NOTICE: This standard has either been superseded and replaced by a new version or discontinued.
Contact ASTM International (www.astm.org) for the latest information.

QH”) Designation: D 4962 — 95 <!

Standard Practice for

Nal(Tl) Gamma-Ray Spectrometry of Water *

This standard is issued under the fixed designation D 4962; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilonej indicates an editorial change since the last revision or reapproval.

€' Notre—Editorial changes were made in October 1995.

1. Scope 3. Summary of Practice

1.1 This practice covers the measurement of gamma-ray 3.1 Gamma-ray spectra are measured with modular equip-
emitting radionuclides in water by means of gamma-rayment consisting of a detector, an analyzer, a memory device,
spectrometry. It is applicable to nuclides emitting gamma-raysnd a permanent storage device.
with energies greater than 50 keV. For typical counting systems 3.2 Thallium-activated sodium-iodide crystals, Nal(TI),
and sample types, activity levels of about 40 Bqg are easilwhich can be operated at ambient temperatures, are often used
measured and sensitivities of about 0.4 Bqg are found for mangs gamma-ray detectors in spectrometer systems. However,
nuclides(1). ? Count rates in excess of 2000 counts per secontheir energy resolution limits their use to the analysis of single
should be avoided because of electronic limitations. Higmuclides or simple mixtures of a few nuclides. Resolution of
count rate samples can be accommodated by dilution or bgbout 7 % (45 keV full width at one half the Cs-137 peak
increasing the sample to detector distance. height) at 662 keV can be expected for a Nal(Tl) detector in a

1.2 This practice can be used for either quantitative of75 mm by 75 mm-configuration.
relative determinations. In tracer work, the results may be 3.3 Interaction of a gamma-ray with the atoms in a Nal(Tl)
expressed by comparison with an initial concentration of aletector results in light photons that can be detected by a
given nuclide which is taken as 100 %. For radioassay, thenultiplier phototube. The output from the multiplier phototube
results may be expressed in terms of known nuclidic standardend its preamplifier is directly proportional to the energy
for the radionuclides known to be present. In addition to thedeposited by the incident gamma-ray. These current pulses are
guantitative measurement of gamma radioactivity, gamma-rafed into an amplifier of sufficient gain to produce voltage
spectrometry can be used for the identification of specifioutput pulses in the amplitude range from 0 to 10 V.
gamma-ray emitters in a mixture of radionuclides. General 3.4 A multichannel pulse-height analyzer is used to deter-
information on radioactivity and the measurement of radiatiormine the amplitude of each pulse originating in the detector,
has been publishe@). Information on specific application of and accumulates in a memory the number of pulses in each
gamma-ray spectrometry is also available in the litera(Bje  amplitude band (or channel) in a given counting time. Com-

1.3 This standard does not purport to address all of theputerized systems with stored programs and interface hardware
safety concerns, if any, associated with its use. It is thean accomplish the same functions as hardwired multichannel
responsibility of the user of this standard to establish appro-analyzers. The primary advantages of the computerized system
priate safety and health practices and determine the applicainclude the capability of programming the multichannel ana-

bility of regulatory limitations prior to use. lyzer functions and the ability to immediately perform data
reduction calculations using the spectral data stored in the
2. Referenced Documents computer memory or mass storage dey#eFor a 0 to 2 MeV
2.1 ASTM Standards: spectrum two hundred data points are adequate.
D 3648 Practices for Measurement of Radioactivity 3.5 The distribution of the amplitudes (pulse heights) of the
E 181 Test Methods for Detector Calibration and Analysispulses can be separated into two principal components. One of
of Radionuclide$ these components has a nearly Gaussian distribution and is the

result of total absorption of the gamma-ray energy in the
— e is under the iurisdiction of Committee .16 on Water and i th detector; this peak is normally referred to as the full-energy
IS practice Is under the jurisaiction o ommittee D- on Water and is the

direct responsibility of Subcommittee D19.04 on Methods of Radiochemicalpea‘I< or photopeak The other component is a continuous one
Analysis. lower in energy than that of the photopeak; this continuous
Current edition approved July 15, 1995. Published September 1995. Originall!:urve is referred to as the Compton continuum and results from
published as D 4962 —89. Last previous edition D 4962 —89. interactions wherein the gamma photons lose only part of their
2 The boldface numbers in parentheses refer to the references at the end of thl
practice. energy to the detector. Other peaks, such as escape peaks,

3 Annual Book of ASTM Standardéol 11.02. backscattered gamma-rays, or x-rays from shields, are often
4 Annual Book of ASTM Standardgol 12.02.
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superimposed on the Compton continuum. These portions of Part of 2¢Na Gamma _
the curve are shown in Fig. 1 and Fig. 2. Escape peaks will be Spectrum 76mm x 76mm Nal(Ti)
present when gamma-rays with energies greater than 1.02 MeV

are emitted from the sampl®). The positron formed in pair 10 1368 Mev

production is usually annihilated in the detector and one or
both of the 511 keV annihilation quanta may escape from the
detector without interaction. This condition will cause single-
or double-escape peaks at energies of 0.511 or 1.022 MeV less Escape peaks 2.754 MeV
than the photopeak energy. In the plot of pulse height versus
count rate, the size and location of the photopeak on the pulse
height axis is proportional to the number and energy of the
incident photons, and is the basis for the quantitative and
qualitative application of the spectrometer. The Compton
continuum serves no useful purpose in photopeak analysis and
must be subtracted when peaks are analyzed.

3.6 If the analysis is being directed and monitored by an
online computer program, the analysis period may be termi-
nated by prerequisites incorporated in the program. If the
analysis is being performed with a modern multichannel
analyzer, analysis may be terminated when a preselected time 100
or total counts in a region of interest or in a specified channel
is reached. Visual inspection of a cathode-ray tube (CRT)
display of accumulated data can also be used as a criterion f¢disintegrations per second) or related units suited to the
manually terminating the analysis on either type of dateparticular application. At this time, the spectral data may be
acquisition systems. inspected on the CRT to identify the gamma-ray emitters

3.7 Upon completion of the analysis, the spectral data argresent. This is accomplished by reading the channel number
interpreted and reduced to nuclide activity of becquerelsrom the x-axis and converting to gamma-ray energy by means

of an equation relating channel number and gamma-ray energy.
5 Cs GAMMA SPECTRUM If the system is calibrated for 10 keV per channel with channel
10° — 76mm x 76mm Nal(T1) zero representing 0 keV, the energy can be immediately
calculated. In some systems the channel number or gamma-ray
0.662 Mev energy in keV can be displayed on the CRT for any selected
channel. Identification of nuclides may be aided by catalogs of
gamma-ray spectra and other nuclear data tabulaf@®ns

3.7.1 Computer programs for data reduction have been used
extensively although calculations for some applications can be
performed effectively with the aid of a desktop or pocket
calculator(1). Data reduction of spectra involving mixtures of
nuclides is usually accomplished using a library of standard
spectra of the individual nuclides acquired under conditions

U comeToN. identical to that of the unknown samp(é).
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4. Significance and Use

4.1 Gamma-ray spectrometry is used to identify radionu-
clides and to make quantitative measurements. Use of a
computer and a library of standard spectra will be required for
quantitative analysis of complex mixtures of nuclides.

4.2 Variation of the physical geometry of the sample and its
relationship with the detector will produce both qualitative and
guantitative variations in the gamma-ray spectrum. To ad-
equately account for these geometry effects, calibrations are
designed to duplicate all conditions including source-to-
0 detector distance, sample shape and size, and sample matrix
encountered when samples are measured. This means that a
complete set of library standards may be required for each
geometry and sample to detector distance combination that will

COUNTS PER CHANNEL

be used.
GAMMA ENERGY 4.3 Since some spectrometry systems are calibrated at many
FIG. 1 Compton Continuum discrete distances from the detector, a wide range of activity
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levels can be measured on the same detector. For high-level
samples, extremely low efficiency geometries may be used. DETECTOR
Quantitative measurements can be made accurately and pre-
cisely when high activity level samples are placed at distances
of 1 m ormore from the detector.

4.4 Electronic problems, such as erroneous deadtime cor-
rection, loss of resolution, and random summing, may be PREAMPLIFIER
avoided by keeping the gross count rate below 100 000 counts
per minute and also keeping the deadtime of the analyzer
below 5 %. Total counting time is governed by the activity of
the sample, the detector source distance, and the acceptable

Poisson counting uncertainty. AMPLIFIER
5. Interferences

5.1 In complex mixtures of gamma-ray emitters, the degree SCALER
of interference of one nuclide in the determination of another o TIMER

is governed by several factors. If the gamma-ray emission rates
from different radionuclides are similar, interference will occur !
when the photopeaks are not completely resolved and overlap. ADC
A method of predicting the gamma-ray resolution of a detector
is given in the literaturé?). If the nuclides are present in the
mixture in unequal portions radiometrically, and nuclides of
higher gamma-ray energies are predominant, there are serious
interferences with the interpretation of minor, less energetic COMPUTER
gamma-ray photopeaks. The complexity of the analysis OR MCA
method is due to the resolution of these interferences and, thus,
one of the main reasons for computerized systems.

5.2 Cascade summing may occur when nuclides that decay
by a gamma-ray cascade are analyzed. Cobalt-60 is an efe manufacturer should supply the gamma-ray spectrum of the
ample; 1172 and 1333 keV gamma-rays from the same deca{gackground of the crystal between 80 and 3000 keV. The
may enter the detector to produce a sum peak at 2505 keV arfdystal should be attached and optically coupled to a multiplier
cause the loss of counts from the other two peaks. Cascadiototube. (The multiplier phototube requires a preamplifier or
summing may be reduced by increasing the source to detectdrcathode follower compatible with the amplifier). The resolu-

distance. Summing is more significant if a well-type detector igion (FWHM) of the assembly for the photopeak of cesium-137
used.? should be less than 9 %.

5.3 Random Summing occurs in all measurements but is a 6.1.2 Shield—The detector assembly shall be surrounded by
function of count rate. The total random summing rate isan external radiation shield made of massive metal, equivalent
proportional to the square of the total number of counts. Foto 102 mm of lead in gamma-ray attenuation capability. It is

most systems, random summing losses can be held to less th@@sirable that the inner walls of the shield be at least 127 mm
1% by limiting the total counting rate to 1000 counts perdistant from the detector surfaces to reduce backscatter. If the

second (see General Methods E 181). shield is made of lead or a lead liner, the shield must have a
5.4 The density of the sample is another factor that car@raded inner shield of 1.6 mm of cadmium or tin lined with 0.4
affect quantitative results. This source of error can be avoidethm of copper, to attenuate lead x-rays at 88 keV, on the surface
by preparing the standards for calibration in matrices of théear the detector. The shield must have a door or port for

FIG. 3 Gamma Spectrometry System

same density of the sample under analysis. inserting and removing samples.
6.1.3 High Voltage Power/Bias SupphyHigh-voltage
6. Apparatus power supply of range (usually from 500 to 3000 V and up to
6.1 Gamma Ray Spectrometamonsisting of the following 10 mA) sufficient to operate a Nal(Tl) detector, multiplier
components, as shown in Fig. 3: phototube, and its preamplifier assembly. The power supply

6.1.1 Detector Assembiy-Sodium iodide crystal, activated shall be regulated to 0.1 % with a ripple of not more than
with about 0.1 % thallium iodide, cylindrical, with or without 0.01 %. Line noise caused by other equipment shall be re-
an inner sample well, 51 to 102 mm in diameter, 44 to 102 mninoved with radiofrequency filters and additional regulators.
high, and hermetically sealed in an opaque container with a 6.1.4 Amplifie—An amplifier compatible with the pream-
transparent window. The crystal should contain less than 5 pg/glifier or emitter follower and with the pulse-height analyzer.
of potassium, and should be free of other radioactive materials. 6.1.5 Data Acquisition and Storage Equipmen# multi-

In order to establish freedom from other radioactive materialsghannel pulse-height analyzer (MCA) or stand-alone analog-
to-digital-converter (ADC) under software control of a separate

computer, performs many functions required for gamma-ray
5 Refer toAnnual Book of ASTM Standardgols 12.01 and 12.02. spectrometry. An MCA or computer collects the data, provides
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a visual display, and outputs final results or raw data for lateand cautions for the set up of and the preliminary testing for all
analysis. The four major components of an MCA are the ADC of the spectrometry equipment to be used in the analysis. This
the memory, the control, and the input/output circuitry andequipment could include detectors, power supplies, preampli-
devices. The ADC digitizes the analog pulses from the detectdiers, amplifiers, multichannel analyzers, and computing sys-
amplifier. These pulses represent energy. The digital resutems.
selects a memory location (channel number) which is used to 8.1.2.2 Place an appropriate volume of an NIST traceable
store the number of events which have occurred with thastandard or an NIST traceable mixed standard of radionuclides
energy. Simple data analysis and control of the MCA isin a sealed container and place the container at a desirable and
accomplished with microprocessors, which control factorseproducible source-to-detector distance. The solution should
such as the input/output, channel summing over set regions @frovide about 100 counts per second in the peaks of interest
interest, and system energy calibration. and be made up of standard sources traceable to a nationally
6.1.6 Data Storage-Because of the use of microproces- certified laboratory. In all radionuclide measurements, the
sors, modern MCAs provide a wide range of input and outputolumes, shape, and physical and chemical characteristics of
(I/0) capabilities. Typically, these include the ability to transferthe samples, standards, and their containers must be as identi-
any section of data to one or more of the following: terminal,cal as practicable for the most accurate results. If precipitates
line printer, cassette tape, floppy or hard disk, x-y plotter, ancr residues are to be analyzed, then evaporate the standards on
computer interfaces by way of a serial or parallel port. the same type of mount as the sample.

7. Container for Test Specimen 8.1.3 Energy Calibration _
7.1 Sample mounts and containers must have a convenient8'1'3'1 Multichannel analyzers and Nal(TI) detectors being

reproducible geometry. Considerations include commerciap'oduced today are capable of producing an almost linear

availability, ease of use and disposal, and the containment §f'¢9Y response. o

radioactivity for protection of the working environment and 8:1.3.2 The energy calibration (channel number of the
personnel from contamination. The evaporation of liquidMultichannel analyzer versus the gamma-ray energy) of the
samples to dryness is not necessary and liquid samples up @@tecf[o_r system is accpmph;hed at a fixed gain using standards
several liters may be used. However, samples that have be&Rntaining known radionuclides. The standards should be in
evaporated to dryness for gross beta counting can also be usé@@led containers and should emit at least four different
for gamma-ray spectrometry. Massive samples may causggmma-ray energies covering the range of interest, usually 50
significant self-absorption of low-energy gamma-rays anck€V to 2000 keV in order to test for system linearity. Some
degrade the higher-energy gamma-rays. Therefore, it is impopommermally available nuchde.s .sunable for energy callbrqtlon
tant to calibrate the detector with standards of the sam@'e: lead-210, 46.5 keV; americium-241, 59.5 keV; cadmium-
geometry and density. A beta absorber consisting of about 809, 88 keV; cerium-141, 145 keV; chromium-51, 320 keV,
mm of aluminum, beryllium, or plastic may be used for cesium-137, 662 KeV, manganese-54, 835 keV, sodium-22, 511
samples that have a significant beta activity and high betgnd 1275 keV; yttrium-88, 898 and 1836 keV; cobalt-60, 1173

energies. and 1332 keV; equilibrated radium-226, 186, 352, 609, 1120,
and 1765 keV; others have been listdql. Verify the radionu-

8. Single or Simple Mixtures of Radionuclides clidic purity of the standards periodically to ensure against

8.1 Calibration and Standardizatiaon accidental contamination or the presence of long lived impu-

8.1.1 Begin operation of the instrumentation and detectofities by comparing the observed spectra with the spectra
according to the manufacturer's instructions. Initial set-upPublished in the literaturés).
includes all electronic adjustment to provide constant operating 8.1.3.3 Calibrate the multichannel analyzer to cover the
conditions consistent with the application and life expectancyange of interest. If the range is 50 to 2000 keV, adjust the gain
of the calibrations. Adjust the analog-to-digital converter gainof the system until the cesium-137 photopeak, 662 keV, is
and threshold, amplifier gain and zero-level, and detector highabout one-third full scale. Leaving the gain constant, locate at
voltage, or bias, to yield an optimum energy calibration,least three other photopeaks of different energies, covering the
usually 10 keV per channel. Modern commercial equipment isame range. Determine and record the multichannel analyzer
capable of linearity to the extent that the energy may bechannel number corresponding to the maximum count rate for
interpreted by the operator directly to the nearest 5 keV simplgach of the four gamma-ray energies. Using rectangular
by reading the channel number of the highest channel in aoordinate paper, plot the gamma-ray energy versus the chan-
peak. The energy calibration is usually accomplished wittnel number for each of the major gamma-ray energies. A near
radioactive sources covering the entire range of interest. Allinear relationship will be observed if the equipment is oper-
efficiency calibrations and source analyses are performed withting properly. Samples should not be analyzed if there is a
the same gain settings and the same high voltage settingignificant non-linear relationship. Calculate the slope and
Obtain efficiency calibrations by placing an appropriate vol-intercept of the line using a least squares calculation. If the
ume of an NIST traceable radionuclide standard solutiorspectrometry system is computerized, follow the appropriate
containing 100 to 10 000 Bq in a container and placing themanufacturer input instructions for the determination of the
container on the detector or in the detector well. slope and intercept. During each day in which the spectrometry

8.1.2 Preparation of Apparatus system is being used to analyze samples, repeat the above

8.1.2.1 Follow the manufacturer’s instructions, limitations, sequence of operations using at least two different gamma-ray
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