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Abstract
Water hyacinth (Eichhornia crassipies) has proved to be a menace in water bodies and studies are on, in the
direction of solving this problem; one of which is to discover economic uses of water hyacinth. Adsorption of
heavy metals and dyes from aqueous solutions by activated carbon derived from water hyacinth is one of such
studies. In this study, dried and pulverized water hyacinth shoot was used for the sorption studies. This is in the bid
of eliminating the rigours of producing activated carbon, thereby saving time and cost. The adsorption capacity of
water hyacinth shoot for Methylene Blue dye was studied as a function of initial metal ion concentration in a batch
system. Results showed that adsorption increased with methylene blue dye concentration. Seven adsorption
isotherms, namely Langmuir, Freundlich, Temkin, Dubinin-Radushkevich, Florry-Huggins, Harkins-Jura and
Henry’s isotherms were applied to the adsorption data. Isotherm parameters showed that all the isotherms
correlated well with the adsorption data. The maximum adsorption capacity of Methylene Blue dye to the dried
water hyacinth shoot was found to be 58.14mg/g. The use of dried water hyacinth shoot would appreciably save
the time and cost for producing activated carbon but not without some compromise of efficiency.
Keywords: water hyacinth shoot, methylene blue, adsorption isotherms
1. Introduction
Water hyacinth (Eichhornia crassipies) is a free floating aquatic plant with inflated petioles. It has been reported to
double its number every two weeks by means of off-shoots (Akinyemiju, 1987). It has posed itself as a menace in
water bodies and water ways by degrading water quality, reducing light and oxygen diffusion, reduction in water
movement/transportation and reduction of dissolved oxygen by its death and decomposition (Nyananyo et al., 2007).
Several researchers have worked and are still working, to proffer solutions to the problems posed by water hyacinth.
The subject of cost effective removal techniques for aqueous pollutants as alternatives to conventional methods is one
that continues to draw the attention of researchers. High efficiency, availability and low cost have been major reasons
for the use of plants, agricultural and biological materials as adsorbents for aqueous pollutants. Dye effluents in
aqueous streams represent another group of water pollutants that require great attention by virtue of the large amount
of production and use of dyes globally (Imamura et al., 2002; Kanawade & Gaikwad, 2011). The reduction of light
penetration in water bodies, especially to benthic organisms and the low biodegradability of dyes present them as
potential toxicants to marine lives. Mutagenic and carcinogenic effects have also been adduced to untreated water
containing dye effluents (Sivaraj et al., 2010). The use of water hyacinth for heavy metals and dye removal from
aqueous solution by adsorption is well reported. Low et al. (1995), reported the biosorption of basic dyes (methylene
blue and Victoria blue) by water hyacinth roots with maximum sorption capacities of 128.9 and 145.9 mg/g
respectively. Kanawade and Gaikwad (2011) also reported that the adsorption data of methylene blue by water
hyacinth roots correlated well with the Langmuir and Freundlich isotherms. Sivaraj et al. (2010), reported the
removal of reactive Magenta B and reactive Turquoise Blue dyes using activated carbon obtained from water
hyacinth. The results reported show that water hyacinth is a useful material for the removal of dyes in solution.
Other studies considered activated carbon prepared from water hyacinth and the use of dried water hyacinth roots
(Soni et al., 2012; Kanawade & Gaikwad, 2011); Sivaraj et al., 2010; Rajamohan, 2009; Varghese et al., 2004).
The use of dried water hyacinth stem and leaves was also studied by El-Wakil et al. (2013), after pretreatment with
EDTA and activation with H3PO4.
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This studyy however lookked at dried waater hyacinth shhoot, for easy preparation annd usability andd further corre
elated
the adsorpption data with
w
seven diffferent adsorpption isotherm
ms, namely: L
Langmuir, Freundlich, Tem
mkin,
Dubinin-R
Radushkevich, Florry-Hugginns, Harkins-Jurra and Henry’ss isotherms.
An infrared (IR) scan of the dried wateer hyacinth reveealed that funcctional groups llike the C-O sttrectching vibrration
of cellulosse backbone att 1035.6 cm-1 (Ibrahim et al.., 2009), equivvalent to peak 1020.34 cm-1 in the IR spec
ctrum
(Figure 1). Water hyacinnth showed brroad peaks peaak at 3370 cm
m-1 due to bondded –OH and peak at 1632 cm-1
assigned too conjugated hydrogen
h
bondded carbonyl grroups (Vargheese et al., 2004).

Figure 11. Infrared Speectrum of driedd water hyacinnth
Having these ionic funcctional groups on the surfacce of the driedd water hyacinnth, which sugggest mainly of
o the
hydroxyl ggroups of a celllulosic materiaal, there is great potential forr it to serve as an adsorbent.
The structuure of MB dyee is as shown inn Figure 2. It iis an amine wiith electron rich nitrogen andd sulpur atoms.

Figure 22. Chemical Strructure of Metthylene Blue D
Dye
The proposed interactionns between the functional grooups on the water hyacinth annd the MB dye are as illustratted in
Co-ordinate coovalent bondingg and hydrogenn bonding are the most probaable interactionns between the
e MB
Figure 3. C
dye and w
water hyacinth.
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Figure 3. Proposed Chemical Interactions between Dried Powered Water Hyacinth Shoot and Methylene Blue Dye
2. Materials and Methods
Water hyacinth was collected from the Nun River at Amassoma, Southern Ijaw Local Government Area of
Bayelsa state, Nigeria. The water hyacinth was thoroughly washed with clean water and the shoots separated from
the roots. The separated shoots were then washed with distilled water, cut into small pieces and oven-dried for
about 6 hrs at 110 °C, until a steady mass was obtained. The dried shoots were then ground into a powdery form,
using an electric blender (Sonic, Japan) and stored in a plastic bottle.
Methylene Blue (MB) manufactured by Sanaisi reagent Ltd. (Shanghai, China) and supplied by Kem Light
Labotatories PVT Limited (Ikeja, Lagos) was bought at a local shop and used as the adsorbate. Distilled water was
used for the preparation of all the solutions and reagents.
A stock solution of 500 mg/l of the MB dye was prepared by weighing accurately 0.125 g of dye using an
electronic weighing balance (FA2104 Asearchtech Instrument) and transferred into a volumetric flask.
Distilled water was then added and the solution stirred until the 250ml mark was reached. Standards solutions of 100,
200, 250 and 300 mg/l were prepared by serial dilution. The pH values of the solutions were adjusted to 7 (neutral) using
NaOH and HCl accordingly. These standard solutions were used to calibrate a UV-VIS spectrometer (Spectrumlab 752s)
at 663 nm, which is the instrument’s wavelength of maximum absorption of UV radiation by MB dye.
The surface functional groups on the dried water hyacinth were determined using Fourier Transform Infra-Red
Spectrophotometer (FTIR). The IR spectrum obtained is as shown in Figure 1.
2.1 Experimental Procedure
In a batch adsorption process, 40mg portions of the dried powdered water hyacinth (adsorbent) was accurately
weighed using an electronic weighing balance, and separately transferred into four test-tubes corresponding to four
concentrations of 100, 200, 250 and 300 mg/l MB solution. 10 ml of each stated concentration of MB solution was
then added to each of the four test-tubes. The test-tubes were tightly closed and put on an orbital shaker at 200 rpm
for 60 minutes. At intervals of 10 minutes, the supernatant was collected and analyzed for absorbance using the
UV-VIS spectrometer at 663nm. The absorbance reading was taken and the concentration evaluated using the
calibration curve. The amount of dye adsorbed (mg/L) was then calculated by difference. The suitability of the
sorption was tested using some isotherms to correlate the data obtained. The amount of dye adsorbed at
equilibrium in mg/g was calculated using the equation:

v
( C0 − Ce )
m
All the experiments were carried out at an ambient temperature of (28±2) °C.
qe =

(1)

3. Results and Discussion
The amounts of dye adsorbed at equilibrium (qe ) are as stated in Table 1 below. The average time contact for
equilibrium to be established was approximately 50 minutes. The qe increased with increasing initial concentration
(C0) and was highest with the highest C0 in this study while the % removal of MB dye decreases with increasing
concentration and the highest % removal was 51.1% at the lowest concentration of 100mg/l. The volume of MB
dye used for the adsorption was 10ml and the weight of the adsorbent was 40mg.
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Fitting of Langmuir isotherm data showed that the adsorption of MB dye tended to monolayer adsorption and the
maximum adsorption capacity of MB dye to the dried water hyacinth shoot was 58.14mg/g (Figure 4).
Table 1. Amount of MB Dye Adsorbed at Equilibrium
Initial concentration of

Equilibrium concentration

% Removal of

Amount of MB dye adsorbed

MB dye (mg/l)

of MB dye (mg/l)

MB dye

at equilibrium qe (mg/g)

100

48.88

51.1

12.78

200

108.00

46.2

23.00

250

142.48

43

26.88

300

181.48

39.5

29.63

The extent of adsorption of the dye by the adsorbate was estimated with seven isotherms, namely: Langmuir,
Freundlich, Temkin, Dubinin-Radushkevich, Florry-Huggins, Harkins-Jura and Henry isotherms. The linearized
forms of the equations used were:
1). Langmuir:
Ce Ce
1
=
+
qe qm K L qm

(2)

Where: qe = Amount adsorbed (mg/g) at equilibrium
qm = Maximum amount adsorbed (mg/g)
Ce = Final concentration of dye in solution (mg/g)
KL = Langmuir or equilibrium constant for adsorption (L/g)
2). Freundlich :

ln qe = ln K F + 1n ln Ce

(3)

qe = B ln A + B ln Ce

(4)

Where, KF and n are Freundlich constants
3). Temkin :

B=

RT
and bT = adsorption potential of the adsorbent (Jmol-1)
bT

A = Temkin isotherm constant (dm3g-1),
R = molar gas constant = 8.314Jmol-1K-1
T = Absolute temperature (K)
Temkin isotherm assumes that fall in the heat of adsorption is linear rather than logarithmic, as implied in
Freundlich equation.
4). Dubinin-Radushkevich :

⎛
1 ⎞
ln qe = ln qD − 2 BD RT ln ⎜ 1 + ⎟
⎝ Ce ⎠

(5)

Where, BD is a constant related to the mean free energy (E) of sorption per mole of sorbate as it migrates to the
surface of the adsorbent from infinite distance.
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qD is the Dubinin-Radushkevich isotherm constant related to the degree of sorbate sorption by the sorbent surface
or the theoretical saturation capacity. It was applied to estimate the porosity, apparent free energy and the
characteristics of adsorption.
5). Florry-Huggins :
⎛θ ⎞
log ⎜ ⎟ = log K a + n log (1 − θ )
⎝ Ce ⎠

(6)

Where θ = degree of surface coverage
n = number of metal ions occupying sorption site
Ka = equilibrium constant of adsorption
Ce = equilibrium metal ion concentration.
The θ in the Florry-Huggins equation is obtained from the relation
θ = 1−

Ce
C0

6). Harkins-Jura:
1 B 1
= − log Ce
qe2 A A

(7)

where,
Ce = equilibrium concentration of the dye in solution (mgl-1)
qe = amount of dye adsorbed onto the adsorbent (mgg-1)
A and B are the isotherm constants
Harkins - Jura isotherm assumes the presence of multilayer adsorption with the existence of heterogeneous pore
distribution.
7). Henry:

log qe = log K H + log θ

(7)

The plots for the isotherms and the adsorption parameters of the equilibrium models are as shown in Figures 4 to
10 and Table 2 respectively.

Langmuir isotherm for MB dye adsorption by water
hyacinth

Ce/qe(g/L)

7.00
y = 0.0172x + 2.9084
R² = 0.9899

6.00
5.00
4.00
3.00
0

50

100

150

200

Ce (mg/L)
Figure 4. Langmuir isotherm for MB dye adsorption by water hyacinth
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Freundlich isotherm for adsorption of MB dye by water
hyacinth
3.3

y = 0.6575x + 0.0135
R² = 0.9873

ln qe

3.1
2.9
2.7
2.5
3.8

4.3

4.8

5.3

ln Ce
Figure 5. Freundlich isotherm for adsorption of MB dye by water hyacinth

Florry-Huggins isotherm for MB dye adsorption by water
hyacinth
log (1-θ)
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Figure 6. Florry-Huggins isotherm for MB dye adsorption by water hyacinth

1/(qe)2

Harkins-Jura isotherm for MB dye adsorption by water
hyacinth
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Figure 7. Harkins-Jura isotherm for MB dye adsorption by water hyacinth
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Dubinin-Radushkevich isotherm for MB Dye adsorption by
water hyacinth
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3.7

ln qe
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R² = 0.9983
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Figure 8. Dubinin-Raduskevich isotherm for MB Dye adsorption by water hyacinth

Temkin isotherm for MB dye adsorption by water
hyacinth

qe

30

y = 12.949x - 37.537
R² = 0.9995
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Figure 9. Temkin isotherm for MB dye adsorption by water hyacinth

Henry's Isotherm for MB dye adsorption by water
hyacinth
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Figure 10. Henry’s isotherm for MB dye adsorption by water hyacinth
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Table 2. Isotherm parameters of equilibrium models
Isotherm
Langmuir

Freundlich

Florry-Huggins

Harkins-Jura

Dubinin-Radushkevich

Temkin

Henry

Isotherm Parameters
qmax (mg/g)

KL(L/g)

R2

58.14

0.0059

0.9899

KF (mg/g)

n

R2

1.014

1.521

0.9873

Ka

n

R2

4.91x10-5

-7.393

0.9819

A

B

R2

108.70

2.315

0.9358

qD (mg/g)

BD (mol2kJ-2)

E (kJ/mol)

R2

39.7934

0.0112

6.6815

0.9983

A (L/g)

B (mg/L)

bT (J/mol)

R2

0.0551

12.949

194.54

0.9995

KH

R2

1.636

0.877

The sorption isotherms parameters are shown in Table 2. The isotherm parameters were estimated from the slopes
and intercepts of the plots of the sorption variables by linear regression. All the seven isotherms used to fit
experimental data gave correlation values that lie between 0.8770 and 0.9995. The high R2 values indicate the
validity of the sorption operations for which these isotherms represent. The best-fitting and the most applicable of
the used isotherms are the Temkin and Dubinin-Radushkevich (D-R) with R2 value of 0.9995 and 0.9983
respectively. The linearity of the Langmuir plot and isotherm parameters indicate the occurrence of chemisorption
processes. However, the D-R mean adsorption energy (E) value whose magnitude is used in estimating the type of
adsorption indicates physisorption (Mufazzal et al., 1999; Abusafa & Yucel, 2002; Mahramanlioglu et al., 2002;
Erdem et al., 2004). From the D-R isotherm, the apparent energy, E, of adsorption was 6.6815 kJ/mol.
Chemisorption processes have been reported to have apparent energy values greater than 40 kJ/mol and
physisorption lower than 40 kJ/mol (Horsfall et al., 2004). The value of E in this work is indicative of a
physisorption mechanism for the MB sorption on to the WH shoot biomass. The Freundlich isotherm parameter, n,
indicates the affinity of the sorbent for the sorbate and hence the favourability of the sorption process. According to
Kadirvelu and Namassivayan (2000), n values between 1 and 10 indicates a beneficial adsorption. The n value of
1.521 implies that the affinity of the WH sorbent for the MB sorbate was favourable. Correlation coefficient for
Temkin plot is nearly unity which indicates the suitability of the model for the sorption data as well as the
confirmation of the assumption of the isotherm that the fall in sorption heat follows a linear trend instead of a
logarithmic one (Sivaraj et al., 2010). The data gives a fair fit for the Harkins-Jura plot and this suggests that
multilayer adsorption may not be excluded. The Florry-Huggins isotherm accounts for the degree of surface
coverage characteristics of the adsorbate on the adsorbent. The correlation coefficient (0.9819) and the value of n
indicate that adsorbate molecules adhered to the surface of the adsorbent. The isotherm was highly applicable to
the sorption data. A fair surface coverage of adsorbate particles on adsorbent is further corroborated by the
linearity and the correlation coefficient value (0.877) of the Henry isotherm.
The maximum sorption capacities obtained by El-Wakil et al. (2013) were 264 mg/g for dried water hyacinth stem
and 210.5 mg/g for the dried leaves, while Low et al. (1995) had 128.9 for water hyacinth roots. This study
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recorded a maximum sorption capacity of 58.14mg/g. The low value of maximum sorption capacity in this study,
when compared to studies of El-Wakil et al. (2013) and Low et al. (1995) justifies the relevance of pretreatment
and activation of the adsorbent. However, the maximum sorption capacity of this study is comparable to 56.01
mg/g obtained by Sivaraj et al. (2010), where pretreatment and activation was not carried out on the adsorbent.
4. Conclusion
The report of the study has clearly shown the effectiveness of the water hyacinth shoots for the biosorption of
methylene blue dye and the applicability of seven isotherms for the sorption data. The best-fitting and the most
applicable of the isotherms used are the Temkin and Dubinin-Radushkevich (D-R). However, there is need to
optimize the percentage efficiency by modification or pretreatment of the water hyacinth before preparation as
adsorbent. Using the dried water hyacinth without the rigours of preparing activated carbon from it will definitely
save time and cost with some compromise to the efficiency.
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