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Abstract


Europium (Eu) in coal and sedimentary rocks has important mineral resource potential as well as being a crucial parameter in geochemical studies that can represent changes in the depositional environment during coal deposition and identify the depositional source region. Therefore, it is essential to realize the precise measurement of Eu in coal as this could be a useful parameter for paleoenvironmental reconstruction studies and the exploration of mineral resources. During inductively coupled plasma mass spectrometry (ICP-MS) analysis, polyatomic ions of Ba may interfere with Eu, causing the observed value to be higher than the actual value. This paper develops a new approach for Eu determination by using a high-resolution inductively coupled plasma mass spectrometry (HR-ICP-MS). The mass spectral interference and correction of Eu in the coal and sedimentary rock samples at low, medium, and high resolutions were investigated. The results showed that in the high-resolution mode (resolution = 10,000 amu), the interference of polyatomic ions of Ba could be distinguished from Eu; hence, Eu was determined under this circumstance. Under the optimal experimental circumstances, the detection limit was 0.006 μg/mL, the relative standard deviation was 0.80%–1.22%, and the linear correlation coefficient of the standard curve was over 0.9999. The recoveries of the 103Rh internal standard solution ranged from 94.41% to 100.10%. This method was verified using standard reference materials and selected samples, which demonstrated its high sensitivity, accuracy, and reliability, and a low detection limit, making it appropriate for detecting Eu in samples of coal and sedimentary rocks.






Keywords:


HR-ICP-MS; Eu; mass spectral interference; coal; sedimentary rocks












1. Introduction


Coal and coal-bearing strata have attracted much attention in recent decades [1,2,3,4] as promising alternative raw sources for rare earth elements (REEs), not only because the REE concentrations in many coals, coal-bearing strata, or coal ashes are equal to or higher than those found in conventional types of REE ores [5,6] but also because the worldwide demand for REEs in recent years has been greater than supply. Among REEs, europium (Eu) is classified as one of the most important critical rare earth elements [7,8,9] that has been widely industrially used.



Europium could also be a useful geochemical parameter for geological researches. As one of only two rare earth elements (Ce and Eu) sensitive to redox environments, Eu exists primarily as Eu3+ and is only reduced to Eu2+ under extreme environmental conditions like unusually strong reducing environments or the influence of high-temperature hydrothermal fluids above 250 °C [10,11,12], leading to anomalies of concentration. Additionally, as the temperature rises, the degree of Eu3+ reduction to Eu2+ increases [13]. Eu anomalies in coal and sedimentary rocks are typically inherited from the eroded source rocks of the sediments rather than from the weathering, denudation, transportation, and deposition of the materials derived from eroded source rocks [14,15,16,17,18,19]. Therefore, Eu anomalies have been extensively studied to indicate sedimentary environments, the supply of erosional source areas, and regional geological history evolution [9,18,19,20,21,22]. Therefore, accurate Eu determination of concentrations in coal and sedimentary rock samples is crucial.



Due to its high sensitivity, low detection limit, and broad linear range, inductively coupled plasma mass spectrometry (ICP-MS) has become one of the most competitive and promising methods for trace and ultratrace REE analysis in geological materials [7,23,24,25] and is widely used in trace element testing compared to other analytical techniques like neutron activation analysis [26,27,28,29,30], X-ray fluorescence spectrometry [31,32,33], laser-induced breakdown spectrometry [34,35,36,37], atomic absorption spectroscopy [38,39,40,41], and inductively coupled plasma atomic emission spectrometry [42,43,44,45]. There have been many reports of concentrations of trace elements in coals that were successfully determined by ICP-MS [46,47,48,49,50,51,52]. However, the determination of Eu by ICP-MS is often interfered with due to the overlapping of M+, MO+, and MOH+ ions [53,54,55], especially the polyatomic ions BaO and BaOH formed by Ba [20,22,56,57]. In addition to studying the effects of different conditions on the formation of polyatomic particle interferences [54,58,59,60,61,62,63], Jarvis et al. [64] used the higher yields of doubly charged ions to avoid the effects of oxides and hydroxides of Ba by determining doubly charged Eu ions, but the decrease in sensitivity was very significant when using this method to determine the content of ultratrace Eu. Yan et al. [65] used the AG50W-x8 cation exchange resin to separate Ba in the dissolving solution and then combined it with ICP-MS to achieve an accurate determination of Eu.



High-resolution inductively coupled plasma mass spectrometry (HR-ICP-MS) employs an electrostatic analyzer to compensate for the diffusion of the ion beam generated by the ICP source, delivering an ion beam with a much narrower ion energy range to the magnetic sector and thus distinguishing the weak mass number difference between the interfering and target elements to resolve most polyatomic ion interference problems [66]. Rodushkin et al. [67] used HR-ICP-MS for the determination of multi-elements in coal; nevertheless, the mass spectral interference of Eu in coal samples at low, medium, and high resolution has not been systematically reported; therefore, there is a potential underestimation of Eu determination in coal or sedimentary materials by HR-ICP-MS. In this study, a method for HR-ICP-MS-based Eu determination is presented. At low, medium, and high resolutions, the mass spectrum interferences and calibration of the target element were investigated. Calibration curves, detection limits, precision, accuracy, and internal standard solution recoveries were used to validate the method. The precise determination of Eu in samples of coal and sedimentary rock was accomplished using the established methodology.




2. Experimental Method


2.1. Instruments


For concentration determination of Eu in coal and sedimentary rock samples, an Attom ES (Nu Instruments, Wrexham, UK) high-resolution inductively coupled plasma mass spectrometer (HR-ICP-MS) was utilized. A Milestone UltraClave (Sorisole, Italy) microwave high-pressure reactor, which can fully digest the samples with a rapid speed under high-temperature and -pressure conditions, was used to digest the samples. The ultrapure water required for the experiment was made using a Milli-Q IQ 7010 Ultrapure water system (18.2 MΩ·cm, Merck Millipore, Molsheim, France). For further purification of the guaranteed reagents (GR) HNO3 (65%) and HF (40%), a DuoPUR acid purification system (Milestone, Milan, Italy) and an SD-2000 acid purification system (Labtech, Beijing, China) were utilized, respectively.




2.2. Reagents and Gases


The reagents needed in the experiment include a series of Eu standard solutions, an internal standard solution, and a tuning solution. The intermediate solution was diluted from the 100 μg/mL standard reference solution (CCS1, Inorganic Ventures, Christiansburg, VA, USA) to 1 μg/mL. The intermediate solution was aspirated into six polyfluoroalkoxy (PFA) volumetric flasks of 0 mL, 0.1 mL, 1 mL, 3 mL, 5 mL, and 10 mL to establish the calibration curve of six concentration levels (0, 1, 10, 30, 50, and 100 μg/L). Next, 2 mL of purified HNO3 was added to each flask and diluted to the tick mark with ultrapure water.



An internal standard stock solution of 103Rh (10 μg/mL) and a tuning solution containing multi-elements (1 μg/L) were diluted from 1000 μg/mL Rh standard solution (GSB 04-1746-2004, National Center of Analysis and Testing for Nonferrous Metals and Electronic Materials, Beijing, China) and 1000 μg/mL multi-elements standard solution (GNM-M241186-2013, National Center of Analysis and Testing for Nonferrous Metals and Electronic Materials, Beijing, China), respectively. The GR HNO3 and GR HF after purification were used for standard solution preparation and sample digestion. Ultrapure argon was used as the cooling, auxiliary, and nebulizer gas.




2.3. Investigated Samples


Four standard reference materials, including two coal samples (SRM2682b and SRM2685b, National Institute of Standards and Technology, Gaithersburg, MD, USA (NIST)) and two sedimentary rocks (GSR-6 and GSR-20, National Institute of Metrology, Beijing, China (NIM)), were chosen as references in order to evaluate the stability and accuracy of the HR-ICP-MS for Eu concentration determination. In addition, to cover the range of Ba/Eu ratios more comprehensively, twelve samples covering multiple lithologies, including six coal samples and six sedimentary rock samples, were selected from 120 samples from coal deposits in China for analysis in this study. Table 1 provides a thorough description of these samples.




2.4. Sample Pre-Treatment


Fifty milligrams of coal samples crushed to 200 mesh were weighed precisely into the digestion tube, and 5 mL of purified HNO3 and 2 mL of purified HF were added. On the other hand, 2 mL of purified HNO3 and 5 mL of purified HF were added to the sedimentary rock samples. Two blank samples were inserted in each batch to correct for the influences of external factors on the test results, such as the presence of the element to be measured in the used reagent and contamination during sample pre-treatment.



The digestion tank of the UltraClave reactor was loaded with 5 mL of HNO3 and 150 mL of ultrapure water. The microwave digestion program was configured as stated in Table 2, and Figure 1 depicts the actual running curve.



Since the REEs would react with HF during the digestion process and form insoluble complexes [70], causing the results of REE determination to be lower than the certified values, after digestion, the samples were transferred to PFA digestion cups and heated to 180 °C on an electric hot plate for acid-driving to minimize the effect of HF. To thoroughly dissolve the REEs from the complexes, 5 mL of HNO3 solution (v:v = 1:1) was added to the solution after the acid-driving. This solution was then covered and heated on the electric hot plate for 4 h. The samples were moved to PFA volumetric flasks and diluted with ultrapure water to 100 mL after reaching room temperature in preparation for further analysis.




2.5. Determination Procedure


The optimization procedure may start when the plasma has been ignited for 20 to 30 min and the set spray chamber temperature has been reached. The tuning solution was first aspirated, and then the torch position, nebulizer pressure, and ion optics were optimized to maximize the ion signal. The HR-ICP-MS optimization settings are displayed in Table 3. A magnet calibration program was then performed to ensure its stability before the equipment was prepared for sample testing.





3. Results and Discussion


3.1. Mass Spectral Interferences and Correction


The determination of Eu by the ICP-MS method inevitably involves polyatomic ion interference, among which the most prominent are the oxides and hydroxides formed by natural isotopes of Ba [20]. Especially when the Ba/Eu is 1000 or higher, the interference of polyatomic ions of Ba to Eu is significantly enhanced [57,65,71]. Table 4 shows the interference of oxides and hydroxides formed by Ba to Eu. By selecting an appropriate resolution, the mass spectral peaks of Eu and the interfering ions can be distinguished for the purpose of accurate quantification. The mass spectral peaks of Eu at different resolutions are displayed in Figure 2.



The observed values of Eu are significantly higher than the certified values because, in low and medium-resolution modes, the mass spectral peaks of the interfering ions, such as polyatomic ions of Ba (137Ba16O, 136Ba16OH), overlap with the 153Eu mass spectral peak (Figure 2A,B). The mass spectral peak of the interfering ions may be entirely separated from 153Eu in the high-resolution mode (Figure 2C), and the measured Eu values are more in line with the anticipated concentrations. When the resolution increases, the capacity of the device to distinguish the elements to be measured from the examined spectra increases, while analytical sensitivity diminishes as ion transport efficiency declines. Even though the mass spectral peak of the interfering ions may be completely isolated from Eu when the resolution reaches 12,000 amu, the signal is severely attenuated and the instrument is unable to make an accurate diagnosis (Figure 2D). Thus, the high-resolution mode (Resolution = 10,000 amu) should be selected for the measurement.




3.2. Calibration Curves and Method Detection Limit


The lowest concentration of each element that the instrument may identify is represented by the method detection limit (MDL), which is an essential parameter for analytical testing. The MDL was determined by three times the standard deviation of the 11 results for 11 independent blank samples. Table 5 displays the calibration cures, the linear correlation coefficients, and the MDLs of Eu at different resolutions. The correlation coefficients of the standard curve were above 0.9999 at all three resolutions, indicating good linearity and accurate results. The MDLs ranged from 0.003 to 0.008 μg/L.




3.3. Precision, Accuracy, and Recovery


In order to evaluate the precision and accuracy of the method for the determination of coal and sedimentary rock samples, the four standard reference materials were prepared according to the experimental method, and the average of six measurements was used as the result to calculate the relative error (RE), the standard deviation (SD), and the relative standard deviation (RSD).



The certified and observed values of Eu, RE, SD, and RSD of the four standard reference materials at different resolutions as well as the recovery of the internal standard solution of 10 μg/mL 103Rh are listed in Table 6.



The REs of the standard reference materials were less than 10% for all conditions, except for NIST 2682b at low and medium resolutions. This is due to the fact that Ba/Eu in NIST 2682b was higher than 1000 and the polyatomic ions of Ba interfered with the determination of Eu at low and medium resolutions. The RSDs ranged from 0.33% to 1.46%, demonstrating the high precision of the method. The recoveries of the internal standard solutions ranged from 93.94% to 112.11%, which suggests the stability of the instrument and the analysis.




3.4. Analytical Results


The concentration of the REEs for the samples in Table 1 are listed in Table 7. In addition to the four standard reference materials, the REEs in the other Chinese samples were normalized by the upper continental crust (UCC; UCC data are from Taylor and McLennan [72]), and the distribution patterns of the REEs in the samples were plotted in Figure 3.



For the samples in which Ba/Eu is less than 1000 (GQ-2-3 and GQ-2-13P), the concentrations of Eu at different resolutions are fairly close, suggesting that the influence of Ba can be ignored (Figure 3A,B). As for samples in which Ba/Eu is higher than 1000, the Eu concentration in the samples is overestimated in low and medium-resolution modes due to the influence of the polyatomic ions of Ba. In contrast, the polyatomic ions of Ba are separated in the high-resolution mode and the actual value of Eu is obtained. Among them, the Ba/Eu ratios in ZJ-4-6, ZJ-5-12, QS-9-1, GQ-2-1, and GQ-2-10P are larger than 1000 but less than 10,000, and typically, the interference of Ba on Eu determination does not exceed 100% of the actual value of Eu. The samples that ought to have shown no Eu anomalies, weak positive Eu anomalies, or even weak negative Eu anomalies show positive Eu anomalies at low and medium resolutions (Figure 3C–G). The interference from Ba can reach up to several times (WLTG C6-2, X1-2R, Z2-15F, and Z2-16F) or even thirteen times (X1-1R) that of Eu, and the samples exhibit significant positive Eu anomalies at low and medium resolutions (Figure 3H–L), which indicates that the effect of Ba polyatomic ions on Eu is extremely significant when Ba/Eu is greater than 10,000. Thus, this demonstrates the reliability and effectiveness of this method to separate the interference of Ba using the high-resolution mode of HR-ICP-MS.





4. Conclusions


A new reliable method for the determination of Eu in coal and sedimentary rocks was presented in this paper. The accurate determination of Eu was achieved by using an HR-ICP-MS combined with microwave digestion. By optimizing the instrument parameters and selecting the best resolution, the analytical accuracy of Eu was improved. In the high-resolution mode, the mass spectral peaks of Eu and the polyatomic ions of Ba can be separated by using the slight difference in mass numbers between them, thus effectively separating Eu from the interfering ions and eliminating the mass spectral interference. Compared to Yan et al. [65], this method omits the step of Ba separation, which greatly simplifies the operation process while ensuring the accuracy of the results. This method has been successfully applied to coal and sedimentary rock samples and has the advantages of a low detection limit and high precision and accuracy.
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Figure 1. The actual running curve for the sample digestion program. 
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Figure 2. Peak shape of Eu at different resolutions. (A–D) represent the peaks of the Eu at resolutions of 300, 4000, 10,000, and 12,000 amu, respectively. 
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Figure 3. UCC-normalized REE distribution patterns for samples at different resolutions. (A–L), Correspond to the selected 12 Chinese samples. 
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Table 1. Description of all investigated samples.






Table 1. Description of all investigated samples.





	
Sample ID

	
Lithology

	
Ba/Eu

	
Description






	
SRM 2682b

	
Coal

	
2247

	
NIST standard reference material




	
SRM 2685c

	
Bituminous coal

	
292




	
GSR-6

	
Argillaceous limestone

	
235

	
NIM standard reference material




	
GSR-20

	
Carbonaceous siliceous shale

	
274




	
WLTG C6-2

	
Low-rank coal

	
18,598

	
No. 6 coal of Wlulantuga Deposit, Shengli Coalfield, Inner Mongolia [48]




	
ZJ-4-6

	
Low-rank coal

	
3813

	
No. 4 coal of Zhoujing Mine, Baise Coalfield, Guangxi Province [65]




	
ZJ-5-12

	
Low-rank coal

	
2083

	
No. 5 coal of Zhoujing Mine, Baise Coalfield, Guangxi Province [65]




	
QS-9-1

	
Bituminous coal

	
4367

	
No. 9 coal of Qisheng Mine, Xingtai Coalfield, Hebei Province (this study)




	
GQ-2-1

	
Bituminous coal

	
2698

	
No. 2 coal of Gequan Mine, Xingtai Coalfield, Hebei Province (this study)




	
GQ-2-3

	
681




	
X1-1R

	
Roof, carbonate metasomatites

	
202,200

	
Dazhai Mine, Lincang Ge ore deposit, Yunnan Province [68,69]




	
X1-2R

	
42,236




	
Z2-15F

	
Floor, quartz-carbonate metasomatites

	
51,027




	
Z2-16F

	
33,816




	
GQ-2-10P

	
Parting, sandstone

	
1075

	
Gequan Mine, Xingtai coalfield, Hebei Province (this study)




	
GQ-2-13P

	
343











 





Table 2. Microwave program for sample digestion.
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	Step
	Time (Min)
	Temperature (°C)
	Pressure (Bar)
	Microwave Power (Watt)





	1
	12
	60
	100
	1000



	2
	20
	125
	100
	1000



	3
	8
	160
	130
	1000



	4
	15
	240
	160
	1200



	5
	60
	240
	160
	1000



	Cooling time
	60
	
	
	










 





Table 3. Optimized instrumental parameters for HR-ICP-MS.
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	Items
	Values/Status
	Items
	Values/Status





	Plasma RF Forward Power
	1340 W
	Uptake time
	60 s



	Nebulizer gas pressure
	26.3 PSI
	Wash time
	75 s



	Coolant gas flow
	13.0 L/min
	Dwell time
	7.5 ms



	Auxiliary gas flow
	1.0 L/min
	Number of cycles
	5



	Spray chamber temperature
	2 ± 0.1 °C
	Nebulizer
	Quartz Nebulizer



	Peristaltic pump speed
	30 RPM
	ICP-MS interface
	Nickel Xt










 





Table 4. Interference table of oxides and hydroxides formed by Ba to 153Eu.






Table 4. Interference table of oxides and hydroxides formed by Ba to 153Eu.










	Element/Interferent
	Peak Mass
	Required Resolution (amu)





	Eu
	152.921
	



	137Ba16O
	152.901
	7455



	136Ba17O
	152.904
	8710



	135Ba18O
	152.905
	9316



	136Ba16O1H
	152.907
	10,964



	134Ba18O1H
	152.911
	15,654



	135Ba17O1H
	152.913
	17,742



	135Ba16O2H
	152.915
	23,316



	134Ba17O2H
	152.918
	43,436










 





Table 5. Calibration curves and method detection limit (MDL) of Eu under different resolutions.
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	Resolution
	Linearity (μg/L)
	Correlation Coefficients
	MDL (μg/L)





	300
	0–100
	0.999972
	0.008



	4000
	0–100
	0.999971
	0.003



	10,000
	0–100
	0.999966
	0.006



	12,000
	0–100
	np
	np










 





Table 6. Observed (Obs) and certified (Cer) values of Eu (μg/g) in standard reference coal and sedimentary rock samples, as well as RE (%), SD (%), RSD (%), and internal solution recovery (Rec, %) of the HR-ICP-MS analysis.
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	Sample ID
	Method
	Cer
	Obs
	RE *
	SD
	RSD
	Rec





	SRM 2682b
	Low Resolution
	0.17
	0.21
	23.52
	0.10
	0.47
	93.94



	
	Medium Resolution
	
	0.20
	17.65
	0.27
	1.36
	99.28



	
	High Resolution
	
	0.18
	5.88
	0.14
	0.80
	96.14



	SRM 2685c
	Low Resolution
	0.29
	0.27
	6.90
	0.09
	0.33
	112.11



	
	Medium Resolution
	
	0.31
	6.90
	0.19
	0.62
	105.77



	
	High Resolution
	
	0.30
	3.45
	0.37
	1.22
	100.10



	GSR-6
	Low Resolution
	0.51
	0.52
	1.96
	0.28
	0.53
	106.95



	
	Medium Resolution
	
	0.52
	1.96
	0.29
	0.55
	108.13



	
	High Resolution
	
	0.53
	3.92
	0.51
	0.96
	94.41



	GSR-20
	Low Resolution
	0.43
	0.42
	2.38
	0.24
	0.56
	98.41



	
	Medium Resolution
	
	0.42
	2.38
	0.61
	1.46
	104.06



	
	High Resolution
	
	0.44
	2.38
	0.51
	1.16
	97.48







* RE = |Obs − Cer| × 100/Cer.













 





Table 7. Concentrations of REEs (μg/g) for selected samples in low resolution (LR), medium resolution (MR), and high resolution (HR) mode.
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	Sample ID
	Method
	La
	Ce
	Pr
	Nd
	Sm
	Eu
	Gd
	Tb
	Dy
	Ho
	Er
	Tm
	Yb
	Lu





	SRM 2682b
	LR
	3.75
	7.30
	0.68
	3.36
	0.57
	0.21
	0.58
	0.08
	0.43
	0.08
	0.27
	0.03
	0.21
	0.03



	
	MR
	4.02
	7.80
	0.72
	3.35
	0.57
	0.20
	0.69
	0.09
	0.57
	0.10
	0.29
	0.04
	0.23
	0.03



	
	HR
	3.69
	7.86
	0.69
	3.34
	0.56
	0.18
	0.44
	0.05
	0.45
	0.08
	0.31
	0.02
	0.19
	0.02



	SRM 2685c
	LR
	7.99
	17.05
	1.93
	7.56
	1.45
	0.27
	1.31
	0.19
	1.11
	0.22
	0.64
	0.09
	0.60
	0.09



	
	MR
	7.84
	16.49
	1.94
	7.52
	1.38
	0.31
	1.26
	0.19
	1.21
	0.24
	0.69
	0.09
	0.65
	0.10



	
	HR
	7.81
	16.62
	1.92
	7.53
	1.22
	0.30
	1.24
	0.17
	0.90
	0.20
	0.66
	0.08
	0.59
	0.08



	GSR-6
	LR
	14.24
	29.27
	3.43
	12.77
	2.30
	0.52
	2.26
	0.32
	1.75
	0.34
	1.04
	0.11
	0.93
	0.13



	
	MR
	14.09
	28.80
	3.36
	12.81
	2.28
	0.52
	2.21
	0.32
	1.79
	0.33
	0.96
	0.15
	0.86
	0.14



	
	HR
	14.39
	28.50
	2.99
	12.49
	2.23
	0.53
	2.23
	0.34
	1.69
	0.26
	0.83
	0.14
	0.79
	0.11



	GSR-20
	LR
	12.98
	24.64
	3.00
	11.00
	2.30
	0.42
	2.19
	0.34
	2.15
	0.47
	1.56
	0.23
	1.55
	0.23



	
	MR
	12.82
	24.91
	2.94
	11.16
	2.26
	0.42
	2.42
	0.36
	2.31
	0.51
	1.51
	0.22
	1.54
	0.23



	
	HR
	12.69
	24.45
	2.77
	10.44
	2.09
	0.44
	2.20
	0.29
	2.19
	0.41
	1.34
	0.20
	1.36
	0.20



	WLTG C6-2
	LR
	4.37
	8.49
	1.01
	3.71
	0.76
	0.39
	0.74
	0.11
	0.79
	0.14
	0.36
	0.04
	0.33
	0.04



	
	MR
	4.46
	9.04
	1.03
	4.07
	0.79
	0.44
	0.78
	0.12
	0.71
	0.13
	0.41
	0.03
	0.34
	0.05



	
	HR
	4.12
	8.18
	1.04
	3.95
	0.69
	0.12
	0.78
	0.11
	0.70
	0.14
	0.35
	0.04
	0.32
	0.05



	ZJ-4-6
	LR
	2.44
	4.52
	0.54
	2.17
	0.49
	0.13
	0.44
	0.08
	0.42
	0.08
	0.24
	0.03
	0.23
	0.03



	
	MR
	2.46
	4.63
	0.54
	2.11
	0.53
	0.15
	0.45
	0.07
	0.41
	0.08
	0.26
	0.04
	0.23
	0.03



	
	HR
	2.17
	4.04
	0.51
	2.11
	0.44
	0.08
	0.44
	0.07
	0.38
	0.08
	0.23
	0.04
	0.21
	0.03



	ZJ-5-12
	LR
	3.78
	6.67
	0.81
	3.26
	0.74
	0.22
	0.67
	0.11
	0.61
	0.11
	0.34
	0.05
	0.32
	0.05



	
	MR
	3.66
	6.60
	0.81
	3.32
	0.69
	0.19
	0.73
	0.10
	0.58
	0.11
	0.33
	0.05
	0.28
	0.04



	
	HR
	3.33
	6.02
	0.78
	2.97
	0.66
	0.16
	0.72
	0.09
	0.60
	0.12
	0.34
	0.04
	0.32
	0.04



	QS-9-1
	LR
	0.71
	2.02
	0.28
	1.15
	0.31
	0.16
	0.34
	0.06
	0.32
	0.08
	0.27
	0.03
	0.25
	0.03



	
	MR
	0.68
	1.79
	0.24
	1.07
	0.28
	0.13
	0.38
	0.06
	0.31
	0.08
	0.28
	0.04
	0.25
	0.04



	
	HR
	0.63
	1.70
	0.24
	0.90
	0.27
	0.09
	0.33
	0.06
	0.29
	0.07
	0.25
	0.03
	0.23
	0.03



	GQ-2-1
	LR
	6.30
	12.16
	1.28
	4.68
	1.13
	0.46
	1.18
	0.27
	1.71
	0.46
	1.36
	0.25
	1.89
	0.30



	
	MR
	5.42
	10.86
	1.10
	4.02
	0.90
	0.34
	1.17
	0.21
	1.65
	0.38
	1.26
	0.20
	1.50
	0.22



	
	HR
	5.43
	10.69
	1.12
	3.95
	0.92
	0.20
	1.03
	0.19
	1.60
	0.37
	1.15
	0.22
	1.33
	0.19



	GQ-2-3
	LR
	15.00
	36.48
	3.34
	10.66
	1.67
	0.30
	1.32
	0.20
	0.98
	0.16
	0.48
	0.06
	0.44
	0.05



	
	MR
	15.30
	34.98
	2.91
	8.84
	1.42
	0.27
	1.28
	0.18
	1.04
	0.18
	0.52
	0.07
	0.43
	0.06



	
	HR
	14.50
	35.84
	2.76
	7.75
	1.25
	0.26
	1.18
	0.14
	0.99
	0.16
	0.41
	0.06
	0.41
	0.05



	X1-1R
	LR
	0.43
	0.81
	0.09
	0.31
	0.06
	0.26
	0.15
	0.01
	0.09
	0.02
	0.09
	0.01
	0.11
	0.01



	
	MR
	0.44
	0.87
	0.09
	0.34
	0.07
	0.28
	0.13
	0.01
	0.09
	0.02
	0.10
	0.02
	0.11
	0.02



	
	HR
	0.41
	0.76
	0.10
	0.32
	0.04
	0.02
	0.14
	0.01
	0.09
	0.02
	0.11
	0.01
	0.11
	0.02



	X1-2R
	LR
	0.95
	1.75
	0.16
	0.76
	0.18
	0.14
	0.33
	0.05
	0.47
	0.11
	0.34
	0.06
	0.49
	0.07



	
	MR
	0.87
	1.70
	0.17
	0.74
	0.17
	0.13
	0.34
	0.05
	0.43
	0.11
	0.34
	0.06
	0.47
	0.07



	
	HR
	0.79
	1.60
	0.18
	0.65
	0.17
	0.02
	0.35
	0.04
	0.38
	0.09
	0.34
	0.05
	0.45
	0.05



	Z2-15F
	LR
	0.75
	1.44
	0.16
	0.67
	0.15
	0.26
	0.28
	0.04
	0.26
	0.06
	0.20
	0.02
	0.22
	0.02



	
	MR
	0.71
	1.37
	0.16
	0.61
	0.13
	0.24
	0.27
	0.04
	0.26
	0.05
	0.17
	0.03
	0.21
	0.03



	
	HR
	0.71
	1.37
	0.14
	0.53
	0.12
	0.04
	0.24
	0.03
	0.24
	0.04
	0.19
	0.02
	0.21
	0.02



	Z2-16F
	LR
	0.13
	0.19
	0.02
	0.09
	0.02
	0.21
	0.07
	0.01
	0.05
	0.01
	0.05
	0.01
	0.05
	0.01



	
	MR
	0.14
	0.22
	0.02
	0.10
	0.02
	0.20
	0.06
	0.01
	0.06
	0.01
	0.06
	0.01
	0.07
	0.01



	
	HR
	0.10
	0.21
	0.02
	0.13
	0.01
	0.04
	0.05
	0.01
	0.03
	0.02
	0.07
	0.01
	0.05
	0.01



	GQ-2-10P
	LR
	10.20
	17.92
	1.99
	7.28
	1.22
	0.30
	1.10
	0.17
	0.88
	0.15
	0.48
	0.06
	0.46
	0.06



	
	MR
	10.33
	18.46
	1.96
	6.90
	1.17
	0.23
	1.07
	0.16
	0.87
	0.16
	0.47
	0.06
	0.46
	0.07



	
	HR
	10.54
	18.65
	1.99
	7.03
	1.10
	0.20
	0.95
	0.15
	0.80
	0.17
	0.45
	0.06
	0.42
	0.07



	GQ-2-13P
	LR
	42.90
	97.04
	9.87
	36.10
	6.21
	1.27
	5.81
	0.87
	4.94
	0.98
	3.04
	0.42
	2.93
	0.41



	
	MR
	44.30
	94.11
	10.72
	37.31
	6.50
	1.25
	5.79
	0.87
	5.25
	1.07
	3.25
	0.45
	3.14
	0.47



	
	HR
	45.82
	93.36
	10.68
	37.79
	6.25
	1.23
	5.76
	0.88
	5.18
	1.07
	3.08
	0.43
	2.98
	0.40
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