Biosorbents for removal of Copper (II) from aqueous solutions
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1. Introduction

The release of toxic heavy metals into our environment is a serious worldwide problem, caused by industrial activities such as mining and metal processing. Metals, which are significantly toxic to human beings and the ecological environments are copper (Cu), lead (Pb), mercury (Hg), manganese (Mn), antimony (Sb), chromium (Cr), cadmium (Cd), nickel (Ni), and zinc (Zn). Since copper is widely used material, it can be found as a contaminant in food, especially shellfish, liver, mushrooms, and nuts. Though essential for human life, like other heavy metals, copper is potentially toxic as well. 

Numerous attempts have been made to treat metal-containing wastewater using conventional technologies for heavy metal removal e.g. ion exchange, reverse osmosis, evaporation, dialysis and electro dialysis, electrochemical treatment, neutralization/precipitation and sludge separation, membrane separation, carbon adsorption, chemical reduction or oxidation. The methods have shown varying performance, often insufficient removal of traces of metal ions, necessity of excessive amounts of chemicals or high cost. Thus new efficient low-cost processes for removal of heavy metals from the water streams are to be developed. 

Adsorption using biomass as adsorbents (biosorption) has recently attracted significant interest. It has the advantages to achieve high purity of the treated wastewater applying cheap sorbents. Studies on various types of nonliving biomasses such as algae, fungi, nut hulls, and wood sawdust have shown that such materials may sequestrate metal ions from aqueous solutions accumulating them within their structures, thus such materials may be used for removal of metal ions from the water. Recent studies have focused on marine algae, known as seaweeds [1,2,3]. Morphologically the seaweeds particles are flat chips rather than having spherical shapes which facilities the fast metal ion mass transfer and binding [4]. The sorption involves various mechanisms, mainly chemisorption, ion exchange, adsorption by physical forces and ion entrapment in inter and intrafibrilar capillaries, oxidation / reduction reactions may also take place in the biosorbent [5]. The objective of this work is to study the sorption of copper (II) by largely available biomass types.

2. Methods 

2.1. Analysis and instruments

A Perkin Elmer 1100 B atomic absorption spectrophotometer operating with an air-acetylene flame was used to determine the concentrations of Cu (II) in the water. The measuring conditions were as follows: 10 Cm l–slot burner, air (8 l/min)-acetylene (2,5 l/min) flame, 12 mm burner height, 0,7 nm spectral bandwidth. The wavelengths and the lamp currents of Cu (II) were 324,8 nm and 10 mA. 

The pH was determined using a Digital pH meter, standardized using buffer solutions with pH values 4,00 and 7,00.

2.2. Used chemicals and copper solutions

Copper (II) solutions and standards were prepared by using an analytical grade copper nitrate salt (Cu (NO3)2 . 3H2O. Stock copper nitrate solution (1000 mg/l) was prepared with deionized water. The copper (II) solutions of varying concentrations were prepared by diluting the stock solutions with deionized water.

Concentrated hydrochloric acid (37%) was used to prepare the acid solutions.

2.3. Preparation of the biomass samples as sorbents 

The following biomass types have been selected for tests as sorbents in this study: birch wood (Betula sp.), moss (Bryophytes) a widespread, carpet forming species abundant on acid and organic substrates in coniferous forests throughout northern Europe and freshwater marine algae (Fucus vesiculosus) from the region of Stockholm, Sweden.

The samples for the sorption tests were chopped, milled and sieved to collect particles with an average size between 1and 2 mm. Before use the samples were washed with deionised water to remove dirt present in the raw materials, and was kept on a grid to reduce the water content. Birch and moss were dried at 50( C for 10 hours. The marine algae was soaked with a 1 M HCl solution for 8 hours to eliminate the CaCO3 encrust on the cell walls and after that washed with deionised water and also dried at 50( C.

2.4.Experimental procedures.

The sorption tests were performed by contacting weighed amounts of biomass samples (0.01 – 3.0 g) with 100 ml of metal solutions with known concentrations in conical flasks of 250 ml. The slurry was stirred with 750 rpm using a magnetic stirrer at room temperature (22(2(C). The experiments were conducted at pH 6. The pH value was selected taking into account reported results indicating that a high adsorption of metal ions is obtained in solution with a pH between 5 and 7 [6,7,8]. The pH was measured both at the start and at the end of the experiments in order to check for possible changes during the experiment. No changes were detected, except for the experiments with larger sample dose. In this case, the change in the pH was less than 0.5 units. Samples were periodically withdrawn and the solutions were separated from the biomass by filtration through a plastic filter. Adsorption of copper on the walls of the glass flasks and the plastic filter was found negligible (determined by conducting blank experiments). The concentrations of copper in the filtrates were determined by using atomic absorption spectrophotometry, following a standard procedure [9].

Langmuir equilibrium isotherm curves of Cu (II) ions for the studied biomass were obtained using 1 – 50 mg/l Cu (II) and 0.1 g adsorbent/100ml. The suspensions were stirred for the time required for the sorption equilibrium.

2.5. Data evaluation

The amount and the percentage of metal ions bound by the biosorbents were determined using the following equations [10]:
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where q is the metal uptake in mg metal/g of the biosorbent or in percent, v is the liquid sample volume (l), Ci the initial concentration of metal in the solution (mg/l), Cf the final (equilibrium) concentration of the metal in the solution (mg/l), m the amount of the biosorbent sample on dry basis (g).

The Langmuir sorption model was applied to the experimental data. The model is frequently used to assess adsorption from dilute solutions. This sorption model was used to fit the isotherm relationship [11,12]:
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where: Xm is the maximum adsorption capacity (mg/g), K is the energy of adsorption (Langmuir constant) (l/mg), qe is the amount of Cu (II) adsorbed at equilibrium (mg/g) by the biomass sample, Ce is the equilibrium concentration (mg/l).

3. Results and discussion

3.1. Adsorption kinetics

Figure 1 compares the dosage curves for the three sorbents selected for this study at 5, 10, 20 mg/l Cu (II) initial concentrations. The comparison was made under the same experimental conditions (pH, temperature, agitation speed and duration). 

As expected, at constant initial concentration of copper, increasing the sample’s dose provides a greater surface area and adsorption sites and hence enhancement of metal ion uptake. The curves show very good performance for marine algae and moss. Small increases of the amounts of these two adsorbents result in significant enhancement of the adsorption of copper. The dose of birch needed for the same results is higher, particularly at high concentrations of copper. 

The results presented in figure 1 show that marine algae and moss have appreciable uptakes of Cu (II) ions. An amount of 0.2 g of algae or moss (for 100 ml solution) removed efficiently more than 95% of the copper ions from dilute solutions (i.e.; 1 to 20 mg/l). An insignificant increase of the amounts of these sorbents reduced the concentration of copper to levels well below 1 mg/l or below the detection limits. The sample of birch wood could not reach the performance of algae and moss even with high sample dose.

Figure 2 shows the effect of the treatment time on the adsorbed amount of Cu (II) from solutions with 5, 10, 20 mg/l initial concentrations and 0.1g adsorbent/100ml Cu (II) solution. The figure shows that the adsorption increases sharply at short contact times and slows down with approaching equilibrium. Most of the metal ions were sequestered from the initial solution within the first 2 hours. As expected the time for the equilibrium depends on the biosorbent type and the concentration of metal ions. At low initial concentrations of copper the equilibrium was obtain in a period of 1 – 2 hours for marine algae and moss; 4 – 5 hours contact time seems sufficient for higher concentrations of metal ions.

Figure 1 Effect of the sample dose on the equilibrium metal uptake at pH=6, T=22oC and duration 6 hours.

a. Initial concentration 20 mg/l
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b. Initial concentration 10 mg/l
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c. Initial concentration 5 mg/l
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Figure 2 Effect of treatment time on the adsorbed amount of Cu(II) at pH=6, T=22oC, sorbent dose = 0,1g/100ml, and initial Cu (II) concentrations = 5, 10, 20 mg/l
a. Marine algae
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b. Moss
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c. Birch wood
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3.2. Langmuir isotherms. 

Biosoption equilibrium isotherms were plotted for the metal uptake qe against the equilibrium metal concentrations in the solution Ce (figure 3). The linear plot of Ce/qe versus Ce shows that the adsorption obeys the Langmuir isotherm model (Figure 4). The results concerning birch are not included in figures 3 and 4 due to the low adsorption capacity of this material. The Xm and K parameters were determined from the slope and the intercept of the line and are summarized in Table 1. The constant K depends on the sorbent. This constant reflects the affinity of the sorbent to copper [13].

Table 1 Estimated Langmuir model parameters
	Sample
	Xm (mg/g)
	K (L/mg)

	Marine algae
	24.10
	0.78

	Moss
	13.70
	0.55

	Birch
	1.01
	1.83


The isotherms for all of the samples were well fitted by the Langmuir equation (the correlation coefficients were high for all the sorbents, r = 0.9907 for algae; r = 0.9781 for moss and r = 0.9912 for birch not shown in the figure). The estimated K parameter was further used to calculate the dimensionless separation factor Rl defined as: Rl = 1/(1+KCo), where Co is the initial concentration (mg/l) and K is the Langmuir constant (l/mg) [14]. In all cases Rl values were between 0 and 1, pointing to a favourable adsorption of Cu (II) ion on the biosorbents.

The samples of algae and moss attained high sorption capacity and binding affinity. The maximum Cu (II) adsorption was 24.1mg/g for algae, 13,7 mg/g for moss and 1.01 mg/g for birch. As seem marine algae and moss have much better adsorption capacities than birch.

Figure 3 Equilibrium isotherms of Cu(II) for moss and marine algae; initial concentration Co= 1 – 50 mg/l;

sample dose = 0,1 g/100ml; pH 6; T=22oC; time = 5h.
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Figure 4  Linear Langmuir model for Cu(II) uptake for moss and marine algae. Comparison between the experimental data (points) and the model predictions (lines). Initial concentrations of Cu(II) = 1 – 50 mg/l; sample dose = 0.1mg/100ml; pH=6; T=22oC; time=5 hours.
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Figure 5 Desorption of Cu (II) from the saturated biomass samples by 0,1 M HCl solutions, T=22°C.

a. Initial concentration in adsorption 20 mg/l
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b. Initial concentration in adsorption 10 mg/l
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c. Initial concentration in adsorption 5 mg/l
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3.3. Desorption of copper

The optimal elutant must be effective, non-damaging for the biomass, non-polluting and cheap. Desorption of Cu (II) was performed by 0.1 M HCl solution. The saturated biomass samples were placed in the desorption medium and stirred for 3 hours at 750 rpm and 22( C. The final concentrations of the desorption solution were determined by using the same method as described earlier. 

The desorption ratio was calculated from the amount of Cu (II) ions adsorbed on the biomass and the amount of the desorbed metal.
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Figure 5, shows the desorption ratios for Cu (II) adsorbed on the sorbents from solutions with initial concentrations 5, 10, 20 mg/l initial solutions. The ratios are presented as a function of the desorption contact time. The figure show that the initial metal ions desorption is fast and slows down gradually with approaching equilibrium. Most of the metal ions were eluted from the biomass in the first 1 hour for the marine algae and moss. The results for birch are not shown, because it is not an efficient adsorbent and in the desorption step it was not possible to reach the equilibrium.

4. Conclusions 

Marine algae, moss and birch wood have been studied as low-cost biosorbents for removal of copper ions from water. 

The maximum adsorption capacity, in decreasing order was as it follows:

Marine algae (24.1 mg/g) > moss (13.7 mg/g) > birch wood (1.01 mg/g)

The biosorption on algae and moss was fast with 95% of the total adsorption occurring in 1 hour, the same adsorption was reached in 3.5 hours when using birch but with large amount of sorbent at initial concentrations of copper 5, 10 and 20 mg/l. 

The adsorption equilibrium isotherm of copper ions was well fitted by the Langmuir model. 

Kinetic studies show that the rate of metal uptake by the tested biomasses was high even at low initial concentrations. 

Low cost biosorbents based on marine algae and moss seems to be promising materials for removal of copper ions from water.
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sample dose

		BIRCH

		Solution 10 ppm

						experiment		Sample dose (mg)		sample dose (g)		Soluc. In.		Soluc. End		amount adsorbed		%

										0				10.71		0		0

						1		10		0.01		11.82		11.82		0		0.00

						2		20.1		0.0201		11.82		11.27		0.55		4.65

						3		50.3		0.0503		11.82		10.83		0.99		8.38

						4		100.5		0.1005		10.7		9.31		1.39		12.99

						5		202.1		0.2021		10.7		7.51		3.19		29.81

						6		301.2		0.3012		10.7		5.98		4.72		44.11

						7		500.9		0.5009		10.7		3.76		6.94		64.86

						8		701.3		0.7013		10.7		2.26		8.44		78.88

						9		1000.6		1.0006		10.7		1.44		9.26		86.54

						10		1302		1.302		10.7		0.78		9.92		92.71

						11		1602		1.602		10.7		0.68		10.02		93.64

						12		2001.2		2.0012		10.7		0.68		10.02		93.64

						13		2500		2.5		10.7		0.69		10.01		93.55

		Solution 5 ppm

						experiment		Sample dose (mg)		sample dose (g)		Soluc. In.		Soluc. End		amount adsorbed		%

						1		10.7		0.0107		4.97		4.97		0		0.00

						2		31.6		0.0316		4.97		4.93		0.04		0.80

						3		50.5		0.0505		4.97		4.4		0.57		11.47

						4		71.4		0.0714		4.97		3.92		1.05		21.13

						5		101.6		0.1016		4.97		3.27		1.7		34.21

						6		200.6		0.2006		4.97		1.91		3.06		61.57

						7		301.7		0.3017		4.97		1.1		3.87		77.87

						8		500.9		0.5009		5.15		0.56		4.59		89.13

						9		700.5		0.7005		5.15		0.49		4.66		90.49

						10		1002.1		1.0021		5.3		0.45		4.85		91.51

						11		2000.1		2.0001		5.3		0.45		4.85		91.51

						12		2500		2.5		5.3		0.45		4.85		91.51

		Solution 20 ppm

						experiment		Sample dose (mg)		sample dose (g)		Soluc. In.		Soluc. End		amount adsorbed		%

						1		10.4		0.0104		21.78		21.78		0		0.00

						2		20.3		0.0203		21.78		21.7		0.08		0.37

						3		50.7		0.0507		21.87		21.53		0.34		1.55

						4		70.4		0.0704		21.87		21.15		0.72		3.29

						5		101		0.101		21.87		20.41		1.46		6.68

						6		200		0.2		21.87		19.4		2.47		11.29

						7		300.8		0.3008		22.63		17.5		5.13		22.67

						8		501.4		0.5014		22.63		13.65		8.98		39.68

						9		700		0.7		22.63		10.32		12.31		54.40

						10		1001		1.001		20.34		5.01		15.33		75.37

						11		1300.5		1.3005		20.34		3.82		16.52		81.22

						12		1600		1.6		20.34		2.79		17.55		86.28

						13		2003.8		2.0038		20.34		2		18.34		90.17

						14		2500.9		2.5009		19.61		1.86		17.75		90.52

		Moss

		Solution  10 ppm

						experiment		Sample dose (mg)		sample dose (g)		Soluc. In.		Soluc. End		amount adsorbed		%		pH

										0										5.64

						1		10.7		0.0107		10.67		8.93		1.74		16.31

						2		30.6		0.0306		10.67		6.78		3.89		36.46

						3		50.8		0.0508		10.5		5.25		5.25		50.00		3.95

						4		71		0.071		10.5		4.02		6.48		61.71		3.84

						5		100.4		0.1004		10.5		2.62		7.88		75.05		3.74

						6		130.4		0.1304		10.5		1.72		8.78		83.62		3.8

						7		170.4		0.1704		10.5		1.15		9.35		89.05		3.7

						8		202.9		0.2029		10.5		0.78		9.72		92.57		3.66

						9		300.8		0.3008		10.5		0.3		10.2		97.14		3.61

						10		400.6		0.4006		10.5		0.17		10.33		98.38		3.59

						11		500.5		0.5005		10.5		0.29		10.21		97.24		3.58

						12		1010		1.01		10.5		0.16		10.34		98.48		3.57

						13		2000.5		2.0005		10.5		0.17		10.33		98.38		3.56

						14		2500		2.5		10.5		0.17		10.33		98.38		3.56

		Solution 5 ppm

						experiment		Sample dose (mg)		sample dose (g)		Soluc. In.		Soluc. End		amount adsorbed		%		pH

										0

						1		11.6		0.0116		4.65		3.42		1.23		26.45		4.45

						2		30.7		0.0307		4.65		2.09		2.56		55.05		4.18

						3		51.1		0.0511		4.65		1.18		3.47		74.62		4.03

						4		70.6		0.0706		4.65		0.76		3.89		83.66		4.01

						5		101.2		0.1012		4.65		0.45		4.2		90.32		3.94

						6		200.5		0.2005		4.65		0.24		4.41		94.84		3.87

						7		300.9		0.3009		4.65		0.22		4.43		95.27		3.86

						8		400.9		0.4009		4.65		0.1		4.55		97.85		3.86

						9		1500		1.5		4.65		0.1		4.55		97.85		3.86

						10		2500		2.5		4.65		0.08		4.57		98.28		3.86

		Solution 20 ppm

						experiment		Sample dose (mg)		sample dose (g)		Soluc. In.		Soluc. End		amount adsorbed		%		pH

										0

						1		10.1		0.0101		21.81		19.59		2.22		10.18		4.59

						2		30.2		0.0302		21.81		16.85		4.96		22.74		4.06

						3		50.7		0.0507		21.81		15.05		6.76		30.99		3.91

						4		70		0.07		21.81		11.36		10.45		47.91		3.66

						5		100.2		0.1002		21.81		10.69		11.12		50.99		3.76

						6		201		0.201		21.81		6.46		15.35		70.38		3.45

						7		301		0.301		21.81		3.98		17.83		81.75		3.38

						8		400.4		0.4004		21.81		2.81		19		87.12		3.35

						9		500.2		0.5002		21.76		1.98		19.78		90.90		3.34

						10		600		0.6		21.76		1.63		20.13		92.51		3.36

						11		700.5		0.7005		21.76		1.5		20.26		93.11		3.35

						12		1000.8		1.0008		21.76		1.5		20.26		93.11		3.35

						13		1500.3		1.5003		21.76		1.5		20.26		93.11		3.35

						14		2500		2.5		21.76		1.4		20.36		93.57		3.35

		Algae

		Solution 20 ppm

						experiment		Sample dose (mg)		sample dose (g)		Soluc. In.		Soluc. End		amount adsorbed		%		pH

										0										5.61

						1		10.4		0.0104		18.76		14.8		3.96		21.11		4.08

						2		20.5		0.0205		18.76		12.2		6.56		34.97		3.82

						3		50.5		0.0505		18.76		7.41		11.35		60.50		3.59

						4		70.3		0.0703		19.02		5.68		13.34		70.14		3.53

						5		101.1		0.1011		19.02		3.59		15.43		81.13		3.46

						6		130.9		0.1309		19.02		2.7		16.32		85.80		3.43

						7		152.7		0.1527		18.5		2.38		16.12		87.14		3.4

						8		200.5		0.2005		18.5		1.59		16.91		91.41		3.39

						9		300.7		0.3007		18.5		1.18		17.32		93.62		3.3

						10		402.1		0.4021		18.5		1.03		17.47		94.43		3.3

						11		503.5		0.5035		18.5		0.9		17.6		95.14		3.25

						12		601.2		0.6012		18.5		0.79		17.71		95.73		3.27

						13		800.7		0.8007		18.5		0.54		17.96		97.08		3.27

						14		1000.8		1.0008		18.5		0.6		17.9		96.76		3.21

						15		1500		1.5		18.5		0.55		17.95		97.03		3.18

						16		2500		2.5		18.75		0.52		18.23		97.23		3.18

		20 mg/l

		Solution 10 ppm

						experiment		Sample dose (mg)		sample dose (g)		Soluc. In.		Soluc. End		amount adsorbed		%		pH

										0										5.37

						1		10.6		0.0106		10.1		6.64		3.46		34.26		4.23

						2		20.4		0.0204		10.1		4.17		5.93		58.71		3.91

						3		50.7		0.0507		10.1		1.84		8.26		81.78		3.73

						4		70.4		0.0704		9.33		1.3		8.03		86.07		3.66

						5		100.7		0.1007		9.33		0.68		8.65		92.71		3.62

						6		130.5		0.1305		9.33		0.51		8.82		94.53		3.59

						7		201		0.201		9.33		0.34		8.99		96.36		3.57

						8		301.1		0.3011		9.33		0.28		9.05		97.00		3.55

						9		401.3		0.4013		9.33		0.27		9.06		97.11		3.51

						10		501.5		0.5015		9.67		0.18		9.49		98.14		3.48

						11		602		0.602		9.67		0.15		9.52		98.45		3.45

						12		702.9		0.7029		9.67		0.21		9.46		97.83		3.44

						13		801.5		0.8015		9.67		0.19		9.48		98.04		3.43

						14		1000.3		1.0003		9.67		0.19		9.48		98.04		3.39

						15		1301.7		1.3017		9.67		0.2		9.47		97.93		3.35

						16		2500		2.5		9.97		0.18		9.79		98.19		3.35

		10 mg/l

		SOLUCION DE 5 ppm

						experiment		Sample dose (mg)		sample dose (g)		Soluc. In.		Soluc. End		amount adsorbed		%		pH

										0

						1		11.1		0.0111		4.73		2.21		2.52		53.28		4.55

						2		21.5		0.0215		4.73		1.56		3.17		67.02		4.28

						3		50.3		0.0503		4.93		0.45		4.48		90.87		3.94

						4		70.6		0.0706		4.93		0.26		4.67		94.73		3.91

						5		101.2		0.1012		4.93		0.16		4.77		96.75		3.9

						6		201.8		0.2018		4.78		0.09		4.69		98.12		3.78

						7		302.1		0.3021		4.78		0.09		4.69		98.12		3.75

						8		400.7		0.4007		4.78		0.09		4.69		98.12		3.7

						9		601.1		0.6011		4.78		0.09		4.69		98.12		3.6

						10		801.1		0.8011		4.78		0.08		4.7		98.33		3.54

						11		1000.3		1.0003		4.78		0.09		4.69		98.12		3.49

						12		2500		2.5		4.78		0.08		4.7		98.33		3.49

		5 mg/l
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treatment time

		Birch

		Solution 20 mg/l

						Experiment		Time (min)		Time (h)		Sample dose(gramos)		Soluc. In.(mg/l)		Soluc. end (mg/l)		Amount adsorbed (mg/l)		%		A.abs/g (mg/g)

								0		0												0.000

						1		10		0.1666666667		0.1007		20.23		20		0.23		1.14		0.228

						2		30		0.5		0.1015		20.23		19.52		0.71		3.51		0.700

						3		60		1		0.1011		20.23		18.95		1.28		6.33		1.266

						4		120		2		0.1013		20.23		18.93		1.3		6.43		1.283

						5		180		3		0.1		18.84		17.57		1.27		6.74		1.270

						6		240		4		0.1002		18.84		17.55		1.29		6.85		1.287

						7		300		5		0.1006		18.84		17.53		1.31		6.95		1.302

						8		360		6		0.1004		18.84		17.52		1.32		7.01		1.315

		Solution 10 mg/l

						Experiment		Time (min)		Time (h)		Sample dose(gramos)		Soluc. In.(mg/l)		Soluc. end (mg/l)		Amount adsorbed (mg/l)		%		A.abs/g (mg/g)

								0		0												0.000

						1		10		0.1666666667		0.1009		10.4		9.83		0.57		5.48		0.565

						2		30		0.5		0.1009		10.4		9.52		0.88		8.46		0.872

						3		60		1		0.1009		10.4		9.5		0.9		8.65		0.892

						4		120		2		0.1009		10.4		9.48		0.92		8.85		0.912

						5		180		3		0.1009		10.4		9.46		0.94		9.04		0.932

						6		240		4		0.1009		10.4		9.45		0.95		9.13		0.942

						7		300		5		0.1009		10.4		9.44		0.96		9.23		0.951

						8		360		6		0.1008		10.40		9.430		0.970000		9.33		0.962

		Solution 5 mg/l

						Experiment		Time (min)		Time (h)		Sample dose(gramos)		Soluc. In.(mg/l)		Soluc. end (mg/l)		Amount adsorbed (mg/l)		%		A.abs/g (mg/g)

								0		0												0.000

						1		10		0.1666666667		0.1004		5		4.6		0.4		8.00		0.398

						2		30		0.5		0.1004		5		4.41		0.59		11.80		0.588

						3		60		1		0.1004		5		4.36		0.64		12.80		0.637

						4		120		2		0.1004		5		4.21		0.79		15.80		0.787

						5		180		3		0.1004		5		4.13		0.87		17.40		0.867

						6		240		4		0.1004		5		4.13		0.87		17.40		0.867

						7		300		5		0.1004		5		4.12		0.88		17.60		0.876

						8		360		6		0.1003		5		4.13		0.87		17.40		0.867

								Efect of treatment time and initial concentration of Cu(II)  BIRCH WOOD

		Algae

		Solution 20 mg/l

						Experiment		Time (min)		Time (h)		Sample dose(gramos)		Soluc. In.(mg/l)		Soluc. end (mg/l)		Amount adsorbed (mg/l)		%		A.abs/g (mg/g)

								0		0												0.000

						1		10		0.1666666667		0.1003		20.15		14.27		5.88		29.18		5.862

						3		30		0.5		0.1005		20.15		10.64		9.51		47.20		9.463

						4		60		1		0.1003		20.15		7.23		12.92		64.12		12.881

						5		120		2		0.1002		20.19		5.76		14.43		71.47		14.401

						6		180		3		0.1005		20.19		4.98		15.21		75.33		15.134

						7		240		4		0.1		20.79		4.93		15.86		76.29		15.860

						8		300		5		0.1004		20.79		4.95		15.84		76.19		15.777

						9		360		6		0.1007		20.79		4.85		15.94		76.67		15.829

		Solution 10 mg/l

						Experiment		Time (min)		Time (h)		Sample dose(gramos)		Soluc. In.(mg/l)		Soluc. end (mg/l)		Amount adsorbed (mg/l)		%		A.abs/g (mg/g)

								0		0												0.000

						1		10		0.1666666667		0.1008		10.06		7.63		2.43		24.16		2.411

						2		30		0.5		0.1007		10.06		4.15		5.91		58.75		5.869

						3		60		1		0.1007		10.23		1.57		8.66		84.65		8.600

						4		120		2		0.1005		10.23		0.99		9.24		90.32		9.194

						5		180		3		0.1001		10.06		0.98		9.08		90.26		9.071

						6		240		4		0.1003		10.06		0.8		9.26		92.05		9.232

						7		300		5		0.1002		10.06		0.78		9.28		92.25		9.261

						8		360		6		0.1004		10.06		0.77		9.29		92.35		9.253

		Solution 5 mg/l

						Experiment		Time (min)		Time (h)		Sample dose(gramos)		Soluc. In.(mg/l)		Soluc. end (mg/l)		Amount adsorbed (mg/l)		%		A.abs/g (mg/g)

								0		0												0.000

						1		10		0.1666666667		0.1008		5.09		3.24		1.85		36.35		1.835

						2		30		0.5		0.1005		5		1.53		3.47		69.40		3.453

						3		60		1		0.1001		5		0.8		4.2		84.00		4.196

						4		120		2		0.1005		5		0.25		4.75		95.00		4.726

						5		180		3		0.1005		5.09		0.18		4.91		96.46		4.886

						6		240		4		0.101		5.09		0.13		4.96		97.45		4.911

						7		300		5		0.1002		5.09		0.11		4.98		97.84		4.970

						8		360		6		0.1003		5.09		0.1		4.99		98.04		4.975

								Efect of treatment time and initial concentration of Cu(II) MARIN ALGAE

		Moss

		Solution 20 mg/l

						Experiment		Time (min)		Time (h)		Sample dose(gramos)		Soluc. In.(mg/l)		Soluc. end (mg/l)		Amount adsorbed (mg/l)		%		A.abs/g (mg/g)

								0		0												0.000

						1		10		0.1666666667		0.1009		20.24		13.48		6.76		33.40		6.700

						2		30		0.5		0.1014		20.24		12.63		7.61		37.60		7.505

						3		60		1		0.1014		20.24		12.06		8.18		40.42		8.067

						4		120		2		0.101		20.24		11.6		8.64		42.69		8.554

						5		180		3		0.1005		20.11		11.55		8.56		42.57		8.517

						6		240		4		0.1015		20.11		11.4		8.71		43.31		8.581

						7		300		5		0.101		20.11		11.35		8.76		43.56		8.673

						8		360		6		0.1008		20.11		11.34		8.77		43.61		8.700

		Solution 10 mg/l

						Experiment		Time (min)		Time (h)		Sample dose(gramos)		Soluc. In.(mg/l)		Soluc. end (mg/l)		Amount adsorbed (mg/l)		%		A.abs/g (mg/g)

								0		0												0.000

						1		10		0.1666666667		0.1012		10.59		4.95		5.64		53.26		5.573

						2		30		0.5		0.1001		10.59		3.96		6.63		62.61		6.623

						3		60		1		0.1001		10.59		3.58		7.01		66.19		7.003

						4		120		2		0.1019		10.59		3.31		7.28		68.74		7.144

						5		180		3		0.1012		10.2		3.1		7.1		69.61		7.016

						6		240		4		0.1001		10.2		3.1		7.1		69.61		7.093

						7		300		5		0.1		10.2		3.09		7.11		69.71		7.110

						8		360		6		0.1002		10.2		3.08		7.12		69.80		7.106

		Solution 5 mg/l

						Experiment		Time (min)		Time (h)		Sample dose(gramos)		Soluc. In.(mg/l)		Soluc. end (mg/l)		Amount adsorbed (mg/l)		%		A.abs/g (mg/g)

								0		0												0.000

						1		10		0.1666666667		0.1002		5.09		1.29		3.8		74.66		3.792

						2		30		0.5		0.1012		5.09		0.77		4.32		84.87		4.269

						3		60		1		0.1009		5.09		0.71		4.38		86.05		4.341

						4		120		2		0.101		5.09		0.6		4.49		88.21		4.446

						5		180		3		0.1008		4.88		0.41		4.47		91.60		4.435

						6		240		4		0.101		4.88		0.37		4.51		92.42		4.465

						7		300		5		0.1002		4.8		0.36		4.44		92.50		4.431

						8		360		6		0.1003		4.8		0.35		4.45		92.71		4.437

						Efect of treatment time and initial concentration of Cu(II) MOSS
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langmuir

		BIRCH

		0,1 gramos

						ensayo		sample (mg)		sample(g)		Soluc.In.(mg/l)		Solution end (mg/l)		amount abs(mg/L)		%		Qe (mg/g)		ce (mg/l)		ce/qe (g/l)		pH		Rl

														0						0		0		0

						1		100.2		0.1002		0.8		0.31		0.49		61.25		0.49		0.31		0.63		4.85		0.40

						2		100.2		0.1002		2.79		1.86		0.93		33.33		0.93		1.86		2.00		4.81		0.16

						3		100.4		0.1004		4.62		3.58		1.04		22.51		1.04		3.58		3.46		4.77		0.10

						4		99.9		0.0999		7.31		6.21		1.1		15.05		1.10		6.21		5.64		4.76		0.07

						5		100.5		0.1005		10.1		8.99		1.11		10.99		1.10		8.99		8.14		4.75		0.05

						7		101		0.101		19.45		18.3		1.15		5.91		1.14		18.30		16.07		4.75		0.03

						8		100.5		0.1005		30		28.8		1.2		4.00		1.19		28.80		24.12		4.64		0.02

						9		100.7		0.1007		40		39		1		2.50		0.99		39.00		39.27		4.64		0.01

						10		101.9		0.1019		50		49		1		2.00		0.98		49.00		49.93		4.56		0.01

								BIRCH:								ALGAE:

										1/Xm=0,9911		Xm=		1.0089799213				1/Xm= 0,0415		Xm=		24.0963855422

										1/(Xm*K)=ord. Al origen								1/(Xm*K)=ord. Al origen

										1/(1,01*K)=0,5395		K=		1.835215959				1/(24.1*K)=0,0532		K=		0.7799581942

																MOSS:

																		1/Xm=		0.073

																				Xm=		13.698630137

																		1/Xm*K=ord. Al origen

																		1/13.69*K=0,1352		K=		0.5470746823

		MUSGO LAVADO CON ACIDO Y SECADO A  120 C

		0,1 gramos

						ensayo		sample (mg)		sample(g)		Soluc.In.(mg/l)		Solution end (mg/l)		amount abs(mg/L)		%		Qe (mg/g)		ce (mg/l)		ce/qe (g/l)		pH		Rl

														Ce

						1		100		0.1		1.01		0.04		0.97		96.04		0.97		0.04		0.04		4.3		0.64

						2		101.2		0.1012		3.17		0.17		3		94.64		2.96		0.17		0.06		4.13		0.36

						3		101.4		0.1014		5.09		0.48		4.61		90.57		4.55		0.48		0.11		3.9		0.26

						4		101.1		0.1011		7.12		1		6.12		85.96		6.05		1.00		0.17		3.8		0.20

						5		101.1		0.1011		10.15		2.68		7.47		73.60		7.39		2.68		0.36		3.78		0.15

						7		100.2		0.1002		19.39		10		9.39		48.43		9.37		10.00		1.07		3.56		0.09

						8		100.4		0.1004		30		19		11		36.67		10.96		19.00		1.73		3.61		0.06

						9		100.2		0.1002		40		27.61		12.39		30.98		12.37		27.61		2.23		3.59		0.04

						10		101.9		0.1019		50		35.47		14.53		29.06		14.26		35.47		2.49		3.56		0.04

																		MUSGO:

																				1/Xm=		0.073

																						Xm=		13.698630137

																				1/Xm*K=ord. Al origen

																				1/13.69*K=0,1352		K=		0.5398868397

		algae

		0,1 gramos

						ensayo		sample (mg)		sample(g)		Soluc.In.(mg/l)		Solution end (mg/l)		amount abs(mg/L)		%		Qe (mg/g)		ce (mg/l)		ce/qe (g/l)		pH		Rl

														Ce

						1		101.7		0.1017		0.89		0.01		0.88		98.88		0.87		0.01		0.01		4.34		0.59

						2		102.7		0.1027		3		0.09		2.91		97.00		2.83		0.09		0.03		4.10		0.30

						3		102.1		0.1021		4.66		0.18		4.48		96.14		4.39		0.18		0.04		3.89		0.22

						4		100.4		0.1004		8.23		0.57		7.66		93.07		7.63		0.57		0.07		3.78		0.13

						5		101.7		0.1017		10.5		0.93		9.57		91.14		9.41		0.93		0.10		3.62		0.11

						7		100.7		0.1007		20.11		4.45		15.66		77.87		15.55		4.45		0.29		3.45		0.06

						8		100.8		0.1008		30		10.77		19.23		64.10		19.08		10.77		0.56		3.35		0.04

						9		101		0.101		40		17.73		22.27		55.68		22.05		17.73		0.80		3.30		0.03

						10		101.2		0.1012		50		25.81		24.19		48.38		23.90		25.81		1.08		3.24		0.03

																		ALGA:

																		1/Xm= 0,0415		Xm=		24.0963855422

																		1/(Xm*K)=ord. Al origen

																		1/(24.1*K)=0,0532		K=		0.7799581942
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langmuir

		BIRCH

		0,1 gramos

						ensayo		sample (mg)		sample(g)		Soluc.In.(mg/l)		Solution end (mg/l)		amount abs(mg/L)		%		Qe (mg/g)		ce (mg/l)		ce/qe (g/l)		pH		Rl

														0						0		0		0

						1		100.2		0.1002		0.8		0.31		0.49		61.25		0.49		0.31		0.63		4.85		0.40

						2		100.2		0.1002		2.79		1.86		0.93		33.33		0.93		1.86		2.00		4.81		0.16

						3		100.4		0.1004		4.62		3.58		1.04		22.51		1.04		3.58		3.46		4.77		0.10

						4		99.9		0.0999		7.31		6.21		1.1		15.05		1.10		6.21		5.64		4.76		0.07

						5		100.5		0.1005		10.1		8.99		1.11		10.99		1.10		8.99		8.14		4.75		0.05

						7		101		0.101		19.45		18.3		1.15		5.91		1.14		18.30		16.07		4.75		0.03

						8		100.5		0.1005		30		28.8		1.2		4.00		1.19		28.80		24.12		4.64		0.02

						9		100.7		0.1007		40		39		1		2.50		0.99		39.00		39.27		4.64		0.01

						10		101.9		0.1019		50		49		1		2.00		0.98		49.00		49.93		4.56		0.01

								BIRCH:								ALGAE:

										1/Xm=0,9911		Xm=		1.0089799213				1/Xm= 0,0415		Xm=		24.0963855422

										1/(Xm*K)=ord. Al origen								1/(Xm*K)=ord. Al origen

										1/(1,01*K)=0,5395		K=		1.835215959				1/(24.1*K)=0,0532		K=		0.7799581942

																MOSS:

																		1/Xm=		0.073

																				Xm=		13.698630137

																		1/Xm*K=ord. Al origen

																		1/13.69*K=0,1352		K=		0.5470746823

		MUSGO LAVADO CON ACIDO Y SECADO A  120 C

		0,1 gramos

						ensayo		sample (mg)		sample(g)		Soluc.In.(mg/l)		Solution end (mg/l)		amount abs(mg/L)		%		Qe (mg/g)		ce (mg/l)		ce/qe (g/l)		pH		Rl

														Ce

						1		100		0.1		1.01		0.04		0.97		96.04		0.97		0.04		0.04		4.3		0.64

						2		101.2		0.1012		3.17		0.17		3		94.64		2.96		0.17		0.06		4.13		0.36

						3		101.4		0.1014		5.09		0.48		4.61		90.57		4.55		0.48		0.11		3.9		0.26

						4		101.1		0.1011		7.12		1		6.12		85.96		6.05		1.00		0.17		3.8		0.20

						5		101.1		0.1011		10.15		2.68		7.47		73.60		7.39		2.68		0.36		3.78		0.15

						7		100.2		0.1002		19.39		10		9.39		48.43		9.37		10.00		1.07		3.56		0.09

						8		100.4		0.1004		30		19		11		36.67		10.96		19.00		1.73		3.61		0.06

						9		100.2		0.1002		40		27.61		12.39		30.98		12.37		27.61		2.23		3.59		0.04

						10		101.9		0.1019		50		35.47		14.53		29.06		14.26		35.47		2.49		3.56		0.04

																		MUSGO:

																				1/Xm=		0.073

																						Xm=		13.698630137

																				1/Xm*K=ord. Al origen

																				1/13.69*K=0,1352		K=		0.5398868397

		algae

		0,1 gramos

						ensayo		sample (mg)		sample(g)		Soluc.In.(mg/l)		Solution end (mg/l)		amount abs(mg/L)		%		Qe (mg/g)		ce (mg/l)		ce/qe (g/l)		pH		Rl

														Ce

						1		101.7		0.1017		0.89		0.01		0.88		98.88		0.87		0.01		0.01		4.34		0.59

						2		102.7		0.1027		3		0.09		2.91		97.00		2.83		0.09		0.03		4.10		0.30

						3		102.1		0.1021		4.66		0.18		4.48		96.14		4.39		0.18		0.04		3.89		0.22

						4		100.4		0.1004		8.23		0.57		7.66		93.07		7.63		0.57		0.07		3.78		0.13

						5		101.7		0.1017		10.5		0.93		9.57		91.14		9.41		0.93		0.10		3.62		0.11

						7		100.7		0.1007		20.11		4.45		15.66		77.87		15.55		4.45		0.29		3.45		0.06

						8		100.8		0.1008		30		10.77		19.23		64.10		19.08		10.77		0.56		3.35		0.04

						9		101		0.101		40		17.73		22.27		55.68		22.05		17.73		0.80		3.30		0.03

						10		101.2		0.1012		50		25.81		24.19		48.38		23.90		25.81		1.08		3.24		0.03

																		ALGA:

																		1/Xm= 0,0415		Xm=		24.0963855422

																		1/(Xm*K)=ord. Al origen

																		1/(24.1*K)=0,0532		K=		0.7799581942
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desorption (2)

		Algae		20 mg/l

																								Desoption of Cu (II) from the biomass 20 mg/l

						ADSORPTION		Mass (g)		time (min)		time (h)		Ci (mg/l)		Cf (mg/l)		Cabs (mg/l)

								0.5001		240		4		21.1		1.12		19.98

						DESORPTION		Mass (g)		time (min)		time (h)		Co (mg/l)		C (mg/l)		C/Co (mg/l)		Co-C (mg/l)

												0						0

								0.5001		1		0.0166666667		19.98		13.01		0.65		6.97

										5		0.0833333333		19.98		17.7		0.89		2.28

										10		0.1666666667		19.98		18.56		0.93		1.42

										30		0.5		19.98		19.84		0.99		0.14

										60		1		19.98		19.87		0.99		0.11

										120		2		19.98		19.87		0.99		0.11

										180		3		19.98		19.8		0.99		0.18

		moss		20 mg/l

						ADSORPTION		Mass (g)		time (min)		time (h)		Ci (mg/l)		Cf (mg/l)		Cabs (mg/l)

								0.5001		240		4		20.14		1.81		18.33

						DESORPTION		Mass (g)		time (min)		time (h)		Co (mg/l)		C (mg/l)		C/Co (mg/l)

												0						0

								0.5001		1		0.0166666667		18.33		14.5		0.79

										5		0.0833333333		18.33		15.78		0.86

										10		0.1666666667		18.33		16.58		0.90

										30		0.5		18.33		17.61		0.96

										60		1		18.33		17.82		0.97

										120		2		18.33		18.06		0.99

										180		3		18.33		18.08		0.99

		Algae		10 mg/l

																								Desorption of Cu(II) freom the biomass 10mg/l

						ADSORPTION		Mass (g)		time (min)		time (h)		Ci (mg/l)		Cf (mg/l)		Cabs (mg/l)

								0.5015		240		4		10.4		0.11		10.29

						DESORPTION		Mass (g)		time (min)		time (h)		Co (mg/l)		C (mg/l)		C/Co (mg/l)		Co-C (mg/l)

												0						0		0

								0.5015		1		0.0166666667		10.29		6.4		0.62		3.89

										5		0.0833333333		10.29		8.85		0.86		1.44

										10		0.1666666667		10.29		9.83		0.96		0.46

										30		0.5		10.29		10.05		0.98		0.24

										60		1		10.29		10.28		1.00		0.01

										120		2		10.29		10.28		1.00		0.01

										180		3		10.29		10.28		1.00		0.01

										240		4		10.29		10.28		1.00		0.01

		moss		10 mg/l

						ADSORPTION		Mass (g)		time (min)		time (h)		Ci (mg/l)		Cf (mg/l)		Cabs (mg/l)

								0.5009		240		4		10.4		0.18		10.22

						DESORPTION		Mass (g)		time (min)		time (h)		Co (mg/l)		C (mg/l)		C/Co (mg/l)

												0						0

								0.5009		1		0.0166666667		10.22		5.1		0.50

										5		0.0833333333		10.22		8.51		0.83

										10		0.1666666667		10.22		8.79		0.86

										30		0.5		10.22		8.83		0.86

										60		1		10.22		9.2		0.90

										120		2		10.22		9.95		0.97

										180		3		10.22		10.1		0.99

										240		4		10.22		10.2		1.00

		Algae		5 mg/l

																						Desorption of Cu(II) from the biomass 5 mg/l

						ADSORPTION		Mass (g)		time (min)		time (h)		Ci (mg/l)		Cf (mg/l)		Cabs (mg/l)

								0.5012		240		4		5.11		0.08		5.03

						DESORPTION		Mass (g)		time (min)		time (h)		Co (mg/l)		C (mg/l)		C/Co (mg/l)

												0						0

								0.5012		1		0.0166666667		5.03		3.24		0.64

										5		0.0833333333		5.03		4.77		0.95

										10		0.1666666667		5.03		5.01		1.00

										30		0.5		5.03		5.06		1.01

										60		1		5.03		5.07		1.01

										120		2		5.03		5.06		1.01

										180		3		5.03		5.06		1.01

										240		4		5.03		5.06		1.01

		moss		5 mg/l

						ADSORPTION		Mass (g)		time (min)		time (h)		Ci (mg/l)		Cf (mg/l)		Cabs (mg/l)

								0.5009		240		4		5.11		0.1		5.01

						DESORPTION		Mass (g)		time (min)		time (h)		Co (mg/l)		C (mg/l)		C/Co (mg/l)

												0						0

								0.5009		1		0.0166666667		5.01		3.81		0.76

										5		0.0833333333		5.01		4.03		0.80

										10		0.1666666667		5.01		4.23		0.84

										30		0.5		5.01		4.85		0.97

										60		1		5.01		4.97		0.99

										120		2		5.01		4.98		0.99

										180		3		5.01		4.98		0.99

										240		4		5.01		4.98		0.99
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desorption (2)

		Algae		20 mg/l

																								Desoption of Cu (II) from the biomass 20 mg/l

						ADSORPTION		Mass (g)		time (min)		time (h)		Ci (mg/l)		Cf (mg/l)		Cabs (mg/l)

								0.5001		240		4		21.1		1.12		19.98

						DESORPTION		Mass (g)		time (min)		time (h)		Co (mg/l)		C (mg/l)		C/Co (mg/l)		Co-C (mg/l)

												0						0

								0.5001		1		0.0166666667		19.98		13.01		0.65		6.97

										5		0.0833333333		19.98		17.7		0.89		2.28

										10		0.1666666667		19.98		18.56		0.93		1.42

										30		0.5		19.98		19.84		0.99		0.14

										60		1		19.98		19.87		0.99		0.11

										120		2		19.98		19.87		0.99		0.11

										180		3		19.98		19.8		0.99		0.18

		moss		20 mg/l

						ADSORPTION		Mass (g)		time (min)		time (h)		Ci (mg/l)		Cf (mg/l)		Cabs (mg/l)

								0.5001		240		4		20.14		1.81		18.33

						DESORPTION		Mass (g)		time (min)		time (h)		Co (mg/l)		C (mg/l)		C/Co (mg/l)

												0						0

								0.5001		1		0.0166666667		18.33		14.5		0.79

										5		0.0833333333		18.33		15.78		0.86

										10		0.1666666667		18.33		16.58		0.90

										30		0.5		18.33		17.61		0.96

										60		1		18.33		17.82		0.97

										120		2		18.33		18.06		0.99

										180		3		18.33		18.08		0.99

		Algae		10 mg/l

																								Desorption of Cu(II) freom the biomass 10mg/l

						ADSORPTION		Mass (g)		time (min)		time (h)		Ci (mg/l)		Cf (mg/l)		Cabs (mg/l)

								0.5015		240		4		10.4		0.11		10.29

						DESORPTION		Mass (g)		time (min)		time (h)		Co (mg/l)		C (mg/l)		C/Co (mg/l)		Co-C (mg/l)

												0						0		0

								0.5015		1		0.0166666667		10.29		6.4		0.62		3.89

										5		0.0833333333		10.29		8.85		0.86		1.44

										10		0.1666666667		10.29		9.83		0.96		0.46

										30		0.5		10.29		10.05		0.98		0.24

										60		1		10.29		10.28		1.00		0.01

										120		2		10.29		10.28		1.00		0.01

										180		3		10.29		10.28		1.00		0.01

										240		4		10.29		10.28		1.00		0.01

		moss		10 mg/l

						ADSORPTION		Mass (g)		time (min)		time (h)		Ci (mg/l)		Cf (mg/l)		Cabs (mg/l)

								0.5009		240		4		10.4		0.18		10.22

						DESORPTION		Mass (g)		time (min)		time (h)		Co (mg/l)		C (mg/l)		C/Co (mg/l)

												0						0

								0.5009		1		0.0166666667		10.22		5.1		0.50

										5		0.0833333333		10.22		8.51		0.83

										10		0.1666666667		10.22		8.79		0.86

										30		0.5		10.22		8.83		0.86

										60		1		10.22		9.2		0.90

										120		2		10.22		9.95		0.97

										180		3		10.22		10.1		0.99

										240		4		10.22		10.2		1.00

		Algae		5 mg/l

																						Desorption of Cu(II) from the biomass 5 mg/l

						ADSORPTION		Mass (g)		time (min)		time (h)		Ci (mg/l)		Cf (mg/l)		Cabs (mg/l)

								0.5012		240		4		5.11		0.08		5.03

						DESORPTION		Mass (g)		time (min)		time (h)		Co (mg/l)		C (mg/l)		C/Co (mg/l)

												0						0

								0.5012		1		0.0166666667		5.03		3.24		0.64

										5		0.0833333333		5.03		4.77		0.95

										10		0.1666666667		5.03		5.01		1.00

										30		0.5		5.03		5.06		1.01

										60		1		5.03		5.07		1.01

										120		2		5.03		5.06		1.01

										180		3		5.03		5.06		1.01

										240		4		5.03		5.06		1.01

		moss		5 mg/l

						ADSORPTION		Mass (g)		time (min)		time (h)		Ci (mg/l)		Cf (mg/l)		Cabs (mg/l)

								0.5009		240		4		5.11		0.1		5.01

						DESORPTION		Mass (g)		time (min)		time (h)		Co (mg/l)		C (mg/l)		C/Co (mg/l)

												0						0

								0.5009		1		0.0166666667		5.01		3.81		0.76

										5		0.0833333333		5.01		4.03		0.80

										10		0.1666666667		5.01		4.23		0.84

										30		0.5		5.01		4.85		0.97

										60		1		5.01		4.97		0.99

										120		2		5.01		4.98		0.99

										180		3		5.01		4.98		0.99

										240		4		5.01		4.98		0.99
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treatment time

		Birch

		Solution 20 mg/l

						Experiment		Time (min)		Time (h)		Sample dose(gramos)		Soluc. In.(mg/l)		Soluc. end (mg/l)		Amount adsorbed (mg/l)		%		A.abs/g (mg/g)

								0		0												0.000

						1		10		0.1666666667		0.1007		20.23		20		0.23		1.14		0.228

						2		30		0.5		0.1015		20.23		19.52		0.71		3.51		0.700

						3		60		1		0.1011		20.23		18.95		1.28		6.33		1.266

						4		120		2		0.1013		20.23		18.93		1.3		6.43		1.283

						5		180		3		0.1		18.84		17.57		1.27		6.74		1.270

						6		240		4		0.1002		18.84		17.55		1.29		6.85		1.287

						7		300		5		0.1006		18.84		17.53		1.31		6.95		1.302

						8		360		6		0.1004		18.84		17.52		1.32		7.01		1.315

		Solution 10 mg/l

						Experiment		Time (min)		Time (h)		Sample dose(gramos)		Soluc. In.(mg/l)		Soluc. end (mg/l)		Amount adsorbed (mg/l)		%		A.abs/g (mg/g)

								0		0												0.000

						1		10		0.1666666667		0.1009		10.4		9.83		0.57		5.48		0.565

						2		30		0.5		0.1009		10.4		9.52		0.88		8.46		0.872

						3		60		1		0.1009		10.4		9.5		0.9		8.65		0.892

						4		120		2		0.1009		10.4		9.48		0.92		8.85		0.912

						5		180		3		0.1009		10.4		9.46		0.94		9.04		0.932

						6		240		4		0.1009		10.4		9.45		0.95		9.13		0.942

						7		300		5		0.1009		10.4		9.44		0.96		9.23		0.951

						8		360		6		0.1008		10.40		9.430		0.970000		9.33		0.962

		Solution 5 mg/l

						Experiment		Time (min)		Time (h)		Sample dose(gramos)		Soluc. In.(mg/l)		Soluc. end (mg/l)		Amount adsorbed (mg/l)		%		A.abs/g (mg/g)

								0		0												0.000

						1		10		0.1666666667		0.1004		5		4.6		0.4		8.00		0.398

						2		30		0.5		0.1004		5		4.41		0.59		11.80		0.588

						3		60		1		0.1004		5		4.36		0.64		12.80		0.637

						4		120		2		0.1004		5		4.21		0.79		15.80		0.787

						5		180		3		0.1004		5		4.13		0.87		17.40		0.867

						6		240		4		0.1004		5		4.13		0.87		17.40		0.867

						7		300		5		0.1004		5		4.12		0.88		17.60		0.876

						8		360		6		0.1003		5		4.13		0.87		17.40		0.867

								Efect of treatment time and initial concentration of Cu(II)  BIRCH WOOD

		Algae

		Solution 20 mg/l

						Experiment		Time (min)		Time (h)		Sample dose(gramos)		Soluc. In.(mg/l)		Soluc. end (mg/l)		Amount adsorbed (mg/l)		%		A.abs/g (mg/g)

								0		0												0.000

						1		10		0.1666666667		0.1003		20.15		14.27		5.88		29.18		5.862

						3		30		0.5		0.1005		20.15		10.64		9.51		47.20		9.463

						4		60		1		0.1003		20.15		7.23		12.92		64.12		12.881

						5		120		2		0.1002		20.19		5.76		14.43		71.47		14.401

						6		180		3		0.1005		20.19		4.98		15.21		75.33		15.134

						7		240		4		0.1		20.79		4.93		15.86		76.29		15.860

						8		300		5		0.1004		20.79		4.95		15.84		76.19		15.777

						9		360		6		0.1007		20.79		4.85		15.94		76.67		15.829

		Solution 10 mg/l

						Experiment		Time (min)		Time (h)		Sample dose(gramos)		Soluc. In.(mg/l)		Soluc. end (mg/l)		Amount adsorbed (mg/l)		%		A.abs/g (mg/g)

								0		0												0.000

						1		10		0.1666666667		0.1008		10.06		7.63		2.43		24.16		2.411

						2		30		0.5		0.1007		10.06		4.15		5.91		58.75		5.869

						3		60		1		0.1007		10.23		1.57		8.66		84.65		8.600

						4		120		2		0.1005		10.23		0.99		9.24		90.32		9.194

						5		180		3		0.1001		10.06		0.98		9.08		90.26		9.071

						6		240		4		0.1003		10.06		0.8		9.26		92.05		9.232

						7		300		5		0.1002		10.06		0.78		9.28		92.25		9.261

						8		360		6		0.1004		10.06		0.77		9.29		92.35		9.253

		Solution 5 mg/l

						Experiment		Time (min)		Time (h)		Sample dose(gramos)		Soluc. In.(mg/l)		Soluc. end (mg/l)		Amount adsorbed (mg/l)		%		A.abs/g (mg/g)

								0		0												0.000

						1		10		0.1666666667		0.1008		5.09		3.24		1.85		36.35		1.835

						2		30		0.5		0.1005		5		1.53		3.47		69.40		3.453

						3		60		1		0.1001		5		0.8		4.2		84.00		4.196

						4		120		2		0.1005		5		0.25		4.75		95.00		4.726

						5		180		3		0.1005		5.09		0.18		4.91		96.46		4.886

						6		240		4		0.101		5.09		0.13		4.96		97.45		4.911

						7		300		5		0.1002		5.09		0.11		4.98		97.84		4.970

						8		360		6		0.1003		5.09		0.1		4.99		98.04		4.975

								Efect of treatment time and initial concentration of Cu(II) MARIN ALGAE

		Moss

		Solution 20 mg/l

						Experiment		Time (min)		Time (h)		Sample dose(gramos)		Soluc. In.(mg/l)		Soluc. end (mg/l)		Amount adsorbed (mg/l)		%		A.abs/g (mg/g)

								0		0												0.000

						1		10		0.1666666667		0.1009		20.24		13.48		6.76		33.40		6.700

						2		30		0.5		0.1014		20.24		12.63		7.61		37.60		7.505

						3		60		1		0.1014		20.24		12.06		8.18		40.42		8.067

						4		120		2		0.101		20.24		11.6		8.64		42.69		8.554

						5		180		3		0.1005		20.11		11.55		8.56		42.57		8.517

						6		240		4		0.1015		20.11		11.4		8.71		43.31		8.581

						7		300		5		0.101		20.11		11.35		8.76		43.56		8.673

						8		360		6		0.1008		20.11		11.34		8.77		43.61		8.700

		Solution 10 mg/l

						Experiment		Time (min)		Time (h)		Sample dose(gramos)		Soluc. In.(mg/l)		Soluc. end (mg/l)		Amount adsorbed (mg/l)		%		A.abs/g (mg/g)

								0		0												0.000

						1		10		0.1666666667		0.1012		10.59		4.95		5.64		53.26		5.573

						2		30		0.5		0.1001		10.59		3.96		6.63		62.61		6.623

						3		60		1		0.1001		10.59		3.58		7.01		66.19		7.003

						4		120		2		0.1019		10.59		3.31		7.28		68.74		7.144

						5		180		3		0.1012		10.2		3.1		7.1		69.61		7.016

						6		240		4		0.1001		10.2		3.1		7.1		69.61		7.093

						7		300		5		0.1		10.2		3.09		7.11		69.71		7.110

						8		360		6		0.1002		10.2		3.08		7.12		69.80		7.106

		Solution 5 mg/l

						Experiment		Time (min)		Time (h)		Sample dose(gramos)		Soluc. In.(mg/l)		Soluc. end (mg/l)		Amount adsorbed (mg/l)		%		A.abs/g (mg/g)

								0		0												0.000

						1		10		0.1666666667		0.1002		5.09		1.29		3.8		74.66		3.792

						2		30		0.5		0.1012		5.09		0.77		4.32		84.87		4.269

						3		60		1		0.1009		5.09		0.71		4.38		86.05		4.341

						4		120		2		0.101		5.09		0.6		4.49		88.21		4.446

						5		180		3		0.1008		4.88		0.41		4.47		91.60		4.435

						6		240		4		0.101		4.88		0.37		4.51		92.42		4.465

						7		300		5		0.1002		4.8		0.36		4.44		92.50		4.431

						8		360		6		0.1003		4.8		0.35		4.45		92.71		4.437

						Efect of treatment time and initial concentration of Cu(II) MOSS
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sample dose

		BIRCH

		Solution 10 ppm

						experiment		Sample dose (mg)		sample dose (g)		Soluc. In.		Soluc. End		amount adsorbed		%

										0				10.71		0		0

						1		10		0.01		11.82		11.82		0		0.00

						2		20.1		0.0201		11.82		11.27		0.55		4.65

						3		50.3		0.0503		11.82		10.83		0.99		8.38

						4		100.5		0.1005		10.7		9.31		1.39		12.99

						5		202.1		0.2021		10.7		7.51		3.19		29.81

						6		301.2		0.3012		10.7		5.98		4.72		44.11

						7		500.9		0.5009		10.7		3.76		6.94		64.86

						8		701.3		0.7013		10.7		2.26		8.44		78.88

						9		1000.6		1.0006		10.7		1.44		9.26		86.54

						10		1302		1.302		10.7		0.78		9.92		92.71

						11		1602		1.602		10.7		0.68		10.02		93.64

						12		2001.2		2.0012		10.7		0.68		10.02		93.64

						13		2500		2.5		10.7		0.69		10.01		93.55

		Solution 5 ppm

						experiment		Sample dose (mg)		sample dose (g)		Soluc. In.		Soluc. End		amount adsorbed		%

						1		10.7		0.0107		4.97		4.97		0		0.00

						2		31.6		0.0316		4.97		4.93		0.04		0.80

						3		50.5		0.0505		4.97		4.4		0.57		11.47

						4		71.4		0.0714		4.97		3.92		1.05		21.13

						5		101.6		0.1016		4.97		3.27		1.7		34.21

						6		200.6		0.2006		4.97		1.91		3.06		61.57

						7		301.7		0.3017		4.97		1.1		3.87		77.87

						8		500.9		0.5009		5.15		0.56		4.59		89.13

						9		700.5		0.7005		5.15		0.49		4.66		90.49

						10		1002.1		1.0021		5.3		0.45		4.85		91.51

						11		2000.1		2.0001		5.3		0.45		4.85		91.51

						12		2500		2.5		5.3		0.45		4.85		91.51

		Solution 20 ppm

						experiment		Sample dose (mg)		sample dose (g)		Soluc. In.		Soluc. End		amount adsorbed		%

						1		10.4		0.0104		21.78		21.78		0		0.00

						2		20.3		0.0203		21.78		21.7		0.08		0.37

						3		50.7		0.0507		21.87		21.53		0.34		1.55

						4		70.4		0.0704		21.87		21.15		0.72		3.29

						5		101		0.101		21.87		20.41		1.46		6.68

						6		200		0.2		21.87		19.4		2.47		11.29

						7		300.8		0.3008		22.63		17.5		5.13		22.67

						8		501.4		0.5014		22.63		13.65		8.98		39.68

						9		700		0.7		22.63		10.32		12.31		54.40

						10		1001		1.001		20.34		5.01		15.33		75.37

						11		1300.5		1.3005		20.34		3.82		16.52		81.22

						12		1600		1.6		20.34		2.79		17.55		86.28

						13		2003.8		2.0038		20.34		2		18.34		90.17

						14		2500.9		2.5009		19.61		1.86		17.75		90.52

		Moss

		Solution  10 ppm

						experiment		Sample dose (mg)		sample dose (g)		Soluc. In.		Soluc. End		amount adsorbed		%		pH

										0										5.64

						1		10.7		0.0107		10.67		8.93		1.74		16.31

						2		30.6		0.0306		10.67		6.78		3.89		36.46

						3		50.8		0.0508		10.5		5.25		5.25		50.00		3.95

						4		71		0.071		10.5		4.02		6.48		61.71		3.84

						5		100.4		0.1004		10.5		2.62		7.88		75.05		3.74

						6		130.4		0.1304		10.5		1.72		8.78		83.62		3.8

						7		170.4		0.1704		10.5		1.15		9.35		89.05		3.7

						8		202.9		0.2029		10.5		0.78		9.72		92.57		3.66

						9		300.8		0.3008		10.5		0.3		10.2		97.14		3.61

						10		400.6		0.4006		10.5		0.17		10.33		98.38		3.59

						11		500.5		0.5005		10.5		0.29		10.21		97.24		3.58

						12		1010		1.01		10.5		0.16		10.34		98.48		3.57

						13		2000.5		2.0005		10.5		0.17		10.33		98.38		3.56

						14		2500		2.5		10.5		0.17		10.33		98.38		3.56

		Solution 5 ppm

						experiment		Sample dose (mg)		sample dose (g)		Soluc. In.		Soluc. End		amount adsorbed		%		pH

										0

						1		11.6		0.0116		4.65		3.42		1.23		26.45		4.45

						2		30.7		0.0307		4.65		2.09		2.56		55.05		4.18

						3		51.1		0.0511		4.65		1.18		3.47		74.62		4.03

						4		70.6		0.0706		4.65		0.76		3.89		83.66		4.01

						5		101.2		0.1012		4.65		0.45		4.2		90.32		3.94

						6		200.5		0.2005		4.65		0.24		4.41		94.84		3.87

						7		300.9		0.3009		4.65		0.22		4.43		95.27		3.86

						8		400.9		0.4009		4.65		0.1		4.55		97.85		3.86

						9		1500		1.5		4.65		0.1		4.55		97.85		3.86

						10		2500		2.5		4.65		0.08		4.57		98.28		3.86

		Solution 20 ppm

						experiment		Sample dose (mg)		sample dose (g)		Soluc. In.		Soluc. End		amount adsorbed		%		pH

										0

						1		10.1		0.0101		21.81		19.59		2.22		10.18		4.59

						2		30.2		0.0302		21.81		16.85		4.96		22.74		4.06

						3		50.7		0.0507		21.81		15.05		6.76		30.99		3.91

						4		70		0.07		21.81		11.36		10.45		47.91		3.66

						5		100.2		0.1002		21.81		10.69		11.12		50.99		3.76

						6		201		0.201		21.81		6.46		15.35		70.38		3.45

						7		301		0.301		21.81		3.98		17.83		81.75		3.38

						8		400.4		0.4004		21.81		2.81		19		87.12		3.35

						9		500.2		0.5002		21.76		1.98		19.78		90.90		3.34

						10		600		0.6		21.76		1.63		20.13		92.51		3.36

						11		700.5		0.7005		21.76		1.5		20.26		93.11		3.35

						12		1000.8		1.0008		21.76		1.5		20.26		93.11		3.35

						13		1500.3		1.5003		21.76		1.5		20.26		93.11		3.35

						14		2500		2.5		21.76		1.4		20.36		93.57		3.35

		Algae

		Solution 20 ppm

						experiment		Sample dose (mg)		sample dose (g)		Soluc. In.		Soluc. End		amount adsorbed		%		pH

										0										5.61

						1		10.4		0.0104		18.76		14.8		3.96		21.11		4.08

						2		20.5		0.0205		18.76		12.2		6.56		34.97		3.82

						3		50.5		0.0505		18.76		7.41		11.35		60.50		3.59

						4		70.3		0.0703		19.02		5.68		13.34		70.14		3.53

						5		101.1		0.1011		19.02		3.59		15.43		81.13		3.46

						6		130.9		0.1309		19.02		2.7		16.32		85.80		3.43

						7		152.7		0.1527		18.5		2.38		16.12		87.14		3.4

						8		200.5		0.2005		18.5		1.59		16.91		91.41		3.39

						9		300.7		0.3007		18.5		1.18		17.32		93.62		3.3

						10		402.1		0.4021		18.5		1.03		17.47		94.43		3.3

						11		503.5		0.5035		18.5		0.9		17.6		95.14		3.25

						12		601.2		0.6012		18.5		0.79		17.71		95.73		3.27

						13		800.7		0.8007		18.5		0.54		17.96		97.08		3.27

						14		1000.8		1.0008		18.5		0.6		17.9		96.76		3.21

						15		1500		1.5		18.5		0.55		17.95		97.03		3.18

						16		2500		2.5		18.75		0.52		18.23		97.23		3.18

		20 mg/l

		Solution 10 ppm

						experiment		Sample dose (mg)		sample dose (g)		Soluc. In.		Soluc. End		amount adsorbed		%		pH

										0										5.37

						1		10.6		0.0106		10.1		6.64		3.46		34.26		4.23

						2		20.4		0.0204		10.1		4.17		5.93		58.71		3.91

						3		50.7		0.0507		10.1		1.84		8.26		81.78		3.73

						4		70.4		0.0704		9.33		1.3		8.03		86.07		3.66

						5		100.7		0.1007		9.33		0.68		8.65		92.71		3.62

						6		130.5		0.1305		9.33		0.51		8.82		94.53		3.59

						7		201		0.201		9.33		0.34		8.99		96.36		3.57

						8		301.1		0.3011		9.33		0.28		9.05		97.00		3.55

						9		401.3		0.4013		9.33		0.27		9.06		97.11		3.51

						10		501.5		0.5015		9.67		0.18		9.49		98.14		3.48

						11		602		0.602		9.67		0.15		9.52		98.45		3.45

						12		702.9		0.7029		9.67		0.21		9.46		97.83		3.44

						13		801.5		0.8015		9.67		0.19		9.48		98.04		3.43

						14		1000.3		1.0003		9.67		0.19		9.48		98.04		3.39

						15		1301.7		1.3017		9.67		0.2		9.47		97.93		3.35

						16		2500		2.5		9.97		0.18		9.79		98.19		3.35

		10 mg/l

		SOLUCION DE 5 ppm

						experiment		Sample dose (mg)		sample dose (g)		Soluc. In.		Soluc. End		amount adsorbed		%		pH

										0

						1		11.1		0.0111		4.73		2.21		2.52		53.28		4.55

						2		21.5		0.0215		4.73		1.56		3.17		67.02		4.28

						3		50.3		0.0503		4.93		0.45		4.48		90.87		3.94

						4		70.6		0.0706		4.93		0.26		4.67		94.73		3.91

						5		101.2		0.1012		4.93		0.16		4.77		96.75		3.9

						6		201.8		0.2018		4.78		0.09		4.69		98.12		3.78

						7		302.1		0.3021		4.78		0.09		4.69		98.12		3.75

						8		400.7		0.4007		4.78		0.09		4.69		98.12		3.7

						9		601.1		0.6011		4.78		0.09		4.69		98.12		3.6

						10		801.1		0.8011		4.78		0.08		4.7		98.33		3.54

						11		1000.3		1.0003		4.78		0.09		4.69		98.12		3.49

						12		2500		2.5		4.78		0.08		4.7		98.33		3.49

		5 mg/l
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treatment time

		Birch

		Solution 20 mg/l

						Experiment		Time (min)		Time (h)		Sample dose(gramos)		Soluc. In.(mg/l)		Soluc. end (mg/l)		Amount adsorbed (mg/l)		%		A.abs/g (mg/g)

								0		0												0.000

						1		10		0.1666666667		0.1007		20.23		20		0.23		1.14		0.228

						2		30		0.5		0.1015		20.23		19.52		0.71		3.51		0.700

						3		60		1		0.1011		20.23		18.95		1.28		6.33		1.266

						4		120		2		0.1013		20.23		18.93		1.3		6.43		1.283

						5		180		3		0.1		18.84		17.57		1.27		6.74		1.270

						6		240		4		0.1002		18.84		17.55		1.29		6.85		1.287

						7		300		5		0.1006		18.84		17.53		1.31		6.95		1.302

						8		360		6		0.1004		18.84		17.52		1.32		7.01		1.315

		Solution 10 mg/l

						Experiment		Time (min)		Time (h)		Sample dose(gramos)		Soluc. In.(mg/l)		Soluc. end (mg/l)		Amount adsorbed (mg/l)		%		A.abs/g (mg/g)

								0		0												0.000

						1		10		0.1666666667		0.1009		10.4		9.83		0.57		5.48		0.565

						2		30		0.5		0.1009		10.4		9.52		0.88		8.46		0.872

						3		60		1		0.1009		10.4		9.5		0.9		8.65		0.892

						4		120		2		0.1009		10.4		9.48		0.92		8.85		0.912

						5		180		3		0.1009		10.4		9.46		0.94		9.04		0.932

						6		240		4		0.1009		10.4		9.45		0.95		9.13		0.942

						7		300		5		0.1009		10.4		9.44		0.96		9.23		0.951

						8		360		6		0.1008		10.40		9.430		0.970000		9.33		0.962

		Solution 5 mg/l

						Experiment		Time (min)		Time (h)		Sample dose(gramos)		Soluc. In.(mg/l)		Soluc. end (mg/l)		Amount adsorbed (mg/l)		%		A.abs/g (mg/g)

								0		0												0.000

						1		10		0.1666666667		0.1004		5		4.6		0.4		8.00		0.398

						2		30		0.5		0.1004		5		4.41		0.59		11.80		0.588

						3		60		1		0.1004		5		4.36		0.64		12.80		0.637

						4		120		2		0.1004		5		4.21		0.79		15.80		0.787

						5		180		3		0.1004		5		4.13		0.87		17.40		0.867

						6		240		4		0.1004		5		4.13		0.87		17.40		0.867

						7		300		5		0.1004		5		4.12		0.88		17.60		0.876

						8		360		6		0.1003		5		4.13		0.87		17.40		0.867

								Efect of treatment time and initial concentration of Cu(II)  BIRCH WOOD

		Algae

		Solution 20 mg/l

						Experiment		Time (min)		Time (h)		Sample dose(gramos)		Soluc. In.(mg/l)		Soluc. end (mg/l)		Amount adsorbed (mg/l)		%		A.abs/g (mg/g)

								0		0												0.000

						1		10		0.1666666667		0.1003		20.15		14.27		5.88		29.18		5.862

						3		30		0.5		0.1005		20.15		10.64		9.51		47.20		9.463

						4		60		1		0.1003		20.15		7.23		12.92		64.12		12.881

						5		120		2		0.1002		20.19		5.76		14.43		71.47		14.401

						6		180		3		0.1005		20.19		4.98		15.21		75.33		15.134

						7		240		4		0.1		20.79		4.93		15.86		76.29		15.860

						8		300		5		0.1004		20.79		4.95		15.84		76.19		15.777

						9		360		6		0.1007		20.79		4.85		15.94		76.67		15.829

		Solution 10 mg/l

						Experiment		Time (min)		Time (h)		Sample dose(gramos)		Soluc. In.(mg/l)		Soluc. end (mg/l)		Amount adsorbed (mg/l)		%		A.abs/g (mg/g)

								0		0												0.000

						1		10		0.1666666667		0.1008		10.06		7.63		2.43		24.16		2.411

						2		30		0.5		0.1007		10.06		4.15		5.91		58.75		5.869

						3		60		1		0.1007		10.23		1.57		8.66		84.65		8.600

						4		120		2		0.1005		10.23		0.99		9.24		90.32		9.194

						5		180		3		0.1001		10.06		0.98		9.08		90.26		9.071

						6		240		4		0.1003		10.06		0.8		9.26		92.05		9.232

						7		300		5		0.1002		10.06		0.78		9.28		92.25		9.261

						8		360		6		0.1004		10.06		0.77		9.29		92.35		9.253

		Solution 5 mg/l

						Experiment		Time (min)		Time (h)		Sample dose(gramos)		Soluc. In.(mg/l)		Soluc. end (mg/l)		Amount adsorbed (mg/l)		%		A.abs/g (mg/g)

								0		0												0.000

						1		10		0.1666666667		0.1008		5.09		3.24		1.85		36.35		1.835

						2		30		0.5		0.1005		5		1.53		3.47		69.40		3.453

						3		60		1		0.1001		5		0.8		4.2		84.00		4.196

						4		120		2		0.1005		5		0.25		4.75		95.00		4.726

						5		180		3		0.1005		5.09		0.18		4.91		96.46		4.886

						6		240		4		0.101		5.09		0.13		4.96		97.45		4.911

						7		300		5		0.1002		5.09		0.11		4.98		97.84		4.970

						8		360		6		0.1003		5.09		0.1		4.99		98.04		4.975

								Efect of treatment time and initial concentration of Cu(II) MARIN ALGAE

		Moss

		Solution 20 mg/l

						Experiment		Time (min)		Time (h)		Sample dose(gramos)		Soluc. In.(mg/l)		Soluc. end (mg/l)		Amount adsorbed (mg/l)		%		A.abs/g (mg/g)

								0		0												0.000

						1		10		0.1666666667		0.1009		20.24		13.48		6.76		33.40		6.700

						2		30		0.5		0.1014		20.24		12.63		7.61		37.60		7.505

						3		60		1		0.1014		20.24		12.06		8.18		40.42		8.067

						4		120		2		0.101		20.24		11.6		8.64		42.69		8.554

						5		180		3		0.1005		20.11		11.55		8.56		42.57		8.517

						6		240		4		0.1015		20.11		11.4		8.71		43.31		8.581

						7		300		5		0.101		20.11		11.35		8.76		43.56		8.673

						8		360		6		0.1008		20.11		11.34		8.77		43.61		8.700

		Solution 10 mg/l

						Experiment		Time (min)		Time (h)		Sample dose(gramos)		Soluc. In.(mg/l)		Soluc. end (mg/l)		Amount adsorbed (mg/l)		%		A.abs/g (mg/g)

								0		0												0.000

						1		10		0.1666666667		0.1012		10.59		4.95		5.64		53.26		5.573

						2		30		0.5		0.1001		10.59		3.96		6.63		62.61		6.623

						3		60		1		0.1001		10.59		3.58		7.01		66.19		7.003

						4		120		2		0.1019		10.59		3.31		7.28		68.74		7.144

						5		180		3		0.1012		10.2		3.1		7.1		69.61		7.016

						6		240		4		0.1001		10.2		3.1		7.1		69.61		7.093

						7		300		5		0.1		10.2		3.09		7.11		69.71		7.110

						8		360		6		0.1002		10.2		3.08		7.12		69.80		7.106

		Solution 5 mg/l

						Experiment		Time (min)		Time (h)		Sample dose(gramos)		Soluc. In.(mg/l)		Soluc. end (mg/l)		Amount adsorbed (mg/l)		%		A.abs/g (mg/g)

								0		0												0.000

						1		10		0.1666666667		0.1002		5.09		1.29		3.8		74.66		3.792

						2		30		0.5		0.1012		5.09		0.77		4.32		84.87		4.269

						3		60		1		0.1009		5.09		0.71		4.38		86.05		4.341

						4		120		2		0.101		5.09		0.6		4.49		88.21		4.446

						5		180		3		0.1008		4.88		0.41		4.47		91.60		4.435

						6		240		4		0.101		4.88		0.37		4.51		92.42		4.465

						7		300		5		0.1002		4.8		0.36		4.44		92.50		4.431

						8		360		6		0.1003		4.8		0.35		4.45		92.71		4.437

						Efect of treatment time and initial concentration of Cu(II) MOSS
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sample dose

		BIRCH

		Solution 10 ppm

						experiment		Sample dose (mg)		sample dose (g)		Soluc. In.		Soluc. End		amount adsorbed		%

										0				10.71		0		0

						1		10		0.01		11.82		11.82		0		0.00

						2		20.1		0.0201		11.82		11.27		0.55		4.65

						3		50.3		0.0503		11.82		10.83		0.99		8.38

						4		100.5		0.1005		10.7		9.31		1.39		12.99

						5		202.1		0.2021		10.7		7.51		3.19		29.81

						6		301.2		0.3012		10.7		5.98		4.72		44.11

						7		500.9		0.5009		10.7		3.76		6.94		64.86

						8		701.3		0.7013		10.7		2.26		8.44		78.88

						9		1000.6		1.0006		10.7		1.44		9.26		86.54

						10		1302		1.302		10.7		0.78		9.92		92.71

						11		1602		1.602		10.7		0.68		10.02		93.64

						12		2001.2		2.0012		10.7		0.68		10.02		93.64

						13		2500		2.5		10.7		0.69		10.01		93.55

		Solution 5 ppm

						experiment		Sample dose (mg)		sample dose (g)		Soluc. In.		Soluc. End		amount adsorbed		%

						1		10.7		0.0107		4.97		4.97		0		0.00

						2		31.6		0.0316		4.97		4.93		0.04		0.80

						3		50.5		0.0505		4.97		4.4		0.57		11.47

						4		71.4		0.0714		4.97		3.92		1.05		21.13

						5		101.6		0.1016		4.97		3.27		1.7		34.21

						6		200.6		0.2006		4.97		1.91		3.06		61.57

						7		301.7		0.3017		4.97		1.1		3.87		77.87

						8		500.9		0.5009		5.15		0.56		4.59		89.13

						9		700.5		0.7005		5.15		0.49		4.66		90.49

						10		1002.1		1.0021		5.3		0.45		4.85		91.51

						11		2000.1		2.0001		5.3		0.45		4.85		91.51

						12		2500		2.5		5.3		0.45		4.85		91.51

		Solution 20 ppm

						experiment		Sample dose (mg)		sample dose (g)		Soluc. In.		Soluc. End		amount adsorbed		%

						1		10.4		0.0104		21.78		21.78		0		0.00

						2		20.3		0.0203		21.78		21.7		0.08		0.37

						3		50.7		0.0507		21.87		21.53		0.34		1.55

						4		70.4		0.0704		21.87		21.15		0.72		3.29

						5		101		0.101		21.87		20.41		1.46		6.68

						6		200		0.2		21.87		19.4		2.47		11.29

						7		300.8		0.3008		22.63		17.5		5.13		22.67

						8		501.4		0.5014		22.63		13.65		8.98		39.68

						9		700		0.7		22.63		10.32		12.31		54.40

						10		1001		1.001		20.34		5.01		15.33		75.37

						11		1300.5		1.3005		20.34		3.82		16.52		81.22

						12		1600		1.6		20.34		2.79		17.55		86.28

						13		2003.8		2.0038		20.34		2		18.34		90.17

						14		2500.9		2.5009		19.61		1.86		17.75		90.52

		Moss

		Solution  10 ppm

						experiment		Sample dose (mg)		sample dose (g)		Soluc. In.		Soluc. End		amount adsorbed		%		pH

										0										5.64

						1		10.7		0.0107		10.67		8.93		1.74		16.31

						2		30.6		0.0306		10.67		6.78		3.89		36.46

						3		50.8		0.0508		10.5		5.25		5.25		50.00		3.95

						4		71		0.071		10.5		4.02		6.48		61.71		3.84

						5		100.4		0.1004		10.5		2.62		7.88		75.05		3.74

						6		130.4		0.1304		10.5		1.72		8.78		83.62		3.8

						7		170.4		0.1704		10.5		1.15		9.35		89.05		3.7

						8		202.9		0.2029		10.5		0.78		9.72		92.57		3.66

						9		300.8		0.3008		10.5		0.3		10.2		97.14		3.61

						10		400.6		0.4006		10.5		0.17		10.33		98.38		3.59

						11		500.5		0.5005		10.5		0.29		10.21		97.24		3.58

						12		1010		1.01		10.5		0.16		10.34		98.48		3.57

						13		2000.5		2.0005		10.5		0.17		10.33		98.38		3.56

						14		2500		2.5		10.5		0.17		10.33		98.38		3.56

		Solution 5 ppm

						experiment		Sample dose (mg)		sample dose (g)		Soluc. In.		Soluc. End		amount adsorbed		%		pH

										0

						1		11.6		0.0116		4.65		3.42		1.23		26.45		4.45

						2		30.7		0.0307		4.65		2.09		2.56		55.05		4.18

						3		51.1		0.0511		4.65		1.18		3.47		74.62		4.03

						4		70.6		0.0706		4.65		0.76		3.89		83.66		4.01

						5		101.2		0.1012		4.65		0.45		4.2		90.32		3.94

						6		200.5		0.2005		4.65		0.24		4.41		94.84		3.87

						7		300.9		0.3009		4.65		0.22		4.43		95.27		3.86

						8		400.9		0.4009		4.65		0.1		4.55		97.85		3.86

						9		1500		1.5		4.65		0.1		4.55		97.85		3.86

						10		2500		2.5		4.65		0.08		4.57		98.28		3.86

		Solution 20 ppm

						experiment		Sample dose (mg)		sample dose (g)		Soluc. In.		Soluc. End		amount adsorbed		%		pH

										0

						1		10.1		0.0101		21.81		19.59		2.22		10.18		4.59

						2		30.2		0.0302		21.81		16.85		4.96		22.74		4.06

						3		50.7		0.0507		21.81		15.05		6.76		30.99		3.91

						4		70		0.07		21.81		11.36		10.45		47.91		3.66

						5		100.2		0.1002		21.81		10.69		11.12		50.99		3.76

						6		201		0.201		21.81		6.46		15.35		70.38		3.45

						7		301		0.301		21.81		3.98		17.83		81.75		3.38

						8		400.4		0.4004		21.81		2.81		19		87.12		3.35

						9		500.2		0.5002		21.76		1.98		19.78		90.90		3.34

						10		600		0.6		21.76		1.63		20.13		92.51		3.36

						11		700.5		0.7005		21.76		1.5		20.26		93.11		3.35

						12		1000.8		1.0008		21.76		1.5		20.26		93.11		3.35

						13		1500.3		1.5003		21.76		1.5		20.26		93.11		3.35

						14		2500		2.5		21.76		1.4		20.36		93.57		3.35

		Algae

		Solution 20 ppm

						experiment		Sample dose (mg)		sample dose (g)		Soluc. In.		Soluc. End		amount adsorbed		%		pH

										0										5.61

						1		10.4		0.0104		18.76		14.8		3.96		21.11		4.08

						2		20.5		0.0205		18.76		12.2		6.56		34.97		3.82

						3		50.5		0.0505		18.76		7.41		11.35		60.50		3.59

						4		70.3		0.0703		19.02		5.68		13.34		70.14		3.53

						5		101.1		0.1011		19.02		3.59		15.43		81.13		3.46

						6		130.9		0.1309		19.02		2.7		16.32		85.80		3.43

						7		152.7		0.1527		18.5		2.38		16.12		87.14		3.4

						8		200.5		0.2005		18.5		1.59		16.91		91.41		3.39

						9		300.7		0.3007		18.5		1.18		17.32		93.62		3.3

						10		402.1		0.4021		18.5		1.03		17.47		94.43		3.3

						11		503.5		0.5035		18.5		0.9		17.6		95.14		3.25

						12		601.2		0.6012		18.5		0.79		17.71		95.73		3.27

						13		800.7		0.8007		18.5		0.54		17.96		97.08		3.27

						14		1000.8		1.0008		18.5		0.6		17.9		96.76		3.21

						15		1500		1.5		18.5		0.55		17.95		97.03		3.18

						16		2500		2.5		18.75		0.52		18.23		97.23		3.18

		20 mg/l

		Solution 10 ppm

						experiment		Sample dose (mg)		sample dose (g)		Soluc. In.		Soluc. End		amount adsorbed		%		pH

										0										5.37

						1		10.6		0.0106		10.1		6.64		3.46		34.26		4.23

						2		20.4		0.0204		10.1		4.17		5.93		58.71		3.91

						3		50.7		0.0507		10.1		1.84		8.26		81.78		3.73

						4		70.4		0.0704		9.33		1.3		8.03		86.07		3.66

						5		100.7		0.1007		9.33		0.68		8.65		92.71		3.62

						6		130.5		0.1305		9.33		0.51		8.82		94.53		3.59

						7		201		0.201		9.33		0.34		8.99		96.36		3.57

						8		301.1		0.3011		9.33		0.28		9.05		97.00		3.55

						9		401.3		0.4013		9.33		0.27		9.06		97.11		3.51

						10		501.5		0.5015		9.67		0.18		9.49		98.14		3.48

						11		602		0.602		9.67		0.15		9.52		98.45		3.45

						12		702.9		0.7029		9.67		0.21		9.46		97.83		3.44

						13		801.5		0.8015		9.67		0.19		9.48		98.04		3.43

						14		1000.3		1.0003		9.67		0.19		9.48		98.04		3.39

						15		1301.7		1.3017		9.67		0.2		9.47		97.93		3.35

						16		2500		2.5		9.97		0.18		9.79		98.19		3.35

		10 mg/l

		SOLUCION DE 5 ppm

						experiment		Sample dose (mg)		sample dose (g)		Soluc. In.		Soluc. End		amount adsorbed		%		pH

										0

						1		11.1		0.0111		4.73		2.21		2.52		53.28		4.55

						2		21.5		0.0215		4.73		1.56		3.17		67.02		4.28

						3		50.3		0.0503		4.93		0.45		4.48		90.87		3.94

						4		70.6		0.0706		4.93		0.26		4.67		94.73		3.91

						5		101.2		0.1012		4.93		0.16		4.77		96.75		3.9

						6		201.8		0.2018		4.78		0.09		4.69		98.12		3.78

						7		302.1		0.3021		4.78		0.09		4.69		98.12		3.75

						8		400.7		0.4007		4.78		0.09		4.69		98.12		3.7

						9		601.1		0.6011		4.78		0.09		4.69		98.12		3.6

						10		801.1		0.8011		4.78		0.08		4.7		98.33		3.54

						11		1000.3		1.0003		4.78		0.09		4.69		98.12		3.49

						12		2500		2.5		4.78		0.08		4.7		98.33		3.49

		5 mg/l
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desorption (2)

		Algae		20 mg/l

																								Desoption of Cu (II) from the biomass 20 mg/l

						ADSORPTION		Mass (g)		time (min)		time (h)		Ci (mg/l)		Cf (mg/l)		Cabs (mg/l)

								0.5001		240		4		21.1		1.12		19.98

						DESORPTION		Mass (g)		time (min)		time (h)		Co (mg/l)		C (mg/l)		C/Co (mg/l)		Co-C (mg/l)

												0						0

								0.5001		1		0.0166666667		19.98		13.01		0.65		6.97

										5		0.0833333333		19.98		17.7		0.89		2.28

										10		0.1666666667		19.98		18.56		0.93		1.42

										30		0.5		19.98		19.84		0.99		0.14

										60		1		19.98		19.87		0.99		0.11

										120		2		19.98		19.87		0.99		0.11

										180		3		19.98		19.8		0.99		0.18

		moss		20 mg/l

						ADSORPTION		Mass (g)		time (min)		time (h)		Ci (mg/l)		Cf (mg/l)		Cabs (mg/l)

								0.5001		240		4		20.14		1.81		18.33

						DESORPTION		Mass (g)		time (min)		time (h)		Co (mg/l)		C (mg/l)		C/Co (mg/l)

												0						0

								0.5001		1		0.0166666667		18.33		14.5		0.79

										5		0.0833333333		18.33		15.78		0.86

										10		0.1666666667		18.33		16.58		0.90

										30		0.5		18.33		17.61		0.96

										60		1		18.33		17.82		0.97

										120		2		18.33		18.06		0.99

										180		3		18.33		18.08		0.99

		Algae		10 mg/l

																								Desorption of Cu(II) freom the biomass 10mg/l

						ADSORPTION		Mass (g)		time (min)		time (h)		Ci (mg/l)		Cf (mg/l)		Cabs (mg/l)

								0.5015		240		4		10.4		0.11		10.29

						DESORPTION		Mass (g)		time (min)		time (h)		Co (mg/l)		C (mg/l)		C/Co (mg/l)		Co-C (mg/l)

												0						0		0

								0.5015		1		0.0166666667		10.29		6.4		0.62		3.89

										5		0.0833333333		10.29		8.85		0.86		1.44

										10		0.1666666667		10.29		9.83		0.96		0.46

										30		0.5		10.29		10.05		0.98		0.24

										60		1		10.29		10.28		1.00		0.01

										120		2		10.29		10.28		1.00		0.01

										180		3		10.29		10.28		1.00		0.01

										240		4		10.29		10.28		1.00		0.01

		moss		10 mg/l

						ADSORPTION		Mass (g)		time (min)		time (h)		Ci (mg/l)		Cf (mg/l)		Cabs (mg/l)

								0.5009		240		4		10.4		0.18		10.22

						DESORPTION		Mass (g)		time (min)		time (h)		Co (mg/l)		C (mg/l)		C/Co (mg/l)

												0						0

								0.5009		1		0.0166666667		10.22		5.1		0.50

										5		0.0833333333		10.22		8.51		0.83

										10		0.1666666667		10.22		8.79		0.86

										30		0.5		10.22		8.83		0.86

										60		1		10.22		9.2		0.90

										120		2		10.22		9.95		0.97

										180		3		10.22		10.1		0.99

										240		4		10.22		10.2		1.00

		Algae		5 mg/l

																						Desorption of Cu(II) from the biomass 5 mg/l

						ADSORPTION		Mass (g)		time (min)		time (h)		Ci (mg/l)		Cf (mg/l)		Cabs (mg/l)

								0.5012		240		4		5.11		0.08		5.03

						DESORPTION		Mass (g)		time (min)		time (h)		Co (mg/l)		C (mg/l)		C/Co (mg/l)

												0						0

								0.5012		1		0.0166666667		5.03		3.24		0.64

										5		0.0833333333		5.03		4.77		0.95

										10		0.1666666667		5.03		5.01		1.00

										30		0.5		5.03		5.06		1.01

										60		1		5.03		5.07		1.01

										120		2		5.03		5.06		1.01

										180		3		5.03		5.06		1.01

										240		4		5.03		5.06		1.01

		moss		5 mg/l

						ADSORPTION		Mass (g)		time (min)		time (h)		Ci (mg/l)		Cf (mg/l)		Cabs (mg/l)

								0.5009		240		4		5.11		0.1		5.01

						DESORPTION		Mass (g)		time (min)		time (h)		Co (mg/l)		C (mg/l)		C/Co (mg/l)

												0						0

								0.5009		1		0.0166666667		5.01		3.81		0.76

										5		0.0833333333		5.01		4.03		0.80

										10		0.1666666667		5.01		4.23		0.84

										30		0.5		5.01		4.85		0.97

										60		1		5.01		4.97		0.99

										120		2		5.01		4.98		0.99

										180		3		5.01		4.98		0.99

										240		4		5.01		4.98		0.99
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