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2.1 Nomenclature and Standards
Apart from nomenclature for elemental carbon (EC) or black carbon (BC) or soot carbon (SC) or ..., to be treated by other topic leaders,
 there are special nomenclature and standards issues addressed by National Measurement Institutes (NMIs) in connection with reference materials, reference data, traceability, measurement capabilities (detection and quantification limits), and reporting of uncertainty.  Background information and guidelines for these topics can be found on the NIST website as noted in the pre-workshop reading list, and in the following paragraph.

Key reference documents (national, international metrological guidelines) having special relevance to this Workshop include the following.  The NIST Policy on Traceability [www.nist.gov/traceability], which is designed to assist customers in establishing traceability of results of measurements or standards, includes the official definition of traceability from the International Vocabulary of Basic and General Terms in Metrology: "..a property of the result of a measurement or the value of a standard whereby it can be related to stated references, usually national or international standards, through an unbroken chain of comparisons all having stated uncertainties."  Certified Reference Materials are central to such comparisons, and the matter of "stated uncertainties" is absolutely essential in the process.  Two documents should be consulted in this regard: (1) NIST Special Publication 260-136 [1], discussed in the next paragraph, and (2) NIST and ISO Guidelines [2] for the expression of uncertainty in measurement.  The latter document indicates that all measurement results must be accompanied by a complete statement of uncertainty, expressed as a combined standard uncertainty [uc] (or expanded, 95 % confidence interval, uncertainty [U]), based on a complete uncertainty ("error") budget.
  The International Union of Pure and Applied Chemistry (IUPAC) has given recommendations for the evaluation of measurement capabilities, specifically critical values (for detection decisions), detection limits, and quantification limits [3].  In addition, IUPAC [4] has addressed the special problem of low-level data reporting, including the reporting of measured (estimated) values and standard uncertainties in all cases, even when the estimated values are negative.  These recommendations are critical to avoid information loss and bias, and when low-level data are incorporated in a database.  The dramatic importance of these matters has been emphasized recently in a special ACS Symposium [6] and in an article treating the impact of the not uncommon problem of environmental blanks having positively skewed distributions [7].

Reference materials (RMs), or "standards" in the context of the OCEC workshop, are defined as materials having sufficient uniformity (homogeneity) and stability with respect to measurands (analytes) of interest, compositionally similar to real materials of interest ("natural matrix" RMs), and in sufficient supply.  They are generally prepared, distributed, and in most cases certified by an NMI, or other international body such as the International Atomic Energy Agency.  Certified reference materials (CRMs) are those for which selected properties have given certified values, generally assigned by an NMI, through an appropriate certification exercise.  A CRM produced by NIST is, by definition, denoted a standard reference material (SRM®).

Methods used to assign certified values must meet stringent criteria for accuracy.  Definitions and criteria for NIST SRMs are given in NIST Special Publication 260-136 [1], where three classes of values are defined: certified values "for which NIST has the highest confidence in its accuracy," reference values which "are non-certified values that are the best estimate of the true value ... [but for which] the associated uncertainties ... may reflect only measurement precision," and information values considered to be "of use to the SRM user, but [having] insufficient information ... to assess the uncertainty."  (See also footnote-1 of the SRM 1649a carbon intercomparison manuscript [8].)

2.2  EC Standards, Sources and User communities
2.2.1 NIST Standard Reference Materials
A number of environmental SRMs, available through the NIST Standard Reference Materials Program, include certified and reference values for a wide range of carbonaceous species and trace elements [9].  These materials have been prepared "to ensure accuracy, traceability, and comparability of measurement results in diverse fields of science, industry, and technology" [1: p iii].  Selected carbonaceous SRMs having special relevance to the atmospheric-, health-, and geosciences include assigned values for total organic carbon, elemental carbon, carbon isotopes (13C, 14C), polycyclic aromatic hydrocarbons, pesticides, and a host of other organic compounds and trace elements.

With the exception of two "filter" SRMs that are under development for the atmospheric sciences community, the large majority are available only in bulk form, with certified and reference values given as mass fractions (e.g., μg/g).  A list of SRMs for the atmospheric and geosciences, that are directly or indirectly relevant to this Workshop, follows:

SRM 1649a (urban dust).  The result of a massive collection effort in Washington, DC in 1976-77, this material is the most extensively characterized atmospheric particulate SRM, and the only one including certificate values for EC/TC and 14C speciation.  See Sect. 2.3 for further details.

SRM 1650b (diesel particulate matter).  This is a second order reissue of SRM 1650 -- to become available during summer, 2003.  Although there are no certificate values for EC or 14C, Gustaffson, et al. [10], have published values for BC and TOC, together with a number of physical properties.

SRM 1941b (organics in marine sediment).  This is a "non-identical twin" of SRM 1941a (now discontinued).  Both were collected at the mouth of Baltimore Harbor, but at different times. Although there are no certificate values for EC or 14C, Reddy, et al. [11], have published values for BC and TOC, together with 13C and 14C -- for the SRM 1941a "twin."

SRM 1944 (NY/NJ waterway sediment).  Although there are no certificate values for EC or 14C, Reddy, et al. [11], have published values for BC and TOC, together with 13C and 14C.

SRM 2783 (air particulate on filter media).
 There are no carbon data for this SRM, though conceivably they could be obtained.  The material, which has been resuspended on polycarbonate filters, was collected in Vienna and has assigned values for inorganic (elemental) species [12].

SRM 2784 (air particulate on filter media).  This material is a fine particle resuspension of SRM 1649a, on quartz fibre filters.  It is not yet available as an SRM, but certificate (carbon) data will be generated as a result of an intercomparison exercise that is about to begin [13].

SRM 2975 (diesel particulate matter: industrial forklift truck emissions).  Although there are no certificate values for EC or 14C, Gustaffson, et al. [10], have published values for BC and TOC, together with a number of physical properties.

In summary: EC data appear on the Certificate of Analysis of just one of these reference materials, SRM 1649a.  Work is underway, however, to develop certificate data for EC in SRM 2784 (PM2.5 fraction of SRM 1649a, resuspended and deposited on quartz fiber filters) [13].  In addition, there are published values for EC in four other NIST reference materials: SRM 1941a (organics in marine sediment), SRM 1944 (NY/NJ waterway sediment) [11], SRM 1650 (truck diesel particulate matter), and SRM 2975 (industrial forklift diesel particulate matter) [10].  A brief review of selected intercomparison/certificate data for SRM 1649a is given below (Sect. 2.3).

2.2.2 International Steering Committee for Black Carbon Reference Materials (RM)

The Black Carbon RM Steering Committee [BC_Steer] was formed during the 1999 Geochemical Society Meeting at Harvard University, in connection with Symposia on Black Carbon (BC) in the Environment.  Black Carbon, considered by the Committee to derive from the continuum of incomplete combustion products ranging from chars to soot (metaphorical "BC spectrum"), is "ubiquitous in the environment, including aerosols, sediments, and soil."  The charge of the Committee thus relates to the need for developing BC reference materials for the broad environmental sciences community.  The plan has been to identify existing and potential RMs that are: 1) BC RMs such as "soot, charcoal, aerosol, soil, and sediment;" and 2) interfering/artifactual materials, such as "humics, kerogens, and coals."  Basic background information concerning the BC Committee, including its membership, activities, and references can be found on the website: www.du.edu/~dwismith/bcsteer.html, and on the BC_Steer poster that will be on display during the OCEC Workshop.

Reference Materials available or under consideration are as follows: 1) BC and Matrices containing BC: soot-BC, lignocellulosic char, soils, marine sediments, and aerosol; 2) five materials potentially interfering with BC analysis: shale, natural organic matter, melanoidin, and two coals.  The current status of these efforts follows.

Soot: Limited (1 g) quantities of "n-hexane soot" prepared according to a specific laboratory combustion protocol are available from BC_Steer member, Prof. D.M. Smith (University of Denver).  Larger batches could be contracted from commercial carbon producers, following a specified protocol.

Lignocellulosic chars represent carbonized residues of wood or grass plant material subjected to incomplete combustion and/or pyrolysis.  BC_Steer member M. Schmidt (Univ. Zürich-Irchel, Switzerland) currently has a grant proposal in review, for the production of large amounts of one or more char RMs, which will be characterized for BC, selected organic species, and carbon isotopes.

Soils:  BC_Steer member J. Skjemstadt (CSIRO Land and Water, Australia) has prepared two BC-soil prototype RMs that have been sampled, sieved, homogenized, and sterilized (gamma radiation).  In the future it is expected that 60-70 g quantities will be made available for characterization.

Marine Sediments: NIST SRM 1941a (from a coastal marine environment).

Aerosol: NIST SRM 1649a (urban dust, from the Washington, DC environment).

Shale: USGS RM, Green River Shale (SGR-1) (a petroleum and carbonate-rich shale from the Mahogany Zone of the Green River Formation).

Natural Organic Matter (NOM):  NOM from the Suwannee River, available from the International Humic Substances Society (University of Minnesota).

Melanoidin:  A standardized protocol has been identified by the Committee for the preparation of 20 kg of a meladoinin RM from glucose and four amino acids.

Coals:  Two coal RMs representing end members in coal rank (lignite, low-volatile bituminous) are suggested (available from Argonne National Laboratory).

In addition to above the efforts to identify and/or produce suitable environmental BC RMs, members of Committee are engaged in characterization and intercomparison activities of BC in the several geochemical compartments, and in organizing selected conference sessions.  (A BC_Steer poster is planned for the upcoming International Union for Quaternary Research (INQUA) Congress concerning the problem of fossil organic carbon in modern environments; Reno, NV, 23-30 July 2003).

2.2.3  Ocean Science
A comprehensive Workshop devoted to Chemical Reference Materials for Ocean Science took place in Islamorada in September 2001.  The Workshop was sponsored by the Ocean Studies Board of the National Research Council, and supported by the National Science Foundation; its report was issued in the fall of 2002 [14].  The Workshop report is considered relevant to the RM goal of the OCEC Workshop, in that in-depth evaluations of RM and CRM needs are included, as well as transcendent issues, such as RM/CRM requirements, production, characterization, costs, and a strategy (for ocean science CRMs).  Especially pertinent is Appendix E of the report, which includes a large list of extant CRMs from NIST, IAEA, NRC-Canada, and several specific institutions internationally, such as the University of Glasgow.  The carbonaceous materials (urban dusts; river, harbor, estuarine, marine sediments) are relevant to the larger question of the particulate-C life cycle as recorded in the several environmental/geochemical compartments.

2.3 NIST SRM 1649a, International Comparison: some observations and lessons learned.

NIST SRM 1649a (Washington, DC "urban dust") is the only SRM that has certificate values for EC/TC and for 14C speciation.  The "carbon data" in the Certificate of Analysis [15] were derived largely from the results of an international comparison recently published in the Journal of Research of NIST (May-June 2002) [8].  The intercomparison exercise is believed to be the most comprehensive ever undertaken for a carbonaceous particle reference material.  It comprised eleven experienced laboratories in four countries, applying thirteen (EC) methods to the same, uniform reference material.  Some very special aspects of this exercise were the facts that: standard uncertainties were required for all intercomparison data [2]; "chemical" results were reported for total carbon (TC), EC/TC, carbonate-C, water insoluble-C, and extractable-C; and isotopic (14C) speciation results were reported selected organic fractions (aliphatic-C, aromatic-C, polar-C, water insoluble-C, extractable-C), TC, EC, and pure compounds (8 PAHs).  The link between isotopic speciation in EC and isotopic speciation in individual PAHs was one of the most intriguing outcomes.

SRM 1649a has a number of characteristics that make it interesting for evaluating 14C, EC, and PAH data: (1) Sampling having taken place in 1976-1977, makes the correction for enhanced atmospheric ("bomb") 14C important; (2) The natural mix of fossil and biomass carbon provides valuable data for assessing compound specific fossil/biomass source splits and possible methodological artifacts; and (3) Also important are certain compositional and artifactual issues, such as significant charring potential, a range of BC-types (from "char-C" to "soot-C") [5], a mineral residue, and comparative EC data for the bulk SRM and the "ACG-series" resuspended filter prototype [16].  As noted in Section 2.2.1, a new fine particle resuspension filter reference material (SRM 2784) has been prepared from SRM 1649a, and is currently undergoing intercomparison [13].

Key intercomparison results and certificate data for SRM 1649a include a certified value for TC (0.1768±0.0019 g/g mass fraction ± U) and information values for EC/TC (clustered ratios at 0.075, 0.28, and 0.46).  Classes of techniques applied to the assay of EC included pure optical (attenuation), pure thermal ("dry") and pure chemical ("wet") oxidation, hybrid thermal-optical (TOT, TOR), and hybrid thermal-chemical (oxidation, extraction) techniques.  Further examination of the EC/TC data suggests the possibility that the clustered information values may foreshadow method-specific reference values.  Finally, comparison of 14C speciation data in EC and PAH provide possible insight regarding the parts of the "BC continuum" [8] probed by the different EC methods.
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    � Note that "EC" is the chosen descriptor by NIST for the mysterious state of matter that is the focus of this workshop, whereas "BC" is the preferred descriptor of another major group addressing this standards question [5].


    � At NIST, a complete statement of uncertainty for every result, in accordance with the NIST Guidelines, is a condition of publication.


    � SRM 1941a has been discontinued. The similar, but non-identical, replacement material is SRM 1941b.


    � Beyond its role as a quantitative fossil-biomass carbon discriminator, there are two important observations regarding the application of 14C in the SRM 1649a intercomparison/certification exercise. (1) There is a profound difference in the measurement of 14C isotopic speciation in EC (fraction modern carbon), and the measurement of EC (g/g mass fraction) per se, because the former demands isolation of the EC component prior to accelerator mass spectrometry, in contrast to optical and thermal-optical (balance) techniques of EC measurement.  (2) A critical outcome of the measurement of 14C in TC and in the individual carbonaceous fractions isolated is that isotopic mass balance cannot be achieved: the data point to the presence of a significant unidentified biomass carbon component in the SRM.





