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Abstract

:

This study explored the performance of TiO2 nanoparticles in combination with aged waste reactors to treat landfill leachate. The optimum conditions for synthesis of TiO2 were determined by a series of characterizations and removal rates of methyl orange. The effect of the ultraviolet irradiation time, amount of the catalyst, and pH on the removal efficiency for the chemical oxygen demand (COD) and color in the leachate was explored to determine the optimal process conditions, which were 500 min, 4 g/L and 8.88, respectively. The removal rates for COD and chroma under three optimal conditions were obtained by the single factor control method: 89% and 70%; 95.56% and 70%; and 85% and 87.5%, respectively. Under optimal process conditions, the overall average removal rates for ammonium nitrogen (NH4+–N) and COD in the leachate for the combination of TiO2 nanoparticles and an aged waste reactor were 98.8% and 32.5%, respectively, and the nitrate (NO3−–N) and nitrite nitrogen (NO2–N) concentrations were maintained at 7–9 and 0.01–0.017 mg/L, respectively. TiO2 nanoparticles before and after the photocatalytic reaction were characterized by emission scanning electron microscopy, energy dispersive spectroscopy, X-ray diffraction, and Fourier transform infrared spectrometry. In addition, TiO2 nanoparticles have excellent recyclability, showing the potential of the photocatalytic/biological combined treatment of landfill leachate. This simulation of photocatalysis-landfilling could be a baseline study for the implementation of technology at the pilot scale.
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1. Introduction


Leachates produced in landfills contain various organic and inorganic compounds, such as refractory organic material, dissolved solid particles, ammonia nitrogen (NH3–N), and heavy metals, which seriously threaten the environment and local ecosystems [1,2,3]. Often, combined anaerobic–aerobic biological processes can be utilized to degrade the biodegradable organic pollutants of leachates [4,5,6]. However, over time, the reduction of the biological oxygen demand/chemical oxygen demand (BOD5/COD) ratio < 0.3 and microorganisms involved in nitrification–denitrification processes are readily hampered by high concentrations of ammonium nitrogen, making it difficult to be treated by the conventional biological and physicochemical processes [7,8,9,10]. Moreover, additional carbon sources are needed to aid the nitrification–denitrification process [11]. Hence, a novel method has been presented to transform landfills into bioreactors via leachate recirculation, which is expected to accelerate the stabilization of landfills and reduce the organic strength of leachates [12]. However, recirculated leachates also lead to the accumulation of higher levels of NH4+–N and refractory organics compared with traditional landfills because of the increasing ammonification rate and the lack of carbon sources [13].



Recently, the application of semiconductor-based photocatalysis in the treatment of landfill leachates has attracted attention [14,15,16]. The technology could effectively mineralize a wide range of organic pollutants into low-toxicity organic small molecules, CO2, and H2O without the use of expensive oxidant [17]. Among photocatalysis, TiO2 has been extensively studied due to its super strong photo-oxidizing ability, easy accessibility and environmental friendliness, and it has been considered to be a green catalyst material with broad development prospects in the field of water treatment [18,19]. TiO2 absorbs UV light (<380 nm), and electrons are promoted from the valence band (VB) to the conduction band (CB) to generate electron–hole pairs (e−/h+). Positive holes typically oxidize organic compounds, inducing their oxidative degradation. In addition, electrons mainly reduce molecular oxygen to superoxide radical anions, thereby leading to a number of reactive oxygen species (OH•, O2−•, and HO2•). Some titanium dioxide-based materials are used to treat refractory pollutants, such as prepared B–TiO2-graphene oxide ternary nanocomposite in the degradation of bisphenol A with a mineralization rate of 47.66% [20], iron-doped TiO2 photodegradation for rhodamine B at about 90% [21], and TiO2-based catalysts obtained by different preparation methods; the simultaneous oxidation of organic matter and the reduction in ammonia were observed during the solar photocatalytic treatment of greywater [22].



Within this context, aiming to increase the effectiveness of the treatment of landfills, researchers have investigated the application of combination techniques, integrating biological processes with advanced oxidation processes [23]. Cai et al. [24] applied cetyltrimethylammonium bromide bentonite–titanium dioxide photocatalytic technology to the pretreatment of aging leachate, which maintained the removal of COD and NH3–N at 82% and 37% in 60.02 min, respectively. Pellenz et al. [25] used a boron-doped diamond-based photo-electro-Fenton system integrated with biological oxidation to treat landfill leachate, which reduced its toxic potential. Researchers have attempted to implement anaerobic bioreactor technology for effective MSW treatment through leachate decontamination [26]. Simulations of landfilling in anaerobic bioreactors function as anaerobic sludge digesters and facilitate accelerated and economic waste stabilization [27]. The study of integrating biological processes with advanced oxidation processes in simple lab scale reactors is an important stage to enable real-scale integrated applications in the treatment of landfill leachate, which could solve the bottleneck caused by the high toxicity and insufficient carbon source of landfill leachate treatments. Thus, the main objectives of this study were two-fold. First, we intended to explore the best conditions for the synthesis of TiO2 at different hydrothermal temperatures and the different ratio of titanium to urea based on the efficiency of methyl orange and learn about optimal reaction conditions under different irradiation times, amounts of TiO2, and initial pH regarding COD and color treatment efficiency in diluted leachate. At this stage, the TiO2 particles were characterized by energy dispersive spectrum (EDS), X-ray diffraction (XRD), and Fourier transform infrared (FTIR). The second goal was to investigate the possibility of using synthetic TiO2-guided photocatalysis in combination with an aged waste reactor to treat landfill leachates under the best process conditions by examining the removal rates or concentration of NH4+–N, nitrate (NO3−–N), nitrite nitrogen (NO2−–N), and COD. Currently, there is relatively little published information on dealing with aging leachates by aged waste reactors combined with photocatalytic technology. This study expects to provide some suggestions for accelerating the process of waste stabilization.




2. Materials and Methods


2.1. Sampling


Landfill leachate was obtained from the Chongkou landfill in Guangxi, China. The general characteristics of the raw leachate studied were as follows: COD, 7647 mg/L; pH, 8.88; NH4+–N, 26.73 mg/L. The original water was diluted 30 times prior to treatment given the high contaminant load in the original landfill leachate.



Leachate samples were analyzed by the standard for pollution control on the landfill site of the MSW [28]. COD was determined in accordance with the dichromate titration method. NH4+–N, NO3−–N, NO2−–N, and chromaticity were measured with an ultraviolet-visible spectrophotometer (UV-6100A, Yuanxi Instrument Co., Ltd., Shanghai, China). The pH was measured using the glass electrode method (Yidian Scientific Instrument Co., Ltd., Shanghai, China) and adjusted by adding HCl or NaOH.




2.2. TiO2 Nanoparticle Synthesis


The TiO2 nanoparticles were prepared by the green and mild solvothermal method [17,29]. First, 12.6 g of Ti(SO4)2 and 3.15, 6.3 and 12.6 g of urea were dissolved in 40 mL of ultrapure water, the solution was stirred at room temperature for 20 min, and the mixture was transferred into a Teflon-lined stainless autoclave of 100 mL capacity, sealed, and heated at different temperatures (100 °C, 120 °C, 150 °C and 180 °C) for 12 h. After the system cooled down to room temperature, the products were washed with deionized water three times and separated by centrifugation until the system was neutral. Finally, the products were dried in air at 80 °C for 12 h. Among them, the weight ratio of Ti(SO4)2 and urea was controlled at about 1:1,1:2 and 1:4.




2.3. Characterization of TiO2 Nanoparticles


Four methods of characterization were used to describe the characteristics of the synthesized TiO2 nanoparticles. To determine the structural characteristics and crystalline phases of the nanoparticles, the X-ray diffraction (XRD) method was used. The diffraction angle range of 2θ = 10°–80° was measured by a PANalytical X’Pert3 Powder X-ray diffractometer (the Netherlands). Field emission scanning electron microscopy (FESEM) analysis was used to visualize the morphology of the nanoparticles. This analysis was accomplished with the Electron JSM-7900F FESEM in Japan. Qualitative and quantitative analyses of the sample elements were conducted by energy dispersive spectrum (EDS) analysis and by using the electron JSM-7900F FESEM in Japan at an accelerating voltage of 15 kV. The molecular structure changes of different samples were analyzed by Fourier transform infrared spectrometry (FTIR), using a device produced in the U.S.A. by PerkinElmer, at a scan range of 4000–400 cm−1.




2.4. Photocatalytic Experiments


The visible photocatalytic activities of the obtained samples were investigated by the photodegradation of methyl orange in an aqueous solution. An amount of 20 mg of the sample was dispersed into 50 mL of the methyl orange solution (10 mg/L)/diluted leachate in a Pyrex glass reactor. A 300 W xenon lamp (Naai Precision Instrument Co., Ltd., Shanghai, China) with a UV light source (Figure 1) was used. The solution was allowed to reach an adsorption–desorption equilibrium among the photocatalyst and methyl orange by magnetic stirring in the dark for 30 min before irradiation with UV light. At certain time intervals, the 2 mL suspension was sampled and filtered through the 0.45 m filter membrane to remove the particles. The concentration of methyl orange was determined by a UV-visible spectrophotometer (UV-6100A, Yuanxi, Shanghai, China) according to its absorbance wavelength at 464 nm.




2.5. Cooperative Degradation Experiments


This study was conducted as a follow-up to a previous study, and the same materials were used, including anaerobic reactors formed by domestic waste (numbered C and E) and aged waste reactors (numbered D and F) (Figure 2) [13,30]. These materials were suitable for the microbial domestication of the test stage. The leachate produced by C and E was treated with D and F to form a recharge solution, which circulated back to the corresponding anaerobic landfill device. Groups CD (Figure 2a) and EF (Figure 2b) microbially acclimatized for 14 days. The frequency obtained was 1 time/d when the leachate diluted 30 times was used as the inlet water. From day 15 to day 33, the operation mode of the CD group remained unchanged. However, in groups E and F, the effluent of reactor F was treated by the photocatalytic reactor and then recharged to reactor E. In this study, only the changes in the D and F effluent indexes were investigated.



The photocatalytic reaction phase is as follows: 2 g of the TiO2 was dispersed into 500 mL (25 °C) of the effluent of reactor F with photocatalytic treatment for 8 h under simulated sunlight (500 W).





3. Results and Discussion


3.1. Characterization of Photocatalysts


With methyl orange as the target pollutant, the best preparation conditions for TiO2 were obtained by evaluating its degradation efficiency (Figure 3). The removal ratio is calculated by the following equations [31]:


removal ratio = (C0 − C)/C0 × 100%



(1)




where C and C0 correspond to residual concentrations and initial concentrations of methyl orange. During the dark reaction carried out for 30 min, the maximum adsorption removal rates of methyl orange under the two conditions reached 9.87% and 4%, respectively. The best preparation condition of TiO2 appeared when the hydrothermal reaction temperature was 150 °C and the ratio of titanium sulfate to urea was 1:1 with 95.97% removal efficiency of methyl orange under UV light.



The surface morphology and surface area were very effective parameters in the photocatalytic activity of TiO2 [32]. The SEM images revealed that nano-TiO2 had a smooth surface, and EDS analysis illustrated the content of Ti and O elements, showing that the prepared sample had high purity (Figure 4a,b). The XRD spectrum was used to analyze the crystal structure, as shown in Figure 4c,d. From data analysis, the body-centered tetragonal crystal structure of anatase was identified based on significant diffraction peaks: 20.2°, 37.8°, 47.9°, 53.9°, 55°, and 62.6° corresponding to (101), (004), (200), (105), (211), and (204) planes, respectively (JCPDS 86–1157). As previously reported in the literature, the diffraction peak of the anatase crystal form became stronger as the half-peak width narrowed, and the sample showed a good crystal form at 150 °C. The result of the XRD patterns of products with different ratios of titanium sulfate to urea show that all the samples exhibit high crystallinity, especially when the ratio is 1:2 (Figure 4d). Meanwhile, the particle size of sample was calculated by the Scherrer formula [33]:


    D =  (  K λ ⁄ B cos θ  )       



(2)




where D is the average crystal size of the sample, λ is the X-ray wavelength (1.54056 Å), B is the full width at half maximum of the diffraction peak (radian), K is a coefficient (0.89), and θ is the diffraction angle at the peak maximum. The particle size of TiO2 at 100 °C, 120 °C, 150 °C, and 180 °C was 5.3, 9.7, 11.8, and 16.4 nm, respectively, and the particle size of TiO2 at titanium sulfate–urea ratios of 1:1, 1:2, and 1:4 was 11.8, 13.1, and 9.5 nm, respectively. Considering the crystallinity of the synthesized sample and degradation rate for methyl orange, the optimal particle size of titanium dioxide was 11.8 nm in this experiment.



The FTIR spectrum analysis chart of TiO2 prepared under controlled conditions is shown in Figure 4e,f. The characteristic peak at 150 °C was the strongest, and the crystal structure was the most complete, which was consistent with the XRD analysis. The peak at 460 cm−1 of TiO2 was assigned as the Ti–O stretching vibration and Ti–O–Ti bridging stretching vibration [34]. The two signals at 1640 cm−1 and 3420 cm−1 can be ascribed to the −OH bending vibration of the water on the surface of TiO2 (Figure 4e) [35]. The adsorbed water and hydroxyl groups on the surface of the catalyst would interact with the electron-holes generated by the excitation to produce hydroxyl radicals with strong oxidizability (Figure 4e) [36]. Therefore, the best synthesis conditions are a temperature of 150 °C and a titanium sulfate–urea ratio of 1:1.




3.2. Optimization of Photocatalytic Processes


The results of photocatalytic degradation of the landfill leachate by adjusting the irradiation time are shown in Figure 5a. During the dark reaction carried out for 30 min, the removal rates by TiO2 adsorption of COD and color was 93.94% and 60%, respectively. The maximum COD and color removal rates were 89% and 70% under UV light, respectively. The reason for the increased COD value may be that the photocatalytic reaction oxidizes the complex macromolecular organics into small molecular organics after the light is turned on. Hassan et al. [37] pointed out that an increase in COD concentration at the end of photocatalysis is due to a decrease in catalytic efficiency caused by the deposition of pollutants on the catalyst with time. Sama Azadi et al. [38] also confirmed this conclusion. It is speculated that the reason for a COD removal rate that is higher than the chromaticity removal rate is due to low phenolic substances in the reaction process, as color reduction simply reflects the oxidative opening benzene ring in the phenolic substances to other straight chain compounds [39]. The result is consistent with the removal rate of COD and color treated by AC/TiO2 for the last 30 min [40]. The reason why the COD decrease was faster than the color removal needs more research. For this batch of the experiment, equal amounts of 200 mg TiO2 were added into a series of test beakers containing 50 mL of the landfill leachate.



As shown in Figure 5b,c, when the dosage of TiO2 was 200 mg (4 g/L), the COD and decolorization removal rate were 94.28% and 70.00%, respectively. The highest photocatalytic efficiency did not appear at the dosage of 400 mg (8 g/L). The study confirmed that with the increase in the amount of TiO2, the irradiated area and the photocatalytic rate increased [41]. At a TiO2 dosage of 4 g/L, Jia [42] removed 37.4% COD and 55.5% color, but the degradation ratio decreased, except COD, when the dosage was increased to 16 g/L. Miao et al. [43] noted that when the catalyst dosage reached the saturation level, the light absorption coefficient decreased. Therefore, the optimal dosage TiO2 was 200 mg (4 g/L) in this study. For this batch of experiment, the duration of experiments performed was 750 min.



The results of photocatalytic degradation of the leachate at different initial pH values (2, 5, 7, 9, and 11) are shown in Figure 5d,e. During the reaction process, different pH values slightly affected the COD removal rate of approximately 85%. The color removal rate was evident under acidic conditions. When the pH value was 2, the color removal increased up to 87.5%. Jia et al. [44] studied the degradation of the landfill leachate by the photocatalytic treatment process and proposed that the optimal pH value was 4. Some researchers suggested that HCO3−/CO32− anions brought about significant inhibitory effect on photocatalytic oxidation of refractory organics present in the leachate [45]. However, Xu et al. [46] noted that upon decreasing the leachate pH from 5.4 to 3.9, the amount and size of aggregated TiO2 particles increased. Anpo and Kamat suggested that the highest pollutant adsorption and maximum photocatalytic removal efficiency were observed at a pH close to pHzpc [47]. Azadi et al. [38] indicated that the pHzpc values of C and C–W co-doped TiO2 C-doped nanoparticles were 6.27 and 6.7, respectively, and the highest COD removal rate was in the range of pH value 6–7. The COD removal efficiency increased with leachate pH as reported in the literature [8]. Therefore, the pH value near pHzpc had the best photocatalytic efficiency. In addition, the reason for the highest color removal rate at pH = 2 may be the conversion of colored substances to colorless substances during the photocatalytic reaction under strong acidity [48]. The original pH of the leachate in this test was alkaline (8.88), and the pH of the leachate was unadjusted from the engineering point of view. For this batch of the experiment, equal amounts of 200 mg TiO2 were added into a series of test beakers containing 50 mL of the landfill leachate, and the duration of the experiments performed was 750 min.



In addition, combined with the maximum removal rates of COD and color under the three conditions, the optimal reaction time in this study was 500 min.




3.3. Treatment of Leachate by Aging Reactor Combined with Photocatalysis


The indicators of each reactor after acclimation are shown in Table 1.



As shown in Figure 6a, from day 15 to 33, the concentrations of NH4+–N in reactors D and F were 0.083–2.523 and 0.083–1.17 mg/L, respectively. The average removal rate was 80.3% for reactor D and 98.8% of reactor F. The NH4+–N concentration in the effluent of the photocatalytic reaction was high, which was probably due to the photocatalytic reaction converting the nitrogen-containing organic matter into nitrogen-containing inorganic matter in the leachate. This finding shows that the leachate contains a large amount of heterocyclic nitrogen and amino compounds that readily hampered the nitrification–denitrification processes [9,49].



Figure 6b illustrates that the concentration of NO3-N in the effluent of reactor D and the NO3–N concentration of the effluents of reactor F was 7–9 mg/L. Boonnorat et al. found that the leachate produced by a landfill for a long time contained low carbon/nitrogen (C/N) ratios [50]. The photocatalytic reaction of TiO2 with a circulating leachate transformed the refractory organic matter into biodegradable organic matter, which was looped through the anaerobic landfill reactor E to accelerate the degradation of domestic waste and then recycled at the reactor F to provide a carbon source for denitrifying bacteria. Therefore, the concentration of NO3−–N in reactor F was lower than that in reactor D [51,52]. Figure 6c shows that NO2−–N concentrations of reactors D and F were 0.01–0.032 and 0.01–0.017 mg/L, respectively. However, the NO2−–N concentration of the photocatalytic effluent F’ increased, which confirms the conclusion that the nitrogen-containing organic matter shown in Figure 6a was degraded into NH4+–N [53] The N-compound conversion equation is as follows:


TiO2 + hv → e− + h+



(3)






h+ + H2O → OH• + H+



(4)






e−+ O2 → O2−•



(5)






O2−• + e−+ 2H+ → H2O2



(6)






H2O2 + e− → OH• + OH−



(7)






DON + OH•+ O2−• + H2O → NH4+ + OH−



(8)






NH4+ + 2 O2−• + 2H2O → NO2− +2·HO2 + 3H2



(9)






2NO2− + 2O2 → 2 NO3−



(10)






2NO2− + 2 OH• → NO3− + H2O



(11)




where OH• and O2−• are active species produced in the photocatalytic process.



As shown in Figure 6d, at days 15 to 20, the COD concentration difference between the effluent of aged waste reactors D and F was not evident, and the microorganisms were still in a certain adaptation stage. From day 21 to the end of the process, the average COD removal rate (32.5%) of reactor F was also higher than that of reactor D (21.20%). At the end of the research, the COD concentrations of the effluent from reactor D and F were 125.49 and 83.14 mg/L, respectively; thus, reactor D satisfied the standard for pollution control on the landfill site of the MSW [28]. A possible explanation is that in the presence of organic compounds, the generated hydroxyl radicals interact with the aromatic and heterocyclic compounds present in the leachate, which favor the formation of small aliphatic chains of carboxylic acids resulting in compounds that are easily assimilated by microorganisms [54]. This result indicates that the photocatalytic reaction degrades the refractory organics into biodegradable organic matter, which can be degraded by the microorganisms in an aged waste reactor [55,56]. Accordingly, the photocatalytic reaction increases the biodegradable organic matter in the circulating leachate, which is more easily degraded by microorganisms in reactor F. With the combined process, it was possible to treat an effluent with a high organic load, meeting the restrictive standards of release in the recipient water bodies [57].




3.4. Photocatalyst Stability


The experiment of removing COD and color was repeated three times to evaluate the recycling and stability of the nanophotocatalyst. After each cycle, the catalyst was collected and washed by simple centrifugation, washed with deionized water, and dried at 120 °C. As shown in Figure 7, after three cycles, the COD removal rate was 90.00% and the color change rate was 63.33%. These findings indicate that after recovery, the nanophotocatalyst can maintain activity and continue to provide electrons during the photocatalytic reaction to promote substrate degradation. Therefore, it had good industrial application prospects.



XRD characterization, FTIR spectroscopy, SEM observation, and EDS analysis were carried out to study the structure, morphology, and chemical composition of the recovered TiO2 nanoparticles. As shown in Figure 8a, after the reaction, the TiO2 crystal form, crystal plane, and diffraction peak intensity did not significantly change. According to Scherrer’s formula, the grain diameter after the reaction increased to 14.1 nm, but as the grain size increased, the specific surface area and the photocatalytic activity gradually decreased, consistent with the photocatalyst stability test results (Figure 8b). The FTIR diagram shows that, after the photocatalytic reaction, the characteristic peaks at 3420, 1640, 1400, and 1060 cm−1 increased. This finding indicates that the surface of TiO2 adsorbed organic matter containing hydroxyl groups and SO42−. In addition, the absorption peaks of CH and CO appeared at 2974 cm−1and 2900 cm−1, respectively, which was caused by the organic matter in the leachate that adsorbed on the surface of the TiO2 particles. However, the characteristic peak intensity of crystalline TiO2 molecules with a wavelength of 460 cm−1 decreased. The reason may be that organic matter occupied the active site of TiO2, thereby weakening the stretching of Ti–O and Ti–O–Ti vibration (Figure 8c). Accordingly, TiO2 nanoparticles have the potential to maintain high photocatalytic efficiency during stability tests.





4. Conclusions


The effects of TiO2 nanoparticles and aged waste reactor combined treatment of NH4+–N, NO3−–N, NO2−–N, and COD in landfill leachate were discussed. SEM, FTIR, and XRD were used to determine the optimal hydrothermal reaction temperature of the synthesized nanoparticles at 150 °C, and the ratio of titanium to urea was 1:1. Then, considering the removal rate for COD and chromaticity as the index, the optimal photocatalytic reaction time was 500 min, the best dosage of TiO2 nanoparticles was 4 g/L, and the original leachate had pH = 8.88. The removal rates of COD and chroma under three conditions were obtained by the single-factor control method: 89% and 70%; 95.56% and 70%; and 85% and 87.5%, respectively. Under the best process conditions, after the combined treatment with TiO2 nanoparticles and an aged waste reactor for landfill leachate, the overall average removal rates of NH4+–N and COD were 98.8% and 32.5%, respectively. The concentration of NO3−–N and NO2−–N were maintained at 7–9 and 0.01–0.017 mg/L, respectively. The combined device degraded the refractory biodegradable organic matter into biodegradable organic matter, and the recharge to the anaerobic bioreactor landfill can continue to accelerate the degradation of domestic garbage. This simulation of photocatalysis-landfilling could be a baseline study for the implementation of technology at the pilot scale to accelerate the process of waste stabilization.
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Figure 1. Schematic of the experimental setup. 
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Figure 2. Schematic of bioreactor landfill (a), combined bioreactor landfill (b). 
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Figure 3. Effect of photocatalysts prepared at different temperature (a) and the different ratio of titanium to urea (b) on degradation rate of methyl orange concentration. 
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Figure 4. SEM images (a) and EDS elemental mapping analysis (b), XRD patterns (c,d), FTIR patterns (e,f) during TiO2 nanoparticles. 
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Figure 5. Effects of irradiation time (a), TiO2 dosage (b,c) and initial pH (d,e) on COD concentration, removal and color removal. 
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Figure 6. NH4+–N concentration and removal (a), NO3−–N concentration (b) NO2−–N concentration (c), COD concentration and removal (d) of leachates. 
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Figure 7. TiO2 recycling treatment effect. 
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Figure 8. SEM images (a), XRD patterns (b) and FTIR patterns (c) of TiO2 nanoparticles before and after photocatalysis. 
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Table 1. The indicators of each reactor after acclimation.
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	NH4+–N (mg/L)
	NO3–N (mg/L)
	NO2–N (mg/L)
	COD (mg/L)





	C
	5.457
	18.209
	0.079
	245.302



	D
	1.049
	18.226
	0.017
	185.955



	E
	18.404
	8.5228
	0.281
	146.390



	F
	1.049
	18.276
	0.281
	126.607
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