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FOpM NRC,-313M U.S. NUCLE AR REGULATORY COMMISSION
Approved:

(8- * APPLICATION FOR MATERIALS LICENSE - MEDICAL GAO R0557,

10 CFR 35

INSTRUCT |ONS - Completeitems a through 26if eis a m initialapplication or an application for renewalof a license. Use supplementalsheets
where necessary, item 26 must be completed on allapplications and signed. Retain one copy. Submit original and one copy of entire
application to : Director. Office of Nuclear Materials Safety andSafeguards. U.S. Nuclear Regulatory Commission, Washington, D.C.
20555. Upon approvalof @is application, @e applicant wwllreceive a Materials License. An NRC Materials License is issued in accord-
ance with the generalrequirements contained in Title 10 Code of Federal Regulations, Part 30, and the Licensee is subject to Title 10,
Code of Federal Regulations, Parts 19,20 md 35 and thelicense fee provision of Title 10, Code of Federal Regulations, Part 170 The
license fee category should be stated in item 26 and the appropriate fee enclosed.

1.a. NAME AND MAIL 1NG ADDRESS OF APPLICANT (institution, 1.tA STREET ADDRESS (ES) AT WHICH R ADIOACTIVE MATERIAL
firm, clinic, physician,etc) INCLUDE ZIP CODE WILL BE USED (if di/krent from f.4) INCLUDE ZIP CODE

Nuclear & Radio 10gic Imaging Physicians, P.C . See teached NRC-313M
2151 Livernois Suite 201
Troy, Michigan 48083

Item 1.b.

TELEPHONE NO.: ARE A CODE t 3131362 1360

2. PERSON TO CONTACT REGARDING THIS APPLICATION 3. THIS IS AN APPLICATION FOR: (Check apprppriate item)

Thomas M. Kumpuris, M.S. [gfyENT TO LICENSE NO.
a E

c. O RENEWAL OF LICENSE NO.
TE LEPHONE NO.: AREA CODE ( 3133 494 8417

4. INDIVIDUAL USERS (Name Individuals who willuse or directly S. RADIATION SAFETY OFFICER (RSO) (Name ofperson desipated
supervise use of radioactive material. Complete Supplements A and B as radiation safety officer.11other man Individualuser, complete resu-
for each Individual.) me ofunining and experience as in Septement A.)

Subhash C. Khullar, M.D.
Subhash C. Khullar, M.D.

Frederick C. Stebner, M.D.

6.a. RADIOACTIVE MATERIAL FOR. MEDICAL USE
MAXIMUM MARK MAXIMUM

ITEMS POSSESSION ITEMS POSSESSIONADDITIONAL ITEMS: DESIRED LIMITSRADIOACTIVE MATERIAL DESIRED LIMITS
'LISTED 1N: ''X" (In millicuries) "X" (in millicuries,

IODINE-131 AS lODlDE FOR TREATMENT
10 CFR 31.11 FOR IN VITRO STUDIES OF HYPERTHYROIDISM

10 CFR 35.100, SCHEDULE A, GROUP | X AS NEEDED PHOSPHORUSO2 AS SOLUBLE PHOSPH ATE
FOR TREATMENT OF POLYCYTHEMIA
VERA,LEUKEMI A AND BONE METASTASES

10 CFR 35.100, SCHEDULE A, GROUP 11 X AS NEE DED
PHOSPHORUS-32 AS COLLOIDAL CHROMIC-
PHOSPHATE FOR INTRACAVITARY TREAT-
MENT OF MAllGN ANT E FFUSIONS.10 CFR 35.100, SCHEDULE A, GROUP lit
GOLD-108 AS COLLOID FOR INTRA-
CAVITARY TREATMENT OF MAllGNANT

10 CFR 35.100, SCHEDULE A, GROUP IV AS NEEDED E F FUSIONS.

IODINE 131 AS lODIDE FOR TREATMENT *

10 CFR 35.100, SCHEDULE A, GROUP V AS NEEDED OF THYROID CAFiCINOMA

XENON 133 AS GAS OR GASIN SALINE FOR
10 CFR 35.100, SCHEDULE A, GROUP VI BLOOD FLOW STUDIES AND PULMONARY

FUNCTION STUDIES,

6.b. RADIOACTIVE MATERI AL FOR USES NOT LISTED IN ITEM 6.a. ISeeledsourcesup tosmciusedfor
t e'ibration and reference standards are authorized under Section 35.14(d),10 CFR Part 35, and NEED NO T BE LISTEDJ

CHEMICAL MAXIMUM NUMBER
L ' MENT AND MASS NUMBER AND/OR OF MILLICURIES DESCRIBE PURPOSE OF USE

o fffHYSICAL FORM OF EACH FORM

M%GL%b.Aad. t.! #dE%.
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INFORMATION REQUIRED FOR ITEMS 7 THROUGH 23 a

For items 7 through 23, dock the appropriate box (es) and submit a detailed deswiption of.all the requested information. Begin
each item on a separate sheet. Identify the item number and the date of the application in the lower right corner of each page if
you indicate that an appendix to the medical licensing guide will be followed, do not submit the pages, but specify the revision
number and date of the referenced guide: Regulatory Guide 10.8 ,Rev. Date:

. .,

15. GENERAL RULES FOR THE SAFE USE OF7. MEDICAL ISOTOPES COMMITTEE RADIOACTIVE MATERIAL (Check One) -
Appendix G Rules Followed;orNA Names and Specialties Attached;and x

Duties as in Appendix B;or Equivalent Rules Attached
(Check One)

Equivalent Duties Attached 16. EMERGENCY PROCEDURES (Check One)

8. TRAINING AND EXPERIENCE X Appendix li Procedures Followed;or

Supplements A & B Attached for Each Individual User;
X and Equivalent Procedures Atta&ed

X Supplement A Attached for RSO. 17. AREA SURVEY PROCEDURES (Check One)

9. INSTRUMENTATION (Check One) X Appendix l Procedures Followed;or

X Appendix C Form Attached;or X Equivalent Procedures Attached

List by Name and Model Number 18. WASTE DISPOSAL (Check Oael

10. CALIBRATION OF INSTRUMENTS X Appendix J Form Attached;or

Appendix D Procedures Followed for Survey
EquivalentInformation AttachedInstruments; or

(Check One)
A C USE & RADI&HMMWNEquivalent Procedures Attached;and 19.

(Check One)
Appendix D Procedures Followed for Dose

X Calibrator;or NA Appendix K Procedures Followed;or

i- Equivalent Procedures Attached Equivalent Procedures Attached
:

! 11. FACILITIES AND EQUIPMENT 20. THERAPEUTIC USE OF SEALED SOURCES

i

X Description and Diagram Attached NA Detailed information Attached;and
|

12. PERSONNEL TRAINING PROGRAM Appendix L Procedures Followed;or-

1 (Check One)
Description of Training Attached Equivalent Procedures Attachedy

! PROCEDURES FOR ORDERING AND RECEIVING PROCEDURES AND PRECAUTIONS FOR USE OF'

* RADIOACTIVE MATERIAL 21. RADIOACTIVE GASES (e.g., Xenon - 133)

X Detailed Information Attached NA Detailed infwmation Anachedi

^
PROCEDURES FOR SAFELY OPENING PACKAGES

22. RADIOACTIVE MATERIAL IN ANIMALS! 14. CONTAINING RADIOACTIVE MATERIALS
I (Check One) Detailed information AttachedNA

X. Appendix F Procedures Followed;or
23* RADIOACTIVE MATERIAL SPECIFIED IN ITEM 6.b

Equivalent Procedures Attached . NA Detailed informelkan Attached-

FORM NRC-313M "-
. ,

(s-78) Page 2+
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24. PERSON.NEL MONITORI.NG DEVD }

Y
SUPPLIE R EXCHANGE FREQUENCY ,

,,, j

FILM R. S. Landauer Monthly
c.WHOLE

TLDBODY

OTHE R $pecify)

FILM

b. RNGER TLD R. S. Landauer Monthly

OTHE R (Specify)

FILM

c. WRIST TLD

OTHER (Specify)

d. OTHER (Specify]

'e

25. FOR PRIVATE PRACTICE APPLICANTS ONLY
a. HOSPITAL AGREEING TO ACCEPT PATIENTS CONTAINING RADIOACTIVE M ATE RI AL

N AME OF HOSPITAL tx ATTACH A COPY OF THE AGREEMENT LETTER
SIGNED BY THE HOSPITAL ADMINISTRATOR.

O ENSS c. WHEN REQUESTING THERAPY PROCEDURES,
ATTACH A COPY OF RADIATION SAFETY PRECAU-

CITY STATE ZIP CODE TIONS TO BE TAKEN AND LIST AVAILABLE
RADIATION DETECTION INSTRUMENTS.

-

26. CERTIFICATE
(This item mus t be completed by applicant)

,-

The applicant and any official executing this certificate on behalf of the applicant named in item la certify that this application is prepared ',1
conformity with Title 10, Code of Federal Regulations, Parts 30 and 35, and that allinformation contained herein, including any supplements
attached hereto,is true and correct to the best of our knowledge and belief.

11 A CANT OR CERTIFYING OFFICIAL (Signsfure)

a. LICENSE FEE REQUIRED h (2/ I fl - '
(See' Sectiers 170.31,10 CFR 170) 'T1) N AME (1Ype of Printl

R EC EIV EuGhash C. Khu11ar, M.D.

5r 3 W4N(1) LICENSE FEE CATEGORY: r-

b4 cd /f YO(2) UCENSE FEE ENCLOSED: s 580.00 p 77 y g .

FORM NRC-313M (8 78)
ggoLNo, 7 8 5 2 0Page 3
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PRIVACY ACT STATEMENT

Pursuant to 5 U.S.C. 552a(e)(3), enacted into law by section 3 of the Privacy Act of 1974 (Public Law 93-579), the following
statement is fur tished to individuals who supply information to the Nuclear Regulatory Commission on Form NRC-313M.
This information is. maintained in a system of records designated as NRC-3 and described at 40 Federa Register 45334
(October 1,1975).

1. AUTHORITY Sections 81 and 161(b) of the Atomic Energy Act of 1954, as amended (42 U.S.C. 2111 and 2201(b)).

2. PRINCIPAL PURPOSE (S) The information is evaluated by the NRC staff pursuant to the criteria set forth in 10 CFR
Parts 30-36 to determine whether the application meets the requirements of the Atomic Energy Actof 1954,as amended,
and the Commission's regulations, for the issuance of a radioactive material license or amendment thereot

3. ROUTINE USES The information may be used: (a) to provide records to State health departments for their information
and use; and (b) to provide information to Federal, State, and local health officials and other persons in the event of inci-
dent or exposure, for their information, investigat'an, and protection of the public health and safety. The inforrnation
may also be disclosed to appropriate Federal, State, and local agencies in the event that the information indicates a
violation or potential violation of law and in the course of an administrative or judicial proceeding. In addition, this in-
formation may be transferred to an appropriate Federal, State, or local agency to the extent relevant and necessary for
a NRC decision or to an appropriate Federal agency to the extent relevant and necessary for that agency's decision about
you. A copy of the license issued will routinely be placed in the NRC's Public Document Room,1717 H Street, N.W.,
Washington, D.C.

*

4. WHETHER DISCLOSURE IS MANDATORY OR VOLUNTARY AND EFFECTON INDIVIDUAL OF NOT PROVIDING
INFORMATION Disclosure of the requested information is voluntary. If the requested information is not furnished,
however, the application for radioactive material license, or amendment thereof, will not be processed.

5. SYSTEM MANAGER (S) AND ADDRESS Director, Division of Fuel Cycle and Material Safety, Office of Nuclear Mate-
rial Safety and Safeguards, U.S. Nuclear Regulatory Commission, Washington, D.C. 20555.
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Nuclear and Radiologic Imaging Physicians, P.C.

NRC-313M

Item 1.b.

Nuclear & Radiologic Imaging Physicians, P.C.
2151 Livernois Suite 201
Troy, Michigan 48083

Nuclear & Radiologic Imaging Physicians, P.C.
31500 Schoolcraft
Livonia, Michigan 48150

Nuclear & Radiologic Imaging Physicians, P.C.
Fisher Building Suite'1073
Detroit, Michigan 48202
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N!C FORM 313WI SUPPLEMENT A U.S. NUCLEAR REGULATORY COMMISSION

' " TRAINING AND EXPERIENCE.

AUTHORIZED USER OR RADIATION SAFETY OFFICER

1. NAME OF AUTHORIZED USER OR R ADI ATION SAFETY OFFICER 2. STATE OR TERRITORY IN
WHICH LICENSED TO
PRACTICE MEDICINE

SubhaSh C. Khullar, M.D. Michigan
3. CERTIFICATION

SPECIALTY BOARD CATEGORY MONTH AND YEAR CERTIFIED
8 CA

American Board of
Nuclear Medicine Nuclear Medicine 1975

4. TR AINING RECEIVED IN BASIC RADIOISOTOPE HANDLING TECHNIQUES

TYPE AND LENGTH OF TRAINING

LECTURE / SUPERVISED*

FIELD OF TRAINING LOCATION AND D ATEIS) OF TR AINING LABORATORY LABORATORY
A B COU RSES EXPERIENCE

(Hours) (Hours)
C D

e. R ADI ATION PHYSICS AND
INSTRUMENTATION

b. R ADI ATION PROTECTION

c. MATHEMATICS PERTAINING TO
THE USE AND ME ASUREMENT
OF RADIOACTIVITY

cf. R ADI ATION BIOLOGY

e. R ADIOPH ARMACEUTICAL
CHEMISTRY .

5. EXPERIENCE WITH R ADI ATION (Actualuse of Radioisotopes or Equivalent E>rperience)

ISOTOPE MAXIMUM AMOUNT WHERE EXPERIENCE WAS GAINED DUR ATION OF EXPERIENCE TYPE OF USE

NRC FORM Jt3M Suppfement A
(9 81) Page 5

*
.
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NRC EORM 31,3M SUPPLEMENT A U.S. NUCLEAR REGULATORY COMMISSION

(9 81)
TRAINING AND EXPERIENCE.

AUTHORIZED USER OR RADIATION SAFETY OFFICER

1. NAME OF AUTHORIZED USER OR R ADIATION SAFETY OFFICER 2. STATE OR TERRITORY IN
WHICH LICENSED TO
PR ACTICE MEDICINE

Frederick C. Stebner, M.D.
Michigan

3. CERTIFICATION
SPECIALTY BOARD CATEGORY MONTH AND YE AR CERTIFIED

B CA

AmeriCan , Board of
Nuclear Medicine Nuclear Medicine March, 1972

4. TRAINING RECEIVED IN BASIC RADIOISOTOPE HANDLING TECHNIQUES

TYPE AND LENGTH OF TRAINING

LECTURE / SUPERVISED.

FIELD OF TRAINING LOCATION AND D ATE (S) OF TRAINING LABORATORY LABORATORY
A B COU RSES EXPERIENCE

(Hours) (Hours)
C D

a. R ADI ATION PHYSICS AND
INSTRUMENTATION

b. R ADIATION PROTECTION

c. MATHEMATICS PERTAINING TO
THE USE AND MEASUREMENT
OF RADIOACTIVITY

d. R ADI ATION BIOLOGY

e. R ADIOPH AR M ACE UTIC AL
CHEMISTRY .

5. EXPERIENCE WITH R ADI ATION. (Actualuse of Radioisotopes or Equivalent Experience)

ISOTOPE MAXIMUM AMOUNT WHERE EXPERIENCE WAS G AINED DUR ATION OF EXPERIENCE TYPE OF USE

NRC FORM 313M Supplement A
(9 811 Page 5

'
.
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Nuclear and Radiologic Imaging Physicians. P.C.

APPENDIX C, ,

INSTRUMENTATION-

1. Survey meters

BICRON Electronic Products Group
a. Manufacturer's name ;

Manufacturer's model number: Surveyor 2000

Number of instruments available : Two~(2)

0.0Minimum range: mR/hr to mR/hr
*

0.0Maximum range: mR/hr to 2000 mR/hr

b. Manufacturer's name :

Manufacturer's model number:

Number of instruments available :

Minimum range : mR/hr to _._ mR/hr

Maximum range: mR/hr to mR/hr

2. Dose calibrator

Cap *tntec
Manufacturer's name :

Manufacturer's model number : CRC-7

Number of instruments available ; One (1)

3. Instr iments used for diagnostic procedures

Hanufacturer's
Type of Instrument Name Model No.

s

Large Field Gamma Camera Siemens ZLC 370

,

4 Other (e.g., liquid scintillation counter, area monitor, velometer)

Primalert-35 room monitor

@NIROLNo. 7 8 5 2 0'

10.8 21

L
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Features !:
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. SINGLE 9-VOLT BATTERY L x

. EXCLUSIVE HV CHECK

. VARIABLE RESPONSE TIME
I

; . WIDE-VIEW METER
. ANTI-SATURATION CIRCUIT
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Specifications
RADIATION DETECTED: Acha beta BATTERY COMPLEMENT: Sing e CONSTRUCTION: Sp: ash-proof
gamma w tn enerna' protx c-vc:t C "d1604 or equar; Tho shcck procf two-ceece a meta

gamma and ra, e 'in ada t'na! batterv nciaer ma s D. case Scratch-res:stant am oc*ec
:r,terna: aotec to' u', a or mage ct spare cr contrc: pane and foc'r, k een.

DETECTOR: G'/ tute :r.terna oa a + t w red krcme tr m on case tcc au co'e
ch ce of G'J prct os oderra BATTERY LIFE: 100 hours or 200 o acL pcN urethane oc n'ea

RANGE: 0 2000 m? m ir 5 hnea' hours utn para e' ccto, nanc e ana case oc*tc-

ranges 0 .'aJ OJU cc rr' DISPLAY: a ;; . ' na m:ew . , SIZE: 4 25 = 8 x 6 S' ir c ra m
+ , .1 - a a t <r ce c! c ' J " 20 3HIGH VOLTAGE: ! + c''c nm , r r.t: , *, - m .- .f
*~7cmstar o c.-: f ac t u r.- se+ a+ U; a( 7 ,, y . ,,3 ,,o 3 ; , .<c

;

D.' : r. " P ?* c- ". ' * WEIGHT: . ;tx * y .c u" na' "

i CONNECTOR: % >

~ * ' U '"U"' * l~* I" :
' ' *

ACCURACY: / ** 'a cf rea,-
'' ' "" ''- EL CC *

:na. t:r C s t. * m:
.

1

.m or : '0 3 cftoo vo#
GEOTROPISM; /.:'r A c' tug.t,.r n m . 7tc,e

S C ' .-ENERGY RESPONSE: 2.b t-
'

'

4.. 1, vm SHOCK. m t", P- ? q. g r + Option*o-
,

a w~tm "a" '' -
, .

* ''
'

~:
AUDIO OPTION: '/ er specSea

,

WARMUP TIME: r. -

a t;. Et n sp+:w e* e co ei.
.

HV TEST: * . m o+*< * + - ' 's.SATURATION: A 'r + -'

, .ed o' r c" s a ' " p caces, , ,
, ,

, . -. ,- , ,_,
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Nuc1rar and Radiologic Imaging Physicians, P.,C.
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'
CALIBRATION OF SURVEY INSTRUMENTS

, ,

,

.

4. Check appropriate items.

E I. Survey instruments will be calibrated at least annually and following repair.

X 2. Calibration will be performed at two points on each scale used for radiation protection purposes, i.e., at least up
,

to 1 R/hr.

The two points will be approximately 1/3 and 2/3 of full scale. A survey instrument may be considered properly
calibrated when the instrument readings are within i10 percent of the calculated or known values for each point
checked. Readings within 120 percent are considered acceptable if a calibration chart, graph, or response factor
is prepared, attached to the instrument, and used to interpret readings to within i10 percent. Also, when higher
scales ase not checked or calibrated, an appropriate precautionary note will be posted on the instrument.

3. Survey instruments will be calibrated

a. By the manufacturer

b. At the licensee's facility

(1) Calibration source

Manufacturer's name
Model no.
Activity in millicuries

or
Exposure rate at a specified distance
Accuracy
Traceability to primary standard

(2) The calibration procedures in Section I of Appendix D will be used
or

(3) The step-by-step procedures, including radiation safety procedures, are attached.

X By a consultant or outside firmc.

(1) Name Medical Physics Consultants. Inc.

Ann Arbor, MI 48103(2) Location

(3) Procedures and sources

X 21-20153-01have been approved by NRC and are on file in License No.

have been approved by an Agreement State.a copy of the Agreement State license, the
'

procedures. and a description of the sources are attached, and the consultant's report will
contain the information on

the attached " Certificate of Instrument Calibration."'

the consultant's reportmg form as attached.

are described in the attachment, and the consultant's report will contain the information on

the attached " Certificate of Instrument Calibration."
the consultant's reporting form as attached.

5%nR01, No. * ')

10.8 25
~

530



e

EIMIIIIIIIIIIIIIIIIIIIIIMY' ' IIPIIIIIIIIIIIIM:aksmsw:aw.w d:ma.w.w:a:wkta akwidra:ak.a6:w:3:4:J:ww:wk:akstaw:d ;-
-s

WM CERTIFICATE OF CAllBRATION - G AMM A SURVEY INSTRUMENTS 'y,<4C
gj q'

AM iM
MM E44
MM Calibration Date: K,c4'

M4 E44
pj! Facility: City: State: X'c4
Wk EM
g{ instrumentidentification: yp4

W5 NM
g3 O G-M O lon Chamber O )~<g

Mi EM
Manufacturer: Model No. g44g4

M3 EM
Serial No. g*gg4

gi vy
g{ Calibration Source ("g

Radionuclide: Source Strength: mRlbr/mCl @ im *

gjg ,g
M3 E'<4

EC4Mi RANGE OBSERVED mRlbr ACTU AL mRihr-

D.3 E44
E44MM x

M2 Ec4
XM>.X x

Wi E<4
>"i x K<4
#"i Ec4
Mi x KM
M2 E44
Mi X X'M
>1 E<4

E44D3i RANGE ANALYSIS>" XM
E44@2i x Within 110% Correction Factor

i Correction Factor $"M

[j x Within 110% Correction Factor
Correction Factor yggi

x Within i10% Correction Factor yegg{
M'( Correction Factor y'<$

x Within 110% Correction Factor KMMi
MI Correction Factor $*M-

x Within 10 % Correction Factor $*MM3,
h:) Correction Factor

gj Battery Change: YES O NO O g
Remarks: yyg{

M3 )M
Mi E44
Mi >M
MX NEXT CAllBRATION DATE: EM
MX iM
%}, CAllBRATED BY: -

.

r4 vy
'

.

.

.
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Call 8 RATION OF DOSE Call 8RATOR* *

,

A. Sources Used for Lincanty Test

(Check as appropriate)

First elution from new Mo-99/Tc 99m generator
i

or

ancheck IX Other* (specify)

:
!

B. Sources Used for Instrument Accuracy and Constancy Tests

Suggested

Radionuclide Activity ( mci) Activity (mci) Accuracy i

I

5 1 5% ]Co 57 35
i

0.250 sr
Ba-133 0.1-0.5

0.200 5%
Cs-137 0.1-0.2

Ra 226 l2

XC. The procedures described in Section 2 of Appendix D will be used for calibration of the dose calibrator ,

or

. . Equivalent procedures are attached.

'For licensees who are not authorised for Mo-99/Tc 99m generators activity must he equivalent to the highest activity uwd.

j

(

3

) I'
10.830
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Ec4.

MX Ec4.

MX
g] DOSE CAllBRATOR CAllBRATION CERTIFICATE V};M>'e 4

Ec3>'M KM>3 }[<$M{ Calibration Date: EMWi
MM Facility: City: State: KM

.E44
'
'

Mi
$]t instrumentidentification: );q

EC4MS
M{ Manufacturer: Model No. } qq

E44MX
g{ Serial No. gg
MX Ec4

vggy:
pj CAllBRATION DATA 'jg,

Ec4>2
Radionuclide Setting Actual Measured Correction ygg'J

Us'ed or Module Activity Activity i 10 % Factor ,;;

i E44
>2 Ec4
>2 YM
MX XM
>2 Ec4
MX XM
WX EM
M'{ Ec4
MX Ec4
W.X E<4
MX Ec4
D2 KM
>4 MM
M: v4

i'M:MX
MX vw

!%4MX !%t>2 5%>3 $%g
M': $ <::$M3 !%(t.

MX COMMENTS YsiMX
>:X KM
MX reg

\"ag>2 !%gMX i"ggM:! hIMM?:, NEXT CAllBRATION DATE:
Wa v4

h%(MX CAllBRATED BY: 4xW2 ..
- ~r..D ' i>/ y

W} ],f pot NO.
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: Nuclear and Radiologic Imading Physicia'ns, P.'C.
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* *
FACILITIES AND EQUIPMENT

.

RADIATION SAFETY EQUIPMENT

Enclosed is the " Nuclear Medical Physics Equipment Requirements" list which
details all radiation safety equipment on hand at each imaging center.

STORAGE AND' WASTE AREA

The active storage / waste areas are shielded as'shown in the enclosed diagram.
Once radioactive material is received and opened, according to items 12 and 14
of this application, it will be stored in these areas until used.

Waste is segregated into short and long components and disposed of according.
to item 18 of this application.

DOSE PREPARATION AREA

All doses are received in unit dose form and stored as noted above. Syringe
shields, disposable gloves, absorbant pads, and all other ancillary supplies
mentioned on the enclosed list will be on hand in this area and used at each
imaging center.

The dose prep area is continually monitored by an area GM monitor. All survey
meters are kept in this area for quick use and storage.

SECURITY

We confirm that each imaging-hot lab area will be secured against unauthorized
entry by locking the door (s) to these areas.

t
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NUCLEAR MEDICAL PHYSICS EQUIPMENT REQUIREMENTS
.

ASSAY AND MONITORING DEVICES:

ITEM CAT # SUPPLIER

Dose Calibrator 086-307 Atomic Products
"Moly Shield 086-423
"Vial Syringe Holder 086-240
"

Well Insert 086-241
Calicheck Calcorp Corp. .

Gil Survey Meters (2) Surveyor 2000 BICRON
"GM Probes (2)

Room Monitor 05-437 Nuclear Associates
"Check Source 62-103

* RADIOACTIVE SOURCES-STANDARDS *

Dose Calibrator
Standards NES-369 New England Nuclear
LF0V Co-57 Flood

"Source NES-392
Flexible hadioactive

Ruler (2) 67-231 Nuclear Associates

SHIELDING

Lead Glass Table Top
Shield ITS-102 ADC
Syringe Shields All-
Vue 3cc (2) 56-212 Nuclear Associates

,
"Sec (1) 56-213

Syringe Carriers (2) SC-722 ADC
Clear Pb Storage cave 56-611 Nuclear Associates

"Rad-Waste Container 14-500

CAMERA QUALITY CONTROL

High Resolution Bar
Pattern 76-815 Nuclear Associates

Caution Signs and Labels:
Hot Lab 024-914 Atomic Products

"Camera Room 024-999
"Radioactive Statorials 028-002
"Rad Waste Tape (2) 026-012
"Tape Dispenser 035-100

.
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ITEN CAT fl SUPPLIER
' .

. .

*

Decontaminating Agents
Radiacwash (4 gallons) 005-100 Atomic Products

MISCELLANEOUS DISPOSABLE ITEMS

Plastic Gloves
Plastic Backed Absorbant Pads
Plastic Trays
Remote Handling Tongs

*

PERSONNEL MONITORING DEVICES

Whole Body Film Badge R. S. Landauer
Ring Badges 2/ person

* A Nuclear Regulatory Commission Materials License is required
before purchase.

.
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2151 LIVERNOIS SUITE 201, ,

TROY, MICIIIGAN 48083,

0FFICE

4 2 1

~

1. STORAGE / WASTE AREA

2. DOSE PREP AREA "STORAGE 3
3. DOSE CALIBRATOR

4. SURVEY / AREA METERS 6'x8'

,
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NUCLEAR & RADIOLOGIC IMAGING PHYSICIANS, P.C.
.

31500 SCHOOLCRAFT

LIVONIA, MI 48150

HALLWAY OFFICE

10
__

'
,

12' x 21'
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at
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! OUTSIDE WALL (OSW)

!

1. STORAGE / WASTE AREA 6. CAMERA CONSOLE

2. DOSE PREP AREA 7. CAMERA

l 3. DOSE CALIBRATOR 8. ANALOG FORMATTER

4. SURVEY / AREA METERS 9. STRESS TABLE

5. COMPUTER 10. COLLDIATOR CART

!
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NUCLEAR & RADIOLOGIC UfAGING PHYSICIANS, P.C.

FISHER BUILDING SUITE 1073

DETROIT, MI 48202

liALLWAY

BATil ROOM | STRESS TABLE

__

4' x 6' i

1. DOSE PREP AREA-

t 11c 2. DOSE CALIBRATOR
2 3
- -

3. STORAGE / WASTE AREA.. .

iI

%e3 jy

I iId
'
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0FFICE 9.5' x 14.5'
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PERSONNEL TRAINING PROGRAM
. , ,

Location Nuclear and Radiologic Imaging Physicians, P.C.a

"All individuals working in or frequenting any portion of a
restricted area shall be kept informed of (radioactive material
storage and use, and associated health hazards and applicable
regulations)." 10 CFR 19.12

We, the undersigned, have read and understand the attached
information concerning safe use of radioactive material and the
associated health risks. Additionally, it is our understanding
that this program will be reviewed initially and annually there-
after.

Name Date Name Date

-

-me.- 4 __
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. RADIATION SAFETY FOR SUPPORT PERSONNEL

The 'following information is designed to cover areas of rad- 4

..
lation safety specifically the concern of support personnel.
The areas will include's A) warning signs: B) rules: C) acci-
dents: and D) obligations and rights. Support personnel, as
termed, will include security, clerical, maintenance and
housekeeping.

Radiation Warning Sians to Recognize

1. Caution Radioactive Materials - This sign warns that
you are about to enter an area where radioactive
materials are used. Some of your work will take you
into these areas. Normally, radioactive materials
are stored in containers which prevent the material
from. escaping. These containers are also labeled
with a " Caution Radioactive Materials" sign. Ne"er -

touch or move these containers.

2. Radioactive: Handle Carefully This sign warns you-

that the package contains radicactive naterial. The
package is safe to carry, but must te handled accord-
ing to the rules of this facility.

3. Caution Radiation Area - Normally, your job will not
take you into such an area, but if it does, you must 4

,

be aware that radiation above normal levels is present.

Remember the general rule, "the more the radiation . the greater
the hazard". .The risk of harm increases as you spend more
. time exposed to the radiation. Therefore,- if your job requires
you to enter a radiation area, do your job quickly so you will
receive as little radiation expsoure as possible.

Radiation Safety Rules to Follow -

1. Clerical Staff - When your job requires you to enter
the Nuclear Medicine Department, use the following
radiation safety rules:

A. Note warnina signs.

B. Ooen door carefully, to avoid collisions.

C. Do not oroceed without nermission, into work area.

D. If you are or may be creanant, you should not work
in the Nuclear Medicine Department.

<
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RADIATION SAFETY FOR SUPPORT PERSONNEL. Continued y
.

2. Maintenance'- When your work requires you to enter
the Nuclear Medicine Department, use the following''

radiation safety rules to avoid contact with radio--
active materials:

,

,

A. Note warnina signs.

B. Ooen door carefully, to avoid collisions.

C. Check for technologists, once inside.

D. Check for radioactive materials. If you find
radioactive materials near the place where you
are to work either notify the technologist if.
present, or leave and find the technologist.
Have the technologist move the radioactive con- .

#
tainer away from your work area.

E. If you are or may be creanant. vou should not
work in the Nuclear Medicine Denartment.

.

F. If for any reason you work in the Nuclear Med-
icine Department outside of regular business
hours, do not leave the door unlocked if you
leave the area temporarily. Be sure the door
is locked uoon comoletion of your work.

3. Housekeeoina - When your work requires you to enter
the Nuclear Medicine Department, use the following
radiation safety rules:

A. Note warnina sians.

B. Do not emotv any " Caution Radioactive Waste" f
baskets or containers. Radioactive waste is'

not mixed with regular trash. The technolo-
gist will take care of it's removal.

C. Do not clean or disturb any eoulement on toos
of lab tables. This applies especially to the
" hot la b" .,

D. Work at brisk. safe nace. Spend as little time
as possible in a room containing radioactive
materials. When break time comes, remember that
a Nuclear Medicine Department is no place to eat,

.1

.
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RADIATION SAFETY FOR SUPPORT PERSONNEL. Continued-

smoke, or relax.

E. If you are or may be oregnant, you should not
work or clean in the Nuclear Medicine Department.

F. If for any reason you work in the Nuclear Med-
icine Department outside of regular business'

hours, do not leave the door unlocked if you
leave the area temporarily. Be sure the door is
locked uoon comoletion of your work.

How to Handle an Accident Involving a Radioactive Soill

1. Keeo away. Do not approach the radioactive materials
spill.

M
2. Leave at once. Leave the area immediately and lock

the door.

3. Call the Radiation Safety Officer. If the radioactive
spill takes place during Nuclear Medicine personnel
off-duty hours, notify the Radiation Safety Officer
immediately about the accident.

Safety Obligations and Rights

Each worker has an obligation to follow radiation safety rules.
It is an important part of your job to be on the watch for
unsafe situations and know how to react in case of a radiation
accident.

As a worker, you also have a right by law to ask questions and
seek advice about radiation and safety. In almost all cases, e

Nthe Radiation Safety Officer or some other staff member will
be able to answer any questions you may have. However, if you
still need more information, you also have the right to talk
with state and even federal authorities.

.
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REGULATORY GUIDE 8.29
(Task OH 902-4)

INSTRUCTION CONCERNING RISKS FROM OCCUPATIONAL RADIATION EXPOSURE

A. INTRODUCTION Concerns about these biological effects have resulted in
controls on doses to individual workers and in efforts to

Section 19.12 of 10 CFR Part 19. " Notices Instructions control the collective dose (person-rems) to the worker
and Reports to Workers; Inspections," requires that all population.
persons working m or frequenting any portion of a restricted
area be instructed m the health protection problems asso- NRC-licensed activities result m a significant fraction of
ciated with exposure to radioactive materials or radiation. the total occupational radiation exposure in the United
This guide describes the instruction that should be provided States. Regulatory action has recently focused more atten-
to the worker concerning biological risks from occupational tion on maintaining occupational radiation exposure at
radiation exposure. Additional guides are being or will be levels that are as low as is reasonably achlesable ( Al.AR A).
developed to address other aspects of radiation protection Radiation protection training for all workers who may be
training. exposed to ionizmg radiation is an essential component of

4^any program designed to maintain expowre levels ALAR A.
B. DISCUSSION A clear understanding of what is presently known about the'

biological nsks assoctated with exposure to radiation will
It is generally accepted by the scientific community that result in more effective radiation protection training and

exposure to ionizing radiation can cause biological effects should generate more interest on the part of the worker in
that are harmful to the exposed organism. These effects are minirrizing both individual and collective doses. In addition,
classified into three categories; radiation workers have the nght to whatever information

on radiation risk is available to enable them to make informed
Somatic E//ects: Effects occurrms in the exposed decisions regarding the acceptance d these risks. It is intendedv
person that, in turn, may be divided into two classes: that workers who receive this instruction develop a healthy

respect for the risks involved rather than excessive fear or
Prompt effects that are observable soon after a large indifference,
or a:ute dose (e.g.,100 rems' or more to the whole
body in a few houru. .nd At the relatinly low levels of occupational radiation

exposure in the United States. it is difficult to demonstrate
Delayed effects such as cancer that may occur years a relationship between exposure and effect. There is con-
after exposure to radiation. siderable uncertainty and controversy regarding estimates

of radiation nsk. In the appendix to this guide, a range of
2

Genetic Effects: Abnormalities that may occur in the risk estimates is provided (see Table 1). Information on
5future children of exposed individuals and in subsequent radiation risk has been included from such sources as the

generations. 1980 National Academy of Sciences' Report of the Committee
on the Biological Effects of Ionizing Radiation (BEIR 80),

Teratogenic Effects: Effects that may be observed in the International Commission on Radiological Protection
children who were exposed duringthe fetaland embryonic (ICRP) Publication 27 entitled " Problems in Developing an
stages of development. Index of Harm," the 1979 report of the science work group

of the Interagency Task Force on the Health Effects of
'In the International System or Units (SI) the rem is replaced Ionizing Radiation. the 1977 report of the United Nations

by the saevert.100 rems as equal to i sievert (Sv)* Scientific Committee on the Effects of Atomic Radiation
2 (UNSCEAR report). and numerous published articles (see
cenetic errecta exceedins normal incidence have not been

observed in any or the studies or exposed humana, the bibliography to the appendtx).

USNRC REGULATORY GunOES Comments snowid be seat to tne cecretart of tne Commission.
U . S. Nuclear R egulat ory C o m m i s s.on , w a smngt on. D.C. 2 0 5 5 s.

Esgulatory Gu6 des are issued to descr1De and mame available to the Attention: Docketing and Service Brancfs
pu Disc rnetnods acceptable to tne NRC st a f f of sm olemen ting
specific parts of tne Commession's regulations. to deterseate tecn- The guides are 6ssued en tne foliowei g ten broas divessons.
neQues used Oy tne staf f en evaluateng specific proDiems or postu-
s'ted accedents or to provide guidance to applicants. Regulatory 1. Powes Reactors 6. Products
Cuides are nol suostetutes for regwlations, and compliance wesen 2. Researcn and Test Reactors F. Transportation
Enern is not required. Metnods and totutions dif ferent from tnose set 3. 8ruels and Materials Facabites 8. Occupationes Hes'tn
out en tne guides w.la Be acceptable of tney provide a Dates for tne 4 Env*ronmentas and Seting 9. Antetewst and Financial Review". Oc"e4?.JTo'e'',n'r:J"!,.'"a"" * *a"''a an" a' * *ar='' ~a 5 ** ' *" *'"" a '' a n ' 'r a'"' ' a a 2 * o*"*'''

o
Copees of issued guides may ne purcn ted at tne current Governmenta

Tnis guioe was essued after consideration of comments received fromi Printeng Ottece or ce. A suoscription service 'or 'uture twices in spe-e

| Ine pubfoc. Comments and suggestions for emorovements en tnese cific divessons es available througn tne Government Priating Omce,
guides are encouraged at ait times. and guides wete De revised. as Intorreiation on tne swescriot.on service and current GPO orices may
appropetate to accommodate comments and to reelect new enferma- De ottainec Dv writing tne v.5. Ncioar Regwaat Sev Commission.
tion or esperience, w a sn.n gt on. O C. 20SsS. Attention. Pube.c at.ons Sales Manager.
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** sessi:ns. Each individual sh:uld be given an cpportunity to *

C. REOULATO3Y POSITION - .

ask questions and should be asked to acknowledge in writing

. Stront management support is considered essential to an that the instruction has been received and understood.
.

adequate radiation protection training program. Instruction .,

to workers performed in compliance with $ 19.12 of 10 CFR D. IMPLEMENTATION
-

,

Part 19 should be given prior to assignment to work in a -
*

restricted area and periodically thereafter, in providing The purpose of this section is to provide information to
instruction concerning health protection problems associated applicants regarding the NRC staff's plans for using this
with exposure to radiation, all workers, including those in regulatory guide.
supervisory roles, should be given specific instruction on
the risk of biological effects resulting from exposure to Except in those cases in which an applicant or licensee

radiation. proposes an acceptable alternative method for complying
with specified portions of the Commission's regulations, the

The instruction should be presented both orally and in methods desenbed in this guide will be used in the evalua-

printed form to all affected workers and aspervisors. It should tion of the training program for allindividuals working in
include the information provided in the appendix to this or frequenting any portion of a restricted area and for all
guide.3 The information should be discussed during training supervisory personnel after December 15,1981.

I an applicant or licensee wishes to use the material pro-
3

covernment Prinetas'bndis to this.Many be ontained ity wrtaing
Cop 6es of the a are aveSaMe at the curvent vided in this guide on or before December 15,1981, the.

$sYs*. tha Nei*P"ub b m Es b Y M N Im'asn'on
Pertinent portions of the application or the licensee's perfor-

copyrtanted, and commannian approvel is not required to reproduos st. mance will be evaluated on the basis of this guide.
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U.S. NUCLEAR REGULATORY COMMISSION

( APPENDIX TO REGULATORY GUIDE 8.29
t

INSTRUCTION CONCERNING RISKS FROM OCCUPATION AL RAOI ATION EXPOSUREi~

The biological effects that are known to occur after
This instructional material is intended to provide the exposure to high doses (hundreds of rems ) of radiation are

s

user with the best available information concerning what is discussed early in the document, discussions of the esti-
currently known about the health risks from exposure to mated risks from the low occupational dose (<5 rerns per
ionizing radiation.: A question and answer format has been year) follow. It is intended that this information will help
used. The questions were developed by the NRC staff in develop an attitude of healthy respect for the risks asso-
consaltation with workers, union representatives, and cisted with radiation, rather than unnecessary fear or lack
licensee representatives experienced in radiation protection of concern. Additional guidance is being or will be devel- j
trauung. Riak estimates have been compiled from numerous oped concerning other topics in radiation protection ;

sources generally recognized as reliable. A bibliography is training.
included for the user interested in further study,

I

*eeeoee

assume that some health effects do occur at the lower expo-
J. Whatis meant by riskt 4sure levels.

,g , ,,g
Risk can be defined in smeral as the pmbability (diance)

of injury, illness, or death resulting from some activity. 3 e#ects.,
However, the perception of risk is affected by how the a. Prompt effects are observable shortly after receiving
individual views its probability and its severity. The intent

a very large dose in a short period of time. For example,aof this document is to prodde estimates of and explain the whole-body * dose of 450 rems (90 times the annual does
basis for possible risk of in;ury, illnes, or death resulting

I from occupational radiation exposure. (See Questions 9 and
limit for routine occupational exposure) in an hour to an

10 for estimates of radia* ion risk and comparisons with average adult will cause vomiting and diarrhea within a few
hours; loss of hair, fever, and weight loss within a few

'

b other types of risk.) weeks; and about a 50 percent chance of death within

2. IFAer ere the possfNe heefrA e#een of espeasse to 60 days without medical treatment.

mdderdent b. Delayed effects such as cancer may occur years
after exposure to radiation. ,

|
Some of the health c'fects that exposure to radiation

may cause are cancer (including leukemia), birth defects i$ c. Genetic effects can occur when there is radiation
the future children of exposed parents, and cataracts. damage to the genetic material. These effects may show up

These effects (with the exception of genetic effects) have as birth defects or other conditions in the future children of
been observed in studies of medical radiologists, uranium the exposed individual and sacceeding generations, as

Q
mmers, radium workers, and radiotherapy patients who demonstrated in animal experiments. However, excess
have received large doses of radiation. Studies of people genetic effects clearly caused by radiation have not been

exposed to radiation from atomic weapons have also observed in human populations exposed to radiation. It has

provided data on radiation effects. In addition, radiation been observed, however, that radiation can change the
effects studies with laboratory animals have provided a genes in cells of the human body. Thus, the possibility
large body of data on radiation-induced health effects, exists that genetic effects can be caused in humans by low

including genetic effects. doses even though no direct evidence exists as yet.

4. In morter prosverden, male 4 efferm ere e/mpes cearers
The observations and studies mentioned above,hosever.

se the NACF
involve levels of radiation exposure that are much higher

f
(hundreds of rems) than those permitted occupationally The main concern to the NRCis the delayed incidence
today (<5 rems per year). Although studies have not shown a of cancer. The chance of delayed canceris believed to depend'

cause effect relationship between health effects and current
levels of occupational radiation exposure, it is prudent to

Cataracts differ from other radiation effects in that a certada3
level of does to the lens or the eye (=sco roms) is required before-

leansins radiation consists of energy or sesE particles asch as they are oteerved.I
asema, tets, se alphs radiation emitted from sed 6eective anetselais
wh6ch, when eteorted by hviss tissue, can cause chemical and ft is important to distinsvish between whole. body and partial-#

body esposure. loo esmo to the whole body will have more efface
than 100 to a head. For esemple.esposure of a hand would affect a

The rem is the unit of measure for radiation does and relates tosmall fraction of the bone marrow sad alamited portion of the skin.| 2

the biolostcal effect of the staattmed redistion.

I 8.29 3
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'on h2w much radiatien exposure a person gets; therefore, On2 theory is that radiation can damage chromosomesin a |
*

every reasonibir effert should be made to kelp exposures cell, and the cell is then directed along abnormal growth !
law. pattems. Another is that radiation reduces the body's |,

'

normal resistance to esistmg viruses which can then multiply '

immediate or prompt effects are very unlikely since and damage cells. A third is that radiation activates an -
I

,large exposures would normally occur only if there were a existing virus in the body which then attacks normal
serious radiation accident. Accident rates in the radiation cells causing them to grow rapidly,
industry have been low, and only a few accidents have
resulted in exposures exceeding the lesallimits.The probabil- What is known is that. in groups of highly exposed
ity of serious genetic effects in the future children of people, a higher thsn normalincidence of cancer is observed.
workers is estimated in the BEIRs report, based on animal Higher than normal rates of cancer can also be produced in
studies, at less than one third that of delayed cancer (5-65 !aboratory animals by high levels of radiation. An increased
genetic effects per million rems compared to 160 450 incidence of cancer has not been demonstrated at radiation
cancer cases). A clearer understanding of the cause effect levels below the NRC limits.
relationship between radiation and human genetic effects
will not be possible until additional research studies are 7. If I receive a radiation dose, does that mean I am
completed. cerram to get cancer?

5. Wast is the d(fference 6erween scuse and chronic Not at all. Everyone gets a radiation dosc every day (see
esposure? Question 25), but most people do notset cancer. Even with

doses of radiation far above legal limits, most individuals
Acute radiation exposure, which causes prompt effects will experience no delayed consequences. There is evidence

and may also cause delayed effects,usually refers to a large that some radiation damage can be repaired. The danger
dose of radiation received in a short period of time; for from radiation is muchlike the danger from cigarette smoke. 4

example,450 rems received within a few hours orless. The Only a fraction of the people who breathe cigarette smoke
effects of acute exposures are well known from studies of set lung cancer, but there is good evidence that smoking
radiotherapy patients, some of whom received whole-body increases a person's chances of getting lung cancer. Similarly,
doses; atomic bomb victims; and the few accidents that there is evidence that the larger the radiation dose, the
have occurred in the early days of atomic weapons and larger the increase in a person's chances of getting cancer.
reactor development, industrial radiography, and nuclear ,

fuel processing. There have been few occupationalincidents Radiation is like most substances that cause cancer in
that have resulted in large exposures. NRC data indicate that the effects can be seen clearly only at high doses.
that, on the average, I accidental overexposure in which Estimates of the risks of cancer at low levels of exposure

,

any acute symptoms are observed occurs each year. Most are derived from data available for exposures at high dose
of these occur in industrial radaography and involve exposures levels and high dose rates. Generally, for radiation protection
of the hands rather than the whole body. purposes these estimates are made usms the linear model

*

(Curve 1 in Figure 1). We have data on health effects at high
Chronic ex posure, which may cause delayed effects but doses as shown by the solid line in Figure !. Below about

not prompt effects, refers to smail doses received repeatedly 100 rems, studies have not been ab:e to accurately measure
over long time periods; for example, 20100 mrem (a the tisk, primarily because of the small numbers of exposed
mrem is one thousandth of a rem) per week every week for people and because the effect is small compared to differences
several years. Concern with occupational radiation risk is in the normal incidence from year to year and place to place.
primarily focused on chronic exposure to low levels of Most scientists believe that there is some degree of risk no {radiation over long time ~ periods. matter how small the dose (Curves I and 2). Some scientists

believe that the risk drops off to zero at some low dose
d. flow does todassion cause concer? (Curve 3), the threshold effect. A few believe that risklevels

off so that even very small doses imply a significant risk
How radiation causes cancer is not well understood. (Curve 4). The majority of scientists today endorse either

It is impossible to tell whether a given cancer was caused by the. linear model (Curve 1) or the hnear-quadratic model
radiation or by some other of the many apparent causes. (Curve 2). The NRC endorses the linear model (Curve 1),
However, most diseases are caused by the interaction of which shows the number of effects decreasing as the dose
several factors. General physical condition, inherited traits, decreases, for radiation protection purposes.
age, sex, and exposure to other cancer-causing agents such
as cigarette smoke are a few possible contributing factors. It is prudent to assume that smaller doses have some

chance of causing cancer. This is as true' for natural cancer-
causers such as sunlight and natural radiation as it is for
those that are man made such as cigarette smoke, smog, and

s mangna e ta n. As enn very smaH ses rnay entadm Nationes Academy of scioness estabushed a committee on
the aiolosical Effects of Ionizins Radiation (BEIR) whose 19ao some small risk, it follows that no dose should be taken
"g *aggets gticesjf owgelsgf without a reason. Thus, a principle of radiation protection p

posum
g

smide. is to do more than merely meet the allowed regulatory
,
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Figure 1. Some proposed models for how the effects of radiation
very with doses at low levels.

limits; doses should be kept aslow as is reasonably achievable 1000 draws. We can say that if you receive a radiatior dose.
you will have increased your chances of eventually developing

h(ALARA). cancer. It is assumed that the more radiation exposure you

We don't know exactly what the chances are of getting get, the more you increase your chances of cancer.
-

cancer from a low-level radiation dose, but we can make
estimates based on extensive scientific knowledge. The
estimates of radiation risks are at least as reliable as estimates

Not all workersincur the same level of risk. The radia-

for the effects from any chemical hazard. Being exposed tion. risk incurred by a worker depends on the amount of

to typical occupational radiation doses is taking a chance,
dose received. Under the linear model explained above, a

but that chance is reasonably well understood. worker who receives 5 rems in a year incurs 10 times sa
much risk as another worker (the same age) who receives

it is important to understand the probability factors only 0.5 rem. The risk depends not only on the amount of

here. A similar question would be: If you select one card dose, but also on the age of the worker at the time the dose is

from a full deck, will you get the ace of spades? This received. This age difference is due,in part, to the fact that

question cannot be answered with a simple yes or no. The a young worker has more time to live than an older worker,

best answer is that your chances are I in 52. However,if and the risk is believed to depend on the number of years

1000 people each select one card from full decks, we can of life following the dose. The more years left, the larger

predict that about 20 of them will get an ace of spades. the risk. It should be clear that, even within the regulatory

( Each person will have I chance in 52 of drawing the ace of dose limits, the risk may vary a great deal from one worker

spades, but there is no way that we can predict which persons
to another. Fortunately, only a very few workers receive

\-- will set the right card.The issue is further complicated by the doses near 5 rems per year; as pointed out in the answer to

fact that in I drawing by 1000 people, we might get only Question 19, the average annual dose for all radiation
15 successes and in another perhaps 25 correct cards in workers is less than o.$ rem.
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A rzasonable ecmparison involves eap sure to the sun's- TABLE 1
j

rays. Frequent short exposures provide time for the skin to'

repair. #n acute exposure to the sun can result in painful Estimates of Excess Cancer Incidence from Exposure

burning, and excessive exposure has been shown to cause to Low. Level Radiation
!skin cancer. However, whether exposure to the sun's rays is a

short term or spread over time, some of the injury is not Number of Additional" Cancers Estimated
*

repaired and may eventually result in skin cancer. Source to Occur in i Million People After
Esposure of Each to 1 Rem of Radiation

The effect upon a group of workers occupationally
exposed to radiation may be an increased incidence of

b
cancer over and above the number of cancers that would BEIR,1980 160 450
normally be expected in that poup. Each exposed individual
has an increased probability ofincurring subsequent cancer. ICRP,1977 200
We can say that if 10,000 workers each receive an additional
I rem in a year, that group is more likely to have a larger UNSCEAR,1977 150 350
incidence of cancer than 10,000 people who do not receive
the additional radiation. An estimate of the increased
probability of cancer from low radiation doses delivered to
large groups is one measure of occupational risk and is ,**d**"d*****P'"'"*'"d'"*'d'"***'**"**''g

induced cancers. The Amencen bmature deaths from radiation.
AB three sroups estimated

discussed in Question 9. eer Society has recently stated
that only about oneAaif or all cancer cases are fatal.1hus. to
estimate incidence of cancer, the publaahed numbers were multiptsed

S. What groups of expert scientists have studied the ru, k 2. Note that the three stoups are in cloes aeroement on the risk
f>Wme2posureforedisfiomp radiation induced cancer.

1

In 1956, the National Academy of Sciences established I rem, we could estimate that three would develop cancer
advisory committees to consider radiation risks. The first of because of that exposure, although the actual number could
these was the Advisory Committee on the Biological Effects be more or less than three.
of Atomic Radiations (BEAR) and more recently it was
unamed the Advisory Committee on the Biological Effects The American Cancer Society has reported that approxi-

mately 25 percent of all adults in the 20 to 65-year ageof lenizing Radiation (BEIR). These committees have ~
bracket will develop cancer at some time from all possibleperiodically reviewed the extensive,research being done on

the health effects of ionizing radiation and have published causes such as smoking, food, alcohol, drugs, air pollutants, s
estamates of the risk of cancer from exposure to radiation and natural background radiation. Thus in any group of
(1972 and 1980 BEIR reports). The IntemationalCommission 10,000 workers not exposed to radiation on the job, we can
on Radiological Protection (ICRP)and the National Council expect about 2,500 to develop cancer. If this entire group
on Radiation Protection and Measurement (NCRP)are two of 10,000 workers were to receive an occupational radiation
other groups of scientists who have studied radiation effects dose of I rem each, we could estimate that three additional
and published risk estimates (ICRP Publication 26,1977). cases might occur which would give a total of about 2,503.
These two groups have no government affiliation. In This means that a 1 rem dose to each of 10,000 workers
addition, the United Nations established an independent might increase the cancer rate from 25 percent to 25.03
study group that published an extensive report in 1977, percent, an increase of about 3 hundredths of one percent.
including estimates of cancer risk from ionizing radiation
(UNSCEAR,1977). As an individual,if your cumulative occupational radia- k

tion dose is I rem, your chances of eventually developing
Several individual research groups or scientists such as cancer during your entire lifetime may have increased from

Alice Stewart, E.S. Gilbert, T.F. Mancuso, T.W. Anderson, 25 percent to 25.03 percent. If your lifetime occupational
to name a few, have published studies concerninglow-level dose is 10 rems, we could estimate a 25.3 percent chance of
radiation effects. The bibliography to this appendix includes developing cancer. Using a simple linear model, a lifetime
several articles for the reader who wishes to do further dose of 100 rems may have increased your chances of
study. The BEIR 40 report includes analysis of the work of . cancer from 25 to 28 percent.
many independent researchers.

The normal chance of developing cancer if you receive
9. What are the estinester of the risA ofconcerf>om redde- no occupational radiation dose is about equal to your chance

sfos esposurer of getting any spade on a single draw from a full deck of
playing cards, which is one chance out of four. The addi-

The cancer risk estimates (developed by the organiza- tional chance of developing cancer from an occupational
tions identified in Question 8) are presented in Table 1. exposure of I rem is less than your chances of drawing an

ace from a full deck of cards three times in a row.
la an effort to explain the significance of thee estimates,

we will use an approximate average of 300 excess cancer Since cancer resulting fram exposure to radiation usually ),
cases per million people, each exposed to I rem ofionizing occurs 5 to 25 years after the exposure and since not all '

radiation. If in a group of 10,000 workers each aceives cancers are fatal, another useful measure of risk is years of

8.29 6
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TABLE 2
life expectancy lost on the average from a radiation-induced
cancer. It has been estimated in several studies that the Estimated Loss of Life Expectancy from Health Riska

a

avePage loss of life expectancy from exposure to radiation is

( about I day per rem of exposure. In other words, a person
. exposed to I rem of radiation may, on the average, lose Estimates of Days of
l day of life. The words "on the average" are important, Life Expectency Lost,

~
i

' however, because the person who gets cancer from radiation
may lose several years oflife expectancy while his coworkers Health Risk Average

suffer no loss. The ICRP estimated that the average number

i cf years of life lost from fatal industrial accidents is 30 Smoking 20 cigarettes / day 2370(6.5 years)

while the average number of years of life lost from a fatal Overweight (by 20%) 985 (2.7 years)

a All accidents combined
435 (1.2 years)

radiation-induced cancer is 10. The shorter loss of lir
Auto accidents 2001

| expectancy is due to the delayed onset of cancer. Alcohol consumption (U.S. average) 130

j lt is important to realize that these risk numbers are Home accidents 95;

41
only estimates. Many difficulties are involved in designing - Drowning

|
research studies that can accurately measure the small Natural background radiation, 8i

increases in cancer cases due to low exposures to radiation calculated

as compared to the normal rate of cancer. There is still Medical diagnostic x-rays (U.S. 6;
'

uncertainty and a great deal of controversy with regard to average), calculated

estimates of radiation risk. The numbers used here result
All catastrophes (earthquake, e tc.) 3.5*

from studies involving high doses and high dose rates, and I rem occupational radiation dose, 1.

calculated (industry average for
they may not apply to doses at the lower occupational
levels of exposure. The NRC and other agencies bothin the the higher-dose job cswaries is }

United States and abroad are continuing extensive long-range 0.65 rem /yr),

research programs on radiation risk. I rem /yr for 30 years. calculated 30

4

Some members of the National Academy of Sciences

mysks.hted trom Cohen and Lee. "A Catalogue of lusks."HeerenBEIR Advisory Committee and others feel that risk estimates aAda
as. sa June 1979.in Table 1 are higher than would actually occur and represent

an upper limit on the risk. Other scientists believe that A second useful comparison is to look at estimates off
the estimates are low and that the risk could be higher.
However, these estimates are considered by the NRC staff the average number of days of life expectancy lost from

to be the best available that the worker can use to make an
exposure to radiation and from common industrial accidentsv

informed decision concerning acceptance of the risks asso- at radiation-related facilities and to compare this number

|
cisted with exposure to radiation. A worker who decides to with days lost from other occupational accidents. Table 3;

shows average days of life expectancy lost as a result of
accept this risk should make every effort to keep exposure fatal work related accidents. Note that the data for occupa-i

to radiation ALARA to avoid unnecessary risk. The worker,
tions other than radiation related do not include death risksaf ter all. has the first line responsibility for protecting himself
from other possible hazards such as exposure to toxic chem-

from radiation hazards. icals, dusts, or unusual temperatures. Note also that the

10. New con we compere redistfos risk to other Asids of anlikely occupational exposure at 5 rems per year for 50
years, the maximum allowable risk level, may result in a ghenfr4riskrf risk comparable to the average risks in mining and heavy

Ferhaps the most useful unit for comparison among construction.

health risks is the average nuntber of days of life expectancy Industrial accident rates in the nuclear industry and
lost per unit of exposure to each particular health risk. related occupational areas have been relatively low duringEstimates are calculated by looking at a large number of per-
sons, recording the age when death occurs from apparent

the entire history of the industry (see Table 4). This is

causas, and estimating the number of days of life lost as a
believed to be due to the early and continuing emphasis on

result of these early deaths. The total number of days of tight safety controls. The relative safety of various occupa-
tional areas can be seen by comparing the probability oflife lost is then averaged over the total group observed.
death by accident per 10,000 workers over a 40 year

Several studies have compared the projectedloss oflife working lifetime. These figures do. not include death

expectancy resulting from exposure to radiation with other
from possible causes such as exposure to toxic chemicals or

! health risks. Some representative numbers are presented in radiation.

| Table 2. II. Cen s worker become ssertle arimpotentf>om occupe-
J

| These estimates indicate that the health risks from occu-
niemalnodistion exposuref

pational radiation exposure are smaller than the risks asso- Observation of radiation therapy patients who receive,

|( ciated with many other events or activities we encounter and
localized exposures, usually spread over a few weeks. has

accept in normal day-to-day activities.
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TABLE 3 shswn that a dose cf 500 800 rems ts the 3:nads can
*

* ~
- -

produce permanent steril:ty in males cr females (an acute-
.

Estimated Loss cf Life E::pectancy from Industrial Hazards * whole-body dose cf this magnitude wsuld probably result
in death within 60 days). An acute dose of 20 rems to the
testes can result in a measurable but temporary reduction in

I
**.

Estimates of Days of sperm count. Such high exposures on the job could result
Life Expectancy Lost. only from seriousandunlikely radiation accidents. Although j

Indusiry Type Average high doses of radi.ition can affect fertility, they have no -'

effect on the ability to function sexually. Likewise, exposure
Allindustry 74 to permitted occupationallevels of radiation has no observed
Trade 30 effect on fertility and also has no effect on the ability to
Manufacturing 43 function sexually.
Service 47
Government 55 12. What are the NRCexternal radiation dose limits?
Transportation and utihties 164
Agneulture 277 Federal regulatims currently timit occupational external

Construction 302 whole-body radiation dose to 1% rems in any calendar
Mining and quarrying 328 quarter or specified 3-month period. However, when there
Radiation accidents, death from <1 is documented evidence that a worker's previous occupa-
exposure tional dose is low enough, a licensee may permit a dose of

Radiation dose of 0.65 remlyr 20 up to 3 rems per quarter or 12 rems per year.The accumulated
(industry average) for 30 years, dose may not exceed 5(N 18) rems' where Nis the person's
calculated age in years, i.e., the lifetime occupational dose may not

Radiation dose of 5 rems /yr for 250 exceed an average of 5 rems for each year'above the age
50 years of I8. ..

Industrial accidents at nuclear 58 &

facilities (nonradiation) An additional whole-body dose of approximately
5 rems per year is permitted from internal exposure. (See
Question 28.)

*AdaPhysics, hted from Cohen and Lae. "A Catalosue of Risk." #eeldeot. 36. June 1979; and World Health Organizat6on. NealWe1.F. Whatis Nsesnt by ALARAI
impaiceWons of Nucteer Powr Production. Docemoor I91s.

In addition to providing an upper limit on a person's y
permissible radiation exposure, the NRC also requires that
its licensees maintain occupational exposures as far below
the limit as is reasonably achievable (ALARA). This means

TABLE 4 that every activity at a nuclear facility involving exposure
to radiation should be planned so as to minimize unnecessary

Probability of Accidental Death by Type of Occupation exposure to individual workers and also to the worker8

population. A job that involves exposure to radiation
should be scheduled only when it is clear that the benefit

Number of Accidental justifies the risks assumed. All design, construction, and
Deaths for 10,000 operating procedures should be reviewed with the objective

Occupation Workers for 40 Years' of reducing unnecessary exposures. -
.

Mining 252 14. Has the AE. ARA concept been applied (f, instead of
Construction 228 reaching done limits d>ering the first week of a quarter,

Agriculture 216 the worker 1r dose is spread onet over the whole quarter?

Transportation and public' !!6

utilities No. For radiation protection purposes, the risk of
Allindustries 56 cancer from low doses is assumed to be proportional to the

Government 44 amount of exposure, not the rate at which it i: received.
Nuclear industry (1975 data 40 Thus it is assumed that spreading the dose out over time or

excludinig construction) over larger numbers of people does not reduce the overall
Manufacturing '36 risk. The ALARA concept has been followed only when the

Services 28 individual and collective doses are reduced by reducmg the

Wholesale and trade 24 time of exposure or decreasing radiation levels in the

"The NRC has published a proposed rule chanse for public
comment that would eliminate the s(N.I a) formula. This proposal is
currently under consideration by a task force revwwins all of 10 CFR

'Adepted from National Safety Council. Accident Fecer.1979; Part 20. Recent EPA suidance recommends eliminatans the s(N.18)
and Atomic Energy Comerussion, operesonal Aceddene med Jtadle- formule. Ir adopted,the manimum allowed annual does w6tl be s tems Psion Exponere Emperience, W ASH.l t 92,197s. rather than 12.
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individual and cclicctive doses are reducsd by reducing the, cancer for the worker population. At best, the total risk'

time of exposure or decreasing radiation levels in the remains the same, and it may even be increased. The only

gorking environment. way to reduce the nsk is to reduce the collective dose; that
can be donc only by reducing the radiation levels. theg

Q ' 13. What is meent by collective dose end why should it working times, or both.
Mbe meinneined ALARA ? ( .

i 7. Why doesk't the NRCimpose colleerive dose limirs?
Nuclear industry activities expose an increasing raamber ,

of people to occupational radiation in addition to the radia- ComplianIe with individual dose limits can be achieved

tion doses they receive from natural background radiation simply by using extra workers. However, compliance with a
and medical radiation exposures. The collective occupational collective dose hmit (such as 100 person-rems per year for a

dose (person-rems) is the sum of all occupational radiation licensee) woula require reduction of radiation levels,
exposure received by all the workers in an entire worke working times, or both. But there are many problems
population. For example,if 100 workers each receive 2 rems, associated with setting appropriate collective dose limits.

the individual dose is 2 rems and the collective dose is 200
person-rems. The total additional risk of cancer and genetic For example, we might consider applying a single
effects in an exposed population is assumed to depend on collective dose limit to alllicensees.The selection of such a
the collective dose. collective dose limit would be almost impossible because of

the wide variations in collective doses among licensees.
It should be noted that, from the viewpoint of risk to A power reactor could reasonably be expected to have an

'

a total population,it is the collective dose that must be con- average annual collective dose of several hundred person-
trolled. For a given collective dose, the number of health rems. However, a small industrial radiography licensee
effects is assumed to be the same even if a larger number of could very well have a collective dose of only a few person-
people share the dose. Therefore, spreading the dose out rems in a year. g
may teduce the individual risk,but not that of the population.

Even choosing a collective dose limit for a group of

Efforts should be made to maintain the collective dose similar licensees would be almost as difficult. Radiography

AIARA so as not to unnecessarily increase the overall popula- licensees as a group had an average collective dose in 1977
tion incidence of cancer and genetic effects. of 9 person-rems. However, the smallest collective dose for

a radiography licensee was less than 1 person-rem, and the
16. Is the use of extre workers a good wey to reduce risks? largest was 401 person-rems.

*

( There is a "yes" answer to this question and a "no" Setting a reasonable collective dose limit foreachindi-
.

answer. Fce a given job involving exposure to radiation, vidual licensee would also be very difficult. It would
the more people who share the work, the lower the average require a record of all past collective doses on which to base
dose to an individual. The lower the dose, the lower the such limits. Setting an annual collective dose limit would
risk. So, for you as an individual, the answer is "yes." then amount to an attempt to predict a reasonable collective

dose for each future year. In order to do this, it would be
But how about the ti:k to the entire group of workers? necessary to be able to predict changes in each licensed

Under assumptions used by the NRC for purposes of protec~ activity that would increase or decrease the collective dose.
tion, the risk of cancer depends on the total amount of in addition, annual collective doses vary significantly from
radiation energy absorbed by human tissue, not on the- year to year according to the kind and amount of mainte-
number of people to whom this tissue belongs. Therefore,if nance required, which cannot generally be predicted in '

30 workers are used to do a job instead of 10 and if both advance. Following all such changes and revising limits up f
groups get the same collective dose (person-rems).the total and down would be very difficult if not impossible. However,
cancer risk is the same, and nothing was gained for the these efforts would be necessary if a collective dose limit

group by using 30 workers. From this viewpoint the answer were to be reasonable and help minimize doses and risks.

| is "no." The risk was not reduced but simply spread
! around among a larger number of persons. 18. Now are rodasrion dose #mits esas6 fished?

Unfortunately, spreading the risk around often results The NRC establishes occupational radiation dose
in a larger collective dose for the job. Workers are exposed limits based on guidance to Federal agencies from the
as they approach a job, while they are getting oriented to Environmental Protection Agency (EPA) and,in addition,
do the job, and as they withdraw from the job. The dose considers NCRP and ICRP recommendations. Scientific
received during these actions is called nonproductive. If reviews of research data on biological effects such as the

several crew changes are required, the nonMoductive dose BEIR report are also considered.
can become very large. Thus it can be seen that the use of
extra workers may actually increase the total occupational For example, recent EPA guidance recommended
dose and the resulting collective risks. that the annual whole-body dose limit be established at 5

rems per year and indicated that exposure, year after year.
The use of extra workers to comply with NRC dose to 5 rems would involve a risk to a worker comparable to

limits is not the way to reduce the risk of radiation-induced the average risks incurred by workers in the higher risk jobs -
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'such as mining. In fact, few werkers ever reach such a limit, there is danger. Exceeding a limit does not irr. ply that you-

much less year after yerr, and the risks associated with have suffered an injury. A good comparison is with the
actual ex posures arc considered by the EPA to be comparable highway speed limit, which is selected to limit accident risk
tethe safer job categories. A 5-rem-per year limit would and still allow you to get somewhere. If you drive at 75
allow occasional high dosejobs to be done without excessive mph, you increase your risk of an auto accident to levels e
risk. that are not considered acceptable by the people who set 5

'
*'speed limits, even though you may not actually have an

Whatere the 11P caf rudistion &ses received by workrrs? accident. If a worker's radiation dose repeatedly exceeds 3i19.
' rems in a quarter, the risk of health effects could eventually

The NRC requires that certain categories oflicensees increase to a level that is not considered acceptable to the
report data on annual worker doses and doses for all workers NRC. Exceeding an NRC protection limit does not mean
who leave employment with licensees. Data were received that any adverse health effects are going to occur. It does
on the occupational dosesin 1977 of approximately 100,000 mean that a licensee's safety program has faded in some
workers in power reactors, industrial radiography, fuel respect and that the NRCand the licensee should investigate
processing and fabrication facilities, and manufacturing to make sure the problems are corrected,
and distribution facilities. Of this total group, 85 percent
received an annual dose of less than t rem; 95 percent If an overexposure occurs.,the regulations prohibit any
received less than 2 rems; fewer than I percent exceeded additional occupational exposure to that person during the
5 rems in 1 year. The average annual dose of those workers remainder of the calendar quarterin which the overexposure
who were monitored and had measurable exposures was occurred. The licensee is required to file an overexposure
about 0.65 rem. A study completed by the EPA, using report to the NRC and may possibly be subject to a fine,
1975 exposure data for 1,260.000 workers, indicated that just as you are subject to a traffic fine for exceeding the
the average annual dose for all workers who received a speed limit. In both cases, the fines and,in some serious or
measurable dose was 0.34 rem. repetitive cases, suspension of license are intended to

encourage efforts to operate within the limits. The safest .R
Table 5 lists average occupational exposures for workers limits would be 0 mph and 0 rem per quarter. But then we

(persons who had measurable exposure above background wouldn't get anywhere.
levels) in various occupations, based on the 1975 data.

21. Why do some feellities esanbhsh administrative limits
TABLE 5 that are below the NRClimits?

U.S. Occupational Exposure Estimates * There are two reasons. First, the NRC regulations state
that licensees should keep exposures to radiation ALARA. s

Average Whole. By requiring specific approval for worker doses in excess of
Occupational Body Dose CoBeetive Dose set levels, more careful risk benefit analysis can be made as

Subgroup (millireima) (person rems) each additional increment of dose is approved for a worker.

] Secondly, a facility administrative limit that is set lower
Medicine 320 51,400 than the quarterly NRC limit provides a safety margin
Industrial Radiography 580 5,700 designed to help the licensee avoid overexposures.
Source Manufacturing 630 2,500
Power Reactors 760 21,400
Fuel Fabrication and 560 3,100 22. Severet scientists have suggested that NRClimits are

Reprocessing too high endshould belowered. WAstare theerruments
Uranium Enrichment 70 400 forlowering the limits? (Nuclear Waste Disposal 920 100

Uranium Mills . 380 760 In general, those critical of present dose limits say that
Department of Energy 300 11,800 the individual risk is higher than is estimated by the BEIR

Facilities Committee, the ICRP, and UNSCEAR. Based on studies of
t

| Department of Defense 180 10,l00 low-level exposures to large groups, some researchers have
Facilities concluded that a given dose of radiation may be more likely

Educational Institutions 206 1,500 to cause biological effects than previously thought. Some of
Transportation 200 2,300 these studies are listed in the bibliography (Mancuso,

j Archer) and the BEIR 80 report includes a section analyzing
'

' Adapted trom Cook and Nelson, Ocmpestonef Esponses to the findings of these and other studies.. Scientific opinion
| lont:4mn Radiarras in sne ungard sessrs: A comannemarve summary differs on the validity of the research methods used and the
| for 19 75. Draft, Environmental Protection Aaency. methods of statistical analysis. The problem is that the

,
expected additional incidence of radiation-caused effects

20. What happens (f e worker exceeds the quarterfy expo- such as cancer is difficult to detect in comparison with the
arte limit? much larger normal incidence. It cannot be shown without

question that these effects were more frequent in the
Radiation protection limits, such as 3 rems in 3 months, exposed study group than in the unexposed group used for 1,/

are not absolute limits below which it is safe and above which comparison, or that the observed effects were caused
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by radiation. The BEIR ccmmittee concluded that cl' aims level radiation according to the linear mod 11 explained in'

cf hiper risk had "no substance." Question 7. Based on this approach, the regulations in 10 CF R
Part 20. " Standards for Protection Against Radiation." also

(. The NRC staff continually reviews the results of research state that licensees should maintain all radiation exposures,
on radiation risks. With respect to large scale studies of and releases of radioactive materials in effluents, as low as is ?_v
radiation-induced health effects in human populations reasonably achievable. More recent scientific reviews of the
exposed to low level icniting radiation, the NRC and EPA large body of experimental data, such as the BEIR 80 and
have recently concluded that there is no one population the recent EPA guidance, continue to support the view that
group available for which such a study could be expected to use of a 5-rem-per year limit is acceptable in practice,
provide a more meaningfyl estimate of the low-level radia. Experience has shown that, under this limit, the average
ti:n risk. This is due, in large part, to the observed and dose to workers is near 0.5 rem /yr with very few workers
estimated low incidence of radiation health effects from consistently approaching the limit.
Isw doses. However, the results of ongoing studies, such as
that on nuclear shipyard workers, will be carefully reviewed c. There islittle to gain.
and the development of a radiation-worker registry is
being considered as a possible data base for future studies. Reducing the dose limits, for example, to o.5 rem /yr

has been analyzed by the NRC staff. An estimated 2.6 million
2J. h'Ast are the russons for not lowering the NAC dose person-rems could be saved from 1980 through the year

#mits? 2000 by nuclear power plant licensees if comphance
with the new limit were achieved by lowering the radiation

Assuming that the 5-rem-per year limit is adopted, levels, working times, or both rather than by using extra
there are three reasons: workers. It is estimated that somethinglike $23 billion would

be spent toward this purpose. Spending $23 billion to save n
*s. Health risks are already low. 2.6 million person-rems would amount to spending 530 to

590 million to prevent each potential radiation-induced
The estimated health risks associated with current premature cancer death. Society considers this cost unaccept- ,

average occupational radiation doses (e.g.,0.5 rem /yr for ably high for individual protection.
50 years) are comparable to or less than risk levels in other
occupational areas considered to be among the safest. If a 24. Are there any arves of concern about indistfon risks
person were exposed to the maximum of 5 rems per year ster might result in changing the NAC dose #mirs?

( for 50 years, which virtually never occurs, he or she might
incur a risk comparable to the average risks in mining and Yes.Three areas of concern to the NRCstaff are specifi-

V heavy construction. An occasional 5-rem annual dose might calh identified below:
be necessary to allow some jobs to be done without a
significant increase in the collective dose, if the dose limits a. An independent study by Rossiand Maysand other
were lowered significantly, the number of people required biological research have indicated that a given dose of
ts complete many jobs would increase. The collective dose neutron radiation may be more likely to cause biological
would then increase since nore individuals would be effects than was previously thought. Other recent studies
receiving nonproductive exposurr while entering and cast doubt on the issue. The NCRP is currently studying the
leaving the work area and preparing for the job. The total data related to the neutron radiation question and is
number of health effects might so up as the collective dose expected to make recommendations as to whether neutron e

increased. dose limits should be changed. Although the scientific
community has not yet come to agreement on this question, E

b. The current regulations are considered sound. workers should be advised of the possibility of higher risk
when entering areas where exposure to neutrons will occur.

The regulatory standards for dose limits are based
on the recommendations of the Federal Radiation Council. b. It has been known for some time that rapidly
At the time these standards were developed,about 1960,it growing living tissue is more sensitive to injury from radiation *

was considered unlikely that exposure to these levels during than tissue in which the cells are not reproducing rapidly.
a working lifetime would result in chnical evidence of Thus the embryo or fetus is more sensitive to radiation
injury or disease different from that occurring in the injury than an adult. The NCRP recommended in Report
unIxposed population. The scientific data base for the No. 39 that special precautions be taken when an occupa-
standards consisted primarily of human experience (x-ray tionally exposed woman could be pregnant in order to
suposures to medical practitioners and patients, ingestion protect the embryo or fetus. In 1975, the NRC issued
c,f radium by watch dial painters, early effects observed in Regulatory Guide 8.13, ** Instruction Concerning Prenatal
Japanese atomic bomb survivors, radon exposures of Radiation Exposure," in which it is recommended that
uranium miners, occupational radiation accidents) involving licensees instruct all workers concerning this special risk.
very large doses delivered at high dose rates. The data base The guide recommends that all workers be advised that the

f also included the results of a large number of animal NCRP recommended that the maximum permissible dose to
experiments involving high doses and dose rates. The animal the embryo or fetus from occupational exposure of the

v experiments were particularly useful in the evaluation of mother should not exceed 0.5 rem for the ful! 9-month "

genetic effects. The obwrved effects were related to low- pregnancy period. In addition, the guide suggests options
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avaihble to the feinale employca who chooses nst to Thus, the average indmdualin the iteneral populatmn
.

exp:se her embryo or fetus to this additisnel risk. receives about 0.2 rem of radiation exposure cach year.

from sources that are a part of our natural and man made'

.The United States Department of Health and Hunan environment. By the age of 20 years, an individual has

Services is similarly concerned about prenatal exposure accumulated about 4 rems. The most likely target for .
s

I
from medical x rays. In 1979 they published proposed reduction of population exposure is medical uses.

i
guidelines for physicians concerning abdominal x rays for'

possibly pregnant women.The guidelinesin effect encourage 26. Why aren't medical exposures considered as part of a

the x-ray staff to make efforts to determine whether a workerir allowed dose?

female patient is pregnant and to defer x-rays if possible
Equal doses of medicaland occupational radiation haveuntil after the child is born.

equal risks.7 Medicalexposure to radiatica should be justified

c. Also of specialinterest is the indication that female for reasons quite different, howeser, from those applicable

workers are subject to more risk of cancer incidence than to occupational exposure. A physician presenbing an x ray

male workers. In terms of alitypes of cancer except leukemia, should be convinced that the benefit to the patient of the

the BEIR-80 analysia indicates that female workers have resulting medical information justifies the risk associated

a risk of developing radiation-induced cancer that is approxi- with the radiation. Each worker raust decide on the accept-

mately one and one-half times that for males. This increased ance of occupational radiation risk just as each worker must

risk is primarily due to the incidence of breast and thyroid decide on the acceptability of any other occupational
cancer in women. These types of cancer, however, have a hazard.

high cure rate. Thus the difference between men and
women in cancer mortality is not great. Incidence of For another point of view, consider a wrker whoreceives

radiation-induced leukemia is about the same for both a dose of 2 rems from a senes of x rays or a radioactive

sexes. Female workers should be aware of this difference in
medicine in connection with an injury or illness. This dose

the risks of radiation-induced cancer in deciding whether and the implied risk should be justified on medical grounds.'

d.
or not to seek work involving exposure to radiation. If the worker had also received a dose of 2 rems on the job,

the combined dose of 4 rems would not incapacitate the

25. Now much redderfen does the average person who worker. A dose of 4 rems is not especially dangerous and is

does nor wort in the nuclear industry recefwe? not large compared to the cumulative lifetime dose. Restrict-
ing the worker from additional job exposure during the

We are all exposed from the moment of conception remainder of the quarter would have no effect one way or

to ionizing radiation from several sources. Our environment, the other on the risk from the 2 rems already received from

and even the human body, contains naturally occurring medical exposure. If the individual worker accepts the risks y
radioactive materials that contribute some of the background associated with the x-rays on the basis of the medical
radiation we receive. Cosmic radiation originating in space benefits and the risks associated with job related exposure

and in the sun contributes additional exposure. The use of on the basis of employment benefits, it would be unfair to
|

x-rays and radioactive materials in medicine and dentistry restrict the individual from employment in radiation areas

adds considerably to our population exposure, for the remainder of the quarter.

Table 6 shows estimated average individual exposure Some therapeutic medical doses such as those received

in millirems from natural background and other sources. from cobalt-60 treatment can range as high as 6000 rems to
,

a small part of the body, spread over a period of several

TABLE 6 weeks or months.

U.S. General Population Esponsre Estimates (1978)s 27. What is meant by internal exposure? 9

Average Individual The total radiation dose to the worker is the enternal
| Source Dose dose (measured by the film badge and reported as "whole-

(mremfyr) body dose") plus the dose from internal emitters. The
monitoring of the additional internal dose is difficult.

Natural background (average in U.S.) 100 Because there is the possibility of internal doses occurring. a

Release of radioactive materialin 5 good air-monitoring program should be established when

natural gas, mining, milling, etc. warranted.

Medical (whole-body equivalent) 90
Nuclear weapons (primarily fallout) 5-8 The uptake of radioactive materials by wrkersis gener-

Nuclear energy 0.28 ally due to breathing contaminated air. Radioactive materials

Consumer products 0.03 may be present as fine dust or gases in the workplace
atmosphere. The swfaces of equipment and wrkbenrhes

Total %200 mrem /yr

7
ed from a re by the later Task Force on the It is likely that a incent portion of reported medical z<ay"Ada ecas or Ionias g Radiation pubishe7by the Department espesure is to parts of e body only. An exposure of too mrem toHeefth

of Health, Education. and welfare. the whole body is more manificant then a 100-mrem chest a-ray.
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may be centaminated. Radioactive materials may enter the limit. ICRP recommends that the internal and external doses !

body by being breathed in, taken in with food or drink, or should be appropriately added. This recommendation is

being absorbed through the skin, particularly if the skin is currently under study by the staffs of the NRC,the EPA,

( and the Occupational Safety and Health Administrationbroken.
(OSHA).:, N.,

After entering the body, the radioactive material will
migrate to particular organs or particular parts of the body 30. Now is a worker's erternetredistion dose determined?
depending on the biochemistry of the material. For example,
uranium will tend to deposit in the bones where it will A worker may wear three typesof radiation-measuring

remain for a long time, it is slowly eliminated from the devices. A self-reading pocket dosimeter records the exposure

body, mostly by way of the kidneys. Radium will also tend to incident radiation and can be read out immediately upon
'

to deposit in the bones. Radioactive iodine will seek out the finishing a job involving extemal exposure to radiation. A

thyroid glands (located in the neck) and deposit there. film badge or TLD badge records radiation dose, either by
the amount of darkening of the film or by storing energy in

The dose from these internal emitters camiot be men- the TLD crystal. Both these devices require processing to
I sured either by the film badge or by other ordinary dosim- determine the done but are considered more reliable than
,

eters carried by the worker. This means that the intemal the pocket dosimeter. A worker's official report of dose
radiation dose must be separately monitored using other received is normally based on film or TLD badge readings,

detection methods. which provide a cumulative total and are more accurate.

laternal exposure can be estimated by measuring the 31. What are my options ((l decide not to eccept the risks
|
' r:diation emitted from the body or by measuring the associered with occuperionsf rudietion esposure?_

radioactive materials contained in biological samples such as
urine or feces. Dose estimates can also be made if one

if the risks from exposure to radiation that may be g
knows how much radioactive material is in the air and the expected to occur during your work are unacceptable to

length of time during which the air was breathed. you, you could request a transfer to a job that does not

.

.

involve exposure to radiation. However, the risks associated

28. Kow ere she limits fer internef esposure set? with exposure to radiation that workers, on the average,
actually receive are considered acceptable, compared to

Standards have been established for the maximum other occupational risks, by virtually all the scientific
permissible amount of each radionuclide that may be groups that have studied them. Your employer is probably
accumulated in the critical organs' of the worker's body. not obligated to guarantee you a transfer if you decide not

to accept an assignment requiring exposure to radiation.
|v

Calculations are made to determine the quantity of

i
radioactive material that has been taken into the body and
the total dose that would result. Then, based on limits You also have the option of seeking other employment

established for particular body orsacs similar to 1% rems in a nonradiation occupation. However, the studies that

in a calendar quarter for whole-body exposure, the regula- have compared occupational risks in the nuclear industry to

tions specify maximum permissible concentrations of radio- those in other job areas indicate that nuclear work is
active material in the air to which a worker can be exposed relatively safe. Thus, you will not necessarily find signif-

i

J fer 40 hours per week over 13 weeks or I calendar quarter. icantly lower risks in anotherjob.

[ The regulations also require that efforts be made to keep
A third option would be to practice the most effective.ir.ternal exposure ALARA.

work procedures so as to keep your exposure ALARA. Be

Internal exposure is controlled by limiting the release of - aware that reducing time of exposure, maintaining distance

radioactive materialinto the air and by carefully monitoring from radiation sources, and using shielding can all lower

the work area for airborne radioactivity and surface con- your exposure. Plan radiation jobs carefully to increase
tamination. Protective clothing and respiratory (breathing) efficiency while in the radiation area. Learn the most
protection should be used whenever the possibility of effective methods of using protective clothing to avoid

contact with loose radioactive materialcannot be prevented. contamination. Discuss your job with the radiation protec-
tion personnel who can suggest additional ways to reduce

29. 'Is she dose a person recefwed f>om faservent espesure your exposure.

added to that receivedf>om estereeni espesure?
32. Where een 1 set additionalhformenton on redintien risk?

Exposure to radiation that results from radioactive
materials taken into the body is measured, recorded, and The following list suggests sources of usefulinforma-

reported to the worker separately from external dose. The tion on radiation risk:
internal dose to the whole body or to specific organs does
got at this time count against the 3 rem-per calendar quarter a. Your Employer

Ea*[tN. " TrrNaa M$ The radiation protection or health physics office
U

coetain robspo macertans wE consentrate 6f taken into the body. in the facility where you are employed. Getien m
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Office of the Director
, RegionalOf)1ces Bureau of Radiological Health (HFX-1),

King of Prussia, PA 19406 215-337 5000 Department of Health and Human Services ,,

Atlanta,GA 30303 404-221-4503 5600 Fishers Lane 'l*

Glen Ellyn,IL 60137 312-932-2500 Rockville, MD 20857

Arlington, TX 76012 817 334-2841
Walnut Creek,CA 94596 415 943 3700 Telephone: 301-443-4690

d. EnvironmensalProtection Agency
, ,

Office of Radiation Programs
Occupational Radiation Protection Branch U.S. Environmental Protection Agency
Office of Nuclear Regulatory Research

401 M Street SWU.S. Nuclear Regulatory Commission
Washington, D.C. 20460

Washington, D.C. 20555

Telephone: 301-443-5970 Telephone: 703-557-9710
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PROCEDURES FOR ORDERING AND ACCEPTING DELIVERY-

OF RADIOACTIVE MATERIAL

1. The Nuclear Medicine Technologist at each imaging center will place all orders
for radioactive materials and will ensure that the requested materials and
quantities are authorized by the license and that possession limits are not
exceeded.

2. A system for ordering and receiving radioactive materials will be established
and maintained. The system will consist minimally of the following:

a. Ordering of routinely used materials

(1) Written records that identify the isotope, compound, activity levels,
and supplier, etc. will be used.

(2) The written records will be referenced when opening or storing radio-
active shipment.

b. Ordering of specially used materials

(1) A written request * will be obtained from the physician who will perform
the procedure.

(2) Persons ordering the materials will reference the physician's written
request when placing the order. The physician's request will indicate
isotope, compound, activity level, etc.

(3) The physician's written request will be referenced when receiving, opening,
or storing the radioactive material.

c. It is essential that written records * be maintained for all ordering and receipt
procedures.

3. During normal working hours, carriers will be instructed to deliver radioactive
packages directly to the Nuclear Medicine area.

4. During off-duty hours, we will not accept delivery of radioactive packages.

* In the case of special orders, the physician's written request and appropriate
shipping / receipt records will be referenced and the dose assayed prior to its
administration.

L
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RADIOACTIVE SHIPMENT HANDLING

AND INSPECTION FORM

Lot No.Date Surveyed:

VISUAL
.

Exterior Package Condition

OK Damaged
~

(if damaged perform wipe test)

J.

EXTERNAL R ADI ATION SURVEY

(a) At 3 feet mR/hr (Limit = 10 mR/hr

(b) Surface mRhr (Limit = 200 mR/hr

inter'ior Package Condition

OK Damaged

(if damaged perform wipe test)

!
|NTERNAL RADI ATION SURVEY

|
mRhrinside of package with source removed

CONTENT

*

Radionuclide and form

Packing Slip
,

t .
,

Vial Label

WIPE TEST (IF INDICATED)
.

Exterior CPM

Interior CPM
.

WIPE TEST PROCEDURE

Surveys are performed with a low level G M survey meter with shield open. Wipe
tests are performed with Alco wipes, or similar absorbent and counted at Yurface
of a rubber or plastic protected G M probe on the most sensitive scale range.

Surveyed by
,

,

!

|
'

)

*
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AREA SURVEY PROCEDURES (WIPES)

,

' We wish to amend Appendix 1 for our _ wipe test procedures to . permit assay of
wipe samples with our GM surveyimeter as follows: ,,

. a

a.- Instrument sensitivity on most-sensitive scale is 0-0.2mR/hr.
b. Efficiency foricommon medical nuclides is approximately 100%

~

,

for beta and 1% for gamma rays.
~

. . |
-c. . Wipe test analysis will be conducted in a low background area,
d. The beta shield will-be removed during wipe test analysis.

.c. The GM probe will be covered with a plastic. glove and each
- wipe will be placed directly over the open " window" of the
detector,

f. The RC time constant will be slow and used during each wipe.
' '

analysis and will.be 15 seconds in duration.
:g. Action level for decontamination will be any response above

background..
. 1
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; APPENDIX J
,

..,

I WASTE DISPOSAL

'
Note : In view of the recent problems with shallow-land burial sites used by commercial waste disposal

firms, NRC is encouraging its licensees to reduce the volume of wastes sent to these facihties.
,

( Important steps in volume reduction are to segregate radioactive from nonradioactive waste, to
hold short-lived radioactive waste for decay in storage, and to release certain materials in the

j sanitary sewer in accordance with } 20.303 of 10 CFR Part 20.
i

' l. Liquid waste will be disposed of(check as appropriate) Disposed of by commercial waste disposal serv-
ice (see also item 4 below).

In the sanitary sewer system in accordance with

{ 20.303 of 10 CFR Part 20. Other (specify):

By commercial waste disposal service (see also
item 4 below).

3. Other solid waste will be (check as appropriate)

Other (specify):
E Held for decay * until radiation levels, as mea-

sured in a low background area with a low-level
survey rneter and with all shiciding removed.have

2. Mo-99/Tc-99m generators will be(check as appropriate) reached background levels. All radiation latels
will be removed or obliterated, and the waste

Returned to the manufacturer for disposal. will be disposed of in normal trash.

Held for decay * until radiation levels, as mea- Disposed of by commercial waste disposal serv-
sured in a low background area with a low-level ice (see also item 4 below).
survey meter and with all shielding removed. have
reached background levels. All radiation labels Other (specify):c

|, will be removed or obliterated, and the generators
will be disposed of as normal trash.**'

4. The commercial waste disposal service used will be
,
Be sure that waste storage areas were described in item 11 and

that they are surveyed periodically (Item 17). ADC0 Services

(Name) (City. State)
nanta. Thekenerators may contain long4ived radioisotopic contami.These

fore, the generator columns will tre segregated so that
they may be monitored separately to ensure decay to background 12-11286-01
levels prior to disposat. NRC/ Agreement State License No.

Additionally, M liquid waste will be generated or disposed of in any imaging center.

1
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APPENDIX O
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C* MODEL PROGRAM FOR MAINTAINING OCCUPATIONAL RADIATION EXPOSURES
AT MEDlCAL INSTITUTIONS ALARA

Nuclear and Radiologic Imaging Physicians, P.C.

(Licensee's Name)

March 11, 1985

! (Date)
I
I

I

| I. Management Commitment 2. Radiation Safety Committee (RSC)2
i

a. We, the management of this (medical facility, a. Review of Propowd Users and Uses
hospital, etc.), are committed to the pregram
described in this paper for keeping exposures (1) The RSC will thoroughly review the

f (individual and collective) as low as is reasonably qualifications of each a pplicant with
! achievable ( ALAR A). In accord with this com- respect to the ty pes aad quantities of

mitment, we hereby describe an admmistrative materials and uses fcr which he has
; organization for radiation safety and will develop applied to ensure that the applicant will
'

the necessary written policy. procedures, and be able to take appropriate measures to
| instructions to foster the ALAR A concept with- maintain exposure ALAR A.
i in our institution. The organization willinclude
I a Radiation Safety Committee (RSC)' n ' (2) When considering a new use of byproduct
i Radiation Safety Officer (RSO). material. the RSC will review the efforts

of the applicant to maintain exposure
b. We will perform a formal annual review of the ALARA. The user should have systematized

A radiation safety program, including ALAR A procedures to ensure ALARA and shall
considerations. This shall include reviews of have incorporated the use of special
operating procedures and past exposure records, equipment such as syringe shields. rubber1

' inspections, etc., and consultations with the gloves, etc., in his proposed use.
radiation protection staff or outside consultants.

i (3) The RSC will ensure that the user justifies
! c. Modification to operating and maintenance pro- his procedures and that dose will be ALARA

| cedures and to equipment and facihties will be (mdividual and collective).
i made where they will reduce exposures unless

} the cost, in our judgment, is considered to be b. Delegation of Authority
' unjustified. We will be able to demonstrate, if
; necessary, that improvements have been sought, (The judicious delegation of RSC authority is
| that modifications have been considered,andthat essential to the enforcement of an ALAR A

they have been implemented where reasonable. program.)
Where modifications have been recommended
but not implemented we will be prepared to (1) The RSC will delegate authority to the
describe the reasons for not implementing them. RSO for enforcement of the ALARA

concept,
d. In addition to maintaining dows to individuals

as far below the hmits as is reasonably achievable, (2) The RSC will support the RSO in those
the sum of the doses received by all exposed instances where it is necessary for the RSO
individuals will aiso be mamtamed at tbe lowest to assert lus/her authority. % here the
practicable level. It would not be desirable, for RSO has been overruled, the Committee

example, to hold the highest doses to in<hviduals will record the basis for its action m the
to some frattion of the applicable limit if this minutes of the CommitteeN quarterly
involved exposing additional people and si.cmt- meeting
icantly increasmg the sum of radiation dows
received by allinvolved individuait

2 The RSO un privaie practice physician licenses mt! .nsume the
prevaie practice physician hcenses do not include an ItSC. responssNhtecs or the RSC under Secimn 2(,
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c. Review cf ALAR A Program (2) The RSO willensure that authtrized users,-

wtrkers, and ancillary personnel who may
(1) Thi RSC will encourage all users to review be exposed to radiation will be instructed-

current procedures and develop new pro- in the ALARA philosophy and informed' '

cedures as appropriate to implement the that management, the RSC, and the RSO
AL AR A concept.,

are committed to implementing the
AIARA concept.

(2) The RSC will perform a quarterly review
of occupational radiation exposure with c. Cooperative Efforts for Development of ALAR A
particular attention to instances where Procedures
investigational Levels in Table 01 below
are exceeded. The principal purpose of Radiation workers will be given opportunities
this review is to assess trends in occupa- to participate in formulation of the procedures
tional exposure as anindex of the ALARA that they will be required to follow.
program quality and to decide if action is
warranted when Investigational Levels are (1) The RSO will be in close contact with all
exceeded (see Section 6) 3 users and workers in order to develop

ALARA procedures for working with
(3) The RSC will evaluate our institution's radioactive materials.

overall efforts for maintaining exposures
ALARA on an annual basis. This review (2) The RSO wdl establish procedures for
will include the efforts of the RSO, autho- receiving and evaluating the suggestions of
rized users, and workers as well as those individual workers for improving health
of management. physics practices and will encourage the

use of those procedures.
3. Radiation Safety Officer (RSO)

d. Reviewing Instances of Deviation from Good
a. Annual and Quarterly Review ALAR A Practices

(1) Annual review of the radiation safety pro- The RSO will investigate all known instances
gram. The RSO will perform an annual re- of deviation from good ALARA practices and,
view of the radiation safety program for if possible, will determine the causes. When the
adherence to ALARA concepts. Reviews cause is known, the RSO will require changes
of specific procedures may be conducted in the program to maintain exposures ALARA.
on a more frequent basis.

4 Authorized Users
(2) Quarterly review of occupational expo-

sures. The RSO will review at least quar- a. New Procedures involving Potential Radiation
terly the external radiation exposures of Exposures
authorized users and workers to determine
that their exposures are ALARA in accord- (1) The authorized user will consult with,and

: anee with the provisions of Section 6 of receive the approval of, the RSO and/orl this program.
RSC during the planning stage before using
radioactive materials for a new procedure.

(3) Quarterly review of records of radiation
level surveys. The RSO will review radia- (2) The authorized user willevaluate all proce-
tion levels in unrestricted and restricted dures before using radioactive materials
areas to determine that they were at to ensure that exposures will be kept
A L A R A levels during the previous quarter. ALARA. This may be enhanced through,

! the application of trial runs.
h. Fducation Responsibilities for ALARA Program

b. Responsibility of Authorized User to Persons
| (1) The RSO will schedule hnefings and educa- Under His/Her Supervision
! tional sessions to inform workers of

AL ARA program efforts. (1) The authorized user will explain the
ALAR A concept and his/her commitment
to maintain exposures AIARA to all per-

3
The ERC has emphasised that the investigational Levels in this sons under his/her supervision.

program *re not new dose limits t>ut, as noted in ICRP Report 26.
"Reenmmendations or the International Commission on RadiolosicalProtection." serve as check points above which the results are ton- (2) The authorized user will ensure that per-
udered sufnciently important en sustory rurther investigations. sons under his/her supervision who are
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subject to occupati:nal radiation expo- a. Quarterly exposure of individuals to less than
! sure are trained and educated in good Investigation 11 Lev 111.

health physics practices and in maintaining.
, ,

ex posures A LA R A. Except when deemed appropriate by the RSO,! i *

no further action will be taken in those cases;

'
! where an individual's exposure is less than
\ 5. 1%rsons Who Receive Occupational Radiation Exposure Table 01 values for the Investigational Level I.'

l a. The worker will be instructed in the ALARA b. Personnel exposures equal to or greater than
'

concept and its relationship to working proce- Investigational LevelI, but less than investiga-
dures and work conditions. tional Level 11.

b. The worker will know what recourses are avail- The RSO will review the exposure of each indi-
able if he/she feels that ALARA is not being vidual whose quarterly ex posures equal or exceed
promoted on the job. Investigational Levell and will report the results

of the reviews at the first RSC meeting following
G. Establishment of Investigational Levels In Order to the quarter when the exposure was recorded. If

Monitor Individual Occupational External Radiation the exposure does not equal or exceed Investiga-
Exposures tional LevelII, no action related specifically to

the exposure is required unless deemed appro-
This institution (or private practice) here by establishes vriate by the Committee. The Committec will,
Investigational Levels for occupational external radia- however, consider each such exposure in com-
tion exposure which, when exceeded, will initiate parison with those of others performing similar
review or investigation by the RSC and/or the RSO. tasks as an index of ALARA program quality
The investigational Levels that we have adopted are and will record the review in the Committee
listed in Table O-1 below. These levels apply to the minutes.
exposure of individual workers.

c. Exposure equal to or greater than Investiga-
tional Level II.

Table 0-1
The RSO willinvestigate in a timely manner the

Investigational Levels cause(s) of all personnel ex posures equaling or ex-
(mrems per calendar quarter) ceeding Investigational Level 11 and,if warranted,( will take action. A report of the investigation, ac-

Levell Lerel // tions taken,if any,and a copy of the individual's
Form NRC 5 or its equivalent will be presented

I. Whole body; head and 125 375 to the RSC at the first RSC meeting following
trunk ; active blood-forming completion of the investigation. The details of
organs; lens of eyes; or these reports will be recorded in the RSC minutes.
gonads Committee minutes will be sent to the manage-

ment of this institution for review. The minutes,
2. Ilands and forearms; feet 1875 5625 containing details of the investigation, will be

and ankles made available to NRC inspectors for review at
the time of the next inspection.

3. Skin of whole body * 750 2250
d. Reestablishment of an individual occupational

worker's Investigational Level 11 to a levelabove
#Not normstly applicaNe to nuclear medicine operations except *

those using significant quanti'ies or beta <mitting isotopes.
In cases where a worker's or a group of workers'
exposures need to exceed Investigational Level 11.
a new, higher Investigational LevelIl may be

The Radiation Safety Officer will review and record established on the basis that it is consistent with
on Form NRC-5, " Current Occupational External good ALARA practices for that individual or-

Radiation Exposures," or an equivalent form (e.g., group. Justification for a new Investigational
dosimeter processor's report), results of personr.el Level 11 will be documented.
monitoring not less than once in any calendar quarter
as required by Q 20.401 of 10 CFR Part 20. The follow- The RSC will review the justification for. and will
ing actions will be taken at the Investigational Levels approve, all revisions of Investigational Level 11.
as state:I in Table 01 : In such cases, when the exposure equals orexceeds
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the newly established Investigational Level II, y
- those actions listed in paragraph 6.c above will Signature

I"U **d'. ' ;- Subhash C. Khullar, M.D.

7 Signature of Certifying Official" Name (print o type)

I hereby certify that this institution (or private prac- , dN/ _' x t w

tice) has implemented the ALARA Program set forth Title
above,

Institution (or Private Practice) Name and Address;
Nuclear & Radiologic Imaging Physicians, P.C.
2151 Livernois, Suite 201

The' person who is authorized to make commitments for the
dministration of the institution (e.g., hospital administrator) or, Troy, MichiEan 45063
n the tase of a private practice, the licensed physician.

h
.

,
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