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'RESEARCH REPORTING SERIES

Research reparts of the Office of Research and Develapmant, LS. Environmental
Protection Agency, have bean grouped into ning series. These nine broad cate-
gories were established 1o facililate further development and application of an-
vironmental tachnolagy. Elimination of traditional grouping was consciously
planned 1o foster tachnolaogy transferand a maximum interdface in relatedg fislds,
The ning series are:

Environmental Health Effacts Research

Ervircnmental Protection Technology

Ecological Research

Ervirgnmental Manitoring

Setioaconomic Envirdnmental Studies

Scientific and Technical Assessment Reparts (STAR)
Interagency Energy-Environment Research and Development
"Special” Reports

Miscellansous Reports

This report has been assigned to the EMVIRONMENTAL MOMITORING serias,
This series describes research conducted to develop mew or improved methads
and instrumentation for the identification and gquanfification of environmenial
poflutants at the lowest conceivably significant concentrations. Il also includes
studies to determine the ambiant concenfrations of pollutants in the envieonment
andfor the variance of pallulanis as a function of time or metearclogical factors.

00N @ e

This documeant iz avallable to the 'public through the Mational Technical Informsa-
tian Service, Springfleld, Virginia 22161,
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DATE: March 19, 1981

SUBJECT: Errata Sheet for the Manual, "Prescribed Procedures for
Measurement of Radioactivity in Drinking Water," EPA-600/4-80-032,
August 1980, Environmental Monitoring and Support Laboratory,
Cincinnati, Ohio 45268 .

Page 5, 1st line. Change (dpm/cpm) to {cpm/dpm).

Page 8, Section 10.4., second line. Change the spelling to "laboratory."

Page 13, Section 9.3, change the "R" to "pv.

Page 19, Add "summation sign (EZ)" to 7 P
ix™ - {£x)

M
N-1

Page 27, Delete 5.1.

Page 28, Delete 7.1 and 7.2 and replace with:

7.1 With commercially available calibrated standards, geometric
configurations are to be prepared comparable to the final
separated sample so that the efficiency factors (cpm/dpm) for
the beta and the beta-gamma coincidence counters can be
determined,

Page 46, Section 9.1, Change tq " " oAty "

- At to Y

Page 52, Section 8. Delete the superscript "1v.

Page 53, Step B8.16. Delete "discard supernate® and substitute “add to
supernate in beaker from step 8.15 for Barium yield."

Page 63, Step 8.9 - 4th Tine. Delete "5 ml1 15M NHa0H® and substitute
“6N NH4OH dropwise to the alkaline endpoint of phenolphthalein.®

Page 64, Disregard note after Step B.9.

Page 65, Step B.74. Delete "10 m1 15N NHgOH to the centrifuge tube" and
substitute "6N NH40H dropwise to the alkaline endpoint of
phenolphthalein."

Page 68, Add to top of page, a = strontium recovery factor,
b = yttrimm recovery factor.

Page 77, Section 7.1.1, 1ine 4 and 5. Delete "and standard tritium
activity.”
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Page 87, Section 6.9. Change 50.4g to 90.4q.
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DATE:

SUBJECT:

Page 5,
Page 8,
Fage 13,
Page 19,

Page 27,

Page 28,

Fage 46,

Page 52,

Page 53,

Page 63,

Page 64,

Fage 65,

Fage 68,

March 19, 1981

Errata Sheet for the Manual, "Prescribed Procedures for
Measurement of Radioactivity in Drinking Water," EPA-600/4-80-032,
August 1980, Envircnmental Monitoring and Support Laboratory,
Cincinnati, Ohio 45268

1st line. Change (dpm/cpm} to (cpm/dpm}.
Section 10.4., second line. Change the spelling to “laboratory.”

Section 9.3, change the "R™ to "P9.

Add "summation sign (Z}" to
od - (mx)

il
N-1

Deleta &.7.

Delete 7.1 and 7.2 and replace with:

7.1 With commercially available calibrated standards, geometric
configurations are to be prepared comparable to the final
separated sample so that the efficiency factors (cpm/dpm) for
the beta and the beta-gamma coincidence counters can be
determined.

Section 9.1, Change Yty " "oty .
— tn ——
1-e” 3 1-e” M3

section 8. Delete the superscript "1".

Step 8.16. Delete “discard supernate” and substitute "add to
supernate in beaker from step 8.15 for Barium yiald.®

Step B.9 - 4th line. Delete "5 ml 15N NHgOH" and substitute
"6M NHyOH dropwise to the alkaline endpoint of phenolphthalein.”

Disregard note after Step B.9.

Step B.14. Delete "10 ml 15N NH40H to the centrifuge tube" and
substitute "“6N WH40H dropwise to the alkaline endpoint of
phenolphthalein.”

Add to top of page, a = strontium recovery factor,
h = wttriim vrarnverw Fartor
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Page 68, Add to top of page, & = strontium recovery factor,
b = yttrium recovery factor.

Page 77, Section 7.1.7, 1ine 4 and 5. ODelete “and standard tritium
activity."

Page 87, Section 6.9. Change 50.4g to 90.4qg.
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EPA-600/4-80-032
August 1980

PRESCRIBED PROCEDURES FOR MEASUREMENT OF
RADIDACTIVITY IN DRINKING WATER

by

Herman L. Krieger
Radiochemical Mathods ZSection
Physical and Chemical Methods Branch
Environmental Monitoring and Support Laboratory
Cincinnati, Ohio 45268

and
Earl L. Whittaker
Quality Assurance Division

Environmental Monitoring Systems Laboratory
Las Vegas, Nevada 89114
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ENVIRONMENTAL MONITORING AND SUPPORT LABORATORY
OFFICE OF RESEARCH AND DEVELOPMENT
U.5. ENVIRONMENTAL PROTECTION AGEMCY
CINCINNATI, OHIO 45268

DISCLATMER

This report has been reviewed by the Environmental Monitoring and Support !
Laboratory, U.S. Environmental Protection Agency, and approved for publication. i
Mention of trade names or commercial products does not consitute endorsement
or recommendation for use.
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FOREWORD

Man and his environment must be protected from the adverse effects of
pesticides, radiation, noise, and other forms of pollution, and the unwise
management of solid waste. Efforts to protect the environment require a
focus that recognizes the interplay between the components of our physical
environment--air, water, and land. The Environmental Monitoring and Support
Laboratory contributes to this multidisciplinary focus through programs
engaged in:

# studies on the effects of environmental contaminants on the
biosphere, and

# a search for ways to prevent contamination and to recyle
valuable resources.

The Drinking Water Regulations describe the maximum allowable
contaminant levels for a variety of poliutants in drinking water. This
updated edition of the manual has been developed by the staffs of the
Radiochemical Methods Section, Physical and Chemical Methods Branch,
Environmental Monitoring and Support Laboratory-Cincinnati, and the Quality
Assurance Division, Envirormental Monitoring Systems Laboratory-Las Vegas,
to supply the methodology formonitoring the gquality of drinking water for
the radionuclide pollutants. Im detatl, it describes the appropriate
analytical procedures and dncludes the quality assurance results that were
obtained from collaborative test studies, and from single laboratory:
replicate analyses.

Dwight &. Ballinger, Director Glenn E. Schweitzer, Director
Environmental Monitoring and Support Environmental Monitoring Systems
Laboratory - Cincinnati Laboratory - Las Vegas

i1
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ABSTRACT

Appropriate radiochemical procedures have been compiled in a laboratory
manpual for use in the analysis of gross alpha activity, gross beta activity,
cesium-134, cesium-137, iodine-131, radium-226, radium-228, strontium-B9,
strontium-90, teitium, uranium and the actinide elements, in drinling
water. These methods possess the necessary sensitivity for achieving the
maximum contaminant levels recommended by the U.5. Environmental Protection
Agency in its Interim Primary Drinking Water Regulations. The method
capabilities and minimum detection levels have been determined by replicate
testing, by an internal guality assurance program, and collaborative test
studies specifically designed for these nuclides.

iv
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PREFACE

The U.5. Envirommental Protection Agency has published Primary Drinking
Water Regulations for Radioactivity under the Safe Drinking Water Act, (Pub.
L. 93-523), These proposed maximum contaminant levels T1imit the concentra-
tions of natural and man-made radicactivity in drinking water 5upp1les and set
forth the proposed menitoring and measurement requirements.

Recognizing the need for a collection of analytical methods that can be
used for measuring each of these radionuclides in drinking water, the
Radiochemical Methods Section, Environmental Monitoring and Support
Laboratory-Cincinnati, and the Quality Assurance Division, Environmental
Monitoring Systems Laboratory-lLas Vegas, have brought together methods from a
wvariety of sources for the analysts and technicians having responsibility for
the analysis of drinking water supplies.

Bz will be avident from the Method Capabilities section of the manual,
Appendix A, the sensitivity of each of the procedures complies with the
promulgated 1imits. The determination of the standard deviations in the
counting rate is given in Appendix B, and the formulae for determining the
necassary counting time for the reguired detection Timit are indicated in
Appendix C. These operator=tested procedures have been selected from a number
of radiochemical methodology collections, (1-5) and can be utilized for
routine analysis. Several of them have already been published as "standard
FESEEEHEE methods® by recognized standard-setting organizations such as ASTM
an -

Factors considered in selecting these procedures for inclusionm im this
laboratory manual were procedure time, method capabilities, and reliability.
In those cases where modifications were deemed essential, additiomal steps
such as scavenging or other purification techniques have been included in the
procedures. The precision and accuracy of each method as determined from
collaborative test results or replicate single laboratory test results, are
included at the end of each procedure.

Drinking water is collected at des1gnated sawpl%n? points according to a
sampling protocol. Although some analyses (3H and I) specify that the
collected sample be unacidified, it is recommended that for routine screening
tests the sample be acidified at the time of collection to minimize losses
caused by adsorption on container walls. Radiochemical analysis should be
performed immediately ugun receipt of sample, so that radicactive decay
losses, primarily for | . are minimized. Specifications for laboratory
apparatus, sources of eguipment and laboratory counting instruments are
indicated in Appendices D, E, and F.
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indicated in Appendices D, E, and F.

P L T T e

Revisions or additions to these methods are solicited.

W
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SECTION 1
GROSS ALPHA AMD GROSS BETA RADIOACTIVITY IN DRINKING WATER
HMETHOD 900.0

1. Scope and Application

1.1 This method covers the measurement of gross alpha and gross beta
particle activities in drinking water. The method is a screening
technigue for monitoring drinking water supplies for alpha and beta
particle activities according to the limits set forth under the
Safe Drinking Water Act, PL 93-523, 40 FR 34324, and thereby
determining the necessity for further analysis.

1.2 The method is applicable to the measurement of alpha emitters
having energies above 3.9 megaelectronvolts (MeV) and beta emitters
having maximum energies above 0.1 MeV.

1.3 The minimum Timit of concentration to which this method iz appli-
cable depends on sample size, counting system characteristics,
background, and counting time. The National Primary Interim
Drinking Water Regulations {NIPDWR) require a gross beta detection
limit of 4 pCi/1, an alpha detection limit of 1 pCif1 for compli-
ance with Part 141.15{a) and a gross alpha detection 1imit of 3
pCi/1 for compliance with Part 141.15(b).

1.4 Since, in this method for gross alpha and gross beta measurement,
the radicactivity of the sample is not separated from the solids of
the sample, the solids concentration is very much a limiting factor
in the sensitivity of the methed for any given water sample. Also,
for samples with very low concentrations of radiocactivity such as
from drinking water sources, it is essential to analyze as large a
sample aliquot as 1s needed to give reasonable counting times in
meeting the required sensitivities (detection limits) indicated
above. The Regulations define sensitivity in terms of detection
Timits Part 141.25(c) of the Regulations .

1.5 The largest sample aliquot that should be counted for gross alpha
activity is that size aliquot which gives a solids density thick-
ness of 5 mg/cme in the counting planchet. For a 2-inch diameter
counting planchet (20 em?), an aliquot containing 100 mg of
dissolved solids would be the maximum aliquot size for that sample
which should be evaporated and counted for gross alpha activity.
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1.6

1.9

When the concentration of total dissolved solids (TDS) is known for
a given water sample and the alpha background and the counting
efficiency of a given counting system are known, the counting time
that is needed to meet the required sensitivity (3 pCi/1) can be
determined by eguations given in Appendix C.

For the counting of gross beta activity in a water sample the TDS
is not as 1imiting as for gross alpha activity because beta
particles are not stopped in solids as easily as are alpha
particles. Very often a single sample aliquot is evaporated and
counted for both gross alpha and gross beta activity. In that case
the sample aliguot size would be dictated by the solids Timitatfons
for alpha particles. For water samples that are to be counted for
gross beta activity, equations in Appendix C can also be used to
determine the necessary counting time to meet a sensitivity for
gross beta activity (4 pCi/1 reguired by NIPDWR).

Radionuclides that are volatile under the sample preparation
conditions of this method will not be measured. In some areas of
the country the nitrated water s0lids {sample evaporated with
nitric acid present) will not remain at a constant weight after
being dried at 105°C for two hours and then exposed to the
atmosphere before and during counting. Other radicactivities may
also be lost during the sample evaporation and drying at 1059C
(such as some chemical forms of radiciodine). Those types of water
samples nead to be heated to a dull red heat for a few minutes to
convert the salts te oxides. Sample weights are then usually
sufficiently stable to give consistent counting rates and a correct
counting efficiency can then be assigned. Some radicactivities,
such as the cesium radioisotopes, may be lost when samples are
heated to dull red color. Such losses are Timitations of the test
method,

This method provides a rapid screening measurement to indicate
whether specific analyses are required. For drinking waters with
an extremely high solids content (>500 ppm), method 900.1 is
recommended.,

2. Summary of Method

2.1

2.2

An aliguot of a preserved drinking water sample is evaporated to a
small volume and transferred quantitatively to a tared 2-inch
stainless steel counting planchet. The sample residue is dried to
constant weight, reweighed to determine dry residue weight, then
counted for alpha and/or beta radicactivity.

Countinag efficiencies for hath alnha and heta nartirls artivitiasz
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2.2 Counting efficiencies for both alpha and beta particle activities
are selected according to the amount of sample solids from counting
efficiency ws sample solids standard curves.

3. Sample Handling and Preservation

3.1 A representative sample must be collected from a free-flowing
source of drinking water, and should be large enough so that
adeguate aliguots can be taken to obtain the required sensitivity.

3.2 It is recommended that samples be preserved at the time of collec-
tion by adding enough 1N HNO3 to the sample to bring it to pH 2
{15 m1 TN HNO3 per liter of sample is usually sufficient.) If
samples are to be collected without preservation, they should be
brought to the laboratory within 5 days, then preserved and held in
the original container for a minimum of 16 hours before analysis or
transfer of the sample.

3.3 The container choice should be plastic over glass to.prevent Toss
due to breakage during transportation and handling.

4. Interferences

4.1 Moisture absorbed by the sample residus is an interference as it
obstructs counting and self-absorption characteristics. 1If a
sample is counted in an internal proportional coumter, static
charge on the sample residue can cause erratic counting, thereby
preventing an accurate count.

4.2 MNon-uniformity of the sample residue in counting planchet inter-
feres with the accuracy and precision of the method.

4.3 3amp1§ density on the planchet area should be not_more than &
mgfcm® for gross alpha and not more than 10 mg/cm? for gross
bata.

4.4 When counting alpha and beta particle activity by a gas flow
proportional counting system, counting at the alpha plateau
discriminates against beta particle activity, whereas counting at
the beta plateau is sensitive to alpha particle activity present in
the sample. This latter effect should be determined and compen-
sated for during the calibration of the specific instrument being
‘used,

5. Apparatus - See Appendix D for details and specifications.
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5, Apparatus - See Appendix D for details and specifications.
5.1 Gas-flow proportional counting system, or
5.2 Scintillation detector system
5.3 Stafnless steel counting planchets
6.4 Electric hot plate

5.5 Drying oven

5.6 Drying lamp

5.7 Glass desiccator

5.8 Glassware

5.9 Analytical balance
0. Eeagents

A1l chemicals should be of "reagent-grade” or equivalent whenever they
are commercially available.

6.1 Distilled or deionized water having a resistance value between 0.5
and 2.0 megohms (2.0 to 0.5 micromhos)/em at 250C.

6.2 Nitric acid, TN: Mix 6.2 ml 16N HNDz (conc.) with dejonized or
distilled water and dilute to 100 ml.

7. Calibrations

/.1 For absolute gross alpha and gross beta measurement, the detectors
must be calibrated to obtain the ratio of count rate to disinte-
gration rate. Americium-241 {used for alpha activity in the
collaborative test of this method) has higher alpha particle energy
(5.49 MeV) than those emitted by the naturally occurring uranium
and radium-226 radionuclides but is close to the energy of the
alpha particles emitted by naturally occurring thorium-228 and
radium-224. Standards should be prepared in the geometry and
weight ranges to be encountered in these gross analyses. It is,
therefore, the prescribed radionuclide for gross alpha calibra-
tion. NBS or NBS-traceable americium-241 1% available from
Standard Reference Materials Catalog, NBS Special Publications 260,
U.5. Department of Commerce (1976), and from Quality Assurance
Branch, EMSL-LY, P.0. Box 15027, Las Vegas, Nevada 89174,

7.2 CErant Tum-N and raciimo137 hawva hath kasn sead mrdita avkass GoaTa
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7.2

7.3

Craiiidly CIMJIL=LY, FU, DUA J1DUCF, LA VYEYd:, WEVAOd ¥ 1%.

Strontium-90 and cesium-137 have both been used guite extensively
as standards for gross beta activity. Standard solutions of each
of these radjonuclides are readily available. Cesium is volatile
at elevated temperatures {above 4509C). Some water supplies have
dissolved solids (salts) that, when converted to nitrate salts, are
quite hygroscepic and need to be converted to oxides by heating to
red heat to obtain sample aliguots that are weight-stable. Sample
weight stability is essential to gross alpha and gross beta
measurements to ensure the accuracy of the self-absorption counting
efficiency factor to be used for the samples. Strontium-90 in
equilibrium with its daughter yttrium-90 is the prescribed
radionuclide for gross beta calibrations.

For each counting instrument to be used, the analyst should prepare
separate alpha and beta particle self-absorption graphs showing
wWater sample residue weight (mg) vs the efficiency factor

]
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{dpm/cpm), using standard alpha and beta emitter solutions and tap
water. For the alpha graph standard, alpha activity is added to
varying size aliquots of tap water, such that the aliguet residue
weight is varied between O and 100 mg (for a Z-inch counting
planchet). A similar graph is prepared with standard beta activity
and tap water aliquots, varying the residue weight between 0 and
300 mg (for a Z-inch planchet). If it is planned to use water
sample aliquot volumes that always contain 100 mg of dried water
solids, then only the efficiency factor for that residue weight
needs to be established.

7.4 Tap water aliquots with added americium-241 or strontium-90
standard, should be acidified with a few m1 16N HNO;, evaporated
to a small volume in a beaker on a hot plate, E%ans?erred quant i=
tatively in 5 ml portions or less to a tared counting planchet,
evaporated to dryness, and finally dried at 105°C for 2 hours {or
flamed to a red heat if dried solids appear to be noticeably
hygroscopic). Weight-stable aliguot residues should then be alpha
and/or beta counted until at least 10,000 total counts have been
accumulated. A single set of reference standards prepared in this
way can be used for each counting instrument for separate graph
preparations and can be stored for reverification whenever needed.

8. FProcedure

8.1 Transfer to a beaker an aliguot of a water sample of a volume size
that contains no more than 100 mg (for alpha only or alpha and beta
determination) or 200 mg (for beta only determination) of total
water solids. Evaporate the aliquot to near dryness on a hot
plate. If water samples are known or suspected to contain chloride
calts, those chloride salts shouwld be converted to nitrate salts
before the sample residue is transferred to a stainless stea]
planchet (Chlorides will attack stainless stee] and increase the
sample solids and mo correction can be made for those added
s01ids). Chloride salts can be converted to nitrate salts by
adding 5 ml portions of 16N HNOq to the sample residue and
evaporating to near dryness. {%wu treatments are usually
sufficient.) Add 10 ml 1N HNO3 to the beaker and swirl to
dissolve the residue. Quantitatively transfer the aliquot
concentrate in small portions (not more than 5 m] at a time) to a
tared planchet, evaporating each portion to dryness.

8.2 Dry the sample residue in a drying oven at .1059C for at least 2
hours; cool in a desiccator; weigh; and count. Store the sample
residue in a desiccator wuntil ready for counting.

8.3 Some types of water dissolved solids, when converted to nitrate
salts, are guite hygroscopic even after being dried at 1059C for
two hours. When such hygroscopic salts are present with samples
that are put into an automatic counting system, those samples gain
weight while they are waiting to be counted anmd inaccurate counting

5
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data result. When there iz evidence of hygroscopic salts in sample
counting planchets, it is recommended that they be flamed to a dull
red heat with a Meeker burpner for a few minutes to convert the
nitrate salts to oxides before weighing and counting.

8.4 Count for alpha and beta activity at their respective voltage
plateaus. IT the sample is to be recounted for reverification,
store it in a desiccator.

Note: As long as counting chambers are capable of handling the
same size planchet, alpha and beta activity can be
determined at their respective voltage plateaus in the
designated counting instruments. Keep planchet in the
desiccator until ready to count because vapors from moist
residue can damage detector and window and cam cause
erratic measurements. Samples may be counted for beta
activity inmediately after drying; but alpha counting
should be delayed at least 72 hours until equilibrium has
occurred.  IT the gas-flow internal proportional counter
doas not discriminate for the higher energy alpha pulses
at the beta plateau, the alpha activity must be sub-
tracted from the beta plus alpha activity. This is
particularly important for samplies with high alpha
activity.

8. Calculations
9.1 Calculate the alpha radioactivity by the follewing equation:

A x 1000

Alpha (pCi/liter) = P2 K C RV

whera:

A = net alpha count rate ﬁgrnsa alpha count rate minus the
backaround count rate}at the alpha voltage plateau,

C = alpha efficiency factor, read E;Em graph of efficfency
yarsus mg of water solids per of planchet area,
(cpm/dpm),

') volume of sample aliquot, (ml1},and

£2.22 = conversion factor from dpm/pCi
9,2 Calculate the beta radicactivity by the following equations:
9.2,1 If there are no significant alpha counts when the sample is
counted at the alpha veoltage plateau, the beta activity can
be detarmined from the following eqguation:

% 1000
D xV

Beta (pCi/liter) = 5 Eg
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where

8 = net bata count rate [gross count rate minus the back-
ground count rate at the beta voltage plateau),

beta efficiency factor, read from the graph_of
efficiency wersus mg of water salids per cm of
planchet area, (cpm/dpm),

V= valume of sample aliguot, (m1), and

£.22 = conversion factor from dpm/pCi

0

9.2.2 When counting beta radicactivity in the presence of alpha
radipactivity by gas-flow proportional counting systems (at
the beta plateau) alpha particles are also counted. Since
alpha particles are more readily absorbed by increasing
sample thickness than beta particles, the alphasbeta count
ratios vary with increasing sample thickness, Therefore, it
is necessary to prepare a calibration curve by counting
standards containing americium-241 with increasing thickness
of solids on the alpha plateau and then on the beta plateau,
plotting the ratios of the two counts vs density thickness.
The alpha amplification factor (E) from that curve is used to
correct the amplified alpha count on the beta plateau. When
significant alpha activity is indicated by the sample coumt -
at the alpha voltage plateau, the beta activity of the sample
can be determined by counting the sample at the beta voltage
plateau and calculating the activity from the following

equation:
‘s _ (B - AE) x 1000

Beta {pCi/liter) = RN
where:
B = {as defined above)
b = (a5 defined above]
A= (as defined above)
E = alpha amplification factor, read from the graph of the

ratio of alpha counted at the beta voltage/alpha
counted at the alpha voltage vs sample density
thickness, and

volume of sample aliquot, (m1), and

caonversion factor from dpm/pCi.

ra
r
P ==
n m

9.4 Errors associated with the results of the analysis should also be
reported. (See Appendix B for error and statistical calculations).

10. Precision and Accuracy

.1 In an interlaboratory collaborative test of the method, three
sets of samples were analyzed by 18 laboratories for gross
alpha and gross beta activity. The samples were prepared with
dissolved water solids with known additions of americium-241
for gross alpha and cesium-137 for gross beta activity.

Toammla pawmiman A smambainmd AamTie camamdadom D87 maAddanmdduaddas
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Q1SS0 IVed WALEr sS01105 WILN KNOWN ao0iTi0ons o7 ameriCium=£4 !
for gross alpha and cesium-137 for gross beta activity.
Sample series A contained only americium-241 radioactivity,

7

10.2

10.3

10.4

10.5

10.6

series B contained only cesium=137 radicactivity, and series
contained both americium-241 and cesium-137 radioactivities.
Participating Taboratories were supplied with standard solu-
tions of americium=-241 and cesium=137 and blank solution of
dissolved water solids for preparing sample self-absorption
curves,

The gross alpha data from two laboratories was rejected for
the statistical analysis because their scores in the ranked
results of the laboratory averages were out of the acceptable
range for 18 laboratories. The gross beta data from 3 labor-
atories were rejected for the statistical analysis for the
same reason.

The coafficients of variation for the combined within-
laboratory precision for gross alpha analysis of the 3 samples
ranged from 7.4% to 12.2%. The coefficients of variation for
the precision of the method between laboratories ranged from
17.5% to 14.6% for gross alpha analysis for the 3 samples.

The coefficients of variation for the combined within-
-laoratory precision for agross beta analysis for the 3 samples
ranged from 3.5% to 5.2%. The coefficients of variation for
the precision between laboratories for gross beta analysis for
the 3 samples ranged from 3.5% to 7.5%. The coefficients of
variation for the total error between laboratories based on a
single analysis ranged from 5.9% te 8.3% for gross beta
analysis of the 3 samples.

In the statistical test to detect method bias the calculated
values for "t" were well below the specified critical value
for "t" for both gross alpha and gross-beta analysis, indica-
ting no bias in the method. Also, a comparison of the known
values to the grand average values shows a deviation of less
than 10% for alpha activity for the 3 samples. The same
comparison for beta activity shows a deviation of less than 2%
for each of the 3 samples.

Whenever the same radioisotopes are present in standards and
samples, acceptable accuracy of measurement of alpha and beta
activities would be expected. Whenever different radio-
isotopes are present in standards and samples, especially when
sfonificantly different particle energies are involved, then
any measurement of gross alpha and gross beta activity in the
sample will only be an estimation of the true activities.

Such an estimation can only serve to indicate the need for
more specific analyses,
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Such an estimation can only serve to indicate the need for
more specific analyses,
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SECTION 2
GROSS RADIUM ALPHA SCREEMING PROCEDURE
FOR DRINKING WATER (HIGH SOLIDS SAMPLES)
METHOD 900,17

1. Scope and Application

1.1 This method covers the measurement of alpha radiation from radium
isotopes. It is essentially a gross radium procedure which scresns
out wranium isotopes from water high in dissolved solfids.

Following calibration of designated instruments using suitable
stEndarda. the activity can be reported in picocuries per liter of
WaTEr.

1.2 Since radionuclides are not separated from the dissolved solids dn
a gross alpha measurement, and there are many water supplies with
high dissolved solids, a screening method in which alpha emitting
radionuclides are separated from the dissolved solids is needed.
High gross alpha activity (=15 pCi/1) is often associated with high
dissolved so0lids and uranium is frequently the aipha emitter
causing high alpha activity. The drinking water standard indicates
the level of gross alpha to be tolerated, less any uranium contri-
bution and this method will meet this reguirement. This method
separates radium from the sample uranium and dissolved solids and
it can therefore be used to screen high solids water samples for
gross radiom alpha activity. ’

1.3 This method provides a rapid screening measuremant to indicate
whether a snecific radium-226 analwsis s reauired for a drinking
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1.3 This method provides a rapid screening measuremant to indicate
whether a specific radium-226 analysis is required for a drinking
water supply.

2. Summary of Method

2.1 A measured volume of drinking water is heated and radium isctopes
gra pracipitated with Bad0y. After standing one hour the
precipitate is filtered on & glass fiber filter and dried. The
filter with precipitate is then fixed to a stainless steel planchet
and the alpha activity is measured in a counting system at the
alpha voltage plateau.

2.2 Counting efficiency is determined from the radium-226 standard
prepared with the same amount of BaSQ4q precipitate in the same
geometric configuration.

10
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3. Sample Handling and Preservation
3.1 A representative sample must be collected from a free flowing
source of drinking water, and should be large enough so that
meaningful aliguots can be taken. Contamination from the collec-
tion system should be eliminated by assuring that no contact occurs
between the tap and the mouth of the container.
3.2 To minimize absorption losses to the sides of the container, at the
time of collection add enough 1M HNMO3 to the sample to bring it
to a pH <2 (15 m1 1N HNO3 per Titer of water is 5ufF1cient?.
The sample should be analyzed soon after collection, and the
container choice should be plastic over glass to prevent Toss due
to breakage, during transportation and handling,.
4. Interferences
4.1 The sample should be counted for alpha activity within one hour of
preparation to minimize the effect of the ingrowing radium-226
daughters.
4.2 Uranium in the water sample is quantitatively removed by this
procedure, With waters having as much as 1000 pCi/1 of uranium,
the effective removal of this interference is greater than 99.99%.
5. Apparatus - See Appendix D for details and specifications.
5.1 Gas-flow proportional counting system, or
5.7 Scintillator detector system
.3 Stainless steel counting planchets
.4 Electric hot plate
5.5 Drying lamps
5.6 Glass desiccator
5.7 Glassware
5.8 Glass fiber Tilters

6. Reagents
6.1 Distilled or deionized water.

6.7 Barium carrier, 16 mg/ml: Dissolve 2,346 grams
Ball7.2Hp0 in water, add 0.5 m1 16N HNO3 and dilute to 100 ml.

6.3 Hydrochloric acid, 12M: HCT {comc.) sp. gr. 1.19, 37.2%,

1
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6.4 Nitric acid, IN: Mix 6.2 m1 16N HNO3 (conc.) with water and
dilute to 100 ml.

6.5 Sulfuric acid, 18N: Cautiously add 500 m] 36N Ho304 (conc.) to
400 m1 water and, when cool, dilute to 1 liter.

7. Calibrations

7.1 Counting efficiencies for radium alpha activity in this procedure
must be determined by counting prepared standard samples at several
recovery waights to prepare a self-absorption curve. Standard
radium-226 is added to separate samples of distilled water,
acidified with 12N HC1, and the procedure (8.1 to 8.7) s followed
including the addTtion of barium carrier. Standard solutions of
radium-226 are available from NBS and EMSL-Las Venas.

7.2 MNote the time of the BaS04q precipitation as it is the reference
time for ingrowth of decay products which must be accounted for in
the calculations.

7.3 The counting efficiency (E} for counting radium-226 alpha activity
at the alpha voltage would be:

E = e
4
where:

N = net alpha count rate, (cpm),

0 = dpm of radium=-226 added,

P = alpha ingrowth factor at the mid-point of the alpha
counting time.

B. Procedure

8.1 Transfer an aliguot of drinking water sample to a beaker, add 20 ml
12N HC1 for each liter of sample and 1.0 ml barium carrier.

8.2 Heat the solution to boiling and slowly add with constant stirring
20 m1 18N HpS04 for each Titer of sample.

8.3 Continue heating and stirring for 30 minutes.

8.4 Allow the sample to settle at room temperature for one hour.
Filter quantitatively through a 47 mm glass fiber filter, rinsing
the final precipitate out of beaker with a Tine jet of water.
Place filter on a paper towel under an infra-red Tamp until dry.
Cool in a desiccator.

8.5 Permanently fix filter to a stainless steel planchet. (Double

stick tape or rubber cement may be used to Fix the filter to
planchet. )

12
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8.6 Count for alpha activity at the alpha voltage immediately.

Note: It is not always possible to count the BaSQg precipitate
immediately after separation; therefore, corrections must be
made for the ingrowth of the radium-226 daughters according
to the table in Sectiom 9.3.

9. Calculations
9.1 Caleculate the radium alpha concentration, A, in pCi/1 as follows:

” ) N
ARCI) = s PRV

=
=
m
5
]

net alpha count rate, cpm, .
efficiency, cpm/dpm, counted at the alpha voltage,
alpha ingrowth factor at the mid-point of the alpha counting
Lime,
V = liters of sample used, and
2,22 = conversion factor from dpm/pCi

=M=

"

If the alpha concentration, exceeds & pCLi/l, a specific radium-226
analysis (Method 903.7) must be performed on that sample. The same
BasS0Dy precipitate may be used for the specific radium-226

analysis.

9.2 Radium-226 alpha ingrowth factor (R):
R=1+3 (1-e %)
where:

3 = yalue based on the decay rate of radon-222;
t 1/2 = 3.824d = 91.78 hr

0.1812d° ", or

» =Tn2 =
g‘l‘EEl

A =1n2 =0.007551 hr~!
al.7r

t = elapsed time (hrs) from the time of BaSOg
separation to the mid-point of the counting
period. .
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13

9.2.1 Table of Radium-226 Alpha Activity Factors

Radium-226
Ingrowth Time Alpha Activity Factor

{hrs) 143 {1-e" ')
0 1.000
1 1.022
2 1.045
3 1.067
i 1.089
5 1.111
G 1.133
7 1.154
8 1.176
9 1.197
10 1.218
16 1.341
24 1.498
48 1.912
7z 2.258

10. Pracision and Accuracy

The following table of analyses of mine water samples indicates the
comparability of Method 900.1 with Method 903.7 and reveals how the high
gross a1pha values for waters of high solids were in reality uranium
values since the radium-226 levels were all below 2 pCifl.

pCi/fl

Type Sample Radium=-276 Gross Radium Uranium Gross
by Emanation Alpha by Alpha
Method Method Fluorometry®  Mathod
g03.1 800.1 200.0

Mine Water 0.85 + .04 0.83 + .15 an 440
I ta 0.30 + .02 0.86 + .20 545 170

u te 0.82 + .03 1.97 + .67 1131 890

n " 0.30 + .02 0.69 + .06 a11 370

I f 0.43 ¥ .03 0.82 + .06 h9z2 B50

f I 1.15 + .10 3.01 + .53 958 1020

u t 1.01 + .05 0.94 = .29 1031 1300

u te 1.12 + .0% 0.95 + .08 865 1110

f th 0.89 ¥ .05 1.10 + .32 741 410

¥nri/1 = 0.AR ua/l of =238
http://nepis.epa.gov/Exe/ZyNET .exe/30000QHM .txt?Zy...=ZyActionL & Back=ZyA ctionS& BackDesc=Results%20page (34 of 177)1/25/2007 4:15:07 PM



Document Display | NSCEP | US EPA

*pCi/1 = 0.68 ug/1 of U-238

SECTION 3
RADIOACTIVE CESIUM IN DRINKING WATER
METHOD 901.0

1. Scope and Application

1.1 This method covers the measurement of cesium-134 and cesium-137 in
the same sample of drinking water. This technique makes it possible
to ascertain whether a hazardous concentration of a specific nuclide
is present when a gross beta screening analysis exceeds 15 pCi/fl.

1.2 The limits set forth in PL 93-523, 40 FR 34324 recommend that in the
case of man-made radionuclides, the limiting concentration is that
which does not produce an annual dose equivalent greater than 4
mrem/year. This is calculated on the basis of a 2 Titer per day
drinking water intake using the 168 hour data listed in NBS Handbook
69, If several radionuclides are present, the sum of their annual
dose equivalent must not exceed 4 mrem/year.

2. Summary of Method

#.1 Stable cesium carrier is added to a specified volume of drinking
water. The cesium is collected as the phosphomolybdate in an acid
medium. The precipitate is dissolved with base, and the ammonium and
molybdate ions are removed by heating and calcium precipitation
respectively. The cesfum is purified as the chloroplatinate for
counting.

2.2 The final precipitate 1s counted by gamma-ray spectrometry to
determine cesium-134 (605 and 796 keV) and cesium-137 (662 keV) from
the photopeaks in the resulting spectrum.

2.3 1f the more restrictive cesium=134 15 present alone, the planchet may
he beta-counted in a beta counter whose efficiency for measuring this
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2.3 If the more restrictive cesium-134 is present alone, the p1anqh6t may
he beta-counted in a beta counter whose efficiency for measuring this
nuclide has been previously determined using a suitable standard.

3. Sample Handling and Preservation - (See Sec. 3, Method 900.0}.

4. Interferences

4.1 If ammonium jons are not completely removed, the calcium molybdate
scavenge will not be complete and the final precipitate will have an
incorrect chemical yield determination. The presence of rubidium
will also increase the weight of the chloroplatinate precipitate.

15

4.2 Counting efficiencies should be determined for the geometry and
s01ids accumulation of the final precipitate.

5. Apparatus - See APPENDIX D for details and specifications.
5.1 Gamma ray spectrometer.

5.2 Gas-Tlow proportional counting system. {Low background beta,

< 3 cpm.)
5.3 Plastic ring and disc mounts,

5.4 Mylar film.
8.5 Teflon filter holder.
5.6 Electric hot plate.
5.7 Analytical balance,
5.8 pH meter.
5.9 Drying aoven.
5.70 Aluminum desiccator,
5.11 Centrifuge.
5.12 Glassware.
6. Reagents
6.1 Distilled or deionized water.
6.2 Ammonium phosphomolybdate (prepared reagent): Dissolve 100 grams of
BN WHan e the o3t ane 1o eare OF 240 m] of Water and 140 w1
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Wail

repared reagentj: UUi1ssoive 00 grams of
mo |y 3) 1n 2 mixture of 240 m] of water and 140 )
15N NH40H. When the solution is complete, filter and add 60 m1 16M
HNO3. Mix 400 m1 16N HNO3 and 960 m] water. Allow both solu-
tions to cool to room temperature. With constant stirring, add the
ammon fum molybdate solution to the nitric acid solution. Allow to
stand Tor 24 hours. Filter through Whatman #42 filter paper.

Discard the insoluble material.

FUEREIED | LEl FILS RRFIHAL | yoOane

Collect the filtrate in a 3-liter beaker and heat ta 509 tg

5509C. Remove from heating wnit. It s important that the solution
not be heated above 559C to avoid contamination of the precipitate
with molybdic anhydride. Add 25 grams NaHsPOg dissolved in 100

m] water to the ammonium molybdate solution. Stir occasionally for
15 minutes and allow the precipitate to settle (approximately 30
minutes). Filter through Whatman #42 filter paper. Wash the
precipitate with 1¥ potassium nitrate and finally with water. Dry
the precipitate and paper at 1009C for 3 to 4 hours. Transfer the

16
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(MHg)3P(Mo301p)4 solid to a weighing bottle, and store in a
desiccator.

6.3 Calcium chloride, 3M: Dissolve 33g CaCly in water and dilute to
100 ml.

6.4 Cesfum carrier, 10 mg/ml, standardized: Dissolve 1.267g CsC1 in
water and dilute to 100 ml in volumetric flask.

Standardization: [(in triplicate)

Pipette 1.0 m1 cesium carrier into a 50 ml centrifuge tube. Add
15 ml water, 2 ml 0.1M chloroplatinic acid and 10 ml ethanol.
Stir and cool in an ice bath for 5-10 minutes. Filter through a
tared glass-fiber filter. Wash the precipitate with 10 m1’
water, 10 m1 1N HC1 and 10 mi ethanol. Ory to constant weight
at 1050C, cool and weigh as (spPtClg.

6.5 Chloroplatinic acid, 0.1M: Dissolve 5.29 HpPtClg.6Hp0 in water
and dilute to 100 ml.

6.6 Ethanol, 95%¢: CgHgOH.
6.7 Hydrochloric acid, 12N: HC1 (conc.), sp.gr. 1.19, 37.2%.

6.8 Hydrochloric acid, 6N: Mix 1 volume 12N HC1 {conc.) with 1 volume
water.

6.9 Hydrochloric acid, TN: Mix 1 volume 12N HCT {conc.) with 11 velumes
watar.

-

6.10 Sodium hydroxide, 6N: Dissolve 24g NaOH in water and dilute to 100
ml.

7. Calibrations

7.1 The detection efficiency of the gamma ray spectrometer for measuring
cesium-134 and cesium=137 must be obtained with commercially avail-
able calibrated standards. Geometric configurations comparable to
the final separated sample should be prepared and counted so that the
cpm per dpm (detection efficiency) can be determined.

7.2 If a betaz counter is used in the measurement, & similar calibration
is required with a_standard tracer solution over a range of sample
thicknesses (mg/fcm?®).

B. Procedure

8.1 To a 1000-m1 drinking water sample, add 1.0 ml cesium carrier and 10
ml 12N HC1 to make the solution ~0.1N in HCI.

8.2 Slowly add 1 gram (NHg)3P{Mo30jpla and stir for 30 minutes,
17
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8.3

8.4
8.5

B.6

8.7

8.8

B8.9

B.10

9.1

using a magnetic stirrer. Allow precipitate to settle for at least 4
hours, and discard supernates.

Slurry precipitate inte a centrifuge tubs. Centrifuge and discard
supernate.

Wash precipitate with 20 ml 1N HC1, and discard wash solution.

Dissolve precipitate by dropwise addition of 3 to 5 ml 6N MaOH. Heat
over a Tlame for several minutes to remove ammonium ions.  (Moist pH
paper turns green as long as NHMz vapors are evolved.) Dilute to 20
ml with water. '

Add 10 m1 3M CaClz and adjust to pH 7 with 6N HC1 to precipitate
CaMolg. Stir, centrifuge, and filter supernate through Whatman #41
filter paper (or equivalent) into a 50-m] centrifuge tube.

Wash the precipitate remaining in the centrifuge tube with 10 ml
water., Filter through the same filter paper, and combine the wash
with filtrate. Discard filter paper.

Add 2 m1 0.1M HaPtClg and 5 ml ethanol. Cool and stir in fce
bath for 10 mihutes.

Transfer with water to a tared glass-fiber filter. Wash with
successive portions of water, TN HC1, and ethanol.

Dry to constant weight at 10%9C, cool, weigh, mount, and count,
gither gamma for cesium=134 and cesium=137 or beta for cesium=134
alona.

9. Calculations

Calculate the cesium concentration®*, D, in picocuries per liter as
follows:

.
D* 7 Em

where:

net beta count rate, cpm, or net gamma count rate, cpm,

beta counter efficiency, or gamma-ray spectrometer efficiency,
liters of sample used,

fractional chemical yield, and

C
E
)
R
2.22 = conversion factor from dpm/pCi.

[ I LI TR
[ 35

¥5ince drinking water regulations require cesTum-134 analyses on guarterly
composites only when the gross beta activity exceeds 15 pCi/f1, the maximum
decay would be =< 10%, assuming all activity was due to cesium-134 and all
activity was collected within the first aliquot. Therefore, no decay correc-
tion is needed.

18
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10. Precision and &ccuracy

A single laboratory replicate test by three analysts determined the
precision and accuracy of this method. With a cesium-137 spiked water
sample the results of the nine replicate analyses expressed in plif] were:

18,530 18,010 17,030
18,770 17,430 18,830
17,940 17,230 17,430
A one-way Anaiysis of Variance(2) was performed to determine analyst
variation:
Degrees of Sum Sguares Mean Square
Source Freadom of Error of Error
Between Analyst 2 11,990 5995
Within Analyst B , 24,799 4133

Calculated F (2,6) = %9{;% = 1.45
Theoretical F (2,6) 95% Confidence Limit = 5.14

It can be concluded that there is no amalyst variation. Therefore, precision
Wwill be estimated by combining all data.

KE = X 2
r'-mlﬂ“L

_\/ 2.89x10%-2.88 x 10°

Precision {1g)

8
= 678
Mean ¥ = 17910 pCi/l
% Precision relative to mean = (678/17910) 100

= 3.7%

Since counting errors have been minimized, the overall precision when
applied to low activity samples is calculated to be:

Overall Precision (o) = 4/ (3.7)2 + (% counting error)?

(17910 - 15540) .
% Bias is calculated TEET0 x 100 15.2
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SECTION 4
GAMMA EMITTING RADIONUCLIDES IN DRIMXING WATER
METHOD 901.1

1. Scope and Application

1.1

1.3

1.4

This method describes the use of gamma spectroscopy for the
measurement of gamma photons emitted from radionuclides without
separating them from the sample matrix. This technique makes it
possible to ascertain whether a hazardous concentration of a
specific gamma emitter is present in a drinking water sample.

The Timits set forth in PL 93-523, 40 FR 34324 recommend that in
the case of man-made radionuclides, the limiting concentration is
that which will produce an annual dose eguivalent to 4 mrem/year.
This is calculated on the basis of a 2 Titer per day drinking water
intake using the 168 hour data listed in NBS Handbook 69. If
several radionuciides are present, the sum of their annual dose
equivalent must not exceed 4 mrem/year.

Two types of gamma detectors are currently widely used, namely, the
thalilium activated sodium iodide crystal, Nal(T1), and the Tithium
drifted germanium detector, Ge(Li). The Ge{Li) detector does not
detect gamma photons as efficiently as the NaI(T1) detector, but
its photon energy resolution is far better than that of the Nal(T1)
dgetector. Because of its energy resolution advantage and the
availahility of large active volume Ge(Li) detectors, a Ge{Li)
detection system is recommended for measuring gamma emitting
radionuclides in drinking water samples.

The method s applicable for analyzing water samples that contain
radionuclides emitting gamma photons with energies ranging from
about 60 to 2000 keV. The required sensitivity of measurement For
the more hazardous gamma emitters is listed in the National Interim
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about 60 to 2000 ke¥V. The required sensitivity of measurement for
the more hazardous gamma emitters is listed in the National Interim
Drinking Water Regulations, Section 141.25. For a method to be in
compliance, the detection limits for photon emitters must be 1/10
of the applicable limit. The detection Timits for cesium-134 and
cesium-137, which are 10 and 20 pCi/1 respectively, are met by this
procedure.

2. Summary of Method

2.1 A homogeneous aliguot of driﬁking water s put into a standard
geometry for gamma counting. The counting efficiency for this

21

F

geometry must have been determined with.standard (known) radia-
nuclide activity. Sample aliquots are counted long enough to meet
the required sensitivity of measurement, specified by the NIPOWR
(see Appendix C).

2.2 The gamma spectrum is printed out and/or stored in the appropriate
computer-compatible device for data processing (calculation of
sample radijonuclide concentrations).

3. Sample Handling and Preservation - See Section 3, Method 900.0
4. Interferences

4,1 Significant interference occurs when counting a sample with a
Nal(T1) detector and the sample radjonuclides emit gamma photons of
nearly identical energies., Such interference is greatly reduced by
counting the sample with a Ge(Li) detector.

&.2 Sample homogeneity is important to gamma count reproducibility and
counting efficiency validity. When sample radionuclides are
adsorbed on the walls of the counting container, the szample is no
longer homogeneous. This problem can be lessened by adding 15 ml
IN HNO3 per liter of sample at collection time.

5. Apparatus - See Appendix D for Details and Specifications

5.1 Large volume (> 50 cmd) Ge(Li) detector or 4" x 4" NaI(T1)
detector.

5.2 Gamma-ray spectrometer plus analyzer with at least 2048 channels
for Ge(Li) or 512 for HaI{TI1).

5.3 Standard geometry sample counting containers for either detector.
[1=-pint cylindrical container or 4-Titer Marinelli polvethylene
beaker. )

E A4 drroce ¥n 3 comnofae
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5.4 Access to a computer.
B. FReagents

6.1 Radon free distilled or deicnized water for standard preparation
and sample dilution.

6.2 MNitric acid, TH: Mix 6.2 ml of 16N HHO3 (conc.) with distilled
water and dilute to 100 ml.

7. Calibration

7.1 A Ge(Li) detector-gamma spectrometer can be calibrated for energy
resolution as follows:

22
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NES or HNBES-traceable standard solutions arve prescribed for this
calibration. Adjust the analyzer amplifier “gain" and
analog-to-digital converter "zero offset" to locate each photopeak
in its appropriate channel. For a Ge{lLi) detector system a 0.5 or
1.0 keV per channel calibration is recormended, For a Nal(T1)
detector system a 10 or 20 keV per channel calibration is satis-
factory since the energy resolution of this type detector is lower
than that of the Ge(Li) detector.

7.2 For Nal(T1), a library of radionuclide gamma energy spectra is
prepared with known radionuclide-water sample concentrations at
standard sample geomeiries; for Ge(Li), a single solution contain-
ing a mixture of fission products may be used. These standard
solutions are available from MBS or the Quality Assurance Division,
EMSL-Las Vegas. Counting efficiencies for the various gamma
energies (photopeaks) are determined from the activity counts of
those known value samples. A counting efficiency vs. gamma energy
curve is determined for each container geometry and for each
detector that is to be used for sample analysis. Known amounts of
various radionuclides that emit gamma photons with energies well
spaced and distributed over the normal range of analysis may also
be used for this calibration. These are put into each container
geometry and gamma counted for a photopeak spectrum accumulation.

7.3 The detector efficiency, E, at a given photopeak energy for a given
geometry is determined by using a known quantity or concentration
(for a volume geometry) of a ogamma emitting radionuclide, as

follows:
£ s
where:
L = net count rate, cpm, {integrated counts in the photopeak

above the base line continuum divided by the counting
time in minutes),

A = activity of radionuclide added to the given geometry
container (dpm],

B = the gamma-ray abundance of the radionuclide being
measured (gammas/disintegration).

B. Procedure

8.1 Measure an aliguot of the drinking water sample in a standard
geometry (one that has been calibrated).

£.2 Place the standard geometry container (with the sample aliquot) on
a shielded Ge(Li) or NaI(T1) detector and gamma count for a period
of time that will meet the reguired sensitivity of measurement,
specified by the WIPDWR. (The required counting time can-be
determined by equations given in Appendix C).

23
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Print the gamma spectrum and/or store the spectrum on the appropri-
ate computer-compatible device.

8.4

Calculate the radiocactivity of the gamma emitters present inm the
sample.

8, Calculations

These calculations are for determinations using a Ge(lLi) detector
system. With a WaI(T1) detector system, similar calculations can be
done by a computer using a library of radionuclide spectra and a
least-squares (1,2} or matrix analysis program (3).

9.1 The isotopes indicated by the gamma spectrum are determined as
fallows;

9.1.1 Identify all photopeak energies.

9.1.2 Integrate the photopeak regions of the spectrum and subtract
the area under the base 1ine continuum to determine the true
photopeak area.

9.1.3 Isotopes are identified by their appropriate photopeaks, and
ratios to sach other when more than one gamma photon is
emitted by an isotope in the sample.

8.2 Calculate the sample radionuclide concentrations, A, in pCi/1 as
follows:

A = —5 - BET
where:

C = npnet count rate, cpm, in the peak area above base line
continuum,

B = the gamma-ray abundance of the radionuclide being measured
(gammas/disintegration),

E = detector efficiency (counts/garma) for the particular
photopeak energy being considered.

¥ = vyolume of sample aliquot analyzed (1iters).

2.22 conversion factor from dpmfpCi.

10. Precision and Accuracy

10.7 Precision and accuracy of this test procedure will be determined by
z segparate collaborative study. However, a summary of the EMEL-Las
Vegas cross-check and performance sample studies (six and two
respectively) for the period of August, 1978, to October, 197%
gives the following information about acceptable performance in the
analyses of water samples for gamma emitting radionuclides by gamma
spectroscopy. Some laboratories used Ge{Li) detector/garma

24
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spectrometer systems and others used Nal(T1) detector/gamma
spectrometer systems.

10.2 Six gamma emitting radionuclides were used in those studies,
namely, chromium-51, cobalt-60, zinc-65, ruthenium-106, cesium-134,
and cesium-137. Samples for the August 1978 and October 1978
cross-check samples and the April 1979 performance samples
contained cobalt-60 and cesium-134. The February 1979 cross-check
samples contained cobalt-60, zinc-65, cesium-134, and cesium-737.
The October 1979 cross-check samples contained chromium-51,
cobalt-60, cesium-134, cesium-137. The October 1978 performance
samples contained cesium-134 and cesium=137.

10.3 Cesium-134 in seven studies was analyzed by an average of 46
laboratories for a 90.8 + 11.6% average acceptable performance.
Cesium=137 in five studies was analyzed by an average of 48
laboratories for a 87.7 & 11.7% average acceptable performance.
Since the radionuclide concentrations in the samples for all
studies were well below the maximum allowable concentrations for
drinking water, this non-destructive gamma-emitting procedure to
ascertain whether cesium-134 or cesium-137 is present is
recommended as an alternate to Method 201.0.

BIBL IOGRAPHY

1. Salmon, L., Computer Analysis of Gamma-Ray Spectra From Mixtures of
Known Muclides by the Method of Least Sguares, NAS-NS 3107, Appl. of
E?mp.}tu Nucl. and Radiochemistry, 165-183, National Acad. Sciences

962}.

2. Schonfeld, E., Alpha M., An Improved Computer Program for Determining
Radioisotopes by Least-Sguares Resolution of Gamma-Ray Spectra,
ORNL-3975 {1966).

3. Hagee, G.R., et al., Determination of 1311, 137¢s, and 140ga in
Fluid Milk by Gamma Spectroscopy, Talanta, 5, 36-43, (1960).

http://nepis.epa.gov/Exe/ZyNET .exe/30000QHM .txt?Zy...=ZyActionL & Back=ZyA ctionS& BackDesc=Results%20page (47 of 177)1/25/2007 4:15:07 PM



Document Display | NSCEP | US EPA

1.

3.
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SECTION 5
RADIOACTIVE IODINE IN DRINKING WATER
METHOD 902.0

Scope and Application

1.1

1.2

According to the National Interim Primary Drinking Water
Regulations (NIPOWR), drinking water supplies designated as
possibly contaminated by éffluents from nuclear facilities are to
be monitored quarterly for fodine-137. Alse, for drinking water
supplies not designated as above, when the gross beta activity
exceeds 50 pCifl, the drinking water must be amalyzed for specific
radionuclides for the assignment of dose for people using those
supplies. This method covers the measurement of radicactive jodine
in a sample of drinking water.

The NIPDWR 1ists a reguired sensitivity of measurement of 1 pLi/]
for iodine-131 in drinking water. This method provides for the
separation and concentration of fodine from sufficiently large
samples so the 1 pCi/1 reguired sensitivity can be met. See
Appendix C for calculations of necessary counting time to meet the
required sensitivity of measurement.

Summary of Method

2.1

Stable iodate carrier is added to an acidified sample of drinking
water. The jodate s reduced to the fodide state with NazS0

and all fodine activity is precipitated as Agl. The pr&uipi%ate ig
dissolved and purified with zinc powder amd sulfuric acid and
reprecipitated as PdIpy for counting.

The final precipitate is counted either with a beta system or
betafgamma coincidence scintillation system. Gamma-ray spectro-
metry, however, will not mest the sensitivity of measurement
required by NIPDWR.

Sample Handling and Preservation

o . A A s oAb
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3. Sample Hamdling and Preservation

3.7 (See Section 3,1, Method 900,0).

3.2 The drinking water sample should not have acid added at time of
collection, and radiochemical analysis for jodine-131 shouwld be
performed soon after receipt to minimize radicactive decay Tosses
(t1s2 = 8.04 d).

26

4. Interferences

4.1 The presence of stable jodide in the drinking water would interfere
by indicating a higher chemical yield than actually resulted.

4.2 Counting efficiencies should be determined for the range of preci-
pitate weights anticipated.

5. Apparatus - See APPENDIX D for details and specifications.
6.1 Gamma spectrometer system, or

5.2 Gas-flow proportional counting system. (Low-background beta, < 3
Cpm. ), or

5.3 Beta/Gamma coincidence scintillation system.
5.4 PFlastic ring and disc mounts
.5 Mylar film.
B.6 Teflon Tilter holder.
E.7 Electric hotplate
5.8 Analytical balance

5.9 pH meter
.10 Drying oven
5.11 Aluminum desiccator
5.12 Centrifuge
5.13 Glassware

. Reagents

6.1 Distilled or deionized water.
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6.1 Distilled or deionized water.

6.2 Ammonium hydroxide, 6N: Mix 2 volumes 15N NH40H (conc.) with 3
volumes water. -

6.3 Ethanol, 95%: CzHgOH.

6.4 Hydrochloric acid, 6N: Mix 1 volume 12N HC1 {conc.] with 1 volume
water, -

6.5 Iodate carrier, (I037), 10 mg/ml (as I-)}, standardized:

Dissolve 1.685g KI03 in water and dilute to 100 ml. Store in a
dark flask.

27

Standardization: (in triplicate)

Pipette 1.0 m] potassium fodate (KIO3) carrier into a 50 ml
centrifuge tube containing 10 m1 0. 4ﬁ HNO3. Add T ml 1M
NapS03 and stir in a water bath for Tive minutes. Add

1 ml .2M PdC1s to precipitate and coagulate PdI Conl
and filter through a tared fritted glass funnel fine to
medium). Dry at 1059C, cool, and weigh as PdIs.

6.6 MNitric acid, 16N: HNO3 (conc.) sp. gr. 1.42, 70.4%.

6.7 MNitric acid, D.4K: Mix 1 volume 16N HNO3 (conc.) with 39 volumes
of water.

6.8 Palladium chloride, PdClp, 5% solution in Q.6N HC1: reagent
grade.

6.9 Palladium chloride, 0.2M: a) Dissolve 3.542 g PdClz in 100 m1 1N
HC1 or b) Mix 118 m1 5% PdC1p* with 50 m1 2N HCI1.

6.10 Silver nitrate, 0.1M: Dissolve 1.7g AghD3 in water and dilute to
100 ml. Stere in a dark flask.

6.11 Sodium sulfite, 1M: Dissolve 5g Map303 in 40 ml water.
Prepare fresh reagent every week.

6.12 Sulfuric acid, 2N: Mix 1 volume 36N HpS04 (conc.) with 17
volumes of water.

6.13 Zinc powder: reagent grade.
7. Calibrations

7.1 The detection efficiency of the gamma ray spectrometer must be
obtained for measuring the iodine-131 photopeak (364 keW). With
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7.1 The detection efficiency of the gamma ray spectrometer must be
obtained for measuring the jodine-131 photopeak (364 keV). With
commercially available calibrated standards, geometric configura-
tions are to be prepared comparable to the final separated sample
so that cpm per dpm factors can be determined.

7.2 Similar calibrations are to be made for the beta and the beta/gamma
coincidence counters.

8. Procedure

8.1 To a 1000-m1 drinking water sample, add 7.5 m1 16N HNO3 and 1.0
ml iodate (I03~) carrier. Mix well.

*Palladium chloride, 5% in hydrochleric acid is available as a reagent
solution from several chemical houses and the 4 oz. size (118 m1) can be
diluted directly to 0.2M by adding 50 ml 2N HC1 to the stock reagent.

28
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8.2 Add 4 m1 1M Map503 and stir for 30 minutes.

8.3 Add 20 ml O.1M AgNO3z, stir for 1 hour and allow to settle for
another hour.™

8.4 Decant and discard as much as possible of the supernate. Filter
the remainder through a glass-fiber filter and discard filtrate.

8.5 Transfer the filter to a centrifuge tube and slurry with 10 ml
water. Add 1 gram zinc powder and 2 ml 2K Hp504, and stir
frequentTy for at Teast 30 minutes.

8.6 Filter, with vacuum, through a fine-fritted glass funnel and
callect filtrate in an Erlenmeyer flask. Use a Tew ml water to
wash both residue and filter and add the wash to filtrate in the
flask. Oiscard residus.

8.7 Add 2 ml 6N HC] to the filtrate and heat. Add 1 m]1 0.2M PdC1;
and digest for at least 5 minutes. Centrifuge and discard
suparnate.

8.8 Dissolve the precipitate in 5 ml 6N NH40H and heat in a boiling
water bath, Filter through a glass-fiber filter and collect
filtrate in a centrifuge tube. Oiscard filter and residue.

B.9 MNeutralize the filtrate with 6N HC1, add 2 ml additional, and heat

in a water bath. Add 1 ml 0.2M PdC12 to reprecipitate FdIg and
digest for 10 minutes. Cool sTightly.

B.10 Transfer to a tared glass=-fiber filter with water. Wash succes-
sively with & ml portions of water and ethanol.

B.11 Dry to constant weight at 1069C, cool, mount, and count either
beta or betasgamma coincidence.

Note: Ordinarily, the final PdIz precipitate is collected on
# glass-fiber filter and counted in a low background beta
system where the background is < 3 cpm, and the counting
efficiency is 35%. However, if the precipitate is
collectad on an 0.8 p membrane filter, and dried for 30
minutes at 709C, it is possible to count the PdIz in
& betafgamma coincidence scintillation system where the
background coincidence count is less than 0.1 cpm. and
the counting efficiency is approximately 40%.

9. Calculations

9.1 Caloulate the jodine concentration, O, in picocuries per 1iter as
follows:

0= C
2.22 x EVR x A

29
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1.

3.

where:

C = net count rate, cpm, {gross count rate minus reagent background
count rate),

E = counter efficiency,

V = Jiters of sample used,

R = fractional chemical yield,

A = decay correction for fodine-131 (F1/2 = 8.04 d), and

2.22 = conversion factor from dpm/pCi.

10. Precision and Accuracy

10.7 Following replicate analyses performed by three operators on
alfquots containing 5000 dpm/1, the accuracy and precision of this
procedure were determined,

The accuracy of triplicate analyses on 1000 m1 aliquots was + 4% of
the expected value, The precision attained by the technicians
based on three sets of triplicate analyses was + 2%.
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SECTION &
ALPHA-EMITTING RADIUM ISOTOPES TN DRINKING WATER
METHOD 903.0

1. Scope and Application

1.1 This method cavers the measurement of the total soluble alpha
emitting radioisotopes of radium, namely radium-223, radium-224 and
radium-226 in drinking water. Part 141 of the Interim Primary
Drinking Water Regulations, Federal Register, July 9, 1976, has
promulgated the maximum contaminant Tevels of radium-226 plus
radium-228 (see Method 904.0) not to exceed 5 pCifl.

1.2 Although the method does not always give an accurate measurement of
the radium-226 content of the sample (when other radium alpha
emitters are present), it can be used to screen samples. When the
total radium alpha activity of a drinking water sample is greater
than 5 pCi/1, then the radium-226 analysis (Method 903.1) is
required,

1.3 Since this method provides for the separation of radium from other
water dissolved solidz in the sample, the senszitivity of the method
is a function of sample size, reagent and instrument background,
counting efficiency and counting time. The National Interim
Primary Drinking Water Regulations (NIPDWR) require a semsitivity
of measurement of 1 pCi/f71 for radium-226. Using & low background
alpha counting system, T1iter or more size sample aliquots, and
sufficient counting times, the detection 1imit of 1 pLi/f1 can
easily ba mat.

1.4 Absolute measurement can be made by calibrating the alpha detector
with standard radium=226 in the geometry obtained with the final
precipitate.

2. Summary of Mathod

2.1 The radium in the drinking water sample is collected by
coprecipitation with barium and Tead sulfate, and purified by
reprecipitation from EDTA solution. Citric acid is added to the
drinking water sample to assure that complete interchange occurs
before the first precipitation step. The final BaS0y precipitate
which includes radium-226, radium-224 and radium=-223 s alpha
counted to determine the total disintegration rate of the radium
jsotopes.
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counted to determine the total disintegration rate of the radium
jsotopes.

3

2.2 The radium actijvities are counted in an alpha counter where
efficiency for determining radium-226 has been calibrated with a
standard of known radium-226 activity. By making a correction for
the ingrowth of alpha activity in radium-226 for the elapsed time
after separation, one can determine radium activity in the sample.
Since some daughter ingrowth can occur before the separated radium
is counted, it is necessary to make activity corrections for the
count rate, A table of Tngrowth factors for various times after
radium separation is provided, (Ses Sec. 9.2).

3. Sample Handling and Preservation - (See Section 3 - Method 900.0)
4, Interferences

4.1 Inasmuch as the radiochemical yield of the radium activity is based
on the chemical yield of the BaS0y precipitate, the presence of
significant natural barium in the sample will result in a falsely
high chemical yield.

d4.2 Radium isotopes are separated from other alpha emitting radic-
nuclides by this method.

4.3 The alpha count of the separated radium must be corrected for its
partially ingrown alpha emitting daughters.
5. Apparatus - See Appendix D for details and specifications.

5.1 Alpha scintillation or a gas-flow proportional alpha particle
counting system with low background (< 1 epm)

5.2 Stainless steel counting planchets
5.3 Electric hot plate

5.4 Drying oven andfor drying lamp

E.5 Glass desiccator

5.6 Analytical balance

5.7 Centrifuge

5.8 Glassware

6. Reagents
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6. Reagents

6.1 Distilled or deiomized water.

6.2 MAcetic acid, 17.4N: glacial CH3COOH (conc.), sp.gr. 1.05, 99.8%.

6.3 Ammonium Sulfate, 200 mg/ml: Dissolve 20 grams (NHq)2304 in
a minimum of water and dilute to 100 mi.

6.4 Barium carrier, 16 mg/ml, standardized:
Dissolve 2.846g BaClp.2H20 in water, add 0.5 m1 16N HNO3, and
dilute to 100 ml with water.

Standardization: (in triplicate)

Pipette 2.0 m1 carrier solution into a centrifuge tube
containing 15 m] water. Add T ml 18H H2S04 with stirring

and digest precipitate in a water bath for 10 minutes. Cool,
centrifuge and decant the supernatant. Wash precipitate with
15 ml water. Transfer the precipitate to a tared stainless
steel planchet with a minimum of water, ODry under infra-red
lamp, store in desiccator and weigh as BaSOg.

6.5 Citric acid, IM: Dissolve 19.2g CgHgO7.Hp0 in water and
dilute to 100 ml.

6.6 EDTA reagent, basic, (0.25M): Dissolve 20g NaOH in 750 ml water,
heat and slowly add 93g disodium ethylenediniteviloacetate dihydrate
(NapCipH140gN2,2Hp0). Heat and stir until dissolved,
filter through course filter paper and dilute to 1 Titer.

6.7 Lead carrier, 15 mo/ml: Dissolve 2.4g Ph(NO3)z in water, add
0.5 m1 16N HNO3 and dilute to 100 ml with water.

6.8 Sodium hydroxide, 6M: Dissolve 24g NaOH in BO ml water and dilute
to 100 ml.

6.9 Sulfuric acid, 18N: Cautiously mix 1 volume 368 HpS0a {conc,)
with 1 volume of water.

6.10 Sulfuric acid, 0.1N: Mix 7 volume 18N HpSDg with 179 volumes
of water.

7. Calibrations

7.1 The counting efficiency for radium alpha particles with barium

i - RO S SO . | UG R s [ E—- —
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7.1 The counting efficiency for radium alpha particles with barium
sulfate carrier present must be determined using a standard (known)
radium alpha activity and 32 mg of barium carrier as BaS0g (same
carrier amount used with samples). This is done with spiked
distilled water sampies and the procedure Tor regular samples is
followed. MNote the time of the Ra-BaS0y precipitation.

7.2 The radium-alpha counting efficiency, E, is calculated as follows:
_ C
E (cpm/dpm) = Fx T

33

where:

€ = sample net cpm (gross counts minus background divided by the
counting time in minutes).

A = dpm of radium-226 added to sample.

Is= ingrowth factor for the elapsed time from Ra-BaS0g
precipitation to mid-point of counting time.

B. Procedure |

8.1 To a 1000-m1 drinking water sample, add 5 m1 1M CgHgO7.Hs0,
1 ml lead carrier, and 2.0 m1 barium carrier, and heat to boiling. !

8.2 Cautiously, with vigorous stirring, add 20 m1 18N Hz504.
Digest 5 to 10 minutes and let the mixed BaS04-PESO4 _
precipitate settle overnight. Decant and discard supernate.

8.3 Transfer the precipitate to a centrifuge tube with a minimum amount
of 0.1N Hp504. Centrifuge and discard supernate.

8.4 Wash the precipitate twice with 0.1H Hz504. Centrifuge and
discard washes. -

8.5 Dissolve the precipitate by adding 15 m1 basic EDTA reagent; heat
in a hot water bath and add a few drops 6N NaOH until solution is
complete. -

8.6 Add 1 ml (NHg)2505 (200 mg/m1) and stir thoroughly. Add
17.4N CH3CO0H dropwise until precipitation begins, then add 2 mil
extra. Digest 5 to 10 minutes.

B.7 Centrifuge, discard the supernate, and record time.

Note: At this point, the separation of the BaS0q is complete
and the radon (and daughters) ingrowth commences.

8.8 Wash the BaS0s4 precipitate with 15 m1 water. centrifuce. and
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8.8 Wash the BaS0y precipitate with 15 ml water, centrifuge, and
discard wash.

B.9 Transfer the precipitate to a tared stainless-steel planchet with &
minimum of water, and dry under infra-red lamps.

Note: Drying should be rapid but not too vigorous to minimize
any loss of radon-222 that has already grown nto the
precipitate.

8.10 Cool, weigh, and store in desiccator.

B.11 Count 9n a gas-flow internal proportional counter or an alpha
scintillation counter to determine the alpha activity.

34

http://nepis.epa.gov/Exe/ZyNET .exe/30000QHM.txt?Zy...=ZyActionL & Back=ZyA ctionS& BackDesc=Results%20page (58 of 177)1/25/2007 4:15:07 PM



Document Display | NSCEP | US EPA

9. Calculation

9.1 Calculate the radium-226 concentration, D, (which would include any
radium-224 and radium-223 that is present) in picocuries per liter
as follows: .

C

D= s v rmxT

where:

C = net count rate, cpm,
E = counter efficiency for radium-226 in BaS0g
predetermined for this procedure (see Sec. 7.7).

¥ = liters of sample used,

R = fractional chemical yield,

I = ingrowth correction factor (See Sec. 9.2), and
2.22 = conversion factor from dpm/pCi.

9.2 It is not always possible to count the BaS0y precipitate
immediately after separation, therefore, corrections must be
made for the ingrowth of the radium-226 daughters between the
time of separation and counting according to the following

table:
Hours from separation Ingrowth correction
to counting factor

0 ' 1.00

1 1.02

el 1.04

3 1.06

4 1.08

5 1.10

G 1.12

24 1.49

48 1.91

72 2.25

ag 2.54

120 2.78

144 2.99

182 3.29

240 3.51

10. Precision and Accuracy

10.1 Precision and accuracy data for this method is taken from a survey
of analyses of radium in water samples in the EMSL-Las Vegas

35

http://nepis.epa.gov/Exe/ZyNET .exe/30000QHM .txt?Zy...=ZyActionL & Back=ZyA ctionS& BackDesc=Results%20page (59 of 177)1/25/2007 4:15:07 PM



Document Display | NSCEP | US EPA

intercomparison program for the period September 1977 to January
1979. Some of the laboratories participating in the EMSL-Las Vegas
intercomparison program used this method because it was ineluded in
the approved methods and they did not have the capability for
analyzing radium-226 by radon-222 emanation, (Method 903.1), which
was also an approved method.

10.2 Eleven laboratories participated in from 1 to 7 of 8 intercompar-
ison studies and analyzed 46 test samples for radium-226 by this
method. Of the 46 tests, the data for 40 tests {in triplicate, for
a total of 120 aliguots) was used for the laboratory performance
statistical amalysis. Of the 40 tests used, 29 tests (87 aliquots
analyzed) gave acceptable results (results within 3 sigma of the
known value, with 1 sigma egual to 15% of the known value). The
extent of acceptability in the 40 tests (29 acceptahle) was 72.5%.

10.3 The 8 intercomparison studies were conducted guarterly from
September 1977 to January 1979. Two of the studies were perfor-
mance studies in which the samples contained other radionuclides,
Also, samples in all of the studies contained a known guantity of
radium-228 activity (with the thorium-228 and radium-224 daughters
partially ingrown).

10.4 Radium-226, radium-228, and radium-224 activities in study samples:

pCi/1 {at separation)

Study Radium-226 Radium-228 RadTum-227
1 i.5 9.3 0.4
2 10.2 ' 14.6 1.1
3 5.5 16.7 ' 1.7
4 (performance) 6.5 7.9 0.8
5 3.7 5.6 0.7
[ 6.8 20.8 3.0
7 9.2 g.9 1.5
8 (performance) 5.0 5.4 0.8

10.5 Tt can be seen from the above table that the radium-224 was a
significant contributor to the alpha activity of precipitated
radium activity and therefore the samples were biased high for a
radium-226 analysis by this method. A waiting period of 14 days
after radium separation and purification before counting for alpha
activity would reduce the radium-224 contribution to lecs than 0.1
of its activity at purification (radium-224 separation from its

36
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thorium=-228 parent). The count would then need to be corrected for
the ingrown radon-222 and its alpha emitting daughters.

10.6 The 72.5% acceptable results obtained by this method, even with the
samples biased high, show the method to be an acceptable one for
screening drinking water samples for radium-226.
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SECTION 7
RADIUM-226 IN DRIMKING WATER
RADON EMAWATION TECHNIQUE
METHOD 903.1

1. Scope and Application

1.1 This method covers the measurement of radium-226 in a drinking
water sample and would be employed after the gross alpha or the
gross radium alpha screening technique had indicated possible
non-compliance with the alpha radicactivity limits set forth in the
Safe Drinking Water Act, PL 93-523, 40 FR 34324.

1.2 This method is specific for radium-226, and is based on the
emanation and scintillation counting of radon-222, a daughter
product of radium-226.

1.3 The detection Timit for this method assures measuring radium-226
concentrations as Tew as 0.7 pCi/f).

2. Summary of Method

2.1 The radium-226 in the drinking water sample is concentrated and
separated by coprecipitation on barium sulfate. The precipitate is
dissolved in EDTA reagent, placed in a sealed bubbler and stored
for ingrowth of radon-222. After ingrowth, the gas is purged into
a scintillation cell. When the short-1ived radon-227 daughters are
in equilibrium with the parent (4h), the scintillation cell is
counted for alpha activity.

2.2 The absolute measurement of radium-226 is effected by calibrating
the scintillation cell system with a standard solution of this
nuclide.

3. Sample Handling and Preservation {see Sec. 3, Method 900.0).
4. Interferences

4.1 There are no radicactive interferences in this method.
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4.1 There are no radicactive interferences in this method.

Apparatus - See Appendix D for details and specifications.

5.1 Scintillation cell system. (Figure 1.)

38
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Radon Bubbler

- Mercury Resarvoir

Figure 1. Radon emanation apparatus with scintillation cell
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5.2 Radon emanation apparatus:

a} Radon bubbler - (Figure 2.)
b} Scintillation cell - (Figure 3.)

5.3 Electric hot plate

b.4 Anmalytical balance

5.5 Centrifuge

5.6 Glassware

G. Reagents

6.1 Distilled or deionized water.

6.2 Ammonium hydroxide, 15N: MNHgOH (conc.), sp. gr. 0.90, 56.6%.

6.3 Ascarite, drying reagent: 8-20 mesh.

6.4 Barium carrier, 16 mg/ml, standardized: (see Sec. 6, Method 9ﬂ3;0}+

6.5 EDTA reagent, basic, (0.25M): Dissolve 20g NaDH in 750 m] water,
heat and slowly add 93g disodium ethylenedinitriloacetate
dihydrate, (NapCqigHj40gNz.2H20) while stirring. After
E?$u::l:ﬂ1? }?tzgfuttnn. filter through coarse filter paper and

6.6 H=lium, gas.

6.7 Hydrochloric acid, 12N: HC1 (conc.), sp. gr. 1.19, 37.2%.

6.8 Magnesium perchlorate, Mg{Cl04)2: reagent grade.

6.9 Sodium hydroxide, TON: Dissolve 40g NaOH in 50 ml water and dilute
to 100 ml.
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6.9 Sodium hydroxide, TON: Dissolve 40g NaOH in 50 ml water and dilute
to 100 ml.

6.10 Standard radium-226 tracer solution: preferably purchased from
National Bureau of Standards, Special Publication 260, 1078, SRM

4%50. Prepare stock ditution eguivalent to 50 pCi radium-226 per
ml.

6.17 Sulfuric acid, 18N: Carefully mix 1 volume 36N HpS04 {conc.)
with 1 volume of water. -

6.72 Sulfuric acid, 0.IN: Mix 1 volume 18N HpS0g with 179 volumes
of water. -

7. Calibrations
7.1 The calibration constant of each scintillation cell must be

40
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Figure 2. A typical radon bubbler
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Figure 3. A typical scintillation cell for radon counting
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7.2

7.3

determined using a standardized radium-226 solution with a labeled
cell and a specific photon counter. This is determined as follows:

T.1.1 Place 50 pCi of the radium=-226 standard solution in a
bubbler (50 pCi of radium-226 will produce about & pCi
radon=222 in 18 hours). Attach the bubbler to the radon
assembly. (Fig. 1.)

T.1.2 With the scintillation cell disconnected, bubble helium gas
through the solution for 20 minutes to remove all radon-222.

7.1.3 Close both stopcocks on the bubbler to establish zero time
for ingrowth of radon-222.(Refer to 9.2) Set aside for
approximately 18 hours.

7.1.4. Evacuate the scintillation cell and attach to the column and
bubhier.

T.1.5. Proceed with steps 8.8 - 8.13, Radon Emanation Technigue.

7.1.6. The calibration constant is determined from the radium-226
activity in the bubbler and the ingrowth time of radon-222.

The calibration constant includes the de-emanation efficiency of
the system, the counting efficiency of the cell, and the alpha
activity contributed by polonium-218 and polonium-214, which will
be in eguilibrium with radon-272 when the sample is counted 4 hours
after the de-emanation. & 100-minute counting time will be suffi=-
cient for the standard and will eliminate the need to correct for
decay of radon-222, which occurs during counting.

The bubbler used for the radium-226 standardization should mnot be
used Tor sample analysis. It should be set aside to be retained
for future calibrations. Each scintillation cell should be
calibrated periodically with the radium-226 standard to ensure
instrument quality control.

8. Procedure

8.1

To a 1000-m1 drinking water sample, add 20 m1 12N HC1 and 2.0 ml
barium carrier and heat to boiling.

Mote: If there is solid matter in the sample, do not filter before
starting analysis. Follow procedure steps through 8.4, then
filter solution into & ciean centrifuge tube. Add T ml
{NHg)2504 (200 mg/m1) and stir thoroughly. Add
glacial (17.4H) acetic acid (CH3COOH} until barium sulfate
precipitates, then add 2 m]1 excess. Digest in a hot water
bath until precipitate settles. Centrifuge and discard
supernate. FRepeat step 8.4 and continue with radium
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bath until pFEtipitate settles. Eentri?uge and discard
supernate. FRepeat step 8.4 and continue with radium
analysis.
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8.2 Cautiously and with vigorous stirring, add 20 m1 18K Hz504.
Digest 5 to 10 minutes and let precipitate settle overnight.
Decant and discard supernate.

B.3 Slurry the precipitate and transfer to a ceatrifuge tube with a
minimum amount of O.1N HzS04. Centrifuge and discard
supernate. Wash twice with 0.1N H2304. Centrifuge and discard
washes.

B.4 Add 20 m1 basic EDTA reagent, heat in a water bath and stir well.
Add a few drops TON NaOH if the precipitate does not readily
dissolve.

8.5 Transfer the solution to a radon bubbler (Fig. 2). Open both the
upper and lower stopcocks and de-emanate the solutfon by slowly
passing helium gas through the bubbler for about 20 minutes.

Mote: The volume of these bubblers is usually greater thanm 20 mil
allowing for at least a 1 em air space betwsen the bubblap
and the stopper. In those instances where the solution
yolume exceeds the capacity of the bubbler, it will be
necessary to continue the boiling in the water bath until
the volume is reduced.

8.6 Close the two stopcocks, and record time. Store the solution for 4
to 8 days Tor ingrowth of radon-222 (Fig. 4).

8.7 At the end of the storage period, f111 the upper half of an
abzorption tube with magnesium perchlorate and the lewer half with
ascarite.

Mote: For minimizing corrections that would be reguired in sub-
sequent calculations, the woids above the bubbler must be
kept very small. Capillary tubing should be used whenever
possible, and the drying tube volume with the ascarite and
magnesium perchlorate must be kept to a minimum. A typical
system consists of a drying tube 10 e¢m x 1.0 em {1.0.), with
each of the drying agents occupying 4 cm and being separated
by small glass wool plugs. The column can be reused several
times before the chemicals need to be replaced.

8.8 Attach the tube to the radom bubbler and then attach the evacuated
scintillation cell (Fig. 3) to the tube. Open the stopcock on the
cell and check the assembly for Teaks. Gradually open the outlet
stopcock dn the bubbler, and when the stopcock is fully open and no
further sianificant bubblino takes place. close the stopcock.
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E{ﬁpcnﬂk dn the bubbler, aﬁd-;hen the stopcock ig fully open and no
further significant bubbling takes place, close the stopcock.

B.9 Adjust the helium gas pressure so that the gas flows at sTightly
above atmospheric pressure.

8.10 Connect the hose to the bubbler inlet and gradually open the inlet
stopcock wsing the bubbling as a guide. When the stopcock can be
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fully opened without a significant amount of bubbling, the bubbler
is essentially at atmospheric pressure.again.

8.11 Open the outlet stopcock very slightly and allow bubbling to
proceed at a rate, determined by experience, such that 15 to 20
minutes are required to complete de-emanation.

B.12 Toward the end of the de-emanation, when the vacuum is no longer
effective, gradually increase the helium gas pressure. When the
csystem is at atmospheric pressure, shut off the helium gas, dis-
connect the tubing from the bubbler inlet and close the inlet and
outlet stopcocks of the cell and bubbler, and record time. This is
the beginning of radon-22Z decay and ingrowth of radon-222
daughters, )

8,13 Store the scintillation cell for at Teast 4 hours to ensure
equilibrium between radon and radon daughters. Count the alpha
scintillations from the cell in a radon counter with a Tight-tight
enclosura that protects the photomultiplier tube. Record the
counting time to correct for the decay of radon-222.

Mote: After each analysis, flush the cell three times by evacua-
tion and fi11ing with helium, and store filled with helium
at atmospheric pressure. This procedure removes radon from
the cell and prevents the build-up of radon daughter
products. Before each analysis, the scintillation cell
should be evacuated, filled with heljum and counted to
ascertain the cell background.

9. Calculations

9.1 Calculate the radium=226 concentration, D, in picocuries per liter
as Tollows:

1
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1
= X X X
I it T
2.22 EV 1-e "M a M2 1-e~%3
wharas

C = net count rate, cpm,

E = calibration constant for the de-emanation system and the
scintillation cell in counts per minute/disintegrations per
minute of radon-22Z, (see 9.2),

V¥V = Tliters of sample used,

t1 = the elapsed time in days between the first and second
de-emanations [steps 8.6 and 8.12) and X is the decay constant
of radon-222 (0.1871 d-1)},

t2 = the time interval in hours between the second de-emanation

and counting_and & is the decay constant of radon-2:Z2
(0.00755 hr=1},

45
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t3 = the counting time in winute? and x is the decay constant of
radon=222 (1.26 x 10=% min=!)," and
2.22 = conversion factor from dpm/pCi.

9.2 The calibration constant, E, is determined by the following equation:

E = ¢
A (1-e7MF) (e )
where:
C = net count rate, cpm,
A = activity of radium-226 in the bubbler (dpm),
L1 = ingrowth time of radon-222 in hours,
tz = decay time of radon-222 in hours occurring between

de-emanation and counting, and
decay constant of radon=222, (0.00755 hﬂur']}.

A
10, Precision and Accuracy

A number of laboratories which participate in the EPA, EM5L-Las Vegas
intercomparison program for radium-226 in water used this method in their
analyses of water samples received in that program for the period 4/78
through 12/78. Five intercomparison studies for radium-226 in water were
conducted during that period. Two of the five studies were "Performance
Studies® in which the sample contained other radionuclides. In the other
three studies the samples contained only radium-226, radium-228 and their
decay products. The radium-226 concentrations in the test zamples for
the five studies ranged from 3.7 to 9.2 pCiS1, all low level, which
should relate well to drinking water suppiies. Data from those five
studies were used for this precision and accuracy evaluation of the
method.

10.1 The number of laboratories that participated in the five studies
{lahs that were called and indicated that they used this method)
ranged from 12 to 17 laboratories per study., The results from one
laboratory in one study was rejected as an "outlier" as determined
by the T test (ASTM Standards, Part 31, page 15, 1978). Al11 labora-
tories reported triplicate analyses for each study (one test sample
per study). The total number of analyses for the five studies was
207 of which 174 were acceptable results (within 3 sigma of the
known value, 1 sigma being 15% of the known value). This calculates
to be 84% acceptability of results as determined by this method.

10.2 A statistical evaluation of the da?a from the fiy ?tudﬁEE was made
according to the methods of Youden(?) and Steinerl3), The
coefficient of variation for within-laboratory error ranged from
6.4% to 19% with an average of 10.2% for the five studies. The
coefficient of variation for systematic error between lTaboratories
ranged from 14% to 18% with an average of 16.28 for the five
studies. The coefficient of variation for the total error between
laboratories based on a single analysis ranged from 16% to 26% with

a7

http://nepis.epa.gov/Exe/ZyNET .exe/30000QHM .txt?Zy...=ZyActionL & Back=ZyA ctionS& BackDesc=Results%20page (73 of 177)1/25/2007 4:15:07 PM



Document Display | NSCEP | US EPA

1.

2s

3.

an average of 19.4% for the five studies. A comparison of the grand
average values with the known values in a test for systematic error
in a method gave a value for one of the studies higher than the
critical value, indicating a bias {low) for the method. However,
values for the other four studies were well below the critical
values, indicating no bias for the method.
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SECTION 8
RADIUM-228 1IN DR INKING WATER
METHOD 904.0

1. Scope and Application

1.1 This method covers the measurement of radium-228 in drinking water
and, if desired, the determination of radium-226 on the same
sample. The Interim Primary Drinking Water regulations state that
if the alpha scresning test reveals a gross alpha activity above &
pCifl, a radium-226 analysis must also be performed. If the Jevel
of radium-226 is above 3 pCif1, the sample must also be measured
for radium-228.

1.2 This technique is devised so that the beta activity from
actinium-228 which is produced by decay of radium=228, can be
determined and related to the radium-228 that is present in the
zample.

1.3 To quantify actinium-228 and thus determine radium-228, the
efficiency of the beta counter for measuring the very short
half-lived actinium-228 {avg. beta energy-0.404 keV) is to be
calibrated with a beta source of comparable average beta energy.

2. Summary of Method

2.1 The radium in the drinking water sample is collected by
coprecipitation with barium and lead sulfate, and purified by
reprecipitation from EDTA solution. Both radium=226 and radium-228
are collected in this manner. After a 36-hour ingrowth of
actinium=-228 from radium-228, the actinium-228 iz carried on
yttrimm oxalate, purified and beta counted. If radium-226 is also
desired, the activity in the supernate cam be reserved for method
903.1 by coprecipitation on barium sulfate, dissolving in EDTA and
storing for ingrowth in a sealed radon bubbler.

3. Sample Handling and Preservation - {see Sec. 3, Method 900.0)
4. Interferences
4.1 As evidenced from the results of the performance studies, the

presence of strontium-90 in the water sample gives a positive bias
to the radium-228 activity measured.
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4.2 As in the case of method 903.0, excess bariumm in the drinking water
sample might result in a falsely high chemical yield.

5. Apparatus - 5=e Appendix D Tor details and specifications

5.1 Eas;f]nw proportional counting system. (Low-background beta < 3
cpm) .

5.2 Electric hot plate !
5.3 Centrifuge
6.4 Membrane filters, metricel 47mm
5.5 Drying lamp
6.6 Glassware
5.7 Stainless steel counting planchets
5.8 Analytical balance
6. Reagents
6.1 Distilled or deionized water.
6.2 Acetic acid, 17.4N: glacial CH3COOH (conc.), sp. gr. 1.05, 99.8%
6.3 Ammonium hydroxide, 15N: NH40H (conc.), sp. gr. 0.90, 56.6%.

6.4 Ammonium oxalate, 5%: Dissolve 5g (NHg)pCe04.Hp0 in
water and dilute to 100 ml.

6.5 Ammonium sulfate, 200 mg/mi: Dissolve 20g (NHg)z504 in water
and dilute to 100 ml.

6.6 Ammonfum sulfide, 2%: Dilute 10 m1 (NHa)2S, (20-24%), to 100
ml with water.

6.7 Barium carrier, 16 ma/ml, standardized: (see Sec. 6, Method 903.0).

6.8 Citric acid, TM: Disselve 19.249 CgHgl7.Hz0 in water and
dilute to 100 ml.

6.9 EDTA reagent, basic (0.25M): Dissolve 20g NaOH in 750 m1 water,
heat and slowly add 93g dTsodium ethylensdinitriloacetate
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6.9 EDTA reagent, basic (0.25M): Dissolve 20g NaOH in 750 m1 water,
heat and slowly add 93g disodium ethylenedinitriloacetate
dihydrate, (NazCigH140gh2.2Hp0) while stirring. After
the salt is in solution, filter through coarse filter papetr and
dilute to 1 liter.

6.10 Lead carrier, 15 mg/ml: Dissolve 2.397g Pb{NO3)2 in water, add
0.5 ml 16N HNO3 and dilute to 100 ml with water.

6.11 Lead carrier, 1.5 mg/ml: Dilute 10 m1 lead carrier, (15 mg/ml), to
100 mT with water.

6.17 Methyl orange indicator, 0.1%: Dissolve 0.1g methyl orange
indicator in 100 m] water.

6.13 Nitric acid, 16N: HNO3 (conc.), sp. gr. 1.42, 70.4%.

6.14 Nitric acid, 6M: Mix 3 volumes 16N HNO3 (conc.) with 5 volumes
of water.

6.15 Mitric acid, TH: Mix 1 volume 6N HNOz with 5 volumes of water.

6.16 Sodiun hydroxide, 18N: Dissolve 72g NaOH in water and dilute to
100 ml.

6.17 Sodium hydroxide, 10N: Dissolve 40g NaOH in water and dilute to
100 mil.

6.18 Strontium carrier, 10 mg/ml: Dissolve 24.16 g SriNOz)2 in
water and dilute to 1 liter.

6.19 Sulfuric acid, 18N: Cauticusly mix 1 volume 36N HpS504 (canc. )
with 1 volume of water.

6.20 Yttrium carrier 18 mg/mi: Add 22.85g Y203 to an Erlenmeyer
flask containing 20 m] water. Heat to boiling and continue
stirring with a magnetic stirring hot plate while adding 16 HKO3
in small amounts. Usually about 30 m1 16N HMO3 is necessary to
dissolve the Yz03. Small additions of water may be reguired to
replace that lost by evaporation. After total dissolution add ¥O
ml 16N HNO3 and dilute to 1 liter with water.

B.21 Yetrium carrier, 9 mg/ml: Dilute 50 m yttrium carrier, (18
mg/ml), to 100 ml with water,

6.22 Strontium-yttrium mixed carrier, 0.9 mg/ml Srte _0.9 mg/ml Y*+3:
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6.22 Strontium-yttrium mixed carrier, 0.9 mg/ml Sr*2 —0.9 mg/ml Y*3:

a. Solution A: Dilute 10.0 m1 ytirium carrier, (18 mg/ml), to
100 mi.

b.  Selution B: Dissclve 0.4348g Sr(N03)z in water and dilute
to 100 ml.

Combine Solutions A and B and label.

&1

7. Calibrations

7.1 Counter efficiency: It is mot practical to calibrate the bata
counter with actinium-228, since its' half-Tife is only six hours.
Standard strontium-89 (tys2 = 51d} may be substituted.
Strontium-39 has an average beta energy of 0.589 Ke¥, while the
average beta energy for actinfum-228 1s 0.404 KeV. A standard
strontium-89 tracer solution can be used to determine beta
efficiencias over a rangs of precipitate weights on the stainless
steal planchet.

7.2 IT radium-226 analyses are also required, see Sec. 7, Method 903.1.

8. Procedure(l)

8.1 For each liter of drinking water, add 5 m1 1M CgHgO7.Hz0
and few drops methyl orange indicator. The solution should be red.

Note: At the time of sample collection add 2 m1 16N HWOz for
each Titer of water.

8.2 Add 10 m]1 Tead carrier (15 mg/m1), 2 ml strontium carrier (10
mg/m1} 2.0 m1 barium carrier (16 mg/ml1), and 1 ml yttrium carrier
(18 mg/ml); stir well. Heat to incipient boiling and maintain at
this temperature for 30 minutes.

8.3 Add 15N MHaOH until a definite yellow color is obtained, then add
a few drops excess. Precipitate lead and barium sulfates by adding
18M H2504 until the red color reappears, then add 0.25 ml
excess., Add 5 ml (MHg)2504 (200 mg/m1) for each Titer of
sample. 5tir frequently and keep at a temperature of about 9007
for 30 minutes.

B.4 Cool slightly, then filter with suction through a 47-mm metricel
membrane filter (GA-6,0.45 p-pore size). Make a guantitative
transfer of precipitate to the filter by rinsing last particles out
of beaker with a strong jet of water.
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8.5

8.6

8.7

8.8

transfer of precipitate to the filter by rinsing last particles out
of beaker with a strong jet of water.

Carefully place filter with precipitate in the bottom of a 250 ml
beaker. Add about 10 m1 16N HNO3 and heat gently until the
filter completely dissolves. Transfer the precipitate into a
polypropylene centrifuge tube with additional 16N HHOz .
Centrifuge and discard supernate. -

Wash the precipitate with 15 ml 16N HND3, centrifuge, and discard
supernate.

Repeat step B.6.

Add 25 ml basic EDTA reagent, heat in a hot water bath, and stir
well. Add a few drops 10N WadH if the precipitate does not readily
dissolve.

52
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8.9 Add 1 ml strontium-ytirium mixed carrier _and stir thoroughly. Add
a few drops TOW Naﬂﬁ if any precipitate forms.

8.10 Add 1 ml {HHqJESDq {200 mg/m1) and stir thoroughly. Add
17.4N CH3COOH until barium sulfate precipitates, then add 2 mi
excess. [Digest in a hot water bath until precipitate settles.
Centrifuge and discard supernate. :

.11 Add 20 m] basic EDTA reagent, heat in a hot water bath, and stir
until precipitate dissolves. Repeat steps 8.9 and B.10. (Note
time of last barium sulfate precipitation; this is the beginning of
the actinium-228 ingrowth time.)

8.12 Dissolve the precipitate in 20 ml basic EDTA reagent as before,
then add 1.0 ml ytetrium carrier (9 mg/ml) and 1 m1 lead carrier
(1.5 mg/ml1}. If any precipitate forms, dissolve by adding a Tew
ﬁrﬂpﬁ 10N NaOH. Cap the polypropylene tube and age at least 36
DUTS.

8.13 Add 0.3 m]1 (NHg)25S and stir well, Add 10N NaOH dropwise with
vigorous stirring until lead sulfide precipitates, then add 10
drops excess. Stir intermittently for about 10 minutes. Centri-
fuge and decant supernate qnto a clean tube.

8.14 Add 1 m1 lead carrier (1.5 mg/m1), 0.7 m1 (NHg)2S, and a few
drops 10N NaOH. Repeat precipitation of lead sulfide as before.
Eentrifdﬁ& and filter supernate through Whatman #42 filter paper
int?da clean tube, Wash filter with a few ml water. Discard
residaue.

8.15 Add 5 ml 18N MaOH, stir well and digest in a hot water bath until
yttrium hydroxide coagulates, Centrifuge and decant supernate into
g beaker. Save for barijum yield determination, step B.20 (MWote
time of yttrium hydroxide precipitation; this is the end of the
actin;um-EEE ingrowth time and beginning of actinium-Z28 decay
time.

8.16 Dissolve the precipitate im 2 m1 6N HWNO3. Heat and stir in a hot
water bath about 5 minutes. Add % ml water and reprecipitate
yitrium hydroxide with 3 m1 10N NaOH. Heat and stir in a hot water
bath until precipitate coagulates. Centrifuge and discard
supernate.

B.17 Dissolve precipitate with 1 ml 1N HNO3 and heat in hot water bath
a few minutes. DiTute to 5 ml and add # ml 5%
{NHg }2Cp04.Hp20. Heat to coagulate, centrifuge and
discard supernate.

8.18 Add 10 ml water, 6 drops IN HNO3 and & drops 5%

(NH4)2Co04.Ho0, Heat and Stir in a hot water bath a few
minutes, Centrifuge and discard supernate.

53
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To determine ytirium yield, transfer guantitatively to a tared
stainless steel planchet with a minimum amount of water. Dry under
an infra-red lamp to a constant weight and count in a
Tow=background beta counter.

To the supernate from step 8.15, add 4 m]l 16N HNO3 and 2 ml
(NHg }2504 (200 mg/ml), stirring well after each aﬁditfnn.

Add l;.4H CH3COOH until barium sulfate precipitates, then add 2
ml excess. Digest on a hot plate until precipitate settles.
Centrifuge and discard supernate.

Add 20 m1 basic EDTA reagent, heat in a hot water bath, and stir
until precipitate dissolves. Add a few drops TON NaDH if
precipitate does not readily dissolve.

Add 1 m1 (NHg)3504 (200 mg/ml) and stir theroughly. Add
17.4N0 CH3CO0H until barium sulfate precipitates, then add 2 m]
excess. Digest in a hot water bath until precipitate settles.
Centrifuge and discard supernate.

Wash precipitate with 10 m] water. Centrifuge and discard
supernate.

Transfer precipitate to a tared stainless steel planchet with a
minumum amount of water. Ory under an infra-red lamp and weigh for
barium yield determination.

9. Caleculation

9.1 Calculate the radium-2Z8 concentration, O, in picocuries per l1iter
as follows:

D= ¢ X AtE X 1 X 1
Z.02 % EVR AL va - =3
x B (1-e™*f2)x  (1-e""%3) o™t
where:
L= average net count rate, cpm,
E= counter efficiency, for actinium-223, or comparable bata
eneray nuclide

V= liters of sample used,
R= fractional chemical yield of yttrium carrier (step 8.19)

multiplied by fractional chemical yield of barium carrier
[step B.24),
= conversion factor from disintegrations/minute to picocuries,
= the decay constant for actinium-228 (0.001884 min=11,

i5 a factor to correct the average count rate to
count rate at beginning of counting time.

5
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B = the time interval (in minutes) between the first yttrium
hydroxide precipitation in step 8.15 and the start of the
counting time,

ta = the time interval of counting in minutes, and

t3 = the ingrowth time of actinium-Z28 in minutesz measured from the
last barium sulfate precipitation in step 3.11 to the first
yttrium hydroxide precipitation in step B.16.

10. Precision and Accuracy

10.1 In a single laboratory evaluation, an EMSL-Las Vegas Performance
Sample was analyzed in replicate for radium-2258. The known value
of the water sample was 12.7 & 1.9 pCi per liter. The grand
average reported by 33 laboratories was 17.1 % 8.8 pCi per liter
indicating a positive bias reflecting the presence of other beta
emitters in the sample.

The result of the nine replicate analyses for radium-228 expressed
in pCi/1 wera:

16.5 16.1 16.6
16.5 6.4 16.6
15.5 16.7 16.8

The average and standard deviation of the method was 16.4 £ 0.4
pCifl.

The accuracy of the method based on the known value was +29F.

The accuracy of the method based on the reported grand average was
-4%.

The precision of the method was #2,5%.

10.2 A number of laboratories which participate in the EPA, EMSL-Las
Yegas intercomparison program for radium=228 in water used this
method in their analyses of water samples received in that program
for the period 9/78 to 6/79. During that period five studies for
radium=228 in water were conducted. Thrae of the studies were
crosscheck samples which contained only radium-228 and radium-226
in water. The other two studies were performance (blind) samples
which contained other radionuclides, including strontium-90. Data
from the five studies were used for this precision and accuracy
statement of the method. However, data from the two types of
studies (crosscheck and performance) are treated separately because
there appears to be a bias in the performance sample studies.

The number of laboratories used for this data ranged from & to 15
laboratories per study. Al11 laboratories reported triplicate
analyses for each study (one test sample per study). The total
number of analyses for the three cross check studies was 78, of
which 60 were acceptable results (within 3 sigma of the known
value, 1 sigma being 15% of the known value). This calculates to
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be 77% acceptability of results as determined by this method. The
total number of analyses Tor the two performance studies was 72, of
which 36 were acceptable Tor a 50% acceptability of results.

A statistical evaluation of the three cross check studies and the
two perF?rmance studifs was done according to the methods of
Youden(2) and Steiner(3), The coefficient of variation for
within-laboratory error was 15%, 19%, and 18% for the three cross
check studies:; and was 21% for the two performance studias. The
coefficient of variation for systematic error between laboratories
was 23%, 23%, and 21% for the thres cross check studies; and was
23% and 25% for the two performance studies. The coefficient of
variation for the total error between laboratories based on a
single analysis was 28%, 29%, and 28% Tor the three crosscheck
studies; and was 31% and 27% for the two performance studies.

A comparison of the grand average values with the known values in a
test for systematic error in a method gave a value for one of the
cross check studies higher than the critical value, indicating a
bias (low) for the method. However, values for the other two
crosscheck studies were well below the critical values, indicating
no bias for the method. On the other hand, when the sams test was
applied to the data from the two performance studies, a high bias
was indicated for both studies (see Sec. 10.3 below).

10,3 Test for Method Bias

Calculated Critical

Study R(pCi/1) x (pCi/1) t t
Crosscheck

9/78 20.8 17.0 2.56 2.32

12/78 8.9 B.6 0.43 2.23

3/79 13.6 12.6 1.05 2.32
Performance

10/78 5.4 .8 3.01 2.15

4479 6.2 10.7 5.00 2.28

This is a standard t-test with (n=1) degrees of freedom
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m1s 15 a sTandard T=-test With (n=1} Jegrags or Traedom

t = (%R} A

3y

where :

= mean value of reported averages

= known value

= number of reported averages ,

= standard deviation for the set of n reported averages.

- |

5

=

Although the addition of man-made radionuclides to the performance
samples may be creating samples that are somewhat unreal it is desirable
that an approved EPA reference method for radium-228 in drinking water would
not be biased by those radionuclides.

" The radium-228 concentrations in the test samples for the three
crosschecks and two performance studies are given in the above table (the R
values). These are all relatively low level and should relate well to
drinking water supplies.
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SECTION 9
RADIOACTIVE STRONTIUM IN DRINKING WATER
Method 905.0

1. Scope and Application

1.1

This method covers the measurement of total strontium and soluble
strontium-89 and strontium-90 in drinking water. Some naturally
insoluble {and probably suspended) forms of strontium-89 and
strontium=-90 would also be measured by this method when samples of
such drinking water supplies are acid-preserved before analysis.

The Drinking Water Regulations under the Safe Drinking Water Act
set maximum contaminant concentrations for radionuclides in drink
ing water based on a 2 Titer per day drinking water intake using
the 168 hour data listed in Handbook 69, National Bureau of Stand-
ards. The maximum contaminant concentration for strontium-89 and
strontium-20 are 80 pCi/1 and 8 pCi/l, respectively, the critical
organ being bone marrow. If other radionuclides are also present
in the drinking water, the sum of their annual dose equivalent must
not exceed 4 mrem per year. The Requlations also give a required
sensitivity of measurement which is defined in terms of a detection
limit. The required detection Timits given for strontium-89 and
strontium-90 are 10 pCi/1 and 2 pCifl, respectively. Appendix C
has eguations for calculating the counting time necessary to meet
the required detection limit.

2. Summary of Method

2.1

Stable strontium carrier is added to the drinking water sample and
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2.1

Stable strontium carrier is added to the drinking water sample and
strontium-89 and strontium=90 are precipitated from the solution as
insoluble carbonates. Interferences from calcium and some radionu-
clides are removed by one or more precipitations of the strontium
carrier as strontium nitrate. Barium and radium are removed as the
chromate. The yttrium-90 daughter of strontium-20 is removed by a
hydroxide precipitation step and the separated combined
strontium-89 and strontium-90 are counted for beta particle activ-
ity. The counting result, immediately ascertained, represents the
total strontium activity (strontium-90 + strontium-82) plus an
insignificant fraction of the yttrium=90 that has grown into the
separated strontium-90. The yttrium-90 daughter grows in again and
is then separated with stable yttrium carrier as nydroxide and
finally precipitated as oxalate and beta counted. The strontium-90
concentration is determined by the yttrium-90 activity and the
strontium-89 concentration is then determined by difference.
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2.2 Counting efficiency data must be abtained with standard
strontjum-89, strontium-90, and yttrium-90 activities. These data
are used to make corrections since strontium-89, strontium-90, and
yttriwm-90 emit beta particles with different energies.

3. Sample Handling and Preservation

3.1 It is recommended that samples be preserved with acid at the time
of callection. For preservation, sufficient acid should be added
to make the sample pH < 2,

3.2 The Drinking Water Regulations allow for the option of quarterly
compositing for an annual analysis or averaging the analyses of
four guarterly samples. It is especially recommended to preserve
composited samples.

3.3 It is recommended that no Tess than one liter size samples be
collected for analysis.

4. Interferences

4.1 Radioactive barium and radium will be carried down with radioactive
strontium as carbonate. This method includes steps to separate
strontjum from barium and radium.

4.2 Samples that naturally contain significant amounts of stable
strontium will cause errors in the recovery of the added strontium
carrier. EBlank samples to which no strontium carvier 15 added
should be run to determine pnatural strontium content. Hard waters
contain calcium which precipitates with the strontium in the
initial carbonate precipitation. If not separated, the calcium
will cause errors in the recovery of the strontium carrier.
Repeated precipitations with 16N HNO3 (conc.) will eliminate this
interference,

5. Apparatus - See Appendix D for details and specifications.

5.1 Low background beta counting s;};stem (< 3 cpm background on the beta
voltage plateau is recommended).

5.2 Centrifuge and 50 m] centrifuge tubes
5.3 Drying oven

5.4 Hot water bath

5.5 Electric hot plate

5.6 Analytical balance

5.7 pH meter

549
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5.8 Desiccator, aluminum and/or glass i
5.9 Stainless steel planchets, 2-inch diameter by 1/4-inch deep
5.10 Sintered-glass (fine) crucibles
5.11 Flastic ring and disc mounts
5.12 Mylar film
5.13 Teflon filter holder
5.14 Drying lamps
5.15 Glassware
6. Reagents

6.7 Distilled or defonized water is to be used, and all chemicals
should be of "reagent-grade" or equivalent whenever they are
commarcially available.

6.2 Strontium carrier (10 mg/ml1): Dissolve 24,169 Sr{NO3)z in water
and dilute to 1 liter in a volumetric flask with water. Mix
thoroughly.

Standardization: (In triplicate).

Carefully pipet 10.0-ml1 portions of the strontium carrier
solution into separate 50-ml1 centrifuge tubes. Add 1 ml 6
NaOH and heat in a water bath. Slowly, and with stirring, add
15 m1 of ZN NapCO3 solution (see sodium carbonate solution
below) and_bnniinue digesting for 15 to 20 minutes. Allow to
cool and filter the SrC03 precipitate through a tared
sintered-glass {fine) crucible. Wash the precipitate and the
crucible walls with three 5-m1 portions of distilled water
adjusted to pH 8 with 6N MNH40H, and with three 5-m1 portions
of acetone. Dry the crucible for 30 minutes in a 1050C

oven. Cool the crucibles in a desiccator and weigh.

mg of SrCo, % 0.5935
Strontium, mg/ml = 10 ml

6.3 Yttrium carrier (10 mg/m1): Dissolve 43g Y(NO3)3.6H20 in
water plus 5 ml 16N HNOz (conc.) and dilute to 1 Titer in a
volumetric flask with water. Mix thoroughly.
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Standardization: (In triplicate).

Carefully pipet 10.0-m1 portions of the yttrium carrier
solution nto separate 50-m1 centrifuge tubes. Add 30 m]
saturated (NHg)sC204.Hs0 to each centrifuge tube and

stir. Digest in a hot water bath {near boiling) for 30
minutes. Cool in an ice bath. Filter the precipitate onto a
Whatman #42 filter paper, then ignite in a tared crucible at
8009C for 1 hour to convert the oxalate to the oxide. Cool
and wefgh the crucible and calculate the yttrium concentration
from the following equations.

TEYEDS = 2 x 88.92/225.84 = 0,7875
¥.0
. mg of "2"3 x 0.7875
yitrium, mg/ml R

6.4 Acetic acid, 5.8M: Mix 1 volume 17.4N CHaCOOH (glacial) with 2
volumas of water,

6.5 Acetone, (CH3)2C0: anhydrous.

6.6 Ammonium acetate buffer: Dissolve 154g NHgCpH302 in 800 ml
of water, add 57 m1 17.4N CH3COOH (glacial), adjust the mixture
to pH 5.5 using CH3COOH or NHgOH. Dilute to 1 Titer.

6.7 Ammonium hydroxide, 15N: NH40H (conc.), sp. gr. 0.90, 56.6%.

6.8 Ammonium hydroxide, 6MN: Mix 2 volumes 15N NHqOH {conc.) with 3
volumes of water.

6.9 Ammonium hydroxide, 0.1N: Mix 1 volume 15N NH4O0H (cone.) with
150 volumes of water, -

6.10 Ammonium oxalate, saturated: Inte 100 ml boiling water,
dissolve 10g (NHg)2Cs04.H20. Cool.

6.11 Barium carrier, (10 mg/m1): Disselve 19.0g Ba{NO3)s in water
and dilute to 1 Titer with water.

6.12 Hydrochloric acid, 6N: Mix 1 volume 12N HC1 (conc,) with 1 volume
of water,

6.13 Methyl red indicator, 0.1%: Dissolve 0.1g of methyl red in 100 ml
ethanol.

6.14 Nitric acid, 16N: HNO3 (conc.) sp. gr. 1.42, 70.4%.

6.15 Nitric acid, 6N: Mix 3 volumes 16N HNO3 (conc.) with 5 volumes of
water.
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water.

6.16 Nitric acid, TN: Mix 7 volume &N HNO3 with 5 volumes of water.

6.17 Phenolphthalein indicator, 1%: Dissolve 1g phenolphthalein in
50 ml1 ethanocl and add 50 ml water.

6.18 Sodium carbonate, 2N: Dissolve 124g WapC03.Hz0 (or 106g
NagC0z) in water and dilute to 1 Titer with water.

6.19 Sodium chromate, 0.5M: Dissolve 117g NapCrls.4Hp0 in water
and dilute to 1 Titer with water.

6.20 Sodium hydroxide, BN: Dissolve 240g NaOH in water and dilute to 1
liter with water.

6.21 Wetting agent salution: e.g. Photo-Flo, Eastman Kodak Co.
7. Calibrations

7.1 Counting Efficiencies - Separate counting efficiencies should be
determined for strontium-82 and strontium-20 using known amounts of
the respective radicactive standards and 20.0 mg of strontium
carrier, precipitated as carbonate and counted. A strontium-90
precipitate is prepared after separation of the yttrium-90 daughter
by the following procedure. Add a known amount of stront{um-90
gstandard, in the order of 1000 disintegrations per minute {dpm),
and 20 mg of strontium carrier to a 50-m1 centrifuge tube, add 20
ml of water and proceed as in steps 3.9 through 8.11. Then for the
gt¥gium-ﬂﬂ counting efficiency, continue with steps .12 through

7.2 Sources of supply: For strontium-90-ytirium-90, the National
Bureau of Standards, Washington, DC offers a standard solution (SRM
4234) as listed in their latest catalog #260.

For strontium-89, Amersham Radiochemicals, Arlinaton Heights,
[TTinois, offers a standardized agueous salution essentially free
from strontium-20. This ftem is listed as 3MI.64 in their latest
catalog. :

Standard sources of strontium-89 and strontium=90 are also
available Trom the Quality Assurance Division, U.5. Environmental
Protection, EMSL-Las Vegas.

8. Procedure
8.1 Transfer 1-Titer water sample aliguots to 2-T1iter beakers. Add 2.0

ml each of strontium and barium carrier solutions to each sample
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8.1 Transfer 1-Titer water sample aliguots to 2-Titer beakers. Add 2.0
ml each of strontiwm and barium carrier solutions to each sample
and blank beakers. Heat the samples to boiling and add &N NaDH
while stirring, to the phenolphthalein end point [red color), and
add 50 ml 2N MazCO3 solution. Continue heating to near boiling
for 1 hour with occasional: stirring. Then set the beakers azide
for at least 2 hours, allowing the carbonate precipitate to settle.
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8.2 Decant most of the clear supernate and discard it. With the
remainder of the supernate and necessary water washes (adjusted to
pH 8 with 6N NHq0H), gquantitatively transfer the precipitate to a
B0-m1 centrifuge tube. Centrifuge and discard the supernate. This
precipitate will contain the strontium and barium carriers.

8.3 Dissolve the precipitate by the dropwise addition of 4 ml 16N
HNO 5.

8.4 Add 20 m1 16N HMWO3 to the centrifuge tube, cool in an ijce bath
and stir. Centrifuge and discard the supernate which will contain
a sfgnificant fraction of the calcium present in the sample.

8.5 Add 20 m1 16N HNO3 to the centrifuge tube, cool in an ice bath
and stir. Centrt%ug& and discard supernate.

Note: If drinking water samples contain much calcium
(hardness), 1t will be necessary to repeat step 8.5,

8.6 Dissolve the strontium and barjum nitrate precipitate in 25 ml
water, add 2 drops methyl red indicator, neutralize to yellow color
with 6N NHqOH, then adjust the pH back to rved coler by adding
5.80 CH3COO0H dropwise.

B.7 Add 5 m1 ammonium acetate buffer solution, and heat in a hot water
bath, Add, with stirring, 2 m1 0.5M NapCrOg and digest in the
hot water bath for 15 minutes. CooTl the reaction mixture and
centrifuge. Transfer the supernate to a clean 50-m]1 centrifuge
tube, and discard the barium chromate residue.

Hote: This residue can be saved if radipactive barium, radium,
or lead analysis is desired.

B.8 To the buffered chromate supernate add 2 m1 15N NH40H and heat in
a hot water bath. Add 5 ml 2N NapCO3 solution and digest for
1% minutes. Coal, centrifuge, anﬁ discard the supernate.

Kote: In the next step, the strontium-8%9 and strontium-90 are
separated from yttrimm=-90 with a yttrium carrier scavenge
to start a specific ingrowth period and to get a separate
radiostrontium count in the following steps.
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to start a specific ingrowth period and to get a separate
radiostrontium count in the following steps.

8.9 Add a few drops 16N HMWO3 to the carbonate precipitate, then add
25 m1 water and 1 ml yttrium carrier. Add 1 drop of wetting agent
soTution (such as "Photo-Flo," an Eastman Kodak Company £17m
processing product) and 5 m1 15N MH40H. Heat in a hot water bath
for 15 minutes with occasional Stirring. Centrifuge and transfer
the supernate to a clean 50-m1 centrifuge tube. Wash the yttrium
hydroxide precipitate with 5 m] water, centrifuge and add this wash
to the supernate. HNote the time of this yttrium hydroxide
precipitation which marks the beginning of the yttrium-90 ingrowth
period. From this point on it is fmportant to proceed without
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delay to the final separation and count of the strontium-89 and
strontium-90 activity to minimize ingrowth of yttrium-30.

Note: Concentrated NHgOH sometimas contains COp in solution
which will cause precipitation of some of the strontium
carrier in this step. If Tow carrier recoveries are
obtained in step 8.11, then for subsequent strontium
analyses, anhydrous NH3 gas may be substituted for
concentrated NHqOH in step 8.9 by bubbling NH3 gas in
the sample solution until the phenolphthalein end point
is reached, and then 5 minutes more. The same precaution
might be taken in step 8.14 to prevent carrydown of the
strontium-90 as the carbonate precipitate in that step.

8.10 Add 5 m1 2N MazCOy to the supernate from step 8.9, heat in a
hot water bath for about 10 minutes, centrifuge and discard the
supernate.

8.11 Slurry the strontium carbonate precipitate with a few m] water and
transfer quantitatively to a tared glass fiber filter. Wash the
precipitate with three 10-ml1 portions of water adjusted to pH 8
with NHz0H, then with three 10-m1 portions of acetone. During
Filtration and washes of the strontium carbonate, minimize the time
of air flow through the filter to avoid collection of wadon
daughters. Dry the filter at 1059 for 10 minutes, then weigh,
mount and count (within 2 hours). This count gives the total of
stront fum-B9 and strontium-90 activities, plus the ingrown
yttrium-90. MNote the time of this count as it must be corrected
for yttrium-90 ingrowth {time between steps 8.9 and 8.11).

Note Ar  An alterpative to step 8.11 involves the collection and
counting of the strontium carbonate precipitate on a
tared stainless steel planchet. For this, the approach
is as follows:

1. Slurry the strontium carbonate precipitate with a
few mi water and transfer guantitatively to a tared
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1. Slurry the strontium carbonate precipitate with a
few mi water and transfer guantitatively to a tared
stainless steel planchet. Dry under infrared lamp.

2. Cool, weigh, and beta count (within 2 hours).

The caleulation of the total strontium activity D, in the
sample at this point in time can be made as follows:

=
[=]
T
{D
[ =]
2w

|

C

D = 77 % EVR

where:
C

E
V

net count rate, cpm,
counter efficiency, Tor strontium-90
liters of sample used,
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R = fractional chemical yield, and
2.22 = conversion factor from dpm/pCi.

Strontium-90 (By Yttrium-90)

8.12 After counting the strontium carbonate for strontium-89 and
strontfum=-90 activity, store the filter or the planchet for a
measured period of ingrowth, then proceed with the following steps
for yttrium-90 separation. A Z-week or longer ingrowth period is
recommended for samples with very low strontium-90 activity. Step
8.9 was the beginning of this ingrowth pericd.

8.13 Undo the mylar covering from the nylon ring and disc, and transfer
the filter to a small funnel which has been placed to drain into a
B0 ml centrifuge tube. Dissolve the strontium precipitate by
carefully wetting the filter with 5 ml of 6N HNO3. Wet the
filter with 2.0 m1 yttrium carrier. Rinse the strontium and
yttrium into the centrifuge tube by washing the filter with four
5-ml portions of 1N HNO3. Remove the funnel from the centrifuge
tube, discard the Tilter, and add 1 drop of wetting agent solution
to the centrifuge tube. Swirl the tube to mix the contents
thoroughly.

Mote: 1In the case of the stainless steal planchet;

1. After the period for yttrijum-90 ingrowth, slurry the
precipitate on the planchet with 2 m1 water and transfer
to a centrifuge tube with the aid of a rubber policeman.
To make the transfer quantitative, wash the residus from
the planchet with a small amount of 1N HNO3. Dissolve
the precipitate in the tube with sufficient 1N HNO3,
and dilute with water to 10 ml.

2. Add 2.0 ml1 yttrium carrier and stir,

3. Boil to expel dissolved carbon dioxide; cool to room
temperature.

B.14 Precipitate the yttrium as hydroxide by adding 10 m1 15N NHgqOH to
the centrifuge tube, stirring and heating for 10 minutes 1n a hot
water bath. Cool, centrifuge and decant suparnate into a 100-ml
beaker. Hote time of last precipitation; this is the end of
yitrium-90 ingrowth and the beginning of yttrium-90 decay.

B.15 Dissolve precipitate in 1 ml 1N HNO3 and dilute with water to 10
ml.

8.16 Reprecipitate yttrium by dropwise addition of 15N HHq0H.
B.17 Centrifuge and combine supernate with solution in the 100-m1 beaker
{step 8.14).

b5
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8.18 Repeat steps 8.75, and 8.16. Save the combined supernates in the
beaker for strontium gravimetric yield determination, step 8.22.

Note: Steps 8.22 to B8.25 are a repeat of the strontium carbonate
precipitation to determine chemical yield after the yttrium
has been removed.

B.19 Dissolve the precipitate in 15 ml water containing 2 m1 6N HC1.
Precipitate the yttrium as oxalate by adding 20 ml saturated
MHg)gC204 and heating for 30 minutes in a hot water bath
near boiling). Cool in an ice bath and then filter the yttrium
oxalate onto a Whatman #42 ¥11ter (4.25 cm diameter). Wash the
precipitate with three 5-m1 portions of water, then with three 5-ml
portions of acetone. Air dry the filter for about 1 hour.

Mote: A pH of 1.7-1.9 in the solution from which yttriun oxalate
is being precipitated is necessary to get a uniform 9Hz0
hydrate precipitate. This is necessary if the analyst
prefers and is going to weigh the ytirium oxalate for
chemical yield. Also, the analyst may then prefer to use a
tared glass fiber filter instead of a Whatman #42 paper
filter. The filter plus oxalate precipitate is weighed to
determine chemical yield (recovery). See note following 9.1
for caleulations. If this procedure is followed, step B.21
can be eliminated.

8.20 Mount filter on a plastic ring and disc, and count for yitrium-90
dctivity. Record the time of the counting for decay correction
[time between 8.14 and count time).

B.21 Undo the mylar covering, and transfer the filter to a tared
crucible. Ignite at 800°C for 1 hour in a muffle furnace to
convert the oxalate to the oxide. Cool and weigh the crucibla.
Determina the yittrium recovery (see Saction 9.1].

B8.22 Warm the combined supernates from step 8.74, add 5 ml 2N
NazCO3, and digest for 10 minutes. Cool, centrifuge, and
discard supernate.

8.23 Wash the S5rC03 with 15 ml water and discard wash solution.

8.24 Slurry with a few m]1 water and transfer quantitatively to a tared
stainless-steel planchet. Ory under infrared lamps.

8.25 Cool and weigh the p]anthei+ Determine the strontium recovery (see
Section 9.1).

9. Calculations

9.1 Chemical yields for strontium and yttrium

B6
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mg SPE03 recoverad

a = Yield factor for Sr = mg 5r carrier added [as carbonate)
20.0 mg of strontium is equivalent to 33.7 mg 3rC03.

mg ¥,y recovered
b = ¥ield factor for ¥ = mg ¥ carrier added {as oxide)

20.0 mg of yttrium fs equivalent to 25.4 mg of YzUs3.

Note: If chemical yield is to be determined from the yttrium
oxalate precipitate the following calculations are used.

mg ¥ carrier added [as oxalate]

20.0 mg of yttrium is equivalent to 67.9 mg of yttrium oxalate,
Ya{C204)3.9H20.

9.7 Calewlations for Activities at Eguilibrium Conditions:

b= yiald factor for ¥ =

Indicated cpm values are net cpm (reagent blank, including
background, subtracted}.

ad
Y cpm
9y dpm = FBeri = s dpm
05 cpm = 90v dpm x ¢

Total 89,905 cpm = total cpm (SrC03) - ingrown 90y cpm

905y cpm X 8 X g

Ingrown 90y Cpm
total Sr cpm - 905r cpm - 905y dpm x & % g

895'«" cpm = a
ﬂgﬂr dpm = BgSr cpm
d
05 dpm
9Psr pci/liter =  wpmtu—
a9
895y pCi/liter = ﬁ%“ﬂu—

where: -
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strontium-90 counting efficiency,

strontium-89 counting efficiency,

ytirium-90 counting efficiency,

= yttrium-90 decay factor,

yttrium-90 ingrowth factor, for unwanted yttrium=90 in total
strontium-689, strontium-90 count,

stront ium-89 decay factor,

volume of sample analyzed, in Titers,

yttrium-90 ingrowth factor for strontjum-90 by yttrium-90
determination, and

= conversion factor from dpm/pCi.

W (I |

=S W -hi® o0
I

0
[
%]

Error associated with the results of the analysis should also be
reported. See Section 10 for error and statistical calculations, for
yttrium-20 decay and ingrowth factors, and for strontium-89 decay
factors.

10. Calculation Factors

10.1 Error and Statistical Calculations - Because of the random nature
of radioactivity disintegrations, there i an error associated with
any measured count of these disintegrations. The variability of
any measurement is indicated by the standard dewviation. The
standard deviation in the counting rate, (R). iz determined by the
following equation:

R
g (R} = a + B 1/2
t, t2

wWhere: Rp gross count rate
t1 counting time for the gross count
B = background count rate
tz = counting time for the background count
Let o{R7) = Dy = standard deviation for the count of total
strontjum-89 and strontium-90 {from Sri0g
precipitate, which includes the unwanted ingrown
yitrium-90).

Let o(Rg) = Dp = standard deviation for the yttrium-90 count for
strontium-90 determination

The counting errors, E, for a given sample for the strontium-89 and
strontium-90 determinations expressed in pCifliter are shown as
follows:

1.96 D. x 1000
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1.96 D, x 1000
Ea2dnaber 1y

2 172
1.
For 895“ - S0 o« 1000 (D-I}E 'I'( cC+a x 'ﬂ) {Dz}ﬂ

For 905r, E =

2.22 % adV befi
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1.96 = 95% confidence factor

ml/iiter

conversion Tactor from disintegrations/minute to picocuries
strontium recovery factor

yttrium recovery factor

gtront fum-90 counting efficiency

stront fjum-89 counting efficiency

yttrium=90 counting efficiency

yttrium-90 decay factor

ingrowth factor for unwanted ytirium-20 in total
radiostrontium count

i = ingrowth factor for yttrium=90 for strontium-90 determination

2.22

0 ~hD OO0 T

Theze were derived by applying propagation of ervor theory to the
expressions in Section 9.3.

The standard deviations of a number of experimental analyses or
observations is determined by:

f - ?
5 = T {x1 - x}°/n =1

i=]

/2

where:

activity (pCi/1iter) of a given sample
mean activity (pCisliter) of a series of analyses
the number of replicate analyses

i

b S
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b4

10.2 Yttrium-90 Decay and Ingrowth Factors (0-71 Hours)

t(hr}) e-At  j_e-it t{hr] e-it 1-e=xt  t{hr) e-At  j.e-at
0.0 1.0000 0000 22.5 L7843 L2157 45.0 6151 3849
0.5 9940 0054 23.0 78071 .2199 45.5 0118  .3882
1.0 LBE93 L0107 23.5 L7759 L2241 46.0 6085  .3915
1.5 8839 L0161 24.0 JI17 .2283 46.5 L6053 3947
2.0 9786 L0214 24.5 . 7676 2324 47.0 L6020 .3980
2.5 0734 L0266 25.0 L7634 2366 47.5 5888 4072
3.0 L9681 L0319 25.5 L7593 . 2407 48,0 .5955  .4045
3.5 9629 0371 26.0 . 7852 2448 48.5 L5923 4077
4.0 L9577 L0423 26.5 J512 . 2488 40.0 L5891 .4109
4.5 L9526  .0474 27.0 7471 .2529 49.5 5860  ,4140
5.0 9474 L0526 27.5 L7431 . 25669 50.0 G828 L4172
5.5° L0423 L0877 28.0 LF391 2609 50.5 L7970 L4203
6.0 L9373 L0627 28.5 7351 «2549 51.0 5706 L4234
6.5 .8322 0678 29.0 7311 .2689 " 51.5 5735 L4265
7.0 9272 0728 29.5 J272 2728 52.0 5704 L4296
7.5 L9222 L0778 30.0 L7233 L2767 52.5 5673 L4327
B.O 9172 0828 0.5 7194 .£806 53.0 5042 4358
8.5 .9123  .0877 31.0 7155 2845 53.5 B612 4388
8.0 L2074 0926 31.5 J117 2883 54.0 582 4418
9.5 L9025 0975 32.0 L7078 .2922 54.5 .5E5Z 4448
10.0 L8976 L1024 32.5 . 7040 . 2960 55.0 L5522 L8478
10.5 L8028 1072 33.0 L7002 .2998 55.5 H492 L4508
11.0 L8880  .1120 33.5 . BG5S . 3035 26.0 Hapz L4538
11.5 .B832  .1168 34.0 6927 L3073 56.5 5433 L4567
12.0 L8785  .1215 34.5 L6850 3170 57.0 L0404 L4596
12.5 LB737  .1263 35.0 -BB53 3147 57.5 L5375 L4625
13.0 .8690 .1370 35.5 6816 .3184 58.0 L5346 L4654
13.5 L 6.0 B779 3221 58.5 5317 L4683
14.0 L8597 L1403 36.5 L6743 3257 59.0 5288 L4712
14.5 8551  .1449 37.0 L6706 L3294 59.5 L5260 L4740
15.0 .B505  .1495 37.5 L6670 . 3330 60.0 L5232 .476R
18 & RARD 1R4A1 TR N RRA TIRR R R [ ) ] ATa7
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10.3 Yttrium-20 Ingrowth Factors {0-27 days)

t{days) J-g-AtL t{days) J-e-at tidays) T-g=At

Q.00 L0000 9,00 L9029 18.00 L9906
0.25 L0627 9.25 L9090 18.25 L9912
0.50 L1215 9.50 L9747 18.50 L9977
0.75 L1766 9.75 L2201 18.75 Laga2
1.00 L2283 10.00 L9281 19,00 LO9zET
1.25 LETET 10.25 L9293 19.25 L9932
1.50 21 10,50 L9342 153.50 .9936
1.75 3646 10.75 L9384 19.75 L9940
2.00 045 11.00 L0422 20.00 L9944
2,25 L4818 11.25 L9458 20.76 .9948
#.50 LATES 11.50 L9492 20.50 L9957
2.75 L5097 11.75 L9524 20.75 L9954
3.00 L5404 12.00 L9554 21,00 L9957
3.25 LS697 12.2h L9587 21.25 L9959
3.50 L5963 12.50 L9608 21.50 L9962
1.7h A28 12.75 L9033 21.75 L9964
4,00 L6453 13.00 L9656 200 L0657
.25 G670 13.256 LO678 22.25 99569
4,50 G884 13.50 L9697 27.60 L0971
4.75 SO0 13.75 A7 16 22.7h L9973
§.00 263 14.00 L9734 £3.00 L9974
5.25 L7435 14.25 U751 23.25 LIATE
5.50 . 7595 14,50 L9766 £3.50 LR97Y
5.75 i 14.75 L9781 23.75 L9479
G.00 .7 a8E 15.00 L9705 2400 L9830
B.25 LA020 15.25 LOH0B 24.25 L9981
f. 50 3145 15.50 L9820 24580 L2492
B.75 L0681 15.75% L5831 24.75 L9954
F.00 L8370 16.00 L9842 25.00 L2985
7.25 LBd472 16,25 L9852 25,25 L9986
7.50 8568 16.50 L9861 25.50 L2987
7.75 LA658 16.75 L9870 575 L9887
.00 L8742 17.00 L9878 26 .00 L9983
8.25 .BEZ0 17.25 L9BES ?6.25 L9989
8.50 .H896 17.50 LBE893 26.50 L9990
8.75 A864 17.75 L9900 P 3950

27 .00 L9591

71
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10.4 Strontium-89 Decay Factors (0-59.5 days) (t 1/2 = 51 days)

t{days) e-at t{days) e-at t{days) e-at
0.0 1.0000 20.0 620 40.0 Lh808
0.5 L9932 20.5 .7 569 40,5 L5769
1.0 0865 Z21.0 7518 47.0 L0730
1.5 9798 21.5 « 7 068 41.5 56490
2.0 L9732 22.0 Al 42.0 LB67
2.5 L9668 2.5 « 166 7.5 G613
3.0 L6801 3.0 A317 43.0 ° .557%
3.5 L9536 73.5 .1 26F 13.5 5539
4.0 L9471 24.0 J218 44.0 L5500
4.5 L9407 24.5 L1169 44 .5 H462
5.0 9344 25.0 120 45,0 LE427
5.5 L9280 26.5 LJO7E 45.5 5380
6.0 217 26.0 L7023 46 .0 L5362
6.5 L9155 20.5 0977 46.5 5318
7.0 L0983 27.0 LB8930 47.0 L5280
7.5 L9037 27.5 BB 47 .5 L5245
8.0 L8970 28.0 L6836 48.0 LS210
8.5 L3909 28.5 L7890 43.5 ° .5175
9.0 L8849 29.0 72 49.0 .5140
9.5 LB7E9 29.5 L6699 49.5 5105
10.0 LATE9 0.0 LA651 50.0 L2070
10.5 L8670 30.5 LBE0R 50.5 B035
11.0 L8612 3.0 L6562 51.0 L5000
11.5 8553 31.5 6519 51.5 L9687
12.0 LBda5 3z2.0 6473 2.0 L0933
12.5 0438 7.5 L6430 2.5 L4800
13.0 8381 33.0 .6388 53.0 LA868
13.5 L8374 3i.5 L0342 3.5 LA834
14.0 B268 34.0 L6300 4.0 LA801
14.5 B212 4.5 L6259 5.5 LATEY
15.0 .8156 35.0 6215 55,0 4734
15.5 2701 3h.5 B172 55.5 L7002
16.0 L8048 36.0 LAT131 56.0 LB
16.5 L7897 36.5 LB090 Bb.5 LA640
17.0 L7938 37.0 L6050 57.0 L4608
17.5 . TBE3 7.5 L6009 5Y.5 LAETE
18.0 . TE3] 38.0 . 5968 58.0 4547
18.5 JT78 38.5 L5928 hB.5 4513
19.0 LIT25 39.0 .BEBE 59.0 434
19.5 B2 39.5 L5848 59.5 LA054
e
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11. Precision and Accuracy

11.1

11.2

1.3

11.9

11.10

In a single operator test of the method, two sets of five water
samples containing known amounts of strontium-B9, strontium-90,
were analyzed for those radionuclides. The average recovery of
added strontium-90 was 95 and 94 percent for the two sets of
samples at a precision of 3 and 5 percent at the 9% percent
confidence level,

In a callaborative test of the method with 13 Taboratories
participating, three samples containing known amounts of
strontium-89 and strontium-90 were analyzed (Samples A, B and C).

The data of two laboratories for all three samples for

stront ium=-90 were rejected because their scores in the ranked
results of the laboratory averages were outside the acceptable
range for 13 laboratories and 3 samples.

The coefficients of variation for the three samples ranged from
11.3% for 1000 pCi/]1 concentrations to 57% for 10 pCifd
concentrations.

The coefficients of variation for the combined within-laboratory
precision for strontium-90 in the three samples ranged from 13.6%
for 1000 pii/1 concentrations to 23% for 10 pli/) concentrations.

The coefficients of variation for the precision of the method
between laboratories for strontium-89 in the three samples ranged
from 20% for 1000 pCifl comcentrations to 43% for 10 plifl
concentrations.

The coefficients of variation for the precision of the method
between laboratories for strontium-90 in the samples ranged Trom
15% for 1000 pCi/1 concentrations to 44% for 10 pCifl
concentrations.

The coefficients of wvariation for the total error between
laboratories based on a single analysis for strontium-89 in the
three samples ranged from 23% for 1000 pCi/1 concentrations to 77%
for 10 pCifl concentrations.

The coefficients of wvariation for the total error between
lTaboratories based on a single amalysis fTor strontium=-90 in the
three samples ranged from 178 for 1000 pCifl1 concentrations to 46%
for 10 pCi/1 concentrations.

In the statistical test to detect method bias, no significant bias
was shown in the analysis of the three samples for strontjum=5%9.
In the analysis of the thres samples for strontium=-90, sample C
(1000 pCi/1 concentration) showed a low bias but not seriously.
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1M.11 The strontium-89 analysis of samples A, B, and C deviated from the
known values by the factor 1.49, 1.07, and 1.03, respectively.
The strontium-90 analysis of samples A, 8, and C deviated from the
known values by the factors 1,00, 0.899, and 0.820, respectively.
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SECTION 10
TRITIUM IN DRINKING WATER
METHOD 90&6.0

¥

1. Scope and Application

1.1 This methed covers the measurement of tritium (as T20 or HTO} in
a sample of drinking water by liguid scintillation spectrometry.
This technigue assures the identification of tritium in drinking
water at a concentration fifty-fold lower than promulgated in the
safe Drinking Water Act, PL 93-523.

1.2 The maximum contaminant level for tritium in drinking water as
given in the National Interim Primary Drinking Water Regulations
(MIPDWR} is 20,000 pCifl. The NIPDWR 1ist a required detection
Timit for tritium in drinking water of 1000 pCif1 or 1 pCismil,
meaning that drinkfng water supplies, where reguired, should be
monitored for teitium at a sensitivity of 1 pli/ml. In Appendix C,
the use of equation {3) will determine the necessary counting time
regquired to meet the sensitivity for drinking water monitoring.

1.3 By counting standard tritium and background samples at the same
time as the prepared drinking water samples, the results and the
behavior of the liguid scintillation spectrometer can be routinely
monitored, '

2. Summary of Fethod

2.1 A 100 ml aliguot of a drinking water sample is treated with a small
amount of sodiwm hydroxide and potassium permanganate, then s
distilled, and a specified fraction of the distillate is collected
for tritium analysis. The alkaline treatment prevents other radio-
nuclides such as radiciodine and radiocarbon from distilling over
with the tritium. 3Some drinklng water 5uppl1e5 wWwill contain trace

mismvie Jhdaa A srAcaasrdsa ssassesidades | aAassaas o - e
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nuc 11085 SUCH @5 raodioioding and radiocarpon Trom 41stiiling over
with the tritium. Some drinking water supplies will contain trace
quantities of organic compounds {especially surface water sources
that contain fish and other life). The permanganate treatment
oxidizes trace organics in the sample aliquot which could distill
aver and cause quenching interferences. A middle fraction of the
distillate is collected for tritium analysis because the =arly and
late fractions are more apt to contain interfering materials for
the Tigquid scintillation counting process.

2.2 The collected distillate fraction is thoroughly mixed and a portion
is mixed with 1iquid scintillator solution, and after dark

75

adapting, is counted in the Tiguid scintillation counting system
for tritium beta particle activity.

2.3 The scintillator solution, mixed with the radicactive sample, is
excited by beta particles and emits light pulses by a molecular
de-excitation process. The number of pulses per unit time is
proportional to the quantity of activity present. Multiple solutes
are used im the scintillator to provide the best combination of
wavelength and pulse height for this application. The pulses are
detected by two photomultiplier tubes connected in coincidence and
converted to electric signals. The amplified pulses are recorded
and the count rate is measured., The efficiency of the system can
be determined by use of prepared tritiated water standards having
the same density and color as the sample.

3. Sample Handling and Preservation

3.1 The drinking water sample should be collected in jts natural state,
and should not be acidified. Since tritium in drinking water is
very much apt to be in the form of T20 or HTO there is no need
for special handling or preservation. |

&. Interferences

4,1 Tritium in background water is an interference. Slightly elevated
levels are present in surface waters so deep well sources for
background water should be used.

4,2 A1 fluors should be checked for excitation under lighting
conditions being used and if necessary they should be exposed only
to red 1ight. Dioxane-base scintillators exposed to fluorescent
lighting should be dark-adapted for 24 hours. Toluens-or
sylene-base scintillators exposed to fluorescent lighting should be
dark-adapted for a minimum of 1 hour.

4.3 The use of plastic vials may cause build-up of static charge and

mrva awnnakEis waenlhe
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4.3 The use of plastic vials may cause build-up of static charge and
give erratic results.

., Apparatus - See Appendix 0 for details and specifications.

5.1 Coincidence-type Tiguid scintillation spectrometer.

5.2 Lfquid scintillation vials: Low-potassium glass is recommended.
Palyethylens vials may be used when dioxans Tiguid scintillator
solution is used.

.3 Distillation apparatus: For aqueocus distillation: 250-ml and
1000-m1 round bottom pyrex flasks, connecting side arm adapter

{such as Corning part #9060), condenser, graduated cylinder,
bailing chips, and heating mantle.

76
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b. Reagents

6.1 Reagents for distillation treatment: sodium hydroxide pellets and
potassium permanganate. (ACS - reagent grade)

6.2 Eankgrnund-water with tritium activity below the minimum detectable
activity (most deep well waters are low in tritium content).

6.3 Scintillator soTutions:

6.3.1 Solution G liguid scintillator solution: Dissolve 18g
scintillation-grade PPO (2,5-diphenyloxazole) and 3.6g
scintillation-grade BIS-MSE p-bis{o-methylstyryl)banzene
in 2 Titers of spectroguality p-xylene. Add 1 liter Triton
N-101 detergent [Rohm & Haas) to the p-xylene scintillator
solution. Dissolve 50g 5XS (sodium xylene sulfonate) in 700
ml distilled water and add this solution fo the p-xylene
scintillator-Triton solution. Mix thoroughly. Store the
solution in a dark {amber) bottle. The organic solvent
evaporates slowly through the wall of the polyethylens
vials. For this reason counting samples should be completed
within 3 days after preparation.

6.3.2 Detergent-type 1iguid scintillator solutions are available
as commercial preparations. They are also prepared with
aromatic hydrocarbon solvents and should therefore, when
used with plastic vials, be counted within 3 days for the
reason stated above. (See Representative Sources of
Laboratory Supplies, Appendix E}

6.3.3 Dioxame Tiguid scintillator solutiom: Dissalwve 4g
scintillation-grade PPO (2,5-diphenyloxazole), 0.05q
scintillation-grade POPOP 1,4-bis{5-phenyloxazolyl-2-y1)
benzene , and 120g naphthalene in 1 liter of spectrogquality
1,4-dioxane. Store the solution in a dark (amber) bottle.
This solution can be used with glass or polvethylens vials.

7. Calibrations

7.1 Determination of Recovery and Counting Efficiency Factors - (See
calculations, Sec. 9.2 and 9.3)

7.1.1 Into a 1=-1iter volumetric flask, pipette a tritium standard
solution containing approximately 1000 disintegrations per
minute {dpm) per ml and dilute to volume using Tow level
tritium background raw water [(undistilled) and standard
tritium activity. Label this solution “Raw Water Tritium
Standard Solution.” For tritium background determinations,
distill approximately 600 m]l of water, obtained from the
same raw water source as above (without tritium activity
added). Using the distillate and standard tritium activity,

I
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8.

prepare a tritium standard solution in a 500=-m1 volumetric
flask containing the same specific activity as the "Raw
Water Tritium Standard Solution.™ Label this solution
"Mistilled Water Tritium Standard Solution.™

7.1.2 Agueous permanganate distillation:
To a 100-m1 aliquot of the "Raw Water Tritium Standard
Salution® in a 250-m1 distillation lask, add 0.5g sodium
hydroxide, 0.1g potassium permanganate, and a boiling chip.
Proceed according to the procedure described in section
8.1. Discard the first 10 ml and collect B0 ml of the dis-
tillate for analysis. Mix well. Repeat the distillation
with two more 100-m1 aliguots for triplicate amalyses.

7.1.3 For ligquid scintillation counting:
Prepare 3 aliguots of the "Raw Water Teitium Standard
Solution™ distillate (from step 7.1.2), 3 aliquots of the
"Distilled Water Tritium Standard Solution;" and 3 aliguots
of the distilled raw water (for background). Mix 4 m] water
with 16 ml1 of the dioxane scintillator soTution or B ml
water with 12 m] of a detergent-type scintillator solution
in a liguid scintillator vial (glass vials should be used
for detergent-type scintillator solutions). Shake well and
dark-adapt the vials overnight. Count each vial in a liguid
scintillation counter long enough to meet the required
detection Timit (1 pCi/ml1) or longer (see Appendix C for
calculating required counting time).

Procedure

8.1

B.2

8.3

Add 0.5g sodium hydroxide and 0.1g potassium permanganate to a
100-m1 aliquot of the sample in a 250-ml distillation flask. Add a
boiling chip to the flask. Connect a side arm adapter and a
condenser to the outlet of the flask, and insert a graduated
cylinder at the outlet of the condenser [Fig. 5). Heat the zampie
to boiling to distill, and discard the first 10 m1 of distillate as
a separate fraction. (It is important that the first 10-m]
fraction for samples and standards alike be discarded, since there
is a gradient in the tritium concentration of the distillate).
Collect the next 50-m1 of distillate for tritium analysis and mix
thoroughly.

Miz 4 ml1 of the distillate with 16 m1 of the dioxane 1iguid
scintillator or 8 m1 of the distillate with 12-m1 of a
detergent-type scintillator solution in a 1iquid scimtillation wial.

Prepare background and stamdard tritjum water solutions for
counting, using the same amount of water and the same scintillator
as used in the preparation of samples. Use low tritium backaround
distilled water for these preparations (distillate of most deep
well water sources is acceptable, but each source should be checked
for tritium activity before using).

78
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]

8.4 Dark-adapt all samples, backgrounds, and standards. . Count the
samples, backgrounds, and standards at least Tong enough to meet
the reguired detection Timit {1 pCi/ml)} for the sample (see
Appendix C for calculating required time).

Hote: In normal counting operation, tritium is counted with a
window setting where the figure of mewit is at maximum.

P 2
_ E _  (Efficiency)
Figure of Merit = -+ ° Backgroun

89, Calculations

2,1 Calculate the tritijum concentration, A, in picocuries per liter as
follows:

where:

sample count rate, cpm,

backgrnund count vate, cpm,

counting efficiency, as determlned in Sec. 9.2,
volume of the sample aliguot in ml,

recovery factor, as determined in Sec+ 9.3
2.22 = conversion factor Tor dpm/pCi.

T =m0y
W oW N

9.2 Determine the counting efficiency, E. as follows:

E.___“E_E_
wheres
D = distilled water standard count rate, cpm,
B = background count rate, cpm, and
G = activity of distilled water standrd (dpm)

9.3 Calculate the recovery correction factor, F, as follows:

- L -8
F ExM
whare:
I = vaw water standard dizstillate comt rate. cnm.
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wWiIIgr =a

raw water standard distillate count rate, cpm,

background count rate, cpm,

counting efficiency, as determined in Sec. 9.2, and
activity of raw water standard (before distillation), dpm.
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1. PrEEiEiun and Accuracy

10.7 In an interlaboratory collaborative test of the method three water
samples were analyzed Tor tritium by 25 laboratories. The three
water samples were prepared by spiking tap water with measured
amounts of tritiated water of known concentrations.

10,2 The data from three laboratories for the three water samples were
rejected from the statistical analysis because their scores in the
ranked results of the Taboratory averages were outside the
acceptable range for 25 laboratories and 3 samples.

10.3 The coefficients of variation for the combined within-laboratory
precisfon for the three samples ranged from 2.1 to 5.2 percent.

0.4 The coefficients of variation for the precision of the method
between laboratories for the three samples ranged from 21.0 to 28.8
percent,

10.5 The coefficients of variation for the total error between
laboratories based on a single analysis for the three samples
ranged from 21.3 to 29.2 percent.

10.6 In the statistical test to detect method bias, the method showed no
bias for tritium concentrations at the 7 pCi/ml Jevel to a small
bias on the low side for concentrations at the 300 pCifml level
{aﬁer?ge analytical value about 9 percent lowser than the known
value),
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SECTION 11
ACTINIDE ELEMENTS IN DRINKIMG WATER -
THORIUM, URANIUM, NEPTUMIUM, PLUTONIUM, AMERICIUM AND CURIUM
METHOD 907.0

I. Scope and Application

1.1 This method covers the determination of soluble actinide elemsnts
by means of coprecipitation, various chemical separation technigues
and alpha counting. These elements are coprecipitated on ferric
hydrokide, chemically separated by coprecipitation on bismuth phos-
phate and subseguent solvent extraction, and prepared for alpha
counting by coprecipitatien on lanthanum fluoride. Alpha counting
can be made by use of anm internal proportiomnal counter or,
scintillation counting using zinc sulfide discs. Suspended matter
when present as in the case of raw water supplies, is removed by
filtration prior to analyses.

1.2 Alpha counting techniques such as internal proportional counting or
zinc sulfide scintillation counting preclude the use of intermal
tracer yield measurement. This method has been so designed that
chemical yield as determined by tracer measurements has exceeded
gh%.  Application of this yield factor would result in a maximum
15% bias in the accuracy of the measurement, providing an
overestimated value which is conservative when compared to a
maximum concentration level. Good Taboratory technigues must be
followed to consistently achieve these high recoveries.

2. Summary of Method

2.1 The actinide elements are concentrated by coprecipitation on ferric
hydroxide, The ferric hydroxide is dissolved and thorium, neptun-
ium, plutonium, americium and curium, are coprecipitated onm bismuth
phosphate, leaving uranium in solution for subsequent solvent
extraction using trioctylphosphine oxide (TOPD). The bismuth phos-
phate is dissolved in strong hydrochloric acid and plutonium and
neptunium are extracted in tri-isococtylamine (TIOA). The thorium
is separated from amerfcium and curium by extraction with TOPD.

A1l separated and purified elements are coprecipitated on lanthanum
fluoride and alpha counted. Figure & ilTustrates the general
procedural separations.

83
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Sample (Acidified)
Fe*® NaoH

Fe(OH) 4
{Th,U.Np.Pu.Am,Cm)

HNO 4,81"3 70°C H

Supernatant (Dlzcard)

PO

Alpha Count (Am,Cmj

Figure 6.

e w Organic {Th)

3 74
- F&*E.[u}
BiPQ4 (ThNp.Pu.Am,Cm,) TOPD
HBI.HEEIE.TID-"L Organic (L) )
Agqueous MH, OH, (HWH 1, G0
[——™ Organic (Mp,Pu) (Discard) : e -E- Organic
H{.‘.I.hil'iq_l | " Aqueous ) (Di=scard)
. —-—P.__n- Crganic (Mp) DrynessHCILa*? TGl HF
quecus (Fu) HCH - Suparnatan
3r5r|nasa HF LaFjz {Dizcard)
S Alpha Count {U)
La*3
AgQUenLs HE
(Th.Am,Cm) —= Supernatant Organic (DHacard)
D
TOPD (Discard) AgUEors
LaFg Dryness HCILa "2 HF

Alpha Count {Pu)
Supernatant (Discard)

Agueous H,S0, LaF5 Alpha Count (Np)
J =*=0Drganic {Discard)
Dryness Agueous {Th)
Hil Dr:.rnﬂaa.HCI.La*a.HF
Lat3
HE =" Supernatant (Discard]
LaFg Alpha Count (Th)
‘——yﬁuparnatant 8i*3 (Discard)
LaFy

Generalized chemical procedure (for actinide elements)

24
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3. Significance and Use

3.1

3.2

The National Interim Primary Drinking Water Regulation has estab-
Tished a Maximum Contaminant Level {MCL) equivalent to an annual
dose of 4 mrem per year. This dose eguivalent applies oanly to
man-made beta and photon emitters. There are no specific maximum
contaminant levels for alpha emitters other than radium-276.
However, in the absence of specific MCL for each of the actinides,
the Timit of 15 pCi/1 for gross alpha activity may be inferred.

Maximum Concentration Levels (MCL)

Element Isotope Critical Organ MPC,uCi/fce MCL,pCi/1T
Neptunium 237 Bone 3x10-5 15
~ Plutonium 238 Bone 6x10-5 15
239 Bone 5x10-2 15
240 Bone 5x10-5 15
Americium 241 Kidney 4x10-9 15
Curium 742 GI Tract 2x10-4 15
243 Bane 5x10=2 15
244 Bone 7x10-3 15

This method was developed for the seguential analysis of thase
elemants from a single sample. The method is responsive to the
requirements of drinking water monitoring as well as being time
rasponsive and economical.

4. Interferences

4.1

4.2

4.3

Carbonate and bicarbonate ions interfere in the complete coprecipi-
tation of uranium on ferric hydroxide by forming soluble uranium
complexes. The sample must be boiled or purged with nitrogen gas
under acid conditions to expel carbon dioxide gas from solution.

Ammonium fons interfere in the complete coprecipitation of neptun-
ium on ferric hydroxide. The use of sodiwn hydroxide to adjust the
alkalinity results in complete recovery of neptunium. A freshiy
prepared solution of sodium hydroxide is recommended as carbon
dioxide is easily absorbed from the air, and will interfere in the
uranium analysis.

Chelating agents, whether present from natural sources or from
industrial processes, will interfere to varying extent by totally
or partially complexing these actinide elements. When chelating
agents are known to be present in drinking water supplies, the
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agents are known to be present in drinking water supplies, the
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analyst should resort to alternate methods such as coprecipitation
from acid solutions.

. Apparatus - See Appendix D for Details and Specifications

5.1 Alpha Particle Counter, consisting of either a proportional detec-
tor or a scintillation detector.

5.2 5Stainless steel counting planchets
6.3 Plastic ring and disc mounts.
5.4 Filtering Apparatus
5.4.17 Millipore Filter for 47 mm and 25 mm diameter f1lters.
E+5 Alpha Sensitive Phosphors
5.6 Centrifuge.

5.7 5ildeca Columns - 2.5 em I.0. X 20 cm. Fit one end with rubber
stopper containing an & mm 0.0. glass tube. Place a wire screen aon
the inside of the tube. The filtering colwmn is composed of 3 mm
paper pulp layer, 25 cm? of silica sand, and covering plug of
glass wool. The top of the column is fitted with a rubber stopper
containing an & mm 0.D. glass tube. In usage, the column is Tilled
with water and the top fastened to the siphon tube and the bottom
to the vacuum chamber,

5.8 Glassware
6. Reagents

6.1 Purity of Reagents - Reagent grade chemicals shall be used in all
tests. Unless otherwise indicated, it is intended that all
reagents shall conform to the specifications of the committee on
analytical reagents of the American Chemical 3ociety. Other grades
may be used provided it is first ascertained that the reagent is
ofsufficiently high purity to permit its use without lessening the
accuracy of the determination.

6.1.1 Purity of Water - Unless otherwise indicated, reference to
water shall ba understood to mean conforming to ASTM
Specifications D 1193, Type III.

6.1.2 Radioactive Purity - Radipactive purity shall be such that
the measured radicactivity of blank samples doss not exceed
1 com.
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the measured rad1uact1vity of blank samplea doas not exceed
1 cpm.

6.2 Acetone, (CH3)pCO, anhydrous.

6.3 Ammonium hydroxide, 15N: NHgOH (conc.), sp. gr. 0.9, 56.6%.

Bb

6.4 Ammonium hydroxide, T1.0M: Mix 1 volume 15N NHg0H {conc.) with 14
volumes of water. B

6.5 Ammonium hydroxide - Ammonium carbonate solution: Dissolve 1.92g
(NHg)2C03 in 100 mi 1.0M NH40H. This solution is 1M in
armionium hydroxide and 0.2M in ammonium carbonate.

6.6 Ascorbic Acid, CgHglg: reagent grade.

6.7 Bismuth carrier, {10 mg Bi*t3/ml1): Dissolve 5.8g
B1(NO3)3.5H20 in 250 ml of D.5N HNO3.

6.8 Ethanol, 95%: CoHgOH.

6.9 Ferric nitrate carrier, (25 mg Fe*3/ml): Dissolve 50.4q
Fe(NO3)a- 9Hp0 in 500 ml of U 5N HNO3.

6.10 Hydrochloric acid, 12N HC1 (conc.)}, sp gr 1.19, 37.2%

6.11 Hydrochloric acid, 8N: Mix 2 volumes of 12N HC1 (conc.) with 1
volume of water,

6.12 Hydrochloric acid - ammonium fodide solution: Dissolve 720 mg
NH4I in 100 m1 84 HC1. This solutfon is BN in HC1 and 0.05M in
NHaI (Prepare fresh sach time).

6.13 Hydrochloric acid - hydrofluoric acid solution: Mix 8 volumes of
AN HCT with 1 volume of 0.8N HF and 7 volumes of water. This
solution is 4N in HCY1 and 0.1 05N in HF. Store in plastic bottle.

6.14 Hydrofluoric acid, 29N: HF (conc.), sp. gr. 1.18, 49.0%.

6.15 Hydrofluoric acid, O.BN: Mix 1 volume of HF {conc.), 49.0% with 35
volumes of water. Store in plastic bottle.

6.16 Hydrogen peroxide, 30%: HpOp, 30% assay.

6.17 Lanthanum nitrate, (1.0 mg La*3/m1): Dissolve 3.71g
La(N03)3.6Hp0 in one Titer of 0.1N HNO3.

6.18 Nitric acid, 16N: HNO3 (conc.), sp. gr. 1.42, 70.4%.

6.19 Nitric acid. BM: Mix 1 volume of 16N HND2 {conc.) with 1 valume
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6.19 Nitric acid, BN: Mix 1 volume of 16N HNO3 {conc.) with 1 volume
of water. - .

6.20 Ritric acid, IN: Mix 1 volume of 16N HNO3 (conc.) with 15
volumes of water. -

6.21 Nitric acid, 0.25N: Mix 1 volume TN HNO3 with 3 volumes of water.

6.22 Nitrogen, gas. C.P.

a7

6.23 Phenolphthalein indicator (& g/1): Dissolve 0.5g phenolphthalein
in 50 ml ethanol {95%) and dilute to 100 ml with water.

6.24 Phosphoric acid, 11N: Mix 1 volume of 44N HgPO4 (conc.)
(sp.gr. 1.70) with 3 volumes of water.

6.25 Silica sand = granular, 80-120 mesh.

6.26 Sodijum hydrogen sulfate - sulfuric acid solution: Dissolve 10g
NaHS0q in 100 m1 of water and then carefully add 100 ml of 36N
HpS0g (conc.) while stirring, This solution contains S5g
NaHS04 per 100 m1 of 18N H2504.

6.27 Sodium hydroxide, 6M: Dissolve 48g NaOH pellets in 125 ml of
water. Cool and diTute to 200 ml with water. (Prepare fresh as
NaDH will absorb COp from the air and interfere with the uranium
analysis).

6.28 Sodium hydroxide, 0.IN - Dissolve 4g HaOH pellets in BOO m] water
in a one liter volumetric flask and dilute to volume. Standardize
against potassium acid phthalate.

6.29 Sulfuric acid, 36N: H2504 (conc.), sp. gr. 1.84, 96.0%.

6.30 Sulfuric acid, 0.6M: Mix 7 volume of 36N HpS504 (conc.) with 53
volumes of water.

6.31 Titanium trichloride, TiCl3: 20%

6.32 Trifscoctylamine {TIDA) (142): Mix 1 volume of TIOA with 9 volumes
of xylene. Wash this reagent twice with O.5N HNO3 and once with
water at a phase ratio of 2 volumes of TIOA and 1 volume acid and
water, respectively. ’

6.33 Tri-octyl phosphine oxide (TOPO) (0.1M) . Dissolve 19.3g TOPD in 500
ml heptane.

7 Camnla Handlinm and Precervation = (Ses Sec. 3. Method 900.00
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7. Sample Handling and Preservation - (See Sec. 3, Method 900.0)

7.1 Collect the samples in accordance with ASTM D 3370, Standard
Practices for Sampling Water.

7.2 To ensure continued solubility of the sample constituents, adjust
the pH of the sample to ~ 2 with TN HNO3.

7.3 If the sample is taken from a raw water supply, it must be filtered
as soon as possible after collection to minimize adsorption of the
soluble constituents onto the suspended matter, and then acidified
to maintain their solubilities.

a8
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B. Procedure

8.1.1

8.1.2

8.1.3

8.1.4

8.1.5

8.1.6

8.1.7

g8.1.8

g§.1.9

8.1.10
8.1.1

8.1.12

8.1.13

B.1 Coprecipitation

Measure a volume of finished drinking water or filtered raw
water from 1 to 15 Titers into an appropriately sized
container. Acidify with 16N HNO3 (conc.) at a rate of 5

ml per liter and mix. -

Add ferric nitrate solution at a rate of 1 ml per liter for
the first 6 liters and 0.5 m]1 per Titer thereafter, and mix.

Add 10 drops of the phenolphthalein indicator and if sample
volume is small (< 4 Titers), heat to boiTing with stirring
to remove carbon dfoxide. If sample volume is large

{» 4 liters), purge the solution with nitrogen gas for 30
minutes at a purge rate to simulate a rolling boil. (A
glass fritted filter stick is recommended to disperse the
gas stream).

Add sufficient 6N NaDH until alkaline to phenolphthalein.
Continue the stirring or nitrogen gas purge for 30

minutes. Remove stirring bar or nitrogen purge system, and
allow the precipitate to settle for 1 hour.

With gentle vacuum, siphon and filter the cleared supernate
through the silica column, being careful not to disturb the
precipitate.

Collect the settled precipitate in a 250 ml centrifuge
bottle centrifuge and discard the supernate.

Add 100 ml1 1N HND3 to the precipitating vessel to
dissolve any remaining ferric hydroxide.

Pass this solution slowly through the silica column to
dissalve any filtered ferric hydroxide.

Add this acid effluent to the 250 ml centrifuge bottle
containing the bulk of the ferric hydroxide.

Warm to effect solution, cool, and estimate wolume.

Transfer 1.0 m1 of the solution to a 125 ml Erlenmeyer
flask containing 25 m1 of water and 3 drops phenolphthalein.

Titrate with the standardized 0.1 N NaOH solution to the
phenolphathalein end point and determine the normality of
the solution.

Dilute remaining solution with water until the acid
concentration s 0.25N in HNO3. If solution is less than

89

http://nepis.epa.gov/Exe/ZyNET .exe/30000QHM .txt?Z...ZyActionL & Back=ZyActionS& BackDesc=Resul ts%20page (122 of 177)1/25/2007 4:15:07 PM



Document Display | NSCEP | US EPA

400 m1, add sufficient D.25N HNO3 to bring to 400 ml
volume. Ffilter through a 47 mm 0.45 u millipore filter to
remove any silica fines. Discard filter.

B.1.14 Add 5 m1 bismuth carrier, and sufficient ascorbic acid to
concentration of 0.2% and mix.

8.1.15 Heat to 709C and while stirring, add 4 ml TIN H3PO4.

8.1.16 Remove from heat and agitate slowly for 30 minutes. Remove
stirring bar and allow to settle.

8.1.17 Filter precipitate on a 47 mm diameter Millipore filter
(0.45 ») and wash twice with 10 m1 0.25N HNO3. Save both
the filtrate and precipitate.

B.2 Uranium Analysis

8.2.1 Transfer the filtrate from 5tep 8.7.17 to a one-Titer
separatory furnnel. Rinse the container with a minimum of
0.25M HNO3, adding rinsings to the separatery funnel.

8.2.2 Increase the HNOg concentration to 1N by adding
sufficient BN Hﬂag.

B.2.3 Add trioctylphosphine oxide solution (TOPO)} egual to 1/10
the agueous volume and extract by shaking vigorously for
four minutes.

B.2.4 Allow the phases to separate for 10 minutes. Drain the
agueous phase into a beaker and the organic phase into a
125 m1 separatory funnel.

B.2.5 Transfer the aguecus phase back to the one-liter separatory
funnel and add TOPO solution egual to 1/20 of the agueous
volume. Extract by shaking vigorously for 4 minutes.

8.2.6 Allow the phases to separate for ten minutes. Discard the
aqueous phase and transfer the organic phase into the 125
ml separatory funnel.

8.2.7 Wash the combined organic phases with 15 m1 1N HND3,
discarding the wash solution.

8.2.8 Add 25 m1 ammonium hydroxide-ammonium carbonate solution
and carefully shake, relieving the evolved COz gas.
Shake vigorously for 2 minutes.

B.2.9 Allow the phases to separate for 10 minutes and drain the
aqueous phase into a 100 ml beaker.

8.2.10 Repeat steps 8.2.8 and 8.2.9, discarding the organic phase.
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B.2,11

8.2.12

B.2.13

Cover the beaker with a ribbed watch glass and evaporate
to dryness over moderate heat.

Remove from heat and add 5 m1 16N HNO3 and 1 ml 5%
MaH50g and slowly evaporate to dryness,

Place in muffle furnace and heat to H00CC to remave all
organics. Cool and continue with Section 8.6.

8.3 Plutonium and Reptunium Analysis

8.3.1

8.3.2

8.3.3

8.3.4

8.3.5

8.3.6

8.3.7

g.3.8

8.3.9

B.3.10

8.3. 1
B.3.12

B.3.13

Transfer the membrane filter containing the precipitate
(Step 8.1.17) to a 40 ml centrifuge tube,

Add 20 m]1 8N HC1 and dissolve precipitate.

Add 5 drops of 30% hydrogen peroxide, and heat in a water
bath until effervescence ceases, using occasional stirring.

Cool and transfer the solution to a 125 ml separatory
funnel. Wash the centrifuge tube twice with 15 m1 8N HC1,
and add the washings to the separatory funnel. -

Add 25 ml tri-isooctylamine salution (TI0A) and shake
vigorously for 2 minutes.

Allow the phases to separate and drain the agueous phase
into a second 125 ml separatory funnel.

Wash the organic phase by shaking with 10 m1 8N HC1.

Allow the phases to separate and combine the wash into the
second separatory funnel. Retain this agueous phase Tor
further analyses. {(Section 8.4)

Add 10 m1 hydrochloric acid - ammonium iodide solution to
the organic phase and shake for 2 minutes.

Allow the phases to separate and drain the agueous phase
into a 30 m1 beaker.

Repeat steps B5.3.9 and B.3.10.

Add 1 ml of the acidified NaHS04 solution and evaporate

the combined agueous solutions to drynmess. Place in muffle
furnace and heat to 500°C to remove organics. Save for
plutonium mounting and counting. (Section B.6.)

Add 10 m1 of the hydrochloric acid - hydrofluoric acid
solution to the organic phase and shake for 2 minutes.
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8.3.14 Allow the phases to separate and drain the agueous phase
into a 30 ml beaker.

B.3.15 Repeat steps 85.3.13 and B8.3.14,

8.3.16 Add 1 ml of the acidified NaHSO4q solution and evaporate
the combined agueocus solutions to dryness. Place in muffle
furnace and heat to 500°C to remove organics. Save for
neptunium mounting and counting. (Section 8.6.)

8.4 Thorium, Americium and Curium Analyses

B.#.1 To the agueous phasze resulting from step B.3.8, add 20 ml
TOPO and shake for 3 minutes.

B.4.2 Allow the phases to separate and drain agueous phase into a
125 m1 separatory funnel.

B.4.3  Wash the organic phase by shaking with 10 m1 8N HC1, adding
the wash to the 125 ml separatory funnel. Save the aqueous
phase for further analyses. (Section 8.5)

8.4.4 Add 20 ml 0.6N Hz504 to the organic phase and shake for
2 minutes.

B.4.5 Allow the phases to separate and drain the agueous phase
fnto a 50 m1 beaker.

B.4.6 Repeat steps B.4.4 and 8.4.5 and discard organic phase.
8.4.7 Add T ml of the acidified NaHS04 solution and evaporate
combined acid extracts to dryness. Place in"muffle furnace
and heat to 500°C to remove organics. Save for sample
mounting and counting., (Section B.6).
8.5 Americium and Curium

B.5.1 To the solution remaining from step 8.4.3, add 20 ml i
heptane. i

8.5.2 Extract by shaking for 1 minute and allow the phases to
separate.

B.5.3 Drain the agueous phase into a 100 ml1 beaker.

8.5.4 MWash the organic phase by shaking with 10 ml water, i
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8.5.4 MWash the organic phase by shaking with 10 ml water,

8.5.5 Combine the water wash into the 100 m] beaker. Discard the
organic layer.

8.5.6 Evaporate the contents of the 100 ml beaker to dryness.

92

8.5.7 Place beaker in a 500°C muffle fuwvnace for one hour.

B.5.8 Remove from furnace, cool and save for sample preparation
and counting. (Section 8.6.)

8.6 Sample Mounting [Lanthanwm fluoride coprecipitation)
B.6.1 To all separated. and purified fractions remaining from
steps 8.2,73, 8.3.12, 8.3.16, B.4.7, and 8.5.8, add 1 m7l
128 HC1 {conc. ).

8.6.2 Dilute to 10 m1 and add 1.0 m1 Tanthanum carrier solution
and for uranium analyses only, add 0.2 ml 20% TiC13.

8.6.3 Add 0.5 m1 HF {cenc.), stir well and allow to stand for 30
minutes.

8.6.4 Fi]t?r through a 25 mm diameter millipore filter (0.2p pore
size).

8.6.5 Wash one time each with 10 m1 portions of water and ethanol.
B.6.6 Prepare for sample counting. (Section 8.7.)
8.7 Sample Counting

8.7.1 Internal proportional counting or scintillation counting as
described in Sectioms 5.1.1 and 5.1.2.

B.7.1.1  Transfer the nucleopore filter to the center of a
stainless steel disc of appropriate diameter,
previously treated with a thin coating of rubber
cement and containing one drop each of acetone
and ethanol.

8.7.1.2 Allow the excess acetone and ethanol to evaporate.
8.7.1.3 Dry and alpha count.

8.7.2 Scintillation counting assembly as described in Section
5.1.4.
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5.1.4.

8.7.2.1 Carefully center the nucleopore filter on a
plastic disc, lightly coated with rubber cement.

B.7.2.2 Cover with an alpha sensitive phosphor disc by
. placing the sensitized side in direct contact
with the sample filter.

8.7.2.3  Place a sheet of mylar film over entire disc and

retain in place with the plastic ring. Trim away
excess mylar.
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g.7.2.4 Place the mounted sample on the photomultiplier
tube with the mylar cover in direct contact with
the tube.

B.7.2.5 Alpha count.
9. Calibration

9.1 General guidance information may be found in ASTM D 3648, Standard
Practices for the Measurement of Radiocactivity.

9.2 Counting standards to calibrate instrumental response to alpha
particles are prepared from calibrated standards which are NBS
certified ar traceable to NBS certification.

9,3 Chemical preparation of counting standards must follow the same
procedures as prescribed in Section 8.6 and 8.7.

9.4 Counter efficiency, E, is then determined by counting the
calibration source for sufficient time to minimize counting error
and is expressad as:

- 0D -E
E = R
where:
0 = observed count rate, cpm,
B = background count rate, cpm, and
G = activity of calibration source, dpm.

10. Calculation

0.1 The results of analysis, A, are sxpressed in picocuries per
liter. This unit is useful for direct comparison to the maximum
concentration level as determined from the Natfonal Interim Primary
Drinking Water Regulations.
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concentration level as determined from the Natfional Interim Frimary
Drinking Water Regulations.

0D-8
A ¥

wherea:

observed count rate, cpm,

background count rate, cpm.

counter efficiency

conversion factor for dpm/pCi .
chemical yield, and

sample volume in Titers

= Ar:moo
Honnnm
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11. Precision and Accuracy

11.1 The U.5. Environmental Monitoring Systems Laboratory in Las Vegas,
Hevada, is in the process of conducting a single laboratory study
to determine the accuracy and precision of this test procedure.
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SECTION 12
URANIUM IN DRINKING WATER -
RADIOCHEMICAL METHOD
METHOD 903.0

1. Scope and Application

1.1

1.2

1.3

This method covers the measurement of total uranium alpha particle
activity in drinking water. Most drinking water sources,
especially ground water sources, contain soluble carbonates and
bicarbonates which complex and keep uranium in the water in
solution,

Uranium isotopic abundances in drinking water sources are apt to be
present in ratios different from the ratios in the deposits from
which the uranium entered the water sources. The two predominant
natural alpha emitting isotopes of wranium are uranium-234 and
uranium=238. Uranijum-238 is the predominant mass abundant isctope;
greater than 99% compared to about 0.006% for uranium-234.

However, uranium-234 has a specific activity for alpha particle
emission that is 1.8 x 10% times greater than that of

uranjum-238. For an eguilibrium condition, the activity of the
uranium-234 is equal to that of the uranium-238. Therefore, the
uranium mass concentration in water is not related to the alpha
particle activity of the water.

The Drinking Water Regulations under thé Safe Drinking Water Act,
PL 93-523, require a measurement of uranium for drinking water
samples that have a gross alpha activity greater than 15 pCifl. A
mass uranium concentration measurement of a water sample cannot be
converted to uranium alpha activity without first amalyzing for
isotopic abundances. Therefore, a method such as this one is
needed to determine the total uranium alpha activity of the sample,
without doing an isotopic wuranium analysis.

2. Summary of Method

2.1

The water ‘sample is made acid by adding HC1 and the sample is
boiled to eliminate carbonate and bicarbonate ifons. Uranium is
coprecipitated with ferric hydroxide and separated from the

sample. The uranium is then separated from other radionucTides
which were carried down with the ferric hydroxide by dissolving the
hydroxide precipitate in 8N HC1, putting the solution through an
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anion exchange column, washing the column with 88 HCT, and Finally
aluting the uranium with 0.1N HC1. The uranium eluate is evapo-
rated and the uranium chemical form is converted to nitrate. The
residue s transferred to a stainless steel planchet, dried,
flamed, and counted for alpha particle activity.

2.2 Uranium recovery is determined with blank samples spiked with known
amounts of uranfum and taken through the procedure as a regular
samp le.

2.3 Counting efficiency is determined by transferring measured aliquots
of an uranium standard to a planchet, diluting with 6-B ml of a
1 mg/ml HID3 solution in 4N HNO3, evaporating to dryness,
flaming the planchet, and counting in an alpha counter.

3. Sample Handling and Preservation.

3.1 Although carbonate fons in a water sample will help to keep uranium
in solution, the addition of extra carbonate or bicarbonate fons to
the sample as a preservative is not recommended because an
increased carbonate concentration in the sample may cause some
precipitation. Therefore, 1t is recommended that samples be
preserved with HC1 to pH 2 at the time of collection.

3.2 A sample size of at least 1 liter should be collected for wranium
analysis.

&4. Interferences

4.1 The only alpha-emitting radionuclide that may come through the
chemistry and cause interference would be protactinium-231.
However, protactinium-=237 results from the decay of uranium-235, a
low abundance natural isotope of uranium, and would therefore cause
only a wery small interference.

4.2 Since uranium i5 a naturally occuring radionuclide, reagents must
be checked for uranium contamination by analyzing a complete
reagent blank by the same procedure as used for the samples.

5. Apparatus - See Appendix [ for details and specifications

5.1 Gas-flow proportifonal counting system or

h.2 Scintillation detection system

5.3 Glassware

5.4 Electric hot plate

5.5 lon exchange column: approximately 13 mn (d.d.) % 150 mm long with
a 100 ml reservoir.
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a 100 ml reservoir.
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5.6 Stainless steel counting planchets, 2 inch diameter by 1/4 inch
deep.

5.7 Millipore filter apparatus, 47 mm.
6. Reagents

6.1 A1l chemicals should be of reagent grade or equivalent whenever
they are commercially available.

6.2 Ammonium hydroxide, 6N: Mix 2 volumes 15N NH4OH {conc.) with 3
volumes of water (carbonate-free.)

6.3 Anion exchange resin - Strongly basic, styrene, quaternary ammonium
salt, 4% crosslinked, 100-200 mesh, chloride form (such as Dowex
14, or equivalent).

.4 Ferric chloride carrier, 20 mg Fe*3/m1: Dissolve 9.6g of
FeCl3.6H20 in 100 m1 of 0.5 N HCI.

6.5 Hydriodic acid: HI {conc.), sp. gr. 1.5, 47%.
6.6 Hydrochloric acid, 12N: HC1 (conc.), sp. gr. 1.18, 37.2%.

6.7 Hydrochloric acid, 84: Mix 2 volumes 12W HCT (conc.)} with 1 volume
of water.

6.8 Hydrochloric acid, 6N: Mix T volume 12N HC1 (conc.) with 1 volume
of water.

6.9 Hydrochloric acid, 0.1M: - Mix 1 volume 0.5N HC1 with 4 volumes of
water.

6.10 Iodic acid, 1 mg/ml: Dissolve 100 mg HIO3 in 100 m1 4N HNO3.
6.11 Nitric acid, 16M: HNO3 (conc.), sp. gr. 1.42, 70.4%.

6.12 Nitric acid, 4N: Mix 1 volume 16N HNO3 (conc.) with 3 volumes of
water.

£.13 Sodjum hydrogen sulfite, NaHS03.

6.14 Sodium hydrogen sulfite, 1% in HC1: Dissolve 1g NaHS50z in 100 ml
6N HCT.

7. Calibrations

7.1 Determine a counting efficiency (E), for a known amount of standard
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7.1 Determine a counting efficiency (E}, for a known amount of standard
uranium (about 1000 dpm) evaporated from a 6-8 ml volume of a
mg/ml HIOz solutfon in a 2 inch diameter stainless steel
planchet. If the standard solution is an HC1 solution, then
aliguot portions of that solution must be converted to
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nitrate/ HNO3z solutions, eliminating all chloride fons from the
solutions. %his can be done by three successive eyvaporations after
adding 5 ml portions of 16N HNO3 to aliquot portions of the
standard in small beakers Tavoiding dry baking of the evaporated
residue). The final solutions of the standard aliquots are made by
adding 2 m1 4N HNO3 solution to the third evaporated residues.
Transfer the Uranjum standard aliguot solutions to 2 dnch diameter
stainless steel planchets.

Complete the transfer by rinsing the beakers two times with 2 ml
portions of 4N HNO3 and evaporate to dryness. Flame the
planchets and count for at least 50 minutes for alpha particle
activity. A reagent blank should be run along with the standard
aliguots and =hould be alpha counted,

A-B

Efficiency, cpm/dpm,(E) = —

whare:
A

B
C

gross cpm for standard
cpm for instrument background
dpm of standard used.

7.2 A uranium recovery Tactor B, is determined by the following
procedure: Spike one Titer tap water samples with aliguots of
uranium standard solution (500-1000 dpm per sample). Take these
spiked =zamples and a tap water blank through the entire procedure
and count the separated and evaporated uranfun for alpha particle

activity.
(F - B]
Recovery factor, (R) = —
where;
C = dmm of uranium stapndard added
F = gross cpm of spiked sample
B = cpm of reagent blank
E = efficiency factor, cpm/dpm

= Draradiieea
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8. Procedure

.1 Measure the volume of approximately one liter of the water sample
to be analyzed.

8.1.2 If the sample has not been acidified, add 5 ml 12N HC1. and
1 ml ferric chloride carrier. '

8.1.3 Mix the sample completely and use pH paper to check the
hydrogen-ion concentration. I the pH is > 1, add 12N HC1
until it reaches this value.

99

8.1.4

8.1.5

8.1.6

B.1.9

8.1.10

8.1.11

8.1.12

8.1.13

Cover with a watch glass and heat the water sample to
boiling for 20 minutes.

The pH must be checked again after boiling and if it is = 1,
12N HC1 must be added to bring the pH back to 1.

While the sample is still boiling gently add 6N RHaOH to
the sample from a polyethylene squeeze bottle with the
bottle delivery tube inserted between the watch glass and
the pouring 1ip of the beaker. The boiling action of the
sample provides sufficient stirring action. Add 6N NHqO0H
until turbidity persists while boiling continues; then add
an additional 10 ml, (estimated addition from the squesze

bottle).

Continue to boil the sample for 10 minutes more; then set it
aside for 30 minutes to cool and settle.

After the sample has settled sufficiently, decant and filter
the supernate through a 47 mm 0.45 micron membrane filter,
wsing the larger millipore filtering apparatus.

Slurry the remaining precipitate, transfer to the filtering
apparatus and filter with suction.

Place the filtering apparatus over a clean 250 ml filtering
flask, add 25 ml 8N HC1 to dissolve precipitate, and filter
the solution.

Add another 25 ml 8N HC1 to wash the filter, and then filter,

Transfer solution to the 100 ml reservoir of the ion
exchange column.

Rinse the side arm filtering flask twice with 25 ml portions
of 88 HC1. Combine in the fon exchange reservoir.
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""" of BN HC1. Combine in the jon exchange reserveir.
B.2 Anfon Exchange Separation

#.2.1 Frepare the column by slurrying the anion exchange resin
with 84 HC1 and pouring it onto 2 column of about 13 mm
inside diameter. The height of the resin bed should be
about B0 mm. .

8.2.2 Pass the sample solutionm through the anion exchange resin
column at a flow rate not to exceed 5 ml/min.
L3

8.2.3 After the zample has passed through the column, elute the
jron {and plutonium if present) with 6 column volumes of an
HCT containing 1 m1 47% HI per 9 m1 of BN HC1 (freshly
prepared).

100
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3.2.4 Wash the column with an additional two column wolumes of BN
HCT. -

L}

B.2.5 Elute the wranium with six column volumes of 0.TH HC1.

8.2.6 Evaporate the acid eluate to near dryness and convert the
residue salts to nitrates by three successive treatments
with 5 ml portions of 16N HNO3, evaporating to near
dryness each time.

8.2.7 Dissolve the residue (may be very 1ittle visible residue) in
2 ml 4N HNO3.

8.2.8 Transfer the residue solution, using a Pasteur pipet, to a
marked planchet, and complete the transfer by rinsing the
sample beaker three times with 2 ml portions of 4N HNO3.

8.2.9 Evaporate the contents in the planchet to drynmess, flame to
remove traces of HIOz, cool, and count for alpha particle
activity.

8.3 Column Regeneration

8.3.1 Pass three column volumes of 1% NaH503 in 6N HC1 through
the column.

8.3.2 Pass six column volumes of 6N HC1 through the column.
8.3.3 Pass three column volumes of water through the column.

8.3.4 Pass six column volumes of 8N HC1 through the column to
equilibrate and ready the resin for the next set of samples.

9, Calculations

5 - B) x 1000

Uranium alpha activity, pCifl = m

wherea:

gross cpm for sample

cpm of reagent blank

volume of sample used, ml
efficiency, cpm/dpm

recavery factor

¢ = conversion factor for dpm/pCi

(=0 I I | T ||

PRI M= @ LA

10. Precision and Accuracy

In a sinale Taboratory test of this method, a stock wranjum solutfon was
prepared using tap water and spiked with an NBS wranium standard. The
caloulated concentration was 26.7 pCifl. This stock solution was
acidified with HC1 as a preservative. HNine 1-7iter aliguots were

1M
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withdrawn and the procedure tested. Individual results were 22.4, 22.5,
24.0, 25.9, 26.9, 26.5, 24.6, 25.7 and 23.9 pCi/l. The average
concentration was 24.7 pCifl with a standard deviation of 1.7 pCisl.
From these data, the method shows a negative 7.4% bias and a precision
of + 6.7% without the correction of the recovery factor.

References

1. Bishop, C. T., et.al. "Radiomeiric Method for the Determination of
Uranium in Water," EPA B00/7-79-093, EMSL-LV, April 1979,

2. Edwards, K. W. "Isotopic Analysis of Uranium in Natural Waters by Alpha
Spectrometry," Radiochemical Analysis of Water, Geological Survey Water
- Supply Papey 1696-F, U.5. Government Printing Office,
Washington, D.C., T96E.

102

http://nepis.epa.gov/Exe/ZyNET .exe/30000QHM .txt?Z...ZyActionL & Back=ZyActionS& BackDesc=Resul ts%20page (137 of 177)1/25/2007 4:15:07 PM



Document Display | NSCEP | US EPA

SECTION 13
URARIUM IN DRINKING WATER -
FLUDROMETRIC METHOD
METHOD 908.1

1. Scope and Application

1.1 The method covers the determination of soluble uranium in waters at
concentrations greater than 0.7 wa/1. There is no upper limit,
since waters whose uranium concentrations exceed the upper limit of
the measurement range need only be diluted to be within this range.

1.2 Uranium is present in surface and ground waters at concentrations
generally less than 20 pg/1. This method is applicahle for the
monitoring of water discharges from industries related to the
uranfum fuel cycle. Since the method measures the mass of uranium,
it is applicable to the assessment of chemical toxicity. The
method can be indirectly used for the assessment of radiation
effects if the isotopic composition 4s known or measured.

2. Summary of Method

Uranium is concentrated by coprecipitation with aluminum
phosphate. The aluminum phosphate is dissolved in dilute nitric
acid containing magnesium nitrate as a salting agent and the
coprecipitated uranium is extracted into ethyl acetate. After the
ethyl acetate is removed by evaporation, the extracted residue is
dissolved in nitric acid and diluted to volume in a small .
volumetric flask. Aliquots are transferred to each of two fusion
dishes and dried. To one dish is added a known mass of uranium
(0.7 ug) and dried. Flux econtaining sodium fluoride is added to
each of the dishes, fused at a prescribed temperature, cooled and
read in a fluorometer. The use of the standard addition technique
carrects for any interference that may coextract with uranium.

3. Interferences

3.1 The fluorescence of uranium in a fluoride matrix can be quenched or
enhanced by either cations or anions., When uranium is present in
low concentration (less than 20 pg/1) these interferences can be
eliminated by the coprecipitation of uranium on aluminum phosphate
and subsequent uranfum extraction into ethyl acetate.
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3.2 Carbonate jons form soluble uranium complexes which prevent the
coprecipitation on aluminum phosphate. Carbonates are remuveq hg
acidification and expelled from solution as volatile carbon dioxide.

4, Apparatus - See Appendix D for details and specifications

4.1 Fluorometer, Jarrell-Ash or equivalent.

4,2 Dish forming die, Cat. No. 26100, Fisher Scientific

4.3 Fusion dish blanks - Gold or Platinum 0.015" thickness x 0.75"
diameter.

4.4 Muffle furnace = controlled temperature.
4.5 Microliter pipette - 100 ul.
4.6 Glassware

5. Reagents

5.1 Purity of Reagents - Reagent grade chemicals shall be used in all
tests. Unless otherwise indicated, it is intended that all
reagents shall conform to the specifications of the committee on
analytical reagents of the American Chemical Society. Other grades
may be used provided it is first ascertained that the reagent is of
sufficiently high purity to permit its use without lessening the
accuracy of the determinaticn.

5.2 Purity of Water. Unless otherwise indicated, reference to water
shall be understood to mean conforming to ASTM Specification D
1193, Type III.

5.3 Aluminum nitrate, 0.08M: Dissolve 15g A1(NO3)3.2Hz0 in 500
ml of water.

5.4 Ammonium hydroxide, 15N: NH40H (conc.) sp.gr. 0.90, 56.6%.

5.5 Diammonium hydrogen phosphate 0.11M:  Dissolve 7.26g .
(NHa)2HPO4 in 500 m1 water.

5.6 Ethyl acetate, CH3COO0CsHg, reagent grade

5.7 Flux: Mix together 9 parts NaF, 45.5 parts NapCOz, 45.0 parts
KoC03 by weight in a ball mill.

5.8 Magnesium nitrate, 3.5M: Dissolve 449g
MalMNaYa AHan dm 360 mT water containino 32 ml 16N HEO=.
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5.8 Ma%nesium nitrate, 3.5M: Dissolve 449g

Ma{ND3)2.6Hz0 in 350 mT water containing 3Z ml 16M HNO3.
Warm if necessary to dissolve. Cool and dilute to 500 ml.

5.9 MNitric acid, 16M: HNOz (conc.), sp. gr. 1.42, 70.4%.
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5:10 Nitric acid, 0.1N: Mix 1 volume 16N HNO3 (conc.) with 159 volumes
of water. -

5.11 Phenolphthalein (59/1): Dissolve 0.5g phenolphthalein in 50 ml
ethanol (95%) and dilute to 100 m1 with water.

5.12 Sodium thiosulfate, NapSp03: crystal

5.13 Uranium standard stock solutfon. 1000 pg/ml. Weigh out 0,1179g
Uz0g into a 100 ml beaker and dissolve in 10 m1 1N HNOj,
warming on a hot plate as reguired. Transfer to a 100 m1
volumetric flask with water and dilute to volume.

§.14 Uranium standard solution, 10 wg/1. Transfer 5.0 m] of the 1000
ug/1 uranium solution to a 500 ml volumetric flask and dilute to
volume with 0.1N HND3.

5.15 Uranium standard solution, 1 pg/1. Transfer 10.0 m1 of the 10 g/
uranium solution to a 100 m1 volumetric flask and dilute to volume
with 0.1N HND3.

5.16 Uranium standard solution, 0.1 u?fl: Transfer 10.0 m1 of the 1.0
1g/1 uranium solution to a 100 ml volumetric £lask and dilute to
volume with 0.1H HNO3.

6. Procedure
6.1 Direct Analysis (Samples greater than 20 pg/1).

G6.1.1 Transfer two 100 ul aliguots of the filtered semple to each
of two gold dishes and evaporate to dryness under heat lamps.

6.1.2 To one of the gold dishes add 100 w1l of a uranium standard
(0.7 ug/m] for samples 20-400 wg/1 or 1.0 pg/ml for samples
greater than 400 wg/1).

6.1.3 Evaporate to dryness under a heat lamp.

6.1.4 Using a balance sensitive to at Teast one milligram, weigh
out 400 + 4 mg flux into each of the two gold dishes.

6.1.5 Prepare a blank flux sample by weighing out 400 + 4 mg flux

fdmbn & ~Taawm —aTld Adad
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6.1.5 Prepare a blank flux sample by weighing out 400 + 4 mg flux
into a clean gold dish. .

6.1.6 Place the three gold dishes into a stainless steel support
and place in a preheated muffle furnace at 62500 far 15
minutes.

6.1.7 Remove from furnace and conl in a desiccator for 30 minutes.

6.1.8 Read in a fluorometer as directed in Section 7.0.
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6.2 Coprecipitation (Samples less than 20 ug/1).

B.2.1 Measure a 1 1iter aliguot of filtered water into a 1500 mi
beaker.

6.2.2 Acidify with 2 m1 16N HHG; {This may be omitted if sample
was previously acidified for preservation).

6.2.3 Add 5 m] each of the aluminum nitrate and diammonium
hydrogen phosphate solutions and mix.

6.2.4 IT sample was chlorinated as in the case of a drinking water
sample, add one crystal of sodium thiosulfate and stir.

6.2.5 Heat to near boiling to expel dissolved carbon dioxide gas.

6.2.6 Add & drops of phenolphthalein indicator and neutralize to
the pink end point using 15N NH40H.

6.2.7 Lower the heat and digest sample for 30 minutes.

6.2.8 Remove from heat, cool, and settle for one hour.

6.2.9 Decant and filter the clarified supernate through a 47 mm
glass fiber filter, transferring the settled precipitate at
the very end.

6.2,10 Wash beaker and filter with small portions of water.

6.2.711 Fold filter into thirds (similar to the folding of a letter)
and transfer to a 50 ml screw cap centrifuge tube.

Mote: If some of the precipitate remains on the inside
edges of the filtering apparatus gently wipe with
the folded filter before transferring to the
centrifuge tube.

& A T Aad T el A Chl BlafbiMalia CHA 2a ke cambedLiosa ke b
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centriTuge Tuoe,

6.2.12 Add 15 m]1 3.5M Mg(ND3)2.6H20 to the centrifuge tube to
dissolve the aluminum phosphate.

6.2.13 Add 10 m1 ethyl acetate, securely cap the tube and mix
thoroughly for one minute using a vortex mixer.

6.2.74 Centrifuge at 2000 rpm for 5 minutes.

6.2.15 Using a Pasteur transfer pipette, transfer about % ml of the
top layer {ethyl acetate) to a 30 ml beaker.

G.Z.16 Repeat steps 6.2.13 to 6.2.715 two more times.

6.2.17 Slowly evaporate the combined ethyl acetate fractions to
dryness.
]

106
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6.2.18 Add 1 m1 16N HNO3 and dissolve residue.

6.2.19 Using the same Pasteur pipette, transfer the nitric acid to
a5 ml volumetric flask.

6.2.20 Add 1 ml of water to the beaker, wash down the sides of the
beaker using the pipet, and transfer to the 5 ml1 volumetric
flask.

6.2.21 Repeat 6.2.20 two more times.

B.2.22 Gently mix, cool, dilute to volume with water, and shake
thoroughly.

=

6.2.23 Proceed with steps 6.1.1 through 6.1.8, using the 1.0 ug/m
uraniumm standard,

7. Fluorometric Determination

/.1 Place the gold dish containing the sample plus the uranium spike
into the fluorometer,

7.2 Following the manufacturer's suggested technigue, adjust the
voltage to maximize the reading such as full scale deflection.

7.3 Remove the spiked sample, insert the background sample and adjust
the null voltage to read zero.

7.4 Repeat steps 7.2 and 7.3 untfl no more voltage adjustments are
reguired,

7.5 Insert the gold dish containing the sample only and record the
output.

8. Calculations

8.1 The results of the analysis are expressed in micrograms per liter

and are calculated as follows:
Bz - R
T
55 ~ hg

Uranium, ugfl =

b ox W
wherea:
Re = Reading of the sample
Ry = Reading of the blank
Rgg = Reading of the spiked sample
& = Mass of the uranium spike, ug
b = Aliquot size of the concentrate, ml
¥ = Initial sample size in liters
B = Volume of the volumetric flask, ml
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8.2 In the case where the uranium concentration is greater than 20 ug/l
and no concentration procedure is performed, the factors "5" and
"h" of the above equation are deleted,

8, Precision and Accuracy
8,1 Precision
9.1.1 The single laboratory precision of the method was evaluated
by replicate analyses of a spiked uranium sample &t the 10

ug/1 concentration. The standard deviation is calculated
from the eguation:

2

g =
M=
where:
£(%;2) = summation of the squares of the
individual results
(£¥7)2 = square of the summation of the individual
resuylts
M = pumber of results
9.1.2 The coefficient of wariation (EV) is calculated from the
equation.
cy = 100 5
= T
where:
S = standard deviation from the above eguation
¥ = mean value of the individual results

9.1.3 Using the above eguations, the coefficient of variation has
been estimated as + 15%.

9.2 Accuracy or Bias

9.2.1 The single laboratory accuracy of the methed was evaluated
over the uranium concentration range of 1-10 ug/1. The
percent accuracy was calculated from the equation:

100 (X5 - Xt)

Kt

% Accuracy =

108
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wWhere:

i = determined value of individual sample
Xt = known value of the sample

9.2.2 The average percent accuracy, A, is calculated from the
equation:

A =L ¥ Accuracy
N

where:

Summation of the individual
accuracy determination
number of determinations

L% Accuracy

N

9.2.3 The single laboratory evaluation of the average percent
accuracy is estimated to be + 104%.
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APPENDIX A

METHOD CAPABILITIES
PRECISION AND ACCURACY SUMMARY

pCif1
Drinking Type Minimum I
Method Water of Detectable % Coefficient
# Procedure  Testingl Level?  Precision  Variation %
{3-Sigma) Bias
800.0 Gross Alpha C 1.0 15 +12 +10
900.0 Gross Beta C 0.5 B + 5 it}
200,71 Gross Radium
Screen R 0,25 10 + 5 +10
401.0 Cesium R 1.0 4 * 5 15
902.0 Iodine C 1.0 2 4 10

903.0 Alpha Emitting
Radium Isotopes C 0.5 ] +2h +30

903.17 Radjum-228 C 0.5 15 10 +20
904.0 Radjum-228 R 1.0 15 +30 + 5
C 1.0 30 +20 5
905.0 Strontium R 0.5 h £ 5 5
C 0.5 15 20 £ B
906.0  Tritium c 300 25 £ 5 £ 5
807.0 Actinides ] - - - -

(Tentative) !
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qus.u ACTINTdes u = = - -
(Tentative) i

o . ptifl
Drinking Type Min fmum i
Mathod Water of Detectable % Coefficient
§ Procedure  Testingl Level2  Precision  Variation %
_ {3-Sigma) Bias
ana.0 Uranium- R 1.0 7 +10 £ 8
Radiochemical
908.1 Uranfum- R 1.0 4 15 £ 5
Fluoromatry
(1) ¢ = results of collaborative test study
R = results of single-lab replicate test study
U = results are forthcoming

(2) Based on 1000 mi sample and 100 min counting time unless otherwise
designated in the procedura.
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APPENDIX B
ERROR AND STATISTICAL CALCULATIONS

Radjoactivity determinations include analytical and counting errors. In the
collaborative testing for each method, estimated standard deviations were
reported which included both analytical and counting errors. The total
error can only be determined when a large number of samples are analyzed.

In order to have an estimate of the variation in a single analysis, a
counting error is calculated. For an analysis of a single sample, this
calculation will ensure that the counting error contribution to the total
error 5 ralatively small.

Because of the random nature of radioactive disintegrations there is an
error associated with any measured count of these disintegrations. The
variability of any measurement is indicated by the standard deviation. The
standard deviation S, of the net counting rate, is determined by the
following equation:

e R 4 B 112 (1)
_ET"'” ‘_TE__
wharas
Bp = gross count rate
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Bp = gross count rate

t = counting time for the gross count

B = background count rate

tp = counting time for the background count

The counting error (CE) for a given sample expressed in pCi/1 and at
the 95% confidence Tevel is shown by:

CE = 1.96 Sn % 1000 (2)
2.82 E VW
wherea:
1.96 = 95% confidence factor
2.22 = conversion factor from dpm/pCi,
112
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E = efficiency factor, cpm/dpm
¥ = volume of the aliguot analyzed, in ml
F = recovery factor

The best estimate of standard deviation of a number of experimental analyses
or observations, (55), is determined by:

n
S, = | B (xg - 0% - 1| V2 (3)
im]
where
i = activity (pCi/ml1) of a given sample
% = mean activity (pCi/ml) of a series of analyses
n = ‘the number replicate analyses

113
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APPENDIX C

DETERMINATION OF COUMTING TIME
FOR REQUIRED SENSITIVITY

This s the information and equations to be used for the determination of
required counting times to meet the required sensitivities (detection
1imits) as given in the National Interim Primary Drinking Water Regulations
(NIPDWR) (July 9, 1976) Section 141.25(c), and to be used in the monitoring
for radjonuclides under the Wuclear Requlatory Commission (MRC) and the
Departmant of Energy (DOE) programs.

Threa mathods of calculation are provided: The first method is based on the
definition of sensitivity in terms of detection 1imit in the NIFDWR. The
gsecond method is based on the Tower Timit of detectiom "LLD"™ as given in
HASL-300, part D-08, and is recommended by the NRC and DOE. The second
method includes a preselected percent chance of a false positive rasult for
a sample having no activity (a) as well as a preselected per cent of confi-
dence of detecting activity (1-a). 1In the NIPDWR the 1-8 is given as 0.95
or 95% confidence. An = = 0.05 and 1-8 = 0.95 have been selected for the
second method below. The third method is similar to the second method but
based on approximaticns to the first method.

Method I

From the definition of sensitivity (detection Vimit) in the NIPDWR, at a
precision of £ 100% at the 95% confidence level, the net count rate (M)
would ba:

N = 1.96 5u (1)

Also, the standard deviation, (3,) of the net count rate, (N}, can be
calculated from Equation 1 {Appendix B).

R+ B | V2
I (2)
1 a
where:

Rp = gross count rate = net count vate (N} plus the background
count rate (B)

t7 and tp = the counting times for the gross count and back-
ground count respectively.
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Eguating equations (1) and (2):

— 1/2
N= 1.96 | Rg * B (3)
' 2

This can be further simplified by setting Ry = N + B.

When sample radicactivity count rate is near the detector background count
rate (as with drinking water and other environmental type samples), then the
sample counting time and the detector background counting time should be
about equal.

IT the sample counting time (t1) is equal to the background counting time
{tz], and Ry = N + B, then equation [3) can be simplified to:

N o= 1.96 {_H + 25 | V2 (4)
L &
Solving for t,: t, = _3.84 N + 7.68B (5)
7
"

Example 1

Assume a water supply has a total disselved solids, (TDS) of 80 mg/250 ml
{320 mg/1), thz counting system has a counting efficiency of 6.00% (0.0600
cpm/dpm) for £ Tam alpha particles emitted from a 2-inch diameter dish
containing 80 mg of water solids, and an alpha background of 0.05 cpm. How
Tong must a B0 mg/250 ml aliguot (evaporated) be counted to meet the
required 3 pCifl sensitivity?

For the assumptions given the net counting rate {N) would be:
sensitivity ® volume x efficiency x 7.27 .

(3 pCi/1) {0.25 1) (0.06 cpm/dpm) (2.22 dpm/pCi)
0.099% cpm

N
N
N

Then substituting N = 0.099% and B = 0.05 into equation (5) gives a required
counting time of:

t, = 3.84 (0.0999) +7.68 (0.05) = 77 min.
(0.0999}%

Example 2
Assume a water supply has a TDS of 80 mg/100 m1 (800 mg/1) and the same

countinag efficienry and alnha harkoraund ac abnva What reomtina #dma will ha
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Assume a water supply has a TDS of 80 mg/100 m1 (800 mg/1) and the same
counting efficiency and alpha background as above. What counting time will be

15

required for the 3 pCi/1 sensitivity?
For the assumptions given the net counting rate (N) would be:

N =(3pCi/1) (0.1 1) (0.060 cpm/dpm) {2.22 dpm/pCi)
M= 0.040 cpm

Then substituting N = 0.040 and B = 0.05 into equation (5) gives a required
counting time of:

3.84 {0.040) + 7.68 (0.05)

5 = 336 min.
{0.040)

Method II
From HASL-300* the LLD may be approximated as LLD = (Ka + Kg)Sp (1)
where:

Ky = the value for the percentile of the standardized normal
variate corresponding to the preselected risk for concluding
falsely that activity is present (=),

Kp = the corresponding valuz for the predetermined degree of
confidence for detecting the presence of activity (1-£), and
Sp = the estimated standard error for the net sample activity

If the values of a and B are set at the same level and if the gross activity
and background activity are close, the following approximation may be made:

S = 1.414 5, (2)

Then, equation (1) becomes

LD = 2K Sn = 2K [1.4145h}
LLD = 2.828K S, (3)
The values for K for comnon o's are:

o 1- B K 2,828K
0.01 0.949 2.377 6.59
0.02 0.98 2. 054 B.B1
.06 0.958 1.645 4. BB
Q.10 a.80 1.282 3.63
0.16 0.84 I.Eﬂﬂ 2.83
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0.10 0.30 I 282 F.b3
0.16 0.84 1.000 2.83
0.50 0.50 0 0

% Harley, J. H., ed. tML Procedures Manual, HASL-300, Env. Meas. Lab.,
U,.5.D0E, Wew York, NY (1972)
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[n the equation LLD = 2.83KSp, Sp = (Bkg count)'/2 and the Bkg
count = Bkg count rate x counting time (Bt)

sy = (Bt)1/2 (4)
LLD = ?,828K-Sp = 2.828 K-(Bt)1/2 (5)

N = LLD = Sample net count rate

Set N o= LLD

u

1/2
2.828K «(Bt) and solve for t: (6)
t

Nt = 2.828k (Bt)1/2 (7)

t (Wet - (2.828)2%2B) = 0.

Use the positive root for t: (8}
t = {E.EEBEEKEE (9)
N

For o = 0,056 and 1-g = 0,95, K = 1.645, using equation (9), we get:

2
t = (2.66)°B = 21.71 B
i__;El__u_ Sy

then using the data for the same examples for Method I, the
following results are obtained for Method I1:

Example 1
Alpha background (B) = 0.0% cpm
sample net count rate should be (M) = 0.0999 cpm for a required

sensitivity or detection limit of 3 pCi/l.

http://nepis.epa.gov/Exe/ZyNET .exe/30000QHM .txt?Z...ZyActionL & Back=ZyActionS& BackDesc=Resul ts%20page (154 of 177)1/25/2007 4:15:07 PM



Document Display | NSCEP | US EPA
sensitivity or detection limit of 3 pCifil.

then: t o= 21.71 (0.05) = 1.09 = 109 min.

(0.0999)2 0.01
Example 2
Alpha background (B) = 0.05 cpm
sample net count rate should be (N) = 0.040 cpm
117
then: t = 21.71 (0.058) = 1.09 = 678 min.
(0.080)% 0.0016

Method III

The definition of LLD from HASL-300 uses the approximation that the sample
counting time and the background counting time are the same. A second
approximation considers that the net count is wvery small or very close to
zero. IF these two approximations are also wsed with the EPA definition, we
then would have:

LLD = N =1.96 [28 = 1.964JZ [B = 2.77 Sp
tg ip

LLD = N = 2.77 Sp

This definition iz the approximation of the EPA definition converted to the
HASL-300 form (equation 5)

LLD = 2.828K - Sp

IT we set 2.77 Sb = 2.B28K Sp

Then K = 0.98

This gives LLD = 2,828 - 0.98 55 = 2.77 5p

for K = 0.98, this is eguivalent to an o of 16% and 1-8 of B4k,
Therefore, the table shows 2,77 5y values for time, since this is the
HASL=300 approximation of the EPA definition.

The table gives values of t for:

£ s {2.828)2 (0.98)2 B _ 7.6818
N2 N2
Example ]
Alpha background (B) = 0.05 cpm )
Sample net count rate should be [N} = 0.0999 cpm for a required
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Alpha background (B) = U.US cpm
Sample net count rate should be (N} = 0.0892 cpm for a required
sensitivity or detection limit of 3 pCi/fl.

then ¢ = 7-681 (0.05) w0380 ag 4 min.

{0.0999)2 0.01
Example 2

Alpha background (B} = 0.05 cpm
Sample net count rate should be (N) = 0.040 cpm

then . 7.681 (0.05) = 0.388 . 249 min.

(0.040)2 0.0016

118

http://nepis.epa.gov/Exe/ZyNET .exe/30000QHM .txt?Z...ZyActionL & Back=ZyActionS& BackDesc=Resul ts%20page (156 of 177)1/25/2007 4:15:07 PM



Document Display | NSCEP | US EPA

The next several tables contain compilations of required counting
times for several conditions in order to attain a specified
sensitivity. These tables only indicate the required counting times
for am arbitrary set of conditions. 1In a laboratory, for a real set
of conditions, when the required counting time becomes excessive
{1000 min), it is recommended that a new counting system or a larger
sample or a combination of both, be used.

e

http://nepis.epa.gov/Exe/ZyNET .exe/30000QHM .txt?Z...ZyActionL & Back=ZyActionS& BackDesc=Resul ts%20page (157 of 177)1/25/2007 4:15:07 PM



Document Display | NSCEP | US EPA

REQUIRED COUNTIHG TIMES FOR SEMSITIVITY OF

1 PCI/LITER
BEGD COUNTHG ~ SAMPLE REQ WET EP A 4eBiB 5
CPM FEFF, % SIZE, ML CPH T, MIN T, MIN
. 05 16 160 0 £12.6 B60.6
0. 05 16 500 D.18 33. 8 Vo &
0. 05 16 1000 0.36 13.9 Bab
0,05 32 100 0.07 130.2 21541
0. 05 32 500 0,36 13.9 Fob
0.05 32 1000 0.71 fred 2.2
0.05 48 100 0.11 69.9 95,6
0. 05 &8 500 B.53 B.6 3.8
0. 05 48 1000 1.07 3.9 1.0
BEGD COTURTRG ~ SAMPLE REQ RET E P A e 66 S
CPM EFF, ¥ SIZE, ML CPH T, HIN T, MIN
0. 10 16 100 0.04 T17.1 1721.2
0. 10 16 500 .18 46.0 8. B
0.10 16 1000 0. 36 16.9 17.2
0. 10 32 100 0.07 206.3 430.3
.10 32 500 0. 36 16.19 17.2
010 3z 1000 0D.71 6.0 4.3
0.10 48 100 0. 11 103.7 191.2
0. 10 48 500 0.53 9.9 7.6
0. 10 48 1000 1.07 a3 1.9
BKGD  COUNTNG  SAMPLE REQ WET EP A 5.66 5
CPM EFF, % SIZE, ML CPM T, MIN T, MIN
1.00 16 100 0. 04 6197.9 17211.8
1.00 1h 500 .18 285.2 688, 5
1.00 16 1000 e 36 71.7 172.1
1.00 32 100 0.07 157645 5303.0
1.00 3z 500 0. 36 71.7 172.1
1.00 32 1000 N.71 .6 £3.0
1.00 48 100 011 T12.7 1912.4
1.00 48 500 0.53 35.3 Thae5
1.00 48 1000 1.07 10. 4 19. 1
BEGD  COUNTHG  SAMPLE REO MET EP A 4oBB 8
CPFPM EFF, % SIZE,ML CPM T, MIN T, MIN
10. 00 16 100 0.04 61005.3  172118.1
10. 00 16 500 0.18 2457.5 BOB4. T
10.00 16 1000 0. 36 6108 1721.2
10.00 3z 100 0.07 15278.4 53029, 5
10.00 32 500 0. 36 619.8 1721.2
10.00 32 1000 0.71 157.7 430.3
10. 00 48 100 0.11 6RDZ. 4 19124, 2
10,00 45 500 0.53 27749 765.0
10.00 5% 1000 1.07 71.3 191.2
120
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REQUIRED COMMTING TIMES FOR SENSITIVITY OF

2 PCI/LITER -
BEGD COTNTREG  SAMPLE REQ WET EF & &.66 5§
CPM EFF, ¥ SIZE, ML CPrM T, MIN T, MIN
0.05 16 100 0.07 13042 215.1
.05 16 500 0. 36 13.9 8.6
.05 16 1000 0s 71 6.2 2.2
0.05 32 100 0. 14 £h.1 53.8
0.08 iz 500 0.71 hal 2.2
0.05 a2 L0 1.42 2.4 0.5
0.05 4B 1o0 0.21 26.5 23.9
0.05 48 500 1.07 3.9 1.0
0.05 48 1000 2.113 1.9 0.2
BEGD CONTHGE  SAMPLE REQ WET E P A 4o BB 5
CPM EPF, ¥ SIZE, ML CPFMHM T, MIN T, MIN
.10 16 100 0.07 206.3 430.3
.10 16 500 0. 36 16.% 17.2
. 10 16 1000 0.71 6.9 4.3
0. 10 3z 100 0. 184 65.1 107.6
0. 10 32 500 0.71 H.9 £.3
0. L 32 1000 Lo&i2 3.1 1.1
0. 10 58 100 0.21 34.0 A67.8
s 10 48 s500 1.07 4.3 1.9
0. [0 48 1000 2.13 2.0 . 5
BECD COTMTHG SAMPLE RED WNET EPFA .66 5
CPHM EFF, % SIIE, ML CPM T, MIN T, WMIN
1.00 16 Loa 0.07 1576.5 4303.0
1.00 16 500 0. 36 T1.7 1721
1.00 16 1000 0.71 2046 £3.0
1.00 32 100 014 407. 6 1075.7
1.00 32 500 0. 71 2046 3.0
100 ¥ 1000 L.4%2 Gs 3 10.8
1.00 48 100 .21 187.2 §78.1
100 48 500 1.0F 10:. 4 19.1
1.00 48 1000 2.13 3.5 de Bl
BEGD COUNTHG —— SAMPLE REQ MET EF A bo B 5
CPM EFF, ¥ SIZE, ML CFM T, MIN T, MIN
10,00 16 100 0.07 15278.4 63029, 5
10. 00 16 500 0. 36 619.8 1721.2
10. 00 16 L1000 0.71 157.7 §30.73
1. 06 32 Lo0 0. 14 3833.1 107574
10. 00 32 500 0. 71 157.7 &30.3
10.00 32 1000 1.42 &0.8 107 .6
10,00 43 100 0.21 1709, 4 4781. 1
10.00 58 500 1.07 7l.3 191.2
10 00 48 1M .11 1RH.T AT &
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ANE L
L. 00
10w 00

-0

&8
48

Luw
500
1000

LEL i |

1.07
2.13

1FUY.D
71.3
18.7

Grolal

191.2
47. 8

REQUIRED COUNTING TIMES FOR SEMSITIVITY OF

3 PCISLITER
BYEGD COUNTHG  SAMPLE REQ HET EPA L.bB 5
CPFPM EFF, % SIZE, ML CPM T, MIN T, MIN
0.05% 16 100 0.1l 690 95. 5
0.05 lG 500 0.53 B 9. 8
0.05 L6 1000 1.07 1.4 1.0
0.05 32 100 0.21 26.5 23.9
.05 32 500 1.07 3.9 " 1.0
D.05 12 1000 7.13 1.8 0.2
0.05 48 100 0.32 15.8 10.5
0.05 48 500 1.60 2.6 Dt
0. 05 45 1000 3.20 1.3 0.l
BEGD COUNTHG =~ SAMPLE REQ KET EPA &,66 3
CPM EFF, % GSIZE, ML CPM T, MIN T, HIH
0. 10 16 100 0.11 103.7 191.2
0.10 16 500 0.53 9.0 7.8
0. 10 16 1000 1.07 4.3 1.9
0. 10 az 100 0= 21 4.0 47.38
0. 10 32 500 1.07 bed 1.9
0. 10 32 1000 2.13 2.0 0.5
0. 10 &8 100 0.32 19.5 21.3
0«10 48 500 1.60 2.7 0.3
0. 10 48 1000 3. 20 1.3 0.2
BEGD COUNTHG  SAMPLE REQ MET EP A 4,66 5
CPM EFF, % SIZE, ML CPM T, MIN T, MIN
L.00 16 100 .11 712.7 1912. 4
1.00 16 500 .53 Bhae 3 76.5
1.00 16 1000 1.07 L0 4 19,1
1.00 32 100 .21 187.2 §78.1
1.00 32 500 1.07 104 19.1
1.00 52 1000 2,13 3.5 E.8
1.00 4B 100 .32 A7.2 212.5
1.00 4B 500 1. 60 Sai B3
100 4B 1000 3.20 .0 2.1
BEGD COUNTHG  SAMPLE REQ MET EF A babb 8
CPFHM EFF, ¥ SIZE, ML CPM T, MIN T, MIN
10. 00 16 Lo0n - O.11 6B02. 4 191246,2
10. 00 16 500 0.53 277.9 TH5.0
10.00 15 1000 1.07 71.3 191.2
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10. 00 16 500 0.53 27749 TG540
10.00 16 1000 L.07 7l-3 191.32
10.00 32 Loo 0.21 1709. 6 478L. 1
10. 00 32 500 1.o7 7.3 191.2
10.00 iz 1000 2.13 18.7 478
10.00 48 100 0.32 TG3.8 2124.%
10.00 68 500 1.60 32.5 B5.0
10.00 68 1000 3.20 Ba7 21.4

REQUIRED COUNTIMG TIMES FOR SENSITIVITY OF

& PCISLITER
BEGD COUNTHG  SAMPLE REO MET EPA 4,65 §
CPM EFF, ¥ SIZE, ML CPM T, MIN T, MIN
0.05 16 100 0.14 &6, 1 53.8
0.0% 16 500 0.71 6.2 2.2
0.0% 16 LoD 1.42 2.9 0.5
0.05 32 100 0.28 18.3 13,4
0.05% 32 500 1.42 2.9 0.5
0.05 az 1000 2. 84 led 0.1
0.05 &8 100 0.43 11.1 .0
0.05 LB 500 2.13 1.9 0.2
0.05 58 1000 b 26 0.9 0.1
BEGD COUNTHG  SAMPLE REQ NET EP A 4.66 5
CPM EFF, % SIZE, ML CPM T, MIN T, MIR
0.10 16 100 0. 14 65.1 107.6
0. 10 16 500 D.71 6.9 4.3
0.10 16 1000 1.42 3.1 1.1
Ga 10 1z 100 0.28 23.0 26.9
0.10 32 500 1. 42 3.1 1.1
0. 10 a2 1000 2.84 1.4 0.3
0. 10 48 Lon 0.43 13.2 12.0
0. 10 48 500 2.13 TRa0 0.5
0.10 48 L0000 ha26 0.9 0.1
BEGD COTRTHNG SAMPLE RED FWET. EP A 66 8B
CPM EFF, I SIZE, ML CPEM T, MIN T, MIN
1.00 16 100 0.1& 407.6 1075.7
1.00 16 500 0.71 20.6 3.0
1.00 16 1000 L.42 fa 5 10.8
1.00 32 100 0.28 108.7 268.
1.00 32 500 1.472 6.5 10.8
1.00 32 1000 2. 84 2.3 2.7
1.00 48 100 0.43 51.3 119.5
1.00 48 500 2.13 3.5 4.8
1.00 48 1000 &.26 1.2 1.2
BEGD COUNTHG  SAMPLE REQ NET EPA 4.66 §
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BEGD  COUNTNG SAMPLE REQNET EP A 4,66 §
CPM EFF, T SIZE, ML C P M T, MIN T, MIN

10.00 14 100 0. 14 3833. 1 10757 &
1000 6 500 0.71 157.7 530.3
10.00 I& 1000 L.42 40. 8 107.6
10 00 32 100 028 965.0 2689.3
L. O 32 500 1.42 4048 1074
10.00 32 1000 2.84 10.9 26.9
L. 00 4R 100 0.43 §31.9 1195.3
L. OO 48 5040 2.13 1R.T 47.8
L. O 48 1000 f.26 5.1 12.0

REQUIRED COUNTING TIMES FOR SERSITIVITY OF
10 PCI/LITER

BKGD  COUNTNG  SAMPLE BEQ RET EPA 4e66 S
CPM EFF, % 5IZE, ML CPM T, MIN T, MIN .
.08 16 100 0. 36 13.9 fi. 6 |
0.0% 16 500 1.78 2.3 0.3 i
0.05 16 1000 3. 55 1.1 0.1 _
0.05% 3z 10 0.71 h.2 2.2
0.05 32 500 3. 55 1.1 0.1 f
0.05% 32 1000 7.10 0.5 0.0
0.05 48 100 1.07 3.9 1.0
0.05 48 500 5.33 a. 7 0.0
0.05 48 1000 10. 66 0.4 0.0 |
BEGD COUNTHG  SAMPLE REQ MET EP A 466 8 !
CPM EFF, % SIZE, ML CPM T, MIN T, MIN
0.10 16 100 0. 36 16.9 17.2
0.10 16 500 1.78 2.4 0.7
0.10 16 1000 3.55 1.1 0.2
0. 10 32 100 0. 71 6.9 4.3
0.10 3z 500 3.55 1.1 0.2
0. 10 32 1000 T.10 0.6 0.
0. 10 48 100 1.07 43 1.9
0. 10 48 500 5.133 0.7 0.1
0. 10 48 1000 10. 66 0.4 0.0
BEGD  COUNTNG  SAMPLE EEQ RET EP A 4e 66 8§
CPM FFF, % SIZE,ML CPM T, MIN T, MIN
1.00 16 100 0. 36 71.7 172.1
1.00 16 500 1.78 5.6 6.9
1.00 16  fale] 3.55 1.7 i.7
1.00 32 100 0.71 20.6 §3.0
1.00 32 500 3. 55 1.7 1.7
1.00 32 1000 7.10 0.7 0.4
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1.00 32 500 3. 55 1.7 1.7
1.00 32 1000 710 0.7 0.4
1.00 48 100 1.07 10. 4 19.1
1.00 48 300 5. 33 1.0 0.8
1.00 48 1000 10. 66 Db 0.2
BEGD  COUNTNG  SAMPLE REQ MET EP A 4.66 §
CPM EFF, & SIZE, ML CPM T, MIN T, MIN
10. 00 16 100 0. 36 Bl9.8 1721.2
10.00 16 500 1.78 26.5 68.8
10.00 16 1000 3. 55 7.2 17.2
10.00 32 100 0.71 157.7 430.3
10.00 32 500 3.55 7.2 17.2
10.00 32 1000 7.10 2.1 4.3
10.00 48 100 1.07 71.3 191.2
10.00 48 500 5.33 3.4 7.6
10. 00 58 1000 10.66 1.0 1.9
124
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APPERDIX D
LABORATORY APPARATUS SPECIFICATIONS

1. Gas-flow proportional counting system: A gas-flow proportional counting
system may be used for the measurement of gross alpha and gross beta
activities. The detector may be either a "windowless" (internal propor-
tional counter) or a "thin window" type. A minimum shielding equivalent
to 5 em of lead should surround the detector. A cosmic {guard) detector
aperated in anticoincidence with the main sample detector will convert
this system to a low-background beta counter (< 3 cpm). The system
shall be such that the sensitivity of the radicanalysis of water samples
will meet or exceed the reguirements of the drinking water promulgated
standards. The instrument should have a Tengthy voltage plateau for
detecting alpha or beta radioactivity plus a scaler consisting of a
register, power supply, amd amplifier.

2. Scintillator detector system: For measurement of alpha activities a
scintillation system desigmed for alpha counting may be substituted for
the gas-flow proportional counter described. In such a system, a Mylar
disc coated with a phosphor (silver-activated zinc sulfide} is placed
directly on the sample or on the face of a photomultiplier tube,
enclosed within a light-tight container, along with the appropriate
electronics (high voltage supply, amplifier, timer, and scaler).

3. Gamma spectrometer systems: Either a sodium jodide (NaI{T1)) crystal or
a so0lid state 1ithium drifted germanium (Ge(Li)) detector used in con-
junction with a multichannel analyzer is reguired if the laboratory is
to ?gdcertified for analyses of photon emitters from man-made radio-
nuclides.

If a sodium fodide detector is used, a 10 ecm X 10 cm Nal cylindrical
crystal is recommended, although, a 7.5 ¢m X 7.5 om crystal is satisfac-
tory. The detector must be shielded with a minimum of 10 cm of iron or
equivalent. It is recommended that the distance from the center of the
detector to any part of the shield should not be Tess than 30 cm. The
miltichannel analyzer, in addition to appropriate electromics, should
contain a memor'y of not Tess than 200 channels.

A system with a Tithium drifted germanium (Ge(Li) detector may be used
for measurement of these photon emitters if the efficiency of the
detector is such that the sensitivity of the system meets the minimum
detectable activity requirements.

125
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10.

1.

Beta/Gamma coincidence scintillation system. Since jodine=131 has a
distinctive beta-gamma decay chain and a high enough beta-particle
energy to be efficiently detected, a beta/gamma coincidence technigue
can be employed for guantification. A system of high-resolution
detectors and multichannel analyzers results in very low background.

Liguid scintillation spectrometer counting system. The measurement of
low-energy beta emitters such as tritium or carbon-14 can be best
determined by 1iguid scintillation counting. These instruments use an
arganic phosphor as the primary detector. This organic phosphor s
combined with the sample in an appropriate solvent that achisves a
uniform dispersion. The counting system normally uses two multiplier
phototubss in coincidence, thus providing & lower background. In order
to minimize detectable radicactivity, scintillation-grade organic
phosphors and solvents, and low-potassium scintillation vials are used.

Gcintillation cell system: For the specific measurement of radium-226 by
the radon emanation method, a scintillation system designed to accept
scintillation flasks [“"Lucas cells") shall be used. The system consists
of a Tight-tight enclosure capable of accepting the scintillation
flasks, a detector {phﬂtntubeg, and the appropriate electronics {high
voltage supply amplifier timers and scalers). The flasks (cells)
required for this measurement may either be purchased from commercial
suppliers or constructed according te published specifications.

Radon emanation apparatus: This specialized glassware apparatus
consists of:

Radon bubbler - Figure Z.

Scintillation cell = Figure 3.

The glassware can be Tabricated by a competent glassbhlower, and the
scintillation cell can be purchased from specified companies.

Fluorometer: An instrument to measure the fluorescence of a fused disc
of a uranium compound exposed to ultraviolet light. The response to
this excitation is proportional to the concentration of uranium in the
drinking water sample. One of the specifications of the fluorometer is
that it should be able to measure 0.0005 pg of uranium or less.
Analytical balance: Minimum scale readability, 0.1 ma.

Centrifuge:

10.1 General purpose table-top model with a maximum speed of at least
3,000 rpm and a Toading option of 4 x 50 ml.

10.2 Floor model with a maximum speed of 2,000 rpm and a Toading option
of & x 250 m1 centrifuge bottles.

pH meter: Accuracy., 20.5 units, 3Scale readability, #0.1 umits.
Instrument may be either line/bench or battery/portable.

126
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12. Electric hot plate: This instrument should have a built-in stirrer, and
stepless temperature controls which can be changed as heating
reguirements may demand. '

13. Drying oven: The gravity convection type is recommended, having
thermostatic controls to maintain desired temperature.

14. Mylar film: As a covering for precipitates to protect them during
counting and storage, the thickness suggested is 0.0005 inches, in rolls
af 1-1/2 inch width.

15. Staintess steel counting planchets: These should be fabricated from
uniform surface density stainless steel and capable of withstanding
nitric acid and heat treatment. The planchets should be flat, have a
rafzed wall to contain the sample being evaporated anmd should be of the
tize determined by the inside diameter of the detector.

16. Drying Tamps: BAs a minimum, these should consist of 250 watt infrared
lamps with built=-in reflectors that can be mounted on porcelain support
stands.

17. Teflon filter holder: A fabricated device for filtering precipitates
prior to mounting., These teflon units are to be made in dimensions
compatible with the size of the plastic ring and disc mounts.

18. Plastic ring and disc mounts: These are plastic units molded of nylon
in dimensions compatible with the size of the counting chamber of the
counting instrument.

19. Desiccator:

Aluminum models, normally used for plastic ring and disc planchets.

Glass models, capable of holding a vacuum, and large enough to hold
dried 5.5. planchets until ready for counting.

20. Glassware: Borosilicate type glass. All glassware should meet Federal
specifications. Beakers, 250 m1 larger are reguired for specific
analyses.

21. Glass fiber filters: These are type A-E, 47 mm in diameter,

22, Membrane filters: Metricel, 47 mm GA-G6, 0.45 p size.

23. Alpha sensitive phosphors - alpha phosphor disc, 24 mm ASP-4.
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1.

3.

5.

APPENDIX E
REPRESENTATIVE S0URCES OF LABORATORY SUPPLIES

Counting planchets
a) Stainless steel Coy Laboratory Products
F. 0. Box 1108
Ann Arbor, Mich. 48106
(313) 663-1320
Specifications: Catalog #75750 2 x 0.018 x 0.25 inches

b) Plastic ring and disc mounts Contrel Molding Corp.
a4 Granite Avenue
Staten Island, M. Y. 10303
(212) 442-8733
Specifications: Catalog #J-356, 1" dia (natural) nylon type &/6

Glass=-fiber filter paper Reeve=Angal
Whatman, Inc.
9 Bridewell Place
Clifton, N.J. Q7074
(207) 777-4825
(201} 773-5800
Specifications: Grade 9348H, 2.8 cm

Electrodeposition apparatus Sargent-Welch Scientific Co.
10400 Taconic Terrace
Cincinnati, Ohio 45215
(513) 771-3850

Specifications: Cataleg #3-29465, Sargent-5lomin model

Membrane filters
Metricel, GA=6, 0.45u 25 mm and 47 mm

Gelman Instrument Company Fisher Scientific

G600 5. Wagner Road 585 Alpha Drive

Ann Arbor, Mich. 487006 Fittsburg, Pa. 15238

(313) 665-0651 (412 781-3400

Catalog #60173 Catalog #9-730-20
Mylar film
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5. Mylar film

Retail quantities can be obtained from local distributors:
Specifications: 0.0005% (0.5mil) thick. Manufactured only
by E.I. DuFont de Nemours.

1238

6. Phosphors, alpha sensitive W. B. Johnson & Associates, Inc.
Research Park
Montville, M. J. 07045
{207) 334-9222
Specifications: Catalog #ASP-4, 24 mm disc

7. Polypropylene centrifuge tube Halgene Labware

Retail quantities available from local distributors
Specifications: 134 mm x 28.7 mm 0.D., Nalge #3100
50 ml Tube closure 29C, Nalge #C4085

8. Radon emanation bubblers
These and associated glassware can be fabricated by lecal glass
companies with the specifications from Figures 3 and 4.

9. Scintillation solutions (commercial)

Packard Instruments Company Wew England Muclear
2200 Warrenville Road 549 Albany Street
Downers Grove, I11. 60815 Boston, Mass. 02118
{312) 969-6000 (617) 482-9595

Instagel Aquasol
Isolab, Inc. Mallinckrodt, Inc.
Drawer 4350 Science Products Division
Akron, Ohio 44321 P. 0. Box 5439
(216) 825-4528 5t. Louis, Mo. 63147

Scintisol Complete {314) B95-0123

Handif Tuor
Fisher Scientific Co. J. T. Baker Chemical Co.
717 Forbes Road 222 Red School Lane
Pittsburgh, Pa. 15219 Phillipsburg, M. J. 08865
(412) 562-8300 (201) 859-2151
Scintiverse "Scintidiox® "Scintrex"

Beckman Instruments Inc.
#500 Harbor Blvd.
Fullerton, Calif. 92634
(7la) 871-4848
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Fullerton, Calif. 92634
(714) 871-4848
Ready-3o0lv MP

10. Scintillation vials

specifications:  Polyethylene or low potassium glass
#0 ml capacity 22 mm screw cap

Catalog #6001075 Packard Instrument Company
2200 Warrenville Rd.
Downers Growve, I11. 60515
(312) 969-6000

129

Catalog NEF #9383 Mew England Muclear
549 Albany Street
Boston, Mass. 02118
(617} 482-9595

Catalog #966350 Beckman Instrument Company
Campus Drive at Jambores Blvd.
P. 0. Box C=-19600
Irvine, Calif. 92713
(714) 833-0751

11. Teflon filter holder  Atomic Products Corporation
Center Moriches, N. Y. 11934
{516) B78-1074

Fluorulon Laboratories

Box 305
Caldwell, M. J. 07006
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AFPENDIX F
REPRESENTATIVE S0URCES OF LABORATORY COUNTING INSTRUMENTS

I. Gas Flow Proportional Counting Systems: The range of prices for a
complete system is from $3000 - 570,000,

1. Canberra Tndustries 4, Beckman Instruments, Inc.
45 Gracey Avenue 2500 Harbor Boulevard
Meriden, Conn. 06450 Fullerton, Calif. 92634
(203) 238-2351 (714) 871-4848

2. HNuclear Measurements Co. 5. LKD, Inc.
24 M. Arlington Avenue 3230 Lawson Boulevard
Indianapalis, Ind. 46218 Oceanside, . Y. 11572
{317) 546-2415 (516) OR-B-8141

3. Tracor Analytic 6. Baird-Atomic, Inc.
1842 Brummel Drive 125 Middlesex Turnpike
Elk Grove Yillage, I11. 60007 Bedford, Mass. 01730
{312) 364-9100 (617) 276-6000

II. Liguid Scintillation Spectrometer Counting Systems: Depending upon
ggatnggcessaries are wanted, the price will range from 515,000 -

1. Packard Instrument Co.
2200 Warrenville Road
Downers Grove, 1171, 60616
(3712} 962-5000

2. Beckman Instruments, Inc.
2500 Harbor Boulevard
Fullerton, Calif. 92634
{714} 871-4848

I. Tracor Analytic
1842 Brummal Drive
Elk Grove Village, I11. 60007
(312) 364-9100

131
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III.

Iv.

scintillation Cell (Radon-Emanation) Counting Systems:

At the

present time one complete unit will be about £2500.

Specifications:

3.

Gamma Spectrometer Counting Systems:

Bias network, detector circuits, & digit
decade counter.

External high voltage

supply and 2-inch photomultiplier tubes.

Randam Electronics, Inc. 4.
091 Shadycrest Drive
Cincinnati, Ohio 4&5239
(513) 522-3322

Jehnsen Laboratories, Inc, B,
Three Industry Lane

Cockeysville, Md. 27030
{301) 666-9500

Ortec, Inc.

100 Midland Road

Oak Ridge, Tenn. 37830

(615) 482-4411

EberTine Instrument Corp.
Airport Road, P.O. Box 2108
Santa Fe, N. M. B750]
(505) 471-3232

LudTum Measurements Corp,, Inc.
501 Dak Street
Sweetwater, Texas 79556
{915) 235-5494

From the simplest system to

one completely avtomated and including computer capabilities, the
prices will range from $6,000 - $50,000.

1.

3.

Canberra Industries 5.
45 Gracey Avenue

Meriden, Conn. Q06450

(203) 23g-23581

Packard Instrument Co. B
2000 Warrenville Rd.

Downers Grove, I11. 60514
{312) 969-6000

Edax Intermational, Inc. 7.
P. 0. Box 135
Prairie View, I11. 60069

(312) 634-3870

Ortec, Inc. a,
100 Midland Road
Oak Ridge, Tenn.
{615 482-4411

3razn

132

Huclear Data, Inc,

Golf and Meacham Road
ichaumberg, I77. B017E
(312) B84-3600

Huclear Enterprises, Ltd.
935 Terminal Way
San Carlos, Calif.
{415) 593-1455

S4a0Y0

Bicron Corp.

12345 Einsman Rd.
Mewbury, Ohio 44065
(216) 564-2251

Tracor Horthern, Inc.
2551 W. Beltline Hwy.
Middleton, Wisc, &3R6E2
(608) B36-6511
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TECHMICAL REPORT DATA
(Flease pead Tuslmiciions o e feverse before conplening

1. FEFOAT ME. z 3. RECIFIENTS ACCESSIOMN ND,
EPA-600/3-80-032
4, TITLE AND SUBTITLE 5. AEFOAT DATE
"Prescribed Procedures for Measurement of Radicactivity| August 1980
in Drinking Water" B PERFORMING ORGANIZATICN CODE
T. AUTHORE) T T T T . PFERFORAMING DRGAMIZATION NEPGRT Mo,

Herman L. Krieger and Earl L. Whittaker

. FER FORMING R GAMNIZATION MAME AND ADORAESS 10. PROGRAM ELEMENT WO,
RadioTogical Methods Section
Physical and Chemical Methods Branch T, CONTABGT /G RGMNT MO,
Environmental Monitoring and Support Laboratory
Cincinnati, Ohip 45268

12, SFONSORING AGENCY MAME AN ADDAESS 13, TYPE OF ARFOAT AND PERIOD COVERED
Environmental Monitoring and Support Laboratory In-house
Office of Research and Devel opment 14, EFONSDRING AGENCY CODE
U.5. Environmental Protection Agency EPA/600/06

Cincinnati, Ohio 45268
15, BUPPLEMENTARY NOTES

This report is an update of the "Interim Manual,” EPA-600/4-75-008, March 1976

1E. ABETRALCT
Appropriate radiochemical procedures have been compiled in a laborator manwal

for use_in_the analysis of gross alpha activity, gross heta actfvity, 138/137¢cg .

13"'I, EEE;EEBRa. EgigﬂSr, 3H. uranium, and the actinide elements, in drinking water.

These methods possess the necessary sensitivity for achieving the maximum contaminant
levels recommended by the U.5., Environmental Protectien ﬂgengy in its Interim Primary
Drinking Water Regulations. The method capabilities and minimum detection levels
have been determined by replicate testing, by an internal guality assurance program
and collaborative test studies specifically designed for these nuclides, ’

17, KEY WORDE AMND DOCLUMENT A4MNALYEIS
CEGCRIPTORE ]11. IDOMTIFIERS/OPEN EMDED TERME [o.  CoSaTl Field!Group

adiochemistry Radiochemical analysis
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