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ABSTRACT 
 

Biosorption processes have attained great importance as an environmental point 
of view that they can remove toxic compounds from industrial waste water. Many 
industries use dyes to colour their products and discharge their waste in water which 
is harmful for aquatic life. Adsorption processes provide an attractive alternative for 
the treatment of coloured waters. Methylene blue adsorption on moss has been done 
using visible absorption spectroscopy. Different pre-treatments, protonation and 
chemical cross-linking with CaCl2 or H2CO3 have been tested in order to improve 
the stability as well as adsorption capacity of the moss biomass.  Pretreatments gave 
different adsorption results and it was found that a particular pre-treatment can 
increase adsorption capacity of biomass. The results have shown that this type of 
material has a high adsorption capacity for methylene blue dye and moss was found 
useful as low-cost biosorbent in waste water treatments.  
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INTRODUCTION 
Many industries are using various dyes 

to colour their products to look attractive like 
textile industry, automobile industry, paper, 
rubber, plastic etc1-3. The release of these 
dyes in water bodies are toxic and can cause 
severe water pollution as well as reduces 
visibility4. Methylene blue dye is harmful to 
aquatic life. Removal of this dye is required 
from waste waters before disposal in the 
water. The presence of these heat and light 
stable, complex dye molecules in waste 
water has made the conventional methods of 
sewage treatment unsuitable5. The adsorption 
process provides an attractive alternative 
treatment. Activated carbons have been used 
long as adsorbent for dye6 but they are 
expensive and its regeneration is also 

difficult. Therefore it is always better to 
search low cost materials which are either 
waste materials from industries or naturally 
abundant biomass, sewage sludge or waste 
agriculture materials7-10. Therefore 
biosorption processes have attained a great 
importance as they can remove toxic 
compounds from industrial waste waters and 
they are safe environmentally. 

Moss is a cheap source of biosorbent. It 
is easily available and has good adsorption 
capacity. In the present work moss has been 
used as biosorbent for the adsorption of 
methylene blue dye.  For better performance 
different pre-treatments are given to the 
biomass to improve stability as well as 
making suitable for industrial use.  
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MATERIAL AND METHODS 
The adsorbent used i.e moss was 

collected from nursery. It was washed with 
good amount of distilled water and then dried 
in an oven at 60oC overnight. Then it was 
ground through a mixer grinder and sieved. 
Lastly the biomass was chemically modified 
by means of different treatments as followed 
below. 
Pre-treatment with CaCl2 

A sample of 2.5g of dried biomass was 
treated with 100ml of 0.2mol/litre CaCl2 
solution. The mixture was shaken for 24h on 
a rotary shaker at 175 rpm and room 
temperature. The biomass was then filtered 
off, followed by washing with deionised 
water to remove the excess of calcium. Then 
it was dried in an oven at 60oC for 24 hrs.  
Pre-treatment with HCl 

A constant mass of moss (2.5g) was 
treated with 100 ml of 0.1mol/litre HCl 
solution for 3h at room temperature. The 
biomass was then filtered and then washed 
by deionised water and then dried in oven 
overnight at 60oC. Then 400 ml of 
0.1mol/litre HCl solution were added to the 
dried biomass and then again washed and 
dried. 

Formaldehyde cross-linking 
Dried biomass (2.5g) was added to a 

mixture of 17ml 36% formaldehyde and 
33ml of 0.1mol/litre HCl solution. The 
mixture was left at room temperature for 1 h 
while shaking. The biomass was then 
filtered, followed by sequential washes with 
distilled water,  0.2mol/litre Na2CO3, and 
finally distilled water. It was dried overnight 
at 60oC and finally for 2h at 110oC. 

All the treated biomass was kept in 
cooling condition. 
Preparation of dye solution 

The dye used in this study was 
methylene blue. Stock solutions of 
methylene blue were prepared by dissolving 
accurately weighed samples of dye in 
deionised water to give a concentration of 
1000mg/litre.  

Methylene blue l; IUPAC name 3,7-bis 
(dimethylamino) phenothiazin-5-ium chloride) 
is the most well known example of the 
phenothiazine dyes. The structure of 
methylene blue is shown below (Fig 1). 
Methylene blue is used in a variety of 
applications such as textiles (for dyeing 
cellulosic fibers and printing leather), as an 
anti-oxidant and antiseptic, and in 
photogalvanic cells based on redox systems. 

Dye adsorption experiments 
To carry out the adsorption experiments, 

a constant mass of moss (0.1g) was weighed 
into a conical flask and 40ml of dye solution 
were added in it. The mixture was shaken at 
175 rpm and room temperature for 5h until 

the equilibrium was reached. Then after 
every hour dye was taken out and absorbance 
was taken at 665nm. The solutions were 
diluted to known concentrations, to give 
absorbencies in the range 0.1-1, before 
making measurements. 

 
Fig. 1 :  chemical structure of methylene blue dye. 
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RESULTS AND DISCUSSION 
All the three treated samples of CaCl2 

treated, HCl treated and formaldehyde cross-
linking were taken to see how much 
adsorption of methylene blue dye has been 
done (Table 1). Results have shown that the 
maximum adsorption has taken place with 
formaldehyde treatment (Fig. 4), and then 
next comes sample pre-treated by HCl  
(Fig. 3) and least adsorption among the three 
is done by the sample pre-treated by CaCl2 

(Fig. 2). In all the samples, equilibrium has 
reached at 4th hour. After that no adsorption 
of dye has taken place (Fig. 5). Various 
treatments have different effects but the most 
adsorption capacity is developed in moss by 
formaldehyde cross linking. Though good 
amount of adsorption has taken place in moss 
in first hour itself by all the samples which 
has not increased in that amount on 
increasing the time. As well adsorption 
completely stopped after fourth hour. We can 
say that saturation has reached.  Infact the 
first hour itself is good enough for adsorption 
by formaldehyde treated sample.  

The results show that adsorption is 

taking place at one site and when that site is 
pre-occupied by dye, no further adsorption 
can take place at that site   that is why after 
4h no further adsorption of dye has taken 
place. It is further proved that treatments 
have increased adsorption capacity of 
methylene blue in moss.  

Various scientists have tried various 
materials for absorption.  Sorption through 
biological material is always good in terms 
of causing less pollution by choosing 
material as well it is mostly cost effective. 
Methylene blue dye is used in various 
industries as we have seen above. That is 
why this dye is present in the effluent waters. 
It is necessary to treat the water before 
passing away this water directly to the water 
reservoir as this may give colour to the 
water, thus reducing visibility and also give 
toxicity. These things are hazardous for the 
living creatures. Scientists have also used 
various dyes and many bisorbents and found 
good results11. 

In all the above perspective moss can 
prove a good biosorbent as it is freely 
available, cost effective, and non-toxic and 
can be used easily. 

Table 1 : Percentage OD of methylene blue by treated moss samples 

S.N 
TIME 

hrs 
CaCl2 treated 

% OD 
HCl treated 

% OD 
Formaldehyde 
treated   % OD 

1. 0 100 100 100 
2. 1 17 16 11 
3. 2 17 13 08 
4. 3 10 07 06 
5. 4 08 06 05 
6. 5 08 06 05 
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Fig 2 :  % absorbance graph of CaCl2 treated moss for 5 hours 
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Fig 3 : % absorbance graph of HCl treated moss for 5 hours 
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Fig. 4 :  % absorbance graph of Formaldehyde treated moss for 5 hours 
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Fig 5 : Comparison between methylene blue dye, treatment 1, 2 and 3 respectively. 


