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1.

INTRODUCTION

1.1

1.2

1.3

Overview

This document constitutes the Quality Assurance Manual for the Branch
of - Geochemistry, U.S. Geological Survey. The manual describes the
procedures for handling, sample preparation, analytical methods, use
of instrumentation, written documentation, etc. to be followed in the
Jaboratory.

Purpose
The purpose of the quality program is to provide an effective
means of:

a. monitoring the reliability of analytical results generated by
analysts within the Branch;

b. providing a measure of the accuracy and precision of the
analytical methods;

¢. providing a permanent record to assure integrity of sample
results.

Scope

The range of activities under the program includes all operational
methods currently in use by the Branch of Geochemistry and a
specification of requirements to be met by the appropriate project
chief and analyst.

Uniformity of methodology within each laboratory and between centers
(Denver, Menlo Park, and Reston) is needed to remove methodology as a

“-variable: - The Branch consists of three centers at the following

locations:

Western Region 415-329-4229
345 Middlefield Road
Menlo Park, CA 94025

Denver Federal Center 303-236-1800
Box 25046, MS 973
Denver, CO 80225

National Center 703-648-6201
12201 Sunrise Valley Drive
Reston, VA 22092

Field and mobile laboratories are subject to QA protocol.

Appendix B contains the accepted methods for operational geochemistry
and was prepared with the assistance of many Branch chemists. Due to
the necessity of revisions, addendums may be added for method
modification. Reference to trade names or commercial products is for
descriptive purposes only and does not imply endorsement by the U.S.
Geological Survey.
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No quality assurance program can eliminate all errors that may occur
during analysis. The professional judgment of the staff must be
coupled with the quality assurance procedures to ensure that quality
data are consistently produced (Enseco, 1989, p. 5).

SAMPLE COLLECTION

The generation of quality data begins with collection of the sample. The
Branch quality assurance program is concerned with the integrity of sample
collection, but is not in effect until the sample is received by the sample
control project.

2.1

2.2

2.3

2.4

Sampling

Sample collection is performed by personnel from, or in collaboration
with, the U.S. Geological Survey, Geologic Division. The appropriate
volume of sample should be collected to ensure detection limits can
be met. Samples consist of natural materials found on the earth's
crust; i.e. soil, rocks, plants, water, and stream sediments.

Quality assurance of sampling operations is the responsibility of the
project chief. Unique field numbers are assigned to each sample.
Instructions for submitting samples to the Branch are contained in
the "Sample Submittal Manual."

Containers

Samples are collected in containers appropriate for the material.
Rocks, minerals, plants, and stream sediments are collected in clean
cloth bags and/or kraft paper bags. Water samples are collected in
prewashed polypropylene bottles. Checking for contamination in

~ container lots is the responsibility of the geologist.

Preservatives

Water samples, to be analyzed for cations, are passed through a 0.45-
um membrane filter before acidifying with concentrated nitric acid to
a pH below 2.0 (McHugh, 1983, p. 3). Water temperature and pH are
measured at each sample site.

Solid samples are air dried, if collected wet, except under special
circumstances, e.g., where moisture and pH are analyzed for in peat.

Duplicates

Duplicates of similar materials are collected at a sampling frequency
determined by the field geologist to assess the sample site
variability.

SAMPLE HANDLING

3.1

Sample Receipt and Log-in

Samples and the accompanying request for analysis (RFA) form (see
appendix C) are received by the Sample Control Project of the
Operational Geochemistry Section. Each RFA form is assigned a job
number (a unique laboratory identification number that encodes the
date received). A serial laboratory number is assigned to each
sample field number.



3.2

3.3

3.4

3.5

The RFA form serves as the sample accountability record and the
original form accompanies the job of samples to each assigned
analyst. Exceptions may be made for split samples that are sent to
different centers. A request can include up to 40 samples. Larger

-lots of samples are broken down into groups not to exceed 40. A1l

samples should be logged into the samplie control computer within 72
working hours of receipt.

Once a sample is checked out to an individual, the responsibility for
the sample is shifted from sample control to that individual.

Potential Problems

The field geologist must notate on the RFA form any unusual or highly
mineralized samples; the analyst is to notate analyses that occur in
the field. Samples shall be notated on the RFA form, by sample
control, under the following conditions:

--leaky bags

--plastic containers under high pressure

--discrepancies between information on sample label and RFA form

--radioactive or hazardous samples as mandated by the Branch
Safety Officer

Blind Sample Insertion

Periodically, the sample control officer inserts blind quality
assurance samples into a request. These samples are labeled as a QA
sample of an unknown composition. The blind samples consist of
in-house reference standards and international reference standards.

Sample Preparation

Solid samples require appropriate preparation prior to analysis.
Rock, soils, plants, etc. are ground to approximately minus 100-mesh,
mixed, and split so that several tests can be conducted on the sample
simultaneously. One split of the sample is stored for future work.
See specific analytical method (appendix B) for more detailed infor-
mation. Sample containers are clearly marked with the appropriate
laboratory ID numbers. The RFA is signed and dated when sample
preparation is complete, by the responsible sample control person.

Sample Archiving

The prepared sample is archived indefinitely for future
investigations. Prepped sample material, in excess of the filled
sample container, is either returned to the submitter or discarded
according to the sample preparation instructions on the RFA form.

REAGENTS, CONTAINERS, and LABORATORY SERVICES

4.1

Reagent Specification

The specification of reagent purity for each method of analysis is
part of the bench-level protocol (see section 7.5). Analysts shall
also be familiar with the Materials Safety Data Sheet (MSDS) posted
in each laboratory. The MSDS 1lists precautions, affects of over-
exposure, first-aid treatment, and disposal procedures, etc. for
hazardous chemical products. In general, American Chemical Society
(ACS) Reagent Grade or better is required for all tests. Reagents



are labeled with date received, date opened, and if applicable,
expiration date and special instructions. Reagents that are
sensitive to 1ight should be stored in dark botties and in a dark,
cool place while some reagents require refrigeration.

A1l reagent preparations are clearly labeled as to the contents,
concentration, date of preparation, and initials of the preparer.
Unstable reagents are prepared on a schedule as specified in the
method of analysis and labeled with an expiration date.

Any reagent with hazardous or toxic fumes shall be used within a
working exhaust hood. Protective clothing, gloves, and glasses are
required.

A1l new reagent lots and preparations are tested by determining the
reagent blank.

4.2 Container Specification
A1l volumetric glassware are Class A. Pulverized samples are stored
in cardboard or polycon containers except reference samples that are
usually stored in glass. Digestions are conducted in clean Teflon,
borosilicate glass, porcelain, platinum, zirconium, or graphite
containers, and solutions are stored in clean polyethylene or
borosilicate containers prior to measurement. The selection of
container is dependent upon the suitability for storage of strong
acid or alkaline solutions. Detailed instructions for the use and
care of laboratory ware are specified in the bench-level protocol.

- "In general, laboratory ware is considered clean when it maintains a
continuous film of distilled water over its entire inner surface. . .
Organic residues may require treatment with chromic acid. . . trace
determinations may require rinsing with hot 50% nitric acid, (10%
HC1,) or aqua regia, followed by distilled water. Apparatus should
be dried and stored under conditions that will not allow it to become
contaminated" (Garfield, 1984, p. 39).

4.3 Laboratory Services
The deionized or distilled water system must provide purified water
so that it has at least a 7 megohm-cm resistivity.
Compressed air that is generated should be dry and oil-free.

Use of an efficient hood system is required for procedures generating
hazardous or toxic fumes.

Voltage regulation is used on applicable instruments.
5. INSTRUMENT CALIBRATION AND MAINTENANCE
Instrument maintenance is a continuing process that is a part of the duties of

each analyst in the laboratory (Jones, 1987, p. 6). Routine maintenance
minimizes downtime and interruption of analytical work.



An instrument logbook with a unique label is maintained for each instrument in
the laboratory. Each instrument is assigned a unique number and that number
appears in the logbook. Analysts are required to record in the logbook all
maintenance and calibration procedures at the time they are performed.

Preparation of calibration standards, procedures, and frequency are addressed
in appendix B. Unless otherwise specified in the method, if deviations of the
calibration verification value exceed the control (rejection) limits of #3
standard deviations (s) from the established working value the analysis should
be terminated, the problem corrected, the instrument recalibrated, and the run
repeated. Warning 1imits are marked at #2s (see section 8.2 for quality
control [QC] checks and appendix D for the equation used to calculate s).

Periodic maintenance is performed on a schedule as specified in the analytical
method or as indicated below:

5.1 Analytical Balances
Proper care of the balance is important due to the accuracy of the
balance being a factor in the accuracy of weight-prepared standards
and samples (U.S. Environmental Protection Agency [EPA], 1979,
p. 3-1). Balances are calibrated biannually using Class S weights.
The balance is checked daily for level and zero point adjustments and
cleaned after each use. Balances should be mounted on a heavy,
shockproof table away from drafts.

5.2 Atomic Absorption Spectrometers
Burner heads and nebulizer chambers are cleaned after each use.
Optimization of nebulizers, wavelength alignment, and burner position
-are checked-when used. : Photomultipliers and lamps are replaced as
required based upon regularly scheduled checks of energy sensitivity
readings and lamp currents (Jones, 1987, p. 7).

5.3 Emission Spectrometers
Inductively coupled plasma (ICP) nebulizers and spray chambers are
tested prior to beginning the day's calibration, and again if a QC
sample indicates a problem, to ensure normal sensitivity and
cleanliness. Photomultiplier tubes and integration circuits are
tested during calibration to ensure normal linearity and baseline
noise. A dc arc calibration can be expected to remain valid until
the instrument is either moved or a new photographic emulsion is
used, assuming an established temperature range is maintained.

5.4 Hot Plates, Furnaces, and Ovens
The temperature calibration of hot plates, furnaces, and ovens is
checked quarterly using thermocouple-type thermometers, surface metal
expansion type thermometers, optical pyrometers, or the melting
points of pure metal standards to check the normal operating
temperature. The heating element is to be checked for maintenance of
the temperature within 1imits stipulated in the bench-level protocol.

5.5 Continuous-flow Automated Analyzers
Pump tubing is changed on a preset schedule which is part of the
bench-level protocol for each different methodology. Optical
alignment is performed on a regular schedule as specified in the
individual methods (Jones, 1987, p. 7).
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5.6

5.7

Pipettes

Oxford/Eppendorf repeating type pipettes are checked on a scheduled
basis described in the bench-level protocol. Bottle top varieties
are cleaned after each day's use and lubricated weekly.

pH/Selective-ion Meters

pH meters are calibrated, each time used, for accuracy and linearity
using commercially prepared, National Bureau of Standards or
equivalent, standard traceable buffer solutions (Jones, 1987, p. 7).

At least two buffers that bracket the expected pH of the samples are
used for calibration (U.S. EPA, 1979, p. 3-3). Measurements of both
buffers must be correct within the readability of the instrument
after calibration. The temperature at the time of analysis should be
noted. Electrodes shall be rinsed with distilled water after each
reading and immersed in the appropriate solution for storage.

6. INSTRUMENT STANDARDIZATION PROCEDURES

Procedures, frequencies, and tolerances of standardization are specified for
each analytical method in appendix B.

6.1

6.2

Preparation of Standards

Primary standards must be obtained from a reliable source and may
require pretreatment (i.e. drying). Unless otherwise stated, all
standard material used shall conform in high reliable purity to ACS
Analytical Reagent Grade or Primary Standard Grade. Certain

- -standards must be of spectroquality.

Standard solutions which are purchased and certified by the supplier
are checked against the previously prepared standard before they are
used to standardize the instrument. Supplier lot number and the date
they are opened are recorded in the analyst logbook. Diluted
standard solutions are labeled using the analysts initials,
concentration of analyte, concentration of diluent, and the date of
preparation. Standards should not be kept longer than recommended by
the manufacturer or in the method.

For methods using solid standards, such as instrumental neutron
activation and dc arc spectrography, standards are prepared either by
spiking solution standards on solid substrates, mixing quantities of
pure salts with solid materials, or using rock reference samples.
Standard salts used in mixed standards must be 99.999 percent purity
or better. New standards are compared to previous sets of standards
for verification of accuracy.

Frequency of Standardization

Daily or more frequent standardization is the norm. In techniques
using a large number of standards for the initial calibration (EDXRF
or dc arc spectroscopy), the original calibration is reestablished
with smaller subsets of the original standards.



6.3 Number of Standards
Calibrate, when possible, by a linear bracket of standards close to
the sample concentration. For instruments in which absolute
linearity cannot be established, use a calibration scheme of three or
more standards per concentration decade.

6.4 Verification of Standardization
The standardization is verified initially by analyzing all of the
standardizing samples. During a series of analyses, the
standardization is rechecked periodically by analyzing one standard
solutjon as a sample after, at most, every twentieth sample. Insofar
as practical, the standard is chosen to be similar in concentration
to the samples being analyzed. The result must meet the accuracy
criteria specified in the standard method.

6.5 Reference Material Check
The accuracy of the method is verified by the analyst analyzing a
standard or in-house reference material every 20th sample. The
result must meet the method-specific accuracy criteria (see section
8.2 and appendix B).

7. ANALYTICAL PROCEDURES

7.1 Standard Methods of Analysis
Operational methods of analysis are contained in appendix B. Newer
methods may be used which have been approved by the quality assurance
program and are on file with the QA coordinator. Methods are
identified by a unique three-digit number preceded by a letter. The
- letter prefix designates the instrumental method:

A atomic absorption spectrometry

coulometric methods

emission spectroscopy

photoluminescent methods

gas chromatography

infrared spectroscopy

potentiometric methods

other

radiochemical methods

thermal analysis

ultraviolet and visible absorption methods
x-ray methods

NOTE: The letter prefixs I, J, K, L, 0, and Z are not to be used for
operational methods.

xXocHDOoOTZTHTMMO

The first two digits of the identifying number indicate the specific
procedure and the last digit indicates a subsequent revision.
Submitters may request a technique necessary for their study by
checking the appropriate box under OPERATIONS GEOCHEMISTRY METHODS on
the RFA form. Additional technique codes have been assigned for
smaller suites of elements in order to assist with cost effectiveness
if an entire package is not needed.



7.2

A historical file containing all methods, current and obsolete, is
maintained for traceability purposes by the QA coordinator (Dux,
1986, p. 62).

Format for Writing Analytical Methods
The following format should be used to write an analytical method for
validation.

Title -"should be brief and contain the name of both analyte,
substrate" (Dux, 1986, p. 43), and designation of the measurement
method.

1. General Discussion

a. Principle - Briefly discuss the scientific basis of the
method.

b. Interference - List interferences and describe methods used
to eliminate interferences.

Cc. Scope - parameters measured; "range of analyte concentration
for which the method is useful, type and nature of the
matrix to which it can be applied, estimate of the time
required for analysis" (Dux, 1986, p. 43), and minimum
detectable concentration. It should enable the analyst to
decide whether the method is suitable for any particular
sample.

2. Apparatus
Describe instruments and unusual apparatus required. Common
laboratory equipment (glassware, balances) need not be listed.

3. Reagents
Reagents should be described, including chemical name, purity,
description of method of preparation for those which need
preparation, shelf 1ife if stability may be a problem.

4, Safety Precautions
Describe any hazards peculiar to the method of analysis. These
might include the need to work in a hood, need for special
clothing, steps to avoid hazardous reactions.

5. Procedure
Describe a strict time sequence and indicate critical steps in
the analysis. Indicate in this section what reference samples
are available and how frequently they should be analyzed, eg.,
calibration and standardization.

6. Calculation
Give the equation(s) necessary to calculate the results of the
analysis.

7. Assignment of Uncertainty
Give all information on the accuracy and precision of the method
in summarized form. Ultimately, the accuracy (and precision)
goal of the method should be established on the end-use
requirements (i.e. geochemical objective) rather than the



highest achievable. Generally, for major elements a relative
standard duration (RSD) less than 1 to 2% is considered
adequate, for minor elements a RSD less than 5%, and for traces
less than 15%.

8. Bibliography
"Include references to the literature on which the method is
based, or in-house documentation of validation studies" (Dux,
1986, p. 43).

7.3 Analytical Method Validation and Modification
Before any method is used to generate analytical data under the QA
program, the method must be validated.

A copy of the analytical method, in proper format (see section 7.2),
along with a research report containing the documentation for
validation, must be submitted to the QA coordinator for acceptance.
The report must include all analytical data used in evaluating the
method.

Determine for each method the 1imit of detection (LOD), defined as
the Towest concentration level that can be determined to be
statistically different from a blank. The IUPAC definition is 3
standard deviations for a 99% confidence level.

Perform at least 10 replicate measurements of the reference
materials, by the proposed method to be tested, on at least three
non-consecutive days. Ideally, each analyte should be measured at

“the LOD, ‘mid-point, and -upper-end of the calibration range, i.e. with
a number of reference materials of varied concentration.

The arithmetic mean (X) and standard deviation (s) are calculated in
order to estimate accuracy and precision (see appendix D for
equations used to calculate X and s). Depending upon the objective,
the analytical method is generally considered sufficiently accurate
ifs

|X-V] < 4s
V = "best defined reported value."

(The validation test is based upon one proposed by Sutarno and
Steger, 1985, p. 445).

The individual performing the analysis and data calculations will be
responsible for the examination of the finished data to determine
that it is in statistical agreement with the analysis of previous
samples. A secondary check by another analyst will confirm the
validity of the data (Frankenberger, 1988, p. 10.2).

Improvement modifications should be validated and become an addendum
to the written method. In general, modifications are changes in the
technique that might be expected to affect results, e.g., different
sample weight, dilution factor, pH. Such modifications of analytical
procedures should be submitted in writing to the project chief and QA
coordinator for approval.



7.4 Method Acceptance
Upon receipt by the QA coordinator, the method will be reviewed and
designated an assigned number for traceability purposes. For
operational use, "the proposed method should be at least equivalent
to the current method with regard to precision, accuracy, limitation
of interferences, productivity, the use of hazardous or toxic
substances, and should be an improvement over the current method in
at least one of these areas" (U.S. Geological Survey, 1989, p. 11).
Upon QA approval, it will be dated as accepted. A dash, in place of
the acceptance date refers to a method that is not expected to meet
QA requirements but is considered useful for production work
nonetheless. An example is the determination of water extractable
boron by inductively coupled plasma-atomic emission spectroscopy (see
appendix B).

7.5 Bench-level Protocol
For each standard method in the laboratory, there may be a specified
procedure which details the application of the method using current
equipment and facilities. This protocol is more specific than the
written analytical method, and serves as an aid to the memory of the
analyst, a training guide for new analysts, and as a record of the
details of application of the method (Jones, 1987, p. 9). The
protocol may be modified with the agreement of the analyst's
supervisor and concurrence by the QA coordinator. The update must be
filed with the QA coordinator.

7.6 Non-operation Methods of Analysis

~— - “"Special analyses"-may be -performed using small modifications of the
approved methods. "Custom analyses" are those which require major
modification of existing USGS methods, research, or other standard
methods not previously validated in the laboratory.

These nonroutine methods of analyses must be notated under "NON-
OPERATIONS" on the RFA form and deviations noted in the logbook. The
logbook must document the exact modifications, or methodology, used
to produce the results reported. Since the precision and accuracy
statements contained in the operational methods are not available for
special or custom methods, it may be necessary to include additional
information on the estimated precision and accuracy of nonroutine
analyses. This is done by reporting results for the analysis of
spiked samples or reference materials, and/or duplicate analyses on
the RFA form. The RFA form also contains a statement indicating that
the methods used for non-operation analyses are not completely
documented, therefore, the data must be used with caution (Jones,
1987, p. 9-10).

8. ANALYST QUALITY ASSURANCE/QUALITY CONTROL

8.1 Logbook
Each analyst maintains a logbook which contains notations concerning
all instrument maintenance and repair procedures, preparation of new
-reagents and standards (check data verifying the accuracy of these
solutions), standardization or calibration data, standard reference
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8.2

8.3

sample values, and other instrument parameters which document the
validity of the data but are not printed on a hard copy (Jones, 1987,
p. 10). A1l documentation in the logbook are made in ink and pages
should not be removed. Corrections to logbooks or other data records
are made by crossing a single line through the error and initialing
the correction.

Quality Control Check (Reference Material, Duplicate, Method Blank)
per Analytical Run

"Daily quality control is the responsibility of each analyst"
(Gautier and others, 1986, p. 8). Each analyst analyzes standard
reference materials (SRM) or in-house reference materials (RM). The
frequency is immediately after calibrating each instrument and
periodically throughout every set of determinations, approximately
one every 20 samples, depending on the characteristics of the
determination being performed. Unless otherwise stated in the
standard method, analysts shall run a set of one duplicate, one
analysis method blank, and two reference samples per 40 submitted
samplies.

The resulting indiscrete values are compared with previous in-control
data by using X-R control charts (Ishikawa, 1982, p. 64) (see
sections 8.3 and 8.4).

The quality control check values must meet certain specifications of
precision and accuracy in order to proceed with the analysis. This
specification is detailed in the standard method of analysis and was
obtained during method validation (see section 7.3). 1If not

“specified, ‘should-the values of the control check samples indicate a

value found outside the upper and lower control Timits (UCL and LCL,
respectively), of *3s, the measurement process is considered out of
control. The analyst may not report data until further measurements
show the process is in control again. The reference material,
duplicate, or blank sample shall be reanalyzed. Should the value
obtained remain outside of the limit, the analysis shall be
terminated, problem corrected, and the run repeated.

Data on points which indicate an abnormality and for which the cause
has been found and corrected should not be included in recalculating
the control lines. Another indicator of out-of-control is when the
values are plotted on a control chart and "assume some sort of
particular form even though they are all within the control Timits"
(Ishikawa, 1982, p. 75) (see sections 8.3 and 8.7).

X-Quality Control Charts

The quality control chart for accuracy consists of symmetrical "3-
sigma control 1limits" placed above and below a central line
(Committee E-11 on Statistical Methods, 1987, p. 77). Ninety nine
and seven tenths percent of all the observed data should lie within
the control 1imits, and the values should not assume a particular
form in order for the analysis to be in a controlled state. For
multi-element methods, the elements with the narrowest and widest
variance -are selected for control chart purposes.

11



8.4

8.5

Figure 1 indicates the features of a control chart with the
acceptable range of occurrence (the region between the upper and
lower control 1limits).

The control chart must indicate the analyst, the method of analysis,

and results of the reference samples (see section 8.2). X-QC charts

shall be constructed to be maintained by each analyst to show his/her
laboratory is in a state of control.

A detailed discussion about control charts and how they are
interpreted may be found in books by the ASTM, Kaoru Ishikawa, John
Taylor, and James Dux; that are listed in the references cited.

R-Quality Control Chart

The quality control chart for precision consists of establishing the
ranges of duplicate results. The ranges are plotted in a manner
similar to the X-quality control chart (see fig. 2), however, the
distribution will be somewhat different than that of the individual
results about a mean. According to Taylor, the UCL will correspond
to 3.267R and the UKL (upper warning 1imit) to 2.512R (1987, p. 193).

The estimation of standard deviation from duplicate measurements, Sqs
is shown in appendix D. "“However, if the analyte concentration
varies widely and the standard deviation is proportional to analyte
concentration, the calculated standard deviation will be larger than
the imprecision associated with measurement at a given analyte level"
(Dux, 1986, p. 16).

Analysis of Variance .

Monthly, the analyst ca]culates the current standard deviation and
mean and compares these values to the cumulative standard deviation
and mean.

The difference in two estimates of standard deviation is determined
by first assuming n; samples have been run to arrive at the

cumulative mean X; and standard deviation s;. After a period of one
month, n, more samples have been run, yielding a mean of X, and s,.

A statistics book may be used by the analyst for the application of
the F-test to determine if the new standard deviation s, appears to
be significantly different from s;. "If the precision ﬁas changed
significantly, new limits will need to be calculated, based on the
latest data. If not, control limits should be revised by combining
data bases by pooling" (Taylor, 1987, p. 38).

A similar judgment is made for s; from the corresponding R values
using the F-test. In the case of small data sets, use of the T-test
is recommended.

The difference in two estimates of the mean is calculated after

determining the pooled standard deviation (S from the two estimates
(see appendix D).

12
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Figure 2. R-control chart. John Keenan Taylor. Quality Assurance of

Chemical Measurements. (Chelsea, MI: Lewis Publishers, Inc., 1987),
140.
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8.6

8.7

If d < U, there is no reason to believe that the means disagree
(Taylor, 1987, p. 29) and the data bases are combined by pooling.
“Should the means be found to disagree significantly, the central
1ine should be based on the latest data" (Taylor, 1987, p. 39).

Pooling Estimates of Standard Deviation and Mean
From Dux (1986, p. 21), if the means and standard deviations are not

significantly different, a new cumulative mean (i) and standard
deviation (S) may be calculated from the entire population (see
appendix D).

Non-randomness of Points on a Control Chart

The control chart is evaluated for abnormalities shown by: "(1) Some
points are outside the control limits (including points on the limit
lines), or (2) the points assume some sort of particular form even
though they are all within the control 1imits" (Ishikawa, 1982, p.
74-75). A trend or run is an example of case (2).

A trend is a “continued rise or fall in a series of points" on a
control chart (Ishikawa, 1982, p. 75). Seven consecutive points in a
trend indicate an abnormality (see fig. 3).

A run is when "several points line up consecutively on one side only
of the central line" (Ishikawa, 1982, p. 75). Seven points in a run
indicate an abnormality (see fig. 4).

Both trend and runs indicate a process is not in control.

Some of the more common causes of a trend or run are as follows
(Garfield, 1984, p. 188):

Symptom Common Cause
Shift in mean incorrect prep of standard

incorrect prep of reagents
contamination of sample
incorrect instrument calibration
analyst error

Trend of mean upward deterioration of standard
deterioration of reagents

Trend of mean downward concentration of standard due to
evaporation of solvent
deterioration of reagents

Increase of variability analyst performance, e.g., poor
technique, deviation from procedure

14
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Figure 3. Trend. Kaoru Ishikawa. Guide to Quality Control. (White Plains,
NY: -Asian Productivity Organization, 1982), /5.

Figure 4. Runs. Ishikawa, 75.
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9.

8.8

8.9

Data Report

The “Branch geochemical database" refers to the RASS database
resident on the Data General (DG) MV/600 Computer and the PLUTO
database resident on the Hewlett Packard (HP) 1000 Computer. Data

“are reported to the sample-control group on either handwritten

reports for entry into the Branch geochemical database or
automatically through instrument-sample control computer

interfaces. The analyst is to sign his/her name, instrument
identification number, and date the analyses are completed on the RFA
form. A preliminary report is generated and checked by the analyst
for correctness and completion of data. When all analyses have been
reviewed and verified a final report is generated.

Training

A11 on-the-job training is the direct responsibility of the Project
Chief. This responsibility may be delegated only to professional
personnel. In the event that a new employee has to be trained by
someone other than a professional, the training is always personally
monitored by the Project Chief (Jones, 1987, p. 12).

Training is conducted by the supervisor from the Branch laboratory
safety manual, QA manual, and bench-level protocols. The new
employee is supplied with a copy of all pertinent procedural
manuals. Before an employee is certified to be qualified on a given
method or process, a set of quality control samples is analyzed by
the trainee to verify that the process is being performed to USGS
standards (Jones, 1987, p. 12).

~ Records are kept by the laboratory supervisor documenting the date

and specific technical training an employee has completed.

LABORATORY-WIDE AND EXTERNAL QUALITY ASSURANCE

9.1

9.2

9.3

In-house Blind Samples

The Sample Control Officer at each Center inserts SRMs, in-house
standards, and replicates as blind quality assurance samples, on a
scheduled basis to verify the precision and accuracy of each
laboratory method. The data from these analyses are plotted on
quality control charts, which are reviewed bimonthly by the QA
coordinator, the senior staff of the Laboratory, and the analysts.
The data are reviewed for outliers (greater than methods stated
accuracy) and trends within accuracy limits.

External Performance-audit Samples

The laboratory policy is to participate in all appropriate
interlaboratory standard sample analysis programs. The laboratory
regularly participates with other earth science laboratories to
analyze proposed SRMs. The data from these analyses are evaluated by
comparison with data from other participating laboratories.

Data Review

Completed analyses are subjected to a review, by the analyst or
project chief, for internal consistency of data, such as total oxide
balance and comparison of complementary determinations. Analyses
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10.

which satisfy these checks are released to the submitter through the
Branch geochemical database. Analyses which do not satisfy these
relationships are referred to the analyst for inspection and
resolution of the problems, requesting reanalysis of selected

-parameters as deemed necessary. . Some nonroutine analyses (see

section 7.6) can be explained as special cases not expected to meet
ordinary criteria and these are released as is.

After analyses are released, 2 years are allowed for review of data
by the submitter. During this time, additional reanalysis may be
requested on the basis of the requestor's review of the analysis for
geologic sense. After this time, the analyses will be archived and
the data transferred to the Branch geochemical database unless other
provisions are requested.

RECORDKEEPING AND MAINTENANCE

10.1

10.2

10.3

10.4

10.5

Data Entry

Considerable data are entered via a computer interface between the
instrument and the Branch geochemical database. Some data,
particularly visual semiquantitative dc arc emission spectrography
and many single element methods, are entered manually. A1l manually
entered data are checked for errors by the analyst.

Data Validation

Completed samples are reviewed as described in sections 8.2-8.8 and
9.3.

Data Reporting

Data reports for regular analyses involving operational methods are
compiled in the Laboratory's control computer, and are sent to the
requestor within 72 working hours of final verification by the
analyst and Sample Control Officer.

Data Archiving

Laboratory records such as logbooks, printouts, tapes, and other raw
data containing original results generated in the course of analysis
are retained and easily located in files with reference to date, job
number, and analyst. The laboratory database is retained on disk or
tape.

Computer and Database Security

For the Data General (DG), incremental backup (catchups) of all
active files is done once each day. Complete backups are performed
weekly. The complete backup tapes are saved for 1 year. Incremental
backup tapes are saved for 3 months. Tapes are stored in a room away
from the computer. For the Hewlett Packard (HP), backups are
performed once per week on each subsystem on alternating tapes. Once
every 2 months the backup tape is copied to a complete backup disk.
They are made on six alternating disks for l-year storage.

Combination locks are used to restrict access to the computer room.

Database security requires a user to be registered and data files to
be password protected, with different levels of access available
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depending on the nature of the individual need. Any access other
than a normal data transfer is detected by the computer and the line
is automatically disabled. The 1line can only be re-enabled by the
system manager.

The personal computer data base owner shall provide for in-house
backup of materials. The level is dependent upon the hardware,
amount of data generated, and from which recovery should be made in
less than 1 day.

11. QUALITY ASSURANCE REPORTS

11.1

11.2

11.3

Corrective Action

Problems with errors and out-of-control situations are resolved at
the bench level by the analyst. If the problem persists or cannot be
identified, the matter is referred to the laboratory supervisor for
further investigation.

Irregularity Report

A quality assurance irregularity report (see appendix C) and
corrective action are required whenever a QA blind check sample
result is rejected. The QA coordinator contacts the appropriate
project chief with the report and follows up with the submission of
an additional blind check sample for review.

Changes and Problems
Any changes in QA procedures, analytical procedures, etc. will be
submitted in writing to the project chief and QA coordinator for

" approval- (Frankenberger, 1988, p. 16.3). A1l significant QA problems

are reported verbally to the project chief and QA coordinator as soon
as possible along with recommendations for corrective action
(Frankenberger, 1988, p. 16.2).
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APPENDIX B ANALYTICAL METHODS

Technique
Code

A010
A020
A030
A040
A050
A060
AO070
A080
A0SO

colo
€020

Eol0
E020
E030
E040

E050
E060
£070

FO80

NO10
NO20

P010
P020
P030
P040
P050
P060

Qo010
Q020
Q030
Q040

RO10
RO20

U010

X010
X020
X030
X040
X050

OPERATIONS GEOCHEMISTRY METHODS Page
AA hydride generation--S€..ceccesesssccesessesscscscssescnss 38
AA hydride generation--AS..ccccceececsscsscccsscscsasccscss 38
AA flame--Au; HBr-Bry.c.......... cesecesnacs cesessssssesss 46
AA graphite furnace--Au; HBr-Bro...ccvoeee. essesscscassaes 46
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Physical preparation of rock samples

By Cliff D. Taylor

Code: Q010 Accepted: 6/25/90
General discussion

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) reduction of the sample to a size that is
more conveniently transported; (2) increasing the sample surface area to
enhance the efficiency of subsequent chemical attack; (3) homogenizing the
sample to ensure that a subsample is representative of the entire sample; and
(4) separating the sample into components based on mineralogy, grain size,
biologic versus 1lithologic origin, etc., for more specific chemical
characterization. Sample preparation is, arguably, the most 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 %-inch 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 (150u) and mixed to insure
homogeneity for subsequent analysis.

Apparatus and materials

Sample cartons, 3-o0z

Large sample funnel, plastic

Compressed-air source, dry air, 40 psi

Core splitter, if available

Rock hammer, 32-0z

Flexible hand pad, 6-in square

Steel plate, approximately 8 by 8-in by 1l-in

“"Chipmunk" jaw crusher

Knife, with long and thin steel blade

Brush, automotive parts cleaning, stiff bristle

Brush, wire

Braun vertical pulverizer with ceramic plates, catch pan,
and cover plate

Silicon carbide, approximately 60- to 80-mesh

Jones splitter, with %-in riffles

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

Aluminum loaf 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

21



Safety precautions

Eye and ear protection and & 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. The use of gloves is not recommended. If they are worn, they should
be close-fitting. 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. 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 excessive dust.

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 (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 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, (3)
number of samples in the job, and (4) the lab number of the first and last
sampie in the tray.

Procedure

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 l%-inches, 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.

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-inch square 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.
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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.

Turn the power to the crusher off and thoroughly clean the crusher mouth,
jaws, and cheek plates by alternatingly 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 and 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. If such a cleaning gravel is
not available, a small amount of the next sample to be prepared should be
crushed and 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-inch 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
mesh 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
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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, 1lift
and rotate the pan until the two teeth on the upper 1lip 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 implacing 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% passes an 80-mesh screen
and 80% passes a 100-mesh screen. Pour the prepared sample from the pan
through the funnel into the carton. Fill the carton 2/3 to 3/4 full. Discard
excess sample or save 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 tablespoon 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.
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Secure the 1ids of the sample-bearing containers with tape if the 1ids are not
snug and place the containers into the tube-type mixer. Turn on the mixer and
allow the samples to mix for 15 minutes. 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

A1l 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.
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Physical preparation of stream-sediment samples
By Thomas R. Peacock and Cliff D. Taylor

Code: Q020 Accepted: 6/25/90

General discussion

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) reduction of the sample to a size that is
more conveniently transported; (2) increasing the sample surface area to
enhance the efficiency of subsequent chemical attack; (3) homogenizing the
sample to ensure that a subsample is representative of the entire sample; and
(4) separating the sample into components based on mineralogy, grain size,
biologic versus lithologic origin, etc., for more detailed chemical
characterization. Sample preparation is, arguably, the most 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 thoroughly dry stream-sediment samples are disaggregated by hand, as
necessary, and as much organic material as possible is removed. The samples
are sieved to the specified particle size. The sieved fraction is generally
ground in a mechanical pulverizer, placed in a 3-ounce container and mixed to
insure homogeneity.

Apparatus and materials

Ro-Tap table top-mounted sieve shaker

Sieves with stainless steel screens, with pans and cover
Sample cartons, 3-o0z

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
excessive dust.
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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,

(3) number of samples in the job, and (4) the lab number of the first and last
sample in the tray.

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

Proéedure

Disaggregate the samples, if necessary, by pounding the sample bag with a
hammer or_ma]let.

Arrange five sieves of the desired 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.

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. 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.

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 1ift 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.
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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 10 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.
A1l 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 a sonic 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 (approximately minus-100 mesh),
and then mixed in a tube-type mixing machine. Refer to the section of this
manual entitled "the 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 ounce 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

A1l 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 pu]ver1zer belt and
grinding plates, for wear. Replace worn parts.
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Physical preparation of soil samples

By Thomas R. Peacock

Code: QO30 Accepted: 6/25/90
General discussion

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) reduction of the sample to a size that is
more conveniently transported; (2) increasing the sample surface area to .
enhance the efficiency of subsequent chemical attack; (3) homogenizing the
sample to ensure that a subsample is representative of the entire sample; and
(4) separating the sample into components based on mineralogy, grain size,
biologic versus lithologic origin, etc., for more detailed chemical
characterization. Sample preparation is, arguably, the most 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 pestie (soil grinder). The sample is sieved to the required grain
size, generally minus-80 mesh (<180u) using sieves with stainless-steel
screens. The sieved fraction is pulverized if further reduction in grain size
is required by the subsequent chemical analysis.

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 1lids
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

Acetone, C3Hg0

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 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

29



jewelry before you begin work. Compressed air, 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 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,

(3) number of samples in the job, and (4) the lab number of the first and last
sample in the tray.

Procedure

Damp samples are dried overnight in a forced-air drying oven 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 wetter 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.

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 before removing
them. As an added precaution, the auger can be turned off. When the maximum
downward travel of the auger has been reached, maintain this position
approximately 30 seconds, then raise the lever and turn the auger off.
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Turn on the switch that activates the chain-driven sieve shaker. Pour the
sample slowly onto the 10-mesh screen (1.70 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
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