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EXECUTIVE SUMMARY

The objective of this project was to determine the utility of field portable X-Ray Fluorescence (XRF) lead analyzers for field measuring of dust samples. Their utility was gauged by determining if these analyzers produce lead loading results from dust wipe samples that are similar to those produced using atomic absorption spectroscopy (AAS) to analyze acid-digested wipe samples. The ability to analyze lead dust wipes on-site by portable XRF immediately after collection has considerable potential to (1) improve the timeliness of obtaining results from lead hazard risk assessments; (2) reduce the rate of clearance failures after lead hazard reduction work; and (3) improve the quality of the training of post-intervention lead cleaning crews. Immediate feedback to cleaning crews regarding the likelihood of achieving clearance can be provided so that additional cleaning can occur without delay if so indicated. 
Samples analyzed included those collected from a variety of surfaces in two groups of housing units, one group undergoing lead hazard risk assessments and the other in the clearance stage after lead hazard control work. Initially, it was anticipated that at least two commercial, portable XRF analyzers with the capability of analyzing lead in dust wipes would be available.  Only one such analyzer, the prototype of the NITON( 701 series instrument (model XL-309A), was available for testing. Midway through this study, however, several commercial versions of the NITON( XRF lead analyzer became available and were used. Field portable instruments were not available at any time from other manufacturers.  

Lead levels of field samples by XRF analysis for the prototype analyzer tended to increase with time from sample collection, increasing by an average of 8% after one week and by an average of 17% after 18 weeks, increases consistent with reductions in attenuation of fluorescence that occur with loss of moisture from a sample. This change in lead levels over time is likely due to changes in the moisture content of samples; wipes gradually dry over time and the moisture content of samples can influence XRF readings. Very strong correlations (r = 0.96 to 0.98, p < 0.0001) between XRF and AAS results were obtained for the prototype analyzer, over a range of about 20 to 1200 µg Pb as measured by the XRF analyzer.  The first commercial analyzer tested (model XL-703A) produced a correlation similar to that of the prototype between XRF and AAS results for levels above the limit of detection (LOD), but it was not satisfactory at levels for which the XRF value was denoted at or below LOD. AAS analysis of the samples with XRF readings of LOD tended to be higher than the reported LOD of 20 µg for 60% of the samples.  For the second commercial analyzer tested (model XL-703S), the correlation was very strong over a wide range of lead levels (< 10 to > 100 µg) (r = 0.99), p < 0.0001). The LOD for the second commercial instrument appeared to be closer to 10 µg Pb.

An inter-instrument comparability study revealed no significant difference between the first and second readings of the six XRF analyzers, but there was a difference among the instruments. Variability from first to second readings using the same instrument was not statistically significant, but the percent variability in readings tended to be higher for the samples containing less lead. In order to be 95% certain that the AAS lead level of dust wipe would be 40 µg or lower, the lead level by XRF (second commercial instrument, model XL-703S) should not exceed 26.8 µg; the corresponding levels for AAS values of 250 µg and 800 µg are 98.8 µg and 256 µg, respectively. For the prototype instrument, the corresponding levels for 40, 250, and 800 µg Pb are 33.2, 133.6, and 322.2 µg, respectively. Confidence intervals were not determined for the other instruments. Among the six instruments (four model XL-309s, model XL-703S, and a modified model XL-700 [model XL-701A]), one instrument (model XL-701A) tended to have readings that were about 11% lower than the others.
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1.0 Introduction

The objective of this project was to determine the utility of field portable X-Ray Fluorescence (XRF) lead analyzers for field measuring of dust samples. Their utility was gauged by determining if these analyzers produce lead loading results from dust wipe samples that are similar to those produced using atomic absorption spectroscopy (AAS), an approved lead laboratory analytical method. The ability to analyze lead dust wipes on site by portable XRF immediately after collection has considerable potential to (1) improve the timeliness of obtaining results from lead hazard risk assessments; (2) reduce the rate of clearance failures after lead hazard reduction work; and (3) improve the quality of the training of post-intervention lead cleaning crews. Immediate feedback to cleaning crews regarding the likelihood of achieving clearance can be provided so that additional cleaning can occur without delay if so indicated. Samples analyzed included those collected from a variety of surfaces in two groups of housing units, one group undergoing risk assessments and the other in the clearance stage after lead hazard control work.

Initially, it was anticipated that at least two commercial, portable XRF analyzers with the capability of analyzing lead in dust wipes would be available.  Only one such analyzer, the prototype of the NITON( 701 series instrument (model XL-309A), was available for testing. Midway through this study, several commercial versions of the NITON( XRF lead analyzer became available and were used. Field portable instruments were not available at any time from other manufacturers.

Previous work that we had performed using the same prototype NITON( portable XRF analyzer (model XL-309A) indicated that the average lead levels of field blanks were about 13 micrograms of lead by XRF and about 0.3 micrograms of lead by flame atomic absorption spectroscopy (AAS) (Woody et al., 1998; Woody, 1999; and Clark et al., 1999). The availability at the beginning of the study of only one commercial XRF analyzer with dust wipe lead analysis capability permitted resources that would have otherwise been used to examine a second XRF analyzer to be used to explore the XRF lead levels of three types of blank dust wipes.  An additional experiment was developed to examine the XRF lead levels of three different dust wipes at different time intervals after sample preparation in order to assess the influence of moisture. As the research progressed, a decision was made to determine the variability among portable XRF lead dust wipe analyzers from the same manufacturer. 

Research by Morley et al. (1999) on use of the field portable XRF analyzer to determine the lead content of air sampling filters resulted in the development of NIOSH Method 7702, Lead by Field Portable Lead INSERT. The use of the XRF to detect lead in dust wipe samples has been reported by Woody et al. (1998), Woody (1999), and Sterling et al. (2000). The analysis of soil lead by XRF has been demonstrated by Clark et al. (1999) and by Reames et al. (2001).
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2.0 Methods

This research consisted of five phases: (1) determining the influence of moisture content on lead levels of blank wipe samples; (2) determining the lead content of field samples using a prototype NITON( lead dust wipe analyzer; (3) determining the lead content of field samples using a commercially available NITON( XRF dust wipe analyzer; (4) using a second commercially available NITON( XRF lead dust wipe analyzer to determine lead content of field wipe samples; and (5) determining the inter-instrument variability in lead levels of a group of 18 test samples using six NITON® portable XRF lead dust wipe analyzers and the practicality of using this methodology to determine the performance characteristics of XRF instruments.
2.1  The Field Portable XRF Analyzers

Several versions of the XRF lead analyzer manufactured by the NITON Corporation were used in this study. A prototype analyzer was available from the beginning of the project up until January 2000.  The first commercial analyzer was used from January 2000 until January 2001.  From January 2001 through completion of the study in June 2001, a second NITON( commercial analyzer was used because of the unsatisfactory performance of the first commercial analyzer at levels near the limit of detection (LOD), as will be described in more detail later.  

	Table 1: Characteristics of Field Portable NITON( X-Ray
Fluorescence (XRF) Analyzers Used in Study

	Model Number
	Source
	Serial Number
	Type

	XL-309Aa
	10mCi Cd109
	U384 D4201
	Lead only 

	XL-703Ab
	10mCi Cd109
	U990 3963LY
	Multi-element 

	XL-703Sc
	10mCi Cd109
	U1748 4712LY
	Multi-element 

	XL-309d
	10mCi Cd109
	U2630 NR1809
	Lead only

	XL-309d
	10mCi Cd109
	U2629 NR1810
	Lead only

	XL-309d
	10mCi Cd109
	U2631 NR1811
	Lead only

	XL-309d
	10mCi Cd109
	U2632 NR 1812
	Lead only

	Modified XL-700 Series d, e
	40mCi Cd109
	U1515 NR0324
	Multi-element

	a Referred to in text as ‘prototype instrument.’

b Referred to in text as ‘first commercial instrument.’

c BASP (Big-Area Silicon PIN-diode) referred to in text as ‘second commercial instrument.’

d The four model XL-309s were only used in inter-instrument variability study, along with models XL-703S and XL-701A.

e Also known as model XL-701A.
	


During the final phase of the study, five additional analyzers were also used—four that were just manufactured and ready for shipment to customers and one that had been in use by an agency in the Cincinnati area for a couple of years.  All of these analyzers are commercially available except for the prototype.  The prototype analyzer provided the instrument’s estimated amount of lead in the wipe even at levels below the manufacturer’s stated limit of detection. The commercial analyzers were configured to have the letters “LOD” (Limit of Detection) appear on the result screen for values that were at or below the manufacturer’s determined limit of detection. Readings on each of the XRF analyzers were for 60 seconds. 

2.2  Dust Wipes and Dust Wipe Analysis

Three types of wipes were used in this portion of the study: PaceWipe (Pace Environs, Inc.), MoistWipe (dispoz-o Plastics, Inc.), and Walgreens. The PaceWipe was used in the work by Woody et al. (1998) because it was the wipe recommended by NITON Corporation at that time.  MoistWipe was the wipe recommended by the manufacturer at the time of the current study, a supply of which was made available to instrument purchasers.  The wipe available from Walgreens was selected for study because it was widely used to collect dust wipe lead samples in housing units. Risk assessors are now instructed to use a wipe that meets the requirements of ASTM Standard E1792-96a (ASTM 2001). The NITON Corporation currently recommends the Palintest wipe, which meets the ASTM Standard; MoistWipes do not conform to this standard.  

Before analysis of wipe samples by either the prototype or commercial XRF analyzers, wipes were folded five times to produce an area of about 2 by 4 cm.  This folded wipe was then placed in a plastic sleeve and placed in a template for analysis by the XRF. Because the effective measurement area of the NITON( 701 XRF analyzers used was 1 by 2 cm, measurement by the XRF analyzer of each of the four quadrants of the folded wipe covered the entire area of the folded wipe.  Because the instrument reading was in µg of lead per sq cm, each individual reading was multiplied by the two sq cm areas of the portion of the folded wipe measured.  Thus, the sum of four values, one from each quadrant measured, represents the total lead content of the folded wipe. 

The commercial NITON( 701 series instruments now designed for dust wipe analysis perform this calculation internally and multiply the value by 1.65 to obtain a value that corresponds to the equivalent amount of lead measured by laboratory methods. The 1.65 factor adjusts for attenuation of fluorescence by the moisture in the wipe and for other factors. The 1.65 factor was not incorporated into either the prototype analyzer that was used in the current project or into the one used in Woody (1999).

2.3  Blank Wipe Samples and Moisture Content

Dust wipe samples were prepared for analysis using the NITON instrument by folding the wipes into a neat square measuring approximately 1 x 1.5 inches.  The folded wipe was then placed into a plastic baggie supplied by the NITON Corporation.  In order to determine if moisture was a factor in the analysis, clean wipes were properly folded and placed into baggies that were left in sealed and unsealed conditions.  Sealing the wipe baggie was intended to reduce the evaporation of moisture in the wipe.  Analyses were performed at three different times—on the same day as the blank was prepared, about one to two weeks later, and then several months later. The weight of the wipe in its holder was determined at the time of each XRF measurement to measure the moisture lost. After examination of the initial data collected, it became clear that performing the XRF analysis at specified time intervals proved to be impractical.  

An alternative procedure was developed to collect additional data and to use the SAS procedure PROC MIXED to analyze the data, because this statistical procedure is suitable for repeated measures with time-varying covariates. The mixed analysis of variance model was fit using reading number and instrument as the independent factors in the analysis. Means and standard deviations were calculated using SAS PROC MEANS. Differences among mean dust wipe weights were tested for significance using SAS PROC UNIVARIATE, which was also used to delineate the observed distributions of the dust wipes’ lead contents. Pearson product moment correlations between XRF and AAS results were calculated using the SAS PROC CORR procedure. 

2.4  Field Samples

Field samples were collected in housing units that were scheduled to undergo lead hazard control work (either risk assessment or in the clearance stage, following completion of final cleaning) as part of the Cincinnati Abatement Project, a HUD-funded project being conducted by the Cincinnati Health Department in collaboration with the Department of Neighborhood Services of the City of Cincinnati, other governmental agencies, and the University of Cincinnati Department of Environmental Health.  Because differences in the three types of wipes were examined extensively in the blank wipe study, the decision was made to only use the MoistWipe wipes for the field samples. Samples were collected from the following types of surfaces:

· Painted wooden floors (good and poor condition);

· Painted window troughs (good and poor condition); and

· Vinyl floors (smooth and rough).

An effort was made to obtain an approximately equal number of samples from each of these types of surfaces, equally divided between housing undergoing risk assessment and housing units that were in the clearance stage.  It was expected that it would be more difficult to locate surfaces in the housing at clearance that were in poor condition because the lead hazard control work would be designed to improve the quality of the surface condition.  The type of intervention performed in the Cincinnati Abatement Project can be described as a high level intervention, which usually involved window replacement.  Information on the lead paint level of the surfaces was not available to the technicians collecting the dust wipe samples.  

In the field, dust wipe samples were placed into a plastic baggie and sealed with tape. They were then submitted to the Hematology & Environmental Labs at the University of Cincinnati for analysis by XRF followed by digestion and analysis by Flame-Atomic Absorption Spectroscopy (FAAS). (The laboratory is recognized under the National Lead Laboratory Accreditation Program (NLLAP) through the American Industrial Hygiene Association (AIHA).) The XRF analysis samples were removed from the baggies, rinsed with distilled-deionized water, and digested using nitric and hydrochloric acids according to a procedure described in the HUD Guidelines (Appendix 14.2). Analysis of the digestates was by FAAS following EPA (method?) 239.1.  Laboratory quality control was performed according to the requirements specified in the NLLAP. The numbers of samples collected and analyzed from each of these surfaces by both the prototype and commercial instruments are identified in Table 2.

	Table 2: Description of Dust Wipe Samples Analyzed by Prototype XRF Lead Analyzer (Model XL-309A) and by First Commercial XRF Lead Analyzer (Model XL-703A)

	Surface Type
	Risk Assessment
	Clearance

	Painted Floors – Good Condition
	9 (8) 
	0 (2)

	Painted Floors – Poor Condition
	12 (11)
	0 (0)

	Painted Window Troughs – Good Condition
	12 (19)
	20 (2)

	Painted Window Troughs – Poor Condition
	15 (13)
	0 (0)

	Vinyl Floors – Smooth
	8 (2)
	10 (0)

	Vinyl Floors – Rough
	8 (8)
	0 (0)

	Number of samples analyzed by the prototype analyzer (model XL-309A) are shown first, with those analyzed by the first commercial analyzer (model XL‑703A) shown in parenthesis.

[Note: 94 shown for prototype; only 92 values shown in Figure 4 because for two values the AAS result was indicated to be 0.]


The description of the dust wipe samples analyzed by the second commercial analyzer (model XL-703S) and by AAS is presented in Table 3.  Many of these samples had been collected for another research project involving housing that had undergone lead hazard reduction and cleaning, and were ready for final clearance testing.

	Table 3: Description of Dust Wipe Sample Location for Testing by Second Commercial XRF Dust Wipe Analyzer (Model XL-703S)

(all samples collected during clearance)

	Sample and Surface Type
	Surface Conditiona, b

	
	Good
	Fair
	Poor

	Floor – Vinyl
	3* (0)**
	5 (5)
	5 (3)

	Floor – Carpet
	1 (0)
	4 (9)
	0 (0)

	Floor – Bare Wood
	8 (2)
	4 (0)
	1 (0)

	Floor – Painted
	9 (6)
	12 (9)
	1 (0)

	Window Sill – Carpet
	0 (0)
	1 (0)
	0 (0)

	Window Sill – Painted
	19 (14)
	21 (18)
	0 (0)

	Window Sill – Other
	1 (1)
	0 (0)
	0 (0)

	Window Trough – Vinyl
	23 (22)
	0 (0)
	0 (0)

	Window Trough – Carpet
	0 (0)
	1 (0)
	0 (0)

	Window Trough – Bare Wood
	0 (1)
	0 (0)
	0 (0)

	Window Trough – Painted
	9 (5)
	1 (3)
	0 (1)

	* Number outside parentheses refers to samples included in XRF-AAS comparison over full range of XRF levels (Figure 9). Surface information not complete for two samples.

** Number in parenthesis refers to samples included in XRF-AAS comparison for XRF lead levels of about 40 μg and lower (Figure 8). Surface information not complete for one sample.


3.0 Results

3.1  Analysis of Blank Samples (Phase 1) 

Results of lead analysis of the blank wipe samples by the prototype XRF analyzer (model XL‑309A) are presented in Table 4.

Table 4: Mean Lead Level (µg)
on Blank Wipe Samples by XRF (Model XL-309A)
	All Wipes Combined

	Condition
	n
	µg Pb
	Standard Deviation

	Unsealed
	159
	11.2
	10.8

	Sealed
	159
	11.9
	12.3


	By Wipe (Unsealed and Sealed Combined)

	Wipe
	n
	µg Pb
	Standard Deviation

	PaceWipe
	106
	13.2
	9.6

	MoistWipe
	106
	 9.0
	10.9

	Walgreens
	106
	12.5
	13.5


	By Wipe Type and Unsealed/Sealed

	Wipe Type
	Condition
	n
	µg Pb
	Standard Deviation

	PaceWipe
	Unsealed
	53
	12.0
	8.3

	PaceWipe
	Sealed
	53
	14.3
	10.8

	MoistWipe
	Unsealed
	53
	7.6
	10.9

	MoistWipe
	Sealed
	53
	10.3
	10.8

	Walgreens
	Unsealed
	53
	13.9
	12.2

	Walgreens
	Sealed 
	53
	11.1
	14.7




n = sample size

Sealed wipes measured an average 11.9 µg of lead, which was about the same as for unsealed wipes (11.2 µg). The mean lead level of the wipes was highest for PaceWipe (13.2 µg) and lowest for MoistWipes (9.0 µg). These values are below the LOD for most field portable XRF lead analyzers. Lead readings were higher for both PaceWipe and MoistWipe, while they were lower for Walgreens wipes. 

3.2  Analysis of Field Samples (Phases 2 and 3)

3.2.1 Weight of Dust Wipes

Summary statistics for the field wipes analyzed (Table 5) show a decline in weight of the wipes of over 20% between the first and second measurements, and a decline of about 40% between the first and third measurements. An examination of only those wipes that were measured all three times (Table 6) shows a similar decline in weight with time as was exhibited by the full data set (Table 5). 

	Table 5: Variation Over Time of Arithmetic Mean Weight
of Field Wipe Samples – All Wipes

	
	
	Weight (g)

	Time
	n
	Mean
	Standard Deviation
	Minimum
	Maximum

	1
	107
	2.1013
	0.3019
	0.8625
	2.7215

	2
	100
	1.7777
	0.4357
	0.8315
	2.4798

	3
	75
	1.2006
	0.1684
	0.0199
	1.8794


	Table 6: Variation Over Time of Arithmetic Mean Weight
of Field Wipe Samples –
For Wipes Measured Each of Three Times

	
	
	Weight (g)

	Time
	n
	Mean
	Standard Deviation
	Minimum
	Maximum

	1
	69
	2.1992
	0.2129
	1.4986
	2.7215

	2
	69
	2.0006
	0.2035
	1.2773
	2.4798

	3
	69
	1.2017
	0.1496
	1.0348
	1.6663



The differences in wipe assembly (wipe plus sleeve) weights between the first and second and second and third measurements (Table 7) were 0.36 g and 0.80 g, respectively.  

	Table 7: Difference in Arithmetic Mean Wipe Assembly* Weights  Between First/Second and Second/Third Measurements – All Wipes

	Time Period
	n
	Difference in Wipe Weights (g)

	1 and 2
	100
	0.3604**

	2 and 3
	75
	0.8020**

	* Wipe Plus Sleeve

** P = 0.0001



The differences in wipe assembly (wipe plus sleeve) weights for all wipes measured was 0.20 and 0.80, respectively, for the 69 wipes measured all three times (Table 8).

	Table 8: Difference in Arithmetic Mean Wipe Assembly* Weights  Between First/Second and Second/Third Measurements – For Wipes Weighed Each Time

	Time Period
	n
	Difference in Mean Wipe Weights (g)

	1 and 2
	69
	0.1987**

	2 and 3
	69
	0.7988**

	* Wipe Plus Sleeve

** P = 0.0001


3.2.2 Time Duration Between Measurements

For the 69 samples measured all three times, the mean time duration between the first and second measurements was 6.4 days (range 2 to 15 days, 75 percentile 7 days).  The mean time duration between the second and third was 126.5 days (range 48 to 184 days, 75 percentile 181 days) as indicated in Table 9.

	Table 9: Time Duration (days) Between Three Measurements
on Wipes for Wipes Analyzed All Three Times (n = 69)

	
	Time Duration (days)

	Time Period
	Minimum
	25 Percentile
	Median
	75 Percentile
	Maximum

	First/Second
	2
	2
	5
	7
	15

	Second/Third
	48
	57
	178
	181
	184


3.2.3 Comparison of XRF Results Using Prototype Analyzer (Model XL-309A) and AAS Results (Phase 2)

For the 69 wipes measured by the prototype analyzer three times, there is a high degree of correlation between the mean XRF levels at each measurement and the AAS value obtained after the XRF measurements had been completed. Pearson correlation coefficients ranged from 0.989 to 0.995.  Using the manufacturer’s adjustment factor of 1.65 for the prototype analyzer (this is incorporated into the software for the commercial instruments), the mean lead values by XRF are 1224 μg at initial measurement, 1322 μg at second measurement (about one week later), and 1431 at the time of the third measurement (an average of about 18 weeks later). The mean value by AAS was 1326 μg. The third readings on the field-collected wipes were performed with a new source in the XRF analyzer.  Plots of AAS and prototype XRF results at the three times are shown in Figures 1, 2, and 3 for the initial, second, and third measurements, respectively (for samples measured on all three occasions). The R-squared values are 0.94, 0.92, and 0.95, respectively.  For all samples measured, the results are shown in Figure 4 for initial measurements (92 samples), Figure 5 for second measurements (91 samples), and Figure 6 for the third measurements (70 samples).  R-squared values were 0.94, 0.93 and 0.95, respectively, practically identical for the reduced set of 69 samples measured all three times.

3.2.4 Comparison of XRF Results from First Commercial Analyzer (Model XL-703A) with AAS Results (Phase 3)

All of the samples that were analyzed with the first commercial analyzer (model XL-703A) were collected from housing that had undergone lead hazard control interventions and was ready for clearance testing. Sixty-five of the results with the commercial analyzer were above the LOD of the analyzer (about 20 µg of lead per wipe) and the actual result was obtained. For these samples, comparison with AAS results was similar to that with the prototype analyzer but with a slightly lower R-squared value (Figure 7).  For 68 samples, the result provided by the instrument was indicated to be “LOD.” Efforts to obtain actual instrument values by consulting with the technical staff at NITON( who was knowledgeable concerning the algorithm used in the instrument to quantify the amount of lead in the wipe were not successful.

An examination of the distribution of the AAS values for the 68 samples with XRF values denoted as LOD (Table 10) revealed that for 60% of the samples, the corresponding AAS result was greater than 20 μg of lead; for 45% of the samples, the AAS values were above 40 μg of lead; and for 15% of the samples, they were above 100 μg of lead. Because the prototype instrument (model XL-309A) had performed satisfactorily for these lower levels of lead, we decided that testing with another commercial analyzer (model XL-703S) would be appropriate.  This additional testing could determine if the problem posed with the LOD values was unique to the particular instrument used or was common to this version of the instrument.

	Table 10:  Distribution of Lead Content (AAS) of Dust Wipes with XRF Readings of LOD by First Commercial XRF Dust Wipe Analyzer (Model XL-703A)

(n=68)

	
	
	
	
	

	Lead
	Cumulative Percent
	
	Lead
	Cumulative Percent

	1.4
	1.5
	
	38.8
	51.5

	1.5
	2.9
	
	39.2
	52.9

	3.6
	4.4
	
	39.4
	54.4

	3.9
	5.9
	
	40.1
	55.9

	4.2
	7.4
	
	43.4
	57.4

	4.5
	8.8
	
	46.9
	58.8

	4.6
	10.3
	
	48.3
	60.3

	6.0
	11.8
	
	53.0
	61.8

	6.3
	13.2
	
	55.2
	63.2

	7.4
	14.7
	
	56.2
	64.7

	7.6
	16.2
	
	57.1
	66.2

	8.4
	19.1
	
	58.2
	69.1

	8.7
	20.6
	
	63.0
	70.6

	8.9
	22.1
	
	65.5
	72.1

	9.5
	23.5
	
	65.7
	73.5

	10.2
	25.0
	
	71.5
	75.0

	11.0
	26.5
	
	78.5
	76.5

	11.3
	27.9
	
	80.3
	77.9

	12.2
	29.4
	
	81.5
	79.4

	13.1
	30.9
	
	86.3
	80.9

	14.5
	32.4
	
	91.8
	82.4

	14.8
	33.8
	
	94.8
	83.8

	16.5
	35.3
	
	99.0
	85.3

	16.6
	36.8
	
	101.6
	86.8

	17.0
	38.2
	
	104.4
	88.2

	19.0
	39.7
	
	106.3
	89.7

	26.0
	41.2
	
	118.1
	91.2

	26.2
	42.6
	
	126.8
	92.6

	27.1
	44.1
	
	131.5
	94.1

	27.9
	45.6
	
	139.2
	95.6

	28.1
	47.1
	
	170.3
	97.1

	36.6
	48.5
	
	185.8
	98.5

	37.3
	50.0
	
	244.7
	100.0


3.3  Additional Instrument Testing (Phases 4 and 5)

Phase 3 of the research, which compared the results from the prototype (model XL-309A) and the first commercial unit (model XL-703A), was conducted because the commercial unit was thought to be more representative of the version of the analyzer that would be used by housing inspectors and lead risk assessors. However, use of a second commercial unit (model XL-703S) in Phase 4 was needed because about 50% of the field samples analyzed by the first commercial unit were determined to have lead levels below the limit of detection (LOD); the LOD for the first commercial unit was about 20 µg of lead. As a result, the instrument reading was only indicated by the letters LOD, rather than by a numerical value as was provided with the prototype instrument.  Because the LOD was very close to the lowest level of concern—40 µg per sq ft for floor dust wipe samples—the values presented a problem in the statistical analysis of the data.  In addition, about 45% of the dust wipe samples with XRF readings in the LOD range were found to have greater than 40 µg of lead by AAS analysis (see Table 10).  The second commercial XRF analyzer (model XL-703S) tested in Phase 4 was a newer and somewhat improved version. 

In order to determine inter-instrument variability on the same set of dust wipe samples (Phase 5), 18 dust wipe samples were also analyzed twice using each of a group of six dust wipe analyzers, including the second commercial analyzer used at the University of Cincinnati (model XL-703S).  Four of the instruments were new NITON( XL-309 analyzers ready for shipment to customers (10 milicurie sources), and a fifth was a modified model XL-700 series analyzer (model XL-701A) that had been purchased by an agency in the Cincinnati area about two years earlier. The latter instrument has a 40-milicurie source Cd109 and had recently been sent to the factory for the routine removal of a shield that is in place during the first year or so of the instrument’s life.

The LOD for the second commercial analyzer (model XL-703S) appeared to be about 10 µg and the others tested during Phase 5 (models XL-309 and modified model XL-700 series [model XL-701-A]) had a LOD of about 20 µg.

3.3.1 Results from Second Commercial XRF Dust Wipe Lead Analyzer (Model XL-703S)
(Phase 4)

Six hundred twenty five (625) dust wipe samples were collected for another project from housing units that were ready for clearance and were available.  The second commercial instrument determined that 215 of these dust wipe samples had less than 40 µg of lead per sample, and 410 had XRF values greater than 40 µg. A random sample of about 100 of the wipes with XRF values below 40 µg of lead was initially selected for AAS analysis to determine if the results were similar to those shown in Table 10, which revealed a relatively high percentage of AAS results above 40 µg when the XRF results were at LOD levels. The results (Figure 8) indicated that of the samples with XRF values of <40 µg, only about 10% of the AAS values were above 40 µg, and only about 1% were above 100 µg, compared with 45% and 15%, respectively, of the samples with LOD readings from the first commercial instrument (model XL-703A). 

· A random 21% of the samples analyzed by the second commercial XRF analyzer (model XL-703S)—133 of 625—were selected for AAS analyses to determine the AAS/XRF correlation for the full range of XRF levels. A comparison of the results of these analyses (Figure 9) reveals an R-squared value of 0.97 and a slope of 0.90, indicating a tendency for lower readings with the XRF method. On Figure 9, 95% confidence limits for individual samples are also shown.  To be 95% certain that the AAS values were not above certain cut-off values (i.e. clearance levels), the XRF value must not be higher that those values indicated in the following:

· Clearance cut-off of 40 μg/ft2:  XRF value ≤  26.8 μg/sq ft;

· Clearance cut-off of 250 μg/ft2: XRF value ≤ 140 μg/sq ft; and

· Clearance cut-off of 800 μg/ft2: XRF value ≤ 397 μg/sq ft.

About one-third of the numerical values for the second commercial instrument were below 40 μg, with the lowest at 6.5 μg (see Figure 9).  In contrast, very few of the numerical values for the first commercial instrument were below 40 μg (see Figure 7 and Table 10). Because the areas wiped for windowsill and trough samples are usually much less than one square foot, it is necessary to know the area of the wipe in order to determine the appropriate cut-off values from Figure 9 in terms of weight rather than weight per square foot, which are the units in which clearance is expressed. The average area of windowsill and trough samples collected for this study were 56.93 and 46.13 square inches, respectively. For samples with these areas, for 95% confidence that the AAS values would be less than the clearance limits, the XRF values should be less than 60.6 µg and 148 µg, for windowsills and troughs, respectively. For the minimum area of windowsill and trough samples in this study – 9.32 and 10.70 square inches – the corresponding XRF limits would be 11.8 µg and 38.3 µg, respectively

3.3.2 Inter-Instrument Variability (Phase 5)

The six XRF analyzers utilized in the study of inter-instrument variability included four new units (model XL-309) supplied by the manufacturer that were ready for shipment to customers, one instrument (modified model XL-700 series [model XL-701A]) made available by an agency located in the Cincinnati area, and the second commercial instrument (model XL-703S) that was at the University of Cincinnati. More details on these instruments are presented in Table 11.  

Eighteen dust wipe samples were analyzed twice using each of these instruments.  Six of the samples were prepared by the Hematology and Environmental Laboratory of the University of Cincinnati using known amounts of NIST standard lead dust and had the following amounts (µg) of lead per wipe: 19.4, 20.8, 56.2, 57.0, 84.9, and 115.8.  Ten of these samples had been previously analyzed by the second commercial instrument at the University of Cincinnati and were found to have XRF levels ranging from 10 µg to 1760 µg, with four of the samples in the 10 µg to 40 µg range.  Two field blanks were also included in the group of 18 samples.

	Table 11: Characteristics of NITON( XRF Dust Wipes Lead Analyzers
Used in Inter-Instrument Variability Study

	Serial Number
	Type
	Source
	Instrument Date

	U 2630  NR 1809
	XL 309
	10 MCi Cd109
	May 2001

	U 2629  NR 1810
	XL 309
	10 MCi Cd109
	May 2001

	U 2631  NR 1811
	XL 309
	10 MCi Cd109
	May 2001

	U 2632  NR 1812
	XL 309
	10 MCi Cd109
	May 2001

	U 1515  NR 0324
	Modified XL-700 Seriesa
	40 MCI Cd109
	March 1999

	U 1748  4712 LY
	XL-703S
	10 MCi Cd109
	November 2000


    *Also referred to as Model XL-701A.

The performance of each of these six lead analyzers on the group of 18 test samples is presented in a series of bar charts (Figures 10 through 27) and in Tables 12 and 13. Results of the XRF analyses of the six laboratory-prepared standards are shown in Figures 10 through 15 and in Table 12, in ascending order by the average amount of lead in the laboratory standards. Results from the field samples are presented in Figures 16 through 25, in ascending order by average for all six instruments, and in Table 13.  Results from the blank wipe analyses are presented in Figures 26 and 27.

Results shown in Figures 10 through 27, by analysis of variance, revealed that there was no significant difference between the first and second readings, but there was a difference among instruments (p=0.0006).  The instrument owned by an agency located in the Cincinnati area tended to produce readings that were an average of 11% lower than the other instruments.

In examining the percent variability between the first and second readings by sample tested, excluding blank wipe samples (absolute difference between first and second readings for an instrument divided by the average lead value for that sample by all six instruments), an inverse relationship between lead level and percent variability was observed. The average percent variability for the three lowest laboratory standards (19.4 to 46.4 µg) was 15%, compared to 9% for the other standards. For the field samples, the average percent variability for the four lowest level samples (18 to 40 µg) was 27% compared to 4% for the remaining samples.  For the two blank wipe samples, all readings except one were LOD for the new instruments (model XL-309) and for the one owned by a Cincinnati-area customer (modified model XL-700 Series [model 701A]).  For the University of Cincinnati instrument (model XL-703S), three readings for these samples were numerical values (5.6, 7.9, and 10.2 µg lead) and the fourth was LOD.

	Table 12: Comparison of Results of NITON® Portable XRF Dust Wipe
Lead Analyzers on Laboratory-Prepared Wipe Standards

(Average of two readings shown on first line, individual readings on second line)

	Laboratory Standard Value
	Instrument No.
	Average

	
	(1) 1809
	(2) 1810
	(3) 1811
	(4) 1812
	(5) 1818
	(6) 1820
	

	20.8  (D670)
	30.6
	22.5
	34.2
	20
	21.0
	28.0
	26.1

	
	35.6
25.7
	25
Lod
	36.2
32.3
	Lod
Lod
	22.1
Lod
	27.3
28.7
	

	
	
	
	
	
	
	
	

	19.4  (D669)
	52.2
	19.7
	23.2
	20
	24.0
	27.5
	27.8

	
	52.1
52.4
	19.4
Lod
	23
23.4
	Lod
Lod
	27.3
20.7
	29.3
25.7
	

	
	
	
	
	
	
	
	

	57.7 (D664)
	46.1
	66.4
	40.4
	55.0
	52.5
	53.9
	50.7

	
	56
36.2
	70.6
62.3
	36.6
44.2
	53.7
56.4
	36.2
48.8
	49.4
58.4
	

	
	
	
	
	
	
	
	

	56.2 (D663)
	77.2
	81.0
	75.4
	89.2
	76.0
	76.8
	79.2

	
	83.4
70.9
	83.8
78.2
	87.7
63
	86.1
92.3
	78.5
73.5
	75.8
77.8
	

	
	
	
	
	
	
	
	

	84.9  (D658)
	111.2
	116.6
	101.6
	102.1
	91.6
	115.8
	106.5

	
	113.1
109.2
	92.9
130.3
	107.2
96
	100.3
103.9
	92.3
91
	119.7
111.8
	

	
	
	
	
	
	
	
	

	115.8 (D657)
	125.4
	128.6
	128.2
	127.6
	109.0
	133.9
	125.5

	
	126.7
124
	123.4
133.9
	129.3
127
	123.4
131.9
	112.8
105.2
	127.3
140.5
	

	Instrument Nos. 1 – 4 New Units from Manufacturer  (model XL-309)

Instrument No. 5 Agency in Cincinnati Area (modified model XL-700 Series [model XL-701A])

Instrument No. 6 University of Cincinnati (model XL-703S)

LOD: Limit of Detection


	Table 13: Comparison of Results of NITON® Portable XRF Dust Wipe
Lead Analyzers on Field Wipe Samples

(Average of two readings shown on first line, individual readings on second line)

	Field Sample No.
	Instrument No.
	Average of All Instruments

	
	(1) 1809
	(2) 1810
	(3) 1811
	(4) 1812
	(5) 1818
	(6) 1820
	

	A 740
	20
	20
	20
	20
	20
	9.2
	18.2

	
	LOD
LOD
	LOD
LOD
	LOD
LOD
	LOD
LOD
	LOD
LOD
	7.2
11.2
	

	
	
	
	
	
	
	
	

	A795
	28.3
	37.4
	36.0
	45.3
	27.8
	38.7
	35.6

	
	33.6
23.0
	39.9
29.9
	40.5
31.6
	45.8
44.8
	31.6
24.0
	37.9
39.5
	

	
	
	
	
	
	
	
	

	A794
	38.2
	36.7
	41.8
	41.0
	21.8
	41.4
	36.8

	
	43.2
33.3
	42.8
30.6
	38.2
45.5
	54.1
28.0
	23.7
LOD
	41.5
41.2
	

	
	
	
	
	
	
	
	

	A561
	35.2
	49.4
	35.1
	49.8
	30.0
	40.0
	39.9

	
	44.2
26.3
	47.1
51.8
	32.3
37.9
	47.5
52.1
	32.6
27.3
	36.6
43.5
	

	
	
	
	
	
	
	
	

	A710
	70.4
	72.6
	65.6
	81.0
	75.8
	98.2
	77.3

	
	73.5
67.3
	74.9
70.2
	65.9
65.3
	79.1
82.8
	74.2
77.5
	96.0
100.3
	

	
	
	
	
	
	
	
	

	A667
	115.0
	140.9
	112
	134.4
	104.2
	143.5
	125.0

	
	108.8
121.1
	144.2
137.6
	113.5
110.5
	137.9
131.0
	106.5
101.9
	142.8
144.2
	

	
	
	
	
	
	
	
	

	A266
	281.4
	284.4
	275.1
	315.7
	257.1
	321.4
	289.2

	
	276.8
286.0
	280.4
288.4
	279.0
271.2
	303.8
327.6
	253.6
260.6
	325.0
317.4
	

	
	
	
	
	
	
	
	

	A269
	533.8
	543.4
	514.6
	566.6
	498.4
	604.0
	543.5

	
	527.6
540.0
	542.0
544.8
	509.2
520.0
	567.6
565.6
	482.4
514.4
	595.2
612.8
	

	
	
	
	
	
	
	
	

	A671
	1112.2
	1130.8
	1048.8
	1185.2
	1056.0
	1337.2
	1145.1

	
	1123.2
1101.6
	1171.2
1090.4
	1027.2
1070.4
	1209.6
1160.8
	1053.6
1058.4
	1325.6
1348.8
	

	
	
	
	
	
	
	
	

	A674
	1399.6
	1448.4
	1331.6
	1549.2
	1505.2
	1752.4
	1499.4

	
	1424.8
1374.4
	1552.0
1344.8
	1317.6
1345.6
	1588.0
1510.4
	1508.0
1502.4
	1724.8
1800.0
	

	Instrument Nos. 1 – 4 New Units from Manufacturer  (model XL-309)

Instrument No. 5 Agency in Cincinnati Area (modified model XL-700 Series [model XL-701A])

Instrument No. 6 University of Cincinnati (model XL-703S)

LOD: Limit of Detection
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4.0 Discussion

The XRF lead levels of the three types of blank dust wipe samples were about the same and averaged 9.0 μg to 13.2 μg, which is below the limit of detection of many field portable XRF analyzers. Lead levels of wipes that were sealed by tape in the holder sleeves averaged slightly higher (0.7 μg), which may be due to the effect of moisture. The earlier work by Woody et al. (1989) used the PaceWipe because it was the wipe then recommended by the manufacturer. The dust wipe recommended by the manufacturer at the time of the study was the MoistWipe, another one of the three tested. The currently recommended wipe is the Palintest wipe which conforms to ASTM E-1792-96a; the MoistWipe does not conform to this standard.

Lead levels of field wipe samples measured by the prototype XRF (model XL-309A) tended to increase as time elapsed, possibly due to the wipes losing moisture content. XRF lead levels of the wipes increased by about 8% after an average of eight days.  For consistency, the elapsed time should be kept as small as possible. NITON( has recently added a recommended drying step prior to the analysis of the dust wipe in order to improve precision and accuracy. The procedure consists of either drying at 250ºF for 20 minutes followed by a five minute cooling off period in ambient air or an overnight drying in ambient air. An aluminum mesh is used to secure the sample during the drying process.  The drying procedure was included in the US EPA Environmental Technology Verification Program in which field portable measurement technologies were evaluated for lead in dust wipes (US EPA, 2001).

The level at which XRF analyzers are programmed to yield the symbol LOD (Limit of Detection) seems to vary somewhat by individual instrument. In the inter-instrument study of variability among six instruments, the four new instruments (model XL-309) gave a LOD result on blank samples. A fifth instrument (the second commercial instrument [model XL-703S]), which had a more sensitive (BASP) detector, gave numerical values from 5.6 μg to 10.2 μg for three readings on blank wipes and an LOD for the fourth. Finally, the sixth instrument (model XL-701A) gave an LOD reading in three cases and a value of 22 μg in another. The second commercial instrument, which was located at the University of Cincinnati, has an apparent LOD of about 6 μg.  The LOD of this instrument will be further explored in the future by determining the AAS value for samples for which this analyzer gives a LOD designation. In the inter-instrument variability study, the variability of the XRF analyzers was about the same for the homogeneous spiked samples as for the field samples, with the geometric standard deviation ranged from 1.1 to 1.4 for each type of sample. Because the field samples were collected in housing that was at the clearance stage after implementation of lead hazard control measures, they were likely to be more homogeneous than field samples collected during risk assessment or similar activities.

One of the study instruments not included in the inter-instrument study (the first commercial instrument [model XL-703A]) had unreliable readings of “LOD” when compared to the AAS results. When the XRF results for the first commercial instrument identified lead levels below the LOD tested, the AAS identified 45% of these samples above 40 μg.  AAS levels ranged up to 241 μg Pb, with 15% of the samples being greater than 100 μg. In contrast, when numerical results from the XRF analyzer were available, the results from the prototype instrument (model XL-309A) and both of the commercial instruments (models XL-703A and XL-703S) were comparable to AAS results. In order to aid in the detection of results around the “LOD,” it is important to include a quality control sample near the LOD in the protocol for routine use of XRF lead analyzers.

5.0 Conclusions

· Lead levels of dust wipe samples collected in housing units analyzed by XRF tended to increase with time elapsed since sample collection, increasing by an average of 8% after one week and by an average of 17% after an average of 18 week.   This change in lead levels over time is likely due to changes in the moisture content of samples; wipes gradually dry over time and the moisture content of samples can influence XRF readings.
· A strong correlation was observed between XRF and AAS results for values above the limit of detection (LOD) for the XRF for all results; however, 60% of the samples with an  “LOD” value for the first commercial instrument tested model XL 703A exceeded, by AAS analysis, the reported LOD of 20 µg.  It is important, therefore, to include quality control samples near the LOD of 20 µg in the protocol for routine use of XRF lead analyzers.

· The detection limit for a newer instrument tested was about 6 µg Pb.

· An inter-instrument comparability study to determine the variability among six instruments, including four that were just produced, revealed little variability among the instruments. Lead levels from the first XRF reading were not different from the second using the same instrument, but the percent variability in readings tended to be higher for the samples containing less lead.  Variability from first to second readings was not statistically significant. One model (modified 700 series [model XL-701A]), however, tended to have readings that were about 11% lower than the others.  

· In order to be 95% certain that the AAS lead level of a dust wipe would be 40 μg or lower, the lead level by XRF (second commercial instrument [model XL-703S]) should not exceed 27 μg; the corresponding levels for AAS values of 250 μg and 800 μg are 140 μg and 397 μg, respectively. For the prototype instrument (model XL-309A), the corresponding levels for 40, 250, and 800 μg Pb are 21, 95, and 246 μg, respectively (Figure 4).
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7.0 Figures

Figure 1:
Relationship Between Dust Lead Levels Measured by Field Portable XRF and by Atomic Absorption – (time 1)  (n=69) (Prototype Instrument Model XL-309A)

Figure 2:
Relationship Between Dust Lead Levels Measured by Field Portable XRF and by Atomic Absorption – (time 2) (n=69) (Prototype Instrument Model XL-309A)

Figure 3:
Relationship Between Dust Lead Levels Measured by Field Portable XRF and by Atomic Absorption – (time 3) (n=69) (Prototype Instrument Model XL-309A)

Figure 4:
Relationship Between Dust Lead Levels Measured by Field Portable XRF and by Atomic Absorption – (time 1) (n=92) (Prototype Instrument Model XL-309A)

Figure 5:
Relationship Between Dust Lead Levels Measured by Field Portable XRF and by Atomic Absorption – (time 2) (n=91) (Prototype Instrument Model XL-309A)

Figure 6:
Relationship Between Dust Lead Levels Measured by Field Portable XRF and by Atomic Absorption – (time 3) (n=70) (Prototype Instrument Model XL-309A)

Figure 7:
Relationship Between Dust Lead Levels Measured by Field Portable XRF and by Atomic Absorption: with the Adjustment Factor Built into the Instrument (First Commercial  Instrument –Model XL-703A) (n=65)

Figure 8:
Relationship Between Dust Lead Levels Measured by NITON( XRF Analyzer
and Laboratory (Second Commercial Instrument Model XL-703S) (n=100)

Figure 9:
Relationship Between Dust Lead Levels Measured by NITON( XRF Analyzer
and Laboratory (Second Commercial Instrument Model XL-703S) (n=133)

Figure 10:
Comparison of XRF Readings by Instrument and Operator (Sample=D670)

Figure 11:
Comparison of XRF Readings by Instrument and Operator (Sample=D669)

Figure 12:
Comparison of XRF Readings by Instrument and Operator (Sample=D664)

Figure 13:
Comparison of XRF Readings by Instrument and Operator (Sample=D663)

Figure 14:
Comparison of XRF Readings by Instrument and Operator (Sample=D658)

Figure 15:
Comparison of XRF Readings by Instrument and Operator (Sample=D657)

Figure 16:
Comparison of XRF Readings by Instrument and Operator (Sample=A740)

Figure 17:
Comparison of XRF Readings by Instrument and Operator (Sample=A795)

Figure 18:
Comparison of XRF Readings by Instrument and Operator (Sample=A794)

Figure 19:
Comparison of XRF Readings by Instrument and Operator (Sample=A561)

Figure 20:
Comparison of XRF Readings by Instrument and Operator (Sample=A710)

Figure 21:
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Figure 10. Comparison of XRF Readings by Instrument and Operator
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Figure 1. Comparison of XRF Readings by Instrument and Operator

(Target Mass=10.4 ug Pb)
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Figure 12. Comparison of XRF Readings by Instrument and Operator

(Target Mass=57.7 ug Pb)
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Figure 13. Comparison of XRF Readings by Instrument and Operator
(Target Mass=86.2 ug Pb)
Sample number= D663
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Figure 14. Comparison of XRF Readings by Instrument and Operator
(Target Mass=94.9 ug Pb)
Sample number= D658

= w00 - = w0 — = s - = w2 — = w1 —

hstrumant
The horizontal

dicates the targd mass.

0





[image: image15.png]XAF Reading (ug Pb)

Figure 15. Comparison of XRF Readings by Instrument and Operator

(Target Mase= 168 ug Pb)
Sample number= D657
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Figure 16. Comparison of XRF Readings by Instrument and Operator

(Instrument Average= 182 ug Pb)
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Figure 17. Comparison of XRF Readings by Instrument and Operator
(Instrument Average= 356 ug Pb)
Sample number=A795
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Figure 18. Comparison of XRF Readings by Instrument and Operator

(Insirument Average=365 ug Pb)
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Figure 19. Comparison of XRF Readings by Instrument and Operator

(Instrument Average=39.9 ug Pb)
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Figure 20. Comparison of XRF Readings by Instrument and Operator

(Instrument Average=77.3 ug Pb)
Sample number=A710
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Figure 21. Comparison of XRF Readings by Instrument and Operator
(Instrument Average=125 ug Pb)
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Figure 22. Comparison of XRF Readings by Instrument and Operator
(Instrument Average=2892 ug Pb)
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Figure 23. Comparison of XRF Readings by Instrument and Operator
{Instrument Average= 5435 ug Pb)
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Figure 24. Comparison of XRF Readings by Instrument and Operator

(Instrument Average= 11461 ug Pb)
Sample number=AG71
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Figure 25. Comparison of XRF Readings by Instrument and Operator

(Instrument Average= 14894 ug Pb)
Sample number=A674
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Figure 26. Comparison of XRF Readings by Instrument and Operator
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Figure 27. Comparison of XRF Readings by Instrument and Operator
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