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Standard Test Methods for

Determining the Biobased Content of Natural Range
Materials Using Radiocarbon and Isotope Ratio Mass
Spectrometry Analysis !

This standard is issued under the fixed designation D 6866; 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 logical manner (alphabetically) will be made as some terms

1.1 These test methods do not address environmental ini€quire definition of other terms to make sense.
pact, product performance and functionality, determination of 3.3 Definitions: . _ o _
geographical origin, or assignment of required amounts of 3.-3.1 dpm—disintegrations per minute. This is the quantity
biobased carbon necessary for compliance with federal lawsof radioactivity. The measure dpm is derived from cpm or
1.2 These test methods are applicable to any product corgounts per minute (dpm = cpm — bkgd / counting efficiency).
taining carbon-based components that can be combusted in tfiere are 2.2 by Todpm / uCi(11,13) .
presence of oxygen to produce carbon dioxide {Cgs. 3.3.2 dps—disintegrations per second (rather than minute as
1.3 These test methods make no attempt to teach the basi®ove)(11,13)
principles of the instrumentation used although minimum 3.3.3 scintillation—the sum of all photons produced by a
requirements for instrument selection are referenced in thedioactive decay event. Counters used to measure this as
References section. However, the preparation of samples felescribed in this method are Liquid Scintillation Counters
the above methods is described. No details of instrumeri-SC) Bg (11;?-3) . ) ]
operation are included here. These are best obtained from the3.3-4 specific activity (SA)-refers to the quantity of radio-

manufacturer of the specific instrument in use. activity per mass unit of product, that is, dpmh(%d,13)
1.4 Currently, there are no ISO test methods that are 3.3.5automated efficiency control (AESR method used
equivalent to the test methods outlined in this standard. by scintillation counters to compensate for the effect of

1.5 This standard does not purport to address all of thequénching on the sample spectrgid).
safety concerns, if any, associated with its use. It is the 3-3-6 AMS facility—a facility performing Accelerator Mass
responsibility of the user of this standard to establish appro-SPectrometry.
priate safety and health practices and determine the applica- 3-3.7 accelerator mass spectrometry (AMSan ultra-

bility of regulatory limitations prior to use. sensitive technique for measuring naturally occurring radio
nuclides, in which sample atoms are ionized, accelerated to
2. Referenced Documents high energies, separated on basis of momentum, charge, and
2.1 ASTM Standards2 mass, and individually counted in Faraday collectors. This high
D 883 Terminology Relating to Plastics energy separation is extremely effective in filtering out isobaric
interferences, such that AMS may be used to measure accu-
3. Terminology rately the'“C abundance to a level of 1 in TOAt these levels,

3.1 The definitions of terms used in this test method ardincertainties are based on counting statistics through the
referenced in order that the practitioner may require furthePoisson distributior(7,8). S
information regarding the practice of the art of isotope analysis 3.3.8 background radiation-the radiation in the natural
and to facilitate performance of the method. environment; including cosmic radiation and radionuclides
3.2 Terminology D 883 should be referenced for terminol-present in the local environment, for example, materials of
ogy relating to plastics. Although an attempt to list terms in aconstruction, metals, glass, concréte3,6,7,11-13)
3.3.9 coincidence circuit—a portion of the electronic analy-
sis system of a Liquid Scintillation Counter which acts to reject
* These test methods are under the jurisdiction of ASTM Committee D20 onpu|ses which are not received from the two Photomultiplier

Plastics and are the direct responsibility of Subcommittee D20.96 on Environme ithi P ; :
tally Degradable Plastics and Biobased Products. "Tubes (that count the photons) within a given period of time
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and are necessary to rule out background interference armbcktail performance and the term is frequently used to
required for any LSC used in this meth@,11,13) compare efficiency and background measyfds13,16)

3.3.10 coincidence thresholdthe minimum decay energy  3.3.20 fluorescence-the emission of light resulting from
required for a Liquid Scintillation Counter to detect a radioac-the absorption of incident radiation and persisting only as long
tive event. The ability to set that threshold is a requirement ofas the stimulation radiation is continu¢ti,13,20)
any LSC used in this methad1,13) 3.3.21 fossil carbor—carbon that contains essentially no

3.3.11 contemporary carbor-a direct indication of the radiocarbon because its age is very much greater than the 5730
relative contributions of fossil carbon and “living” biospheric Year half-life of*“C (7,8).
carbon can be expressed as the fraction (or percentage) of3.3.22 half-life—the time in which one half the atoms of a
contemporary carbon, symbol.f This is derived from particular radioactive substance disintegrate to another nuclear
through the use of the observed input function forform. The half-life of**C is 5730 year$7,11,20)
atmospherid¢“C over recent decades, representing the com- 3.3.23 intensity—the amount of energy, the number of
bined effects of fossil dilution of*C (minor) and nuclear photons, or the numbers of particles of any radiation incident
testing enhancement (major). The relation betweeanfl f,is  upon a unit area per unit timg@1,13)
necessarily a function of time. By 1985, when the particulate 3.3.24 internal standard—a known amount of radioactivity
sampling discussed in the cited reference theratio had  which is added to a sample in order to determine the counting
decreased to ca. 1(Z,8). efficiency of that sample. The radionuclide used must be the
3.3.12 chemical quenching-a reduction in the scintillation same as that in the sample to be measured, the cocktail should
intensity (a significant interference with this method) seen bybe the same as the sample, the activity of the Internal Standard,
the Photomultiplier Tubes (PMT, pmt) due to the materialsand the Internal Standard must be of certified actiyity;,13)
present in the scintillation solution that interfere with the 3.3.25 modern carbor-explicitly, 0.95 times the specific
processes leading to the production of light. The result is feweactivity of SRM 4990b (the original oxalic acid radiocarbon
photons counted and a lower efficien$;6,13) standard), normalized %®'°C = -19 % (Currie, et al., 1989).
3.3.13 chi-square test-a statistical tool used in radioactive Functionally, the fraction of modern carbon = (1/0.95) where
counting in order to compare the observed variations in repedhe unit 1 is defined as the concentration' contempora-
counts of a radioactive sample with the variation predicted byreous with 1950 wood (that is, pre-atmospheric nuclear test-
statistical theory. This determines whether two different distriing) and 0.95 are used to correct for the post 1950 btiab
butions of photon measurements originate from the sam#jection in to the atmospher@).
photonic events. LSC instruments used in this measurement 3.3.26 noise pulse-a spurious signal arising from the
should include this capabilitl1,13,22) electronics and electrical supply of the instrument
3.3.14 cocktail—the solution in which samples are placed (11,13,17,24)
for measurement in a LSC. Solvents and Scintillators (chemi- 3.3.27 phase contaet-the degree of contact between two
cals that absorbs decay energy transferred from the solvent apthases of heterogeneous samples. In liquid scintillation count-
emits light (photons) proportional in intensity to the decaying, better phase contact usually means higher counting effi-
energy)(3,6,11,13) ciency(11,13)
3.3.15decay (radioactive}-the spontaneous transforma- 3.3.28 photomultiplier tube (PMT, pm#-the device in the
tion of one nuclide into a different nuclide or into a different LSC that counts the photons of light simultaneously at two
energy state of the same nuclide. The process results in separate detecto(24,26)
decrease, with time, of the number of original radioactive 3.3.29 pulse—the electrical signal resulting when photons
atoms in a sample, according to the half-life of the radionuclideare detected by the Photomultiplier tuk{@4,13,14,26)
(7,11,13) 3.3.30 pulse height analyzer (PHA}an electronic circuit
3.3.16 discriminator—an electronic circuit which distin- which sorts and records pulses according to height or voltage
guishes signal pulses according to their pulse height or energyl1,13,14,26)
used to exclude extraneous radiation, background radiation, 3.3.31 pulse index-the number of afterpulses following a
and extraneous noise from the desired sidtia|13,14,26) detected coincidence pulse (used in three dimensional or pulse
3.3.17 efficiency—the ratio of measured observations or height discrimination) to compensate for the background of a
counts compared to the number of decay events which odiquid scintillation counter performingll1,14,24,26)
curred during the measurement time; expressed as a percentageg.3.32 quenching—any material that interferes with the
(11,13) accurate conversion of decay energy to photons captured by the
3.3.18 external standarég-a radioactive source placed adja- PMT of the LSC(1,3,6,11,12,13,16)
cent to the liquid sample in to produce scintillations in the 3.3.33 region—regions of interest, also called window
sample for the purpose of monitoring the sample’s level ofand/or channel in regard to liquid scintillation counters. Refers
guenching. Required with Method (A)11,13) to an energy level or subset specific to a particular isotope
3.3.19 figure of merit—a term applied to a numerical value (3,11,14,17,24)
used to characterize the performance of a system. In liquid 3.3.34 scintillation reagent—chemicals that absorbs decay
scintillation counting, specific formulas have been derived forenergy transferred from the solvent and emits light (photons)
guantitatively comparing certain aspects of instrument angbroportional in intensity to the decay W@Iments

) Document Sharing Hub

Full document details: ASTM D6866-04


http://www.avadocuments.com/doc/astm-d6866-04
http://www.avadocuments.com/doc/astm-d6866-04

A8y D 6866 — 04
“afl

3.3.35 solvent—in scintillation reagent chemical(s) which 4.5 The test methods described here directly discriminate
act as both a vehicle for dissolving the sample and scintillatobetween product carbon resulting from contemporary carbon
and the location of the initial kinetic energy transfer from theinput and that derived from fossil-based input. A measurement
decay products to the scintillator; that is, into excitation energyf a product's*’C/*°C content is determined relative to the
that can be converted by the scintillator into photonsmodern carbon-based oxalic acid radiocarbon Standard Refer-
(3.11,13,24) ence Material (SRM) 4990c, (referred to as HOxII). It is

3.3.36 standard count conditions (STDGFLSC condi- compositionally related directly to the original oxalic acid
tions under which reference standards and samples aradiocarbon standard SRM 4990b (referred to as HOxI), and is
counted. denoted in terms off, that is, the sample’s fraction of modern

3.3.37 three dimensional spectrum analysithe analysis of ~carbon. (See Terminology, Section 3.)
the pulse energy distribution in function of energy, counts per 4.6 Reference standards, available to all laboratories prac-
energy, and pulse index. It allows for auto-optimization of aticing these methods, must be used properly in order that
liquid scintillation analyzer allowing maximum performance. traceability to the primary carbon isotope standards are estab-
Although different Manufacturers of LSC instruments call lished, and that stated uncertainties are valid. The primary
Three Dimensional Analysis by different names, the actuastandards are SRM 4990c (oxalic acid) € and RM 8544

function is a necessary part of this methdd,13,14) (NBS 19 calcite) for3C. These materials are available for
3.3.38true beta event-an actual count which represents distribution in North America from The National Institute of
atomic decay rather than spurious interfere(@&0) Standards and Technology (NIST), and outside North America
3.3.39flexible tube crackerthe apparatus in which the from the International Atomic Energy Agency (IAEA), Vienna,
sample tube (Break Seal Tube) is plagédb,9,10) Austria.
3.3.40 break seal tube-the sample tube within which the 4.7 Acceptable S| unit deviations (tolerance) for the practice
sample, copper oxide, and silver wire is placed. of these methods i5 % from the stated instructions unless

otherwise noted.
4. Significance and Use

4.1 Presidential (Executive) Orders 13101, 13123, 13134> Safety
Public Laws (106-224, 107.117, AG ACT 2003 and other 5.1 The specific safety and regulatory requirements associ-
Legislative Actions all require Federal Agencies to developated with radioactivity, sample preparation, and instrument
procedures to identify, encourage and produce products deperation are not addressed in this standard. It is the respon-
rived from biobased, renewable, sustainable and low envirorsibility of the user of this standard to establish appropriate
mental impact resources so as to promote the Market Devesafety and health practices. It is also incumbent on the user to
opment Infrastructure necessary to induce greater use of suclonform to all the Federal and State regulatory requirements,
resources in commercial, non food, products. especially those that relate to the use of open radioactive

4.2 Test Method A utilizes Liquid Scintillation Counting source, in the performance of these methods. Although
(LSC) radiocarbon*(’C) techniques to quantify the biobased Carbon-14 is one of the safest Isotopes to work with, State and
content of a given product with maximum total error of 15 % Federal regulations must be followed in the performance of this
count; associated with sample preparation and actual countingethod.

4.3 Test Method B utilizes Accelerator Mass Spectrometry 5.2 The use of glass and metal, in particular with closed
(AMS) and Isotope Ratio Mass Spectrometry (IRMS) tech-systems containing oxygen that are subjected to 700°C tem-
niques to quantify the biobased content of a given product witlperatures pose their own safety concerns and care should be
possible uncertainties of 1 to 2% and 0.1 to 0.5 %, respedaken to protect the operators from implosion/explosion of the
tively. Sample preparation methods are identical to Method Aglass tube. Strong bases used for Gisorption, including
9.2-9.5. Method B diverges after 9.5 and rather than LSGCarbosors E+ which is also flammable, are particularly
analysis the sample C@emains within the vacuum manifold hazardous and instructions iMaterial Safety Data Sheets
and is distilled, quantified in a calibrated volume, transferred tghould be followed with special concern for eye protection.
a quartz tube, torch sealed. Details are given in 12.7-12.10. THdadioactive carbon-14 compounds should be handled and
stored CQ is then delivered to an AMS facility for final disposed of in accordance with State and Federal Regulations.
processing and analysis.

4.4 Although Method A is less sensitive than that of using METHOD A
AMS/IRMS, it has the two distinct advantagé€s) lower costs
per evaluation, and2) much higher instrument availability 6. Detailed Requirements
WorquIde' .LSC is the prefgrred methOd. to be use.d when NoTte 1—Acceptable tolerance levels of5 % are standard to this
precise dating (2 % uncertamty or less) is not requwed angl cthod unless otherwise stated.
when sample size is not an issue. Indeed, LSC is the most
widely used measurement fSiC determination. Method B 6.1 Low Level Liquid Scintillation analyzers with active
will be used primarily in extraordinary situations such as whershielding.
the authenticities of the LSC radiocarbon results are in dispute 6.2 Anticoincidence systems such as 2 and 3 Photomulti-
or when sample size is greatly restricted or costly per mass dilier Tubes (Multidetector systems).

sample. 6.3 Coincidence circuits. Documents
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