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1. AIR RADIOLOGICAL SAMPLING
1.1.Scope
This section provides guidelines for the selection, operation, and documentation of the results of air
samples performed on Vista field projects. The same basic method is used for both occupational
samples (such as high-volume job-related samples and personal air samples), and for fence-line
ambient air samples.
1.2.

Purpose

The purpose of this procedure is to provide procedural guidance to ensure a) optimum and adequate
protection of workers; b) conformance with sound health physics and radiological safety practices;
and c) compliance with 1() CFR 20. An additional purpose of this procedure is to provide guidance
in the selection of air sampling equipment for monitoring airborne radioactive contamination at
Vista project work sites. This procedure also describes the types of equipment used for specific
determinations and the documentation requirements.
Air in the work environment is analyzed to determine the types and magnitude of the radiological
contaminants present. Airborne sampling for radiological contaminants may also determine the
effectiveness of engineering controls to minimize exposure to airborne radiological contaminants.
Airborne measurements of radiological contamination are useful for determining if a routine
bioassay program is warranted and for determining when non-routine bioassay samples should be
collected.
This procedure describes the sampling techniques used in occupational and environmental
monitoring of airborne radioactive particulates at Vista project work sites. This procedure also
describes the types of equipment used for specific determinations and the documentation
requirements therein.
1.3.References
*
0
*
*

10 CFR 20, "Standards for Protection Against Radiation"
NRC 0041, "Manual of Respiratory Protection Against Airborne Radioactive Materials"
NRC Regulatory Guide 8.25, "Air Sampling in the Workplace"
ANSI N 13.1, "Guide to Sampling Airborne Radioactive Materials in Nuclear Facilities"
1.4.

Responsibilities

The following sections describe responsibilities of the Vista Project Manager (PM ), Vista
Radiation Safety Officer (RSO), Vista On-site Radiation Protection Officer (ORPO), and field
technical staff.
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1.4.1.

Project Manager

The PM is responsible for:
* Overall Project performance.
1.4.2.

Radiation Safety Officer

The Vista RSO is responsible for:

•
*

*
*

1.4.3.
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On-Site Radiation Protection Officer

The Vista ORPOs will be will be responsible for:
*
*
*
*

Reviewing and approving documentation generated by the use of this procedure.
Performing air monitoring and subsequent calculations in accordance with the
requirements of this program and 10 CFR 20;
Performing air monitoring in accordance with procedures for the operation of sampling
equipment as outlined in this chapter; and
Documenting all work performed under this section.

1.4.4. Field Technical Staff
Field technical staff are responsible for:
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Selection of filters and sampling pumps, location of air samplers, measurement of Radon-222
daughters, and passive measurement of Radon-220 (22 0Rn) and Radon-222 (222Rn) are discussed in
the following sections.
2.

COMPREHENSIVE AIR SAMPLING PROGRAM

A comprehensive air sampling program is essential to evaluate the hazards associated with work
situations involving radioactive materials. In many instances, air sampling data can also provide
the basis for development and evaluation of control procedures and can indicate whether or not
operational changes are necessary to provide adequate protection for workers. In conjunction with
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a respiratory protection program, air sampling data is necessary to define the air concentration
levels so that the proper respiratory protective equipment can be selected.
Ambient air monitoring will be performed in areas with the potential to exceed 10 percent of a
Derived Air Concentration (DAC). Ambient air monitoring may be performed using portable air
samplers or air monitoring systems. Ambient air monitoring will be placed in strategic locations to
detect and evaluate airborne contamination at work locations. Data obtained from air monitoring
will be used for assessing the control of airborne radioactivity in the workplace and may be used to
evaluate the dose equivalent to radiation workers from internal contamination.
Air monitoring systems will be routinely calibrated and maintained per Procedure 12 "Operation
and Calibration of Instruments" and should be capable of measuring one DAC when averaged over
8 hours.
Since respiratory protection factors vary over several orders of magnitude, it is very important that
an initial estimate be made of the air concentration level, relative to specified regulatory limits.
Thus, adequate protection can be provided while unnecessary inconvenience to the worker by
wearing a respirator is minimized. Air sampling programs may also be designed to estimate the
release of contaminants to the general work area and to the outside environment.
An air sampling program directly related to respiratory protection should:
"* Provide an estimate of the potential intake of airborne radioactive materials and
resulting exposure of the individual worker;
"* Provide data to assist in the selection of respiratory protective equipment that would
provide adequate protection under exposure conditions;
* Provide data for control of long-term exposure to workers;
* Provide documentation of personnel exposures for legal or regulatory purposes;
* Identify and characterize the contaminants and their sources;
* Provide data for determining the requirements for engineering or administrative
controls;
* Indicate the continuing effectiveness of existing controls, and warn of deterioration of
control equipment or operating procedures;
* Provide a record of long-term trends showing variations in contaminant levels; and
* Continuously measure the level of airborne contaminants in and above work areas and
warn of release of airborne contaminants to the outside environment.
3. CONSIDERATIONS IN AIR SAMPLING
An air sampling program must be designed and operated so that the data obtained are directly and
meaningfully related to the problem of concern. As part of a respiratory protection program, the
air-sampling procedures must take into account:
*
*

The physical and chemical state of the contaminant;
Aerodynamic size characteristics of airborne particulates;

Procedure 16-Air Radiological Sampling
Note: For the purposes of this document, Ionizing Radiation includes certain types of Non-Ionizing Radiation

01/13/99

3

Page

*
*
*
*
*
*

4

Range of contaminant concentration;
Environmental conditions such as temperature;
Sampler location relative to the worker and the source of contamination;
Instrument operating and response characteristics;
Instrument portability; and
Sensitivity of the associated analytical procedures relative to the specified concentration
limits and quantity of material sampled.

Air may be sampled for various types of radioactive material (particulates, radioiodines, radiogases,
or tritium.) Particulates are normally collected on paper filter material. Radioiodines are normally
collected by charcoal cartridges. Radiogases are normally collected as a fixed trapped volume of
air. Tritium is normally collected by bubbling air through water.
4. TYPES OF AIR SAMPLING
Low volume air samples operate at a flow rate of I Cubic Feet Per Minute (CFM) which equals
28.32 Liters Per Minute (LPM) to 5 CFM (141.6 LPM).
High volume air samples operate at a flow rate of 10 CFM (283.2 LPM) to 30 CFM (849.6 LPM).
General Area (GA) airborne surveys provide data representative of the air in an area, building, or
room. GA surveys normally provide the data used for determining if an area is an Airborne
Radioactivity Area for implementing posting and access controls. Using a low volume air sampler,
the minimum volume for GA air samples is 100ft3 (2,832 liters). The following are GA air
sampling guidelines:
•
*
•
*
*

"*
"*
"*

"*

GA samples are normally taken on a routine basis, including predetermined times and
locations;
GA samples should be taken at between 3 to 6 feet above floor level;
GA samples may be taken in a period of time varying from an hour up to one or more
days, generally known as a "continuous sample;"
GA samples are normally obtained and analyzed as a minimum for particulates by gross
ct, B-y counting;
Breathing Zone (BZ) airborne surveys provide data representative of the air that
workers would be breathing during a particular task. The minimum volume for BZ air
samples is 50 ft3 (1,416 liters);
BZ samples are normally taken as a minimum during the time when the highest
concentrations of radioactive material are expected to be present;
BZ samples may be taken at any time to document low, high, and average
concentrations of airborne radioactive material;
BZ samples are normally taken in a position which would be representative of the air
which would be breathed by a worker, regardless if a respirator is being worn or not.
The samples should be taken within a circumference of 12 inches of the worker's head,
if possible; and
BZ samples are normally analyzed for particulates.

Procedure 16-Air Radiological Sampling
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Grab samples are taken with a high volume sampler. The minimum volume required for grab
samples using a high volume sampler is 150f1' (4,248 liters). Grab samples represent the
concentrations during the relatively short period of sampling time and may be useful to estimate
peak concentrations if this type of data is required.
Continuous samples are normally taken with low volume air samplers due to the long run times
involved. The minimum volume for continuous air samples is 100ft' (2,832 liters). Continuous
samples represent the concentrations during the relatively long period of sampling time and are
used to estimate average concentrations.
Continuous samples are not normally used where airborne concentrations are expected to vary
significantly during the time period of interest. Either grab or continuous samples may be
representative of areas where airborne concentrations are not expected to vary significantly over a
time period of interest.
4.1.

Background Air Samples

Background air sampling should be performed in areas where work activities are not being
performed. Consideration should also be made in sampling the work area prior to work starting in
the area. The data obtained from these samples should be used as a baseline for work area ambient
and breathing zone air samples.
4.2.

Sampling and Analysis for Radioactive Noble Gases

Start-up procedures are as follows:
a) Obtain a 500 ml marinelli beaker.
b) Ensure the beaker is free of contamination or that a background count of the beaker
has been performed.
c) Ensure petcocks are free to be opened/closed.
d) Fill the beaker with de-ionized water, if available, or tap water, if not, and replace
the top.
At the sample location:
a) Remove the marinelli beaker top and pour the water from the beaker.
b) Replace top securely.
c) Ensure petcocks are closed.
The chamber is to be analyzed for gamma isotopic as soon as possible after sampling to minimize
error due to noble gas loss by diffusion or decay.

Procedure 16-Air Radiological Sampling
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4.3.

6

Sampling and Analysis for Radioiodines

"* Obtain a low volume air sampler with a particulate filter and charcoal cartridge
arrangement.
"* At the sampling location(s):
4.4.

4.5.

Start the air sampler.
Sample time should be for a minimum volume of 100ft3 (2,832 liters).
At the end of the sampling period, stop the sampler.
Send the filter and charcoal cartridge for gamma isotopic analysis.
Request results of the analysis in ipCi/ml and percent DAC.

Sampling and Analysis for Tritium or Carbon 14

"

Obtain sample pump and tritium bubbler sampling system.
- Sampling pump;
- Midget bubbler with 25 milliliters of de-mineralized water;
- Filter to remove particulate material from air sample; and
- Assemble sampling system with filter upstream of bubbler and bubbler upstream of
pump.

"

At sampling location:
- Start the pump and if flow rate is adjustable, adjust flow rate as indicated on the
sampling pump or for a gentle bubbling action in bubbler.
3
- Sample time should be such that a minimum air volume of 10 liters (0.35 ft ) is
sampled.
- Send the sample to an approved laboratory for analysis.
- Request a liquid scintillation analysis for Tritium and/or C-14.
- The results of the analysis are expressed in [LCilml and percent DAC.

Sampling and Analysis for Radioactive Particulate Material
*

Obtain the air sampler and filter(s) to be used.
-

The filter is to be a F&J FP-47 (Low Volume) and F&J FP-4.0 (High Volume)
particulate filter or filter of equivalent efficiency and characteristics.

NOTE: If the sampling head is designed for both a particulate filter and a charcoal cartridge
md the sample is for particulate only, a dummy or spacer charcoal cartridge may be
equired to be inserted into the sampling head to ensure proper fit of the particulate filter
d to duplicate calibration conditions. Refer to the samplers calibration documentation for
applicability. High volume air samplers will not be used with the spacer cartridge.
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Install the filter in the sampling head with the "fuzzy side" facing outward.

-

"

At the sampling location:
Select flow-rate and determine time required for the needed volume of air.
-

High volume 150ft3
Low volume I00ft3

"* Start the air sampler.
- At the end of the sampling period, stop the sampler.
NOTE: In the event the required volume of the air sample cannot
be taken, the sample, regardless of volume, is still valid.
-

Remove the filter at a designated location and identify and package the sample.

5. PARTICULATE SAMPLING TECHNIQUES
Grab samples are taken with a high volume sampler. The minimum volume required for grab
samples using a high volume sampler is 150ft3 (4,248 liters).
Grab samples represent the concentrations during the relatively short period of sampling time and
may be useful to estimate peak concentrations if this type of data is required.
Continuous samples are normally taken with low volume air samplers due to the long run times
involved. The minimum volume for continuous air samples is 100ft3 (2,832 liters).
Continuous samples represent the concentrations during the relatively long period of sampling time
and are used to estimate average concentrations.
Continuous samples.are not normally used where airborne concentrations are expected to vary
significantly during the time period of interest.
5.1.

Selection of Filters and Sampling Pumps

5.2.

Introduction

Air in the work environment is analyzed to determine the types and order of magnitude for the
contaminants present. Airborne sampling may also determine the effectiveness of proper
engineering controls for minimizing exposure to airborne radioactive contamination. Airborne
concentration measurements are useful for determining if a routine bioassay program is warranted
and for determining when non-routine bioassay samples should be collected.

Procedure 16-Air Radiological Sampling
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Specific Instructions

Selection of airborne sampling equipment will be based on the types of radioactive contamination
present. For Vista project work sites the method used to determine naturally occurring
radionuclides present in the work place or at specific sites requires simple procedures. Sampling
for specific types of radioactive contamination will be conducted as follows:
0

Depleted Uranium

Sampling for Depleted Uranium (DU) will be conducted in areas where the potential of any
exposure greater than 10 percent of the DAC exists. Sampling will be conducted by placement of a
lapel sampler that has a calibrated flow rate of not less than 2 LPM. The sample medium can be
glass fiber or membrane filters and should be at least 25 mm in diameter. Samples will be taken for
a period long enough to assure that the sample volume exceeds 1.5 x 10' ml. Samples will be
counted as long as required to report a result that is less than the DAC.
All sample results for DU will be entered on "Airborne Contamination Exposure Area Sampling
Averages Calculation Data Sheet," shown as Attachment 31, for area averaging of all airborne
concentrations.
The established DAC for DU is as follows:
2 x 10" iiCi/ml
*

Natural Uranium

Sampling for natural uranium (Uff) will be conducted in any area where the potential of any
exposure greater than 10 percent of the DAC exists. Sampling will be conducted by placement of a
lapel sampler that has a calibrated flow rate of not less than 2 liters per minute; flow rates should be
less than 13 liters per minute to prevent collapse of the filter described below.
Sample medium can be glass fiber or membrane filters and should be at least 25 mm in diameter.
Samples will be taken for a period long enough to assure that the sample volume exceeds 1.5 x
10' ml. Samples will be counted as long as required to report a result that is less than the DAC.
All sample results for U`' will be entered on Attachment 31, for area averaging of all airborne
concentrations. The established DAC for U"al is 2 x 10-1' j.Ci/ml.
*

Thorium-232

Sampling for thorium-232 (2 32Th) will be conducted in any area where the potential of any exposure
greater than 10 percent of the DAC exists. Sampling will be conducted by placement of a lapel
sampler that has a calibrated flow rate of not less than 2 liters per minute, but less than 13 liters per
minute. The sample medium can be glass fiber or membrane filters and should be at least 25 mm in
diameter.
Procedure 16-Air Radiological Sampling
Note: For the purposes of this document. Ionizing Radiation includes certain types of Non-lonizing Radiation
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Samples will be taken for a long enough time to assure that the sample volume exceeds 3 liters.
Samples will be counted as long as required to report a result that is less than the DAC. All sample
results for 232Th will be entered on Attachment 31 for area averaging of all airborne concentrations.
The established DAC for 232Th is 5 x 10"13 piCi/ml.
*

Thorium-230

Sampling for thorium-230 (23"Th) will be conducted in any area where the potential of any exposure
greater than 10 percent of the DAC exists. Sampling will be conducted by placement of a lapel
sampler that has a calibrated flow rate of not less than 2 liters per minute, but less than 13 liters per
minute.
Sample medium can be a glass fiber or membrane filter and should be at least 25 mm in diameter.
Samples should be taken for a period long enough to assure that the sample volume exceeds 3
liters. Samples will be counted as long as required to report a result that is less than the DAC.
All sample results for 23°Th will be entered on Attachment 31 for area averaging of all airborne
concentrations. The established DAC for 23OTh is 3x1 0- 2 jtCi/ml.
*

Radium-226

Sampling for radium-226 ( 226Ra) will be conducted in any area where the potential of any exposure
greater than 10 percent of the DAC exists. Sampling will be conducted by placement of a lapel
sampler that has a calibrated flow rate of not less than 2 liters per minute, but less than 13 liters per
minute.
Sample medium will be glass fiber or membrane filter and should be at least 25 mm in diameter.
Samples will be taken for a period long enough to assure that the sample volume exceeds 3 liters.
Samples will be counted as long as required to report a result that is less than the DAC.
All sample results for 226Ra will be entered on Attachment 31 for area averaging of all airborne
concentrations. The established DAC for 226Ra is 3 x 10i0 giCi/ml.
*

Radon Daughters

Sampling for radon and thoron daughters will be conducted in areas where the potential for
exposure greater than 10 percent of the DAC exists. Sampling will be conducted as per Procedure
"Measurement of Radon-222 Daughters," and Procedure "Passive Measurements of Radon-220 and
Radon-222 in Ambient Air Using Activated Charcoai Canisters." Sampling results will be
documented on the form shown as Attachment 31 for area averaging.
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For additional information, areas where the potential of airborne radioactive contamination exists
will be sampled using low volume air samplers. These samples will be conducted over an extended
period to reflect the area exposure potential. These "area" air samples will not be used to determine
internal exposure potential unless they were run during work time only.
Any sample that is collected after the normal work schedule will be considered as an information
sample only, and noted as such on the form, shown as "Air Particulate Sample Reporting Log
Form," Attachment 32. Additionally, information sample results will-not be entered on Attachment
32 for area averaging.
5.4.

Lapel Sampling
*
•
*
•
*

Attach the sampling apparatus to the user's hip or waist with a belt.
The sample head is secured in the "lapel" area.
Secure the tubing and sample head with tape and/or clips.
At the sampling location tun the sampling pump on.
Record the following:
Name of Wearer and Social Security Number
-

Sampler ID#
Date/Time On
linstlimcntlt
braIl-rtioti Ditc
Flow Rate CFM/LPM

* At the end of the sampling period turn the sampling pump off.
• Record the following information:
-

Date/Time Off
Total Volume Fte/Liters

The Vista ORPO will ensure that the worker being issued the sampler is instructed as to follow the
requirements below:
*
*

Refrain from tampering with the pump or the sample head.
Leave the work area if the sampler fails, and note stop time.

Procedure 16-Air Radiological Sampling
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Contact the Vista ORPO for assistance at completion of work.

NOTE: Due to the low volume of lapel breathing zone air samples, the Minimum Detectable
Activity on gross counting equipment is usually insufficient to determine 10 % DAC for
unknown isotopes for screening purposes. In the event it is desired to screen these breathing
zone samples, a high volume air sample may be placed within 2 feet of the most restrictive
breathing zone (highest expected concentration). This sample may be used to screen the
lapel samples.

The following information pertains to air particulate samples:
*

Air particulate samples are to be analyzed as a minimum for gross a and B-y counting
using a Ludlum Model-2929 Dual Channel Scalar or equivalent.
* Air particulate samples should be initially counted within fifteen (15) minutes of the end
of the sampling period.
* Air particulate samples will be counted for a period of five minutes.
* Place the air sample filter inside the sampling tray with the "fuzzy" side facing up
towards the detector.
NOTE: If a high volume air sample filter is to be counted, using a hole punch, cut out the
center portion of the filter and place the cut out portion of the filter in the sampling tray with
the "fuzzy" side facing up towards the detector.
0
0

Count the sample for a five-minute period.
Upon completion of the counting period calculate and record the ax activity (unless no ac
counts are present) then calculate the B activity.

NOTE: The following criteria may be used when evaluating air sample results:
* Contamination levels and physical characteristics;
* Work activities in the area/re-suspension probability;
* Historical data/isotopic information; and
* Background air sample data.
If the calculated air activity does not exceed 10% of the DAC value of the radionuclide(s) of
concern, no further analysis is required and the sample may be discarded at the discretion of the
Vista ORPO. If the calculated air activity exceeds 10% of the DAC value of the radionuclide(s) of
concern, do the following:
•
*

Report this information to the Vista ORPO immediately.
Allow the sample to decay for a 3 hour period (if feasible) and recount the sample.

Procedure 16-Air Radiological Sampling
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"* Following the 3 hour decay period, if the calculated air activity does not exceed 10% of
the DAC value of the radionuclide(s) of concern, no further analysis is required and the
sample may be discarded at the discretion of the Vista ORPO.
"* If the calculated air activity exceeds 10% of the DAC value of the radionuclide(s) of
concern:
Report this information to the Vista ORPO immediately.
Consideration should be given to isotopic analysis and area access
restriction/posting in accordance with 10 CFR 20.
Allow the sample to decay for a 20 hour period (if feasible) and recount the
sample.
Following the 20 hour decay period, if the calculated air activity does not
exceed 10% of the DAC value of the radionuclide(s) of concern, no further
analysis is required and the sample may be discarded at the discretion of the
ORPO.
" If the calculated air activity exceeds 10% of the DAC value of the radionuclide(s) of
concern:
Report this information to the Vista ORPO immediately; and
Consideration should be given to isotopic analysis and area access
restriction/posting.
If the activity exceeds the established ALARA level, the activity information
should be reported to the Vista RSO.
5.5.

Location of Air Samplers

The purpose of this procedure is to define the location of air samplers for airborne radioactive
contamination and specific techniques therein at Vista project work sites. This procedure describes
the methods and equipment for personnel and general air sampling of airborne radionuclides. The
procedure also provides detailed instructions for documentation of such sampling data.
5.6.

Necessary Supplies
*
*

Filters (as required)
Air Samplers (as required)
'"Air Particulate Sample Reporting Log Form," shown as Attachment 32
"* "Radiological Survey Air Sampling Radon Daughters," shown as Attachment 33
"* "Radiological Survey Air Sampling Thoron Daughters Form," shown as Attachment 34
"* "Scintillation Cell Radon Sample Form," shown as Attachment 35
* ('liphoard and pcln.
6. SAMPLING STRATEGY
A single sampling strategy cannot be specific for all airborne monitoring requirements for a given
area. Sampling will always be based on field judgment for location and frequency required. Once
Procedure 16-Air Radiological Sampling
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basic job assignments have been established, the Vista field technical staff may be able to
determine a systematic approach for their site-specific needs.
The types of samples may be twofold: time-integrated samples for daily exposure assessments and
possibly short-term samples for engineering control or peak concentration assessment. The type
and duration will also be site-specific and activity-dependent.
6.1.

Specific Instructions

Decide on the type of sample required. There are three basic sample techniques used for most
airborne assessments:
"* Lapel Samples
Personnel sampling may be used to determine air concentrations for any
individual by attaching a lapel sampling device directly to the individual's
clothing in close proximity to their face. The duration of the sample will be
that of the work shift. Individuals whose exposure estimates are determined in
this manner are more likely to be accurately assessed with respect to internal
exposure potential. This type of sampling is preferred for use in exposure
determinations.
Lapel samplers with constant flow control will be used.
Place the lapel sampler on the individual to be sampled. Turn on sampler and
adjust flow rate to the calibrated value required. Record the time started. The
Vista field technical staff will calibrate the flow rate of samplers for flow
changes due to battery discharge or flow rate reduction. Vista field technical
staff will check lapel flow rates at least once every 2 hours and adjust or note
changes in flow rate as required.
At the end of the sampling period or work shift, Vista field technical staff will
retrieve the lapel sampler and check the flow rate to verify constant flow since
the last flow rate check. The flow rate will be noted and the sampler will be
shut off. Document the stop time and place the filter in the appropriately
documented sample container for analyses.
"

Short-Term Samples
Short-term grab samples may be required to determine the maximum exposure
potentials in special areas for the determination of the effectiveness of
engineering controls or for determining working condition exposure potential.
The following technique is used in taking these types of samples.
Make a low-volume air sampler ready for use. Place the sampler at the
location in question. Begin the work activity that may create the peak airborne
radioactive contamination problem. Start the air sampler for a specific time
period, documenting the flow rate, and start and stop time. Place the sample
in the sample container for subsequent analysis.

Procedure 16-Air Radiological Sampling
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During such experimental sampling, Vista field technical staff and any other
individuals will wear suitable PPE.
6.2.

Area Sampling

General area sampling, using Continuous Air Monitors (CAMs), has been used to evaluate airborne
conditions of rooms, buildings, and so forth. Ideally, this type of sampling would provide area
average concentration of airborne radioactive contamination for general working or occupational
functions within the structure or work area. Area samples are limited in value for internal exposure
assessment if the area being sampled is subject to point-source dust generation.
During work conditions that create uniform airborne radioactive contamination, the use of area
samplers will provide sufficient estimates of worker exposure. To conduct area sampling, the
following techniques are used:
"* Make ready all sampler(s) as required with the proper filter for the contaminant of
concern. (Vista area samplers use 47 mm glass fiber). The Vista ORPO will decide the
number of area monitors to be used to accurately assess the airborne environment. This
may involve several monitors for an exterior remedial action activity or a single monitor
for a small interior room.
"* Place the area monitor at the sampling location, 3 feet above the ground or floor as
required. Start sampler and note flow rate and time started. Sample for the required
time. Area samples where the-data is to be used to assess exposure will be run only
during work activity. Other area samplers may be run for extended periods.
"* Area monitors will sample the air at a calibrated flow rate of not less than 2 liters per
minute, but will not exceed 13 liters per minute. Flow rates will be checked at least
once every hour during sampling.
*
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6.3.

Measurement of Radon-222 Daughters

2.Rn daughters is to establish
The purpose of this procedure for the measurement of .
sampling and
2
analysis techniques for determination of ..Rn daughters in air at Vista project work sites. This
procedure also describes how to compute Radon daughter concentrations.

This procedure is used to measure the concentration of .22Rn daughters in air. This "Modified
Kusnetz" procedure is used for airborne radon daughter determinations only. The presence of
radon and other airborne radionuclides should be determined by other sampling and analysis
methods.
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Applicable references are:
"* Holaday, D. A., Rushing, D. E., Coleman, R. D., Woolrich, P. F., Kusnetz, H. L., and
Bale, W. F., "Control of Radon Daughters in Uranium Mines and Calculations on
Biological Effects," U. S. Public Service Publication 494.
"* R. L. Rock, United States Department of the Interior, "Sampling Mine Atmospheres for
Potential Alpha Energy Due to the Presence of Radon Daughters," MSHA, Information
Report IR- 1015,.
"* NCRP Report No. 97, "Measurement of Radon and Radon Daughters in Air,".
The following sections delineate necessary supplies, description, specific sampling instructions,
specific Instructions for Attachment 33, "Radiological Survey Air Sampling Radon Daughters,"
and quality control.
6.4. Necessary Supplies

6.5.

*
*
*
*
*
*
o
*
"*

Low volume air sampling pump or lapel pump
25 mm or 37 mm filter holder
0.45 or 0.8 gm mixed cellulose ester filters
Ludlum Model 3 Survey Meter alpha particle counting system or equivalent
Tygon tubing, 3/16" inside diameter
Lapel sampler & bubble tube calibration kit
Kuznet Flow Calibration Kit or equivalent (RAS-1).
"Radiological Survey Air Sampling Radon Daughters," shown as Attachment 33

*

Glassine envelopes

*

(lipboatd and pen

"Radon Datuhiter Table Factor (hart." shown as Attachmenl 3t6 (Note: Attachiehnt 30
stppli)ed \\ ithiS (olCLIIlCIII %\illhe the IClerf1-CeCC used w hen pcý(fibiig Rdon1-222
DaLighier nliCaSnltrCe1Cnl caictilalions.)

Description

series)], Rn-220
In nature, there are three known isotopes2 of Radon (Rn): Rn-219 [2",Rn (Actinium
238U is the primary
[2°Rn (Thorium series)], and Rn-222 [.. Rn (Uranium series)]. For sites where
isotope of interest, tuRn concentrations in air will be measured. 22 Rn has a much longer half-life
(3.82 days) than either of the other Rn isotopes. In addition, 2 Rn's abundance in air is greater than
other radon isotopes, and therefore is of greatest interest for human exposures. The short-lived
(2
are highly
daughter products of 22 Rn, particularly Polonium-218 (218Po) and Po-214 C"Po),
energetic at particle emitters that provide a significant dose to lung tissue.
222

-Rn is an inert (noble) gas that decays to daughter products that are particulates. This allows for

the collection of the daughter products on filter media when filtering a known volume of air. By
counting the ox particle activity from the daughter products collected on the filter, exposure from
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daughters can be determined. Working Level (WL) is the common unit for expressing the

radon
daughter concentration. 1 WL equals 100 pCi/I activity at 100 percent equilibrium among
222Rn and its short-lived daughters. The occupational DAC for ...
Rn daughters equals 0.33 WL.
A 10- to 50-liter sample is collected to determine the WL for 222Rn daughters. The filter is counted
40 to 90 minutes after sampling to determine cc particle activity using an Ludlum Model 2929, or
equivalent. After counting, sample count rates in Counts Per Minute (CPM) are converted to
Disintegrations Per Minute (DPM) and the result is divided by the sample volume and the decay
factor. The table shown as Attachment 36 shows how to quantify concentrations in WL.
To perform a quick reference check for ...
Rn daughter activity, a one minute count of the filter can
be done after the filter has decayed for approximately 7.8 minutes. To calculate the WL for the
check, a table factor of 213 is used. These checks of this nature are used for informational purposes
only.
6.6.

Specific Sampling Instructions

The following are specific sampling instructions for Rn-222 daughters:
a) Assemble the RAS- 1 or lapel air sampler and calibrate with appropriate calibration kit
to determine flow rate in Liters Per minute (LPM). After calibration is completed
with the filter type to be used, 12 'Rn daughter samples can be collected from the
specified locations.
b) A 0.45 to 0.8 pIm mixed cellulose ester filter is used to collect the sample. The air
sampler flow rate will be 2 to 10 LPM.
c) Place sampler at sampling location and collect a 10 to 50 liter sample during a 5
minute sampling period. Because of the short half-life of Rn-222 daughters, a short
sampling time is required.
d) Record sample start and stop times on the form shown as "Radiological Survey Air
Sampling Radon Daughters," Attachment 33, and on a glassine envelope.
e) Remove sample from filter holder, and mark the side of the filter where sample is
collected. Place in glassine envelope with all pertinent sample data recorded on the
outside of the envelope.
f) Prior to counting the sample, allow it to decay at least 40 but no more than 90 minutes
from stop time.
g) After at least 40 minutes, place sample in ca particle counter and count for 5 minutes.
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Specific Instructions for Attachment 33, "Radiological Survey Air Sampling Radon
Daughters

The following example is used to illustrate the appropriate way to complete the form shown as
Attachment 33.
Example:
A 5-minute air sample is collected in Building X to determine the presence of .2.Rn daughter levels
in the building. The following information is used to calculate the Working Level (WL) for radon
daughters:
Sample volume = 50 liters
Sample start time = 09:05
Sample stop time = 09:10
Count start time = 09:45
Count stop time = 09:50
Gross sample counts = 455

Sample count time = 5 minutes
Background gross counts = 1

Background count time = 50 minutes
SAC-4 counting efficiency = 36 percent
RAS-1 flow rate = 10 1pm
Enter the sample location.

Enter the sample start and stop time. Enter the count start and stop time. Use
military time designations when entering data onto the form shown as Attachment
33.
Enter the total sample volume. For this example, 50 liters (10 liters/minute x 5
minutes).
Calculate the time elapsed (TAS) in minutes from the mean of the sample
collection time to the mean of the sample count time.
TAS equals Count time mean minus Sampling time mean
For this example:
Sampling time mean = 9:07.5
Count time mean = 9:47.5

TAS = 9:47.5 minus :907.5 = 40 minutes
Use the TAS to determine the decay factor (table factor) from the "Radon Daughter Table
Factor Chart," Attachment 36.
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For this example:
TAS = 40 minutes.
Sum of sample and count time = 10 minutes
To put the decay factor into a usable tabular form, the sum of sample and count time is
determined to extrapolate the decay factor. The sum is not part of or added to the TAS. For
this example, the decay factor equals 146.
The sample gross counts and count time is entered onto the form shown as Attachment 36.
The net sample CPM is calculated using the following equation:
Net Sample CPM = Sample Gross Counts - Background Gross Counts
Sample Count Time
Background Count Time
For this example:

-

The WL for 22Rn daughters is determined by using the following equation:
Wl. = (Nt Salpic (C\'

I(Efficiency1
I \Total

Simple \ olume) x ( lable Factor)]

For this example:
\V 1,I (9 1)

M(.3"0

5

~(14
)l:t

15

The center of the form shown as Attachment 33 pertains to the sample purpose. If the sample was
taken for a special purpose, this must be checked and followed by a brief explanation. If corrective
action(s) were taken, this must be checked and followed by an explanation of what action was
taken.
On the bottom of the form shown as Attachment 36, instrument data pertaining to the cc particle
counting system along with the air sampling pump must be entered.
6.8.

Quality Control

"* Perform a Duplicate count for each set of samples collected. The Duplicate count must
be performed before the end of the 90-minute time limit.

"* The Duplicate count will be recorded on the form shown as Attachment 33 with the
original measurements and identified as a (D).
Procedure 16-Air Radiological Sampling
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7. PASSIVE MEASUREMENT OF RADON-220 AND RADON-222 IN AMBIENT AIR
USING ACTIVATED CHARCOAL CANISTERS
Radon measurements may be made to determine radon concentrations emanating from the soil
(referred to as "flux") as well as in ambient air. The procedure describes the method used to
determine radon ( 222Rn and 220Rn) and the associated daughter product concentrations in ambient air
using activated charcoal canisters Environmental Protection Agency (EPA model) for occupational
and environmental monitoring requirements at Vista project work sites.
This procedure establishes an inexpensive screening method for the presence of radon gas. If
elevated radon concentrations are detected by this method, follow-up measurements should be
conducted for verification purposes.
Applicable references are:

"* EPA, "Interim Protocols for Screening and Follow-up Radon and Radon Decay
Products Measurements," EPA-520/1-86-014; and
"* EPA, "Standard Operating Procedures for Rn-222 Measurement Using Charcoal
Canisters," EPA-520/5-87-005.
The following sections delineate necessary supplies, introduction, pre-deployment considerations,
and procedures.
7.1.

Necessary Supplies
*

Charcoal canister, EPA model
"* "Field Sample Collection Form," shown as Attachment 29
* "Radiological Survey Air Sampling Radon Daughters," shown as Attachment 33.
* Clipboard and pen. Map of moitored area,Grimarkers, and Hot Spot Flags.
7.2.

Introduction

A charcoal canister isa passive device requiring no power to function. The canister is filled with a
measured amount of activated charcoal (approximately 75 grams). The top of the canister is fitted
with a wire mesh screen that holds the charcoal in place and allows radon gas to diffused into it.
Whenever the canister is not in use, it is covered with an air-tight lid and sealed with adhesive tape.
Canisters are affixed with identification labels in accordance with "Radon Canister Identification
Label," shown as Attachment 37, assigned laboratory numbers (Radon Canister No.), weighed,
checked to indicate type of measurement (air or flux), and dated before shipping from the vendor.
7.3.

Pre-Deployment Considerations

Any structure/house that requires sampling for radon should be closed 72 hours prior to the start of
sampling and during the sampling period as much as practical. External doors and windows of the
structure should be kept closed during this period although this is not meant to preclude normal
Procedure 16-Air Radiological Sampling
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structure should be kept closed during this period although this is not meant to preclude normal
entry into and exit from the structure. If possible, ventilation systems or heating systems that mix
indoor and outdoor air should not be used 12 hours prior to sampling and during the sampling
period (fireplaces, dryers, range hoods, attic exhausts, bathroom exhausts).
Closed conditions are necessary to equilibrate radon and it's daughter product concentrations, and to
facilitate reproducibility of the measurement. Measurements made under these conditions are
generally higher than the average concentrations to which occupants are exposed. It is assumed
that the main source of radon in a house/structure is from the underlying soil, therefore screening
measurements should be made in the lowest level of the structure normally occupied.
Canisters should be placed at least 1 meter above floor level, and at least 10 cm (approximately 4
inches) from other objects. Canisters should not be placed in direct sunlight, or near drafts caused
by either heating, ventilation or air conditioning systems. Because barometric pressure changes can
influence results, measurements should not be taken if severe storms or high winds are predicted or
have occurred in the previous 12 hours.
7.4.

Procedures
a)

b)

c)

d)
e)
f)
g)

h)

Record all appropriate information on the canister identification label including
the site name or client name, address, sample location, start date, and start time
immediately prior to starting the sampling period. Laboratory information will be
completed prior to the canister being shipped for analysis.
Remove adhesive tape and canister lid. This will allow air and any radon gas (and
daughter products) present in the air to diffuse into the canister where it will be
absorbed by the activated charcoal.
Place the canister, screen-side up, in the desired sampling location as outlined in
this section, "Passive Measurements of Radon-220 and Radon-222 In Ambient
Air Using Activated Charcoal Canisters," one meter above floor/ground surfaces
and approximately 10 cm away from objects.
Leave canister in place and undisturbed for 3 days (approximately 72 hours).
At the end of the sampling period, remove canister, replace the lid, and seal with
adhesive tape to trap radon and daughter products.
Record stop date and time on the canister identification label.
Complete the "Radiological Survey Air Sampling Radon Daughters," shown as
Attachment 33. Specific instructions for completing this form and following the
proper chain-of-custody requirements are contained in Procedure 22 "Quality
Assurance."
Package and ship the canister(s) for analysis along with the "Field Sample
Collection Form," shown as Attachment 29, to the vendor within 24 hours of
sample completion. Note: The original Field Sample Collection Form must
accompany the canisters in each shipping container.
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7.5

Precautions and Limitations
"* Avoid unnecessary contamination of survey instruments through the use of
plastic coverings and care in handling. Do not cover the air inrt&kes or exhausts
on air samplers.
"* Avoid unnecessary exposure when conducting air monitoring s1Upy&
utilizing good ALARA practices.
* Air samplers will be operated in accordance with Procedure 12 "Operation and
Calibration of Instruments."
"* Air samplers used in confined spaces may ignite explosive gases. Extreme care
will be exercised including prior sampling of the atmosphere for explosive gas
and 02 content.
"* Air samples should not be taken in such a manner as to contaminate the sample
filter with materials which are not airborne or by sucking up loose contamination
from surfaces near the sampling head. Caution should be used to minimize
producing airborne material by the exhaust of the sampler.
"* The instrument used to screen air samples will be designated by the Vista
ORPO.

7.6

Air Sample Packaging Considerations.
"* Particulate filters of different air samples should be placed in a separate
envelope, poly bag, or other suitable container to ensure no possibility of cross
contamination.
"* Charcoal cartridges and the upstream particulate filter should be placed in a clear
poly bag or equivalent.
"* Tritium bubblers should be placed in a clear poly bag or equivalent, and other
tritium sampling items placed in another bag.
"* Radiogas sample chambers should be placed in a clear poly bag or equivalent.
"* During collection and handling of air samples, caution must be used to prevent
the samples from being contaminated by other sources of radioactive material.
"* Notify the Vista ORPO of any unusual airborne radiological conditions
identified, such as dust, smoke or chemicals.

7.7
Survey Documentation
Obtain necessary air sample filter(s) and any other material required to provide the
necessary sample data. The following data is normally required for each air sample:
"*
"*
"*
"*
"*
"*
"*
"*

Type of sample: General Area (GA) or Breathing Zone (BZ);
Purpose of sample, e.g., routine or non-routine, and special if non-routine;
A brief description of the task being performed;
Radiation Work Permit (RWP) number the sample was obtained for;
Sample location;
Sampler model and serial or ID number;
Sample start date and time;
Sample start flow rate;
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*
*
*

Sample stop date and time;
Sample stop flow rate and vacuum, if applicable;
Sample average flow rate, as Cubic Feet per Minute (CFM) or Liters Per Minute
(LPM);
* Total sampling time as days, hours, or minutes as appropriate;
* Any specific sample analysis required (e.g., a or y isotopic);
* If samples are collected in a sub- atmospheric area, the pressure in pounds per square
inch; and
* The name(s) of the individual(s) starting and stopping the sample.
8. CALCULATION OF RADON DAUGHTER PRODUCT ACTIVITY
8.1. Scope
This section provides guidelines for the determination of radon daughters in air.
8.2.

Purpose

The purpose of this procedure is to maintain sampling and analysis techniques for determination
of radon daughters in air. This procedure also describes the calculation and documentation of
radon daughter measurements.
8.3.

References
*
*
*
*
*
*
*

10 CFR 20, "Standards for Protection Against Radiation,".
Procedure 18 '"Site Access Control and Radiation Work Pennits";
NUREG 0041, "Manual of Respiratory Protection Against Airborne Radioactive
Materials;"
ANSI N13.1, "Guide to Sampling Airborne Radioactive Materials in Nuclear
Facilities;"
NRC Regulatory Guide 8.25, "Air Sampling in the Workplace,"
Procedure 12 "Operation and Calibration of Instruments;" and
Procedure 16 "Air Radiological Sampling."

8.4. Precautions and Limitations
*

*
*
*

Avoid unnecessary contamination of survey instruments through the use of plastic
coverings and care in handling. Do not cover the air intakes or exhausts on air
samplers.
Avoid unnecessary exposure when conducting air monitoring surveys by using good
ALARA practices.
Air samplers shall be operated in accordance with their operation and calibration
procedures presented in Procedure 12 "Operation and Calibration of Instruments."
Air samplers used in confined spaces may ignite explosive gases. Extreme care shall
be exercised including prior sampling of the atmosphere for explosive gas.
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"* Samples should not be taken in such a manner as to contaminate the sample filter with
materials which are not airborne or by sucking up loose contamination from surfaces
near the sampling head. Caution should be used to minimize producing airborne
material by the exhaust of the sampler.
"* The instrument used to screen air samples shall be designated by the Vista ORPO.
8.5.
8.5.1.

Description
Radon 222 Daughters

In nature, there are three known isotopes of Radon that are Rn-219 (Actinium series), Rn-220
(Thorium series), and Rn-222 (Uranium series). For sites where U-238 is the primary isotope of
interest, Rn-222 concentrations in air will be measured. Rn-222 has a much longer half-life (3.82
days) than either of the other Radon isotopes. In addition, Rn-222 abundance in air is greater, and
therefore is of greatest interest for human exposures. The short lived daughter products of Rn-222,
particularly Po-218 and Po-214, are highly energetic alpha emitters that are of great concern for
dose to lung tissue.
Rn-222 is an inert (noble) gas that decays to daughter products that are particulates. This allows for
collection of these daughter products on filter media when filtering a known volume of air. By
counting the alpha activity from the daughter products collected on the filter, exposure from Rn
222 can be determined. Working Level (WL) is the common unit for expressing the Radon
daughter exposure rate. 1WL=100 pCi/L activity at 100% equilibrium. The hourly Derived Air
Concentration (DAC) for Rn-222 daughters = 0.33 WL.
A 10 to 50 liter (0.35 to 1.77 ft3 ) or greater sample is collected to determine the WL for Rn-222
daughters. The filter paper is counted 40 to 90 minutes after sampling to determine alpha
activity. After counting, sample Counts Per Minute &(MPM) and the result is divided by the
sample volume and the decay (see table factor chart) to quantify concentrations in WL.
To perform a quick reference check for Rn-222 daughters activity, a one minute count of the filter
can be done after the filter has decayed for approximately 7.8 minutes. To calculate the WL for this
check, a table factor of 213 is used. Checks of this nature are used for informational purposes only.
8.5.2. Radon 220 Daughters
Thoron (Rn-220) daughter samples are collected by filtering a known volume of air where the
presence of Rn-220 daughters are suspected. Concentrations can be determined by the alpha
activity measured on these filtered samples. A high volume (50 liter, 1.77 ft3 ) or greater sample
is analyzed for these determinations. Unlike Rn-222 daughters, buildup and decay of collected
thoron daughters do not present a problem during a total sampling time up to one hour. This is
due to the 10.6 hour half-life of Pb-212. After sampling, the filtered sample is analyzed for Rn
222 daughters if needed, and left to decay for at least 5 hours. This time allows the Rn-222
daughters to decay, and the Rn-220 daughters (Bi-212) to grow into transient equilibrium with
Pb-212 so that the combined alpha counts may be directly correlated. After counting the sample,
Procedure 16-Air Radiological Sampling
Note: For the purposes of this document, Ionizing Radiation includes certain types of Non-Ionizing Radiation

01/13/99

Page 26

CPM on the filter paper are converted into Disintegrations Per Minute (DPM), and applying the
time factor and sample volume converts the results to "Working Levels" (WL).
8.6.

Procedure
*
*
*

0

8.7.

Collect a 50 liter (1.77 ft3 ) or greater volume air sample in accordance with Section
6.6 of this procedure.
Analyze the *airsample in accordance with this Procedure.
Allow the sample to decay 40-90 minutes for Radon 222 daughters or a minimum of
5 hours for Radon 220 daughters. Then count the sample using a Ludlum Model
2929 Dual Channel Scalar (or equivalent) for 5 minutes.
Complete Attachments 33 or 34. Use Attachment 36 if Radon 222 daughters are of
interest. Use Attachment 34 if Radon 220 daughters are of interest. Determine the
appropriate factor based on the decay time of the sample and error in the space
provided on Attachments 33 or 34.

Records

The following records will be generated and retained in the permanent project file as a result of
using this procedure:
Attachment 33, Radiological Survey Air Sampling Radon Daughters
Attachment 34, Radiological Air Sampling Thoron Daughters.
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Attachment 29
FIELD SAMPLE COLLECTION FORM
SITE ACTIVITY SAMPLES
Site No.
Sample i.D. No.
Sample Grid Point

Sample Type (1)
SS -Surface Soil
BS - Bias Soil
PS - Profile Soil
SD - Sediment Silt
OR - Other
VE - Vegetation
GW - Ground Water
SW - Surface Water

Site Name:
Sample Sample
Type
Time
(1)

Purpose (2)
RC - Rad Character
VR - Verification
QC - Quality Control
HS - Hot Spot
RS - Resample
BG - Background
RT - Routine
SP - Special

Date of
Sample

Activity Support (Job) No.:
Preservative
Purpose
(2)

Depth
cm [ ]
ft

Samplers:
Required
Analysis

CHAIN OF CUSTODY
REASON

RELNQ BY

REC'D BY

Remarks
PERFORM SAMPLE
SCAN

Recorded By:
DATE

TIME

Date/Time:
No. of sample in bo

•r

Total No. of samples 6n,
shipment:

_

_

Note: Scan Samples Prior to Release

"This package conforms to the conditions and
limitations specified in 49 CFR 173.421 for
*exceptedradioactive material, limited quantity,
n..a., UN 2910"

Total No. of boxes in i
shipment:

_

Attachment 31

AIRBORNE CONTAMINATION EXPOSURE
AREA SAMPLING AVERAGES CALCULATION
DATA SHEET FORM

Site Name:

Sampling Area:

Completed By:

QC By:

Date:
Contaminant:

TWA Activity = __

Analytical Techniques:

pCi/ml ___pCi/i _

Working Levels (WL)
MPC =

Results for the month of
Sample

Sample Identification and

Date

Physical Form

Sample Results

Sample Area Average (1x2x3x4)
% MPC

Sample Area Averages

Type: L =Lapel Sample

A

=

Area Sample

(1) = Daily

(2) = Weekly

Exposure calculated from these averages

(3) = Monthly

(4) = Quarterly

Note: Transmit a copy of the form with all (lx2x3x4)

Attachment 32

AIR PARTICULATE SAMPLE REPORTING LOG FORM

Sample Count Time =

Site:

Background Count Time =
Serial No.:

Detector Used
apl
Stp
tat
at
SAMPLE
DESCRIPTION
ime
ocaionPeron
Date Start Stop Sample
Time

Sapl

Sample
Location/Person

Recorded By:
Date:
Checked By:
Date:

aml

lo

Rat

Voume

Flow
Rate

Sample
Volume

Dtco
Sape
COUNTING DATAinc
DATA
cOUNTINGm

Bk

Bkg
cpm

Sample
cpm

Remarks:

Detector
Efficiency

1

ciiy

Activity
itCi/ml

Sadr
eSULtSo
RC/m
RESULTS

Standard
Deviation

D

MDA

LOCATION:
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SURVEYOR:

ANALYSIS
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Star

Stop
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--
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40
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LOCATION:___________
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Attachment 36
RADON DAUGHTER TABLE FACTOR CHART
Decay
Time
(Min.)

4

5

6

7

8

10

20

40

60

40

151

151

150

149

148

146

136

117

99

45

142

141

140

139

138

136

126

107

91

50

132

131

130

129

128

126

117

99

83

55

122

121

120

119

118

116

107

90

75

60

113

112

111

110

109

107

98

82

68

65

103

102

101

101

100

98

89

74

62

70

94

94

93

92

91

89

81

67

56

75

86

85

84

84

83

81

74

61

50

80

78

77

77

76

75

74

67

55

45

85

71

70

69

39

68

67

60

49

41

90

64

63

63

62

61

60

54

44

36

Sum of Sampling & Counting Time (Min.)

Attachment 37

RADON CANISTER IDENTIFICATION LABEL

Radon Canister Number

Client Name

Address

City, State, Zip Code

Sample Location

Start Date

Start Time

Stop Date

Stop Time
grams

grams
Weight In

Weight Out

Rn Flux

Rn Air

Date Baked

