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Abstract- Toxic heavy metal pollution of water is a major environmental problem, and there is no conventional remediation approaches and acceptable solutions. This
study demonstrates the absorption capacity of water hyacinth for the heavy metal, lead. In tap water hyacinth was cultured and supplemented with 1, 5 and 10 mg/l of
lead. They were harvested separately after 0, 15, 30, 45 and 60 days. Plant samples viz., roots, laminae and petioles containing lead were analyzed using atomic
absorption spectrophotometer. Results indicated that the maximum accumulation by water hyacinth was noted in roots as compared to petioles and laminae. The
accumulation of Pb in roots, petioles and laminae increased with initial concentration and also with the exposure period. It was concluded that the trend of overall
accumulation of lead by the water hyacinth between the treatments, days and plant organs were in the following order: roots > petioles > laminae T3> T2 > Ty >

To.60%45130%15% 0 days.
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Introduction

Environmental pollution is the result of rapid industrialization, technological
advancement and unprecedented increase in population. Human evolution has led
to immense scientific and technological progress. Besides yielding several
products, natural sources of water are fast depleting and are polluted due to
release of wastes in haphazard manner. Billions of liters of waste water are
generated every day from industries and domestic sources. Most of the industries
discharge their waste directly (without any treatment) into the streams, lakes,
oceans as well as in the open land that contaminate the ground water. These
Wastes Range from Simple, Weak Sewage Containing Organic and Mineral
Matters to Highly Toxic Kinds Containing Pesticides, Detergents, Heavy Metals
and Other Toxic Substances. The effect is depletion of oxygen in an ecosystem,
consequent death of biota, smothering of aquatic animals and degradation in
water quality for domestic, agricultural, industrial and recreational use. Millions of
gallons of water containing toxic heavy metals are generated annually from
several metal processing industries. The main sources of heavy metal pollution
are mining, milling and surface finishing industries, which discharge a variety of
toxic metals into the environment [7]. Industrial effluents may be discharged
directly into the sea, or via waterways or sewer but whatever the disposal route,
these constitute an important source of contamination of the environment. Many
industries discharge their heavy metals into the water [11]. Heavy metals produce
undesirable effects, even if they are present in extremely minute quantities, on
human, animals and plant life. The release of various heavy metals into aquatic
environment is a worldwide problem of increasing magnitude. The toxic effects on
the biota have been known for a very long time. The heavy metals can affect their
survival, reproduction, physiological change and also behavior. Therefore, the
need arises to constantly monitor these metals and find a way of

removing them from the ecosystem before the threshold level is reached. One
new and promising method that has been drawing interest is the use of aquatic
plants. Aquatic plants are found to be the potential scavenger of heavy metals
from aquatic environment and are being used in waste water renovation systems
[10]. The benefits of aquatic macrophyte treatment system over conventional
method is there, natural availability at low operating cost, low energy
requirements, offering an alternative to the existing technologies and have
potential to effectively remove heavy metals from waste water [17]. They have
been frequently used to remove suspended solids, nutrients, heavy metals, toxic
organics and bacteria from acid mine drainage, agricultural landfill and urban
storm-water runoff. The aquatic vascular plants possess a tremendous capacity of
absorbing nutrients and other substances from the water [5] and hence bring the
pollution load down. Many aquatic plants like Salvinia, Lemna and Spirodela have
been used for the removal of nitrogen and phosphorous from wastes [5]. The
advantage of using aquatic vascular plants for wastewater treatment is the ease of
harvesting and its rapid growth, high mineral uptake and accumulation. Many
aquatic weeds have demonstrated as potential candidates for waste water
treatment and nutrient absorption from the wastes. Although a number of aquatic
weeds like Pistia, Salvinia, Azolla, Wolffia, Spirodella, Lemna etc. have been
used, the water hyacinth stands out to be most promising among them [9].

Water hyacinth

Water hyacinth (Eichhornia crassipes) is a free-floating flowering and fast growing
perennial aquatic macrophyte. It is known to improve effluent quality from
oxidation ponds and also as a main component of one integrated advanced
system for treatment of municipal, agricultural and industrial waste water [23, 24].
Water hyacinth is found to be most effective in removal of BOD, COD, nitrogen,
phosphorous, organic carbon, suspended solids, phenols, heavy metals etc. from
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the wastewater. Laboratory studies of the water hyacinth have demonstrated the
potential use of this species in removing metals from polluted water and have
shown that metal concentrations of the plant and the water column are correlated
[21]. Since this floating plant grows in heavily polluted water and has high capacity
of metal accumulation, this plant has been selected for the experiment [Fig-1]. The
present investigation was carried out with following objectives:

To evaluate the absorption lead by using floating weed, water hyacinth, in relation
to physico — chemical parameters - temperature, pH, dissolved oxygen and
hardness.

Fig-1 Water hyacinth (Eichhornia crassipes)

Materials and Methods

In the present study Eichhornia crassipes commonly known as water hyacinth was
selected as test plant for assessing the absorption capacity of lead. The
identification of water hyacinth was carried out by using the characters given by
(C.S.LR., 1982). Healthy aquatic weed of vegetative stage were collected from
Rankala Lake, situated out skirts of Kolhapur and were brought to laboratory in
wet condition for further live maintenance. After collecting, water hyacinth plants
were rinsed with tap water to remove epiphytes and insect larvae grown on plants.
The plants were then placed in plastic pools filled with tap water, under natural
sunlight for one week so as to acclimatize them to the new captive environment.
Plastic tubs were washed, thoroughly cleaned and dried properly. The total
volume of water taken in each tub was 35 lit. Four treatments namely control (To),
1mg/l (T1), 5mg/l (T2), and 10mg/l (T3) were taken as concentration for the metal,
with five replicates for two months. Plants of vegetative stage having weight 10g
fresh weight were selected for the experiment. Tubs with plants not exposed to
metal served as control. All treatments were performed with five replicates. The
test durations were 0, 15, 30, 45 and 60 days. Tap water was added daily to
compensate for water loss through plant transpiration, water sampling and
evaporation. Test solution was prepared by following the procedure given [2].
They were prepared to give 1mg/l from 1ml and the higher concentration i.e. 5 and
10mg/l were prepared for making higher proportionate which was used for
absorption experiment.

Fig-2 Experimental setup of accumulation.

Water parameters viz water temperature; pH, hardness and dissolved oxygen at a
weekly interval were measured from each experimental replicate.

Preparation and digestion of plant samples
Plant samples for heavy metal analysis were taken with utmost care to avoid

contamination after every 15 days of interval from the plastic tubs. Each plant was
separated into roots, laminae and petioles. The samples were oven dried for 2-3
days and ground to powder using glass mortar and pestle to ensure sample
homogeneity with respect to particle distribution. The finely ground material was
stored in sealed polyethylene bags at room temperature until acid digestion.
Digestion unit (KEL PLUS-CLASSIC DX, Pelican equipment) was used for
digestion of plant sample. Then final analysis was done on AAS.

Statistical analysis

Data on heavy metal content between treatment and days was designed as
ANOVA. Significant difference was indicated by P <0.05; the Students Newman
Kuel's multiple comparison test was used to determine the significant difference
between the treatments and days [20, 26]. Data on water parameters were
analyzed by ANOVA. Correlation coefficient test was applied between parameters
and treatment. The t - test was used to compare treatment at significant
difference P < 0.05 (20, 26).

Results and Discussion

Accumulation of lead by the roots

The accumulation of lead by the roots of water hyacinth is given in [Fig-3].
Student's Newman - Kuel’s multiple comparison test showed that the maximum
accumulation of lead in roots in Ts (10 mg/l) on 60" day and was significantly
different (P < 0.05) from 0, 15%, 30t and 45'day while 0, 15%, 30th and 45% day
did not differ significantly among themselves. There was a significant difference
between treatments T3 and To while there was no significant difference between
the treatments T1 and T. among each other. As seen from the [Fig-3] the
accumulation of lead in the roots consistently increased when the exposure time
and lead concentration were increased. The trend of overall accumulation of lead
by the roots of water hyacinth between the treatments was in the following order:
T3> T2> T4 > To. The trend of overall accumulation of lead by the roots of water
hyacinth between the days of exposure was in the following order; 60t"> 45t>
30> 15t> O days. The accumulation of lead in the present study increased to the
maximum levels of 102.75, 214.67 and 479.67 mg/g dry weight in roots, 65.63,
287.94 and 302.62 mg/g dry weight in petioles and 43.75, 198.83 and 205.96
mg/g dry weight in laminae in different concentrations of 1, 5 and 10 mg/l
respectively. Lead accumulation in the plant tissues increased significantly with
increasing concentrations and exposure time as also noted by Alonso - Castro, et
al., (2009) [1]. The maximum accumulation (479.67 mg/g) was observed from the
roots in 10 mg/l concentration while, the minimum accumulation (43.75 mg/g) was
observed from the laminae in 1mg/l concentration on 60* day Mishra, et al,
(2008) [14] found that the lead accumulation in water hyacinth increased linearly
with the solution concentration in the order of laminae < petioles < roots in water
hyacinth, the trend being similar to the present study.

Many reports illustrated a better accumulation of Pb when the exposure time and
concentrations were increased. The aquatic plants displayed better accumulation
of lead in the root portions of Bacopa monnieri [18], Lemna gibba [13], Eichhornia
crassipes [25], Typha latifolia [1] and Colocasia esculenta [4].
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Fig-3 Accumulation of Lead by the Roots (Mg/G Dry Weight) of Water
Hyacinth,
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Accumulation of lead by the laminae

The accumulation of lead by the laminae of water hyacinth is given in [Fig-4]. The
maximum accumulation of lead (205.96 mg/g) was in the treatment T3 (10 mg/l) on
60t day, whereas, the minimum accumulation (43.75 mglg) was noted in the
treatment T+ (1 mg/l) on 15t day. ANOVA showed significant difference (P < 0.05)
in accumulation of lead by the laminae of water hyacinth between the treatments
and days. Student's Newman - Kuel's multiple comparison test showed that the
maximum accumulation of lead in laminae was in T (10 mg/l) on 60t day. As seen
from the [Fig-4] the accumulation of lead in the laminae increased when the
exposure time and lead concentration were increased. The overall trend of
accumulation of lead by the laminae of water hyacinth between the treatments
was in the following order: T3> T2> T1> To. The overall trend of accumulation of
lead by the laminae of water hyacinth between days was in the following order:
60th> 45t> 30> 151> 0 days. Water hyacinth has exhibited higher concentrations
of lead in roots than in petioles or laminae. Roots function as a barrier to the
translocation of lead to the above water part of water hyacinth thus, this indicates
that plants have poor translocation and lead is largely retained within the roots
against minimum in the laminae [18]. This is due to the presence of large amount
of substances like glutathione and ascorbate in roots than in petioles which bind
lead to the negatively charged binding sites in the cell wall. Cell walls of the roots
are thus preferable site of accumulation of lead [6]. Presence of numerous thin
roots in water hyacinth is also a reason for higher concentration of lead in roots in
comparison to laminae and petioles. Minimum accumulation of lead in laminae
may be due to transpiration process and prevention mechanism taking place in it,
to inhibit lead uptake since lead is a non-essential element for plant metabolism.
Similar nature of metal uptake was also noted by Win, ef al., (2003) on removal of
lead from industrial waste water by water hyacinths [25].
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Fig-4 Accumulation of Lead by the Lamine (Mg/G Dry Weight) of Water
Hyacinth.

Accumulation of lead by the petioles

The accumulation of lead by the petioles of water hyacinth is given in [Fig-5]. The
maximum accumulation of lead (302.62 mg/g) was in the treatment T3(10 mg/l) on
60" day, whilst, the minimum accumulation (65.63 mg/g) was observed in the
treatment T+ (1 mg/l) on 15t day. ANOVA showed significant difference (P < 0.05)
in accumulation of lead by the petioles of water hyacinth between the treatments
and days. Student’s Newman - Kuel's multiple comparison test showed that the
maximum accumulation of lead in petioles was in T (10 mg/l) on 60t day and it
was significantly different (P < 0.05) from other days at the same time 0, 15%, and
30t day did not differ significantly among each other. There was a significant
difference between treatments Ts and To. As seen from the [Fig-5] the
accumulation of lead in the petioles constantly increased when the exposure time
and lead concentration were increased. The overall frend of accumulation of lead
by the petioles of water hyacinth between the treatments was in the following
order: T3> T2 > Ty > To. The overall lead accumulation trend by the petioles of
water hyacinth between the days was in the following order: 60t-45%,30t,15t 0
days.

350
2 300
£ 250
c
S 200
L
% 150
100
§ T E
& ° d:[ﬁm—
T 3]
0
Control 1 mg/l 5 mg/l 10 mg/l
Cconcentrations (mg/l)
|2 Day 0 @ Day15 EDay30 O Day45 & Day 60 |

Fig-5 Accumulation of Lead by the Petioles (Mg/G Dry Weight) of Water
Hyacinth.

Accumulation of Lead by Different Parts Taken Together
The accumulation of lead by water hyacinth in different parts taken together is
given in [Fig-6].
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Fig-6 Accumulation of Lead by (Mg/G Dry Weight) Water Hyacinth in
Different Parts Taken Together.

The maximum accumulation of lead (988.25 mg/g) was in the treatment T3 (10
mg/l) on 60 day, while, the minimum accumulation (212.13 mg/g) was noted in
the treatment T+ (1 mg/l) on 15" day. ANOVA showed significant difference (P <
0.05) in accumulation of lead by water hyacinth in different parts taken together
between days and treatments. Student's Newman - Kuel's multiple comparison
test showed that the maximum accumulation of lead in water hyacinth in different
parts taken together was in T3 (10 mg/l) on 60t day. The 60t day was significantly
different (P < 0.05) from 0, 15%, and 30t day while 0, 15%, 30t and, 45t day did
not differ significantly among each other [Table-1]. There was a significant
difference between treatments Ts and To while there was no significant difference
between the treatments T+ and T2 among each other. As seen from the [Fig-6] the
accumulation of lead in water hyacinth in different parts taken together
consistently increased when the exposure time and lead concentration were
increased. The overall accumulation of lead by water hyacinth in different parts
taken together between the treatments was in the following order: T3> T2> T1> T,
The overall accumulation of lead by water hyacinth in different parts taken
together between the days was in the following order:;

60t> 451> 301> 154> 0 days.

Residual Concentration of Dissolved Lead

The concentration of lead remaining in the test solution is given in [Fig-7]. The
maximum concentration of residual solutions of lead (6.8805 mg/l) was observed
in the treatment Ts with a test concentration 0f10 mg/l on 60t day. As seen from
the [Fig-7] the residual concentration of lead decreased significantly with exposure
time but increased with test concentration. The overall residual concentration of
lead by water hyacinth between the treatments was in the order of T3 > To> T1>
To.
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Table-1 Physicochemical parameters during absorp

jon of lead by water hyacinth according

fo exposure period.

Temperature (°C) Hardness (mg/l) Dissolved oxygen (mg/l)

Ty T, | T To T | N Ts To Ti T Ts

6.1 6.1 6.1 6.1

15 215 252 215 215 106 106 102 101 72 6.2 51 | 42 | 63 6.4 6.1 55
30 281 242 282 281 99 9 95 92 75 6.2 52 | 45 | 64 6.5 6.4 53
45 265 25 265 265 90 89 85 82 73 6.3 52 | 48 | 67 7 71 72
60 279 252 279 278 80 80 75 72 75 6.5 53 5 74 71 77 6.6
Min 26.5 235 26.5 265 80 80 75 72 7 6 5 4 6.1 6.1 6.1 5.3
Max 283 283 283 283 115 115 115 115 | 75 6.5 53 5 74 71 77 72

[

(mgfl)
ORr NWAWON®OO

Pb remained in the solution

Control 1 mg/I 5 mg/l 10 mg/I

Concentrations (mg/l)

B 0 day @ 60th day

Fig-7 Residual lead level at different concentrations

Correlation analysis

The correlation co-efficient for the selected parameter (temperature, pH, dissolved
oxygen, hardness) and lead accumulation by water hyacinth is given in [Table-2].
There was a significant positive correlation between dissolved oxygen and 1 mg/l
(r =0.9829) and dissolved oxygen and 5 mg/l (r = 0.9573) while a significant
negative correlation co-gfficient was recorded between hardness and 1 mg/l (r = -
0.9811).

Table-2 Correlation co-efficient among parameters and treatments in lead.

Parameters

Temperature Dissolved Hardness
Treatments (°C) pH oxygen (mg/l) (mgfl)
Control -0.8669 0.3117 0.6355 -0.7282
mg/l -0.5951 0.9120 0.9829° -0.9811*
5mg/| -0.1053 0.8841 0.9573* -0.9103
10mg/l -0.1557 0.9150 04573 -0.9158
*Significant difference

Physicochemical Parameters during Bio-concentration.

In the present study water temperature ranged from 23.5- 28.3°C in all the
treatments Maximum temperature was recorded (28.3°C) in all the treatments at
the start of the experiment while minimum (23.5°C) was recorded in T+ (1mg/l) on
45 day. Maximum pH (7.5) was observed in the treatment To (control) on 60t day
but, minimum [4] was observed in Ts (10 mg/l) on O day. Dissolved oxygen
increased from 5.3- 7.7 mg/l in all the treatments. Maximum DO was noted (7.7
mg/lit) in the treatment T2 (5 mg/l) on 60t day whereas minimum (5.3 mg/l) was in
T3 (10 mg/l) on 30t day. Hardness varied 72- 115 mg/l. Maximum hardness (115
mg/l) was observed in observed in all the treatment at the start of the experiment,
whereas minimum (72 mg/l) was observed in the treatment Ts (10 mg/l) on 60
day. There was decrease in hardness with exposure period. The uptake of metal
ion from water is influenced by various parameters such as temperature, pH,
dissolved oxygen and hardness. Moreover, the energy derived from
photosynthesis and oxygen released can improve conditions for the active
absorption of metals. Balasooriya, et al., (1983) [3] observed luxuriant growth of
water hyacinth when the temperature was between 26- 35°C. In the present
investigation, temperature of surface water fluctuated from a 23-28°C. There was
no significant positive as well as negative correlation between temperature and
accumulation of metal by water hyacinth. This suggested that there was no strong

relationship between temperature and accumulation of metal but there was
optimum growth of water hyacinth. The water pH is an important parameter in
controlling ions availability and hence the uptake by an individual plant (22).

In the present study results reveal the relationship between some water parameter
and metal accumulation. There was a significant positive correlation between pH
and accumulation of metal by water hyacinth. Similarly, an increasing significant
positive correlation between dissolved oxygen and accumulation of metal by
aquatic plant was recorded.

Murugesan and Sukumarn (1997) [16] however observed decrease in
concentration of dissolved oxygen due to dense cover of plants in small tubs
which favoured the anaerobic condition. Contrary observation in the present study
may be due to sufficient area present in the tubs which favored the aerobic
condition. The process of photosynthesis is less affected since roots, that
accumulate metals ions are usually at the underwater basal portion of a plant and
the metals that are known to interfere with the photosynthesis, are kept isolated
[19]. A significant negative correlation was observed in the present study between
hardness and accumulation of metals. There was decrease in hardness of water
with increase in metal accumulation and exposure period. Similar finding was
reported by Kousar and Puttaiah (2009) on application of Trapabipinosa for the
treatment of pulp and paper industry effluent [12]. The concentrations of lead
remaining in the residual nutrient solutions significantly decreased with exposure
period but increased with test concentration. This may be due to attainment of a
saturation state. As soon as the saturation state was reached, it seems that it was
not possible for these plants to further absorb lead significantly. Metal content in
water decreases with the passage of time. Similar results were also reported by
Muramoto and Oki (1983) [15] for water velvet and duckweed.

The present study reveals that the root of water hyacinth is an efficient organ for
accumulation of metals as compared to laminae and petioles. Therefore, in an
ecosystem or waste water system of abundant lead the plant, Eichhorniacrassipes
can be used effectively to remove the metal contaminants. Therefore, serving is
an important biotechnological tool

Conclusion

The maximum accumulation (479.67 mg/g) of lead was observed from the roots in
10 mg/l concentration whereas; the minimum accumulation (43.75 mg/g) was from
the laminae in 1mg/l concentration on 60t day. The trend of overall accumulation
of lead by the water hyacinth between the treatments, days and plant organs were
in the following order:Ts > To> T1> To. 60> 45> 30> 151> 0 days. Laminae <
petioles < roots. Water temperature was in the range of 22.3°C - 28.3°C. While pH
varied from 4- 7.5 Dissolved oxygen increased was in the range of 5.3- 7.7 mg/l.
Total hardness decreased from115-72 mg/l during the period of 60 days under the
experimental conditions. Based on the present study regarding the absorption
capacity of water hyacinth it can be concluded that the roots of water hyacinth are
most efficient organ for accumulation of metals as compared to petioles and
laminae. Therefore, in an ecosystem or waste water system of abundant lead the
plant, Eichhornia crassipes can be used effectively. As it is also an eco- friendly
way of removing the toxic wastes from the aquatic environment.

Application of research: Toxic heavy metal pollution of water is a major
environmental problem, and there is no conventional remediation approaches and
acceptable solutions. This study demonstrates the absorption capacity of water
hyacinth for the heavy metal, lead. It will be useful in aquaculture for fish farmers.
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