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Standard Practice for
Evaluation of Performance Characteristics of Air Quality
Measurement Methods with Linear Calibration Functions
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original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilonef indicates an editorial change since the last revision or reapproval.

1. Scope 2. Referenced Documents

1.1 This practicé covers procedures for evaluating the 2.1 ASTM Standards:
following performance characteristics of air quality measure- D 1356 Terminology Relating to Sampling and Analysis of
ment methods: bias (in part only), calibration function and  Atmosphere$
linearity, instability, lower detection limit, period of unattended E 177 Practice for Use of the Terms Precision and Bias in
operation, selectivity, sensitivity, and upper limit of measure- ~ASTM Test Method$
ment. E 456 Terminology Relating to Quality and Statistics

1.2 The procedures presented in this practice are applicable2.2 ISO Standard:
only to air quality measurement methods with linear continu- 1SO 6879: 1983, Air Quality—Performance Characteristics
ous calibration functions, and the output variable of whichisa  and Related Concepts for Air Quality Measuring Meth-
defined time average. The linearity may be due to postprocess- ods
ing of the primary output variable. Additionally, replicate _
values belonging to the same input state are assumed to Be Términology
normally distributed. Components required to transform the 3.1 Definitions
primary measurement method output into the time averages 3.1.1 For definitions of terms used in this practice, refer to
desired are regarded as an integral part of this measuremefgrminology D 1356.
method. 3.2 Definitions of Terms Specific to This Standard

l'.3 For surveillance of m?‘.”‘sureme”t method stability under Note 1—The statistical performance characteristics used throughout
rou“ne_ measurement Cond't'ons_v '_t maY sufﬁce to check thths practice are estimated, by convention, at the confidence level
essential performance characteristics using simplified tests, the- o = 0.95.
degree of simplification acceptable being dependent on the
knowledge on the invariance properties of the performancgv

characteristics previously gained by the procedures presentea(g the averaging time
here. _

14 Th . fund tal dif bet the inst 3.2.1.1 Discussior—Every measured value obtained is rep-
: €re 1S no fundamental direrence between the NSz, g0 yative for a defined interval of time,the value of which
mental (automatic) and the manual (for example, wet

i '~ always lies above a certain minimum due to the intrinsic
chemical) procedure_s, as long as t.he m_easu_red value is I?operties of the measuring procedure applied. In order to
average representative for a predefmec_i time interval. Ther ttain mutual comparability of data pertaining to comparable
fore, the procedures presented are applicable to both. Furthe bjects, a normalization to a common, predefined interval of
more, they are applicable to measurement methods for am ’ '

ent, workplace, and indoor atmospheres, as well as emissiongme Is necessary.
' P ' P ' '3.2.1.2 Discussior—By convention, this normalization is

1.5 This standar_d does not purport to a(_jdress all O.f theachieved by transformation by means of a simple, linear, and
safety concerns, if any, associated with its use. It is th%nweighted averaging process
responsibility of the user of this standard to establish appro- (a) Series of Discrete SampIéS'
priate safety and health practices and determine the applica- '

. L . . 1 K
bility of regulatory limitations prior to use. &(601A0) = szl &0, + (k- Drit N

3.2.1 averaging time—predefined time interval length for
ich the air quality characteristic is made representative and

1 This practice is under the jurisdiction of ASTM Committee D-22 on Sampling where:

and Analysis of Atmospheres and is the direct responsibility of Subcommittee
D22.03 on Ambient Atmospheres and Source Emissions.
Current edition approved Oct. 10, 1996. Published December 1996. Originally
published as D 5280 — 94. Last previous edition D 5280 — 94. 3 Annual Book of ASTM Standardgol 11.03.
2 This practice was adapted from International Standard ISO/DP 9169, prepared “Annual Book of ASTM Standardgol 14.02.
by ISO/TC 146/SC 4/WG 4, by the kind permission of the Chairman of ISO/TC 146  ® Available from International Organization for Standardization, Case Pastale 56,
and the Secretariat of ISO/TC 146/SC 4. CH-1211, Geneva 20, Switzerland.
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6, = 6-A6, and determined by using the performance characteristic that is
Kt = A@, T << A0 expected to require the longest interval of time.
(b) Continuous Time Series: 3.2.10.2 Discussion—In the case of the manual procedures,
1 o run-up time is used correspondingly.
&(01A0) = A_ﬁfeo doe(o I 7) 2 3.3 Symbols and Abbreviations:

3.3.1 a,, a,, a,—coefficients of the variance function model.

3.3.2 by, b,—parameters of the estimate function for the
calibration function.

3.3.3 C—air quality characteristic.

3.3.4 c—value of C.

In both casesd andb), the original sample, described by
€(t), is linked to a representative interval of time of length
whereast(A0), the result after application of the averaging
process, is made representative for the interval of théi¢just
precedingb), the averaging time. 335 &—measured value at

3.2.1.3 Discussior-The averaging timeA#, is therefore 336 c—value ofC in thei-th sample: this sample may be
the predefined and, by convention, common time imervalgen'er.ateld from reference material '

I_eng_th for which the measured var!at_ﬁes made repr esenta- 3.3.7 cq—normalization factor for air quality characteris-
tive in a sense that the square deviation of the original value%CS_ in this case ¢, | = 1
attributed to time interval lengths<< A6 from € over A9 is a 3’3 8 Ac,—inaccuracy 'ofc atc
minimum. e e r .
; - : _ 3.3.9 c,—weighted mean, with set of weighés;.
_ 3.214 Dlsgussmn—The averaging process can alterr_1a 3.3.10 D(by)—drift (see SO 6879) of the intercept of the
tively be realized by means of a special sampling technlqu‘]aInear calibration function
(averaging by sampling). X : . L
3.2.2 continuously measuring systera system returning a 3.3.11 D(b,)—drift of the slope of the linear calibration

continuous output signal upon continuous interaction with thefunction. . . N
air quality chargcterigtic P 3.3.12 D(€)—drift of the measured valué&, atc.

3.2.3 influence variable-a variable affecting the interrela- 3'_3'13 DEP(Q))M_.f'rSt order measure of d_ependence of
tionship between the (true) values of the air quality charactertN€ intercept on the influence variable labeledi by
istic observed and the corresponding measured values; for 3-3-14 DEP(b),—first order measure of dependence of
example, variable affecting the slope or the intercept of or thd1€ Slope on the influence variable labelediby
scatter around the calibration function. 3.3.15 DEP(9),,,—first order measure of dependence of the

3.2.4 noncontinuously measuring systera system return- measured value on t_he influence variable labeled diyc.
ing a series of discrete output signals. 3.3.16 DEP(x)w—fllrst order measure of depgndence of the
3.2.4.1 Discussior-The discretization of the output vari- OUIPUt signal on the influence variable labelediby
able can be due to sampling in discrete portions or to inner 3-3.17 F—statistic (cfF-test).
function characteristics of the system components. 3.3.18 F,—x-quantile of theF-distribution. _
3.2.5 period of unattended operatieathe maximum ad- 3.3.19 I,;—selectivity with respect to the influence variable
missible interval of time for which the performance character/aeled by. . . _
istics will remain within a predefined range without external 3.3.20 IVi—influence variable labeled by
servicing, for example, refill, calibration, adjustment. 3.3.21iv;/—value of IV;.
3.2.6 random variable—a variable that may take any of the ~ 3.3.22 Aiv,—difference of values ofV;.
values of a specified set of values and with which is associated 3.3.23 L—total number of time intervals of the instability
a probability distribution. test.
3.2.7 randomization—if, from a population consisting of ~ 3.3.24 LDL—lower detection limit.
the natural numbers 1 tq these are drawn at random one by 3.3.25 M—total number of samples generated by reference
one successively without replacement until the population ignaterial within one calibration experiment.
exhausted, the numbers are said to be drawn in random order.3.3.26 N—number of values of the output variablecat
3.2.7.1 Discussior—If these numbers have been associated 3.3.27 P, p,—estimate of the slope of the regression
in advance witm distinct objects on distinct operations that function of the output variable on time at = ¢, ¢ =,
are then rearranged in the order in which the numbers areespectively.
drawn, the order of the objects or operations is said to be 3.3.28 R—reproducibility.
randomized. 3.3.29 r—repeatability.
3.2.8 reference conditions-a specified set of values (in-  3.3.30 RES—resolution atC = c.
cluding tolerances) of influence variables delivering represen- 3.3.31 5—estimate of the smoothed standard deviatio of

tative values of performance characteristics. atc.
3.2.9 variance functior-a variance of the output variable  3.3.32 $—smoothed estimate of the varianceXofrepeated
as a function of the air quality characteristic observed. measurements) &t

3.2.10 warm-up time—the minimum waiting time for an 3.3.33 s—normalization factor for the standard deviation;
instrument to meet predefined values of its performancéhe magnitude of, equals to 1.
characteristics after activating an instrument stabilized in a 3.3.34s,, s, —estimate of the standard deviation of insta-
nonoperating condition. bility (see 1ISO 6879) of the intercept and the slope of the linear
3.2.10.1 Discussior—In practice, the warm-up time can be calibration function.
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3.3.35 sc—estimate of the standard deviation of instability
atc. 1o be Tested
3.3.36 s—estimate of the standard deviation of repeatgd
at ¢;; j repetition index.

3.3.37 §—smoothed estimate of the standard deviation of
“repeated’x; at ¢; j repetition index.

3.3.38 s—estimate of the repeatability standard deviation.

_ Reference
r Material
1
|
|

1
|
I
|
|
|
|
T |
|
|
|
|
|
|
|
|
|

3.3.39 s, —estimate of the standard deviation of the experi- |

mentally determined calibration function (in units of the air \ i

quality characteristic). _
3.3.40 s ,—estimate of the standard deviation of the ex- Preparation

perimentally determined calibration function (in units of the :

output variable). y
3.3.41t,—0a-quantile of the t-distribution witlh degrees of !

freedom. Detection Unit
3.3.42 TC—test characteristic of Grubbs’ outlier test. ouput | Ca“braﬁ!n
3.3.43 X—output variable. signal T T ™ Function
3.3.44 x—value of X. Y !
3.3.45 x—estimate ofx. Analytical !

3.3.46 x—estimate of output signal af. Function
3.3.47 x—mean of the set of output signals Gt
3.3.48 x; oxy—oO0utput signal at; with the highest absolute
distance fromx;.
3.3.49 x;—j-th output signal at;.
3.3.50 X, X,;—output signal aftei time intervals at the

Measuired
Value
lower and upper value of the air quality characteristic of

reference material. Note 1— Measurement Branch.
3.351 x,—weighted mean of the whole set of output N°T® 2 _Calibration Branch.

. 2 . . . FIG. 1 Sche_m_atic of the Procedures of Measurement and of
signals within the calibration experiment.
3.3.52 B, B,—intercept and slope of the linear calibration

Evaluation for Performance Characteristics

function, respectively. performance characteristics for which prior knowledge is
3.3.53 6—time. available, and those pertaining to influence variables covered
3.3.54 Ap—averaging time. by randomization are of lesser importance and need not be
3.3.55v—number of degrees of freedom in the calibrationdetermined.

experiment. 4.3 Test Conditions-Perform the tests under explicitly

3.3.56 v3, v,—number of degrees of freedom for the nu- stated conditions representative of the operational measure-
merator and denominator of thedistribution, respectively. ments. When testing for performance characteristics, describ-
3.3.57 » = w(c)—continuous weighing factor gained by ing functional dependencies, keep all influence variables con-
modelings. stant except the one under consideration.
3.3.58 w,;—weighing factor at;.
@1 ghing . 5. Test Procedures

4. Requwen?er?ts and Provisions 5.1 Averaging Time (see 3.2-3The range of allowable

4.1 Description of the Steps of the Measurement Methodgyeraging times is constrained by the requirement that the
Under Test-Describe all steps of the measurement methodjifferences of subsequent output signals be mutually statisti-
used, such as sampling, analysis, postprocessing, and calibgyly independent. The corresponding minimum of the averag-
making a measurement or performing a series of calibratiognaracteristic, that is, continuously measuring systems; the
gxperiments in order to determine the performance characte,reSponse time and noncontinuously measuring systems; the
Istics. sample time (filling time, accumulation time, etc.).

Note 2—Under certain conditions it may be suitable to test only one 9.1.1 Continuously Measuring Systemn order to estab-
step or a selected group of steps of the measurement method. Under otigh response time, lag time, and rise and fall time, input a step
conditions it may not be possible to include all the steps of thefunction of the air quality characteristic to the continuously
measurement method. However, include as many steps as possible. measuring system_ This may be done by abrupﬂy Changing the

4.2 Specification of Performance Characteristics to Bevalue of the air quality characteristic from, for example, 20 to
Tested—Specify the performance characteristics of the mea80 % of the upper limit of measurement (cf Fig. 2). Confirm
surement method in order of their relevance for the finathese performance characteristics by an appropriate number of
assessment of accuracy. The descriptors of the calibratiompetitions. If rise time and fall time differ, take the longer one
function, for example, intercepB,, and slopef,, as well as for the computation of the response time. By convention the
their qualifying performance characteristics are vital. Thoseaminimum averaging time equals four times the response time.
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5.2.1 The performance characteristics to be determined are:
5.2.1.1 Performance characteristics related to the calibration

function and its stability under reference conditions, and
5.2.1.2 Performance characteristics related to the depen-
dence of the calibration function on influence variables.

5.2.2 Determine a linear calibration function by its slope
(sensitivity) and its intercept. Describe instability and the
effects of influence variables by their impacts on the slope
(sensitivity) and intercept.

5.2.3 Obtain all output signals evaluated throughout these

0.11X- X

Characteristic, C

Air Quality

o

5.3.1 A calibration experiment for the evaluation of perfor-
mance characteristics consists of at least ten repeated measure-
ments at a minimum of five different values (two each) of the

-
| | . - .
N | C=C() | 0.91X - X | tests after the measuring system has reached stabilized condi-
— | | R tions.
L X g 0.1 X - X | 5.3 Calibration:
C; Il : 1 3 H b - - - = -

¢, —

N

Time, © air quality characteristic.
Lag Time - Lag Time 5.3.2 In case of drift, restrain the duration of the calibration
Rise Time - Fall Time experiment to one as short as possible. This may be accom-

plished by consecutive instrument readings at a certain value of
the air quality characteristic and after a change of that value

and stabilization, again consecutive instrument readings at that
value, etc. (see Fig. 3). This is only valid in the absence of

hysteresis or if hysteresis is negligible.

Response Time
FIG. 2 Response lllustrating the Performance (Time)
Characteristic of a Continuously Measuring System

Response Time

5.1.2 Noncontinuously Measuring SystemBetermine the
minimum averaging time by the maximum of the sampling Nore 3—Repetitions performed under reproducibility conditions (see
time, filling time, or accumulation time, depending on the Practice E 177) require a random sample of the population of the influence
measurement method. variables to be examined (randomization).

5.2 Functional and Statistical Performance Characteristics 5.3.3 Elimination of Outliers—Usually, experience helps to

QOutput Signal
&) o (Time Average) i
- 5 ¥ -at—— Detail D
3 '% Schematically
5 Z
<] =
= =
= =
o
= (@] / Xi,l
y
& Unsmoothed —
kS Output Signal
<
Xl,l
/ X0
c, - n - - — — — — —
(ORI e e A
Time, 6
Averaging AB, AG,
Time

Note 1—X;—j-th time average over the interval of tim# at thei-th value of the air quality characteristic generated by reference material.
Af,—Intervals of time during which unsmoothed output signals shall not be submitted to the averaging procedure, and thus, not be evaluated.
FIG. 3 Example of a Calibration Experiment
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identify potential outliers. A less arbitrary way of detection of a QuyQz2 — Rz2,Q:z2 9
such potential outliers is given by combination of thisexperi- ' QuQuea — (Qua) ©
ence with, for example, Grubbs’ te@t). However, it should 0 Qs — QO
be clear that such a test identifies potential outliers. The a,= 2y Nza ~ Ry ‘“22) (10)
underlying reasons may be statistical or due to system opera- QuaQz2 ~ Quz)
tion interferences. The latter presents a sufficient foundation for with
the elimination of the respective output signal (confirmation as mon o n
an outIier). B > (&™) — (;Ci )(;T]i)

5.3.3.1 Estimate the standard deviatisnat ¢, by the Qeenat = M ¢y
following: Obtain elemen@(¢{mmn) by substitutingt by z andm by z

Ny X — (3 %) ory as follows:
S (N -1 ) Y17 loQé 12)

At ¢, take the output signal with the highest absolute

distance from the mean output signel. Derive the test 7= \/E_E (13)

characteristic as follows and compare it with the tabulated
value of Grubbs’ two-sided outlier test (see Annex Al) to be 5.3.4.2 An example of a variance function obtained this way

taken as the critical value: is shown in Fig. 4.
X oy — %, | 5.3.4.3 Consequently, obtain the smoothed variance func-
TC=—""%5— (4)  tion, & as follows:
where: &= = %exp(ao +a, \/g + aZCEO ) (14)
Xi - :
<= i () 5.3.4.4 The weighting factas,atc, (i = 1 toM) to be used
N later on in the computation of the calibration functi@dn 2, 3)
5.3.3.2 IfTC exceeds the critical value, check if it is due to is proportional to the inverse of the above variance:
operational reasons, and if so, reject it. This procedure may be 2
repeated; however, no more than 5 % of the number of output o= o) = 2 (15)
signals may be rejected this way. Otherwise this calibration
experiment is not valid. 5.3.5 Computation of the Calibration FunctierEstimate a
5.3.3.3 If operational reasons are not found foeXceeding linear calibration functior(5) as follows (Eq 15):
the critical value, the potential outlier may not be rejected. In X =B, + BsC (16)

this case, validate the basic test assumptions and prerequisites

. _ _ i may be estimated by:
5.3.4 Computation of the Variance FunctierThe variance

function is the central tool for the estimation of relevant X= by byC an
performance characteristics. Therefore, some instructions for where:
its computations and the computation of related parameters, are by = X, — b,C, (18)
described as follows:
5.3.4.1 Compute the varianag of the output signals;(j s _ 3 Nerd (19)
=1 to N;) for each of the values; (i = 1 to M) of the air © s Ny
quality characteristic as follows: *
WX
, Ni}]‘, X - (}l:)(ij)z X, = —22 i (20)
S=—N—1 ©) 3 N

Additionally, determine the dependencesgfon ¢ using the

following:
miovayEn(VE o
0g &2 ~e Tt S ) N (7)
Compute the coefficients of this non-weighted second order
polynomial in+/clc,) as follows:
Y- g DE RS 2 b z
= M (8)

Log (Variance)

¢ The boldface numbers in parentheses refer to the list of references at the end of Air Quality Charactaristic, C

the text. FIG. 4 Fit of the Logarithm of the Variance Function
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s 30%(¢ = C,) calibration function (see Fig. 5) using the statisEic(5) as

b, = m (21) follows:
' sNiw(% — x)?
5.3.5.1 Additionally, to the various standard deviations -
designated as descriptors for the mutual scattering of accepted F= V—l,z (26)
true values, measured values, and output signals, there arises a Elimi(xii %)
special scatter to be attributed to the estimation process T,
outlined as a whole. where:
5.3.5.2 This scatter may be described by the following
standard deviatio2): i=M-2 (@7)
T & (4 — %)° V2= N, =1 (28)
8¢ = \/W (22) 5.3.8 IfF does not exceed the tabulated valBg,, ;. of
=1 the F-distribution for the one-sided test for the significance

5.3.5.3 Sometimes the output signal is obtained after corlevel « = 0.05 (see Annex Al) to be taken as a critical value,
rection for the blank. The corrected calibration function mustnonlinearity is negligible. Determine the subsequent perfor-
pass through the origin if the blanks correspond to genuine zenmance characteristics as shown.
samples. In this case the coefficiertt;, reduces to the  5.3.9 IfF exceeds the critical value, reject the hypothesis of
following: linearity. Determine whether nonlinearity is substantial as
compared to other uncertainties by determining if the following

3 S0X;G . . o _
Byt = ———— 23)  inequality criterion holds:
' > Ny Gy L
k. . . . MAX {‘X';X"} <1 (29)
5.3.5.4 The standard deviatios,c, is invariant to the =1 | 25

transformation, only the number of degrees of freedom

changes to the following: 5.3.10 If the inequality criterion is not fulfilled (see Fig. 5),

terminate the procedure of determining the performance char-
Vir=(3 N)—1 (24)  acteristics. For the latter situation, perform the following steps
- and measures:

5.3.11 Examine the quality of the reference material
samples as a potential cause for nonlinearity. If, based on the
result of this examination, the problem cannot be solved,
examine whether the sub-range where the inequality criterion
is fulfilled contains the region of interest, or test for a
5.3.7 Linearity—Test the hypothesis of linearity of the monotonic transformation with a monotonic first derivative to

5.3.6 Computation of the Analytical FunctieaCompute
the analytical function by inverting the calibration function as
follows:

(25)

Output Variable, X

Detail D
Schematically

Air Quality Characteristic, C
FIG. 5 Nonlinear Calibration Function: Hypothesis of Linearity Rejected
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reduce the deviation from linearity. If the possibility of \/%
reducing the deviation from linearity is accepted, then a $T7n, (39)
definition of a new measurement method requiring a new test
for determination of performance characteristics is required.
5.3.12 Uncertainty Due to Estimating the Calibration
Function—The coefficientsh, andb, of the calibration func- LDL = t,505\/S + S (S and g,at C=0) (36)
tion are estimates obtained from a limited number of measure- 5 4 4 Upper Limit of MeasuremertApproximate the upper
ments. They will, thus, deviate from the true values whichjimit of measurement by the value of the air quality character-

would be obtained with a complete set. Therefore, any estiistic corresponding to the maximum measured value confirmed
mated measure valug, obtained by means of the calibration py the calibration process.

function, will deviate from the “accepted true” value. This
deviation will change at random whenever the measuringil
system is calibrated. '
5.3.13 Describé€3) the uncertainty of the measured valtge, N
under the calibration experiment performed, by the estimate ~ 9-4.5 Instability:

5.4.3.2 For reference conditions of operation, the lower
detection limit (LDL) becomes:

Note 5—For methods featuring signal averaging, the operational upper
mit of measurement will be lower depending upon the fluctuations of the
value of the air quality characteristic within the averaging period.

for the respective standard deviation (cf. 5.3.5): 5.4.5.1 Performance characteristics are assumed not to
_ change with time. However, in practice they do. In particular,
s, _ S 1 c-¢c) (30) the change of the coefficients, and b, of the calibration
x by SNo, S Ne (o — 6 function may have a considerable influence on the accuracy of
= T the measured value. The change of the coefficients over a stated

5.3.14 For a simplified two-point field calibration, assumingPeriod of time (instability) may have a systematic part (drift)
the performance characteristics evaluated remain stable, ug@d a random part (dispersion). It is assumed that the value of

the following approximation formula: drift is a constant. The value of the dispersion standard
1 — — dev!at!on is equal to or greater than the repeatability standard
%~ b, \/<1 -= ) &0) + (c_ > e,y (31)  deviation. _ . . _ _

s sp 5.4.5.2 Drift and dispersion are derived from the linear

with the reference materials at: regression of the output variable over time, where the time
C = 0 (zero sample) and interval between successive output signals is the time interval
C = ¢4 (span sample). of interest (Fig. 6). Drift is equal to the slope of the regression
5.4 Precision function, and the dispersion is measured by the standard

5.4.1 Repeatability-Calculate the repeatabilityusing the ~ deviation of the residuals. _ o -
variance functions referring to the corresponding conditions 5.4.5.3 Select the interval of timag, over which instability
(see Terminology E 456). shall be tested, for example, the interval of time between

5.4.1.1 Calculate the smoothed variance funciffo), (see  Successive calibrations. . _
5.3.4) and therefrom, estimate the repeatability standard devia- 5-4.5-4 Use reference material ©f = ¢, andC = ¢, (¢ in

tion by the following: the IOW()ar andt, in the upper part of the range of measurement;
G << Cy).
s - \/¥(©) (32) 5.4.5.5 Atf = 0 sample aC = c,. Record the correspond-
by ing output signalx.,. Sample atC = c,. Record the corre-

5.4.1.2 Compute the repeatability,from the following: sponding output signad,.,. Repeat this procedstimes ( =

Fot N (33) 8), equidistant in time\#.

V097t 5.4.5.6 Compute the drifp, and the dispersion standard

where: deviation,s, for C = ¢, as follows:

t;0.9751S the tabulated valug,,_,,, of the t-distribution for
the two-sided test for the significance lewel= 0.05 (see
Annex A3), and forv degrees of freedomv(= MIN { N, — 1}).
1

0 X — (s0)(s X|f|;i)/|-
567 — (5 6)° /L

P = (37)

1 va 2
Note 4— /2 originates from the fact thatandR, as determined by S = \/L =23 DX =% = P (0 = 6)] (38)

definition, refer to the difference between two single measurements. .
g Compute the corresponding valuespgfands, for C = c,.

5.4.2 Measurement ResolutierREstimate the measurement  5.4.6 Drift:

resolution atC = c by the following: 5.4.6.1 Express the drift as a time changégéndb, of the
t,008:\/2 calibration curve:
RES = —-0-95&\/_ (34) A6y op.-cp
o D(by) = 35 = "o (39)
5.4.3 Lower Detection Limit i~ Cu
5.4.3.1 Calculate the variancg}(0), at C = 0 from the D(by) _Ab, _p,— Py (40)
variance function (5.3.4). The repeatability standard deviation A 6—Cp
is then, in accordance with 5.4, as follows: 5.4.6.2 It follows then, that at any val@ = cin the range
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FIG. 6 Example of Instability Test
considered, the estimated drift becomes: DER@)y, - - ?3 G v, v (45)
R Ac 1 ' (Vi)
D(© = 5g = p, = [P(Bo) + cD(by)] (1) 5.5.2 Unknown DependeneeUse reference material &
5.4.7 Dispersion—Develop the standard deviations bf = ¢;andC = C,(c, in the lower andt, in the upper part of the
andb, under the assumptiog)/c> s/s= 1: measurement range,<< c,).
2222 5.5.2.1 In order to determine experimentally the dependence
SR T AT 42) on the influence variable, perform tests at the operational
Cu ™ G extremes of the influence variable, and under reference condi-
_J$-4 23 tions for the remaining influence variables, as follows:
% T ¢t—c? (43) 5.5.2.2 Record for each of the values®the difference in
5.4.7.1 Finally, the dispersion part of instability to be OUtPut signalAx, going from the one extreme test vallié, to
expected is: the other.
1 5.5.2.3 Compute the dependend2P, on the influence
Snst= b, V'S, TS, (44)  variable,IV;, atC =c¢, k =1, W
5.4.7.2. 'If this dispersion_ d_oes not exceed the rgspective DEP(X)y, :%\c: c (46)
repeatability standard deviation, long-term fluctuations are '
negligible in the interval of timeA6, evaluated. 5.5.2.4 The dependence d&f, and b, on the influence

5.5 Dependence of the Measured Value on Influencesariable is shown by the following:
Variables—This test is designed to estimate the performance CDEPX), | ¢, — CHDEPX, <,

retained under field conditions. It is assumed that the impact of DEP(by), = c ¢ (47)
the influence variable on the measured value can be fairly o

determined by tests at the extremes (see Fig. 7). Divide the _ DEPOw, | o, — DEPX, | o

) . X DEP(b,)y, - (48)
influence variables into classes of known and unknown effect ‘ ™ Cp

on the measured value. Examples of the first class are tem-55.2.5 At any valueC = c in the range considered, the
perature and pressure as long as a classical gas state equaé@fimated dependence of the measured value on influence
remains valid. Usually, however, the relationship is morevariablelV; becomes:

complicated and is unknown, for example, the effects of

temperature by means of electronics, those due to line voltage, DEP(®), = bil [DEP(by),y, + CDERby),y, ] (49)
and interferant concentrations.

5.5.1 Known DependeneeExpress the measured value, 5.5.2.6 In accordance with ISO 6879, a first order approxi-
as a function of the air quality characteristic and fhéln ~ mation for the selectivityl, with respect tdV; is shown by the
influence variablelV;: ¢ = g (C, V..., IV,). following:

5.5.1.1 Approximate the dependence, DEP)\gratC = c Alv;
by the following corresponding partial derivative: v, = b7y (50)
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FIG. 7 Impact of an Influence Variable on a Linear Calibration Function Illustrated for the Case of a Two-Point Calibration

5.6 Operational Performance Characteristics ditions and allow the measuring system to achieve warmed up
5.6.1 Warm-Up Time; Run-Up Timelnvestigate the per- orrun up conditions. Record the time elapsed until stabilization
formance characteristic that probably will be the limiting factorhas been established.
in time. Examples are lower detection limit and repeatability. 5.6.3.4 Operate the measuring system without intervention.
5.6.2 Investigate the most unfavorable operating conditions 5.6.3.5 Check the value of the limiting performance char-
to be expected. Test at those conditions. If the measuringcteristic regularly until it is not within its limits.
system was operating, return to a nonoperating condition. Wait 5.6.3.6 Record the time elapsed through the last positive
until the measuring system becomes stable. Initiate the mea&heck. Designate this as the period of unattended operation.
suring system. Determine the time elapsed to reach the given 5.6.3.7 Otherwise repeat the test several times or test with
range of the chosen performance characteristic. various measuring systems. The minimum period in the set
5.6.3 Period of Unattended OperatienRefer to the limit  elapsed until the first negative check is the general period of
value of the performance characteristics taking into account, innattended operation.
analogy with 5.6.1, and investigate the critical performance 5.6.3.8 Report the period of unattended operations together
characteristic limiting the period of unattended operation.  with the admissible ranges of the performance characteristics.
5.6.3.1 Investigate the most unfavorable operating condi-
tions to be expected. 6. Keywords
5.6.3.2 Perform the necessary maintenance operations. 6.1 bias; calibration function; instability; linearity; lower
5.6.3.3 Initiate the measuring system in accordance with thdetection limit; period of unattended operation; selectivity;
operating instructions at the most unfavorable operation corsensitivity; upper limit of measurement
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ANNEXES

(Mandatory Information)
Al. TABULATED VALUES OF GRUBBS’ TWO-SIDED OUTLIER TEST

TABLE Al.1 Tabulated Values of Grubbs’ Two-Sided Outlier

Test Number of Replicates Tabulated Value (Critical Value) (TC)
es
12 2412
L _ 13 2.462
Note 1—For the significance level = 10 11 pien
Number of Replicates Tabulated Value (Critical Value) (TC) 15 2.549
3 1155 16 2.585
17 2.620
4 1.481
18 2.651
5 1.715
19 2.681
6 1.887
20 2.709
7 2.020
25 2.822
8 2.125
30 2.908
9 2.215
40 3.036
10 2.290 50 3.128
11 2.355 .

A2. TABULATED VALUES F, 5.1 of the F-DISTRIBUTION

TABLE A2.1 Tabulated Values F,; .., Of the F-Distribution for the One-Sided Test

Note 1—For the significance level = 0.05.

Number of degrees of freedom of variance in the numerator v,

*)B 1 2 3 4 5 6 7 8 9 10 11 12
40 4.08 3.23 2.84 2.61 2.45 2.34 2.25 2.18 2.12 2.08 2.04 2.00
50 4.03 3.18 2.79 2.56 2.40 2.29 2.20 2.13 2.07 2.03 1.99 1.95
60 4.00 3.15 2.76 2.53 2.37 2.25 2.17 2.10 2.04 1.99 1.95 1.92
100 3.94 3.09 2.70 2.46 2.31 2.19 2.10 2.03 1.97 1.93 1.89 1.85
120 3.92 3.07 2.68 2.45 2.29 2.18 2.09 2.02 1.96 191 1.87 1.83
a 3.84 3.00 2.60 2.37 2.21 2.10 2.01 1.94 1.88 1.83 1.79 1.75
AValues F,j 2005 for v;> 30 can also be obtained from F,; 5,005 = 10 A
where:
1.4287 0.681 (e, —
A= -~ (€ — &) (A2.1)
\/ 2,0, 0.95 €16
(v +vy) ’

B %) denominator v,.

10
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A3. TABULATED VALUES OF THE t-DISTRIBUTION

TABLE A3.1 Tabulated Values of the  t-Distribution #

16 1.746 2.120
o 17 1.740 2.110
Note 1—For the significance level = 0.05. 18 1.734 2.101
Number of Degrees One-Sided Case Two-Sided Case ;g 1;22 5822
of Freedom Lo = byo0s bii-ar2 = by0.075 30 1.697 2'042
he 40 1.684 2.021
1 6.314 12.706 60 1.671 2.000
2 2.920 4.303 @ 1.645 1.960
3 2.353 3.182
4 2.132 2.776 A Values t,,;0.95 for v > 3 can also be obtained from:
0.85602
5 2.015 2751 1.6449v + 3.5283 +
6 1.943 2.447 _ v A31
7 1.895 2.365 Lioos = 15162 (A3.1)
8 1.860 2.306 v+ 1.2209 —
9 1.833 2.262
values t,.; o7 for v>3
10 1.812 2.228 as well as from:
11 1.796 2.201 0.95910
12 1.782 2.179 1.9600v + 0.60033 + —
13 1.771 2.160 tioors = (A3.2)
14 1.761 2.145 v — 0.90259 + 0'11588
15 1.753 2.131
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