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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 instrumer-SC) Bg (1135‘-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
Current edition approved February 1, 2004. Published March 2004.
2 For referenced ASTM standards, visit the ASTM website, www.astm.org, or
contact ASTM Customer Service at service@astm.org.Aforual Book of ASTM
Standardssolume information, refer to the standard’s Document Summary page on ° The boldface numbers in parentheses refer to the list of references at the end of
the ASTM website. this standard.
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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 samé#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 ener(;11,24)
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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.


https://standards.iteh.ai/catalog/standards/sist/eed551c1-867b-4fb3-a443-f633a1cf495d/astm-d6866-04

A8y D 6866 — 04
“afl

6.4 Software that includes thresholds, and statistics; Puls@strument optimization and sample/reagent compatibility or
rise and shape discrimination, and three Dimensional Spectrushielding improvements.

Analysis. 6.17 All samples will be allowed to equilibrate for a
6.5 Use of External and Internal Standards. minimum d 8 h prior to counting and will be inspected for
6.6 Optimized counting regions to provide very low back-phase separation after the period of equilibration and prior to

ground counts while maintaining counting efficiency greatercounting.

than 60 % of samples 0.7 to 1.5 g in pre-cleaned, 20 mL Low 6.18 Samples will be counted for a minimum of 20 h with

Potassium glass count vials. region of interest integrals (RIO) channels including RIO
6.7 No single Liquid Scintillation Counter is specified for energy levels of 10 to 82 in 120 min subsets with complete

this Method. However, minimum counting efficiency and spectra saved to disk as well as raw data for later statistical

control of background interference is specified. Like all ana<@nalysis and inclusion with final report.

lytical instruments, LS counters require study as to their 6.19 Prior to commercial testing, laboratories that intend to

specific components and counting optimization. implement this method must participate in an inter-laboratory
6.8 Standardization of sample preparation is required. ~ comparison study to in order to assess between laboratory
6.9 External and internal standards must be used in LS¢eproducibility.

operation.

6.10 Standardization and optimization of sample vials;’- Apparatus and Reagents

which must be of low Potassium, glass with PTFE insert tops, Nore 2—Certain commercial equipment, instruments or materials are

20 mL volume, and pre-cleaned. Note: Plastic vials should noientified to specify adequately the experimental procedure. Such identi-

be used for this method. fication does not imply recommendation or endorsement by the ASTM or
6.11 Optimization of Scintillation Cocktail, COtrap re- by NIST, nor_does it imply that the materials or equipment are necessarily

agents, and additives such as emulsifiers, surfactants, alcohdf& Pest available for the purpose. A great deal of effort has been expended
L . t0 optimize reagents. Suggestions are provided for ease of practice of the
and sample material is required. method.
6.12 Optimization of reagents shall include sample to re-

agent volume, scintillator to CQOtrap reagent and additive

volumes and compatibility of all reagents.

6.13 Quench curves and counting efficiency and back

ground optimization should be performed using a referencg€ . = . e

standard based on comparison to NIST oxalic acid referenc ation for Method (A) = 12 mL of Ultima Goll Scintillation

: geh + 6 mL of Carbosor® CO, trapping reagent (that
;anr:g%rgs and the same reagents and EgUIQO bl ascgr%ains the trapped CQresulting from combustion of the

6.14 Counting efficiency of the sample shall be determinedsample +2 mL ofhigh quality (Spectrometer grade) methanol.

by adding t ol a k tivity of th di lid Although other combinations are allowed, the combination
y adding to a vial a known aclivity of the same radionuclide ;o4 st produce an efficiency of greater than 75 % using the
and computing the increase of the sample cpm.

> : ¢ Reference Standard from NIST. Otherwise the combination
_ 6.15 The internal standard technique for computing countgp o id not be used. Commercial oxidizers, such as the Packard
ing efficiency should be calculated by the equation: Oxidizer, The Harvey Oxidizer, and the Aloka Oxidizer, are
available and can be adapted to produce a carbon dioxide
sample for carbon dating. Such a commercial oxidizer may be
used to prepare the samples for LSC analysis in Method (A) if

7.1 A key to the ease of application of Method (A) is the
selection of cocktail components. The interaction and compat-
ibility of these chemicals can produce one of the greatest
gources of interference with the method. One possible combi-

E= (cpmb; cmpa 1)

where: . ; .
E = counting efficiency, th_e_adaptatlon_s cantproduce a sample with the following
cpma = standard counts of (STDCT) sample without added M!NMUM requirements. ,
known activity, 7.11 Carbon recovery as G@ the CQ, trap reagent is a
cpmb = counts of (STDCT) sample plus added known Minimum of 98 %. o S
activity, and 7.1.2 Temperature of oxidation and oxidation time are
D = dpm of the internal standard. sufficient to produce carbon recovery as £@ CO, trap

Other counting interference concerns that must be addressé@@gent at a minimum of 98 %.
as part of specific instrument calibration and normalization 7.1.3 LSC Count Efficiency of the sample is greater than
include luminance, static electricity, random noise, temperatur€0 %.
and humidity variability. 7.2 LSC Apparatus

6.16 Alternate regions of interest parameters may be used 7.2.1 A vacuum manifold system with capabilities for air
based upon testing of twenty, or mopfih counts of the same and non-condensable gas evacuation, sample introduction,
reference (STDCT) standard that record the raw data an@ater distillation, cryogenic gas transfer, and temperature and
spectrum for KEV regions of interest 4 through 96. Optimalpressure monitoring.
energy windows counting should be determined by comparison 7.2.2 Manifold with tubing that is composed of clean
of E?/bkg values to obtain the highest count efficiency and thestainless steel and/or glass.
lowest background and other interference. Counting efficiency 7.2.3 Vacuum pump(s) capable of achieving a vacuum of
of less that 60 % is unacceptable and can be improved by LSC01 Pa or less within the vacuum region.
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7.2.4 Three-way valve adapted to the manifold at one valvetainless steel. Compression fittings with appropriate welds are
to vacuum, another to cryogenic liquid Nitrogen, and the otheused to assemble the individual parts. This and alternative
valve position closed to all but the sample. assemblies are also identified in the References section of this

7.2.5 A second three-way valve adapted to the manifold atnethod(4,5,9,10)
one valve to cryogenic liquid Nitrogen, to a valve connected to 8.6 With the manifold closed to the vacuum pump, the
a reservoir of liquid CQ trap reagent, and the other valve quartz tubing is cracked, the sample £8 liberated and

position closed to all but the sample. immediately cryogenically (with liquid nitrogen) transferred to
7.2.6 A sample bulb adapted to the manifold. a sample collection bulb also attached to a separate port on the
7.2.7 Clean quartz tubing for sample combustion and submanifold.

sequent gas transfer, quantification and storage. 8.7 Athree-way valve (or electronic equivalent) attached to
7.2.8 A hydrogen/oxygen torch or other heating devicethe sample bulb will be open to allow the @ enter the

and/or gas for sealing quartz tubing. sample bulb. It will be then turned to allow the addition of 6
7.2.9 Flexible Tube Cracker. mL of CO, trapping reagent. The three-way valve is then
7.2.10 Break Seal Tube. closed and the sample is allowed to remain undisturbed for a
7.2.11 Liquid Scintillation Analyzer as described in Sectionminimum of 1 h. The sample should then be further processed

6. within 3 h.
7.2.12 Pre-cleaned Scintillation vials, 20-mL volume with 8.8 After 1 to 3 h, the sample bulb is removed from the

Teflon lined screw caps. manifold. The trapping reagent is then transferred to a 20 mL
7.2.13 Long thin pipettes for transfer of the sample from theglass Scintillation vial.

sample bulb to the scintillation vial. 8.9 To the sample vial is added 2 mL of methanol and 12
7.3 LSC Reagents mL of compatible scintillation reagent.

7.3.1 A stochiometric excess oxygen for sample combus- 8.10 A Teflon lined cap is screwed tight on the vial and the
tion; introduced into sample tube as either a pure gas or as solidal is inverted 10 times.
copper (Il) oxide. 8.11 All samples will then be allowed to equilibrate for a
7.3.2 A stochiometric excess of silver, nominally 30 mg, minimum d 8 h prior to counting and will be inspected for
introduced into sample tube for the removal of halogenateghhase separation after the period of equilibration and prior to

species. counting. Samples may be counted at any time afei8th as
7.3.3 A =76°C slurry mixture of dry ice (frozen GPand long as phase separation has not taken place.

alcohol distillation and removal of sample water. 8.12 The'“C content shall be determined in a Liquid
7.3.4 Liquid nitrogen. Scintillation Counter with optimization of the instrument as
7.3.5 Scintillation reagent. described in the References section.
7.3.6 CQ trapping reagent. 8.13 Samples will be maintained for recounting within the
7.3.7 Methanol, spectrometry grade. laboratory for a minimum of 180 days.

8.14 The sample will then be disposed of in accordance with

8. Sample Preparation and Analysis State and Federal Regulations.

8.1 Tolerance oft5 % is to be assumed unless otherwise
stated. 9. Interpretation

8.2 Based on the stochiometry of the product material, 9.1 The counts shall be compared, directly or through
sufficient sample mass shall be weighed such that 0.500 tgecondary standards, to tH& oxalic acid SRM 4990c, with
1.000 g of carbon are quantitatively recovered as,CI9pi-  stated uncertainties. Significantly lowC counts indicate the
cally 2 mm OD/1 mm ID quartz tubing is sufficient, however presence ot“C-depleted carbon. Zero percéfi€, when com-
any tubing configuration needed to accommodate large sampggared to the standard, signifies the entire lack’6fatoms in
volumes is acceptable. a material thus indicating a fossil (for example, petroleum

8.3 The weighed sample shall then be transferred into aBased) carbon source. One hundred pertit likewise
appropriately sized quartz tube, typically 6 mm OD/4 mm ID.signifies an entirely modern carbon source. In fact, the percent

8.4 The sample, thus configured shall then be adapted to @odern carbon can be slightly greater than 100 % due to the
vacuum manifold for evacuation of ambient air to a pressureontinuing but diminishing effects of the 1950’s nuclear testing
101.3 Pa or less. If the material is known to be volatile orprograms.
contains volatile components, the sample material within the
tube shall be frozen with liquid nitrogen to —196°C prior to METHOD B
evacuation. The evacuated tube shall be torch sealed then
combusted in a temperature controlled furnace at 400°C for 20- Apparatus and Reagents
to 4 h. Otherwise the material will be torch sealed at one end 10.1 AMS and IRMS Apparatus
and furnace-baked at 900°C fer2 h. 10.1.1 A vacuum manifold system for with capabilities for

8.5 After combustion, the quartz sample tube shall be scoredir and non-condensable gas evacuation, sample introduction,
to facilitate a clean break within a flexible hose portion of awater distillation, cryogenic gas transfer, and temperature and
“tube cracker” assembly adapted to the manifold. One examplpressure monitoring. The following equipment is required:
configuration of a tube cracker is shown in the photo in the 10.1.2 Manifold tubing that is composed of clean stainless
Appendices to this Method. The materials are composed dfteel and/or glass.
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10.1.3 Vacuum pump(s) capable of achieving a vacuum obf a “tube cracker” assembly adapted to the manifold. One

101 Pa or less within the vacuum region. example configuration of a tube cracker is shown in the photo
10.1.4 Calibrated pressure transducers with coupled or irbelow. The materials are composed of stainless steel. Compres-
tegrated signal response controllers. sion fittings with appropriate welds are used to assemble the
10.1.5 A calibrated sample collection volume with associ-individual parts. This and alternative assemblies are given in
ated temperature readout. the References sectiqd,5,9,10)
10.1.6 Clean quartz tubing for sample combustion and 12.7 With the manifold closed to the vacuum pump, the
subsequent gas transfer, quantification and storage. quartz tubing is cracked, the sample £@ liberated and
10.1.7 A hydrogen/oxygen torch or other heating devicemmediately cryogenically (with liquid nitrogen) transferred to
and/or gas for sealing quartz tubing. a sample collection bulb attached to a separate port on the
manifold.
11. AMS and IRMS Reagents 12.8 The contents of the sample collection bulb shall be

11.1 Astochiometric excess oxygen for sample combustiongistilled to remove residual water using a dry ice/alcohol slurry
introduced into sample tube as either a pure gas or as solithaintained at ca. —76°C. Simultaneously the sample G&
copper (Il) oxide. is released and immediately condensed in a calibrated volume.

11.2 A stochiometric excess of silver, nominally 30 mg, 12.9 The calibrated volume is then closed and the §i@ll
introduced into sample tube for the removal of halogenate@quilibrate to room temperature.

species. 12.10 Recovery shall be determined using the ideal gas law
11.3 A -76°C slurry mixture of dry ice (frozen GPand relationship.

alcohol distillation and removal of sample water. 12.11 The sample shall be transferred to a Pryex break seal
11.4 Liquid nitrogen. tube for storage and delivery to an AMS facility for analysis

_ of **C/*?C and**C/**C isotopic ratios.
12. Sample Preparation
12.1 Test method B is a commonly used procedure tg-3- Analysis, Interpretation, and Report
quantitatively combust the carbon fraction within product 13.1 *C/*°C and™*C/*°C isotopic ratios are counted*C)
matrices of varying degrees of complexity. The procedureand measuretfC/*°C using accelerator mass spectrometry.
described here for Test Method B is recommended based on ifhe isotopic ratios of*C/*?C and**C/?C are determined
affordability and extensive worldwide use Nevertheless, laborelative to the appropriate primary reference material, that is,
ratories with alternative instrumentation such as continuouSRM 4990c and RM 8544, fdf'C and**C, respectively. Zero
flow interfaces and associated C®apping capabilities are percent“C represents the entire lack 8T atoms in a material
equally suitable provided that the recovery of £® quanti-  thus indicating a fossil (for example, petroleum based) carbon
tative, 100+ 5 %. source. A 100 %“C, likewise indicates an entirely modern
12.2 Based on the stochiometry of the product materialcarbon source. And in fact, the percent modern carbon can be
sufficient sample mass shall be weighed such that 0.500 telightly greater than 100 % due to the continuing but dimin-
0.700 g of carbon is quantitatively recovered as,Q@eighed ishing effects of the 1950's nuclear testing programs. Refer-
sample material shall be contained within a pre-cleaned quargnces for reporting carbon isotopic ratio data are given in Refs
sample container, furnace-baked at 900°C=f@ h, and torch  (22,2)for *“C and*3C, respectively.
sealed at one end. Typically 2 mm OD/1 mm ID quartz tubing o )
is sufficient, however any tubing configuration needed tol4. Precision and Bias
accommodate large sample volumes is acceptable. 14.1 The precision and bias of Method A will be determined
12.3 The weighed sample shall then be transferred into ahy Round Robin testing between laboratories practicing the
appropriately sized quartz tube, typically 6 mm OD/4 mm ID. method and will be available on or before December 2007.
12.4 The sample, thus configured shall then be adapted to a14.2 The precision and bias of Method B from any reporting
vacuum manifold for evacuation of ambient air to a pressurdaboratory will be deemed acceptable if it can be shown that the
101 Pa or less. data are traceable to the primary standards and within the
12.5 If the material is known to be volatile or contains uncertainties stated in 4.3. If deviations from these criterions
volatile components, the sample material within the tube shalhre pervasive a Round Robin testing will be implemented and
be frozen with liquid nitrogen to —196°C prior to evacuation. will be available on or before December 2007.
The evacuated tube shall be torch sealed then combusted in a
temperature controlled furnace at 900°C for 2 to 4 h. 15. Keywords
12.6 After combustion, the quartz sample tube shall be 15.1 biobased;*carbon; carbon dating; new carbon; old
scored to facilitate a clean break within a flexible hose portiorcarbon
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