DEC 0 3 1985

License No. 37-21489-01
Docket No. 030-20851
Control No. 104612

Erie Nuclear Cardiology Center
ATTN: R. Philip Canosa, D.O.
2010 West 38th Street

Erie, Pennsylvania 16508

Gentlemen:
Please find enclosed an amendment to your NRC Material License.

Flease review the enclosed document carefully and be sure that you understand
all conditions. If there are any errors or questions, please notify the Region
I Material Licensing Section, (215) 337-5239, so that we can provide
appropriate corrections and answers.

Please be advised that you must conduct your program involving licensed
radioactive materials in accordance with the conditions of your NRC license,
representations made in your license application, and NRC regulations. In
particular, please note the items in the enclosed, "Requirements for Materials
Licensees."

Since serious consequences to employees and the public can result from failure
to comply with NRC requirements, the NRC expects licensees to pay meticulous
attention to detail and to achieve the high standard of compliance which the
NRC expects of its licensees.

You will be periodically inspected by NRC. A fee may be charged for

inspections in accordance with 10 CFR Part 170. Failure to conduct your
program safely and in accordance with NRC regulations, license conditions, and
representations made in your license application and supplemental correspondence
with NRC will result in prompt and vigorous enforcement action against you.

This could include issuance of a notice of violation, or in case of serious
violations, an imposition of a civil penalty or an order suspending, modifying
or revoking your license as specified in the General Policy and Procedures for
NRC Enforcement Actiors, 10 CFR Part 2, Appendix C.
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We wish you success in operating a safe and effective licensed program.
Sincerely,

Original Signed By:
Josephine M, Piccone

Josephine M. Piccone, Ph.D.
Nuclear Materials Safety Section A
Division of Radiation Safety

and Safeguards

Enclosures:
1. Amendment No. 02
2. Requirements for Materials Licensees
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ERIE NUCLEAR CARDIOLOGY CENTER

PhuaThkwliynhkdkalAnsBu&mw
2010 West 38th Street » Ene, PA 16508
814/868 H481

November 1, 1985

Licensing Branch
Division of Fuel Cycle and Material

Safety
U.S. Nuclear Regulatory Commission
Region I
631 Park Avenue
King of PRussia, Pennsylvania
19406

Re: Amendment of RAM License #37-21489-01
Please amrend license #37-21489-01, Erie Nuclear Cardiology Center, to show
the following change:
1) Del:te the 10 mCi Co-57 source for testing of dose
calibrator accuracy. Dose calibrator accuracy will
be done annually as per appendix D, section 2 of the USNRC

Regulatory Guide 8.20.

Thank you for your time and consideration of this matter.

Sincerely,

L/ ) /’ / 1
¥ et ! A L e (}'(’L

R. Philip Canosa, D.O.

RPC/sgc
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APPLICATIONS OF BIOASSAY FOR I-125 AND 1-131

A. INTRODUCTION

Section 20.108, "Orders Requiring Furnish-
ing of Bioassay Services," of 10 CFR Part 20,
"Standards for Protection Against Radiation,"”
indicates that the Nuclear Regulatory Commis-
sion (NRC) may incorporate into a license pro-
visions requiring a specific program of
bioassay measurements as necessary or
desirable to aid in determining the extent of an
individual's exposure to concentrations of
radioactive material. In certain cases, the
requirement of bioassay may also be included in
the license by reference to procedures specify-
ing in wvivo measurements, measurements of
radioactive material in excreta, or both.

This guide provides criteria acceptable to the
NRC staff for the development and implementa-
tion of a bioassay program for any licensee
handling or processing 1-125 or [-131. It
further provides guidance to such licensees

~“vegarding the selection of workers who should

»articipate in a program to detect and measure
possible internal radiation exposure. The guide
is programmatic in nature and does not deal
with measurement techniques and procedures.

B. DISCUSSION

The topics treated in this guide include de-
terminations of (1) whether bioassay should be
performed, (2) frequencies of bioassay, (3)
who should participate, (4) the actions to take
based on bicassay results, and (5) the partic-
ular results that should initiate such actions.

For the user's convenience, the following
terms are presented with their definitions as
used in this guide:

Bioassay-The determination of the kind,
quantity or concentration, and location of
radicactive material in the human body by
direct (in vivo) measurement or by analysis in

vitro of materials excreted or removed from the
body

Intake~The total quantity of radicactive
material entering the body.

In vivo measurements-Measurement of gamma-
or x-radiation em.ited from radicactive material
located within the body for the purpose of
detecting or estimating the quantity of radio-
active material present.

In vitro measurements-Measurement of radio-
acuvity in samples of material excreted from
the human body.

C. REGULATORY POSITION
1. Conditions Under Which Bioassay Is Necessary

a. Routine! bioassay is necessary when an
individual handles in open form unsealec-
quantities of radioactive iodine that excecc
those shown in Table 1 of this guide. Tae
quantities shown in Table 1-apply to both the
quantity handled at any one tumec Or integratec
as the total amount of activity introducec inte a
process
period,

b. When quantities handled in unsealed
form are greater than 10% of Table 1 values,

*Lines indicate substantive changes from previous lssue,

! Aoutine means here that an individual s ssrigned on a
scheduled and repeatable basis to submit specimens for bioassaay
or to report for in wive measurements. Lither radwschesucnl
bioaseay of umine or In vive counting {s scceptable to e NIC
stalf for estmating intermal radioacuwity burdent or Zlases,
In some cases, however, & lceasete miy wubh to corrabdberite
estimates from urnalysis data wth 0 Wive deterz.azocy
Since there are sdequate referances ia the lUtertture 10 3¢ p
devise Dioassay measurements,

recommended analytcal procedures. Esch Installanos showd

Sepygmber 1579

pe==

by an employee over any 3-month

this guide doed not wnelude !

adopt procedures or obtain services best suited to {ts own

needs,

TSee discussion in the footnote to Table | of thls gpuide.

USNRC REGULATORY GUIDES

R tory Guldes are lwued to describe and make svallable to the
public methods acceptable 1o the NRC stafl of Implementing speelilic

tuu of the Commbaion's nm.um. 10 delineate techniques used

y the ftafl in evaluating mpecilic problemsor postulated accidents, or
o provide puidunce to applicants. Regulatory Guldes are not subwti
*utes for requlations, and compliance wath them e not required,
Ietheds and solutions dliferent from those set out in the ey wil
o¢ scceptable U they provide a basis for the Madiags te to the
laruance or conunuance of a t pylicense by the Commiasion,

or bm -n‘A !bueg-'m

ides will be revised, aaspproprate, to
sccommodatt comments to refllect new information or experi.
e, This pulde was as 4 reslt of pubstantive comments
recerved fram the nutlie and adlinane! salf review

Comments and
encoursped ot all tunes, and

Comments thould be sent to the Secretary of the Commiz=ion, U,
Nuclear Repulstory Commimion, Washington, D.C. 20555, Atten.
tion. Dockeling and Service Branch,

The puldes are lawued In the following ten broad divisons:

1. Power Reactors 6. Products

2, Recewrch aud Tert Reacton 7. Traasportation

. Fuels and Materials Faclition 8, Uccuneuons Tealth

4, Environmentd) and Slung 9. Antitrust and Fnandal Review
$, Materials and Plant Proteetion 10, General

Coples of lwued puides -ocl purchased st the current Government
Printing Office price. A subseription service (or furure puides in rie
et divitons b svallable through the Covernment Pratn: Ullile,
lnjurmation on the sabscription service and current GPU prizes way
be obtuned by writing the U.S. Nuclew Rerulatory Commizioa,
Wahinmon, D.C, 22555, Attention: Publesrons Sales Laa.ler,



~ Assay

routine biocassay may still be nece y under

' ccrtain Ccircumstances. A written tification
for not performing such measurements should
be prepared and recorded for subsequent re-
view during NRC inspections whenever bio-
is not performed and the quantities
handled exceed 10% of the levels in Table 1.

c. Except as stated in regulatory posi-
tion l.e, bioassay is not required when pro-
cess quantities handled by a worker are less
than 105 of those in Table 1.

1

d. In nuclear reactor installations, employ-
!ecs shouid be bicassayed by an in vivo count
.within 30 days after the end of exposure in
‘work locations where concentrations exceeded,
:or might have exceeded, 9 x 10°° uCi/ml
javeraged over any 40-hour period., Table 1 and
 regulatory position 4 regarding frequency of
!biousays are not applicable to reactor
 icensees.

e. Special biocassay measurements should
be performed to verify the effectiveness of
respiratory protection devices and protective
clothing. If an individual wearing a respiratory
protective device or protective clothing is sub-
jected to a concentration of 1-125 or 1[-131 (in
any form) in air such that his or her intake
with no protection would have exceeded the
limits specified in paragraph 20.103(a)(1) of
10 CFR Part 20, bioassays should be per-
Afomed to determine the resulting actual 1-125
or [-131 intake. These special bicassay proce-
cures should also be conducted for personnel
wearing respirators if for any reason the [-125
or I-131 concentration in air and the duration
'of exposure are unknown or cannot be conser-
| vatively estimated by calculation.

2. Participation

All workers handling radioactive iodine or
sufficiently close to the process so that intake
is possible (e.g., within a few meters and in
the same room as the worker handling the
material) should participate in bioassay pro-
grams described in regulatory position 1.

IMultiplysnny the cescestrations given in Appeandix B to
I CFR Fart 20, Todle !, Column 1, § x 10*® uCi/ml for (~125
(soiudle) and 9 z 10** LCi/ml for [-131 (soluble), by 6.3 x 10*
B fives e corresponding quarterly intake of the respective
wdiaer by nbalaton. These quarterly intaxes would be about
3.2 wCi for 1+12% and 5.7 uCi for 1131, whieh would give »
iyreid dose commitment of about 7.5 rems W a 20-gram thyroid
wilegrated over aJ future Ume using effecuve half-Lves of 41.0
days for (-125 and 7.8 days for [-13]1 and using a quality factor
(QF) of 1.7 to calcwlate effecuve dlsintegration epergy i Lhe
ease of [+128, (T QF of 1.7 4 used for conservalam, even
thougd the Internauonal Commusisn on Padwiopical Protection

~~(1969) and the Nauooal Councu on Radiation Protection (1971)

have pudlished a QF of |, decauss some caleulations ia more
recont scientlic Ltepature Bave supgested e wie of QF values
bigher than | for elactron or bels eneryies of 0.0) MeV or
loss.)

3. Types of Bioassays Th.‘onld Be Performed

a. Baseline (preemployment or preopera-
tional). Pror to beginning work with radio-
actve jodine in sufficient quantity that bio-
assay is specified in regulatory position 1.

b. Routine. At the frequency specified in
regulatory position 4.

c. Emergency. As soon as possible after any,
incident that might cause thyroid uptakes to,
exceed burdens giv.n in regulatory posi-:
tioo 5.a(2), so that actions recommended in|
regulatory position 5.a(2)(b) can be most'
effective, l

d. Postoperational and with Separation Phys-
ical. A biocassay should be performed within 2
weeks of the last possible exposure to 1-125 or
I-131 when operations are being discontinued
or when the worker is terminatingm activitics
with potential exposure to these radionuclides.

e. Diagnostic. Followup bioassay should be
performed within 2 weeks of any measurements
exceeding levels given as action points in
regulatory position S in order to confurm the
initial results and, in the case of a singile
intake, to allow an estimate of the effective
haif-life of radioiodine in the thyroid.

4, Frequency

a. Initial Routine. Except 1in situations!
where thyroid burdens may excéed quantities’
specified in regulatory position 5.a(2), a bio-
assay sample or measurement should be
obtained within 72 hours following entry of an
individual into an area where bicassay 1is
performed in accordance with regulatory posi-
tions 1 and 2 (but waiting at least 6 hours for,
distribution of a major part of the iodine to the.
thyroid*) and every 2 weeks or more
frequently thereafter as long as the conditions
described in regulatory positions 1 and 2
exist. When work with radioactive iodine is on
an infrequent basis (less frequently than every
2 weeks), bioassay should be performed wilhin
10 days of the end of *the work period during
which radioactive iodine was handled (but not
sooner than 6 hours unless emergency actions
to obtain an early prognosis and thyroid
blocking treatment are appropriate*). '

b. After 3 Months., When a periodic meas~
urement (requency has been selected in
accordance with regulatory position 4.a, it may
be changed to quarterly if, after 3 months, all
the following conditions are met:

(1) The average thyroid burden for
each individual working in a given area was

‘NCRP Report No. 53, "Protection of the Thyreid Cland in

e Event of Relesses of Radioledise,* National Cougﬂcn

Radiation Protechon and Messurements, Washungton,

August 1, 1977, p. 2.
DOSH = 2136
Item 14
Page (3)
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Jess than 0.12 pCl of 1-125, less than V.04 uCi
of 1-131, and less than the corresponding pro-
portionate amount® of a mixture of these
nuclides during the initial 3-month period:

/\

(2) The quarterly average radioiodine
concentration (pCi/ial) in air breathed by any
worker (as obtained when measurements of
radioiodine concentrations in air are required)
cdoes not exceed 25% of the concentration values
for "soluble"(s) iodine given in Appendix B to
10 CFR’ Part 20, Table !, Column 1, (5 x 107°
pCi/ml for 1-125 and 9 x 10°? pCi/ml for 1-131),
i.e., 25% of these concentraticns multiplied by
the total air breathed by an employee at work
during one calendar quarter, 6.3 x 10* ml,
does not exceed 0.8 pCi of 1-125 or 1.4 pCi of
1-131., The appropriate proportionate amount®
of a mixture of these nuclides should be used
as a guide when both I[-125 and I-131 are
present; and

(3) The working conditions during the
3-month period with respect to the potential for
exposure are representative of working condi-
tions during the period in which the quarterly
bicassay frequency will be employed, and there
is no reasonable expectation that the criteria in
regulatory positions 4.5(1) and 4.b(2) above
will be exceeded.

¢c. After Use of Respiratory Protection De-
ces. Between 6 and 72 hours after respiratory
otective Aevices, suits, hoods, or gloves are
ised to limit exposure as stated in regulatory
|posidon l.e.

l For individuals placed on a quarterly
schedule, sampling should be randomly distri-
buted over the quarter but should be done
within one week after a procedure involving
‘the handling of 1-125 or [-131. This will pro-
vide a more representative assessment of expo-
sure conditions.

5. Action Points and Corresponding Actions

a. Biweekly or More Frequent Measurements

(1) Whenever the thyroid burden at the
time of measurement exceeds 0.12 pCi of 1-125
or 0.04 pCi of 1-131, the following actions
should be taken:

(a) An investigation of the opera-
tions involved, including air and other in-plant
surveys, should be carried out to determine
the causes of exposure and to evaluate the
potential for further exposures,

(b) If the investigation indicates

~Nat further work in the area might result in
xposure of a worker to concentrations that
would cause the limiting intakes established in

"See Appendix B w this guide for a description and example
of usniag this condition for muztures,

§ 20.103 of 10 CFR Par to be exceeded, the
licensee should restrict the worker from
further exposure until the source of exposure
is discovered and corrected.

(¢) Corrective actions that will elim-
inate or lower the potential for further expo-
sures should be implemented.

(d) A repeat bioassey should be
taken within 2 weeks of thi previous measure-
ment and should be evaluated within 24 hours
after measurement in order to confirm the
presence of internal radioiodine and to obtain
an estimate of its effective half-lfe for use in
estimating dose commitment.

(e) Reports or notification must be
provided as required by §§ 20.405, 29.408,
and 20.409 of 10 CFR Part 20 or as required
by conditions of the license pursuant to
§ 20.108 of 10 CFR Part 20.

(2) If the thyroid burden at any time
exceeds 0.5 pCi of 1-125 or 0.14 pCi of I-131,
the following actions should be taken:

(a) Carry out all steps described in
regulatory positien 5.a(1).

(b) As soon as possible, refer the'
case to appropriate medical consultation for
recommendations regarding therapeutic proce-
dures that may be carried out to accelsrate
removal of radioactive iodine from the bocy.
This should be done within 2-3 hours after
exposure when the time of exposure is known
so that any prescribed thyroid blocking agen:
would be efferrive.*

(¢) Carry out repeated measurements
at approximately l-week intervals at least unti
the thyroid burden is less than 0,12 pCiof I-125
or 0.04 pCi of 1-131. If there is a possibility of
longer-term comnartments containing [-125 or
1-131 that require evaluation, continue meas-
urements as long as necessary to ensure that
appreciable exposures to these other compart-
ments do not go undetected,

b, %glrterl! Measurements, Carry out
actions at levels as indicated under reguiatory
position 5.a(1) and (2). If measurements and
surveys indicate an appreciable likelihood that
a worker will receive further exposures
exceeding the criteria of regulatory poti-
tions 4.5(1) and 4.bu(2), reinstitute biwceily
or more frequent biocassays.

D. IMPLEMENTATION

The purpose of this section is to provide in-
formation to applicants and licensees regardag

DOSH - 236
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e NRC staf!'s plans for using this rem’tory

ride. with § 20.108 of 10 CFR Part 20,
Except in those cases in which the applicant If an applicant or licensee wishes to use the
‘‘=gpsee proposes an acceptable alternative method described in this regulatory guide on
the staff will use the methods or before December 15, 1979, the pertinent|
d herein after December 15, 1979, in portions of the application or the licensee's

's
'aﬁnung the radiation protection programs of

(3 ey’ v

.-

‘ensees  who have Dbicassay requirements this guide.

Table |
ACTIVITY LEVELS ABOVE WHICH BIOASSAY FOR I-125 OR 1131 IS NECESSARY

ActivityHandled in
Unsealed Form
Making Dioassay Necessary®
Volatile Bound to
or Nonvolatile
Types of Operation Dispersible® Agent®
Processes in open room or bench, with possible escape 1 mCi 10 mCi
of iodine from process vessels
Processes with possible 'escape of {odine carried out 10 mCi 100 mCi
within a fume hood of adequate design, face velocity, ;
performance reliability
«.esses carried out within gloveboxes, ordinarily 100 mCi 1000 mCi

closed, but with possible release of iodine from
process and occasional exposure to contaminated
box and box leakage

iGusnutics may Be considered the cumulative amount In process handled by & worker during a J-menth period; o.g., the
totsl quanuity introduced inte & chemical or physical process over & J-month period, or on one or more occasions in that
period, by opening stock resgent contelners from which radiosctive lodine may escape, Quantities in the right-hand
column mey be uited when it can Be thown that actvity in process (s always chemically bound and processed in such »
manner Ut [+125 or 14131 will remain in nonvolatile form and dUuted Lo concentrations Jess than 0.1 eCl/mg of
nenvolatile agent. Capavles (such se gelatin capsules given 1o patients for diagnestic tests) may be considered to contain
e radiviedine In nonfree form, and biosssay wouild not be necassary unless » capsule were (nadvertenly opened (e.r.,
dropped and erushed), lowever, certaln compounds where radislodine (s normally bound are known to release radiciodune
when the materisl is In process, and the lefi-hand column may then be applicatle. In those Laborstories working only with
1+135 Ia redlotmmunacssy (NIA) kits, the quanuties of 1125 are very small and In lees volaule forms; thus, blosssay
requirements may be judged from the right-hand column, In fleld operations, where resgent containers are epened
osuldoors for simple eperations such as pouring lquid solutiens, the above table does noi spply; bioassay should be

performed whenever an (ndividus! employee handles (n open form (e.g., an open botie or container) more than 50 mCi st

any ene Ume,

Operations invelving the reutine use of 1-125 or 1-131 In an apen room or bench should be discouraged, Whenever
pracuceble, sealed bottles or contalners holding more than 0,1 mCi of 1125 or 1-131 should be opened st least Initlally
within hoods having adequate face velocities of 0.5 m/sec or more,

- 23
DOSH
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incorporated in their llc,sen in accordance

performance will be evaluated on the basis of
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1.

lishing measurements
tions. This list is not intende
tance in establishing analytical procedures or services.

. e

APPENDIX A

SUGGESTED REFERENCES TO ASSIST IN ESTABLISHING A BIOASSAY PROGRAM

In response to public comments, this list of publi

American National Standard, ANSI N44,3-1973,
"Thyroid Radioiodine Uptake Measurements
Using a Neck Phantom,” American National
Standards Institute, Ine., 1430 Broadway,
New York, N.Y. 10018, approved
August 24, 1973,

. R. C. Brown, "!2%] Ingestions in’ Research

Personnel,” Operational Health Physics,
pp. 276-278, 1976, proceedings of the
Ninth Midyear Topical Symposium of the
Health Physics Society, Denver, Celorado,
February 1976 (P. L. Carson, W. R.
Hendee, and D. C. Hunt, Eds., Central
Rocky Mountain Chapter, Health Physics
Society, P.O. Box 3229, Boulder, Colorado
80303, $15).

E. J. Browning, K. Banerjee, and W. E.
Reisinger, Jr., "Airborne Concentration of
1-131 in a Nuclear Medicine Laboratery," J.
Nucl. Med., vol. 19, pp. 1078-1081, 1978.

. J. G. Dare and A. H. Deutchman, "The

Decay Scheme of lodine-125 and Its Rela-
tionship to lodine Bioassay," op. cit.,
Ref. 2, pp. 250-254.

B. C. Fasiska, "Radiation Safety Proce-
dures and Contamination Control Practices
Invelved in High Level I-131 Thyroid Thera-
py Cases," op. cit., Ref. 2, pp. 287-291.

. A. Cavron and Y. Feige, "Dose Distribu-

tion and Maximum Permissible Burden of
125] in the Thyroid Gland," Health
Physics, vol. 23, pp. 491-493, 1972,

B. Y. Howard, "Safe Handling of Radio-
jodinated Solutions," op. cit., Ref. 2, pp.
247-249.

ICRP Publication 10, "Report of Commit-
tee 1V on Evaluation of Radiation Doses to
Body Tissues from Internal Contamination
Due to Occupationa! Exposure,” Recommen-
dations of the International Commission on

i -

10.

11.

12.

13.

14.

15.

16.

e

.

!

Radiological Protection,
Oxford, p. 17, 1968.

Pergamon Press,

. ICRP Publication 10A, "The Assessmen® of

Internal Contamination Resulting from
Recurrent or Prolonged Uptakes,” Reconm-

‘mendations of the International Commission

on Radiological Protection,
Press, Oxford, 1969.

Pergamon

A. L. Orvis, "What Is a 'Reportadble’ Thy-
roid Burden?" op. cit., Ref. I., pp. 2063-
271.

P. Plato, A. P. Jacodbson, and S. Homan,
“In Vivo Thyroid Monitoring for lodine-13I2
in the Environment," Int. J. Apnlec
Radiat. and Isotopes, vol. 27, pp. 352u-
545, 1976.

Radiologica! Protection Bulletin 25, "Safe
Working with lodine-125," National Raco-
logical Protection Board, Harwel, Dideot,
Oxon, England, pp. 19-20, 1978.

R. P. Rossi, J. Ovadia, K. Renk, A. S.
Johnston, and S. Pinsiky, "Radiation
Safety Considerations in the Management of
Patients Receiving Therapeutic Doses of
1311 » op, cit., Ref. 2, pp. 279-28¢.

C. T. Schmidt, "Thyroid Dosimetry of ‘25!
and an Instrumental Bioassay Procedure,”
Program and Abstracts: Twenty-Third /n-
nual Conl. on Dioassay, bnvirorucenli_,
and Analytical Chemistry,
Sept. 15, 16, 1977.

i TS (R

A. Taylor, J. W. Verba, N. P. Aazrays,
and W. C. McCutchen, "Monitoring of !-125
Contamination Using a Portable Scintlatien
Camera," J. Nucl, Med., vol. 19, pp. 4%~
432, 1978.

Technical Reports Series No. 148, "Centrel
of lodine in the Nuclear Industry,” Inter-
nationa! Atomic Energy Agency, Vienna, 1972,
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cations {s provided te assist the licensee in esta!:a-l
and administrative procedures for a bioassay program appropriate to his opera~-
d to be exhaustive and does not replace the need for professional assis-,



- APPENDIX B

k- CALCULATION OF ACTION LEVELS FOR MIXTURES OF 1.125 AND 1-131

B.1 Controlling Instantaneous Thyroid Burdens

Regulatory position 4.b(1) is based on con-
trolling the instantaneous amount in the thy-
roid and is taken as 25% of the maximum per=
missible organ burden (MPOB) of 1-125 or 1-131
that would give a dose rate of 0.6 rem/week if
continuously present in the thyroid. If a mix-
ture of both nuclides is present in the thyroid
and X is the fractional activity that is 1-125, a
3-month interval may be resumed when the
total activity of 1-125 and I-131 is below

0.12X + 0.04(1 - X)
Example

If the measurements of [-125 and 1-131 in a
worker's thyroid are 0.10 yCi of 1-125 and 0.05
uCi of 1-131, the fractional 1-125 actvity is

X = 0.10/(0.10 + 0.05)
= 0.667

./'\

)

&O.IZX + 0.04(1 - X) = 0.12(0.667) + 0.04(0.33
= 0.0932 .

Total = 0.10 + 0.05 = 0.15 pCi

Thus, in this case, the worker involved
should remain on the biweekly (or more fre-
quent) schedule and should not be put on the
quarterly frequency.

B.2 Controlling Total Intakes
Regulatory position 4.b(2) is based on con-

trolling total intakes® during & quarterly

e e

t7he limitng total quarterly iatakes are {a different propor
tons for 1-125 and [-13]1 than are the MPOBs. This cdlfference
@ 8 result of the [fact that permissible comcentrations 4re
@versely prepertenal W effective balflives wheress an MPOB
15 calculated assuming ¢ coostant purden (n the organ of con-
cern that b suatused by soptauous intake of actwniy

balasced by am equsl rute of elimination from the organ.

period when air concentration data are avail-
able to assess the potential exposure of the
worker either to random single intakes or 0
variable or constant continuous exposurecs. The
quantities of 0.8 pCi of !-125 and 1.4 pCi of 1-
131 were obtained by calculating 25% of the
total quarterly intakes of 3.2 pCi of [-125 or
5.7 pCi of 1-131 (see footnote 3) that wou!d be
inhaled when breathing a total of 6.3 x 10% ml
per quarter working at the standard man
breathing rate for 40 hours per week for 13
weeks.

Example

If the average quarterly concentrations esti-
mated from air sampled in a worker's breathng
sone are 3 x 10~° pyCi/ml for 1-125 and $ x 10°7
uCi/ml for I-131, the total quarterly intaxes
are:

3 x10°" x 6.3 x 10% = 1,89 pCi 1-125
s x 10°? x 6.3 x 10% = 3,15 pCi I-131
Total = 5.04 uCi

Also, X, the proportion of 1-125, is 1.89/5.74 =
0.375

Thus the control level for maintanning
biweekly or more frequent bicassay check .s:

0.8X +1.4(1 - X) = 0.8(0.375) + 1.4(1 - . .378)
Total = 1,18 pCi for this mixture.

Since the intake of 5.04 uCi is greater than
1.18, this employee should stay on the more
frequent bioassay schedule.

Note: The numbers of significant digits carried
in the above calculations do not imply
any given degree of accuracy of mea-
surement. Enough digits are carriec to
allow following the arithmetic for pure
poses of the examples.
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All radiopharmacevticals mus: be assayed for activity (o
an sccuracy of 10 percent. The most common instrument for
sccomplishing thig it ar ionization-ty pe dose calibrator. The
insirument must be checked for dccurate operation at the ime
al muallatior. ang periodically thereaflter.

A. Test for the feliowing:

. Instrument constancy (Caily)

2. Instrument accuracy (atinstallation ans annually
therealier)

Inttrumen: linearity (at instalation and quarterly
therealier)

4 Geomet ical variztion (31 installation)

B. After repair or adjustment of the dose calibrater, repeat

all the approp=ate tosis histed above (dependent upon
A~ e nature of the reraits).

C.  Test for lastument Conslancy

Irstrumen: constency means that there s reproduci-
bility, within 2 stated dcceptabie degree of precision,
IR MEISUNIRE 2 constan! achivity over lime Astay at
ieast one relatively long-lived reference sousce such as
Cs-137, Co-57.°* or Ra226%* using a reproducible
geomelny before each dav's use of the ingtrument.
Prefe:ab!y. atleast tworclerence sources(forexample,
35 mCiof %7 and 100200 G of Cs-137 or 1-2
mg Pa.226 (with approrniste decay correctiont) will

periormance over » range of photen energies and
source activities,

l. Atsay eachreference source using theapriopriate
instrument setting (ie., Cs 137 setting for Cs-117)

. Measi “ackground leve! o same instrument set.
ting, or cheek that sutomatic background sud-

traction is operating properly when hanks are
inseried in the calibrator.

.

See ANSI NOY 131978 “Colinration nd Usage of Dowe Calibrator
Innitetion Ch.mher 1o he Assay of Radinnyclide,” American
";W Stercards Imptitute, Ing.. 142 Drosdway, New Yora, N Y,
I

s
CA St ane Ru23r + v ame
Sinte apency phoyie
POMEMIAL Ry matenmgl.

threl to NRC licensing, the respective
comulied 1o determire ity requirements for

APPENDIX D (Continued)

Section 2

METHODS FOR CALIBRATION OF DOSE CALIBRATOR®

be aliernated each Cay of use 1o test the instrument’s **

DOSH - 236
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3. Calculate net activity of each source subtracting
out background Jevel.

For each source, plot net activity versus the day
of the year on semilog graph paper.

3 Log the background levels.
6. Indicate (he predicted activity of each source

based on decay calculations and the + 5 percent
limits on the graph.

Repeat the procedure used for the Cs 137 source
for all the commonly used radionuclide settings.

8 Variations greater than + 5 percent from the pre.
dicted activity indicate the need for instrument
repa or adjustment

9. Investigate higher than norma! background levels
to determine their origir and to eliminate them
if possible by decontamination, relocation, ete.

Inspect the instrument or a quarterly basis te ascertain
that the measurement chamber liner is in place and

that instrument zero is properly sei (see manufacturer's
instructions).

Test of Instrument Linearity

The linearity of s dose zalibrator should be ascertained
over the entire range of activities employed. This test
will use a vial of Te-99m whose activily is equivalent Lo
the maximum anticipated activily 1o be assayed (e g,
the first elution from » new generaior),

1. Assay the Te-99m vial in the dose calidrator, and

subtract background level (o obtain net activity
in millicuries.

2. Repeat step | of time intervals of 6. 24,130, and
48 hours alter the initial sy,

3. Using the X-hout activity measurement a5 9 start-
ing point, calculate the predicted activities 0.
6, 24, and 48 hours using the following table




7~

Assey Tome® (he) Caorrection Factor

0 led3
6 15.8%3
24 1.99%
0 ]

48 0.126

Exampie . 10 1he net activity measured a1 30 hours
was 15 628 mCi, the caleulated activities for 6 and
45 hours would be 18625 mCix 15.883=2477
mCiand 15628 mCia 0.126 = 1.97 mCi, respec-
tvely.

4 On log-log coordinate paper, plot the measured
nel acuivity (for eazh time interval) versus the
calzulated activity (for the same time interval)

5. Theactivities plotted should be within 45 percent
of the calculated activity if the irstrument is
Linear and functioning properlv. Emors greater
than ¢ 7 percent indicate the need for repair or
aZ;csiment of (he instrument,

6. 17 =strement lineasity caanct be corrected, it will
be aecessan inroutine assavste use either(a)an
alisuz! of the eluate that can be accurately mea-
sated or () the graph construsted in step £ 1o
relste measured activities to caleulated activities

Test for Ceemetnzal Variation

There ma: be significant geometrizal vanation in activi-
ty meas.red 2¢ 2 function of sample velume et configu-
fatior, depeading on the solume and size of the ioniza-
tien chamber used in the dose zalitrator. The extent
of geametncal varation should be ascertained for
commeor'y used radionuzlides and appropriale correc.
tion factars computed if variations are significant, ie.,
greate: than 4 2 percent. (Ever though correction fae:
tors may be provided by the manufacturer, the accu-
racy of these should be checked.) When available from
the maruacturer, certified data on geametnical vana-
tions may be used in licu of these measurements.

To mearure va=islion with volume of liquid, a 30-cc
visl centaining 2 mCi of Co-57 or othe: appropriate
radicnuclide 0 g volume of | ml will be used.

i Assay vial al the appropriate instrument setling,
ar? subtract background level Lo oblain net
activity.

- Increase the volume of liquid in the vial in steps
102,4,810,20 and 25 ml by adding the appro
priste amount of water or saline, After eachadds
tior,, gently shake vial to mix contents and assay

.
AMey time o oul? B mensured In whole houn and enrrectinn

Tactnr sh0ul? Be used 10 the thod decima! place oy indicated. The
more recenl R dte of T' : * 8.02 haurshas heer usedin caleutating
theae sorrectine facrory, '/

(4)
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as in step | (Tollow good rad:ation salety prac
tices to avoid conrtaminatien and (o miq’mc
racialion exposure ) it
- 5 Select one volume as a standard (such 3 the
volume of refercnce standard used in performing
the test for instrument accuracy), and caleulare
the ratio of measured activitier for cachk volume
to the reference volume aztivity. This represents

the volume correction factor (CF).

Example: Il activitiesof 204, 2 02. and 2.00 mCi

are measured for 4, B and 10 m! volumes and
10 m! is the reference volume selected

Jml\'oluthF-l&o'OQB
204

4 Pint the correction factors against the volume on

linear graph paper. Use this graph te select the
proper volume correction factors far routine
assav of that radionuciide

- 8 The true activity of a sample is caizulated as
follows:

True Activity = Measured Activity »
Correction Factor

where the correct on factor used is for the same
volume and geometncal confliguration as the
sample measured,

6. Similarly, the same activity of Co- 57 ir 2 syringe

may be compared with that of 10 ml in a 30-cc
vial, and 2 correction factor may be caleulated

4 1t should be noted that differences of 200 pereent

in dose calibrator readings beiween glass and
plastic syninges have been abserved for lower-
encrgy radionuclides such as 1125, whick should
be assayed in a dose calibrator only if the rel:a-
bility of such an astay can be estadlished, Glass
tubes and syringes may also vary enough in thick.
ness to cause significant errors in assaying 141285,
Hence, adequate correction factors mustt be
established,

An alternative to providing syringe calidration
factors is 1o simply assay the stock vial beforg
and after filling the syringe. The activity in the
syringe is then the difference in the twe readings
(with a volume correction if significant),

Test for Instrument Agcuracy

Check the accuracy of the dose calidrator for severa)
radionuclides, including Cs-137, Co-$7, and Ba-1)),
using appropria‘e reference standards whose activilies
have been crlibrated by comparisons with standard
sources that have been assayod by NBS and dozumented.

L e R R e —— - Y ——



The c':u_nly Ievels of the reference sources uscd should
arprevimate thesc levels normally encountered in chin.
wal use teg, Co-87, 3.8 millicuries) giving adequate
aliention to soutce configuration. ldentify in vour
spplicstion the three sources 1hat you will use State
ruciide, activity, and calibration accuracy. The lower-
encrgy reference stamcards (Te-99m, Xe-123, 1-128)
musi Be in viels with the same (hickness of glass asthe
actual samples 10 be measured for best accuracy,

Lr]

Assay INe reference stancard in the dose calibra-
tor at the anpropmate setting, and subiract the
Packground level 1o obtain the net activity,

Repeat step i foratotalof 3 determinations, and
verape resully

The average sciinity determined in step 2 should
apree wilk the certilied activity of the reference
seurce within + 5 percent afie: Jelay corrections,

. DOSH - 236
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Repeat the above steps for other commoniv used
radionuchdes for which adequate reference stand- -
ards are available, ' »

e -

Keep o log of these calibration checks

Calibration check: that do not agree within
* 5 perzent incdicate that the instrument should
be repaired or adjusted. If this is not possible, a
calibration factor should be caleulated for use
during routine assays of radionuclides.

Al the same time the instrument is being iritially
calibrated at the licensee's facility with the refer-
ence standards, place 2 long-lived source in the
calibrator, set the instrument, in turn, at the van-
ous racionuclide settings used (Cs-137, 1111,
Te-99m, 1125, etc.), and record the readings
These values may later be used to check instru-
ment calibration at each setting (alrer correcling
for decay of the long-lived source) without re-
quiring more reference stancards Keep 2 log of
these initia! and subssquent readings
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