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ﬁPIM) Designation: D 6246 — 012

INTERNATIONAL
Standard Practice for
- - - l
Evaluating the Performance of Diffusive Samplers
This standard is issued under the fixed designation D 6246; the number immediately following the designation indicates the year of
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

1.1 This practice covers the evaluation of the performance of diffusive samplers of gases and vapors for use over samplin
periods from 4 to 12 h and for wind speeds less than 0.5 m/s. Such sampling perieds-ef-such duration and wind speeds are tl
most common in the indoor workplace-sampling. setting. Given a suitable exposure chamber, the practice-canbe-straightforward
extended to coversamplers for sampleruse over for other sampling perieds-as well. and conditions. The aim is to provide a concis
set of experiments for classifying samplers primatily—aeeerding to in accordance with a-singlerumerical-value—representing
sampler accuracy figure. Accuracy is defined (3.2.1) in this standard so as to take into account both imprecision and uncorrecte
bias. Accuracy estimates refer to conditions of sampler use which are normally expected in a workplace setting. These conditior
may be characterized by the temperature, atmospheric pressure, humidity, and ambient wind speed, none of which may be const
or accurately known when the sampler is used in the field. Futhermore, the accuracy accounts for the effects of diffusive loss o

analyte on the estimation of time-weighted averages of concentrations which may not be constant in time. Aside from accuracy
the samplers are tested for complrance with the manufacturers stated I|m|ts on capacrty, possrbly in the presence of interferin

e*eeeded compounds

1 This practice is under the jurisdiction of ASTM Committee D22 on Sampling and Analysis of Atmospheres and is the direct responsibility of Subddahtiteon

Workplace Atmospheres.
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1.2 This practice is an extension of previous research on diffusive sampié84€ as well as Practices D 4597, D 4598, D
4599, and MDHS 27. An essential advance here is the estimation of sampler accuracy under actual conditions of use. Futhermore,
the costs of sampler evaluation are reduced.

1-3—Furthering-thelatterpoint—knowledge-oefsimilarity-between

1.3 Knowledge gained from similar analytes-ofinterest-ean-be-used-to-expedite expedites sampler evaluation. For example,
interpolation of data characterizing the sampling of analytes at separated points of a homologous series of compounds is

recommended. At present the procedureddig suggested. Following evaluation of a sampler in use at a single homologous series
member according to the present practice, higher molecular weight members would receive partial validations considering
sampling rate, capacity, analytical recovery, and interferences. The test for diffusive analyte loss can be omitted if the effect is
found negligible for a given sampler or analyte series.

1.4 Units of the International System of Units (Sl) are used throughout this guide and should be regarded as standard.

1.5 This standard does not purport to address all of the safety concerns, if any, associated with its use. It is the responsibility
of the user of this standard to establish appropriate safety and health practices and determine the applicability of regulatory
limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:

D 1356 Terminology Relating to Sampling and Analysis of Atmospleres

D 4597 Practice for Sampling Workplace Atmospheres to Collect Organic Gases or Vapor with Activated Charcoal Diffusive
Samplerd

D 4598 Practice for Sampling Workplace Atmospheres to Collect Gases or Vapor with Liquid Sorbent Diffusional Samplers

D 4599 Practice for Measuring the Concentration of Toxic Gases or Vapors Using Length-of-Stain Dodimeters

2.2 International Standards:

CEN EN 838 European Standard, Workplace atmospheres - Diffusive samplers for the determination of gases or vapours -
Requirements and test methdds

MDHS 27 Protocol for assessing the performance of a diffusive sampler, Health and Safety Laboratory, United Kingdom

MDHS 80 Volatile organic compounds in air, Health and Safety Laboratory, United Kingdom

3. Terminology

3.1 Definitions:

3.1.1 For definitions of terms used in this practice, refer to Terminology D 1356.

3.2 Definitions of Terms Specific to This Standard:

3.2.1 Buseh-ProebabilisicSymmetric Accuracy Rangethe fractional range, symmetric about the true concentratiovithin
which 95 % of sampler measurements are to be fodddl69. In terms of the biad relative to true concentrations and the total
relative standard deviatioRSD the accuracy range A is closely approximatéé) (by:

A = {1.960x [AZ + RSO /2 o] < RSD/ 1.645M| + 1.645% RSD otherwise 1)

3.2.1.1 Discussior—In the case handled as
varianees that bias is corrected, Ieavmg—ﬁeg+rg1ble only an uncorrec{-ab+e—b+as—'Fherefore reS|duaI blas due to uncertamty in the
correction, 95 %-confidence limits oA play the role of the expanded uncertaionty BO) As described in X4), such an
interpretation is an extension d?@ for measurement, as in occupational hygiene, of concentrations which are neither spatially
nor temporally constant. Rather than continually re-evaluating a method through estimate replicates, the accuracy provides
confidence intervals bracketing (true) concentrations at greater than a given probability (95 %) for a fixed confidence (95 %) in the
initial sampler evaluation. Such intervals with double confidence levels (in both measurement and evaluation) are related to a

branch of statistics known as the-tetaHmprecisRBDsimphy-by:

A — 1.960<RSD 1)

theory of tolerance intervals.

3.2.2 diffusive sampler-a device which is capable of taking samples of gases or vapors from the atmosphere at a rate controlled
by a physical process such as gaseous diffusion through a static air layer or permeation through a membrane, but which does nof
involve the active movement of air through the sampler. As such, direct-reading dosimeters, as well as samplers requiring lab
analysis, are considered diffusive samplers within this practice.

3.3 Symbols:

2 The boldface numbers in parentheses refer to the list of references at the end of this standard.
2 Annual Book of ASTM Standardgol 11.03.

4 Discontinued-See 1998nnual Book of ASTM Standardgol 11.03.

5 Available from CEN Central Secretariat, rue de Stassart 36, B-1050 Brussels, Belgium.

8 Available from HMSO Books, PO Box 276, London, England, SW8 5DT.
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A = Buseh-probabilisticsymmetric accuracy range as defined in terms of bias and imprecision

A = estimated-Busechprobabilistic symmetric accuracy rafge

Ags o = 95 % confidence limit on the-Buseh-prebabilistic symmetric accuracy range

c (mg/n?) = true or reference analyte concentration

¢ (mg/n) = mean of (four) concentration estimates (includipg T)-corrections) obtained-aceerding to in accordance with
instructions of sampler manufacturer

h = humidity (expressed as partial pressure)

n = number of diffusive samplers tested for measuring sampler capacity

p = atmospheric pressure

RSD = overall relative standard deviation of concentration estimates (dependent on assumed environmental variability)

RSDu, = relative standard deviation characterizing inter-run chamber variability

RSO = inter-sampler imprecision (relative to the reference concentration)

R, = estimated inter-sampler imprecisi®@S0)

RSO = pulse-induced imprecision

R = estimated overall relative standard deviatR8D

R®Pg54, = 95 % confidence limit on the overall relative standard deviaR&D

S = estimated standard deviation characterizing inter-sampler imprecision

to.o5(V) = value which, at probability 95 %, exceeds random variables distributed according to the studeditzéiution
with v degrees of freedom

T = temperature

v (m/s) = ambient wind speed

oy = concentration estimate dependence on environmental vasdlleh, v,or c).

A = bias relative te-the reference concentration c

A = estimated biaa

A o505 = 95 % confidence limit on the bias

A = bias associated with concentration pulse

v = degrees of freedom in determinifSQ

Vet = effective number of degrees of freedom in determiriRgD

o = assumed concentration variability

op = assumed humidity variability

or = assumed temperature variability

o, = assumed ambient wind speed variability

4. Summary of Test Method

4.1 Bias, Inter-sampler Imprecision and the Effects of Environmental Uncertainty

4.1.1 This practice gives a procedure for assessing the effects of variability in the following workplace variables: temperature
T, humidity h (expressed in terms of the water vapor partial pressure to minimize interaction with the temperature), the ambient
wind speeds across the sampler face (see 4.7 regarding wind direction), and concenttafiarexperiment is carried out which
provides mformatlon about the concentratlon estimates’ dependenmes on these vaﬁab{es—as—well as the near conditions of mtend

T { 1)1 yawIivi AN Lol 1
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e#umng—e#eHeFms—'Fhe—eeneemFaH@m'l'e_SMg s—the—ehambe#mfe#ene&emqeen#aﬂen—aﬂd+mdst—be4ﬁaeeable4&pnmary
A 2 bias required atthe-intermediate

eeﬁd'meﬁs_ﬂ:—concentratlon &‘hﬁ of intended use, as well as at concentrations reduced at Ieaslvl@_%»_ﬁdz Furthermore, the sampler bias

and the inter-sampler standard deviation are measured. Finally, the effect of diffusion of material out of the sampler is measurec

Pressure effects result in correctable bias and are not evaluated in this practice (4.6).

4.1.2 Using four samplers for each of five experimental runs (the minimum possible), the sensitivitigsc, ay, anda, andag

are-obtainedfrom—an-experiment-consisting—of fiveruns,—varying(relative to the chamber reference concentration and targe
environmental parameters) to changeg,ih, v, andc are measured, following the sampler manufacturer’s instructions regarding

p- and T- corrections (if any). These experiments also give a value for the estimated samplér takdive to the chamber
reference concentration (defined for the target conditions). Two further runs describing time-effects (4.2.5) from diffusive loss of
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ampnalyte arse also-charried out. The chamber reference concentration must be, traceable to primary standards of mass an
volume.

4.1.3 Error inEg-2 the estimates of the sensitivitigs ah, Qs anda WI|| exist on account of inter-sampler-impreeision
{eharacterized-by relative standard deviatiRBR HifgQQ and an inter-run chamber
standard deviatioRSD, ,-resttting. The latter results in part from uncertalnty in the reference concentre&in.is obtained
by pooling the variance estimates from each—+un,—togetherwith—a—furtherrun-deseribing-time-effeets (4.2.5), and therefore is
estimated with-&3 7 X 3 =418 21 degrees of freedom (or 15 degrees of freedom if the reverse diffusion experiment is omitted
(1.3)). So as to avoid re-measurement at each sampler/analyte eval®8I8#,,,,, is obtained by a separate characterization of
the chamber with several runs at (for example) fixed environmental conditions. An example in which-the—parasieters {
sensitivitiesee andRSD, are estimated is presented in-the-Appendix-X1. Annex Al.

Note 1—It is up to the user as to how traceability is established. WithR) the concentration estimate as calculated from the chamber’s analyte
generation parameters is regarded as the benchmark, although an independent estimate is required and must be within 5 % of the calculated estimate. |
these estimates differ, then a third independent estimate is required to establish the reference concentration through agreement with ose of the oth
independent estimates. One possibility for such an independent estimate is the mean of at least five independent, active sampler estimatsis per run wit
the chamber. Experiment?) on the accuracy of such reference measurements using sorbent tubes indicates that a relative standard deviation of the order
of 2 % can be achieved for the individual measurements. Alternativ@lyequires averaging of at least two independent methods (possibly including
calculated estimates) with at least four samples per method. EN 838 has adopted the looser requirement that calculated and independent measuremen
must agree within 10 %.

I 4.123.1 Afurther consolidation of tests may be made by observing that the dependence of concentration estimates on the wind
speedy, is only sampler specific, that is, does not depend on the speC|f|c analyte Therefore aftera smgle measurement for a given

| sampler type, the set of tests ca £

4.2 Reverse Diffusion

4.2.1 Apotential problem with diffusive samplers is presented by the possibility of reverse diffusion (sometimes devextkd as
diffusionor off gassmg of analyte Reverse dlﬁu3|eﬁf&nﬁeeeedweeHHan—Heeﬁwaee&e¥&dﬁt&v&s&mp+ekdependmg on

£ F 2 : an display a
i B)YM i Hfusi y be is generally onIy S|gn|f|cant in the case that an analyte
is-enly weakly bound to the sorber@)( Therefore maccuracy assouated with these effects may generally be minimized through
proper sorbent selection and sampler design.

4.2.2 Because of reverse diffusion, estimates of a varying concentration may in some cases be biased. The worst-case situatior
occurs with the concentration in the form of an isolated pulse at either the beginning or end of the sampling period. A pulse at the
beginning of the period allows the entire sampling period (4 to 12 h) for sample loss, possibly resulting in a low estimate relative
to a pulse at the end of the period.

I 4.2.3 In some cases, the time-dependence-ef-a-specific workplace concentration correlates strongly with the sampling period.
For example, a cleanup operation at the end of a workday could introduce solvent only then. This could imply a positive bias in
the concentration estimates obtained from a day’'s sampling. For simplicity, however, this practice is set up for assessing
performance of samplers for use in a concentration with stationary fluctuations, so that time-dependent effects are treated simply
as components of sampler variance. Specifically, the effect of an isolated 0.5-h pulse occurring at random within the sampling
period is estimated.

4.2.4 Challenging samplers to 0.5-h pulses is similar to tests suggested by NBPSrt(CEN (EN 838).

4.2.5 LetA,(>0) represent one-half the bias between estimates from a 0.5-h pulse at the end versus the beginning of the sampling
period, relative to the mean of the estimates. Assume, conservatively (see, for ex&mpllea( the bias in the estimates of 0.5-h
pulse occurring at random within (for example, an 8—h sampling period ranges uniformly betyeerd-\,. Then the variance
RSD? associated with sampling a 0.5-h pulse at random within the sampling period is as follows:

RSLY = —A 2 (2)

4.3 Capacity; Control of Effects from Interfering Compounds

4.3.1 This practice provides a test for confirming a manufacturer’s claimed sampler capacity under stated conditions of use.
Such conditions would normally refer to a specific sampling period and to environmental extremes, such as 80 % relative humidity
at a temperature equal to 30°C. Additionally, a manufacturer may claim a value of capacity for sampling in the presence of specific
interferences at stated concentrations.

4.3.2 Capacity is defined here as the sampled mass (or equivalently as the concentration at a specific sampling period) at which
concentration estimates are 10 % low. Specifically, capacity is considered not exceeded if concentration estimates, corrected for
correctable bias, are above 90 % of the true concentration at the 95 % confidence level.

4.3.3 An example of the test follows. Eight diffusive and eight active samplers with estimated inter-sampler imprgasén,
exposed to the analyte of concern under the stated environmental conditions. Then, neglecting variability in the reference sampler
mean, the 95 % confidence limiys o, ON the difference in the (unknown) mean concentration estimates is:

Allgs o = AC — S X ty o5v)/SAr{n] ®3)
whereAc is the estimated mean difference between diffusive and active reseit8, andv = n -1 = 7. ThemApgs o, Must be
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greater than -10 %x ¢, where c is the mean concentration estimate from the reference samplers.
4.3.4 As a specific example, suppose the inter-sampler impred&sai= 5 %,

(slo) Xty o v)/Sar{n] = 3.3 %. 4)
Therefore, in this case the mean value of the diffusive results must be greater than 93.3 % of the reference concentration.

Note 2—As capacity strongly correlates with sampled mass, a limit on the capacity expressed as sampled mass at one stated sampling period
generally applicable to a range of sampling periods.

4.4 Capacity Overload Detection

4.4.1 The capability ofletectingcapacity overload (for example, by the use of a second sorbent or by employing paired
samplers with different sampling rates) may be advantageous in some sampling situations. In the case of active samplers, su
detection is easily effected through the use of back-up sectiens—Fherefore-diffusive-samplers-with-similarfeatures-will receive ¢
speeifie-elassifieation. The point is that practicality precludes testing of the samplers under all conditions of use, such as in al
arbitrary multi-analyte environment. The capability of voiding a sample result when interferences become demonstrably
problematic may therefore be useful. At present the efficacy of such overload detection is not evaluated. Evaluation tests may b
developed in the future for this purpose.

4.5 Desorption Efficiency

4.5.1 Afurther control of the effects from interfering compounds is afforded by restricting the permissible desorption efficiency.
As in (3) the desorption efficiency, in the case of solvent extraction, must be > 75 % at the concentration of intended application
of the sampler. This requirement is expected to control the potential variation of the desorption efficiency induced by other
interfering compounds. The use of internal standards to compensate for the effect of desorbent evaporation is also general
recommended.

4.5.2 In the case of thermal desorption, the efficiency must be > 95 %. (MDHS 80)

4.6 Atmospheric Pressure

4.6.1 Most diffusive sampler manufacturers provide a formula for correcting for the difference between atmospheric pressure
at points of sampler application and calibration. Unlike the case with temperature, where sorbent properties may be
temperature-dependent, the formula is simple. For diffusion through air, the sampling rate (mL/s) is inversely proportional to the
pressure, whereas if the sampling rate is determined by a semi-permeable membrane rather than air, the rate is independent
pressure. The difference is because of the differing expansion coefficients of the media comprised of the scattering molecules.

4624

NoTe 3—W|th drffusmn through alr the-correction-formuta-for-a-givernsampter type concentration expressed as-ppmis-suspected independent of error
-at a the pressure-shifted from during sampling, untike-the-experiments—of(4-1)-will determine mas:

concentration (mg/mL).

4.6.2 If the-effeet—Fheresultwillbereperted{11-9) as sampling rate is more complicated than with diffusion through air alone
or through a semi-permeable membrane alone, justification ferthe-eerrectable-bias-whiech would given correction formula shall be

expeeted-undera-15-9%-shift in made available by-the-atmoespherie-pressure. sampler manufacturer.

4.7 Wind Direction

4.7.1 For use in personal sampling, the wind direction is expected to generally have an insignificant effect on concentratior
estimates, since the air flow near the body will be usually across the face of the sampler—Hewever-as-a-precautionforeach samp
type—a—s+ﬁg+e—se{—of Therefore experrmems—rs—reeemmended—eempaﬂﬁg—estrmates are done wrth wrnd—paraHeJ—versus into with tk

sampl . Becau

5. Significance and Use

5.1 Gas or vapor sampling is often accomplished by actively pumping air through a collection medium such as activated
charcoal. Problems associated with a pump—inconvenience, inaccuracy, and expense—are inextricable from this type of samplin
The alternative covered by this practice is to use diffusion for moving the compound of interest onto the collection medium. This
approach to sampling is attractive because of the convenience of use and low total monitoring cost.

5.2 However, previous studies have found significant problems with the accuracy of some samplers. Therefore, althougl
diffusive samplers may provide a plethora of data, inaccuracies and misuse of diffusive samplers may yet affect research studie
Furthermore, worker protections may be based on faulty assumptions. The aim of this practice is to counter the uncertainties i
diffusive sampling through achieving a broadly accepted set of performance tests and acceptance criteria for proving the efficac
of any given diffusive sampler intended for use.

6. Apparatus

6.1 Exposure Chamber Specifications

6.1.1 Chamber Capacity-The chamber must be capable of exposing 25 candidate samplers—at a time with less than 5 %
depletion of test analyte by the samplers at the lowest air flow.

6.1.2 Exposure Time-The chamber must be capable of maintaining conditions for up to 12 h.
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6.1.3 Analyte Generation-Equipment must be provided for the measured delivery of gases, or the vaporization and measured
dilution in a mixing chamber of controlled amounts of mixtures of test analytes, liquid over normal room temperature ranges.
6.1.4 Reference Concentration Measuremeiftrovision must be made for monitoring of the analyte concentration from at least

five locations within the chamber.
6.1.5 Construction Materials-The chamber interior and all parts exposed to the test analytes must be corrosion-resistant and
fireproof. Polypropylene is a Irkely candrdate for thrs purpose
6.1.6 " i PYS
6-3+Monitoring Equrpment to be Included with the Chambarlonrtors for measuring the envrronmental conditions listed in
6.2 must be included with the chamber.
6.2 Controlled Environmental Conditions
I 6.2.1 Air Flow—Air flows-egtal up te-6-65-and 0.5 m/s must be attainable as face velocities-acress-ane-normal to the sampler
face as representatlve of the Iocal condrtrons when the sampler is used as a personal sampler

oneentration

6—2—3—Hum|d|ty Varratron—ReIatrve humrdrty equal to 2& 5 %, 50+ 5 %, and 80+ 5 % must be attainable at 20°C.

6.2:43 Temperature-Temperatures equal to 10 3°C, 20+ 3°C, and 30+ 3°C must be attainable and maintainable. If the
chamber is manufactured of stainless steel, then insulation of the chamber or conditioning of the air entering the walk-in hood may
be necessary.

6.2:54 Pressure—Atmospheric pressure in the chamber must be constant to 1 % withir-any+un-and-must-be-settable within a

ure. run.

6.3 Inter-run Variability—The chamber must be characterized as to inter-run variaBit), , through one of several possible
experimental designs. One possibility is through analysis of variance of data from 16 runs with four samplers each at fixed
environmental conditions in the chamber. Experiment on a similar chartBeindicated thaRSD,,, < 3 % is attainable.

I Note 34—The exposure chamber’s specifications listed in 6.1 and 6.2 are sufficient for evaluating sampler performance in this practice, but do not
exclude other chamber types which may also suffice.

7. Reagents and Materials

7.1 A wide variety of (analytical grade) reagents are candidates for testing the various types of diffusive samplers.
7.2 Sample desorption (analytical grade) reagents may also be required.
7.3 Alternatively, thermal desorption, if used for sample extraction, would obviate the necessity of desorption reagents.

8. Procedure

8.1 -AObtain pressure correction formula justification (4.6) from-the-initial-characterization of a samplertypeeconduect the wind
veleeity-experiments—-{eight manufacturer as necessary.
8.2 Following initial characterization, select (for each analyte to be tested) samplers{ptusnecessary blanks)for-edetermining

testing.
8.3 Through five runs with four samplers each, complete—t—he—effect experrments at non- quctuatrnq concentratron (Runs 1-5 of

Annex Al (Whrch also mcludes the wind speegpars A, 4.7).

the wind
speeel—,v, effect))

8.54 Eight samplers shall also be simultaneously exposed (Runs 6—7 of Annex Al) for one-half hour at 80 % (or greater) relative
humidity prior to or during the exposure. Four of the samplers shall be analyzed immediately and four held in a non-stagnant
sampling environment at zero analyte concentration for the remainder (for example, 7.5 h) of the recommended sampling period
prior to analysis. The average analyte mass found for samplers analyzed immediately shall be compared to the average quantity
found from samplers held at zero concentration. The magnitude of any decrease (% loss relative to the mean mass) shall be taker
as twice the bias (that is, & A)) due to reverse diffusion as described in 4.2. Note that the concentration of the pulse can be

]| elevated above that 8.4 8.3 if necessary for quantification, as long as the time-weighted average over sampling periods of
intended use is not exceeded.

| 865 Using eight samplers, confirm the manufacturer's claimed limits on the sampler capacity (4.3) in the presence of
manufacturer-stated interfering compounds (including water vapor).

876 Measurel2) desorption efficiency.

8.87 Storage stability-may-be-measured-as in tests are not given here, altBal@yto EN-838.

8-9-Sheli-lifetime 838 may-be-meastred provide guidance as to their future development.

8.8 Shelf-lifetime tests are not given here, althoughar EN 838 may provide guidance as to their future development.

9. Sampler Performance Classification
9.1 Data from the experiments described above allow a simple classification of candidate diffusive samplers. Aside from
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exceeded, samplers are to be characterized by their overall accuracy in view of environmental variability.
9.2 For evaluating the accuracy functigh(Eq 1), the estimated total imprecisidRD, is given by propagation of errors in
terms of its independent components as follows:

RSO = RSO, + RSO, + o%RSO; + o3 RSH;, + 023 RSD, + o> RSQ? 5)
whereRSD;, RS}, RSQ,, and RSN, represent the relative (inter-day) standard deviations of the temperature, humidity, wind
I speed, and concentration expected in the workplace, are-the-sampler relative sensitivity parathatersig¢scribed in (4.1.2).

9.3 In order to assess the accuracy of a diffusive sampler as applied in a specific workplace, these environmental variabilitie
would require characterization. However, sampler classification is obtained here by adopting nominal values for these foul
guantities. Namely, the following values are adopted:

or = 5°Cabout T, = 25°C (6)
= 5 mm Hg abouth, = 10 mm Hg
] o7 —0-25-mis-abett;—0:5-Hs
o, = 0.125 m/s about, = 0.25 m/s
RSQ =30 %

For exampleg = 5°C corresponds to sampler use (95 % of the time) between 15 and 35°C. Simi|a¥l{).125 m/s covers
the wind speeds-as (<0.5m/s) observed at a frequency greater than 95-% in most a recent study covering a wide range of indo
workplaces £821).

Note 45—If the respective variabilities are expected to be less than the nominal values giverby Eq 7, 6, then the calculated sampler accuracy rang
is a conservative estimate. Alternatively, if a manufacturer explicitly states that a sampler is to be used over a narrow environmental ranggythe acc
I range can and should be computed correspondingly.

10. Accuracy

10.1 This practice provides an estimate of the accuracy of a candidate diffusive sampler under evaluation. Because th
evaluation is not perfect, the accuracy estimate itself may be biased or imprecise. The uncertainty in the estimated accuracy
therefore characterized here in terms of a conservative 95 % confidence level on the accuracy.

| 10.2 PreeisienAccuracy Range Confidence Limit

FFor computing the confidence limit-on-the-totalrelative—standard-devidieb A-is—approximated-as—follows—First-the
probability-distributien,; o, an algorithm similar to an approximation developed by Satterthwa&iPe23 for confidence limits on

Iineaf combinations of independent variance estimates has been found accurate and simple to implement. Namely, an estima
RPA [Hats, as here, refer to estimates.] is approximated as in terms of a chi-square random vajafde the two cases in

Eq. 1 by:

AJA~ !\/ /v |b|a51<RSD/1645 )

XU I U, Ul.l <1 V\IIDC

The effective number of degrees of freedenis detfarmlned by-way forcing the variance-ef-Satterthwaite’s—appreximation
49-20: x.2 to reproduce the estimated variance &fdx A in their respective cases:

veﬂRASBZRSBZ = X2 (8)

v= {ZA4 / var[AZ] lbiag < RSD/ 1.64522 / var[A], otherwise (8)

wherevgris-an-effectivenumber

Calculation of-degrees-offreedom-determined-se that vapAvar[A] is straightforward, using any math program which can
handle the-variance calculation-efthe-left-side-of-E¢-8-is-equal matrix inverses. More details are giid bt are invisible
to2vgr the-varianee user of-theright-hand-side—This-approximation-then-establishes a computer program available as Resear:
Report D22—XXXX for this Practice, as illustrated in Annex Al.

The confidence limiR® ' Ags o, 0R-RSDgiven-by: is then easily found using a table of chi-square quanifigss ..

Dm
LAYe =

= RO /A (a1 (9)
9%5% — TV XA 0.0BK”eff/ T Yeft

v/ Xg.05.» Otherwise

Pogoy= A X {\/v/xoosv lbiag < RSD/ 1.645 ©)
10.3 Acedracy-Confidence-LimitFhe-confidencetimitExpanded Uncertainty:

Another application of the symmetric accuracy ralgis for specifying confidence intervals on an unknown concentrafion

Suppose the likelihood that §A.;6n-the-Busch-probabilistic-aceuraey(3-2.1)| > 100 %-isthen-given by: negligible. Then at 95 %

confidence in the method evaluation,
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| Agsr=1-966xRSBE, (10)
N N

X < X< X
1+ Agso, 1-Agso

for greater than 95 % of the estimal%sSuch double-confidence intervals are the counterpart to GUM’s expanded uncertainty
(coverage factor together with combined uncertainty) in the case of neglmaséacknowledging that, though important, known
bias aside from its own uncertainty as accounted for here, does not contributeéotaintyin a concentration estimate since
biased estimates may be corrected).

(10)

11. Report

11.1 Several alternatives exist for using the results of the experimental evaluations described here. For example, EN 838 on
diffusive sampler requirements suggestassifyingthe samplers—aeeording- to in accordance with specific accuracy criteria.
Alternatively, the NIOSH accuracy criteriori4-178 presents a pass/fail requirement that acceptable sampling methods have
better than 25 % symmetric accuracy range at the 95 % (evaluation) confidence level and that uncorrected bias is less than 10 %.
The accuracy range itself may, in fact, be defined in alternative manners. Here it is suggested simply that sufficient information
is presented that a large number of such performance criteria suited for specific application can be easily implemented. Therefore,
as a minimum, the following should appear in the report of the sampler evaluation.

11.2 Analytes used for sampler test.

11.3 Alisting of the-medelparameters biads) @nd sensitivities) determined from the experimental data.

11.4 Overall symmetric accuracy range of the sampler.

11.5 Ninety-five percent confidence limit on the sampler overall symmetric accuracy range.

11.6 Statement that the manufacturers-eltaimed stated sampler capacity was or was not exceeded in the case of single-analyts
tests and also in the presence of listed interfering compounds at stated concentrations.

11.7 Statement as to whether-samplerprovides-ameans-of-detecting-sorbent-capaeity-overload.

11 8-Statement-as-to-whether the sampler provides a direct reading or requires laboratory analysis.

1198 Statement as to whether the uncorrected bias is less than 10 %.

11-10-Statementas-te-whetherwind-direction-effects—exeeed- 15 %.

etlated uptake

éo not require

Nete—F—Samplers 6—Samplers used outside the ranges of environmental conditions chosen either for the tests or for intended application (9.3) in
this protocol do not provide results of assured accuracy. For example, the practice does not address sampling in an environment with a correlated
combination of high temperature, high humidity, and high concentration with interference.

12. Keywords

12.1 accuracy; air monitoring; bias; concentration; diffusive; evaluation; gases; passive; performance; precision; sampling and
| analysis; samplers; tests; uncertainty; vapors; workplace atmospheres

APPENDHX
{Nenmandatory
ANNEX

(Mandatory Information)

XAl. WORKED EXAMPLE: PROGRAM FOR DIFFUSIVE SAMPLER ACCURACY RANGE CALCULATION

XAl.1 Table—X3+1 Al.1 and—TFable>xt2-andFig—X1.1 corresponding data analysis by means of a computer program’s
input/output form (Table Al.2) illustrate the experiments and calculations described-r-the—practice-as—tmplemented using the

ea%eulaﬂeﬂal—pfegram—Ma{-hem&Hc Qracuce ZFhe—pfegF&ms—may—be—tFanslated computer proqram is avad&b’:e—#em—MathemaUca
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TABLE Al.1 Experimental Design with Seven Runs for Covering
a Range of Environmental Conditions

Run Temperature ~ Humidity Windspeed Concentration
1 target high target target
2 target low target target
3 target low target low
4 target target high low
5 high low target target
6
degassed
pulse
z
non-degassed
pulse
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TABLE Al1.2 Diffusive Sampler Performance: Test Results and

Accuracy Analysis

Chamber Conditions and Four (4) Candidate Sampler Replicates/Run:

Input:
Run 1
temperature (°C) =
humidity (mm Hg) =

wind speed (m/s
true concentration (ppm) =

Run 2
temperature (°C) =
humidity (mm Hg) =

wind speed (m/s) =

true concentration (ppm) =

Run 3
temperature (°C) =
humidity (mm Hg) =

wind speed (m/s) =

true concentration (ppm) =

Run 4
temperature (°C) =
humidity (mm Hg) =

wind speed (m/s) =

true concentration (ppm) =

Run 5
temperature (°C) =
humidity (mm Hg) =

wind speed (m/s
true concentration (ppm) =

Run 6

Half-hour pulse
degassing: 7.5 h

true concentration (ppm) =

Run 7

Half-hour pulse
degassing: 0.0 h

true concentration (ppm) =

Application Conc. (ppm) = 50

Output:
Performance Test Accuracy Summary

Conditions  Replicates (ppm)
25 139.2
19.40 138.2
0.11 138.6
123 145
Conditions  Replicates (ppm)
25.1 108.3
3.60 110
0.11 110.7
101.1 112.8
Conditions  Replicates (ppm)
25.1 14.2
3.60 15.3
0.11 12.
12.7 14.6
Conditions  Replicates (ppm)
26.7 14.9
11.90 14.6
05 15.3
11.5 15
Conditions  Replicates (ppm)
39 109
2.50 109.2
11 107.1
1.3 105
Replicates (ppm)
139
140
140
135 140
Replicates (ppm)
144
145
138
135 139

RSDrun = 0.008693183

Accuracz Range =

95 % Accuracy Range Confidence Limit =

Bias = 18.12 %
Relative Standard Deviation = 6.40 %

Percent Accuracy Range Dependencies on:

Sampler:

bias
inter-sampler variation
reverse diffusion
Environment:

temperature variation
humidity variation

wind variation
concentration variation

28.65 %
31.03 %

RSDs = 2.86 %

Percent Effect

88.90 %
221%
0.03 %

10
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ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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