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Abstract: Water hyacinths are aquatic plants that indicate a capability for pollutants uptake. Recently, further efforts have
been made to increase the capacity of the plant to remediate the pollutants. Water hyacinth roots and shoots were analyzed
using FTIR spectroscopy, XRF, and electrical investigations. Results of XRF analyses indicate that except for Sr, CaO,
Na2O, and K2O, the level of metals as well as metal oxides are higher in plant root. FTIR measurements indicate that there
are some similarities between the shoot and root molecular structures, with higher intensities in the shoot. Both plant parts
were subjected to microwave heating up to 40 minutes at 450 and 900 Watt. A change in the crystallinity index resulted
due to the microwave heating. Treating the plant with different concentrations of acetic acid and reaction time showed that
the maximum degree of acetylation was at 0.05 N acetic acid for 19.0 hours. D-Gauss BLYP/DZVP indicates a change in
the calculated dipole moment as a result of the treatment of the plant with acetic acid. The permittivity, dielectric loss,
electric loss modulus, and AC conductivity of all samples were investigated in the frequency range between 42 and 106
Hz at room temperature. These properties showed slight increase in case of control root samples compared to control
shoot samples. However, two distinct relaxation processes were observed in the electrical loss modulus of these samples.
The permittivity of root and shoot were considerably affected by microwave heating. It was also found that AC
conductivity of water hyacinth plant showed relative increase by treating it with acetic acid at concentrations higher than
0.05 N for 19 h. This can be considered as optimum conditions needed for water hyacinth plant to uptake more metal ions
from wastewater.
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INTRODUCTION
The phenomena of pollutants uptake by aquatic plant has
been investigated at length [1, 2]. Later water hyacinth
received considerable attention because of its potential to
remove pollutants, when used as a biological filtration
system [3]. Water hyacinth showed a great ability to remove
heavy metals, as well as other pollutants from polluted water
[4]. In addition, it could also remove cadmium [5-7]; copper
[8]; mercury [9]; ethion [10]; domestic sewage [11] and
cyanide [12]. Accordingly, the utilization of water hyacinth
as a phytoremediation tool has increased [13-15]. In our
previous work, atomic emission spectroscopy was used to
study the level of Cu, Pb, and Ni in water hyacinth root [16].
The electrical properties were estimated for plant root which
was collected from the Nile [17]. Acetylated dry form of
water hyacinth was used to mediate Cd [18]. This plant is
further utilized alive to mediate Cd and Pb, the ability of
removal was less than compared to removal of Cd in case of
acetylated dry plant [19]. Based upon modeling FTIR work,
we treat the water hyacinth plant as cellulose like material
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[20]. Because water hyacinth plant consists mainly of
cellulose in addition to metal oxides and heavy metal ions
and it can be therefore considered as composite. Its electrical
performance is directly related to the permittivities and
conductivities of its constituents [21]. The numerous strong
polar groups of the cellulose molecules appointed to produce
hydrogen bonds allowing the building up of complex
structures within the molecule and between the different
molecules. Although water hyacinth is utilized long time ago
as effective phytoremediation tool it is still studied
extensively as a hot research topic [22-26]
Accordingly, an investigation on the mechanism of
uptake is needed to understand and control the uptake
behavior of the plant. For that reason, the behaviors of metal
ions together with the molecular structure of the plant were
studied in this rationale. X-Ray Fluorescence (XRF) was
used to evaluate the level of metals and metal oxides in the
different plant parts. FTIR was used to study the molecular
structures in the control, microwave heated and acetic acid
treated water hyacinth. Furthermore, we have used dielectric
spectroscopy measurements, in order to obtain some
information about the dynamic molecular behavior of the
water hyacinth plant, its dielectric properties and AC
conductivity. Effects of electrical properties of the water
2010 Bentham Open
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hyacinth plant treated with acetic acid and microwave
heating power were also investigated.
EXPERIMENTAL METHODS
Water hyacinth was collected from the River Nile at
Cairo (Rod El-Farag), the plant was 150 mm length, it was
kept to grow up in a special lagoon in the National Research
Centre for three months in water free of pollutants. The plant
was washed with tap water followed by double distilled
water, then divided into two parts namely: root and shoot.
These parts were dried at 105oC for 24 h and then ground to
form a fine grained powder. For the dielectric measurements,
the dried grained powder samples were pressed (under 6 ton)
into discs with 2 mm in thickness and 10 mm in diameter.
The plant root and shoot were subjected to microwave
heating for 10, 20, 30, and 40 minutes at 450 and 900 Watt.
Triplicate plants were immersed individually in acetic
acid 0.025, 0.05, 010, 0.25, 0.33, and 0.5 N for a constant
time then triplicate plants were immersed in 0.05 N acetic
acid for variant times from 0.5 up to 132 hours.
For FTIR measurement: Both plant parts were weighed
(as 1% w/w) with KBr and pressed in a 10 mm (diameter)
disc.
For XRF: 6.0 g (<63m) dry plant (root and shoot
individually) was mixed thoroughly with 1.5 g Hochst CWax then pressed in 40 mm Al-Cup.
Calculation Details
Molecular modeling calculations were carried out for
cellulose using D-Gauss program package MOPAC 2002, as
implemented in the CAChe Program by Fujitsu [27]. The
geometries were optimized using DZVP basis set, together
with the DFT method BLYP [28].
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oxides, we observed that the oxides of easily ionizable
metals such as CaO, Na2O, and K2O were higher in the shoot
than in the root, while the remaining metal oxides (Al2O3,
Fe2O3, MgO, TiO2, P2O5, and SO3) were higher in the root
than in the shoot. From this point of view the root possesses
higher metal as well as metal oxides contents. Oxides of the
easily ionizable metal (alkali metal) did not exhibit the same
behavior.
Table 1.

Concentration of Metals (ppm) as Well as Metal
Oxides (%) that Analyzed with XRF Technique

Element

Shoot

Root

As

<4

17

Ba

84

194

Ce

<20

24

Co

7

14

Cr

<10

37

Cu

20

36

F

<500

<500

Mn

333

1632

Ni

<3

10

Pb

21

247

Sr

118

112

V

<10

42

Zn

75

380

Zr

<10

33

SiO2

<16

<16

Al2O3

<0,50

2.72

Fe2O3

<0,30

0.86

MgO

1.18

1.43

CaO

2.24

1.89

X-Ray Fluorescence (XRF) experiments were carried out
using PHILIPS WD-RFA PW 2400 (program “Pulver”), at
Technical University of Berlin, Institute of Applied
Geosciences, Germany.

Na2O

0.62

0.35

K2O

2.28

1.31

TiO2

0.01

0.13

The dielectric properties such as capacitance (C) and
dissipation factor (tan ) of the prepared samples were
measured using a computerized LRC meter (Hioki model
3531 Z Hi Tester). The dielectric properties of the
investigated samples were carried out at room temperature in
the frequency range between 42 and 106 Hz.

P2O5

0.16

0.24

SO3

0.46

0.65

Instrumentations
Fourier Transform Infrared Spectrometer JASCO FTIR
300 E., in the range of 400-4000 cm-1, was applied to
elucidate the molecular structure of the studied samples.

RESULTS AND DISCUSSION
Levels of Heavy Metals and Metal Oxides in Water
Hyacinth Root and Shoot
In the present study, we have utilized X-Ray
Fluorescence Spectroscopy (XRF) to determine the
concentrations of both metals and metal oxides. As seen in
Table 1, the concentration of Sr in the shoot is slightly higher
than that in the root. As, Ba, Ce, Co, Cr, Cu, Mn, Ni, Pb, V,
Zn, and Zr showed higher concentrations in the root as
compared to the shoot. For the concentrations of metal

FTIR of the Water Hyacinth Root and Shoot
Fig. (1) and Table 2 present the FTIR absorption bands of
the water hyacinth root and shoot. The assignment of water
hyacinth was discussed in our previous work [18, 29]. The
FTIR spectra of the water hyacinth could be assigned as
follows.
The OH band of water appears at 3388.3 cm-1 while the
CH of CH2 and CH3 form two bands at 2922.6 and 2852.2
cm-1, respectively. The stretching band of C=O at 1738.4 cm1
is for the carboxyl group, this band is more clear in case of
the shoot. Both the symmetric and asymmetric bands of
COO at 1640.4 cm-1 and 1590.0 cm-1, are present in the IR
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spectrum and result from the metal carboxylate interactions.
However, the first band is more clearly in case of the plant
shoot. The C-O band of CHO is located at 1516.7 cm-1. The
OH band can overlap with the N-H band which appears at
1422.2 cm-1. The CH of CH2 band is seen again at 1371.1
cm-1. The C-O band of the cellulose backbone appears at
1035.6 cm-1. The last part of the spectrum could be attributed
to the vibrations of metal oxides.

index A1371/A2922 [30, 31] took place. The calculated
crystallinity index is seen in Figs. (2, 3) and Table 3.
Generally, a slight increase in crystallinity is noticed. This
could be due to dehydration of water in root as well as shoot
samples. Furthermore, shoot samples are slightly affected
compared to root samples. This may be due to the dominant
cellulosic structure in the shoot. Finally, a partial crystallinty
is given to the plant as a result of microwave heating.

Fig. (1). FTIR absorption spectra of water hyacinth roots and shoot.

Fig. (2). FTIR absorption spectra (deconvolution) of water hyacinth
shoot that treated with microwave heating at different times and
powers.

Table 2.

FTIR Band Assignments and Wavenumbers as cm-1
for the Studied Water Hyacinth Shoot and Root

Table 3.
Band Frequencies
Shoot

Root

3399.9

3388.3

3366.1

Band Assignment
OH

Calculated Crystallinity Index for the Plant Root as
Well as Shoot After Treatment with Microwave
Using 450 and 900 Watt at 10, 20 and 30 Minutes

Time (min)

Power (watt)

10

Root

Shoot

450

0.75

1.13

10

900

0.93

1.10

20

450

1.09

1.21

20

900

1.05

1.24

300

450

1.03

1.18

OH

2924.5

2922.6

CH of CH2

2854.1

2852.2

CH of CH3

1732.7

1738.5

C=O of COOH

1645.9

1634.4

C-O symm.,

1624.7

C-O symm.,

1590.0

C-O asymm.,
1516.7

C-O of CHO

1421.3

1422.2

C-O of COO

1384.6

1384.6

OH phenolic

1318.1

1371.1

CH of CH2

1035.6

1035.6

C-O of cellulose backbone

A special interest will be focused to the C=O region in
order to trace the effect of acetic acid treatment.
Effect of Microwave Heating
The plant was subjected to microwave heating for
different times up to 40 min using two powers namely, 450
and 900 Watt. As a general trend, no changes were recorded
in the molecular structure of both the root and the shoot. In
the region of 2000 ~ 1000 cm-1 a change in the crystallinity

Crystallinity Index

The crystallinity index was calculated as (A1371/A2922) according to Nelson [30, 31].

Effect of Acetic Acid Treatment
Treating water hyacinth with acetic acid increases its
ability for removing heavy metals from aquatic environment
[19]. Accordingly water hyacinth was treated with acetic
acid at different acid concentrations and for different times.
It was proposed that as far as water hyacinth absorb solution
containing acetic acid, the acid will exist in free form i.e. it
will not react with the plant contents. In our previous work
[19, 29], FTIR spectra of acid treated plant indicate the
absence of unreacted acetic acid bands. Furthermore,
Adebajo [32] studied the interaction between acetic acid and
cellulose, he stated that the absence of unreacted acetic acid
bands (1800 – 1760 cm-1) is an indication for acetylation
process. The same concept could be applied for water
hyacinth whereas we introduced that the plant is cellulose
like material [20, 32].
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used as a building unit of cellulose; the carbon atoms are
numbered as seen in Fig. (4).
Table 5.

Fig. (3). FTIR absorption spectra (deconvolution) of water hyacinth
root treated with microwave heating at different times and powers.

Calculated Degree of Acetylation (A1736/A1035) for
Water Hyacinth Root and Shoot for 19 Hours at
Different Acetic Acid Concentrations

Concentration

Root

Shoot

0.0

0.19048

0.78309

0.025

0.30395

0.62267

0.050

0.4717

0.63291

0.100

0.11834

0.62461

0.250

0.19084

0.61425

0.330

0.25773

0.59737

0.500

0.33223

0.59418

The degree of acetylation (A1736/A1035) was calculated according to [33].

Based upon these considerations; treating the water
hyacinth with acetic acid leads to the acetylation of the plant.
The effect of acid concentrations and times of treatments are
indicated in terms of the calculated degree of acetylation. As
far as the plant was chemically treated with acetic acid an
increase in the intensity of C=O band can be noticed in the
plant shoot as well as in the root. The degree of acetylation is
calculated as A1736/A1035 [33] and listed in Tables 4 and 5
respectively.
Table 4.

Calculated Degree of Acetylation (A1736/A1035) for
Water Hyacinth Root and Shoot for 0.05 N at
Different Times

Time (Hours)

Root

Shoot

0.0

0.190

0.783

0.5

0.433

0.603

1.0

0.337

0.665

2.0

0.240

0.693

4.0

0.220

0.652

12.0

0.329

0.601

19.0

0.472

0.633

39.0

0.276

0.644

132.0

0.654

0.645

The degree of acetylation (A1736/A1035) was calculated according to [33].

A transport of acetate took place in earlier time (from 30
min up to 4.0 hours) from root to shoot. Both plant parts
were subjected to acetic acid for different concentrations (up
to 0.5 N) and time durations (up to 132 hours). As a result of
treating water hyacinth with different acetic acid
concentration, one can observe that a higher degree of
acetylation occurs with 0.05 N acetic acid for 19.0 hours.
In order to follow up the changes in the molecular
structure of the plant as a result of acetylation molecular
modeling was utilized. A model molecule of -D glucose is

Fig. (4). Optimized D - Gauss BLYP/DZVP model structure for the
studied model molecule indicating the carbon sites.

Using D - Gauss BLYP/DZVP model it is postulated that
acetic acid interacts with the typical OH of cellulose
(CH2OH) forming H2O which is the common definition of
acetylation. We propose in our previous work another
scheme which is not common and/or never treated before.
COOH of acetic acid is moving freely and hence from the
modeling point of view we replace OH with the free COOH
then running our calculations. From this modeling point of
view COOH forms stable mono-COOH structure only as
COOH replaces the OH of CH2OH; OH corresponding to
carbon number (3). Also two COOH could replace two OH
forming di-COOH; as it replaces the two OH attached to
carbon numbers (1) and (2). Total dipole moment was
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calculated using D-Gauss BLYP/DZVP model for cellulose,
cellulose mono-COOH and cellulose di-COOH. The results
in Table 6 indicate that a change in the dipole moment of
cellulose took place as COOH interacts with cellulose.
Table 6.

Calculated Total Dipole Moment as Debye with its
Distribution in x, y and z Directions, Energy Gap
(E ev) for Cellulose, Cellulose Mono-Acetate and
Cellulose Di-Acetate Using BLYP/DZVP Model
Dipole Moment
X
Cellulose

Y

Z

Total

E

-3.558 -2.385 1.252 4.463 12.945

COOH Interaction with Cellulose
Cellulose mono-acetate (CH2OH) -2.300 2.476 -2.915 4.463 11.755
Cellulose mono-acetate (3)
Cellulose di-acetate (1-2)

-3.492 -2.860 0.334 4.526 11.814
1.266

0.103 -1.829 2.227 11.585

Acetic Acid Interaction with Cellulose
Cellulose mono-acetate (CH2OH) -0.304 2.701 -0.382 2.745 11.817
Cellulose mono-acetate (3)
Cellulose di-acetate (1-2)

-1.902 -1.456 -2.736 3.637 11.742
-2.190 2.577

0.917 3.504 11.770

A slight decrease in total dipole moment took place as
COOH forms mono-COOH structure while a sharp decrease
in dipole moment took place when COOH finds its way as
di-COOH onto the model molecule. As seen from the
calculated band gap energy di-acetate is the most likely
structure whenever COOH interacts with cellulose which
agrees with our previous results [20].
From modeling work a stable structure is obtained as
COOH replaces and/or interacts with OH of cellulose.
Furthermore, the OH is not only that of CH2OH but also to
other OH. Table 6 presents another important physical
parameter which is the HOMO/LUMO band gap energy.
This calculated parameter indicates that as COOH interacts
and/or replaces OH a decrease in band gap energy took
place. This decrease in band gap energy allows the metals in
the aquatic environment to interact with the treated plant.
Collecting the above data, one can conclude that acetic
acid causes a change in the total dipole moment with its
contributions in x, y and z direction regardless whether
COOH replaces or interacts with the OH of the model
molecule. Also the band gap energy is decreased as a result
of interaction of acetic acid with the model molecule.
Correlating model molecule results with those of
experimental findings one can notice the following. Treating the
plant chemically with acetic acid enhances the total dipole
moment which in turn increases its ability for interaction in the
aquatic environment. As the plant is physically heated with
microwave the crystalinity is partially enhanced. By comparison
between chemical and physical treatments, the partial
enchantment in the crystalinity of water hyacinth could in turn
enhance its ability for removing pollutants from aquatic
environment. In order to understand the role of both physical
and chemical treatment the dielectric properties of treated plant
will be studied and compared with the untreated plant.

Dielectric Properties of Water Hyacinth
The electrical properties of a material held between two
plane parallel electrodes of area A separated by a distance d
are completely characterized by the measured electrical
capacitance and conductance.
Fig. (5a, b) represents the frequency dependence of the
permittivity ('), dielectric loss (), for the investigated
control root and shoot plant samples. From this figure ' and
 for both parts of the plant showed rapidly decrease with
increasing frequency that followed by slower decrease at
frequencies higher than 5103 Hz, see the vertical dashed
line. At sufficiently low frequency, there is a rapid increase
of both ',  with frequency decrease. The high values of ',
 at low frequencies make it easy to identify the effects of
blocking electrodes. More specifically, in Fig. (5a) the
apparent permittivity is large, indicating the existence of the
so called electrode polarization [34, 35]. In Fig. (5b) the
dielectric loss also becomes large at low frequencies, due to
the ‘free charge’ motion within the material. These values do
not correspond, of course, to the bulk dielectric function but
rather due to ‘free charge’ build up at the interface between
the material and the electrodes. For very low frequencies,
there is practically time for the charges to build up at this
interface before the field changes direction, giving a very
large effective value of '. With increasing frequency there is
no time for the build up of the charge at the interface but
only for the build up at the boundaries of the conducting
species in the material and at the ends of the conducting
paths. This phenomenon leads to the so called conductivity
relaxation. At frequencies lower than 5103 Hz, ' of root
was observed at relatively higher values compared to those
of the shoot. This may be due to the higher concentration of
metal ions (As, Ba, Ce, Co, Cr, Cu, Mn, Ni, Pb, V, Zn, and
Zr) in root compared to those for the shoot.
In order to observe the possible relaxation processes
taking place in the control samples, their electric loss
modulus (M) [36] were plotted also as a function of
frequency (Fig. 5c). From this figure, although no significant
changes can be seen in the dielectric loss curves, two distinct
relaxation peaks were observed in the corresponding M
curves. One relaxation peak characterized by higher intensity
at m ~1.5 103Hz represents the control root plant sample,
whereas the second relaxation peak with lower intensity
indicated at m ~5  103 Hz represents the control shoot plant
sample. These processes presumably involve a dipolar
activity and could be associated with the co-operative motion
of the dipolar functional group, probably the CH2OH groups
and could be affected by the number of these groups. In
addition, the corresponding relaxation times ( = m)
describing these peaks for both root and shoot plant samples
were given, respectively at 1  10-4 s and 3.2  10-5 s, where 
is defined as the time needed for dipoles to relax to their
equilibrium positions after removing the electric field. The
reciprocal of relaxation time is related to the mobility of
dipoles or charge carriers [37]: the longer , the slower the
dipole motion. Then, the obtained differences in relaxation
time of control samples may originate from the differences
in concentration of the dipolar groups in the cellulose chain
in addition to the differences in interchain interactions. The
interactions between chains include hydrogen bonding,
dipole - dipole, ion-dipole and dispersion forces. The
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interchain forces constrain the dipolar group motion and then
affect the magnitude of the peak height [38]. This suggests
that the orientational freedom of the side groups is restricted
owing to the hydrogen bonding between neighboring parallel
chains. The cellulose structure is more complicated in root
than in shoot plant samples, a broader absorption peak was
observed in root plant sample compared to the shoot
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This figure shows that ' of shoot samples are slightly more
affected by crystallinity than those of root samples.
Accordingly, ' of shoot plant samples exhibit higher values
than those obtained for the root ones. This may be due to the
dehydration of water (increase of crystallinity) in root as
well as shoots samples or due to the dominant cellulosic
structure in shoot samples. In addition, ' of root samples
increase with the increase of microwave heating power
whereas it showed an inverse behavior for the shoot samples.
As a result of hydroxyl groups showing different polarities,
cellulose has different crystalline structures, ranging from
cellulose I (native cellulose) to cellulose IV [39]. The
differences in the dielectric behavior of root and shoot may
be interpreted regarding this point of view.
Effect of Acetic Acid on the Dielectric Loss and
Conductivity

Fig. (5). The frequency dependence of the permittivity (a),
dielectric loss (b) and the electrical loss modulus (c) for root and
shoot of water hyacinth plant, measured at room temperature.

Effect of Microwave Heating on Permitivity
Fig. (6) presents the frequency dependence of
permittivity (') of the control root and shoot plant samples
comparing with that treated by microwave heating power
(450 and 900 Watts), for 10, 20, 30, and 40 minutes. There is
evidence from this figure that ' showed remarkable decrease
for all treated compared to the control samples. The observed
decrease in samples permittivity could be due to
crystallization taking place during heating by microwave.
After crystallization, the sample becomes a composite
medium comprising amorphous and crystalline phases. The
development of crystalline structures during heating results
in a decrease of sample polarization and therefore a decrease
in the dielectric properties should be expected. It is also
noticed that the highest values of crystallinity recorded for
the root and shoot plant samples (see Table 3) are
corresponding with their lowest values seen in ', see Fig.
(6a1, b2).
For more detailed discussion, ' of the root and the shoot
samples treated with different microwave heating powers for
20 minutes was plotted as a function of frequency Fig. (7).

The effect of acetic acid (CH3 COOH) with different
concentrations on the dielectric loss and conductivity of the
root and the shoot plant samples are shown in Fig. (8).
Compared to the control root and shoot plant samples (free
of acetic acid), slight changes can be noticed in  and ac.
For the root plant samples,  and ac showed slight decrease
with the increase in acetic acid concentrations up to 0.05 N
and then followed by a slight increase at higher
concentrations. ac exhibits similar behavior for the shoot
plant samples. This result can be attributed to the higher
degree of acetylation that took place at 0.05 N acetic acid for
19.0 hours Table 6. It was noted that the interaction of acetic
acid with the cellulose mono – acetate (3) resulted in an
increase of the total dipole moments, which indicate an
increase of polarization. Thus, the observed increase in 
with increasing CH3COOH concentrations may be explained
according to this assumption. While interaction of free
COOH with cellulose mono – acetate of the primary position
(CH2OH) or cellulose di – acetate (1-2) and interaction of
acetic acid with cellulose, all result in a decrease of total
dipole moments and therefore the observed decrease in 
could also be explained according to the second assumption.
On the other hand, conductivity of the root and the shoot
plant samples showed continuous increase with increasing
CH3COOH concentrations higher than 0.05 N. Above this
concentration, CH3COOH may increase mobility of charge
carriers passing through water hyacinth plant. From this
point of view, treating water hyacinth with acetic acid
increases its ability for uptake metal ions from the aquatic
environment.
CONCLUSION
Analyzing both the root and the shoot with XRF revealed
that, except Sr, CaO, Na2O, and K2O, the level of metals as
well as metal oxides in the shoot is lower than that in the
root. FTIR results indicated that there were no changes in the
molecular structure as a result of microwave heating up to
900 Watt. Microwave heating produces partial enhancement
in the crystallinity of the studied samples. Also no structural
change was recorded for a heating time up to 40 min. Thus;
the changes are proposed to be regarded in terms of the
electrical properties.
The obtained electrical properties for the control root
and shoot plant samples showed very slight changes in their
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Fig. (6). The frequency dependence of the permittivity of root and shoot plant samples treated with microwave heating power for different
times compared to the untreated control root and shoot samples.

Fig. (7). The frequency dependence of the permittivity of root and
shoot plant samples treated with microwave heating power for 20
minutes.

permittivity ('), dielectric loss (). However, their electric
loss modulus (M) showed two pronounced relaxation
processes of characteristic movements of CH2OH groups in
both the root and the shoot plant samples. As compared to
the control samples, the permittivity of the samples treated
by microwave heating power exhibit remarkable change due
to the dehydration of water which in turn affects the
crystallinity. The dielectric loss and AC conductivity of the
samples were significantly affected from treatment with
acetic acid with different concentrations for 19 h. In
particular, at concentration lower than 0.05 N, the electrical
properties of the samples showed a slight decrease whereas
they showed a slight increase at higher concentrations when
compared to the control. Interestingly, the observed increase
in the  seemed to be in agreement with the assumption that
an interaction of acetic acid with cellulose mono – acetate
(3) increases the total dipole moments. Then the observed
decrease in the  seemed to be in agreement with the
assumption of an interaction of COOH with cellulose mono
acetate (CH2OH) or cellulose di – acetate (1-2) and
interaction of acetic acid with cellulose. Finally, the increase
in total dipole moment as indicated with modeling and the
enhancement in electrical properties and crystallinity
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Fig. (8). The frequency dependence of (a1, b1) and  (a2, b2) for the water hyacinth plant root and shoot that were subjected to CH3COOH
with different concentrations for 19h.

dedicate water hyacinth which is treated by acetic acid for
better uptake of heavy metals from the aquatic environment.
The present efforts together with those results obtained in
our previous work are attempts to understand the mechanism
of pollution control by the plant water hyacinth [32].
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