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Introduction

Measurement uncertainty (MU) often scales
proportional to the analyte level (Ellison 2012). In
this case, it can be expressed as a constant by
using the relative standard deviation (RSD). This is
called the multiplicative component of a MU model.

However, this underestimates the MU at very low
analyte levels due to an additive component of MU.
Estimating MU for a large range of analyte levels
requires to use an uncertainty model with two
components, a multiplicative and an additive.

Example case

A set of soil samples had been sent to a lab. Six
randomly selected samples had been measured
twice (7% of all samples), producing replicate

measurements. Here the data for Pb (in mg/kg):

SamplelD Mean SD RSD [%]
220-B-0A 0.01055 0.0019 18.0
243-B-0A 0.06540 0.0033 5.0
275-B-0A 0.11425 0.0095 8.4
305-B-0A 0.19825 0.0081 4.1
191-B-1A 0.41850 0.0049 1.2
333-B-1A 0.45100 0.0170 3.8

Errors are additive if they are caused by random
occurring effects of the measurement procedure..
Typical examples are the background 'noise’ of a
measurement device, or random occurring
contamination. They must not be confused with
errors introduced by systematic effects.

Alm
Estimate individual uncertainties by analyte level:

= Parametrize the uncertainty model by data from
replicate measurements

= Reduce number of necessary replicates
= Provide flexible choice of uncertainty model

= Help avoiding common mistakes by providing
warnings and error messages

» Use model parameter for further interpretation
= Additive component for “background noise”
= Multiplicative component as constant RSD
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Multiplicative errors occur If errors in one step of
the measurement scale the measurand value Iin the
next step, e.qg. if errors are introduced along the
sample preparation and analysis procedure. In this
case, the dispersion of value increases
guadratically with the measurand value.
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Theory

The uncertainty for a wide range of analyte level
can be expressed by a combined uncertainty with
two components (Ellison 2012, Hawkins 2014). The
component describing the additive errors, g2,
follows a normal (n) distribution. The second
component describing the multiplicative errors, o2,
follows a log-normal (In) distribution.

The two-component model is thus
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where x, Is the measurand value.

These model coefficients are estimated by fitting
the model to the data, I.e. the means of replicate
measurements and their respective variances.

For each sample the variance of the replicates, sjz,
and the degree of freedom, DF; = M; — 1, can be

calculated. Transforming the restricted likelihood
function into a more general form, the log-likelihood
[(c2,07) can be also given by the example of the
two-component model with the additive and
multiplicative error by (Hawkins 2014):
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DF]-,SJ2 and x; are data from the measurements,

the o4 are the model coefficients, for which the
values should be calculated, so that the sum
reaches the maximal possible value.

Usage

library(gmUncertainty) # load package
load(““my data.RData’) # load your data

1. Calculate means, variances and degrees of freedom (DF) for all replicates:
data summary = summarise measurements(my data, # the (tidy) data

col value = “my element”, # column name of variable
col variable = “SamplelD”) # column name of rdentifier column
Example output:
SamplelD Mean RSD Var DF
191-B-1A 0.41850 0.01182735 0.000024500 1
220-B-0A 0.01055 0.18096572 0.000003645 1
243-B-0A 0.06540 0.04973534 0.000010580 1

2. Get model coefficients:

Myresult = get mod coef(data summary, # iInput data
mod par = c(''n', "In'"), # design the model

col mean = "Mean", # column name of the means
col var = "Vvar', # column name of the variances
col df = "DF'") # column name of the degrees of freedom

Example output:

model parameter estimate
n 0.002035605
In 0.045943332

3. Use results:

e Additive (normal, n): 0.002 mg/kg -> “noise” level
e Multiplicative (log-normal, In) : 4.6% -> RSD
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