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FOREWORD

Laboratory data are critical to the understanding of the properties and genesis of a
single pedon, as well as to the understanding of fundamental soil relationships based on many
observations of a large number of soils. Development of both an analytical database and the
soil relationships based on those data are the cumulative effort of generations of soil scientists
at the Soil Survey Laboratory (SSL).

The purpose of the Soil Survey Investigations Report (SSIR) No., Soil Survey
Laboratory Methods Manual is to document methodology and to serve as a reference for the
laboratory analyst. It is expected that this document will continue to evolve and change over
time as new methods are developed and old methods are modified or retired based on new
knowledge or technologies. This manual is an historical document in that it describes both
current and obsolete methods at the SSL.. This manual also provides historical perspective,
documenting the contributions of many soil scientists who have gone before us. Many of these
scientists are noted in the section on contributors.

Dr. Rebecca Burt, author of the Soil Survey Information Manual (SSIR No. 45, 1995),
served as technical editor for all versions of the SSIR No. 42 (1989, 1992, 1996, 2004). Her
contribution is significant in scope; she wrote some of the methods; is responsible for the
review process encompassing additions, corrections, and consistency of other methods; and
provided leadership in the assemblage of this document.



PREFACE

The standard methods described in the Soil Survey Investigations Report (SSIR) No.
42, Soil Survey Laboratory Methods Manual are those used by the Soil Survey Laboratory
(SSL), National Soil Survey Center (NSSC). Included in the SSIR No. 42 are descriptions of
current as well as obsolete methods, both of which are documented by method codes and linked
with analytical results that are stored in the SSL database. This linkage between laboratory
method codes and the respective analytical results is reported on the SSL data sheets.

The methods in current use at this laboratory are described in enough detail that they
can be performed in many laboratories without reference to other sources. An introduction to
each group of related methods describes common characteristics. However, some repetition is
included in order to make the method descriptions complete in themselves and to minimize
reference to other parts of the manual.

Some analytical results in the SSL national database were obtained using procedures
that are no longer used at the SSL. Descriptions for these procedures are located in a section
following the current methods. Information is not available to describe these procedures in the
same detail as used to describe the current methods in the laboratory.

Since the publication of the SSIR No. 42 (1996), there has been a significant increase in
the number and kinds of methods performed at the SSL, resulting in a re-structuring of the
method codes. As in past versions of the SSIR No. 42, the current method codes are
hierarchical and alphanumerical. However, the obsolete method code structure had only a
maximum of four characters, e.g., 6A2b, whereas the new structure has more characters,
carrying more information about the method, e.g., particle-size and sample weight bases for
reporting data. This version of the SSIR No. 42 carries not only the new method codes but also
the older ones as well. The table for cross-referencing these older codes precede the method
descriptions of the obsolete SSL. methods. This linkage between the method code systems is
important to maintain, as many older SSL data sheets and scientific publications report these
older codes. The table of contents presents the ensemblage of this manual, beginning with the
current methods and codes followed by obsolete methods with respective obsolete codes.

The SSL data have been provided in reports, e.g., Primary and Supplementary
Characterization Data Sheets, and in electronic forms, including tapes, disks, and CD-ROMs.
More recently, other reports have been developed, e.g., Soil Taxonomy Characterization Data
Sheets, and data are available via the NRCS Soils web site http:/soils.usda.gov/. Historically, the
SSIR No. 42 has described and assigned method codes only to those data reported on the
Primary Characterization Data Sheets. This tradition is followed in this version of the SSIR
No. 42. With the exception of some SSL primary analytical data included for user
convenience, the data on the Supplementary and Taxonomy Characterization Data Sheets are
derived data, using analytical data as a basis for calculation and do not carry method codes.
Data on the Supplementary and Taxonomy Characterization Data Sheets are not described in
this manual. For more detailed information about the calculation and application of these
derived values, refer to the other important source documents provided by the United States
Department of Agriculture, Natural Resources Conservation Service (USDA-NRCS)
referenced in this maual.

The methods described herein identify the specific type of analytical or calculated data.
Most of these methods are analytical in nature, i.e., quantitative or semi-quantitative
measurements, and include physical, chemical, mineralogical, and biological analyses. Sample
collection and preparation in the field and the laboratory are also described. Historically, the
SSIR No. 42 has described some derived values, e.g., coefficient of linear extensibility (COLE)
and water retention difference (WRD) and reported these values along with the analytical data
on the SSL Primary Characterization Data Sheets. This version of the SSIR No. 42 follows this
tradition. Since the publication of the SSIR No. 42 (1996), several more derived values have
been added to the Primary Characterization Data Sheets. While these data have been assigned
method codes, detailed descriptions are not included in this version of the SSIR No. 42. For
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more detailed information about the calculation and application of these derived values, refer to
other important source documents provided by USDA-NRCS referenced in this manual.

The purpose of this manual is to document methodology and to serve as a reference for
the laboratory analyst. The standard methods described in this SSIR No. 42, Soil Survey
Laboratory Methods Manual, Version 4.0 replaces as a methods reference all earlier versions of
the SSIR No. 42 (1989, 1992, and 1996, respectively) and SSIR No. 1, Procedures for
Collecting Soil Samples and Methods of Analysis for Soil Survey (1972, 1982, and 1984). All
SSL methods are performed with methodologies appropriate for the specific purpose. The SSL
SOP’s are standard methods, peer-recognized methods, SSL-developed methods, and/or
specified methods in soil taxonomy (Soil Survey Staff, 1999). An earlier version of this manual
(1996) also served as the primary document from which a companion manual, Soil Survey
Laboratory Information Manual (SSIR No. 45, 1995), was developed. The SSIR No. 45
describes in greater detail the application of SSL data.

Trade names are used in the manual solely for the purpose of providing specific
information. Mention of a trade name does not constitute a guarantee of the product by USDA
nor does it imply an endorsement by USDA.

Rebecca Burt, Editor
Reseach Soil Scientist
Soil Survey Investigations
USDA-NRCS

Lincoln, Nebraska
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CONTRIBUTORS

Laboratory data are critical to the understanding of the properties and genesis of a
single pedon, as well as to the understanding of fundamental soil relationships based on many
observations of a large number of soils. The development of laboratory methods, the analytical
database, and the soil relationships based on those data are the cumulative effort of several
generations of scientists. These efforts may be defined as methods development, database
design and development, and investigations of data relationships. Methods development in the
Soil Survey Laboratory results from a broad knowledge of soils, encompassing topical areas of
pedology, geomorphology, micromorphology, physics, chemlstry, mineralogy, biology, and
field and laboratory sample collection and preparation. The following lists many of these
contributing scientists, some of whom have since retired from USDA-NRCS and/or are
deceased. Some of these contributions are cited throughout this manual as scientific
publications. The following list is not comprehensive for developmental work preceding the
formation of the Soil Survey Laboratory in Lincoln, Nebraska. In addition to the scientists, the
current Soil Survey Laboratory technicians are also listed. These analysts play a key role not
only in performing the analyses but also in developing new or modifying old methods, and
ensuring data quality. Scientists (past and current) and physical science technicians (current)
are listed alphabetically as follows:

Scientists:

Lyle T. Alexander, Steven L. Baird, Otto W. Baumer, Ellis C. Benham, C. Reese Berdanier Jr.,
Wade A. Blankenship, Benny R. Brasher, Laurence E. Brown, Rebecca Burt, John G. Cady,
Frank J. Carlisle, James H. DeMent, Joe D. Dixon, Moustafa A. Elrashidi, Richard R.
Ferguson, Klaus W. Flach, Carol D. Franks, Donald P. Franzmeier, Erling E. Gamble, Don W.
Goss, Robert B. Grossman, George C. Holmgren, C. Steven Holzhey, Robert H. Jordan, R. Leo
Juve, Fredrick M. Kaisaki, John M. Kimble, Leo C. Klameth, Ellis G. Knox, Susan E. Samson-
Liebig, Warren C. Lynn, Maurice J. Mausbach, M. Dewayne Mays, Dean C. McMurty, Milton
M. Meyer, John L. Millet, Reuben E. Nelson, W. Dennis Nettleton, Carolyn G. Olson, Ronald
F. Paetzold, Roger B. Parsons, Richard L. Pullman, lvan W. Ratcliff Jr., Thomas G. Reinsch,
Earnest D. Rivers, Sam J. Ross, Philip J. Schoeneberger, Leo G. Shields, Christopher W.
Smith, Terrence M. Sobecki, John A. Thompson, Geroge W. Threlkeld, Michael A. Wilson,
Douglas A. Wysocki, Ronald D. Yeck, and Keith K. Young.

Physical Science Technicians:

Larry V. Arnold, Michelle A. Etmund, Kristina Goings, Diane G. Hooper, Patricia E. Jones,
Janis L. Lang, Christopher W. Lee, Valerie M. Murray, James F. Neal, Kathyrn L. Newman,
Michael J. Pearson, Susan J. Reidel, Crystal A. Schaecher, Emily K. Rose Seifferlein, James E.
Thomas, Pamela A. VanNeste, Lester E. Williams, and Thomas J. Zimmer.
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SAMPLE COLLECTION AND PREPARATION (1)

Field Sample Collection and Preparation (1A)
Site Selection (1A1)

Geomorphology (1Ala)

Pedon (1Alb

Water (1Alc

Biological (1A1d)

1. Application

General: The United States National Cooperative Soil Survey (NCSS) Program has
prepared soil maps for much of the country. Both field and laboratory data are used to design
map units and provide supporting information for scientific documentation and predictions of
soil behavior. A soil map delineates areas occupied by different kinds of soil, each of which
has a unique set of interrelated properties characteristic of the material from which it is formed,
its environment, and its history (Soil Survey Division Staff, 1993). The soils mapped by the
NCSS are identified by names that serve as references to a national system of soil taxonomy
(Soil Survey Staff, 1999). Coordination of mapping, sampling site selection, and sample
collection in this program contributes to the quality assurance process for laboratory
characterization (Burt, 1996). Requisites to successful laboratory analysis of soils occur long
before the sample is analyzed (Soil Conservation Service, 1984; Soil Survey Staff, 1996). In
the field, these requisites include site selection, descriptions of site and soil pedon, and careful
sample collection. A complete description of the sampling site not only provides a context for
the various soil properties determined but it is also a useful tool in the evaluation and
interpretation of the soil analytical results (Patterson, 1993). Landscape, landform, and pedon
documentation of the sampling site serves as a link in a continuum of analytical data, sampled
horizon, pedon, landscape, and overall soil survey area. This continuum is illustrated on the
cover of this manual.

The objectives of a project or study form the basis for designing the sampling strategy.
A carefully designed sampling plan is required to provide reliable samples for the purpose of
sampling. The plan needs to address the site selection, depth of sampling, type and number of
samples, details of collection, and sampling and sub-sampling procedures to be followed. The
Soil Survey Laboratory (SSL) primarily serves the NCSS, which is conducted jointly by USDA
Natural Resources Conservation Service (NRCS), the Bureau of Land Management (BLM),
Forest Service, and representatives of U.S. Universities and Agricultural Experiment Stations.
In this context, the primary objective of SSL sampling programs has been to select sites and
pedons that are representative of a soil series and to collect samples that are representative of
horizons within the pedon.

There are various kinds of sampling plans, e.g., intuitive and statistical, and many types
of samples, e.g., representative, systematic, random, and composite. In the field, the SSL has
more routinely used intuitive sampling plans to obtain representative samples. The intuitive
sampling plan is one based on the judgment of the sampler, wherein general knowledge of
similar materials, past experience, and present information about the universe of concern,
ranging from knowledge to guesses, are used (Taylor, 1988). A representative sample is one
that is considered to be typical of the universe of concern and whose composition can be used
to characterize the universe with respect to the parameter measured (Taylor, 1988).

In the laboratory, the primary objectives of sample collection and preparation are to
homogenize and obtain a representative soil sample to be used in chemical, physical, and
mineralogical analyses (method 1B). The analyst and the reviewer of data assume that the
sample is representative of the soil horizon being characterized. Concerted effort is made to
keep analytical variability small. Precise laboratory work means that the principal variability in
characterization data resides in sample variability, i.e., sampling is the precision-limiting



variable. As a result, site-selection and sample collection and preparation are critical to
successful soil analysis.

Geomorphic Considerations': Soils form a vital, complex continuum across the
Earth’s landscape. The prime goal of the Soil Survey is to segregate the soil continuum into
individual areas that have similar properties, and therefore, similar use and management. Soils
can not be fully understood or studied using a single observation scale. Instead, soil scientists
use multiple scales to study and segregate soils and to transfer knowledge to soil users. To
accomplish the task of Soil Survey at reasonable cost and time, soil scientists extend
knowledge from point observations and descriptions to larger land areas.

Soil map-unit delineations are the individual landscape areas defined during and
depicted in a soil survey. Soil observation, description, and classification occur at the pedon
scale (1 to ~ 7 m), and represent a small portion of any map unit (10’s to 1000’s hectares).
Further, pedons selected, described, and sampled for laboratory analysis represent only a small
subset of the observation points. Pedon descriptions and classifications along with measured
lab data, however, accurately apply to a named soil map unit or landscape areas (soil
component) within the map unit. Soil scientists can reliably project (“scale up”) pedon
information to soil map units based on experience and the strong linkages among soils,
landforms, sediment bodies, and geomorphic processes.

Thus, soil geomorphology serves several key functions in Soil Survey, which can be
summarized as:

1. Provides a scientific basis for quantitatively understanding soil landscape relationships,
stratigraphy, parent materials, and site history.

2. Provides a geologic and geographic context or framework that explains regional soil
patterns.

3. Provides a conceptual basis for understanding and reliably predicting soil occurrence at the
landscape scale.

4. Communicates effectively and succinctly soil location within a landscape.

During a Soil Survey soil scientists achieve these functions both tacitly and by
deliberate effort. Geomorphic functions are best explained by citing examples. The first
function listed above involves planned, detailed soil landscape studies (e.g., Ruhe et al, 1967;
Daniels et al, 1970; Gamble et al, 1970; Parsons et al., 1970; Gile et al., 1981; Lee et al., 2001;
2003a; 2003b), which are an important component of the Soil Survey. Such studies quantify
and explain the links between soil patterns and stratigraphy, parent materials, landforms,
surface age, landscape position, and hydrology. Studies of this nature provide the most
rigorous, quantitative, and complete information about soil patterns and landscapes. The
required time and effort are significant, but justified by the quantitative information and
scientific understanding acquired. Soil survey updates by MLRA can and should involve
similar studies.

The three remaining geomorphic functions are tacit and to a degree inherent in a soil
survey. A number of earth science sources (Fenneman 1931, 1938, 1946; Hunt, 1957,
Warhaftig, 1965;) identify and name geomorphic regions, which are grouped by geologic and
landform similarity. The value of relating soil patterns to these regions is self-evident. Terms
such as Basin and Range, Piedmont, Columbia Plateau, and Atlantic Coastal Plain provide both
a geologic and geographic context for communicating regional soil and landform knowledge.

Soils occurrence can be accurately predicted and mapped using observable landscape
features (e.g., landforms, vegetation, slope inflections, parent material, bedrock outcrops,

* Douglas A. Wyosocki and Philip J. Schoeneberger, Research Soil Scientists, NSSC, NRCS,
Lincoln, NE, wrote the geomorphic component of this procedure.



stratigraphy, drainage, photo tonal patterns). During a soil survey soil scientists develop a tacit
knowledge of soil occurrence generally based on landscape relationships. Soil occurrence is
consistently linked to a number of geomorphic attributes. Among these are landform type,
landscape position, parent material distribution, slope shape and gradient, and drainage pattern.
This tacit soil landscape knowledge model is partially encapsulated in block diagrams and map
unit and pedon descriptions. In turn a clear, concise geomorphic description effectively
conveys soil location within a landscape to other soil scientists and soil users. Recent
publications (Soil Survey Staff, 1998; Schoeneberger et al., 2002; Wysocki et al., 2000)
provide a comprehensive and consistent system for describing geomorphic and landscape
attributes for soil survey. The Geomorphic Description Systems (GDS) is not discussed here.
Refer to Soil Survey Staff, 1998; Wysocki et al., 2000; and Schoeneberger et al, 2002 for more
detailed information.

Geomorphology is an integral part of all soil survey processes and stages. Preliminary
or initial soil pattern knowledge is commonly based on landscape or geomorphic relationships.
Observations during a soil survey refine existing landscape models, or sometimes compel and
create new models. Map unit design includes landform recognition and naming, and
observations on landscape position, parent materials, and landscape and soil hydrology. Soil
scientists capture this observational and expert knowledge through soil map unit and pedon
descriptions, which should convey soil property, soil horizon, landscape and geomorphic
relationships, and parent material properties.

Any study plan, site selection, or pedon sampling must also consider and address the
geomorphology. Study or sampling objectives can vary. Every sample pedon should include
both a complete soil and geomorphic description. In a characterization project, the sample
pedons should be representative of the landscape unit (e.g., stream terrace, backslope etc.) it
occurs upon. Note that the landscape unit that is sampled can be multi-scale. The unit could be
a landform (e.g., stream terrace, dune, or drumlin), a geomorphic component (e.g., nose slope),
a hillslope position (e.g., footslope), or all of these.

Keep in mind that the sampled pedon represents both a taxonomic unit and landscape
unit. Both the landscape and taxonomic unit should be considered in site selection. Note that a
single landscape unit (e.g., backslope) may contain one or more taxonomic units. A landscape
unit is a more easily field recognizable and mappable feature than a soil taxonomic unit. For
characterization project select the dominant taxonomic unit within a given landscape unit. The
existence of other soils or taxa can and should be included in the soil description and also the
map unit description.

Soil patterns on landscapes follow catenary relationships. It is important to characterize
both individual pedon properties and the soil relationships both above and below on the
landscape. This goal requires that soils be sampled as a catenary sequence (i.e., multiple
samples across the same hillslope). This appears intensive, but serves multiple purposes. A
sample pedon or set of pedons provides vital characterization data and also can quantify the
catenary pattern and processes. This is an efficient use of both sampling time and effort, as well
as, laboratory resources. Moreover, it provides an understanding of the entire soil landscape.

Lastly, and perhaps most importantly, soil geomorphic relationships deserve and
sometimes demand specific study during a soil survey. Crucial problems can be addressed by
appropriately designed geomorphic, stratigraphic, or parent material study. For example, a silty
or sandy mantle over adjacent soils and/or landforms may be of eolian origin. A well-designed
geomorphic study can test this hypothesis. In another geomorphic setting soil distribution and
hydrology may be controlled by stratigraphic relationships rather than by elevation or
landscape patterns. A drill core or backhoe pit sequence can address this hypothesis. These
studies need not be elaborate, but they require fore thought and planning. Such studies are
applicable and necessary to the Major Land Resource Area (MLRA) soil survey approach.

Pedon, Water, and Soil Biology Sampling: The pedon is presented in soil taxonomy
(Soil Survey Staff, 1999) as a unit of sampling within a soil, i.e., the smallest body of one kind
of soil large enough to represent the nature and arrangement of horizons and variability in the
other properties that are preserved in samples (Soil Survey Division Staff, 1993). In the U.S.



soil Survey Program, laboratory pedon data combined with field data (e.g., transects and pedon
descriptions) are used to define map unit components, establish ranges of component
properties, establish or modify property ranges for soil series, and answer taxonomic and
interpretive questions (Wilson et al., 1994).

Biological samples are also collected for analysis at the SSL, either in conjunction with
pedon sampling or independently. Measurable biological indices have been considered as a
component to assess soil quality (Gregorich et al., 1997; Pankhurst et al., 1997). A large
number of soil biological properties have been evaluated for their potential use as indicators of
soil quality/health (Doran and Parkin, 1994; Pankhurst et al., 1995). The USDA NRCS has
utilized soil biology and carbon data in macro-nutrient cycling, soil quality determinations,
resource assessments, global climate change predictions, long-term soil fertility assessments,
impact analysis for erosion effects, conservation management practices, and carbon
sequestration (Franks et al., 2001).

Water samples are analyzed by the SSL on a limited basis in the support of specific
research projects. These projects are typically in conjunction with soil investigations and have
involved monitoring seasonal nutrient flux to evaluate movement of N and P via subsurface
and overland flow from agricultural lands into waterways and wetlands.

2. Summary of Method

A site is selected that meets the objectives of the laboratory sampling. The site and soil
pedon are described and georeferenced. These descriptions include observations of specific
soil properties such as texture, color, slope, and depth. Descriptions may also include
inferences of soil quality (soil erodibility and productivity) as well as soil-forming factors
(climate, topography, vegetation, and geologic material).

A soil pit is often excavated with a back-hoe (Fig. 1). Depth and breadth of pit depend
on the soil material and objectives of sampling. Soil horizons or zones of uniform
morphological characteristics are identified for sampling (Fig. 2). Photographs are typically
taken of soil profile after the layers have been identified (Fig. 3) but before the vertical section
by the sampling process (Fig. 4).

The variable nature or special problems of the soil itself, e.g., Vertisols, Histosols, or
permafrost-affected soils, may require the use of specific excavation and sampling techniques.
For example, the shear failure that forms slickensides in Vertisols also disrupts the soil to the
point that conventional soil horizons do not adequately describe the morphology.

Representative samples are collected and mixed for chemical, physical, and
mineralogical analyses. A representative sample is collected using the boundaries of the
horizon to define the vertical limits and the observed short-range variability to define the lateral
limits. The tag on the sample bag is labeled to identify the site, pedon, and soil horizon for the
sample.

In the field, the 20- to 75-mm fraction is generally sieved, weighed, and discarded. In
the laboratory, the <20-mm fraction is sieved and weighed. The SSL estimates weight
percentages of the >2-mm fractions from volume estimates of the >20-mm fractions and weight
determinations of the <20-mm fractions by method 3A2.

Undisturbed clods are collected for bulk density and micromorphological analysis.
Clods are obtained in the same part of the pit as the mixed, representative sample. Bulk density
clods are used for water retention data; to convert from a weight to volume basis; to determine
the coefficient of linear extensibility (COLE); to estimate saturated hydraulic conductivity; and
to identify compacted horizons. Microscope slides of soil prepared for micromorphology are
used to identify fabric types, skeleton grains, weathering intensity, illuviation of argillans, and
to investigate genesis of soil or pedological features.

Biological samples are also be collected for analysis at the laboratory, either in
conjunction with pedon sampling or independently. As with pedon sampling, sampling for root
biomass includes selecting a representative site, sampling by horizon, and designating and
sampling a sub-horizon if root mass and morphology change. The same bulk sample collected
for soil mineralogical, physical, and chemical analyses during pedon sampling can also be used



Fig. 2. Soil horizons or zones of uniform morphological characteristics are identified for
sampling.
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4. Safety

Sampling pits deeper than 125 cm (5 feet) need to be shored to meet U.S. Department of
Labor Occupational Safety and Health Administration (OSHA) standards, or one side has to be
opened and sloped upward to prevent entrapment. Acetone used in the saran mix is flammable
and should be used down wind from a site to keep fumes from collecting in the bottom of the
pit. Take precautions when operating or in the proximity of machinery, e.g., backhoe, drill rig,
or hydraulic probe, and when lifting sample bags.

5. Equipment

Plastic bags, for mixed soil samples

Zip locked plastic freezer bags, for biological samples

Tags, for bagged samples

Plastic bags, for bulk density and thin section clods
Aluminum case, for shipping clod boxes

Shipping bags (canvas, leather, or burlap) for mixed samples
Clod boxes, cardboard with dividers

Core boxes, to transport cores from drill rig or hydraulic probe
Stapler, with staples

Hair nets

Rope

Clothes pins

Felt markers, permanent

Sampling pans

Sampling knives

Chisel

Rock hammer

Nails

Measuring tape

Photo tape

Sieves (3-inch and 20-mm)

Plastic sheets

Canvas tarp

Camera

Frame, 50 cm x 50 cm

Garden clippers

Pruning shears

Bucket

Scale, 100-1b capacity, for rock fragments

Analytical balance, + 0.01 g sensitivity, for weighing roots and plant residue
Cooler, with ice or gel packs, for biological samples
Containers, with screw caps, acid-washed, for water samples
Gloves, plastic, powderless

Bulk density equipment, if natural clods are not appropriate technique, e.g., bulk density
frame or ring excavations, compliant cavity (procedure 3B5, 3B4, 3B3, respectively)
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6. Reagents

6.1 Acetone

6.2 Water, in spray bottle

6.3 Dow Saran F-310 Resin. Available from Dow Chemical Company.



7. Procedures

Project and Sampling Objectives

The number and types of samples collected from a site are governed in part by the
objectives of the information needed. Example sampling schemes presented as general project
categories based on project needs are as follows:

Reference Projects: These projects are designed to answer specific questions on
mapping or soil classification, provide data for transect of a mapping unit, or for collection of
calibration standards. Samples are typically collected from specific horizons in 3 to 5 locations
that relate to the question or are representative of the map unit. A limited number of analyses,
specific to the questions asked, are performed on these samples.

If a transect is used to test map unit composition, an appropriate sample from each
transect point may be collected for analyses that are critical to distinguishing between map unit
components. Also, samples may be collected as standards for the survey project for texture,
organic carbon, or for calibration of field office analyses such as base saturation.

Characterization Projects: These projects are designed to obtain comprehensive soil
characterization data for a representative pedon of a map unit or a pedon which is included in a
research study. Samples collected from each horizon include bulk samples of approximately 3
kg, as well as clods of natural fabric for bulk density and micromorphology. A standard suite
of laboratory analyses are performed on each horizon. In addition, specific analyses, such as
mineralogy or andic properties, may be requested to provide more complete information on the
specific pedon sampled.

Geomorphology and Stratigraphy Projects: These projects are designed to study
relationships between soils, landforms, and/or the stratigraphy of their parent materials. For
example, a specific project may be designed to study the relationships between a catena of
soils, their morphological properties, e.g., redoximorphic features, and the hydrology of the
area. Another study may be designed to determine the lateral extent of stratigraphic breaks.
Site or pedon selection is governed by the objectives of the study but often is selected to
represent typical segments of the landform. Sampling and analytical requests may be similar to
the scheme used in a characterization or reference project. Often, core samples may be
collected to several meters in depth through the use of a hydraulic probe.

Pedon Sampling Techniques

Excavated Pits: A pit may be excavated by hand or with a backhoe. Hand-digging
may be necessary depending on site location, type of soil material, or availability of a backhoe.
Pedons are generally excavated through the solum and into the parent material, or to a
maximum depth of 2 meters. When using a backhoe, dig the pit in the form of an arc with a
minimum working face deeper than about 150 cm (5 ft). Slope the pit upward toward the
backhoe for an escape route. The pit can also be modified from the back side to form a T with
the back of the trench opened and widened for an escape route. If this is not practical, shoring
is required to meet OSHA standards if the pit is deeper than 125 cm (5 ft).

The sampling procedure is the same for hand-dug and backhoe pits. Mark horizons or
zones to be sampled. Take a representative sample from boundary to boundary of a horizon
and for a lateral extent to include the observed short-range variability. Unless the soil exhibits
little short range variability, the best procedure is to place 4 to 5 kg soil on the plastic sheet or
canvas tarp, mix thoroughly by rolling action, and place a representative sub-sample, minimum
of 3 kg (3 gt), in a plastic sample bag. Label a tag with soil name, soil survey number, horizon
(zone), and depth (as a minimum). Double fold the top of the plastic bag (forward and reverse)
and staple the top of the tag under the folds. The sampling may be extended deeper by bucket
auger or hydraulic probe as appropriate to meet the objectives of the project. If the soil has
rock fragments in one or more horizons, the soil and coarse fragments need to be sieved and
weighed as described below.

Collect 3 bulk density clods from each horizon. Two clods are used in the primary
analysis. The third clod is reserved for a rerun, if needed. Clods should be roughly fist-sized



and should fit into the cell (8 x 6 x 6 cm) of a clod box fairly snugly. Take the clods in the
same vicinity of the pit as the mixed sample. Carve out a working section in the pit wall to
remove an undisturbed block. Break the block into fist-sized pieces and pare into a ovoid (egg-
shaped) clod. Place the clod in a hair net. If the clod is dry, mist the clod with water just until
the surface glistens to inhibit saran penetration of the clod. Dip once, briefly, in saran mix to
coat the clod, and hang from a rope with a clothes pin to dry. Clods can be dipped and then
hung, or can be hung and then dipped by raising the container up to immerse the clod, briefly.
Keep the saran container covered except when dipping clods to prevent acetone evaporation.
Coat only once in the field. Additional coats are applied in the laboratory. When the clod is
dry (bottom is not sticky to the touch), place the clod in a plastic bag, and put into a cell of a
clod box. Label the appropriate cell on the inside of the lid of the box to identify the soil
survey number and horizon (zone) for the clod. Clod boxes are designed to identify sequences
of 3 clods per horizon.

Collect 2 clods from each horizon for preparation of thin sections and
micromorphological examination. Place a staple in the top of each clod for orientation. Clods
should be roughly fist size, but kept unmodified otherwise. If the soil fabric is fragile, the clod
can be placed in a hairnet and dipped briefly in saran as described above. Place the clod in a
plastic bag and put into a cell of a clod box. The sampler should make special note of any
features to be studied by thin section. Label the appropriate cell on the inside of the lid of the
box to identify the soil survey number and horizon (zone) for the clod.

If the material is too sandy and/or too dry to hold together in a clod, bulk density
samples can be collected with an aluminum can or other small can of known volume.
Sampling is easier if the can has a small hole in the bottom to allow air to escape as the can is
inserted. Smooth a planar area in the pit face, or, if sampling from the top down, smooth a
planar horizontal area. In either case, choose an area that appears representative of the horizon.
With the palm of the hand, gently push the can into the smoothed area until the bottom of the
can is flush with the wall or until resistance stops you. In this case, lay a board across the
bottom of the can and tap lightly with a hammer or geology pick until the bottom of the can is
flush with the pit wall. Then dig out the sampling can plus extra sample and, with a knife
blade, smooth off the sample flush with the top of the can. Empty the contents of the can into a
plastic bag, tie the top of the bag in a single knot and put into a cell in a clod box. Label the
appropriate cell on the inside of the lid of the box to identify the soil survey number and
horizon (zone) for the sample. Collect two samples per horizon. Indicate the volume of the
sampling can in the sampling notes. It is assumed that there is no volume change with water
content in sandy soils. Therefore, one density is representative for all water contents of coarse-
textured soils.

Avoid leaving empty cells in a clod box. Fill empty cells with a wadded paper. This
prevents clods from shifting in transit. Tape down the top of a filled clod box with nylon
filament tape (one short piece on each end and two short pieces in front). Label the top of the
box to identify type of sample (bulk density or thin section) and appropriate soil survey
numbers and horizons (zones) for the samples. Place six clod boxes in an aluminum case for
shipment. Single clod boxes also ship well.

Hand Probe: Remove surface if it is not suitable for coring. Remove core sections and
lay in order on plastic sheet. Measure core length against depth in hole to determine if the core
has been compressed. Mark horizon breaks on the plastic. Mix the horizon or zone to be
sampled. Place sample in a plastic bag and label with soil survey number, horizon (zone), and
depth for the core. Samples need to be a minimum of 500 g (1 pt), and are generally suitable
for a limited number of analyses only.

Hydraulic probe: Remove surface if it is not suitable for coring. Remove core sections
and lay in order on plastic sheet. With a sharp knife trim the exterior to remove any oil and
contaminating soil material. Split one core open to mark horizons, describe and then sample.
Measure core length against depth in hole to determine if the core has been compressed. Mark
horizon breaks on the plastic. Mix the horizon or zone to be sampled. Place in a plastic bag
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and label with soil survey number, horizon (zone), and depth for the core. Obtain a minimum
of 500 g (1 pt) for a reference sample or 3 kg (3 gt) for a characterization sample.

If the core has not been compressed, and the core diameter is 3 inches or more, samples
for bulk density can be taken from a second core. Mark a segment 8-cm long on an
undisturbed section and slice a cylindrical segment. Measurements of core diameter and length
can be used to calculate volume and density at the field-state water content. Core segments can
be placed in a hair net, dipped once briefly in saran mix to coat the clod, hung from a rope with
a clothes pin to dry, placed in a plastic bag and then put into a cell of a clod box.

Rotary drill (hollow stem): Remove drill core sections and lay in order on plastic
sheet. Measure core length against depth in hole to determine if the core has been compressed.
Mark horizon breaks on the plastic. Mix the horizon or zone to be sampled. Place in a plastic
bag and label with soil survey number, horizon (zone), and depth for the core. Obtain a
minimum of 500 g (1 pt) for a reference sample or 3 kg (3 qt) for a characterization sample.

If the core has not been compressed, and the core diameter is 3 inches or more, samples
for bulk density can be taken from the core. Mark a segment 8 cm long on an undisturbed
section and slice a cylindrical segment. Note the core diameter and length in the soil
description. Place the core segment in a plastic bag and place bag into a bulk density (clod)
box for shipment. Measurements of core diameter and length can be used to calculate volume
and density at the field-state water content. Core segments can be placed in a hair net, dipped
once, briefly in saran mix to coat the clod, hung from a rope with a clothes pin to dry, placed in
a plastic bag and then put into a cell of a clod box. Label the appropriate cell number on the
inside of the box lid to identify the site, pedon, and horizon.

A core segment can be taken for thin section. Place a staple in the top of the core, place
the core in a plastic bag and put the bag into a cell in a clod box. Label the appropriate cell
number on the inside of the box lid to identify the site, pedon, and horizon.

Bucket Auger: Remove surface if it is not suitable for auguring. Remove auger loads
and lay in order on plastic sheet. When horizon breaks are detected, measure depth in hole and
mark it on the plastic. Mix the horizon or zone to be sampled. Place in a plastic bag and label
with soil survey number, horizon (zone), and depth for the sample. Obtain a minimum of 500 g
(1 pt) for a reference sample or 3 kg (3 qt) for a characterization sample. Sampling depth in a
pit can be extended by the use of an auger in the pit bottom.

Specific Pedon Sampling Techniques

Soils with Rock Fragments: If coarse fragments up to 75 mm (3 in) in diameter are to
be weighed in the field, place excavated sample in a bucket of known weight (tare) and weigh.
Sieve the sample through both a 75-mm and 20-mm sieve (3/4 in) onto a canvas tarp which can
be suspended from a scale. Estimate the coarse fragment volume percent of both the 75 to 250
mm (10 in) fraction and > 250-mm fraction, and record these values in the description or
sampling notes. Weigh the 20 to 75 mm and the <20 mm fractions in pounds or kilograms, and
record these weights. Weights are calculated to an oven-dry base in the laboratory. Place a
minimum of 4 kg (1 gal) in a plastic bag, double fold the bag, and staple. The water content is
determined on the sample in the laboratory. If the 20 to 75-mm fraction is not weighed in the
field, estimate the volume percent and record in the sampling notes or description.

Organic Soils: If the soils are drained or the natural water table is below the surface,
obtain samples of upper layers from a pit. If the hydraulic conductivity is slow enough, dig and
remove samples below the water table as far as practical with due haste and place on a plastic
sheet in an orderly fashion for describing and processing. If undisturbed blocks can be
removed for bulk density, carve out cubes of known dimension (e.g., 5 cm on a side), place the
block in a plastic bag and tie the top in a knot. Place in a second plastic bag if soil is saturated,
tie the top in a knot. Put the double bagged sample in a clod box and label the appropriate cell
on the inside of the lid to identify the soil survey number and horizon (zone) for the sample.
Note the sample dimensions in the sampling notes.

Collect samples from below the water table with a Macaulay peat sampler. If the
samples appear undisturbed, mark 10-cm segments, slice with a knife, and place a single

11



segment in a plastic bag. Tie the top in a knot and place in a second plastic bag and tie the top
of that bag in a knot. Put the double bagged sample in a clod box and label the appropriate cell
on the inside of the lid to identify the soil survey number and horizon (zone) for the sample.
Note the sampler diameter and length of core in sampling notes. The sample shape is a half-
cylinder. As an alternative, carve a block to fit snugly in a tared water can. Place lid on can,
put can in a plastic bag, tie the top, and put in a clod box. ldentify can number, depth in
sampling notes along with the tare weight. Take replicate samples for the mixed sample, as
necessary.

Larger samples can be taken below the water table by removing the surface mat with a
spade and sampling lower layers with a post-hole digger. Place samples of each layer on
plastic for examination. Transfer samples to small plastic bags, knead to remove air. Put two
small bags of sample into one large plastic bag, fold top, staple, and tag.

Sulfidic Soil Materials: These materials as defined by soil taxonomy (Soil Survey
Staff, 1999) commonly occur in intra-tidal zones adjacent to oceans, and are saturated most or
all of the time. Use containers with an airtight cover. Mason jars and plastic containers with a
positive sealing mechanism work well. Glass containers must be adequately packed for
shipment to prevent breakage. Fill the container nearly full of sample and add ambient soil
water so that all air is eliminated when the lid is secured. Keep containers in the dark and cool.
Sulfidic soil samples require expedited transport in a cooler and are refrigerated (4 °C)
immediately upon arrival at the laboratory. Once in the lab, if it appears air remained in the
container, nitrogen gas can be bubbled through the sample for a few minutes to displace air,
then replace the lid. The intent is to keep the material at the field pH prior to running the
oxidized pH test.

Permafrost Affected Soils: Soils with permafrost present two special sampling
problems. The permafrost is very resistant to excavation and the cryoturbation disrupts horizon
morphology. In many cases the surface layers are organic materials. The following sampling
approach is suggested.

Test the depth to the frost table with a small (1 to 2 mm) diameter steel rod. Excavate a
small pit (about 0.7 by 1.3 m) to leave about 10 cm of unfrozen material over the permafrost. If
a cyclic pattern (up to a few meters) is evident in the surface topography, extend the pit through
at least one cycle. The organic layers can be carved out with a sharp knife or shovel in many
cases and removed. Save the large chunks, if possible.

The objective is to record the morphology of the unfrozen soil before the permafrost is
disturbed. Examine the surface and designate horizons. If the soil is disrupted to the extent
that lateral horizons do not represent the morphology, impose a grid over the pit face and
sketch the morphology on graph paper. Describe the soil down to the frost table. When the
description of the unfrozen material is complete, remove all unfrozen material to examine the
conformation of the frost table. Note on graph paper if necessary and photograph.

Frozen earth can be removed in successive steps with a gasoline-powered jackhammer.
Place pieces from each step on a separate plastic sheet. Examine pieces and describe the
morphology as they are removed. Note thickness of segregated ice lenses and make a visual
estim



slopes up and away. Use nails and string to outline boundaries of morphological cells. Assign
a number and a horizon designation to each cell.

Construct a level line about one meter below the highest point on the surface. Hammer
a spike into the wall at one end of the pit. Tie a loop in string, place the loop over the spike,
and run the string to the far end of the pit. Place a line level on the string, tie another loop in
the string, place a second spike through the loop, pull the string taut, raise or lower the spike
until the string is level, and hammer the spike into the pit face.

Place a marker at each meter along the string from one end to the other. Transfer the
morphology outlined by the string to graph paper by measuring the x-coordinate along the
string and the y-coordinate above or below the string, both in centimeters. Use a level or a
plumb bob to make the y measurement vertical.

Sample each cell for characterization analysis as described above. The sampling
scheme can include traditional pedon sequences by sampling vertical sequences of cells at low,
high, and intermediate positions along the cycle.

Soil Biology Sampling

Biological samples are also be collected for laboratory analysis, either in conjunction
with pedon sampling or independently. At the time of sampling for above-ground biomass, the
plants should be identified either in the field or later using a plant identification key so as to
determine which plants are associated with the soil microbial communities. Typically a 50 x
50-cm area is sampled. All vegetation is clipped to the soil surface, separated by genus or
species and by live and dead fractions. Each plant fraction is weighed, dried, and re-weighed
to determine above-ground biomass. As with pedon sampling, sampling for root biomass
includes selecting a representative site, sampling by horizon, and designating and sampling a
sub-horizon if root mass and morphology change. The sampling area is approximately 1 m”.
These samples are weighed, dried, and re-weighed to determine root biomass. Typically the
roots are separated by hand sieving at the laboratory. The same bulk sample collected for soil
mineralogical, physical, and chemical analyses during pedon sampling can also be used for
some soil biological analyses, e.g., particulate organic matter (POM), total N, C, and S.
Alternatively, a separate bio-bulk sample can be collected in the field. As with pedon
sampling, surface litter and O horizons are sampled separately by cutting out a 50 x 50-cm area
in a square to a measured depth for bulk density determinations. Include replicate samples in
the sampling plan, the primary purpose of which is to identify and/or quantify the variability in
all or part of the sampling and analysis system. Properly label samples to show important
information, e.g., soil, depth, horizon, etc. If certain biological analyses, e.g., microbial
biomass, are requested, these samples require expedited transport under ice or gel packs and are
refrigerated (4°C) immediately upon arrival at the laboratory to avoid changes in the microbial
communities. Other USDA-NRCS field procedures and sampling protocols for samples that do
not require analysis at the SSL are not covered in this manual. Refer to http://soils.usda.gov for
more detailed discussion of these topics.

Water Sampling

Water samples can also be collected for laboratory analyses, either in conjunction with
pedon sampling or independently. The amount and composition of water samples vary strongly
with small changes in location. Choice of water sampling site depends not only on the purpose
of the investigation but also on local conditions, depth, and the frequency of sampling
(Velthorst, 1996). Specific recommendations are not applicable, as the details of collection can
vary with local conditions. Nevertheless, the primary objective of water sampling is the same
as with soil sampling, i.e., to obtain a representative sample for use in laboratory analyses. The
USDA-NRCS projects requiring collection of water samples have typically been in conjunction
with special soil investigations. For more detailed discussion of sampling protocols and
investigations of water quality, refer to the U.S. Geological Survey field manual, available
online at http:/pubs.water.usgs.gov/. Detailed information about the elements of a water quality
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monitoring and assessment program may be found at the U.S. Environmental Protection
Agency’s website http://www.epa.gov/.

Preserve samples in the field-state until analysis at the laboratory, without the
introduction of change or contamination. Before water sampling in the field, rinse the
containers several times with the sample water and completely fill the container and screw cap
with the sample water. Avoid touching the sample water, inner part of the container or screw
cap. Gloves (powderless) may be used. Include blank samples in the sampling plan, the
primary purpose of which is to identify potential sources of sample contamination and assess
the magnitude of contamination with respect to concentration of target analytes. There are
many possible types of blanks (e.g., source-solution, equipment, trip, ambient, and field
blanks). Include replicate samples in the sampling plan, the primary purpose of which is to
identify and/or quantify the variability in all or part of the sampling and analysis system.
Common types of replicate samples include concurrent, sequential, and split. Refer to Wilde et
al. (1999) for more detailed descriptions of the purpose and processing procedures for blanks
and replicate samples. Properly label sample containers to show important information, e.g.,
location, depth, time, etc. Water samples require expedited transport under ice or gel packs and
are refrigerated (4 °C) immediately upon arrival at the laboratory.

Some water analyses, e.g., electrical conductivity, total and inorganic C, need to be
performed promptly, as optimal preservation is not possible (Velthorst, 1996). Upon
completion of these analyses, sample filtration (0.45-um membrane) is used to separate
dissolved from suspended material. The sample is then split into two sub-samples, with one
acidified to pH 2 for cation analyses (e.g., Al, Fe, Mn) and the other for anion analyses. These
other water analyses also need to be performed as promptly as possible.
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Laboratory Sample Collection and Preparation (1B)
Soil (1B1)
Samples (1B1la)

The purpose of any soil sample is to obtain information about a particular soil and its
characteristics. Sampling provides a means to estimate the parameters of these soil
characteristics with an acceptable accuracy at the lowest possible cost (Petersen and Calvin,
1986). Sub-sampling also may be used, as it permits the estimation of some characteristics of
the larger sampling unit without the necessity of measurement of the entire unit. Sub-sampling
reduces the cost of the investigation, but usually decreases the precision with which the soil
characteristics are estimated. Efficient use of sub-sampling depends on a balance between cost
and precision (Petersen and Calvin, 1986).

Soil variability and sample size are interferences to sample collection and preparation.
The objective of laboratory preparation is to homogenize the soil samples used in chemical,
physical, and mineralogical analyses. At each stage of sampling, an additional component of
variability, the variability within the larger units, is added to the sampling error (Petersen and
Calvin, 1986). Soil material needs to be adequate in amount and thoroughly mixed in order to
obtain a representative sample.

The SSL receives bulk soil samples from across the U.S. and internationally for a wide
variety of chemical, physical, and mineralogical analyses. The SSL also typically receives
natural fabrics, clods, and cores. Undisturbed clods are used to investigate micromorphology
and determine some physical properties, e.g., bulk density.

Bulk Samples (1Blal)

Laboratory identification numbers and preparation codes are assigned to bulk soil
samples. These identification numbers are unique client- and laboratory-assigned numbers that
carry important information about the soil sample (e.g., pedon, soil horizon, location, and year
sampled). Laboratory preparation codes depend on the properties of the sample and on the
requested analyses. These codes carry generalized information about the characteristics of the
analyzed fraction, i.e., the water content (e.g., air-dry, field-moist) and the original and final
particle-size fraction (e.g., sieved <2-mm fraction processed to 75 um) and by inference, the
type of analyses performed. Identification numbers and preparation codes are reported on the
SSL Primary Characterization Data Sheets. Refer to the Soil Survey Investigations Report
(SSIR) No. 45 (1995) for a detailed explanation of sample identification numbers. Since the
publication of the SSIR No. 42 (1996), there has been a significant revision of these
preparation codes. This version of the SSIR No. 42 (2004) does not describe in detail the
revised preparation codes. Detailed information on the current preparation codes as they appear
on the Primary Characterization Data Sheets may be obtained from the SSL upon request.

All soils from quarantined areas are strictly controlled under APHIS quarantine
regulations 7 CFR 330. For preparation procedures for soil bulk samples, proceed to 1B1b.
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Natural Fabrics, Clods, and Cores (1Bla2-4)

Laboratory identification number and preparation codes are assigned to natural fabrics
(NF), clods, and cores. These identification numbers typically relate to a corresponding bulk
sample. Refer to 1Blal for information on these identification numbers, preparation codes,
and soil quarantine regulations.

Soil Sample Preparation (1B1b)

1. Application

In the SSIR No. 42 (1996), laboratory preparation procedures were described as stand-
alone methods based on various procedures summarized by specific preparation codes that are
reported on the SSL Primary Characterization Data Sheets. In this version of the SSIR No. 42
(2004), these procedures are described more as a procedural process. A process approach is
appropriate in that any one sample received from the field may result in a number of laboratory
sub-samples being collected and prepared based on analytical requests and type of materials.
This approach is the logic base whereby laboratory procedures are described in this version of
the SSIR No. 42. The intent herein is not to detail all possibilities of the universe but to
describe some of the master preparation procedures that are typically requested for laboratory
analyses.

Laboratory analyses of soil samples are generally determined on the air-dry, fine-earth
(<2-mm) fraction (method 1B1b2b1). Air-dry is generally the optimum water content to handle
and to process soil. In addition, the weight of air-dry soil remains relatively constant, and
biological activity is low during storage. For routine soil analyses, most U.S. and Canadian
laboratories homogenize and process samples to pass a 2-mm sieve (Bates, 1993). For some
standard air-dry analyses, the <2-mm fraction is further processed so as to be in accordance
with a standard method, e.g., Atterberg Limits (1B1b2cl); to meet the sample preparation
requirements of the analytical instrument, e.g., total C, N, and S (1B1b2d1); or to achieve
greater homogeneity of sample material, e.g., total elemental analysis (1B1b2el) and
carbonates and/or gypsum (1B1b2d2). Additionally, some standard air-dry analyses by
definition may require non-sieved material, e.g., whole-soil samples for aggregate stability
(1B1b2al)

A field-moist, <2-mm sample is prepared when the physical properties of a soil are
irreversibly altered by air-drying, e.g., water retention (1B1b1b2), particle-size analysis, and
plasticity index for Andisols and Spodosols (1B1b1cl), and/or when moist chemical analyses
(1B1b1bl) are appropriate. Some biological analyses require field-moist samples (1B1bla2), as
air-drying may cause significant changes in the microbial community. The decomposition state
of organic materials is used in soil taxonomy (Soil Survey Staff, 1999) to define sapric, hemic,
and fibric organic materials, and as such the evaluation of these materials (Histosol analysis)
require a field-moist, whole-soil sample (1B1blal).

Knowing the amount of rock fragments is necessary for several applications, e.g.,
available water capacity and linear extensibility. Generally, the >2-mm fractions are sieved,
weighed, and discarded (1B1b2fla) and are excluded from most chemical, physical, and
mineralogical analysis. Some exceptions include but are not limited to samples containing
coarse fragments with carbonate- or gypsum-indurated material or material from Cr and R soil
horizons. In these cases, the coarse fragments may be crushed to <2 mm and analytical results
reported on that fraction, e.g., 2 to 20 mm (1B1b2f1a2a), or the coarse fragments and fine-earth
material are homogenized and crushed to < 2 mm with laboratory analyses made on the whole-
soil (1B1b2f1lbla). Additionally, depending on the type of soil material, samples can be tested
for the proportion and particle-size of air-dry rock fragments that resist abrupt immersion in tap
water (1B1b2f1a3).
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2. Summary of Method

Any one soil sample received from the field may result in a number of laboratory sub-
samples being collected and prepared based on the properties of the sample and on the
requested analyses. For most standard chemical, physical, and mineralogical analysis, the field
sample is air-dried, crushed, and sieved to <2 mm. Field-moist, fine-earth fraction samples are
processed by forcing the material through a 2-mm screen by hand or with a large, rubber
stopper and placed in a refrigerator for future analysis. Depending on the nature of the soil
material and requested analyses, air-dry and/or field-moist samples may also be prepared as
whole-soil samples or processed further to finer fractions than <2 mm, e.g., <0.425 mm for
Atterberg Limits and = 180 um for chemical analysis of organic materials. Air-dry, <75 pm
sub-samples for major and trace elements are processed metal-free.

Generally, weight measurements are made and recorded on the 20- to 75-mm, 5- to 20-
mm, and 2- to 5-mm fractions, with these fractions then discarded. In some cases, these weight
measurements may not be recorded. Additionally, some or all of these >2-mm fractions may
be processed to a finer fraction and saved for chemical, physical, and mineralogical analysis.
For example, after the respective weights of the 5- to 20-mm and 2- to 5-mm fractions are
recorded, these fractions may be recombined and crushed to <2 mm in a laboratory jaw crusher,
with the recombined material saved for laboratory analysis. In other cases, the fine-earth
fraction and the >2-mm fractions are homogenized and passed through a laboratory jaw crusher
to reduce all material to pass a 2-mm sieve, with the processed material saved for laboratory
analysis.

3. Interferences

Soil variability and sample size are interferences to sample collection and preparation.
At each stage of sampling, an additional component of variability, the variability among
smaller elements within the larger units, is added to the sampling error (Petersen and Calvin,
1986). Soil material needs to be in adequate amount and thoroughly mixed to obtain a
representative sample.

Soil is mixed by moving it from the corners to the middle of processing area and then
by redistributing the material. This process is repeated four times. Enough soil material needs
to be sieved and weighed to obtain statistically accurate rock fragment content. In order to
accurately measure rock fragments with a maximum particle diameter of 20 mm, the minimum
specimen size ("dry" weight) that needs to be sieved and weighed is 1.0 kg. Refer to ASTM
Standard Practice D 2488 (American Society for Testing and Materials, 2004). A homogenized
soil sample is more readily obtained from air-dry material than from field-moist material.
Whenever possible, "moist" samples or materials should have weights two to four times larger
than for "dry" specimens (American Society for Testing and Materials, 2004). Refer to ASTM
Standard Practice D 2488 (American Society for Testing and Materials, 2004).

4. Safety

Dust from sample processing is a nuisance. A mask should be worn in order to avoid
breathing dust. Keep clothing and hands away from the crusher and pulverizer when these
machines are in use. Use a face-shield and goggles when operating the jaw crusher. Use
goggles when operating the air compressor. The HCI used to check carbonates can destroy
clothing and irritate skin. Immediately rinse acid with water from clothing or skin and seek
professional medical help, if needed.

5. Equipment

5.1 Electronic Balance, +1-g sensitivity and 15-kg capacity
5.2 Cardboard trays for sample storage
5.3 Trays, plastic, tared

5.4  Sieves, square-hole, stainless steel
5.4.1 80 mesh, 180 um
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4.2 10 mesh, 2 mm

4.3 4 mesh, 4.75 mm

4.4 19 mm, 3/4 in

45 76 mm, 3in

4.6 200-mesh, 75 um, nylon cloth sieve

4.7 40-mesh, 0.425 mm

5 Pulverizer

.6 Wooden rolling pin

7 Rubber roller

8 Laboratory jaw crusher, Retsch, Model BB2/A, Brinkmann Instruments Inc., Des Plaines,
IL

9

1

1

1

1

1

1

Metal plate, 76 x 76 x 0.5 cm

0 Containers, paper, 12-0z, with lids

1 Containers, plastic, 1-pint, 1, 4, and/or 8 oz with tops

2 Scintillation glass vials, 20-mL

3 Metal weighing cans, 2-0z

4 Brown Kraft paper

5 Air compressor, Cast-iron Series, SpeedAire, Campbell Hausfeld Mfg. Co., Harrison,
OH.

16 Planetary ball mill, Fritsch, Model P-5, Gilson, Lewis Center, OH

17 Syalon balls, 12- to 15-mm, and bowls, 80-mL

18 Metal weighing cans, 2-0z

19 Cross beater mill, Retsch, Brinkmann Instruments Inc., Des Plaines, IL.

. Reagents

1 Reverse osmosis (RO) water

2 1NHCI

3 Sodium hexametaphosphate solution. Dissolve 35.7 g of sodium hexametaphosphate

(NaPO3)s and 7.94 g of sodium carbonate (Na,CO3) in 1 L of RO water.
7. Procedures
Soil Bulk Sample Preparation (1B1b)
7.1 Weigh soil sample in sample bag to nearest g when logged-in and record weight.
7.2 Weigh sample in sample bag to nearest g before air-drying and record weight.

7.3 Remove soil sample from sample bag and distribute on a plastic tray. Thoroughly mix soil
material.

7.4 1f field-moist sub-samples are requested, proceed to procedure 1B1b1.
7.5 If only air-dry sub-samples are requested, proceed to procedure 1B1b2.

Soil Bulk Sample Preparation (1B1Db)
Field-Moist Preparation (1B1b1)

7.6 If field-moist, whole-soil sub-samples are requested, proceed to procedure 1B1bla.

7.7 If only field-moist, <2-mm sub-samples are requested, proceed to procedure 1B1blb.
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Soil Bulk Sample Preparation (1B1b)
Field-Moist Preparation (1B1b1)
Whole-soil (1B1bla)

7.8 Procedures for field-moist, whole-soil sub-samples include but are not limited to 1B1blal
and 1B1bla? as follows:

Soil Bulk Sample Preparation (1B1b)
Field-Moist Preparation (1B1b1)
Whole-soil (1Bl_b1a£

Histosol Analysis (1B1blal)

7.9 For Histosol analysis, select material for representative sub-samples from at least five
different areas on the plastic tray. Prepare a sub-sample of the field-moist, whole-soil prepared
in an 8-0z container. Store in the refrigerator for future analysis.

Soil Bulk Sample Preparation (1B1Db)
Field-Moist Preparation (1B1b1)
Whole-soil (1B1bla)

Biological Analysis (1B1bla2)

7.10 For biological analyses, select material for representative sub-samples from at least five
different areas on the plastic tray. Prepare a sub-sample of field-moist, whole-soil prepared in a
plastic container. This sub-sample is termed a biology bulk sample, which may be obtained
from the bulk soil sample upon arrival at the laboratory. Store the biology bulk sample in the
refrigerator for future analysis. For additional information on biology collection and
preparation procedures, proceed to 1B3.

Soil Bulk Sample Preparation (1B1Db)
Field-Moist Preparation (1B1b1)
<2-mm Fraction (1B1b1Db)

7.11 Procedures for field-moist, <2-mm sub-samples include but are not limited to 1B1b1b1,
1B1b1b2, 1B1b1b3, and 1B1blcl as follows:

Soil Bulk Sample Preparation (1B1Db)

Field-Moist Preparation (1B1b1)

<2-mm Fraction (1B1blb) _

Chemical and Selected Physical Analysis (1B1b1b1)

7.12 For moist chemical analysis, select material for representative sub-samples from at least
five different areas on the plastic tray. Process a sub-sample of field-moist material by forcing
the material through a 2-mm screen by hand or with a large, rubber stopper and place in a 1-
pint plastic container. Store in the refrigerator for future analysis.

Soil Bulk Sample Preparation (1B1Db)
Field-Moist Preparation (1B1b1)
<2-mm Fraction (1B1blb

1500-kPa Water Content (1B1b1b2)

7.13 For moist 1500-kPa water content of mineral and organic material, select material for
representative sub-samples from at least five different areas on the plastic tray. Process a sub-
sample of field-moist material by forcing the material through a 2-mm screen by hand or with a
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large, rubber stopper and place in a 4-0z plastic container. Store in the refrigerator for future
analysis.

Soil Bulk Sample Preparation (1B1Db)
Field-Moist Preparation (1B1b1)
<2-mm Fraction (1Blb1b2_
Field-Moist/Oven-Dry Ratio (1B1b1b3)

7.14 For field-moist/oven-dry (FMOD) ratio (required if any moist analyses are determined),
select material for representative sub-samples from at least five different areas on the plastic
tray. Process a sub-sample of field-moist material by forcing the material through a 2-mm
screen by hand or with a large, rubber stopper and place in a 2-oz metal weighing can.

Soil Bulk Sample Preparation (1B1Db)
Field-Moist Preparation (1Blbl)5

<2-mm Fraction Sieved to <0.425 mm (1B1blc)
Atterberg Limits (1B1blcl)

7.15 For moist Atterberg Limits, select material for representative sub-samples from at least
five different areas on the plastic tray. Process a sub-sample of field-moist material by forcing
the material through a 2-mm screen by hand or with a large, rubber stopper and then sieved to
40-mesh (0.425 mm). Place sub-sample in a 12-0z plastic container and store in the refrigerator
for future analysis.

Soil Bulk Sample Preparation (1B1b)
Air-Dry Preparation (1B1b2)

7.16 Before air-drying, weigh sample on a tared tray (tray weight) to nearest g and record
weight.

7.17 Air-dry the sample in an oven at 30 to 35° C for 3 to 7 days.

7.18 Weigh sample to nearest g after air-drying and record weight.

7.19 If air-dry, whole-soil sub-samples are requested, proceed to procedure 1B1b2a.
7.20 If only air-dry, <2-mm sub-samples are requested, proceed to procedure 1B1b2b.
Soil Bulk Sample Preparation (1B1b)

Air-Dry Preparation (1B1b2)

Whole-Soil (1B1b2a)

7.21 Procedures for air-dry, whole-soil sub-samples include but are not limited to 1B1b2al and
1B1b2a2 as follows:

Soil Bulk Sample Preparation (1B1b)
Air-Dry Preparation (1B1b2)
Whole-Soil (1B1b2a) _

Aggregate Stability Analysis (1B1b2al)

7.22 For aggregate stability analysis, select material for representative sub-samples from at

least five different areas on the plastic tray. Prepare an air-dry, whole-soil sample in a 12-0z
paper container.
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Soil Bulk Sample Preparation (1B1b)
Air-Dry Preparation (1B1b2)
Whole-Soil §Blb2a)

Repository Samples (1B1b2a2)

7.23 For comprehensive sampling projects, prepare a 12-0z paper container of fine-earth
material. Also prepare a 12-0z container for natural fabric (NF) sample. Store soil samples in
repository. If a NF sample was not selected in the field, select one from air-dried bulk sample.
Generally, do not select NF samples for reference projects.

Soil Bulk Sample Preparation (1B1b)
Air-Dry Preparation (1B1b2)
<2-mm Fraction (1B1b2b)

7.24 Weigh sample to nearest g and record weight. This weight includes the >2-mm fractions.

7.25 Roll soil material on a flat, metal plate that is covered with brown Kraft paper with
wooden rolling pin and/or rubber roller to crush clods to pass a 2-mm sieve. For samples with
easily crushed coarse fragments, substitute a rubber roller for a wooden rolling pin. Roll and
sieve until only the coarse fragments that do not slake in sodium hexametaphosphate solution
remain on sieve. Crush clayey soils that contain no coarse fragments in a laboratory jaw
crusher.

7.26 Process air-dry soil by sieving to <2-mm. Thoroughly mix material by moving the soil
from the corners to the middle of the processing area and then by redistributing the material.
Repeat process four times. For preparation of the >2-mm fractions, proceed to procedure
1B1b2f .

7.27 Procedures for air-dry, <2-mm fractions include but are not limited to 1B1b2b1, 1B2b2b2,
1B2b2b3, 1B2b2b4, 1B2b2b5, 1b2b2cl, 1B2b2d1, 1b2b2d2, 1B2b2d3, and 1B2b2el as
follows:

Soil Bulk Sample Preparation (1B1b)

Air-Dry Preparation (1B1b2)

<2-mm Fraction (1B1b2b) ) _ ]

Standard Chemical, Physical and Mineralogical Analysis (1B1b2b1)

7.28 For standard chemical, physical, and mineralogical analysis, select material for
representative sub-samples from at least five different areas on the plastic tray. Prepare one
sub-sample of the air-dry, sieved <2-mm fraction in a 12-0z paper container.

Soil Bulk Sample Preparation (1B1b)
Air-Dry Preparation (1B1b2)
<2-mm Fraction (1B1b2b)

Salt Analysis (1B1b2b2)

7.29 For a saturation paste when salt analyses are requested, select material for representative
sub-samples from at least five different areas on the plastic tray. Prepare one sub-sample of the
air-dry, sieved <2-mm fraction in a 1-pint plastic container.
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Soil Bulk Sample Preparation (1B1b)
Air-Dry Preparation i)lBle)

<2-mm Fraction (1B1b2b)

1500-kPa Water Content (1B1b2b3)

7.30 For air-dry 1500-kPa water content of mineral and organic materials, select material for
representative sub-samples from at least five different areas on the plastic tray. Prepare a sub-
sample of air-dry, sieved <2-mm fraction in a 1-oz plastic cup.

Soil Bulk Sample Preparation (1B1b)
Air-Dry Preparation (1B1b2)
<2-mm Fraction (1B1b2b)
Air-Dry/Oven-Dry Ratio (1B1b2b4)

7.31 For air-dry/oven-dry (ADOD) ratio (required if any air-dry analysis are determined),
select material for representative sub-samples from at least five different areas on the plastic
tray. Prepare a sub-sample of the air-dry, sieved <2-mm fraction in a 2-0z metal weighing can.

Soil Bulk Sample Preparation (1B1b)
Air-Dry Preparation (1B1b2)
<2-mm Fraction (1B1 2b£

Presence of Carbonates (1B1b2b5)

7.32 Use a sub-sample of the ADOD sample (procedure 1B1b2b4) and check for the presence
of carbonates. Reference samples (knowns) are available for comparisons. Place 1 g of the air-
dry fine-earth fraction in porcelain spot plate, add reverse osmosis water, and stir to remove
entrapped air. Add 1 N HCI to soil, observe amount of effervescence, and record as follows:

None — No visual efferevescence.

Very Slight - Bubbles rise at a few points in the sample and consistently appear at the same
point in either a steady stream of tiny bubbles or in a slower stream of larger bubbles. Do not
mistake trapped air bubbles for a positive test. Generally, these air bubbles appear immediately
after the addition of 1 N HCI.

Slight - More small bubbles, and possibly a few larger bubbles, appear throughout the sample
than with a very slight reaction.

Strong - More large bubbles are evident than with a slight reaction. Often the reaction is
violent at first and then quickly decreases to a reaction that produces many small bubbles.

Violent - The sample effervesces violently. Many large bubbles appear to burst from the spot
plate.

Soil Bulk Sample Preparation (1B1b)
Air-Dry Preparation (1B1b2)

<2-mm Fraction Sieved to 0.425 mm (1B1b2c)
Atterberg Limits (1B1b2cl)

7.33 For Atterberg Limits, select material for representative sub-samples from at least five

different areas on the plastic tray. Prepare one sub-sample of the air-dry, sieved <2-mm
material sieved to 40-mesh (0.425 mm) in a 12-0z paper container.
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Soil Bulk Sample Preparation (1B1b)

Air-Dry Preparation (1B1b2)

<2-mm Fraction Processed to ~ 180 pm (IlB_le%)

Total Carbon, Nitrogen, and Sulfur Analysis (1B1b2d1)

7.34 For total C, N, and S analyses, select material for representative sub-samples from at least
five different areas on the plastic tray. Prepare one sub-sample of the air-dry, sieved <2-mm
fraction processed in a cross beater mill to (= 80 mesh, 180 um) in a 20-mL scintillation glass
vial.

Soil Bulk Sample Preparation (1B1b)

Air-Dry Preparation (1B1b2)

<2-mm Fraction Processed to ~ 180 Em ngleb)
Calcium Carbonate and Gypsum (1B1b2d2)

7.35 Use the prepared sub-sample (procedure 1B1b2d1) for the determination of the amount of
carbonates and/or gypsum.

Soil Bulk Sample Preparation (1B1b)

Air-Dry Preparation (1B1b2)

<2-mm Fraction Processed to ~ 180 um (1B1b2b)
Chemical Analysis of Organic Materials (1B1b2d3)

7.36 For chemical analysis of organic materials, select material for representative sub-samples
from at least five different areas on the plastic tray. Prepare a sub-sample of the air-dry, sieved
<2-mm fraction processed in a cross beater to a fine grind (= 80 mesh, 180 pum) in a 12-0z
paper container.

Soil Bulk Sample Preparation (1B1b)

Air-Dry Preparation (1B1b2

<2-mm Fraction Sieved to 75 um (1B1b2e)
Total Major and/or Trace Elements (1B1b2el)

7.37 For total major and/or trace element analyses, select material for representative sub-
samples from at least five different areas on the plastic tray. Prepare one sub-sample of the air-
dry, metal free, sieved <2-mm fraction processed in a planetary ball mill for 2 min and sieved
to <75 pum (200 mesh) in a 20-mL scintillation glass vial.

Soil Bulk Sample Preparation (1B1b)
Air-Dry Preparation (1B1b2)
>2-mm Fractions (1B1b2f)

7.38 The following procedures are used for samples with >2 mm fractions. These fractions
include mineral coarse fragments as well wood fragments that are >20 mm in cross section and
cannot be crushed and shredded with the fingers. If the >2-mm fractions are to be weighed,
recorded, and discarded, with no further laboratory analysis, proceed to procedure 1B1b2f1a.
When the data for >2-mm fractions are not recorded, proceed to procedure 1B1b2f1b. If the >2-
mm fractions contain carbonate- or gypsum-indurated material, and laboratory analysis is
requested, proceed to procedure 1B1b2flala. If the >2-mm fractions are Cr or R material (Soil
Survey Staff, 1999), and laboratory analysis is requested, proceed to procedure 1B1b2flbla. If
testing is requested for the proportion and particle-size of the air-dry, >2-mm fraction that resist
abrupt immersion in tap water, proceed to procedure 1B1b2f1a3.
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Soil Bulk Sample Preparation (1B1b)
Air-Dry Preparation (1B1b2)

>2-mm Fractions (1B1b2f)

Particle-Size Analysis (1B1b2f1)
Particle-Size Analysis, Recorded (1B1b2fla)

7.39 Process the air-dry soil by sieving to <2 mm as described in procedure 1B1b2b. In this
procedure (1B1b2fla), weight measurements are made on the 20- to 75-mm, 5- to 20-mm, and
2- to 5-mm fractions. Weigh soil material with diameters of 2 to 5 mm. If difficult to separate
the <2-mm fraction from fragments, soak (100 g of 2- to 5-mm fraction) in sodium
hexametaphosphate solution for 12 h. Air-dry, weigh the material that does not slake, record
weight, and discard. Weigh, record weight, and discard particles with diameters of 20 to 75 mm
and 5 to 20 mm. The <2-mm fraction is saved for chemical, physical, and mineralogical
analysis (1B1b2b)

Soil Bulk Sample Preparation (1B1b)

Air-Dry Preparation (1B1b2)

>2-mm Fractions (1B1b2f)

Particle-Size Analysis (1B1b2f1)

Particle-Size Analysis, Not Recorded (1B1b2f1b)

7.40 This procedure (1B1b2f1b) is the same as described in procedure 1B1b2fla except the
weight of the >2-mm fractions are not recorded and all analytical results are reported on a <2-
mm basis.

Soil Bulk Sample Preparation (1B1b)

Air-Dry Preparation (1B1b2)

>2-mm Fractions (1B1b2f)

Particle-Size Analysis (1B1b2f1)

Particle-Size Analysis, Recorded (1B1b2fla

2- to 20-mm Fraction Processed to <2-mm (1B1b2flal)
Chemical, Physical, and Mineralogical Analysis (1B1b2flala)

7.41 This procedure (1B1b2flala) is commonly used for samples with carbonate- or gypsum-
indurated material. Process the air-dry soil by sieving to <2 mm as described in procedure
1B1b2b. Weigh soil material with diameters of 20- to 75-mm, 5 to 20-mm, and 2 to 5-mm and
record weights as described in procedure 1B1b2fla. The 5- to 20-mm and 2- to 5-mm fractions
are then recombined after their respective weights are recorded. The recombined, 2- to 20-mm,
material is crushed to <2 mm in a laboratory jaw crusher. This material is saved for laboratory
analysis and analytical results reported on the 2- to 20-mm basis. The <2-mm material is also
saved for chemical, physical, and mineralogical analysis as described in procedure 1B1b2b. If
carbonate or gypsum accumulations are soft and easily pass a 2-mm sieve, the standard
procedure (1B1b2b) is usually requested.
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Soil Bulk Sample Preparation (1B1b)

Air-Dry Preparation (1B1b2)

>2-mm Fractions (1B1b2f)

Particle-Size Analysis (1B1b2f1)

Particle-Size Analysis, Recorded (1B1b2fla) _ _

2- to 20-mm Fraction Processed to <2-mm and Recombined with <2-mm
Fraction (1Blb2f1a2|2/|_ ) _

Chemical, Physical, Mineralogical Analysis (1B1b2fla2a)

7.42 This procedure (1B1b2fla2a) is rarely requested. Process the air-dry soil by sieving to <2
mm as described in procedure 1B1b2b.Weigh soil material with diameters of 20- to 75-mm, 5
to 20-mm, and 2 to 5-mm and record weights as described in procedure 1B1b2fla. The 5- to
20-mm and 2- to 5-mm fractions are then recombined after their respective weights are
recorded. The recombined, 2- to 20-mm, material is crushed to <2 mm in a laboratory jaw
crusher. This material is then recombined with the <2-mm fraction. These analytical results are
reported on the <20-mm basis or are calculated to the <2-mm basis.

Soil Bulk Sample Preparation (1B1b)

Air-Dry Preparation (1B1b2)

>2-mm Fractions (1B1b2f)

Particle-Size Analysis (1B1b2f1)

Particle-Size Analysis, Not Recorded (1B1b2f1b)

Whole-Soil Processed to <2-mm (1B1b2f1bl)

Chemical, Physical, and Mineralogical Analysis (1B1b2flbla)

7.43 This procedure (1B1b2f1lbla) is mainly used to prepare samples from Cr or R soil
horizons (Soil Survey Staff, 1999). Homogenize particles with diameters >2 mm and the fine-
earth material (<2-mm) and crushed to <2-mm in a laboratory jaw crusher. This material is
saved for laboratory analysis and analytical results reported on the whole-soil basis.

8. Calculations
Calculations for coarse fragments are reported in 3A2.

9. Report
Reported data include but are not limited to the following:

Weight (g) of field-moist soil sample

Weight (g) of air-dry soil sample

Weights (g) of processed air-dry soil

Weight (g) of 20- to 75-mm fraction

Weight (g) of 5- to 20-mm fraction

Weight (g) of 2- to 5-mm fraction

Weight (g) of sub-sample of 2- to 5-mm fraction before slaking
Weight (g) of sub-sample of 2- to 5-mm fraction after slaking
Effervescence with HCI (None, Very Slight, Slight, Strong, Violent)
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. Precision and Accuracy
Precision and accuracy data are available from the SSL upon request.

11. References
American Society for Testing and Materials. 2004. Standard practice for description and
identification of soils (visual-manual procedure). D 2488.. Annual book of ASTM
standards. Construction. Section 4. Soil and rock; dimension stone; geosynthesis. VVol.
04.08. ASTM, Philadelphia, PA.
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Soil Bulk Sample Preparation (1B1b)

Air-Dry Preparation (1B1b2)

>2-mm Fractions (1B1b2f)

Particle-Size Analysis (1B1b2f1)

Particle-Size Analysis, Recorded (1B1b2fla) )
Proportion and Particle-Size of Air-Dry Rock Fragments that Resist Abrupt
Immersion in Tap Water (1B1b2fla3)

1. Application

It is widely accepted that the mechanical preparation of soil for laboratory analysis is
difficult to standardize for samples that contain >2-mm particles with rupture resistance
intermediate between earthy bodies and fragments of highly resistant rock (Grossman, 2004).
There is a need for a procedure that is both reproducible and subjects the >2-mm fraction to an
intermediate stress less than standard mechanical preparation. Abrupt immersion in tap water
of the initially air-dry >2-mm fraction has been chosen as the manner in which stress is applied.
For some situations, comparison of the results to use a dispersing agent may be valuable; for
this another procedure would need establishment.

This method (1B1b2f1a3) provides a comparison to mechanical preparation methods
and should aid in the development of more precise mechanical preparation dependent on
sample properties (Grossman, 2004). Certain analyses can be run on the >2-mm fraction after
separation by the water-immersion method. The resulting values can be subtracted from
analyses on the whole ground sample to obtain estimates for the <2-mm fraction as removed by
the water immersion treatment.

2. Summary of Method

A representative sub-sample of the air-dry field sample is weighed and passed through a
No.10 sieve. The >2-mm fraction is placed abruptly in tap water, left overnight, gently
agitated, passed through a No. 10 sieve, and the wet >2-mm passed through a nest of No. 10,
No. 4, 9.5-mm (nominally 10 mm), and 20-mm sieves.

3. Interferences _
There are no known interferences.

4. Safety

Dust from sample processing is a nuisance. A mask should be worn in order to avoid
breathing dust.
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. Equipment

.1 Buckets, plastic, 10-L with 1-L marks

.2 Bucket, plastic, in which 20-cm diameter sieve fits snugly

3 Bucket, 19-L (5-gal), straight-sided, with 30-cm diameter

4 Drying trays, fiberglass, 35 x 48 cm

5 Cake pans, aluminum foil, 20 x 20 x 4cm

.6 Sieves: 30-cm diameter No. 10, 20-mm diameter No. 4, 9.5- and 20-mm plus bottom pan

.7 Top loading balance, 1-g sensitivity and >10,000-g capacity, with pan large enough to
mount the trays listed under Section 5.4

.8 Pan, plastic, 60 x 40 x 15 cm

.9 Plastic sheet, 8-mm, large enough to line plastic container

.10 Plastic beads, 9 x 6 mm, segregated by different colors

.11 Teaspoon, tablespoon

6. Reagents
6.1 C&Clz-ZHzO
6.2 Tap water of acceptable dispersability (taken as Zone A in Flanagan and Holmgren, 1977).

7. Procedure

7.1 Remove roughly a one-fourth representative sub-sample inclusive of the >20-mm fraction
from the field sample and weigh.

7.2 Pass through a No. 10 sieve. Weigh the >2-mm particles and discard the<2-mm fraction.
Immerse the >2-mm fraction abruptly in tap water in a 10-L bucket in which there is
approximately 1-L of water for roughly every 500 g of >2-mm particles. Leave the sample
overnight.

7.3 Insert the hand to the bottom of the bucket and rotate the mass at one rotation per second 20
times. In the sink, place the 30-cm diameter No. 10 sieve over the top of a 19-L diameter
bucket. Quantitatively transfer the >2-mm particles into the No.10 sieve and wash with a water
stream to remove the material not resistant to the immersion treatment. Use a minimum
amount of water.

7.4 After the 19-L bucket is full, add about 30 g of CaCl,. Allow to stand until settled out.
Pour off into the sink as much of the water as possible without transfer of solids to the sink.
Dry the sediment in the bucket by evaporation, followed by disposal as a solid.

7.5 Follows 7.3 directly if no strength measurements. Quantitatively transfer from the 30-cm
diameter sieve to a tray. Air-dry the sample on the tray at 30 to 35°C. Pass through a nest of
20-mm, No. 4 and No. 10 sieves.

7.6 Weigh each separate to the nearest g and report. Subtract the >20-mm weight from the
initial >2-mm weight. Obtain the 2 to 5, 5 to 20, and 2- to 20-mm particles as a percent of the
<20-mm fraction.

8. Calculations

8.1 A=[B/(C-D)] x 100

8.2E=[F/(C-D)] x 100

83G=A+E
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where:

A = Weight percentage 2- to 5-mm fraction on <20-mm basis (%)

B = Air-dry weight of 2- to 5-mm fraction after water immersion (g)
C = Air-dry total weight of whole soil sub-sample (g)

D = Air-dry weight of >20-mm fraction after water immersion (Q)

E = Weight percentage of 5- to 20-mm fraction on <20-mm basis (%)
F = Air-dry weight of 5- to 20-mm fraction after water immersion (g)
G = Weight percentage 2- to 20-mm fraction on <20-mm basis (%)

9. Report
Report the 2 to 5, 5 to 20, and 2- to 20-mm fractions as weight percentages of the <20-
mm fraction.

10. Precision and Accuracy
Precision and accuracy data are available from the SSL upon request.

11. References

Flanagan, C.P., and G.G.S. Holmgren. 1977. p. 121-134. Field methods for determination
of soluble salts and percent sodium from extract for identifying dispersive clay soils. In
J.L. Sherard and R.S. Decker (eds.) Dispersive clays, related piping, and erosion in
geotechnical projects, ASTM STP 623. American Society of Testing Materials, West
Conshohocken, PA.

Grossman, R.B. 2004. Proportion and particle-size of air-dry rock fragments that resist
abrupt immersion in tap water. USDA-NRCS, Lincoln, NE.

Laborator¥ Sample Collection and Preparation (1B)
Water (1B
Samples (1B2a)

As with soil samples, laboratory identification numbers and preparation codes are
assigned to water samples. Refer to 1B1al for information on these identification numbers and
preparation codes.

Water (1B2) _
Water Sample Preparation (1B2b)

Avoid long periods between collection and laboratory analysis of water. To prevent
significant changes (e.g., degradation, volatilization), water samples require expedited transport
under ice or gel packs and are refrigerated (4°C) immediately upon arrival at the laboratory.
Avoid freezing water samples, which can influence pH and the separation of dissolved organic
matter from the water phase.

Some water analyses, e.g., electrical conductivity, total and inorganic C, need to be
performed promptly, as optimal preservation is not possible (Velthorst, 1996). Upon
completion of these analyses, sample filtration (0.45-um membrane) is used to separate
dissolved from suspended material. The sample is then split into two sub-samples, with one
acidified to pH 2 for cation analyses (e.g., Al, Fe, Mn) and the other for anion analyses. These
other water analyses also need to be performed as promptly as possible.
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Biological Materials (1B3)
Samples (1B3a)

Bl_olog%/_Bulk Sample (1B3a12
Microbial Biomass Sample (1B3a2)

As with soil and water samples, laboratory identification numbers and preparation
codes are assigned to biology samples. Refer to 1B1al for information on these identification
numbers and preparation codes. Some biology samples arrive at the laboratory as part of the
soil bulk sample. If this is the case, biological sub-samples are collected and prepared as
described in 1B1bla2. In other cases, biology bulk samples may be split in the field (1B3al)
and are separate sampling units from the soil bulk sample (1B1al). Additionally, some
biological samples, e.g., microbial biomass (1B3a2), are separate units from the soil bulk or
other biology samples, requiring expedited transport under ice or gel packs and are refrigerated
(4°C) immediately upon arrival at the laboratory.

Biological Materials (1B3)
Biological Material Preparation (1B3b)

Avoid long periods between collection and laboratory analysis of biological samples to
prevent significant changes (e.g., microbial community). Store biology samples in the
refrigerator (4°C) for future analysis. Biological preparation includes but is not limited to the
following:

Biological Materials (1B3)
Bjolog;l{ﬁa! Material Preparation (1B3b)
Field-Moist Preparation (1B3b1)

<2 mm _(183_b1a5)

Microbial Biomass (1B3blal)

Refer to the section on soil biological and plant analyses (6) for additional information
on the further processing and preparation of these biological samples for laboratory analysis.

Biological Materials (1B3)

Biological Material PreEaratlon (1B3b)

Air-Dry Preparation (1 3b2§ ) _ )
<2-mm Fraction Sieved to <53 um, with > 53f1m (Particulate Organic
Matter) and <53 um Processed to ~ 180 élm (1B3b2a)

Total Carbon, Nitrogen, and Sulfur (1B3b2al)

Refer to the section on soil biological and plant analyses (6) for additional information
on the further processing and preparation of these biological samples for laboratory analysis.

Biological Materials (1B3)
Biological Material PreEaratlon (1B3b)
Air-Dry Preparation (1B3b2)

<2-mm Fraction %83 2b)

Other Biological Analyses (1B3b2b1)

Refer to the section on soil biological and plant analyses (6) for additional information
on the further processing and preparation of biological samples for laboratory analysis.
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Biological Materials (1B3)

Biological Material Preparation (1B3b)

Dry (50 C) Preparation (1B3b3)

Roots (1B3b3a

Root Biomass (1B3b3al

Roots Processed to ~ 180 um 183b3a1a%

Total Carbon, Nitrogen, and Sulfur (1B3b3alal)
Plants (1B3b3b

Plant Biomass (1B3b3bl

Plants Processed to ~ 180 um (1B3b3b1%)

Total Carbon, Nitrogen, and Sulfur (1B3b3blal)

Refer to the section on soil biological and plant analyses (6) for additional information
on the further processing and preparation of these biological samples for laboratory analysis.

References
Velthorst, E.J. 1996. Water analysis. p. 121-242. In P. Buurman, B. van Lagen, and E.J.
Velthorst (eds.) Manual for soil and water analysis. Backhuys Publ. Leiden.

CONVENTIONS (2)
Methods and Codes (2A)

The SSL ensures continuity in its analytical measurement process with the use of
standard operating procedures (SOP’s). A standard method is defined herein as a method or
procedure developed by an organization, based on consensus opinion or other criteria and often
evaluated for its reliability by a collaborative testing procedure (Taylor, 1988). A SOP is a
procedure written in a standard format and adopted for repetitive use when performing a
specific measurement or sampling operation, i.e., a SOP may be a standard or one developed by
a user (Taylor, 1988).

The use of SOP’s provides consistency and reproducibility in soil preparations and
analyses and helps to ensure that these preparations and analyses provide results of known
quality. The standard methods described in the SSIR No. 42, Soil Survey Laboratory Methods
Manual, Version 4.0 replaces as a methods reference all earlier versions of the SSIR No. 42
(1989, 1992, and 1996, respectively) and SSIR No. 1, Procedures for Collecting Soil Samples
and Methods of Analysis for Soil Survey (1972, 1982, and 1984). All SSL methods are
performed with methodologies appropriate for the specific purpose. The SSL SOP’s are
standard methods, peer-recognized methods, SSL-developed methods, and/or specified
methods in soil taxonomy (Soil Survey Staff, 1999). This manual also serves as the primary
document from which a companion manual, Soil Survey Laboratory Information Manual (SSIR
No. 45, 1995), has been developed. The SSIR No. 45 describes in greater detail the application
of SSL data.

Included in the SSIR No. 42 are descriptions of current as well as obsolete methods,
both of which are documented by method codes and linked with analytical results that are
stored in the SSL database. This linkage between laboratory method codes and the respective
analytical results is reported on the SSL data sheets. Reporting the method by which the
analytical result is determined helps to ensure user understanding of SSL data. In addition, this
linkage provides a means of technical criticism and traceability if data are questioned in the
future.

The methods in current use at the SSL are described in the SSIR No. 42 in enough
detail that they can be performed in many laboratories without reference to other sources.
Descriptions of the obsolete methods are located at the back of this methods manual.
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Information is not available to describe some of these obsolete procedures in the same detail as
used to describe the current methods in the laboratory.

Since the publication of the SSIR No. 42 (1996), there has been a significant increase in
the number and kind of methods performed at the SSL, resulting in a re-structuring of the
method codes. As in past versions of the SSIR No. 42, the current method codes are
hierarchical and alphanumerical. However, the older method code structure had only a
maximum of four characters, e.g., 6A1b, whereas the new structure has more characters,
carrying more information about the method, e.g., particle-size and sample weight bases for
reporting data. This version of the SSIR No. 42 carries not only the new method codes but also
the older ones as well. These older codes are cross-referenced in a table preceding the method
descriptions of the obsolete SSL methods This linkage between the two method code systems
IS important to maintain, as many older SSL data sheets and scientific publications report these
older codes.

The SSL data have been provided in reports, e.g., Primary and Supplementary
Characterization Data Sheets, and in electronic forms, including tapes, disks, and CD-ROMs.
More recently, other reports have been developed, e.g., Soil Taxonomy Characterization Data
Sheets, and data are available via the NRCS Soils web site http://soils.usda.gov/. Historically, the
SSIR No. 42 has described and assigned method codes to only those data reported on the
Primary Characterization Data Sheets. This tradition is followed in this version of the SSIR
No. 42. With the exception of some SSL primary analytical data included for user
convenience, the data on the Supplementary and Taxonomy Characterization Data Sheets are
derived data, using analytical data as a basis for calculation and do not carry method codes.
Data on the Supplementary and Taxonomy Characterization Data Sheets are not described in
this manual. Additionally, there are other calculated data on the Primary Characterization Data
Sheets that appear as “Pedon Calculations”, e.g., Weighted Average Clay. These calculated
data are not assigned method codes nor described in this manual. For more detailed
information about the calculation and application of these derived values, refer to the SSIR No.
45, Soil Survey Information Manual (1995) and Soil Taxonomy (Soil Survey Staff, 1999).
Additional information may also be obtained from the SSL upon request.

Data Types (2B)

The methods described herein identify the specific type of analytical or calculated data.
Most of these methods are analytical in nature, i.e., quantitative or semi-quantitative
measurements, and include physical, chemical, mineralogical, and biological analyses. Sample
collection and preparation in the field and the laboratory are also described. Historically, the
SSIR No. 42 has described some derived values, e.g., coefficient of linear extensibility (COLE)
and water retention difference (WRD) and reported these values along with the analytical data
on the SSL Primary Characterization Data Sheets. This version of the SSIR No. 42 follows this
tradition. Since the publication of the SSIR No. 42 (1996), there have been a few more
derived
values added to the Primary Characterization Data Sheets. While these data have been
assigned method codes, detailed descriptions are not included in this version of the SSIR No.
42. For more detailed information about the calculation and application of these derived values,
refer to the SSIR No. 45 (1995) and Soil Taxonomy (Soil Survey Staff, 1999).

Size-Fraction Base for Reporting Data (2C)
Particles <2 mm (2C1
Particles <Specified Size>2mm (2C2)

The reporting conventions for particle-size fractions for the <2 mm and > 2mm
fractions are herein designated as 2C1 and 2C2, respectively. Unless otherwise specified, all
data are reported on the basis of the <2-mm material. Other size fractions reported on the
Primary Characterization Data Sheets include but are not limited to the <0.4, <20, <75 mm, and
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the whole-soil base. The maximum coarse-fragment size for the >2-mm base varies. The base
usually includes those fragments as large as 75 mm (3 in), if present in the soil. The maximum
size for fragments >75 mm, commonly termed whole soil, includes boulders with maximum
horizontal dimensions less than those of the pedon. The maximum particle-size set is recorded
in the parentheses in the column heading. The base with which to calculate the reported >2-
mm percentages includes all material in the sample smaller than the particle size recorded in
the co