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Abstract: The elimination of some organic colourants in aqueous solutions using biomaterials from nipa palm 
leaves, a low cost agricultural adsorbent was investigated. Chemical Oxygen Demand (COD) method was used in 
this research to measure the percentage removal of three colourants in aqueous solution after being treated by 
biomaterials from leaves of nipa palm. The effect of initial concentrations and adsorbent dosage were determined. 
The maximum sorption capacities in terms of percent COD reduction of Bromophenol Blue (BP), Congo Red (CR) 
and Methyl Orange (MO) in aqueous solution were 99.22 %, 99.21 % and 96.58 % respectively for leaves biomass 
dosage and also maximum adsorption capacity for leaves carbon dosage were 92.85 %, 89.72 % and 81.59 % for 
BP, CR and MO respectively. Using the correlation coefficient values, the data for leaves biomass was fitted well to 
Freundlich model for CR and BP while the Langmuir model was best fit for MO. The data shows that the correlation 
of CR, BP and MO fits in well into the Langmuir model for leaves carbon. The capability of these adsorbents to 
eliminate colourants from contaminated solutions makes them acceptable for colourant treatment from industrial 
effluent. 
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1. Introduction 

In wastewater, colour is the initial and first 
contaminant to be recognized (Monika, 2012). Colour 
is of great significance and relevance in all human 
existence throughout the universe. Animals and plants 
are made of different colours even our foods and 
medicines are decorated with colours (Ratna et al., 
2012). Colour impartation on different materials is 
derived from various colourant techniques and 
processes being developed and used. The colourants 
used are derived from nature or sometimes from 
chemicals that are manufactured (Goetz, 2008; Dada 
et al., 2012). Close to 50 percent of all colourants 
comprises of azo colourants. As expected their 
extensive usage, applications and perseverance in the 
environment pose an environmental hazard 
(Negrulescu et al., 2014).  

Colourants are mostly engaged in the textiles, 
carpet, foods, pharmaceutical, cosmetic, plastic, 
photographic, printing and paper industries (Bafuna et 
al., 2011; Zollinger, 1987). The adhesion of these 
colourants onto compatible surfaces by solution is due 
to formation of bonds covalently formed or formation 
of complexes along with metals or salts and also 
through physical adsorption which is also referred to 
as mechanical retention (Chequer et al., 2013). Man-
made colourants are highly soluble and hence, there 
are frequent water pollutants and they may recurrently 
be found in industrial effluents. However, when 
effluent containing colourants is released into natural 

waterways it becomes a serious problem, because 
colourants impacts toxicity to marine organisms and 
these leads all the way to the entry of lethal 
components into the food chains of humans and 
animals (Egwuonu, 2013).  

The introduction of wastewaters containing 
organic substances into waterways depletes the 
dissolved oxygen (DO) present in water; the depletion 
in dissolved oxygen (DO) levels disrupts the well-
being of aquatic microorganisms and also raises much 
concerns because of potential environmental problems 
which may lead to the reduction in population of 
helpful microorganisms (Umpuch et al., 2013; 
alquaragully, 2014). Note that this gradual depletion 
in dissolved oxygen (DO) rapidly increases the 
biological oxygen demand (BOD) and chemical 
oxygen demand (COD) which directly denotes the 
limited quantity of oxygen needed to completely 
oxidise matters that are organic and present in water 
biologically and chemically respectively. In addition 
to being toxic, wastewater containing colourants also 
embodies chemical substances that can sometimes be 
cancer causing agents to diverse organisms (Umpuch 
et al., 2013; Metuku, 2013). This is of urgent concern 
because various chemicals can destroy genetic 
material without being expressed instantly but in a 
slow manner (Ratna et al., 2012).  

A few processes for removal of colour from 
industrial wastewater include biological treatment, 
hyperfiltration, floatation, adsorption, coagulation and 



 Researcher 2017;9(8)          http://www.sciencepub.net/researcher 

 

43 

oxidation (Patil et al., 2011; Abdullah et al., 2005). 
The effectiveness of colour removal from wastewaters 
using adsorption technique has proven to be a perfect 
option compare to other expensive treatment 
techniques (Jain et al., 2003). In this study, the 
effectiveness of leaves of nypa fruticans wurmb 
biomass dosage in elimination of certain organic 
colourants in aqueous solution was studied. 
 
2. Material and Methods  
Sample Collection and Biomass Preparation 

The representative nipa palm (Nypa fruticans) 
leaves used in this study, was collected from the 
brackish waterfronts along eastern bypass in Rivers 
State and transported to the laboratory. The nipa palm 
leaves were cleansed with water to wash off soil and 
mud, and then the leaves were dried under the sun to 
eliminate wetness and moist and after which it was 
dried in the oven at 80 0C for several days. The 
sample was ground and sieved with 150µm mesh size 
sieve to obtain biomass sample and transferred to 
well-labelled plastic containers. 
Preparation of carbonised sample 

The Nipa leaves biomass were transferred into a 
well-sealed ceramic oven and the temperature knob 
was adjusted gradually to 550 0C and kept at this 
temperature for 2 hours. The ceramic oven is designed 
to eliminate every possible intrusion of oxygen. Under 
these conditions biomass was disintegrated thermally 
to carbonaceous matter and hydrocarbon compounds. 
The nipa palm leaves now carbonised was sieved via 
150μm mesh size and ratios of carbonised nipa palm 
leaves less than 150μm was collected in a label plastic 
container. 
Preparation of standard colourant solution 

Water soluble colourant crystals (1.0g) was 
weighed on a top loading electronic weighing balance 
and dissolved in 300 ml distilled water. The mixture 
was diluted and made up to 1000 ml, giving a stock 
solution with concentration of 1000 mg/L. Working 
aliquot of colourant solutions of concentrations 20, 
40, 60, 80, and 100 (mg/L) were prepared from the 
stock solution. 
Standard Potassium Dichromate Reagent - 
Digestion Solution  

Approximately 250 ml of distilled water was 
poured into 500 ml volumetric flask and 2.4565g of 
potassium dichromate (K2Cr2O7) dissolved into it. 
Thereafter concentrated sulphuric acid (83.5 ml) and 
mercuric sulphate (16.65 g) were added to it. The 
mixture was allowed to stand overnight to dissolve 
properly before making up to 500 ml with distilled 
water. 
Sulphuric acid Reagent 

Approximately 250 ml of sulphuric acid was 
poured into 500ml volumetric flask and 2.75 g of 

silver sulphate (Ag2SO4) was dissolved into it. The 
mixture was stirred to dissolve completely before 
making up to 500 ml with sulphuric acid. 
Adsorption Experiments 
Determination of Effect of initial Concentration 

For adsorption experiments of initial 
concentration of colourants, 2 g of adsorbent (biomass 
and carbonized nipa palm leaves) were separately 
placed in sequence of 100 ml Erlenmeyer flask with 
cork stopper containing 50 ml of stock solution with 
the following concentrations (mg/l): 20, 40, 60, 80, 
and 100. The suspensions were shaken at room 
temperature (30oC) using agitation speed (150 rpm) 
with a contact time of 30 minutes. After shaking the 
flask for 30 minutes, the mixtures were allowed to 
stand for 30 minutes to obtain clear solutions before 
filtering. The clear solutions were used for 
determination of COD by the multi-parameter bench 
photometer with Tungsten light source at 420nm. 
Determination of Effect of Dosage 

For adsorption experiments of adsorbent dosage, 
biomass and carbonised samples of nipa palm leaves 
of 1, 2, 3, 4 and 5 g were added to 100 ml Erlenmeyer 
flask with cork stopper containing 50 ml of colourants 
solution at temperature of 300C and stirring at a speed 
of 150 rpm with contact time of 30 minutes. After 
shaking the flask for 30 minutes, the mixtures were 
allowed to stand for 30 minutes to obtain clear 
solutions before filtering. The clear solutions were 
also analysed for final COD (CODf) using the multi-
parameter bench photometer with Tungsten light 
source at 420 nm (Adowei et al., 2014). 

The quantity of colorant eliminated from 
aqueous solution at equilibrium by the sample (s) was 
calculated by the mass balance relationship. 

 
Where  = quantity of colorant eliminated from 

aqueous by sample (mg/g),  = initial concentration 
of colorant contaminated solution before contact with 
sample,  = equilibrium concentration of colorant 
contaminated solution after contact with sample,  = 
volume of colorant contaminated solution used (L), 

= weight of the sample used (g) (Chu and Hashim, 
2001; Osu and Odoemelam, 2012). 
Determination of Chemical Oxygen Demand 
(COD) 

Using a volumetric pipette, sample (2.5 ml) was 
added to a COD digestion tube (15 ml) that has been 
pre-washed with H2SO4 and Deionised water (2.5 ml) 
was added into another COD digestion tube to serve 
as blank. This was followed by addition of Standard 
dichromate reagents (2.5 ml) slowly into the COD 
digestion tubes and shaken. Finally, 2.5 ml sulphuric 
acid reagent was added to the COD digestion tubes at 
a tilting position to allow it get to the base. The 
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mixture was covered with its cap and shaken together 
and placed in a COD digester that has been pre-heated 
to a temperature of 150oC, the mixture was allowed to 
digest for two hours. The COD digestion tubes 
containing mixture was turned upside down several 
times while still warm and placed on a test tube rack 
to cool to room temperature.  

Each digestion tube was properly fitted into the 
cuvette holder of the multi-parameter bench 
photometer including the blank and the COD values 
read directly from the multi-parameter bench 
photometer. 
Equilibrium Sorption Studies 

The experimental data were analysed by the two 
commonly used adsorption isotherm models of 
Langmuir and Freundlich. 

The Langmuir equation is expressed as; 

qe =  

Where kL (dm3g-1) is a constant that describes the 
energy of adsorption/desorption, qe describes the 
complete adsorption on the surface of the adsorbent. 

Linearization of the above equation gives  

 
The plotting of Ce/qe against Ce gives a straight 

line curve with slope  and intercept  (Ahalya 

et al., 2005; Osu and Odoemelam, 2012). 
The Freundlich isotherm indicates adsorption 

intensity of the adsorbate on the adsorbent and has 
purely emprical formula 

 
Where qe is the adsorption density (mg/g), x is 

the adsorbed quantity (mg), m is the mass of 
adsorbent (g), Ce is the concentration of the adsorbate 
in solution at equilibrium (mg/dm3), KF and n are the 
Freundlich constants. The value of n shows the 
affinity of the adsorbate towards the adsorbent.  

The linearised form of the Freundlich equation 
is: 

 
Assuming the plot of log qe against log Ce yeilds 

a straight line, then the sorption process obeys a 
Freundlich adsorption isotherm. The KF value can be 

gotten from the intercept and  value obtained from 

slope of the straight line (Parvathi et al., 2007; 
Horsfall and Abia, 2003; Osu and Odoemelam, 2012). 

 
3. Results  

Effect of Biomass and Carbon Dosage on 
elimination of colourant from aqueous solution. 

 
Figure 1: Effect of Nipa Leaves Biomass Dosage on 
the Percentage elimination of colourant from Aqueous 
Solution at ambient temperature. 

 

 
Figure 2: Effect of Nipa Leaves Carbon Dosage on 
the Percentage elimination of colourant from Aqueous 
Solution at ambient temperature. 

 
Effect of Initial Colourant Concentration on 

Elimination of Colorant from Aqueous Solution 

 
Figure 3: Effect of Concentration on Percentage 
Colourant Elimination from Aqueous Solution using 
Nipa Leaves Biomass at ambient temperature. 
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Figure 4: Effect of Concentration on Percentage 
colourant elimination from Aqueous Solution using 
Nipa Leaves Carbon at ambient temperature. 

 

 
Figure 5: Langmuir Equilibrium Sorption Isotherms 
for Elimination of colourant from Aqueous Solution 
using Nipa Leaves Biomass at ambient temperature. 

 
Figure 6: Freundlich Equilibrium Sorption Isotherms 
for elimination of colourant from Aqueous Solution 
using Nipa Leaves Biomass at ambient temperature. 

 

 
Figure 7: Langmuir Equilibrium Sorption Isotherms 
for Elimination of Colourant from Aqueous Solution 
using Nipa Leaves Carbon at ambient temperature. 

 

 
Figure 8: Freundlich Equilibrium Sorption Isotherms 
for Elimination of Colourant from Aqueous Solution 
using Nipa Leaves Carbon at ambient temperature. 

 
4. Discussions  

The effect of biomass dosage on the percent 
elimination of the three colourants is presented in 
Figure 1. The data showed that, increase in biomass 
dosage from 1.0 gram to 5.0 gram resulted in a 
dramatic increase in the amount of colourant being 
removed. At biomass dosage of 5.0 gram, BP and CR 
were eliminated from aqueous solution at 99.22%, a 
little more than MO at 96.58%.  

The effect of nipa leaves carbon dosage on the 
percent elimination of Methyl orange (MO), 
Bromophenol blue (BP) and Congo red (CR) is 
presented in Figure 2. The data showed that, increased 
in carbon dosage from 1.0 gram to 5.0 gram results in 
a significant rise in the amount of colourant being 
removed. The result in figure 2 shows the colorants 
elimination percentage was highest at 5.0 gram. BP 
had the highest percentage elimination at 92.85%, CR 
followed with 89.71% and MO at 81.59%. 
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The effect of concentration on percentage 
colourant elimination from aqueous solution using 
nipa leaves biomass is presented in figure 3. The 
optimal percentage elimination of colourant from 
aqueous solution for Congo red, Methyl orange and 
Bromophenol blue were 97.53% at an initial 
concentration of 80mg/L, 78.28% at 80mg/L and 
72.03% at 80mg/L respectively. The data showed that 
nipa leaves biomass was unable to sufficiently reduce 
the percentage colourant from aqueous solution at 
lower concentrations. 

The effect of concentration on percentage 
colourant elimination from aqueous solution using 
nipa leaves carbon is presented in Figure 4. The data 
showed that, the higher the concentration of colorant 
in aqueous solution, the higher the percentage 
colourant elimination. The adsorption capacity of nipa 
leaves carbon was best for MO, followed by BP and 
lastly, CR.  

The Langmuir and Freundlich Equilibrium 
Sorption Isotherms for elimination of colourant from 
aqueous solution using Nipa Leaves Biomass are 
presented in Figures 5 and 6 respectively. The 
isotherms revealed that the adsorption was found 
linear over the entire concentration range with very 
good regression coefficient for nipa leaves biomass on 
CR, BP and MO. According to Table 1, the elevated r2 
values indicate that colourant elimination for CR, BP 
and MO can fit well into both Langmuir and 
Freundlich adsorption models. 

The result shows that the correlations fit in well 
into the Freundlich isotherm for CR and BP while the 
best fit model for MO is the Langmuir isotherm. 
Furthermore, the maximum monolayer adsorption 
capacity for NLB is CR (1.9 x 10-2), followed by BP 
(1.1 x 10-2) and lastly MO (0.9 x 10-2). The apparent 
energy of sorption for NLB was highest for MO 
(555.7 x 102), followed by BP (488.6 x 102) and CR 
(56.6 x 10-2). The adsorption capacity (Kf) for NLB 
for all three colourants showed that the adsorption 
potential is high, large Kf values enhances adsorption. 
This study confirms the potential ability of NLB to 
remove organic colourants contaminants from 
aqueous solution. 

The Langmuir and Freundlich Equilibrium 
Sorption Isotherms for elimination of colourant from 
aqueous solution using Nipa leaves carbon is 
presented are Figure 7 and 8 respectively. The result 
shows that the correlations fit in well into the 
Langmuir model for CR, BP and MO than Freundlich 
model. This shows that the surface of NLC was 
enveloped by the monolayer of CR, BP and MO 
molecules and also the homogeneous distribution of 
an active site on the material. According to Table 2 
the maximum amount of colourant adsorbed per unit 
weight of adsorbent was for BP (0.18 x 10-2) followed 

by MO (0.11 x 10-2) and CR (0.08 x 10-2) using NLC. 
The values of Kf suggests that the equilibrium 
partition coefficient representing the bonding energy 
was highest for MO (94.5 x 10-2), followed by CR 
(91.2 x 10-2) and BP (89.4 x 10-2) using NLC. 
 
Conclusion 

The adsorptive properties of Nipa leaves biomass 
(NLB) and Nipa leaves carbon (NLC) was studied 
under the same experimental condition by adsorbing 
at different doses and initial concentrations of Methyl 
orange (MO), bromophenol blue (BP) and Congo red 
(CR). It was observed that colourant elimination 
increased with increase of initial colorant 
concentration and increasing adsorbents dosage. At 
higher initial concentration, the mass transfer driving 
force is larger and hence, this resulted in more 
adsorption of colourant ions by adsorbents. The 
adsorption isotherm models revealed that the data 
obtained from the adsorption of CR and BP using 
NLB fitted well into Freundlich model which 
suggested that distribution of colorant was 
heterogeneous and adsorption of MO fitted into 
Langmuir model, suggesting monolayer coverage of 
colourant onto adsorbent. High values of r2 suggest 
colourant elimination for CR, MO and BP by NLB 
can fit in well into Langmuir and Freundlich isotherm. 
The adsorption of CR, MO and BP using NLC fitted 
in well into the Langmuir isotherm suggesting 
homogeneous distribution of active sites on the 
material. 
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