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1. Scope D 2113 Practice for Diamond Core Drilling for Site Inves-

1.1 This test method covers the energy dispersive X-ray tigatior? _ . _ _ .
fluorescence (EDXRF) spectrochemical analysis of trace levels D 3550 Practice for Ring-Lined Barrel Sampling of Sdils
of uranium and thorium in soils. Any sample matrix that differs D 4697 Guide for Maintaining Test Methods in the User’s
from the general ground soil composition used for calibration _Laboratory _ _ _

(that is, fertilizer or a sample of mostly rock) would have to be E 135 Terminology Relating to Analytical Chemistry for
calibrated separately to determine the effect of the different _Metals, Ores, and Related Materfals _
matrix composition. E 305 Practice for Establishing and Controlling Spectro-

1.2 The analysis is performed after an initial drying and ~_chemical Analytical Curyé’s _ o
grinding of the sample, and the results are reported on a dry E 456 Terminology Relating to Quality and Statistics
basis. The sample preparation technique used incorporates intoE 876 Practice for Use of Statistics in the Evaluation of
the sample any rocks and organic material present in the soil. _SPpectrometric Dafa = _ _

This test method of sample preparation differs from other E 882 Guide for Accountability and Quality Control in the
techniques that involve tumbling and sieving the sample. Chemical Analysis Laboratofy

1.3 Linear calibration is performed over a concentration 2-2 Other Document:
range from 20 to 1000 ug per gram for uranium and thorium. NBS Radiation Safety Handbook Number 111 for X-Ray

1.4 The values stated in SI units are to be regarded as the Diffraction and Fluorescence Analysis Equipnfent
standard. The inch-pound units in parentheses are for inform
tion only. o

1.5 This standard does not purport to address all of the 3-1 Definitions: . _ .
safety concerns, if any, associated with its use. It is the 3.1.1 For definitions of terms relating to analytical atomic
responsibility of the user of this standard to establish appro-SPECtroscopy, refer to Terminology E 135. o
priate safety and health practices and determine the applica- 3.1.2 For definitions of terms relating to statistics refer to

% Terminology

bility of regulatory limitations prior to use. Terminology E 456. . _

3.2 Definitions of Terms Specific to This Standard:

2. Referenced Documents 3.2.1 escape peaka peak generated by an X-ray having
2.1 ASTM Standards: energy greater than 1.84 keV (the energy of the k-alpha
C 982 Guide for Selecting Components for Energy Disperabsorption edge for silicon) that enters the detector and causes

sive X-Ray Fluorescence (XRF) Systéms the silicon detector crystal to fluoresce. If the silicon X-ray
C 998 Practice for Sampling Surface Soil for Radionu-&scapes the detector, carrying with it the energy of the silicon
clide k-alpha X-ray, 2.79 E-16 Joules [J] (1.74 keV), the energy

D 420 Guide for Investigating and Sampling Soil and Rock Mmeasured for the detected X-ray will be less than the actual
D 1452 Practice for Soil Investigation and Sampling by X-ray energy by exactly 2.79 E-16 J (1.74 keV). Therefore, as
Auger Borings counts accumulate for any major X-ray peak, an escape peak

D 1586 Test Method for Penetration Test and Split-Barrelcan be expected to appear at an energy of 2.79 E-16 J (1.74
Sampling of Soild keV) below the major peak. Escape peaks can be calculated

D 1587 Practice for Thin-Walled Tube Sampling of Sdils angwremoved from the spectrum by most insrumentation
software.

1 This test method is under the jurisdiction of ASTM Committee C-26 on Nuclear  “ Annual Book of ASTM Standagdéol 07.02.
Fuel Cycle and is the direct responsibility of Subcommittee C26.05 on Methods of °® Annual Book of ASTM Standardgol 03.05.

Tests. % Annual Book of ASTM Standardgol 14.02.
Current edition approved Nov. 15, 1993. Published March 1994. 7 Annual Book of ASTM Standardgol 03.06.
2 Annual Book of ASTM Standardgol 12.01. 8 Available from the U.S. Department of Commerce, National Institute of
2 Annual Book of ASTM Standardgol 04.08. Standards and Technology, Gaithersburg, MD 20899.
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3.2.2 flux monitor (FM) value-the detected X-ray intensity gram), due, for instance, to the contamination of the soil by
within a specified spectral range from a metallic standardead paint, then the peak segregation can become impossible.
giving a high number of counts. The same excitation condi{A complete discussion of interelement effects and the correc-
tions as the sample analysis are used (except for the changetion models used to compensate for these effects is outside the
the current to achieve maximum efficiency of the data acquiscope of this procedure.) Explanations are found in several
sition system). With all conditions remaining constant, the FMsourceg(1, 2).°
value is proportional to the X-ray energy flux being emitted 6.3 Escape peaks (see 3.2.1) can interfere with the integra-
from the X-ray tube or radioisotope source. tion of the uranium and thorium L-alpha peaks and are

3.2.3 flux monitor ratio (FMR}—the ratio of the initial FM  therefore removed from the spectrum with a software operation
value (FMi) prior to calibration and sample analysis to current(as is available with most instruments).

FM value (FMc) at the time of sample analysis. This ratio is

used to correct the measured element intensity for changes fn APParatus

the X-ray energy flux. 7.1 Energy Dispersive X-Ray Fluorescence (EDXRF) Sys-
tem refer to Guide C 982.

4. Summary of Test Method 7.1.1 Photon Excitation Sourcecapable of producing

4.1 A representative sample of soil is obtained by firstmonochromatic X-rays of an appropriate energy to efficiently
taking a sizeable amount (>100 g) and drying it, then runningexcite uranium and thorium, that is, from 2.72 E-15 to 3.52
it through a crusher and placing it on a shaker/tumbler td=-15 Joules [J] (from 17 to 22 keV). Refer to Section 8 of
homogenize it. A portion is then ground in a ball mill and Guide C 982. Either of the following sources is acceptable:
pressed into a sample pellet. An energy dispersive X-ray 7.1.1.1 Radioactive Sourcel09-Cd is well suited for effi-
fluorescence spectrometer is used to expose the sample tccignt excitation. It should have an activity between 2.59 E + 08
monochromatic X-ray source capable of exciting the uraniun@nd 3.70 E + 08 becquerels (between 7 and 10 millicurie).
and thorium L-alpha series lines. The X-rays emitted by the 7.1.1.2 X-Ray Generatqrwith high voltage power supply,
sample are detected via a solid state detector [Si(Li)] andhodium target X-ray tube and a secondary target; molybde-
counted in discrete energy channels on a multi-channel ana&um (Mo), rhodium (Rh) or silver (Ag) are suitable secondary
lyzer (MCA) to form an energy spectrum. The spectrum is therfargets.
processed to obtain the peak intensities for uranium and 7.1.2 Solid State Detector [Si(Li)]with preamplifier main-

thorium for calibration and quantitation. tained at liquid nitrogen temperature and capable of 2.64 E-17
o J (165 eV) FWHM resolution or better using an Fe-55
5. Significance and Use radioisotope source with 1000 cps intensity of the emitted Mn

5.1 This test method was developed and the instrumeri-alpha peak at 9.453 E-16 J (5.900 keV).
calibrated using ground soils from the site of a nuclear 7.1.3 Signal Processing and Data Acquisition Electronics
materials plant. This test method can be used to measure tligcludes: a bias power supply; a shaping amplifier or pulse
extent of contamination from uranium and thorium in groundprocessor using a 7.5 us pulse shaping time constant; a pulse
soils. Since the detection limit of this technique (nominally 20pileup rejector; an analog-to-digital converter (ADC); and
Ug per gram) approaches typical background levels for thesmulti-channel scaler.

contaminants, the method can be used as a quick CharaCterlzaNOTE 1—Automatic correction for count rate losses due to pulse pileup

tion of an on-site area to indicated points of contamination, ejectronics deadtime is achieved in the pulse processing electronics (as
Then after cleanup, EDXRF may be used to verify theis available in most commercial X-ray units). Along with the automatic
elimination of contamination or other analysis methods (sucleount rate correction, the maximum efficiency of the data acquisition
as colorimetry, fluoremetry, phosphorescence, etc.) can be usegbstem (that is, the preamplifier, pulse processor, and ADC) is achieved at
|f |t |S necessary to test for Cleanup down to a requ"feda 50% deadtime count rate. This is based on an eleCtrOniC.analySiS of
background level. This test method can also be used for thgeunting losses by the manufacturer. The X-ray tube current is therefore

. . . s adjusted for a given sample matrix and set of excitation conditions to
segregation of soil lots by established contamination level

. . . . Achieve a 50 % deadtime.
during on-site construction and excavation. i i
7.2 Drying Oven controlled at 110+ 5° Celsius.

6. Interferences 7.3 Analytical Jaw Tooth Crushepr equivalent, capable of
6.1 The following elements typically are found in an X-ray crushing to 0.1 mm particle size. _ _
spectrum from soil in the spectral region of uranium and /-4 Laboratory Vacuum Cleanerwith a high efficiency

thorium: zinc (Zn), tungsten (W), lead (Pb), rubidium (Rb), Particulate air (HEPA) filter element.
strontium (Sr), and yttrium (Y). 7.5 Shaker/Tumblercapable of blending a large volume of

6.2 Rubidium is the primary interference for uranium, dry Soil (at least 100 g) in a sample container. The shaker/
overlapping the uranium L-alpha-1 peak, and lead is thdumbler may have a capacity to blend several containers.
primary interference for thorium, overlapping the thorium _7-6 Impact Grinding/Mixing Mil| capable of accepting the
L-alpha-1 peak. At typical levels for these elements all of thevial in 8.2.3. An equivalent process may be used to achieve the
peak interferences can be eliminated by using a Gaussidffirticle size specified in the sample preparation Section 11.
mathematical peak fitting and deconvolution software routine.

(Such is _Usua"y part of _ED)_(RF instrumental software.) ° The boldface numbers in parentheses refer to a list of references at the end of
However, if the lead level is high (greater than 500 pg petthe text.
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7.7 Hydraulic Press 2.22 E+05 N (25 ton-force) load the opportunity to calculate and report the data on an as-

capacity. received basis or the percent moisture can be reported sepa-
7.8 Desiccator rately. Transfer the laboratory soil sample into an evaporating
) dish and cover the dish with a watch glass. Place the evapo-
8. Reagents and Materials rating dish into a drying oven maintained at 105° Celsius.
8.1 Reagents-None. Allow it to dry for a minimum of 18 h. Remove the dish from
8.2 Materials the oven and allow it to cool to room temperature.

Iar8'2r'1V\|Izit\;]ap02r%ggE_3|%I;‘e’2%%azeLd porce!flln, size No. 7 or Note 2—Itis recommended that a sample preparation log be developed
ger, ac. . ( m )f:apau Y- and implemented by the user which details and tracks the steps of
822 Watch Glassessize appropriate to cover the evaporat- preparation for each sample. For each sample, the sample preparation log
ing dish. would list: the jaw tooth crusher; mixing vial number; grinder/mixing
8.2.3 Grinding/Mixing Vial Set with two mixing balls, mill; and die press set used, as well as the preparer's name, and the date
made of steel or tungsten carbide, ball diameters of nominallgnd time of preparation. Such a log is useful in backtracking cross
13 mm (0.5 in.), with a grinding sample capacity of 10%cAN contamination or sample carry over problems that are detected from the
equivalent process and set of materials may be used to achiepll nk, standard, and control sample data (see 13.2). When multiple pieces

h icl . ified in th | ._ Ol 'equipment are used for any one of the processing steps, the equipment
the same particle size specified In the sample preparatiof}, g e numbered and the vials and die sets should be scribed with

section. _ . . . numbers for tracking purposes.
8.2.4 Die Press Set31 mm diameter with a maximum load ;1 5 A Geiger-Muller counter may be used to survey the

cagazcglente}(c':essCof 2'|22 I.E+ 05 :;\IZ (25 t%r)-forcte). itabl dried soil as a means of segregating any with a high level of
f ih. d'e aining L-upaiuminum, mm diameter, Sutabl€ .qniamination. High activity level samples can then be pre-

: ared on a separate jaw tooth crusher, if available, and the
9. Hazards cleaning process can be done twice to ensure against cross

9.1 Refer to NBS Radiation Safety Handbook Number 1llcontam|nat|on.

and the Hazard Section of Guide C 982 for the hazards Note 3—The count rate used to denote a high level sample will depend
associated with the use of X-ray equipment. on the model of instrument used and its counting efficiency.

9.2 When cleaning out the grinder and sample mixing vials 11.3 Adjust the particle size setting on the jaw tooth crusher
with course sand or crushed glass, the resultant finely powto 0.1 mm.
dered glass is a health hazard if inhaled; crystalline silica can Nore 4—1It is recommended that all crushing, tumbling, and mixing be

cause .S'“COS'S if exposure Occurs on a regular baS.IS. A" Sucperformed in a properly functioning laboratory hood. Follow the vendor’s
operations must be performed in a properly functioning eXinstructions on the use of the jaw tooth crusher, shaker/tumbler, and the

haust hood. impact grinding/mixing mill devices. An equivalent process to the one
. ) . described below using the jaw tooth crusher may be used to homogenize
10. Sampling, Test Specimens, and Test Units the soil and grind it to a particle size of U.S. Sieve 150 mesh with an

10.1 Practice C 998 gives a practice for sampling of surfacé@perture of 106 um.
soil to obtain a representative sample for analysis of radionu- 11.4 Prior to the initial use and after each consecutive use of
clides. Guide D 420 provides a guide for investigating andthe jaw tooth crusher, clean it out by running about 150 g of
sampling soil and rock materials at subsurface levels but isourse sand through it. Then use a laboratory HEPA vacuum
mainly concerned with geological characterization. Thecleaner to vacuum out all residual sand from the collection tray,
method described in Test Method D 1587 may be used tsample insertion region, etc.
sample the soil using a thin-walled tube. If the soil is too hard 11.5 Remove each sample from the evaporating dish and
for pushing, the tube may be driven or Practice D 3550 may beun it through the jaw tooth crusher, cleaning as directed above
used. The method described in Test Method D 1586 may alsafter each use. Collect the sample in a sample container
be used to sample the soil and includes discussion on drillinguitable for tumbling, such as an 8 oz jar or disposable
procedures and collecting samples which are representative pblyethylene container. The container must be less than three-
the area. In the case of sampling rocky terrain, diamond coréourths full to allow for adequate mixing in the tumbling
drilling may be used (see Practice D 2113). Where disturbegrocess.
sampling techniques can be afforded, Practice D 1452 can be 11.6 Place the sample on a shaker/tumbler for an appropri-
used, that is, using an Auger boring technique. The size of thate amount of time to allow for complete mixing. Consult the
sample is based on achieving a representative sample. Tubganufacturer’s instructions to establish an appropriate mixing
samples can be composited to achieve such a sample. Refertime.
the standards mentioned above that discuss obtaining a repre-11.7 Place approximately 15 érof sample into a mixing

sentative sample. vial with two mixing balls and place the vial inside the
) grinding/mixing mill. Grind the sample for approximately
11. Sample Preparation 1500 s (25 min). An appropriate amount of time can be

11.1 As stated in the scope, the analysis is performed on established from a series of test sampi@s4) taken from a
dry weight basis, however, the percent moisture of the soisingle homogenous sample with concentrations near the mid-
sample can be determined during the following steps byange. The test samples would be prepared at incrementally
measuring the weight before and after drying. This providegonger grinding times and then analyzed. The appropriate

3



iy c 1255

grinding time would be at the point in which any further according to manufacturer’s instructions.
increase in grinding time does not result in an appreciable 13.1.2 X-Ray Energy Flux Monitoring-Before a calibra-

increase in X-ray peak intensity.

tion is determined a factor, called the flux monitor ratio (FMR),

11.8 The mixing vials are cleaned out after each use ais established to adjust for changes in the X-ray tube output or

follows:

the X-ray energy flux. Refer to the terminology section for the

11.8.1 Disassemble and rinse the vial components witldefinition of a flux monitor value and the flux monitor ratio.

water.

This factor can also be used to adjust for the rate of decay if a

11.8.2 Blow or air dry the components and then reassembleadioisotope source is used. The flux monitor ratio is the ratio

the vial.

of the initial flux monitor value (FMi) and the current flux

11.8.3 Place course ground glass or sand in the vial and rumonitor value at the time of sample analysis (FMc). Changes in

it on the grinding/mixing mill.

the X-ray energy flux may occur as the tube ages and may

11.8.4 Remove the glass from the vial and wipe or blow outthange drastically shortly before the tube is to expire. Perform
under a hood, the residual glass powder.
11.9 Place the finely powdered sample, or a portion of itFMR.
into the die press with an aluminum retaining cap. The cap 13.1.2.1 Select a metallic XRF standard (0.031 m in diam-
helps to support the sample when pressed.

Note 5—The amount of sample placed into the die press is not critical
for use in an EDXRF instrument in which the sample is inverted facing

a

the following steps to establish the values: FMi, FMc, and

eter) that can be analyzed under the same conditions as the

Isamples (except for the change in the current to achieve

maximum efficiency of the amplifier) giving a major peak or

lower mounted X-ray tube and detector, as long as the pellet is sufficientlp€t Of peaks in the same spectral region as the uranium and
thick to completely absorb the X-ray penetration.

11.10 Place the die press on the hydraulic press at a force ofNote 6—The electrical current applied to the X-ray tube will be
2.22 E+05 N (25 ton-force) for a minimum of 60 s. Then different between the metallic XRF standard and the samples since the
remove the pressed sample from the die. Mark the samp@ectrical current must be adjusted to achieve a 50 % deadtime count rate,
inside diameter (ID) on the back of the aluminum cap andhat is, a maximum efficiency of the data acquisition system. See Note 1.

handle the samples carefully so as not to abrade or disturb t

surface.

thorium, for example lead (Pb).

hbémetallic type standard is used because it can be preserved indefinitely

and has good homogeneity and surface integrity.

11.11 Wipe out any remaining powder residue from the die 13.1.2.2 Establish and set up operating conditions for the

with a wetted paper towel.

12. Preparation of Apparatus

instrument to excite the major element or elements of the FM
standard. These conditions should use the same secondary
target as used for the samples in order to monitor the integrity

12.1 The X-ray spectrometer must be allowed to reach thef the secondary target surface at the same time. Likewise if a
level of stability as specified by the manufacturer’s instruc-radioisotope source is used for the sample analysis, the same

tions.

source should be used to monitor its radioactive decay as well

12.2 The detector supply of liquid nitrogen must be main-as surface integrity.

tained.

12.3 Typical operating conditions are given in Table 1.

13. Calibration and Standardization

13.1 Apparatus

13.1.1 Peak Energy Calibration-Calibrate the gain and
offset on the pulse processor to ensure proper peak positig

TABLE 1 Energy Dispersive X-Ray Fluorescence (EDXRF)
Spectrometer Operating Conditions

For use of an X-ray Generator Excitation Source:

X-ray tube anode target
Anode voltage (kV)
Anode current (mA)A
Secondary target

Filter and thickness (mm)

For Use of a Radioisotopic Excitation Source:

Radioisotope
Activity

General Conditions:
Atmosphere
Counting live time (seconds)
Energy range (keV)
Time constant (useconds)
Detector columnator

Rhodium

32

2.8
Molybdenum
Ag-(0.050)

Cadmium-109
2.59 E + 08 and 3.70 E + 08
becquerels

vacuum (<70 Pa)
1000

0to 20

7.5

Silver

“The anode current will vary between instruments. It should be set according to
the manufacturer’s instructions to achieve maximum efficiency of the data acqui-
sition system (that is, the preamplifier, pulse processor, and ADC).

13.1.2.3 Define a spectral region of integration along with
sufficient acquire time to give a high number of counts (greater
than 100 000 total accumulated counts) under the established
set of conditions. A high number of counts is required for good
precision and is representative of the X-ray energy flux.

Note 7—The spectral region of integration may include several peaks
fbm one or more elements. The edges of the spectral region must be in the
background of the spectrum to reduce the variation of the FMR value due
to spectral shift. The exact same spectral region must be used for the
determination of the initial flux monitor value (FMi) and the flux monitor
value determined at the time of sample analysis (FMc) to reduce error in
the FMR value.

13.1.2.4 Acquire a spectrum on the standard and integrate
the spectral region defined above. This value, determined at the
time of initial calibration, is set as the initial flux monitor value
(FMi). This value, determined at the time of sample analysis, is
FMc.

13.1.2.5 The flux monitor ratio (FMR) value is initially 1.0
at the time of calibration. At the time of sample analysis, repeat
13.1.2.2 and 13.1.2.3 to determine the value FMc. The FMR
value is then calculated as follows:

_ FMi
FMR = =176 N

13.1.3 Instrument Operating ConditiorsEstablish and set



iy c 1255

up the operating conditions for the instrument in use with a 13.3 Calibration Curves and Tables
current setting established for the soil matrix to achieve a 50 % 13.3.1 Using reference standards ranging in concentration
deadtime count rate. Typical conditions are shown in Table lof uranium and thorium from 20 to 1000 pg/g prepare and run
The conditions are kept constant for the calibration and thehem under the instrument operating conditions established in
analysis of unknown samples. 13.1.3.
13.2 Reference Standards and Blanks 13.3.2 Process the sample spectra to remove the escape
13.2.1 Use certified reference standards if found to begpeaks and the background. Then integrate the peaks to obtain
available. Other standards used for calibration and referendie intensities of the uranium and thorium L-alpha-1 peaks
checks are made up to more completely cover the range ofhile taking into account peak overlap and interferences. The
calibration using blank soil and solutions of uranium anduranium and thorium L-alpha-1 peak energies are at 2.086
thorium in nitric acid. Form a slurry by mixing the soil and E-15 J (12.966 keV) and 2.190 E-15 J (13.613 keV), respec-
solutions in about a 1:1 volume ratio. Then ground and dry théively.
slurry in the same manner as the samples (see 11.1-11.6).13.3.3 Prepare separate calibration curves of concentration
Verify the concentrations by another validated method ofversus the L-alpha-1 peak intensity for uranium and thorium.
analysis, such as colorimetry, fluorimetry, phosphorescenc&erform a linear least-squares calibration of the data of the
etc. This same process can be used to generate matrix spikéam:
quality control samples during a sample batch analysis. C=AX|+B @)

Note 8—The dry mixing of elemental oxides with blank soil results in
errors because of the segregation of oxide and soil particles due to particl
size (and probably density) differences. Therefore, the dry mixing of oxide
based standards is not recommended.

where:

= concentration (in pg/g),
intensity (in counts per second),

A slope of curve, and

13.2.2 Obtain blank soil from locations offsite or away from B = Y-axis intercept.
any known source of radiological contamination at the surface This may be part of the instrumental software package. The
level and on unfertilized soils. Analyze blank soil samples byequation to be used in the calculation of unknown samples
another validated method of analysis to determine if thencludes the FMR value as follows:
uranium and thorium concentrations are below the minimum
detection limits of the EDXRF spectrometry technique prior to C=AXTX(FMR) + B @)
use as a blank. The minimum detection limit can be estimated by adding

13.2.3 Prepare reference standards and blanks in the saff¥o time.s the calculated standard deviation of the Y—.inte.rcept
manner as samples. Maintain records of the preparation pr(§9 the Y-intercept value. For a more accurate determination of
cess on a sample preparation log (see Note 2). Enter blanks gge detection limit refer to Practice E 876 and to the referenced
well as duplicates and matrix spiked quality control (QC)articles by Hubaux and Vog5) and Neter, Wasserman and
samples if desired, into the sample preparation process frofutner (6). o _ _
the initial point of drying the samples (see 11.1). The blank 13.3.4 The .cahbratlon is found_to be linear over thg speci-
sample analysis is used to detect any problems with sampféed range without the use of interelement corrections or
cross contamination during the preparation process. It is ndiorrection for varying cqncentratlons of light element matenal..
used in the processing of spectra. Referring back to the sampléowever these corrections can be adopted for both the cali-
preparation log, along with the other results from a series oPration and sample analysis if they are provided in instrumen-
samples may indicate where contamination has occurredation software. _ _
particularly where a high level sample has preceded the blank 13.3.5 The linear coefficient of correlation can be used to
in the use of one of the preparation devices. This can indicatgeterm”'\e the qua“ty of the calibration of the instrument. Refer
the need to improve or modify the cleaning process. Also as ¥ 7-3.3 in Practice E 305. Generally for the concentration
means of checking, a second portion of the dried and grount®nge indicated for uranium and thorium, the coefficient of
blank can be reanalyzed and if the result equally exceeds tHeorrelation is greater than 0.95.
minimum detection limit then this would point to the jaw tooth
crusher as the source of contamination. 14. Procedure

13.2.4 Enter reference standards and blind controls into the 14.1 Acquire and process the FM standard spectra and
sample preparation process at the point of using the grindingfalculate the FMR value as directed in 13.1.2 and in accor-
mixing mill (see 11.7). This is after the standards have beedance with any manufacturer’'s recommendations. It is recom-
dried, ground, and analyzed by another validated method ohended that data be tabulated to determine statistically when
analysis to verify the concentrations. Refer to Test Methodshe FMR value represents a significant change or drift in the
D 4697 and E 882 for the establishment of quality controlX-ray energy flux and to judge how frequently it is necessary
charts and a guideline of what to do in case the analysis of &b measure the FMR value.
standard is out of control. Standards that are found to be out of 14.2 Acquire the sample data under the conditions deter-
control can be the result of cross contamination, as similarlymined appropriate in 13.1.3 and as used for the calibration. The
described for blanks. The sample preparation log should alsconditions must be the same for the unknown samples as the
be referred to in these circumstances to aid in determining theonditions used for the standards. Reference standards, blanks,
source of the problem. and blind controls must also be prepared and analyzed by the



iy c 1255

A

same procedure as the unknown samples. Run one blank aféBLE 2 Certified Reference Standard Data for U and Th in Soil
one reference standard for every ten samples. Note 1—Units of (1ug/g).

14.3 Process the sample spectra to remove the escape peak§ore 2—The analyses shown were performed over a period of 20
and the background. Then integrate the peaks to obtain theeeks, each on a separate day. During this time no change was made in the
intensities of the uranium and thorium L-alpha-1 peaks whileflux monitor ratio (FMR) value. The certified concentration for standard

R890417-051 certified by colorimetric analysis is 182 ug U/g and 73 ug
15. Calculation Thig.

15.1 Using the linear calibration curve determined in 13-3REpeaLQH::§e§tZEJQ§,S§E§ Tessed Repeatsgﬁgzr'gtg‘;zngﬁgg‘lyses of
along with the FMR value, determine the concentrations of ’

uranium and thorium based on the intensity values. 3% ;2 1L7]7 ig
15.2 Example—The calculated equation for U is 37 84 176 77
C=5.027X 1 X (FMR) + 9.62 and the calculated equation 35 85 190 7
for Th is C=5.691X | X (FMR) +14.92, where o o o o
C = concentration in units of ppm ard= intensity in units of 36 86 172 76
counts/second. The measured intensities for U and Th are 5.17 39 97 172 76
and 12.58 counts/second respectively. The FMR is 1.0. For U: 3? gg i;g ;2
C =5.027X 5.17 + 9.62= 35.6 micrograms per gram. For 39 86 171 74
Th: C =5.691X 12.58 + 14.92= 86.5 micrograms per gram. 36 84 173 "
36 80 177 79
16. Precision and Bias 3 o
16.1 Precision—The precision of the instrumental analysis 35 85
is shown in Table 2. The same pressed pellet of standard NRM 3 9
4 was analyzed 19 times over a period of twelve weeks. During 37 82
this time no change was made in the flux monitor ratio (FMR) 37 84
value. The precision of the analysis, without taking into U for Standard NRM 4 Th for Standard NRM 4
account _the (_arr_or ,aSSOCi?‘ted with the FMR value or the Sam,plg:r;awgl\éa:tjaendard deviation 3??2 g;sgl\e/as“tjaendard deviation 8;1221)
preparation, is indicated in Table 2 by the absolute and relativRelative standard deviation 0.03 Relative standard deviation 0.04
standard deviations for the uranium and thorium. The relative U for Standard R890417-051 Th for Standard R890417-051
ean value 175.92 Mean value 77.00

standard deviation of the FMR value alone, determined fro ample standard deviation 5.90 Sample standard deviation 2.04

28 different determinations, is 0.024. Use of a computelRelative standard deviation 0.03 Relative standard deviation 0.03

generated instrument method for SUbtraCting the baCkgroundAThis standard was certified by supplier: UNC Geotech, contract operator of the

keeps the background removal consistent and improves th®E Technical Measurements Center, Grand Junction, Colorado.

precision of the instrumental analysis. The combined precision

of the sample preparation and the instrumental analysis is algoreparation technique described is used. A bias of one on the

shown in Table 2 for the reference standard R890417-051. Thisonstituents can be the result of a peak interference of an

sample was reprepared and analyzed twelve times over élement not accounted for in the peak integration and decon-

period of 20 weeks. During this time period the FMR valuevolution process.

was determined weekly and did not vary outside of one 16.2.2 The analyses of the certified reference standards in

standard deviation. The relative standard deviations for botfTable 3 indicate that no bias is present in this test method. All

uranium and thorium are similar to standard NRM 4. Thusof the results are within one standard deviation of the certified

there is no measurable loss of precision if the method of sampleoncentrations.

preparation is followed carefully. In Table 3 the certified 16.2.3 If suitable certified standards of uranium and thorium

reference standards were prepared and analyzed nine timigssoil are not available for instrument calibration and one must

within a one week period. Here the precision is essentially theely on determinations from another method of analysis, that is,

same for the different standards and slightly improved comeolorimetry, it is possible that a bias can be transferred from the

pared to standard R890417-051. other method. If certified standards are used that do not
16.2 Bias originate from one’s own geographic area, a bias can result
16.2.1 A uniform bias or systematic error between both thérom the possible differing matrix composition.

uranium and thorium concentrations can be indicative of a

change in the X-ray energy flux; that is, the need to recalculaté /- Keywords

the FMR value. Variation in sample density or moisture content 17.1 energy dispersive X-ray fluorescence (EDXRF); soail;

is not considered a significant cause of bias when the sampt@orium; uranium
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TABLE 3 Certified Reference Standard Data for U and Th in Soil A

Note 1—Units of (ug/g).

NRM 4 NRM 5 NRM 6
U Th u Th u Th
36.3 88.0 68.3 164.2 130.2 314.7
36.4 85.0 67.6 160.7 132.6 316.6
36.3 87.2 67.4 164.6 130.8 315.6
35.0 84.5 64.0 160.1 129.6 318.6
36.9 86.3 67.1 164.1 129.0 312.9
35.4 86.9 66.4 165.2 125.6 312.6
37.1 87.0 64.7 162.0 126.5 305.6
35.0 85.1 67.8 168.1 126.0 312.9
36.0 89.9 68.2 164.0 126.0 310.7
Certified Concentrations* Standard Deviations
35.6 + 3.3 86.5 + 5.5 67.5 + 4.8 163.9+ 10.0 128.2 + 10.2 313.3 = 10.0
Mean Values
36.04 86.65 66.83 163.6 128.4 313.3
Sample Standard Deviation
0.766 1.686 1.528 2.443 2.533 3.759
Relative Sample Standard Deviation
0.021 0.019 0.022 0.014 0.019 0.011

AThese standards were certified by supplier: UNC Geotech, contract operator of the DOE Technical Measurements Center, Grand Junction, Colorado.
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