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Abstract

Traditional laboratory X-ray fluorescence (XRF) analysis has utilized sample preparation
methods because the fixed nature of the instruments and absence of a surface probe precluded
in-situ soil and sediment analysis. Currently, several field-portable XRF (FPXRF) instruments
feature surface probes providing the option of in-situ soil and sediment analysis. In-situ FPXRF
analysis can be a cost-effective near-real-time method to increase sampling densities due to the
simplicity of the sample preparation. The following is a comprehensive statistical evaluation
using current US EPA quality assurance guidelines for lead (Pb) data from a battery breakage
site and zinc (Zn) and Pb data from a scrap metal site.
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1. Introduction

The US EPA/ERT has been using FPXRF spectrometers to characterize Superfund
and hazardous waste sites. The Outokumpu Electronics Inc. (OEI) model X-MET
880® and the Spectrace Instruments model Spectrace 9000 FPXRF analyzers have
surface probes and have been utilized by the ERT. In-situ FPXRF analysis can be
a cost-effective method to increase sampling densities due to the simplicity of the
sample preparation method. This improves the reliability of decisions based on spatial
models delineating the extent of contamination [1]. Previous work has indicated that
in-situ and prepared methods produced similar data sets [2, 3]. The FPXRF sample
preparation and analysis methodologies, and QA/QC procedures discussed are
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detailed in the paper entitled “Results of Field-Portable X-Ray Fluorescence Analysis
of Metal Contaminants in Soil and Sediment” [4].

2. Data QA/QC

The FPXRF method detection limit (MDL) is defined as three times the calculated
standard deviation value of the mean for each target element. Precision is defined as
the coefficient of variation (COV) and should be <20% for the data to be considered
adequately precise.

XRF data are accepted as US EPA QA1 and QA2, according to OSWER Directive
9360.4-01, “Quality Assurance/Quality Control Guidance for Removal Activities
— Sampling QA/QC Plan and Data Validation Procedures”, April 1990. Both in-situ
and prepared sample methods can be used with QA1 and QA2 objectives. QA1 is
a screening objective. QA2 is a verification objective that requires confirmation of
a minimum of 10% of the XRF samples by US EPA-approved laboratory (AA or
ICP) methods. The regression analysis of AA versus XRF data sets must have
a coefficient of determination (R?) of 0.7 or greater to meet QA2 objectives [5].

3. Statistical methods
3.1. Paired-difference t-test evaluation

The goal of the paired difference t-test is to determine if the mean difference of two
populations of paired results is different from zero at an alpha level (significance level)
equal to 0.05 [6]. If the data are from a normal distribution (bell curve), a two-tailed
t-test is run on the differences. If the data are not from a normal distribution,
a nonparametric Wilcoxon rank sum test is run on the differences. From either of
these tests, a p-value is generated in the output. p-values are the lowest level at which
the null hypothesis can be rejected. If the p-value is less than the significance level, the
null hypothesis is rejected and it is determined that there are significant differences
between the data sets. If the p-value is greater than the significance level, it is
determined that there is no significant difference between the data sets. This does not
mean that the data sets are equal, rather that they are not significantly different from
each other. Paired difference t-test evaluations were performed on paired in-situ and
prepared FPXRF sample data (Table 1).

3.2. Linear regression

Linear regression can be a useful tool to evaluate data sets. The coefficient of
determination (R?) from linear regression analysis should be 0.7 or greater for the
regression analysis to be considered significant, with a value of 1.00 being ideal. The
slope from the linear regression analysis can theoretically be any number, with 1.00
being ideal. The slope can be considered a proportionality value, with the ideal slope
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Table 1

Paired in-situ and prepared FPXRF data; paired difference ¢-test evaluation results

Instrument Waste type  Element No. of Test used Calculated  Accept/reject

samples p-value
OEI X-MET 880 Battery Pb 21 Wilcoxon 0.0851 Accept
breakage rank sum

OEI X-MET 880 Scrap metal Pb 51 Wilcoxon 0.0087 Reject
rank sum

Spectrace 9000 Scrap metal Pb 51 Wilcoxon 0.0001 Reject
rank sum

OEI X-MET 880 Scrap metal Zn 46 Wilcoxon 0.0774 Accept
rank sum

Spectrace 9000 Scrap metal Zn 51 Wilcoxon 0.0001 Reject
rank sum

of 1.00 meaning that the FPXRF and AA data are in a 1:1 proportion. Linear
regression was run on the FPXRF in-situ FPXRF versus AA, and prepared FPXRF
versus AA sample data (Table 2).

3.3. Statistical evaluation of regression coefficients

A statistical comparison of slopes (regression coefficients) was performed to com-
pare AA in-situ FPXRF and AA prepared sample FPXRF regression results (Table 3).
A methodology was utilized which is similar to that for testing the difference between
two population means with the Student’s t-test [7]. The null hypothesis for this test is
B1 = B,, where f represents the true population regression coefficient. The alternative
hypothesis is: §; does not equal §,. In all cases, the alpha level (significance level), the
probability of rejecting the null hypothesis when it is in fact true, was set equal to 0.05.

A p-value is generated in the output of the test. p-values are the lowest level at which
the null hypothesis can be rejected. If the p-value is less than the significance level, the
null hypothesis is rejected and it is determined that there is a significant difference
between the population regression coefficients. If the p-value is greater than the
significance level, it is determined that there is no significant difference between the
population regression coefficients. This does not mean that the coefficients are equal,
rather that they are not significantly different from each other.

4. Discussion of results
4.1. Paired-difference t-test evaluation
All of the paired data sets evaluated were not from a normal distribution. Therefore,

the Wilcoxon rank sum test was used (Table 1). The calculated p-values were less than
the significance level for the scrap metal Spectrace 9000 Pb and Zn, and the OEI



M.B. Bernick et al./Journal of Hazardous Materials 43 (1995) 111-116

'siskjeue nyis-uy
‘sojdwres paredaiq ,

“uo1ss31331 oY) 10§ (arenbs-y) UOHBUILLIGP JO JUIDIYS0)) ,

‘jusoied Ul UOHBLIBA JO JUSIYIO)) ,

‘wies8o[ry 1od swWeISHIA o
“JIWI] UO¥}02}0P WINIUIA ,

090 86°0 89 €8L 651 d uz [elow
8L0 L60 89 €8L 651 I uz desog 0006 oe1103dg
S6'1 96°0 L9 956 I d uz Telour
$61 860 L9 95$ 141 I uz delog 088 LAWN-X IO
v0'1 £8°0 A4 L6 x4 d ad [Eow
60°T L8O vy L6 (x4} I ad deng 0006 20exj0adg
8.1 760 0¥ UL £6 d ad [E3oW
86'1 68°0 (Vp 72 L £6 I ad desg 088 LAW-X [HO
60 60 L€T 00€ €71 51 ad a3eyeaiq
$8°0 L60 LET 00€ €71 od ad K1om38g 088 LAW-X 190
adoig pdOD (%) AOD uonenuseuU0)
,.Awu_\wEv poylow
wo:mﬁmuw Gomwwu‘—wom :Omwmooum < IAN :Om.:w._maounm gﬁuaodm u&b QIS M juswrnlysuy

s)nsal uoisald pue JIUI WOI0NSP POYIdW ‘SIsA[eut uoissaIdar eiep JYXd.J snsioa uondrosqe osrwoly

7 9qel



M.B. Bernick et al.[Journal of Hazardous Materials 43 (1995) 111-116 115

Table 3
Regression coefficient comparison of atomic absorption (AA)/in-situ FPXRF and AA prepared FPXRF
regression results

Instrument Waste type Element Calculated p-value Accept/reject
OEI X-MET 880 Battery breakage Pb p > 0.50 Accept
OEI X-MET 880 Scrap metal Pb 010 <p <020 Accept
Spectrace 9000 Scrap metal Pb 0.20 < p < 0.50 Accept
OEI X-MET 880 Scrap metal Zn p > 0.50 Accept
Spectrace 9000 Scrap metal Zn p < 0.001 Reject

X-MET 880 Pb data sets. The null hypothesis was rejected and it was determined that
there was a significant difference between the data sets. The calculated p-values were
greater than the significance level for the scrap metal OEI X-MET 880 Zn and the
battery breakage OEI X-MET 880 Pb data sets. It was determined that there was no
significant difference between these data sets.

4.2. Linear regression

All of the regression analysis of AA versus XRF data sets have a coefficient of
determination (R2) of 0.7 or greater meeting QA2 objectives.

4.3. Statistical evaluation of regression coefficients

Comparison of X-MET 880 battery breakage Pb AA versus in-situ FPXRF, and
AA versus prepared sample FPXRF regression results indicated slopes of 0.92 and
0.84, respectively. When applying the Student’s ¢-test, no significant difference could
be found between these two slopes (p-value > 0.50), indicating that they came from the
same f population, and that the regression lines can be assumed to be parallel.

Similar results were achieved for scrap metal comparisons for X-MET 880 Pb and
Zn and Spectrace 9000 Pb regressions. Results of the X-MET 880 Pb in-situ FPXRF
regression (slope = 1.98) versus the prepared sample FPXRF regression (slope = 1.78)
also showed no statistical difference between the slopes with 0.10 < p-value < 0.20.
Results of the X-MET 880 Zn in-situ FPXRF regression (slope = 1.98) versus the
prepared sample FPXRF regression (slope = 1.78) also showed no statistical differ-
ence between the slopes with 0.10 < p-value < 0.20. Spectrace 9000 comparisons gave
the same results as well, with the Pb in-situ FPXRF slope = 1.09, prepared sample
FPXRF slope = 1.04, and 0.20 < p-value < 0.50. In all three cases the null hypothesis
could not be rejected, which supports the theory that the true population regression
coefficients are in fact the same between AA in-situ and AA prepared sample FPXRF
results. Therefore, the pairs of regression lines can be assumed to be parallel in each case.

Results of the scrap metal Spectrace 9000 Zn in-situ FPXRF regression
(slope = 0.78) versus the prepared sampie FPXRF regression (slope = 0.60) showed
a statistical difference between the slopes with p-value < 0.001. This indicates that
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they came from different f populations and that the regression lines cannot be
assumed to be parallel.

4.4. Q4)0C

FPXRF Pb detection limits in Table 2 are significantly below typical Pb action
levels of 400-2000 milligrams per kilogram (mg/kg); and the Pb and Zn precision is
less than 20% COV. All FPXRF Pb and Zn AA versus XRF regression results meet
the QA2 data objective coefficient of determination (R?) specification of 0.7 or greater.

5. Conclusions

Paired difference z-test evaluations illustrate that dissimilarities do exist between
the in-situ and prepared FPXRF population distributions. However, in four out of
five method regression comparisons, enough evidence did not exist to refute the
hypothesis that the true population coefficients are the same and that the regression
lines are parallel. Additionally, QA2 data objectives for precision and confirmation
analysis regression criteria (R?) were satisfied in all cases.

Paired difference t-test evaluations of in-situ and prepared FPXRF data sets
provide insight into dissimilar population distributions. However, QA2 criteria do not
address population distributions. Rather, QA2 utilizes the regression analysis to
evaluate the strength of the linear relationship between FPXRF results relative to the
US EPA approved AA results. Therefore, evaluation of the FPXRF method regres-
sion relationships appears to provide more relevant information.

Generally, the results indicate that both methods appear comparable when (AA
versus FPXRF) regressions are evaluated relative to the confirmation AA analysis.
Therefore, in-situ FPXRF analysis should be considered as a viable alternative to
prepared sample FPXRF analysis.
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