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INTRODUCTION

The analytical methods validated by the Mineral Resource Surveys Program, Geologic Division, is the
subject of this manual. This edition replaces the methods portion of Open-File Report 90-668 published
in 1990. Newer methods may be used which have been approved by the quality assurance (QA) project
and are on file with the QA coordinator.

This manual is intended primarily for use by laboratory scientists; this manual can also assist laboratory
users to evaluate the data they receive. The analytical methods are written in a step by step approach so
that they may be used as a training tool and provide detailed documentation of the procedures for

quality assurance. A “Catalog of Services” is available for customer (submitter) use with brief listings of:

the element(s)/species determined,
method of determination,
reference to cite,

contact person,

summary of the technique,

and analyte concentration range.

For a copy please contact the Branch office at (303) 236-1800 or fax (303) 236-3200.

BRANCH SAFETY POLICY!

Due to potentially high hazardous work areas, laboratory safety and health is a top priority. All federal,
state, and local regulations concerning worker and community safety are to be strictly followed.
Included in this policy is the propagation and distribution of Chemical Hygiene Plans (CHP) and
Material Safety Data Sheets (MSDS) for every laboratory procedure that involves hazardous or toxic
chemicals. These regulations affect Branch management, personnel, facilities, and activities. If violated,
some of these regulations carry financial and criminal penalties.

! Sutley, 1994
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ANALYTICAL METHOD FORMAT

The written analytical method is to reflect the procedure actually being used in the laboratory. Routine
methods are written in the following standard format:

TITLE—contains the name(s) of the analyte and the measurement method
PRINCIPLE—brief discussion of the scientific basis

INTERFERENCE—sample matrices, or element concentrations, which may cause chemical, physical, or
spectral interferences

SCOPE—the range of analyte concentration and applicable sample matrices for which the method is
useful, and an estimate of time required for analysis

APPARATUS—instruments and special equipment required

REAGENTS—chemical name, chemical symbol, purity, method of preparation, and shelf life if stability
is a problem

SAFETY PRECAUTIONS—hazards peculiar to the method of analysis and handling procedures
PROCEDURE—describes a strict time sequence and the critical steps in the analysis
CALCULATION—equation(s) necessary to calculate the results of the analysis

ASSIGNMENT OF UNCERTAINTY—statistical summary table of the historical analytical results for
selected reference materials, duplicate samples, and method blank. For a detailed discussion please refer
to the Analytical Performance Summary section.

BIBLIOGRAPHY—references to the literature on which the method is based

METHOD VALIDATION

Before any method is approved to generate analytical data under the QA program, the method is
assigned a unique code and must be validated. If a method is provisional, two dashes (--) are entered for
the approval date. Method validation includes:

1. A copy of the analytical method in standard written format

2. Research report of analytical data from testing the proposed method using
reference materials, duplicate samples, and method blanks

3. Quality assurance review
4. Research section review

5. Operations section review

vii



DEFINITION OF TERMS
Limit of Detection

The limit of detection (LOD) must refer to the entire analytical measurement process and is usually
regarded as the lowest concentration level of the analyte that can be determined to be statistically
different from the analytical blank.

According to the American Chemical Society (ACS, 1980) a confidence level of 3 sigma above the
measured average blank is considered minimum since this implies the risk for 7 percent false positives
(concluding the analyte is present when it is absent) and false negatives (the reverse). The 3 sigma value
actually corresponds to a confidence level of about 90 percent as “a 99.6 percent confidence level applies
only for a strictly one-sided Gaussian distribution. At low concentrations, non-Gaussian distributions
are more likely” (International Union of Pure and Applied Chemistry, 1978).

Limit of Quantitation

Ten sigma above the average blank is often suggested for the limit of quantitation (LOQ) or limit of
determination. This is the lower limit for quantitative measurements (as opposed to qualitative
measurements) and at this level the risk of false positives and negatives is decreased.

Lower Reporting Limit

The term “lower reporting limit” is used in this report for concentrations expected to be at or above five
times the standard deviation determined from the method blank or low analyte concentration samples.
Given the varied matrices submitted to the laboratory and diverse data quality needs, method-blank
and reference material results are included in the analytical performance summary table to assist in
appropriate use of laboratory data.

All submitted samples are initially run undiluted unless sample dilutions are required in order to reduce
or eliminate known matrix/interference effects. When an analyte concentration exceeds the calibration
or linear range, the sample is re-analyzed after appropriate dilution. The analyst will use the least
dilution necessary to bring the analyte within range. In both cases, a loss of sensitivity is experienced.

All sample dilutions result in an increase in the lower reporting limit by a factor equal to the dilution.

Assuming independent normally distributed measurements, confidence limits may be assigned from the
mean and standard deviation (based on a relatively large number of observations, or by use of a
significance test). “In order to detect bias equal in magnitude to the standard deviation, one needs at
least 12 degrees of freedom (13 replicates)” (Currie, 1988).

ANALYTICAL PERFORMANCE SUMMARY

A table is included under the Assignment of uncertainty section in each method write-up and provides an
estimate of the analytical method performance. The results of the analytical measurement process are
estimates of general performance only, given the sample matrix and analyte concentration. Outliers are
not rejected unless reasons are known why the results are unacceptable. Calculated results (i.e. percent
recovery) may not appear to match initial numbers due to rounding-off.

The analytical performance summary table is arranged in three sections: (1) reference materials,
(2) duplicates, and (3) method blank results.
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Reference Materials

Reference material (RM) samples are materials having one or more well established or certified
concentrations or physical properties to be used for instrument calibration, method accuracy, or testing.
The RM is used for evaluation of the analytical method bias expressed as percent recovery (% R). An
attempt is made to test methods (if appropriate reference material is available) at the lower, mid-point,
and upper end of the operating range with a number of varied matrices. Solid phase samples are
reported on an as received basis. No corrections are made for moisture content unless noted in the
method.

The first section of the table lists selected reference materials tested and associated results in rows. The
table has column headings as follows:

REFERENCE—sample name of the geochemical reference material
DESCRIPTION—identification of the reference material
n—number of observed measurements or samples in a subgroup

Mean—arithmetic mean. Generally, the result is quoted with all digits which are certain, plus the first
uncertain one. In order to compare some laboratory to proposed values and avoid the loss of
information, whole numbers may not appear rounded-off. Less than symbol, “<” is used for qualified
data below the lower reporting limit

s—standard deviation

pv—proposed value taken from the published reference material compositions of Potts and others
(1992). Where the proposed value has an accompanying upper case letter, the corresponding reference is
in the headnote. According to Potts the tabulated data are distinguished by:

bold typeface indicates precision better than 10 percent relative (two sigma), normally
based on five or more results from two or more independent techniques

certified value from the distributor of reference materials is designated “cv”

plain typeface indicates other compiled data; distinguished by a question mark if there
is additional uncertainty (for example, fewer than 3 reported results, large disparity in
reported results, and/or data derived from only one non-definitive technique)

italic typeface indicates data abstracted from individual schemes of analysis fully
described in the literature

% RSD—percent relative standard deviation

%R—percent recovery

Duplicate Samples

Duplicate samples are a second aliquot of a submitted sample (taken at the time of sample weighing)
selected to evaluate laboratory variance (precision) expressed as percent relative standard deviation (%
RSD). The aliquot is treated the same as the original sample through the analytical process. Duplicate
samples take into account the analyte concentration and matrix of the sample of interest, i.e. samples
submitted by ACSG customers.

The second section of the table deals with duplicate samples. The column headings are as follows:
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k—number of subgroups under consideration

n—2, number of samples in the subgroup
Mean—arithmetic mean for duplicate measurements
s—standard deviation for duplicate measurements
% RSD—relative standard deviation

Concentration Range—the minimum and maximum values reported of unqualified data (data that are
greater than the lower reporting limit)

No. of "'<" (total)—the number of values less than the lower reporting limit

No. of "'<" (pairs)—the number of times the duplicates were both reported as less than values

Method Blank

A method blank contains deionized water or other solutions processed through the entire analytical
method with submitted samples. It is used as an indicator of possible contamination due to reagents or
apparatus and sensitivity of the analytical method. The variability (standard deviation) of the method
blank can be used for estimating the lower limits of detection or determination. Pure solutions, however,
assume no matrix effects and tend to be normally distributed. In reality, matrix effects occur even in
methods considered to be relatively free from interferences.

The last section of the table lists the results for the method blank. The column headings are as follows:
n—number of observed measurements on completely independently prepared blanks
Mean—arithmetic mean

s—standard deviation

3s—three times the standard deviation (limit of detection)

5s—five times the standard deviation (lower reporting limit)
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Rock sample preparation

By CIiff D. Taylor and Peter M. Theodorakos

Code: Q010 Accepted: 6/25/90
Revised: 11/18/93

Principle

Most samples of naturally occurring material require some kind of physical preparation
prior to chemical analysis. Samples require preparation to effect one or more of the
following: (1) reduce the sample to a size that is more conveniently transported; (2)
increase the sample surface area to enhance the efficiency of subsequent chemical attack;
(3) homogenize the sample to ensure that a subsample is representative of the entire
sample; and (4) separate the sample into components based on mineralogy, grain size, or
physical and morphological criteria. Sample preparation is an important step in the
analytical process. Without careful preparation, and attention to inter-sample
contamination, the worth of the subsequent analyses is significantly diminished.

Rock samples are reduced to }2-cm fragments in a jaw crusher. The crushed sample is split,
if necessary, and fed into an operating and properly adjusted Braun vertical pulverizer
equipped with ceramic plates. The sample is pulverized to approximately minus 100-mesh
(<150 pm) and mixed to insure homogeneity for subsequent analysis. Mineral samples
with distinctive cleavage planes (i.e. mica flakes) can present a problem in pulverizing due
to the crystal structure of the sample. In some methods where the quality of pulverization
is critical in obtaining accurate results, shatterboxing the sample is required. The sample is
placed in either a ceramic or agate shatterbox and ground until 100 percent passes a 100-
mesh screen.

Scope

Approximately 50 samples can be processed per day.

Apparatus

Sample cartons, 3-0z (178" x 2% ")

Large sample funnel, plastic

Compressed-air source, dry air, 40 psi

Core splitter, if available

Rock hammer

Flexible hand pad, 6" x 4" x 1" (15 cm x 10 cm x 2.5 cm)

Steel plate, approximately 8" x 8" x 1" (20 cm x 20 cm x 2.5 cm)
“Chipmunk” jaw crusher

Knife

Brush, automotive parts cleaning, stiff bristle

Brush, wire

Vertical pulverizer with ceramic plates, catch pan, and cover plate
Silicon carbide, approximately 60- to 80-mesh (250 pm to 180 pm)
Jones splitter, with 14" riffles (1.25 cm)

Tube-type revolving mixer, with tube diameter to accommodate sample cartons



e Rectangular aluminum pans to fit under Jones splitter, to serve as catch pans for the
crusher, and to hold the samples during various stages of processing
Grease gun for lubricating equipment
Kimwipes or paper towels
Assortment of tools for equipment maintenance

Safety precautions

Eye and ear protection and a dust mask must be worn and it is recommended that a lab
coat be worn. Caution must be exercised in operating the equipment, particularly the jaw
crusher and the Braun pulverizer, which have the potential of inflicting serious injury if
not properly and carefully used. Keep your hands, hair, and clothing away from any
moving machinery parts. Remove all jewelry before you begin work. Belts on equipment
must be guarded to prevent catching clothing, hands, hair, etc. Power should be turned off
prior to dislodging any jammed material from the equipment with a push stick. Power
should likewise be turned off prior to making adjustments to the equipment, except when
adjusting the grinding plates of the pulverizer. Rock particles and fragments ejected from
the crusher and grinder can cause injury, operate grinder behind safety shield.
Compressed air, used to clean the equipment and work area, presents a safety hazard,
especially to the eyes. Particles of debris propelled by the high velocity air stream present
an additional hazard. The compressed-air stream should never be directed toward the
face. A fan or hood exhaust should be used to vent dust. See the CHP for further
information.

Preliminary procedure

Check the Request for Analysis form (RFA) for notes on mineralogy of samples, requests
for preparation that vary from standard procedure, and disposition of excess sample.

Verify that the number of samples received and the field numbers on the sample
collection/ transport bags correspond to the number of samples and field numbers listed
on the RFA. If they do not correspond, contact Sample Control.

Properly label the correct number of sample cartons with the laboratory number assigned
to each sample. Label both the container tops and sides using permanent ink markers, or
premade labels. Affix premade labels to the tops and side of the cartons with clean
transparent tape.

Place the labeled sample containers in a cardboard tray labeled with the required
information: (1) assigned job number, (2) submitter's last name, and (3) number of
samples in the job.

Procedure

Check to see sample-size of chips produced by jaw crusher is adequate. If not, adjustments
to the jaw crusher are made by varying the number of metal shims inserted behind the
stationary jaw plate. Increasing the number of shims reduces the crushed rock fragment
size. The spacing between the sides of the movable jaw and the cheek plates can also be
varied with metal shims inserted between the cheek plates and the body of the crusher.



Open the sample bag and place the sample into a loaf pan in preparation for crushing and
splitting. Using a core splitter or a rock hammer and steel plate, break all large pieces
down to approximately 22" x 2", a size that readily fits into the crusher. Clean the core
splitter, hammer, and plate with a wire brush and compressed air prior to use and
between samples.

Place a second loaf pan under the jaws of the crusher to catch the crushed sample and
begin feeding the sample into the jaws. Do not overload the jaws. Overloading may cause
the crusher to bind. Hold the 6" x 4" x 14" hand pad over the mouth of the crusher to
prevent rock chips from flying out of the jaws. Crush the entire sample, using more than
one loaf pan if necessary.

Turn the power to the crusher off and thoroughly clean the crusher mouth, jaws, and
cheek plates by alternately scrubbing the components with the parts brush and blowing
away dust and fragments with compressed air. Lodged rock fragments and buildup of
powdered rock material can be removed with a long, thin steel knife blade.

When extreme cleanliness is required to avoid low-level contamination or when ore-grade
samples are being prepared, a small quantity of quartzite gravel should be crushed before
crushing each sample to clean the apparatus. If such a cleaning gravel is not available, a
small amount of the next sample to be prepared should be crushed and discarded with the
Jaw crusher scrubbed out prior to preparing the whole sample.

When necessary, split the entire crushed sample by distributing it evenly into a Jones
splitter to obtain a representative split of sufficient size to fill the sample carton. Save or
discard the remainder of the sample, whichever is noted on the RFA. It is suggested that
the bulk material be saved until after all the samples have been pulverized. In the event of
sample loss during pulverizing, additional sample is then available. Clean the splitter and
splitter pans with compressed air prior to splitting the next sample. Use the knife to
dislodge fragments caught in the riffles of the splitter.

Turn on the Braun pulverizer and check the adjustment of the ceramic grinding plates.
Plate adjustment is checked visually with the aluminum catch pan removed and by sound.
The rotating lower plate should be evenly contacting the stationary upper plate and there
should be a slight “skipping” sound. Adjusting the plates closer than this without any
sample material present can cause the plates to chatter and bind. If the chattering becomes
severe enough, the plates can crack or shatter, rendering them useless.

Adjust the plates by holding the threaded adjustment shaft, at the top of the pulverizer,
stationary with a 12" crescent wrench and loosening the two lower adjustment nuts. The
upper adjustment nut is then slowly turned to raise the shaft. This brings the lower
revolving plate closer to the stationary upper plate; the closer the spacing between plates,
the finer the size of the ground sample. When the desired spacing is achieved, the lower
nuts are screwed tight against the lower side of the topmost, fork-shaped, pulverizer
frame piece, locking the adjustment shaft in place. Proper adjustment of the plates is
verified by pulverizing several ounces of quartz sand. Sieve the ground material through a
series of mesh sizes, bracketing the desired particle size. With experience, the operator can
quickly determine the suitability of a grind by visually examining, and by feel of, the
ground sample.



Proper adjustment of the ceramic plates extends the useful lifetime of the plates. Even a
small improper adjustment of the plates results in uneven plate wear and/or grooves and
ridges forming on the plate surfaces. This has obvious implications on grinding efficiency
and quality. Minor plate imperfections can be removed by running several ounces of
silicon carbide through the operating pulverizer, and with great care, slowly closing the
gap between the plates while the carbide is being ground. The process is repeated with the
now-used portion of carbide until the desired even spacing and skipping sound of the
plates is achieved. Test the adjustment by pulverizing a small amount of quartz sand and
check the result as described above.

Caution: The plates can be over-adjusted; plates that are run too close together can easily
bind, chip and crack. The used carbide is probably still suitable for at least one more use
and should thus be saved in a cardboard container marked “Used SiC”. The adjustment
procedure is the most critical step in consistently producing acceptably prepared samples.
It is also the most difficult step to perform. With increasing experience, the degree of
difficulty diminishes.

Carefully place the catch pan under the plates of the running pulverizer, lift and rotate the
pan until the two teeth on the upper lip of the pan are firmly engaged in the slots of the
hopper. Clean the pulverizer by passing several ounces of approximately 20-mesh quartz
sand through the pulverizer. Examine the ground sand for adequate fineness and adjust
plates, if necessary, as described above. Discard the sand and thoroughly blow out any
excess sand and dust from the pulverizer and pan with compressed air. Replace the catch
pan.

Pour the crushed rock from the sample carton into the hopper and place the removable
cover plate over the hopper to prevent the sample from flying out of the pulverizer. Keep
the catch pan in place until all of the sample is ground, which is readily determined by
sound.

Place a mixing card into the sample carton which held the crushed sample and place the
powder funnel over the top of the carton. Carefully remove the catch pan containing the
completely pulverized sample from the pulverizer by turning the pan in the opposite
direction used in placing the pan, and lowering the pan below and away from the
revolving plate (and the plate lock nut located below the plate). Examine the fineness and
thoroughness of grind. The sample is considered acceptable if 100 percent passes an 80-
mesh screen (<180 um) and at least 80 percent passes a 100-mesh screen (<150 pm). Pour
the prepared sample from the pan through the funnel into the carton. Fill the carton 2/3to %4
full. Discard or save excess sample according to the submitter's request. If the quality of
the grind is not acceptable, the sample should be reground. If this fails to improve the
quality, the plates likely need adjusting and/or smoothing, as described above.

Thoroughly clean the pulverizer and catch pan using compressed air. Remount the catch
pan on the pulverizer and grind about 1 0z of quartz sand to further clean the plates of the
residue from the previously prepared sample. Remove the pan, discard the sand and again
thoroughly blow remaining dust and particles from the pan and pulverizer with
compressed air. When some “sticky”, fibrous, micaceous, or ore-grade samples are
prepared, the cleaning process should be repeated two or more times until no visible
traces of the sample remain in the pulverized sand.



Pulverize the remaining samples in the same manner.

Secure the lids of the sample-bearing containers with tape if the lids are not snug and place
the containers into the tube-type mixer. Turn on the mixer and allow the samples to mix
for 15 min. Mix all of the samples in the same way.

This completes the preparation process. Clean the work area and return the completed job
to sample control.

Equipment maintenance

All mechanical equipment should be lubricated at least once each week, or more often as
may be required by heavy use. Use a grease gun containing metal-free grease (i.e. free of
elements of interest in analysis) and make certain the lubricant is injected into all of the
grease fittings. Do not over-lubricate and wipe excess grease from the fittings with a
Kimwipe or paper towel.

Check and make sure all nuts and bolts are securely tightened, prior to turning on any
equipment. Check moving parts, including crusher and pulverizer belts, crusher jaws and
arms, grinding plates, and pulverizer bushing for wear. Replace worn parts.



Stream-sediment sample preparation

By Thomas R. Peacock, Cliff D. Taylor, and Peter M. Theodorakos

Code: Q020 Accepted: 6/25/90
Revised: 11/18/93

Principle

Most samples of naturally occurring material require some kind of physical preparation
prior to chemical analysis. Samples require preparation to effect one or more of the
following: (1) reduce the sample to a size that is more conveniently transported;

(2) increase the sample surface area to enhance the efficiency of subsequent chemical
attack; (3) homogenize the sample to ensure that a subsample is representative of the
entire sample; and (4) separate the sample into components based on mineralogy, grain
size, or other physical and morphological criteria. Sample preparation is an important step
in the analytical process. Without careful preparation, and attention to inter-sample
contamination, the worth of the subsequent analyses is significantly diminished.

The dry stream-sediment samples are disaggregated by hand, as necessary, and as much
organic material as possible is removed. The samples are sieved to pass an 80-mesh screen
(<180 um) or the particle size specified on the RFA. The sieved fraction is generally ground
in a mechanical pulverizer, placed in a 3-0z container and mixed to ensure homogeneity.

Scope
Approximately 50 samples can be processed per day.

Apparatus and materials

Ro-Tap table top-mounted sieve shaker

Sieves with stainless steel screens, with pans and cover
Sample cartons, 3-0z

Sieve brush

Large sample funnel, plastic

Compressed-air source, 40 psi

Braun vertical pulverizer with ceramic plates
Jones splitter with catch pans

Grease gun for lubricating equipment
Kimwipes or paper towels

Assortment of tools for equipment maintenance



Safety precautions

Eye and ear protection and a dust mask must be worn and it is recommended that a lab
coat be worn. Caution must be exercised in operating equipment, particularly the Braun
pulverizer, which has the potential of inflicting serious injury if not properly, and carefully
used. Belts on equipment must be guarded and power should be turned off prior to
dislodging any jammed material from the equipment with a push stick. Keep hands, hair,
and clothing away from any moving machinery parts. Remove all jewelry before you begin
work. Compressed air, used to clean the sieves and equipment, presents a safety hazard,
especially to the eyes. The compressed-air stream should never be directed toward the
face. A fan or exhaust hood should be used to vent dust. See the CHP for further
information.

Preliminary procedure

Check the Request for Analysis form (RFA) for notes on mineralogy of samples, requests
for preparation that varies from standard procedure, and disposition of excess sample.

Verify that the number of samples received and the field numbers on the sample
collection/transport bags correspond to the number of samples and field numbers listed
on the RFA. If they do not correspond, contact Sample Control.

Properly label the correct number of sample cartons with the laboratory number assigned
to each sample. Label both the container tops and sides using permanent ink-markers, or
premade labels. Affix premade labels to the tops and sides of the cartons with clean
transparent tape.

Place the labeled sample containers in a cardboard tray labeled with the required
information: (1) assigned job number, (2) submitter's last name, and (3) number of samples
in the job.

If the samples are wet or damp, place them in a drying oven and dry at 60°C until they are
thoroughly dry.

Procedure

Disaggregate the samples, if necessary, by pounding the sample bag with a hammer or
mallet on a contaminate free surface that is cleaned between samples.

Arrange five sieves of the specified mesh size on a counter top, placing a sieve pan under
the sieve at the bottom of the stack, and sieve separator pans under the other four. If a
series of sized fractions of the samples is requested, the sieves are stacked with the largest
mesh sieve at the top and progressively smaller mesh sizes to the bottom. The sieve of
smallest mesh size is placed at the bottom.



Open the sample bags and pour five samples into the sieves in a sequential order. Remove
as much organic material, larger pebbles, and rock fragments as possible, and further
disaggregate any small clumps, still present, by hand. The sieves should not be overfilled,
but loaded loosely enough so that the material can move freely in them. Samples of large
volume should be divided among as many sieves as needed or, if they contain abundant
fine material, split with a Jones splitter to a volume that can be suitably placed in one
sieve. Excess sample should be saved or discarded, whichever is noted on the RFA.

Place a sieve cover on the sequentially arranged stack of sieves. Place the heavy metal Ro-
Tap cover over the top of the stack and lift the stack into the frame of the Ro-Tap. Adjust
the Ro-Tap for the height of the stack by loosening the friction lock bolts on either side of
the base plate and sliding the stack up or down on the vertical rails as needed. The stack is
positioned correctly when the metal cover plate is up against the metal tongs of the top
bracket. Flip down the front half of the hinged top bracket and make sure the automatic
hammer is in the down position.

Turn on the Ro-Tap sieve shaker and run long enough to allow thorough sieving of the
samples. The length of time required depends on sample composition, average grain size,
sieve mesh size, and the volume of sample in the sieve. Sieving the samples for 3 minutes
is generally adequate.

During the interval that the sieve shaker is running, clean a second set of five sieves in
preparation for loading with the next five samples. The sieves should be thoroughly
brushed on both sides of the screen with a sieve brush. All particles should be blown from
the sieves with compressed air. If the sieves become particularly dirty, or if the grains
become trapped in the screens, they can be placed in an ultrasonic bath for more vigorous
cleaning.

When sieving is complete and the sieve shaker has been turned off, remove the stack of
sieves. Each sample should be removed from the stack in proper sequence. The coarse
fraction of each sample is saved in the sample submittal bag or discarded, whichever is
noted on the RFA. The fine fraction of each sample is poured into its corresponding,
appropriately labeled, sample carton using a large plastic sample funnel. Care must be
taken to maintain the proper order in which the samples were placed into the shaker. As
added assurance for maintaining correct sample identity, a small piece of paper with the
sample's laboratory number written on it may be placed in the sieve with the sample prior
to stacking the sieves.

After the samples have been sieved, they must ordinarily be pulverized to the grain size
required for the chemical analysis, and then mixed in a tube-type mixing machine. The
sample is considered acceptable if 100 percent passes an 80-mesh screen (<180 pm) and at
least 80 percent passes a 100-mesh screen (<150 um). Refer to the section of this manual
entitled Physical preparation of rock samples for the details regarding the pulverizing and
mixing procedure. The nature and small grain size of the sediment samples facilitates
pulverizing and pulverizer cleanup. Pour each pulverized sample back into its carton from
the pulverizer catch pan with the aid of the sample funnel. Blow away remaining particles
from the pulverizer, pan, and counter top. Run approximately 1 oz of quartz sand through
the pulverizer, discard the pulverized sand, and again blow away remaining particles. The
equipment should now be suitably clean for introduction of the next sample.



Equipment maintenance

All mechanical equipment should be lubricated at least once each week or every 250
samples. Use a grease gun containing metal-free grease (i.e. free of elements of interest in
analysis) and make certain the lubricant is injected into all of the grease fittings. Do not
over-lubricate and wipe excess grease from the fittings with a Kimwipe or paper towel.

Check and make sure all nuts and bolts are securely tightened, prior to turning on any
equipment. Check moving parts, including pulverizer belt and grinding plates, for wear.
Replace worn parts.
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Soil sample preparation

By Thomas R. Peacock

Code: Q030 Accepted: 6/25/90
Revised: 3/10/93

Principle

Most samples of naturally occurring material require some kind of physical preparation
prior to chemical analysis. Samples require preparation to effect one or more of the
following: (1) reduce the sample to a size that is more conveniently transported;

(2) increase the sample surface area to enhance the efficiency of subsequent chemical
attack; (3) homogenize the sample to ensure that a subsample is representative of the
entire sample; and (4) separate the sample into components based on mineralogy, grain
size, or physical and morphological criteria. Sample preparation is an important step in the
analytical process. Without careful preparation, and attention to inter-sample
contamination, the worth of the subsequent analyses is significantly diminished.

The dry soil sample is disaggregated, if necessary, in the mechanical, ceramic mortar and
pestle (soil grinder). The sample is sieved to the required grain size of 100 percent minus
80-mesh (<180 um) and at least 80 percent minus 100-mesh (<150 pm) using sieves with
stainless-steel screens. The sieved fraction is pulverized if further reduction in grain size is
required by the subsequent chemical analysis.

Scope

Fifty samples can normally be processed per person day.

Apparatus

Drying oven

Nalgene (or similar) trays for air-drying samples
Aluminum trays for oven-drying samples

Soil grinder, Nasco-Asplin

Stainless-steel sieves, with catch pans and lids
Sieve brush

Ro-Tap sieve shaker

Large plastic powder funnel

Shatter-box, Angstrom or Spex, for pulverizing samples
Braun vertical pulverizer with ceramic plates
Sample cartons, 1-0z through 1-pt

Compressed air source, 40 psi

Grease gun packed with metal-free grease
Kimwipes or paper towels

Quartz sand

Reagents
e Acetone, C3HgO, laboratory grade
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Safety precautions

Eye and ear protection and a dust mask must be worn at all times; it is recommended that
a lab coat be worn. Caution must be exercised by the technician while operating grinding
equipment. Belts on equipment must be guarded. Keep hands, hair, and clothing away
from any moving machinery parts. Remove all jewelry before you begin work.
Compressed air (40 psi), used to clean sieves and grinding equipment, presents a safety
hazard, particularly to the eyes. A fan or exhaust hood should be used to vent excessive
dust. The compressed air stream should never be directed toward the face.

Acetone, used to clean the soil grinder, is extremely flammable, and should be handled
accordingly, being kept away from sources of ignition. Avoid breathing acetone fumes by
wearing an appropriate respirator and having adequate ventilation. Avoid repeated or
prolonged skin contact with acetone. Treatment for acetone exposure is to irrigate eyes
with water, wash contaminated areas of body with soap and water, gastric lavage if
ingested, followed by saline. See the CHP and MSDS for further information.

Preliminary procedure

Check the Request for Analysis form (RFA) for notes on mineralogy of samples, requests

for preparation that varies from standard procedure, and disposition of excess sample
(bulk).

Verify that the number of samples received and the field numbers on the sample
collection/transport bags correspond to the number of samples and field numbers listed
on the RFA. If they do not correspond, contact Sample Control.

Properly label the correct number of sample cartons with the laboratory number assigned
to each sample. Label both the container tops and sides using permanent ink-markers, or
premade labels. Affix premade labels to the tops and sides of the cartons with clean
transparent tape.

Place the labeled sample containers in a cardboard tray labeled with the required
information: (1) assigned job number, (2) submitter's last name, and (3) number of
samples in the job.

Procedure

Damp samples are dried overnight in a forced-air drying oven in their original containers
or on the nalgene trays upon which they have been spread. To insure proper sample
identity is maintained, place the sample bag on the tray with the sample and weight it
down with some of the sample. Generally no heat is required, the flow of air in the oven
being sufficient to dry the sample. Drying of wet samples is facilitated by setting the oven
temperature to 30°C.

If the samples contain aggregates of material following drying they should be
disaggregated in the soil grinder.
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Remove pebbles and larger rock fragments from the sample by hand. The presence of large
pebbles and fragments impedes the operation of the soil grinder and may damage it. Fill
the bowl of the soil grinder about halfway. Start the auger and lower it gently onto the
sample. If additional fragments or pebbles are revealed, raise the auger well out of the way
and turn it off before removing them. When the maximum downward travel of the auger
has been reached, maintain this position approximately 30 s, then raise the lever and turn
the auger off.

Turn on the switch that activates the chain-driven sieve shaker. Pour the sample slowly
onto the 10-mesh screen (2.0 mm). Pour the minus 10-mesh fraction, that is the material
that passes through the screen, into the previously labeled sample cartons using a large
sample funnel. If there is too much material for the sample carton, split the sample using a
Jones Splitter to obtain a split of the sample in an amount to fill the sample carton. Discard
the plus 10-mesh fraction, which rolls off into a hopper near the base of the grinder, unless
otherwise instructed by the sample submitter. Repeat the soil-grinding process with the
remainder, if any, of the sample.

Clean the grinder using a stiff bristle brush and compressed air to rid the sieve screen and
the grinder of all dust and soil particles. Wipe the auger bit and bowl with a paper towel
or large Kimwipe dampened with acetone.

Caution: Acetone is flammable. Used towels/Kimwipes should be disposed of in fire-
proof containers. Plastic or rubber gloves should be worn if working with acetone.

If sieving to a finer grain size is required, pour the sample onto the screen of the proper-
sized, clean sieve, with the catch pan of the sieve in place, cover with the lid, and agitate,
either by hand or in a Ro-Tap Sieve Shaker, for approximately 2 to 3 min or until no more
appreciable gain of finer grained material is realized. Pour the fine fraction from the catch
pan into the pre-labeled sample carton using a large, plastic powder funnel. Dispose of the
coarse fraction unless otherwise instructed by the submitter. Clean both sides of the sieve
screen with a sieve brush and compressed air. Clean the catch pan with an acetone-
moistened Kimwipe.

If pulverizing of the sieved sample is required, use the shatter-box to pulverize the sample
to 100-mesh (<150 um) or less or the Braun Pulverizer to grind the sample to
approximately 100-mesh.

Pour the sample into the grinding chamber of the shatter-box with the agate puck (and
ring, on the Angstrom model) in place in the chamber. Fill the chamber about halfway.
Clamp the chamber into place and start the machine. Normal soil grinding to 100-mesh or
less is accomplished in approximately 1 to 3 min. Suitability of grind is verified by sieving
the sample through a 100-mesh sieve.

Transfer the ground sample to the prelabeled sample carton.

Clean the shatter-box by running quartz sand through it in the same manner as a sample.
Use compressed air to rid the chamber of dust and particles and then wipe down with
acetone.
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For sieved samples that require grinding to only an approximate 100-mesh grain size, pour
the sample into a running Braun pulverizer, with previously adjusted, and conditioned
grinding plates (see section Rock sample preparation for procedure on setting up and
operating the pulverizer), with the catch pan in place. Usually, one pass of the soil sample
through a properly adjusted pulverizer is adequate. Transfer the ground sample to the
previously labeled sample carton. Clean the pulverizer by running approximately

1 tablespoon of sand through it, in the same manner as a sample. Use compressed air to
rid the pulverizer of remaining dust and particles.

Equipment maintenance

Lubricate all mechanical equipment at least once each week, or every 250 samples. Use a
grease gun containing metal-free grease (i.e. free of elements of interest in analysis) and
make certain the lubricant is injected into all of the grease fittings. Do not over-lubricate.
Wipe excess grease from the fittings with a Kimwipe or paper towel.

Make sure all nuts and bolts are securely tightened prior to turning on any equipment.
Check moving parts, including pulverizer belt and grinding plates, for wear. Replace worn
parts.
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Heavy-mineral concentrate preparation by heavy liquid
and magnetic separation

By Cliff D. Taylor and Peter M. Theodorakos

Code: Q040 Accepted: 6/25/90
Revised: 11/18/93

Principle

Most samples of naturally occurring material require some kind of physical preparation
prior to chemical analysis. Samples require preparation to effect one or more of the
following: (1) reduce sample to a size that is more conveniently transported; (2) increase
the sample surface area to enhance the efficiency of subsequent chemical attack; (3)
homogenize the sample to ensure that a subsample is representative of the entire sample;
and (4) separate the sample into components based on mineralogy, grain size, or other
physical and morphological criteria. Sample preparation is an important step in the
analytical process. Without careful preparation, and attention to inter-sample
contamination, the worth of the subsequent analyses is significantly diminished.

The heavy-mineral concentrates, prepared in the field by panning, are dried and sieved
through a 35-mesh screen. The minus 35-mesh (<425 um) fraction is separated into heavy
and light fractions using bromoform, specific gravity 2.8. The heavy fraction (specific
gravity >2.8) is further separated magnetically, using a Frantz Isodynamic Separator, into a
highly magnetic (ferromagnetic) fraction, a weakly magnetic fraction (paramagnetic), and
a nonmagnetic fraction. Depending on the amount of material available, the heavy,
nonmagnetic fraction is normally divided into an analytical split and a split used for
mineralogical identification by the submitter. The analytical split is pulverized using an
agate mortar and pestle after which it is ready for analysis.

Scope
Approximately 50 samples can be prepared per day.

Apparatus

Sieve, with stainless steel screen and pan, 35-mesh
Sieve brush

Source of compressed air, 40 psi, hose and nozzle
5-ring stands

5, 1-L separatory funnels

100-mL glass stoppered graduated cylinder

7, 18.5-cm plastic funnels

2 or 3 large holding bottles

2, 1-L plastic wash bottles

100, 250-mL beakers

100, 18.5-cm, fast-flow, qualitative filter papers

4 or 5, 40-cm, fast-flow, qualitative filter papers
Stirring rod, glass or Teflon

Frantz Isodynamic Separator

Approximately 9" square, mylar-covered plate
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Static-eliminating sample brush

Cleaning brush

Microsplitter with 1/#' riffles, and sample boats
Sample cartons, 3-0z

Plastic poly vial, 1-0z

Agate mortar and pestle

Reagents
e Acetone, C3HsO
e Bromoform, CHBrj3 (tribromomethane), specific gravity 2.89 at 20°C
¢  Quartz sand

Safety precautions

Bromoform presents a potentially severe health risk. The heavy liquid separation step
must be conducted in a fume hood. Personnel are to be familiar with the properties of
bromoform, be able to recognize symptoms of exposure, and be aware of the possible
health effects of overexposure. See the CHP and MSDS for further information.

The heavy liquid bromoform, CHBrj, is a colorless liquid with a sweet, “heavy” odor
similar to chloroform. Pure bromoform has a specific gravity of 2.89 at 20°C. Because of its
instability, chloroform and ethanol are added to it in minor amounts as preservatives,
lowering the specific gravity of the bromoform to 2.85 through 2.88. Bromoform is
completely miscible in acetone, alcohol, and benzene. In this procedure, acetone is used
exclusively as the diluent. Although sufficient research has not been conducted to
determine its long-term effects on the human body, bromoform is a suspected carcinogen.
It is thought to be cumulative in the fatty tissue of body organs. Repeated exposure can
result in damage to the liver, kidneys, heart, and lungs. The adverse physiological effects
of smoking or alcohol consumption are enhanced by exposure to bromoform, and vice
versa. Never engage in these activities immediately prior to, during, or immediately after
conducting the heavy liquid separation procedure.

Bromoform has a permissible exposure limit, set by OSHA (Occupational Safety and
Health Administration), of 0.5 ppm in air per 8-hour day. It can be inhaled, ingested, and
absorbed through the eyes and skin. Bromoform causes irritation of the eyes, nose, and
throat, tearing, headaches, excessive saliva flow, nausea, reddening of the face, dizziness,
drowsiness, or a state of apparent inebriation. With prolonged exposure, it can cause deep
narcosis and death. A lethal dose is 2 to 4 oz for a 150-pound man. Review the MSDS for
further information.

Protective equipment should be worn in a manner indicated by the manufacturer and
should include a lab coat or rubber apron, rubber gloves, protective eyewear, and a
respirator with suitable organic vapor filters and, preferably, a full face mask. All of the
safety equipment should be worn at all times when working with bromoform. If the odor
of bromoform is detected in the air, its threshold limit for an 8-hour day may already have
been reached. A person subjected to the odor of bromoform may become sensitized to the
point where he or she may not be aware of increased exposure until more unpleasant side
effects occur.
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First-aid treatment for exposure to bromoform involves removing the victim to fresh air
and administering artificial respiration and oxygen if needed. Get medical assistance
immediately. For skin contact, flush thoroughly with water and wash with soap, as
bromoform is absorbed by skin oils. Remove contaminated clothing immediately and
wash before reuse.

Acetone presents a two-fold hazard. It is a highly flammable and reactive liquid. It should
be kept away from possible sources of combustion and noncompatible chemicals, such as
strong oxidizers. The accumulation of acetone vapors in air is potentially explosive.
Acetone also poses the physiological hazards common to organic ketones. Using the
above-described precautionary measures for bromoform when working with acetone,
insures the well being of the person conducting the procedure.

Safety glasses should be worn when cleaning apparatus with compressed air. The
compressed air stream should never be directed toward the face.

Preliminary procedure

Carefully read the request for analysis form (RFA) for any special instructions and make
sure any such instructions are understood. Label the 3-0z sample cartons, polycons, and
sample trays with the information required by Sample Control. Examine all glassware for
cleanliness, especially for traces of mineral grains, and clean if necessary. It is
recommended that an adequate supply of filter papers be folded for the day's use.

Procedure
Sieving the Sample

Dry the submitted panned-concentrate, if necessary, by placing it in a drying oven at
60°C for the time required. Caution must be used for samples submitted in plastic
bags or containers to prevent accidental meltdown.

Prior to handling the samples, remove all jewelry (rings, watches, etc.) to minimize
possible contamination. Sieve the dry concentrate through a 35-mesh screen. Remove
larger pebbles and fragments (>0.5") by hand to prevent possible damage to the
screen.

Transfer the minus 35-mesh fraction to the appropriately labeled (laboratory ID
number) cardboard container. Discard the plus 35-mesh fraction unless otherwise
requested. Split large sieved samples with a Jones Splitter to a size required to fill the
3-0z container, discard or save the rest (in a second 3-0z container) as requested.

Thoroughly clean the sieve of all dust, grains, and chips using a sieve brush and
compressed air between the sieving of each sample.
Heavy liquid separation

The separation must be performed in a fume hood. Pour approximately 250 mL of
bromoform into a 1-L separator funnel. More bromoform may be required for large
samples, e.g., full 3-0z sample cartons.
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With a glass stirring rod, stir the bromoform until a vortex forms and while still
stirring, slowly introduce the sample into the vortex and continue stirring for 10
seconds after the entire sample is in the bromoform.

Rinse all mineral grains adhering to the stirring rod into the funnel with bromoform
from a squirt bottle.

Allow approximately 2 to 3 min for the heavy minerals (specific gravity >2.8) to settle
to the bottom of the funnel. Experience will help determine the actual time required
for this settling process. Too long can result in grains of intermediate specific gravity
to settle and too little time can result in incomplete separation of heavy minerals,
neither is desirable.

After separation, open the stopcock and catch the heavy minerals on a filter paper
placed in a plastic filter funnel resting in an Erlenmeyer flask. Close the stopcock
immediately after all of the heavy minerals have been drained from the separatory
funnel. Carefully avoid drawing off intermediate specific gravity mineral grains.

Allow as much of the bromoform as possible to drain into the Erlenmeyer flask, then
remove the filter funnel to another Erlenmeyer flask marked “WASH.” Wash the
separated “heavies” with acetone twice (in which bromoform is readily soluble) and
allow to drain. Caution: acetone is a hazardous and extremely flammable substance.
Treat accordingly. Save the “WASH” solution to recover bromoform using a hot water
bath procedure.

Remove the heavy-mineral-bearing filter paper from the funnel, transfer to a 25-mL
beaker (larger if necessary), place in a fumehood and allow the remaining acetone to
evaporate.

Filter the remaining bromoform and light-mineral fraction in the separatory funnel
through a large (40-cm) fast-flow filter paper into another Erlenmeyer flask or back
into the bromoform reagent bottle. Rinse any residual light material from the
separatory funnel into the filter with bromoform.

When the large filter paper in step 12 is two-thirds full, remove the filter funnel and
place into yet another bottle (or flask) and thoroughly rinse the light material with
acetone. The acetone rinse removes a substantial amount of bromoform from the
sludge. The specific gravity of the bromoform is obtained from the ratio of the mass of
a body to the mass of an equal volume of liquid at a specified temperature. Ten
milliliter of bromoform is measured in a graduated cylinder, stoppered, and weighed.
A specific gravity above 2.8 is considered acceptable.

Pour the heavy minerals (step 11) back into the appropriate red top. If very little
heavy material is present the entire filter paper may be folded and placed into the
container, taking care not to lose any material.
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Magnetic separation

Remove the highly magnetic fraction (ferromagnetic minerals) from the heavy
minerals by pouring large samples through the Frantz separator that has been
specifically set up for this purpose (vertical configuration of magnet poles). It may be
necessary to repeat this process several times to assure thorough separation of less
magnetic minerals. Pour small samples (<5 g) into a rectangular, mylar-covered tray
in a uniformly-spread layer (<2 mm thick) and pass the tray 2 to 1 cm below the
horizontally configured, mylar-covered poles of the magnet, with the current set at
0.25 A. The highly magnetic minerals will adhere to the magnet. Switch off the current
and catch the minerals on a clean paper sheet.

Place the highly magnetic fraction (in general, principally magnetite, Fe304) into an
appropriately labeled polycon also marked “C;.” Discard excess material unless
instructed to do otherwise.

Lightly touch the remaining minerals on the tray to the poles of the magnet with the
current set at 1.75 A. The weakly magnetic minerals will adhere to the magnet and the
nonmagnetic minerals will remain on the tray. Switch the current off and catch the
weakly magnetic minerals on the clean paper sheet.

Thoroughly brush all traces of weakly magnetic minerals that may continued to
adhere to the face of the magnet with the current switched off onto the paper sheet
using an antistatic brush.

Repeat steps 17 and 18, if necessary, to obtain thorough separation of weakly magnetic
and nonmagnetic minerals.

Carefully place the nonmagnetic fraction into a polycon marked “Cz-spec” and the
weakly magnetic fraction into one marked “C,.” Discard excess material unless
otherwise requested.

Grinding

Split the “Csz-spec” fraction in a mini-Jones Splitter, place one half in another polycon
marked “Cz-min” and transfer the other half to an agate mortar. (If the quantity of C3
minerals is judged inadequate for splitting, i.e., less than approximately 20-30 mg,
proceed to hand grinding).

Grind the samples in the mortar with an agate pestle to a powder consistency (minus
200-mesh) and return the ground-up sample to the “Cz-spec” polycon.

Fine grind approximately 5 g of previously pulverized quartz in the mortar to remove
potentially contaminating mineral remnants. Rinse mortar with acetone and wipe
clean with tissue paper.

The end product of this procedure should consist of three separate heavy mineral fractions
of concentrate samples: The C; highly magnetic fraction; the C; weakly magnetic fraction;
and the C3 nonmagnetic fraction.
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Plant material preparation and determination of weight percent
ash

By Thomas R. Peacock

Code: Q050 Accepted: 3/2/93
Revised: 5/12/94

Principle

The physical preparation of plant material generally consists of washing, drying, milling,
and dry ashing an aliquot, or subsplit of the sample (Peacock, 1992). Whenever ashing is
required by an analytical technique, a calculation of weight percent ash is reported. The
results are converted back to a dry weight basis for comparison with other analytical
techniques. Some analytical techniques, such as hydride generation atomic absorption
spectroscopy and instrumental neutron activation analysis, do not require plant ash.
Others, such as inductively coupled argon plasma atomic emission spectroscopy, need
plant ash exclusively.

Interferences

The interferences most commonly encountered are: (1) dust from the sampling site which
may coat stems and leaves; (2) loss of volatile elements at ashing temperature; and (3)
incomplete ashing of some material species at the prescribed temperature. Most
contamination of samples by dust can be eliminated by washing them in deionized water.
The ashing temperature of 500°C was chosen because it is the optimum temperature at
which most plant materials will lose their organic components. It is maintained for 13
hours to maximize loss of organic material. Volatile elements (i.e., Se, As, Hg, P) are
determined in unashed subsplits of the sample. Material that does not ash completely at
500°C is allowed to remain in the furnace for a second attempt. If the sample is still not
ashed completely (as observed by weight, texture, color, and appearance), a notation is

made on the RFA., the submitter contacted for advice, and/or material forwarded to
Sample Control.

Scope

The average time required for preparation and percent ash calculation is 5 days, based on
a suite of 40 samples. The minimum measurement of ash content is 0.01 percent. If the
sample has been washed or washing is not requested and the sample has been milled,
ashing and percent ash calculation can be done in 2 days.

Apparatus
Laboratory equipment consists of the following;:

Thomas/Wiley Mill Standard Model 4, with 2 mm screen

Mellen Model B-222 muffle furnaces fitted with Cramer 24-hour timers
Christy-Norris pulverizer, 8"

Laboratory drying ovens, 0-200°C, 8-10 cu-ft capacity

Spex 8000 Mixer/Mill

Box fans (4.5") mounted to ring stands
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Vitreosil evaporating dishes (fused silica, 3.75" id)
Coors evaporating dishes (porcelain, 3.0" id)

Glass or plastic beakers, 4-L capacity

Rotary mixer holding at least 36-pint sample containers
Mettler AC100 electronic balance

Scientech 3300 electronic balance

A supply of 0.5-0z polycons (pillboxes), 5-mm solid borosilicate beads and waxed
weighing paper is also needed.

Reagents
Acetone, C3HgO, laboratory grade, 1 pint (useful as a cleaning aid)

Safety Precautions

As with all machinery, care must be taken while grinding or ashing the sample materials.
The Wiley Mill has stationary and rotating razor-edged knives that can easily remove
fingertips. The Christy /Norris Mill becomes very hot after just a short period of operation.
Both mills must be cleaned between samples. This is usually done with compressed air (40
psi) and a toothbrush. Before cleaning, the mill should be at rest. Occasionally, a sample
will leave a resinous buildup on the spinning cutting head, door, or screen. It can often be
removed with the careful use of a razor knife and acetone. Due to dust, noise in excess of
80 dB, and heat hazards, the worker should be fully protected with a lab coat or smock,
leather work gloves, dust mask, safety glasses, and hearing protectors. Acetone must be
handled with care to avoid fumes and possible fire hazards. All work must be done in a
dust hood having a face velocity of at least 150 linear feet per minute. A muffle furnace
also creates a potential shock and burn hazard. Avoid contact with heating elements and
never load or unload a hot furnace (>100°C). Review the CHP and MSDS for further
information.

Procedure

Washing

A plant sample received for preparation, with a request for washing, undergoes a washing
process to eliminate contamination from adhering particles such as dust. There are two
methods for this: (1) “beaker soak” hand washing in tap or deionized water, and the most
common (2) “colander rinse” with tap or deionized water.

When the “beaker soak” method is used, water must be constantly changed since the
sample is actually moved from one beaker to another over the course of a few minutes.
The sample is rinsed in a colander, and the beakers are rinsed and refilled for the next
sample. All samples rinsed manually are transferred to a colander for drying. Drying
temperatures are held under 40°C unless specified otherwise. Material having a resinous
coating on stems or leaves is dried without heat to minimize the possibility of its loss
through liquification. Samples are dried to brittleness; usually 24-48 hours.
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Milling
Dry samples can be put directly into the grinder. It has been found that the Wiley Mill is
best for young, woody growth up to a thickness of 5 mm. The Christy /Norris Mill is used
for all thicker materials such as twigs, roots, and branches up to about 13 mm in diameter,
mosses and lichens are ground in a blender. Larger diameter material must be cut to
prevent jamming of the mill. This is most easily accomplished with pruning shears or a
band saw.

Samples are mixed using a rotary type of tumbling device. The top 2.5 cm of the pint
container must remain unfilled to insure proper mixing. The holders are set to
accommodate four 8.9-cm diameter sample containers in line. These sample holders form
the circumference of the mixer. Samples are held in place by flat plates secured with wing
nuts to long threaded bolts mounted in the holder frames. The mixer is driven by a gear
reduction motor having an output of 45 rpm (39:1 ratio). A toothed timing belt is linked to
a 1/3 hp, single phase, ac 1,725 rpm drive motor. The average weight of a plant sample
after grinding is 200 g.

Dry Ashing

Ashing requires only a portion of the sample, but enough to satisfy the analytical need and
be representative of the entire sample. The amount of this “aliquot” is also determined by
its density, estimated ash yield, and amount of sample available. Sample material is taken
from its container with a teaspoon, off the top. An aliquot of 10 g is optimum for a 3.75 in
Vitreosil dish, although satisfactory results have been obtained from splits of 1 to 24 g.
Using a spatula, the sample is spread evenly along the sides and bottom of each dish to
enhance even heat distribution throughout the aliquot. The ashing vessels are arranged in
each furnace three across, left to right, upper shelf first (nine per shelf). Any consistent
arrangement is appropriate provided it is known which dish holds what sample. There
should be some space between each dish and the furnace walls. Breakage can occur from
tightly packed arrangements. Shelving material is stainless-steel mesh wrapped over a
similar framework forming a flat tray.

Ashing proceeds with the door fully closed. The small amount of oxygen necessary for the
process enters through the imperfect seal between door and wall bricks and any hole
drilled for thermocouple mounting. The furnaces are programmed to “ramp” up to the
ashing temperature of 500°C over a period of 5 hours. Complete ashing is insured by
maintaining this temperature for 13 hours. The furnaces are allowed to cool for 8 hours
before sample dishes are removed. While cooling, the door should be slightly open but not
swung away until the inside temperature dips below 200°C. Sample dishes should remain
undisturbed until cooled to 100°C. Ashing vessels are removed using tongs and placed on
a metal or insulated surface for further cooling. At least 20 min should be allowed for this.
After sample removal, cooling of the furnaces is enhanced by box fans positioned in front
of the interior. Due to limitations in the controller and programmer circuitry, the brick
temperature must be reduced to 24°C or less before the next ashing cycle can begin. In all,
furnace cooling requires about 10 hours to complete.
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The ash is transferred to 0.5-0z pillboxes using weighing paper as funnels. The ash must
then be mixed and reduced in volume as it tends to be highly charged with static. This is
done through the use of a 5-mm solid-borosilicate bead (placed into the polycon prior to
addition of the ash), and 10 to 60 s of shaking in a Spex 8000 mixer/mill. The ash is then
ready for laboratory analysis.

Calculation

Weight percent ash is determined for all ashed samples. It requires the measurement of the
empty vessel, the combined weight of vessel and sample aliquot before ashing, and the
weight of the cooled vessel and ashed sample aliquot. All are weighed and recorded to a
minimum of four decimal places (0.0001 g). The net weight of the aliquot and resulting ash
must be determined by difference, multiplying the result by 100. Rounding gives the
reported values in three significant figures. The weight of the vessel is subtracted from
both figures and the formula for calculating percent ash is:

ashed sample wt (g) %100
unashed sample wt (g)

% ash =

Assignment of Uncertainty

Reference materials are included in each batch of samples for control check use by the
analyst.
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Arsenic, antimony, and selenium by flow injection or continuous
flow-hyd