.06 x 102 and 1.28 x 102 , from the plan ts 

exposed to 3 and 20 mg/ L Cr solu tion , respectively. This agrees wi th the 

previou s study reported by Ray a nd Chandra (1 992). 

Ta ble 8 BAF and TF of water hyacin th exposed to Cr for 42 d ays 

Cr conc. BAF TF 
(mg/L) Shoot Root Total ( x 10' ) 

(lOp) 

3 105 40 1 506 3.82 
5 74 277 350 3.76 
7 87 2 11 299 2.42 
10 61 164 225 2.50 
20 33 96 128 2.94 

Metal accumula tion by macrophytes can be affected by metal concentra tion 

in water or soi l med ium as indicated by Zayed e t al. (1998). The ambien t 

metal Cr in water was the majo r fac tor influencing the metal u ptake 

efficiency of the planl. When the metal concentra tion in water increases, the 
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amount of metal accumulation in plan ts increases, whereas the BCF values 

decreases (Sarita! el ai., 200 I). 

Sari tal el al. (200 1) found tha t the BAF of wa ter hyacinth were very h igh for 

Cd, Cu and Cr at a lower concentra tion, and decreased as the external 

concentra tion increases. Similarly , in the present s tudy high BAF value was 

obtained when concentra tion in growth medium was low (3 mg/ L). 

It has been observed tha t wa ter hyacinth showed far better accumulation 

capaci ty than other aquatic plants. For example, after 60 days study in 5, 10 

and 20 mg/ L Cr concen tra tion, Pharagmytes karka (in hyd roponic) has 

shown the SAF or 185. 182 and 11 5 respectively (Sarital e! al. 2001) . 

4.4. TF of wa ter hyacinth to chromium 

An additionaJ study was carried ou t to fi nd out the pa ttern of meta l mobili ty 

in root, top and whole plan t. 

In this study it was noted tha t TF of Cr decreased with increasing Cr 

concentration up to 7 mg/ L and increased again in 10 and 20 mg/ L. High TF 

implies a poorer tran slocation capa bil ity (Zayed e t al., 1998). Maximum TF, 

382 (poor translocation ca pa bili ty) was observed from the plant exposed to 3 

mg/ L Cr contain ing water solution . In this s tudy. water hyacin th absorbed Cr 

into the root and translocates 20 to 29% into the shoot. The maximum 

translocation ca pacity (29%) which has the lowest TF (242) in this s tudy was 

obtained from the plant exposed to 7 mg/ L Cr containing water solu tion. The 

tran s location capabili ty of 20 , 2 1, 23 and 27% was recorded for the water 
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hyacinth grown in 3, 5, 20 and 10 mg/ L Cr containing water, respectively. 

This resu lt moderately agrees with the report made by Soltan and Rashed 

(2003) that water hyacinth accu mula ted heavy metals mostly to the rOOlS and 

trans located only 6 to 25% to Lhe shoots. Fine la teral roots of the wate r 

hyacinth reduce high toxic Cr(VI) to the less toxic Cr(IIJJ, and then translocate 

relatively non ~ toxic Cr(lII) to leaf tissues (Lytle el ai., 1998). Lower 

accumula tion of metaJs in shoot than root can be associated with protection of 

photosyn thesis from toxic levels of trace elements (Baker , J98 1; Landberg and 

Greger, 1996). This mecha ni sm of partitioning from root to shoot is a common 

strategy of the plant that concen trates harmful ions in the roots in order to 

prevent toxicity to the leaves, s ite of photosynthesis and other metabolic 

activities (Sarital el ai., 200 I J. 

Plants mu st have the abi lity to trans locate Cr from the root to the shoot. or 

to compartmentalize it, in order to continue a bsorption of Cr from the 

external solution. Beller trans location is advantageous to phytoextraction; 

because, it can reduce Cr concentration and thus reduce toxicity potentiaJ to 

the root (Baker, 198 1) . The d ifferential local iza tion of metals within the plant 

tissues may also be important in determining how well the metals may be 

bound and released from the plants (Suren, 1989). 

Translocation of trace elemen ts from roots to shoots could be a limiting 

factor for the bioaccumulation of elements in the shoots. 
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4 .5. Removal effi ciency of water hyacinth to Cr contain ing 

solutions 

Table 9 presents the Cr removing pOlential of water hyacin th treated in 3, 5, 

7, 10 and 20 mg/L Cr con ta ining water solu tion for 42 days. From the 

Table, it is a pparen t that removing potential of water hyacin th decreased 

with incl'casing Cr concentra tion. 

At lower Cr containing wale r solu tion (3 mg/ L) the removaJ efficiency of the 

water hyacin th reached about 9 1%. The removal efficiency of the plant 

exposed to 5, 7 and 10 mg/L Cr con taining water solutions was appreciable 

(about 80%). S imilar resu lt have been reported, with removal efficiency of 

70% from the water hyacin th exposed to 7 mg/ L Cr concentra tion, for a 

period of 17 days, (Cyle e! aI., 2006). 

Table 9 Chrom ium removing potential of water hyacinth in pe rcent (%) from 
different concen trations of Cr containing water so lu tion during 
4 2 days 

Cr Cone. in Mean Cr Cone. in Removing potential in percent 
growth medium growth medium a fter 42 (%) 
Im./LI days (m./ LI 
3 0 .26 91 

5 0.72 85 

7 1.35 80 

JO 1.94 80 

20 5.69 69 
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The removal efficiency or the plant in 20 mg/ L Cr containing wa ter solution 

decreased to 69%. As the concenlJ'a lion increa sed, the plant was not able to 

take up as much percent as the low concentration level or Cr, but the 

amou nt that the plant was a ble to take u p wa s s till s ignificant. This migh t 

be the , Cr concentra tion in wa ter exceeded the to lerance limi t a nd the p lant 

tissue may be inju rcd. 

Hence, the result in the present s tudy shows tha t Cr wa s dficien tly removed 

(80%) rrom wa s tewater containing Cr concentration up to 10 mg/ L. This is 

an indication tha t high removal erficiency could be achieved a t a di luted Cr 

solution. Maine and Oura le (2001) reported tha l water hyacinth effectively 

removes apprecia ble quantity or heavy metals (Cd , Co, Cr, Cu , Mn, Ni , Pb 

and Zn) rrom wastewa ter, especially at low concentrations. 

4 .6. Limi ta tion of water hyacinth for a pplication in wetland 

Loss or wa ter (tra nspira tion im pact) by plant is affected by several 

paramete rs; like soil wa ter potential , humidity and aerodynam ic condi tions. 

However, this s tudy has taken two parameters in detail: plan t ractor such 

as, stoma tal conductance and LAI and seasonal factor (d ry and rainy 

seasons). Factors such a s soi l wa ter potential , humidi ty and wind speed can 

be regarded as less important in environmen t with permanently waterlogged 

soil such as wctlands, as pointed out by Lee (1967) rather transpiration 

seems to be con trolled by stoma ta ra ther than by aerodynamic conditions . 



Hou rly mean cycles (diurnal time) of transpiration of water hyacinth in dry 

and wet seasons are shown in Table 10. Leaf transpiration rate of this plant 

in dry and wet season increased regu larly up to 13 (standard time) and 

decreased again after 13 (standard time) in the same pattern. The minimum 

and maximum mean transpiration of water hyacinth ( ± SE) measured in 

sunny day and rainy day was 2. 1 ± 0.16, and 9.26 ± 0.26 (mM / m'/s);and 

1.99 ± 0 . 19 and 5. 42 ± 0. 19 (mM / m2/ sJ, respectively. The maximum 

transpiration of water hyacinth was measured in dry season at 13, standard 

t ime (Table 10). 

Table 10 Hou rly mean transpiration of water hyacinth 

Standard 
Dry season Wet season 

time Mean E ±SE 
Mean IE) ± SE 

ImM/m'/s) ImM/ m'/s) 
7.00 2.10 0.16 1.99 0 . 19 
8.00 3.00 0 .27 2.34 0.12 
9.00 4.23 0 .34 3.46 0 .09 
10.00 4 .82 0.37 3.51 0. 19 
11.00 5.69 0.05 4.43 0.14 
12.00 7.49 0.34 4.60 0 .29 
13.00 9.26 0 .26 5.42 0.19 
14 .00 6.00 0.37 3 .02 0.32 
15.00 5.04 0.05 2.33 0.21 
16.00 4.17 0.14 2.65 0.13 
17.00 3.7 1 0.11 2 .6 1 0.11 

18.00 2. 14 0.07 2. 11 0. 15 

-± SE Standard error 

The mean hourly leaf transpiration curve of water hyacinth at dry and wet 

seasons is shown in Figure 7. The diurnal transpiration curve of water 

hyacinth tends to form downward opening. The curve peaked at 13.00 

standard time with transpiration value of 9.26 ± 0 .26 and 5.42 ± 0.19 roM 
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m-2 S- I, in both dry and wet seasons, respectively (Figure 7) but the daily leaf 

transpira tion courses of most species showed one peak at different points 

du r ing the day depending on the period of the season (John el at.; 2005). 

This curve suggests that transpi ra tion processes fo r this species is 

controlled largely by the temperature gradient induced by the solar radiation 

received by the leaves. In most cases, solar radiation explained more than 

75% of the variance of transpira tion, while relative humid ity and 

temperature only explai ned res idues (Salvador et ai., 200 I ). In th is study, 

the rainy season transpi ra tion was s ign ificantly reduced than sunny season , 

owing basically to the reduction or light and lower solar incidence. 

54 

j 



'. 

-w 
.c -c 
'u 
'" >. 
.c 
~ -'" " -- " '" E 3 -- ::;; 
0 E c -.2 

" ~ 

'0. 

'" c 
'" ~ I-

10.0 
9.5 
9.0 
8.5 
8.0 
7.5 
7.0 
6.5 
6.0 
5.5 
5.0 
4.5 
4.0 
3.5 
3.0 
2.5 
2.0 
1.5 

6 

--- 'Kiremt' (wei day) 
- e- '8ega' (dry day) 

• 

7 8 9 10 11 12 13 14 15 16 17 18 19 

Diurnal time 
(Standard time) 

Figure 7 Seasonal variation (wet and dry season) of diurnal transpiration 
rates (mM m-2 5 -1) of water hyacinth measured in greenhouse at 
AAU 

The rates of morning, midday and late afternoon diurnal transpiration of 

water hyacinth in dry and wet seasons are shown in Table 11. The 

maximum transpiration rates of water hyacinth in dry and wet seasons were 

measured at midday. 
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Table 11 Morning, midday and late afternoon transpiration IE) of water 
hyacinth 

Dry season Wet season 

Standard Mean Mean 
time IE) ± SE IE) ± SE 

ImM lm1LII) {mMLm'2Ls) 
Morning 

3.54 0.61 2.83 0.39 
17- 10) 

Midday 
111 - 141 7. 11 0.82 4.38 0.50 

Late afternoon 
3.77 0 .60 2.43 0. 13 (1 5- 181 

Dai ly 4.8 0.2 1 3.2 0.18 

The transpiration rale in the morning and in the late afternoon of water 

hyacinth showed a similar pallern and, the transpiration of water hyacinth 

at midday is almost double, that of the morning or late afternoon. 

4.6. 1. LA! in Aba Sam uel wetla nd 

Results of LAI and plant density of water hyacinth at vegetation stand in Aba 

Samuel wetland is given in Table 12. In this study, the LAI and density of 

water hyacinth in Aba Samuel wetland was 4 .95 and 35.3 ± 1.39 kg/ m2, 

respectively. 
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Ta ble 12 LAI and density of wate r hyacin th on vegetation s tand a t Aba 
Samuel wetland 

Vegetation Leaf number pe r Average LA. LAI Wet biomass 
area (em 2) ( em' em 2) (kg m ' ) 

Wa ter hyacinth 161 '7.3 1 76.95 ± 14.3 4.95 35.3' 1.39 

Reddy and Sutton (1984) , reported tha t u nder normal condition , loosely 

packed water hyacinth can cover the wa ter su rface at relatively low p lant 

density (1 0 kg/ m2 wel mass) a nd it can reach maximum den sity of 50 

Kgj m2. This s howed the growth of wa te r hyacinth in Aba Samuel wetland 

has arrived nearly in a severe condit ion as shown in Pla te 5 . 

Plate 5 LAI of water hyacinth in Aba ~"""'uc. 
(Source: Daniel, thi s s tudy) 
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4.6 .2. Transpiration potential i.n Aba Samuel we tland 

Once curves of expected transpiration are developed for a species, this curve 

(Figure 5) may be adapted LO other areas where these plants grow by using 

the same leaf conductance. However , it should be noted that this technique 

is generally a pplicable only for areas where the growing seasons and climatic 

conditions lcnd to be similar (David el al., 1986). 

Therefore, trans piration potential of water hyacin th of the projected area {LA! 

x E} in dry and wet seasons, per time (second, minute , hour and day) , are 

given in Ta b le 13. LAI for each species was the basis for estimating land­

surface transpiration because transpiration was measured and modeled in 

terms of uni l leaf area (David et ai., 1986 ). 

Table 13 Trans piration rate (potential) of wate r hyacinth of the projected area 

Transpiration rate of the projected area per time 
Atmospheric (E x LAI) (mMf m2/ timeJ 

condition Second Minute Hour Day 
Ix 103) (x !O5) (x 1 (6) 

Sunny season 48 2.87 I. 71 2.06 I 

Rainy season 32 1.90 1.14 1.37 

Therefore, from an area of square meter of water surface covered by water 

hyacinth in Aba Samuel wetland, 18.57 liter (18.57 mm) and 12.33 liter 

(12.33 mm) of water per day will be lost (transpired) in dry and wet seasons, 

respectively (Table 13). 
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4.6.2.l. The estimated LOLa! vo lume of water transpired from Aba 

Samuel weLJand 

According to Tasscw (2005) from the tota] area of the welland (13.2 sq Ion), 

a bout 48% (6.35 sq km) was covered by wa ter hyacinth. Mats of water 

hyacinth may double thei r s ize in as li ttle as 6- 18 days (Mitchell , 1976). 

Accordingly, it can be estima ted that currently the ma t of wa ter hyacinth in 

Aba Samuel wetland p roliferated morc tha n double of weLiand coverage 

reported in 2005 (Tassew, 200 5). Therefore, currently morc than 90% ( J 1.88 

sq km) of the Aba Samuel wetland have been covered by water hyacinth 

(Pla te 6). 

From the wetland surface area, covered by water hyacinth total of 220, 624 

m3 and 146,480 ml ar water per d ay wi ll be lost (transpired) during dry and 

wet seasons, respectively. 

It was I-epol-ted by Mi tche ll (1 976) that an acre (4 , 000 sq m) of wate r 

hyacinth transpires 87 m3 of water per day. In this study. a s ingle acre of 

water hyac in th in Aba Sam uel we tland transpires 6 1.8 m3 of water per day. 

The discrepancy be tween the resul ts, here and that reported by Mitche ll 

(1 976) may be due to different vegetation dens ity and climatic regions. 

It was reported by Reddy and Sutton (1984) that an acre of water lettuce 

transpired 33.3; salvinia transpi red 32.05; and azolla transpired 28.65 m3 of 

water per day. In comparison, water hyacinth. in this study t ranspires 

(loses) fresh wa ter 1.85 to 2. 15 times more than salvinia and azolla. Hence, 

as it was forecasted by Zeleke (1992) that , water hyacinth will make Aba 
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Samuel wetland dry in the long run, and therefore, the problem has already 

s tarted (Pla le 6 ) and (Pla le 7 8 ). 

"A" Dense mat of water hyacinth in Aba Samuel wetland 
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Plate 6 Aba Samuel wetland covered by wa ter hyacinth 
(Source: Da niel, lhis study) 

II.A" Aba Samuel wetland filled with water 
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"S" Ruminants of Water hyacin th in Aba Samuel wetland 

Plate 7 The drying up of Aba Samuel wetland and the water hyacinth 
(Source: Daniel, this s tudy) 

4.6 .3. Evaporation versus transpiration in Aba Samuel wetland 

The year 2000 to 2007 mean evaporation (mm) of Addis Ababa city and the 

surrounding area is given in Table 14 . The daily mean evaporation of dry 

season (January to May and October to December) is 5.32 mm and of the 

wet season (June to September) is 2.54 mm. 
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Ta ble 14 Mean evapora tion in (mm) around Addis Ababa city 

Jan Feb Mac Ape May Jun Jul Aug Sep Oct Nov Dec 

127.72 152 144 .72 15 1.98 170.2 99.62 62.74 6 1.8 8 1.14 172.08 178.5 180.6 

(Bole statIon) (NMSA,2008) 

Therefore, tra nspiration of waLCr hyacinth exceeds evaporation 3.49 Limes in 

dry season and 4 .8 times in wet season , respectively. 

Knowledge of the qua ntity of the amount of wate r loss through transpiration 

by aquatic plants mu s t be ta ken into account when planning wastewa ter 

treatment in a na tural wella nd . As indicated in this study s ignificant 

amount of wa ter has been lost from the wetland each second because of the 

presence of wa ter hyacinth in high dens ity in the Aba Samuel wetland . It 

has a serious implication where waler is already scarce for increasing 

human demands, feeding and breeding for fish , birds a nd other 

biodiversities. 
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s. CONCLUSIONS 

Water hyacinth (Eichhornia crassipes (Mart.) 8olm s) due to its fast growth 

(eighth fastest growing plant on earth) and its a bility to grow in heavily 

pollu ted water body can be s u ccessfu lly used fo r the removal of Cr from 

aqueou s solu t ion . In this study, the plant s howed h igh accumu lation of Cr 

in its tissue and accumulation inc reased with th e concen tratio n of Cr in 

external solu tion. 

The growth of the plant was inhibi ted due to Cr toxicity above 15.34 mg/ L 

Cr concen t ra tion in waler solu tion. The a bility of plants to s tay healthy and 

therefore continue to grow is an important facto r in the choice of plants for 

wastewater treatmenl. A plant wi ll only take up the metal to any grcm extent 

if it is growing, and it will only grow if it can tolerate the concentration of 

metal in the media in which it is growing. The refore, the a pp(jcation of wate r 

hyacinth for Cr removal will be su stainable if the concen tra tion of Cr in 

wastewater n ot exceeding approximately 15.34 mgj L. 

In thi s study water hyac inth accu mulated 2.52 x 103,2.20 X 103,2.04 x 103, 

1.70 x 103 and 1.47 x 103 ~g/g from 20, 10,7,5 and 3 mg/ L Cr containing 

wate r so lu tion s in decreasin g order and with BAF of 128, 225 299, 350 and 

506 with increasin g value, respectively. As the concentration increased, the 

plant was not to be able to b ioaccumula te as much pe rcent as the plant in 

low con centration Cr solu tion, but the amount was still significant. 
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More Cr was accumulaLCd in the root than the shoot; the trans location 

factor of water hyacinth to Cr was 382, 376, 242, 250 and 294 for the plants 

in 3, 5, 7, 10 and 20 mg/ L Cr solution, respectively. A larger number of 

translocation a bi lity implies a poorer trans location capabi lity. The poor 

translocation of Cr from root to shoot is a major hurdle in harvesting the 

plant after accumulation of Cr in plant. Therefore, the trans location 

capabi lity of wate r hyacinth to Cr was in the plant exposed to 7, 10, 20, 5 

and 3 mg/L Cr con ta ining wa ter solution in the decreasing order of 

translocation capa bil ity . 

The removal efficiency of water hyacinth in 3 mg/ L reached up to 9 1% and 

those in 5, 7 and 10 mg/ L Cr containing water solu tions were 85, 80 and 

80%, respectively. 

Considering a ll the above criteria wa leI' hyacinth can be a promising 

candidate for the removal of Cr from wastewatel· effiCiently and in a 

sustaina ble way at 7 to 10 mg/ L Cr contain ing water. 

Water hyacinth is a plan t with such an advantage however, it has one major 

lim itation: it is one of the most invas ive aquatic weed and can destroy 

precious a quatic ecosystems, by transpiring (losi ng) a significant quantity of 

fresh water which can lead to serious problems on the lively hood of the 

community and aquatic ecosystem. Therefore, natural wetland is not an 

a ppropriate place for phytoremediation of Cr u sing water hyacinth. The 

plant may be appl ied for the removal of Cr in a constructed wetland or 

ponds. 
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6. RECOMMENDATIONS 

After approximately six weeks a complete harvesting is recommended, to 

optimize the Cr removing potential. Therefore , the application of water 

hyacinth for Cr removal s hall be cou pled with other a pplications li ke biogas 

and alcohol production from the harvested biomass however, further s tudy is 

recommended because the harves ted biomass contains high amount of Cr. 

Furthermore, the basic problem of disposal of the plant after Cr treatment is 

unso lved. Therefore, it is recommended to be studied for other utilization 

options that can en s ure mass consu mption of the wa ter hyacinth biomass. 

The role of microorganism s associated with the plant's potential to remove Cr 

from waste waler is recommended to be studied for better yield . Furthe r s tudy 

on the a dsorption capacity of the dried biomass of water hyacinth to Cr is also 

recommended to compa re with the living potential of the plant. 
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