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The performance specification of “fitness 
for purpose” for ultraviolet (UV) spec-
trometers used in regulated environ-
ments, applying documented control, 
e.g. pharmacopoeial monographs or 
internationally recognised control stand-
ards, includes the need to specify 
requirements for absorbance accuracy 
and precision. This would seem a rela-
tively easy task, but there are a variety of 
ways of specifying the acceptance criteria 
and hence Decision Rules. These include 
absolute values, percentage limits, ranges 
of values and, for precision, standard and 
relative standard deviations.

The wording specifying these perfor-
mance requirements should be scien-
tifically sound, clear and unambiguous. 
Unfortunately, however, given the global 
nature of international standards, this is 
not always readily achievable.

Let us consider the easier one of 
accuracy. This is usually determined by 
comparative replicate measurements of 
a certified reference material (CRM). A 
typical statement of requirement might 
be:

The absorbance accuracy can be 
determined from the mean value of six 
replicate measurements of absorbance 
of a CRM. The absorbance accuracy of 
the mean must be ± 0.005 from the 
certified value (for absorbance values 
below 1.0 A) or ± 0.005 multiplied by 
A (for absorbance values above 1.0 A) 
and that the range of individual values 
must not exceed ± 0.010 from the certi-
fied value (for absorbance values below 
1.0 A) or ± 0.010 multiplied by A (for 
absorbance values above 1.0 A).

With precision, we have two options; 
one based upon a standard deviation 
and the other on a range. Typical state-
ments might be:

The absorbance precision can be 
determined from the standard devia-
tion of six replicate measurements.  This 
standard deviation must not exceed 
0.5 % or 0.5 % multiplied by A for absor-
bance values above 1.0 A.
or

The absorbance precision can be 
determined by the range of deviations 
from the mean of six replicate measure-
ments. This range must not exceed 
± 0.005 absorbance units (for absor-
bance values below 1.0 A) or ± 0.005 
multiplied by A (for absorbance values 
above 1.0 A).

Therefore, we can imagine a speci-
fication for absorbance accuracy and 
precision with four possible acceptance 
criteria Decision Rules (Table 1).

So, will the selection of some of these 
criteria make a difference to the decision 
regarding the “fitness for purpose” of an 
instrument? The answer is it depends!

Assume that we have a certified refer-
ence standard with a certified absorb-
ance value at a specified wavelength of 
1.000 and we make six measurements 
on four different instruments. The results 
are shown in Table 2.

■■ Instrument 1 is both sufficiently accu-
rate and precise for all four criteria, 
so is unambiguously “fit for purpose”.

■■ Instrument 2 meets three of the 
four criteria but fails on the range 
(Decision Rule 3).

■■ Instrument 3 meets three of the 
four criteria but fails on the mean 
(Decision Rule 1).

■■ Instrument 4 fails all four criteria so is 
unambiguously not “fit for purpose”.

From a practical point of view, a 
choice has to be made to select either 
Decision Rule 2 or Decision Rule 3. 
Looking at instrument 2, the stand-
ard deviation is comfortably below 
0.50 % but the range is outside the 
acceptance criteria. Contrast this with 
Instrument 1, for which the range is 
only 0.001 lower at the upper accept-
ance limit.

Decision Rule 
number Criteria Acceptance limits

#1 Mean absorbance ± 0.005 A from the certified 
standard

#2 SD of individual absorbances Not greater than 0.5 %

#3 Range of individual absorbances ± 0.010 A

#4 Range of individual deviations 
from observed mean absorbance

± 0.010 A

Table 1. Decision Rule types.
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Whilst it is easier to rely on a data 
range, the standard deviation Decision 
Rule is more forgiving, although it 
requires a calculation. If Instrument 2’s 
values were 1.010, 0.996, 1.004, 1.008, 
1.006, 1.004 giving a range of 0.014, the 
standard deviation is still only 0.48 %.

In the above example, whilst there 
is clearly a discussion around which of 
the Decision Rules to choose, however, 
the acceptance criteria clearly allow a 
“fit for purpose” decision to be made, 
and therefore these acceptance criteria, 
whilst they may be described as chal-
lenging, do fulfil the role for which they 
were intended, i.e. they establish effec-
tive control of a system.

This analysis of a simple set of meas-
urements shows that various Decision 
Rules can be applied, even in this simple 
scenario.

If one now considers absorbance 
accuracy data as a set of measurement 
results from a CRM, with the inten-
tion of using this data “as evidence 
of control” in the qualification of an 
instrument system, the analysis takes 
on another level of sophistication with 

respect to the ISO-based Decision 
Rule(s).1

These rules give a prescription for the 
acceptance or rejection of a product 
based on the measurement result, its 
uncertainty and the specification limit or 
limits, taking into account the metrologi-
cal uncertainty. This includes an accept-
able level of the probability of making a 
wrong decision.2

Based on these Decision Rules, an 
“acceptance zone” and a “rejection zone” 
are determined, such that if the measure-
ment result lies in the acceptance zone 
the system is declared compliant and if 
in the rejection zone it is declared non-
compliant.

Figure 1 shows typical scenarios aris-
ing when measurement results from 
a CRM are used to assess compliance 
with an upper specification limit, as 
defined above. The vertical lines show 
the expanded uncertainty ± U on each 
result and the associated curve indicates 
the inferred probability density function 
for the value of the measurand (meas-
ured value of the CRM on the spectro-
photometer under test), showing that 

Observed absorbances

# Instrument 1 Instrument 2 Instrument 3 Instrument 4

1 1.005 1.010 1.008 1.007

2 0.995 0.999 0.999 0.989

3 0.997 1.002 1.008 0.992

4 1.003 1.008 1.007 0.999

5 1.001 1.006 1.007 0.988

6 0.999 1.004 1.004 0.986

Mean 1.000 1.005 1.006 0.994

SD 0.37 % 0.40 % 0.35 % 0.80 %

Range 0.010 0.011 0.009 0.021

Deviations from mean absorbance

# Instrument 1 Instrument 2 Instrument 3 Instrument 4

1 –0.005 –0.005 –0.003 –0.014

2 0.005 0.006 0.006 0.004

3 0.003 0.003 –0.003 0.001

4 –0.003 –0.003 –0.002 –0.005

5 –0.001 –0.001 –0.002 0.005

6 0.001 0.001 0.001 0.007

Table 2. Results from six measurements on four different instruments of a CRM.
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there is a larger probability of the value 
of the measurand lying near the centre 
of the expanded uncertainty interval than 
near the ends.

Cases i) and iv) are reasonably clear; 
the measurement results and their 
uncertainties provide good evidence that 
the value of the measurand is well above 
or well below the limit, respectively. In 
the case of (ii), there is a probability that 
the value of the measurand is above 
the limit, but the limit is nonetheless 

within the expanded uncertainty inter-
val. Similarly, in case (iii), the distribu-
tion intersects the limit, and there is an 
increased probability that the value of 
the measurand is within the specifica-
tion limit.

In a previous article,3 the authors 
discussed “Is your Spectrometer in 
Calibration” and described the use and 
applicability of the above Decision Rule 
based on the simple linear addition of 
the Expanded Uncertainty Budget of the 
CRM to the accuracy specification of the 
spectrometer “under test”.

Now consider the following accuracy 
statement, and the analysis thereof, 
using this generally accepted Decision 
Rule.

In the absorbance range encompass-
ing 0.2 to 0.8, the photometric accuracy 
shall not differ by more than ± 0.5 % of 
samples whose absorbance has been 
established by a standardising labora-
tory.4

Whilst the use of “0.5 %” may at first 
glance seem “similar” to the above 
discussed accuracy example, however, 
closer examination reveals the following.

Within the stated 0.2–0.8 A range, 
if you calculate the 0.5 % tolerance 
then you produce the results shown in 
Table 3.

Given the above requirement, in 
absorbance terms, let us consider vari-
ous scenarios, and the associated possi-
ble Decision Rules.

Scenario #1
Criteria: In absolute absorbance values 
the above statement now becomes:

In the absorbance range encompass-
ing 0.2 to 0.8, the photometric accuracy 
of a reference material established by 
a standardising laboratory shall certify 
a value in this range with a tolerance 
of ± 0.001 A at the 0.2 A level, and 
± 0.004 A at 0.8 A.

There are photometric accuracy 
materials that have certified expanded 
uncertainty budgets, i.e. NIST primary 
standard reference materials (SRMs) 
and secondary CRMs from ISO/IEC 
17025 certified organisations which 
lie within this range. But, with respec-
tive budgets of 0.0023 A and 0.0027 A, 
even these high-quality CRMs cannot 

Figure 1. Assessment of Compliance with Upper Limit (CRM certified value + measurement spectrometer accuracy).2

Measured 
absorbance (A)

0.5 % 
tolerance (A)

0.2000 0.0010

0.3000 0.0015

0.4000 0.0020

0.5000 0.0025

0.6000 0.0030

0.7000 0.0035

0.8000 0.0040

Table 3. Calculated absolute absorbance 
(A) limits.
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meet the lower end of the range 
requirement below these values.

Scenario #2
In the absorbance range encompass-
ing 0.2 to 0.8, the photometric accuracy 
shall not differ by more than ± 0.5 % of 
samples whose absorbance has been 
established by a standardising labora-
tory.

Criteria: This statement relates to a 
system “under test” and not just specifi-
cally referring to the limits associated 
with the reference material.

Now the required levels cannot be 
achieved, as already stated, by use of the 
uncertainty budget associated with the 
CRM, or by the specification of a good 
quality laboratory UV/vis spectrometer 
even when considered individually. Apply 
the Decision Rule where they also have 
to be combined in a linear manner and 
clearly you have a problem.

For example:
A double-beam, double-monochro-

mator has a typical specification of 
± 0.0015 A.

A single monochromator instrument 
typically has a specification of ± 0.003 
to 0.005 A.

The “best measurement” capability of 
NIST in the above range was produced 
by their certification of SRM 930e, at 
± 0.0023 A.5

So, adding these values together we 
get 0.0038 A “at best”, and typically 
0.0053 A to 0.0073 A.

Clearly, in both above scenarios, 
compliance with the requirement cannot 
be achieved with the Decision Rules 
stated, so the question must be:

“…what Decision Rule is expected to 
be applied and, given the above discus-
sion, how is it expected that an accuracy 
of ± 0.001 A at the 0.2 A be achieved?”

In addition, which UV spectrometer 
are you going to use to achieve such 
measurement performance when the 
requirement is better than the best 
measurement capability of national labo-
ratories?
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… However, electronic records from 
certain types of laboratory instru-
ments—whether stand-alone or 
networked—are dynamic, and a 
printout or a static record does not 
preserve the dynamic record format 
that is part of the complete original 
record. For example, the spectral file 
created by FT-IR (Fourier transform 
infrared) spectroscopy is dynamic and 
can be reprocessed. However, a static 
record or printout is fixed and would 
not satisfy CGMP requirements to 
retain original records or true copies 
[§ 211.180(d)]. Also, if the full spec-
trum is not displayed in the printout, 
contaminants may be excluded.”
But please go and read the full guid-

ance for all this information to be put into 
context.

Conclusions
Well for me this whole experience has 
been a bit of an eye opener. The chal-
lenges of getting the data exchange 
between vendors through a vendor-
neutral standardised human-readable 
format has always been around the data 
content section and carrying enough 
metadata through the migrations to 
ensure the data could be correctly read 
and interpreted in a second data system 
(meeting the new FDA guidance expla-
nation of electronic copies needing to 
preserve the content and meaning of 
the original record, which includes all 
metadata required to reconstruct the 
CGMP activity). So, our new challenge 
for 2019—to be discussed at the IUPAC 
100-year celebrations at the 50th IUPAC 
General Assembly taking place from 5 
to 12 July 2019, in Paris, France—will be 
to decide what improvements we need 
to make, together with the instrument 

vendors, to meet these new metadata 
challenges. Any volunteers out there?
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