United States Atmospheric Research and Exposure
Environmental Protection Assassment Laboratgz December 1993
Agency Research Triangle Park, NC 27711

Research and Development EPA 600/R-93/235

SEPA  Preparation of Lead-Containing
Paint and Dust Method Evaluation
Materials and Verification of the
Preparation Protocol by
Round-Robin Analysis

PP




December 1993

PREPARATION OF LEAD-CONTAINING PAINT AND DUST
METHOD EVALUATION MATERIALS AND VERIFICATION
OF THE PREPARATION PROTOCOL
BY ROUND-ROBIN ANALYSIS

Prepared by

E. E. Williams
D. A. Binstock
W. F. Gutknecht

Center for Environmental Measurements and Quality Assurance
Research Triangle Institute
Research Triangle Park, North Carolina

EPA Contract No. 68-D1-0009
RTI Project No. 4960-141

Mrs. Sharon Harper, Work Assignment Manager
Atmospheric Research and Exposure Assessment Laboratory

U.S. Environmental Protection Agency
Research Triangle Park, NC



DISCLAIMER

The information in this document has been funded wholly or in part by the
United States Environmental Protection Agency (USEPA) under EPA Contract
No.68-D1-0009 to the Research Triangle Institute. It has been subjected to the
Agency’s peer and administrative review, and it has been approved for publication
as an EPA document. Mention of trade names or commercial products does not

constitute endorsement or recommendation for use.

ii



ACKNOWLEDGEMENTS

This document was prepared under the direction of Drs. Joseph J. Breen
and Benjamin S. Lim of the Office of Pollution Prevention and Toxics (OPPT), U.S.
Environmental Protection Agency (USEPA), Washington, DC, and Mr. Michael E.
Beard and Ms. Sharon L. Harper of the Atmospheric Research and Exposure
Assessment Laboratory (AREAL), U.S. Environmental Protection Agency,
Research Triangle Park, NC.

The authors acknowledge the efforts of statisticians Dr. Larry Myers of the
Research Triangle Institute, and Mr. Jack Suggs of AREAL/USEPA, Research
Triangle Park, NC.

Special acknowledgement is given to Dr. Joseph Walling, AREAL/USEPA,
Research Triangle Park, NC; Dr. Benjamin Lim, OPPT/USEPA, Washington, DC;
and Dr. James DeVoe, Inorganic Analytical Research Division, National Institute

of Standards and Technology (NIST), Gaithersburg, MD for their careful review.

i



EXECUTIVE SUMMARY

The determination of lead in paint, dust, soil and other matrices is receiving
increased attention because of the adverse health effects associated with exposure
to low levels of this environmental contaminant. Because exposure to lead
hazards may be minimized or prevented by appropriate detection, abatement or
containment, the accurate and precise identification of lead levels in paint, dust
and soil is an important environmental concern. The concentration of lead in
paint, dust and soil samples may be determined either in the laboratory or in the
field. In order for concentration data to be reliable, it is important to also
calibrate instruments and benchmark analytical performance with the use of
reference materials. These materials are homogeneous, well-characterized, and
have a known concentration of the analyte(s) of interest. However, the availability
of reference materials for the routine analysis of environmental lead samples is
limited, and there are no standard protocols for the production of these materials.

This study was carried out to prepare a series of lead-containing paint and
dust reference materials according to criteria established at a Lead Reference
Materials Workshop sponsored by the U.S. Environmental Protection Agency. The
criteria for the production of the materials, called Method Evaluation Materials

(MEMs) included the following;

. lead concentration,
. material homogeneity, and
. characteristics of the matrix.

After the materials were prepared, the protocol for the preparation was validated

by analysis of the materials for the following:

. measured lead concentrations within 20% of the target
concentrations, and
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. sample to sample variations (homogeneity) of the materials
statistically non-significant relative to overall standard deviations.

The analyses were carried out by:

. the Research Triangle Institute, and

. 33 external laboratories.

Because a sufficient number of laboratories analyzed the MEMs using
different selected extraction/analytical methods, statistical analysis of the data
also allowed a comparison of laboratory performance using these proven methods.

Four MEMs were prepared at the following targeted lead concentrations:

. 100 ug/g in dust,
. 1500 upg/g in paint,
. 4000 ug/g in dust, and

. 40000 ug/g in paint,

from "real-world" lead-containing paint and dust, collected from households in
North Carolina and California, abatement sites in Pennsylvania and a vacant
hospital in Ohio.

The paint materials were collected as chips scraped from walls, woodwork
and other surfaces. Aliquots were taken from each bag of chips, ground by hand
using a mortar and pestle, and then analyzed to obtain estimates of the lead
levels. Analysis was performed using microwave/acid extraction and measuring
the lead levels by inductively coupled plasma emission spectrometry. Specific
paint materials were chosen on the basis of these results to meet target
concentrations. The paint materials chosen were then mechanically ground to a
fine powder (s 120 microns) and each batch prepared mixed thoroughly.

The dust was collected in home vacuum cleaners and also high efficiency

particulate collection vacuum cleaners. The dust was sent to a commercial firm



for sterilization and then sieved to a particle size <250 microns. The sieved dust
samples were each thoroughly mixed and were then subjected to preliminary
analysis as described for paint, and batches selected relative to the target
concentrations.

Prior to a round robin analysis of the selected, prepared materials
verification analyses were performed.

The concentrations of the MEMs, determined by RTI to be acceptable

relative to the target concentrations, were the following:

. 84.2 + 11.9 uglg - low lead-containing dust,

L ]

1410 =+ 44.5 ug/g - low lead-containing paint,

4670 =+ 330 ug/g - high lead-containing dust,

37900 =+ 500 ugl/g - high lead-containing paint, and

These samples were submitted in duplicate to laboratories for round-robin
analysis.

The sample set submitted to round-robin analysis also included Standard
Reference Materials (SRMs) of paint and "dust" (a soil SRM was used as a
surrogate for dust) prepared and certified by the National Institute of Standards
and Technology (NIST). The following Standard Reference Materials were

included as single blind samples:

. 1162 =+ 31 ug/g - NIST SRM 2711, Montana Soil, used as a
surrogate dust sample ‘

. 118700 =+ 400 uglg - NIST SRM 1579, Powdered Lead-based
Paint.

The complete sample set included 2 bottles of each paint MEM, 2 bottles of
each dust MEM, one bottle of paint SRM, and one bottle of "dust" SRM for a total

of 10 bottles of samples. Each laboratory was asked to analyze two aliquots of
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each sample for a total of 20 analyses. Laboratories were recruited for
participation in the round robin on the basis of their experience and willingness to
carry out the analyses by methods commonly used to analyze environmental lead

samples:

. hotplate (HP) or microwave (MW) extraction followed by analysis by
atomic absorption spectrometry (AAS) or inductively coupled plasma
emission spectrometry (ICP) , and/or

. energy dispersive laboratory X-ray fluorescence (Lab XRF).

A total of 33 laboratories performed 42 different sets of analyses, as follows:

Methodology Number of Performances
. MW/AAS 7
. HP/AAS 9
. MW/ICP 9
. HP/ICP 10
. Laboratory XRF 7

The number of laboratories analyzing by each method (a minimum of seven
(7) performances were required) was sufficient for a statistical comparison of
methods. Results of the statistical analysis provided data for determination of the
method mean, consensus value, repeatability and reproducibility of methods for
each test sample. The method means and consensus values indicated that the
protocol produced samples having acceptable concentrations relative to the target
concentrations. Precision data indicated that the average sampling coefficient of
variance (cv) was 1.37%; the 95% upper confidence limit of the cv was 2.5%; and
therefore, 95% of all test samples were found to have a concentration within 5% of
the consensus value (95% to 105 % of the consensus value). Therefore, the

homogeneity of the materials was considered to be acceptable.
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A comparison of data by method showed that the MW/AAS method gave
results with the highest concentrations for all six test samples. Laboratory XRF
gave the lowest results for 5 out of 6 test samples. A pairwise comparison of
method means indicated that these two methods also showed the most statistically
significant differences. When the data for matrices was pooled, the repeatability
(within-lab variation) of the laboratory XRF method was shown to be best (4.8%)
for all methods tested (range of methods: 4.8% - 12.9%); but the reproducibility
(between-lab variation) of this method (19.4%) was poor (range of methods: 11.7% -
21.0%). The reproducibility of the MW/ICP method was the best (11.7%) across all
concentrations of the test samples.

The poor reproducibility of the Lab XRF method was attributed to:

. failure to request that laboratories follow the same protocol for the
analyses, and/or

. the provision of an inadequate number of calibration standards for
the instrumental analysis. (This is suggested by the quadratic
appearance of log recovery plots for the Lab XRF method.)

Results also indicated that recoveries for analyses by AAS showed a positive
bias relative to ICP results. This bias was believed to result from the lack of
background correction by a number of laboratories analyzing by AAS. It is also
possible that the concentrations were suppressed in the ICP measurements, but
laboratories analyzing by ICP were warned about signal suppression arising from
matrix effects, and were instructed to dilute solutions for analysis intoa 1 - 10
ug/mL range to minimize these effects. It is suggested that further studies be
performed to investigate the bias observed in results reported by the analytical

methods, and the poor reproducibility shown by Laboratory XRF.
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SECTION 1.0
INTRODUCTION
1.1 OVERVIEW

As a result of the growing concern about the adverse health effects
associated with exposure to lead in the environment, the identification and
assessment of hazards from lead-based paint (LBP) and LBP-containing dust and
soil have become critical environmental issues. Because the identification of LBP
hazards requires either field or laboratory analysis, an increasing number of lead-
containing matrices are being submitted to analysis. Unfortunately, there is a
lack of reference materials, materials of known concentrations, to support the
reliability of the results. Regulations in support of the establishment of lead
tester certification programs (Title X') and a National Lead Laboratory
Accreditation Program® (NLLAP) have been promulgated to ensure that these
decisions are based upon analytical data that is accurate, reproducible and
representative.

The analysis of reference materials, well-characterized, homogeneous
materials of known concentration, is necessary for the accurate calibration of
instruments and essential to the evaluation of laboratory performance in the
preparation and analysis of samples. Two types of reference materials are

important in analytical chemistry quality assurance:

. standard reference materials (SRMs) produced and certified by the
National Institute of Standards and Technology, and

. performance evaluation materials (PEMs).

Of the two types of reference materials, SRMs are more homogeneous and
more stringently characterized. The analytical uncertainty for SRMs is less than
or equal to 10 percent, as compared to 10 - 25 percent for PEMs®. Thus, SRMs
are more costly and less available for routine quality assurance/quality control

(QA/QC) activities. PEMs are more easily prepared, less costly than SRMs, and
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are therefore better suited for routine QC checks.

The purpose of this study was to develop and test a protocol for the
production of homdgeneous performance evaluation materials, hereafter called
Method Evaluation Materials (MEMs), as prescribed by the U. S. Environmental
Protection Agency (U.S. EPA)-sponsored Lead Reference Materials Workshop*
(LRMW) held in May, 1991. The protocol was tested by round-robin analysis of
the concentration and homogeneity of the MEMs produced following the protocol.
In addition to the provision of concentration and homogeneity data for the series
of MEMs, the results of the round-robin allowed a comparison to be made of
proven extraction/analytical methods used by the participating laboratories.

The preparation and verification of the protocol was designed relative to

the following:

. establishment of target concentrations and homogeneity for the
method evaluation materials, consistent with proposals at the Lead
Reference Materials Workshop,*

. collection of real-world paint and dust,
. preparation of materials at the targeted concentrations,
. verification of the concentration and homogeneity of the MEMs by

analyses at RTI,
. designation of methods for analysis in the round-robin,

. recruitment of laboratories for measurement by select
extraction/analysis methods,

. statistical design of the round-robin
- identification of replicates, _
- identification of Standard Reference Materials to be
submitted as blinds, and
- identification of a minimum number of laboratories analyzing
by a particular extraction/analysis,

. round-robin analysis of MEMs and SRMs,



data:

statistical analysis of results, and

conclusions and recommendations for further study.

The results of the round-robin study were expected to provide the following

method mean - a concentration for a test sample determined from
averaging the results reported by a specified method of analysis,

consensus value - a concentration for a test sample determined by
averaging the method means determined by different laboratories
and/or methods,

recovery by method - a ratio of the method mean to the consensus
value, expressed as percentage,

repeatability - within-lab variation, the relative standard deviation
(%) determined for replicate samples analyzed in one laboratory,

reproducibility - between-lab variation, the relative standard
deviation (%) determined for replicate samples analyzed by
laboratories using the same method, and

sample-to-sample variation - the homogeneity of the material
determined from a test of the hypothesis that the variation between
replicate aliquots is zero.

The interpretatioﬁ of data was applied to examine the following:-

protocol for MEM preparation by comparing the consensus values
with the targeted concentrations, with the expectation that the
targeted concentrations and consensus values agreed within 20%;

sample-to-sample variation by comparing repeatability and
reproducibility of replicate samples analyzed by the same method;
and

comparison of methods by determining
- the 95% confidence interval of method means, and
- the statistically significant differences by pairwise comparison
of method means.
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1.2 REPORT
This report describes the preparation of paint and dust method
evaluation materials and verification of the preparation protocol. The reader may.

refer to the following sections for specific information:

. design and preparation of the materials - Sections 2 and 3,
. round-robin analysis - Section 4,

. statistical analysis of results of the round-robin - Section 5.
. summary and conclusions - Section 6, and

. suggestions for further study - Section 7.



SECTION 2.0
DESIGN OF THE METHOD EVALUATION MATERIALS

2.1 CRITERIA ESTABLISHED BY THE LEAD REFERENCE
MATERIALS WORKSHOP

The design for MEMs was developed in a reference materials workshop held
May 13-14, 1991 in Washington, DC.* The nature of "real-world" samples, health
effects, and regulations were considered to be the principal driving forces for the
preparation of MEMs. Subsequently it was decided that the matrices of the
reference materials match the matrices of the samples typically submitted to the
laboratory for analysis. Matrix-matching is critical because the nature of the
matrix is a significant factor in the effectiveness of extracting lead from paint and
dust samples; i.e., old dried paint samples extract differently from newly-prepared
paint films.® Matching the matrix of reference materials and samples, i.e.,

binders, particle size, is also important for accurate analysis by Laboratory XRF.

2.1.1 Paint

It was decided in the workshop that paint be collected from dwellings at
least 40 years old. Assuming an aliquot of 0.25 g for atomic spectroscopic
analysis, it was proposed that the material be ground to a particle size of <200
microns in order for the aliquot to be representative of the bulk sample. A
concentration range of 500 to 50,000 ug/g (0.05% to 5%) was proposed to cover the

current regulations.

2.1.2 Dust

' It was suggested in the Workshop that "real-world" dust be collected for
preparation of reference material. No decisions were made about particle size,
although it was decided that an appropriate concentration range for reference
materials for lead in bulk dust of 50 to 10,000 ug/g be established to encompass a

concentration range inclusive of lead in hand wipes to post-abatement lead levels.
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2.2 CONCENTRATIONS PROPOSED FOR METHOD EVALUATION
MATERIALS

It was decided that, practically, only a limited number of MEMs could be
analyzed as a means of evaluating the preparation protocol. Therefore, in order to
verify the preparation protocol by a determination of concentration and
homogeneity, it was decided that paint and dust MEMs be prepared only at two
different concentrations, and that each of the two concentrations be split into two
réplicates and bottled as two separate samples. This would provide a total of four
samples of paint, and four samples of dust for testing.

For dust samples, a low level sample (approximating household dust) and a
high level sample (approximating post-abatement dust), were proposed. For paint
samples, a low level paint sample (having a concentration between the Consumer
Product Safety Commission (CPSC) action limit® of 600 ug/g and the Department
of Housing and Urban development (HUD) action level’ of 5000 ug/g), and a high
level sample (approximating a concentration commonly detected on the exterior of
older dwellings) were targeted. The 'following concentrations were proposed for
the MEMs:

. 100 ug/g - low level dust (household),

. 1500 ug/g - low level paint,

. 4000 ugf/g - high level dust (post-abatement), and

. 40000 ug/g - high level paint (exterior).



SECTION 3.0
PREPARATION OF THE METHOD EVALUATION MATERIALS

As noted, an important consideration for the preparation of reference
materials is matching the matrix of the reference material to the matrix of the
samples typically submitted to analysis. Therefore, the preparation of the method
evaluation materials used in this study required the collection of "real-world"

paint and dust samples.

3.1 PAINT

Paint samples submitted to laboratory analysis are often multiple layers of
different kinds of paint that have embrittled from age and weathering. In order
to emulate samples submitted to a laboratory, the method evaluation materials in

this study were prepared from "real-world," multi-layered paint.

3.1.1 Collection of Materials

The collection of real-world samples was facilitated by contacts acquired
through RTI tasks in support of EPA programs for lead-based paint and lead-
based paint-containing matrices. The tasks performed for the EPA included
coordination of a preliminary round-robin® for the evaluation of spectroscopic
methods for the analysis of lead in paint, dust and soil; coordination of Lead
Reference Materials Workshop*; and collection of lead-based paiﬁt for standard
reference materials (SRMs) prepared by the National Institute of Standards and
Technology (NIST). As a result of these tasks, RTI established an extensive
repository of lead-based paint containing matrices. This repository contains paints
from interior walls, interior woodwork, and exterior trim collected from
abatement and demolition projects across the country. The specific paint
materials used to prepare the test MEMs for this study were collected from a
vacant hospital in Athens, Ohio. The paint collected from this site was old, and

multi-layered from regular repaintings since the establishment of the hospital in
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the late 19th century. It was peeling from the substrate to such an extent that
the firm of Osborne and Assoc.,’ an abatement contractor, was able to collect the
chips by sweeping the floors and cold-scraping the walls and woodwork with

squeeges.

3.1.2 Selection of Bulk Materials

Preliminary screening analyses of paint samples were carried out at the

time of sample custody. Aliquots of several grams each were removed from each
of the bulk samples and ground by hand with a mortar and pestle. Aliquots were
then removed from the ground material and extracted by a microwave (MW)
method' utilizing a combination of nitric acid (HNO,) and hydrochloric acid (HCD.
The concentration of lead in the extracts was measured by inductively coupled
plasma emission spectrometry (ICP).

The majority of the samples collected at the Athens site contained lead at
concentrations in the range of 5% to 40%, but two bulk paint samples having
concentrations of 3.8% and 0.36% were also identified. The 3.8% and 0.36%
materials were chosen for the preparation of the MEMs; though well above the
target of 0.15%, the 0.36% material was the lowest level available in the

repository.

3.1.3 Grinding
Both bulk paint samples were ground to a particle size of <250 microns (um)

in a crossbeater mill'}, and then ground to a particle size <120 um in a Retsch'®

grinder.

3.1.4 Blending
The ground paints were individually mixed for 30 minutes in a Turbula'®

blender.



3.1.6 Determining the Effect of Aliquot Weight on Analytical Results

One of the concerns in development of a reference material is the effect of -

aliquot weight on the analytical results. It is desirable to maximize an aliquot
size in order to minimize errors associated with lack of homogeneity in the
sample, while still achieving acceptable analyte recovery, i.e,, ) 90%. Maximizing
aliquot size is particularly important for samples having lead concentrations near
the detection limit of the analytical method used. Therefore, the effect of the
aliquot weight on the analytical results was investigated by removing aliquots
from the high-lead and low-lead paint bulk materials, and analyzing the aliquots
by the MW/ICP method™.

Aliquot sizes of 50 mg, 100 mg, and 250 mg were selected for investigation
because these aliquot weights are commonly used in the analysis of environmental
samples with lead concentrations in a normal to high range (>10 ug/g to 120,000
ug/g). For the determination, samples at the three different aliquot weights were
removed in duplicate from each bulk material. For example, two 50 mg aliquots,
two 100 mg aliquots, and two 250 mg aliquots were removed from the prepared
low and high lead-containing paint materials, yielding a total of 12 samples for
analysis. The results of the analyses are given in Table 1. A statistical evaluation
showed all of the measured concentrations to be equivalent at the 95% confidence
interval, except for the 250 mg aliquot of low paint. A review of the analytical
data indicated that this sample was measured at an instrumental (ICP)
concentration of 41.5 ug/mL, well above the measured concentrations of the other
paint samples (and an instrumental range concentration later prescribed for the
round-robin evaluation of these materials). Because of the high instrumental
concentration of the 250 mg aliquot, ICP signal suppression was considered a
source of the depressed concentration of this sample relative to the 50 and 100 mg
aliquots. (The difference in AAS and ICP results will be discussed in Section 5.)

An aliquot weight of 100 mg was selected for the paint materials because this
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Table 1. Concentrations of Lead Measured in Paint and Dust Method Evaluation
Materials Relative to Changes in the Aliquot Weight for Extraction

Mean (ug/g) + SD (% RSD) ||
(n=2)
Aliquot Size “
Sample 50 mg 100 mg 950 mg

Low Paint 3600 + 7.06 (0.196) 3530 + 42.4 (1.20) 3310 + 28.3 (0.854)

High Paint 36800 + 1203 (3.27) 36200 + 283 (0.781) 36000 + 425 (1.18)
Low Dust 97.4 + 29.2 (29.9) 79.8 + 0.42 (0.53) 81.2 + 0.71 (0.87) {
High Dust 4340 + 503 (11.6) 4160 + 84.9 (2.04) 4100 + 6.97 (0.17) "

Legend:

% RSD = Percent Relative Standard Deviation



weight gave consistently high recoveries. Increasing the weight to 250 mg would

not improve precision.

3.1.6 Production of Target 0.15% Material

As stated earlier, a bulk paint material having a lead concentration of

about 1500 ug/g (0.15%) could not be located. Achieving this target concentration
was considered important to the evaluation process, and therefore, when a source
of bulk paint having a lead concentration lower than 0.836% could not be found, an
attempt was made to determine if separation of the layers of the multi-layered
chips would yield layers containing lead at different concentrations. It was
believed that the most recently applied layers, i.e., the outermost layers, would
contain lead at the lowest levels.

The 0.36% paint material was found to be a combination of multi-colored
layers of paint; therefore, it was possible to identify and separate (by hand) chips
that appeared to have the same colored layers, and were believed to have an
identical painting history. From these selected chips, the outermost layers were
removed with a scalpel to yield a paint sample representing the most recent
painting. This method was used to isolate a material that, upon analysis, showed
a concentration of 0.15%. The 0.15% material was carried through all the
preparation steps (grinding, blending) described for the preparation of the 0.36%
material. The previously prepared 3.8% material, and the 0.15% material were

designated as "high paint" and "low paint,” respectively.

3.1.7 Preliminary Verification of Concentration and Homogeneity

The concentrations of both the low and high paint materials were
determined by analyzing 100 mg replicate aliquots (except the low paint material,
where n =1) of the prepared materials by the MW/ICP method.’® Results of the
‘concentration verificdtion, given in Table 2, indicated that the targeted
concentrations for the selected samples were achieved. Acceptable homogeneity

was achieved as indicated by a relative standard deviation (RSD) of 1.87% for the
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Table 2. The Concentration and Homogeneity (RSD)
of Paint and Dust Method Evaluation Materials
Determined at RTI by Microwave Extraction
with Measurement by Inductively Coupled Plasma Emission Spectrometry

: Concentration (ug/g) + SD RSD (%)
High Paint 36300 + 679 (n=6) 1.87
Low Paint 1400 (n=1) --n
High Dust 4130 + 61.8 (n=4) 1.50
Low Dust 80.5 + 0.938 (n=4) 1.17
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high paint.- Only one sample was analyzed for the preliminary verification of

concentration of the low paint; therefore, precision data were not available.

32 DUST
3.2.1 Collection of Materials

The RTI repository of lead-contaminated dust materials includes household,

hotel, street, and post-abatement dust. Household and hotel dust samples were
collected as vacuum cleaner bags; post-abatement dust was supplied to RTI as
High Efficiency Particulate Air (HEPA) vacuum cleaner bags from abatement sites
in the Midwestern and Eastern United States. Street dust was collected from
street sweepers in Durham, North Carolina.

Household dust, collected from local households and from households in
California, was used to prepare the low dust MEM for this evaluation. The high
dust MEM was prepared from HEPA-vacuumed dust collected from abatement

sites in Pennsylvania.

3.2.2 Sterilization

Because dust samples contain large amounts of debris, animal protein and
microbiological organisms, all bulk dust samples were sterilized by irradiation
prior to handling. Upon receipt at RTI, the bulk dust was shipped to Neutron
Products, Inc.,’* and gamma-irradiated for 12 hours for a total minimum dose of
2.5 MRads.

Although the samples were only visually examined for the growth of
microbiological orgarﬁsms, it did not appear that the dust samples were
recontaminated from the post-sterilization opening of containers or from

atmospheric moisture. The bulk dust appeared to be stable after sterilization.

3.2.3 Removal of Debris

The sterilized bags of dust were returned to RTI and individually sieved to

remove debris and hair. The dust was sieved through a coarse (2.00 mm) and fine
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(250 um) screen using a Ro-Tap'® apparatus.

3.2.4 Selection of Bulk Materials
Aliquots of 100 mg were removed from individual bags of sieved dust and
analyzed by the MW/ICP method’® in order to identify materials with appropriate

lead concentrations for the preparation of the MEMs.

3.2.5 Blending

Because the weight of sieved dust from one vacuum cleaner bag was
insufficient to provide enough material for the low dust sample, batches of sieved
household dust with concentrations approximately equal to 100 ug/g were blended
for 30 minutes in a Turbula'® blender to achieve an adequate weight of dust at the
targeted concentration. The concentration of lead in the blended material was
determined by removing four 100 mg aliquots and analyzing each by the MW/ICP
method.’® The results of the analysis for the blended household dust indicated a
concentration of 80 ug/g, as targeted for the low dust sample.

It was not necessary to blend bulk samples of post-abatement dust because
the weight of the sieved sample was sufficient for the round-robin test samples.
The concentration of the post-abatement dust was found to be 4100 ug/g, as
targeted for the high dust sample.

3.2.6 Determining the Effect of Aliquot Weight on Analytical Results

The effect of aliquot weight on analytical results was also investigated for

the prepared dust samples. Aliquots of 50 mg, 100 mg, and 250 mg were removed
in duplicate from each of the low and high dust samples. The aliquotting was
analogous to that carried out for the paint materials; a total of 12 aliquots were
removed for analysis by the MW/ICP method!’. Results of the analyses, given in
Table 1, indicated that the measured concentrations were consistent over the 50 t
100 mg range of aliquot weights. Improvements in precision were observed with

increases in aliquot weight. An aliquot size of 100 mg was prescribed for the
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analyses ‘because this weight gave acceptably precise results, and was consistent
with the aliquot size prescribed for the analysis of paint samples. The 95%
confidence intervals for the concentrations of the 50, 100, and 250 mg aliquots

were equivalent.

3.2.7 Preliminary Verification of Concentration and Homogeneity

The concentrations of the high and low dust samples were determined by
taking replicate 100 mg aliquots of the prepared materials and analyzing by the
MW/ICP method.” The results of the analyses are given in Table 2. Acceptable

target concentrations and homogeneity (RSD < 1.50%) were achieved.

3.3 BOTTLING THE TEST SAMPLES

The method evaluation materials and the standard reference materials were
bottled by direct weighing of prepared materials into screw-cap bottles.
Approximately 150 bottles of each matrix were prepared by accurately weighing 5
grams each of the high and low paint, and 2 grams each of the high and low dust
into 20 mL plastic screw-cap bottles. During the transfers, the four stock

_containers of the bulk high and low paint and dust materials were tumbled in all
directions several times after the removal of every 5 to 7 samples. The bottles
containing the MEMs were numbered sequentially to track the loading from the
bulk material. The sequence number was recorded by RTI.

The NIST Standard Reference Materials were bottled using the same
procedure as the method evaluation materials, i.e., 5 grams of NIST SRM 1579,
and 2 grams of NIST SRM 2711 were weighed into 20 mL plas{;ic screw cap
bottles. The Bottles of bulk SRMs were also tumbled through all directions after
every 5 to 7 aliquots were taken, and SRM samples were sequentially numbered
to track the loading from the stock material into the 20 mL bottles. The sequence

number was recorded by RTI.
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3.4 FINAL VERIFICATION OF CONCENTRATION OF THE METHOD
EVALUATION MATERIALS
Five bottles were removed at random from each of the four prepared sets of
method evaluation materials (high paint, low paint, high dust, and low dust).
From each bottle, five 100 mg aliquots were removed. (Bottles were tumbled
through all axes between the removal of each aliquot.) The aliquots were analyzed
by the MW/ICP method”.: The final concentrations of the bottled materials

yielded samples with concentrations within 20 percent of the targeted range (100

ug/g - 100,000 pg/g):

842 + 11.9 pug/g - low dust,

+ 21.2 ug/g - NIST SRM 2711
(1162 + 31 uglg - certified value),

.
[
N
o
o
1+

44.5 ugflg - low paint,

.
1N
o2]
-1
o
i+

330 ug/g - high dust,

37900 =+ 500 ug/g - high paint, and

116000 = 3500 ug/g - NIST SRM 1579
(118700 =+ 400 ug/g - certified value).

The targeted concentrations for the paint and dust samples, the sources of the

samples, and the final verified concentrations are presented in Table 3.
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Table 3. Test Sample Set for Round-Robin Analysis. Source of Bulk Materials,
Targeted Concentration and Final Concentration of Bottled Materials
Determined at RTI by Microwave Extraction
with Measurement by Inductively Coupled Plasma Emission Spectrometry

u Concentration
Targeted (MW/ICP)
Samples Source Concentration Mean (ug/g) +
(ug/g) SD(%RSD) n=25
Low Paint Athens, Ohio 1500 1,410 = 44.5 (3.16)
(P-1, P-4)
High Paint Athens, Ohio 40,000 37,900 = 500 (1.35)
(P-3, P-5)
Paint SRM NIST SRM 1579 120,000 118,700 + 400 (0.34)
(P-2) (certified value)
Low Dust Household dust, 100 84.2 + 11.9 (14.1)
(D-2, D-4) NC & CA
High Dust Post-abatement 4000 4,670 = 330 (7.07)
(D-1, D-5) dust, PA
Dust SRM NIST SRM 2711 1000 1162 + 31 (2.67)
(D-3) (certified value)
Legend:

MW = Microwave Digestion Method
ICP = Inductively Coupled Plasma Emission Spectrometery
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SECTION 4.0

ROUND-ROBIN ANALYSIS
OF THE METHOD EVALUATION MATERIALS

Following preparation of the MEM materials and their analysis within RTI,
the materials were further evaluated by round-robin analysis. A statistical design
for the round robin was developed by the U.S. EPA and is presented in Appendix
A-1.

4.1 ROUND-ROBIN DESIGN

The design called for each laboratory to receive as blind samples two bottles
of each of the four MEMs. Each laboratory was also to receive a sample of each
matrix at a third concentration. This third material, a standard reference
material (SRM), provided one additional sample per matrix, and was also
submitted as a blind sample. A suggestion was made to include two blind samples
of the same SRM, consistent with the submission of two MEM samples of the
same concentration, but this suggestion was rejected because of the increased
number of analyses, and thus cost incurred, for the participating laboratories. As
a result, a total of ten samples were planned for submission to round-robin
analysis.

Each laboratory was requested to remove two aliquots from each sample,
thereby preparing and analyzing each sample in duplicate. As a result, a total of
twenty (20) results were to be reported for each laboratory operation.

The samples were to be either extracted using a specified hotplate or
microwave method, and analyzed by atomic absorption spectrometry (AAS)
inductively coupled plasma emission spectrometry (ICP); or to be analyzed by
Laboratory X-ray Fluorescence (Lab XRF). These methods were chosen because of
their relevance to analyses carried out for environmental lead samples.
Laboratory XRF was included because it had performed successfully using the
protocols outlined in the EPA Urban Soil Lead Abatement Demonstration Project

(Three City Study)'®. The methods of analysis (extraction/analytical and
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Laboratory XRF') resulted in a total of five candidate methods:
. Method 1 - MW/AAS,

. Method 2 - HP/AAS,

. Method 3 - MW/ICP,

. Method 4 - HP/ICP, and

. Method 5 - Laboratory XRF.

ISO Guide 35'" (Appendix A-2) provided a reference for the statistical

evaluation, and for expressing the results of the homogeneity testing. (See Section
5.6.)

4.2 RECRUITMENT OF LABORATORIES

A number of laboratories were recruited on the basis of their participation
in a previous round robin®, or as contacts facilitated through other tasks carried
out by the Research Triangle Institute (RTI) in support of EPA lead programs.
The goal was the recruitment of a minimum of eight to ten laboratories for
analysis of the samples by each of the five operations. A total of 36 laboratories
were recruited for participation in the round-robin; 11 of the 36 laboratories
agreed to analyze samples by two methods, resulting in the potential of 47

analytical operations. Projected participation by operation was a follows:

. MW/AAS - 9 operations
. HP/AAS - 9 operations
. MW/ICP - 9 operations
. HP/ICP - 12 operations

. Laboratory XREF - 8 operations
At the completion of the round, results for 42 operations were reported by 33
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laboratories. A list of participating laboratories is provided in Appendix B.

4.3 ROUND-ROBIN ANALYSIS
4.3.1 Standard Operating Procedures
Standard Operating Procedures (SOPs) were sent to all participating

laboratories prior to the submission of the test samples. The protocols provided

to laboratories are given in Appendix C.

4.3.1.1 Analysis by Atomic Absorption Spectrometry or Inductively
Coupled Plasma Emission Spectrometry --

The EPA/AREAL report, "Standard Operating Procedures for Lead in Paint
by Hotplate- or Microwave-based Acid Digestion and Atomic Absorption or

"0 was sent to laboratories

Inductively Coupled Plasma Emission Spectrometry,
analyzing by AAS or ICP. Laboratories analyzing by these methods were
instructed to follow the protocols provided in the SOP. The SOP is provided in

Appendix C-1.

4.3.1.2 Analysis by Laboratory X-ray Fluorescence

A reference draft protocol from the US EPA Environmental Monitoring
Systems Laboratory (EMSL)/Las Vegas, "Standard Operating Procedures for
Energy-Dispersive X-ray Fluorescence Analysis of Lead in Urban Soil and Dust

Audit Samples,"®

was provided to laboratories analyzing by laboratory X-ray
fluorescence. Laboratories were asked to follow the protocol specified in the
EMSL/Las Vegas document only if the laboratory did not have a protocol for the
analysis of dust. The draft SOP is included in Appendix C-2 to provide a record
of the information sent to participating XRF laboratories.

Two dust audit samples prepared by the EMSL/Las Vegas for the EPA
Urban Soil Lead Abatement Demonstration Project'® were provided to the
laboratories analyzing by Laboratory X-ray fluorescence. These audit materials,

BAL-1 and CIN-1, had lead concentrations of 58 ug/g and 2275 ug/g, respectively.
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The audit samples were provided to all laboratories because some of the
participating laboratories did not have suitable calibration standards for the
analysis of dust. Ih order to establish a consistency in the instrument calibration,
all laboratories using the XRF method were asked to use BAL-1 and CIN-1 to set

up a calibration curve for the analysis of the dust samples.

4.3.2 Letter of Instructions

A letter of instructions was submitted to the laboratories along with the set

of test samples. Exemplary letters sent to AAS/ICP and Laboratory XRF
participants are provided in Appendix D.

Laboratories were requested to tumble every sample bottle prior to analysis,
and to carry out analyses in duplicate. If an extraction technique was used, the
laboratory was asked to remove two 100 mg aliquots, carry each aliquot through
the extraction procedure, and analyze the extract. XRF laboratories were
instructed to remove two sufficiently large aliquots to prepare "infinitely thick"

samples for analysis.

4.3.3 Data Reporting Form

Laboratories were requested to report results to RTI in a Data Reporting

Form provided by RTI. The form indicated the name of the laboratory and its
assigned identification number for the round-robin, as well as the extraction
and/or analytical method to be performed for the analyses. A spéce was available
for the laboratory to indicate its experience (number of years) with the method.
Exemplary Data Reporting Forms are provided in Appendices D-1 and D-2, for the
extraction methods and Laboratory X-ray fluorescence, respectively. Sequence
numbers for loading samples shipped to a participating laboratory were recorded
on an RTI copy of the laboratory’s Data Reporting Form. Exemplary copies are
provided in Appendix D-3. Completed Data Reporting Forms (coded by laboratory,
and categorized by method) are provided in Appendices E-1 through E-5.



4.3.4 Instrument Parameter Forms

Forms were included with the set of samples for the laboratories to provide
instrumental parameters appropriate to the analyses. AAS/ICP laboratories were
asked to provide information including manufacturer, model number, background
correction, and calibration data. Laboratory XRF parameters, i.e., manufacturer,
sample preparation, X-ray source, were requested of these laboratories.
Laboratories were requested to submit the forms to RTI along with the Data
Reporting Forms. Instrumental parameter forms are provided in Appendices D-1
and D-2 for AAS/ICP and Laboratory XRF analyses, respectively. Results were
due to RTI no later than April 30, 1992.

4.3.56 Responses From Participating Laboratories
A total of 42 sets of results were reported to RTI from 33 participating

laboratories. (Nine laboratories analyzed the test samples by two different

methods.) The final distribution of results by method was as follows:

. MW/AAS - 7,

. HP/AAS - 9,

. MW/ICP - 9,

. HP/ICP - 10, and

. Laboratory XRF - 7.

Two laboratories did not return MW/AAS data because the laboratories
encountered problems with melted and/or imploded plastic centrifuge tubes. (The
tubes were required for the microwave extraction procedure,'® and were supplied
by RTI. One laboratory carried out subsequent analyses using a total digestion by
a HP/ICP method; the results from the total digestion were not included in the

statistical analysis. Two laboratories encountered problems believed to be

attributed to the homogeneity andfor prescribed aliquot size for the low dust
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material. One laboratory found that repeated analyses of the same extract of the
low dust sample gave repeatable results, yet poor repeatability was achieved when

replicate aliquots were removed, and each was extracted and analyzed.

4.3.6 Notification Of Results

Following the statistical analysis of results (presented in Section 5), letters
were sent to participating laboratories summarizing the results of the preliminary
statistical analysis. The letter included tables from a draft paper to be published
in the proceedings of the American Chemical Society Symposium, "Lead Poisoning
in Children: Exposure, Abatement and Program Issues,"" held in August, 1992.
This letter is provided in Appendix F.



SECTION 5.0
STATISTICAL ANALYSIS OF RESULTS

A statistical analysis®**? of the data submitted by the participating

laboratories was performed to determine the following:

. mean concentration by method for each of the six test samples,
. consensus value for each of the six test samples,
. statistically significant differences between method means,

determined for each of the six test samples,

. homogeneity (sample-to-sample variation of the material),
. repeatability (within-lab variance) by method, and
. reproducibility (between-laboratory variance) by method.

The report of the statistical analysis by RTI statistician Dr. Larry Myers is
provided in Appendix G-1. The statistical analysis was reviewed by EPA
statistician Mr. Jack Suggs. This review is provided in Appendix G-2.

5.1 CENSORED, MISSING DATA

A total of 33 laboratories reported results for 42 combinations of
extraction/analysis methods. Analyses of 10 test samples (blind duplicate high
and low paint and dust samples, and single blind samples of SRMs 1579 and
2711) were carried out in duplicate for a total of 20 reported results per
extraction/analysis. One laboratory reported triplicate results; two results were
not reported. Therefore, a total of 848 results were examined statistically. The
original data entries for statistical analysis (raw data) is provided in Appendix

G-3; missing and censored observations are provided in Appendix G-4.
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5.2 OUTLYING DATA

At thg outset, Aresults that were reported non-quantitatively, i.e., less than
a specific concentration (primarily for the low dust sample), were excluded from
the statistical analysis, yielding 820 results to be examined for outliers.

For each of the six combinations of matrix (dust, paint) and level (high, low,
and SRM), a nominal concentration was calculated as the median of all reported
results from the extraction methods. Laboratory XRF data were excluded because

of the following factors:

. a preliminary statistical examination of the data indicated a negative
bias relative to data for the extraction methods, and

. XRF analyses were not carried out using a standardized SOP, as in
the case of the AAS/ICP analyses.

A recovery for each extraction method result was calculated as the ratio of the
reported concentration divided by the nominal concentration. Using recoveries
between 0.35 and 2.00, the average and standard deviation of the recovery was
calculated for each of the method (5) by matrix (2) by level (3) combinations (a
total of 30 combinations). (The restriction to recoveries between 0.35 and 2.00 was
a prescreen intended to remove grosser outliers having the potential of distorting
the final means and standard deviations.) For each of the 820 reported results, a
score for the recovery was calculated by subtracting the average reéovery from the
individual calculated recovery and dividing by the standard deviation of recovery
for the given combination. Any measurement whose absolute recovery score
exceeded 2.76 was excluded as an outlier. (Candidate outlying observations are
provided in Appendix G-5.) This corresponded to the upper and lower one-half of
one percent of a normal distribution. As a result of this screening, an additional
28 reported results were excluded, allowing a total of 792 results for statistical

analysis.



5.3 METHOD MEANS

The method mean for each of the six samples (low paint, high paint, paint
SRM, low dust, high dust, and dust SRM) was determined as the average of all
reported results, excluding censored results and outliers. Standard deviations and
relative standard deviations (RSDs) were determined. RSDs were found to be in
the ranges of 1.8% to 11.8% for the paint samples, and 2.2% to 9.2% for the dust
samples. These results are presented in Tables 4 and 5, and in Appendix G-6.

64 CONSENSUS VALUES

Consensus values for each of the six samples were calculated as an average
of the method means for the four extraction methods. The standard deviation of
the consensus value for a given sample was determined as the pooled standard
deviation of the mean by method. These values are provided in Tables 4 and 5,
and in Appendix G-6. (The standard deviations calculated and provided to the
laboratories in the notification letter differ from the standard deviations given in
Tables 4 and 5 because the data reported to laboratories were based upon
preliminary calculations of simple standard deviations of the means. After the

.notification letter was sent, it was decided that pooled standard deviations were
more statistically appropriate. Pooled standard deviations for the consensus
values were then determined and are given in Tables 4 and 5.)

For the reasons given for the exclusion of Laboratory XRF data from the
determination of a recovery score, Laboratory XRF values were also excluded from
determination of the consensus values. Method recoveries were calculated as a
ratio of method means to the consensus values, and are presented as percentages
in Table 6.
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Table 4. Consensus Values and Method Means

for Paint Samples Submitted to Round-Robin Analysis

Consensus Method Mean (ug/g)
Matrix/ Value® (ug/g) = + SD (% RSD)
Sample No. SD® (%RSD) Method
High Paint 37,632 + 861 MW/AAS 41,281 + 1,274 (3.1)
(P-3, P-5) 2.3) HP/AAS 36,921 + 713 (1.9)
MW/ICP 36,654 + 672 (1.8)
HP/ICP 35,670 + 796 (2.2)
Lab XRF 27,404 + 1,567 (5.7)
Low Paint 1690 + 63 MW/AAS 1,896 + 63 (3.3)
(P-1, P-4) (3.8) HP/AAS 1,661 + 74 (4.5)
MW/ICP 1,603 + 45 (2.8)
HP/ICP 1,600 + 66 (4.1)
Lab XRF 1,034 + 76 (7.4)
Paint SRM 109,859 * MW/AAS 122,432 + 6,507 (5.3)
6521
(P-2) (6.0) HP/AAS 104,340 + 8,681 (8.3)
NIST 1579 MW/ICP 118,281 + 2,476 (2.1)
Certified Value: HP/ICP 94,382 + 7,021 (7.4)
118,700 + 400 Lab XRF 112,72(%1_1-_8;13,259

*Lab XRF excluded from consensus value determination.
*Pooled standard deviations

Legend:

MW =
HP =
ICP =
AAS =
XRF =
SRM =

Microwave Method (EPA/AREAL)
Hotplate Method (NIOSH 7082)

Inductively Coupled Plasma Emission Spectrometry
Atomic Absorption Spectrometry
X-Ray Fluorescence
Standard Reference Material
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Table 5. Consensus Values and Method Means
for Dust Samples Submitted to Round-Robin Analysis

Consensus Method Mean (ug/g)
Matrix/ Value® (ug/g) = +SD
Sample No. SDP Method (% RSD)

High Dust 4550 = 120 MW/AAS 4,847 + 127 (2.6)
(D-1, D-5) @.7) HP/AAS 4,677 + 103 (2.2)
MW/ICP 4,281 + 113 (2.6)
HP/ICP 4,397 + 133 (3.0)
Lab XRF 2,485 + 117 (4.7)

Low Dust 104 + 6 MW/AAS 114 + 6 (5.3)

(D-2, D-4) (5.8 HP/AAS 108 + 7 (56.3)

MW/ICP 98 + 3 (3.1)

HP/ICP 98 + 9 (9.2)

Lab XRF 93 + 8 (8.6)
Dust SRM 1186 + 44 MW/AAS 1,327 + 72 (5.4)
(D-2) (8.8 HP/AAS 1,173 + 32 (2.7)
NIST 2711 MW/ICP 1,133 + 24 (2.1)
Certified Value: HP/ICP 1,112 + 42 (3.8)
1162 + 31 Lab XRF 1,029 + 33 (3.2)

*Lab XRF excluded from consensus value determination.

®Pooled standard deviation

Legend:
MW =

ICP =

AAS =
XRF =
SRM =

Microwave Method (EPA/AREAL)
HP = Hotplate Method (NIOSH 7082)
Inductively Coupled Plasma Emission Spectrometry
Atomic Absorption Spectrometry

X-Ray Fluorescence
Standard Reference Material




Table 6. Recovery (%) by Method®* (Relative to Consensus Values)
of Paint and Dust Samples Submitted to Round-Robin Analysis

Paint Dust “
Method | High Low SRM | High Low SRM
MW/AAS | 110 112 111 107 110 112
MW/ICP | 97.4 - - | 949 108 94.1 94.2 95.5
HP/AAS | 98.1 98.3 95.0 103 104 989 |
HP/ICP | 94.8 94.7 85.9 96.6 94.2 938 |

*Lab XRF recoveries were not determined because these results were excluded from
the determination of consensus values.
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5.5 REPEATABILITY AND REPRODUCIBILITY

Repeatability and reproducibility are expressions of the within-laboratory
and between-laboratory relative standard deviations measured for the six samples
(low paint, high paint, SRM paint, low dust, high dust, and SRM dust),
respectively. The values are based on the one-way analysis of variance of log
recoveries, ignoring sample-to-sample differences (previously determined to be
non-significant, and absorbed in the estimates of repeatability and reproducibility).
Values determined for repeatability and reproducibility are provided in Table 7.
The data in the table indicate that Laboratory XRF gave the most repeatable
results, i.e., lowest percentage of variation for all six samples. The repeatability
of Laboratory XRF is significant, subject to the caveat that the log transformation
may not have sufficiently stabilized the variances in the methods. If the variances
were stabilized by the log transformation, the reduction in within-lab variability
observed for XRF measurements could be attributed to minimal steps required for
sample preparation in XRF analysis.

Reproducibility is the more significant measure of variation in methods
because it reflects both within-laboratory variance and between-laboratory
variance. In general, the data in Table 7 indicate that Laboratory XRF is the
least reproducible method for the analysis of the paint samples, whereas the
MW/ICP method is the most reproducible method for the analysis of this matrix.
The HP/ICP method showed the poorest reproducibility for the analysis of the low
and high dust samples. |

The differences in reproducibility of the Laboratory XRF method and the
extraction methods were attributed to the instructions provide& for the analyses.
Laboratories using an extraction method were instructed to follow a specific

protocol; whereas, XRF laboratories were provided with a protocol for dust
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Table 7. Estimates of Sample-to-Sample
Variation (Sample RSD), Repeatability (Within-Lab Variation),
and Reproducibility (Between-Lab Variation)
of Paint and Dust Samples Submitted to Round-Robin Analysis

5-8

Methods
Matrix Parameter MW/AAS | HP/AAS MW/ICP HP/ICP Lab XRF
Low Paint | Mean (ug/g) 1896 1661 1603 1600 1034
Sample RSD (%) 4.2 (0.1 (0.1 2.2 (0.1
Repeatability (%) 11.5 124 11.9 9.7 34
| Reproducibility (%) { 18.3 17.7 13.3 16.2 18.3
High Paint | Mean (ug/g) 41281 36921 36654 35670 27404 !
Sample RSD (%) (0.1 (0.1 (0.1 (0.1 (0.1
Repeatability (%) 5.6 4.9 3.8 4.5 3.3
Reproducibility (%) | 9.5 7.1 6.5 8.2 15.7
Low Dust Mean (ug/p) 114 108 98 98 93
Sample RSD (%) (0.1 (0.1 (0.1 8.9 (0.1 L
Repeatability (%) 18.3 12.2 16.0 24.5 8.6 i
Reproducibility (%) | 20.2 20.6 16.5 35.3 222
High Dust Mean (ug/g) 4847 4677 4281 4397 2485
Sample RSD (%) (0.1 3.5 (0.1 (0.1 (0.1
Repeatability (%) | 6.2 6.2 ‘9.6 11.5 3.7
Reproducibility (%) | 8.9 8.9 10.6 13.7 13.2 |
Paint SRM | Mean (ug/g) 122432 104340 118281 94382 112721
Repeatability (%) 7.2 6.2 4.4 12.5 1.3
Reproducibility (%) | 14.8 30.2 7.1 29.0 32.4
Dust SRM | Mean (ug/e) 1327 1178 1133 1112 1029 I
Repeatability (%) | 3.2 3.7 5.1 3.2 2.5 |
Reproducibility (%) | 14.2 8.9 7.5 12.7 8.7 "
Repeatability = Within-Lab Variation
Reproducibility = Between-Lab Variation



analysis only as a reference, and were instructed to follow their own protocol, if
available.

The quadratic tendency observed in lab-specific recovery plots for analysis
by Laboratory XRF suggested that calibrations were made with an inadequate
number of standards. (Recovery plots are provided in Appendix G-7.) XRF
laboratories provided their own paint standards for calibration, but two dust audit
samples, BAL-1 and CIN-1, were provided by RTI for use as calibration standards
for the analysis of dust. It is possible that instructions to generate a dust
calibration curve using only the two audit samples, BAL-1 and CIN-1, resulted in
the poor reproducibility observed for the dust samples. However, it should be
noted that laboratories provided their own standards for the calibration of paint;
and average reproducibility for this matrix was poorer than the average
reproducibility for the analysis of the dust. On the basis of these results, it
appears that the calibration differences, alone, do not explain the high value for
reproducibility by Laboratory XRF.

In order to provide a graphical description of the differences in repeatability
and reproducibility with concentration, the results of the analysis of variance
(expressed in ug/g) are plotted across a concentration range determined as the
mean concentration by each method of the six samples (low dust, dust SRM, low
paint, high dust, high paint, and paint SRM). The logs of the variance for both
paint and dust matrices were approximately equal, so it was deemed feasible to
generate plots of reproducibility/repeatability for both matrices in the same
regression. Paint and dust matrices were pooled to provide a useful concentration
range for comparisons of repeatability and reproducibility. (This range would have
been limited if paint and dust matrices were examined separately.) Plots for each
method were prepared from a regression of the logs of repeatability/reproducibility
versus the log of the method mean, then exponentiating to generate the plots.

These plots are shown in Figures 1 and 2, and in Appendix G-8. The figures allow
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a visual comparison of reproducibility and repeatability relative to concentration
over the operating range of the methods. The regressions are forced through zero
so that lines have a common origin; and the slopes, the change in repeatability or
reproducibility per unit change in concentration, may be compared. The
representations are a qualitative description, only; they are valid over the
operating range of the method, but do not attempt to model the performance of the
method at minimum detection. (Detection limits for the methods, presented in
Table 8, were provided in the RTI Standard Operating Procedure'® submitted to
participating laboratories.)

Another representation of the variability is to pool the data over the
concentration ranges and matrices to calculate overall repeatability and
reproducibility by method. These data are provided in Table 9.

Figure 3 shows the 95% confidence intervals of the geometric mean
recoveries (method mean/consensus mean) for the five methods examined. The six
horizontal lines associated with each method represent the six samples, and thus,
six concentration levels (SRM 1579, high paint, high dust, low paint, SRM 2711,
and low dust) examined in the round robin. L, M, and U correspond to the low,
mean, and upper limits of the 95% confidence interval, respectively. Plots of the

geometric means by method are provided in Appendix G-9.

5.6 SAMPLE HOMOGENEITY

The round robin was designed to examine sample homogeneity using a two-
way analysis of variance of logs for the blind duplicate MEM samples.
Application of this method to the analysis treated sampling, analysis, and their
interaction as random effects. For example, laboratories using the same method
(MW/AAS, MW/ICP, HP/AAS, HP/ICP, or Laboratory XRF), and replicate samples
selected from the same parent stock (P-1 and P-4; P-3 and P-5; D-1 and D-5; and
D-2 and D-4; see Tables 4 and 5) were both viewed as random selections from a

normal distribution. The assumption of random effects is appropriate in order to
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Table 8. Instrumental Detection Limits for Lead

by Methods in the Round-Robin

Method IDL* MDL®
MW/AAS 0.1 pg/mL 20 pg/g
HP/AAS 0.1 ug/mL 100 ug/g
MW/ICP 0.05 pg/mL 10 ug/g
HP/ICP 0.05 ug/mL 50 ug/g

Laboratory XRF 3 uglg -

*Instrument Detection Limit - ug Pb/mL extracted solution

*Method Detection Limit - ug Pb/g matrix
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Table 9. Repeatability and Reproducibility (%) by Method
Averaged across Matrices for Paint and Dust Samples
Submitted to Round-Robin Analysis

Method | Repeatability Reproducibility

MW/AAS 10.7 13.7
HP/AAS 9.7 17.2
MW/ICP 10.5 11.7
HP/ICP 12.9 21.0
Lab XRF 4.8 19.4
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Figure 3. 95% Confidence interval for the Geometric Mean Recovery (%)

a Paint SRM 1579 108,826 pg/g (Certified Value: 118,700 x 400 ng/g)
b High Paint 37,306 pg/g

¢ High Dust 4456 ng/g

d Low Paint 1676 pug/g

e Dust SRM 2711 1176 pg/g (Certified Value: 1162 + 31 pg/g)

f Low Dust 104 ug/g
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generalize results to a larger population of laboratories. This model was fit
separately to all 20 combinations of method (5) by matrix (2) by level (2) for all the
method evaluation materials.

A preliminary test for the absence of interaction or interdependence
between sample and laboratory analysis indicated that this assumption was
reasonable. Only one of twenty interaction tests was significant at the 5% level
with this data set (low dust by MW/AAS: 0.025 < p < 0.5). This is the expected
number of rejections by chance alone, under the null hypothesis of no interaction.
Accepting the hypothesis of no interaction means that the contributions of
sampling and analysis to the total variance can be considered to be additive.

The two-way analysis of variance was applied to calculate the relative
standard deviations (RSDs) for the samples. The RSD is equivalent to the
difference in concentration between samples, expressed as percentage. In one case
only (low dust by HP/ICP), the difference between samples was significant (8.9%).
In all other cases, the sample-to-sample differences were less than 0.1% (16 out of
20 cases) or non-significant relative to the variance of the measurement method.
On the average over the 20 cases, the sampling component of variance accounted
for 1.37% of the total variance, with a 95% upper confidence limit for the sampling
coefficient of variance being below 2.5%. It was, therefore, concluded that at the
95% confidence level, the concentrations of samples selected from the bulk
materials were within 5% (between 95% and 105%) of the concentrations given as
the consensus values. The RSD values are shown in Table 7.

The conclusion is that the bulk sample materials prepared by RTI were
homogeneous, and that sample-to-sample variation did not significantly contribute
to the analytical differences measured. According to criteria established in ISO
Guide 35" (Appendix A-2), the method evaluation materials were considered "very

homogeneous material."
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6.7 PAIRWISE COMPARISON OF METHOD MEANS

Pairwise comparisons of method means within each of the six samples were
performed using ordinary nonsimultaneous t tests at the 95% confidence level.
There were ten possible paired comparisons of methods for each of the six samples
(60 total comparisons), so three (5%) rejections of the null hypothesis were
expected from chance alone. The results of the pairwise comparisons are
presented in Table 10. The statistical comparisons indicated no declared
differences for analysis of the low dust sample, and only two declared differences
for the paint SRM. A total of 28 differences were declared; of these differences, 26
were associated with MW/AAS and Lab XRF, methods that generated extreme
method means for five samples. Lab XRF gave the minimum mean for all samples
except for the paint SRM. MW/AAS gave the maximum mean for all of the
samples. This is a significant finding because the chance of equivalent methods
generating a maximum or minimum result for 6 out of 6 samples is 0.000064. The

statistical interpretation of the method effects is provided in Appendix G-10.

5.8 COMPARISON OF MEASUREMENTS BY ATOMIC ABSORPTION
SPECTROMETRY AND INDUCTIVELY COUPLED PLASMA
EMISSION SPECTROMETRY

As a part of RTI's earlier tasks in support of EPA programs for the analysis
of lead in environmental matrices, RTI carried out method developmeﬁt studies for
the analysis of lead by AAS and ICP. In these studies, low recoveries were found
for the analysis of NIST SRM 1579 by ICP relative to analysis by AAS.® This
bias was believed to be caused by ICP signal suppression from matrix effects
associated with the paint samples. Because of these observations, RTI instructed
the round-robin laboratories analyzing by ICP to dilute the paint and dust extracts
into the 1 to 10 ug/mL range prior to analysis, and instructed AAS laboratories to
use background correction, as specified in the SOP' (Appendix C-1, Sections
1.2.3.1.2, and 4.5.1) sent to the laboratories. Despite these instructions, the data
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Table 10. Method Evaluation Materials and

Standard Reference Materials Identified to Differ Significantly

Determined by Round-Robin Analysis

by Sample-Specific, Pairwise Comparison of Method Means

I Method
|l MW/AAS HP/AAS MW/ICP HP/ICP
HP/AAS Low Paint
High Paint --- -- --
Dust SRM
MW/ICP Low Paint High Dust
High Paint -
High Dust ---
Dust SRM
HP/ICP Low Paint None Paint SRM
High Paint
Paint SRM -
High Dust
Dust SRM
Lab XRF Low Paint - Low Paint Low Paint Low Paint
High Paint High Paint High Paint High Paint
High Dust High Dust High Dust | High Dust
Dust SRM | Dust SRM
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showed that AAS results were higher than ICP results for paint and dust samples
by 3.5% to 18%, and 4.8 to 17%, respectively.

The difference in MW/AAS and MW/ICP results observed in the round-robin
was investigated by digesting the round-robin test samples using a total digestion
MW method and analyzing by ICP, with the addition of an internal standard. The
method used for the total digestion was a combination of methods used by the U.S.
Fish and Wildlife Service® and the Institute of Chemical Industry and Metallurgy
of China.* (The RTI method and the reference methods®* are provided in
Appendix H.) The concentrations determined by this extraction/analysis
method®?* were compared with the results reported for the MW extractions in the
round-robin. The data are provided in Table 11. With the exception of the high
dust sample, the concentrations measured by the total digestion MW/ICP method
agreed closely with the round-robin MW/ICP results, but were consistently lower
than the round-robin MW/AAS results. These data suggest that the difference in
AAS and ICP results observed in the round-robin resulted from AAS signal
enhancement, rather than ICP signal suppression. In fact, a review of
instrumental parameter forms submitted by AAS laboratories indicated that a
number of laboratories did not use background correction, a common source of
positive bias, even though the SOP prescribed background correction for AAS
measurements. This was considered a plausible explanation for the bias

observed.

5-19



Table 11. Comparison of Method Means of Test Samples Submitted to Microwave
Extraction Procedure Used in the Round-Robin with Concentrations Determined
by a Total Microwave Digestion at RTI

l Concentration of Lead (ug/g)

Total Digestion
Round-Robin (n=1)

l Sample I

MW/ICP MW/AAS
(n=36) MW/ICP* | MW/AAS
High Paint 36,654 + 672 41,281 + 1274 36,000 37,000
Low Paint 1603 + 45 1896 + 63 1620 1715
Paint SRM 118,281 + 2476 | 122,432 + 6507 118,700 121,000
High Dust 4281 + 113 4847 + 127 4960 4960
Low Dust 98 + 3 | 114+ 6 108 136
Dust SRM 1133 + 24 1327 + 72

*Concentrations corrected by addition of internal standard
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SECTION 6.0
SUMMARY AND CONCLUSIONS

The round-robin study showed that the protocol used to prepare the paint
and dust method evaluation materials provided homogeneous materials at
targeted concentrations. The hypothesis of homogeneity was accepted in 19 out of
20 cases. (At the 95% confidence level, 1 rejection in 20 is expected by chance
alone.) In 16 of the 20 cases, the sampling component of variance was less than
0.1; in 4 cases the sampling component was less than or equal to 10% of the total
variance. On the average, the sampling component accounted for 1.37% of the
total variance.

The five methods examined as a part of the round-robin study performed
differently, with AAS methods producing results with a positive bias relative to
ICP results. An explanation proposed for the bias was the absence or inadequate
use of background correction by AAS laboratories. Results from analysis by
Laboratory XRF were, in general, negatively biased relative to the results from the
extraction methods. The quadratic tendency of the recovery data (excluding
SRMs) suggested that an inadequate number of standards were provided for
calibration. In addition, no standardized procedures for sample preparation or
analysis were provided.

A pairwise comparison of method means declared the most differences in
method means for the MW/AAS and laboratory XRF methods. The MW/AAS
produced the highest mean for all six samples, whereas the laboratory XRF
method produced the lowest mean for five of the six samples.

Laboratory XRF was the most repeatable of the methods, while HP/ICP
results were the least repeatable. MW/AAS, MW/ICP, and HP/AAS methods
produced results with similar repeatabilities. The MW/ICP method showed the
best reproducibility for five of the six samples.

The results indicate the MW/ICP method to be a method of choice for the

samples analyzed in the round-robin. This method gave good reproducibility
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(total system coefficient of variation <12%), and showed the least variable recovery

across concentrations.
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SECTION 7.0
RECOMMENDATIONS FOR FURTHER STUDY

The study was successful because it provided the following:

. a protocol for the preparation of Method Evaluation Materials for
lead-containing paint and dust, -

. a means for validation of the protocol
- at targeted concentrations, and
- of acceptable homogeneity, and

. a means of comparing methods commonly used to analyze lead in
environmental samples.

A number of questions about the differences in analytical methods were
brought to light. Further studies are suggested to resolve questions that include
the differences observed in AAS and ICP results, and the apparent negative bias

observed for Laboratory XRF results.

An investigation of the apparent enhancement of AAS measurements

relative to ICP may include the following:

. comparison of results for paint and dust reference materials by AAS
analysis with and without background correction,

. comparison of ICP results of extractant solutions that are either:
- diluted below concentrations specified in this round-robin (1 -
10 ug/mL), or

- spiked with a solution of an internal standard, and

. development of a method for minimization of the
enhancement/suppression effects.
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The question of the apparent negative bias observed for Laboratory XRF results

may be examined by the following:

. an investigation of matrix interference,

. the use of standardized protocols,

. the use of standardized materials for instrumental calibrations, and
. the use of internal standards.
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MEMORANDUM

SUBJECT: Review of RTI's Design of Round Robin for
Lead in Paint apd Dust

FROM: Jack Suggs
EDAB/EERD /AHEAL (MD-77B)

TO: Sharon Harper

Bccording to RTI's design, paint and dust solutions will be prepared at two
different levels each--medium and high concentrations. Eaclf of the two levels
will be further split into two replicates. Each laboratory will receive 4
aliquots (2 reps x 2 levels) of paint solution and 4 aliquots of dust solution.
In addition, each lab will receive a third "level" or standard reference material
(SRM) of paint and of dust. The SRM's will not be replicated. Each laboratory
will analyze in duplicate each of the aliquots using their method of analysis
(XRF, AA, ICP). Methods AA and ICP also involve two extraction procedures:
microwave and hotplate. The purpose of this study is to:

1. Evaluate the homogeneity of the paint and dust solutions prepared
according to RTI's protocol

2. Estimate and compare between-~lab differences

3. Estimate and compare within-lab differences

4. Compare methods of analysis.

A possible solution to these problems may be obtained through the use of
linear models and the analysis of variance. Dust and paint data are treated
separately but with the same model.

To avoid overparameterization in the models, think of the method/extraction.
combinations plus XRF as five different methods:

e.g. XRF AA/M AA/H ICP/M ICP/H

For each of these methods and each level of solution (including SRM), a
separate analysis of variance can be performed.

e.g. Paint, Method = AA/H, Level = high

ANOVA TABLE

Source DF EMS MS F
Rep 1 op? + 205% + 160y’ MS, MS,/MS,
Labs 7 ap? + 204° + 40° MS, MS,/MS,
Rep x Labs 7 op? + 20g2 MS, MS;/MS,
Duplicates 16 op? MS,



All sources of variation are assumed random. The expected mean square
(EMS) column shows the components of variation. These components may be
estimated by eguating the EMS to the mean square (MS) column. Alsc, certain F-
ratios may be calculated (as suggested by the EMS) to test hypotheses
corresponding to objectives in the design.

For example:
1) F = MS,/MS,

is used to test the hypothesis that the variation between replicate aliquots is
zero. This is a test of the homogeneity of the solution,

2) F = MS,/MS,

is used to test the hypothesis that the difference between laboratories is not
significant,

and 3) F = MS,/MS,
is used to test that the difference between replicate aliquots does not differ

(in analysis) from lab-to-lab. This is compared to the variation between
duplicates within each lab represented by op’.

For the SRM solution, the analysis of variance is less complicated since
there are no replicate aliquots.

e.g. Source DF EMS
Labs 7 oyt + 20,
Duplicates 8 O’

In addition to tests of hypotheses, estimates of variance components o’
{between reps), o° (between labs), op’ (between dups) can be obtained along with
estimates of reproducibility standard deviations, and repeatability standard
deviations defined by ASTM as

Reprod = (g2 + opi)*

Repeat Ope

By definition, two measurements made at a given level of solution using a
given method by two different labs should not differ by more than 2.77 (Reprod)
but 1 time in 20 due to chance alone. The value 2.77 (Repeat) applies to two
measurements {(duplicates) in the same lab.

These estimates can be obtained along with average values X for each
solution level Med, High, SRM and each Method/extraction to produce the following
table.



Paint Dust

XRF AA/M AA/H ICP/M ICP/H XRF AR/M AA/H ICP/M ICP/H

Med oy’ = Same

vl
]

e
1]

o
o+
Hu

]

High op* = Same
Reprod
Repeat

L}

X =
Og
O
SRM Op = Same
Reprod
Repeat

N

Wi

not retrievable

(XN

uu

Using the entries in the table, the between-lab variances (o,?), within-lab
variances (op’), and between-rep variances (og’) can be examined for homogeneity
across methods and levels. Averages can also be compared. If homogeneity is a
fair assumption, the data may be pooled into a more complex analysis. This is
not really necessary, but a layout of the sources of variation and degrees of
freedom for the full model helps to identify the many different comparisons.

e.g., Paint, medium and high levels (no SRM)

Source af
Homogeneity Levels 1
of solution Reps 1
Levels x Reps 1
Methods 4
Method Level x Methods 4
comparison Rep x Method 4
Level x Rep x Method 4
Between-lab Lab (Method) =35
variation Level x Lab (Method) =35
Level x Rep x Lab (Method) =35
Within-lab Duplicates 152

Total 287



4

Another possible analysis of the data would involve only the AR and ICP
methods. These methods each have two extraction procedures. The layout of the
analysis of variance for paint (or dust) at two prepared levels (no SRM) would
lock something like the following.

Source daf

Homogeneity Level 1
of solution Rep 1
Level x Rep 1

Method (i.e. AR vs ICP) 1

Extract. (i.e. Micro vs Hot) 1

Meth x Extract 1

Level x Meth 1

Method Level x Meth x Extract 1
comparisons Rep x Method 1
Rep x Extract 1

Rep x Meth x Extract 1

Level x Rep x Meth 1

Level x Rep x Extract 1

Level x Rep x Meth x Extract 1

Lab (Meth x Extract) =29

Between-lab Level x Lab (Meth x Extract) 29
variation Rep x Lab (Meth x Extract) 29
Level x Rep x Lab (Meth x Extract) 29

Within-lab Duplicates 100
Total 231

Most of the interactions, especially the higher-~order interactions, will
probably be zero. 1In any case, the 3- and 4-way interactions are difficult to
interpret and should probably be combined to provide denominators for F-tests of
single and 2-way interactions.

These are simply suggestions for analysis based on the proposed design.
I'm sure there are other possible approaches. There are two ways that more
balance could be achieved: 1) more labs for AA/microwave, 2) replicate aliquots.
for the SRMs. I know that this last suggestion is prohibited by cost, but it
would provide a comparison of the homogeneity within an SRM as compared to the
prepared materials.

cc: W. J. Mitchell
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ject of an Intemnational Standard.
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Certification of reference materials —

General and statistical principles

introduction

The Committes on reference materials (REMCO) is concerned
with guidelines for the preparation, certificstion and use of
refarence materisls. This Guide is intended to describe the
general and statistical principles for the certification of
reference materials.

Various sections of this Guide were prepared by different
delegates 10 REMCO. The project was co-ordinated with
representatives of I1SO/TC 68, Applications of stausticel
methods.

Acknowiedgment is given 10 J. D. Cox {BS1, UK) for prep-
aration of the section on the role of reference materials in
messurement systems (clause J). Much.of clauses 4, S5and b is
bssed on materisl contained in three previously published
SOUICes :

3} Cau, J.P. et ol. The role of standard reference materials
in measurement systems, N8S Monograph 148, Washing-
ton, DC. National Buresu of Standards, 1975 (especially
Chapter iil, by H. K. Kul;

b) Uruano, G. A. and Gravary, C. C. The role of reference
materials and reference methods in chemical analysis. Crit.
Rev. in Ansl. Chem. § 1877 : 381,

) MARSCHAR, A. Matérisux de référence. Bureau National
de Métrologie, Laboratoire National d’Essais, Paris.

K. R. Eberhardt {ANSI, USA) prepared clause 7onthe use of »
definitive mathod to certify reference materisls. R. Sutamo
and H. Steger (SCC, Canads) prepared clause 8 on the use of
an interlaboratory testing progtamme to certify referencs
materials. H. Marchandise (Community Buresu of Reference,
Commission of the European Communities) prepared clsuss 9
on a8 metrological approach to certification, included for the
first time in the second edition of this Guide. G. Uriano (ANSI,
USA) served as editor of the Guide.

Specia!l scknowledgement is given 10 members of ISO/TC 69/
SC 6 and its Secretary K. Petrick (OIN, Germany, F.R.), for
their co-operation in preparing those sections of the document
concerned with the statistical analysis of data. in particular the

many contributions of Prof. P. T. Wilrich (DIN, Germany, F.R.}
and Or. T. Miyazu (JISC, Japan) of 1ISO/TC 63/SC 8 10 the
review and editing of the Guide sre gratefully scknowledged.

Earlier Guides!') prepared by REMCO have dealt with tho
following aspects of reference matenals:

8l mention of reference materials in internatons! Stan-
dards;

b} terms and definitions used in connection with reference
materials;

¢l the contents of certificates of reference matecials.

The purpose of this Guide is to provide 3 basic introduction to
concepts and practical aspects related 10 the cectification of
reference materials. iSO Guide 333! more fully addresses con-
cepts and practical aspects related 10 the use of referencs
materials.

1 Scope

According to the definition given in 2.1, reference materials
{RMs) may be used in diverse measurement roles connected
with instrument calibration, method sssessment and sssign-
ment of property vaiues. The purpose of clsuse 3 is 10 discuss
thess messurement roles and 10 show how traceability! of
messurement may be secured by use of RMs, thus yielding
worldwide compatibility of messurement,

Just as certified reference materials {CRMs) are 10 be preferred
over other classes of RMs in citations in internationsl Stan-
dardsitl, 30 also are CRMs 10 be preferred over other classes of
RMs in measurement science generally, given that CRMs
nesded for 8 partisular type of measurement exist. Assistance
in locating the sourcels) of supply of CRMs for various tech-
nicsl fields is atforded by 1SO's Directory of certfied reference
materials 41,

it will be evident that the quality of 8 measurement based on
use of a3 CRM will depend in part on the efort and care ex-
pended by the centifying body on determining the property

11 An ntemationally sgreed definition of “'traceability™ in measurement scence 8 given in reference {8):
traceability : The property of 8 tesult of 8 measurement whersby it can be related 10 8ppropriste SWNdards, generslly Mtemauonal or NSBONS! StTIN-

dards, thwough sn unbroken chan of COMEIMONS.
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valuels) of the candidate CRM. Hence the process of certifi-
cationi?l should bs cemed out using well-chacacterized
messurement methods that have high sccuracy 8s well es
precision and provide proparty veiues trscestie 10 tundamentat
units of messurement. Furthermore, the methods shoukd yield
values with uncertsintes that &4 appropriste to the expected
end-use of the CRM. Clauses 4 snd § desl with two of the most
important technical considerstions in the certificstion of
AM3S —~ messurement uncertsintias and matecisl homogeneity.
Clause 8 provides general principles for RM certification.

Two commonly used genersl sppeosches to assuring tech-
nically valid RM certification are discussed in clauses 7 snd 8.
Clause 7 describes the usse of 8 single method of the highest
socuracy (l.e. sometmes refered to s & “‘definitive™ o
“abeoiute’ method) and ususlly employed by & single labors-
toey for RM certification. Clause 8 describes the use of an inter-
laboratocy testing spprosch to RM certification, which might
involve more than one method,

The metrological spproach discussed in clause 9 has s its ob-
jective the production of certified values the sccuracy snd un-
coctainty of which are demonstrated by sxperiments! svidence.

In summary, the purpose of this Guide is to assist in under-
standing valid methods for the cedtification of RMs and also to
help potentisl users 10 better define their technical require-
ments. The Guide should be useful in establishing the full
potentisl of CRMs as sids 10 sssuring the accuracy and inter-
tsborstory compatibility of messurements on a national or inter-
national scele.

2 Definitions

Definitions of the basic terms “reference matecial’’ and “cee-
tified reforence material” were firmt put forward in 197711 and
were lgter amended slightly (2 to read ss follows.

2.1 reference material: RM: A material or substance one
of more propecties of which e sutficiently well established to
be used for the calibration of sn apparstus, the assessment of 8
meoasurerment method, or for sssigning velues to materisis.

NOTE — An RM may be in the form of » pure or mixed gas, liquid or
sokd, or even & simpis menufactured object. Some RMs are centified in
8 betch, sny ressonsbly small pant of which should 9 xhibit the property
velueis) sstabiished for the whole batch within sisted uncertpinty
Simits. Other RMs exist 83 ndviduslly manufactured obiects which sre
8leo cortified individuslly. Numerous RMs heve properties which,
becauss they cannot be correlated with an estsbkshed chemical struc-
ture or for other res30ns, Cannot be messured in mass or amount of
subetance units or determined by exactly defined physical or chemical
messurement methods. Such RMs include certsin biological RMs {for
oxarnple & vIccing 10 which 80 intemational unit has been assigned by

the Wordd Mestth Organization) and cerisin technalogical AMy {for
sxpmple nibber biocks 1or the determination of sbraerveness o steel
Dlates for the determinat:on of hardness). it is recognaed thet the
definition of “refersnce matenal™ geven sbove could involve en overtsp
with the termn “matenisl messure”™ 8 defined in the /ntermatons/
V“OMWd‘.“wwmﬂ“wnk consequently,
S0Me Matendls My DO CRINICIENIed 28 oither reference metenals or
matenst messures.

2.2 certified reference materdal; CRM: A refersnce
material 0ne or more of whoee property values are certified by 8
technicslly vaiid procedurs, sccompanied by or traceabis 1o 8
centificate or other documentation which is issued by 8 certify-
ing body.

NOTE ~ A CRM may consst of units which sre sach cectified in-
Ohvidually or which ars cartfied by examination of representstve
sampies from 8 betch.

3 The role of referance materials in
measurement science

Mstrology is the field of knowiedge concemed with measure-
ment. Metrology or messurement science ! includes sl sspects
both theoretical and practical with reference 1o measurements,
whatever their level of sccuracy, and in whatever fields of
science or technology they occur (4, This clause descrides the
role of referance matorisls in quantitative measurements.

3.1 The role of reference materials in the storage
and transfer of Information or property values

By definition 2.1}, 8 retersnce material has one or more proper-
ties, the veiues of which are well established by measurement.
Once the property value(s) of s particular RM have boen estab-
Rshed, they are “stored”” by the RM {up to its expiration date}
and sre transferred when the RM itself is conveyed from one
place to another. To the extent that the peoperty value of sn
RM can be determined with a well-defined uncertainty, that
property vaiue can be used as a reference value for inteccom-
parison or trensfer purposes. Hence RMs sid in measurement
trensfer, in time and space, simiar 10 meesuring instruments 2
and rmaterial messures 8],

A genersi scheme for constructing 8 hierarchical messurement
systom is Slustrated in section 6.5 of the Vocsbdulary of Legs!
Matrology ¥, The intedinking of various levels snd ststions
within 8 messurement system vis “reference standards” mey,
in principle, be effected by either measuring instruments or
material messures or AMs.,

An RM must be suitable for the exacting role it performs in stor-
ing and transferting information on measured property values.
The following technical critenia (legal or commercial criteria

1) “"Messurement science™ it thersfore synonymous with “metrology”” sccording 10 the intemnstionsl definition of the istter term M it should be
noted, however, that current usage genersily restricts the term “metrology” 10 physicsl messurements st high sccurecy. The term “metrology” i,
however, being incressingly used in the context of chemical, engineering, biclogicsl snd medical messurements.,

3 Some messuring instruments sre not resclily movebie (by reason of sire, mass, fragiity, inetabliity or cost), in which case the messursnd must be
brougit 10 the instrument to effect the messurement transfer. Bur all RMs and matenal meesures are reaclily movable snd thus can be taken to the

meesurand.
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may be relevant slsol apply to the fitness for purpose of RMs in
genersl:

8) the RM itselt and the property valuels) embodied in it
shouid be stable for sn scceptable time-3pan, under reslistic
conditions of storage, transport and use;

b) the RM should be sufficiently homogeneous that the
propecty veluelsi measured on one Bortion of the betch
shouid spply t0 any other portion of the batch within
acceptable limits of uncensinty; in cases of inhomogeneity
of the large batch, it may be necessary to certify sech unn
from the batch separsiely;

¢} the property valuels! of the RM should have been
ensbdlished with 8 precision and an accuracy sufficient to
the end usels) of the RM;

d} clear documentation concerning the RM end its estab-
lished property vaiuvels) should be available. Preterably the
property valuels! should have been certified, 30 the
documentation should then include a certificate, prepared
n sccordance with SO Guide 31131,

The word “accuracy’” was advisedly used in ¢!} to indicate that
whenever possible, the measurement of & given property value
should have been made by 8 method hsving negligible sys-
tematic error of biss relative 10 end-use requirements {o¢ where
the result has been corrected for & known biss} and by means
of measuring instruments or materisl measures which asre
tracesbls 10 nationa! measurement standards. Subsequent use
of an RM with traceable property values ensures that trace-
ability is propagsted to the user. Since most nationsl measure-
ment standards are themselves harmonized intemnationslty, it
fofiows that measurement standards in one country should be

compatible with similsr measurements in another country. in
many cases, CRMs are appropriate for the intercomparisons of
natonal messurement standards.

3.2 The role of reference materials in the
international System of units (Sl}

3.2.1 ODependence of the St base units on substances
and materials

The majority of meassuremoents made in the world today are
within the framework of the International System of unitsi?l, In
its present formn, S| recognizes seven base units, namely the
units of length {metre, symbol mi, mass (kilogram, kg, time
{second, 8), electric current {(smpere. A}, thermodynamic
tempersture (ketvin, K}, amount of substancs {mole, mol) and
luminous intensity [candela, cd). The definitions!”) of these
base units mention the following substances : krypton-86 Y (for
defining the metre), platinum-iridium (for fabricating the proto-
type kilogram), caesium-133 (for defining the second), water
{for defining the kelvin) and carbon-12 {for defining the mole).
Opinions differ as 10 whether the sudstances named fsll under
the definition of reference material (2.1). The use of these
substances in besic metrology i consistent with the use of
reference materisls in othet types of messurement spplications.

Certainly such materisls have & special status as defined
substances 0n which the St is besed. The dependency strictly
applies 10 definition of the unit, since reslizetion of the units
may involve other substances/materisis. This is sspecisity trug
in regard 1o the resiization of the mole 8! end the kilogram.

3.2.2 The realizstion of derived S! units with the eid of
reflerence materials

From the seven base units an unlimited number of derived units
of the SI sre obtainable dy combining bass unis as products

. and/ot quotients. For example, & derived unit of mass concen-

tration is Sefined 83 kg m -3 and the derved unit of pressuce
[given the specisl name pascal, symbol Ps) is defined as
m-1-kg-s-2. Formally spesking, the derived units ultimstely
depend on the substances on which the bsse units themselves
depend (see 3.2.1). In practice, the derived units sre often
realized not from base units but from RMs with accepted
propecty vaives. Thus 8 vanety of substsnces/materials may be
invotved in the resiizstion of derived units (examples 1 end 2
beiow) or sven of base unvts {examples J snd 4 below).

Examgple 1: The St unit of dynamic viscosity, the pascsl second
{Pa-s = m-1.kg-s ') may be realized!¥! by uaking the value
{or 8 well purified sample of water a3 0,001 002 Pa-3 gt 20 *C.

Example 2: The S! unit of molar hest capacity, the joule per
mole-ketvin (J-mol=V-K~' = kg-m2.s-2-mol-t. K~} mey
be realized!'¢! by taking the velue for purified a-sluming ss
79,01 J-mol-'- K-t a1 25 *C.

Example 3: The St unit of armnount of substancs, the mole, may
be resfized by taking 0.069 72 kg of highly purified galium
metal i,

Example 4: The S unit of tempersture, the kelvin, may be
realized 81 any tempersture Ty (273,15K < T, < 903.89 K}
from messutements of the resistance of 8 highly purs pistinum
wire 81 T, at the triple point of purified water, st the freezing
point of purified tn and a1 the freezing pont of purified zinc,
coupled with use of 8 specified mathemancal relstion 12!, The
word “thermodynamic’ has been deliberstaly omitted hece 10
avoid controversy over whethee thermodynamic termperstures
are, Of are NOL, the same 33 Internationsal Practical Tempers-
tures of 1968 : the intenton of the Internationsl Committes for
Weights snd Measures was 10 match the two sorts of tampers-
ture exactly, within the frsmework of knowledge svedible
during 1968-1975.

3.2.3 Connactign of analytical chamistry to the
International System of units

it will be noted that punfied (often called “pure’’) chemicat
substances were cried in sach of the examples 1 to 4 {3.2.2).
The messuremaent of degree of purity, or mors genersily of the
chemical composition of matenials, is within the resim of
ansiytical chemistry. In addition to the dependence of Sl on

.chemical substances, the dependence of snalytical chemistry

on Si is worthy of examingtion. Presently, most analytical

1 Recentty, thoGowuCoMmconquhumdMomurodotmdtMm'nmmmwlodbvmnanmm

1293 792 458 of » second.
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chemists employ units within the S (sl base units axcept the
candels end siso many derived units} in their messurements.
However, compositionsl snelysis depends on en sdditional
conoept, namely that purs chemical species exist to which the
chemicel compositions of other substences and materisls ere
referred, by invoking the laws of chemical change and stoichio-

metry.

From one or more pure chemicel species, (Onsidecred 1o be
primary messursment standerds, it is feasible to construct
messuremet hiersrchics for anatytical chemistry simisr to
those used in physicsl messurement . Examples of such
messurement standards are:

8) the slectron, 1o which other species cen be connacted
by electrochemical snalysis 113},

b} carbon:-12, to which other species can in principle be
connected by mass spectrometry, Rsoult’s lsw messure-
ments,. of volumetric messurements with low-density
gases, #tc.;

¢! 8 highly purified slemnent o compound, to which other
species can be connected by electrochemical, gravimetric,
titrimetric, spectrometric methods, etc.

The “other species” cited in thess examples will in many cases
be used as RMs. Many substances can il this role of inter-
mediaries between primary and working snalyticsl standards
using the diversity of techniques and chemical reactions thet an
snalyst may empioy. The concept of tracesbility applies %0
analyticsl chemistry 8s much 8 it does 10 other branches ol
messurement science. The quality of the result of a8 chemical
enalysis will be snhanced if the result’s tracsability can be
Clearty stated in terms of the tracesbility of the instruments,
maerisl mossures and RMs ampioysd. in most cases, the
tracesbility will also depend on the values of the relstive stomic
moasses (formerdy called *‘stomic weights'’) used in the calcu-
fations; the source of these shouid be recorded Dy the analyst
{for exarvple [11]).

3.2.4 The role of reference materisis in realizing units
outside of the 81

Where the components of 8 messurement system {for example
the imperisl system) can be relsted sxactly to the correspond-
ing components of the S1, it ls unnecessary to heve indepen-
dent moens for resliring the non-S! measurement system.
Where the quantities cannot be relsted to those of the Si, then
independent resiization of the non-S! units is in principle
necossary. In practics, however, few such gystems remain in

3.3 Use of reference materials

REMCO Intends to publish 3 separste guide covering genersi
and statietical principies tor the use of reference maeterisls.
There are very few published documents that address genersi
problems essocisted with the uss of refersnce mateciels. The
reeder I8 referred to the documents and recommendations
published by IUPAC Commission 1.4 on Physico-chemicel
Reference Materisls and Standards, which desl primarlly with

the use of refersnce matecials for reaization of physical proper-
ties. The following IUPAC Commission 1.4 publicstions in Aure
and Applied Chemistry 8re concemed with the certificstion and
use of reference matecisis for physicsl properties :

Volume, dete of publication

Phyical property ond pege number

Enthaipy 0 1974:39
Opticsl rotstion 0 1974 451
Optical refraction 40 1944
Density @ 197%:1
Reistive molecular mass 8 1976 : 241
Absorbance and wavelength o 1977: 081
Reflectance 0 1978:14
Potentiometnic ion sctivities 60 1978:1488
Viscosity 2 1950:230
Permittivity 3 19811847
Thermsl conductivity 63 1981:1883

4 Moeasurement uncertainty

in discussing messurement  uncertsinties, the ferms
“precision”, “systemastic eror or bias”, and “‘sccuracy”’ are
usuaily used. The meanings of these terms are not rigidly fixed,
but depend 10 8 large extent on the interpretation snd use of
the dats!™. 1§,

4.1 An lllustrative example

H two equally trsined operstors, A and 8, each make four
replications of 8 messurement on 3 uniform matenial sach day
for 4 days on one instrument, and 4 days sgain on & simier
instrument, the results, 18 sets of four messurements, may
look fike those in figure 1. What can be seen from this plot ?

8} the spreads smong sach set of four values are com-
pmblo.pom' ps sightly smelfler for instrument 2 than in-
strument §;

b} thers sppesrs 10 be more verisbility between deily
results than within sets of dedly resufts, particularty for in-
strumem 1;

<) operstor B gives fower results than operstor A;
dl instrument 1 géives lower results than instrument 2.

Figure 1 is constructed for the purposs of demonstration, snd
actusl messurements could be better or worse than shown.
However, this plot does show some four types of factors that
contributed to the totsl verisbiity of these measursments

1) fectors acting within deys;

2} factors scting between dsys;

3} factors due to instrument systems;
4) factors due to operstors.

Appropriste techniques ‘sre svelisbis for the seperate est-
mation of the effects of thees fouwr factors and standard devi-
stions could be computed coresponding to ssch of them.
However, the imited number of cperstors snd instruments
prevents the computation of standerd devistions as refisdly for
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Figure 1 — An example of results of messurements
by two operstorn using two instruments on eight
different deys

factors 3) and 4) as for factors 1) and 2). The time and work in-
volved certainly imposs Bimits on sny efforts to do so.

The failure t0 sllow for factors relsting to instruments and
oporstors s one of the mein causes for the unreasonsble dif-
feronces ususlly encountered in intedaboratory, of round-
robin, types of tests |18, Because instruments vary from time 10
time and operstors change, the result from & lsborstory st @
Qiven time represents only one of the many results that could
be obwsined, and the variability caused by these two sources
must be considered as part of the precision of the laborstory.
. The standard devistion computed without regard to these
sffects would underestimste the true variabiity.

i, by the proper use of standards and reference methods (7],
these two sources of errors were sliminsted, the standard devi-
ation computed from the 18 mesns of sets of four measure-
ments would be the proper measure of precision. Presumabty
the grand mesn of the 16 mean values would be reported.

The mean of many values is more stable than individusi
measurements. When extraneous sources of varistion, such as
instrument and operstor effects, are eliminated, the relstion-
ship between the standard devistion of individusi messure-
ments and the standard devistion of the mean of n such
messurements can be expressed &8

otx) e M)
NS

in other words, the standard devistion of the mean is smaller
then the suandard devistion of individusl measurements by a
factor of 1//n. One important provision must hold for this
relationship 1o be true, i.e. that the A measurements 88 in-
dependent of sach other. “Independencs” can be defined in 8
probability sense, but for present purposes, messurements
may be considered indepencent if they show no trend or pat-
tern. This is certainly not trus in figure 1. end to say that the

olX,) =

standsrd devistion of the meen of sl 64 values is 1/8
{= 1/\/84) of the standard deviation of individusl messure-
ments would serously undersstimate its true variabdility. More-
over, the relstionship in equation (1) is expressed in terme of
the true velue of the standard devistion, g, which is ususity not
known. As the computed standard devistion, 3, is itsel! an set-
mate of g from the set of messured velues, the standsrd devi-
ation of the mean in equation (1} is only spproxsmaeted when s g
used in place of 0.

The uss of the standard devistion computed from daily aver-
sges rether than individusl values is preferred because the
former propedly rsfiects & component of variability between

days, or over time, which is ususlly present in precision
measurement.

4.2 Some basic statistical concepts

The basic information svailable on the messurement eors is
summarnzed by:

a) the number of independent determinstions of the
number from which 8 mesn was computed and reported;

b) an estimate of the standard devistion, s, defined by

1 L] \ I
l-[”_‘z Ll’,’i',]

1.t

whers 1 measuremaent results sre denoted by xy, x3, .. ..
X,. 9nd their mesn is

&
.1
ie—Y x
n

From 8! and b) several useful derived statistics can be com-
puted:

¢} standard devistion of the mean of n messurements

. s
u W m—
s N

This is sometimes called the standard ertor of the mesn to
dffecentiste it rom the standard devistion of individusl

NOTE — As n becomes large, the vaiue of sir,) becomes very
smal, showng that the aversge of 8 1198 number of messure-
ments 8pRCOIChes & CONsTant vaive ¥ which 1 usually the objective
of the messurement procedure.

dl confidence interval for the mesn (normal distribution).
Each time 1 medsurements 376 Made, 8 vaiue of the aversge
of the measurements is reported. These sversges will differ
from time t0 time within cerwsin imits. Assuming ¢ normal
detribution, one intervel of the type X t 4 can be con-
structed {18! guch thet the interval from X ~ Sto £ + d will
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be telrty cectain to include the value of u desired. The inter-
vl is computed by

éari- 2
Ja

whaece ¢ is 8 tabutsr vaive of the Student distribution, and
depends on the confidence level and the degrees of freedom
for s;

o) 2-sigma {or 21), J-sigma (or 3s) fimits. These fmits
describe the distribution of measurement error. 8
messurement is made by the user of 8 CRM having the
same precision (1.e. sams o) as that obusined by the certify-
ing laborutory, his messurements should fall (with prod-
sbility spproximastety 0,95 to 0,997) within these limits when
o is well-established. Otherwise there is evidence of system-
stic differencs.

4.3 Instrument and operator errors

instrument and operstor types of errors have not yet been
veated. An ideal situation would be 10 efiminste them from the
messurement process, of 10 Use More instruments snd more
operstors and then estimste standsrd devistions sssocisted
with these sources. When neither of the above is feasidle or
practicel, the lesst that can be done is 10 use two instruments
snd/or operstors, i the confidence intervals (or the mesn
results of the two instruments do not overiap, then there is
good evidence of instrument difference.

Using his expecience and judgement, 8 messurement scientist
may arive ot reasonsbile bounds for these types of errors. i the
bound is not computed from measurement data, then its val-
idity cannot be supported by statistical anelysis. in such cases,
these bounds are “guesstimetes” and the only recourse is to
treat them as limits 10 systemstic errors.

The detection of differences and the separation of the total
veriabillty into its identifisble components can be faciitated
through cereful planning and statistical design of the experi-
ment.

4.4 Differences among measurement methods

Each messurement method purports to meesure the desiced
propecty of 8 materisl, but ssidom does 8 method messure the
property directly. In most cases the method sctusily measures
some other property that is relsted 10 the property by theory,
prectice, or tradition, snd then converted to the vaiue of the
dosirsd property through thess relstionships. Discrepancies
among results of different messurerent methods are common,
even for messurements lesding 10 the determination of fun-
dementsl physical constants (9,

in the preparstion of 8 CRM, ususlly two or more messurement
methods are employed for sech property messured. If these
methods are well estsbilshed by virtue of past experience, the
reeults yieided by these methods ususlly agres to within the
uncertainty sssigned 1o sach method.

in 8 fow cases these differences ere 90 large that the resuits
cannot be reconciied, and these reeults sre then reported

sepirstely for esch individusl method. The RM is either not cer-
tified or certified on ¢ method-dependent basis. A hstorical
sxarmple of this type of reporting is NBS CRM 1091, Stainiess
Steel. The nitrogen content was messured by vecuum fusion
and pressure bomb-distilation, end gave resuits of 881 and
948 mg/kg, with standerd devistions of 3 snd 20 mg/kg,
respectively. Clearly 0ne of both methods have & systematic
oot that is large compered to the vanisbdity of materisl of the
messurement uncerainty. A report of the sversge of the two
methods would be highly misiesding.

Measurement sccurdCy in its sbeolute sense is never reslized. In
practics, cetified vaives of some reference materisls sre
defined by using 8 referse method or sssigning 8 value by o
well-defined procedure 30 that at lesst the same benchmark will
be used by everyone in the fisld. The importance of reference
methods 10 supplement the use of thess measurement swan-
dards is slso being emohasized !Vl A good exampie is the
reforence method for blood hasmogiobin snd the valve
assigned a8 s benchmark to the reference material issued by the
Internstionsl Commitiee for Standardization in Hemstology
{ICSH)120. 21,

4.6 Uncertsinties of certified values

The uncertainty of 8 CRM vaiue is usualty made up of seversi
components, some supported by data and some not:

8) & ststistical tolerance intervel giving bounds 1o material
inhomogeneity based on data and statistical computstions;

b) & confidence interval for the mesn giving bounds 1o
messurement error based on dats and statistical compu-
tations;

¢} components of messurement uncertainty dus 1o vari-
ation among lsborstories and/or operstors and measure
ment methods;

d) 8 combinstion (addition of abechne veies or the
squere root of the sum of the squares) of estimated bounds
to “known” sources of possible systematic erroc based on
expecionce and judgement (in other words, there are no
data, or an insutficient number of data, 10 make & statistical
calculation).

The word “known” is quoted sbove to contrast with sys-
tematic errors thet ars *‘unknown® or unsuspected. These un-
suspected errors could occur in 8 number of ways — 8 compo-
nent in the physical system, 8 minor flew in the theoretical con-
siderstion, or the rounding eror in 8 computation. As more
homogeneous materisls become evalable, snd more precise
messurement methods sre developed, thess types of errors will
be detected by design or by chance and hopefully will be
sliminsted. Improved accuracy in the measurement of s prop-
oty is basically an exponsive itorative process and unwarranted
demand for sccuracy could moean the waste of resources.

4.6 Statements of uncertainty on CRM
certificates

Amydmmdumhwmumuhm“
current certificatss issued for CRMs sround the world. Soms of
these staternents sre wel formulsted and supported by dats,
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others are not; some of these statements contain & weelth of
information that is useful to exacting users, but overwheiming
10 others; some staternents are Oversimplified with 8 resuiting
loss of information. Becsuse the originstor of 8 CRM has to
keep 8l classes of users in mind, the use of # single form of
statement is not ususily possibie. The ntention is that ol these
statements sre unambiguous, mesningful, and contain all the
information that is relevant for potentisl users.

Some commonly used statements, taken from existing cer-
tificates, sre listed in 4.6.1 10 4.6.4.
44% Example 1: 96 % confidence fimits for the mean
Rubidium chioride
Absolute abundance ratio ..... 2,583 ¢+ 0,002

*The indicsted uncertainties sre overst limits of error based on
95 % confidence limits for the mean and sllowances for the
effects of known sources of possible systematic error.”

Becauss the isOlopC ratio is a constant for 8 given batch of
material and is NoOt subject 10 errors of material inhomogeneity,
the 95 % confidence limits for the mean refer to measurement
erroe only. This is computed from

s

'.—-

N}
a8 described in equstion (2).

The effects of known sources of possible systematic error are
discussed in detail in “Absolute isotopic sbundence ratio snd
stomic weight of tecrestial rubidium” 122,
4.62 Example 2: 2-sigma or 3-sigma fimits

Glass Filters for Moleculsr Absorption Spectrometry

Absorbence ..... 0500000028
*This uncertainty is the sum of the random erroc of ¢ 0.1
relative (20 limit) snd of estimated biasss which sre £ 0.4
rolstive.”

%
%

Each glass filter was individuslty calibested, and the standerd
devistion refers to measurement error, including the cleanliiness
of the surface. As these glass filters will be used time after time,
8 multiple of the standard devistion is 3 proper measure of
variabikity.

463 Example d: Uncomintv expressad in significant
digits

AIS! 4340 Steel

Element Mass Fraction

According 10 the explanstion given in the text: “The velue
listed i3 not expected 10 deviste from the true value by more

then £ 1 in the last significant figure reported; for & subecript
figure, the devistion is not expected 10 be more than ¢ 8.
Thus, the mass fraction of carbon, expressed 83 8 percentags,
is between 0,377 end 0,387 snd that for manganese is between
0,65 and 0,67. These uncertainties inclhude material i

eity, messurement imprecision, snd possible biss between
laborstories and implicit rounding, becsuse thess vaiues are
... the present best estimate of the true vaiue based on the
resutts of 8 cO-Operstive interisborstory snalytical programme.”

When 20 to 30 slements are 10 be certified for one materisl, this
method gives 8 conCise and convenient summary of the results.
As these limits sre expressed in units of 5 and 10, some infor-
mation is unavoidably lost for some of the slements. However,
whaen the certified value is used, it is important to use sll of the
digits given including the subscripts. The uncenainty steted on
this certificate depends hesvily on the use of chemicat judge-
ment.

4.6.4 Example 4 : Standard devistion, and number of
determinations .

Oxygen in ferrous metals
tug/g)
Method CRM CRM CAM
A s 8
. teinkess stoetl : {Vacuum
{ingot won} AIS| Q31 mented steel)
Vacuum
Ui )
x 434 N 3
s 4 ] 2
' ne 288 105
Neutron
activation
i 42 x b |
s p. ] ? i 4
" ¢ ] i S
inect gas X
fusion
x @n 129 .
s 13 ] L
A 2 " b1 ]
where

X is the mean oxygen vaiue;
s is the standard devistion of an individusl determination;

A i3 the number of determinstions.

NOTE — The standard devistion includes error due doth 1o the impre-
cision of the snalytical method and 10 possidie heterogeney of the
materisl snalysed.

One criticism sgeinst this mode of presentstion is that the user
will heve to compute the uncertainty besed on his own
understanding of the relstionships.
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6 Homogenelty of materials

Most RMs are subjected 10 8 preparstion procedure which
ultimately includes subdivision into usable units. A subsaet of in-
dividusl units from the betch is chosen for maessurement
sccording to 8 sstistically valiid sampling plan. A messurement
uncersinty is derived taking into sccount material inhomogen-
oity as well a3 other faciors (see cleuss 41. Other types of RM
are prepared ss individual srtifects and the certification is besed
0n separate messurement of each unit rather than on statisticsl
sampling of the compiete batch. The second spproach is useful
when the RM can be measured non-destructively,

8.1 Materals

AMs prepared ag solutions Or pure COMPOUNds are expected to
be homogeneous on physicsl (thermodynamic) grounds. The
object of the test for homogeneity is mainly to detect any im-
purities, interferances o kregulacities.

Matedisis such as mixed powders, ores, shoys, etc. are hetero-
Qensous in composition by neture. RMs prepared from such
matenials must therefors be tested 10 sssess the dogres of

homogeneity.
8.2 Concept of homogensity

in theory, 8 matenial it perfectly homogensous with respect 10 a
given charscteristic if there 8 no difference between the value
of this cheracteristic from one part (unit) to snother. However,
in practice 8 material is accepted to be homogensous with
respect 10 & given chanscteristic if 8 difference between the
value of this charscteristic from one part (of unit) to another
cannot be detected experimentally. The practical concept of
homogeneity thersfors embodies both 8 specificity to the
characteristic and 8 parameter of measuwrement (ususly the
standaed devistion) of the measurement method used, in-
cluding the defined sample size of the test portion.

5.2.1 Charscteristic of interest

A masterial may be sufficiently homogeneous with trespect to
the characteristic of intersst to be useful 83 an RM even though
& is inhomogoeneous with respect 10 other charactenstics, pro-
vided thet this inhomogeneity exerts no detectable influence on
the sccurscy and precision of the commonly used methods of
determination for the charactecistic of interest.

§.2.2 Homogeneity measurement method

The degree of homogeneity that 8 material must have for use as
an RM is commensursie with the precision sttsinable by the
bost sveilsble methods for the determination of the charsc-
teristic for which the RM is intended. Tharsfore, the greater the
precision of the messurement method, the higher is the re-
qQuired degree of homogeneity of the material.

The precision sttainsbie by the homogeneity messurement
method veries with both the characteristic measuted and its
velue for the RM. An RM intended for more then one charec:
teristic is described by 8 corrssponding number of statements
of homogoneity, ssch of which should be tracesble 10 an
experimentally determined precision. The magnitude of the pre-
cislon can very widely.

in many cases, the precision stisinable by 8 messurement
method is stiected by the size of the test portion taken from the
RM. The degres of homogenedty of an RM is thersfore defined
for & given test portion size.

8.2.3 Practice

ideally, an RM should be charecterized with respect 1o the
degres of homogeneity for sach characteristic of intecest. For
RMs intended for 8 reistively large number of characteristics,
thommtoﬂh.dogmo(homogmmum
teristics is both economicsily and physically burdensomse, snd
in some cases unfeasible. In practice therefore, the degree of
M«wo’%ﬂMoamwvi«mwmm
tecistics. it is recommended that these charscteristics be 8p-
propristely selected on the basis of established chemicsl or
physicsl relstionships; for example, an interslement con-
comitance in the minersl phases of an RM makes ressonsble
the assumption that the RM also has an acceptable degres of

homogenaity for the non-selected elements.

5.3 Experimental design

6.3.1 Objectives

For refecence materisls that are expected to be homogensous
on physical grounds, the msin purposs of homogeneity testing
is to detect unsxpected problemns. Some exampies are ditferen-
tisl contamination during the final packaging into individual
units, or incomplete dissolution or equilibration of an snaiyte in
8 sotvent {which could lead to steadily changing concentrations
from the first viel filled 10 the Isst). A statistical trend analysis
would be heipful in the lstter case. if the matersial is produced in
more than one batch, it is necessary 1o test the equality of the
batches (or 10 certify the batches seperately).

When the nsture of s reference material leads one 10 expect
somd inhomogeneity, the goal of the testing programime is not
simply detection of inhomogeneity, but rather the estimstion of
its magnitude. This may requirs 8 More extensive testing pro-
pramme than is required for detection.

Inhomogeneity can manifest itself in st jeast two ways :

8) diffecont subsamples of an RM unit may differ on the
property of interest;

b) thers mey be ditfersnces between units of the RM.

Ditferences smong subsampies can usually be reduced or con-
trofled 10 sn acceptablylow level by making the size of the sub-
sample sufficiently largs. Often 8 study 10 determine the ap-
propriste subsample size is conducted before the certification
experiments e begun. Differences which exist between in-
dividusl units of the cendidate RM must be reflected in the
uncersinty statement on the certificste.

in statistical terms, the experimental design must sstisty the
{ollowing objectives :

1) 10 detect whether the within-unit (short-range) varis-
m.mwhmmmm
veristion of the measuremert method;
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2) 10 detect whether the betwesn-units (long-range) veri-
stion is statistically significant in comparison with the
within-unit varistion;

31 10 conclude whether 8 detected statistical significance
tor one or both of the within-unit snd between-units vari-
ations indicates 8 comresponding physical significance of
sufficient magnitude 10 disqualify the candidate RM for the
intended use.

The degree of homogensity of 8 candidste RM in finsl {form
should be known. The task for the sssessment of the hom-
ogeneity can, however, be performed in several steps.

5.3.2 Preliminary test for homogenaity

A profiminary assassment of the homogensity of 8 candidate
RM can be performed sfter homogenizstion 88 8n integral pant
of the preparation process. The physical properties of an RM
that can cause segregation 1o occur, for example the type of
blender, strongly influence the manner of sample selsction.
The samples should be taken at regions where physical dif-
tecences are expected 10 occwr. Random sampling should be

adopted only when csuses of physical differences are unknown _

or believed to be absent.

The number of samples taken and replicate determinations
theteon should be such that the sppropriste statistical test
should be capable of detecting the possible existence of in-
homogeneity at 8 predetermined level.

NOTE ~ ASTM E 82681, Standard practce for testing homogenery
of maetenals for the development ol reference metensls, gives one
dersiled procedure for 1e3ung homogeneity of bulk matenal. This sten-
Gard pracuce is specized 10 the case of testing the homogenaity of
metals. n ether sobd of powdered foerm, and finely ground oxide
matensls that sre intenced for use as reference matenals in X-ray
eMERon, Of OPNCH SMELON spectioscopy, o both. For most RM
coruficstion DIOQINTYITES, 81 8pPOOPANY  prelimunary  test  for
homogenety can be obttsined by straghtiorward sdaptation of the
pracoce geven in ASTM E 826-81.

$.3.3 Principa! test for homogenelty

This test must be performed for the candidste RM sfter it has
been packaged into final form regardiess of whether 8 pre-
iminary test for homogeneity has been done. The purpose of
the test is 10 confim that the between-units variation is not
statisticalty and practically significant.

The units should be selected from the stock st random 10 give
each unit an equal chance for selection. An experimentsl
design should be used in which & units of material are selected
and n replicate determinations are performed for sach unit. tis
tecommended that the determinations be performed in random
ocder 10 avoid possible systemstic time varistions. & and n
shouid be sufficiently large 10 detect the possible existence of
inhomogeneity st 8 predetermined level.

For corwsin RMs, replicate within-unit determinations are not
possible because the use of the entire unit is prescribed by the
producer. In this instance, the between-units varisnce must be
compered with the estimated precision of the measurement
method to sssess the degres of homogeneity of the RM.

8.4 Possible outcomes of homogenelty testing

The selaction of samples and the snslysis of data are ususlly
performed in consultation with 8 statistician. Depending on the
form of matensl, the emphasis may be 10 detect trends or peat:
terns, for example from one end to the other of & steel rod,
from the centre to the edge of 8 piate, from the top to the bot:
tom poction of bulk matenial in 8 drum; of 10 check on the
varisbdity of matenal among smpoules of bottes. A proper,
statistically designed expenment helps to 3ssure thet con-
clusions 8¢ valid, and minimizes the number of messurements
neaded to reach such conclusions.

Thae possible cutcomes of homogensity testing are described in
5.4.11086.4.3.

6.4.1 Very homogeneous material

Homogeneity is not & prodlem, or material varisbility is negii-
@ibie in relation 10 either measurement errors or 10 the use of
the CRM. In this case, the cenified vaiue is the best estimets of
the mesn property value for the lot and the allowance fov
uncenainty describes possible messurement error sssocisted
with that estimate.

5.4.2 Very inhomogeneous materiasl

Matecial variability is 8 major factor in the total uncedtainty. in
this case the entire ot of material is rejected or reworked, or
each specimen is individually measured and centified.

Reworking is 8 ressonable course of action when there is
reason to belisve that the source of inhomogeneity can be
eliminated by preparing 8 now batch of manerial using imptoved
procedures. However, this is not always possible, and t i
SOMETiIMes NOCessary 10 tolerate 8 small amount of between-
unhits inhomogeneity when the matenal cannot practically be
improved.

8.4.3 Materia!l of moderste homogeneity

Masterial variability is of the same magnitude as the messure-
ment error, and must be‘included 33 8 component of the uncer-
tainty. This case is discussed in 5.8,

5.8 Some examples of homogeneity testing

Of the three cases (5.4.1 10 5.4.3) the last is the one most fre-
quently encountered. Two subciassas are spparent : 0ne where
& trend is detectad end one where no trend is detected.

Where a trend has been detected, for example along 8 steel rod
to be cut into pieces, the unussble portion is discarded and,
hopefully, the trend in the remaining portion is linesr of cen
otherwiss be described mathematicslty. In such cases, » fine (or
other appropriste mathematics! expression} can be fitted to the
values measured slong the rod. The maximum departure from
the sverage points on the fitted fine is taken as & measure of in-
homogeneity, assuming measurement error is smalfl in com-
parison to the trend.

Where no trend is detected, but the results of messurements
show veriability that is not negligible, 8 statistical concept called
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“sstistical tolerance interval” can be used. To Munirate thie
CONCEDL, UPPOss § SoiUtion s prepaed and pecksged into
1 000 ampoules, ol which X0 are messured for some property.
For this axampile, the tolersnce limit concept '¥ glates sssen-
tislly that based on the messured values of the J0 smpoules
simost alit of the 1 000 smpoutes will not diter from the avecage
of the 30 ampouies by more than the constructed imd. In sut-
istical torms, a4 would reed: “The tolerance intervel
(mean t 4) is constructed such thet it will cover ot least 95 %
of the poputation with probability 0,99, 1

This statement does nNot guarantee that the tolerance interval
will nclude it of the smpouies. it says that 99 % of the time
the tolersnce intervel will include st lesst 36 % of the am-
pouies. The 99 % of the time'* refers to the way this tolerance
intervel is constructed, i.e., i 30 ampoules wece salected from
1he popUIEtion repsstedly, 8nd the 35ME SXDETUTBNTS Were Der-
formed over snd over agsin, 59 % of the tolerance intervals 90
constructed would cover ot least the proportion {96 %) of the
total popuiation as specified, snd 1 % of the tolerence intervels
would cover less than 55 % of the total populstion.

MHow is this interval constructed ? First, the meen [equation (3))
and standard doviation [equation (4)] trom the 30 ampoules ere
computed :

L= — x, & |
"
D |
1 L3 2
:-[ Zu,-in’] )
n-1
1e
where
Xy, X3, ..., X, ..., X, »e the messured values, with
n = 30;

X s an estimate of the mean, u, of the 1 000 ampoules:

s is on estimste of the measure of the dispersion, o,
smong thase smpoules.
The values X and s contsin peacticelly sl the information
svedsbie on the 1000 ampoules end can be used to calculste
the tolerance intenval x & 4.

The velue of 4 is computed 83 & muttiple of 5, i.e. 4 = Kjs.
The value of &3 depends on thiee parameterns :

sl the number, a, of samples measured (30);

bl the progponion, p, of the totaf popuiation to be covered
(0,95);

¢} the probeblility level, | - a, specified (0,99).

A table of fectors for two-sided tolerance limas for normel
distributions gives the velue for &} ss 2,841 for n = J0;
1 - a =09 andp = 095 Tebles of these factors sre given
in 1SO 3207 T snd in many standerd statistical texts!'®),

The term “‘two-sided™ mesns that we sre interested in both
over 8nd under kmis from the sversge. The term “normal dis-
ribution” ralers to the distribution of all the values of interest
and s 8 symmetncal, bell-shaped distribution ususlty en-
countered in precision MASSUreMent work.

Figure 2 is 8 histogram of the ratios of the emission rate of
¥1Cy, in 8 '3Cs nuclear fuel bumn-up referance mateisl, 10 a
rsdium reference standsrd. A frequency curve of 8 normal dis-
tribution can be fitted (o these data. Thers were 98 ampoules of
'7Cs involved; sach ampoule was messured in Aprl, Septem-
ber, and Novernber, 1972. By sversging the three messure-
ments, the Messurement ool was considerably smaller than
the diterence of masses of active solutions 4mong these sm-
poules, snd the pict in figure 2 shows essentislly the in-
homogenery of the mass of solution in the ampoules.

¢y CRM
30 s C
- /3 Weighed
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Figure 2 — Histogram of the frequency (number of
ampoules) versus the retlo of the activity of 7Cy
standards to & radlum refsrence standsrd (ARRS20)

1) The statement s true only for 8 populstion of infinite size; however, mmm'«omﬂﬁmofﬁoﬁobm&mﬂmcmoi

large.

2) 1SO XX7, Stevavcal interpretation of date — Deterrmynetion of a sratistical tolrance intervel,
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8.3.8 Statistical outllers

A single result or an entire $8t Of results is suspected to be ¢
statistical outlier if its devistion either in acCUraCY OF Precison
from others in the 88t Of other sets, respectively, is greater than
can be justified by statistical fluctustions perunent to & given
frequency distribution. Thersfore, the sffectiveness for the
detection of outliers depends on the validity of the sssumeption
of the frequency distribution. The test for outjiers should be the
statistician’s prerogauve. For an interdabomiory programme
outlying status may be conferred on individusl resuits, resuits
for individuel units or the entire s8t of rasults from 8 laborstory.

8.4 Statistical analysis

8.4.1 Two-stage nested dasign
This model is used when the results of an interlaboratory pro-
gremme 88 used 10 confirm the homogeneity as well as 10
charactenize the materisl. The experimental scheme is illus-
trated-schomaticalty in figure 5 a). The resutts can be expressed
by the equation

Xp=urta +p, +ty ... 18)
whece

X is the kth resut of sample unit ; reported by
laborstory ¢

& i3 the grand measn;
a, is the error due t0 laboratory i;
B8, is the error due 10 the jth sample unit in Laboratory i;

€, i3 the measurement error.

8.42 One-stage nested design

This model i3 used when the materisl is accepted 10 be
homogeneous by the organizers. The experimental scheme is i-
tustrated schematically in figure § b). Equation (5) can then be
simplified to

Xp=p+a +0,

8.4.3 Analysis of two-stage nested design
Psrameters 10 be estimated sre

— 4, the grund mean {which is used as the consensus
veluel;

— @, the variancs of the between-laboratories error (a,);

— @, the variance due to between-units inhomogen-
oity (B, 1

~ 0. the variancs of the within-leborstory measurement
oror (€.,).

Al thess paramwters can be estimeted simuhaneously by the
analysis of veniance (ANOVA} method (see 8.4.3.1) if thers sre
sufficient tesults of equal replication (the same number of
replicate determinations from each unit and the same number
of units per laboratory) after outliers have been exciuded. if this
ANOVA requirement cannot be met becauss of the number of
outliers and/or masing resuits, the sgadicance of the
between-units (inhomogeneityl variance can be tested by the
simple procedure for unbslanced data given n 8.4.3.2.

Theoretical details and sdditions! methods for balanced and un-
balanced ANOVA are given in standard textdbooks. (7. 2

8.43.1 Computation of two-stage ANOVA

X,¢ i3 the kth result of sample unit 7 reported by labors-
tory I;

p s the number of participating aboratones;
q is the number of units per laboratory;

n is the number of replicate determunanons per sample
unit.

sn
The sums of the squares SS, SS; and $8; are calculated by
the following equations :

I d
sS, -qaz F, - iR

1=y

SSz-nii (f,,-f,')

1= /-J

S8y = 2’ z. z. L2 N —fv’z

tal Jaf kot

“The degrees of freadom are

NHi=p -1
fr=plg -1
S = petn - 1)
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and each mean squere is given as

MS, = §S//y
MS, = $S,//;
MS, - SS)//)

These results should be tabulated (see tabie 1.

Tadle 1 -~ ANOVA table

Sum of [Degrees of] Mean .  Expectstion
Source | jousres | freedom | square . of mesn squere
Betwee 2 4 nol e onad
tabors- $S, p-1 MS, oy + nol v qnofl
wones
) $S, plg-1 MS, "3\: * Ms

Messure-

ment $Sy petn-111 MSy - c,}v

onnor 1

Each parameter is astimated by the following equations, whers
the circumflex denotes the estimate :

4 =

a2 = (MS, - MS,)/¢n
Gl = (MS; -~ MSyl/n
ald, = MS,

if the numerical value of G2or 3} is negative, 2er0 should be us-
od instead.

The tests for statistical significance sre
3l between-units linhomogeneity) vanance
F33 = MSy/MS,
which should be compared with the critical vaiue of the
F-disiribution for degrees of freedcom pig -~ 1} and
pein - 1); )
b} between-lsboratories variance

F": - MS|/M52

which should be compsered with the critical value of the

Fdistrbution for degrees of freedom (p - 1) and
plg - 4.

The variance of the consansus value X is estimated by
.. MS,
VX)) = —
pqn
The confidence interval for u based on X is from A 10 B whers

. MS,
Awngx- W er2lp - 1) ——
pan

. M
Bmietiaatp - |\
pan

whers #,_o3{p -1 is the 1 - a/2 frectile of the
-distribution with (p ~ 1) degrees of freedom.

8.4.3.2 Modified ANOVA for unbsisnced data

E .is the kth result of sample unit j reported by Labors-
tofy ¢,

P is the number of participsting laborstores
q, is the number of units st laboratory i;

"v. i_s the number of replicate determinations of sample
unit .

Ay
. 1
Xy = — X
n, 4
teal

@

2 a,x,

R
B ——
o

2

X3}

The sums of the squares SS; and SS, are calculated by the
following equations :

F 2
$S; = 2 2 a,Ui, - iR
st e
2 & a,
$$i=Y ¥ Y i
19} sel ¢ted
Thodogmoﬂroodomuo

/z'z'(q,—ll

tal

and the mean squares sre given 83
MS; = $S,//,
MS; = SSy/y

These resutts shouid be tsbuisted (see table 2.
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sl Two-stage nested design

RM
charactersue

— e —

Laboratory

: 17
1 72\ N
/ \

Xm o X X Xz Xin X X X2 oetermnanon

1) ARl sample unuts are different However. in each Lbotatory they are numbered 1, 2,

b5l Onae-stage nested design

ARM
characterste
1 ]2 / Laboratory
Xﬁ Xu X, 1 /Y, 2 Oetermunation

Figure 5 — Experimental scheme for an interlaborstory programme



ISO GUIDE 38 : 1989 (E)

Table 2 — ANOVA tadble

Sum Oegrees . Mean

Source of squares | of freedom square
Between unas $S; fa MS,
Messurement error $8, /s MSy

The test for statistical significance of the between-units
{inhomogeneity) varisnce is

Fu’ = MSQ/MS)

which : should bs compsred with the crtical vaiue of the
F-distribution tor degrees of freedom

{}:(q, - n} aoa{):}: in, - u}.

8.4.4 Anslysis of one-stage nested design
For cases where the materisl is considered to be homogeneous,
i.e. that aft units sre identical, all results repocted by 8 labors-
tory are considered as replicates.

x, is the jth result reported by lsboratory 1;

P is the number of participating laborstories;

n, is the number of results reported by lsboratory i.
x -—'- - X
! n,Z w
FE )

i=

™M-
k.

1
P

-

The varisnce of the consensus value, £ is simply estimated by

»
PO 1 .
y - - - -2
) -1 z &, - x}

1=}

with degrees of freedom (p ~ 1),

The confidence intervel for the consensus value (mean of
means) is the interval from A4 10 8 where

A =X =ty _gnlp - N (PUN)'?
B =x+ty_gglp = N (PL)'2

and 1y _4.2(p ~ 1)is as described in 8.4.3.1.

9 Cortification based on a metrologlcal
approach

9.1 Concepts

The objective of this spprosch is to produce certified velues the
sccuracy and the uncensinty of which sre demonstrgted by ex-
perimental evidence.

The first basic concept behind this approach is that when the
property, physical ot chemical, of & material can be defined
from first principles, its value doss not depend on 8 particuler
method used for the messurement. ! When the value of such 8
property is to be certified, #t is therefore important for the cer-
tification body to show that the value does not incude 8
systematic error specific to 8 method of 10 8 lsborstory. The
procedurs consists in messuring the property under consider-
ation by different methods which are considered 1o be the most
accurate in the actusl state of the art and spplied by lsbors-
tories most experienced for the respective methods. This ap-
prosch is also adopted by establishments working alone : they
use several methods, possibly with operstors working indeper.
dently, and compars the results.

The second concept is that the uncertainty statement, which is
an important part of the value assigned 10 8 measurement stan-
dard, can fadl to be reliable when it is not based on 8 very care-
ful comparison between resuits of different (high level) labors-
tories and ditferent methods. This is flustrated by examples in
92and 9.3,

The messurement of the quantities referred 1o above i
traceables or should be tracesbls to measursment scales,
themsetves traceable 10 the SI. By definition, the traceability is
the property of a resuit of 8 messurement whereby it can be
related to appropriste standards.through an unbroken chain of
COMPansons.

The traceability is necessary 10 support the concept of ac-
curacy. The tracesbility of snalyticsl processes is more difficutt
10 establish than in physicsl messurements. The problems in-
volved in this traceability are discussed in detal in 9.3.

in 9.4, examples are given of properties which are defined only
by & method and can be traceable only 10 8 conventionasl
measurement scale.

9.2 Coertification of physical properties

The most accurste measurements are carried out for fun.
damentsl units, Their most common multiples and their sub-
muttiples, in the primary metrology lsboratories. Here, oll
sources of errors and uncertsinties are investigeted in great
dotsil; methods of measurement have boen improved over
many yosrs 10 reduce uncertsinties. The accuracy of thess
measurements is fairly well sstablished, sspecislly when they
have been the subject of interlaborstory comperisons. Reser-
vations must be mede for measurements where there has been
no intercomparison. In addition, eny new lsborstory being
established needs extensive intercomy -~~~ -~ -~ ensure that its

11 Thers are properties which sre defined only 83 8 function of 8 Mmethod; this QUESHION 8 examined in §.4.
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own estimates of accureCy 816 correct and that no error hes
escaped its stiention,

intercompaTisons add confidencs to the uncensnty computed
by the metrology tsboratories individually. Sometimes they use
safety foctors which are not necessary; sometimes they under-
esuMate their Own uncensinties.

The present practics by which each metrology laborastory evely-
stes the uncenainty of & panicular maasurement on its own is
inherently dangerous. It is not possible for 8 laborstory slone to
svoid ot ecrors in all circumstances, in particulse for derived
units. intercomparisons detect erors that were not taken into
scoount end situstions where all parsmeters influencing the
messurements ars not sufficiently well controlied.

There is unfortunastely no general requirement in metrology that
uncertainty statements be besed on appropriate intercompari-
sons. Centifying 8 reference material on the basis of results of
one single metrology lsborstory may therefore imply a risk
which should not be overiooked.

When the centificstion of 8 physical property of quantity is
undertsken, it is therefore important t0 have an intercom-
parison between the major metrology laboratones followed by
8 full discussion of the results with st participants 10 resolve
any possible discrepancy. if the primary metrology laboratories
are not themsetves involved in the messurement, complete
tracosbility of the pacticipating laborstories to the respective
nations! lsborstories must be established before starting.

The participsnts must then compare their messurements snd
discuss all the possibie errors responsible for discrepancies and
sliminste them while remaining independent. This is described
in moce detall for chemical measurements in 9.3.2.

#f more than one method is possible. and if these methods ap-
pear equalty valid, it is important 1o compare them. However, it
is useful t0 remember that the method with the shortest trace-
ability toute of, in othar words, with the most direct connection
to the fundamental units, has 8 higher probability of being more
sceurats.

At the limit, thers csn of course exist situations whers one
single laborstory, having compered its method with sl possibie
others snd having sfiminsted most causes of errors, is able to
refine its method 10 reduce the uncertsinty while taking con-
siderabls precautions to svoid sny accidental source of errors.

Some measurement problems in the field of physical properties
can be brefly dlustrated by thermal conductivity of insulation
snd refractory materisis. Until some years ago, laborstories
were not able to carry out such messurements with appropriste
sccuracy sthough the calibration of the instrumentation #8p-
pesred sstisfactory. The guarded hot-plate used for the
messuremont wes constructed and Opersted in sccordance
with existing national snd intemational standards. The sgree-
ment sppesred satisfactory for simple technical spplications.
However, in most lsborstories there was 8 systematic error.
Heat losses occurred above room tempersture becsuse the
guard ring was not sufficient. Any reference material certified
on thet basis wouid have 8 wrong trecesbility. The method snd
equipment were thersfors modified until the hest l0sses
became negligible.

The sccurate determination of thermal conductivity of refrac-
tory materisis is very ditficuit by the direct method using the
gusrded hot-piste spparstus mainly because of the heat losses
and experimentsl difficutties. Methods such as the hot-wire
method or the flash method do nNOt present such difficulties,
but their tracesbility is not easy 0 establish and therefore these
methods are not the best for centification. However, the results
of these methods are important as 8 verification of the resuits
of the guarded hot-plate.

9.3 Certification of a chemics! composition

9.3.1. Traceability

in the field of anaslytical chemistry, there is no established
measurement system organized as in the field of metrciogy,
with prwnary and calibestion laborstonies, and measurement
standards available for circulation. The concept of accurscy is
hence more difficult to reach and the traceability is more dif-
ficult 10 realize.

in chemistry, the calibrations in the usual sense are not the
major source of difficuities although the task of the chenvst is
heavier than that of the metrologist. He needs not only physical
standards of mass, volume, tempersture, etc..but aiso stan-
dards of all chemical speciss he has 1o determine : elements,
organic compounds, etc. Each one of these chemical standards
has an uncertsinty (8.¢. impurities) which is sometimes under-
estimated.

The biggest problem is howsver the traceablity of the oversit
anatytical process : the traceability chain is broken every time
the sample is physically or chemically modified in the anatytical
process.

As the variety of sample processing procedures is large, it is not
possible 10 discuss the traceability in general. The following
paragraphs are to be considered only as exampies.

9.3.1.1  Samplie weighing

The ficst step of the analyticsl process is the weighing of the
sample. This does not pose problems of traceability if the
balsnce is periodically calibrated. Human errors are not ex-
cluded but they are not frequent.

$.3.1.2 Sample treximent

Whenever the sample is dissotved or submitted 10 similar treat-
ment, the traceability chain is broken and any uncenainty
evaluation shouid take this into sccount. To establish trace-
ability for that part of the meassurement procedure, a laboratory
must demonstrate the relstionship betweoen the initisl sampie
and the sotution prepared from it. The main questions 10 be
answered are, was the sample totafly dissolved, what were the
losses. were there contaminations ? if the analysis is t0 deter-
ming not one element but a compound, was the compound
changed during the dissolution step? in the case of organic
compounds, the sfficiency of extraction is one of the main
causes of ditficutties.
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Tebie 3 — Trace elements in milk

Vaiues n nenograms per gram
Aret Cortification l
Element Intercomperison compsign Contified
(ronge of resutts! trange of resutts} i
Ce 0.4 10 ¢ 500 1 w ¢ | 29
Mo 0610 4 073w 1277 | 1.0
<) % to8%0 0.4 101128 : 104.%
Cu o 10925 7 10 | 548
Tabie 4 — Results of snalyses of olive-tree lesves
1978 reoults 1981 results
Element v/ Ratio vole l Ratlo
[ 0060% 6.654 %) 0.064 310 0.121 1 22
Y 18 v NI 19 202 w2s l 1.3
) 0,006t 0.7 140 0,247 10 0.6 ! 1.4
Cu 08 1t 1319 264 Q4.2 10 50.8 i 1.2
2n 123 w0 NG 26 14.% t0 177 i 1.2
Mn 04 w 46 15 St 10818 . 1.2

Tebie § — Determinstion of pesticides in powdered miik spiked with certain compounds

Results Quentities sdded
Compound mg/kg Ratio mo/kg

HCH 0.001 w022 20 0.28
a-HCH 0000 10080 L Y on
y-HCH 0.001 1410 0,18 158 0.20
DOE 0.0043 10 0.8 108 0.54
0p'00T 0003 10024 ] -

B-HCH 0.0t t0 0,13 13 0.08
B-HEPO 0001 1009 130 0.12
Dieidrin 0.0t 10 0.104 10 0.10
pp'OOT 0005 10038 n -

—  solution testments, The statistics for the calculstion are the same as shown in ISO

errors included in the cafibrstion curve,

— matching the calibration to the product to analyse
matrix effects, interferonces;

—~ 8 second round of snalyses with the same laboratories
but possibly with 8 material of slightly ditferent compo-
ton:

discussion;
— further rounds of snalyses a3 NOCEsSary.

The procedure described often leads O rejecting soms
methodis) of to sbandoning some laborstories which cannot
improve theit performancse. At the end of this long procedure,
one has 8 set of technically consistent results for which one
calculstes the mean value, and its 95 % confidence interval
{adopted a3 uncentainty). Exsmples of SUCCESSIVe Stages are
given in figures 8 and 7. Statistics are used {0r NO Other pUrPOss
Mtummmtwwmuouﬂhdwcdmu
95 % confidencs intervsl.

Guide 33131,

When the resuits are not consistent, one must conclude that
the technical work is not terminsted and that centification is not
possidle.

it is to be noted that for trace elements of for the certificstion of
impurity levels, the distribution of resuits can be log-normal.
The confidencs intena! cen be non-symmetrical.

NOTES

1 The methodis) used to cenify 8 reference material se sometmes
very difterent from the methods used in routing practics {6.9. 1o cenufy
cortisol in serumn one hes 10 uss GCMS, whie m pracice the
mummhﬁbvmmﬂmvh.hmwhb
imporiant 10 verify that the RM is suitable for use with the routne
method.

in figurs 9, it shouid be noted that only the GCMS resus were in-
tended for certification. The other methods were used 1o verity the
suitability of the RM.
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i, after sampie tresment, the solution is subject o turther
manipulstions {preconcentration, precipitation, #tc.) each step
complicates the tracesbility route and 8dds new possibilities of
losses of contaminstions which must be investigated.

1t is weoll known that some of the parametercs listed here depend
more on the matnx than on the slement or compound o be
determined.

9.3.1.3 Finsl determination

The third step in an snstytical process is the fins! determinastion,
Apart from gravimetry, titrimetry, and coulometry, most
methods, (0r exampie spectrometry and stomic absorption, e
indirect. The mnstrumentstion used for thess measurerments
provides 8 signal which must be correlsted with the concen-
trapon of the substance of interest in the unknown sample.
That correistion is established by means of 8 calibration curve.

Here there are two groups of problemns to consider :

— is any error ntroduced in producing the calibration
curve and what 13 the sccuracy ?

—~ is it cotrect to use that particular calibration curve?

1t we suppose that the calibration can be done by means of
solutions, then the most important parsmeters 10 taks into
account ste

—~ the accuracy of the measurements (mass, volumel
made {or the preparation of the solution;

— the purity of the slements or substances, the stoi-
chiometry of the compounds, etc.;

— the purity of the water or sotvent.

Ercors due 10 the calibeation curve are noOt rare even in gQood
aboratones.

However, 83 pointed out in 9.3.1.4 even larger errors are due to
the fact that users sometimes produce calibrstion curves which
810 NOt 8POIOPrists 10 the solutions they have 10 anslyse; these
are named matrix effects, interferences, etc.

in metrological terms, this could be expressed as follows : sach
laboratory produces for itsalf 8 measurement scale which is not
fufly sppropriste 1o the measurements 1o be made, and each
one produces a ditferent messurement scale.

9.3.1.4 Matrix otfoct

The responss of 8 particulsr slement 10 8 measurement process
{e.g. spectrometry, atomic absorption) may depend on the
solution (viscosity, conductivity, ionic strength) or on the ions
present in it (interferences).

Besides 8 large number of such cases in inorganic ansiyses,
sovers matrix effects ar¢ found in clinical chemistry, where
some methods designed 10 anaslyse 8 serum can be wrong for
aqueous solutions. Foc such methods the calibestion should be
done with human serum; if this is not possible, the validity of
any other mstrix should be demonstrsted.

in this respect the term “calibrant” used dy diochemists can be
mislesding. Similarty, in inorganic chemstry, 8 calibranon sol-
ution should simutste very closely the soiution to be analysed.

9.3.2 Coertification work

The task of sny laborstory participsting in an exercise 1o cenrly
s new reference materisl inciudes the study of the parameters
mentioned in 9.3.1. A full study requires the comparison of dif-
ferent methods of sample trestment snd dfferent methods of
determingtion. This can, howsver, be best done collectively in
order to have the collaborstion of experienced specislists n
sach method. In eddition, for each method thers should be
moce than one laborstory in order 10 svoid systematic errors
due to laboratory etfects or operstor effects. It can be pointed
out that ecrors {0.g. those due 10 contaminstions) can only be
detected by comperison of results from ditferent laborstories.

The need for scrutinizing cerefully the results of the ditferent
participants can be illustrated by the sxampies given in tables 3
and 4, which are rather typical of trace slement snslysis st very
low leveis. The laborstories otten find vaiues which sre 100 high
becsuse they sl produce some contaminstion.  one too
quickly sdopted the mean value of therr results, one would
have & systematic eror by excess, and 3 reference matonal
totalty unrefisble from the point of view of traceaddity. This ex-
plains why the procedure proposed 10 approsch accuracy is
composed of several steps in which the participants discuss all
sources of errors in st parts of the anatyvtical procedure and
then try t0 reduce them. Analyses sre then repested (possidbly
not on exactly the same samples) and the resuits are discussed
agein 88 many times a8 necessdry to reach sutficent con-
vergencs.

The need for seversl laboratories also exists in the case of so-
catted “‘definitive’ methods like IDMS. For one particutar deter-
mination there may be more then one “definitive” method, or
sevecsl varistions of 8 definitive method; it is of courss essential
10 verify that they provide the same result and this is not
necessacily the case. i, after detailed companison of the resuits
of seversl laborstories, it is NoOt possible to identify errors, the
varistion of results (between taboratories) represents the uncer-
tainty of the technique in the current state of the ant. Working
with one single laborstory would perhaps lead 10 & smalier
spread of results but this would not necessanly represent the
resl uncertainty.

To surmmarize, the certification work in accordance with the
approach proposed here wouid include the following steps for a
homogeneous and stable material :

- oxXamingtiof?, with experienced Lborstories, of the
most reliable (accurste) methodologies for the snalysis of
the element or substance in the particular matrix con-
sidered;

- aﬁmroundofmhfﬁ:
-~ & detailed discussion of the results with sl participants

to try to discover explanstions of the differences; particular
sttention is given to

-  sample trestment,
— possible losses, contaminations,
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2 For the preparation of 8 refersnce metensl in the deomaedics! field n
paruculer. bicod serum 8 Ueated with stabiizng sgents or @ tyophd.
@ed. It 18 then sssantisl 10 venty the sppropnatentss of the referencs
matensl sfter thess trestments.

9.4 Caentification of conventions! properties

in chemistry, biochemistry and other technologies, many prop-
erties are Oefined only by 8 method, 8 test procedure of par-
ticular equipment. Exsmples are mechanical properties of
maeterisls, activity of enzymes, etc. The results of thess
measurements or tests can be subject 1o great variability with
hesvy 6CONOMIC CONSBQUENCES.

As in any Other messurement, the resufts depend on the way in
which the procedurs is spplied. However, the procedure is not
siways described in sl necessary details in the written stan-
dards and the opersior has no means of verifying if the way he
has interpreted and spplied the procedure is correct. Hence the
need for the reference matexial.

The diagrams in figure 10 show results of determination of the
asctvity of an enzyma (y-glutamyitransierase) in an sibumin
matrix with the same IFCC method. Laboratories shown on the
right-hand side had previous training with the method.
Laboratories on the leh-hand side were high-level scientific
1aboratornies but with no previous experiencs in the method.
While the two upper disgrams in figure 10 relate to one
material, the bottom disgram concems 3 different materisl.

Similarly, where 8 test depends on the use of a particular
machine or equipment it is possible, but extremely time-
consuming and expensive, 10 verify that the machine sstisfies
afl specifications. A simple way 10 by-pass this is 10 measure of
test a relerence sample. If the results are satisfactory, it means
that the machine is in good condition snd that therefore the
resuits can be considered traceable 10 the measurement scale
established by the relevant written standard.

Of course, the centification work to estabiish reference
materials for such properties Of Measurement scales requires
the application of the same principles a3 sxplained befors. The
measurements of thess parameters, which may be mass,
volurne, length or tempersture, must themseives be accurate
and tracasble and thersfore may require extensive wibmiqn.
Considerable effort is often necesssry 1o investigate the in-
fiuence of the various parsmeters of the procedures and of the
equipment on the measurement results. The verifications and
calibrations must be done independently in a few, i not
several, laboratories in order 10 avoid 8 uniform biss that would
appear ss 8 good sgreement and give an illusion of accuracy.

9.6 Use of reference materials for establishing
traceabllity

in 9.3.1, 8 review was goven of 8 number of parameters that 3
faborstory should control and verty 10 ensure the tracesbility of
the determinations. To Go this in sl necessary details i3 very
hatd work.

This can be considecably simplified by the use of 8 certified
teforence material of estadlished tracesbility. The reference
material must be sufficientty simier (in matnx! to the sctual
sample 10 be analysed in order 10 inciude off analytical prodlems
which might cause orors in the determinstions. Of course, the
user shouid apply 10 the reference materisl the same analytical
procedure as for his unknown sample.

When the taboratory using such & teference materisl finds only
8 negligible difference with the centification value, this indicates
both that the result is accurate and that it is tracesbls to the
fundsmentasl measurement scale. If the ditfecence 8 not
accoptable, it indicstes that the measurement procedurs in-
cludes errors which must be identified and eliminsted. it is sug-
gested that the most critical steps subject 0 errors are the
sample treatment snd the matching of the calibration.

Hence the role of the referencs material is comparadle 0 that of
the transfer standards used in metrology laboratories in in-
dustry, in that it allows working with 3 specified margin of
uncenasinty.

The reference materials 3iso0 make it possible to establish the
uncentainty of 8 masasurement {or anatytical determinations or
technological testing.

The importence of 8 certified refersnce materiat goes therefore
beyond the definition of the reference material given in IS0
Guide 30121,

A reference matenal is used not only

— for calibration of sn spparstus,

— for the verificstion of 8 messursment procedure,
but siso

— for establishing traceadility of the measurement resuits,
— for determining the uncerinty of thess results.

Finslly, one should not forget that the use of 8 reference
matensl does not eliminate completely the imponance of
sudits, the purpose of thess being to verify thet no mistake is
made in the use of the RM.
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LEGEND
(Appendix B)

Reported Result

Method Number

Microwave/Atomic Absorption Spectrometry

Hotplate/Atomic Absorption Spectrometry
Microwave/Inductively Coupled Plasma Emission Spectrometry
Hotplate/Inductively Coupled Plasma Emission Spectrometry
Laboratory XRF

(S SR PR S I
I

Code Assigned to Laboratory

Analytical Method

AA = Atomic Absorption Spectrometry

ICP = Inductively Coupled Plasma Emission Spectrometry
XRF =  Laboratory XRF

Extraction Method
NIO = NIOSH Method 7082
EPA = EPA/AREAL Method



List of Participating Laboratories by Method

08S METH LAB ANAL EXTR
1 1 10 AA EPA
2 1 11 AA EPA
3 1 12 AA EPA
4 1 13 AA EPA
5 1 14 AA EPA
6 1 15 AA EPA
7 1 16 AA EPA
8 2 20 AA NIO
9 2 21 AA NIO
10 2 22 AA NIO
11 2 23 AA NIO
12 2 24 AA NIO
13 2 25 AA NIO
14 2 26 AA NIO
15 2 27 AA NIO
16 2 28 AA NIO
17 3 30 ICp EPA
18 3 31 ICP EPA
19 3 32 ICP EPA
20 3 33 ICP EPA
21 3 34 ICP EPA
22 3 35 ICP EPA
23 3 36 ICP EPA
24 3 37 ICP EPA
25 3 38 ICP EPA
26 4 40 ICP NIO
27 4 41 ICP N10
28 4 42 ICP NIO
29 4 43 ICP NIO
30 4 44 ICP NIO
31 4 45 ICP NIO
32 4 46 Icp NIO
33 4 47 1CP N10
34 4 48 ICP NIO
35 4 49 ICP N1O
36 5 50 XRF N/A
37 5 51 XRF N/A
38 5 52 XRF N/A
39 5 53 XRF N/A
40 5 54 XRF N/A
41 5 55 XRF N/A
42 5 56 XRF N/A



LABORATORIES PARTICIPATING IN EPA/RTI ROUND-ROBIN

Alpha Analytical Labs
8 Walkup Drive
Westboro, MA 01581
Ms. Kathleen O’Brien
(508) 898-9220

American Medical Laboratories
11091 Main Street

Fairfax, VA 22030

(703) 802-6900

Azimuth, Inc.
9229 University Blvd.
Charleston, SC 29418
(803) 553-9456

Clayton Environmental Consultants
1252 Quarry Lane

Pleasanton, CA 94566

Mr. Ron Peters

(510) 426-2641

Clayton Environmental Consultants
22345 Roethel Drive

Novi, MI 48050

Ms. Ellen Coffman

(313) 344-1770

EOHSI

681 Frelinghuysen Road
P. O. Box 1179
Piscataway, NJ 08855
Dr. Clifford Weisel
(908) 932-0154

ESA Laboratories, Inc.

Industrial Hygiene Analytical Laboratory
43 Wiggins Avenue

Bedford, MA 01730

Mr. Paul Ullucci

(617) 275-0100



Galson Technical Services
Industrial Hygiene Laboratory
6601 Kirkville Road

East Syracuse, NY 13057

Ms. Mary Withrow

(315) 432-0506

IT

5103 Old William Penn Hwy.
Export, PA 15632

Mr. Lyle Linsenbigler

(412) 731-8806

Keystone NEA Environmental Services
. 12242 SW. Garden Place

Tigard, OR 97223

Mr. Thomas Nadermann

(503) 624-2773

Lawrence Livermore National Laboratory
Hazards Control Laboratory

7000 East Ave. P. O. Box 808 1.-383
Livermore, CA 94550

Mr. Ray Szidom

(415) 423-7348

Liberty Mutual Insurance Company
Industrial Hygiene Laboratory

71 Frankland Road

Hopkinton, MA 07148

Mr. Ken Muzal

(503) 435-9061

Maryland Department of Health and Mental Hygiene
Division of Clinical Lab Services

Lead Lab, Room 509

201 W. Preston

Baltimore, MD 21201

Ms. Marilyn Gallagher

(410) 225-6184

Massachusetts State Laboratory Institute
Environmental Lead Laboratory/Room 311
305 South Street

Jamaica Plain, MA 02130

Ms. Phyllis Madigan

(617) 522-3700, Ext. 363



Materials Analytical Services
2418 Blue Ridge Road, Suite 105
Raleigh, NC' 27607

Mr. Don Porterfield

(919) 881-7708

Metro Denver Wastewater Reclamation
6450 York Street

Denver, CO 80229

Ms. Molly Lee Castleberry

(303) 289-5941

Midwest Research Institute
425 Volker Blvd.

Kansas City, MO 64110
Dr. John Stanley

(816) 753-7600, Ext. 160

National Loss Control Service Corporation
Environmental Sciences Laboratory

Rt. 22 and Kemper Ctr.

Long Grove, IL 60049

Ms. Joan A. Wronski

(800) 323-9585

NIOSH

Alice Hamilton Laboratories, R-8
4676 Columbia Parkway
Cincinnati, OH 45226

Mr. Peter Eller

(513) 841-4256

OWMC Laboratory

555 North Service Road
Burlington, Ontario L7L5H7
Mr. Joe Lesko

(416) 332-6711

Pennsylvania Department of Environmental Resources
712 Maryland Avenue

Erie, PA 16505

Mr. Gary Manczka

(814) 871-4291



Research Triangle Institute
Analytical and Chemical Sciences
P. O. Box 12194

Research Triangle Park, NC 27709
Dr. Margaret Martin-Goldberg
(919) 541-7211

Roche Analytics Laboratory
P. O. Box 25249

Richmond, VA 23260

Ms. Sue Salkin

(800) 888-8061

SRI International

Physical and Analytical Chemistry Laboratory
333 Ravenswood Avenue

Menlo Park, CA 94025-PS-177

Ms. Helen Parish

(415) 859-6177

Swanson Environmental
3150 Brookfield Road
Brookfield, WI 53045
Ms. Rosemary Dinen
(414) 783-6111

UEC Laboratories

4000 Tech Center Drive, MS#15
Monroeville, PA 15146

Mr. Mark Banister

(412) 825-2400

University of Cincinnati Medical Center
Department of Environmental Health
Kettering Laboratory Analytical Section
3223 Eden Ave., ML-56

Cincinnati, OH 45267-0056

Ms. Sandy Roda

(5613) 558-1705

U.S. AEHA

Bldg. E, 2100

APGEA

HSHB-ML-R-M

Aberdeen Proving Ground, MD 21010
Mr. Dave Rosak

(410) 671-2619



U.S. Department of Labor/Salt Lake Technical Center
P. O. Box 65200

Salt Lake City, UT 84165-0200

or

1781 S. 3rd West

Salt Lake City, UT 84115

Dr. Ray Abel

(810) 524-4270

U.S. Environmental Protection Agency, EMSL/Las Vegas
Environmental Programs Office

Lockheed ESC

1050 E. Flamingo Road

Suite 120

Las Vegas, NV 89119

Dr. Harold Vincent/Ms. Dawn Boyer

(702) 798-2129

U.S. Environmental Protection Agency, EMSL/Las Vegas
Methods Research Branch

944 E. Harmon Street

Las Vegas, NV 89119

Mr. Thomas Hinners

(702) 798-2140

U.S. Environmental Protection Agency
Region VII

25 Funston Road

Kansas City, Kansas 66115

Mr. Raymond Paus

(913) 551-5155

Wisconsin Occupational Health Laboratory
Department of Hygiene

979 Jonathon Drive

Madison, WI 53713

Mr. Terry Burke

(608) 263-6550



Appendix C

Standard Operating Procedures



Appendix C-1

AAS/ICP SOP - "Standard Operating
Procedures for Lead
in Paint by Hotplate- or Microwave-based
Acid Digestions and Atomic Absorption or
Inductively Coupled Plasma Emission
Spectrometry"




RESEARCH TRIANGLE INSTITUTE LR_I_I,

Center for Environmental Measurements and Quality Assurance

March 18, 1992

Ms. Kathleen O’Brien
Alpha Analytical Labs
8 Walkup Drive
Westboro, MA 01581

Digestion Methods: NIOSH 7082 and EPA/AREAL
Analysis Method: ICP

Dear Ms. O’Brien:

Please find enclosed the RTI report, "Standard Operating Procedures for Lead in Paint
by Hotplate- or Microwave-based Acid Digestions and Atomic Absorption or Inductively
Coupled Plasma Emission Spectrometry." The report describes protocols to be followed for
digestion of paint and dust samples by the the NIOSH 7082 (Hotplate) and EPA/AREAL
(Microwave) methods for the EPA/RTI round robin. Paint and dust samples are being
shipped under separate cover.

Once again, thank you for your participation in the round robian.
Sincerely,

Nlwans

Emily Williams

Post Office Box 12194 Research Triangle Park, North Carolina 27709-2194
Telephone 919 541-6914 Fax: 919 541-5929
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It has been approved for publication as an EPA document. Mention
of trade names or commerclal products does not constitute endorse-

ment or recommendation for use.



1.0 PRINCIPLE AND -APPLICABILITY
1.1 SCOPE AND APPLICATION

The adverse health effects resulting from exposure of young
children to environmental lead has recelved Increasing attention In
recent years. Studies have shown that chronic exposure even to low
levels of lead can result In Impalirment of the central nervous
system, mental retardation and behavioral disorders. Al though
young chlldren are at the greatest risk, adulits may suffer harmful
effects as well,

The major sources of exposure to lead In housing units are
thought to be paint, dust and soilil. Food, water and ailrborne lead
are also potential sources but are considered to be minor avenues
of exposure. Though soll and dust serve as the principie vehicles
of direct exposure, !ead-based paint Is receliving emphasis as the
source of lead In these two media and Is the focus of this
document.

Under Section 302 of the Lead-Based Paint Poisoning Prevention
Act, as amended, Public Housing Authoritlies (PHAs) are required, by
1994, to randomly inspect aiil thelr housing projects for lead-based
palnt‘. Currently, the device most frequently used for testing In
housing Is the portable x-ray fluorescence (XRF) spectrometer,
which gives rapld resuits and |Is non-destructive. However,
uncertalinty In accuracy and precision of XRF measurements Is a
ma jor problem, especially at and beiow the abatement Ilevel for
paint, l.e., 5000 pug/g or 1 mg/cmz.2 Inconciusive XRF measurements
currently must be confirmed In the iaboratory using a more accurate
method such as atomic absorption spectrometry (AAS) or Inductively
coupled argon plasma emission spectrometry (ICP). Thls standard
operating procedure describes use of these two methods for
determination of lead In paint,.

1.2 SUMMARY OF METHOD
1.2.1 Sampling and Measurement

Paint chips will be collected In the fleld according to HUD
guldellnes.2 The collectlion of blank paint film samples will also
be per formed whereln these blanks consist of non-lead-based paint
(as determined by XRF or some other screening technique) collected
in the vicinity of the lead-based paint.

Lead In the paint is solublilized by extraction with nitric
acid (HNO3) and hydrogen peroxide (H,0,) facilitated by heat
(modi fication of NIOSH 7082)3, or by a mixture of HNO3z and hydro-

1



chloric acld (HCI) facllitated by microwave energy.*

The lead content of the sample |Is mesasured by atomic absorp-
tion spectrometry (AAS) using an air-acetyiene flame, the 283.3 or
217.0 nm lead absorption Iine and the optimum Instrumentail
conditions recommended by the manufacturer. Alternativeiy the ilead
Is measured by Inductively coupied argon piasma emission spectrome-
try (iICP), the 220.35 nm emission line, and the optimum instrumen-
tal conditlions recommended by the manufacturer,

1.2.2 Range, Senslitivity and Method Discrimination Limit

The values gliven below are typical of the method's capablil| |-
ties. Absolute values wilil wvary for |Individual situations
depending on the compiexity of the paint sample, the type of
Instrument used, the lead |ine and operating conditions.

1.2.2.1 Range--

Using the NIOSH method (without additional dilutions), a
typlcal sample analysis range for AAS Is 1000 - 20,000 pg Pb/g
(0.10 - 2%) assuming the iInstrument is |inear up to 20 pg/mL, while
for ICP, the typical range Is 100 - 200,000 pg Pb/g (0.010 - 20%)
assuming the Instrument Is |inear up to 200 pg/mL. A palint sample
mass of 0.1 g and a solution volume of 100 mL Is assumed for
determination of both of these ranges.

Using the microwave method (without additional dilutions), a
typical range for AAS |Is 200 - 4,000 pg Pb/g (0.020 ~ 0.4%) while
for ICP, the typical range is 20 - 40,000 pug Pb/g (0.002 - 4.0%).
The upper |inear ranges and samp!e mass are assumed to be the same
as presented In the previous paragraph; the solution voiume |Is

assumed to be 20 mlL. In order to anaiyze high levels of lead by
AAS In samples prepared using the microwave method, the samples
will need to be dlliuted. A 1 to 5 dilution will extend the | lnear

range to 20,000 pg Pb/g (2.0%).
1.2.2.2 Sensitivity--

Typlcal AAS sensitivities for 1 percent change in absorption
(0.0044) absorbance units) are 0.2 and 0.5 g Pb/mL for the 217.0
and 283.3 nm' | ines, respectively. ICP sensitivity is a function of
the photocurrent integration time as well as other Instrumental
parameters. However, an Indication of ICP sensitivity at a given
wavelength Is the ratio of net analyte intensity to background
anaiyte Intensity, I,/l,. For the 220.35 nm line, a reasonable



value for this ratio i{s 50 - 100, which would result In a detection
Iitmit of approximately 0.050 ug/mL (50 ppb).5

1.2.2.3 Method Discrimination Limit (MDL)--

A typlcal MDL for AAS Is 500 g Pb/g and for ICP Is 50 ug Pb/g
using the HNO3/H O, hotpiate method and for AAS is 100 ug Pb/g and
for ICP Is 10 pg Pb/g using the HNO3/HCi microwave method. The
smaliest mass of lead that can be detected by flame AAS (assuming
a solution volume of 100 mL) is 100 gg while the smalliest mass of
fead that can be detected by ICP (assuming a volume of 100 mL) |Is
.10 pg. These values were calculated as equivatent to twice the
within-laboratory standard deviation obtained for the Ilowest
measurable iead concentration Iin a test of the method.s'7 A paint
sample weight of 0.1 gm Is assumed.

1.2.3 Iinter ferences

Interferences for AAS and ICP can be manufacturer and model
speclfic. The following are general guldelines.

1.2.3.1 AAS--

1.2.3.1.1 Chemical Interferences—--Chemical Iinterferences,
that is Interactions between molecular and/or ionic speclies during
the absorption process, are not expected and therefore no correc-
tion for chemical Interference Is glven here. If the analyst
suspects that the samplie matrix is causing chemical interference,
the interference must be verifled and corrected by carrying out the
analysis with and without the method of standard additions.’

1.2.3.1.2 Light Scattering-~Nonatomic absorption or light
scattering, produced by high concentrations of dissolved sollds In
the sampflfe, can produce a significant Interference, especially at
low tead concentrations. The interference Is generally greater at
the 217.0 nm line than at the 283.3 nm |ine. Light scattering
inter ferences can be corrected instrumentalily. Since the dissolved
solids can vary depending on the origin of the samplie, the
correction may be necessary, especialily when using the 217.0 nm
line. Dual beam Instruments with a contlnuum source glve the most
accurate correction. A less accurate correction can be obtained by
using a nonabsorbing lead line that |s near the lead analytical
line. information on use of these correction techniques can be
obtalned from Instrument manufacturers’' manuals.



| f the instrumental correction Is not feasible, the effects of
the Interference can be eliminated through a preliminary separation
of the lead from the samplie extract. The lead is compliexed by
ammonium pyrrolidinecarbodithionate and the complex then extracted
into methyl isobutyl ketor\e.8 The complex-ketone solution Is then
analyzed directiy by atomic abscrption spectrometry.

1.2.3.2 ICP~~

1.2.3.2.1 Spectral interference--The efficient excitation of
samp le constlituents at high temperature resuits in the possibility
of spectrail overlap Interferences. A mathematical correction can
be applied for the Interference |f the Iinterfering element and the
magnltude of the interference are determined. As an alternative,
an interference-free |ine may be chosen [f the line exhibits an
adequate detection {imit. Background shifts due to stray light,
{ine broadening and recombination continuum and other less well-
def ined sources, require correction by background measurement near
the analysis line. This correction normaily iIs done dynamically
within the instrument.

1.2.3.2.2 Physical Interferences--Paint digest samples may
contain species that affect the efficlency of nebullzation with
respect to standards when matrix matchling Is not posslibie. The
exlistence of physical interferences may be checked for by using the
method of standard additions. it has been observed that the high
concentrations of dissolved materials In paints may depress the
lead values. This effect can be tested by analyzing a set of
serial dilutlions of the original digest. An Increase Iin the value
(properly corrected for the dilution) Indicates a matrix effect.

1.2.3.3.3 Chemical Iinterferences--Chemical |Interferences,
that Is, iInteractlions between moliecular and/or lonic species during
the emission process, are Iinsignificant for (CP because of the
completeness of destruction of the samplie by the high energy of the
plasma.

1.2.4 Precision and Bias

Precision of sampling of paint chips Is principally dependent
upon the number of layers of paint in the chip and the variabliity
in the thickness of these layers, some of which may contain more
fead than others. No typical value for samp!ing precision has been
establi ished.



The combinad extraction-anaiysis relative standard deviations
are as'follows:7

HNO,./H 0, Hotplate Extractlion

1CP 6 - 10% (at >300 ug Pb/g)

AA 4 - 8% (at >1000 pg Pb/g)

HNO,/HC| Microwave Extraction

icP 2 - 6% (at >300 pg Pb/g)
AA 2 - 4% (at >1000 pg Pb/g)

Single laboratory experiments Indicate that there Is no
signiflcant difference In lead recovery between the hotplate and
microwave extraction procedures, and recovery of lead from
synthetic palnt samplies and NBS SRM 1579 (lead In paint) was found
to be greater than 90 percent in an interlaboratory study.7
2.0 APPARATUS
2.1 SAMPLING

The paint sample collection apparatus is described in Section
A.5.3.1. of the HUD Gulidelines.?

2.2 INSTRUMENTAT ION

2.2.1 Atomic Absorption Spectrophotometer

Fiame atomi{zation spectrophotometer equipped with [(ead hol iow
cathode or electrodeiess discharge lamp. Perkin Elmer Model 603 or
equivalent may be used.

2.2.1.1 Acetylene--

The grade recommended by the instrument manufacturer should be
used. Change cylinder when pressure drops beiow 50 - 100 psig.

2.2.1.2 Alr--

Flitered to remove particulate, oll and water.



2.2.2 Alternatively, Inductively Coupled Argon Plasma Emission

Spectrometer

Computer~control ted plasma emission spectrometer with
background correction and radlio-frequency generator. Leeman Labs
Plasma Spec ICP 2.5 or equivalent may be used.

2.2.2.1 Argon Gas Suppily--

Ensure that adequate argon, water and electrical power are
available. Liquld argon Is the most desirable source of argon,
especially for dally use from a cost and |labor perspective. |f gas
i{s used, ensure adequate purlty.

2.2.2.2 Coollng Water—--

Recirculating or fresh water that meets fiow rate and
temperature speclifications.

2.2.3 Hotplate

Surface temperature, 140°C.

2.2.4 Alternatively, Microwave Digestion System

Nomina! 600 watts power. Inciudes turntable, 120 mL Teflon
vessels and Capplng Statlion. CEM Corporation MDS-81D or equivaient
may be used. The power avallable for heating Is to be evaluated
weekly. This quallity control function Is performed to determine
that the microwave has not started to degrade and that absolute
power settings (watts) may be compared from one microwave unit to
another.

This power evaluation (s accompiished by measuring the
temperature rise In 1 kg (1.0 liter) of water exposed to microwave
radlation for a fixed perlod of tlme.9

The water Is placed in a TeflcnR beaker and stirred before
measur ing the temperature. The beaker Is clrculated continuously’
through the fleld for 2 minutes with the unit at full power. The
beaker |s removed, the water vigorousiy stirred, and the final
temperature recorded. The flnal reading Is the maximum temperature
reading after the energy exposure. These measurements should be
accurate to + 0.1°C and made within 30 sec of the end of heatling.

The absorbed power Is determined by the foilowing retationship

P« (K) (Cp) (m) (AT)
t

6



P = the apparentqpower absortced by the sampie In watts (W).
(W= JOouiedssec™')

K = the conversion factor for thermochemical calorles-secd
toO W (=4,184)

Cp = the heq apacity. thermal! capacity, or specific heat
(caleg™®*eC™’), of water

m = the mass of the water sample In grams (g).

AT = Tf, the final temperature minus T!, the initia! tempera-
ture (*C), and

t = the time In seconds (s).

Using 2 minutes and 1 Kg of distiiled water, the calibration
equation simpliifies to: P = (AT) (34.87).

The microwave user can now reiate power In watts to the
percent power setting of the unit,.

2.2.5 Apparatus - HNO./H 0, Hotpliate Digestion

Beakers: Phillips, 125 mL or Griffin, 50 mL with watchglass
covers.

voilumetric Fliasks: 200 and 100 mL.

Assorted Volumetric Pipets: As needed.

Bottlies with caps: Linear Pplyethylene, 100 mL.

NOTE : Only borosilicate, Class A glassware is to be used.

Also, before use, all labware shouid be scrupuliousliy cieaned. The
recommended procedure |s:
1. wWash with hot, taboratory detergent solution or uitrason-
icate with laboratory detergent sofution.
2. Rinse and then soak a minimum of 4 hours In 50% V/V
nitric acid,.
3. Rinse 3 times with doubly delonized water.

2.2.6 Apparatus - HNO:/HCI Microwave Method

Centrifuge: international Equipment Company Model!l UV or

equivalent.
Centrifuge Tubes: Oak Ridge 30 mL polysul fone tube, polypro-
pylene screw closure, Naigene 3115-0030 or equlvaient.

Pipette, Automatic Dispensing Class A: SMI incorporated
Unipump 200 or equivailent.
Shaker, Mechanical: Eberback Corporation 6460 or equivaient.



2.2.7 Reagents - HNO3/HO, Hotpiate Digestion

Nitric Aclid: Concentrated, spectrographic grade

Nitric Aclid, 10% (W/V):, Add 100 mL concentrated nitric acid
to 500 mlL deionized water; dilute to 1iL.

Hydrogen Peroxide: 30% HO,, W/W, ACS reagent grade.

Doubly Delonlzed Water: Bullding water passed through a
Polymetrics, 3 cartridge system or equivalent, then through a
Miltlipore Corporation Milii-Q delonlizer or equivalent, and having

a minimum of 15 megohm-cm resistivity.

2.2.8 Reagents ~ HNO3/HC1 Microwave Dligestion

Doubly Deilonlzed Water: Building water passed through a
Polymetrics, 3 cartridge system or equivaient, then through a
Mitii-Q delonlzer or equivatent, and having a minimum of 15 Megohm-
cm resistivity,

Mydrochloric Acld: Concentrated, ACS reagent grade.

Nitric Acid: Concentrated, spectrographic grade.

Extraction Solution: iIn a 1 (iter voiumetric flask, combine
in order and mix well: 500 mL doubiy deionized water, 55.5 mL oOf
concentrated spectrographic grade nitric acid (16.0 N) and 167.5 mL
of concentrated hydrochioric acld (12.3 M). Cool and dilute to 1
liter with doubly deionized water.

CAUTION: Nitric Acid and hydrochloric acid fumes are toxlc.
Prepare in a well ventilated fume hood.

2.2.9 Reagents - Measurement

Master Stock Solution: 1000 g Pb/mL. Commercial standard;
ailternatively, welgh out 1.5985 g ACS reagent grade Pb(NOj3) that
‘has been drled for two hours at 110°C and dissoive In 200 mL water
in 1 L volumetric flask. Add 10 mL concentrated HNO; and dilute to
volume wlith water. Store In a Ilinear poliyethylene or Teflon
bottie. Stabie - one year.

3.0 PROCEDURE
3.1 SAMPLE PREPARATION

Flnal results may be reported Iin area concentration (mg/cmz)
or mass concentration (gg/gm). i{f area concentration |Is desired,
be sure that areas are provided for each paint chip. Then proceed
to welgh each total! chip sample; only a fraction will be taken for
analysis and finai concentration wiiil be determined by relating
fractional mass to total mass.



Cut the paint chips iInto small pleces using a sharp blade{
or atternatively, crush them in a beaker using a glass rod, The
sample may be further ground to a fine powder using a mortar and

pestie. Alternatively, a small motorized hammermill or other
grinding device may be used. Reducing the sample to a fine powder
further assures that the extraction methods wiill be acceptably

efficlent.

3.2 SAMPLE EXTRACTION
3.2.1 HNO,/H,O, Hotplate Extraction

Weigh out 0.1 g (nearest milligram) of sampie Into a 50 mL
beaker or 125 mL Philiips beaker. Add 3 mL concentrated HNO3; and
1 mL 30% H)0; and cover with a watchglass. Start a reagent blank
at this step. Heat on a hotplate (140°C) until most of the acid
has evaporated. Remove the sample from the hotplate and aliow It
to cool. Repeat this process two more times using 2 mL concentrat-
ed HNO; and 1 mL 30% HO, each time. Flnally, heat on a 140°C
hotpilate unti! the solution |Is near dryness.

Rinse the watchglass and walls of the beaker with 3 to 5 mL
10% HNO3. Allow the soilutlion to evaporate gently to dryness. Cool
each beaker and add 1 mL concentrated HNO3 to the reslidue. Swirl
to dissolve soluble species. Next perform fllitration, which should
take place under the hood. Use a wash bottle flliled with deionized

water for rinsing. Set up the glass funnels over 100 mL pre-
labeled volumetric flasks. in each funnet, place a folded Whatman
#54 fllter paper. Before flltering, wet fliter paper and rinse

glassware with about 20 - 30 mL of water. Discard waste rinse. To
fllter, decant the liquld from the sample first, then pour the
sol lds onto the fllter. Once this has drained, wash the beaker
with 3 smaill (3 mL) portions of water, adding each wash to the
fiiter paper. Rinse the filter paper with 3 smali (3 mL) portions
of water. After the flliter paper Is thoroughly drained, It Is
discarded. Rinse the glass funnel with one small portion of water.
Dilute to voiume with delonized water. The sample Is 1% In nitric
aclid. Caution: Nitric acid fumes are toxic.

3.2.2 HNOy/HC!I Microwave Extractlion

Welgh out 0.1 gram (nearest millligram) of sampie into a 30 mL
polysulfone Oak Rldge centrifuge tube. Add 10 mL of extraction
solution (Section 2.2.8) using Class A automatic dispensing pipette



(SM| Incorporated Unipump 200 or equivalent). Cap the tube
tightiy.

Plpette 31 mL of double delonlzed water into a 120 ml. Teflon
microwave digestion vessel. Piace an Oak Ridge centrlfuge tube
contalining the sample in the 120 mL Teflon microwave dligestion
vessel. Place a safety valve and cap on the vesse! and tighten the
cap using the cappling station. FIill the microwave turntable with
12 vessels containing the centrlfuge tubes. Put the flliled
turntable in the microwave oven; activate the "on"* switch and the
"turntabie” switch. Set the exhaust fan to maximum speed. Program
the microwave oven for a time of 23 minutes and a power of B1% (522
watts) and press the “"start" button.

At the end of the program, remove the turntable containing the
mlicrowave vessels and cool It In tap water for 10 minutes. Open
the microwave vessels and discard the water they contain. Open the
Oak Ridge centrifuge tubes and add 10 mL of doubly delonized water
using a Class A automatic dispensing pipette (SMiI Incorporated
Unipump 200 or equivalent). Cap the tubes tightly and mechanically
shake 5 minutes. Centrifuge 25 minutes at 2000 RPM (internationatl
Equipment Company Model UV or equivailent). Open the centrifuge
tubes and decant or pipette off the clear solution Into an acid
clieaned 20 mi. scintillation vial for analysis. Use a sample voiume
of 20 mL to cailculate analytical results. The sampie is 1.03 M in
hydrochioric aclid and 0.45 M in nitric acid.

NOTE: The sample soilutions may need to be further diluted to stay
within the linear calibration range.

4.0 ANALYSIS
4.1 AAS-CALIBRATION
4.1.1 Working Standard, 20 gg Pb/mL

Prepare by diluting 2.0 mL of the 1000 pg/mL master stock
solution (Section 2.2.89) to 100 mL In 1% HNO3; If the HNO3/H,04
hotpiate extraction was used, or 0.45 M HNO3/1.03 M HCI |[f the
HNO3/HC | microwave method was used. The working standard shouid be
prepared at least weekly; daliy preparation Is preferred.

4.1.2 Callilbration Standards

Prepare daily by diiuting the working standard, as indicated
below with acid solution to match the sampie matrix (1% in HN03<:r
0.45 M HNO3/1.03 M HCl). Other lead concentrations may be used.
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Volume of 20 pg Pb/mbL working Final Concentra-

standard, mL volume, mL tion, g Pb/mlL
0 100 ¢}
5.0 100 1.0
25.0 100 5.0
§0.0 100 10.0
100.0 100 20.0

4.1.3 Callbration Curve

The calibration curve may be manualiiy plotted, determined with
a hand catlculator using |inear regression analysls or calculated

automaticalily. Some automatic systems wiill simply dispiay the
analysis resulits caiculated by the Internal electronics and/or
computer. Other, more compiex systems will|l alliow selection of the
curve fltting function (e.g., |lnear, polynomial, segmental) and
provide values for the function constants (e.g., slope and
intercept for the Ilinear function y = mx + b). When first

calibrating the system or after any significant change to or work
on the Iinstrument, a manually plotted standard curve shouild be
compared to the standard curve calculated from the mathematical
function. Any difference In the curves of more than 10% needs to
be Iinvestigated and corrective action taken. Such action may
Iinclude selection of a different curve fitting function.

4.2 ICP - CALIBRATION
4.2.1 Working Standard, 100 pg/mL

Prepare by dliiuting of 10.0 mL of the 1000 pg/mL master stock
solution to 100 mL In 1% HNO3; |f the HNO3/H O, hotpiate extraction
was used or 0.45 M HNO3/1.03 M HC!I I f the HNO3/HCI microwave method
was used. The working standard should be prepared at least weekly;
dally preparation is preferred.

4.2.2 Callbraflon Standards

Normally 2 to 5 standards are used for |ICP callibration.
Typlcai concentrations are shown below. Prepare dally by difuting
the working standard, as Indicated below.
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voiume of 100 ug Pbs/ml working Flnal Concentra-

standard, mL volume, mi tion, pg Pb/mL
0 100 o]
1.0 200 0.5
3.0 100 3.0
10.0 100 10.0
30.0 100 30.0
100.0 100 100

Higher lead concentrations may be used as long as |inearity of
response Is maintained.

4.2.3 Callbration Curve

The calibratlion curve (Integrated photocurrent [or equivalent])
vs concentration) will be calculated automatically. When first
callbrating the system or after any significant change to or work
on the Instrument, a manuaily plotted standard curve should be
prepared and then compared to the standard curve calculated by the
system.  Any difference In the curves of more than 10% needs to be
Iinvestigated and corrective action taken,

4.3 QUALITY CONTROL PRIOR TO SAMPLE ANALYSIS

Quallity control Is necessary to assure that resulting data are
of adequate quallity. Several tests are to be performed pricer to
sample analysis. These are as follows:

4.3.1 Blank Check

Laboratory or reagent blanks are anaiyzed to determine the

background or contamination levels. Contamination levels above
detection {imit must be accounted for and eiiminated, If possible,
before proceeding with sample anaiysis. Field blanks (that is,

paint samples testing very low In the fileid) that show lead levels
well above levels for "lead-free" palint, that Is, above 500 -~ 1000
pg Pb/g, indicate possible cross contamination of samples. As wlth
taboratory blanks, high lead values for fieid blanks must be
accounted for and corrective actlion taken, |f necessary.

4.3.2 Matrix Interference Check

Chemical and/or physical interferences may cause error. These
are checked by the methods of standard additions and sample
dilutlion.

12



4.3.2.1 Method of Addlition Check--

Allquots of digests representing each source of paint sampies
are splked with lead solution after Initla! anaiysis to approxi-
mateiy doublie the concentration. The recovery must be within 80%
to 120% of the known value, The spike addition should produce a
minimal level of 10 times and a maximum of 100 times the instrumen-~
tal detection 1imit. {f the spike Is not recovered within the
speciflied limits, a matrix effect should be suspected. The use of
a standard-addition analysis (MSA) procedure can usually compensate
for this effect. {f an MSA procedure does not produce acceptable
recovery, then the digestion procedure must be regarded as suspect.

CAUTION: The standard-addition technique does not detect
coincident spectral overlap. | f suspected, use of
computerized compensation, an ailternate wavetiength,
or comparison with an alternate method |Is recom-
mended.

4.3.2.2 Ditution Check--

it has been observed that the high concentrations of dissoived
materials in paints depress the values measured by ICP. The effect
must be tested for by anailyzing a set of serial dilutions of the
original digest, e.g., 1:10, 1:25, 1:100. An increase in the value
(properly corrected for the dilution) indicates a matrix effect.
Such a dilution test shouild be performed for each new matrix type.
The final diilution ratio used wiltl be limited by the lead concen~
tration, which should be between 1 and 10 ppm for optimum measure-
ment.

4.3.3 ICP Interfering Element Check

wWhen lead In paints Is being measured by ICP, It Is important
to be aware of the potential for spectral iInterferences due to the
exlistence of potentlally high levels of Interferences (e.g. Ti, Al,
Cr, etc). it is Important to periodically analyze Interfering
Element Check Samples that contain known high levels (200 - 1000
ppm) of each suspected Iinterfering element. Such solutions are
avallable from a variety of vendors. Once the solutions are
analyzed, the data must be evaluated to determine the existence of
a false lead value attributed to the Interferences that are more
than 2 x the solution detection limit, 1f the false values do
exceed this criterla, an Interfering element correction factor
(Figc) must be determined as follows:

13



Fiip= False analyte signal
itC = L
Concentratlion of Interferant

For example - 1000 ppm of aluminum causes an approximateiy
faise lead signal of 0.250 ppm (7 x Dlp)
Therefore, Fyr = (0.25/1000)=0.00025

This value |s used to correct lead data in the presence of
high atuminum. The Interfering element identifled In the above
manner s therefore added to the anaiytical program. This
procedure must be appiied to afl potential interfering elements,

4.3.4 Callbration Check Samples

A check sample prepared from an Independent master stock
solution must be run after standardization to determine the
accuracy of the simple aqueous standards. The concentration of the
check sample shouid be approximately 75% of the highest calibration
standard. Agreement must be within «5% of expected or a recalibra-
tion must be performed, possibiy with fresh standards.

4.4 QUALITY CONTROL DURING ANALYSI!S

During the course of analysis, the foliowing quallty control
activities are to be performed.

4.4.1 Reagent Blanks

A reagent blank (extraction reagent carried through entire
analytical process) Is to be run after every 20 samples. A sudden
increase would indicate a contamination problem.

4.4.2 Caiibration Checks

High and [ow, Iindependentily prepared check samples are to be
run alternately after every 10 sampies to determine that calibra-
tion has not drifted. iIf a change of more than 10% is measured,
the system must be recalibrated and all samples run since the last
calibration check rerun.

The results should be pitotted on a control chart at the end of
each sampie analysis session, although real-time checking 1Is
preferred.m4 The analyslis Is concluded to be out of control If any
one or more of the following is met.

1. One or more polints outside of the control Iimits,.
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2. A run of at feast eight points, where the type of run
could be elther a run up or down, a run above or below
the center 1ine, Or a run above or beiow the median.

3. Two of three consecutive points outside the 2-sigma
warning limits but stili inside the control Iimits,

4, Four of five consecutive points beyond the 1-sigma
limits.

5. An unusual or nonrandom pattern In the data.

8. One or more polnts near a warning or control limit,

4.4.3 Dugllcates

Anatlyze one duplicate samples for every 20 samples. A
duplicate sample Is a sample brought through the whole sampie
preparation and analytical process. The acceptance criteria for

precision of the duplicate analyses varles with proximlity of the
analytical resuit to the detection 1imit and is as foliows:

Average Analyte Concentratlion Max imum Acceptable,
Concentration (Muitiplies of Average Relative Percent
Detection Limit Difference
0o -2 200%

2 - 10 17.3%
>10 8.6%

Where Average Rejiative Percent Difference =
((Xy = X)/7((Xy - X92)/72)) X 100

These values result In estimates of the 95% confidence intervals
for the method of (1) + 30% for concentrations 2 - 10 x the method
discrimination (imit, and (2) + 15% for concentrations > 10 x the
method discrimination timite. ! I f ‘unacceptable precision s
obtained, corrective action is to be taken inciuding review of ait
original data and calcuiations and possible analysis of a second
duplicate sample.

4.4.4 Standard Reference Materials (SRMs)

Depending on the matrix, a standard reference material should
be anaiyzed once per sample batch or, at a minimum, once per day to
check the entire extraction/analysis procedure. Lead recovery
shouid be within 90 to 110% of the known value. An appropriate
reference material for lead at the present time is NIST 1579
Powdered Lead-Based Paint at 11.87%. Additlional paint standards
having lower tlead concentrations wiil be avallable from NIST
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sometime In 1992. Plot results on a contro! chart as outlined in
Sectlion 4.4.2, If the sampie |s out of control, sources of error
must be identliflied and appropriate corrective action taken.

4.5 SAMPLE DETERMINATION

4.5.1 AAS

Most pertinent startup procedures may be found In the
manufacturer's operation manual. The operator should be reasonably
familiar with the operation manua!l regarding basic operation and
safety. However, these procedures are outliined beilow,.

1. Turn on the power and Iinstal! the appropriate lamp and
burner head.

2. Set the scurce lamp current to proper vatue.

3. Set the slit to the proper vaiue. Set the wavelength to
proper value and peak the wavelength setting. Aiign the
lamp.

4, Set the control switch to the desired measurement mode
(absorption).

5. Turn on and adjust background correction, |f availabie.

6. Select the proper flame and flow rates and ignite the

gases according to the manufacturer'’'s procedure manual.
The proper filame Is listed in the manufacturer’'s analyti-
cal methods manual. Follow manufacturer’'s recommenda-
tions regarding warm up times.

7. Select the desired Integration time.
8. Aspirate a blank soifution and auto zero the instrument.
9. Aspirate the callibration standards and establiish a

callibration curve elther manually or automatically such
that the standards bracket the sampies.

10. Run a callbration check sample as described In Section
4.3.4,

11. Aspirate a sampie solution and measure the absorbance
and/or the concentration.

1. Ensure that adequate argon, water and electrical power
are available. Liquid argon is the most desirable source
of argon, especlally for dally use from a cost and labor

perspective. If gas Is used, ensure adequate purity.
2. Ad justment of Nebul lzer Spray - See operator’'s manual for
procedure.
3. ignition of Torch - Check argon supply Is on.
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4. After startup - Be sure plasma does not flicker or
present an orange corona around torch. if the plasma
flickers, be sure the spray chamber Is draining properiy.
If the orange corona Iis observed, make sure that the
nebuilizer argon is on. Otherwlse some residual sait may
be present Iin the nebulilzer spray that must be fiushed
out or the entire spray chamber assembly must be cleaned.

5. Warmup - Allow the Iinstrument to warm up at least 30
minutes before serious analyses are initiated and the
standard readings have stabilized.

6. Optical Callbration/Torch Allgnment Procedures - Before
analytical callbration procedures are performed, It is
important to perform the optical calibration procedures
and the torch ailignment operation. Each of these is
described in the operator's manual.

7. Select program that Includes wavelength, Integration
time, number of repllicate readings, sample uptake time
and rinse time.

8. Asplrate the callbration standards and establish a
calibration curve.
9. Run a calilbration check sample as described In Section
4.3.4.
10. Aspirate a sample solution and measure the emission
signal.
5.0 DATA PROCESSING
5.1 AAS
The abscorbance of each sampie resuit s recorded. {f the
readout Is in absorbance, this value is entered into the I|inear
regression equation and the concentration s caiculated. Alter-
nately the iInstrument will provide a direct readout In concentra-
tion.
For direct determination, read the element value (pg/mL) from
the calibration curve or readout. tf ditlution of the sampl!e has

been performed, then

pg/mL element In the sampie = yg/mL In the ditution X D

where D = (mL of aliquot) + (mL of diiuent)
mL of aiiquot

5§.2 ICP

The ICP witl provide direct readout in concentration.
Correction for dilution Is made as described In Sectlion 5.1.
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5.3 CALCULATION - FIELD SAMPLE CONCENTRATION

5§.3.1 Area Concentration

The area concentration of lead In a paint chip iIs calculated
as foliows:

mg Pb/cm? = (Crs X Vig X Mg/Mg) /(1000 x Ag)

where Cig = lead concentration in test soiution, corrected
for dilution, pug Pb/mL
Vis = volume of sampie digest solution, mL
Mgs = mass of orliglinal sample, ¢
Mg, = mass of sample alliquot digested, ¢
Agg = area of original sampie, cm2

5.3.2 Mass Concentration

The mass concentration of lead in a paint chip is calculated
as follows:

Bpg Pb/g = (Cyg X Vi5) /Mg,

where Cig = lead concentratlon in test solution, corrected
for ditution, ug Pb/mL
Vis = volume of sample digest solution, mL
Mg, = mass of sample allquot digested, g
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Appendix C-2

Laboratory XRF SOP - '"Standard Operating
Procedures for Energy Dispersive
X-ray Fluorescence Analysis of

Lead in Urban Soil and Dust
Audit Samples" ~



RESEARCH TRIANGLE INSTITUTE Z__R.H

Center for Environmental Measurements and Quality Assurance

May 29, 1992

Mr. Thomas Nadermann

Keystone NEA Environmental Services
12242 S.W. Garden Place

Tigard, Oregon 97223

Dear Mr. Nadermann:

Please find enclosed the document, "Standard Operating Procedures for Energy
Dispersive X-Ray Fluorescence Analysis of Lead in Urban Soil and Dust Audit Samples,"
referenced in the letter sent to you with the round robin samples. If your laboratory has
established protocols for the analysis of dust, please follow these established protocols. We
are including the SOP only as a reference for laboratories that do not have standard
procedures for these analyses.

Once again, thank you for your participation in the EPA/RTI round robin for lead-
based paint and dust.

Sincerely,

Ol Niltans

Emily Williams

Post Office Box 12194 Research Triangle Park, North Carolina 27709-2194
Telephone 919 541-6914 Fax: 919 541-5929
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INTRODUCTION

Lead in the human body, whether at high or 1low concentration,
temporary or long lasting, may result in a broad spectrum of
adverse health effects. These effects, sometimes called "lead
poisoning" when severe, range from dizziness, hearing impairment,
destruction of red blood cells, and delayed cognitive behavior, to
convulsions, coma, and death. While lead poisoning can be treated,
many of its developmental effects are irreversible.

Young children are the population most at risk from excessive lead
exposure due to their physiological development and their frequent
contact with lead-contaminated parts of their environment (dust,
leaded paint chips, soil, etc.). Lead exposure may result from
normal outdoor play activities as well as from indoor contact with
paint and contaminated dust which may collect on carpets, floors,
and furniture. The human fetus is also part of this high-risk
population; lead in the maternal bloodstream may produce toxic
fetal effects includinq reduction in gestational age, birth weight,
and mental development'.

Energy dispersive x-ray fluorescence (XRF) has been identified as
an effective analytical tool for measuring lead in solid materials
including dust, soil, and paint. XRF advantages are that it quick,
precise, cost effective, nondestructive and requires minimal sample
preparation. This standard operating procedure (SOP) was designed
to provide a method suitable for measuring lead in urban soil and
dust audit samples for the Urban Lead Abatement Demonstration
Project (ULADP).?
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1.0 SAMPLE PREPARATION

1.2

1.2.1

Soil Samples- It is assumed that soil samples have
previously been reduced to < 60 mesh. This procedure is
written assuming an initial sample size of about 20 gq.

Homogenization and Subsampling to 5-g Aliquots

Initial Homogenization- Position the two receiving pans
under the small riffle splitter. Pour the entire 20-g
aliquot from the distribution pan evenly across the
baffles of the riffle splitter. Transfer the soil from
each receiving pan into the distribution pan and replace
the receiving pans under the riffle splitter. Repeat
this step five times in succession.

Splitting into 5-g Aliquots~ Pour a 20-g aliquot evenly
across the baffles of the small riffle splitter. Place
the soil from one receiving pan into a plastic bag.
Transfer the soil from other receiving pan to the
distribution pan and continue splitting as necessary
until approximately 5 g of soil occupies each receiving
pan. Place the entire contents of the pan into pre-
labeled sample container. Repeat the procedure until the
entire 20-g sample is split into an even number of S-g
aliquots.

Dust Samples- It is assumed that soil samples have
previously been reduced to < 60 mesh and that the sample
size of about 2 g.

Homogenization- Position the two receiving pans under the
small riffle splitter. Pour the entire 2-g aliquot from
the distribution pan evenly across the baffles of the
riffle splitter. Transfer the dust from each receiving
pan into the distribution pan and replace the receiving
pans under the riffle splitter. Repeat this step five
times in succession.

Loading XRF Sample Cups for Analysis- Pour a 5-g soil
aliquot or 2-g dust aliquot into an XRF sample cup and
seal with 3.6 um mylar film,

2.0 ENERGY DISPERSIVE X-RAY FLUORESCENCE ANALYSIS

2.1

Summary - Samples are loaded into the spectrometer and
the sample is with irradiated x-rays. The characteristic
line spectrum consists of a series of discrete
wavelengths, x-ray spectral lines, characteristic of the
emitting element and having various relative intensities.
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The line spectrum of an element originates when electrons
are expelled from inner 1levels of its atoms, and
electrons from levels farther out fall into the
vacancies. Each transition constitutes an energy loss
which appears as an x-ray photon. The minimum photon
energy that can expel an electron from a given level in
an atom of a given element is known as the absorption
edge of that level of that element. Each element has as
many absorption edges as it has excitation potentials’

X-ray spectral lines of all elements in the sample are
excited and detected simultaneously, then the resulting
detector output pulses are separated electronically on
the basis of their pulse height.* Loose powder samples
are analyzed by XRF. The Pb L-beta peak/ Ag Compton peak
ratio is calculated. The 1lead concentration is
determined from the ratio and the calibration curve
(Ratio vs. Concentration). Quality control is described
in Section 1.4.

2.2 Instrument Parameters

Peak

A.)

B.)

Co)

D.)

E.)

Instrument: Kevex Delta Analyst 770
Sample Form: Dust (< 60 mesh)

Cup Diameter: 31 mm

Counting Time: 200 sec

X-ray Tube Voltage: 35 KeV

X-ray Tube Current: 3.0 Ma

Secondary Target: Silver

Analysis Atmosphere: Air

Processing Procedure

Acquire the spectrum: This routine begins the
acquisition of data into the currently enabled
multichannel analyzer (MCA) memory group.

Save the spectrum: This routine save the spectra in a
spectrum file.

Process the escape peaks: This routine corrects spectral
data for losses due to fluorescence and subsequent escape
of silicon K-a x-rays in the detector crystal.

Smooth the spectrum: This routine smooths the spectrum
using a pseudo-Gaussian 1:2:1 3-point smoothing
correlator.

Deconvolute the Scatter peaks: This routine fits
Gaussians to the Compton and Rayleigh peaks, and computes
the Compton-to-Rayleigh intensity ratio for the current
spectrum.
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F.) Save the Compton intensity: This routine save the
Compton intensity in a specified file.

G.) Recall the old spectrum: This routine recalls the last
spectra in memory prior to any spectral processing.

H.) Process the escape peaks: This routine corrects
spectral data for losses due to fluorescence and
subsequent escape of silicon K-a x-rays in the detector
crystal.

I.) Process the summation peaks: This routine removes
undesired sum peaks from spectra, due to trailing-edge
pulse pileup during high deadtime acquisition.

J.) Subtract the background: -‘This routine subtracts the
background stored in the processing group P2 from the
spectrum stored in group P1l.

K.) Identify the Pb peak: This routine adds specified
elements to the current element list of the current

spectrum.

L.) Deconvolute Pb LS intensity by integration: This
routine extracts intensities by integration.

M.) Clear the background: This routine erases any

background presently stored in group P@, whether or not
it is being used.’

Calibration and Quantification- The XRF is calibrated by
acquiring spectra from a series of urban soil standards with
known lead concentrations. Currently we use a series
containing 443, 849, 995, 1069, 2455, 3772, and 17993 mg/kg
Pb. Acquisition conditions are given in Section 2.2. The Pb
LS peak and Ag Compton peak are measured from the spectra and
the Pb L8 peak/Ag Compton peak ratios are calculated. A
calibration line is calculated using linear regression of the
ratio vs. the lead concentration.

Determination of Unknown Sample Concentration - The Pb L§ peak
and Ag Compton peak are measured from the spectra and the Pb
LS peak/Ag Compton peak ratios are calculated. Unknown
concentrations are determined from the calibration 1line
discussed in Section 2.4.

QUALITY CONTROL

Laboratory control sample (LCS) - One LCS sample will be
prepared and analyzed per group of 20 samples. A LCS is a
real sample with a matrix similar to the samples being
analyzed which contains a known concentration of lead.

Reference Monitor (RM) - Prior to analysis, a reference
monitor sample is measured. It is an in-house synthetic
sample containing 1.273% Fe, 1.505% Sb, 1.507% Y, 9.65% Br,
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17.69% Na, and 19.89% Cl. The reference monitor intensity
provides a standard measure of the x-ray flux that irradiates
the samples being analyzed. The reference monitor provides a
method of standardizing and/or compensating for changes in the
x-ray tube flux.

High Calibration Verification Sample (HCV) - A HCV sample is
a real sample containing lead at a concentration near the
upper end of the calibration line. It is analyzed after the
RM and after the last sample in a run. The concentration of
Pb (17993 mg/kg) is at the high end of the range of interest.

Low Calibration Verification Sample (LCV) - A LCV sample is a
real sample containing lead at a concentration near the lower
end of the calibration line. It is analyzed after HCV sample
in a run. The concentration of Pb (443 mg/kg) is at the low
end of the range of interest.

Detection limit (DL) Determination. -~ the smallest
concentration/amount of a the analyte of interest that can be
measured by a single measurement with a stated level of
confidence. This must be determined for each new sample
matrix.

Minimum Detection Limit (MDL) - the concentration/amount of
analyte that gives a net line intensity equal to three times
the square root of the background intensity. This must be
determined for each new sample matrix.

LABORATORY SAFETY

Environmental samples often contains hazardous materials and
must be handled with respect. Special equipment and
facilities are must be used to prevent safety hazards and
eliminate cross contamination of space and other samples.
Sample preparation must be performed in a fume hood and
personnel must wear a dust mask, PVC gloves, and a lab coat.

Personnel engaged in handling hazardous samples undergo
initial and periodic medical examinations to insure that they
have not contracted medical problems related to the materials
with which they are involved.
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RESEARCH TRIANGLE INSTITUTE L_RTI

Center for Environmental Measurements and Quality Assurance

March 31, 1992

Ms. Joan W. Etheridge
OWMC Laboratory

845 Harrington Court
Burlington, Ontario L7N3P3

Laboratory I.D. No.:
Digestion Methods: NIOSH 7082 and EPA/AREAL
Analytical Method: Icp

Dear Ms. Etheridge:

Thank you for your willingness to participate in a round robin
analysis for lead in paint and dust supportive to the U.S. Environmental
Protection Agency.

The round is designed to evaluate the level of lead in, and the
homogeneity of, a group of performance evaluation samples for lead in paint
and dust. A total of 35 laboratories will be participating in the round.
Seven laboratories will be analyzing by laboratory XRF, and the remaining
labs will be analyzing by AAS or ICP. Two of the participating labs will
analyze the samples using both laboratory XRF and AAS/ICP. Your laboratory
identification number and method of digestion [NIOSH 7082 (hotplate) or
EPA/AREAL (microwave)) and analysis (AAS or ICP) selected by your
laboratory is shown at the top of this letter and on the enclosed data
reporting form.

Please find enclosed five (5) bottles of paint (P-1 through P-5), and
five (5) bottles of dust samples (D~1 through D-5) for analysis. Upon
receipt of the samples, please rotate the bottles gently through all axes
for a couple of minutes in order to compensate for any.separation that may
have occurred during shipment.

At the time of sampling, please remove two aliquots from each sample
and digest and analyze each aliquot separately. The enclosed data
reporting form provides a blank for reporting the concentration of
Aliquot 1 and Aliquot 2 for each sample, for a total of twenty (20) results
for the analysis of the paint and dust materials. It is recommended that
samples analyzed by ICP be diluted to a final solution concentration of
less than 10 ppm.

Post Office Box 12194 Research Triangle Park, North Carohna 27709-2194
Telephone 919 541-6914 Fax: 919 541-5929



Protocols for preparation and analysis of samples are given in the
report, "Standard Operating Procedures for Lead in Paint by Hotplate- or
Microwave-based Acid Digestions and Atomic Absorption or Inductively
Coupled Plasma Emission Spectrometry,” already mailed to you under separate
cover. Centrifuge tubes are required for the EPA/AREAL digestion mathod,
and are enclosed. These tubes are not clean, and will need to be cleaned
per the method described in the SOP report. Please follow the protocol
given to clean the centrifuge tubes (EPA/AREAL digestion method), to carry
out the digestion and to analyze samples.

An ICP Instrument Parameter Sheet is enclosed. Please complete it,
along with the data reporting form, and send results to RTI no later than
Thurseday, April 30, 1992. The forms should be submitted to:

EPA/RTI Round Robin for Lead in Paint and Dust

Center for Environmental Measurements and Quality Assurance
Research Triangle Institute

P.O. Box 12194

Research Triangle Park, NC 27709

Attn: Emily Williams
Building 7

A statistical analysis and report of the round will be sent to
participating laboratories by the end of June.

Agalin, thank you for your participation. 1If you have questions,
please call either David Binstock or Emily Williams at ($919) 541-6896 or
(919) 541-6217, respectively.

Sincerely,

Sl T
David Binstock
Gy Hltiany

Emily Williams



ICP PARAMETER SHEET

Instrument

(Manufacturer/Model)

Nebulizer

Wavelength

Grating

Resolution

Focal Length

Background Correction

Interference Correcticn

Forward Power

Reflected Power

Plasma Frequency

Auxilliary Gas Flow Rate

Sample Introduction Rate

Calibration Standards and Calibration Check Samples




EPA/RTI Round Robin for Lead In Paint and Dust

Round Robin No. 002 Lab ID No.

Digestion Method _NIOSH 7082 Laboratory __OWMC

Experience with this Method years Laboratory

Analysis Method ICP Approval Signature:
Experience with this Method years

Gross Concentration of Lead (ppm)

Sample ID No. Aliquot 1 Aliquot 2
P-1

pP-2

P-3

P-4

P-5

D-1

D-2

D-3

D-4

D-56

Reagent Blank




Appendix D-2

Letter of Instructions to
Laboratory XRF Laboratories



RESEARCH TRIANGLE INSTITUTE L___RT_!

Center for Environmental Measurements and Quality Assurance

March 31, 1992

Ms. Phyllis Madigan

Massachusetts State Laboratory Institute
Environmental Lead Laboratory

Room 311

3305 South Street

Jamajica Plain, MA 02130

Laboratory I.D. No.:
Analytical Method: Laboratory XRF
Dear Ms. Madigan:

Thank you for your willingness to participate in a round robin
analysis for lead in paint and dust supportive to the U.S. Environmental
Protection Agency.

The round is designed to evaluate the level of lead in, and
homogeneity of, a group of performance evaluation samples of paint and
dust. A total of 35 laboratories will be participating in the round.

Seven laboratories will be analyzing by laboratory XRF, and the remaining
labs will be analyzing by AAS or ICP. Two of the participating labs will
analyze the samples using both laboratory XRF and AAS/ICP. Your laboratory
identification number is shown at the top of this letter and on the
enclosed data reporting form.

Please find enclosed five (5) bottles of paint (P-1 through P-5), five
(5) bottles of dust samples (D-1 through D-5), and two bottles of Dust
Reference Materials, CIN 1 (2275 ppm), and BAL 1 (58 ppm). Upon receipt of
the samples, and before sampling, please rotate the bottles gently through
all axes for a couple of minutes in order to compensate for any separation
that may have occurred during shipment.

At the time of analysis, please remove two aliquots from each bottle,
prepare the aliquots as individual samples and analyze each. The enclosed
data reporting form provides a place for reporting the concentration of
Aliquot 1 and Aliquot 2 for each sample, for a total of twenty (20) results
if your lab is participating in the analysis of both paint and dust.

Post Office Box 12194 Research Triangle Park, North Carolina 27709-2194
Telephone 919 541-6914 Fax: 919 541-5829



We are requesting that laboratories follow their own protocol for the
XRF analysis. Please use an amount of material that corresponds to an
infinitely thick sample relative to the excitation beam, and run the sample
in a cup that.is approximately 31 mm in dlameter. Otherwise, pleasa select
parameters that optimize your laboratory operations, and enter these
parameters on the enclosed XRF parameter form. - Laboratories using a
wavelength-dispersive instrument, rather than an energy-dispersive
instrument, are asked to contact RTI! before the analyses are begun. Asg a
raference, & protocol from the EPA 3-City Study will be mailed to you under
separate cover at a later date.

When analyzing the paint samples, please calibrate the instrument with
the standards routinely used in your operations. For the dust samples, we
are requesting that you calibrate with the two reference materials enclosed
(BAL 1 and CIN 1). If you have your own dust standards, please run your
standards as samples relative to the calibration curve generated with CIN 1
and BAL 1; and report the values for your standards on the enclosed XRF
Parameter Sheet for Dust.

Please use the enclosed data reporting form to submit results to RTI
no later than Thursday, April 30, 1992. The XRF parameter form and data
reporting form should be submitted to:

EPA/RTI Round Robin for Lead in Paint and Dust

Center for Environmental Measurements and Quality Assurance
Research Triangle Institute

P.O. Box 12194

Research Triangle Park, NC 27709

Attn: Emily Williams
Building 7.

A statistical analysis and report of the round will be sent to
participating laboratories by the end of July.

Again, thank you for your participation. If you have questions,
please call me at (919) 541-6217.

Sincerely,

Emily Williams



LABORATORY XRF PARAMETERS - PAINT

Sample Quantity

Sample Preparation

Instrument

Description of X-ray Source

Description of Secondary Target

Description of Detector

Reference




LABORATORY XRF PARAMETERS - PAINT

Counting Time

Counting Rate

Total Counts

Calibration Standards

Results of Calibration Check Samples




LABORATORY XRF PARAMETERS - DUST

Sample Quantity

Sample Preparation

Instrument

Description of X-ray Source

Description of Secondary Target

Description of Detector

Reference




LABORATORY XRF PARAMETERS - DUST

Counting Time

Counting Rate

Total Counts

Calibration Standards -- CIN 1 and BAL 1

Results of Calibration Check Samples




EPA/RTI Round Robin for Lead In Palnt and Dust

Round Robin No. 002 Lab ID No.

Digestion Method _N/A Laboratory MA_State

Experience with this Method years  Laboratory Institute

Analysis Method _Lab XRF Approval Signature:

Experience with this Method years

Gross Concentration of Lead (ppm)

Sample ID No. Aliquot 1 Aliquot 2
P-1

P-2

P-3

P-4

P-5

D-1

D-2

D-3

D-4

D-5

Reagent Blank N/A

N/A

N/A

N/A




Appendix D-3

RTI Copy of Data Reporting Form
with Sequence Tracking



EPA/RT!I Round Robln for Lead In Palnt and Dust

Round Robin No. 002 Lab ID No.
Digestion Method _N/A Laboratory MA State
Experience with this Method years Laboratory Institute
Analysis Method _Lab XRF Approval Signature:
Experience with this Method years

Gross Concentration of Lead (ppm)

Sample ID No. Aliquot 1 Aliquot 2
P-1 - 425
P2 - 25
P-3 - 2%
P-4 - 25
P5 - a5
D-1 - 25
D-2 - 25
D-3 - 25
D-4 - 25
D-5 - 24
Reagent Blank N/A
N/A
BaL-L - 5 N/A

cn -1 7 5 N/A




EPA/RT!I Round Robln for Lead In Palnt and Dust

Round Robin No. 002 Lab ID No.

Digestion Method EPA/AREAL Laboratory Wl ocoxstional

years Health Labgratory

Experience with this Method

Analysis Method Icp Approval Signature:

Experience with this Method years

Gross Concentration of Lead (ppm)

Sample ID No. Aliquot 1 Aliquot 2
P-1 -4

P2 - 4

P-3 - 4

P-4 -4

P5—&

D-1-¥

D-2-

D-3-4

D-4- &

D-5- 4

Reagent Blank




EPA/RT! Round Robln for Lead In Palnt and Dust

Round Robin No. 002 Lab ID No.

Digesﬁon Method NIOSH 7082 Labora(gry OWMC

Experience with this Method years  Laboratory

Analysis Method ICP Approval Signature:
Experience with this Method years

Gross Concentration of Lead (ppm)

Sample ID No. Aliquot 1 Aliquot 2
P-1 -2%
P-2 -9
P-3 -~ 28
P-4 -2%
p-5 -2
D-1 -2%
D-2 - a8
D0-3 - ¥
D-4 - 2¢
D-5 - 2¢

Reagent Blank
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Reported Results
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MW/AAS Laboratories



EPA/RTI Round Robin for Lead in Paint and Dust

Round Robin No. 002 Lab ID No. 10

Digestion Method _EPA/AREAL Laboratory
Experlence with this Method _< [ _years

Analysis Method _AA Approvel Stanaturay
Experience with this Method (/) years

Gross Concentration of Lead (ppm)

Sample 1D No, Allquot 1 _Allquot 2
P-1 1500 /90
P-2 164,000 143,000
P-3 52 w0 44,000
P-4 2300 2600
P-5 45,000 435,000
D-1 4800 5300
p-2 * 90 q).
D-3 (100 1200
D-4 % 90 100
D-5 5100 5400

¥ Dedorrancd by Gophde Focrace AA, Al ofhors /)/ Flame AA

Reagent Blank

‘Dcr:hu. Blak <lo 'ﬂvnl

DL W Black < /0




AAS INSTRUMENT PARAMETER SHEET

tnatrument Flame A4 ~ Ceckln Emer 603 /Grp[‘:# Furnace. - ﬂrk«. Eimer 3

(Manufacturer/Model)

wavelength/site widen__ 283.3 / 0.7 (8444 Sy Wn s")

Background Correction Dca ‘)‘cr‘mm Am / -Z-dehmm.

Intexterance Correction A/WI/GFAJ; muq (”03’)2 ° é‘/)o ol /V/’/y /'/L"I

Light Source //C th‘p
Plama Type Aafy/cm, / »4 ir

Calibration Standards and Calibration Checks FZ‘"“-- 5{5‘/‘*1 - MisT S&€m

3039 i 1o 2Sgpn. Recovery 95T (242 pp). CEHA- t5T

31724 dhluted £ zs;fvpé'. &cmr;, 22.8% (Z‘f.?'gf!).



EPA/RTI Round Robin for Lead In Paint and Dust

Round Robin No. 002

Digestion Method _EPA/AREAL
Experience with this Method _0.S years

Analysis Method AA

Experience with this Method &% _ years
2.5

Laboratory

Lab ID No. ___11

Approval Sjgnature:

Gross Concentration of Lead (ppm)

Sample 1D No. Aliquot 1 Aliquot 2
P-1 [S\O 2010
P-2 _\0zo0 _U%B00
P-3 34, LoD 40 ;Soo
P-4 2052 1640
P-5 3%, oo 900
D-1 4920 434p
D-2 s ut
D-3 1060 (140
D-4 o 03
D-5 .20 4500

Reagent Blank 2 3.0 pa

5.0 MAO




AAS INSTRUMENT PARAMETER SHEET

Instrument Yewrid Eimer.  3020B
(Manufacturer/Model)

Wavelength/slit Width__ 21%.0 wm 0.7 nm it widtls

Background Correction NO NC

Interference Correction DM &O,M ) QOU‘\'.\QL'MLW\. gowce,

Light Source 'Pg Sjﬂa\L c\eww)r \-&gc\\em Ctd‘e\mll_ LNAD

Flame Type  Nlpc- pscz:v\{uen\'é/ Oxh{.eiw‘c - Leuo Ry

Calibration Standards and Calibration Checks

STOODARLS, S (MG!L) |.0 ]2.0 i5.0 \ 10.0

Cigcys = feaceor Biatc [0 ma,/L JEFICATION ERU cneve v:«kcic]
M NBS \ST TRNT Couteo



EPA/RTI Round Robin for Lead In Paint and Dust

Round Robin No. 002 Lab ID No. 12

Digestion Method EPA/AREAL Laboratory

Experience with this Method __ [/ _years

Analysis Method Aa Approval Signature:
Experience with this Method __ 4 years

Gross Concentration of Lead (ppm)

Sample ID No. Aliquot 1 Aliquot 2
P-1 1801 1735
P-2 20520 106200
P-3 37 700 37430
P-4 2165 2280
P-5 22 440 225640
D-1 4155 4956
D-2 45 | A 65
D-3 (b4 8 Le4
D-4 539 - 567
D-5 2929 2157

Reagent Blank 0. 39

2.0%

2. 4O




AAS INSTRUMENT PARAMETER SHEET

Instrument FPERKiN - FLMER 510w PC

(Manufacturer/Model)

Wavelength/slit Width A93.3 nm 0.7 <t (h{ek)

Background Correction D 2.

Interference Correction NONE

Light Source Pb )\0”01.«) Cathode

Flame Type AiR’/A-CET"{LE'NE

»)

Calibration Standards and Calibration Checks @)‘ s 5 R HD, 20 }*‘ﬁ/mL ’5
I' L4 7 ] v

@®

Lom Hicthur;;ySerlard !w@,x@/mL Lot * 99422

Cal checks ot ‘5.0lpu[;//».\L and 20.0 M/ML.
! -4



EPA/RT! Round Robin for Lead In Paint and Dust

Round Robin No. 002 Lab ID No. 13

Digestion Method EPA/AREAL Laboratory
Experience with thie Method __ QO years

Analysis Method __ M Approval Slonature;
Experience with this Method _/$  years

QMMMMM>
Alguot 1, ~Alouot 2

Samole ID No,

P-1 1210 /12/0
P-2 {14000 [7[A-XoXe,
P3 40500 41800
P-4 [£20 20/0
P§ 433200 46300
D-1 : ‘/37& 5£3Q
D-2 99 94

D-3 [HY 0 /Y90
D4 . 128 1§

D-§ 5580

—5/90Q
Reagent Blank é 002 %_//nl-

= g /0,,9/‘&
M vﬂ%f‘f;ﬁ}ss% s 10439 of

‘7!«4. yiobn




AAS INSTRUNENT PARAMETER SHIXT

Instrument ( ;:ﬁg, m:l Déc.

{(Manufacturer/Kodel)

Wavelength/slit Width 3,8:5. 3 MM

Background Correction MR,

Interferance Correction Aong,

Light Source l-bllﬂ'“" C&M\; /é S/A);SIC__@W
Flame Type é; d Y A';g-

Calibration Standards and Calibration Checks OJ I 3 S/“ i Q 5 ZO#WL

£ /% NG | ICUE Pughe |, CCUR = g
(Gl pradin @# g 992 égym/;m
Ohocks tyzton T 102 %M




EPA/RTI Round Robin for Lead In Paint and Dust

Round Robin No. 002 Lab ID No. _14

Digestion Method _EPA/AREAL Laboratory
 Experience with this Method years

Analysis Method AA Anproval Slonatura:

Experience with this Method years e

Gross Concentration of Lead (ppm)

Sample D No. Aliguot 1 Allquot 2
P-1 1773 1669
P-2 , 109414 127416
P-3 38312 36048
P-4 1576 1522
P-6 35498 36621
D-1 5022 4210
D-2 196 177
D-3 1292 1277
D-4 97 87 .
D-5 4797 4686

Reage lank 0




AAS INSTRUMENT PARMMETER SHEBT
NIOSR 7082

Inetrument____ Parkin Elmar 603
(Manufacturer/Model)

Wavelength/slit wWidth 283,3/4

Background Correction

Interferaence COrroction

Light Sourca_ Hollow Cathode (lamp # 252531)

flama Type lean Afr- C2H2

Calibration Standards and Calibration Checks

Standardes 0.5, 1, 2, 5, 10, 20, 40 ppm

Calibration checks: Onc of.the gbove after every 6th sample

Standards/Sanples plotted on licear square calibration curve.



EPA/RTI Round Robln for Lead In Paint and Dust

Round Robin No. 002 Lab ID No.

Digestion Method EPA/AREAL Laboratory

Experience with this Method _ O years

( Expev1énce with Mt‘cfowcwe,b\‘yﬁ'n _?~_~_§_.ynrs.)

Analysis Method AA Approval Sianature:
Experience with this Method _4-5 years

Gross Concentration of Lead (ppm)

Sample ID No. Aliquot 1 Aliquot 2
P-1 R130. 2250.
P-2 130, 000 . /29, 000.
P-3 43700. 42300.
P-4 R370. 1960.
P-5 4-[600. 402.00.

D1 4920. 54-50.
D-2 99, /05.
D-3 /2 80. /1300.
D-4 (63 97
D-5 E/50. 49 7o0.

Reagent Blank 0.0

00.0




- AAS INSTRUMENT PARAMETER SHEET

Instrument VQ‘”\QY\ SPQCWA’A’ 400

(Manufacturer/Model)

Wavelength/slit wWidth 2 | 7: O hm / [. O nm

Background Correction :D eutevium LQMP

Interference Correéction n Dh (4

Light Source \/G‘(\‘QY\ H’O“Ol&) chﬂ'wde, l(\m? 'fO'( Pb .
Flame Type Ai‘(“AQd.?an

Calibration Standards and Calibration Checks Cal(‘bm‘/‘f(m S1an JQ{O’S

made from Mdvieh® Pb AR stnd. solution , 10200pmPb,

Coli bration cheek samples weve Standatds made. from
NIST stck sStandard Solution.



EPA/RTI Round Robin for Lead In Palint and Dust

Round Robin No. 002 Lab ID No. __ 16

Digestion Method _EPA/AREAL Laboratory

Experience with this Method __ & _ years

Analysis Method _AA Approval Signature:
Experience with this Method _22. _ years

Gross Concentration of Lead (ppm)

Sample 1D No. Aliquot 1 ~Aliquot 2
P-1 420 LIZ2O
P-2 13, 0c0 {24,000
P-3 4}, 500 41, 300
P-4 2,050 1,740
P-5 42,700 43,600
D-1 +,720. 4,430 .
D-2 130, 130,
D-3 1,340 1,340
D-4 (40 {40
D-S . 4,800. 5,040

Reagent Blank 0.00 ”3/ ml




AAS INSTRUMENT PARAMETER SHEET

Instrument Perkf}vElmer Mode_\ S000 AAS

{Manufacturer/Model)

wavelength/slit width 283.3 nm /O. T nm

Background Correction

Interference Correction

Light source Peck.in -Elmec Iﬂ‘\’en;j\'fon )‘\-o”ow cabade lgmp

Plame Type_0ic-OCetylene ; 0xidi 2104

Calibration Standards and Calibration Checks LM@A_ZQ%&M_




Appendix E-2

HP/AAS Laboratories



EPA/RT! Round Robin for Lead in Paint and Dust

Round Robin No. 002 LabIDNo._2°

Digestion Method N/10SH 7082 Laboratory

Experience with this Method &, years

Analysis Method QA Approval Signature:
Experience with this Method years

Gross Concentration of Lead (ppm)

Sample 1D No. Aliquot 1 _Aliquot 2_
P-1 /350 [ 21D
P-2 [056L ] ll0000
P2 33833 __3609%
P-4 /1383 /Y1y
P-5 33055 AFS LT
D-1 3521
D-2 9 4
“laof 7177
04 65 77
D-5 3 /91 Y/ 96

Reagent Blank {50

L850




AAS INSTRUMENT PARAMETER SHEET

-7 .

Instrument £
(Manufacturer/Model)

wavelength/siit wideh 283, 3 // i

Background Correction tDé{[ fe,g rL

Interference - -Correction e

Light source K£AD fls lew (0% 1 Lz

Flame Type 4/&//4(3‘{/%//%@

calibration Standards and Calibration Checks \?7%{ ! A‘:’;Ag,e_

2 /0 % )1 5 ¢

Std . fe Fovince Putiorod MiST 479




EPA/RTI Round Robln for Lead in Palnt and Dust

Round Robin No. 002 Lab ID No. ___ 21

Digestion Method NIOSH 7082 Laboratory

Experience with this Method 2 Q__years

Analysis Method _Aa Approval Signaturg:
Experience with this Method _20 _years

Gross Concentration of Lead {(ppm)

Sample ID No. Aliquot 1 Aliquot 2
P-1 (790 1700
P-2 |40, 000 [22 b0
P-3 Y] pop 39 o0
P-4 2030 (990
P-5 H2 oo $f 200
D-1 L300 &240
D-2 /16 qr
D-3 (260 (290
D-4 |30 (0O
D-5 4990 5280

Reagent Blank O. y ;

L] w4

v




AAS INSTRUMENT PARAMETER SHEET

Instrument ﬂ MJJI’Q Q(/

(Manufacturer/Model)
Wavelength/Slit Width 2/ 7 o 3 Q'()/I/L
Background Correction ” O

Interference Correction

Light Source #DL Loy CATHobE L A.pfp __F/g__

Flame Typo___ ATA - ACETYLEYE

Calibration Standards and Calibration Checks 44—0 VeovS STD
- '

EPh Qe Miwwib,  Nb< 1£79 AT STb




EPA/RTI Round Robin for Lead In Paint and Dust

Round Robin No. 002 Lab ID No, 22

Digestion Method NIOSH 7082 Laboratory

Experience with this Method 2/0__ years

Analysis Method __AA Approval Signature:
Experience with this Method _? 72 __years

p—

Gross Concenirat! d (oppm
Sample (D No. Alauot 1 _Allguot 2
P-1 1£96 |133Y
P-2 |18¢30 15359
P-3 24991 33650
P-4 1196 [0 &0
P-5 _3850/0 3ylYo
D-1 1940 Y709
D-2 17 100
D-3 960 960
D-4 1 96
D5 Y694 Y520
Reagent Blank 0.00
OOOO

Q.00




AAS INSTRUMENT PARAMETER SHEERT

Instzument ﬂnerm J-arre” Agh Video pr -}

(Manufacturer/Model)

VWavelength/81it Width l Xe

3.7

sackground Correction / d 5 Y g‘n ol

Interfarence Correction

right Souroce Therma Jarrel AS‘) VLS;""’"‘ I NONOW Cathode Lagp

riame Type air.-age,+ly lene

Calibration Standards and Calibration Checks

Standardd i 0’501 /"3")', A2, asd 5,00 n/fu

Guam/., Contrals | 0.6 7% fmt




EPA/RT! Round Robin for Lead In Paint and Dust

Round Robin No. 002 Lab ID No. 23

Digestion Method _NIOSH 7082 Laboratory
Experience with this Method l years

Analysis Method AA Aooroval Sianature:
Experience with this Method l years

Gross Concentration of Lead (ppm)

Sample ID No. Aliquot 1 Aliquot 2
o, X
P-1 154y _{560 "9 lxq 'JgKIO "'}/x; /Y38
P-2 e 025 A iy m /
16, _Agcema__t m;ow $l¥5 99517
P-3 36,?!»%7 43000 "5 v24.5

P-4 1446 il soh M g
P- 39,94 00" ol "5 35,990

D-1 4,904 ‘i:ﬁ:&é) »alxj iiQ’Q milks 450¥

D-2 "y 100 "‘7/(5

D-3 [,067 1_4_1215 "7 ky uep 5 rslks 1,113
15 5 TS &3

D-4 1057110 mylly 468110~

D-5 y, 333 ielZ 4abf ~slks Y ce9

Reagent Blank <0.50




AAS INSTRUMENT PARAMETER SHEET

Instrument P[,‘ﬂf.’ﬁ/ EAMit 3/00 A7IMIT AESsapTON S PpatTine

(Manufacturer/Model)

Wavelength/slit Width 7%1.% / 01  Wr(H

Background Correction

Interference Correction —

Light Source

Flame Type__ ALN /4 (ayieNE

Calibration Standards and Calibration Checks




EPA/RT! Round Robln for Lead In Paint and Dust

Round Robln No. 002 Lab ID No. _%4
Digestion Method Nzosy 7082 Laboratory

Experience with this Methed __S _ years o

Analysis Method _AA Aooroval Signature:
L«b Experience with this Method __1$ _ years

ik

Analyst eyperince 3 years

ncentrat!
Samplo 1D No; Allguot 1 Allguot 2
< P 1510 1,790
7 P-2 102,000 111,000
7 P-3 33,500 39,500
/P-4 1,040 1,790
s P-§ 36,900 41,600
-~ D-1 3,990 4,390
s D-2 <100 140
/' D3 1,130 1,240
4 D-4 108 1]
v o8 4603 5,710
Reagent Blank 100

<100




AAS INSTRUMENT PARAMETER BHEXT

Instrument pEﬂE‘N ELmeld 30630
{(Manufascturer/MHodel)

Wavelength/slit wWidth 2/7.0 po.#

Background Correction e DEUTERIVM LAMP

Interference Corraction A{/ﬂ
Light Source HoLeow EATHOOE LAMP
Tlame Type HeR ,/ RLETYLENE

Calibration Standards and Calibration Checke 0 VY l RPm 5 RAM
—Dpom dOppm
CALIBRATION QHECKL UWAS WITH O.0ppm STO.




EPA/RTI Round Robin for Lead In Paint and Dust

Round Robin No. 002 Lab ID No. _25

Digestion Method NIOSH 7082 Laboratory

Experience with this Method __b___ years

Analysis Method _AA Approyal Signature:
Experience with this Method __ 10 _years

Gross Concentration of Lead (ppm)

Sample ID No. Aliquot 1 Aliquot 2
P-1 1310 2064
P-2 loio 50 77
P-3 36 °94 253 40
P-4 19 5& 20 47
P-5 Fdei 3572772
D-1 443 3%%9
D-2 i d 199
D-3 1186 )3 17
D-4 35 93
D-§ Sayl 5179

Reagent Blank O

O
&)
@,




AAS INSTRUMENT PARAMETER SHEET

Instrument g’(k;n Elmer\ %m}c_Jb.\:n{p)linn Sf:edmn;e{er 3/’

(Manufacturer/Model)

Wavelength/Slit wWidth_ T\ - 20 nm 0

Background Correction JBG’L\‘Lef‘;u_n\

Interference Correction JOW €

Light source Holcw Cathede | Gren p

Flame Type_4ir 4Qe-¥:\)\ey\9

Calibratlon Standards and Calibration Checks QU:\:.;&J; 249 ( §& /Cmm._
T T Y y 2 14 7 —

Qalib, c¢heck Sppm




EPA/RTI Round Robin for Lead In Paint and Dust

Round Robin No. 002 LabiD No. 26

Digestion Method NIOSH 7082 Laboratory

Experience with this Method / years

Analysis Method __AA Approval Signaturs:
Experience with this Method . & years

Gross Concentration of Lead {ppm)

Sample D No. AAliquot 1_ ~Aliquot 2
P-1 [7¢0 /600
P-2 YL 000 [SwYale;
P-3 3¢, L0 35, ¢c00
P-4 /';;c;!.:» [ &CO
P-5 30, LU 3F ¢l
D-1 4220 Y FCQ
D-2 /42 [2C
D-3 JRCC 1200
D-4 1/C /3O
D-5 45ce 437 cC

Reagent Blank £ 1. ¢ e




AAS INSTRUMENT PARAMETER SHEET

Instrument Feckin Elmer 2100 - AAS
(Manufacturer/Model)

Wavelength/slit Width 213 S nm, / 0. F nm

’

Background Correction Al nL

Interference Correction Aliwe

Light Source [ ead Mt llww Ceemede Titoe La,no
L

Flame Type A1 - Lca ﬁ«!/t‘ Pk

Calibration Standards and Calibration Checks__ STu..la,ds of 2 ec-nel /C'/r/,%

wece. wsed o (alibeate. The 1nstemusd,  Ninples weie read

. \ -
1 TY//)/'CcL#e,g T Céd:bra Aim waS CiuwclcL e e Lf < ~S.’C‘-m~.f/'PS,
’ ~f

Cne. S/Jfb:.,o’ S.a—-.—.\/g/e, LGS rmede 7"iv ‘z_ca,.'7 /e Sc‘---/“_/()/{zs

{20 KL a (:\<_ S 77g.«(.f Cc} 5\_f0~<'l -,Z( <. [(.—c. 7)0'}&, ok S CL,-( o
glucled .



EPA/RT! Round Robin for Lead In Paint and Dust

Round Robin No. 002 Lab ID No, _27
Digestion Method _Niosy 7082 = Laboratory
Experience with this Method years

Anglysis Method AA Approyal Signatura:

Exparience with this Method __o ears
(lgeyeau experience with AA uochd)

Gross Concentration of Lead (ppm)

Sample ID No. Aliguot 1 _Aliquot 2.
P-1 1542 2096
P-2 93,532 99,463
P-3 37,699 35,974
P-4 1,805 1,879
P-5 37160 37002
D-1 4567 5014
D-2 109 111
D-3 1199 1207
D-4 109 140
D-5 5096 4071

Reagent Blan Y




ARS INSTRUMENT PARAMETER SHEXRT
NIOSR 1082

Inetrument Pexkin Rimar 6013

(Manufacturer/Modal)

Havolength/Slit width 283.3/4

Background Correction

Interference Correction

Light Source_Hallow Cathode (lamp # 252531)

Flame Type__ _1lean Air- C2H2

calibration standarde and Calibration Chaoks

Standards: 0.5, 1, 2, 5, 10, 20, 40 ppm

Calibration checks: One of.the sbove after every 6th sample

Standards/Samples plotted om linear square calibration curve.



EPA/RT! Round Robin for Lead In Palnt and Dust

Round Robin No. 002 Lab ID No. _28

Digestion Method _NIOSH 7082 Laboratory

Experience with this Method __ | years

Analysis Method AA Approval Signature:
Experience with this Method _ 22 years

Gross Concentration of Lead (ppm)

Sample ID No. Aliquot 1 Aliquot 2
P-1 1640
p.2 Hz,000 ”‘iﬁ%% .
P-3 39,000  _38,400
P-4 (7460 1900
P-5 | _3R, 700 @ 3R 4LOD
D-1 44LR0 4|50
D-2 < 300 < 300
D-3 HRD 1320
D-4 <300 <300
D-5 5080 47460
Reagent Blank 0.00 p#a/ml

.00




AAS INSTRUMENT PARAMETER SHEET

Instrument P‘Q.t’-ki‘ﬂ Elmer MOdC..l 5000 AAS

(Manufacturer/Model)

Wavelength/slit Width 2__83 3 nm / O.7Tnm

Background Correction

Interference Correction

Light Source EQEE:ID' 'ElMC& I_Vlha;[tmﬂ bQ”Q!s} (:QtLQAQ l!lmP

Flame Type Qic- aCE'{'\”BnP Qﬁldlalﬂa

Ccalibration Standards and Calibration Checknmng%&iml




Appendix E-3
MW/ICP Laboratories




EPA/RT! Round Robln for Lead In Paint and Dust

Round Robin No. 002 Lab ID No. 30

Digestion Method £¢A [atrAL Laboratory

Experience with this Method _ 0 __years  __

Analysis Method Icp Approval Signature:
Experience with this Method __§__ years .

Gross Concentration of Lead (ppm)

ample ID No. _Aligyot 1 Allquot 2
P-1 (£Y¥0. < 9.5
P-2 (LL000. G491 00,
P-3 36100. 3CL00.
P-4 _ (¢40. 14 80.
P-5 300 2S00y,

D 94C. . Yo
D-2 Ao iy
0-3 J6LU. 150,
D-4 (13" 160,
D-5 3v00. sole.

Reagent Bla e

l—s’ollu,fll




EPA/RT! Round Robln for Lead In Paint and Dust

Round Robin No. 002 LabIDNo. 31

Digestion Method EPA/AREAL Laboratory
Experience with this Method _—3___ years

Analysis Method ICP Approval Sianaturas:
Experience with this Method . years

Gross Concentration of Lead (ppm) - : . / 5
Sample ID No. Aliquot 1 - Aliquot 2
P-1 |6 F( [, 12 C
P-2 L35 pe % 2o
P-3 A7 Q0 C 3¢ 000
P-4 (A2 | 49¢
P5 25 o0 3¢ 700
D-1 3 (°§C 3, 64C
D-2 20 (0%
D-3 2 ) [06C
D-4 T 972Y S 4a
D-5 24 €0 3% 42
Reagent Blank Y j? < (. L9 9 /&
U D £C.09
L D {Q.09

VD 0.0




ICP PARAMETER SHERT

Instrument L Ce.HA f S l cog

“(Manufacturer/Model)

Nebulizer Hi / [,ﬁ gLA " @10

Vs ~ -—
Wavelaength ‘; /2 L;). 25
Grating C C }\ €. // €.
Y
Resolution L. Ue 7’? AAA
’ /': t
Focal Length - L ang. L~
Background Correction Y <
Interference Correction \/ < S

Forward Power / v t '-1,-/ ”
. Bzeiian &~ f&?/vwo-—v\ %44_ U’&'—‘A wasy K ’L
Reflected Power (/‘ .‘.W ! &3 [{Qc,—{cx /(Law_‘ I K o w/“é/D W )

e
Plasma Frequency %L Y Me 2

Auxilliary Gas Flow Rate (; Z /,M\,

, .
Sample Introduction Rate l 5 ,mk / AL

Calibration Standards and Calibration Check Samples

CAL.I BRATIon 6\7"{% /0/19]4* AL Q/A v K

I\l//mes %71‘/3 (jf’j[’/‘/ > PRlac ik
@C_ Cl\éél’. gfc /<a/[)am£§\m’rf/\ f ﬂjﬁ/ﬁ 5]




EPA/RT! Round Robln for Lead In Palnt and Dust

Round Robin No. 002 Lab ID No. 32

Digestion Method EPA/AREAL Laboratory

Experience with this Method __Q __years

Analysis Method _ICP Approval Signature:
Experience with this Method __ "7 __years _

Gross Concentration of Lead (ppm)

Sample ID No. Aliquot 1 Aliquot 2
P-1 Vir 419) /250
P-2 /(6000 /18000
P-3 34#00 = _323800
P-4 /370 /4600
P-5 38500 FIS5400
D-1 2740 4230
D-2 /07 2725
D-3 /200 //50
D-4 E8.4 /93
D-5 3460 Y680

Reagent Blank Lo T ND 10,0

Dus? VD 10.0




ICP PARAMETER SHEET

Instrument -\' ‘\Qerﬂﬁ)?\Prl\\ - AS h 6 \ E P'\Af_qﬁ
(ﬂmu_tag:t»urar/uodol ) J

Nebulizer T xed Cr0ge—Tloe)

Wavelength 2.’2—0,35_3 LRLAN

eraeing_ D1 £ fra Clinp (SF‘J\I{\S 2Y4¢0 Gr(s'o'uﬁ/HM‘

Resolution (O, S?:(\.V\ ] A }L‘

Focal Length Q.?S ﬂdQPL

Background Correction LQuy (;H <€ 'Y — \ L&

interference Correction ,AA N C(\ \ vﬁ, . T \
. \
Forward Power O\S O \I\)

Reflected PowerA_NQ Me ter AU Ag\g.\.,\o

Plasma Fregquency 2 ?,J Z ")‘ ﬁ 2=

Auxilliary Gas Flow Rate O-/L L/NU/\

Sample Introduction Rate J‘AA: fre l/h ;f‘,

Calibration Standards and Calibration Check Samples A Ag g *'P\’m\ﬁ

1 —
YRS h PE:\O&\{\% Tt\)~\(E?Pr OE"(\\ P[:" E,LO3P€~\

Sy DL Lpow




EPA/RT!I Round Robin for Lead In Palnt and Dust

Round Robin No. 002 Lab ID No. 33

Digestion Method _EPA/AREAL Laboratory

Experience with this Method ___4 _ years

Analysis Method 1cp

Experience with this Method 3 years

Approval Signature:

= e

Gross Concentration of Lead (ppm)

Sample ID No. Aligquot 1 Aliquot 2
P-1 1432. 1408.
P-2 109400. _ 109600,
P-3 34000, 34100,
P-4 1518. 1502,
P-5 32400. 32600.
D-1 4160. 4170.
D-2 87. 89.
D-3 1142, 1104,
D-4 145. - 98.
D-5 3960, 3960,

Reagent Blank < 10.




ICP PARAMETER SHEBT

Instrument Leeman Labs Inc.: [CP/PS 1000
(Manufacturer/Model)

Nebulizer 42 PSI

Wavelength 220.353

Grating Fixed Echelle Grating

Resolution

Focal Length

Background Correction 220.330

Interference Correction Inter Element Correction for Aluminum

Forward Power 1,1 kW

Reflected Power

Plaema Frequency 40,68 mHz

Auxilliary Gas Flow Rate__ .00 LPM

Sample Introduction Rate_ 1,7 ml/min

Calibration Standards and Calibration Check Samples

Calibration Standards: 0.0, 0.5, 3.0, 10.0. 30,0, and 100.0 PPM

run_after every 10 samples,




EPA/RTI Round Robin for Lead In Paint and Dust

Round Robin No. 002 LabID No. 34
Digestion Method _EPA/AREAL Laboratory
Experience with this Method years

Analysis Method Icp Approval Signature:

Experience with this Method __ 6 years

Gross Concentration of Lead (ppm)

Sample ID No. Aliguot 1 Aliguot 2
P-1 1,500 ppm 1,880 ppm
p-2 117,000 ppm 120,000 ppm
P-3 _35.200 ppm . .36.700 ppm__
P.4 I‘Rrin ?{_\m 1 '839__99“___
P-5 33,700 ppm 35,200 ppm
D-1 4,070 ppm 4,960 ppm
D-2 80 ppm 140 ppm
o3 -1.170 ppm = 1,180 ppm
D-4 170 ppm 110 ppm
D-5 -4.110 ppm 3.900 ppm

Reagent Blank <1 ug/sample




ICP PARAMETER SHEET

Instrument Jarrell-Ash 9000 Air Spectrometer
{Manufacturer/Model)

Nebulizer Fixed Cross Flow

Wavelength 2203.00

Grating 1516 groves/mm Tuled grating at 500 nm

Resolut Lon .045 nm, First Order, .023 nm, Second Order, .015 nm Third 4'(

Focal Length_Focal curve is 580 ™m in length

Background Correction No

Interference Correction Yes Fe, Mg, Al

Forward Power 1.2 Kilometer

Reflected Power 0

Plasma Frequency

Auxilliary Gas Flow Rate 22 LPM

Sample Introduction Rate 2.7 ml per min

Calibration Standards and Calibration Check Samples

Fisher Lead Reference Solution 1,000 ppm + 1%

Lead Reported 58.2 ug/f
Actual 56.9 ug/f

NIST Reference Std QC 3469

Lead Reported 40 ug/f
NIST Reference Std QC 34370 Actual 37.8 ug/f




EPA/RTI Round Robin for Lead In Paint and Dust

Round Robin No. 002 Lab ID No. _35
Digestion Method EPA/AREAL Laboratory
Experience with this Method years

Analysis Method Icp Approval Signature:
Experience with this Method years

Gross Concentration of Lead (ppm)

Sample ID No. Aliquot 1 Aliquot 2
P-1 1590 ] 680
P-2 1199000 123 d00
P-3 3%3900 3760
P-4 1%0 0 )41 0
P-5 36b6 O 4l 5 00
D-1 SLyo Ygy o
D-2 Y g3
D-3 150 16070
D-4 "l‘;)\ Y
D-5 470 4190

Reagent Blank < ("‘3/*9

Z 2
Z 2
< A




ICP PARAMETER SHEET

Instrument T "4’\’ Mo :rqf roil AS )\ é ,

(Manufacturer/Model)
Nebulizer £y v4d Civsy € v )
Wavelength QQ b 3'53 (X 3\3
CGrating bQ'Q %f &P }\I\{‘ 790 ’hoilmﬂ\
Resolution
My M
Focal Length
Background Correction \) <93
Interference Correction L& S
Forward Power “ ' \< W
Reflected Power <’ O L
Plasma Frequency 3_7 ¢ ' Q
Auxilliary Gas Flow Rate O
Sample Introduction Rate "‘ '”\\ ("‘\‘h‘
Calibration Standards and Calibration Check Samples L} AR

(SL,LMK- 4 [LLM T CANPBRA Tion

PPy ~ cNCex




EPA/RTI Round Robin for Lead in Paint and Dust

Round Robin No. 002 Lab ID No. __ 36

Digestion Method _EPA/AREAL Laboratory

Experience with this Method _1 MON +ears

Analysis Method ICP Approval Siarature:
Experience with this Method __ 7 years

Gross Concentration of Lead (ppm)

Sample ID No. Aliquot 1 Aliquot 2
P-1 1600 1400
P-2 116,000 115,000

P-3 35,800 35,000
P-4 2120 1590
P-5 39,490 37,600
D-1 4260 i 3940
D-2 126 98
D-3 1220 1150
D-4 88 98
D-5 4720 5360

Reagent Blank 0

—



ICP PARAMETER SHEET

Instrument Perkin Elmer 6000 ICP
(Manufacturer/Mode!)

Nebulizer Cross Flow

Wavelength 220. 353 nm

Grating UV grating — holographic

Resolution 0.001 nm

Focal Length 408 mm

Background Correction Yes

Interference Correction Yes

Forward Power 1.20 Kilowatts

Reflected Power Less than S watls

Plasma Frequency 27.12 MHz ISM Band
Auxilliary Gas Flow Rate 0.6 L/min
Sample Introduction Rate 1.1 mUmin

Calibration Standards and Calibration Check Samples

1. Calibration standards — 0.00 and 10.00 yg/mL
L4

2. Check samples — 0.00 and 10.00 yg/mL
7

3. The0.00 nglml_ check sample could not drift beyond +0.05 ug/mL and the 10.00 pg/mL sample
7
beyond 5% (9.50 and 10.50 pg/mL).

4. A manually plotted line using 0.00, 0.50, 3.00, and 10.00 ug/mL standards resulted in an r square
7
value of 1.000.




EPA/RT!I Round Robin for Lead In Paint and Dust

Round Robin No. 002 Lab 1D No. __ 37

Digestion Method _EPA/AREAL Laboratory

Experionce with this Method _ 0 years
3 YEARS ExXPERIENCE WITH MIcLowWAVE
METHops

Analysls Method ICP Approval Signature:
Experlance with this Method __ 2 years -

ratio Lea m

Sample ID No. Allguot 1. ~Aliquot 2
P-1 1896 1529
P-2 IR6eB7 1202 16
P-3 42112 375719
P-4 1998 1775
P-5 37685 37270
D-1 4980 L]
D-2 211 10|
D-3 [lg= 1204
D-4 98-9 97. 6
D-5 Hz &8 qoé A

Heagent Blank <. ]O

<10
£10

£ lo




ICP PARAMETER SHERT

Instrument_ A K e 5560

{Manufacturer/Model)
Nebulizer_MEINHARD -4/ SPET._ 12 +PM ARy Frou

wavelength_220.Z5ym Blr %/PoRpeR ; 202.724m Cr 3Ppepst.

Grating [QﬁQ ?gegv&:ﬁd,,m MmECHAMICAL

Resolution_ FWHm O.DJeym 4o Et»ﬂ ﬁ?ﬁk} 0.93wm frp ”&PQRLD

rocal Length_ | METES Fi7

Background Correction Y 0.25ym

200 PP Ti = 01153 Fpm FALSE Filr) CoRRECTION
00 Flr 9 Z Q- 027% /l;m FALSE Pl AvTomATICALLY
Interference COrmction_é_p £rm - M&' Pltn FAME APPLE

Yorward Power_ & SO wATTs (miniTaeey B 8 tPm cooldnT Akjou)

Reflected Power £ /D WATTS

Plasms Fregquency R, 12 mMmH2

Auxilllary Gas Plow Rate (&)

Sample Introduction Rate_ | .0 ml /m 4/

Calibration Standards and Calibration Check Samples PLANKk le, 2/ 22,

701, 10D PPm oF ,Z{r/ Cr (6pugc€ - 5PEX) IMITIAL CAYBRATIAG

CHEck = Ley-1 Tey-4 (opLReE = BEFA) CoaTingad
7 /
AL IBRATION roHECk = 5 AL %pURE = Iﬂaﬁ/q,mc VENTRES)




EPA/RTI Round Robin for Lead In Paint and Dust

Round Robin No. 002 Lab 1D No. 38
Digestion Method _EPA/AREAL Laboratory
Experience with this Method _ O __ years

Analysis Method cr Approval Signature:

Experience with this Method __ % years

Gross Concentration of Lead (ppm)

Sample ID No. fi Aliguot 2
P T;%qmﬁfﬁ prse  _ 1300
P-2 \20000 \3 0000
P-3 3%000 3 8000
P-4 \ 00 \ 400
P-5 23000 40000
D-1 L4300 100
D-2 Lan, {22
D-3 \2.00 \2 00
D-4 \ 00 31
D-5 L300 o500

Reagent Blank il A LaS

adade ve O .05 mg /L




ICP PARAMETER SHEET

Instrument ‘ R RL SS \0

(Manufacturer/Model)

Nebuliger w
Wavelength ROYY 252 Ave

Grating 210 Ww—ﬂ———&ne&éﬁ
Resolution 0. O\W\x nen (&‘mk\h‘)

¥ocal Length \ ﬁ\.lxﬁ

Background mrrectiw:‘__m_agﬁ_l_jﬁﬁw__
Interference Correction : g;ﬁ,ban blﬁqx 2933 -dml 490s. Fam

Forward Power \2o0

Reflected Powar \

Plasnma Frequency D-.:} .\l N\\‘\i .
20 esi L P S Y

Auxilliary Gas Flow Rate hY r

L]
Sanmple Introduction Rate N \ M\. / TR S s

Calibration Standarde and Calibration Check samplu_w&_
Wﬂﬂw




Appendix E-4

HP/ICP Laboratories



EPA/RTI Round Robin for Lead In Paint and Dust

Round Robin No. 002 Lab 1D No. _40

Digestion Method _NoSH - T0f - Laboratory
Exparience with this Method _0 ___ years

Analysis Method ICP Approval Signature:
Experience with this Method __ S years

rosg Con tlon of f ea m
Sample 1D No. Allquot 1 Aliquot 2
P-1 S0, L33¢.
P-2 3% $00. 1 §v00.
P-3 34500. Y L2000,
P-4 [§¢o. Loi .
P-5 3¢ (00. 35400,
D-1 3§ 60. $95e.
D-2 ~ | 48. ¥y,
D-3 101 0. t§30.
D-4 90. 48,
D-§ s§¢0. Fisc.
Reaggnt Blank ya go/' ” il

— Ul




EPA/RTI Round Robin for Lead In Paint and Dust

Round Robin No. 002 Lab ID No. 41

Digestion Method NIosH 7082 Laboratory .
Experience with this Method _2 __years

Analysis Method _ICP Approval Signature:
Experience with this Method _3 __ years

Gross Concentration of Lead (ppm)

Sample ID No. AAliquot 1 ~Aliquot 2
P-1 O&bLll 1.157 1.635
P2 Oblb!x Hy. 16 n.e2
P3 0bG13> 41. 30 5. 54
P-4 OGuLIY (.872 l. 607
P5 066IS 41, 2¢ 4y, 34
D1 Obbli 3,345 5.033
D2 Okt 0.150 c. 142
D3 0L WLI8 1317 1241
D-4 0L L14 <o,100 <c., 100
D5 OLe2D 5,513 5.2

Reagent Blank <o, lco

<0, i¢0
<0, 100
<0,100

These results were rechecked by the anal i
; yst and found to be incorrect by three orders of
magnitude. The above results were multiplied Ry 1000 and entered into the database.



ICP PARAMETER SHEET

Instrument ARL {Apphed Researcty La.bomtouu) ICP/ModPI 3410
(Manufacturer/Model)

Nebulizer Meinhard

wavelength 220,353

Grating Rulca

Resolution 24CC ’l'malint})
4

Focal Length | metev spectrephotomeler
L) X ]

Background Correction Net necessany
]

Interference Correction  Not ALCESSAry,

Forward Power 671 Watts

Roflected Power 00! Waitls.

Plasma Frequency 25 meqa“ecfl
4

Auxilliary Gas Flow Rate (colant: 1.5 Lfmn . Plasme = 0.30L]min.
v N ¥

Sample Introduction Rate 2.5 mL[minute
L

Calibration Standards and Calibration Check Samples

1. Im'l{u"! I anc«héscd cach Sum?(t with conbrels % standards which brucke ted

the Sd-mP't enentration.

2. I analysed u,s(;n‘q’ BLANK‘ lppm , 3 ppm, 10ppm, Conhiiz Sppm. and
A L r : A VK

Alukd samples h necessary b fall witthin their standards.



EPA/RTI Round Robin for Lead In Paint and Dust

Round Robin No. 002 LabiDNo. 42

Digestion Method _ NIOSH 7082 Laboratory

Experience with this Method __4 __ years

Analysis Method ICP Approval Signature:
Experience with this Method __ 3 years

Gross Concentration of Lead (ppm)

Sample 1D No. Aliquot 1 Aliquot 2
P-1 1790. 1615.
P-2 119000. 115000.

P-3 34500. 34700.
P-4 1450. 1630
P-5 34500. 34100.
D1 4060. _ 4460,
D-2 93. 108.
D-3 1120, 1100.
D-4 74. 90,
D-5 4220, 4110.

Reagent Blank < 50.




ICP PARAMETER SHEET

Instrument Leenan Labs Inc.; ICP/PS 1000
{Manufacturer/Model)
Nebulizer 42 PSI

Wavelength 220.353

Grating Fixed Echelle Grating

Resolution

Focal Length

Background Correction 220.330

Interference Correction Inter Element Correction for Aluminum

Forward Power 1.1 kW

Roflected Power

Plasma Frequency 40.68 mHz

Auxilliary Gas Plow Rate_ .00 LPHM

Sample Introduction Rate__ 1.7 ml/min

Calibration Standards and Calibration Check Samples

Calibration Standards: 0.0; 0.5; 3.0; 10.0: 30.0: and 100.0 PPM

Calibration Check Standards: 0.0; 2.0: and 100.0 PPM +/- 10 %

run after every 10 samples.




EPA/RTI Round Robin for Lead in Paint and Dust

Round Robin No. 002 Lab ID No. __43

Digestion Method NIOSH 7082 Laboratory-

Experience with this Method _3 __ years

Analysis Method Icp Approval Sianature:
Experience with this Method [l years

Gross Concentration of Lead {ppm)

Sample ID No. AAliquot 1 ~Aliquot 2
P-1 ($5¢ [ 537
P-2 e, 500 /13, 40C
P-3 37, 40 35, 870
P-4 [/, 882 [, T4
P-5 J6, /0 3¢, 980
D-1 4, 013 4, 414
D-2 7754 /00
D-3 f R49 /, 2R0
D-4 [0 722:3
D-5 4 5 35 4,532

Reagent Blank — 0.0

— O 102

+ 0- 02




ICP PARAMETER SHEET

Instrument ’PW E ,fmt’ + JXC P 5500

(Manufacturer/Model)

Nebulizer Crpss - Flow [\)J?—b/‘tp(gﬁk

Wavelength 2 2. 0

Grating U\/ M%H/“ 2330 AML.‘/’)&{)“{ 1//514/1‘.’ %%Iﬂq -
4 (4o //hes/oj

Resolution 0 C2 7 nm

Focal Length 4"08 T om

Background Correction NOLE

Interference Correction A oA

Forward Power /v 25 K ] /0\.()0..1“}'5

Reflected Power < 0. wa HS

Plasma Frequency CQ/"")LG/ _ CO'\&{"OI/*’& ‘P(JKW r SM.D?N (2' 72 N#ﬁ,)
( Sé&bl/f]?/ O_:O.&‘ 7/ ) !

Auxilliary Gas Flow Rate Qe 2 Lzyrv]‘
1

Sample Introduction Rate /e 75 o //2///7
7

Calibration Standards and Calibration Check Samples /©O.00 pp.2¢ O’i«:d
77

2% o+ Calrbrotipy S-t'cz,qclaralsl; 715’,171?4»4 =

indepwiw+ check 5'2744.,0/«3_ .




EPA/RTI Round Roblin for Lead in Paint and Dust

Round Robin No. 002 Lab ID No. 44

Digestion Method NIOSH 7082 Laboratory
Experience with this Method __1 0 _years

Analysis Method Icp Apsroval Sianature:
Experience with this Method _/ & years

Gross Concentration of Lead (ppm)

Sample 1D No. JAliquot 1 ~Aliquot 2 ligqoT
P-1 _loZ0 /400 /340
P-2 545700 Y4e 900 S 2% 00
P-3 35200 32700 394300
P-4 /4~06 //E0 /2S5O
P-5 34¢00 33500 3¢ 00
D-1 so49 5010 4350
D-2 < s0.0 {$?2,0 {50, 0
D-3 /8. 5O /000 1030
D-4 < &o.0 ¢s. 7 0,3
D-5 S5¢0 Hs~ 40 H3¢T

Reagent Blank <S5 .0 /;:/,—,,y/@ ( 0.0.?@/,",2

£S$, 0 //;4/3%




ICP PARAMETER SHEET

Instxument N ARKELL -AS5H RTIOMmcomsp y/ 4%
(Manufacturer/Model)
Nebulizer f/xep (¢ RQSs FLow

wavelength 220 .34 s,

Grating JHKRELL -ASH Vi S0 RN W4

Resolution

Focal Length / s»

Background Correction

Interference Correction

Forward Power [,/ &5 K A/

Refleocted Power < S5~ w

Plasma Frequency 2 7., /2

Auxilliary Gas Flow Rate ANVo A~ FF

Sample Introduction Rate /. 4L 7 m[t /m,,v

Calibration Standards and Calibration Check Samples




EPA/RT! Round Robin for Lead in Palnt and Dust

Round Robin No. 002 LabIDNo.__ 45
Digestion Method . NIOSH 7082 Laboratory

Experience with this Method years

Analysis Method Icp Approval Signature:

Experience with this Method __6 years

Gross Concentration of Lead (ppm)

Sample ID No. Aliquot 1 Aliquot 2
P-1 1,72.0 ppm 1,810 ppm
P-2 115,000 ppm 94,700 ppm
P-3 36,900 7.4 m
P-4 —1.940 ppm 1,990 ppm
P-5 ,

D-1 4,170 ppm 4,750 ppm
D-2 270 ppm 150 ppm

D-3 L 200 L 140

b-4 —160-ppm—— < S0 ppm
D-5

—4,540 ppm—— 4,590 ppm——

Reagent Blank 10.1 ug/sample




ICP PARAMETER SHEET

Instrument Jarrell-Ash 9000 Air Spectrometer
(Manufacturer/Model)

Nebulizer Fixed Cross Flow

Wavelength 2203.00
Grating 1516 groves/mm Tuled grating at 500 nm
Resolut ion .045 nm, First Order, .023 nm, Second Order, .0l5 nm Thirc

Focal Length_Focal curve is 580 mn in length

Background Correction No

Interference Correction__Yes Fe, Mg, Al

Forward Power 1.2 Kilometer

Reflected Power 0

Plasma Freguency

Auxilliary Gas Flow Rate 22 LPM

Sample Introduction Rate 2.7 ml per min

Calibration Standards and Calibration Check Samples

Fisher Lead Reference Solution 1,000 ppm + 1%

Lead Reported 58.2 ug/f
Actual 56.9 ug/f

NIST Reference Std QC 3469

. Lead Reported 40 ug/f
NIST Reference Std QC 34370  Actual 37.8 ug/f




EPA/RTI Round Roblin for Lead in Paint and Dust

Round Robin No. 002 LablDNo. _46

Digestion Method __NIOSH 7082 Laboratory

Experience with this Method 14ON. _+yesars

Analysis Method ce
Experience with this Method __7 years _

Approval Sigfature:

Gross Concentration of Lead (ppm)

Sample ID No. Aliquot 1 Aliquot 2
P-1 1160 1280
P-2 84,000 Not available
P-3 32,000 30,800
P-4 1280 1330
P-5 28,600 30,200
D-1 3160 4110
D-2 160 80
D-3 840 840
D-4 70 70
D-5 3580 2670
Reagent Blank 0




ICP PARAMETER SHEET

Instrument Perkin Elmer 6000 ICP
(Manufacturer/Model)

Nebulizer Cross Flow

Wavelength 220. 353 nm

Crating UV grating — holographic

Resolution 0.001 nm

Focal Length 408 mm

Background Correction Yes

Interference Correction Yes

Forward Power 1.20 Kilowatts

Reflected Power Less than 5 watts

Plasma Frequency 27.12 MHz ISM Band
Auxilliary Gas Flow Rate 0.6 Umin
Sample Introduction Rate 1.1 mUmin

Calibration Standards and Calibration Check Samples

1. Calibration standards — 0.00 and 10.00 pg/mL
T

2. Check samples — 0.00 and 10.00 ug/mL
7

3. The0.00 7pg[m!.. check sample could not drift beyond +0.05 ug/mL and the 10.00 ug/mL sample
7
beyond §% (9.50 and 10.50 ug/mL).

4. A manually plotted line using 0.00, 0.50, 3.00, and 10.00 ug/mL standards resulted in an r square
7

value of 1.000.




Round Robin

Digestion Method NIOSH 7082 Laboratory
Experience with this Method __3 years

EPA/RT!I Round Robin for Lead In Paint and Dust

No. 002 Lab ID No. _47

Analysis Method ICP Approval Signature:

Experience with this Method _ 7 years

Gross Concentration of Lead {ppm)

Sample 1D No. AAliquot 1, JAliquot 2
P-1 1,600 1,500
P-2 110,000 110,000
P-3 16,000 36,000
P-4 1.700 1,900
P-5 36,000 37,000
D-1 4,400 4,500
D-2 110 100
-3 1,200 1,200
D-4 82 130
D-5 4,500 5,300

Reagent Blank <40

<40




ICP PARAMETER SHEET

Instrument Thermo Jarrell Ash _ ICAP 9000
(Manufacturer/Model)

Nebulizer Fixed Cross Flow Pneumatic

Wavelength 2203.53 A

Grating 1510 g/mm ruled @ 500 nm

Resolution  0.045 nm (lst order)

Focal Length 0.75 m

Background Correction_ Spectrum shifted, background point at 220,252 nm

Interference Correction Interferents: Ti, Cr, Al, Cu, Mp

Forward Powerl.l kw

Reflected Power <]0 w

Plasma Frequency 27.12 MHz

MAuxilliary Gas Flow Rate_ ~ 2 1PM

Sample Introduction Rate 1,725 ml/min

Calibration Standards and Calibration Check Samples

Standardization @ 10 mg/L, Check Standard @ 2 mg/l, & 100 mg/1

Interference Check Standard @ 1 me/L with ipterferepts 8 200 mg/]




EPA/RTI Round Robin for Lead In Palnt and Dust

Round Robin No. 002 Lab ID No. _48
Digestion Method NIOSH 7082 Laboratory
Experience with this Method years

Analysis Method _I°P Approval Signature:

Experience with this Method __ L. years

-y

Gross Concentration of Lead {(ppm)

Sample ID No. Aliquot 1 Aliquot 2
P-1 /¢34 /693
p-2 €3220 G5 30
P-3 Sby2b 364(0
P-4 /! S55 /451
P-5 35 00 3¢9/0
D-1 50170 Yos *

- D-2 < 200 4 200
D-3 /(L% J224y
D-4 £ 200 < 200
D-5 Y041 s 3— 4352

Reagant Blank O - {ass, /o L Ph
‘.Z_O,C,’A;@__ﬁé_




EPA/RT! Round Robin for Lead In Palnt and Dust

Round Robin No. 002 Lab ID No. 49

Digastion Method NIOSH 7082 Laboratory

Experlence with this Method _ O __ years

Analysis Method icpP Approval Signature:
Experience with this Method ). years

@Bross Concen n of

Sample ID No. Aliquot 1 Aliquot 2
P-1 2000 1400
P2 20000 Q000
P-3 35000 35000
P-4 \ L 00 \3}00
PS5 33000 25000
D-1 3800 Luoo
D-2 “ L3
D-3 \ \ 0o \ 000
D-4 <410 {34
D-5 3300 4300

RoagertBank  Rulene ANl Sumih

sa Q.05

NN



ICP PARAMETER SHERT

Instrument : QR\- ?>S \Q

(Manufacturer/Model)
Nebulizer w
wavelength ‘Bf).@ « IS e

Grating 2109 %\AW/M \'\

Resolution O.0\L e (%%‘"‘3
‘Focal Length \"‘\&i

Background Corrvection  \sanm usdnk
-

Intarference Correction . 0¢ .

Forward Power V200

Reflected Powar \

Plasma Frequency 3-4 .\ l N\\*z

Auxilliary Gas Flow Rate

.
Sample Introduction Rate N\ \ o\ /M

Calibration Standards and Calibration Check samplo-_w
W&W




Appendix E-5

Laboratory XRF Laboratories



EPA/RTI Round Robin for Lead In Paint and Dust

Round Robin No. 002

Digestion Method _N/A

Lab ID No. 30

Laboratory

Experience with this Method Q@_a yeors

Analysis Method _Lab XRF

Approval Signature:

Experience with this Method 2'414 Yeers

Sample ID No.

P-1
P-2
P-3
P-4
P-5

D-1
D-2
D-3
D-4
D-5

Reagent Blank

v

Gross Concentration of Lead m

_Aliguot 1_ _Aliguot 2
[ 60 /200
230 65D >50000
_325/0 29650
/300D />80
K29 <50 /75D
2945/ <715/
< 15 £75
75/ /007
£ 75 < 75
29 (8 292/
N/A
N/A
N/A

N/A




LABORATORY XRF PARAMETERS - PAINT

Sample Quantity ! é,eﬁm

Sample Preparation

Ladats LnTleer T (rnfiioacTl fin ctBinctonr

"’ 7 -
Vi
'l
Instrument Mnﬂé(, /\/'me fo’lO
ééfm r'c SI

Description of X-ray Source Kd/ /0 ?

Description of Secondary Target ﬂ/lyﬁ'

Description of Detector ﬁv@pp@ém &{le/f/&

. s 9 .
Reference_mw__%{&m



LABORATORY XRF PARAMETERS -~ PAINT

Counting Time /M \S'!ZM_{
Counting Rate /Z/'yd
Total Counts A{Zﬂ

, Ly s
Calibration Standards (232 &40 177/
_zm#%j_&%m 29080 spm)
7 7 7 7

Results of Calibration Check Samples 023 : )¢ )

2 & Y ,Am/




LABORATORY XRF PARAMETERS - DUST

Sample Quantity ;Q é’WS

sample Preparation
AS A'

(e rate gza?' L 807 D Gptioms 8 Ghrefple
Qllsce. & gdton ol sl t1bd B NLE ptntelo
W@MLW“

Inatrument_Mm_M't{ /\v/’ﬂg7 i)'o

Description of X-ray Source Cp(,{ /07

Description of Secondary Target 7”//[#

/
Description of Detector ﬂ@Mﬂ/L&é» K 4{47{}%@,

Refe rence__&_/é@gﬁ“_ E&C M




LABORATORY XRF PARAMETBRS -~ DUST

Counting Time i/M Sé»('/t'ﬂf/\f
Counting Rate //7 /ﬁ
Total Counts '/t{//?

Calibration Standards -- CIN 1 and BAL 1
Results of Calibration Check Samples
Bat - / S gpa S g0
Criu -/ 373 pom 3730040
WSz 169§ (Sem DUST 455Dppm) T84S0




EPA/RT! Round Robin for Lead In Paint and Dust

Round Robin No. 002 Lab 1D No. 51
Digestion Method N/A Laboratory
Experience with this Method years

Analysis Method _12b XRF Approval Signature:

Experience with this Method Z years

Gross Concentration of Lead (ppm)

Sample 1D No. Aliquot 1 Aliquot 2
P-1 ) 200 1183
p-2 118321 11832%
P-3 23412 2399%
P-4 Jjt2- 1 L170
PS 23816 23992
D-1 2115 2405
D-2 7L q2
D-3 (01Y 1014
D-4 76 7y
D-5 24 35 2115

Reagent Blank N/A

N/A
N/A

N/A




LABORATORY XRF PARAMETERS -~ PAINT

Sample Quantity / SNLisr—
7

Sample Preparation

5(L-w~’{L¢c (LaA S/L&/l‘lw %w /5 N~ o './Am«a//[M—lc/
. Y

1;‘ (o 3] s éé_/w;de i p &,mJ (’mw/ L //\.

L nil polpcopylene Lilm .

1 T

X€&e . Mitro
Instrument ﬁt"l/fﬂé?{)o 'Q‘(.."H. kﬂ’\]’f)gi 1000 :017'[@ y’foc'r‘éso(

Description of X-ray Source Kde// Yo , 4—,5')%&: num&,\ 1/5——

Description of Secondary Target 6 )' / yert SELon (Jwtg —Z(u ILL/

Description of Detector [/PUCF él ‘OLAA\\/\M C/fl ;#r 5\1 /lC(J’P\
,déxu/(lsz }\lﬂﬂq UH H\ bb(,(,lx,umq LL)“(:& clay/
Reference S o ” X ﬁ‘:gﬂcé!c“ Q! SIQ ' éf(_gg M 2@44, ﬂfm!




LABORATORY XRF PARAMETERS - PAINT

Counting Time (005 CCCM.(I/L,

Counting Rate /}7@/7/\ ov. Hopo ¢ 'I'S,/é L.

Total Counts O'()'[)(Uf yoo 660
Calibration Standards /VBS 15 1 ‘i C/lUl" Atb 05 % b)( //L

%A@JA'_,@@A&“ o106 oo tionn , (g1 %, 5.9 %

019 % 001 %, 0.05% (19997 caldnolir Coz,,é/.)

Results of Calibration Check Samples

5&4@@& Ao o~ TCP JUAJ [26% &~ XKE




LABORATORY XRF PARAMETERS - DUST

Sample Quantity 4 AN U vr—
7

Sample Preparation
6&4&»{211 o :s/\a é&\ ; ”\L*\ [ é;\/inav f?/- 57»»;/«7/&

Wi 'ﬁzw 12 e 3l mpam S0mp s (’/u{?
tnd COQ}Mp nuLMv 2 nal jDOJLdpro‘{)y)z"m‘.’ ,ﬁ/m

Instrument XIZ F OVo¢ t Jox 0 Sov

Description of X-ray Source 'R}mdl U~ /4’?'071&;, +* 1’/5’

Description of Secondary Target 6/ / Vel

Description of Detector k@\/ﬁx L;*M“J}n« ('//, ;#‘ec‘l 5)/,(10,\/
A‘Q(‘f’l‘,lﬂf h?ao( ldl‘”\ lofflfjvm wlnc[cwd.

Reference k 25&4‘ sf QMA!CI !J 3[ "2 étasmg’ﬂéﬂ 5£g f .




LABORATORY XRF PARAMETERS - DUST

Counting Time /00 Séc .

Counting Rate (cf'i’/-'/t oY Yooou C% /éﬂc,

Total Counts_ (JYITK 0L (CC
Calibration Standards —- CIN 1 and BAL 1
Results of Calibration Check Samples_A/p Ofuc Shunp loce
oweada it G doe £, /7/4%#»«3%\ & punt zompd,
Wor  faur _dpaunnd  the (’aumi"éw e

B4 %L (popunak TCP nethnd).




EPA/RTI Round Robin for Lead In Paint and Dust

Round Robin No. 002

Digestion Method N/A Laboratory

Lab ID No. 52

Experience with this Method years

Analysis Method Lab XRF
Experience with this Method H years

Approval Signature:

Gross Concentration of Lead (ppm)

Sample ID No. Aliquot 1 Aliquot 2
P-1 92y 579
P-2 |294 oo 13D, 300
P-3 25,440 24,750
P-4 ¥ & 906
P-5 24,50 29,420
D-1 267 RXIDDS
D-2 7/ 7>
D-3 [ 100 (100
D-4 vi's 75
D-5 A16h A 200

Reagent Blank N/A

N/A
N/A

N/A




LABORATORY XRF PARAMETERS - PAINT

Sample Quantity

Sample Preparation

Instrument K Q‘l 9-7\ '—\_\D ‘\V\K\\\b‘T

Description of X-ray SourceQ\\V\ eﬁ\\“m \\'G\(\c) O‘(C\ u}\ 5’ Y“.\\-

Be Wimiow: Widkeness:, Nelkage, e-bewy: Garrent e — 3-3, Wl

Description of Secondary Target “\b\‘ib"\e“"‘m

Description of Detector C ""‘i e\ ?*T,} Q“\E«G\i Q\Q%\'r\“\..*’”‘ \&,{e\‘ W \'“)\

‘N\QS\\\\‘"Q"\ \9( €‘~\ “e\ *’(“‘\5‘\\\*-.(1-'(0\\3&&;\*\ '5{:\-'3(3‘“
AY + ‘

Reference




LABORATORY XRF PARAMETERS - PAINT

Counting Time [ 60 Set

Counting Rate

Total Counts

Calibration Standards

Q.0 wf—% 3 < -70wl‘705 |o-40 uuf‘%

, 7
[1.90 wh/s (NBS-1579) » 1g.90 o %
= = /

Results of Calibration Check Samples




LABORATORY XRF PARAMETERS - DUST

Sample Quantity

Sample Preparation

Instrument ke\‘ L?( 7 7D AV\" l;[ S]'

Description of X-ray Source R\\ < A 4*\« S"‘OMCJ OLAA L‘"\}‘\\ g“\\
Cur(“enf‘

R o Wiudew H«ic\ﬁw; UD‘LOC()L 0 - ke k\//\% Q ‘B—BW\A

Description of Secondary Target M 0 {\/' /,75‘( Lauun
/

Description of Detector C(YOS"O\'}- . E\«(r;H D‘QSUL«)\.O\‘ 165 e/ FWHN
1 7 7

M cCSuve d Pcrjj?/-(eu X—"Qﬁ j_Dcware-«lpacJ,ll/ 5"«@"/“&,1

Reference




LABORATORY XRF PARAMETERS - DUST

Counting Time ! 00 Qe c .

Counting Rate

Total Counts

Calibration Standards ~- CIN 1 and BAL 1}

Results of Calibration Check Samples




EPA/RTI Round Robin for Lead In Paint and Dust

Round Robin No. 002 Lab ID No. _ 33
Digestion Method N/A Laboratory
Experience with this Method years .

Analysis Method _Lab XRF Appreval Signature.

Experience with this Method __2 _years

Gross Concentration of Lead (ppm)

Sample ID No. Aliquot 1 Aliquot 2
P-1 5434 5148
P-2 104,510 101,852
P-3 29,573 27,368
P-4 6,003 5,823
P-5 26,403 26,178
D-1 2,000 2,000
N-2 126 137
D-3 RA3 Q14
D-4 113 126
-5 1,400 1,900

Reagent Blank N/A

N/A
N/A

N/A




LABORATORY XRF PARAMETERS - PAINT

Sample Quantity 0,20g (+ 0,014g)

Sample Preparation
sample bottle was rotated to insure mixture of sample material.

The 0.20 gram of sample was weighed as combined with 1 gram of

cellulose and 1 gram of zinc oxide in a plastic mixing vial

with mixing balls (exact weights were recorded). The samples

were then mixed for 10 minutes in a shaker mill. After mixing the

samples were pressed into pellets using a Carver press. Each

pellet was pressed to 10,000 1lbs. for a minimum of 5 minutes.
(NISTIR 89-4209)
Instrument Computerized Energy Dispersive X-ray Fluorescence System,

Kevex 770/Delta

Description of X-ray Source  Rhadium

Description of Secondary Target_  Zircopium

Description of Detector_ ILithium-drifted Silican

Reference




'LABORATORY XRF PARAMETERS - PAINT

Counting Time 300 seconds

Counting Rate See _attached Table 1

Total Counts See attached Table 1

Calibration Standards___ NIST SRM1589 11.87 Pb inpaint =~

Regults of Calibration Check Samples




LABORATORY XRF PARAMETERS ~ DUST

Sample Quantity 100%

Sample Preparation
Sample bottles were rotated to insure proper mixing of sample

material. A portion of undiluted sample was placed in a XRF

sample cup with mylar film covering the bottom and microporous

film over the top.

s

Instrument Computerized Energy Dispersive X-ray Fluorescence System,
Kevex 770/Delta

Description of X-ray Source Rhodium

Description of Secondary Target_Zirconium

Description of Detector_ Lithium-drifted Silicon

Reference




LABORATORY XRF PARAMETERS - DUST

Counting Time 200 seconds

Counting Rate See_attached Table 1

Total Counts See attached Table 1

Calibration Standards ~- CIN 1 and BAL 1

Results of Calibration Check Samples




EPA/RTI Round Robln for Lead In Paint and Dust

Round Robin No, 002

Digestion Method __N/a

Experlence with this Method

Analysis Method  _Lab xxF
Experience with this Mathod _ 3

years

Lab ID No.

Laboratory

54

Approval Signature:
years W

Gros ncentration of Lead
Sample ID No. Aliguot 1 Aliquot 2
Pt _ 89 782
P-2 61123 60617
P-3 21 5431 217606
P4 800 70}
P-5 21848 2.1 550
D1 __2417 2444
D-2 98 114
D-3 | 052 1067
0-4 1| 11
0-5 2416 2424
Reagent Blank N/A
N/A
N/A

N/A




LABORATORY XRF PARAMETERS - PAINT

Sample Quantity 2 %rﬁ. mS

Sampla Preparation

Loose peiner placeo tn sample evps

seatod b goLqrgmg.];leue-ﬁ'mL

Instrument kﬂﬁ_& 770

Degeription of X-ray Source x- Q|‘ :LLQ ge!gx ‘r\tah Quipg"’ !igégg m

ANooO¢,

Description of Socondary Target MO

Sils
Description of Detactor IL

Referenca




LABORATORY XRF PARAMETERS « PAINT

Counting Time 2.00

Counting Rate COUN“!,/SQCM (v

Total Counts wv TIM0 “‘45%

Calibration Standards___ ‘O STANDALDS -Wele. vsae D

I~ 21%67 FPTM

Regults of Calibration Check Samples_ NO OAwT WG %MP‘CS
l .

wee Lgen. 123 g«_—;g gueehgg wele psep., Chugg_gzgg
um'm} gail ﬁg_m';k,l¢ _Rer Cn = 280
Rep BALY b5




LABORATORY XRF PARAMETERS - DUST

Sampla Quantity z 3[&»!\33

sampla Preparation

Loose Powber BLACED IN A SAMPIE Cup SEALED

_kim__g:gy_(:e,tzg[cnc felw,

Instrument KEVEX Nh'70 a

Description of X-ray Source X-ray -L)LC ¢ KEvEX k'ﬁ‘\ ewl-p‘f" r‘aedwm
P4 P4

AMNoOE,

Description of Secondary Target Ma

LJ - .
Description of Detector SI' L [

Reference




LABORATORY XRF PARAMETERS « DUST

Counting Time Z.OO

Counting Rate CPUNTQI/ SeconN D

Total Counts__ TXAD TIME & 453/@

Calibration Standards -~ CIN 1 and BAL 1

Results of Calibration Check Samples  REFCI\N r 2815

RQer AL b7




EPA/RTI Round Robin for Lead in Paint and Dust

Round Robin No. 002 Lab ID No. _ 35
Digestion Method N/A Laboratory
Experience with this Method years

Analysis Method Lab XRF Approval Signaturse:

Experience with this Method _3.5 year

Gross Concentration of Lead (ppm)

Sample ID No. Aliquot 1 Aliquot 2
P-1 1006 910
P-2 10.5 % 10.4 %
P-3 31905 31228
P-4 973 1021
P-5 33982 32388
0-1 2489 2458
D-2 107 31

D3 976 962
-4 81 87
D-5 2441 2514

Reagent Blank N/A

N/A
N/A

N/A




LABORATORY XRF PARAMETERS =~ PAINT

Sample Quantity 2 - 2.5 prams

sample Preparation
(See Attached)

Instrument Kevex Delta-770 Analyst (EDXRF)

Description of X-ray Source Rh x-ray tube; Maximum voltage: 60 KeV

Maximum amperage: 3.3 mA

Description of Secondary Target Silver secondary target with 0.051 mm

silver secondary target filter KeV = 3%, mA = 1.5

Description of Detector Silicon lithium drifted detector

Reference N/A




LABORATORY XRF PARAMETERS - PAINT

counting Time Livetime: 200 seconds (351 deadtime)

counting Rate Time constant: 1.5 microseconds

Total Counts N/A

Calibration Standards Matrix: soil and dust; Units (mg/kg Pb)

Soils: 17993, 3772, 2455, 1069, 995, 849, 443

Dust: 58

Results of Calibration Check Samples

TRUE AVERAGE

ID mg/kg Pb  mg/kg Pb 7 RSD RPD N
Qcl (17993) 18106 0.5 0.6 6
QC2 (443) 458 4.0 3.3 3
Qc3 (6550) 6737 2.6 1.3 3

QC1: High calibration soil standard
QCc2: Low range calibration soil standarad
QC3: NBS 1648 (Urban Particulate)

: Number of measurements



LABORATORY XRF PARAMETERS - DUST

Sample Quantity 2 - 2.5 grams

Sample Preparation
(See Attached)

Instrument_ Kevex Delta-770 Analyst (EDXRF)

Description of X-ray Source__ Rh x-ray tube: Maximum voltage; 60 KeV

Maximum amperage: 3.3 mA

Description of Secondary Target Silver secondaxry target with 0.051 mm

. silver secondary target filter. KeV = 35, mA = 1.5

Description of Detector__Silicon lithium drifted detector

Reference N/A




LABORATORY XRF PARAMETERS -~ DUST

Counting Time Livetime: 200 seconds (351 deadtime)

Counting Rate Time constant: 1.5 microseconds

Total Counts N/A

Calibration Standards -- CIN 1 and BAL 1

Results of Calibration Check Samples

1D TRUE AVERAGE % RSD RPD
mg/kg Pb mg/kg Pb

QCl1 17993 15131 0.4 17.3

QC2 443 396 4.5 11.2

QC3 6550 6192 2.5 5.6

QCl: Soil

QC2: Soil

QC3: NBS 1648 Urban Particulate
N: Number of measurements



EPA/RTI Round Robln for Lead In Paint and Dust

Round Robin No. 002

Digestion Method _N/A - Laboratory

Lab ID No. ___ 56

Experience with this Method years

Analysis Method _Lab XRF
Experience with this Method _5___ years

Approval Signature:

Gross Concentration of Lead {ppm)

Sample iD No. Aliquot 1 Aliquot 2
P-1 /C/0 /089
pP-2 /56554 /59 390
P-3 3/3FC 3010
P-4 /059 /0 76
P-5 30 t§0 3/1Y0
D-1 KFO3 REF3
D-2 g3 29
D-3 /73> /)6 !
D-4 G2 g2
D-5 23}/ 2060

Reagent Blank N/A

N/A

N/A

/A




LABORATORY XRF PARAMETERS -~ PAINT

Sample Quantity ,;Z, (@) grauts per a//lq‘ou“é«
[ /7

Sample Preparation
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LABORATORY XRF PARAMETERS -~ PAINT
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Total Counts
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LABORATORY XRF PARAMETERS - DUST

AN
Sample Quantity S(’.e o':)al /\.t" .

Sample Preparation

See Pa:; ¢ .

Instrument ~Se e Pa! n t/ .
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Description of Secondary Target .S&:. Pamt

Description of Detector See PQL'»‘C

Reference




LABORATORY XRF PARAMETERS - DUST
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Appendix F

Letter sent to Laboratories
Reporting Preliminary
Results of Round-Robin



RESEARCH TRIANGLE INSTITUTE ZR_TI

Center for Environmental Measurements and Quality Assurance
October 18, 1992

Mr. Terry Burke

Wisconsin Occupational Health Laboratory
Department of Hygiene

979 Jonathon Drive

Madison, W] 53713

Dear Mr. Burke:

A statistical analysis of the results of the recent RTI/EPA round robin for
lead in paint and dust is being finalized, and consensus values for concentrations
of the samples have been determined. These values are presented in the
enclosed tables that will be included in, "Preparation and Evaluation of Lead-
based Paint Contaminated Method Evaluation Materials," as presented at the
Lead Symposium of the American Chemical Society meeting in August, 1992.
The paper, to be a part of the proceedings of the symposium, is currently being
reviewed by EPA and, upon clearance, will be sent to all laboratories that
participated in the round robin. It will include the consensus values for the
concentration of the method evaluation samples, a comparision of statistically
significant differences in the analytical methods, and inter- and intra-laboratory
precision for these methods. '

Al] laboratories received 10 samples for analysis, 5 paint and 5 dust
samples. The samples from each matrix included duplicate bottles of one high
level and one low level method evaluation material prepared by RTI, and one
SRM. For example, the paint samples were comprised of one high paint
material (P-3 and P-5), one low paint material (P-1 and P-4), and a paint SRM
(P-2, NIST SRM 1579). The dust samples included one high, post-abatement
dust (D-1 and D-5), one low household dust material (D-2 and D-4), and one
sediment SRM (D-3, NIST SRM 2711). In order to provide information that will
enable your laboratory to compare the results of its analysis with the consensus
values, enclosed aré two tables from the draft paper that provide the consensus
values for the paint and dust samples, as determined from a "grand mean" of the

Post Office Box 12194 Research Triangle Park, North Carolina 27709-2194
Telephone 919 541-6914 Fax: 919 541-5929



digestive methods (hotplate and microwave digestion, followed by AAS or ICP
analysis). Results from analysis by laboratory X-ray fluorescence were not
included in the "grand mean" consensus values because this method exhibited a
negative bias across the matrices.

A description of the preparation of the samples, and methodology used for
the verification of the method evaluation materials will be included in an RTI
report which is currently being prepared. The report will include a complete
statistical analysis of the data, as well as a summary of any problems
encountered by the laboratories in the analysis of the samples. We expect that
the report will be distributed to the participating laboratories by the end of the
year.

Also enclosed is a brochure describing the Environmental Lead Proficiency
Analytical Testing (ELPAT) Program sponsored by the American Industrial
Hygiene Association (ATHA). A number of the laboratories that participated in
the round have been interested in this program, which offers either proficiency
testing or proficiency testing and accreditation. The first round is scheduled for
November 1992.

Once again, we appreciate your participation in the round robin, and we
will be forwarding to you soon a copy of the proceedings paper. In the meantime,
we will be happy to provide assistance if you have questions.

Sincerely,

Emily Williams



Emily Williams - 18

Table 4. Mean and Consensus Values for Round Robin Paint Samples

Matrix Sample No. Method

Mean + SD (%RSD), ppm

Consensus Mean* + SD

(%RSD), ppm

High paint P-3, P-5 MW/AAS
HP/AAS
MW/ICP
HP/ICP
Lab XRF

Low paint P-1, P-4 MW/AAS
HP/AAS
MW/ICP
HP/CP
Lab XRF

Paint SRM P-2 MW/AAS
HP/AAS
MW/ICP
HP/ICP
Lab XRF

41,281 £ 1,274 (3.1)
36,021 £ 713 (1.9)
36,654 + 672 (1.8)
35,670 + 796 (2.2)

27,404 £ 1,567 (5.7)

1,896 + 63 (3.3)
1,661 £ 74 (4.5)
1,603 + 45 (2.8)
1,600 66 (4.1)
1,034 £ 76 (7.4)

122,432 + 6,507 (5.3)
104,340 + 8,681 (8.3)
118,281 + 2,476 (2.1)

94,382 + 7,021 (7.4)

112,721 £ 13,259 (11.8)

37,632 1 449 (1.2)
37,632 1 449 (1.2)
37,632 + 449 (1.2)
37,632 + 449 (1.2)
37,632 £ 449 (1.2)

1,690 + 32 (1.9)
1,690 32 (1.9)
1,690 + 32 (1.9)
1,690 + 32 (1.9)
1,690 + 32 (1.9)

109,859 + 3,289 (3.0)
109,859 + 3,289 (3.0)
109,859 + 3,289 (3.0)
109,859 + 3,289 (3.0)
109,859 + 3,289 (3.0)

*Lab XRF not included in consensus value determination.



Emily Wiliams - 19

Table 5. Mean and Consensus Values tor Round Robln Dust Samples

Matrix Sample No. Method

Mean £ SD

(% RSD), ppm

Consensus Mean* +

SD (% RSD), ppm

High dust D-1,D-5 MW/AAS
HP/AAS
MW/ICP
HP/ICP

Lab XRF

Lowdust D-2,D+4 MW/AAS
HP/AAS
MW/ICP
HP/ICP

Lab XRF

Dust SRM D-2 MW/AAS
HP/AAS
Mw/ICP
HP/ICP

Lab XRF

4,847 + 127 (26)
4,677 + 103 (2.2)
4,281 + 113 (2.6)
4,397 + 133 (3.0)
2,485 + 117 (4.7)

114 £ 6 (5.3)
108 + 7 (6.5)
98 3 (3.1)
98 £ 9 (9.2)
93 + 8 (8.6)

1,327°£ 72 (54)

1,173 £ 32 (2.7)
1,133 £ 24 (2.1)
1,112 + 42 (3.8)

1,029 + 33 (3.2)

4,550 1 60 (1.3)
4,550 + 60 (1.3)
4,550 £ 60 (1.3)
4,550 £ 60 (1.3)
4,550 £ 60 (1.3)

104 £ 3 (2.9)
104 £ 3 (2.9)
104 1 3 (2.9)
104 + 3 (2.9)

105 + 3 (2.9)

© 1,186 £ 23 (1.9)

1,186 + 23 (1.9)
1,186 + 23 (1.9)
1,186 £ 23 (1.9)

1,186 + 23 (1.9)

*Lab XRF not included in consensus value determination.
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Statistical Analysis of Results



Appendix G-1

Report of Statistical Analysis
by Larry Myers




Statistical Analyses

Brief Summaries of the statistical methods and results are provided below. All
statistical concepts, models and methods, including analysis of variance and interaction,
are treated in Kleinbaum and Kupper (1978, Applied Regression Analysis and other
Multivariable Methods, Duxbury Press, North Scituate, Massachusetts).

1. Censored, Missing and Outlying Values

42 labs were to analyze the panel of 10 samples in duplicate, which would yield
840 results. 848 results were received because two individual results were missing, and
one lab did triplicate analyses on each sample. 28 results were reported as less than a
specified level. These censored values, most of which occurred in the low dust samples,
were removed prior to statistical analysis. This reduced the dataset to 820 results. An
additional 28 observations were removed as outliers. All analyses reported below were

based on the remaining 792 observations.
Determination of Outliers

The following approach was used to determine outliers among the 820
nonmissing, noncensored observations. For each of the six combinations of matrix (dust,
paint) and level (high, low, SRM), a nominal éoncentration X was obtained as the median
of all reported results from methods 1 through 4. (Method 5 was clearly producing
lower values than the others.) The recovery was then calculated for each individual
result as the ratio Y/X of the reported concentration divided by the nominal
concentration. Using recoveries between 0.35 and 2, the average and standard deviation
of recovery was calculated separately for each of the thirty method(5)-by-matrix(2)-by-
level(3) combinations. The restriction to recoveries between .35 and 2 is a prescreen
intended to remove gx;osser outliers which can distort the mean and standard deviation.
- These statistics were merged back onto the original raw data and a score was calculated

for the recovery of each reported result, by subtracting the average recovery and



dividing by the standard deviation of recovery for the given condition. Any
measurement whose absolute score exceeded 2.576 was excluded as an outlier. This
corresponds to. the upper and lower one-half of one percent of a normal distribution.

This resulted in the exclusion of an additional 28 observations.

2. Consensus values (nominal concentrations)

Consensus values or nominal concentrations for each of the six samples were
calculated as the simple average of the method-specific averages, using nonmissing,
noncensored, nonoutlying values from the four wet chemical (extraction) methods. The
XRF method was excluded from the calculation of nominal values because of a

pronounced negative bias relative to the other methods.

3. Tests for sample homogeneity.

The non-SRM samples were supplied as blinded duplicates. For these samples
it is possible to test for homogeneity of the parent stocks using two-way analysis of
variance, treating sampling, analysis, and their interaction as random effects. {That is,
laboratories within a method, and replicate samples selected form the same parent stock,
such as D-2 and D-4, were both viewed as random selection from a (normally
distributed) population of same. The assumption of random effects is appropriate in
order to generalize results to a larger population of laboratories.} This model was fit
separately to all 20 combinations of method(5)-by-matrix(2)-by-level(2) which involved
non-SRM samples.

A preliminary test for the absence of interaction between sample and laboratory
indicated that this assumption was reasonable. (Only one of twenty interaction tests was
significant at the 5% level (low dust, method 1, .025<p<.05). This is the expected
number of rejections by chance alone, under the null hypothesis of no interaction.)
Accepting the hypothesis of no interaction means that the contributions of sampling and

analysis to the total variation can be thought of simply as additive.



Only one of twenty tests for sample main effects was significant (low dust,
method 4, .025<p<.05). The other cases were nowhere near significant; in fact, most of
the F values were below one. It thus appears that the bulk sample materials prepared
by RTI are homogenous.

The results of these tests for interaction and sample main effects are essentially
the same regardless of whether the original reported value or its logarithm are used for
the analysis. The estimate of the coefficient of variation due to sampling was zero in
sixteen of the twenty cases (80%), and is 9% or less in every case. On the average, over
the twenty cases, the sampling component of variance accounts for 1.37% of the total
variance. A 95% upper confidence limit for the sampling coefficient of variance is below
2.5%. Roughly speaking, we can therefore be 95% sure that 95% of all subsamples
selected by these procedures contain within 5% (between 95% and 105%) of the overall
average concentration.

The low dust samples produced the only significant interaction and sample main
effect, as well as most of the censored values. They are apparently pushing on the

detection limit.
4. Repeatability and Reproducibility

Estimates of repeatability and reproducibility coefficients of variation (CV) for
each method were determined. The repeatability CV is the within-lab CV, while the
reproducibility CV incorporates both within-lab and between-lab variation. These
precision measures have been obtained by pooling information over the samples, using
the logarithm of ppm to approximately stabilize variance. The variances corresponding
to these CV’s, i.e. the squares of the CV’s, were estimated using restricted maximum
likelihood estimation, and a two-way analysis-of-variance model with sample a fixed
effect, and laboratory and interaction as random effects, as in Youden and Steiner (1975,
p- 80).

The repeatabilities of the digestive methods are similar, in the 10 to 13 percent
range. Using F-tests, XRF has significantly better repeatability than all other methods
(p<.001). HP/ICP has the apparent worst repeatability, and is significantly less



repeatable than each of the other methods (p<.05 for each comparison). None of the
other repeatability comparisons approaches significance.

The reproducibility estimates of the two MW methods are similar and lower than
those of the HP and XRF methods. Formal comparisons are difficult because of the
complex probability distribution of the reproducibility estimate, exacerbated by the
imbalance resulting from censoring and deletion of outliers. Using Satterwaite’s
approximation to the degrees of freedom, MW/ICP is significantly more reproducible
at the 1% level than XRF and both of the HP methods.



Appendix G-2

Review of Statistical Analysis
by Jack Suggs



Review of Statistical Analysis by Jack Suggs

The results shown in Table 7 were taken from Larry Myers’ original report. The
concentration averages, X, are expressed in original units (ppm). The standard
deviations: sample-to-sample, within-lab, and between-lab are expressed as a percentage

of level (based on analysis of logarithms).

1. For non-SRM samples, the sample-to-sample variation was based on a two-
way analysis of variance of logs with no interaction applied separately to all 20
combinations of methods (5)-by-matrix(2)-by-level(2). The standard deviation for
samples (in percent) is equivalent to a percent-difference between samples. Only
one case (low dust, method 4) was observed to have a significant percent
difference between samples. In all other cases, the sample-to-sample differences
were zero (16 out of 20 cases) or nowhere near significant. The conclusion is that
bulk sample material prepared by RTI does not significantly contribute to the

overall method variation in analysis.

2. The order (or ranking) of the methods with respect to averages is consistent
and highly significant in this regard. Method 1 has the highest average on each
of the six samples. The chance of this happening is 0.000064 if all the methods
were equal. Also method 2 has the second highest average of 5 of the six

samples. Method 5 also has the lowest average on 5 of 6 samples which is also

significant.

The repeatability (within-lab) and reproducibility (between-lab) standard
deviations are based on a one-way analysis of variance of log-recoveries ignoring
sample-to-sample differences. (These differences are absorbed into the estimates of
repeatability and reproducibility, which were shown above to be non-significant.) There
were no sampling effects with regards to SRMs. These results came from Larry Myers

original report.



Method 5 has the best repeatability in log units on all six samples. By the
same logic applied to the ranking of the averages, this result is also highly
significant. This may be due to the possibility that the log transformation did not
sufficiently stabilize the variances and that method 5 is actually operating at a
different apparent level than the other methods on some of the samples. At the
same time method 5 was fairly consistent in repeatability across all levels. No

other consistencies could be recognized.

The most important single measure of method performance is
reproducibility because it reflects interlaboratory as well all within laboratory
variability. Method 5 has the worst (highest) reproducibility for all three paint
samples. Method 3 has the lowest (best) reproducibility on five of the six

samples.

It is desirable to have a constant percent repeatability and reproducibility
apply across all levels of measurement at least for a given method. Table 7 does
not support this. However, regressions of repeatability and reproducibility versus
level for each method may provide a useful way of estimating method variability
given a specific level of measurement. Prediction intervals could be calculated
at the 95% probability level to predict the occurrence of future values of
repeatability and reproducibility for a given method and a given level of
measurement.

If the intercepts are forced through zero, the slope represents a percent
change in repeatability or reproducibility for each unit change in measurement

level.

Another estimation procedure along these lines would be to pool all
information for each method separately (this includes paint, dust, SRMs) into an

analysis of variance (one-way disregarding measurement level). As I stated



above, this represents an alternative to the regression approach which provides
a "single" estimate of repeatability or reproducibility as a function (or percentage

of level).
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Raw Data File



OBS =

BA =

LEVEL

SAM =

REP =

CEN =

CONC =

ANAL =

EXTR =

CONCAT =

LEGEND
(Appendix G-3)

Reported Result
Laboratory Code

Concentration Level

L = Low
H = High
S = SRM
Sample Number
P = Paint
D = Dust

Replicate Number
Censored Data - Data reported as less than a specified level
Concentration (pg/g)

Analytical Method
ICP = Inductively Coupled Plasma Emission Spectrometry
AA = Atomic Absorption Spectrometry

Extraction Method
NIO = NIOSH Method 7082
EPA = EPA/AREAL Method

Concentration Category
+ = Reported
m =  Missing



raw data file

08S BA  LEVEL SAM REP  CEN CONC  ANAL  EXTR  CONCAT
1 42 L P-1 1 1600  ICP NIO +
2 42 L P-1 2 1500 ICP NIO +
3 42 L P-4 1 1706 ICP NIO +
4 42 L P-4 2 1900  ICP NIO +
5 42 H P-3 1 36000  ICP NIO +
6 42 H P-3 2 36000 ICP NIO +
7 42 H P-5 1 36000 ICP NIO +
8 42 H P-5 2 37000 ICP NIO +
9 42 S P-2 1 110000  ICP NIO +
10 42 S P-2 2 110000 ICP NIO +
11 42 L D-2 1 110 ICP NIO +
12 42 L D-2 2 100 ICP NIO +
13 42 L D-4 1 82 ICP NIO +
14 42 L D-4 2 130 ICP NIO +
15 42 H D-1 1 4400 ICP NIO +
16 42 H D-1 2 4500  ICP NIO +
17 42 H D-5 1 4500 ICP NIO +
18 42 H D-5 2 5300 ICP NIO +
19 42 S D-3 1 1200 ICP NIO +
20 42 S D-3 2 1200  ICP NIO +
21 38 L P-1 1 1160  ICP NIO +
22 38 L P-1 2 1280 ICP NIO +
23 38 L P-4 1 1280  ICP NIO +
24 38 L P-4 2 1330, ICP NIO +
25 38 H P-3 1 32000 ICP NIO +
26 38 H P-3 2 30800 ICP NIO +
27 38 H P-5 1 28600 ICP NIO +
28 38 H P-5 2 30200 ICP NIO +
29 38 S P-2 1 84000  ICP NIO +
30 38 S P-2 2 ICP NIO m
31 38 L D-2 1 160  ICP NIO +
32 38 L D-2 2 80 ICp NIO +
33 38 L D-4 1 70 ICP NIO +
34 38 L D-4 2 70 Icp NIO +
35 38 H D-1 1 3160 ICP N10 +
36 38 H D-1 2 4110 ICP NIO +
37 38 H D-5 1 3580 ICP NIO +
38 38 H D-5 2 2670 ICP NIO +
39 38 S D-3 1 840 ICP NIO +
40 38 S D-3 2 840 ICP NIO +
41 33 L P-1 1 1070 ICP NIO +
42 33 L P-1 2 1400 ICP NIO +
43 33 L P-1 3 1340 ICP NIO +
44 33 L P-4 1 1500 ICP NIO +
45 33 L P-4 2 1180 ICP NIO +
46 33 L P-4 3 1250 ICP NIO +
47 33 H P-3 1 35200 ICP NIO +
48 33 H P-3 2 32900 ICP NIO +
49 33 H P-3 3 34300 ICP NIO +
50 33 H P-5 1 34600 ICP NIO +
51 33 H P-5 2 33400 ICP NIO +
52 33 H P-5 3 34100 ICP NIO +
53 33 S P-2 1 54500 ICP NIO +
54 33 S pP-2 2 46900 ICP NIO +
55 33 S P-2 3 57800 ICP NIO +
56 33 L D-2 1 < 50 ICP NIO +
57 33 L D-2 2 < 50 ICp NIO +
58 33 L D-2 3 < 50 ICp NIO +



raw data file

LEVEL SAM  REP  CEN CONC  ANAL  EXTR  CONCAT

L D-4 1 < 50 ICp NIO +
L D-4 2 66  ICP NIO +
L D-4 3 50 ICP NIO +
H D-1 1 5040 ICP NIO +
H D-1 2 5010 ICP  NIO +
H D-1 3 4350  ICP NI1O +
H D-5 1 5560 ICP  NIO +
H D-5 2 4540 ICP NIO +
H D-5 3 4360 ICP NIO +
S D-3 1 1050  ICP NIO +
S D-3 2 1000 ICP NIO +
S D-3 3 1030 ICP NIO +
L P-1 1 2000 ICP  NIO +
L P-1 2 1400 ICP NIO +
L P-4 1 1600 ICP  NIO +
L P-4 2 1700 ICP  NIO +
H P-3 1 35000 ICP  NIO +
H P-3 2 35000 ICP  NIO +
H P-5 1 37000 ICP  NIO +
H P-5 2 35000 ICP  NIO +
S p-2 1 70000 ICP  NIO +
S P-2 2 88000 ICP  NIO +
L b-2 1 61 ICP NIO +
L D-2 2 < 35 ICP NIO +
L D-4 1 4 40 ICP  NIO +
L D-4 2 ¢ 34 ICP NIO +
H D-1 1 3800 ICP NIO +
H D-1 2 4400 ICP NIO +
H D-5 1 3700  ICP NIO +
H D-5 2 4700 ICP NIO +
S D-3 1 1100 ICP  NIO +
S D-3 2 1000  ICP NIO +
L P-1 1 1790° ICP NIO +
L P-1 2 1615  ICP NIO +
L P-4 1 1450 ICP NIO +
L P-4 2 1630  ICP NIO +
H P-3 1 34500 ICP NIO +
H P-3 2 34700 ICP NIO +
H P-5 1 34500  ICP NIO +
H P-5 2 34100 ICP NIO +
S p-2 1 119000 ICP  NIO +
S P-2 2 115000 ICP NIO +
L D-2 1 93 ICP  NIO +
L D-2 2 108 ICP NIO +
L D-4 1 74 ICP NIO +
L D-4 2 90 ICP NIO +
H D-1 1 4060 ICP NIO +
H D-1 2 4460 ICP  NIO +
H D-5 1 4220 ICP NIO +
H D-5 2 4110 ICP NIO +
S D-3 1 1120 ICP  NIO +
S D-3 2 1100 ICP NIO +
L P-1 1 1556  ICP NIO +
L P-1 2 1537  ICP NIO +
L P-4 1 1882 ICP  NIO +
L P-4 2 1744 ICP  NIO +
H P-3 1 37140 ICP  NIO +
H p-3 2 35870 ICP  NIO +



raw data file

08S BA LEVEL SAM REP  CEN CONC  ANAL EXTR  CONCAT
117 44 H. P-5 1 36510  ICP NIO +
118 44 H P-5 2 36980  ICP NIO +
119 44 S p-2 1 110500  ICP NIO +
120 44 S p-2 2 113400  ICP NIO +
121 44 L D-2 1 102 ICP NIO +
122 44 L D-2 2 100 ICP NIO +
123 44 L D-4 1 104  ICP NIO +
124 44 L D-4 2 97 ICp NIO +
125 44 H D-1 1 4013  ICP NIO +
126 44 H D-1 2 4414  ICP NIO +
127 44 H D-5 1 4535  ICP NIO +
128 44 H D-5 2 4532 ICP NIO +
129 44 S D-3 1 1249 ICP NIO +
130 44 S D-3 2 1220 ICP NIO +
131 18 L P-1 1 1757  ICP NIO +
132 18 L P-1 2 1685 ICP NIO +
133 18 L P-4 1 1872  ICP NIO +
134 18 L P-4 2 1607  ICP NIO +
135 18 H P-3 1 47300  ICP NIO +
136 18 H P-3 2 36540 ICP NIO +
137 18 H P-5 1 41260 ICP NIO +
138 18 H P-5 2 44340  ICP NIO +
139 18 S p-2 1 114760  ICP NIO +
140 18 S p-2 2 111620  ICP NIO +
141 18 L D-2 1 150 ICP NIO +
142 18 L D-2 2 142 ICP NTO +
143 18 L D-4 1 < 100 ICP NIO +
144 18 L D-4 2 < 100 ICP NIO +
145 18 H D-1 1 3365 ICP NIO +
146 18 H D-1 2 5033 ICP NIO +
147 18 H D-5 1 5538 ICP NIO +
148 18 H D-5 2 5112  ICP NIO +
149 18 S D-3 1 1317 ICP NIO +
150 18 S D-3 2 1241 ICP NIO +
151 3 L P-1 1 1720  ICP NIO +
152 3 L P-1 2 1810 ICP NIO +
153 3 L P-4 1 1940 ICP NIO +
154 3 L P-4 2 1990  ICP NIO +
155 3 H P-3 1 36900 ICP NIO +
156 3 H P-3 2 37400 ICP NIO +
157 3 H P-5 1 37200 - ICP NIO +
158 3 H P-5 2 36400 ICP NIO +
159 3 ) P-2 1 115000  ICP NIO +
160 3 S P-2 2 94700 ICP NIO +
161 3 L D-2 1 270 ICP NIO +
162 3 L D-2 2 150 ICp NIO +
163 3 L D-4 1 160  ICP NIO +
164 3 L D-4 2 < 50 ICP NIO +
165 3 H D-1 1 4170 ICP NIO +
166 3 H D-1 2 4750 ICP NIO +
167 3 H D-5 1 4540 ICP NIO +
168 3 H D-5 2 4590 ICP NIO +
169 3 S D-3 1 1200 ICP NIO +
170 3 S D-3 2 1140 ICP NIO +
171 46 L P-1 1 1628 ICP NIO +
172 46 L P-1 2 1693  ICP NIO +
173 46 L P-4 1 1555 ICP NIO +
174 46 L P-4 2 1451 ICP NIO +
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175 46 H P-3 1 36420  ICP NIO +
176 46 H P-3 2 36410  ICP NIO +
177 46 H P-5 1 35800  ICP NIO +
178 46 H P-5 2 36910  ICP NIO +
179 46 S P-2 1 83220  ICP NIO +
180 46 S P-2 2 92530  ICP. NIO +
181 46 L D-2 1 < 200 ICP NIO +
182 46 L D-2 2 < 200 ICP NIO +
183 46 L D-4 1 < 200 ICP NIO +
184 46 L D-4 2 < 200 ICP NIO +
185 46 H D-1 1 5010 ICP NIO +
186 46 H D-1 2 4057  ICP NIO +
187 46 H D-5 1 4047  ICP NIO +
188 46 H D-5 2 4352  ICP NIO +
189 46 S D-3 1 1168  ICP NIO +
190 46 S D-3 2 1224  ICP NIO +
191 45 L P-1 1 1650 ICP NIO +
192 45 L P-1 2 2330  ICP NIO +
193 45 L P-4 1 1840  ICP NIO +
194 45 L P-4 2 2010  ICP NIO +
195 45 H P-3 1 34500  ICP NIO +
196 45 H P-3 2 42200 ICP NIO +
197 45 H P-5 1 34100  ICP NIO +
198 45 H P-5 2 38700  ICP NIO +
199 45 S P-2 1 78700  ICP NIO +
200 45 S P-2 2 118000  ICP NIO +
201 45 L D-2 1 98 ICP NIO +
202 45 L D-2 2 54 ICP NIO +
203 45 L 0-4 1 90 ICP NIO +
204 45 L D-4 2 48  ICP NIO +
205 45 H D-1 1 3860 ICP NIO +
206 45 H D-1 2 5950  ICP NIO +
207 45 H D-5 1 3860  ICP NIO +
208 45 H D-5 2 7150  ICP NIO +
209 45 S D-3 1 1010 ICP NIO +
210 45 S D-3 2 1830 ICP NIO +
211 20 L P-1 1 5434  XRF N/A +
212 20 L P-1 2 5148  XRF N/A +
213 20 L P-4 1 6003  XRF N/A +
214 20 L P-4 2 5823  XRF N/A +
215 20 H P-3 1 29573  XRF N/A +
216 20 H P-3 2 27368  XRF N/A +
217 20 H P-5 1 26403  XRF N/A +
218 20 H P-5 2 26178  XRF N/A +
219 20 S pP-2 1 104510  XRF N/A +
220 20 S p-2 2 101852  XRF N/A +
221 20 L D-2 1 126 XRF N/A +
222 20 L D-2 2 137  XRF N/A +
223 20 L D-4 1 113 XRF N/A +
224 20 L D-4 2 126  XRF N/A +
225 20 H D-1 1 2000  XRF N/A +
226 20 H D-1 2 2000  XRF N/A +
227 20 H D-5 1 1400 XRF N/A +
228 20 H D-5 2 1900  XRF N/A +
229 20 S D-3 1 863  XRF N/A +
230 20 S D-3 2 916  XRF N/A +
231 25 L P-1 1 1300  XRF N/A +
232 25 L P-1 2 1300  XRF N/A +
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233 25 L P-4 1 1300  XRF N/A +
234 25 L P-4 2 1300  XRF N/A +
235 25 H P-3 1 32510  XRF N/A +
236 25 H P-3 2 29650  XRF N/A +
237 25 H P-5 1 29450  XRF N/A +
238 25 H P-5 2 31980  XRF N/A +
239 25 S p-2 1 > 50000 XRF N/A +
240 25 S P-2 2 > 50000  XRF N/A +
241 25 L D-2 1 < 75  XRF N/A +
242 25 L D-2 2 < 75  XRF N/A +
243 25 L D-4 1 < 75  XRF N/A +
244 25 L D-4 2 < 75  XRF N/A +
245 25 H D-1 1 2951  XRF N/A +
246 25 H D-1 2 2751  XRF N/A +
247 25 H D-5 1 2948  XRF N/A +
248 25 H D-5 2 2921  XRF N/A +
249 25 S D-3 1 981  XRF N/A +
250 25 S D-3 2 1007  XRF N/A +
251 30 L P-1 1 934  XRF N/A +
252 30 L P-1 2 879  XRF N/A +
253 30 L P-4 1 881  XRF N/A +
254 30 L P-4 2 906  XRF N/A +
255 30 H P-3 1 25440  XRF N/A +
256 30 H P-3 2 24780  XRF N/A +
257 30 H P-5 1 24340  XRF N/A +
258 30 H P-5 2 24420  XRF N/A +
259 30 S P-2 1 129600  XRF N/A +
260 30 S P-2 2 133300  XRF N/A +
261 30 L D-2 1 71 XRF N/A +
262 30 L D-2 2 73 XRF N/A +
263 30 L D-4 1 78  XRF N/A +
264 30 L D-4 2 75  XRF N/A +
265 30 H D-1 1 2167  XRF N/A +
266 30 H D-1 2 2133  XRF N/A +
267 30 H D-5 1 2166  XRF N/A +
268 30 H D-5 2 2200  XRF N/A +
269 30 S D-3 1 1100  XRF N/A +
270 30 S D-3 2 1100  XRF N/A +
271 10 L P-1 1 1200  XRF N/A +
272 10 L P-1 2 1183  XRF N/A +
273 10 L P-4 1 1112 XRF N/A +
274 10 L P-4 2 1210  XRF N/A +
275 10 H P-3 1 23112  XRF N/A +
276 10 R P-3 2 23992  XRF N/A +
277 10 R P-5 1 23816  XRF N/A +
278 10 H P-5 2 23992  XRF N/A +
279 10 S P-2 1 118327  XRF N/A +
280 10 S P-2 2 118327  XRF N/A +
281 10 L D-2 1 72 XRF N/A +
282 10 L D-2 2 82  XRF N/A +
283 10 L D-4 1 76 XRF N/A o+
284 10 L D-4 2 72 XRF N/A +
285 10 H D-1 1 2775  XRF N/A +
286 10 H D-1 2 2415 XRF  'N/A +
287 10 H D-5 1 2435  XRF N/A +
288 10 H D-5 2 2775  XRF N/A +
289 10 S D-3 1 1074  XRF N/A +
290 10 S D-3 2 1014 XRF N/A +
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291 5 L P-1 1 1006  XRF N/A +
292 5 L P-1 2 910 XRF N/A +
293 5 L P-4 1 973  XRF N/A +
294 5 L P-4 2 1021  XRF N/A +
295 5 H P-3 1 31905  XRF N/A +
296 5 H P-3 2 31228  XRF N/A +
297 5 H P-5 1 33982  XRF N/A +
298 5 H P-5 2 32388  XRF N/A +
299 5 S P-2 1 105000  XRF N/A +
300 5 S P-2 2 104000  XRF N/A +
301 5 L D-2 1 107  XRF N/A +
302 5 L D-2 2 81  XRF N/A +
303 5 L D-4 1 81 XRF N/A +
304 5 L D-4 2 87  XRF N/A +
305 5 H b-1 1 2489  XRF N/A +
306 5 H D-1 2 2458  XRF N/A +
307 5 H D-5 1 2441  XRF N/A +
308 5 H D-5 2 2514  XRF N/A +
309 5 S D-3 1 976  XRF N/A +
310 5 S D-3 2 962  XRF N/A +
311 49 L P-1 1 1010  XRF N/A +
312 49 L P-1 2 1089  XRf N/A +
313 49 L P-4 1 1059  XRF N/A +
314 49 L P-4 2 1076  XRF N/A +
315 49 H P-3 1 31370  XRF N/A +
316 49 H P-3 2 30760  XRF N/A +
317 49 H P-5 1 30780  XRF N/A +
318 49 H P-5 2 31140  XRF N/A +
319 49 S p-2 1 156550  XRF N/A +
320 49 S P-2 2 159390  XRF N/A +
321 49 L D-2 1 83  XRF N/A +
322 49 L D-2 2 79  XRF N/A +
323 49 L D-4 1 92  XRF N/A +
324 49 L D-4 2 82  XRF N/A +
325 49 H 0-1 1 2703 XRF N/A +
326 49 H D-1 2 2883  XRF N/A +
327 49 H D-5 1 2716  XRF N/A +
328 49 H D-5 2 2666  XRF N/A +
329 49 S D-3 1 1134 XRF N/A +
330 49 ) D-3 2 1161  XRF N/A +
331 15 L P-1 1 819  XRF N/A +
332 15 L P-1 2 782  XRF N/A +
333 15 L P-4 1 800  XRF N/A +
334 15 L P-4 2 761  XRF N/A +
335 15 H P-3 1 21591  XRF N/A +
336 15 H P-3 2 21766  XRF N/A +
337 15 H P-5 1 21845  XRF N/A +
338 15 H P-5 2 21556  XRF N/A +
339 15 S P-2 1 61123  XRF N/A +
340 15 S P-2 2 60677  XRF N/A +
341 15 L D-2 1 93  XRF N/A +
342 15 L D-2 2 114 XRF N/A +
343 15 L D-4 1 118  XRF N/A +
344 15 L D-4 2 111 XRF N/A +
345 15 H D-1 1 2417  XRF N/A +
346 15 H D-1 2 2444  XRF N/A +
347 15 H D-5 1 2415  XRF N/A +
348 15 H D-5 2 2424  XRF N/A +
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349 15 S D-3 1 1052  XRF N/A +
350 15 S D-3 2 1067  XRF N/A +
351 40 L P-1 1 1544 AA NIO +
352 40 L P-1 2 1438 AA NIO +
353 40 L P-4 1 1446  AA NIO +
354 40 L P-4 2 1458  AA NIO +
355 40 H P-3 1 36790 AA NIO +
356 40 H P-3 2 42605 AA NIO +
357 40 H P-5 1 37144 AA NIO +
358 40 H P-5 2 35990 AA NIO +
359 40 S P-2 1 116025 AA NIO +
360 40 S P-2 2 99577 AA NIO +
361 40 L D-2 1 96 AA NIO +
362 40 L D-2 2 106 AA NIO +
363 40 L D-4 1 110 AA NIO +
364 40 L D-4 2 110 AA NIO +
365 40 H D-1 1 4464 AA NIO +
366 40 H D-1 2 4504 AA NIO +
367 40 H D-5 1 4333  AA NIO +
368 40 H D-5 2 4663  AA NIO +
369 40 S D-3 1 1067 AA NIO +
370 40 S D-3 2 1113 AA NIO +
371 36 L P-1 1 1510 AA NIO +
372 36 L P-1 2 1790  AA NIO +
373 36 L P-4 1 1940 AA NIO +
374 36 L P-4 2 1790 AA NIO +
375 36 H P-3 1 33500 AA NIO +
376 36 H P-3 2 39500 AA NIO +
377 36 H P-5 1 36900 AA NIO +
378 36 H P-5 2 41600 AA NIO +
379 36 S P-2 1 102000  AA NIO +
380 36 S P-2 2 111000 AA NIO +
381 36 L D-2 1 < 100 AA NIO +
382 36 L D-2 2 140  AA NIO +
383 36 L D-4 1 108  AA NIO +
384 36 L D-4 2 171  AA NIO +
385 36 H D-1 1 3990  AA NIO +
386 36 H D-1 2 4390  AA NIO +
387 36 H D-5 1 4603  AA NIO +
388 36 H D-5 2 5710 AA NIO +
389 36 S D-3 1 1130 AA NIO +
390 36 S D-3 2 1240 AA NIO +
391 31 L P-1 1 1790  AA NIO +
392 31 L P-1 2 1700  AA NIO +
393 31 L P-4 1 2030 AA NIO +
394 31 L P-4 2 1990 AA NIO +
395 31 H P-3 1 41000 AA NIO +
396 31 H P-3 2 39500 AA NIO +
397 31 H P-5 1 43600 AA NIO +
398 31 H P-5 2 46300 AA NIO +
399 31 S P-2 1 140000 AA NIO +
400 31 S p-2 2 132000 AA NIO +
401 31 L D-2 1 116 AA NIO +
402 31 L D-2 2 98 AA NIO +
403 31 L D-4 1 130 AA NIO +
404 31 L D-4 2 100 AA NIO +
405 31 H D-1 1 5300 AA NIO +
406 31 H D-1 2 5740  AA NIO +
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407 31 H D-5 1 4990 AA NIO +
408 31 H D-5 2 5280 AA NIO +
409 31 S D-3 1 1260 AA NIO +
410 31 S D-3 2 1290 AA NIO +
411 26 L P-1 1 2020 AA NIO +
412 26 L P-1 2 1640 AA NIO +
413 26 L P-4 1 1760 AA NIO +
414 26 L P-4 2 1900 AA NIO +
415 26 H P-3 1 39000 AA NIO +
416 26 H P-3 2 38400 AA NIO +
417 26 H P-5 1 38700 AA NIO +
418 26 H P-5 2 38600 AA NIO +
419 26 S P-2 1 112000 AA NIO +
420 26 S P-2 2 113000 AA NIO +
421 26 L D-2 1 < 300 AA NIO +
422 26 L D-2 2 < 300 AA NIO +
423 26 L 0-4 1 < 300 AA NIO +
424 26 L D-4 2 < 300 AA NIO +
425 26 H D-1 1 4680 AA NIO +
426 26 H D-1 2 4150 AA NIO +
427 26 H D-5 1 5080 AA NIO +
428 26 H D-5 2 4760 AA NIO +
429 26 S D-3 1 1180 AA NIO +
430 26 S D-3 2 1320 AA NIO +
431 21 L P-1 1 1696 AA NIO +
432 21 L P-1 2 1324 AA NIO +
433 21 L P-4 1 1146 AA NIO +
434 21 L P-4 2 1080 AA NIO +
435 21 H P-3 1 34991 AA NIO +
436 21 H P-3 2 33550 AA NIO +
437 21 H P-5 1 35010 AA NIO +
438 21 H P-5 2 34140 AA NIO +
439 21 S p-2 1 118820 AA NIO +
440 21 S P-2 2 115359 AA NIO +
441 21 L D-2 1 97 AA NIO +
442 21 L D-2 2 100 AA NIO +
443 21 L D-4 1 92 AA NIO +
444 21 L D-4 2 96 AA NIO +
445 21 H D-1 1 4840 AA NIO +
446 21 H D-1 2 4709 AA NIO +
447 21 H D-5 1 4694 AA NIO +
448 21 H D-5 2 4520 AA NIO +
449 21 S D-3 1 960 AA NIO +
450 21 S D-3 2 960 AA NIO +
451 16 L P-1 1 1350 AA NIO +
452 16 L P-1 2 1213 AA NIO +
453 16 L P-4 1 1383 AA NIO +
454 16 L P-4 2 1478 AA NIO +
455 16 H P-3 1 33833 AA NIO +
456 16 H P-3 2 36098 AA NIO +
457 16 H P-5 1 32055 AA NIO +
458 16 H P-5 2 35567 AA NIO +
459 16 S P-2 1 105667 AA NIO +
460 16 S P-2 2 110000 AA NIO +
461 16 L D-2 1 89 AA NIO +
462 16 L D-2 2 84 AA NIO +
463 16 L D-4 1 65 AA NIO +
464 16 L 0-4 2 79 AA NIO +



raw data file

08BS BA LEVEL SAM REP  CEN CONC  ANAL  EXTR  CONCAT
465 16 H D-1 1 3531 AA NIO +
466 16 H D-1 2 4463 AA NIO +
467 16 H D-5 1 3191 AA NIO +
468 16 H D-5 2 4196 AA NIO +
469 16 S D-3 1 1208 AA NIO +
470 16 S D-3 2 1177 AA NIO +
471 11 L P-1 1 1700 AA NIO +
472 11 L P-1 2 1600 AA NIO +
473 11 L P-4 1 1700 AA NIO +
474 11 L P-4 2 1800 AA NIO +
475 11 H P-3 1 36000 AA NIO +
476 11 H P-3 2 35000 AA NIO +
477 11 H P-5 1 36000 AA NIO +
478 11 H P-5 2 37000 AA NIO +
479 11 S P-2 1 46000 AA NIO +
480 11 S P-2 2 55000 AA NIO +
481 11 L D-2 1 140 AA NIO +
482 11 L D-2 2 120 AR NIO +
483 11 L D-4 1 110 AA NIO +
484 11 L D-4 2 130 AA NIO +
485 11 H 0-1 1 4700 AA NIO +
486 11 H D-1 2 4700 AA NIO +
487 11 H D-5 1 4800 AA NIO +
488 11 H D-5 2 4700 AA NIO +
489 11 S D-3 1 1200 AA NIO +
490 11 S D-3 2 1200 AA NIO +
491 6 L P-1 1 1310 AA NIO +
492 6 L P-1 2 2064 AA NIO +
493 6 L P-4 1 1852 AA NIO +
494 6 L P-4 2 2047 AA NIO +
495 6 H P-3 1 36594 AA NIO +
496 6 H P-3 2 35340 AA NIO +
497 6 H P-5 1 34614 AA NIO +
498 6 H P-5 2 35772 AA NIO +
499 6 S pP-2 1 14010 AA NIO +
500 6 S p-2 2 5077 AA NIO +
501 6 L D-2 1 214 AA NIO +
502 6 L D-2 2 199 AA NIO +
503 6 L D-4 1 85 AA NIO +
504 6 L D-4 2 93 AA NIO +
505 6 H D-1 1 4143 AA NIO +
506 6 H D-1 2 3889 AA NIO +
507 6 H D-5 1 5241 AA NIO +
508 6 H D-5 2 5179 AA NIO +
509 6 S D-3 1 1186 AA NIO +
510 6 S D-3 2 1217 AA NIO +
511 1 L P-1 1 1542 AA NIO +
512 1 L P-1 2 2096 AA NIO +
513 1 L P-4 1 1805 AA NIO +
514 1 L P-4 2 1879 AA NIO +
515 1 H P-3 1 37699 AA NIO +
516 1 H P-3 2 35974 AA NIO +
517 1 H P-5 1 37160 AA NIO +
518 1 H P-5 2 37002 AA NIO +
519 1 S P-2 1 93532 AA NIO +
520 1 S P-2 2 99463 AA NIO +
521 1 L D-2 1 109 AA NIO +
522 1 L D-2 2 111 AA NIO +
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523 1 L D-4 1 109 AA NIO +
524 1 L D-4 2 140 AA NIO +
525 1 H D-1 1 4567 AA NIO +
526 1 H D-1 2 5014 AA NIO +
527 1 H D-5 1 5096 AA NIO +
528 1 H 0-5 2 4071 AA NIO +
529 1 S D-3 1 1199  AA NIO +
530 1 S D-3 2 1207 AA NIO +
531 39 L P-1 1 1670  ICP EPA +
532 39 L P-1 2 1220 ICP EPA +
533 39 L P-4 1 1230 ICpP EPA +
534 39 L P-4 2 1490 ICP EPA +
535 39 H P-3 1 37800 ICP EPA +
536 39 H P-3 2 38000 ICP EPA +
537 39 H P-5 1 35800 ICP EPA +
538 39 H P-5 2 38700 ICP EPA +
539 39 S P-2 ! 135000 ICP EPA +
540 39 S P-2 2 123000 ICP EPA +
541 39 L D-2 1 87 Icp EPA +
542 39 L 0-2 2 108 ICP EPA +
543 39 L D-4 1 97 ICp EPA +
544 39 L D-4 2 84 ICP EPA +
545 39 H 0-1 1 3090 ICp EPA +
546 39 H 0-1 2 3690 ICp EPA +
547 39 H D-5 1 3980 ICP EPA +
548 39 H 0-5 2 3840 ICp EPA +
549 39 S D-3 1 1010 ICP EPA +
550 39 S D-3 2 1060 ICP EPA +
551 34 L P-1 1 1410 ICP EPA +
552 34 L P-1 2 1750 ICP EPA +
553 34 L P-4 1 1370 ICP EPA +
554 34 L P-4 2 1600 ICP EPA +
555 34 H P-3 1 34400 ICP EPA +
556 34 H P-3 2 33800 ICP EPA +
557 34 H P-5 1 35500 ICP EPA +
558 34 H P-5 2 35400 ICP EPA +
559 34 S P-2 1 116000 ICP EPA +
560 34 S P-2 2 118000 ICP EPA +
561 34 L D-2 1 107 ICP EPA +
562 34 L 0-2 2 98 ICP EPA +
563 34 L D-4 1 88 ICP EPA +
564 34 L D-4 2 103 ICP EPA +
565 34 H D-1 1 3740 ICP EPA +
566 34 H 0-1 2 4230 ICP EPA +
567 34 H D-5 1 3460 ICP EPA +
568 34 H D-5 2 4680 ICP EPA +
569 34 S 0-3 1 1200 ICP EPA +
570 34 S D-3 2 1150 ICP EPA +
571 29 L P-1 1 1600 ICP EPA +
572 29 L P-1 2 1400 ICP EPA +
573 29 L P-4 1 2120 ICP EPA +
574 29 L P-4 2 1590 ICP EPA +
575 29 H P-3 1 35800 ICP EPA +
576 29 H P-3 2 35000 ICP EPA +
577 29 K P-5 1 39400 ICP EPA +
578 29 H P-5 2 37600 ICP EPA +
579 29 S P-2 1 116000 ICP EPA +
580 29 S P-2 2 115000 ICP EPA +
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581 29 L D-2 1 126  ICP EPA +
582 29 L D-2 2 98 ICP EPA +
583 29 L D-4 1 88 ICP EPA +
584 29 L D-4 2 98 ICP EPA +
585 29 H D-1 1 4260 ICP EPA +
586 29 H D-1 2 3940 ICP EPA +
587 29 H D-5 1 4720 ICP EPA +
588 29 H D-5 2 5360 ICP EPA +
589 29 S D-3 1 1220 ICP EPA +
590 29 S D-3 2 1150  ICP EPA +
591 9 L P-1 1 1540 ICP EPA +
592 9 L P-1 2 1680  ICP EPA +
593 9 L P-4 1 1400 ICP EPA +
594 9 L P-4 2 1410  ICP EPA +
595 9 H P-3 1 38900 ICP EPA +
596 9 H P-3 2 37600  ICP EPA +
597 9 H P-5 1 36600  ICP EPA +
598 9 H P-5 2 41000 ICP EPA +
599 g S P-2 1 119000  ICP EPA +
600 9 S p-2 2 123000  ICP EPA +
601 9 L D-2 1 74  ICP EPA +
602 9 L D-2 2 83 ICP EPA +
603 9 L D-4 1 72 ICP EPA +
604 9 L D-4 2 84 ICP EPA +
605 9 H D-1 1 5640  ICP EPA +
606 9 H D-1 2 4840  ICP EPA +
607 9 H D-5 1 4270  ICP EPA +
608 9 H D-5 2 4190  ICP EPA +
609 9 S D-3 1 950  ICP EPA +
610 9 S D-3 2 1070  ICP EPA +
611 24 L P-1 1 ICP EPA m
612 24 L P-1 2 1700  ICP EPA +
613 24 L P-4 1 1600  ICP EPA +
614 24 L P-4 2 1800  ICP EPA +
615 24 H P-3 1 39000 ICP EPA +
616 24 H P-3 2 38000 ICP EPA +
617 24 H P-5 1 39000 ICP EPA +
618 24 H P-5 2 40000 ICP EPA +
619 24 S P-2 1 120000 ICP EPA +
620 24 S P-2 2 130000 ICP EPA +
621 24 L D-2 1 < 22 ICpP EPA +
622 24 L D-2 2 < 22 ICP EPA +
623 24 L D-4 1 100 ICP EPA +
624 24 L D-4 2 31 ICP EPA +
625 24 H D-1 1 4800 ICP EPA +
626 24 H D-1 2 4300 ICP EPA +
627 24 H D-5 1 4700 ICP EPA +
628 24 H D-5 2 2500 ICP EPA +
629 24 S D-3 1 1200  ICP EPA +
630 24 S D-3 2 1200 ICP EPA +
631 19 L P-1 1 1432 ICP EPA +
632 19 L P-1 2 1408 ICP EPA +
633 19 L P-4 1 1518 ICP EPA +
634 19 L P-4 2 1502  ICP EPA +
635 19 H P-3 1 34000 ICP EPA +
636 19 H P-3 2 34100 ICP EPA +
637 19 H P-5 1 32400 ICP EPA +
638 19 H P-5 2 32600  ICP EPA +
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639 19 S P-2 1 109400  ICP EPA +
640 19 S P-2 2 109600  ICP EPA +
641 19 L D-2 1 87 ICP EPA +
642 19 L D-2 2 89 ICP EPA +
643 19 L 0-4 1 145 ICP EPA +
644 19 L D-4 2 g8 ICP EPA +
645 19 H D-1 1 4160  ICP EPA +
646 19 H D-1 2 4170 ICP EPA +
647 19 H D-5 1 3960 ICP EPA +
648 19 H D-5 2 3960 ICP EPA +
649 19 S D-3 1 1142 ICP EPA +
650 19 S D-3 2 1104 ICP EPA +
651 14 L P-1 1 1896  ICP EPA +
652 14 L P-1 2 1529  ICP EPA +
653 14 L P-4 1 1995  ICP EPA +
654 14 L P-4 2 1775  1CP EPA +
655 14 H P-3 1 42112 ICP EPA +
656 14 H P-3 2 37519 ICP EPA +
657 14 H P-5 1 37685  ICP EPA +
658 14 H P-5 2 37270  ICP EPA +
659 14 S P-2 1 126637  ICP EPA +
660 14 S p-2 2 120216  ICP EPA +
661 14 L D-2 1 211 ICP EPA +
662 14 L D-2 2 101 ICP EPA +
663 14 L D-4 1 99 ICP EPA +
664 14 L D-4 2 98 ICP EPA +
665 14 H D-1 1 4980 ICP EPA +
666 14 H D-1 2 4443  ICP EPA +
667 14 H D-5 1 4258 ICP EPA +
668 14 H D-5 2 4026 ICP EPA +
669 14 S D-3 1 1192 ICP EPA +
670 14 S D-3 2 1206  ICP EPA +
671 4 L P-1 1 1500  ICP EPA +
672 4 L P-1 2 1880 ICP EPA +
673 4 L P-4 1 1550 ICP - EPA +
674 4 L P-4 2 1830  ICP EPA +
675 4 H P-3 1 35200 ICP EPA +
676 4 H P-3 2 36700 ICP EPA +
677 4 H P-5 1 33700 ICP EPA +
678 4 H P-5 2 35200 ICP EPA +
679 4 S p-2 1 117000 ICP EPA +
680 4 S P-2 2 120000 ICP EPA +
681 4 L D-2 1 80 ICP EPA +
682 4 L 0-2 2 140 ICP EPA +
683 4 L D-4 1 170 ICP EPA +
684 4 L D-4 2 110 ICP EPA +
685 4 H D-1 1 4070 ICP EPA +
686 4 H D-1 2 4960 ICP EPA +
687 4 H D-5 1 4110 ICP EPA +
688 4 H D-5 2 3900 ICP EPA +
689 4 S D-3 1 1170 ICP EPA +
690 4 S D-3 2 1180 ICP EPA +
691 43 L P-1 1 1640 ICP EPA +
692 43 L P-1 2 < 10 ICP EPA +
693 43 L P-4 1 1490 ICP EPA +
694 43 L P-4 2 1980  ICP EPA +
695 43 H P-3 1 36100 ICP EPA +
696 43 H P-3 2 35600 ICP EPA +



raw data file

0BS BA LEVEL SAM  REP  CEN CONC  ANAL  EXTR  CONCAT
697 43 H P-5 1 35400  ICP EPA +
698 43 H P-5 2 25000 ICP EPA +
699 43 S P-2 1 112000  ICP EPA +
700 43 S P-2 2 99200 ICP EPA +
701 43 L D-2 1 90 ICP EPA +
702 43 L D-2 2 85 ICP EPA +
703 43 L D-4 1 125 ICP EPA +
704 43 L D-4 2 100  ICP EPA +
705 43 H D-1 1 3980 ICP EPA +
706 43 H D-1 2 4620 ICP EPA +
707 43 H D-5 1 3500 ICP EPA +
708 43 H D-5 2 5010 ICP EPA +
709 43 S 0-3 1 1010 ICP EPA +
710 43 S D-3 2 1180  ICP EPA +
711 12 L P-1 1 1810 ICP EPA +
712 12 L P-1 2 1810 ICP EPA +
713 12 L P-4 1 1880  ICP EPA +
714 12 L P-4 2 2010 ICP EPA +
715 12 H P-3 1 40500 ICP EPA +
716 12 H P-3 2 41800  ICP EPA +
717 12 H P-5 1 43300 ICP EPA +
718 12 H P-5 2 46300 ICP EPA +
719 12 S P-2 1 114000 ICP EPA +
720 12 S P-2 2 116000  ICP EPA +
721 12 L D-2 1 99 ICP EPA +
722 12 L D-2 2 98 ICP EPA +
723 12 L D-4 1 128  ICP EPA +
724 12 L D-4 2 98 ICP EPA +
725 12 H D-1 1 4870  ICP EPA +
726 12 H D-1 2 5130 ICP EPA +
727 12 H D-5 1 5190 ICP EPA +
728 12 H D-5 2 5580  ICP EPA +
729 12 S D-3 1 1440 ICP EPA +
730 12 S D-3 2 1490  ICP EPA +
731 37 L P-1 1 1510 AA EPA +
732 37 L P-1 2 2010 AA EPA +
733 37 L P-4 1 2053  AA EPA +
734 37 L P-4 2 1640 AA EPA +
735 37 H P-3 1 34600 AA EPA +
736 37 H P-3 2 40800 AA EPA +
737 37 H P-5 1 37600 AA EPA +
738 37 H P-5 2 41900 AA EPA +
739 37 S P-2 1 110200 AA EPA +
740 37 S P-2 2 117300 AA EPA +
741 37 L D-2 1 115  AA EPA +
742 37 L D-2 2 117 AA EPA +
743 37 L D-4 1 116 AA EPA +
744 37 L D-4 2 103 AA EPA +
745 37 H D-1 1 4920 AA EPA +
746 37 H D-1 2 4340 AA EPA +
747 37 H D-5 1 4630 AA EPA +
748 37 H D-5 2 4500 AA EPA +
749 37 S D-3 1 1060 AA EPA +
750 37 S D-3 2 1140  AA EPA +
751 32 L P-1 1 1500 AA EPA +
752 32 L P-1 2 1900 AA EPA +
753 32 L P-4 1 2300 AA EPA +
754 32 L P-4 2 2000 AA EPA +



raw data file

0BS BA LEVEL SAM  REP  CEN CONC  ANAL  EXTR  CONCAT
755 32 H P-3 1 52000 AA EPA +
756 32 H P-3 2 44000 AA EPA +
757 32 H P-5 1 45000 AA EPA +
758 32 H P-5 2 45000 AA EPA +
759 32 S pP-2 1 164000 AA EPA +
760 32 S p-2 2 143000 AA EPA +
761 32 L D-2 1 90 AA EPA +
762 32 L D-2 2 91 AA EPA +
763 32 L D-4 1 90 AA EPA +
764 32 L D-4 2 100 AA EPA +
765 32 H D-1 1 4800 AA EPA +
766 32 H D-1 2 5300 AA EPA +
767 32 H D-5 1 5100 AA EPA +
768 32 H D-5 2 5400 AA EPA +
769 32 S 0-3 1 1100 AA EPA +
770 32 S D-3 2 1200 AA EPA +
771 17 L P-1 1 1920 AA EPA +
772 17 L P-1 2 1720 AA EPA +
773 17 L P-4 1 2050 AA EPA +
774 17 L P-4 2 1740 AA EPA +
775 17 H P-3 1 41500 AA EPA +
776 17 H P-3 2 41300 AA EPA +
177 17 H P-5 1 42700 AA EPA +
778 17 H P-5 2 43600 AA EPA +
779 17 S P-2 1 131000 AA EPA +
780 17 ) P-2 2 126000 AA EPA +
781 17 L D-2 1 130 AA EPA +
782 17 L D-2 2 130 AA EPA +
783 17 L D-4 1 140 AA EPA +
784 17 L D-4 2 140 AA EPA +
785 17 H D-1 1 4720 AA EPA +
786 17 H D-1 2 4930 AA EPA +
787 17 H D-5 1 4800 AA EPA +
788 17 H D-5 2 5040 AA EPA +
789 17 S D-3 1 1340 AA EPA +
790 17 S D-3 2 1340 AA EPA +
791 7 L P-1 1 1801 AA EPA +
792 7 L P-1 2 1735 AA EPA +
793 7 L P-4 1 2165 AA EPA +
794 7 L P-4 2 2280 AA EPA +
795 7 H P-3 1 37700 AA EPA +
796 7 H P-3 2 39430 AA EPA +
797 7 H P-5 1 22440 AA EPA +
798 7 H P-5 2 22640 AA EPA +
799 7 S P-2 1 90520 AA EPA +
800 7 S P-2 2 106200 AA EPA +
801 7 L D-2 1 451 AA EPA +
802 7 L D-2 2 465 AA EPA +
803 7 L D-4 1 539 AA EPA +
804 7 L D-4 2 567 AA EPA +
805 7 H D-1 1 4155 AA EPA +
806 7 H D-1 2 4956 AA EPA +
807 7 H D-5 1 3929 AA EPA +
808 7 H D-5 2 4187 AA EPA +
809 7 S D-3 1 1648 AA EPA +
810 7 S D-3 2 1674 AA EPA +
811 41 L P-1 1 2130 AA EPA +
812 41 L P-1 2 2250 AA EPA +



raw data file

0BS BA  LEVEL SAM REP  CEN CONC  ANAL  EXTR  CONCAT
813 41 L P-4 1 2370 AA EPA +
814 41 L P-4 2 1960 AA EPA +
815 41 H P-3 1 43700 AA EPA +
816 41 H P-3 2 42300 AA EPA +
817 41 H P-5 1 41600 AA EPA +
818 41 H P-5 2 40200 AA EPA +
819 41 S pP-2 1 130000 AA EPA +
820 41 S P-2 2 129000 AA EPA +
821 41 L D-2 1 99 AA EPA +
822 41 L D-2 2 105 AA EPA +
823 41 L D-4 1 168 AA EPA +
824 41 L D-4 2 97 AA EPA +
825 41 H D-1 1 4920 AA EPA +
826 41 H 0-1 2 5450 AA EPA +
827 41 H 0-5 1 5180 AA EPA +
828 41 H D-5 2 4970 AA EPA +
829 41 S D-3 1 1280 AA EPA +
830 4] S D-3 2 1300 AA EPA +
831 2 L P-1 1 1773 AA EPA +
832 2 L P-1 2 1669 AA EPA +
833 2 L P-4 1 1576 AA EPA +
834 2 L P-4 2 1522 AA EPA +
835 2 H P-3 1 38312 AA EPA +
836 2 H P-3 2 36048 AA EPA +
837 2 H P-5 1 35498 AA EPA +
838 2 H P-5 2 36621 AA EPA +
839 2 S P-2 1 109414 AA EPA +
840 2 S pP-2 2 127416 AA EPA +
841 2 L D-2 1 196 AA EPA +
842 2 L D-2 2 177 AA EPA +
843 2 L D-4 1 97 AA EPA +
844 2 L D-4 2 87 AA EPA +
845 2 H D-1 1 5022 AA EPA +
846 2 H D-1 2 4210 AA EPA +
847 2 H D-5 1 4797 AA EPA +
848 2 H D-5 2 4686 AA EPA +
849 2 S D-3 1 1292 AA EPA +
850 2 S D-3 2 1277 AA EPA +



Appendix G-4

Missing/Censored Observations




OBS

LAB

METH

EXTR

ANAL

MTX

LEVEL

CEN

CONC

TRUE

Il

LEGEND
(Appendix G-4)

Reported Result
Laboratory Code

Method Number

Microwave/Atomic Absorption Spectrometry

Hotplate/Atomic Absorption Spectrometry
Microwave/Inductively Coupled Plasma Emission Spectrometry
Hotplate/Inductively Coupled Plasma Emission Spectrometry
Laboratory X-Ray Fluorescence

B W e
1 O L O

Extraction Method
EPA = EPA/AREAL
NIO = NIOSH Method 7082

Analytical Method

AA = Atomic Absorption Spectrometry
ICP = Inductively Coupled Plasma Emission Spectrometry
XRF =  Laboratory X-Ray Fluorescence
Matrix

P = Paint

D = Dust

Concentration Level

L = Low

H = High

S = Standard Reference Material (SRM)

Censored as less than or greater than the concentration reported (pg/g)
Concentration reported (ng/g)

Preliminary calculation of consensus value (without exclusion of outliers)



Missing or censored observations

0BS LAB METH EXTR ANAL MTX LEVEL CEN CONC TRUE
1 38 3 EPA ICP P L 1680
2 46 4 NIO ICP P S 113200
3 30 3 EPA ICP P L < 10 1680
4 38 3 EPA ICP H L < 22 100
5 38 3 EPA ICP D L < 22 100
6 49 4 NIO ICP D L < 34 100
7 49 4 NIO ICP D L < 35 100
8 49 4 NIO ICP D L < 40 100
9 44 4 NIO ICP D L < 50 100
10 44 4 NIO ICP D L < 50 100
11 44 4 NIO ICP D L < 50 100
12 44 4 NIO ICP D L < 50 100
13 45 4 NIO ICP D L < 50 100
14 50 5 N/A XRF D L < 75 100
15 50 5 N/A XRF D L < 75 100
16 50 5 N/A XRF D L < 75 100
17 50 5 N/A XRF D L < 75 100
18 24 2 NIO AA D L < 100 100
19 41 4 NIO ICP D L < 100 100
20 41 4 NIO ICP D L < 100 100
21 48 4 NIO ICP D L < 200 100
22 48 4 NIO ICP D L < 200 100
23 48 4 NIO ICP D L < 200 100
24 48 4 NIO ICP D L < 200 100
25 28 2 NIO AA D L < 300 100
26 28 2 NIO AA D L < 300 100
27 28 2 NIO AA D L < 300 100
28 28 2 NIO AA D L < 300 100
29 50 5 N/A XRF P S > 50000 113200
30 50 5 N/A XRF P S > 50000 113200



Appendix G-5

Candidate Outlying Observations
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LAB

METH

EXTR

ANAL

MTX

LEVEL

TRUE

CONC
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LEGEND
(Appendix G-5)

Reported Result
Laboratory Code

Method Number

Microwave/Atomic Absorption Spectrometry

Hotplate/Atomic Absorption Spectrometry
Microwave/Inductively Coupled Plasma Emission Spectrometry
Hotplate/Inductively Coupled Plasma Emission Spectrometry
Laboratory X-Ray Fluorescence

W BN
nmwwunn

Extraction Method
EPA = EPA/AREAL Method
NIO = NIOSH Method 7082

Analytical Method

AA = Atomic Absorption Spectrometry

ICP = Inductively Coupled Plasma Emission Spectrometry
XRF = Laboratory X-Ray Fluorescence

Matrix

P = Paint

D = Dust

Concentration Level

L = Low

H = High

S = Standard Reference Material (SRM)

Preliminary calculation of consensus value (without exclusion of outliers)
Concentration reported (pg/g)

Calculated recovery - ratio of reported concentration to the nominal
concentration

The recovery score calculated by subtracting the average recovery
(method/matrix/level) from the calculated recovery (REC) and dividing by
the standard deviation of recovery for a given method/matrix/level



Candidate outlying observatlions

OBS AR METH EXTR ANAL MIX  LEVEL TRUE aonNC REC  SCOREC
1 20 2 NIO AR P S 113200 5077 0.04 -4.12
2 20 2 NIO AR P S 113200 14010 0.12 -3.75
3 14 5 N/A XRF D H 4534 1400 0.31 -3.57
4 33 3 EPA ICcp D L 100 31 0.31 -3.43
5 1 3 EPA icp P H 36611 25000 0.68 -3.38
6 33 3 EPA ICp D H 4534 2500 0.55 -2.79
7 2 2 NIO AR D H 4534 3191 0.70 -2.68
8 15 1 EPA AA p H 36611 22440 0.61 -2.64
9 15 1 EPA AR P H 36611 22640 0.62 -2.61

10 22 2 NIO AR P S 113200 46000 0.41 -2.42
11 1 3 EPA icp P S 113200 99200 0.88 -2.42
12 25 4 NIO Icp D H 4534 2670 0.59 -2.34
13 25 4 NIO ice ? H 36611 28600 0.78 -2.20
14 4 2 NIO AR D S 1192 960 0.81 -2.19
15 4 2 NIO AA D S 1192 960 0.81 -2.19
16 15 1 EPA AR D H 4534 3929 0.87 -2.14
17 4 2 NIO AA P L 1680 1080 0.64 -2.12
18 17 4 NIO Icp P L 1680 1070 0.64 -2.07
19 17 4 NIO ICp P S 113200 46900 0.41 -2.06
20 2 2 NIO AA D H 4534 3531 0.78 -2.05
21 22 2 NIO AA P S 113200 55000 0.49 -2.05
22 24 3 EPA ICp D H 4534 5640 1.24 2.00
23 21 4 NIO0 Icp D L 100 160 1.60 2.04
24 25 4 NIO Ice D L 100 l60 1.60 2.04
25 3 2 NIO AA D H 4534 5740 1.27 2.05
26 5 1 EPA AA P S 113200 164000 1.45 2.12
27 3 2 NIO AR P H 36611 43600 1.19 2.13
28 23 3 EPA ICP D S 1192 1440 1.21 2.14
29 S 3 EPA ice D L 100 145 1.45 2.156
30 6 3 EPA e P S 113200 135000 1.19 2.20
31 25 3 EPA icp P L 1680 2120 1.26 2.20
32 19 2 NIO AA D L 100 171 1.71 2.25
33 14 5 N/A XRF D L 100 137 1.37 2.35
34 26 1 EPA AA D L 100 196 1.96 2.45
35 7 4 NIO icp P H 36611 44340 1.21 2.52
36 23 3 EPA ce D S 1182 1490 1.25 2.54
37 23 3 EPA Icep P H 36611 46300 1.26 2.62
38 1 4 NIO Icp P L 1680 2330 1.39 2.69
39 3 2 NI0 AA P H 36611 46300 1.26 3.03
40 20 2 NIO AA D L 100 199 1.99 3.29
41 21 3 EPA Icp D L 100 170 1.70 3.38
42 1 4 NIO Ice D S 1192 1830 1.54 3.39
43 7 4 NIO icp P H 36611 47300 1.29 3.40
44 1 4 NIO Icrp D H 4534 7150 1.58 3.50
45 20 2 NIO AA D L 100 214 2.14 3.84
46 21 4 NIO Icp D L 100 270 2.70 5.22
47 27 3 EPA icp D L 100 211 2.11 5.40
48 15 1 EPA AR D L 100 451 4.51 10.62
49 15 1 EPA AR D L 100 465 4.65 11.07
50 15 1 EPA Al D L 100 539 5.39 13.44
51 15 1 EPA AA D L 100 567 5.67 14.34
52 14 5 N/A XRF P L 1680 5148 3.06 23.44
53 14 5 N/A XRF P L 1680 5434 3.23 25.07

14 5 N/A XRF P L 1680 5823 3.47 27.28

14 5 N/A XRF P L 1680 6003 3.57 28.31



Appendix G-6

Method Means, Consensus Values,
Repeatability and Reproducibility



MTX LEVEL METH

VOVVUVVUVOVVIV VUV VIUTVOOODDODUDOODOUODOOOO
nOVLOOrrrEFErTTIIIO0O00Oen o rrr T X

LEGEND

MTX =
Level =
Meth =
SW =
STOT =
SB =
MEAN =
L95, U95 =
TRUE =
LT95, UT95 =
N=

NQ =

K=

K=

1
2
3
4
5
1
2
3
4
5
1
2
3
4
5
1
2
3
4
5
1
2
3
4
5
1
2
3
4
s

Results of Statistical Analysis

SW SB STOT MEAN L9S§ ugs TRUE LT85 uTtes
296 301 422 4847 4588 §095 4550 4318 47858
441 214 491 4677 4475 4879 4550 4316 4785
501 226 549 4281 4059 4503 4550 4316 4785
574 311 653 4397 4136 4657 4550 4316 4785

98 305 320 2485 2287 2714 4550 4316 4785

23 8 25 114 102 125 104 91 117

14 17 23 108 95 121 104 91 117

17 0 17 a8 92 104 104 91 117

23 25 34 o8 79 116 104 91 117

8 20 22 83 77 109 104 g1 117

38 188 192 1327 1186 1468 1186 1086 1277

45 89 100 1173 1111 1235 1186 1096 1277

55 60 82 1133 1086 1180 1186 1096 1277

36 129 134 1112 1031 1194 1186 1096 1277

24 84 88 1029 965 1083 1186 1096 1277

2386 3150 3951 41281 38780 43782 37632 35872 39391
1860 1920 2674 36921 35523 38318 37632 35872 33391
1445 1880 2372 36654 35336 37972 37632 35872 39391
1708 2377 2927 35670 34109 37231 37632 35872 39391
984 4118 4234 27404 24332 30476 37632 35872 39391
217 128 252 1896 1772 2020 1690 1567 1814
200 197 281 1661 1517 1806 1690 1567 1814
186 o1 216 1602 1514 1882 1880 1587 1814
154 196 249 1600 1470 1730 1680 1567 1814
34 185 188 1034 885 1182 1690 1567 1814
8829 16043 18312 122432 109679 135185 109859 96964 122753
5934 24194 24911 104340 87325 121356 109859 ©6964 122753
5169 6468 8274 118281 113429 123133 109859 O6964 122753
11239 20789 23633 94382 80620 108143 109859 96964 122753
1582 32457 32496 112721 86735 138708 109859 96964 122753

Matrix (D=Dust; P=Paint)
H=High; L=Low; S=SRM

Method (1=MW/AAS; 2=HP/AAS; 3=MW/ICP; 4=HP/ICP; 5=Lab XRF)
Repeatability (within-lab standard deviation)
Reproducibility (within-lab and between-lab standard deviation)
Pure between-lab standard deviation

Method Mean

Lower and Upper Limits of 95% Confidence Interval of the Method Mean
Consensus Value (average of means of methods 1 through 4)

Lower and Upper Limits of 95% Confidence Interval of Consensus Value
Total sample size

Expected sample size

Number of labs for nonmissing, noncensored, and nonoutlying data
Expected number of labs

28
35
35
41
27
23
29
31
27
24
14
18
18
20
14
26
35
35
41

28
28
36
34
41

24
14
16
18
20
12

NO

28
36
36
42
28
28
36
36
42
28
14
18
i8
21

14
28
36
36
42
28
28
36
3%
42
28
14
18
18
21

Py
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Appendix G-7

Recovery and Log of Recovery Plots
by Laboratory



LEGEND

(Appendix G-7)

D = Dust (low dust and high dust)
E = "Dust" SRM 2711

P = Paint (low paint and high paint)
Q = Paint SRM 1579



Appendix G-7-1
MW/AAS Laboratories



plotrec.sas  7:49 Monday, August 17, 1992 1
-------------------------------- METH=1 LAB=10 =-eccmcmmm e
Plot of REC*LOGTRUE. Symbol is value of MTX.
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NOTE: 2 obs hidden.



plotcon.sas  7:38 Monday, August 17, 1992 1
-------------------------------- METH=1 LAB=10 =-m==---mommcmcm e
Plot of LOGCONC*LOGTRUE. Symbol is value of MTX.
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base 10 log of nominal PPM
NOTE: 2 obs hidden.



plotrec.sas  7:49 Monday, August 17, 1992 2
-------------------------------- METH=1 LAB=11 =commmmmmm oo
Plot of REC*LOGTRUE. Symbol is value of MTX.
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NOTE: 1 obs hidden.



plotcon.sas  7:38 Monday, August 17, 1992 2
-------------------------------- METH=1 LAB=11 =-cccemcemecmcmceccmeomcmemmmm e
Plot of LOGCONC*LOGTRUE. Symbol is value of MTX.
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base 10 log of nominal PPM
NOTE: 5 obs hidden.



plotrec.sas  7:49 Monday, August 17, 1992 3
-------------------------------- METH=1 LAB=12 --m--meeccmcmcmcccmmccmcmccecamee
Plot of REC*LOGTRUE. Symbol is value of MTX.

O
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base 10 log of nominal conc (ppm)

NOTE: 3 obs hidden.



plotcon.sas  7:38 Monday, August 17, 1992

-------------------------------- METH=1 LAB=12 ~-====emmmmemcmmeooioaceoon

Plot of LOGCONC*LOGTRUE. Symbol is value of MTX.

l
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NOTE: 8 obs hidden.
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plotrec.sas  7:49 Monday, August 17, 1992 4
-------------------------------- METH=1 LAB=13 =cccmmmcceeecceccccccmm——cman
Plot of REC*LOGTRUE. Symbol is value of MTX.
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NOTE: 3 obs hidden.



plotcon.sas  7:38 Monday, August 17, 1992 4
-------------------------------- METH=1 LAB=13 mmcmmmmmmem e el
Plot of LOGCONC*LOGTRUE. Symbol is value of MTX.
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base 10 log of nominal PPM
NOTE: 7 obs hidden.



plotrec.sas  7:49 Monday, August 17, 1992 5
-------------------------------- METH=1 LAB=14 -ccccecmrmmc e
Plot of REC*LOGTRUE. Symbol is value of MTX.
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NOTE: 2 obs hidden.



plotcon.sas  7:38 Monday, August 17, 1992 5
-------------------------------- METH=1 LAB=184 --cecmmmcmcc e cemmmmmeeee el
Plot of LOGCONC*LOGTRUE. Symbol is value of MTX.
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NOTE: 6 obs hidden.



plotrec.sas  7:49 Monday, August 17, 1992 6
-------------------------------- METH=1 LAB=15 ~c--cmmcrccca e
Plot of REC*LOGTRUE. Symbol is value of MTX.
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base 10 Tog of nominal conc (ppm)

NOTE: 1 obs hidden.



plotcon.sas  7:38 Monday, August 17, 1992 6
-------------------------------- METH=1 LAB=15 --c--ocmmmem e
Plot of LOGCONC*LOGTRUE. Symbol is value of MTX.
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NOTE: 7 obs hidden.



plotrec.sas  7:49 Monday, August 17, 1992 7
-------------------------------- METH=1 LAB=16 ===ccommccccmcccccccmccmce———-
Plot of REC*LOGTRUE. Symbol is value of MTX,
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NOTE: 4 obs hidden.



plotcon.sas  7:38 Monday, August 17, 1992
-------------------------------- METH=1 LAB=16 ~-memeeccmmemcccc e cceeeeee
Plot of LOGCONC*LOGTRUE. Symbol is value of MTX.
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Plot of REC*LOGTRUE. Symbol is value of MTX,
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Plot of LOGCONC*LOGTRUE. Symbol is value of MTX.
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Plot of REC*LOGTRUE, Symbol is value of MTX.
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Plot of LOGCONC*LOGTRUE. Symbol is value of MTX.
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Plot of LOGCONC*LOGTRUE. Symbol is value of MTX.
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-------------------------------- METH=2 LAB=23 --=m=mmmec e mcc e cmcoeme
Plot of REC*LOGTRUE. Symbol is value of MTX.
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NOTE: 4 obs hidden.
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-------------------------------- METH=2 LAB=23 --ccmmecmcmcccmccec e e e
Plot of LOGCONC*LOGTRUE. Symbol is value of MTX.
|
5.5 +
Q
5.0 + Q
P
PP
4.5 +
1
)
g
4.0 +
[¢)
f
r 0D
e
p 3.5+
o)
r
t
e PP
d E
3.0 + E
P
P
M
2.5 +
2.0 + DD
1.5 T
D T —— S SR L TSR U $ocmmeaa- Hocammaan S R Hoamomname +
1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5

base 10 log of nominal PPM
NOTE: 7 obs hidden.
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-------------------------------- METH=2 LAB=24 ----ecccmccm e
Plot of REC*LOGTRUE. Symbol is value of MTX.
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-------------------------------- METH=2 LAB=24 --==ceccmcm e
Plot of LOGCONC*LOGTRUE. Symbol is value of MTX.
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-------------------------------- METH=2 LAB=25 ---c-cececccccmmmcccceccceemeem
Plot of REC*LOGTRUE. Symbol is value of MTX.
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Plot of LOGCONC*LOGTRUE. Symbol is value of MTX.

«Q O —
LO

O M ct—s OO D 3 -+ O
e
©

<inviuol

oo

base 10 Yog of nominal PPM
NOTE: 5 obs hidden.
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Plot of REC*LOGTRUE. Symbol is value of MTX.
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NOTE: 4 obs hidden.
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-------------------------------- METH=2 LAB=26 ~=--em-cmmmmmemm e
Plot of LOGCONC*LOGTRUE. Symbol is value of MTX.
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-------------------------------- METH=2 LAB=27 --e=m-cmcmmemm e ccceccmm———ne
Plot of REC*LOGTRUE. Symbol is value of MTX.

|
2.00 +

1.75 +

1.50 +

1.25 + P

1.00 + E D PP

“ I < OO0y

0.75 +

0.50 +

0.25 +

base 10 log of nominal conc (ppm)

NOTE: 2 obs hidden.
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-------------------------------- METH=2 LAB=27 --c-cecmmccmcccac e
Plot of LOGCONC*LOGTRUE. Symbol is value of MTX.
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-------------------------------- METH=2 LAB=28 -======-=cecmccocmcmmmamaomaeaan
Plot of REC*LOGTRUE. Symbol is value of MTX.
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-------------------------------- METH=2 LAB=28 --=commmoooocmcccocmcmcccceo e
Plot of LOGCONC*LOGTRUE. Symbol is value of MTX.
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plotrec.sas  7:49 Monday, August 17, 1992 17
-------------------------------- METH=3 LAB=30 ~--cmemcccmmccmmccccamcccccaaaae
Plot of REC*LOGTRUE. Symbol is value of MTX.
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plotcon.sas  7:38 Monday, August 17, 1992 17
-------------------------------- METH=3 LAB=30 --==-cm-mrommmccmcccc e
Plot of LOGCONC*LOGTRUE. Symbol is value of MTX.
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Symbol is value of MTX.
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NOTE: 1 obs hidden.
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-------------------------------- METH=3 LAB=3] ----cmmmmmmmm e mmcicccccm oo
Plot of LOGCONC*LOGTRUE. Symbol is value of MTX,
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Piot of REC*LOGTRUE. Symbol is value of MTX.

.00 +

@3 DO Oy
o

NOTE: 2 obs hidden.

base 10 log of nominal conc (ppm)

19

-------- METH=3 LAB=32 ~=---mmmmecmmecmoccccmcmcmennee



plotcon.sas  7:38 Monday, August 17, 1992 19
-------------------------------- METH=3 LAB=32 ~cc-cmccmc e mrmemmmceeec e

Plot of LOGCONC*LOGTRUE. Symbol is value of MTX.
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-------------------------------- METH=3 LAB=33 -=-cecommmemmmccccccmccmacccoe
Plot of REC*LOGTRUE. Symbol is value of MTX.
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-------------------------------- METH=3 LAB=33 ----cemmcemmce e
Plot of LOGCONC*LOGTRUE. Symbol is value of MTX.
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-------------------------------- METH=3 LAB=34 ~cvcccmcmmecccccmcmccmmcceeacaee

Plot of REC*LOGTRUE. Symbol is value of MTX.
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Plot of LOGCONC*LOGTRUE. Symbol is value of MTX,
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-------------------------------- METH=3 LAB=35 =-c-meccccmracccccccccccrcceemee
Plot of REC*LOGTRUE. Symbol is value of MTX.

l
2.00 +

1.75 +

1.50 +

1.256 + D

o
£

1.00 + P P

< 3P <O 0Om S

DD p
0.75 + D

0.50 +

0.25 +

base 10 log of nominal conc (ppm)

NOTE: 1 obs hidden.
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-------------------------------- METH=3 LAB=35 -----meeamomcmmmeesmmcmmcccmeeee
Piot of LOGCONC*LOGTRUE. Symbol is value of MTX.
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-------------------------------- METH=3 LAB=3f -wec-cececcccccccmaccccccccaaes
Plot of REC*LOGTRUE. Symbol is value of MTX.
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-------------------------------- METH=3 LAB=36 ---=-==mroccmcmcmmcrccnnmenece e
Plot of LOGCONC*LOGTRUE. Symbol is value of MTX.
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-------------------------------- METH=3 LAB=37 wcccmmmcccmcccocmccccmeccccneeess
Plot of REC*LOGTRUE. Symbol is value of MTX.
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-------------------------------- METH=3 LAB=37 --=wmemmemcccc e e
Plot of LOGCONC*LOGTRUE. Symbol is value of MTX.
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-------------------------------- METH=3 LAB=38 ---=cermecmccc e
Plot of REC*LOGTRUE. Symbol is value of MTX.
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-------------------------------- METH=3 LAB=38 ----cccccmmmccc et mmmmnceees
Plot of LOGCONC*LOGTRUE. Symbol is value of MTX.
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plotrec.sas  7:49 Monday, August 17, 1992

Plot of REC*LOGTRUE. Symbol is value of MTX.

base 10 log of nominal conc (ppm)
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plotcon.sas  7:38 Monday, August 17, 1992

------------------------------ METH=4 LAB=40 ----c--memmcemmmmmmimmccaoomnan

Plot of LOGCONC*LOGTRUE. Symbol is value of MTX.
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-------------------------------- METH=4 LAB=4] -cc-cccccccmcmmcc e
Plot of REC*LOGTRUE. Symbol is value of MTX.

l
2.00 +

1.75 +

1.50 + D

1.25 +

1.00 + < P P Q

IO <COOM-

0.75 + D

0.50 +

0.25 +

base 10 log of nominal conc (ppm)

NOTE: 2 obs hidden.



plotcon.sas  7:38 Monday, August 17, 1992 27
-------------------------------- METH=4 LAB=4]1 -----cocmmmmmc oo
Piot of LOGCONC*LOGTRUE. Symbol is value of MTX.
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-------------------------------- METH=4 LAB=42 ~-cccceccamcccmccccccccammecaaan-
| Plot of REC*LOGTRUE. Symbol is value of MIX.
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-------------------------------- METH=4 LAB=42 --rc-cmmcmrmmmc et vceeas
Plot of LOGCONC*LOGTRUE. Symbol is value of MTX.
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-------------------------------- METH=4 LAB=43 =ccommmc e
Plot of LOGCONC*LOGTRUE. Symbol is value of MTX.
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-------------------------------- METH=4 LAB=48 =mmmmmmmmmmmmmmmemecccmoccmmee
' Plot of REC*LOGTRUE. Symbol is value of MTX.
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-------------------------------- METH=4 LAB=44 - -mmmmmmm oo oo eeeee
Plot of LOGCONC*LOGTRUE. Symbol is value of MTX.
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-------------------------------- METH=4 LAB=85 --cemeececocccccacccccccmmmm—————
Plot of REC*LOGTRUE. Symbol is value of MTX.
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-------------------------------- METH=4 LAB=45 ~--e-c-occommmmm e eee
Plot of LOGCONC*LOGTRUE. Symbol is value of MTX.
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-------------------------------- METH=4 LAB=46 --=-c===memcccoccmmcccmmccaaoa-
' Plot of REC*LOGTRUE. Symbol is value of MTX.
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Plot of LOGCONC*LOGTRUE. Symbol is value of MTX.
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Plot of REC*LOGTRUE. Symbol is value of MIX.
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Plot of LOGCONC*LOGTRUE. Symbol is value of MTX.
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-------------------------------- METH=4 LAB=48 ---ccccmcmacccmcccceccmcccceeae
Plot of REC*LOGTRUE. Symbol is value of MTX.
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-------------------------------- METH=4 LAB=48 -=-wcommemommmcomeccmmcocoacoon
Plot of LOGCONC*LOGTRUE. Symbol is value of MTX.
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-------------------------------- METH=4 LAB=49 -ccem e emeeeeeeee
v Plot of REC*LOGTRUE. Symbol is value of MTX.
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Laboratory XRF Laboratories
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Plots of Repeatability/Reproducibility
versus Lead Concentration
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Geometric Mean Recovery by Method
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Method Effects and Pairwise
Comparison of Method Means



Tests for method effects and pairwise comparison of method means.

The overall F-tests for significance of method effects were not significant
for the low dust sample (p = .44), were only marginally significant for the paint
SRM (p = .08), but were highly significant on the other four samples (p < .001 in
all cases).

For pairwise comparisons of method means within each of the six samples,
ordinary nonsimultaneous t-tests at the 5% significance level were used. There
are ten possible paired comparisons of methods within each of the six samples, so
that three false rejections of the hypothesis of no difference would be expected by
chance alone.

The results of the pairwise comparisons are summarized below. No
differences were declared in connections with the low dust sample, and only two
differences were declared on the paint SRM samples. It is clear from the table
below that the differences primarily involve methods 1 and 5. Of 28 declared
differences, 26 involve methods 1 and 5. These results confirm those obtained by
the simple nonparametric logic, namely, method 1 is generally higher and method
5 is generally lower than the other methods. There are, of course, exceptions,

notably the low dust sample.



Results of sample-specific pairwise method comparisons.

M E T H 0 D
1 2 3 4
2 CDE XXXXXXXXXXXXXXXXXXX
XXXXXXXXXXXXXXX
3 ACDE A XXXXXXXXXX
. XXXXXXX
ACDEF None F XXX
5 ACDE ACDE ADE ADE

Table entries indicate samples for which method comparisons are significantly
different using ordinary nonsimultaneous t-tests at the 5% significance level. For
instance, methods 3 and 5 were declared different on samples A, D, E.

Legend

A = High Dust
Low Dust
Dust SRM
High Paint
Low Paint
Paint SRM
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Tests for method effects

Several other effects are suggested. In addition to the facts that MW/AAS
is uniformly higher and XRF uniformly lower than the other methods, there
appear to be other effects due to analytic method or extraction method, as
indicated by the results of comparisons using the SAS General Linear Model
procedure. These comparisons were limited to non-XRF methods. Low p-values
indicate significant effects.

Tests for effect of method of analysis, by matrix and method of extraction

Extraction Matrix p-value
MW dust <.01
MW paint <.01

~ HP dust .06
HP paint .36

Tests for effect of method of extraction by matrix and method of analysis

Analysis Matrix p-value
AAS dust .02
AAS paint <.01
ICP dust 92

ICP paint .03



Appendix H

Total Microwave Digestion Method



RTI Method for Total Digestion of Lead in Paint and Dust

Procedure 1: U. S. Fish and Wildlife Service Digestion

. Weigh 100 mg of ground paint into a clean Teflon digestion vessel.
. Add 5 mL of conc. HNO, and 1 mL of 49% HF.

. Cap the vessel and microwave at the following conditions:
- 3 min at 255 power,
- 3 min at 50% power,
- 3 min at 100% power.

. Allow solution to cool to room temperature; uncap Teflon digestion
vessel.
. Evaporate residue to a volume of 2 - 3 mL.

Procedure 2: Institute of Chemical Industry and Metallurgy of China Digestion

Prepare 12 digestates as follows:

. Transfer contents from Procedure 1 into a 120 mL Teflon PFA vessel,
rinsing walls of vessel with DI water.

. Add 10 mL conc. HCI and 0.5 mL. HF.
. Microwave at the following conditions for ICP analysis:
- 10 minutes at 80% power,
- 8 minutes at 60% power, or
Microwave at the following conditions for AAS analysis:
- 10 minutes at 80 % power,

- 5 minutes at 60% power.

. Allow solution to cool to room temperature; uncapTeflon digestion
vessel.

. Add 6 mL of 4% boric acid, and 15 ml of conc. HCI.

. Transfer to 100 mL volumetric flask and dilute to volume.

10-4



U.S. Fish and Wildlife Service Procedure

DIGESTION OF ANIMAL TISSUE

Method 201 - ICP

Digestion of Animal Tissue

Metals of Reference: Al, Sb, Ba, Be, B, Cd, Co, Cr, Cu, Fe, Pb, Mg, Mn, Mo, Ni, Ag,
Sr, Sn, V, Zn

1.0 Reagents

1.
2.

Concentrated nitric acid - instra-analyzed
Source of laboratory pure water; Type II, etc.

1.1. Materials and Apparatus

1. CEM MDS-81D microwave oven

2. Top loader analytical balance accurate to 0.001 grams

3. 120 mL digestion vessels - PFA Teflon

4. 50 mL polypropylene volumetric flasks

5. 60 mL polypropylene sample bottles

6. Disposable polypropylene funnels - 55 mm

1.2  Method

1. Weigh out 0.5 grams freeze-dried, homogenized material accurately to
0.001 grams into a clean 120 mL microwave digestion vessel.

2. Add 5 mL Baker Instra-Analyzed concentrated nitric acid.

3. Place cap on vessels and torque to 12 ft-1bs using CEM capping station
or torque wrench.

4. Place vessels onto turntable and load into CEM MDS-81D microwave
oven.

5. Heat the vessels:

a) 3 minutes at 20% power
b) 3 minutes at 50% power
c) 15 minutes at 75% power



Upon completion of heating cycle, wait 1 minute, then remove vessels from
oven and cool in a fume hood.

When cool, uncap vessels using capping station and carefully evaporate vessel
contents to 0.5 - 1.0 mL residue and dilute to 10 mL with deionized water.
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Institute of Chemical Industry and Metallurgy

Acid Digestion of Samples by Microwave Oven

1. Standard Samples of Pan Zhi Hua, Academy of Iron and Steel, Ministry of
Metallurgy, China

BH 0102 vanadium - titanium fine ore

BH 0104 titanium fine ore

2. Microwave Oven Equipment:

Model MDS - 81D Microwave Oven (product of CEM, U.S.A.) with capping
station, cooling groove and 120 mL Teflon PFA vessel

Settings of MDS - 81D operation program:
ICP ANALYSIS AA ANALYSIS

Time Power Time Power
Program 1: 10 minutes 80% 10 minutes 80%
Program 2: 8 minutes 60% 5 minutes 60%

3. Methods of Sample Dissolution:

Put 0.1 gram accurately weighed standard sample (BH 0102) into a 120 mL
Teflon PFA vessel, rinse the wall of the vessel with small quantity of deionized water
and add 10 mL concentrated hydrochloric acid and 0.5 mL hydrofluoric acid. Secure
the safety valve on the vessel and tighten the vessel cap on the capping station.
Place the vessel on the carousel and connect the exhaust tubes. The operation for the
BHO0104 standard sample is the same as above except 10 mL concentrated acid and
2 mL hydrofluoric acid are added.



