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A B S T R A C T   

The aim of this study is to investigate the possibility of utilizing enzymatic and adsorbent banana peel extract as a 
bioremediation agent by evaluating its adsorption capacity on selected reactive dyes commonly used in the 
textile industry. The effects of polyphenol oxidase and peroxidase enzyme, pH, temperature, dye concentration 
on adsorption capacity were examined. The polyphenol oxidase enzyme isolated from banana peel extracted with 
buffer pH 6.5 showed highest decolorization of Methylene blue and Basic fuchsin while the polyphenol oxidase 
enzyme isolated from banana peel extracted with buffer pH 7.5 had the greatest decolorization. Complete 
adsorption was observed after 24 h of incubation for all banana peel extract concentrations. At pH 6–11, the 
adsorption capacity of banana peel was 60%, 70%, and 85%, respectively, and peaked after 24 h (96%). When 
the temperature was greater than 50 ◦C, the adsorption capacity increased overtime and reached 98% after 24 h. 
It can be concluded that banana peel can be utilized as an effective bioremediation agent due to its high 
adsorption capacity on selected textile dyes.   

1. Introduction 

Textile industrial wastewater issues are regarded as serious matter 
that requires immediate attention. Methylene blue, Acid fuchsin and 
Basic fuchsin are selected for this study because they are the most 
commonly used cationic dye for various material in textile industry. 
Although Methylene blue itself may not be considered highly toxic, 
however, it can cause respiratory problems, vomiting, irritation, diar-
rhoea, and nausea in humans and animals when consumed at high dose. 
While Basic fuchsin and Acid fuchsin are generally reported to be toxic 
and carcinogenic. The extensive use of these dyes has resulted in highly 
colored effluents that may have adverse impact on receiving water 
bodies (Zoolinger, 1987 and Umbuzeiro et al., 2005). The removal of 
these dyes from wastewater systems is of great concern and should be 
addressed and implemented urgently. The use of chemicals to treat 
wastewater is not cost-effective approach (Sarasa et al., 1998). Thus, 
various conventional methods are applied and dye adsorption is a 
novelty method. As a result, various conventional methods are used, 
with dye adsorption being a novel method. 

Banana is widely consumed in the three southern border provinces of 
Thailand, resulting in a substantial amount of waste banana peels. 

Banana peels are reported to contain high amounts of polyphenol oxi-
dase and peroxidase (Wuyts et al., 2006; Muhamad et al., 2012). Pre-
vious studies highlighted potential of various bioremediation agent for 
dye removal such as peroxidase enzyme extracted from rubber and its 
capacity to remove Azo dye (Chanwun et al., 2013), Bamboo shoot 
extract to remove Methylene blue (Ozer et al., 2007), Banana peel to 
remove Malachite green and Methylene blue (Muntaka et al., 2018) and 
Congo red (Mondal and Kar, 2018) and Banana peel biochar to remove 
Black 5 dye (Kapoor et al., 2022). The adsorption method has captivated 
the interest of many researchers because it is both environmentally 
friendly and cost-effective (Ruan et al., 2019). Various adsorbents can be 
chosen based on their adsorption capacity and potential for reuse. This 
study is aimed at determining the possibility of utilizing banana peel as 
bioremediation agent for dye removal due to its physiological charac-
teristic and chemical compositions. The potential of enzymatic and 
absorbent banana peel was examined for variable extract pH, adsorbent 
concentration, temperature and contact time, followed by morpholog-
ical characteristic observation of the banana peel. 
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2. Materials and methods 

2.1. Preparation of banana peel extract 

Bananas (Mussa ssp.) purchased from a local stand in Yala Province 
was extracted with 0.2 M Phosphate buffer solution containing 3% PVP 
and 0.25% Triton X-100. After that, all BP samples were centrifuged at 
4 ◦C for 20 min at 10,000 rpm. 

2.2. Polyphenol oxidase activity determination 

Polyphenol oxidase (PPO) activity was determined by measuring the 
initial rate of quinone formation, as indicated by an increase in the 
absorbance units (AUs) at 420 nm. An increase in absorbance of 0.001 
min− 1 was taken as one unit of enzyme activity. The increase in absor-
bance was linear with time for the first 120 s. The sample contained 1 mL 
of a 0.1 M catechol substrate solution prepared in Phosphate buffer (0.1 
M, pH 6.5) and 0.04 mL of the BP extract. 

2.3. Peroxidase activity determination 

Peroxidase activity was determined spectrophotometrically as 
described by Perez et al. (2002). Guaiacol was used as a substrate. The 
reaction mixture contained 0.25% guaiacol in 0.01 M potassium phos-
phate, pH 7.0, the 0.1 M H2O2 and the 100 μl of the BP extract. The 
enzymatic activity was estimated by measuring the absorbance of 
colored product at 470 nm using a UV–vis spectrophotometer. One unit 
of peroxidase activity represents the amount of enzyme catalyzing the 
oxidation of 1 μmol of substrate within 1 min. 

2.4. Adsorption capacity determination 

Banana peel were washed at least five times with distilled water, 
then dried at 60 ◦C for 48 h to remove dirt and moisture. The dried BP 
was crushed and sieved to a size of 0.5–1 mm before being cured with 
each dye at a concentration of 13 mg/L. Different amounts of dried BP 
(0.1, 0.2, 0.4, 0.8, and 1.6 g) were added to 100 mL of dyes, then 
incubated for 1, 2, 3, and 24 h for Methylene blue and 20, 40, 60, 80, 
100, 120 min for Acid Fuchsin and Basic fuchsin. The percentage of 
adsorption was calculated using the formula below: 

% Adsorption=
ODi − ODe

ODi
x 100 (1)  

where ODi is the absorbance before adding the BP and ODe is the 
absorbance after adding the BP. 

2.5. Effect of pH on adsorption capacity 

The optimum acid-base conditions were examined with different pH 
values (pH 3–11), using a set of 250 mL Erlenmeyer flask containing 13 
mg/L of each dye. Then the 0.1 g of BP was added to each flask. The 
incubation was conducted at 1, 2, 3, and 24 h for Methylene blue and 20, 
40, 60, 80, 100 and 120 min for Acid fuchsin and Basic fuchsin. The 
adsorption capacity was determined using a UV-spectrophotometer at a 
wavelength of 667 nm (Methylene blue), 546 nm (Acid fuchsin) and 545 
nm (Basic fuchsin) before and after the adsorption. 

2.6. Effect of temperature on adsorption capacity 

The effect of temperature on adsorption capacity was determined 
using a set of 250 mL Erlenmeyer flasks containing 13 mg/L of each dye. 
Each flask was added 0.1 g of BP and incubated for 1, 2, 3, and 24 h for 
Methylene blue and 20, 40, 60, 80, 100, and 120 min for Acid fuchsin 
and Basic fuchsin. A UV spectrophotometer was used to evaluate the 
percentage of dye absorption at wavelengths of 667 nm (Methylene 

blue), 546 nm (Acid fuchsin), and 545 nm (Basic fuchsin) before and 
after the adsorption. 

3. Results and discussion 

3.1. Enzymatic effects on dye removal 

The polyphenol oxidase (PPO) enzyme isolated from banana peel 
extract with an extraction buffer pH of 6.5 had the highest ability to 
remove methylene blue. The polyphenol oxidase enzymes extracted 
with buffer pH 7.5 removed the most Acid fuchsin and Basic fuchsin. 
Peroxidase enzyme had a similar effect, with extraction buffer pH 6.5 
yielding the greatest decolorization of Methylene blue and buffer pH 7.5 
yielding greater removal of Acid fuchsin and Basic fuchsin (Table 1). 

3.2. Effect of dye concentrations on adsorption capacity 

The results showed that the Methylene blue adsorption capacity of 
BP at 0.1 g concentration varies with increasing time. Complete dye 
adsorption was achieved with BP samples at all concentrations after 24 h 
of incubation (Table 2). Similar trend was observed for Acid fuchsin and 
Basic fuchsin (Table 3). The findings revealed that after 1 h of incubation 
with BP extract, the dye at a concentration of 6.5 mg/L was absorbed up 
to 92.28%, and the dye was completely absorbed after 3 h. It implies that 
increasing the dye concentration and the amount of time spent incu-
bating with BP extract improves dye adsorption. The adsorption ability 
of Acid fuchsin and Basic fuchsin was enhanced by increasing the dye 
concentration and the amount of time spent incubating with BP extract. 
Our findings are consistent with previous study on the Methylene Blue 
adsorption capacity of bamboo shoots. Because surface area is propor-
tional to adsorbent amount, increasing adsorbent amount leads to a 
higher percentage of Methylene Blue adsorption (Ozer et al., 2007). 

3.3. Effects of pH on adsorption capacity 

When 0.1 g of BP was incubated with Methylene blue for 1, 2, and 3 h 

Table 1 
Enzymatic effects on adsorption capacity at various pH of extraction buffer.  

Enzyme pH % Adsorption 

Methylene blue Acid fuchsin Basic fuchsin 

Polyphenol oxidase 6.0 95.23 ± 0.31 98.33 ± 1.67 96.75 ± 0.88 
6.5 97.69 ± 0.16 100 96.72 ± 1.16 
7.5 96.51 ± 0.16 100 99.01 ± 0.14 

Peroxidase 6.0 95.23 ± 0.31 98.33 ± 1.67 96.75 ± 0.88 
6.5 97.69 ± 0.16 100 96.72 ± 1.16 
7.5 96.51 ± 0.16 100 99.01 ± 0.14  

Table 2 
The percentage of adsorption of Methylene blue on 0.1 g Banana peel (BP) 
extract for various values of dye concentration.  

Dye concentration 
(mg/L) 

% Adsorption 

1 h 2 h 3 h 24 h 

6.5 92.28 ±
3.41 

93.05 ±
2.59 

100 100 

13 81.30 ±
7.83 

85.97 ±
4.13 

94.25 ±
5.63 

100 

26 72.81 ±
6.82 

80.77 ±
5.42 

93.41 ±
3.15 

99.22 ±
1.15 

39 70.09 ±
1.45 

77.67 ±
2.51 

89.63 ±
2.64 

97.84 ±
1.62 

52 66.39 ±
4.07 

73.44 ±
1.82 

86.23 ±
4.97 

95.17 ±
2.46 

65 47.49 ±
2.68 

66.76 ±
4.37 

78.98 ±
6.28 

94.18 ±
3.41  
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at pH 6–11, the adsorption capacity of BP was 60%, 70%, and 85%, 
respectively, and when the contact time reached 24 h, the greatest 
adsorption capacity was observed (96%) (Table 4). A similar trend was 
observed for Acid fuchsin that the adsorption capacity of the banana 
peel was found to be greater than 60% after 80 min at pH 9–11. The 
adsorption capacity of banana peel (BP) extract also increased at higher 
pH levels for Basic fuchsin (pH 9–11) as shown in Table 5. 

This is due to the fact that BP has a greater adsorption capacity for 
reactive dyes in neutral and basic than in acidic solutions. Because the 
adsorbent is affected by the pH of the solvent. This may have an impact 
on the solute’s ionic dissociation because of the hydrogen ions in acidic 
conditions, it clings effectively to the adsorbent surface, making the 

adsorbent less porous. As a result, the ability to absorb dye is reduced. 

3.4. Effects of temperature on adsorption capacity 

Our findings indicate that the adsorption capacity of banana peel 
(BP) extract increased with time and temperature. It increased to more 
than 90% at temperatures above 50 ◦C, and 95% when contact time was 
extended by 2–3 h, before peaking after 24 h (Table 6). The adsorption 
capacity of banana peel (BP) extract increased over time and peaked at 
80 min for Basic fuchsin, but it was unaffected by Acid fuchsin as shown 
in Table 7. This is explained by the fact that increasing temperature 
accelerates the diffusion of the adsorbed substance into the adsorbent 
porosity, so the adsorption capacity of BP increases with increasing 
temperature. 

3.5. Morphological structure of banana peels (BP) 

Before and after the absorption of various dyes from the BP. The 
morphological structure of BP was examined using a scanning electron 
microscope (SEM) type JSM-5800LV from JEOL, Japan. The porosity of 
BP was observed to be relatively high prior to adsorption. However, 
once the dye has been absorbed, the dye molecules may have entered the 
BP porosity, causing the pore size to change, resulting in a reduction in 
pore size (Fig. 1). 

Table 3 
The percentage of adsorption of Acid fuchsin and Basic fuchsin on 0.1 g Banana peel (BP) extract for various values of dye concentration.   

Concentration (mg/L) % Adsorption 

20 min 40 min 60 min 80 min 100 min 120 min 

Acid Fuchsin 6.5 11.04 ± 1.31 12.64 ± 0.22 13.14 ± 0.13 15.18 ± 0.45 6.76 ± 1.74 8.31 ± 1.30 
13 7.03 ± 0.57 5.91 ± 0.31 5.93 ± 0.85 7.17 ± 0.32 4.21 ± 0.84 4.08 ± 0.40 
26 2.77 ± 0.36 3.31 ± 0.26 3.59 ± 0.26 4.06 ± 0.19 1.70 ± 0.14 1.37 ± 0.14 
39 3.94 ± 0.15 4.41 ± 0.17 4.81 ± 0.16 5.10 ± 0.10 1.49 ± 0.07 1.54 ± 0.10 
52 2.20 ± 0.11 2.49 ± 0.14 2.76 ± 0.10 2.96 ± 0.08 1.01 ± 0.21 1.07 ± 0.19 
65 3.25 ± 0.12 3.72 ± 0.27 3.87 ± 0.28 4.09 ± 0.17 1.06 ± 0.09 0.87 ± 0.15 

Basic Fuchsin 6.5 87.52 ± 0.24 89.99 ± 0.97 91.44 ± 0.39 96.78 ± 1.75 85.07 ± 3.80 93.91 ± 5.7 
13 61.58 ± 21.42 76.13 ± 18.09 86.02 ± 6.42 92.35 ± 2.82 81.16 ± 3.48 80.63 ± 12.09 
26 44.93 ± 28.33 68.04 ± 28.15 87.17 ± 6.41 88.6 ± 5.4 81.2 ± 2.91 62.45 ± 21.45 
39 25.89 ± 8.89 39.18 ± 9.22 63.34 ± 5.2 78.58 ± 4.02 74.99 ± 3.02 76.91 ± 2.17 
52 4.15 ± 3.61 28.79 ± 4.66 57.23 ± 2.79 67.53 ± 2.53 69.12 ± 3.01 65.42 ± 1.84 
65 3.94 ± 0.96 15.07 ± 0.96 17.94 ± 2.43 23.36 ± 0.17 36.76 ± 10.31 43.17 ± 2.16  

Table 4 
The percentage of adsorption of Methylene blue on 0.1 g Banana peel (BP) 
extract at various pH.  

pH %Adsorption 

1 h 2 h 3 h 24 h 

3 39.25 ± 0.64 48.11 ± 2.06 58.53 ± 2.24 81.58 ± 1.63 
4 41.77 ± 0.69 49.53 ± 2.16 63.41 ± 1.59 90.76 ± 2.96 
5 47.33 ± 1.56 59.48 ± 0.92 72.89 ± 2.69 95.19 ± 1.13 
6 64.93 ± 1.68 78.99 ± 1.94 86.89 ± 1.57 97.11 ± 0.24 
7 58.51 ± 0.61 82.66 ± 1.02 88.49 ± 1.12 97.54 ± 4.46 
8 61.45 ± 3.39 84.57 ± 4.27 89.94 ± 4.59 98.02 ± 0.32 
9 65.02 ± 2.76 72.96 ± 3.44 90.34 ± 2.62 97.27 ± 0.68 
10 62.31 ± 4.18 69.79 ± 3.54 86.89 ± 1.33 96.67 ± 2.26 
11 73.4 ± 3.53 82.74 ± 2.36 92.44 ± 3.46 96.59 ± 0.24  

Table 5 
The percentage of adsorption of Acid fuchsin and Basic fuchsin on 0.1 g Banana peel (BP) extract at various pH.   

pH % Adsorption 

20 min 40 min 60 min 80 min 100 min 120 min 

Acid fuchsin 3 6.56 ± 0.22 12.24 ± 0.28 13.36 ± 0.27 15.12 ± 0.27 11.71 ± 0.11 6.84 ± 0.38 
4 3.67 ± 0.34 5.26 ± 0.43 6.58 ± 0.09 7.71 ± 0.00 4.88 ± 0.38 4.23 ± 0.38 
5 1.60 ± 0.30 3.69 ± 0.20 4.47 ± 0.15 6.43 ± 0.37 5.60 ± 0.11 3.96 ± 0.50 
6 3.25 ± 0.62 4.45 ± 0.34 5.94 ± 0.52 6.96 ± 0.43 5.31 ± 0.43 4.90 ± 0.36 
7 6.25 ± 0.97 10.54 ± 0.85 13.60 ± 0.37 16.05 ± 0.93 13.19 ± 1.45 11.37 ± 0.54 
8 6.84 ± 2.56 13.60 ± 0.85 18.52 ± 2.61 27.64 ± 1.78 30.22 ± 2.84 32.98 ± 4.84 
9 13.76 ± 15.9 33.03 ± 2.43 40.67 ± 2.80 64.83 ± 5.05 73.36 ± 4.21 84.07 ± 2.30 
10 34.98 ± 2.06 49.17 ± 1.51 63.70 ± 2.06 85.48 ± 4.12 90.85 ± 1.65 92.86 ± 1.12 
11 51.11 ± 2.78 56.89 ± 2.04 68.89 ± 4.07 82.22 ± 2.04 81.06 ± 4.42 89.70 ± 4.76 

Basic fuchsin 3 12.20 ± 1.97 31.28 ± 2.03 46.57 ± 1.20 51.26 ± 0.70 57.26 ± 084 48.00 ± 0.63 
4 32.81 ± 1.01 41.39 ± 0.94 45.86 ± 2.25 52.32 ± 2.16 40.49 ± 3.02 38.80 ± 7.04 
5 43.70 ± 5.09 55.24 ± 9.12 59.88 ± 6.40 64.06 ± 6.27 45.01 ± 2.60 42.43 ± 6.48 
6 65.29 ± 5.32 77.11 ± 2.64 79.87 ± 1.40 81.62 ± 1.15 50.15 ± 9.20 31.50 ± 8.79 
7 50.55 ± 5.46 83.19 ± 0.97 84.60 ± 0.53 86.25 ± 1.08 73.60 ± 3.78 25.33 ± 1.84 
8 51.69 ± 4.84 56.47 ± 1.69 67.15 ± 3.86 70.00 ± 1.63 40.50 ± 2.98 38.61 ± 3.76 
9 51.73 ± 2.41 53.58 ± 1.77 55.44 ± 0.72 59.11 ± 0.61 16.37 ± 2.77 15.29 ± 2.27 
10 84.75 ± 0.44 88.71 ± 1.34 93.17 ± 1.03 94.61 ± 1.32 78.47 ± 1.78 86.13 ± 164 
11 81.21 ± 0.32 83.56 ± 0.81 86.07 ± 0.39 94.21 ± 0.23 87.45 ± 1.83 91.60 ± 0.56  
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4. Conclusions 

This study focuses on the adsorption capacity of textile dyes by 
means of bioremediation. Methylene blue, Acid fuchsin, and Basic 
fuchsin are widely used in the textile industry. Our results show that the 
adsorption capacity of banana peel extract increased with contact time. 
Complete dye adsorption was achieved after 24 h. Results obtained from 
the effect of pH on adsorption capacity imply that banana peel extract 
becomes more efficient in neutral and basic solutions rather than in 
acidic solutions that may result from hydrogen ions in acidic conditions 
that cling more to the adsorbent surface, making the adsorbent less 
porous and thus reducing adsorption capacity. The effect of temperature 
on adsorption capacity was also observed in Methylene Blue and Basic 
Fuchsin, where the adsorption was higher than 90% at temperatures 
above 50 ◦C before peaking after 24 h. This can be explained by the fact 
that increasing temperature accelerates the diffusion of the adsorbed 
substance into the adsorbent porosity, resulting in increased adsorption 
capacity. It can be concluded that banana peel can be utilized as an 
effective bioremediation agent due to its high adsorption capacity of 
selected textile dyes; however, further studies are required to effectively 
evaluate the efficacy of banana peel in different environmental 
conditions. 

Table 6 
The percentage of adsorption of Methylene blue on 0.1 g Banana peel (BP) 
extract at various temperature.  

Temperature 
(◦C) 

% Adsorption 

1 h 2 h 3 h 24 h 

25 71.08 ± 4.06 79.47 ±
2.76 

88.95 ±
3.01 

97.75 ±
1.29 

30 68.82 ±
10.73 

80.57 ±
9.17 

83.26 ±
9.09 

98.43 ±
0.61 

40 79.95 ± 3.88 84.16 ±
3.63 

89.83 ±
2.28 

98.53 ±
0.19 

50 85.28 ± 3.78 92.40 ±
1.82 

95.08 ±
0.60 

98.83 ±
0.17 

60 88.87 ± 3.13 93.32 ±
0.94 

95.29 ±
1.06 

98.41 ±
0.44 

70 90.35 ± 0.41 92.70 ±
1.65 

94.22 ±
2.67 

99.12 ±
0.18 

80 90.99 ± 4.37 94.65 ±
1.02 

96.17 ±
0.54 

97.59 ±
1.63 

90 93.11 ± 0.65 95.20 ±
2.37 

95.49 ±
2.61 

97.54 ±
0.73 

95 93.42 ± 0.90 96.05 ±
0.56 

96.53 ± 0.3 99.37 ±
0.19  

Table 7 
The percentage of adsorption of Acid fuchsin and Basic fuchsin on 0.1 g Banana peel (BP) extract at various temperature.   

Temperature (◦C) %Adsorption 

20 min 40 min 60 min 80 min 100 min 120 min 

Acid fuchsin 25 6.01 ± 0.48 7.49 ± 0.48 8.44 ± 0.18 9.14 ± 0.16 4.30 ± 0.77 3.99 ± 0.48 
30 11.04 ± 0.42 11.77 ± 0.26 12.46 ± 0.31 12.88 ± 0.27 3.23 ± 0.36 3.96 ± 0.44 
40 12.50 ± 0.10 13.25 ± 0.26 14.24 ± 0.27 15.13 ± 0.33 4.25 ± 0.53 4.68 ± 0.82 
50 15.22 ± 0.37 17.02 ± 0.48 18.52 ± 0.16 19.61 ± 0.10 5.82 ± 0.43 4.26 ± 0.78 
60 15.53 ± 0.16 17.15 ± 0.27 19.01 ± 0.21 19.90 ± 0.39 5.83 ± 0.18 4.65 ± 0.50 
70 16.35 ± 0.21 17.81 ± 0.28 19.06 ± 0.38 20.10 ± 0.28 6.06 ± 0.62 5.58 ± 0.37 
80 18.46 ± 0.48 19.43 ± 0.63 21.33 ± 0.42 22.75 ± 0.49 6.62 ± 0.44 7.77 ± 0.29 
90 18.65 ± 0.41 19.41 ± 0.26 20.76 ± 0.59 22.00 ± 0.22 5.39 ± 0.46 5.53 ± 0.24 
95 20.81 ± 0.41 21.84 ± 0.47 22.74 ± 0.33 24.19 ± 0.26 4.84 ± 0.33 4.28 ± 1.08 

Basic fuchsin 25 66.78 ± 2.87 68.41 ± 5.05 69.78 ± 5.43 71.42 ± 4.31 28.83 ± 11.76 41.69 ± 2.07 
30 86.18 ± 1.85 88.27 ± 0.11 92.12 ± 0.28 92.70 ± 0.14 48.50 ± 6.38 57.82 ± 1.82 
40 93.85 ± 1.61 96.59 ± 0.72 97.784 ± 0.26 98.22 ± 0.26 76.58 ± 8.17 68.13 ± 11.62 
50 93.54 ± 1.50 98.04 ± 0.73 98.51 ± 0.09 99.40 ± 0.09 94.48 ± 1.74 96.18 ± 0.52 
60 91.85 ± 0.36 97.91 ± 0.62 98.71 ± 0.36 99.41 ± 0.41 96.46 ± 2.49 94.19 ± 4.21 
70 95.41 ± 0.61 95.99 ± 0.61 97.03 ± 0.90 97.78 ± 0.59 61.91 ± 9.93 79.48 ± 5.12 
80 92.13 ± 2.61 94.44 ± 0.39 95.74 ± 0.79 97.62 ± 0.19 77.64 ± 4.29 44.06 ± 4.14 
90 94.49 ± 0.11 95.17 ± 0.11 96.58 ± 0.05 96.85 ± 0.05 58.68 ± 1.13 66.66 ± 1.00 
95 93.06 ± 0.46 94.45 ± 0.19 94.97 ± 0.14 95.3 ± 0.08 44.68 ± 2.52 40.69 ± 1.14  

Fig. 1. The morphological structure of BP was examined using a scanning electron microscope (SEM) before (A) and after (B) dye adsorption.  
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