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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies

(ISO memb

er bodies). The work of preparing International Standards is normally carried out through 1SO

technical committees. Each member body interested in a subject for which a technical committee has been

established

has the right to be represented on that committee. International organizations, governmental and

non-govern
Internationg

Internationg

entat, in_flaison with 1SS0, also take part In the Wwork. 1S9O collaborates closety with] the
| Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

| Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part2.

The main task of technical committees is to prepare International Standards. Draft Interniational Standards

adopted by
Internationg

Attention is

rights. ISO ghall not be held responsible for identifying any or all such patent rights.

the technical committees are circulated to the member bodies for voting, “Publication ag an
| Standard requires approval by at least 75 % of the member bodies casting'a.vote.

drawn to the possibility that some of the elements of this document may be the subject of pdtent

ISO 128281 was prepared by Technical Committee ISO/TC 92, Fire safety, Subcommittee SC 3, Fire tHreat

to people ahd environment.

ISO 12828 ronsists of the following parts, under the general title Vialidation method for fire gas analysis:

— Part 1:

The validatipn of the quantification method will be coveréd in a future Part 2.

Limits of detection and quantification

© 1SO 2011 — All rights reserved
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A major cause of injury and death in fire is exposure to the mobile fire effluent, which typically contains many
toxic and irritant chemical species such as gases and vapours in addition to solid and liquid particulates
(aerosols) such as visible smoke. In addition, fire effluents, especially those released from fires which are

large
airbpr

MOKe pIlunr g Oon the ground w Oll and wa

and relatively prolonged, have the potential to contaminate a wider environment, both through the
ne SMOKe plume and tf ‘ yjround which can attect the ] grcourses.

Clearly, a knowledge of the composition and concentration of fire effluents and how they change ¢uring a fire

isa

Chd
vari
the

usin
fire

vital requirement for assessing the potential for injury, death and environmental impagt from fir

mical and physical measurements of the harmful components of fire effluents.are”obtained
bty of standard and ad-hoc fire tests on materials and finished products, oftenrwith the capabilit
combustion conditions (e.g. temperature and air availability). Such tests can range in size
g small-scale bench-top apparatus to those utilizing full-scale structures, often simulating a
scenario.

ES.

rom a wide
of varying
from those
pecific real-

When used for the assessment of hazards to life from fire, these data have been increasingly applied through

the
effly
(1Sd

Pro
thre|

Reg
ani
effld
use
qua
whi

the

This
ana
and
gen

use of equations (e.g. fractional effective dose) developed, specifically for quantifying the e
ent on humans and, in particular, for an estimation of the times before specific hazarg
13571).

cedures are also currently being developed within(ISO/TC 92 SC 3 for dealing with the en
ats from fire effluent.

ent advances in fire-safety engineering, including the calculation of time available for escape,
hcreased demand for accurate detailed quantitative measurements of the chemical componen
ent. It is clearly important, therefore, that the methods used to obtain these data be suitably

in the specific application required: Mt is also important to define the required limits of dg
ntification (Lp and L) values for.a'given analysis and application to avoid setting unnecessar
h could prove expensive, timeg\consuming and impose undue technical restraints, with little or
hccuracy and precision of the)end-use of the data.

part of ISO 12828 provides guidance on methods for ensuring that any chemical or physica
ysis for specific chemical species in fire effluents is suitably validated for correct use of limits
limits of quantification for a given application of the data. It provides information to assist com
bral requirements for the competence of testing and calibration laboratories (ISO/IEC 17025).

ffects of the

s in a fire

vironmental

have led to
s of the fire
alidated for
tection and
ly low limits
ho effect on

| method of
pf detection
bliance with
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Validation method for fire gas analysis —

Part 1:
Limits of detection and quantification

1

In th
pro
and
ana
and
carr

parameters as Lp, Ly and uncertainty. Examples of where the infarmation contained in this part o

can

a)

b)

c)

Thig

Scope

is part of ISO 12828, limits of detection (Lp) and limits of quantification (L) are-defined and g
ides methods for determining suitable values for these two parameters for a.specific analyticz
for a specific chemical species. It does not provide detailed guidan¢e)on methods of s3
ysis of specific species which might be present in fire effluents. This guidance is contained in
ISO 19702. The use of this part of ISO 12828 fulfils the requirement in ISO/IEC 17025 that

ying out chemical analysis (e.g. of fire effluents) is able to characterize and evaluate a meth

be applied are:

Method validation: The parameters Ly and Lq are required for all chemical analytical metho
as important as measurements of accuracy and précision.

Classifications based on toxicity indexes: -Methods selected for analysis of effluents m
minimum limit of quantification, consistent with the critical concentration used to calculate the

alculated. It
| procedure
mpling and
ISO 19701
h laboratory
od by such
ISO 12828

Is; they are

st have a
contribution
zero when

of each effluent to toxicity index. Furthermore, a toxicity index is not considered as
concentrations of toxic species are‘idetected but not quantified (as they are below
quantification). In this case, a conttibution at least equal to the limit of detection for eac
species can be registered. Examples are shown in Annex B.

be compared only if the limits of these methods (calculated by using this part of ISO 12828) ar
the lower range of concentrations to be measured. For example, if one laboratory provides val
own limit of detection, and another laboratory gives results well above its own limit of dg
reproducibility R‘assessment of the round robin can be artificially overestimated. In many
tests, bad reproducibility R values can be found if some values are close to the limit of g
and/or limit,of detection. In such cases, no conclusion on the round robin can be given
assessment of the limit of quantification value and the expression of results as described in
ISO 12828.

*lhe limit of

measured

Round-robin comparison between two analytical methods: For a given working range, two methods can

e similar for
ues near its
tection, the
round-robin
hantification
without an
this part of

part of ISO 12828 is intended for use by operatives familiar with chemical and physical anerlysis of fire

efflu

ents.

Examples of existing standards where the information contained in this part of ISO 12828 can be used are the
analytical chemical methods in ISO 19701, ISO 19702, ISO 5660-1, and the chemical measurements in the

met!

2

hods discussed in ISO/TR 16312-2.

Normative references

The following referenced documents are indispensable for the application of this document. For dated
references, only the edition cited applies. For undated references, the latest edition of the referenced
document (including any amendments) applies.

© 1SO 2011 — All rights reserved
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ISO 5725-1, Accuracy (trueness and precision) of measurement methods and results — Part 1: General
principles and definitions

ISO 13571:2007, Life-threatening components of fire — Guidelines for the estimation of time available for
escape using fire data

ISO 13943,

Fire safety — Vocabulary

ISO/IEC 17025, General requirements for the competence of testing and calibration laboratories

ISO 19701,

Methods for sampling and analysis of fire effluents

ISO 19702,
using FTIR

ISO 19706,

3 Terms and definitions

Toxicity testing of fire effluents — Guidance for analysis of gases and vapours in fire.effl
gas analysis

Guidelines for assessing the fire threat to people

ents

For the pufposes of this document, the terms and definitions given in ISO13943, I1SO 5725-1 and| the

following agply.

NOTE There is no consensus for an exact definition of the following two<limits, especially for the limit of detedtion.

However, tw references have been used as guidance for the definitions cited\here: ISO 11843-1 and ISO 11843-2.

31

limit of detpction

Lp

smallest quintity of an analyte in a sample that can be.detected and considered with a stated probability as

different from the detector output from a blank sample

NOTE It should be noted that the actual quantity.of the analyte need not be stated and that the symbol “y, ” is tised

D

to express the limit of detection in terms of a detector signal value, converted (via a calibration technique) into a mass,

volume or concentration term.

3.2

limit of quantification

Lag

smallest qyantity of an analyte which is possible to quantify under the specific experimental conditjons

described ih the chosemymethod, where the variability of the method has been defined (i.e. a varigtion

coefficient Has been determined)

NOTE The symbol “y, " is used to express the limit of quantification in terms of a detector signal value, converted (via
Q

a calibration feehnique) into a mass, volume or concentration term.

4 Symbols

u Actual analyte concentration or terms which use this

y

U(x) Enlarged absolute uncertainty on measurement of x

Gi

Standard deviation for i

Value of the analyte concentration as measured by the analytical system (detector output as “raw data”)

© 1S0O 2011 — All rights reserved
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5 General considerations

5.1

There

Limit of detection: table of risks

are two contingencies or risks associated with Lp:

not actually present;

Thepe risks can be illustrated using a simple table of analysis result versus reality as in Table\?.

It is| important that false negatives be eliminated. Failing to observe the presence of a particu
especially if it is present at a toxicologically important level, can lead to a false sense of §
eng|neering calculation. False positives may indicate a hazard that is not actually present. This g

Table 1 — Table of risks: analysis result versus reality

Analysis result
Not present Present
Good decision Probability
- Not present
= Probability 1 — « FALSE POSITIVE
©
& Probability s Good decision
Present
FALSE NEGAT|VE Probability 1 - g

a risk designated “«” where the substance may be detected in the sample even though the substance is

a risk designated “s” where the substance is not detected in the sample even though the substance is
actually present.

ar toxicant,
afety in an
onservative

outgome is less harmful than the outcome from-a false negative. It can be considered as a “fail safe” result.

5.2

Negr the limit of quantification,~the accuracy of measurement is lower than in the region ove

Limit of quantification: effect/on repeatability »

r which an

analysis system has been calibrated. The limit of quantification, however, may be substantially lower than the
lowgst extremity of the calibrated region for an analytical system and is essentially the lowest poirjt where the
analytical method may give-an acceptable quantified measurement.

© 1SO 2011 — All rights reserved
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~
~ — — -
»
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of a substance
ility, », (%)
bn range

Figure 1 — Position of L and L, on calibration range
(based on the work of Horwitz!®l, and Brown et al [°])

callyiaccepted values for limits of detection and quantification

The limit of

quan’rifir‘atinn is ||e||a||y considered to he 10 % of the measurement rpppatahility r_and the lim

it of

detection is usually considered to be three times the standard deviation of a matrix of blank sample results,
oy If the standard deviation is constant between zero and the limit of quantification, the limit of quantification
is equal to 10 times the standard deviation of a matrix blank result. The limit of detection is therefore usually

considered

as 50 % of the repeatability r.

The value of 10 % is derived from Equation (1)

LQ =10><O'b

Tb _10%
Lq

(1)

© 1S0O 2011 — All rights reserved
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6.1

ISO 12828-

Methods for determining limits of detection and quantification

Principles and summary of methods

1:2011(E)

Validation of a chemical or physical method of analysis for a specific species in the fire effluent can be
considered as a four-step process:

a)

Step 1. Define the final objective/end-use of the data.

When undertaking a chemical or physical analysis of a fire effluent, the objective/end-use of the analytical

data
of 4
dete
detd

b)

Hav
and
calo
rang
ave
exp
mes
This

c)

The
con
acty
con
plag
effe
sani

d)
For
its
nor

unc
thes

Twd

b
I1a|ly has to cofisider a range of factors, including repeatability », reproducibility R, and a mea

building (e.g. through a fractional effective dose calculation of Available Safe Egress Time\
rmination of the toxic potency of the effluent from a particular combustible item.

Step 2. Determine the lowest concentrations and degree of accuracy and precision-required.
ing established the end-use of the data, the lowest concentrations and the appropriate degree
ulation (where the cumulative effects over fixed time intervals of reddeing tenability due to
rage sensitivity to the species measured, to concentrations which show negligible toxic effect
psure period. It is also important to appreciate that it is¢not normally necessary to at
surements with any greater precision than that resulting from the precision of the end-use of
can avoid undue technical and economic restraints in obtaining measurements.

Step 3. Select an appropriate sampling and analyticalémethod.

ultimate requirement of any chemical analysis ©f‘a species in the fire effluent is to obtain masg
al mass, volume or concentration of the.species in the effluent being measured. The two ma
sider are the sampling procedures and.the analytical methodology. Sampling may be continu
e over discrete time intervals but eithef procedure may be subject to potential losses through
cts. Analysis of a species may be.carried out continuously or intermittently during the fire or
ples.

Step 4. Evaluate the specifie’methodology chosen.

chemical analyses, @s 'with any other measurement, it is important to evaluate a specific meth
ility to provide @appropriate, sufficient and adequate data for a particular application. This

prtainty, espécially for laboratories working under the rules in ISO/IEC 17025. For fire-efflu
e requirements are discussed in ISO 19706.

part’cular application) are

key parameters in the evaluation of a method (e.g. when it is required to compare different m

ring design
- ASET), to

rmine the accuracy of a numerical fire model, the relevance of a small-scale physical(fire njodel or the

of accuracy

precision required in the chemical analysis can be determined. For example, in a fractional effective dose

a specified

e of species is considered), interest might range from concentrations which could incapacitaje people of

over a long
fempt such
these data.

, volume or

centration data for the species which is as close as practicable (given the considerations of step 2) to the

n stages to
ous or take
a variety of
from stored

odology for

evaluation
surement of
ent toxicity,

bthods for a

1)

detection), Lp, and

2)
quantification), Lq.

the lower concentrations of particular species which are able to be detected adequately (limits of

the lower concentrations of particular species which are able to be quantified adequately (limits of

Knowledge of the L, value is essential when comparing small concentrations of fire effluent gases measured
by different methods. Both the L and Ly parameters in specific analytical methods are relevant to the
assessment of the contribution of gases to a fractional effective dose (FED) or fractional effective
concentration (FEC) calculation, as set out in ISO 13571. Both parameters are also important in the evaluation

© 1SO 2011 — All rights reserved
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of the repeatability » and reproducibility R in a “round-robin” assessment of, for example, a physical fire model,
following the procedures set out in ISO 5725-1.

The values of these two parameters are affected by practices that are specific to a fire laboratory. Each
laboratory therefore can characterize and validate its analytical techniques using calculation methods for
determining Ly and Lq, such as those provided in this part of ISO 12828.

There are three main methods that are suitable for determining limits of detection and quantification. (See 6.2,
6.3 and 6.4). The choice of the method(s) to be used depends on the particular circumstances of the required
analysis. These three methods are as follows:

main

ethod 1: Study of matrix data from blank samples;

main method 2: Study of linearity of calibration data;

main

ethod 3: Checking a chosen quantification limit.

Each of thegpe main methods is described in the following subclauses.
6.2 Main method 1 — Determination of L, and L, from matrix data from'blank samples
6.2.1 Principle
In this method, a large number of independent measurements, y\(signal strength of a detector) of| the
chemical species of interest are made for a sample that does not‘contain this chemical species (i.e. a bjJank
sample). The number of measurements, n, must be at least 5.-Qutlier points are eliminated either by visual
examination of the plotted data or by statistical tests (e.g. the Grubbs test as presented in ISO 5725-1, ol the
extended Shapiro-Wilk static test!0].)
It should bel noted that; in the Shapiro-Wilk test, W is.given by Equation (2)
= 2
Paixg)
W= 2 )
ZJ(Xi —)_c)
where x(; i$ the i-th largest order statistic. Roystonl%l gives approximations and tabled values that can be

used to compute the coefficients-a;,-and obtain the significance level of the I statistic.

Calculation
output in th

In this meth
deviation of
deviation of

is then made ef'the mean value, ¥, and o, which is the statistical “noise” around zero detsg
b analytical system. This value is then linked mathematically with the limit of detection.

od, the limit of detection (signal strength of detector) is equated to a value three times the stan
the detector output or response, and the limit of quantification ten times the value of the stan
the detector output or response, as in Equation (3)

'

ctor

ard
ard

yLD = )_/ +30b

yLQ =y +10q,

(3)

An example of this method is shown in A.1. The magnitude for limit of detection and limit of quantification are
calculated as a parameter, together with the sensitivity s of the system, as shown in Equation (4)

Yip =V

N

a Yiq -y

N

Lp = Lq (4)

The sensitivity value corresponds to the sensitivity of the analytical system for values near the limits. In the
case of a linear regression, the sensitivity value used can be the slope of the calibration function.

© 1S0O 2011 — All rights reserved
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In some standards, a noise value called “root mean square” (rms) is calculated. It corresponds to the square
root of the arithmetic mean of the squares of a set of numbers. If the numbers are x4, x5, x3,..., x,, the root
mean square is given by Equation (5).

rms:\/

It is valuable as an average of the magnitudes of quantities, and it is not affected by the signs of the
quantities. For example, in 1SO 5660-1, the rms value is required for oxygen measurement. This value can
then be used directly to determine, for example, the lowest oxygen depletion which can be measured, and
therfefore the Towest value of heat release (using oxygen depletion calorimetry) which It IS possible|to measure
withl the specific system in use. The rms is close to g,

2

X2+ xZ x5+ x5

®)

n

6.2.2 Advantages of main method 1

The|method is very simple to use.

The) variation in

the

determined values of Ly and L are linked to the blank and are always above the statistical
barticular analytical chemical method.

Thefe is no dependence on the particular regression model used.

6.2.3 Disadvantages of main method 1
The]
inte
be ¢

method places a high reliance on the use of blank tests: The blanks must have no trace of th
rest but should retain a similar mix of species apartfrom the analyte of interest. Such a suitab
ifficult to obtain.

e analyte of
e blank can

Inteffering species can modify the blank sample“noise” signal and therefore modify the Lp and L values. To

limif this effect, the matrix blank must be as‘clese as possible to the matrix in a real measurement, including

possible interfering species.

a) |In order to allow for the effect of interfering species, they can be included in various propoftions in the
blank sample. However, this.approach may increase the value of the standard deviation of the blank and
change the values of the limits. The interfering species may also give rise to a detector sigpal over the
concentration range required to be measured.

b) |For some analyticaldechniques, these blank tests can extend over a relatively long time. THe impact of
variable measurement conditions during the blank tests also has to be evaluated, especially for
measurements‘over long periods and periods of instability.

c) |For some analytical techniques, blank samples are not available. In these cases, “grey blanks” (gb) are
used.. These consist of very low concentrations of solutions of the required analyte used t¢ determine

standard deviation og,. The limit of detection (signal strength) is then given by Equation (6):

(6)

yLD = 3ng

6.2.4 Examples of applications of main method 1

For FTIR measurements, as in ISO 19702. The method can be applied to the baseline noise, to determine
additionally the limit of quantification of non-calibrated compounds.

When liquid chromatographic (ILC and HPLC) measurements (Reference [14] and as in ISO 19701) are to be
evaluated, the blank samples used to generate a data matrix may consist of solutions containing all expected
interfering compounds, but must not contain the species of interest. The standard deviation is only determined
over the region of the retention time of the species of interest. An example is given in A.1

©1S0O 2011 - All rights reserved
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6.3 Main method 2 — Determination of L and L, from the linearity of calibration data

6.3.1 Principle

This method uses a single set of measurements performed on known concentrations of the species of
interest. It is important to consider that this set has to include low values, close to the limit of quantification, in
order to obtain the sensitivity of the detector for low concentrations. In the case of a linear calibration function,
»y = by + bqu, where the intercept b, represents the signal for a blank sample, y represents the measured
concentrations of the analyte and u represents the actual concentrations of the analyte (see Figure 2). The
best values of the intercept, by, and the slope, b4, of the line are obtained from a “least squares” regression
analysis fit fothedata—Thenvatuvesareassumed—totaveavery fow—uncertaintyimcomparisormrwithy the
uncertainty |of the y values.

A

A
Ny

N

u  actual cpncentrations of the analyte

¥ measurgd concentrations of the analyte
by intercept
b, slope

Figure 2 — Representation of a linear calibration curve

The standafd deviation ‘of the blank samples, Tp,; is obtained from this regression. As in main method 1/ y,
and v, are given.in.terms of the signal using the following relations as shown in Equation (7):

2 =L

= by+3o bg++0o
Vi By Yoo B (7)

The magnitudes of the limits of detection and of quantification (in terms of analyte concentration) are
expressed as follows in Equation (8):

_30-170 _100170

Ln = Ln = 8
D b1 Q b1 ()

In carrying out this method, it is important to be aware of the following:
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b)

c)

d)

6.3.

The
poly

Onl
6.3.

The)
vall

reg
The)

detd
limit

6.3.4 Examples of applications

The)
isu
be 1

ISO 12828-1:2011(E)

The calculation of the limits of detection and quantification assumes that the model is a good
representation of the response of the system near the limit of detection and the intercept is not statistically
significant after a blank correction compared to the associated standard deviation.

This calculation of the limits of detection and quantification assume that the “residual standard deviation”
oy Is constant over the concentration range. A Cochran statistic test (ISO 5660-1) can be used for

checking this assumption.

Commonly, u values are distributed as a normal distribution. In this case, the expression is
Vi = bg + IN- 20, where fy,_ 5 is the “Student” coefficient. The value of 3 times the standard deviation

ed_in the general formula is an approximation for a fficient number of observations N and a
confidence of 99,97 %. For non-Gaussian u values, another coefficient may be used, as deried from the
distribution law for u values.

The relationship between the analyte concentration and the response of the analytical syst¢m may not
always be linear, e.g. it may be exponential or follow a power law. In these cases;-the techniue can still
be used but the calculations are more complex.

2 Advantages of main method 2

method is very simple to use for many analytical situations andcuses only simple equatiors (linear or
nomial depending on the shape of the calibration plot).

calibration points are needed: no further tests or data are.n€eded.

B Disadvantages of main method 2

method depends on the regression model beirg applied to all the data points, not just to the smallest
es and close to zero. The method also depends on how the regression model fits acros$ the entire

calij:ation range to achieve representative Jdimits of detection and of quantification. For ejample, the

ssion model may represent low data values including the lowest calibration point.

limit of detection determined can be lower than the system noise. This is an invalid resul{ that is not
cted by this method. The lowest calibration value must not be too far away from the limit of dgtection and
of quantification.

method is suitable.where the final value has been converted from the input data physical meagurement. It
seful for rapid determinations of these limits without further analyses. However, further experjments may
eeded to confirm the values. Examples of applications are

FTIR calibration curves according to ISO 19702,

ICP.measurements, GC-MS measurements according to ISO 19701,and

spectrophotometric measurements.

An example is given in A.2.

6.4

Main method 3 — Checking a given or prescribed quantification limit

6.4.1 Principle

The
are

method may be used to determine if a given or prescribed limit of quantification is acceptable. The data
obtained by analysing a given number (n) of solutions with a concentration equivalent to the predefined

limit of quantification required for the specific application being addressed. The mean value and the standard
deviation of these data are then calculated. The minimum value of replicates (n) is 10.
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L, standard deviation of the n measured values of the » number of solutions.

ELQ mean value of the n measured values.

Initially, iy, may be comparable to the given limit. The limit of quantification value is then exact (accuracy
criterion) if it is as shown in Equation (9):

Lo —u
u<10 (9)

O'L(

Np

In addition,|if (SGLQ) <Lq, then 0 is not acceptable as L. It is the precision criterion. This criterion can be
expressed as a coefficient of variation C,, written as in Equation (10):

J
Cp =+ <20% 10)
LQ

If the given|limit passes both these criteria, the limit of detection is calculated from the limit of quantificgtion
divided by 3, as in Equation (11):

Lp = 11)

WARNING |— The outlying points must be first eliminated by either an examination of the plotted data
or a statisfical test (e.g. Shapiro-Wilk statistic test for a.normal distribution, or Grubbs, Dixon, Mandel
tests according to 1ISO 5725-1).

6.4.2 Advantages of main method 3

The method is useful for the comparison of different methods when a desired limit of quantification is deflned
or prescribgd.

If a sufficignt limit of quantification~is/achieved, a limit of detection can be deduced without sepdrate
measuremgnt.

The method is useful to validate limits of detection and of quantification calculated by another analytical
method.

The methofl is useful {te*validate a chosen limit of quantification, e.g. to enable the choice of the most
appropriate|analytical. technique to achieve a given limit.

6.4.3 Disrdvantages of main method 3

The limit of quantification determined by this method is equal to or greater than the potential limit of the
analytical method, i.e. the analytical method may be capable of achieving a lower Ly or L.

The sample concentrations used must be chosen with a knowledge of the desired or prescribed limit of
quantification.

6.4.4 Applications

Validation of values determined by other methods.

Methods selection: comparisons of alternative methods within given limits (e.g. minimum contribution to a
conventional toxicity index, or minimum acceptable value for a ratio Lo/Lcs5q). An example is given in A.3.
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6.5 Other methods

6.5.1 Horwitz method

The Horwitz method (References [8] and [12] is based on the nature of limits of detection and quantification
(see Clause 3). Many determinations of analytical response are required from many different solutions of
analyte in solvent. The technique requires three steps:

1) For each solution studied, a coefficient of variation Cj, is determined as in Equation (12)

O/

Cp;=— (12)
Vi

where

%) is the standard deviation of the measurements for the “ith” solution;

Vi is the average concentration found.
For a good estimate of Cy, at least eight analyses have to be carried out’for each solution.
2) The values of Cy; are plotted vs y; and a regression curve s fitted to the points.

3) The limit of detection is the value of concentration cerresponding (from this curve) to a|C}, value of
50 %. The limit of quantification is defined as the coneentration corresponding to a Cy, of 10 %.

Thel method is very easy to use, but requires what may often be a prohibitive number of measyrements on
each solution for many solutions. It can only be used for very simple and fast measurement techniques. An
exaple is given in A.4.

6.5.2 Determination of the limit of detection from a qualitative analysis
Thig method requires the use of a potentially large number of known concentrations of analyte.

A solution of a concentration y-0fthe analyte in a representative matrix (a solution with similar gonstituents
and| similar concentrations of those constituents to the solution containing the solute to be gnalysed) is
prepared, and a qualitative~analysis carried out at least ten times. The outcome of the analyses ip effectively
Bodlean logic (e.g. positive*yes” or negative “no”). An example would be to carry out a chemical precipitation
reagtion for identifying-a-specific analyte. The limit of detection corresponds to the minimum value of y; where
thene are more positive than negative responses. If there are many more positive than negative r¢sponses, a
new solution that'is less concentrated is prepared and the test is repeated.

The| method=can be used to determine the limit of detection using non-quantitative techniques| such as a
halqgen determination with the Lassaigne technique (Reference [15]).

7 Presentation of results

7.1  Minimum requirements

Each of the methods described can give rise to different values of Ly and Lg. The limits of detection and of
quantification depend on many factors, including the analytical technique, the laboratory environment, and the
operators in a given laboratory. The values found cannot be extrapolated to other laboratories, techniques or
conditions.

There exists a so-called “instrumental” value of the limit of detection. This value is the theoretical minimum
value of the limit for a given instrument.
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Determination of limits of detection and of quantification are also subject to many other parameters, such as
the calculation method used, number of measurements, experimental conditions, and the matrix upon which
the analysis is performed. All these parameters must be reported. They constitute the first part of the method
validation process. It is therefore considered that the minimum requirements for conducting and reporting a
successful limits determination are:

a) reference and adherence to this guidance;

b) reference to documents containing details of the analytical technique used;

c) statement of the method used;

d) statem
— nu
— nu
— ca

e) presen

f) statem

For exampl

laboratory,

information

It is essenti
determine t

7.2 Reporting results from analyses

For reporting an analytical result close to the limits, four approaches may be used.

a) Theva

b) Theva

c) The linit of detection valt€' is explicitly used.

d) The linfit of quantification value is explicitly used.

No informa
Current pra
value.

bnt of the parameters of the method used

merical parameters used (e.g. “Student” factor in main method 1),

mber of samples studied, and

ibration data;

ation of the complete set of data used [e.g. standard deviation for hg{main method 2)]J;
ent of the limits found.

e, in an interlaboratory trial, it is essential to have complete information on these limits for e

each analytical technique and each set of data analysed. All participants should have

pl that the two values (Lp and Lq) be reported separately, with the precision of the method usg
hem stated in each case.

ue is considered as zero or.not relevant.

ue found is presented\with the uncertainty stated.

fion op-what approach to use is given in the relevant standards (e.g. Eurachem Guide [
cticenis often to simply report the concentration found and whether it has a positive, null or nega

Therefore, a suitable way to report analytical results is summarized in Table 2:

12

ach
this

d to

3)),

tive
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Table 2 — Reporting analytical results

Value found < L Lp < value found < Lq Value found > Lq

: not tified
x: not detected X- Not quantitie

The limit of quantification is Lq x + U(x)

The limit of detection is Lp The limit of detection is Zp

X Value found, expressed in quantity
Lp: Value of limit of detection
Lo N alu af oot of ~ e

H tH
2 0F v-atHe-oHR e gHahtHeaton

U(x):  Uncertainty of x measurement (expanded)
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Annex A
(informative)

Examples of applications

A.1 Main method 1 — Using results of matrix blank samples (i.e. samples containing
a similar range and concentration of analytes to the sample containing the unknown
species, put not containing the unknown species)

EXAMPLE Measurement of a carbon monoxide (CO) blank using a non-dispersive infrared (NDIR)“analyser.|The
blank was sgmpled over 45 min. The values obtained are plotted versus time as shown in Figure A.1.

Blank measurement - CO NDIR analyser
5000 pL/L range

25
0y
+ +
+
% - —+——— R
+ 4+ + +
+ + + + + o+ o+ +
+ + + + +
+ ++ 4 + =+ o+ o+ o+

10 H-+—-——— = -~ - e —H—H — b - = —— A+~

HH+ I 4 e A+ R+ HE

b+ e + ot R W R AGHR b+ R HHEEE i+ e

o T s I HFA At AMEHEE H F e e e

H o+ +  + +++ H ot b+ b R
5 - H— — i - — i i — —F —— —— d— —— R - —

H++ H R+ HH A+ H ++ o+ H+ + 4 + 4+

-+ H + o+ o+ + + +

H 4 A H H N+ + +H + + o+
0 I o . I B : -
+ N + A + X

D 500 ++ +1000 1500 2000 2500 3 000
S5 - R R
-10

Key
X times (s
Y CO megsured (uh/L)

Figure A.1 — NDIR CO analyser background noise (blank)

The statistics of this analysis are presented below:
Resolution: 1 pL/L

Average: 6,5 pyL/L

Standard deviation: 3,3 uL/L

Using the method described in 6.2, the final Ly and L, values found for CO in this example are:

Lp =17 plil Lo =40 pl/
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A.2 Main method 2 - Using the calibration function

EXAMPLE

ISO 12828-1:2011(E)

The analysis of sulfur dioxide (SO,), which is absorbed by a hydrogen peroxide solution, followed by

analysis using ion chromatography of the resulting sulfates. The method is described in ISO 19701. The example also
demonstrates the limitations of this method.

The values obtained during calibration are presented in Table A.1 and plotted in the chart in Figure A.2.

Table A.1 — Calibration data obtained

Key

Y

Amount-(mgl)————Area
0,887 95 487
2,706 291 389
9,087 978 418
19,207 2 068 008
30,913 3328 352

Calibration of ILC for sulfates

3 500 000

3 000 000

2500 000

2000 000

1 500 000

1 000 000
500 000

0

concentration (mg/L)
response area

Figure A.2 — Calibration curve for sulfate ions in HPIC

Linear regression:

Slope by 1,076 x 10°
Standard deviation of slope Ub1 1,050
Intercept by 19,895
Standard deviation of intercept Gbo 17,673

©1S0O 2011 - All rights reserved
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The value of b is not significant regarding 2 x o(by). The final Ly and Ly, values found for this example are:

Lp=4,9x10"4 mg/l

Lq=16,4 x 103 mgll

The calibration function gives a poor representation of the system close to the limits. Therefore, values are
highly underestimated and new sets of data are needed to quantify the sensitivity near the limit. In this case,

the acceptable limit of detection is overestimated by the first standard concentration (0,887 mg/L).

A.3 Main method 3 — Checking a given or prescribed quantification limit

EXAMPLE
prescribed m
for one gas|

considering I

objective is t

Three diffefent methods are used to analyse a 2,5 uL/L certified gas cylinder of acrolein“Table A.2 pres

actual value

The criteria
Device 1 p3

This example uses a fractional effective concentration (FEC) technique for irritant species.
aximum limit of quantification when using an FEC equation has been defined as 10 % of the FEC-contrib
Considering acrolein contribution and the information in 1SO 13571:2007, the F factor «(for FE(Q
crolein contribution alone) is equal to 25 parts per million (ppm). A suitable limit of detection. to achieve

erefore: 2,5 pL/L.

s obtained for eight replicates:
Table A.2
Replicate Device 1 Device 2 Device 3
1 2,4 2,3 20,2
2 2,5 4;1 20,0
3 2,5 2,6 20,4
4 2,5 1,2 20,5
5 2,7 2,2 19,8
6 2,5 2,7 20,4
7 2,6 3.2 19,5
8 2,5 1,1 20,0
Average 2,525 2,425 20,1
Standard deviation 0,09 0,99 0,34
Trueness criteria 0,80 0,21 145,45
Precision{griteria 4% 41 % 2%

according to 6.3 shall be: Trueness criteria < 10 and Precision criteria < 20 %. In the present ¢
sSed'both tests. Devices 2 and 3 are not suitable to reach the target limit of quantification.

The
Iition

the

bnts

ase,

A.4 Horwitz method

EXAMPLE

16

Analysis of bromide ion as measured by HPIC (Reference [14] adapted from ISO 19701). The
coefficients of variation (standard deviation divided by the average) are determined on eight replicate measurements per
concentration, for six different concentrations near the limit of detection. Figure A.3 shows the plot of experimental
coefficient of variation C;, versus concentration.
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