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Abstract 

Objective:   

To study an alternative and cheap way for the waste water treatment to remove the dyes. 

Material and Methods:  
Three adsorbents i.e. banana bark, rice straw and wheat straw were used without any 

treatment, having a particle size less than 841 micron to remove disperse blue 106 dye 

and reactive red 195 (C.R) dye from their aqueous solution. Experiments were performed 

in the batch method. All the experiments performed for various variables such as dose of 

the bio-adsorbent, shaking time, dye concentration, pH and nature of the bio-adsorbent 

under both shaking and static conditions. Percent (%) removal of each of the bio-

adsorbent was estimated after every six hours for shaking condition and 24 hours for the 

static condition with the help of U.V visible spectrophotometer. 

Results:  
Banana bark proved to be the best adsorbent for Reactive red 195 dye and wheat straw 

for Disperse blue 106 dye. Banana bark showed best efficiency (50%-100%) for red dye 

as compared to the other two adsorbents and wheat straw proved to be the best adsorbent 

for blue dye having % removal of 40%-100% depending upon dye concentration in 

aqueous solution. 

Conclusion: 

Biosorbents are the hope for developing countries to protect the underground water and 

ecosystem from toxic effects of industrial effluents. 
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INTRODUCTION 

Water is essential for life as it is best 

solvent and is used widely for drinking, 

washing and cleaning. The use of water 

for human benefit results in its 

pollution by addition of different wastes 

and chemicals. Water is polluted in 

different ways by mixing different 

environmental wastes like animal 

waste, organic matter, minerals, 

pesticides, insecticides, fertilizers, dyes, 

pigments. Dyes have been mixed in 

water from tanneries, paper and pulp 

industry, paint and pigment industry, 

textile and food processing industries. 

Dyes, pigments, heavy metals from 

textile, paper, tanneries, rubber and 

plastic from industries enter into the 

water bodies is a noteworthy natural 

concern (Wu et al., 2007). Textile 

dyeing is one of the major fields that 

adds enough to pollution of water and is 

major source of water pollution. 

Different dyes used in textile fiber 

dyeing are washed away into water 

pool. Specifically, the addition of colors 

into wastewaters by different sources is 

an ecological issue because of diligent 

and refractory nature of a large portion 

of the colors (Yi et al., 2015).  

Removal of dyes is essential because of 

different reasons. A number of dyes 

present in polluted water have severe 

impact on plants, animals and human 

life. The majority of these colors are 

toxic and carcinogenic (Robinson et al., 

2001). These synthetic organic 

materials are difficult to treat because 

they are synthetically prepared and their 

enzymatic degradation by the use of 

microbial enzymes is difficult. The vast 

majority of these chemicals are 

mutagenic and cancer-causing to the 

living beings which are utilizing the 

territories containing these material 

effluents. Various techniques have been 

used for the elimination of dyes, metal 

ions, toxinogens, phenols and aromatic 

compounds. From these methods, 

treatment with ozone, use of 

membranes decomposition by bacteria 

in the presence and absence of oxygen 

and oxidation techniques are important. 

Orange peel is a common waste in 

every country that can effectively 

eliminate color substances from 

polluted water. Orange peel was treated 

to absorb various colors for example 

methylene blue, congo red and Amido 

black (Velmurugan et al., 2011). 

Biological sorption technique utilized 

for substantial metal expulsion from 

wastewater is the least expensive 

strategy. Live or dead microorganisms 

or their subsidiaries are utilized as a 

part of biosorption. In this strategy the 

metal particles are complexed by the 

utilitarian gatherings present on their 

external surfaces through the activity of 

ligands (Suteu et al., 2015). Adsorption 

is a procedure whereby the solute is 

removed from waste water by utilizing 

solid granular substance. The strong 

substance is called "adsorbent" and the 

solute removed is known as the 

"adsorbate". Adsorption is one of the 

more viable techniques for water 

treatment. Adsorption is the surface 
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phenomenon of binding particles in a 

solution onto a surface (Santhi et al., 

2014). 

The adsorbents are commonly acquired 

from normal resources, rural squanders 

or mechanical waste items. The 

principle sorts of adsorbents are 

actuated carbon, engineered polymeric 

and silica-based adsorbents and a large 

portion of these adsorbents are not 

utilized generally in view of their high 

cost (Wang et al., 2010). The adsorbent 

got from agrarian squanders are 

extremely well known among the 

scientists, for example, quetta pine 

(AbdurRahman et al., 2013), tea waste 

and espresso, hazelnut straws, shelled 

nut structure, saw tidies, rice husk, corn 

cobs, maize cob, tomato waste, 

squeezed apple mechanical squanders, 

sugarcane bagasse, fleece strands, 

cassava peel, maringa cases, tea waste,  

banana, orange peels, papaya seeds, 

tomato leaf powder, grape stalk 

squander and other distinctive 

efficiently accessible horticultural 

waste material. 

The research was to find out universal 

absorbents which should be easily 

available, economic and that can adsorb 

variety of colors and heavy metals. 

 

MATERIALS & METHODS 

Dye removal in aqueous solution in 

carried out by adsorption process. Raw 

materials which is used for this purpose 

are wheat straw, banana bark, rice straw 

and dyes are reactive red 195 dye, 

disperse blue 106 dye. Equipment 

which were used include Digital 

Balance, Reciprocating shaker, Hanna 

model 93100, USA, pH meter. 

Microwave oven, UV–Visible 

spectrophotometer, Electric blender and 

Sieve mesh. 
Chemical Composition of Adsorbents 

Holocellulose cellulose and 

hemicellulose (molar proportion, %) 

and Sample neutral sugar content 

(molar proportions, %). It was noted 

that stems and leaves of banana had 

high fiber content (leaf >72% DM, 

stem>58% DM), nitrogen free extract 

content (>50% DM), and aqueous 

soluble carbohydrate contents 

(WSC>5% DM) with certain nutritive 

value. Tannins of banana stem and leaf 

were 0.11% DM and 0.24% DM. it was 

also noted that lactic acid bacteria 

(>105cfu/g FM) were present in the 

stems and leaves of banana; so, some 

treatments were required to preserved 

them. Moreover, it was also reported 

that polysaccharide contents (65%) in 

banana bark is more than lignin 

contents (11.5%) (Cordeiro et al., 

2004). 

Properties and Applications:  

It was reported that at 50 ͦC red blue dye 

has solubility greater than 100g/L. 

Light blue dye for red dye bath has the 

iron ion and its color was turned to 

slightly dark (category 4); and purple 

color is produced from dye containing 

copper ions. Such dyes are used to give 

dye to cellulose fabric, but also have 

applications in cotton and viscose fiber 

printing. 
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Steps in the planning of adsorbents  

a) Washing  

b) Drying (100 ⁰C, 24Hours) 

c) Grinding  

d) Sieving 

e) Washing  

f) Filtering  

Samples were collected from local 

agricultural area of Faisalabad. Banana 

bark was dried after sampling as rest of 

the Bio-adsorbent was in dried form. 

Banana bark and rice straw was cut into 

pieces before washing. 

A 1000 ppm 5 liter stock solution of 

both dyes in distilled water were 

prepared, and stored in dark glass 

bottles. Five different concentrations 

were prepared from stock solution. 

These concentrations were named as  

C1 = 50 mg/L 

C2 = 100 mg/L 

C3 = 150 mg/L 

C4 = 200 mg/L 

And C5 = 250 mg/L 

Procedure 

100 mL dye solution (50 mg/L) was 

taken in each of the five conical flask 

and then added five different doses of 

adsorbents 0.4, 0.8, 1.2, 1.6, and 2 g 

separately. Same procedure was 

repeated for each of five different 

concentrations of red and blue dye. The 

flasks were covered with aluminum foil 

and kept in reciprocating shaker 

adjusted at 120 strokes per minute for 

48 h. 5 mL samples were collected after 

every 4 h and filtered with Whatman 

filter paper No 1. The absorbance of the 

filtrate was measured at 550 nm for 

blue dye and 542 nm for reactive red 

dye. 

 

RESULTS AND DISCUSSION 

Three unique adsorbents (Banana bark, 

wheat straw and rice straw) were tried 

to assess their dye removal productivity 

on two dyes. These include the reactive 

red 195 and Disperse blue 106 Dye. 

Wheat straw, banana bark and rice 

straw create environmental problems 

when they are burned or dumped in soil 

or they can stimulate fungal growth in 

soil (Bello et al., 2009). Therefore, 

there use in the removal of dye is 

appreciable as these are of low cost, 

most effective and environment 

friendly. 
Tests done demonstrated that wheat 

straw proved the best adsorbent for the 

evacuation of blue color and sequence 

of their efficiencies is as per the 

following.  
Wheat straw> Banana bark> Rice straw 

Effect of dose for different adsorbents:  

As dosage of adsorbent increases, no. 

of empty site accessible for color 

molecule increases. Following figure 

shows direct relationships of % removal 

of disperse blue 106 dye with dose of 

the bioadsorbent at constant 

concentration C3 and C4.   

The percentage removal of red dye for 

each of the three adsorbents at various 

pH values is plotted in graph given 

below. The results revealed that the % 

age removal is enhanced from 24% to 

76% on decreasing the pH from 10 to 2 

that is from alkaline to acidic. It might 
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be due to the easy ionization of dye 

molecule (with one sulfuric group) in 

acidic media and became a soluble 

reactive red dye anion. Figure 1 below 

showing the % removal of reactive red 

195 for each of the three Bio-adsorbent 

at various pH. Figure 2 comparing the 

% removal of the three adsorbents at 

constant concentration C3 of reactive 

red 195 dye for various doses. 

 

 
Figure 1: % Removal of Reactive red 

195 for each of the three Bio-

adsorbent at various pH. 

 

 

Figure 2: A comparison of the % 

removal of the three adsorbents at 

constant concentration C3 of reactive 

red 195 for various doses. 

 

 

Maximum % removal of adsorbent 

 The above discussion reveals that 

Banana bark is the only adsorbent 

having effective % age removal of 

reactive red 195 and wheat straw give 

maximum removal for disperse blue 

106 dye in all concentrations. 

Comparison among % removal of 

adsorbents for each of the dye is shown 

in Figure 3. 

 

 
Figure 3: Comparison among % 

removal of adsorbents for each of the 

dye. 

 

 

Impact of pH on color expulsion:  

pH is a measure of hydrogen ion 

concentration of a solution that ranges 

from 0-14. The pH value of a solution 

is very prominent parameter which 

controls ionization of the binding site of 

bio-adsorbent. Thus, by increasing or 

decreasing binding ability of a dye to 

available active sites depends upon the 

nature of the dye. It is the controlling 

factor of the adsorption (Dawood and 

Sen, 2014). 
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Figure 4 a. Percentage removal at pH 

2. 

 

Figure 4 b. Percentage removal at pH 

4.0 

 

Figure 4 c. Percentage removal at pH 

10.0 

 

Maximum % removal of adsorbent 

The above discussion reveals that 

Banana bark is the only adsorbent 

having effective % age removal of 

reactive red 195 and wheat straw give 

maximum removal for disperse blue 

106 dye in all concentrations (Figure 5). 

 

Figure 5: Comparison among % 

removal adsorbents for each of the 

dye 
 

Although no doubt that Pakistan is an 

agricultural country but our population 

is on high risk of different dyes present 

in the effluents from textile and leather 

sectors because such industries also 

contribute the major part in our 

economy. Our ecosystem especially 

water bodies is day by day becoming 

highly polluted due to extensive use of 

dyes in these industries. To make our 

water bodies friendly we must remove 

these dangerous chemicals using 

various safe, cheaper and easily 

available Bio adsorbents like wheat 

straw, banana bark and rice straw. 

These adsorbents efficiently remove the 

colors from water. If some legislation is 

worked out for all industrial units to 

treat their waste water before throwing 

into water bodies, these measures will 

make our ecosystem friendly for human 

life, livestock, fisheries and marine life.  
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Here discussed three adsorbents namely 

banana bark, wheat straw and rice straw 

and used for the removal of two dyes, 

Reactive red 195 and Disperse blue 

106. In these adsorbents it was found 

that wheat straw for Disperse blue 106 

dye and banana bark for Reactive red 

195 dye proved to be the most efficient 

adsorbent. Effect of various parameters 

such as dose of adsorbent, initial dye 

concentration, pH of the solution, 

contact time in shaking and static 

conditions were studied.  

 

CONCLUSION 

The study concluded that biosorbents 

are the hope for industrial countries to 

protect the underground water and 

ecosystem from toxic effects of 

industrial effluents. 
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