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Disclaimers

Mention of company names or products does not
constitute endorsement by the Centers for Disease
Control and Prevention, Savannah River Nuclear
Solutions, or the U.S. Department of Energy.

The findings and conclusions in this presentation are
those of the authors and do not necessarily
represent the views of the National Institute for
Occupational Safety and Health, Savannah River
Nuclear Solutions, or the U.S. Department of Energy.
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Objective:

% (Generate supporting
interlaboratory round-
robin data for ASTM
D7439, Standard Test

Method for

Determination of
Elements in Airborne
Particulate Matter by
Inductively Coupled

Plasma Mass

Spectrometry

Deslgnation: D 7420 — 08

Standard Test Method for

Datermination of Elements in Airborne Particulate Mattar by
Inductivaly Coupled Plasma—Mass Spectrometry’
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Interlaboratory Study (ILS)

21 elements on MCE filters

3 different loading levels, plus media
blanks

3 filters @ each level + blanks = 12 per
laboratory

20 participating laboratories from North
America (12), Europe (7) & Asia (1)

= Beryllium results presented here
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Beryllium ILS (ICP-MS)

o Spikes @ 0.025, 0.50 & 10 pg Be/filter
(as beryllium sulfate)

= | .abs requested to follow ASTM D7439 method:

Acid digestion (hotplate / microwave /
hotblock) & ICP-MS analysis

o Precision statistics: ASTM E691

o Uncertainty estimations: ASTM D/7440
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Precision Statistics™ (ASTM E691)

Spike Std. dev.
level (1Qg) (ug)

0.025 0.0038

0.50 0.0550

1.22

,,.7..,,,; *[Media blank corrected (n=6); Avg. blank = 0.009 ug]
I

(/)
:
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Repeatability & Reproducibility
(ASTM E691)

Repeatability. Ability of a single analyst to
repeatedly obtain a result using same
equipment and test specimen.

& Estimated by within-lab variance

Reproaucibifity. Ability of different analysts
and/or different equipment to get same result.

@ Estimated by between-lab variance
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*
N

(Mean = 8.06) 0.946; 1.444

. o Reproducibility
® Repeatability

N\

0.003; 0.016 (Mean = 0.0233)

%
«—0.019; 0.061 (Mean = 0.509)
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Uncertainty Budget™ (ASTM D7440)

Concept.

Estimate contribution to uncertainty of each
component of the overall measurement.

Examples:
Intra-lab & Inter-lab variance
Measurement equipment tolerances
Measurement bias

*[from ISO GUM]
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Blank-corrected lab bias
estimates (low Be level)

Level = 0.025 upg

Labh NMumber [sorted by lab bias]
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Within-lab variance (low Be level)

Level = 0,025 ug

Outliers —
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Uncertainty budget at 0.025 ug Be

Uncertainty
source

Uncertainty
component

Degrees of
freedom

Inter-lab

0.083

6

Intra-lab

0.029

14

Bias estimate

0.032

Pipette bias*

NN 4~
' [/
DC

0.008 (negl.)

*(EN 1SO 8655-2)
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Estimated bias & correction factor
at 0.025 ug Be

L
e Estimated Bias A = (1/L) 2 A, = -7.1%
=1

e Correction Factor = 1/(1 + A) = 1.08

e Bias 95% Confidence Limits: (-0.14, 0.00)
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Uncertainty at 0.025 ug Be

e Combined Uncertainty* = 9.4%
U, =2 (Up?)” ]

= Expanded Uncertainty* = 18.8%
at coverage factor A = 2
U=k U,]
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Medium Be spike level (0.50 ug)
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Lab Number [sorted by intra—lah variance ]

Within-Lab Variance

[YloSH

SAFER*HEALTHIER+* PEOPLE"




High Be spike level (10 pg)

Level= 10 ug

—
Outlier

Outliers

L 1 L L L L 1 L L 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1o 5 10 15
Lah Mumber [sorted by lab bias) Lab Mumber [sorted by intra—lab variance]

Lab Bias Within-Lab Variance
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Expanded Uncertainty at 0.50 & 10 ug

@ 0.50 ug:
A = 0.0%; 95% CLs: (-0.04, 0.04)
Correction factor = 1.00
Combined Uncertainty = 9.9%
Expanded Uncertainty = 19.8% (k= 2)

@ 10 pag:
A = -15.5%; 95% CLs: (-0.19, -0.12)
Correction factor = 1.18
Combined Uncertainty = 12.2%

Expanded Uncertainty = 24.4% (k= 2)
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Considerations

o JCP-MS estimated method detection limit
(MDL): =0.001 pg Be per sample

® However, many labs reported [ <] values @
much higher Be levels for low spikes

= A few labs reported significant Be blank values

o Several labs noted loss of material from filters
at high Be loading upon receipt
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Accuracy / Uncertainty Estimates
and Applicable Guidelines

» NIOSH Accuracy Criterion:
25% (95% CL)

» EN 482 Uncertainty Reqguirements:
30%: “definitive” analysis
50%: “screening” measurements
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Summary & future work

e Analytical figures of merit satisfy
applicable uncertainty requirements

e [LS data support ASTM D7439

e Parallel ISO draft being developed
(CD 30011)

e Further work on other elements

o Generation of realistic aerosols

(e.g., welding fumes)
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