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i. Identification of the method 
a. The method is a combination of EPA 900.0 with Technical Notes 

(2009), Standard Methods 7020 (2011) and EPA 9310 (1986).  
More quality control and safety aspects are taken from Standard 
Methods part 7000. 

ii. Applicable matrix or matrices 
a. Nonpotable water, drinking water, solids and chemical materials 

iii. Limits of detection and quantitation 
a. The method is a general screening tool applicable to the 

measurement of alpha emitters having energies above 3.9 
megaelectronvolts (MeV) and beta emitters having maximum 
energies above 0.1 MeV.   

b. The minimum limit of concentration to which this method is 
applicable depends on sample size, counting system 
characteristics, background, and counting time. The National 
Primary Interim Drinking Water Regulations (NPIDWR) require a 
gross beta detection limit of 4 pCi/L, an alpha detection limit of 1 
pCi/L for compliance with Part 141.15(a) and a gross alpha 
detection limit of 3 pCi/L for compliance with Part 141.15(b). 

c. Alpha emitters and mid-range energy beta emitters will be 
significantly attenuated in samples containing dissolved or 
suspended solids. Thus sample self-absorption calibrations are 
necessary to minimize bias for these radionuclides. Samples 
containing radionuclides of maximum beta particle energy less 
than 100 keV, like 63Ni, 210Pb, 228Ra and 241Pu, cannot be 
effectively screened using this method. For these low energy beta 
emitters a screening technique employing liquid scintillation would 
be much more effective. 

d. From 40 CFR 141: For the purpose of monitoring radioactivity 
concentrations in drinking water, the required sensitivity of the 
radioanalysis is defined in terms of a detection limit. The detection 
limit shall be that concentration which can be counted with a 
precision of plus or minus 100 percent at the 95 percent 
confidence level (1.96σ where σ is the standard deviation of the 
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net counting rate of the sample).  Refer to Data Analysis and 
Calculations section d. for the detection limit equation. 

iv. Scope and application, including parameters to be analyzed 
a. This method covers the measurement of gross alpha and gross 

beta particle activities in water, soils, solids and liquids that have 
been properly prepared. The method is a screening technique for 
activity and may require further analysis to determine isotope 
identification.  

i. When the gross alpha particle activity exceeds 5 pCi/L, the 
same or an equivalent sample should be analyzed for 
alpha-emitting radium isotopes or an alternative 
measurement of 226Ra alpha emission by QAM-RI-107 and 
SOP-RC-104.  

ii. Gross beta particle emissions exceeding 15 pCi/L in a 
sample should be analyzed for 89Sr and 134Cs by other 
methods (gamma spectroscopy) where possible.  

iii. If gross beta activity exceeds 50 pCi/L, the identity of the 
major radioactive constituents should be evaluated and the 
appropriate organ and total body doses determined. 

b. Radionuclides that are volatile under the sample preparation 
conditions of this method will not be measured. 

c. Modifications: Preparations for solids and liquids are included in 
this method.  NELAP Fields of Accreditation include gross alpha 
beta determination for non-potable water, drinking water, solid 
chemical materials and air emissions. 

v. Summary of the method 
a. An aliquot of a preserved water sample is evaporated to a small 

volume and transferred quantitatively to a tared 2-in. stainless 
steel counting planchet. Sample size will depend on the activity of 
the sample and detection limit required.  The sample residue is 
dried to constant weight, reweighed to determine dry residue 
weight, and then counted for alpha and/or beta radioactivity in a 
zinc sulfide coated scintillator chamber.  Refer to QAM-RI-102, 
“Operation and Calibration of the Ludlum Model 2350-1 Data 
Logger”. 
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b. Counting efficiencies for both alpha and beta particle activities are 
selected according to the amount of sample solids from counting 
efficiency vs. sample solids standard curves  

vi. Definitions 
a. Refer to QAM-R-100, “TIAER Laboratory Radiochemistry 

Program” for general terms and QAM-RI-102 for instrument terms 
analyzing gross alpha/beta. 

vii. Interferences 
a. Since, in this method for gross alpha and gross beta 

measurement, the radioactivity 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 method for any given 
water sample. Also, for samples with very low concentrations of 
radioactivity such as from drinking water sources, it is essential to 
analyze as large a sample aliquot as is needed to give reasonable 
counting times in meeting the required sensitivities (detection 
limits) indicated.  Efficiency curves for alpha and beta activity 
must be determined based on varying the mass of solids for a 
given radionuclide activity. This plot of efficiency vs. mass of 
deposited solids is then used to determine the efficiency for each 
sample based on its mass of deposited solids. 

b. In some areas of the country the nitrated water solids (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 
radioactivities may also be lost during the sample evaporation and 
drying at 105°C (such as some chemical forms of radioiodine). 
Those types of water samples need to be heated to a dull red 
heat for a few minutes to convert the salts to oxides. Sample 
weights are then usually sufficiently stable to give consistent 
counting rates and a correct counting efficiency can then be 
assigned. Some radioactivities, such as the cesium radioisotopes, 
may be lost when samples are heated to dull red color. Such 
losses are limitations of the test method. 
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c. Moisture absorbed by the sample residue is an interference 
because it obstructs counting and self-absorption characteristics. 
If a sample is counted in an internal proportional counter, static 
charge on the sample residue can cause erratic counting, thereby 
preventing an accurate count. 

d. Nonuniformity of the sample residue in counting planchet 
interferes with the accuracy and precision of the method. 

e. Sample density on the planchet area should be not more than 5 
mg/cm2 for gross alpha and not more than 10 mg/cm2 for gross 
beta. 

f. The limit on the total mass of solids that can be deposited on a 2 
inch planchet is necessary to minimize corrections for the effects 
of sample self-absorption of the alpha and beta particles emitted 
from radionuclides in the sample. This value is 100 mg for gross 
alpha and 200 mg for gross beta and assumes that the mass is 
evenly distributed on a 2-inch planchet.  

g. Simultaneous alpha and beta counting is done by instruments that 
separate counts into distinct “alpha” and “beta” channels by 
discriminating between the typical pulse sizes created by alpha 
and beta particles. Crosstalk occurs when alpha decays are 
misclassified as beta counts and stored in the beta channel or 
when beta decays are misclassified as alpha counts and stored in 
the alpha channel. Alpha-to-beta crosstalk generally ranges from 
one to two orders of magnitude greater than beta-to-alpha 
crosstalk. Although crosstalk cannot be eliminated when counting 
on the beta plateau, beta-to-alpha crosstalk can be minimized 
during set-up of the instrument. If there is a significant difference 
in alpha and beta activities significant crosstalk may still be 
present. For example a gross alpha measurement of 5 pCi/L and 
a gross beta of 35 pCi/L may have significant crosstalk of beta 
into alpha that should be accounted for using crosstalk equations. 
In cases where unusually high ratios of beta activity to alpha 
activity are present in samples (e.g., effluents from a nuclear 
power plant or high levels of beta-emitting contaminants), 
determining the alpha activity of samples in a separate 
measurement from the beta by counting on the alpha plateau 
provides the most effective discrimination against beta-to-alpha 
crosstalk and the most accurate measurement of alpha activity in 
samples. Alpha-to-beta and beta-to-alpha crosstalk are accounted 
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and corrected for by calibrating the instrument with standards of 
the pure alpha or pure beta emitters. 

viii. Safety 
a. All aspects of this procedure comply with QAM-S-101, 

"Laboratory Safety”. 
b. Swipe test schedules and area monitoring are set up to ensure 

minimized contamination of work areas in accordance with QAM-
S-101, SOP-RC-111 and QAM-R-100. 

c. OSL or other Dosimetry is required for personnel. 
d. PPE is available to personnel performing this method. 

ix. Equipment and supplies 
a. Scintillation detector system (see QAM-RI-102) 
b. Stainless steel counting planchets 
c. Electric hot plate 
d. Drying oven 
e. Drying lamp 
f. Glass desiccator 
g. Glassware 
h. Analytical balance 

x. Reagents and standards 
a. Type II ASTM deionized water (DI) 
b. Nitric acid, 1N: Mix 6.2 mL 16N HNO3 (conc.) with DI and dilute to 

100 mL. 
c. Standards 

i. Standards are prepared in the geometry and weight ranges 
expected to be encountered in these gross analyses.  
Standards are NIST traceable with dilutions documented in 
the Standards Log Q-102-2. 

ii. 241Am for gross alpha calibration and spiking 
iii. 90Sr for gross beta calibration and spiking 

xi. Sample collection, preservation, shipment and storage 
a. It is recommended that water samples be preserved at the time of 

collection by adding enough 1N HNO3 to the sample to bring it to 
pH<2 (15 mL 1N HNO3 per liter of sample is usually sufficient.) 
Solid and chemical samples should be well contained for integrity, 
but refrigeration or acidification is not performed.  If water 
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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. 

b. The container choice is plastic over glass to prevent loss due to 
breakage during transportation and handling. 

c. Containers, coolers and sample transfer/shipping devices are 
monitored for outside surface contamination per sample 
acceptance criteria in QAM-Q-110. 

xii. Quality control 
a. All aspects of quality control comply with QAM-Q-100, TIAER’s 

“Laboratory Quality Assurance Manual” and QAM-Q-101, 
“Laboratory Quality Control”. 

b. All quality control data are maintained and available for easy 
reference or inspection. 

c. A minimum of one blank per sample batch is used to determine if 
contamination is occurring. 

d. One duplicate sample is analyzed for every 10 samples (preparation 
batch). A duplicate sample is a sample brought through the whole 
sample-preparation and analytical process.  

e. Spiked samples or standard reference materials are employed with 
each QC batch to ensure that correct procedures are being followed 
and that all equipment is operating properly. 

f. Daily background checks for each detector in use are done for both 
alpha and beta determinations.  

g. The counting uncertainty is the principal contributor to the total 
uncertainty of the analysis for an individual sample where the gross 
alpha or beta concentration is below about 5 pCi/L. 

h. Background, spikes, duplicates, blanks, standard recoveries, etc are 
all control charted with uncertainty determined reported at least 
annually and reported with each batch of samples. 

xiii. Calibration and standardization 
a. For absolute gross alpha and gross beta measurement, the 

detectors are calibrated to obtain the ratio of count rate to 
disintegration rate. 241Am (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 226Ra radionuclides but is close to the energy of the alpha 
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particles emitted by naturally occurring 228Th and 224Ra. 
Standards are prepared in the geometry and weight ranges to be 
encountered in these gross analyses. The required radionuclide 
for gross alpha calibration is 241Am. 

b. 90Sr and 137Cs have both been used quite extensively as 
standards for gross beta activity. Standard solutions of each of 
these radionuclides are readily available. Cesium is volatile at 
elevated temperatures (above 450°C). Some water supplies have 
dissolved solids (salts) that, when converted to nitrate salts, are 
quite hygroscopic and need to be converted to oxides by heating 
to red heat to obtain sample aliquots 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. 90Sr in 
equilibrium with its daughter 90Y is the prescribed radionuclide for 
gross beta calibrations.  

c. For each counting chamber to be used, the analyst prepares 
separate alpha and beta particle self-absorption graphs showing 
water sample residue weight (mg) vs the efficiency factor 
(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 aliquot residue 
weight is varied between 0 and 100 mg (for a 2-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 2-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. 

d. DI aliquots with added 241Am or 90Sr standard are acidified with a 
few mL 16N HNO3, evaporated to a small volume in a beaker on 
a hot plate, transferred quantitatively 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 aliquot 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 is used for each counting 

Work
ing

 C
op

y



SOP-RC-101 
Determination of Gross Alpha/Beta Activity  

 

Rev. 1 Page 9 of 15 TIAER 
 

instrument for separate graph preparations and can be stored for 
reverification whenever needed. 

xiv. Procedure 
a. Transfer to a beaker an aliquot 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. For very low level activity determination, a large plastic 
container with a perforated rubber stopper and glass tube may be 
inverted on a glass petri dish placed on a hot plate at low heat.  
Ensure the stopper is tightly seated and ring stands are strong 
enough to hold the apparatus.  Also ensure the side walls of the 
petri dish are tall enough to allow for water feed during 
evaporation, such that no sample spills over the edges. 

b. If water samples are known or suspected to contain high levels of 
chloride salts, those chloride salts should be converted to nitrate 
salts before the sample residue is transferred to a stainless steel 
planchet (Chlorides will attack stainless steel and increase the 
sample solids and no correction can be made for those added 
solids).  Chloride salts are converted to nitrate salts by adding 5 
mL portions of 16N HNO3 to the sample residue and evaporating 
to near dryness. (Two treatments are usually sufficient.) Add 10 
mL 1N HNO3 to the beaker and swirl to dissolve the residue. 

c. Quantitatively transfer the aliquot concentrate in small portions 
(not more than 5 mL at a time) to a tared planchet, evaporating 
each portion to dryness. 

d. Dry the sample residue in a drying oven at 105°C for at least 2 
hours; cool in a desiccator; weigh; and count. Store the sample 
residue in a desiccator until ready for counting.  

e. Some types of water dissolved solids, when converted to nitrate 
salts, are quite hygroscopic even after being dried at 105°C 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 and inaccurate 
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counting data result. When there is evidence of hygroscopic salts 
in sample counting planchets, it is recommended that they be 
flamed to a dull red heat with a Meeker burner for a few minutes 
to convert the nitrate salts to oxides before weighing and 
counting. Count for alpha and beta activity at their respective 
voltage plateaus by QAM-RI-102/103. If 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 cause erratic measurements. Samples may be 
counted for beta activity immediately after drying; but alpha 
counting should be delayed at least 72 hours until equilibrium 
has occurred. 

xv. Data analysis and calculations 
a. Calculate the alpha radioactivity by the following equation: 

 
 

      
 

 
Where:  

A = net alpha count rate (gross alpha count rate minus the 
background count rate) at the alpha voltage plateau 
C = alpha efficiency factor, read from graph of efficiency versus 
mg of water solids per cm2 of planchet area, (cpm/dpm) 
V = volume of sample aliquot, (mL) 
2.22 conversion factor from dpm/pCi 
 

b. Calculate the beta radioactivity by the following equations: 
If there are no significant alpha counts when the sample is 
counted at the alpha voltage plateau, the beta activity can be 
determined from the following equation: 
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Where: 

B = net beta count rate (gross count rate minus the background 
count rate at the beta voltage plateau) 
D = beta efficiency factor, read from the graph of efficiency versus 
mg of water solids per cm2 of planchet area, (cpm/dpm) 
V = volume of sample aliquot, (mL) 
2.22 = conversion factor from dpm/pCi 
 

c. Uncertainty (U, at 95% confidence) 
The following equation is based on the generalized formula for 
counting uncertainty (“error”) and is used to calculate the counting 
uncertainty for the result:  

 

 

 
U = 1.96 x 

RS + 
R B 

t S t B 

2.22 × V × ε  

Where: 

tB or tS = minutes of background or sample measurement count 

RB or RS = mean background or sample count rate, cpm 

V = sample volume used, L 

ε  = efficiency and the self-absorption correctionWork
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d. Detection Limit (DL) calculation 

 

 
xvi. Method performance 

a. The maximum recommended count time is 1,000 minutes. If 
the DL cannot be achieved in that time period a different 
instrument (i.e., higher efficiency), a larger sample or a 
different method should be used. 

b. Control chart method performance is based on 20 points per 
QAM-Q-101, “Laboratory Quality Control”.  Until enough points 
are obtained, the general performance from the following may 
be used. 

c. In a collaborative EPA study of two sets of paired water 
samples containing known additions of radionuclides, 15 
laboratories determined the gross alpha activity and 16 
analyzed gross beta activity. The samples contained simulated 
water minerals of approximately 350 mg fixed solids/L.  

d. The average recoveries of added gross alpha activity were 86, 
87, 84, and 82%. The precision (random error) at the 95% 
confidence level was 20 and 24% for the two sets of paired 
samples. The method was biased low, but not seriously. The 
average recoveries of added gross beta activity were 99, 100, 
100, and 100%. The precision (random error) at the 95% 
confidence level was 12 and 18% for the two sets of paired 
samples. The method showed no bias. 

e. Whenever the same radioisotopes are present in standards and 
samples, acceptable accuracy of measurement of alpha and 
beta activities is expected. Whenever different radioisotopes 
are present in standards and samples, especially when 
significantly different particle energies are involved, then any 

DL = 

1+ 1+ 
  4tS2 

1.962 
X  RB  X 

 1  1 

tS tB 

2.22 x V x ε 

+ 
1.962 

2tS 
X 
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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. 

xvii. Pollution prevention 
a. Materials from this procedure are minimized to reduce waste 

generation in accordance with QAM-W-101, “Disposal of 
Laboratory Waste”. 

xviii. Data assessment and acceptance criteria for quality control 
measures 

a. Data assessment and acceptance criteria are determined by 
project specific Quality Assurance Plans.  Where not applicable 
to a QAP or QAPP, assessment and acceptance are governed 
by TIAER’s QAM-Q-100, “Laboratory Quality Assurance 
Manual”. 

xix. Corrective actions for out-of-control data 
a. All corrective actions are handled in accordance with QAM-Q-

105, “Corrective Actions”. 
xx. Contingencies for handling out-of-control or unacceptable data 

a. All out-of-control or unacceptable data are handled in 
accordance with QAM-Q-105, “Corrective Actions” and QAM-Q-
100, “Laboratory Quality Assurance Manual”. 

xxi. Waste management 
a. All waste and clean up materials from this procedure is 

controlled and handled in accordance with QAM-W-101, 
“Disposal of Laboratory Waste”. 

xxii. References 
a. EPA 9310, “Gross Alpha and Gross Beta”. 
b. EPA 900.0, “Gross Alpha and Gross Beta Radioactivity in 

Drinking Water” with technical notes. 
c. Standard Methods for the Examination of Water and 

Wastewater, latest online edition, part 7000. 
d. QAM-Q-100, “Laboratory Quality Assurance Manual”, TIAER 

and associated QAM chapters including: 

e. QAM-Q-101, “Laboratory Quality Control”. 
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f. QAM-RI-102, “Operation and Calibration of the Ludlum 
Model 2350-1 Data Logger”. 

g. QAM-RI-103, “Operation and Calibration of the Ludlum 
Model 43-10 Alpha Beta Counter”. 

h. QAM-R-100, “TIAER Laboratory Radiochemistry Program”. 

i. SOP-RC-111, “Determination of Radioactive Surface 
Contamination Using Swipe Surveys”. 

j. 2016 TNI (NELAP) Standard 

xxiii. Any tables, diagrams, flowcharts and validation data 

a. Flow chart for Gross Alpha/Beta 
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