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Standard Practice for

Preparation of Natural-Matrix Sediment Reference Samples
for Major and Trace Inorganic Constituents Analysis by
Partial Extraction Procedures

This standard is issued under the fixed designation D 5074; 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 epsilonejf indicates an editorial change since the last revision or reapproval.

1. Scope D 3974 Practices for Extraction of Trace Elements from

1.1 This practice establishes uniform procedures to develop, _Sediment$ _
select, collect, prepare, and use oxidized, relatively unpolluted, D 3975 Practice for Developement and Use (Preparation) of
aquatic natural-matrix bed-sediment reference samples for the Samples for Collaborative Testing of Methods for Analysis
collaborative testing of chemical methods of analysis for _Of Sediment$ _ .
sediments and similar materials. Reference samples prepared? 3976 Practice for Preparation of Sediment Samples for
using this practice are intended for use as natural sediments, Chemical Analysi$ _
analyzable for major, minor, and trace elements, and general E 691 Practice for Conducting an Interlaboratory Study to
physical/organic analyses only. The samples are not designed Determine the Precision of a Test Metftod
or tested for environmental pollutants such as trace organi
compounds. L o o

1.2 Few, if any, aquatic sediment reference materials have 3.1 Deflnmons—'For definitions of terms used in this prac-
been certified, defined, or are even available for developing dice: refer to Terminology D 1129. _
evaluating partial and sequential extraction procedures. This 3-2 Definitions of Terms Specific to This Standard:
practice describes factors and considerations in site selection, 3-2-1 natural-matrix sedimert-granular rock or earthy ma-
sample characteristics, collection, and subsequent raw samgfeial that has been naturally deposited in or by a water body,
treatment needed to prepare natural-matrix bed-material sed? Which the finer grained material encloses or fills the
ments for use as partial or sequential extraction procedur@terstlces between the larger grains or particles of sediment.
reference test samples. The user of this practice is cautionezg Summary of Practice
that in light of the many variables that may affect natural ) i
materials, neither the list of factors included for evaluation nor 4-1 Natural-matrix sediment reference samples of ad-
preparation of natural-matrix reference samples should bgauately defined composition and homogeneity are required for
considered as all inclusive. It is the user's responsibility tofvaluating the accuracy and precision of partial or sequential

ensure the validity and applicability of these practices fors€diment leachate analyses and test methods. Reference

preparing specific-matrix samples appropriate for testing thé@MPles should be typical in all respects to the sample for

constituents of interest and the operationally defined extractiofNich the test method is applicable. Practically, this is difficult
procedures utilized. to gchleve because of '.[he heterogeneity and compqsmonal
1.3 This standard does not purport to address all of the variability of na_tural sediments. However, natural sediments
safety concerns, if any, associated with its use. It is th&ollected fror_n d|verse_sources can be used to prepare reference
samples similar or typical in many respects to the samples for

responsibility of the user of this standard to establish appro-

priate safety and health practices and determine the applica?’hich the test methods are to be applicable. For a minimal

bility of regulatory limitations prior to use. sediment quality assurance testing effort, and to evaluate the
linearity of test methods, reference samples should be available

5. Terminology

2. Referenced Documents to provide at least three levels of concentration for each
2.1 ASTM Standards: measured parameter. Mixtures of samples of known composi-
D 1129 Terminology Relating to Wafer tion may also be used.

5. Significance and Use

5.1 The objective of this practice is to provide guidelines for

* This practice is under the jurisdiction of ASTM Committee D-19 on Water and the preparation of stable, representative, oxidized, relatively
is the direct responsibility of Subcommittee D19.07 on Sediments, Geomorphology,
and Open-Channel Flow. _—
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unpolluted, aquatic natural-matrix bed-sediment reference te$t Sampling
samples. When prepareq as described, suph test samples ShOUIg 1 Realistic natural-matrix aquatic bed-sediment test
be useful for collaborative methods testing, to evaluate the

precision and bias of test methods, and to evaluate test methoa%mples n_eeded for test methods development _and testing
performance during their development. purposes, ideally require samples closely resembling the ma-

5.2 The availability of defined representative natural-matrix'®/als for which the test method is designed. Collection and

reference or test samples, closely approximating a variety 0q;reparation ofa realist.ic test.s.ample necessitates consideration
typical environmental samples, is a key requirement for thofa n_umber of faqto_rs in addition to the presence or absence of
effective collaborative methods evaluation and development dfértain characteristics in the raw sample material collected.
test methods, and quality assurance testing. When the compbb€se include but are not limited to the following: sampling
sition of the reference or test samples has been determinel@gistics, water chemistry and the availability of adequate
either for operationally defined “total recoverable” leachingduantities of sediment with the appropriate particle sizes.
techniques, or for “total analyses” determined by total disso- 6.2 The sampling site should provide easy access to fresh
lution, the defined samples should also be suitable for analytiwater with a pH of 6 to 8 and a specific conductance not
cal quality assurance testing. exceeding 3000 puS/cm. Samples collected from higher conduc-
5.3 Certified analyses of most rock, sediment, sludge, angvity areas should be washed to remove excessive salts.
soil reference samples are typically based on the total amoumnjormally, flow velocities in the collection area should be
of each constituent of interest in the entire sample. “Total"sufficiently low to allow deposition of the fine grained mate-
chemical analysis of these samples generally requires complefgys desired in the bed material to be sampled. The sample
decomposition or dissolution of the standard material. Thesggjlection site should also be suitable for launching any
are the only feasible analytical approaches if knowledge ofecessary sample collection craft, or have close access to boat
finite concentrations for each element of interest in the ent'r%unching facilities.
sample is required. Certain instrumental methods such as X-ray
fluorescence or neutron activation analysis may provide infor-

mation as to the total constituent composition without sample_"" . . . .
destruction P P his should consist primarily of light colored quartz and

5 4 Partial chemical extraction of sediments. or “total re-Silicate minerals, deposited in an aerobic environment. The raw

coverable” analyses (operationally defined procedures) fo§edim.ent shogld contain only minimal guantities of particulate
selecting constituents, frequently are useful for defining “avail-ordanic material or total organic constituents (TOC) (no more

able” constituent concentrations. In addition, partial chemicafhan 2 to 3 %), to minimize bacterial growth and the develop-
extractions may also provide data on partitioning, phasénent of reducing conditions. The sediment collected should be
associations, or on how trace elements are entrained. Operi€€ of detectable levels of reduced iron and manganese
tionally defined extractable trace constituent concentrations a@ecies, have no perceptible sulfide odor, and exhibit no
generally best obtained by using very specific reagent mixturegbservable methane generation. Readily soluble materials such
and extraction procedures, including method of mixing, vessefs ore minerals, carbonates, chlorides, and sulfates should also
size and shape, extraction time, temperature, and so forth. be absent. Inclusion of relatively soluble mineral species in the
5.5 The various iron and manganese oxides and hydroxidesediment reference sample will result in increasing concentra-
clay minerals, and organic solutes and particulates, that contions of associated major and trace parameters as a function of
monly occur as coatings on most oxidized sediment particleSncreased sample digestion times, until those phases are com-
are generally recognized as the controls governing the conceptetely dissolved. “Total” digestion analyses are generally
trations and distribution of most trace metals in naturalmore appropriate for samples containing ore minerals and
water-sediment hydrologic environments. Anthropogenicreadily soluble constituents. The raw material collected should
sources clearly dominate in the number of sources and in totgllso contain an adequate fraction (10 to 20 % or greater) of the
loading to most systems, although other factors may also bgesired particle sizes, such as 62 pm and finer material.
important? Under reducing conditions the iron and manganese 6.4 After several tentative sampling sites have been identi-

oxide coatings, organic components, .and aS.SOCI.ated tra?%d' portions of material from each site should be tested using
metals may be resolubilized and remobilized. Migration of the,

- ) ; . the procedures deemed appropriate to evaluate the suitability of

reduced solubilized species, with possible subsequent forma-ach for particle size distribution, chemical characteristics, and

tion of sulfides etc., and reoxidation and redeposition at som pa ' . S
race constituent levels. The presence of reducing conditions in

new location, may then occur. Analysis of extractable trac ¢ sedi i be tested b i ¢ I it
constituent concentrations in leachates obtained from reducd'V! Sediment may be [ested by Séparation o a small quantity

sediments thus will probably not be indicative of the traceC! (€ associated water by filtration through 0.45 um membrane
constituent concentrations initially associated with the OXi_fllter.Ap_osmve te_s_t for ferrous iron in the filtrate is lnd_lcatlve
dized and coated sediment grains. of reducing conditions and the sample should be discarded.
When one or more suitable sediment sources have been
identified, sufficient raw material should be collected to enable
5 Jennett, J. C., Effler, S. W., and Wixson, B. G., “Mobilization and Toxicological preparatlon of an aquuate SUpply of standard. The number of

Aspects of Sedimentary Contaminant§dntaminants and Sedimened., Baker, Standa.rds to be.prepared and the quantity of each will vary
R. A., Ann Arbor Science Publishers, Inc., Ann Arbor, MI, 1990. according to projected needs.

6.3 Sufficient quantities of raw sample material should be
vailable to obtain desired quantities of oxidized sediment.
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7. Procedure should be removed by use of any suitable magnetic separation
7.1 Non-contaminating plastic buckets and scoops or TEEdevices. After obtain!ng the desired size fractions, place in a
flourocarbon coated metal are preferable for sample collection/e€ type or other suitable blender and mix for several hours.
Aluminum or steel shovels may also be satisfactory. Due to thd N€n package in appropriately sized containers using sample
large percentage of aluminum and iron in most aquatic sedgplitters, coning, and quartering or other suitable techniques.
ments, maj(_)r and trace metal contamingtiqn frqm alyminum OB Verification of Test Sample Composition and
steel sampling tool_s would probably be |nS|gn|f|ca_nt ifthe final  colaborative Testing
samples are sufficiently large and adequately mixed. Opaque
food grade plastic buckets with snap-type leakproof plastic
covers are suitable for shipment and storage. Large heavy du
plastic bags may be used as liners in plastic cooler chests
provide a suitable alternative.

8.1 Selection of the appropriate sample weight for analysis
hould be based on the particle size range of the material to be
alyzed. Numerous procedures are available for determining
the appropriate sample sizes needed to analyze heterogeneous
7.2 Sample PreservatierNo sample preservatives should materials of vanable_graln sizes. Fo_r example, curves have
be used. Refrigerate raw sediment at 4°C after collection anBe.en developed relating the samp!e size of a two component
ship in iced coolers. Ship promptly and refrigerate on receipt_rmxture necessary to obtain sampling standard deviation levels

To minimize the potential of sample decomposition or Ioss,Of 0.1and .l % for .spherical particles W.ith a speg:ific gravity of
and variations in sample composition ranging from 0 to

samples should not be collected or shipped during periods cﬁ .
tempperature extremes. PP gp 100 % for the parameter of interest. A 1 g sample of such a

7.3 Sample Drying- Freeze drying is the preferred treat- binary mixturg cqnsisting of _particles with a Qia_meter of 0.1
ment for processing most moist or wet sediments. Air, ovenmm or less will yield a sampling standard deviation of 1 % or
and microwave drying will frequently yield lesser quantities of bﬁttelr d FLanagfnnotes trljat Calculatllpns hby most methods
the fine grained fractions due to the presence of fine materia ‘oY% S ow that errors due to sampling heterogeneous mate-

occurring and remaining as “large” grain size aggregatesr.'als may be ignored if the material is powdered (disaggre-

Freeze drying reduces fine grain particle cohesion, and th%ated) to passa_ZOO f'nesh (75 um) sieve or for Kleefa@30
sh (62 um) sieve.

number of aggregates resistant to disaggregation, and increasd 5D he difficulti iated i . h
the percentage of fines obtained from many samples. Disag- ~- ue to the difficulties associated in attempting to matc

gregate the residue obtained on drying by pulverizing lumps o atural con.ditior_15, spiking natural-matrix refgrence sample;; to
a plastic surface using a plastic bottle as crusher. Gent|gvaluate digestion procedures and recoveries of the various

disaggregation in this manner minimizes formation of freshparameters of interest is not recommended. However, informa-

fracture surfaces caused by grain crushing. Natural-matrigt(;/n regarding digestion matrix interfgrences may -~ thained
samples prepared for partial extraction procedures should ngY nalyzing both unspiked and spiked or diluted digestion

. . i lutions.
be subjected to mechanical grinding. These procedures creat8 . . .
varying degrees of fresh mineral fractures and will result in 8.3 Other considerations regarding the methods use for

non-representative samples if used for testing partial extractiofStaPlishing the composition of test samples and planning and

procedures. Leaching of the fresh fracture surfaces may yielaonducting pollaborative tests utiliz_ing the.test samples are
invalid concentration levels for parameters of interest. maddressed in, and shall be consistent with, the following

addition, contamination for one or more parameters may resuﬂmde“neS: Eragtices D 3974, .D 3975, D 3976, and E 691'.
from the use of grinding equipment. 8.4 Considering the extensive efforts involved in collecting

7.3.1 After freeze drying, some samples with a high clayand preparing natural matrix samples, and analyzing sub-

content may still contain aggregates resistant to disaggregatioﬁ‘?lmpIes etc,, 1tis desw_able, when possible, o perform ad(_j|-
For those samples, freeze drying a higher water conterﬂonal tests to characterize the samples. These analyses might

(thinner) slurry will generally yield a residue that is easily !nclude but not be Iimited_ to mineralogy, distribgtion Of.
disaggregated. iron-manganese (Fe-Mn) oxides, degree of aggregation, cation

7.4 Sample Sieving- Sieve the disaggregated dry sedimenteXChange capacity, and dynamic gas adsorption surface area

through appropriate sizes of standard calibrated sieves usingf‘?slr the various sample size subfractions below 62 um.

timed shaker to obtain the desired size fractions. Stainlesssteel
sieves are probably suitable for the preparation of moSt ¢Harris, w. E., and Kratochvil, B., “An Introduction to Chemical Analysis,”
reference samples. If minimal contamination is necessary, usiunders, College Publishing, Philadelphia, PA, 1981.

P ; ; P P Kleeman, A. W., “Sampling Error in the Chemical Analysis of Rocks:”
all p|aStIC sieves. Metallic .Sleves and screens assembled Wltt? ological Society of Australia Journal, Vol 14, Part 1, 1967, pp. 43-47.
lead splder Shqwd be aVO|d¢d- After sample_s have_ been drie ®Flanagan, F. J., “Reference Samples in Geology and Geochemistry,” U.S.
and sieved, highly magnetic mineral fractions, if presentgGeological Survey Bulletin 1582, U.S. Government Printing Office, 1986.
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The American Society for Testing and Materials 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 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, 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).



