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1.0 Purpose 

1.1 This procedure provides instructions to Facilities Support (FS) personnel for determining when occupationally exposed workers shall be placed on a bioassay-monitoring program.

2.0 Responsibilities

2.1 Workers that are part of the Bioassay monitoring program are responsible for the following:

2.1.1 Submitting the required bioassay sample, as requested

2.1.2 Participating in the whole body counting program, as required

2.2 Line management is responsible for:

2.2.1 Verifying that their workers are informed about, and comply with the bioassay program requirements, as stated in this procedure and the Radiological Work Permit procedure

2.2.2 Providing the staff of the Radiological Control Division with sufficient information regarding the proposed work to make adequate determinations on bioassay requirements

2.2.3 Notifying the appropriate FS Representative / Personnel Monitoring group when a worker will be:

2.2.3.1 Initially starting work with radioactive material that requires a Base Line Bioassay monitoring evaluation.

2.2.3.2 Starting work under an RWP that requires the worker to be in the Bioassay monitoring program

2.2.3.3 No longer performing tasks which requires inclusion in the routine Bioassay monitoring program

2.2.3.4 No longer working under an RWP that requires RWP specific Bioassay monitoring.

2.2.3.5 Terminating employment to schedule a termination bioassay, as necessary.

2.3 The FS Representative (or designee) is responsible for determining the need for bioassay monitoring for individuals working on a Radiation Work Permit (RWP), and for including this as a requirement in the RWP.

2.4 The Personnel Monitoring (PM) Group is responsible to perform:

2.4.1 Whole Body Counts (WBC)

2.4.2 Scheduling of WBCs with the participants

2.4.3 Review of bioassay results

2.4.4 Assignment of dose of record for measurable intakes of radionuclides

2.4.5 Assignment of bioassay frequency for personnel participating in BNL’s bioassay monitoring based on the Technical Basis for the BNL Internal Dosimentry Program (Reference 8.1) 

2.4.6 Reporting of the bioassay positive dose assessment information to FS staff and line management.

3.0 Definitions

3.1 Airborne Radioactivity Area: - Any area accessible to individuals where the concentration of airborne radioactivity, above natural background, exceeds or is likely to exceed Derived Air Concentrations (DAC) values in Appendix A or C of 10CFR 835 or an individual present in the area without respiratory protection could receive an intake of 12 DAC-hours in a week. (Reference 8.2)

3.2 Annual Limit On Intake (ALI): - The derived limit for the amount of radioactive material taken into the body of an adult worker by inhalation or ingestion in a year. ALI is the smaller value of intake of a given radionuclide in a year by reference man that would result in a Committed Effective Dose Equivalent of 5 rem or a Committed Dose Equivalent of 50 rem to any individual organ or tissue.

3.3 Baseline Bioassay: - Measurement prior to beginning initial work with radioactive material

3.4 Bioassay: - The determination of kinds, quantities, or concentrations of radioactive material in the human body, whether by direct measurement or by analysis, and evaluation of radioactive materials excreted or removed from the human body.

3.5 Committed Dose Equivalent (CDE): - The Dose Equivalent calculated to be received by a tissue or organ over a 50-year period after the intake of a radionuclide into the body. It does not include contributions from radiation sources external to the body. Committed Dose Equivalent is expressed in units of rem or Sievert (1 rem=0.01 sievert).

3.6 Committed Effective Dose Equivalent (CEDE): - The sum of the Committed Dose Equivalents (CDE) multiplied by an appropriate weighting factor.

3.7 Derived Air Concentration (DAC): - The airborne concentration of any radionuclide that equals its Annual Limit on Intake (ALI) divided by the volume of air breathed by an average worker for a working year of 2000 hours (assuming a breathing volume of 2400 m3). For radionuclides listed in Appendix C of 10 CFR 835, (Reference 8.2) the air immersion DACs were calculated for a continuous, nonshielded exposure via immersion in a semi-infinite atmospheric cloud.

3.8 Dose Equivalent: - The product of the absorbed dose (in rad or Gray) in tissue, a quality factor, and all other modifying factors.  Dose Equivalent is expressed in units of rem or Sievert.

3.9 End-Of-Assignment Bioassay: - A bioassay measurement documents the retention of radioactive materials in the body due to occupational exposure upon cessation of potential exposure for a specific project or assignment.

3.10 Participation In A Bioassay Program: - A baseline, end-of-assignment and/or termination measurement is performed for a worker. 

3.11 Pre-Assignment Bioassay: - A bioassay measurement documents the amount of radioactive materials in the body prior to potential exposure for a specific project or assignment.

3.12 Routine Bioassay: - A bioassay measurement made on a predetermined, periodic schedule to establish a worker’s internal exposure status relative to previous periods of time.

3.13 Special Bioassay: - Bioassay for cause or for confirmatory monitoring as directed by the Radiological Control Department (RCD) personnel.

3.14 Termination Bioassay: - Bioassay measurements that document the retention of radioactive materials in the body due to occupational exposure either upon termination of employment or upon cessation of potential exposure to specific nuclides.

3.15 Total Effective Dose Equivalent (TEDE): - The sum of the external (Dose Equivalent) and internal doses (Committed Effective Dose Equivalent).

4.0 Prerequisites

4.1 A full assessment of the radiological conditions in the workplace is documented prior to determining the need for bioassay monitoring.

4.2 Workers who are being added to, or reassigned, to the bioassay program shall have a baseline bioassay measurement prior to commencing work with radioactive material.

4.3 Workers who have been directed to have a pre-assignment bioassay shall have the bioassay prior to commencing work with radioactive material associated with the assignment.   An example of the Personnel Monitoring Form may be found in (Attachment 9.5).

4.4 The FS Representative and the Facility Operator / Principle Investigator shall determine the radionuclides that maybe inhaled, ingested or adsorbed through the skin by personnel working in the area.

5.0 Precautions

5.1 Persons who have been potentially internally exposed may also have been externally contaminated.  Assure that the person does not have skin contamination prior to making bioassay measurements.

6.0 Procedure

6.1 Facility Support staff shall identify workers for inclusion in BNL’s routine Bioassay Monitoring Program if any of the following apply:

6.1.1 An individual is likely to receive a 40 DAC-hour exposure in one year from either a single work assignment or multiple work assignments.

6.1.2 An individual is likely to receive 100 mrem or more Committed Effective Dose Equivalent, and/or 1 rem or more Committed Dose Equivalent (CDE) to any organ or tissue, from all occupational radionuclide intakes in a year.

6.1.3 Declared pregnant workers likely to receive an intake resulting in a dose equivalent to the embryo/fetus in excess of 50 mrem.

6.1.4 Minors and members of the public who are likely to receive, in one year, an intake resulting in a CEDE in excess of 25 mrem.

6.1.5 An individual who is likely to work in an area that exceeds the trigger levels in (Attachment 9.1), “Bioassay Monitoring Trigger Levels” and (Attachment 9.2), “Trigger Level Calculation Form

NOTE: 
(Attachment 9.1 & 9.2) are to be used if a current and approved Technical Basis Document (TBD), for the determination of the bioassay requirements for a potential job or facility, does not exist

6.1.6 An individual who is likely to work in an area that exceeds the trigger levels in (Attachment 9.3)  “Bioassay Monitoring Trigger Levels for Work with Contaminated Soils”.

6.1.7 An individual wears a respirator for protection against the inhalation of radioactive material.

6.1.8 An individual is qualified to make routine entrance (normal work requires the individual to be Radiological Worker –300 trained) into Contamination, High Contamination or Airborne Radiation Areas.

6.2 Facility Support staff shall identify to line management and Personnel Monitoring workers for inclusion in BNL’s special Bioassay Monitoring Program if any of the conditions found in (Attachment 9.4) exist.

6.3 Facilities support staff shall indicate the requirement for participation in the bioassay program on the applicable RWP and on the Bioassay Form.  An example of the Personnel Monitoring Form may be found in (Attachment 9.5).

6.4 Line management shall notify FS staff / Personnel Monitoring in writing or E-mail of all individuals who have been identified for inclusion in the BNL Bioassay Monitoring Program.

6.5 At the conclusion of the RWP’s requiring bioassay monitoring the FS Representative or designee shall review the RWP sign in sheets for individuals that will require an “end-of-assignment” bioassay and notify PM in writing or E-mail.

6.6 Annually the FS Representative or designee, with line management, shall review the list of individuals included in the routine bioassay-monitoring program.  Update the list and notify PM in writing or E-mail of any additions or deletions.

NOTE:
All individuals who are deleted from the list will require an “end-of-assignment” or “Termination” bioassay.

6.7 If a person has concluded the work assignment, which qualified them for the Bioassay Monitoring Program, the line management shall notify the FS Representative, or designee, who shall, when made aware, notify P M that an “end-of-assignment” bioassay measurement needs to be obtained 

6.8 If a person will be ending employment at BNL and their work qualified them for the Bioassay Monitoring Program, line management shall notify the FS Representative or designee, who shall, when made aware, notify PM that a “termination” bioassay measurement needs to be obtained.

6.9 Personnel Monitoring reviews results of bioassay monitoring for dose assessment.  Following review, positive per-job and all post- job dose assessment information is forwarded to the appropriate FS Representative. 

6.10 If bioassay-monitoring results indicate an internal exposure greater than 100 mrem or greater than the Action Level for the radionuclide of interest, PM initiates an Internal Dosimetry Investigation in accordance with (Reference 8.3) 
6.11 Documentation
6.11.1 Radiation Work Permits

Correspondence with Personnel Monitoring identifying participants in the BNL Bioassay Monitoring Program.

6.11.2 Implementation And Training

7.1 Read and Sign

8.0 References

8.1 Technical Basis for the BNL Internal Dosimetry Program 

8.2 10-CFR-835 Appendix A and Appendix C

8.3 PM-SOP-17

9.0 Attachments
9.1 Bioassay Monitoring Trigger Levels
9.2 Trigger Level Calculation Form
9.3 Bioassay Monitoring Trigger Levels for Work with Contaminated Soils
9.4 Contamination/Airborne Levels for Special Bioassay Monitoring
9.5 Example of Personnel Monitoring Bioassay Form.
Attachment 9.1

Bioassay Monitoring Trigger Levels

At BNL, workers with the potential to incur intakes of radioactivity that will result in a CEDE in excess of 100 millirem are required to participate in the internal dosimetry program.  This requirement is necessary in order to demonstrate compliance with 10 CFR 835.402(c)

The decision to include an individual in the internal dosimetry program is based upon a number of drivers.  These include the amount and type (i.e., loose, contained) of radioactivity being used in the work place on an annual basis, the radiological character of the work place as determined from work place monitoring (i.e., air and contamination), and the type of tasks to be performed.  The following are brief descriptions of each of these drivers, along with the applicable criteria to be used.

This process is not applicable to radionuclides whose primary hazard is through submersion and the applicable DAC is the result of a cloud such as Ar-41.  Corrections to the infinite cloud submersion DAC for finite cloud exposure can be obtained from Health Physics Technical Support (HPTS).

Quantity and Type of Material in the Process

Work with radioactive materials puts a worker at risk of intake.  Therefore, during job pre-planning, the magnitude of radioactivity, and its type / form is useful in determining the need for internal radiation monitoring.  An evaluation of this sort is also useful if there is insufficient workplace surveillance demonstrating that releases of radioactivity have not occurred.

In order to determine the need for monitoring, a graded approach is used, based upon the methodology described in NUREG-1400.
,
  

The following is the basic equation from NUREG-1400:
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Where 
Amax (uCi) = the maximum working activity (above which monitoring is required)

k =  an established fraction of the applicable dose limit

ALIS (uCi) = the stochastic Annual Limit on Intake for the radionuclide in question (generally the inhalation ALI is used)

fp = potential intake fraction.

In title 10 CFR 835.402(c), monitoring is required if the dose potential is 100 millirem, which is equivalent to a “k” value of 0.02.  Values of ALI are selected from Table 1 of Federal Guidance Report No. 11.

The potential intake fraction, fp, is determined as follows:
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Where
10-3 = a dimensionless factor,
 

R = a release factor

C = a confinement factor

D = a dispersibility factor

O = an occupancy factor.

Its physical and chemical form determines a value of R, the fraction of material potentially releasable.  The following NUREG-1400-based guidance values are deemed applicable for BNL:

· 1.0 for gases and strongly volatile liquids

· 0.1 for nonvolatile powders and somewhat volatile liquids

· 0.01 for liquids

· 0.01 for general (large) area contamination

· 0.001 for solids, spotty contamination, and material trapped on large particles (e.g., resins)

Values of C, which provide for the differences in the effectiveness of confinement barriers between the material and the worker, assume that normal radiation safety controls are in place and that the confinement is indeed appropriate for the physical nature of the material.  The following guidance values are deemed applicable:

· 0.01 for glove boxes and hot cells

· 0.1 for enhanced fume hoods (i.e., enclosed fume hoods with open ports for arms).

· 1.0 for fume hoods, bagged material in DOT drums or steel boxes

· 10 for bagged or wrapped contaminated material, bagged material in wooden or cardboard boxes, and greenhouses

· 100 for open bench-top or surface contamination in a room with normal ventilation.

Values of D, which adjusts the potential intake fraction for situations where dispersibility is enhanced, are:

· 10 for actions that add energy to the material in a manner that increases the risk of dispersibility (i.e., heating, cutting, grinding, milling, welding, pressurizing, or exothermic chemical reactions); or

· 1 for all other actions.

Values of O, which account for the worker contact time with the source or radioactivity, are selected from the following:

· 1 for annual or essentially one time per year contact

· 10 for monthly or a few times per year contact

· 50 for weekly, tens of times per year, or tens of days for a one-time project contact

· 250 for essentially daily contact.

In cases where multiple radionuclides are in use in the workplace, monitoring is required if the following unity rule holds true:
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Where n = the radionuclide in question.

NOTE:
When evaluating multiple radionuclides the investigator should make a package containing the individual sheets for each radionuclide, a cover sheet showing the summing of the multiple radionuclides and the results.

Example 1: There is a proposed benchtop experiment using I-131 in liquid form, which is known to be volatile.  The process may add energy to the system that may increase dispersibility of the material.  The frequency of the experiment is about once per month but if it goes well it might be changed to weekly for a month or so to complete data taking.  The factors used in the calculation would be as follows: ALI=50 uCi, k= 0.02, C= 100, R= 1, D= 10, O= 50.  The resulting annual limiting value above which bioassay is required would be 0.02 uCi.  Note that if the experiment wee moved into a hood the value would increase to 2 uCi.

Example 2: There is a proposed benchtop experiment using P-32 in liquid form, which is known to be non-volatile.  The process will not add energy to the system that may increase dispersibility of the material.  The frequency of the experiment is about weekly.  The factors used in the calculation would be as follows: ALI= 400 uCi, k= 0.02, C= 100, R= 0.01, D= 1, O= 50.  The resulting annual limiting value above which bioassay is required would be 160 uCi.  Note that this is for free elemental P-32; calculations for organically bound P-32 may be requested of personnel monitoring.

Example 3: A researcher will be labeling organic materials with Am-241.  The experiment will utilize the radionuclide in an acid solution.  The work will be performed in a hood at room temperature.  The experiment is expected to be performed several times through out the year, but no more than 6 or 7 times.  The factors used in the calculation would be as follows:


ALI= 6E-3 uCi, k= 0.02, C= 1, R= 0.01, D= 1, O= 10.  The resulting annual limiting value above which bioassay is required would be 1.2 uCi.

Attachment 9.2

Trigger Levels Calculation Form

	Project Description:



	Radionuclide:


	Most Restrictive Inhalation ALI (uCi):
	Class (D - W - Y) used:

	
	Description:
	Value:

	Release Factor (R):


	
	

	Confinement Barrier Factor (C):


	
	

	Enhanced Dispersibility Factor: (D):


	
	

	Frequency of exposure Factor (O):


	
	

	Trigger value for bioassay program requirement (uCi):

	Prepared by (FS):
	
	Date:

	Reviewed by (HPTS or PM):
	
	Date:


HP3120 and PM6420  FS-SOP-4025 Rev. 0

Attachment 9.3

Bioassay Monitoring Trigger Levels for Work with Contaminated Soil

Criteria for bioassay monitoring trigger levels for work involving exposure to contaminated soil are established for two scenarios. "Acute" implies normally not exposed to contamination but the potential exists for a single, heavy exposure. "Chronic" implies frequent exposure to less dusty conditions. Bioassay would be required if either scenario applies to a worker.

	PRIVATE
Nuclide, Form(a)
	Soil Concentration (pCi/g)(b)

	
	Acute(c)
	Chronic(d)

	Uranium - Total(e):

Class D or W

Class Y 
	40,000

3,000 
	1,200

90

	Plutonium - alpha Class W 
	400 
	12

	232Th Class W 
	60 
	2

	228Th Class W 
	600 
	20

	90Sr Class D 
	1,000,000 
	30,000

	137137 Class D 
	20,000,000 
	600,000

	60Co Class Y 
	2,000,000 
	60,000

	Tritium in groundwater 
	5.0 uCi/L 
	0.2 uCi/L


(a) For other nuclides or chemical forms, consult with the BNL Bioassay Coordinator or Technical Support Services - Internal Dosimetry for guidance.

(b) Units apply to uniform concentrations representative of the soil being disturbed and not to small, spotty contamination.

(c) Assumes a 360 mg inhalation intake of dust in a single exposure.

(d) Assumes a 48-mg/day inhalation intake for 250 working days per year.

Attachment 9.4

Contamination / Airborne Levels for Special Bioassay Monitoring

<SBMS StdExhibit>
	PRIVATE
Indicator
	Alpha Emitters
	Beta or Beta-Gamma Emitters

	

	Contamination:

	

	Nasal or mouth smears
	Detectable activity
	Detectable activity

	

	Any Facial contamination

(Direct measurement)
	Detectable activity
	Detectable activity

	

	Contamination inside respirator
	Detectable activity inside respirator after use

	

	Skin breaks or blood smears
	Any skin break while handling alpha-emitters other than sealed sources 
	Any detectable activity around or on skin break, or detectable activity on blood smear

	

	Airborne radioactivity:
	Intake equivalent to 40 derived-air concentration-hours 

	


ATTACHMENT 9.5

Example of Personnel Monitoring Bioassay Form Personnel Monitoring Bioassay Form
BNL Radiological Control Division 

Personnel Monitoring Group

Building 490     

Email: michel@bnl.gov       
 Phone: 631-344-6306
  
  Fax: 631-344-3234


Employee Name (Last, First)









Social Security Number:



         Life / Guest #: 



Department:          
   
    Facility: _

 __
Sex: Male  / Female
     
Height:


Weight:


Date of Birth:


Purpose of Radio bioassay: 


Worker Class:

· Baseline 




(Manager

· Termination




(Technician

· Routine




(Health Physics

· Pre-assignment



(Engineer

· End of assignment



(Trade

· Special:   




(Other:




	RWP #
	Charge back Project #
	Charge back Activity #
	Bioassay Type

WBC or URINE
	Radionuclides of Concern

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	


FS Concurrence Signature:





Date: 



PM Concurrence Signature:





Date: 



	

	I have read and understand the instructions, requirements and provisions listed on the following “Bioassay Instructions to Worker” “RCD Whole Body Count Information” and Privacy Act Notification sheet and agree to abide by them

	Signature:
	
	
	Date:
	
	

	
	
	
	
	
	


BIOASSAY INSTRUCTIONS TO WORKER

1) In order to complete your bioassay requirements it may be necessary for you to provide a 24-hour urine specimen.  If so directed, contact Personnel Monitoring group at bldg 535a (x6306) to obtain sample bottles. 

2) Each requestor will collect a bioassay sample for 24 hours, noting the start/stop date and time on the labels provided.  Each person submitting a sample will collect all volume excreted over a 24 hour period.

3) The person submitting the sample will then close each bottle tightly and ensure that all pertinent information is filled out on the label for each bottle.  This information includes: Name, Life/guest number, Facility, RWP #, and start/stop date & time.

4) The sample bottles will then be delivered to PM staff and MUST NOT be left unattended.

5) PM Staff will take all sample bottles and fill out the chain of custody for off site sample analysis.  PM will also fill out the analyses requested based on FS recommendations.

6) Each person submitting a sample will have their name, life/guest number, submission date, facility and requested analyses put in the bioassay database, accessible on the RCD web page.

PRIVACY ACT NOTIFICATION

The Federal Privacy Act of 1974 requires that the following notification be provided to employees of Brookhaven National Laboratory (BNL) and to federal employees who are asked to supply personal information, including their social security numbers.

This information is collected under authorization of Brookhaven Science Associates Incorporated contract with the U.S. Department of Energy (DOE) for the operation of BNL.  The information is used routinely by the Personnel Monitoring Group and other members of the Radiological Control Division in the performance of their radiation protection responsibilities.  It is routinely reported to the DOE.  It may also be disclosed to third parties as described in DOE Order 1800.1A, Privacy Act.  Furnishing the requested information is voluntary, but it is needed to identify your record.

You have the right to review your own records in accordance with BNL policy.  Information on this policy may be obtained from you Safety Representative.

RCD WHOLE BODY COUNT INFORMATION

To receive a whole body count, there are physical and size limitations.  The person to be counted should be able to stand unassisted for a ten-minute count.  The person’s size should not exceed 77 inches in height and/or 50 inches in girth.  Individuals unable to meet these guidelines should notify the safety representative so an alternate means of meeting the bioassay requirements can be arranged.

�  Hickey, E.E., et al., AAir Sampling in the Workplace@, NUREG-1400, U. S. Nuclear Regulatory Commission, 1993.


�  In applying this approach, it is intended that the worker is assigned to work with, process, or handle the radioactivity in question.  Persons merely observing the work but not actually coming into contact with the radioactivity are not included.


�  U. S. Environmental Protection Agency, Limiting Values of Radionuclide Intake and Air Concentration and Dose conversion Factors for Inhalation, Submersion and Ingestion, Federal Guidance Report No. 11, EPA-520/1-88-020, Washington, D.C., 1988.


�  Healy, J.W., ASurface Contamination: Decision Levels, LASL Report No. LA-4558-MS, Los Alamos, New Mexico, December, 1971.
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