Malaysian Journal of Analytical Sciences, Vol 19 No 3 (2015): 586 - 594

Soon et al:  	ENHANCED Zn(II) AND Pb(II) REMOVAL FROM WASTEWATER USING THIOLATED CHITOSAN BEADS (ETB)

[image: jurnal_title]

ENHANCED Zn(II) AND Pb(II) REMOVAL FROM WASTEWATER USING THIOLATED CHITOSAN BEADS (ETB)

(Peningkatan Jerapan Zn(II) dan Pb(II) daripada Sisa Air dengan Manik Kitosan Tertiol)

Soon Kong Yong1,2*, Nanthi Bolan2,3, Enzo Lombi2,3, William Skinner4

1Faculty of Applied Sciences, 
Universiti Teknologi MARA, 40450 Shah Alam, Selangor, Malaysia
2Centre for Environmental Risk Assessment and Remediation, 
University of South Australia, SA 5095, Australia
3Cooperarive Research Centre for Contaminants Assessment and Remediation of the Environment,
 University of South Australia, SA 5095, Australia
4Ian Wark Research Institute, 
University of South Australia, SA 5095, Australia

*Corresponding author: yongsk@salam.uitm.edu.my


Received: 14 April 2015; Accepted: 25 May 2015


Abstract
Chitosan beads (E) was first prepared by phase inversion of chitosan acetate solutions. Thiolated chitosan beads (ETB) was synthesised by soaking E in a mixture of ethanol and carbon disulfide for 7 days and then rinsed thoroughly with water and ethanol. Sulfur content of ETB is 7.88 %. The thiolation process has increased the Brunauer-Emmett-Teller (BET) surface area of E beads from 39.5 m2/g to 46.3 m2/g. ETB is categorised as macroporous material (pore aperture: 182 nm) with multiple and uniform porous layers. A new shoulder at 1594 cm-1 was found in Fourier Transform infrared spectroscopy (FTIR) spectra of ETB, is assigned to thiourea moiety and was confirmed by X-ray photoelectron spectroscopy (XPS) spectra. The Pb(II) sorption capacity by ETB was higher than E beads at all sorbent dosage (except 5.0 g/L). At sorbent dosage of 5.0 g/L, sorption capacity of Zn(II) by ETB was enhanced by 3.2 times as compared to E beads. Sorption data fitted well to linearised Freundlich isotherm model and Ho’s pseudo second order kinetic model. The higher KF value of ETB than E indicated greater sorption capacity. The increase in Zn(II) and Pb(II) sorption capacities were attributed to enhanced chemisorption with thiol group in ETB beads.
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Abstrak
Manik kitosan (E) terlebih dahulu disediakan dengan proses pembalikan fasa larutan kitosan dalam asid asetik. Manik kitosan tertiol (ETB) telah disintesis dengan merendam E ke dalam campuran etanol dan karbon disulfida selama 7 hari dan kemudian dibilas bersih dengan air dan etanol. Kandungan sulfur ETB adalah 7.88 %. Proses tiolasi telah meningkatkan luas permukaan Brunauer-Emmett-Teller (BET) basi manik E dari 39.5 m2/g hingga ke 46.3 m2/g. ETB dikategorikan sebagai bahan makropor (liang bukaan: 182 nm) dengan beberapa lapisan berliang yang seragam. Kehadiran kumpulan tiourea di dalam ETB ditunjukkan oleh satu bahu baru pada 1594 cm-1 di dalam spektrum Fourier Transform inframerah (FTIR), dan juga telah disahkan dengan analisis spektrum X-ray fotoelektron (XPS). Jerapan Pb(II) oleh manik ETB adalah lebih tinggi daripada manik E pada setiap dos bahan penjerap (kecuali pada 5.0 g/L). Pada dos 5.0 g/L, penjerapan Zn(II) oleh ETB telah dipertingkatkan sebanyak 3.2 kali berbanding dengan manik E. Data penjerapan dilengkapi dengan baik untuk model linear isoterma Freundlich dan model linear kinetik tertib pseudo dua Ho. Nilai KF bagi ETB adalah lebih tinggi berbanding E, ini menunjukkan kapasiti jerapan ETB yang lebih besar berbanding E. Peningkatan kapasiti jerapan Zn(II) dan Pb (II) dikaitkan dengan peningkatan jerapan kimia dengan kumpulan tiol dalam manik ETB.

Kata kunci: kitosan, logam berat, tiourea, taut silang, jerapan kimia

Introduction
Chitosan has been used in wastewater treatment as coagulant and adsorbent for organic and inorganic pollutants [1]. The metal removal ability of chitosan is due to extensive network of C2 amine groups (-NH2) and C6 hydroxyl groups (-OH) which works either by chemisorption or physisorption [2]. However, most toxic or precious trace metals with different chemical properties may have relatively weak interactions with unmodified chitosan. According to the Pearson Hard Soft Acid Base concept (HSAB), amine and hydroxyl groups which are hard Lewis bases may not form strong interaction with soft Lewis acids such as Pb(II). In order to enhance sorption selectivity for heavy metals, sulfur containing ‘soft’ functional groups such as dithiocarbamate (-HN-CS2-) [3], xanthate (-O-CS2-) [4] and thiourea (-HN-CS-NH-) [5] were chemically introduced to chitosan structure. By using thiolated porous chitosan beads, treatment of wastewater in a continuous flow reactor can be enhanced. Potential formation of disulfide or thioamide crosslinks improve stability of chitosan beads, thus minimising pore clogging and maintaining flow of wastewater during treatment. In this study, thiolated chitosan beads were synthesised and characterised to investigate their potential use as Zn(II) and Pb(II) sorbent for wastewater treatment.

Materials and Methods
Preparation and characterisation of ETB
Chitosan beads made by phase inversion of chitosan acetate solutions were neutralised and soaked in a mixture of ethanol and carbon disulfide for 7 days. All beads were rinsed thoroughly with ethanol and stored in distilled water. The pHZPC was determined by immersing and shaking 0.01 g of (Thiolated chitosan beads) ETB in 10mL of 0.01 M NaNO3 with initial pH of 2 - 9 for 48 hours at 25 C. The final solution pH was measured with a pH meter. The difference of final and initial pH (pH) was calculate and plotted against initial pH (pHo). The (pHZPC) was the intersection of x-axis [6]. Determination of cationic exchange capacity (CEC) began by dispersing 0.1g of ETB in 40mL of 0.02 M sodium acetate solution. The content was shaken for 83 hours, centrifuged and then decanted at room temperature. This step was again repeated twice with two aliquots of 40mL of isopropyl alcohol to eliminated excess NaNO3. Finally, the Na(I) ions adsorbed on ETB were desorbed with two aliquots of 50 mL of 0.02 mM ammonium acetate to make 100mL using a volumetric flask. The Na(I) concentration was determined using inductively coupled plasma optical emission spectrometry (ICP-OES). The CEC value is represented by sodium ion concentration [7]. The sulfur content was determined using LECO sulfur elemental analyser and energy-dispersive X-ray spectroscopy (EDX). The surface and core morphology was studied using X-ray microtomography (CT) and scanning electron microscopy (SEM) while the Brunauer-Emmett-Teller (BET) surface area was determined using Micrometrics Gemini surface analyser. The FTIR spectra were obtained using Perkin Elmer Spectrum400.

Metal Sorption Study
The sorption pH and sorbent dosage of ETB was optimised prior to kinetics and isotherm studies. ETB at various sorbent dosages (0.2, 0.5, 1.0, 2.0 and 5.0g/L) were added to 30 mL of 1.0 mM Zn(II) and Pb(II) nitrate solution and were shaken using the end/end shaker for 5000 minutes. The optimum sorption pH was determined between pH 3 and 7 at constant ETB dosage of 2.0 g/L. Time based sorption experiment was conducted at ETB dosage of 2.0 g/L, using 1.0 mM of Zn(II) and Pb(II) nitrate solution at pH 5.4 and 4.4 respectively. The sorption isotherms experiments were conducted at a fixed ETB dosage (2.0 g/L) from 0.02 to 1.0 mM of initial metal concentration. The equilibrium concentration of Zn(II) and Pb(II) were analysed using ICP-OES. Metal sorption data were analysed using Microsoft Office Excel 2007.

Kinetics and Isotherm Analysis
Metal sorption kinetics was analysed using linearised pseudo first order model and linearised pseudo second order model. The pseudo-first-order kinetic equation or the Lagergren equation is given as Equation 1 [8].


							   	                 (Eq. 1)

The linearised form of the pseudo first-order rate equation is shown in Equation 2.


							                 (Eq. 2)

where qe (mg/g) and q (mg/L) is the amount of the metal ions adsorbed at equilibrium (mg/g) and t (min), respectively and k1 is the rate constant of the equation (min-1). The pseudo second order of Lagergren rate equation can be expressed as Equation 3 [9].


								                 (Eq. 3)

The integrated linear form of Equation 3 can be represented as Equation 4.


								                 (Eq. 4)

where, k2 (g/mg min) is the rate constant of the second-order equation, qt (mg/g) is the amount of sorption time t (min) and qe is the amount of sorption equilibrium (mg/g).

The Langmuir isotherms assume that adsorption takes place at specific homogeneous sites within the adsorbents. The Langmuir isotherm equation is represented as Equation 5 [10].


		                                                                                                       (Eq. 5)

Linearised form of Langmuir equation is shown as Equation 6.


							                 (Eq. 6)

where, qe is the equilibrium concentration of metal cations on the sorbent (mg/g); Ce is the equilibrium concentration of trace metal in the solution (mg/L), qmax is the maximum monolayer sorption capacity of the adsorbent (mg/g) and KL is the Langmuir sorption constant (L/mg) which reflects the affinity of metal adsorbate to sorbent. The qmax values were calculated from the intercept of the 1/qe versus 1/Ce plot. The KL value was obtained from subsequent substitution of qmax to the slope (1/KLqmax). 

The degree of suitability of ETB for trace metals will be estimated with separation factor constant (RL) calculated using Equation 7.


									                 (Eq. 7)

where KL is the Langmuir sorption constant and Co is the initial concentration (mg/L) of trace metals. The Freundlich isotherm is an empirical equation employed to describe heterogeneous absorption system. The Freundlich equation is given as Equation 8 [11].

qe = KFCe1/n			                                                                                                       (Eq. 8)

The logarithmic form of the equation is given as Equation 9.


	                                                                                                       (Eq. 9)

where, qe is the sorption capacity of metal per unit weight of adsorbents (mg/g), Ce is the equilibrium concentration of metal ions in solution (mg/L), KF is the Freundlich constants denoting sorption capacity (mg/g) and n is the empirical constant, indicating of sorption intensity (L/mg). The n parameter could be calculated from the reciprocal of slope of ln qe versus ln Ce plot. The KF value can be obtained from the intercept ln KF.

Results and Discussion
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Figure 1.  CT image (i), surface SEM (ii) and cross-sectioned SEM (iii) micrographs of ETB bead
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Figure 2.  FTIR spectra of chitosan beads (E) (dotted), ETB (solid)



Characterisation of ETB
The thiolation process on beads E has increased the BET surface area from 39.5 to 46.3 m2/g. The mean pore aperture of ETB was 182 nm, which is categorised as macroporous material. The internal structure of ETB consisted of multiple porous layers with most cavities located near the surface of the bead. The surface and core pore structure of ETB were also similar (Figure 1). The surface charge of ETB is more negative as compared to beads E. The pH of point of zero charge (pHZPC) of ETB is 6.3, slightly lower than beads E (6.5). The cationic exchange capacity (CEC) of ETB is 20.2 cmol/kg. The sulfur content of ETB determined by LECO analyser was 7.88 % which is similar to EDX sulfur (6.8 and 7.0 %). Analysis of FTIR spectra of ETB found a new peak at 1555 cm-1, which is assigned to interaction of C=S stretching with C-N stretching vibrations of thiourea moiety (Figure 2) [5]. The presence of sulfur was confirmed by XPS spectra where a peak was detected at 163 eV (Figure 3).



(i)					(ii)

Figure 3.  Core level ((i) N 1s and (ii) S 2p) XPS spectra of ETB


Effects of pH and ETB dosage
The metal sorption capacities by beads E and ETB at various sorbent dosages were shown in Figure 4 (i). Both Zn(II) and Pb(II) sorption capacities by ETB were clearly greater than beads E. This improvement in metal sorption capacities is more profound at high sorbent dosage (1.0 to 5.0 g/L). As the inflection point were not reached, Zn(II) sorption capacity by ETB and Pb(II) sorption capacity by beads E were unable to be determined. The optimal sorbent dosage for Zn(II) sorption capacity by chitosan beads is 1.0 g/L while Pb(II) sorption capacity by ETB is optimum at 2.0 g/L. 

In general, low pH (< 3.5) of initial metal solution caused lower metal sorption capacity by ETB (Figure 4(ii)). Metal sorption capacities by ETB sorbent increased slightly with higher pH value. For example, Zn(II) and Pb(II) sorption capacities by ETB have increased at around pH 7. This may be due to partial precipitation into metal hydroxides. Even though metal sorption capacities by ETB were marginally higher than beads E, the acid stability of ETB were far greater than beads E. Introduction of thiocarbamoyl crosslinks to ETB structure enhanced its resistance to acid attack. As compared to ETB, beads E were completely dissolved at pH < 3.

Effects of contact time
Rapid metal sorption capacity was observed from the beginning until equilibrium. The Zn(II) and Pb(II) sorption equilibrium for ETB were achieved at 500 and 1000th minute respectively, where the equilibrium Zn(II) and Pb(II) sorption capacities were 4.9 and 85 mg/g respectively (Figure 5). The sorption kinetics of ETB is shown in Table 1. The kinetic data for Zn(II) and Pb(II) sorption by ETB fitted well with linearised pseudo second order model with correlation coefficient of 0.997 and 0.999 respectively. The corresponding qe values for beads E were 6.42 and 38.6 mg/g for Zn(II) and Pb(II), while the qe for ETB were 4.95 and 87.0 mg/g for Zn(II) and Pb(II) respectively. These qe values were close to the value determined experimentally.
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Figure 4. 	Zn(II) and Pb(II) sorption capacity (% and mg/g) by chitosan beads (E) and ETB as a function of (i) sorbent dosage (g/L), and (ii) initial pH


Table 1.  Kinetic parameters for sorption of Zn(II) and Pb(II) by ETB
	Metal
	Sorbent
	Kinetic parameters

	
	
	Pseudo first order
	Pseudo second order

	
	
	qe
(mg/g)
	k1
(×10-3 min-1)
	R2
	qe
(mg/g)
	k2
(×10-3 g/mg min)
	R2

	Zn(II)
	ETB
	1.38
	3.46
	0.526
	4.95
	4.58
	0.997

	Pb(II)
	ETB
	10.7
	0.691
	0.598
	87.0
	1.78
	0.999

	Zn(II)
	E
	2.93
	0.691
	0.195
	6.42
	4.56
	0.989

	Pb(II)
	E
	15.1
	0.691
	0.598
	38.6
	0.82
	0.996







Figure 5. 	Metal sorption capacity of Zn(II) and Pb(II) (mg/g) by ETB as a function of contact time (minutes) at sorbent dosage 2.0 g/L

Sorption isotherms
The isotherm parameters of ETB were shown in Table 2. In general, Zn(II) and Pb(II) sorption of ETB beads fitted well to both linearised Langmuir and Freundlich model; while beads E fitted well with only Freundlich model (Figure 6). The isotherm parameters of linearised Freundlich model (e.g. n and KF) describe the sorption intensity and capacity, respectively [12]. The n values for Zn(II) and Pb(II) sorption of beads E were 0.97 and 1.06, respectively. All n values of ETB were greater than 1. This indicates that both Zn(II) and Pb(II) sorption capacities by ETB is more favourable than beads E. Compared to beads E, ETB also has significantly higher KF values for all metal sorption which again shows greater sorption capacity of ETB than beads E [13].

The qmax for Zn(II) sorption by ETB was 4.74 mg/g, lower than Zn(II) sorption capacity of beads E (qe = 10.9 mg/g). However, the qmax for Pb(II) sorption by ETB beads was increased to 110 mg/g. The KL values for Zn(II) and Pb(II) sorption by ETB were 0.161 and 0.174 respectively. The corresponding RL value shown in Table 3 was calculated based on the initial metal concentration from 0.02 to 1.0 mM. All RL values were between 0 and 1, indicating that Zn(II) and Pb(II) sorption with ETB beads were favourable [14].
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[bookmark: _GoBack]Figure 6.   Linearised (i) Langmuir and (ii) Freundlich model plots for Zn(II) and Pb(II) sorption (mg/g) by ETB


Table 2.  Isotherm parameters for sorption of Zn(II) and Pb(II) sorption by ETB and E
	Metal
	Sorbent
	Isotherm parameters

	
	
	Langmuir
	Freundlich

	
	
	qmax
(mg/g)
	KL
(L/mg)
	R2
	n
(L/mg)
	KF
(mg/g)
	R2

	Zn(II)
	ETB
	4.74
	0.161
	0.93
	1.67
	0.69
	0.98

	Pb(II)
	ETB
	110
	0.174
	0.99
	1.95
	19.1
	0.96

	Zn(II)
	E
	10.9
	0.008
	0.88
	0.97
	0.07
	0.91

	Pb(II)
	E
	323
	0.003
	0.87
	1.06
	1.01
	0.99




Sorption mechanism
The qmax Zn(II) ions of ETB were slightly lower than beads E. Zn(II) ions was considered borderline Lewis acid which can bound to either hard Lewis base (hydroxyl or amine groups) or soft Lewis base (thiol or thione groups) [15]. The decrease in qmax of Zn(II) sorption by ETB may have been caused by the lower quantity of amine groups after thiocarbamoylation of chitosan. Two amine groups are consumed for every formation of one thione group. However, Zn(II) sorption capacity of ETB is slightly higher than beads E at pH < 7. Improvement in qmax value was observed on Pb(II) sorption. This is probably caused by greater chemisorption between soft Lewis acids of Pb(II) ions with soft Lewis base of thiol group in ETB [16]. The thiourea functional group in ETB forms tautomeric thiol groups [17]. The pH value at equilibrium were decreased by around 0.5, showing that proton was liberated when Zn(II) or Pb(II) were coordinated to thiol groups [18]. Conversely for beads E, equilibrium pH was higher upon metal sorption capacity. This can be explained by immobilisation of solution proton by amine groups [19]. Amine (-NH2) accepts a proton (H+) to form protonated amine (-NH3+). This is quite acceptable given that amine is a hard Lewis base and proton is a hard Lewis acid.


Table 3.  Isotherm parameters for Zn(II) and Pb(II) sorption by ETB
	Initial metal concentration (mM)
	RL

	
	Zn(II)
	Pb(II)

	0.02
	0.824
	0.730

	0.04
	0.701
	0.575

	0.06
	0.610
	0.474

	0.08
	0.540
	0.404

	0.10
	0.484
	0.351

	0.15
	0.385
	0.265

	0.20
	0.319
	0.213

	0.30
	0.238
	0.153

	0.40
	0.190
	0.119

	0.60
	0.135
	0.083

	0.80
	0.105
	0.063

	1.00
	0.086
	0.051




Conclusion
ETB beads with thiourea functionalised crosslinks were introduced with a sulfur content of 7.88 %. Compared to beads E, ETB possessed greater stability in acidic solution as well as enhanced metal sorption capacity. Pb(II) sorption capacity by ETB was improved by 1.8 times at sorbent dosage of 1.0 g/L. Zn(II) sorption capacity was improve by 3.2 times at dosage of 5.0 g/L compared to beads E. Greater metal sorption capacity by ETB is attributed to the chemisorption of functional thiol groups.

Acknowledgement
The senior and corresponding author would like to thank the University of South Australia for the UniSA President’s Scholarship award, and Universiti Teknologi MARA for the UiTM Staff Scholarship award. We are grateful to Dr. Jeremy Deverell for his assistance with the micro-CT imaging of beads E, and we acknowledge access to instrumentation at the University of South Australia nodes of the Australian National Fabrication Facility (ANFF) and Australian Microscopy and Microanalysis Research Facility (AMMRF).

References
1. Renault, F., Sancey, B., Badot, P. M. and Crini, G. (2009). Chitosan for coagulation/flocculation processes - An eco-friendly approach. European Polymer Journal, 45(5): 1337-1348.
2. Juang, R. S. and Shao, H. J. (2002). A simplified equilibrium model for sorption of heavy metal ions from aqueous solutions on chitosan. Water Research, 36(12): 2999-3008.
3. Muzzarelli, R., Tanfani, F., Mariotti, S. and Emanuelli, M. (1982). Preparation and characteristic properties of dithiocarbamate chitosan, a chelating polymer. Carbohydrate Research, 104(2): 235-243.
4. Sankararamakrishnan, N. and Sanghi, R. (2006). Preparation and characterization of a novel xanthated chitosan. Carbohydrate Polymers, 66(2): 160-167.
5. Gavilan, K. C., Pestov, A. V., Garcia, H. M., Yatluk, Y., Roussy, J. and Guibal, E. (2009). Mercury sorption on a thiocarbamoyl derivative of chitosan. Journal of Hazardous Materials, 165(1-3): 415-426.
6. Wan Ngah, W. S., Ariff, N. and Hanafiah, M. (2010). Preparation, characterization, and environmental application of crosslinked chitosan-coated bentonite for tartrazine adsorption from aqueous solutions. Water, Air, & Soil Pollution, 206(1): 225-236.
7. Popuri, S. R., Vijaya, Y., Boddu, V. M. and Abburi, K. (2009). Adsorptive removal of copper and nickel ions from water using chitosan coated PVC beads. Bioresource Technology, 100(1): 194-199.
8. Rafatullah, M., Sulaiman, O., Hashim, R. and Ahmad, A. (2009). Adsorption of copper (II), chromium (III), nickel (II) and lead (II) ions from aqueous solutions by meranti sawdust. Journal of hazardous materials, 170(2-3): 969-977.
9. Ertugay, N. and Bayhan, Y. K. (2010). The removal of copper (II) ion by using mushroom biomass (Agaricus bisporus) and kinetic modelling. Desalination, 255(1-3): 137-142.
10. Dahiya, S., Tripathi, R. M. and Hegde, A. G. (2008). Biosorption of lead and copper from aqueous solutions by pre-treated crab and arca shell biomass. Bioresource Technology, 99(1): 179-187.
11. Benguella, B. and Benaissa, H. (2002). Cadmium removal from aqueous solutions by chitin: Kinetic and equilibrium studies. Water Research, 362463-2474.
12. Chatterjee, S., Lee, D. S., Lee, M. W. and Woo, S. H. (2010). Enhanced molar sorption ratio for naphthalene through the impregnation of surfactant into chitosan hydrogel beads. Bioresource Technology, 101(12): 4315-4321.
13. Febrianto, J., Kosasih, A. N., Sunarso, J., Ju, Y.-H., Indraswati, N. and Ismadji, S. (2009). Equilibrium and kinetic studies in adsorption of heavy metals using biosorbent: A summary of recent studies. Journal of Hazardous Materials, 162(2-3): 616-645.
14. Wang, L., Xing, R., Liu, S., Cai, S., Yu, H., Feng, J., Li, R. and Li, P. (2010). Synthesis and evaluation of a thiourea-modified chitosan derivative applied for adsorption of Hg(II) from synthetic wastewater. International Journal of Biological Macromolecules, 46(5): 524-528.
15. Pearson, R. G. (1963). Hard and soft acids and bases. Journal of the American Chemical Society, 85(22): 3533-3539.
16. Alfarra, A., Frackowiak, E. and Béguin, F. (2004). The HSAB concept as a means to interpret the adsorption of metal ions onto activated carbons. Applied Surface Science, 228(1-4): 84-92.
17. Silikas, N., Wincott, P. L., Vaughan, D., Watts, D. C. and Eliades, G. (2007). Surface characterization of precious alloys treated with thione metal primers. Dental Materials, 23(6): 665-673.
18. Donia, A. M., Atia, A. A. and Heniesh, A. M. (2008). Efficient removal of Hg(II) using magnetic chelating resin derived from copolymerization of bisthiourea/thiourea/glutaraldehyde. Separation and Purification Technology, 60(1): 46-53.
19. Rorrer, G. L., Hsien, T. Y. and Way, J. D. (1993). Synthesis of porous-magnetic chitosan beads for removal of cadmium ions from wastewater. Industrial & Engineering Chemistry Research, 32(9): 2170-2178.

416.03799999999899	415.93799999999823	415.83799999999923	415.73799999999869	415.63799999999969	415.53799999999899	415.43799999999823	415.33799999999923	415.23799999999869	415.13799999999969	415.03799999999899	414.93799999999823	414.83799999999923	414.73799999999869	414.63799999999969	414.53799999999899	414.43799999999823	414.33799999999923	414.23799999999869	414.13799999999969	414.03799999999899	413.93799999999823	413.83799999999923	413.73799999999869	413.63799999999969	413.53799999999899	413.43799999999823	413.33799999999923	413.23799999999869	413.13799999999969	413.03799999999899	412.93799999999823	412.83799999999923	412.73799999999869	412.63799999999969	412.53799999999899	412.43799999999823	412.33799999999923	412.23799999999869	412.13799999999969	412.03799999999899	411.93799999999823	411.83799999999923	411.73799999999869	411.63799999999969	411.53799999999899	411.43799999999823	411.33799999999923	411.23799999999869	411.13799999999969	411.03799999999899	410.93799999999823	410.83799999999923	410.73799999999869	410.63799999999969	410.53799999999899	410.43799999999823	410.33799999999923	410.23799999999869	410.13799999999969	410.03799999999899	409.93799999999823	409.83799999999923	409.73799999999869	409.63799999999969	409.53799999999899	409.43799999999823	409.33799999999923	409.23799999999869	409.13799999999969	409.03799999999899	408.93799999999823	408.83799999999923	408.73799999999869	408.63799999999969	408.53799999999899	408.43799999999823	408.33799999999923	408.23799999999869	408.13799999999969	408.03799999999899	407.93799999999823	407.83799999999923	407.73799999999869	407.63799999999969	407.53799999999899	407.43799999999823	407.33799999999923	407.23799999999869	407.13799999999969	407.03799999999899	406.93799999999823	406.83799999999923	406.73799999999869	406.63799999999969	406.53799999999899	406.43799999999823	406.33799999999923	406.23799999999869	406.13799999999969	406.03799999999899	405.93799999999823	405.83799999999923	405.73799999999869	405.63799999999969	405.53799999999899	405.43799999999823	405.33799999999923	405.23799999999869	405.13799999999969	405.03799999999899	404.93799999999823	404.83799999999923	404.73799999999869	404.63799999999969	404.53799999999899	404.43799999999823	404.33799999999923	404.23799999999869	404.13799999999969	404.03799999999899	403.93799999999823	403.83799999999923	403.73799999999869	403.63799999999969	403.53799999999899	403.43799999999823	403.33799999999923	403.23799999999869	403.13799999999969	403.03799999999899	402.93799999999823	402.83799999999923	402.73799999999869	402.63799999999969	402.53799999999899	402.43799999999823	402.33799999999923	402.23799999999869	402.13799999999969	402.03799999999899	401.93799999999823	401.83799999999923	401.73799999999869	401.63799999999969	401.53799999999899	401.43799999999823	401.33799999999923	401.23799999999869	401.13799999999969	401.03799999999899	400.93799999999823	400.83799999999923	400.73799999999869	400.63799999999969	400.53799999999899	400.43799999999823	400.33799999999923	400.23799999999869	400.13799999999969	400.03799999999899	399.93799999999823	399.83799999999923	399.73799999999869	399.63799999999969	399.53799999999899	399.43799999999823	399.33799999999923	399.23799999999869	399.13799999999969	399.03799999999899	398.93799999999823	398.83799999999923	398.73799999999869	398.63799999999969	398.53799999999899	398.43799999999823	398.33799999999923	398.23799999999869	398.13799999999969	398.03799999999899	397.93799999999823	397.83799999999923	397.73799999999869	397.63799999999969	397.53799999999899	397.43799999999823	397.33799999999923	397.23799999999869	397.13799999999969	397.03799999999899	396.93799999999823	396.83799999999923	396.73799999999869	396.63799999999969	396.53799999999899	396.43799999999823	396.33799999999923	396.23799999999869	396.13799999999969	396.03799999999899	395.93799999999823	395.83799999999923	395.73799999999869	395.63799999999969	395.53799999999899	395.43799999999823	395.33799999999923	395.23799999999869	395.13799999999969	395.03799999999899	394.93799999999823	394.83799999999923	394.73799999999869	394.63799999999969	394.53799999999899	394.43799999999823	394.33799999999923	394.23799999999869	394.13799999999969	394.03799999999899	1385.6299999999999	1345.6599999999999	1311.93	1390.4	1353.73	1388.56	1368.76	1421.56	1384.9	1379.4	1357.4	1343.83	1359.23	1353.36	1353.73	1416.06	1351.53	1349.7	1398.46	1362.1599999999999	1369.86	1378.6599999999999	1357.4	1350.06	1341.26	1349.33	1374.6299999999999	1336.86	1324.76	1310.0999999999999	1324.4	1363.26	1356.3	1329.1599999999999	1314.86	1342.36	1386.73	1339.8	1310.46	1333.2	1318.53	1323.3	1284.43	1312.6599999999999	1264.6299999999999	1321.83	1287.3599999999999	1315.23	1290.6599999999999	1314.1299999999999	1295.43	1331	1320.73	1323.6599999999999	1297.6299999999999	1247.76	1314.1299999999999	1324.03	1295.06	1310.83	1318.9	1252.53	1291.76	1294.7	1292.8599999999999	1299.83	1295.06	1311.56	1255.0999999999999	1285.53	1303.5	1295.43	1297.6299999999999	1301.6599999999999	1307.9000000000001	1297.26	1288.83	1292.5	1288.46	1288.83	1311.56	1291.4000000000001	1323.6599999999999	1280.4000000000001	1258.4000000000001	1278.93	1287	1263.9000000000001	1280.4000000000001	1237.5	1270.5	1290.3	1311.56	1263.9000000000001	1283.33	1277.0999999999999	1257.3	1286.6299999999999	1283.7	1277.0999999999999	1284.8	1273.8	1265	1277.46	1280.76	1243.3599999999999	1244.0999999999999	1250.7	1265	1257.3	1275.6299999999999	1225.4000000000001	1240.8	1270.5	1265	1225.4000000000001	1277.46	1274.1599999999999	1240.43	1243.73	1236.03	1247.4000000000001	1262.43	1249.5999999999999	1266.46	1271.5999999999999	1268.6599999999999	1261.7	1285.9000000000001	1329.9	1323.6599999999999	1336.5	1340.1599999999999	1344.2	1346.76	1400.6599999999999	1418.26	1481.33	1461.9	1478.03	1516.9	1518	1492.33	1518	1545.5	1574.46	1571.9	1584.73	1637.9	1736.1599999999999	1841.03	1932.6899999999998	2101.36	2259.3900000000012	2458.86	2719.19	2949.8300000000022	3210.8900000000012	3378.46	3538.69	3587.82	3666.66	3680.59	3595.16	3474.16	3348.7599999999998	3151.12	2960.8300000000022	2716.63	2514.96	2275.8900000000012	2119.69	1922.79	1797.4	1688.5	1590.96	1515.43	1401.4	1355.56	1367.3	1299.83	1300.56	1287.73	1285.9000000000001	1290.3	1239.7	1233.0999999999999	1246.6599999999999	1232	1237.1299999999999	1269.03	1238.23	1240.43	1218.8	1212.56	1254.3599999999999	1201.56	1224.3	1247.4000000000001	1231.6299999999999	1208.9000000000001	1233.83	1257.6599999999999	1230.1599999999999	1207.8	1208.53	1209.26	1220.6299999999999	1238.5999999999999	1221	1207.43	1205.23	1221	1253.26	1223.93	1234.2	1262.43	1211.0999999999999	1219.9000000000001	1255.46	1247.4000000000001	416.03799999999899	415.93799999999823	415.83799999999923	415.73799999999869	415.63799999999969	415.53799999999899	415.43799999999823	415.33799999999923	415.23799999999869	415.13799999999969	415.03799999999899	414.93799999999823	414.83799999999923	414.73799999999869	414.63799999999969	414.53799999999899	414.43799999999823	414.33799999999923	414.23799999999869	414.13799999999969	414.03799999999899	413.93799999999823	413.83799999999923	413.73799999999869	413.63799999999969	413.53799999999899	413.43799999999823	413.33799999999923	413.23799999999869	413.13799999999969	413.03799999999899	412.93799999999823	412.83799999999923	412.73799999999869	412.63799999999969	412.53799999999899	412.43799999999823	412.33799999999923	412.23799999999869	412.13799999999969	412.03799999999899	411.93799999999823	411.83799999999923	411.73799999999869	411.63799999999969	411.53799999999899	411.43799999999823	411.33799999999923	411.23799999999869	411.13799999999969	411.03799999999899	410.93799999999823	410.83799999999923	410.73799999999869	410.63799999999969	410.53799999999899	410.43799999999823	410.33799999999923	410.23799999999869	410.13799999999969	410.03799999999899	409.93799999999823	409.83799999999923	409.73799999999869	409.63799999999969	409.53799999999899	409.43799999999823	409.33799999999923	409.23799999999869	409.13799999999969	409.03799999999899	408.93799999999823	408.83799999999923	408.73799999999869	408.63799999999969	408.53799999999899	408.43799999999823	408.33799999999923	408.23799999999869	408.13799999999969	408.03799999999899	407.93799999999823	407.83799999999923	407.73799999999869	407.63799999999969	407.53799999999899	407.43799999999823	407.33799999999923	407.23799999999869	407.13799999999969	407.03799999999899	406.93799999999823	406.83799999999923	406.73799999999869	406.63799999999969	406.53799999999899	406.43799999999823	406.33799999999923	406.23799999999869	406.13799999999969	406.03799999999899	405.93799999999823	405.83799999999923	405.73799999999869	405.63799999999969	405.53799999999899	405.43799999999823	405.33799999999923	405.23799999999869	405.13799999999969	405.03799999999899	404.93799999999823	404.83799999999923	404.73799999999869	404.63799999999969	404.53799999999899	404.43799999999823	404.33799999999923	404.23799999999869	404.13799999999969	404.03799999999899	403.93799999999823	403.83799999999923	403.73799999999869	403.63799999999969	403.53799999999899	403.43799999999823	403.33799999999923	403.23799999999869	403.13799999999969	403.03799999999899	402.93799999999823	402.83799999999923	402.73799999999869	402.63799999999969	402.53799999999899	402.43799999999823	402.33799999999923	402.23799999999869	402.13799999999969	402.03799999999899	401.93799999999823	401.83799999999923	401.73799999999869	401.63799999999969	401.53799999999899	401.43799999999823	401.33799999999923	401.23799999999869	401.13799999999969	401.03799999999899	400.93799999999823	400.83799999999923	400.73799999999869	400.63799999999969	400.53799999999899	400.43799999999823	400.33799999999923	400.23799999999869	400.13799999999969	400.03799999999899	399.93799999999823	399.83799999999923	399.73799999999869	399.63799999999969	399.53799999999899	399.43799999999823	399.33799999999923	399.23799999999869	399.13799999999969	399.03799999999899	398.93799999999823	398.83799999999923	398.73799999999869	398.63799999999969	398.53799999999899	398.43799999999823	398.33799999999923	398.23799999999869	398.13799999999969	398.03799999999899	397.93799999999823	397.83799999999923	397.73799999999869	397.63799999999969	397.53799999999899	397.43799999999823	397.33799999999923	397.23799999999869	397.13799999999969	397.03799999999899	396.93799999999823	396.83799999999923	396.73799999999869	396.63799999999969	396.53799999999899	396.43799999999823	396.33799999999923	396.23799999999869	396.13799999999969	396.03799999999899	395.93799999999823	395.83799999999923	395.73799999999869	395.63799999999969	395.53799999999899	395.43799999999823	395.33799999999923	395.23799999999869	395.13799999999969	395.03799999999899	394.93799999999823	394.83799999999923	394.73799999999869	394.63799999999969	394.53799999999899	394.43799999999823	394.33799999999923	394.23799999999869	394.13799999999969	394.03799999999899	1385.6299999999999	1345.6599999999999	1311.93	1390.4	1353.73	1388.56	1368.76	1421.56	1384.9	1379.4	1357.4	1343.83	1359.23	1353.36	1353.73	1416.06	1351.53	1349.7	1398.46	1362.1599999999999	1369.86	1378.6599999999999	1357.4	1350.06	1341.26	1349.33	1374.6299999999999	1336.86	1324.76	1310.0999999999999	1324.4	1363.26	1356.3	1329.1599999999999	1314.86	1342.36	1386.73	1339.8	1310.46	1333.2	1318.53	1323.3	1284.43	1312.6599999999999	1264.6299999999999	1321.83	1287.3599999999999	1315.23	1290.6599999999999	1314.1299999999999	1295.43	1331	1320.73	1323.6599999999999	1297.6299999999999	1247.76	1314.1299999999999	1324.03	1295.06	1310.83	1318.9	1252.53	1291.76	1294.7	1292.8599999999999	1299.83	1295.06	1311.56	1255.0999999999999	1285.53	1303.5	1295.43	1297.6299999999999	1301.6599999999999	1307.9000000000001	1297.26	1288.83	1292.5	1288.46	1288.83	1311.56	1291.4000000000001	1323.6599999999999	1280.4000000000001	1258.4000000000001	1278.93	1287	1263.9000000000001	1280.4000000000001	1237.5	1270.5	1290.3	1311.56	1263.9000000000001	1283.33	1277.0999999999999	1257.3	1286.6299999999999	1283.7	1277.0999999999999	1284.8	1273.8	1265	1277.46	1280.76	1243.3599999999999	1244.0999999999999	1250.7	1265	1257.3	1275.6299999999999	1225.4000000000001	1240.8	1240.78	1240.76	1240.75	1240.72	1240.7	1240.7	1240.6899999999998	1240.6899999999998	1240.6899999999998	1240.6699999999998	1240.6699999999998	1240.6499999999999	1240.6399999999999	1240.6299999999999	1240.6299999999999	1240.6299999999999	1240.6199999999999	1240.6499999999999	1240.74	1240.9100000000001	1241.24	1241.79	1242.6799999999998	1244.06	1246.21	1249.47	1254.3899999999999	1261.47	1271.77	1286.1599999999999	1306.31	1333.48	1370.21	1418.1499999999999	1480.6299999999999	1559.27	1657.71	1776.85	1919.49	2084.44	2271.66	2476.4699999999998	2693.77	2914.7	3128.34	3323.19	3484.84	3603.72	3667.64	3674.4500000000012	3620.24	3512.4700000000012	3356.77	3166.82	2953.8300000000022	2731.3100000000022	2510.3000000000002	2299.5700000000002	2106.3900000000012	1933.84	1784.94	1658.58	1554.74	1470.33	1403.84	1351.79	1312.25	1282.3599999999999	1260.42	1244.3399999999999	1232.92	1224.79	1219.21	1215.3699999999999	1212.79	1211.07	1209.94	1209.1799999999998	1208.71	1208.4000000000001	1208.22	1208.1099999999999	1208.02	1207.97	1207.94	1207.9000000000001	1207.8799999999999	1207.8699999999999	1207.8499999999999	1207.81	1207.8	1207.8	1208.53	1209.26	1220.6299999999999	1238.5999999999999	1221	1207.43	1205.23	1221	1253.26	1223.93	1234.2	1262.43	1211.0999999999999	1219.9000000000001	1255.46	1247.4000000000001	416.03799999999899	415.93799999999823	415.83799999999923	415.73799999999869	415.63799999999969	415.53799999999899	415.43799999999823	415.33799999999923	415.23799999999869	415.13799999999969	415.03799999999899	414.93799999999823	414.83799999999923	414.73799999999869	414.63799999999969	414.53799999999899	414.43799999999823	414.33799999999923	414.23799999999869	414.13799999999969	414.03799999999899	413.93799999999823	413.83799999999923	413.73799999999869	413.63799999999969	413.53799999999899	413.43799999999823	413.33799999999923	413.23799999999869	413.13799999999969	413.03799999999899	412.93799999999823	412.83799999999923	412.73799999999869	412.63799999999969	412.53799999999899	412.43799999999823	412.33799999999923	412.23799999999869	412.13799999999969	412.03799999999899	411.93799999999823	411.83799999999923	411.73799999999869	411.63799999999969	411.53799999999899	411.43799999999823	411.33799999999923	411.23799999999869	411.13799999999969	411.03799999999899	410.93799999999823	410.83799999999923	410.73799999999869	410.63799999999969	410.53799999999899	410.43799999999823	410.33799999999923	410.23799999999869	410.13799999999969	410.03799999999899	409.93799999999823	409.83799999999923	409.73799999999869	409.63799999999969	409.53799999999899	409.43799999999823	409.33799999999923	409.23799999999869	409.13799999999969	409.03799999999899	408.93799999999823	408.83799999999923	408.73799999999869	408.63799999999969	408.53799999999899	408.43799999999823	408.33799999999923	408.23799999999869	408.13799999999969	408.03799999999899	407.93799999999823	407.83799999999923	407.73799999999869	407.63799999999969	407.53799999999899	407.43799999999823	407.33799999999923	407.23799999999869	407.13799999999969	407.03799999999899	406.93799999999823	406.83799999999923	406.73799999999869	406.63799999999969	406.53799999999899	406.43799999999823	406.33799999999923	406.23799999999869	406.13799999999969	406.03799999999899	405.93799999999823	405.83799999999923	405.73799999999869	405.63799999999969	405.53799999999899	405.43799999999823	405.33799999999923	405.23799999999869	405.13799999999969	405.03799999999899	404.93799999999823	404.83799999999923	404.73799999999869	404.63799999999969	404.53799999999899	404.43799999999823	404.33799999999923	404.23799999999869	404.13799999999969	404.03799999999899	403.93799999999823	403.83799999999923	403.73799999999869	403.63799999999969	403.53799999999899	403.43799999999823	403.33799999999923	403.23799999999869	403.13799999999969	403.03799999999899	402.93799999999823	402.83799999999923	402.73799999999869	402.63799999999969	402.53799999999899	402.43799999999823	402.33799999999923	402.23799999999869	402.13799999999969	402.03799999999899	401.93799999999823	401.83799999999923	401.73799999999869	401.63799999999969	401.53799999999899	401.43799999999823	401.33799999999923	401.23799999999869	401.13799999999969	401.03799999999899	400.93799999999823	400.83799999999923	400.73799999999869	400.63799999999969	400.53799999999899	400.43799999999823	400.33799999999923	400.23799999999869	400.13799999999969	400.03799999999899	399.93799999999823	399.83799999999923	399.73799999999869	399.63799999999969	399.53799999999899	399.43799999999823	399.33799999999923	399.23799999999869	399.13799999999969	399.03799999999899	398.93799999999823	398.83799999999923	398.73799999999869	398.63799999999969	398.53799999999899	398.43799999999823	398.33799999999923	398.23799999999869	398.13799999999969	398.03799999999899	397.93799999999823	397.83799999999923	397.73799999999869	397.63799999999969	397.53799999999899	397.43799999999823	397.33799999999923	397.23799999999869	397.13799999999969	397.03799999999899	396.93799999999823	396.83799999999923	396.73799999999869	396.63799999999969	396.53799999999899	396.43799999999823	396.33799999999923	396.23799999999869	396.13799999999969	396.03799999999899	395.93799999999823	395.83799999999923	395.73799999999869	395.63799999999969	395.53799999999899	395.43799999999823	395.33799999999923	395.23799999999869	395.13799999999969	395.03799999999899	394.93799999999823	394.83799999999923	394.73799999999869	394.63799999999969	394.53799999999899	394.43799999999823	394.33799999999923	394.23799999999869	394.13799999999969	394.03799999999899	1385.6299999999999	1345.6599999999999	1311.93	1390.4	1353.73	1388.56	1368.76	1421.56	1384.9	1379.4	1357.4	1343.83	1359.23	1353.36	1353.73	1416.06	1351.53	1349.7	1398.46	1362.1599999999999	1369.86	1378.6599999999999	1357.4	1350.06	1341.26	1349.33	1374.6299999999999	1336.86	1324.76	1310.0999999999999	1324.4	1363.26	1356.3	1329.1599999999999	1314.86	1342.36	1386.73	1339.8	1310.46	1333.2	1318.53	1323.3	1284.43	1312.6599999999999	1264.6299999999999	1321.83	1287.3599999999999	1315.23	1290.6599999999999	1314.1299999999999	1295.43	1331	1320.73	1323.6599999999999	1297.6299999999999	1247.76	1314.1299999999999	1324.03	1295.06	1310.83	1318.9	1252.53	1291.76	1294.7	1292.8599999999999	1299.83	1295.06	1311.56	1255.0999999999999	1285.53	1303.5	1295.43	1297.6299999999999	1301.6599999999999	1307.9000000000001	1297.26	1288.83	1292.5	1288.46	1288.83	1311.56	1291.4000000000001	1323.6599999999999	1280.4000000000001	1258.4000000000001	1278.93	1287	1263.9000000000001	1280.4000000000001	1237.5	1270.5	1290.3	1311.56	1263.9000000000001	1283.33	1277.0999999999999	1257.3	1286.6299999999999	1283.7	1277.0999999999999	1284.8	1273.8	1265	1277.46	1280.77	1243.3699999999999	1244.0999999999999	1250.71	1265.01	1257.33	1275.6799999999998	1225.48	1240.93	1240.99	1241.0899999999999	1241.27	1241.52	1241.92	1242.52	1243.3899999999999	1244.5999999999999	1246.3	1248.5999999999999	1251.72	1255.81	1261.1599999999999	1267.96	1276.51	1286.94	1299.48	1314.1299999999999	1330.9	1349.46	1369.3899999999999	1389.96	1410.1799999999998	1429.02	1445.1599999999999	1457.6499999999999	1465.3	1467.7	1464.42	1455.96	1442.74	1425.93	1406.54	1385.8899999999999	1365.02	1344.82	1325.97	1308.8699999999999	1293.8499999999999	1280.81	1269.79	1260.49	1252.75	1246.25	1240.81	1236.21	1232.29	1228.93	1225.98	1223.3599999999999	1221.07	1219.04	1217.23	1215.6499999999999	1214.27	1213.1099999999999	1212.1199999999999	1211.32	1210.6399999999999	1210.1199999999999	1209.6899999999998	1209.3399999999999	1209.06	1208.8399999999999	1208.7	1208.5899999999999	1208.48	1208.4100000000001	1208.3399999999999	1208.29	1208.23	1208.1699999999998	1208.1499999999999	1208.1299999999999	1208.0999999999999	1208.0899999999999	1208.06	1208.02	1208	1207.98	1207.97	1207.96	1207.93	1207.93	1207.9100000000001	1207.8899999999999	1207.8699999999999	1207.8699999999999	1207.8499999999999	1207.81	1207.8	1207.8	1208.53	1209.26	1220.6299999999999	1238.5999999999999	1221	1207.43	1205.23	1221	1253.26	1223.93	1234.2	1262.43	1211.0999999999999	1219.9000000000001	1255.46	1247.4000000000001	416.03799999999899	415.93799999999823	415.83799999999923	415.73799999999869	415.63799999999969	415.53799999999899	415.43799999999823	415.33799999999923	415.23799999999869	415.13799999999969	415.03799999999899	414.93799999999823	414.83799999999923	414.73799999999869	414.63799999999969	414.53799999999899	414.43799999999823	414.33799999999923	414.23799999999869	414.13799999999969	414.03799999999899	413.93799999999823	413.83799999999923	413.73799999999869	413.63799999999969	413.53799999999899	413.43799999999823	413.33799999999923	413.23799999999869	413.13799999999969	413.03799999999899	412.93799999999823	412.83799999999923	412.73799999999869	412.63799999999969	412.53799999999899	412.43799999999823	412.33799999999923	412.23799999999869	412.13799999999969	412.03799999999899	411.93799999999823	411.83799999999923	411.73799999999869	411.63799999999969	411.53799999999899	411.43799999999823	411.33799999999923	411.23799999999869	411.13799999999969	411.03799999999899	410.93799999999823	410.83799999999923	410.73799999999869	410.63799999999969	410.53799999999899	410.43799999999823	410.33799999999923	410.23799999999869	410.13799999999969	410.03799999999899	409.93799999999823	409.83799999999923	409.73799999999869	409.63799999999969	409.53799999999899	409.43799999999823	409.33799999999923	409.23799999999869	409.13799999999969	409.03799999999899	408.93799999999823	408.83799999999923	408.73799999999869	408.63799999999969	408.53799999999899	408.43799999999823	408.33799999999923	408.23799999999869	408.13799999999969	408.03799999999899	407.93799999999823	407.83799999999923	407.73799999999869	407.63799999999969	407.53799999999899	407.43799999999823	407.33799999999923	407.23799999999869	407.13799999999969	407.03799999999899	406.93799999999823	406.83799999999923	406.73799999999869	406.63799999999969	406.53799999999899	406.43799999999823	406.33799999999923	406.23799999999869	406.13799999999969	406.03799999999899	405.93799999999823	405.83799999999923	405.73799999999869	405.63799999999969	405.53799999999899	405.43799999999823	405.33799999999923	405.23799999999869	405.13799999999969	405.03799999999899	404.93799999999823	404.83799999999923	404.73799999999869	404.63799999999969	404.53799999999899	404.43799999999823	404.33799999999923	404.23799999999869	404.13799999999969	404.03799999999899	403.93799999999823	403.83799999999923	403.73799999999869	403.63799999999969	403.53799999999899	403.43799999999823	403.33799999999923	403.23799999999869	403.13799999999969	403.03799999999899	402.93799999999823	402.83799999999923	402.73799999999869	402.63799999999969	402.53799999999899	402.43799999999823	402.33799999999923	402.23799999999869	402.13799999999969	402.03799999999899	401.93799999999823	401.83799999999923	401.73799999999869	401.63799999999969	401.53799999999899	401.43799999999823	401.33799999999923	401.23799999999869	401.13799999999969	401.03799999999899	400.93799999999823	400.83799999999923	400.73799999999869	400.63799999999969	400.53799999999899	400.43799999999823	400.33799999999923	400.23799999999869	400.13799999999969	400.03799999999899	399.93799999999823	399.83799999999923	399.73799999999869	399.63799999999969	399.53799999999899	399.43799999999823	399.33799999999923	399.23799999999869	399.13799999999969	399.03799999999899	398.93799999999823	398.83799999999923	398.73799999999869	398.63799999999969	398.53799999999899	398.43799999999823	398.33799999999923	398.23799999999869	398.13799999999969	398.03799999999899	397.93799999999823	397.83799999999923	397.73799999999869	397.63799999999969	397.53799999999899	397.43799999999823	397.33799999999923	397.23799999999869	397.13799999999969	397.03799999999899	396.93799999999823	396.83799999999923	396.73799999999869	396.63799999999969	396.53799999999899	396.43799999999823	396.33799999999923	396.23799999999869	396.13799999999969	396.03799999999899	395.93799999999823	395.83799999999923	395.73799999999869	395.63799999999969	395.53799999999899	395.43799999999823	395.33799999999923	395.23799999999869	395.13799999999969	395.03799999999899	394.93799999999823	394.83799999999923	394.73799999999869	394.63799999999969	394.53799999999899	394.43799999999823	394.33799999999923	394.23799999999869	394.13799999999969	394.03799999999899	1385.6299999999999	1345.6599999999999	1311.93	1390.4	1353.73	1388.56	1368.76	1421.56	1384.9	1379.4	1357.4	1343.83	1359.23	1353.36	1353.73	1416.06	1351.53	1349.7	1398.46	1362.1599999999999	1369.86	1378.6599999999999	1357.4	1350.06	1341.26	1349.33	1374.6299999999999	1336.86	1324.76	1310.0999999999999	1324.4	1363.26	1356.3	1329.1599999999999	1314.86	1342.36	1386.73	1339.8	1310.46	1333.2	1318.53	1323.3	1284.43	1312.6599999999999	1264.6299999999999	1321.83	1287.3599999999999	1315.23	1290.6599999999999	1314.1299999999999	1295.43	1331	1320.73	1323.6599999999999	1297.6299999999999	1247.76	1314.1299999999999	1324.03	1295.06	1310.83	1318.9	1252.53	1291.76	1294.7	1292.8599999999999	1299.83	1295.06	1311.56	1255.0999999999999	1285.53	1303.5	1295.43	1297.6299999999999	1301.6599999999999	1307.9000000000001	1297.26	1288.83	1292.5	1288.46	1288.83	1311.56	1291.4000000000001	1323.6599999999999	1280.4000000000001	1258.4000000000001	1278.93	1287	1263.9000000000001	1280.4000000000001	1237.5	1270.5	1290.3	1311.56	1263.9000000000001	1283.33	1277.0999999999999	1257.3	1286.6299999999999	1283.7	1277.0999999999999	1284.8	1273.8	1265	1277.46	1280.76	1243.3599999999999	1244.0999999999999	1250.7	1265	1257.3	1275.6299999999999	1225.4000000000001	1240.8	1240.78	1240.76	1240.75	1240.72	1240.7	1240.7	1240.6899999999998	1240.6899999999998	1240.6899999999998	1240.6699999999998	1240.6599999999999	1240.6399999999999	1240.6199999999999	1240.5999999999999	1240.5899999999999	1240.55	1240.49	1240.43	1240.3599999999999	1240.29	1240.21	1240.1399999999999	1240.02	1239.8899999999999	1239.72	1239.56	1239.3799999999999	1239.1799999999998	1238.98	1238.8	1238.5999999999999	1238.3799999999999	1238.1299999999999	1237.8899999999999	1237.6399999999999	1237.3499999999999	1236.99	1236.56	1236.05	1235.43	1234.6899999999998	1233.81	1232.73	1231.49	1230.06	1228.51	1226.8499999999999	1225.1399999999999	1223.3799999999999	1221.5999999999999	1219.8899999999999	1218.26	1216.72	1215.33	1214.07	1212.98	1212.04	1211.27	1210.6199999999999	1210.0999999999999	1209.6799999999998	1209.33	1209.06	1208.8399999999999	1208.7	1208.5899999999999	1208.48	1208.4100000000001	1208.3399999999999	1208.29	1208.23	1208.1699999999998	1208.1499999999999	1208.1299999999999	1208.0999999999999	1208.0899999999999	1208.06	1208.02	1208	1207.98	1207.97	1207.96	1207.93	1207.93	1207.9100000000001	1207.8899999999999	1207.8699999999999	1207.8699999999999	1207.8499999999999	1207.81	1207.8	1207.8	1208.53	1209.26	1220.6299999999999	1238.5999999999999	1221	1207.43	1205.23	1221	1253.26	1223.93	1234.2	1262.43	1211.0999999999999	1219.9000000000001	1255.46	1247.4000000000001	416.03799999999899	415.93799999999823	415.83799999999923	415.73799999999869	415.63799999999969	415.53799999999899	415.43799999999823	415.33799999999923	415.23799999999869	415.13799999999969	415.03799999999899	414.93799999999823	414.83799999999923	414.73799999999869	414.63799999999969	414.53799999999899	414.43799999999823	414.33799999999923	414.23799999999869	414.13799999999969	414.03799999999899	413.93799999999823	413.83799999999923	413.73799999999869	413.63799999999969	413.53799999999899	413.43799999999823	413.33799999999923	413.23799999999869	413.13799999999969	413.03799999999899	412.93799999999823	412.83799999999923	412.73799999999869	412.63799999999969	412.53799999999899	412.43799999999823	412.33799999999923	412.23799999999869	412.13799999999969	412.03799999999899	411.93799999999823	411.83799999999923	411.73799999999869	411.63799999999969	411.53799999999899	411.43799999999823	411.33799999999923	411.23799999999869	411.13799999999969	411.03799999999899	410.93799999999823	410.83799999999923	410.73799999999869	410.63799999999969	410.53799999999899	410.43799999999823	410.33799999999923	410.23799999999869	410.13799999999969	410.03799999999899	409.93799999999823	409.83799999999923	409.73799999999869	409.63799999999969	409.53799999999899	409.43799999999823	409.33799999999923	409.23799999999869	409.13799999999969	409.03799999999899	408.93799999999823	408.83799999999923	408.73799999999869	408.63799999999969	408.53799999999899	408.43799999999823	408.33799999999923	408.23799999999869	408.13799999999969	408.03799999999899	407.93799999999823	407.83799999999923	407.73799999999869	407.63799999999969	407.53799999999899	407.43799999999823	407.33799999999923	407.23799999999869	407.13799999999969	407.03799999999899	406.93799999999823	406.83799999999923	406.73799999999869	406.63799999999969	406.53799999999899	406.43799999999823	406.33799999999923	406.23799999999869	406.13799999999969	406.03799999999899	405.93799999999823	405.83799999999923	405.73799999999869	405.63799999999969	405.53799999999899	405.43799999999823	405.33799999999923	405.23799999999869	405.13799999999969	405.03799999999899	404.93799999999823	404.83799999999923	404.73799999999869	404.63799999999969	404.53799999999899	404.43799999999823	404.33799999999923	404.23799999999869	404.13799999999969	404.03799999999899	403.93799999999823	403.83799999999923	403.73799999999869	403.63799999999969	403.53799999999899	403.43799999999823	403.33799999999923	403.23799999999869	403.13799999999969	403.03799999999899	402.93799999999823	402.83799999999923	402.73799999999869	402.63799999999969	402.53799999999899	402.43799999999823	402.33799999999923	402.23799999999869	402.13799999999969	402.03799999999899	401.93799999999823	401.83799999999923	401.73799999999869	401.63799999999969	401.53799999999899	401.43799999999823	401.33799999999923	401.23799999999869	401.13799999999969	401.03799999999899	400.93799999999823	400.83799999999923	400.73799999999869	400.63799999999969	400.53799999999899	400.43799999999823	400.33799999999923	400.23799999999869	400.13799999999969	400.03799999999899	399.93799999999823	399.83799999999923	399.73799999999869	399.63799999999969	399.53799999999899	399.43799999999823	399.33799999999923	399.23799999999869	399.13799999999969	399.03799999999899	398.93799999999823	398.83799999999923	398.73799999999869	398.63799999999969	398.53799999999899	398.43799999999823	398.33799999999923	398.23799999999869	398.13799999999969	398.03799999999899	397.93799999999823	397.83799999999923	397.73799999999869	397.63799999999969	397.53799999999899	397.43799999999823	397.33799999999923	397.23799999999869	397.13799999999969	397.03799999999899	396.93799999999823	396.83799999999923	396.73799999999869	396.63799999999969	396.53799999999899	396.43799999999823	396.33799999999923	396.23799999999869	396.13799999999969	396.03799999999899	395.93799999999823	395.83799999999923	395.73799999999869	395.63799999999969	395.53799999999899	395.43799999999823	395.33799999999923	395.23799999999869	395.13799999999969	395.03799999999899	394.93799999999823	394.83799999999923	394.73799999999869	394.63799999999969	394.53799999999899	394.43799999999823	394.33799999999923	394.23799999999869	394.13799999999969	394.03799999999899	1385.6299999999999	1345.6599999999999	1311.93	1390.4	1353.73	1388.56	1368.76	1421.56	1384.9	1379.4	1357.4	1343.83	1359.23	1353.36	1353.73	1416.06	1351.53	1349.7	1398.46	1362.1599999999999	1369.86	1378.6599999999999	1357.4	1350.06	1341.26	1349.33	1374.6299999999999	1336.86	1324.76	1310.0999999999999	1324.4	1363.26	1356.3	1329.1599999999999	1314.86	1342.36	1386.73	1339.8	1310.46	1333.2	1318.53	1323.3	1284.43	1312.6599999999999	1264.6299999999999	1321.83	1287.3599999999999	1315.23	1290.6599999999999	1314.1299999999999	1295.43	1331	1320.73	1323.6599999999999	1297.6299999999999	1247.76	1314.1299999999999	1324.03	1295.06	1310.83	1318.9	1252.53	1291.76	1294.7	1292.8599999999999	1299.83	1295.06	1311.56	1255.0999999999999	1285.53	1303.5	1295.43	1297.6299999999999	1301.6599999999999	1307.9000000000001	1297.26	1288.83	1292.5	1288.46	1288.83	1311.56	1291.4000000000001	1323.6599999999999	1280.4000000000001	1258.4000000000001	1278.93	1287	1263.9000000000001	1280.4000000000001	1237.5	1270.5	1290.3	1311.56	1263.9000000000001	1283.33	1277.0999999999999	1257.3	1286.6299999999999	1283.7	1277.0999999999999	1284.8	1273.8	1265	1277.46	1280.77	1243.3699999999999	1244.0999999999999	1250.71	1265.01	1257.33	1275.6799999999998	1225.48	1240.93	1240.99	1241.0899999999999	1241.27	1241.52	1241.92	1242.52	1243.3899999999999	1244.5999999999999	1246.3	1248.5999999999999	1251.72	1255.82	1261.1699999999998	1267.98	1276.55	1287.02	1299.6099999999999	1314.35	1331.27	1350.08	1370.42	1391.61	1412.84	1433.1899999999998	1451.6499999999999	1467.56	1480.3	1489.98	1497.2	1503.32	1510.45	1521.04	1538.62	1566.1499999999999	1608.01	1666.74	1746.6899999999998	1849.1699999999998	1977.29	2129.8200000000002	2306.7599999999998	2503.16	2713.79	2929.46	3139.08	3330.88	3490.2799999999997	3607.5	3670.25	3676.21	3621.42	3513.24	3357.27	3167.14	2954.03	2731.44	2510.38	2299.62	2106.4100000000012	1933.86	1784.95	1658.58	1554.74	1470.33	1403.84	1351.79	1312.25	1282.3599999999999	1260.42	1244.3399999999999	1232.92	1224.79	1219.21	1215.3699999999999	1212.79	1211.07	1209.94	1209.1799999999998	1208.71	1208.4000000000001	1208.22	1208.1099999999999	1208.02	1207.97	1207.94	1207.9000000000001	1207.8799999999999	1207.8699999999999	1207.8499999999999	1207.81	1207.8	1207.8	1208.53	1209.26	1220.6299999999999	1238.5999999999999	1221	1207.43	1205.23	1221	1253.26	1223.93	1234.2	1262.43	1211.0999999999999	1219.9000000000001	1255.46	1247.4000000000001	Binding energy (eV)
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% Zn	0.2	0.5	1	2	5	0	0	2.0128398795728843	4.6790453152544735	7.3433012085031875	% Pb	0.2	0.5	1	2	5	2.0349790499403393	8.5102346969255489	18.454727671823768	28.539476641059387	68.980874516701348	% Zn	0.2	0.5	1	2	5	0	4.0074876008594948	5.8385444768511769	11.174778069070271	34.052886887690264	% Pb	0.2	0.5	1	2	5	7.8283352027775868	23.040372605910321	47.06871934038854	73.737898268162766	95.738778468076077	Sorbent Dosage (g/L)
Sorption capacity (%)


Zn (ETB)	3.36	4.38	5.6	6.6	7.08	6.2644122267856819	8.8804349678571768	11.00319032678572	10.026749866071423	13.074555867857139	Pb (ETB)	3.4499999999999997	4	4.91	6.06	7.02	51.525080732142861	58.442302414285763	46.600231210714284	58.353135342857257	78.459859724999987	Zn (Chitosan)	3.46	4.3599999999999985	5.4300000000000024	6.8	7.1499999999999995	5.3893095797468344	0.89124360759493104	1.7556159797468402	1.4502683316455627	11.765603650632906	Pb (Chitosan)	3.4899999999999998	4.3	5.0599999999999996	6.13	7.03	47.114691949366986	52.400396506329081	55.079116101265832	59.880081265822547	72.486840151898718	Initial pH
Sorption capacity (mg/g)


Pb(II)	0	1	5	10	20	50	100	200	250	500	1000	2000	5030	0	17.314925089285776	26.224360007142856	38.427813342857213	51.180710871428573	60.51713082857156	64.414909467857498	74.659386867856753	78.478691957142857	87.234856585714297	85.149236260714275	Contact time (minutes)
Pb(II) sorption capacity (mg/g)

Zn(II)	0	1	5	10	20	50	100	200	250	500	1000	2000	5030	1.0171137141509476	3.9392464556603777	3.8983527424528392	5.7177173716981065	4.7704954103773733	4.5114641207547361	5.197738610377348	4.8569907141509452	Contact time (minutes)
Zn(II) sorption capacity (mg/g)
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