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Overview
• Method initially developed in 1986
• Two updates with current version finalized in 1996
• Update to SW‐846 Method 3050B for the digestion of solids

– adjustments to the acid addition for digestion
– timing of the acid addition

• Mini research study
• Draft method plan
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• Multiple laboratory validation study
– Triplicate analyses
– 5 reference materials
– 23‐elements
– Digestion by both Methods 3050B and 3050C
– Determinative methods (ICP-OES and ICP-MS* – Methods 

6010D or 6020B)
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*  ICP‐MS currently uses interference reduction technologies (e.g., Dynamic Reaction Cell, Collision Cell, triple quadrupole) to 

remove chloride‐based interferences, and the addition of HCl improves the recoveries and increases the digestate stability 

for certain elements (e.g., Ag, Sb). 3
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Reference Materials and Elements
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• NIST§ 2710a – Montana I Soil 

(highly elevated trace element 

concentrations),

• NIST§ 2782 – Industrial Sludge,

• NIST§ 1646a – Estuarine Sediment,

• ERA¥ Metals in Soil - Catalog #540, 

and

• ERA¥ Metals in Sewage Sludge -

Catalog #160

§National Institute of Standards and Technology’s (NIST’s) 

Standard Reference Materials (SRMs)
¥ ERA: provider of Proficiency Testing (PT) and Certified 

Reference Materials (CRMs)

Element List

Aluminum Magnesium

Antimony Manganese

Arsenic Molybdenum

Barium Nickel

Beryllium Potassium

Calcium Selenium

Cadmium Silver

Chromium Sodium

Cobalt Thallium

Copper Vanadium

Iron Zinc

Lead

Reference Materials
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Comparison of Methods 3050B and 3050C

5
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• The Bland-Altman Plot computed 

by (depending on the study 

design)

– Exactly One Data-Pair per 

Subject (no repeatability 

parameter can be computed)

– Multiple Replicates for each 

Method, No Pairing (overall 

response mean stays 

constant)

– Multiple Replicates for each 

Method Obtained as Pairs 

(response mean varies)

Tiered Statistical Analysis

7

• Correlation Techniques – to show whether, 

and how strongly, pairs of variables are 

related. 

• Bland and Altman Method - to quantify 

agreement between two quantitative 

measurements by constructing limits of 

agreement.

Misyura et al. 2018
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Statistical Analysis - Highlights

• Performed on the dataset to evaluate the performance of the individual laboratories 

and the group overall:

o Summary statistics (mean and standard deviation) and calculation of percent relative 

standard deviation;

o Grubbs’ test of potential outliers; and

o Standard deviation of repeatability and standard deviation of reproducibility, including h

and k statistics.

• Determine whether preparation method 3050C performed equally as well as 3050B, in 

concert with either Method 6010D or Method 6020B: 

o Statistical analyses indicated that preparation method 3050C performed equally as 3050B, 

regardless of the analytical method.  The repeatability and reproducibility of all the 

laboratories, barring the appearance of a low number of potential outliers within the 

datasets, was approximately the same. 
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Correlation of Method 3050B vs. 3050C, Analyzed with 

Methods a) 6010D and b) 6020B, by SRM respectively for Silver

t-test, and graphical analyses were performed on the dataset from the Method 3050C Multi-Laboratory Validation Study; three graphs were prepared for 

each analyte: one showing Method 3050B vs. 3050C, Method 6010D vs. Method 6020B, all average concentration data and two showing Method 3050B 

vs. 3050C, by SRM, Method 6010D and Method 6020B graphed separately. A data table was also prepared of the regression statistics y-intercept, slope, 

R^2, and t-test. 

Method 3050B and Method 3050C data are strongly correlated, with a few exceptions related to the presence of potential outliers. In general, wet 

preparation data analyzed with Method 6010D (ICP-OES) had smaller differences between 3050B and 3050C than the data analyzed with Method 6020B 

(ICP-MS).
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Representative Data



QA/QC

• Parameters: method blanks; laboratory control 

samples (LCS); and matrix spike/matrix spike 

duplicate (MS/MSD)

• Average LCS percent recoveries were within 

method QC limits of 80%-120%, with a small 

number of exceptions. MS/MSD were mostly 

within the QC limits of 75-125%.

• Antimony had low recovery in almost all SRMs 

prepared with Method 3050B and showed a 

marked improvement in recovery upon 

preparation with Method 3050C.

• Little difference between MS/MSD recoveries 

for silver, barium, and lead.
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Limitations and Uncertainties

• Deviations from the study plan led to limitations 

in the types of statistical treatments that could 

be performed.

• Not all laboratories performed all the analyses. 

Direct laboratory-to-laboratory comparability 

was not always possible.
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“Decisions are based on data, 

analysis and empirical 

evidence. This includes both an 

understanding of the 

uncertainties present as well as 

potential limitations of the 

available data.”

• The analysis of five SRMs, each with varied concentrations of the 

constituents of interest, reduced the power of the dataset, in that 

segregation of data by SRM and by preparation/analytical method 

resulted in small sample sizes.
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Mechanism Perspectives - Antimony

• Interactions with low molecular weight ligands
– Both Sb(III) and Sb(V) ions hydrolyze easily in aqueous solution, thus making it difficult to 

keep antimony ions stable in solution except in highly acidic media (Fiella et al. 2002).

• Hydroxyl 

• Chloride - Antimony(III) chloride dissolves in strong HCl 

solutions. Chlorocomplexes, SbClx
[(x-)+3]+, are formed in solution 

depending on the chloride concentration present.

• Sulfides

• Organic low molecular weight ligands

• Interactions with solid phase 
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Oelkers et al., 1998

Bonner and Goishi, 1961



Current Status
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