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FORM RRC-313 I U.S. NUCLEAR REGULATORY COMMISSION 1. AFPLICATION FOR:
11 79) (Check and/or complete as appropriate)
10 C F R 3 0

APPLICATION FOR BYPRODUCT MATERIAL LICENSE
a. NEW LICENSEINDUSTRIAL

See strached instructior s for details. b. AMENDMENT TO:
LICENSE NUMBER

Completed apphcations are ided in duplicate with the Division of Fuel Cycle and Material Safety,
Office of Nachar Material Safety, and Safeguards, U.S. Nuclear Regulatory Commission' c. RENEWAL OF-
Washington, DC 20555 nr apphcations may be filed in person at the Commiwon's office at L,cgnggnuy979

1717 H Street. NW, Washington. D. C. or 1915 Eastern Aven ie. Silver Spring. Maryland. X gl_99,yg_9,

2. APPLICANT'S N AME (Institution, firm, person, etc.) 3. NAME OF PERSON TO BE CONTACTED REGARDING THIS
APPLICATIONMichigan Technological University
Donald A. Daavettila

TELEPHONE NUMBER: ARE A CODE - NUMBER EXTENSION TELEPHONE NUMBER: ARE A CODE - NUMBER EXTENSION

906-487-2200 906-487-2084
4. APPLICANT'S MAILING ADDRESS (include Zop Code) 5. STPEET ADDRESS WHERE LICENSED MATERI AL WILL BE USED

(include Zip Code)

lloughton, MI 49931 Main Campus
Houghton, MI 49931

,

(IF MORE GPACE IS NEEDED FOR ANY ITFM,USE ADDITIONAL PROPERLY KEYED PAGESJ

6. INDIVIDUAL (S) WHO WILL USE OR DIRECTLY SUPERVISE THE USE OF LICENSED MATERI AL
(See items 18 and 17 for required traming and experience of each indovedual named below)

FUL L N AME TITLE

a- Dr. Bertell K. Whitten Prof. of Biological Sciences

b. Prof. Donald A. Daavettila Assoc. Prof, of Physics

Dr. Gary P. Agin Asst. Prof. of Physicsc-

I Attach a resume of person's trair'in] and exper ence as outimed m items7. RADtATION PROTECTION OFFICER
| 16 and 17 and describe hos responsibolities under item 15.

Donald A. Daavettila l
I

8. LICENSED MATERIAL

L ELEMENT CHEMICAL NAME OF MANUFACTURER MAXIMUM NUMBER OF

i AND AND/OR AND MILLICURIES AND/OR SEALED

N MASS NUMBER PHYSICAL FORM MODEL NUMBER SOURCES AND MAXIMUM ACTI-
(1/ Sealed Source) VITY PER SOURCE WHICH WILL

E
BE POSSESSED AT ANY ONE TIME

N O. A B C D

HI A Ilydrogen 3 Any 2 millicuries

(2)B Carbon 14 Any 5 millicuries

la)C Phosphorus 32 Any 5 millituries

.

| (4) D Calcium 45 Any 2 millicuries
|

DESCRIBE USE OF LICENSED MATERI AL
E

(1) A 113 thymidine, tissue cul.tures, for cell labelling

(2) B Cl4 aubstrates used in in vitro analysis of metabolic function and in primary
productivity studies

(33C P32 (Nall 320 ) -- used in plant uptake studies and in cycline experiments in2P 4
aquaria microcosms

(4) D Ca45 in vitro studies itt iso _ lated perfused hearts nggsz,_,,n
~ W'""'" ' ''

F oRM NRC 313111 7 g| ' q ( { , \ g g .j \, jng { g,



_. -________ - _________ ________________ _ _ _ _ _ _ _ _ _ . _ _ _ .

9. STORAGE OF SEALED SOURCES

Y CONTAINER AND/OR DEVICE IN WHICH EACH SEALEO NAME OF MANUFACTURER MODEL NUMBER
N SOURCS WILL BE STORED OR USED.

NO. A. B. C.

Neutron generator, not in use Technical Measurement Corp TMC-201.

*C Neutron generator Kaman Nuclear A-801

(20 Lead source pig in locked safe Nuclear Chicago RR-60

(3)I Lead source pig in locked safe Tracer lab RR-60

(4U Lead source pig in locked safe Nuclear Chicago RR-138-833512

10. RADIATION DETECTION INSTRUMENTS
TYPE M ANU F ACTU R E R'S MoDEL NUMBER RADIATION SENSITIVITY

Y OF NAME NUMBER AVAIL ABLE DETECTED RANGE
N INSTRUMENT falpha, beta, (mdloroentgens/ hour

f gamma, neutT0n) or Counts / minute)
A B C D E F

alpha, beta'
(1) Monitoring Victoreen 440 ,1 3 mrem /hr

(2) Monitoring The Nucleus S101 1 beta, gamma 0.5 mrem /hr
_

(3) Measuring The Nucleus 1 alpha 1 cpm

alpha, beta, 5 cpm above
(4) Measuring The Nucleus 500 3

namma backaround
11. CALIBRATION OF INSTRUMENTS LISTED IN ITEM 10

Sa. CALIBRATED BY SERVICE COMPANY Ob. CALIBRATED BY APPLICANT

N AME, ADDRESS, AND FREQUENCY Attach a separate sheet describing method, frequency and standards

ViCLoreen used for calibrating instruments.

5806 Hough Avenue Annual
Cleveland Ohio

12. PERSONNEL MONITORING DEVICES

(Check artd/or corr pl te as appropriate.) (Serv ce Co any)
A B _

@(1) FILM BADGE Searle Diagnostics Co. ElMONTHLY

DesPlains, Illinois 60018
O (2) THE RMOLUMINESCENCE O QUARTERLY

DOSIMETER (TLD)

O (3) OTHE R (Specoty): O OTHER (Specify):

13. FACILITIES AND EQUIPMENT (Check were appropriate and attach annotated sketch (es) and descripuon(s).

@a L ABOR ATORY FACILITIES, PLANT F ACILITIES, FUME HOODS (/nclude filtration, ,f any). ETC.
52 b. STOR AGE F ACILITIES, CONTAINE RS, SPECI AL SHiE LDING (fixed and/or temporary), ETC.
Oc REMOTE H ANDLING TOOLS OP. EQUIPMENT, ETC.
O cl. RESPIRATORY PROTECTIVE EQUIPMENT, ETC.

14. WASTE DISPOSAL
'a NAME OF COMMERCI AL WASTE DISPOSAL SE RVICE EMPLOYED

If needed, Chem-Nuclear Systems. Inc.. Bellevue, Washington
b IF COMMERCIAL WASTE DISPOSAL SERVICE IS NOT EMPLOYED, SUBMIT A DETAILED DESCRIPTION OF METHODS WHICH WILL

RE USED FOR DISPOSING OF R ADIOACTIVE WASTES AND ESTIM ATES OF THE TYPE AND AMOUNT OF AC TIVITY INVOLVED. IF
THE APPLICATION IS FOR SEALED SOURCES AND DEVICES AND THEY WILL BE RETURNED TO THE MANUFACTURER,SO STATE

I F oRM NRC 313 I (179)

,
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IRFORNIATION REQUIRED FOR ITEMS 15,10 AWD 17

Describe in detais the information required for items 15,16 and 17. Begin each item on a
separate page and key to the application as follows:

15. RADIATION PROTECTION PROGRAM. Describe the radiation protection program as appropriate for
the material to be used including the duties and responsibilities of the Radiation Protection Officer,
control measures, bioassay procedures (of neededl, day today general safety instruction to be followed,
etc. If the application is for sealed source's also submit leak testing procedures, or if leak testing will be
performed using a leak test kit, specify manufacturer and model number of the leak test kit.

16. FORMAL TRAINING IN RADIATION SAFETY. Attach a resume for each individual named in
items 6 and 7. Describe individual's formal training in the fol|owing areas where applicable, include
the name of person or institution providing the training, duration of training, when training was
received, etc.

a. Princip!es and practices of radiatioit pr otection.

b. Radioactivity measurement standardization and monitoring
techniques and instruments.

c. Mathematics and calculations basic to the use and measurement of
radioactivity.

d. Biological effects of radiation.

17. EXPERIENCE. Attach a resume for each individual named in items 6 and 7. Describe individual's
work experience with radiation, including where experience was obtained. Work experience or on-
the-job tra.ning should be commensurate with the proposed use. include list of radioisotopes and
maximum activity of eacn used.

t

18. CERTIFICATE
(This item must be completed by apphcent)

The applicant and any official execurong this certofocate on behalf of the apphcant named oro item 2,
certofy that this apphcatoon os prepared an conformrty with Totle 10, Code of Federal Regulations,
Part 30. and that all mformation contained herern, including any supplements attached hereto, as true
and correct to the best of our knowledge and behef.

W ARNING.-18 U.S.C., Sectio i 1001; Act of June 25,1948; 62 Stat. 749; makes it a criminal offense to rnake a willfully false statement or
representation to any department or agency of the tJnited States as to any matter within its jurisdiction.

7LitENSE FEE REQUIRED b. CERTIFYING OFFICI AL (Signaturel
(See Sectron 170.31,10 CFR 170) <

c. NAVE (Ty'pe or print) g y g9

(1) LICENSE FEE CATEGORY: {Xf Mf 7"
~

VICE. PRESIDENT OF OPERAT!ONS AND FINANCE
~

e.DATE -

/,

(2) LsCENSE FEE ENCLOSED $ NOMS A

F OHM N RC 313 I (1 79)
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ITEM 6 Continued

6. INDIVIDUAL (S) WHO WILL USE OR DIRECTLY SUPERVISE THE USE OF LICENSED MATERIAL)
($re items 16 and 11 for reousard trounong and esperoener el each endoenitual named beh>erTITLE

|FULL N AME
Dimctor of Cbntinuing Education

Dr. Thomas G. Ellis Prof. of Biological Sciences
Dr. Frederick Erbisch Prof. of Biological Scier.ces
Dr. Jack Holland Prof. of Physics
Dr. Charles E. Mandeville Assoc. Prof. of Biological Sciences
Dr. David E. Nevalainen Prof. of Physics
Dr. Vasant R. Potnis

i

|

|
|

|
!

\

|

|

I

I Control no. 018 51
'
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ITEH B Continued -

M AXIMUM NUMBE R OFNAME OF MANUF ACTURER
ELEMENT AND MILtICURIES ANO/OR SE ALEDCHEMICAL

L AND/oMAND MODEL NUMsER SOURCES AND MAXIMUM AcTI-
g PHYSICAL FORM VITY PER SOURCE WHICH WILLMASSNUMsER (t/SesisdSevisedN st POSSESSED AT ANYONETIMEg

* oce -

No. A

2 millicuries
E lodine-125 Any

5 mil 11 curies
T Iodine-131 ,' Any 50 mil 11 curiesTritiated targeys =
C Hydrogen-3 ntotten geostem' fort

.k.maa to I, rme2et
1 millicurie' ,

Scaled Source I

H Cobalt-60 (Nuclear Chicago
#RR 60)*

1 millicurieSealed Source
I Cobalt-60

(Tracerlab model RR-30)* 500 mil 11 curies
J Cesium-137 Sealed Source

(Nuclear Chicago Corp.
*

Model RR 138 833512
or 8350233)*

1 curieSealed Source
K Ces.um-137 (Minnesota Mining &

Mfg. model #4F6B)*
30 millicuries

L Americium 241 Scaled Source
(Monsanto Drawing
#NS-22-NC)* 100 millicuries

M 1ron-55 Any 5 millicuries
N Silver-110 Any 20 millicuries
O Silver-111 Any

20 mil 11 curies
P Cadmium 115m Any 20 millicuries
Q Thalium 170 Any 40 mil 11 curies
R Cobalt 60 Any 10 mil 11 curies
S Cesium 137 Any

10 mil 11 curies
T Mercury 203 Any

10 mil 11 curies
U Barium 133 Any

20 mil 11 curies
V Ytterbium 169 Any

10 mil 11 curies
W Antimony 122 Any

20 mil 11 curies
X Cerium 144 Any 10 millicuries*

Y Tellurium 132 Any 10 millicuries
Z Latetium 177 Any

20 mil 11 curies
AA Cadmium 109 Any

20 mil 11 curies
BB Cadolinium 153 Any

20 mil 11 curies
CC Selenium 75 Any 20 millicuries
DD Tin 113 Any 20 millicuries
EE Tantalum 182 Any

20 mil 11 curies
FF Cerium 139 Any 20 millicuries
CC Cerium 141 Any 55 millicuries
101 Cold 198 Any 20 millicuries
Il Gold 199 Any 20 millicuries
JJ 1ridium 192 Any 20 millicuries
KK Terbium 60 Any,

50 mil 11 curies
LL Chromium 51 Any 10 millicuries
HM Ytterbium 169 Any

50 mil 11 curies
NN Bromine 82 Any

10 mil 11 curies
00 Neodymium 147 Any

. . _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ - - _ . _ _ _ _ _ _ _ _ _ _ . _ . - _ - _ . _ . _ _ _ . .-_
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ITEM 8 Continued

10 millicuries
| PP Antimony 128 Any 30 mil 11 curies

QQ Iron 59 Any 30 millicuries
RR Manganese-54 Any 15 millicuries

| SS Nickle Any 10 millicuries
Any

TT Krypton 85

*
1

I [
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ITEM 8, Part E Continued
d

DESCRtsE L,SE OF LICEfEED MATERIAL
E

,

Labeled proteins for competitive binding and RIA studiesE.

F. Na1 for biological research
'

G. Tritiated targets for neutron generator

Not presently being used - stored in safeH. CO-60 source.

CO-60 not presently being used - stored in safei 1.

C3-137 not presently being used - stored in safe
i J.

CS-137 beam source for compton scattering experimentsK.

Americium 241 sealed source in depth moisture gauge Nuclear Chicago 5810
-

L.
:

All nuclides are used for study of their nuclear deca / schemes by the nuclearM-RR.
physics experiment group Dr. Agin, Dr. Potnis, Dr. Mandeville, except that AA
and BB do have potential use as fluid (physical property) monitors with sources

'

located external to system

Engineering research on Kr gas detection sensitivityTr.

SS. Hewlett Packard gas chomatograph radiation source

!

I

|

|
.

.

4

G

Controi ac. 018 51
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ITEM 9 Continued

9. STORAGE OF SE ALED SOURCES

) CONTAINER AND/OR DEVICE IN WHICH EACH SEALED NAME OF MANUFACTURER MODEL NUMsER

= sounCE nsLL sE stoned on usED.
=o. A. s. c."

(1(
Lead source pig kept in locked safe Minnesota Mining 4F6B

12 (
Depth Moisture Gauga Nuclear Chicago 5810

Electron captured detector in a gas Hewlett Packard 18803 to 60520m
SS cromatoaraph

14) ,

,

t

1

!
1

I

i .

i

,

|

.

*

I

i

|
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ITEM 11 Continued

The two monitoring instruments are calibrated by small check sources daily when
in use by the RSO. Complete calibration and servicing by the manufacturer is
done each year for the primary survey instrument. - VICTOREEN #440 (VICTOREEN,
5806 Hough Avenue, Cleveland, OH) This service includes accurate calibration

;

with several radiation sources and a certification of calibration. All other
instruments are check source tested by the user.

,

:
,
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ITEM 13 Continued :

I
[ 13. F ACIL,lTIES AND EOUIPMENT (Check were appropriate and attach annotated sketch (es) and desenytMA

f

Biological Science Department
,

! Room 1001C in the Mechanical Engineering Building is used to receive and store
} all isotopes used in the biology department. Sketch in appendix.'

Refrigerator-Freezer (see A)
125

Tritium and carbon-14 labelled substrates and 1 radioimmunossay kits are
j

placed on receipt in a refrigerator or freezer depending on the nature of the
isotope in question. The external doors of the refrigerator and freezer are
marked with approved radiation caution stickers and the amount and type ofj
isotope indicated. Individual containers are marked in a similar manner inside
the refrigerator or freezer compartments.

.

Undercounter locked cabinet (see B)
i

3204 and Na1 are monitored for contamination (see131
Shipments containing NaH P2
Item 14, sect. B) on receipt and are stored in " lead pigs" in a locked cabinet.

i. Af ter dilution, material transferred to plastic or 3 ses containers (volumetric1

Erlenmeyer flasks) etc. is maintained in lots of less than 100 uc in a lead
i

brick enclosure in the same cabinet. This cabinet is under limited access keyj

Proximity to hallway which is nearest unrestricted area is 10' to Dr. Whitten.
feet.

| Preparation and measurement of materials is done on a bench top in the same
| laboratory. A tray with plastic backed absorbent paper is used.

-

J

j Physics Department

!

Work with radioisotopes takes place in two physics lathoratories in Fisher Hall,
C8 and C31, shown in the sketch in the appendix. In'C8, which is the research
room for nuclear energy level studies only, the source in question plus.seversi

| Access to this root and operations in thiscalibration sources are present.
i room are under the direct supervision of either Dr. Agin Dr. Potnis or Dr.
| Mandeville (who are all described in this license appitention). One or two;

'

| graduate students work in the room.
! In C31 is found the storage safe for all sealed sources and licensed radio-

(Internal leadlining and less than 5 mR/M at surface). Only theisotopes.
physics personnel (Ptof. Daavettila Dr. Agin Dr. Mandeville, Dr. Potnis),

The licensed'

described in this license application know the combination.
! material is only used in one experiment each year for training students in
i room C31. This experiment under the supervision of Prof. Daavettila, is on the1

use of film for radiation detection, Room C31 contains a sink but no hood, and
therefore, no source is ever opened.

|

!

:
I
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ITEM 14 Continued

14. WAST,E DISPOSAL

D lF COMMERCIAL WASTE DISPOSAL SERVICE 18 NOT EMPLOYED.SusMIT A DETAILED DESCRIPTION OF METHODS WHICH WILL
sE USED FOR DISPOSING OF RADIOACTIVE WASTES AND ESTIMATES OF THE TYPE AND AMOUNT OF AcTivlTY INVOLVED.lF

'

THE APPLICATION IS FOR SEALED SOURCES AND DEVICES ANO THEY WILL sf RETURNED TO THE MANUFACTURER.SO STATE
,

Low level liquid wastes will be disposed of by the laboratory supervisor in accor-
dance with appropriate regulations (see 10 CFR, part 20, section 20-303). High
level liquid waste for short lived isotopes will be held in an appropriate storage
location depending on type of isotope for ten half lives and then disposed of as
non-radioactive. Solid waste will be held in approved stainless steel floor
containers in which are placed double strength plastic bags. When these are full
they are transferred to a limited access storage area. Short lived isotopes are
allowed to decay for ten half lives and material disposed as non-radioactive.
Long lived isotopes are held in a disposal barrel and then shipped for burial
(part a of this item). Handling animals involved with radioactive experiments
includes collection the radioactive excreta on absorbent paper and then storing
it in a limited accass storage room (same area where radiation storage barrel is
maintained) for ten half lives af ter which it is disposed of as non-radioactive.
Animal carcasses are wrapped, labelled, frozen and stored in a limited access
freezer properly labelled for ten half lives af ter which time they are disposed
of as non-radioactive. Long half life materials are not used in the animal experi-
ments.

.

|

|
|

I

/

i

l

|

|
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ITEM 15

15. RADIATION PROTECTION PROGRAM. Describe the radiation protection program as appropriate fM
the material to be used including the duties and responsibilities of the Radiation Protection Officer,
mntrol measures, bioassay procedures & needev/, day-to-day general safety instruction to be followed,
etc. If the application is for sealed source's also submit leek testing procedures, or if leek testing will be
performed using a leek test kit, specify manufacturer and model nurr6er of the leak test kit.

Responsibility and Authority of the Rap ation Safety OfficerA

in order to establish and maintain standards for the utilization of sources
of ionizing radiation on the campus of Michigan Technological University, a
Radiation Safety Committce has been established by the MIU Safety Council.
The Committee is responsible for the radiation safety of all machine sources,
and the safe procurempt, use and disposal of radioisotopes both licensed
and unlicensed. The MIU Safety Council has appointed a Radiation Safety

Officer (RS0) whc is a membcr of and works clocely with this committcc and 10
directly responsible for administering the University standards with regard
to the use of radiation and radiation-producing devices. The Committee and
the RSO oversee the use of radiation and radioisotopes by all University
personr.il who wish to use byproduct material for teaching and research. Con-
cerni .g byproduct material, the radiation safety officer is responsible for
determining the competence and evaluating the training of users, overseeing
procurement, use, and waste disposal. He reports to the General Manager of
University Operations.

.

B Requisitions
.

(1) All purchase requisitions for radiois.otopes, whether or not they are
licensed nuclides, aball be submitted to the RSO for proccasing.
These will include requisitions, (a) for radioisotoped coverrd in
the licenses, (b) for those smaller quantitics which are exempt trom
license requirements, and (e) for any other radioisotopes whir.h are not
covered by the licenno reipiirement because they are produced by
methods not under NRC control. The RSO shall ascertain that the limits
specified in the appropriate licenac are not excee ded. If"the project,
facility (including equipmunt), and pornonnel havo not been approved
by the Radiation Safety Comraittee for this work, it will bu .

necessary that such approval be secured before the isotope order will
*

be placed. .

(2) Copics of the NRC licensco and special order forma pertaining to radio-
isotope procurement will be held by Rto and supplied to the Purchasing
Department as needed. The PSO will maintain a current inver. tory.

'(3) All purchase requisitions, purchase orders, and other forms pertaining,

! to the purchase of isotopen shall direct the shipment of the isotope to:
dCentral Peceiving

Michigan Technological University
Attention: Radiation Safety Officer

1

t
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ITEM 15 Continued

C Receipt and Shipment

The(1) All radioisotope shipments shall be received at Central Receiving.
RSOshallbe.responsiblefortransportingthematerialoncampus.e,%v]['

(2) Upon receipt and recording of an isotope shipment, the RSO will notify
the individual user, and supervise the opening of the primary shipping
container and swipe testing the source container, before turning the
source over to the responsible user.

Transfer and Shipment of Radioactive Materia _1

Transfers of radioactive material shall not be made from one user to another
at Michigan Technological University except through the RSO who will accept
such material f rom one user, check it and reassign it to the new user.

D Training
.

Each person, whether staff or student, who works with radioactive materials
most have taken or be ta' king the equivalent of one of the three univeristy
radiation courses. Two of the courses are standard full-length courses
covering a wide variety of topics about radiation detection and uses. Briefly
they are PH 417, Nuclear Radiations Measurements, which is primarily a labors-
tory course obtaining the interpreting data from all the kinds of tadiation
instruments we have on campus. BL 419 Radioisotope Techniques in Biological
Sciences, which is a course designed to enable the students to use the unique
properties of radioactive tracers in studies of biology. A necessary part of
each of these two courses is a thorough understanding of working with and
around radioactive materials.

The third course more directly regarding rules and techniques taught by public
service is mainly designed to give staff and students who will work with and '

.faround radioactive materials an understanding of the associated hazards and
d emergency procedures. The course has 6 lectures and a tour with demonstrations

C in the physics and biology nuclear laboratories. This seminar course is under
the direction of Dr. Tom Ellis. The icetures aret

1. Nuclear Radiation, its origin, nature, properties, and hasards.

2. Nuclear Radiation, its interaction with material and shielding.-

3. Radiological health, radiation effects on living things, flux, dose.,
4. Radiation measurements and dosimetry techniques.

5. Laboratory rules and Federal and State Regulations and the
individual's rights.

6. Course review followed by a test over the essentials.
J

7. Tour of the University laboratories and demonstration of instruments.

Conhotno. O M 5 %
,,

_
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ITEM 15 continued

E General Regulations for Work in Radioisotope Laboratories
(No sources will be opened or pipeted in the Physics Laboratory in Fisher Hall)

1. Before starting any work involving radioactivity, all personnel shall
submit to the Radiation Safety Officer (F.S0) a complete history of
significant previous exposures. This will include a record of the kinds
or isotopes used, dates of usage, and times involved. In addition, the
experimenter will present an outline of the proposed experiment to include
type and amount of isotope to be used, who will use it, where it will be
used and appropriate safety precautions. This must be approved by the RSO.

4.The RSO has the authority to dissapprove a purchase order or require train-
ing prior to approval. The amount of isotope will vary with the individual
experiments, but in no case will students be allowed to handle millicurie
quantities of "open" isotopes. Students involved in using small millicurie
quantities of sealed sources will do so under the direct supervision of one
of the persons named in section 6.

.

Laboratory protective clothing (gloves, laboratory coats or aprons, shoes,2.
etc.) shall be worn while working with any unsealed source and shall be
lef t in the laboratory and not removed until thorough monitoring reveals
a complete lack of contamination.
Remote pipettes (propipette or equivalent) will be used for all transfers
of liquid in the radioicotope laboratory.

3, All experimental procedures shall be executed so as to permit easy decon-
tamination in case of accident. Thua, absorbant paper with waterproof a

backing will be used as a cover for all tables wherever radioisotopes are
to be used experimentally in any way. Rubber gloves and a laboratory coat
or plastic spron are to be worn by all personnel directly involved in
experimental work it.volving the use of radioisotoper. In all cases,
operations involving radioactive materials will be performed over water-
tight trays bedded down with disposable absorbent paper.,

If there is any chance for volatilization of an isotope the procedure will
s

|
be carried out under a chemical f ame hood with an appropriate trap. Iodine
compounds and carbon-14 oxidation ere of particular concern with respect to'

volatilization. Mcwever, no procedures are contemplated at this time in
which this will be a problem.

4. Use of radioactive materials will be confined to work trays. Paper dis-
posal containers will be availabic and labelled appropriately for disposal

! of solid waste (gloves, disposible pipettes). A single sink prnperly
labelled will be used for washing radioactive glassware. These arena

|
will be surveyed daily. No student or investigator will leave the labora-
tory without checking his hands and cinthing for contamination.

|
,

f S. Movement of radioactive materials betweca tooms, in halla and corridors is
I to be discouraged. When necessary, materini to be moved will be carried

in a plastic container or on a tray covered with absorbent paper.'

r

|
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ITEM 15 Continued

i
I

6. In general, active materials are to be retained at specific points within
the Laboratory and are to be kept in appropriate protective vessels except )

~ under conditions where brief removal may become necessary. All hard beta
emitters and gamma emitters are to be stored in lead chambers as supplied.
Except for properly enclosed saeples, no transfer of active materials shall
be made. Thus, pouring of active solutions is specifically prohibited. In
no instance acut an active sample be allowed to come in contact with a
radiation monitor or any other measuring device.
All containers with radioactive materials will be labelled with approved

! labels on which will be recorded the type and amount of radiation with
the users name and the date. Contaminated articles and glassware will be
either disposed of as solid waste or decontaminated by appropriate
measures (washing with " count off" etc.). Decontamination procedures will
be carried out under the direct supervision of one of the persons listed
in section 6.4

Film badges will be worn at all times'when working with hard beta ~andFilm badges are to be requested from RSO.''pf7."

*
gamma emitting radioisotopes.
The RSO may require film badges to be worn whenever he deems it necessary.
Survey meters shall also be employed to predetermine the dosages in any"

given experiment and to check the dosages during an experiment. Records
of expo .ures will be kept of all exposures received. In no case will the
student or experimentor be permitted to receive more than 10 millires/ week;

(whole body radiation). It is anticipated that far less than 10 millirem /'

week will actually be received. The maximum radiation level for any por-

tion of the body will be limited to 100 millirem /hr.

8. Children and unauthorized personnel are specifically prohibited from
entering Radioisotope laboratories.

9. .Because of the radiation hazard and the danger of contamination, all eating
drinking, siroking and use of cosmetics are specifically forbidden in the '
nreau prenctibed for radioactivity studies. No food containers or entlug

utensilu are to be taken into or used in the Laboratory. Do not place
books ot clothes anywhere except on the racks provi,ded.

.
.

10. Cood techniqua and " good housekeeping" in to be maintained at.all times. All
procedures involving any degree of activity must first be practiced
with non-radioactive materfats until facility is gained with the procedhrc.

Pipetting techniques, for instance, should be Icarned with water or any
similar non-radioactive solution until exact deliveries can be
exercised at will. Dissection or handling of unfamiliar animain or other
ifological substances must first involvo non-rndioactive materials.

11. In canc spillage of radioluotopeu occurs inanediately notJ fy the perunn
in charge. Carciully note the area in which the activity becomes
transferred. The decontamination procedure whici. will generally be
followed by the Laboratory Director will involv,:

a) Blotting up the material with absorbent paper with waterproof
backing (while wearing rubber gloves).

- _ _ _ _ _ _ _ _ _ _ , __ _ _ _ _ _ . _ _ _ _ _ _
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ITEM 15 Continued

b) A survey of the area for contamination with a counter-type
detector. .

c) Decontumination by.nieans of liritted arca scrubbing (with
appropri. ate chelator such as ethylenc-diamine Letra-acetate
in case of cations) until a background reading is obtained
with the detector.

d) All disposable materials contaminated'by the spill or c1 caning
'

shall be placed in a water-tight jar or can cicarly marked

! " radioactivity, contamination". The date, type of activity,
approximate amount, cpm at the surface and ar/hr emitted at the
surface of the container are to be c1carly labeled. In no
instance shall any given contamluation container be filled with
so much activity so as to constitute a radiation hazard. In

any given working area, no materials shall be stored so as to
constitute a dosage greater than 1 mr/hr to any part of the body. *

12. If an accident occurs with a radioisotope, turn off laboratory fans, evac-
uste all excess persons, (those not involved with the situation) from the

; room and have someone call the radiation cafety officer or one of the
following persons. Ordinarily it would be best to step out into the hall
and guard the door until one of the persons listed arrives to take charge.

'

OFFICE HOME
,

Prof. Donald A. Daavettila 487-2084 or 482-5787
.

e
I

Dr. Berte11 K. Whitten 487-2033 or 482-7099

Dr. Cary P. Agin 487-2084 or 482-4105

! Dr. Thomas C. Ellis 487-2270 or 337-0566

Dr. Vasant A. Potnis 487-2085 or 482-7517

Dr. C. E. Handev111e 487-2086 or 482-4380
|

|
' F Waste Disposal

Animals used for isotope studies are tviintained in a separate area by the stu-
dents or experimentors involved (Room 1001C) and are not cubject to animal
caretaker handling or the normal animal housing facility. No more than six
animals are used at any one time and the maximum length they are radioactive.

I
is 24 hours. In the one experiment where an isotope is used In Vivo, the

j isotope in question is 1131
~

_. . ..-. . __ _ - ,. - - - - _ - - . . . - ._- _ _ - - - - - ~
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ITEM 15 Continued

When sources are no longer neeo<.d or desired, they are placed into the radio- ,

active waste storage barrel in the room S013 of the ME-EM Building. The barrel<

is located in a small locked room in the sub-basement of the ME-EM Building.;

f Waste disposal is by storage in NRC a-proved disposal barrels until sufficient
number,1 or more are ready for shipment. Only one such shipment has been made!

in the past 10 years and this was in February of 1972 to NUCLEAR ENGINEERING CO.,
INC. , P. O. Box 146, Morehead, Kentucky, (Main address is P. O. Box 594, Walnut

: Creek, CA).

In the Biology 1.aboratory on occasion liquid waste is released into a sanitary
j sewer in conformsnee with 10CFR, part 20, section 20-303 as follows:

C 2 x 10-2 ,,j ,1I

-4
P 5 x 10 uc/mi

131 -5
1 6 x 10 uc/ml

| USE OF BAIX:ES

! G lt will be the responsibility of each project leadcr group 1cader or major
| professor in charge of investir.ations which involve the use of inotupeu or

of other radiation sources to submit the nanes of all individuals involved'

in these investigations to the radiatton nafet.y officer (RS0). It will ho
;

tiee reNpunsibility of the perHunn jn charge ul projec(H Invujv|ng radintlun
to see that cach of the individuals working on the project has and uses a

; f11m badge as provided by the RSO The Safety Committec upon the recommendation
of the RSO, inay order a medical examination at any time it is deemed
necessary. In addition ti c radiation safety of ficer has the authority to
shut down any project where film badges should be used but are either not-'

being uned or are being used improperly. Film badge reports will be
issued through the RSO to the individuals responsibic for the project.

.

-

H BIO-ASSAY

| The need for and order ,of bioassays will be dutcrmined by the Radiation

|
Safety Conr.ittcu or the radiation atfety of ficer depending on the time,
circumstances and the availability of the individuals. Ordinarily the
decision for bioassay would be made at a regular meeting of the conalttec
when they consider tho' requested project and notice to the individual
concerned would be via the radiation nafety officer. We do not anticipate,

'

at this time a need for bioassays. Although the maximum amount for flydregen
3,1-125 and I-1,31 are 2 me, 5 me, and Smc respectively (Section 6-B),j

' amounts used at any given time in any given experiment are not iaore than
100 microcuries. In addition tbc form and experimental uno of these
isotopos is such that hazzard from internal ingestion or inhalation

i
| (Iodine vapors) is minimized to the greatest possibic extent. (No

I internal hazzard is present as far as con be ascertained at. present).
I

i

1
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I ITEM 15' Continued .

)

1 Leak Teut of Scaled Sources

scaled sources containing byproduct matcrist shall not be opened ar.dIf troubic
no repair or servicing of a source would ever be attempted.
occurs, the source would be taken out of service, locked and completely4

scaled in wax and plastic and held for disposal at the next arranged
(When our standard approved barrel is full). Byproduct

'

shipment.
material shall not be used in or on human beings or in products
distributed to the public, nor in field applications where activity

|
is released.

-

Each scaled source containing by product materisi, other than
,

J

Hydrogen 3, with a half-life greater than thirty days and in
any form other than gas shall be tested for Icakage and/or

In the
contamination at intervals not to exceed six months. *

absence of a certificate from a transferor indicating that a *

test has been made within six months prior to the transfer. '

the sealed source shall not be put into use until tested.j

Each test is by alcohol, acetone, and water wipe tests and then
'

counting the wiping paper.

The test in capabic nf detecting the prenence of 0.005i
; The tectmicrocuries of radioactive material on tout sample.'

sample is taken from the scaled source or from the surfaces
,' of the d'cvice in which the sealed source is permanently

mounted or stored and which one might expect contamination
. to accumulate. Records of leak test results shall be kept
! in units of microcuries and maintained for inspection by the

i

Nuclear Regulatory Commission.,

If the test reveals the presence of 0.005 mic(# curies or more of removablei

contamination, we shall immediately withdraw the sealed source from use
; -

! and shall decontaminate it or dispose of it in accordance with Commisulun
| A report shall be filed within 5 days of the test with th.-regulations.

Director, Division of Materials Licensing, Nuclear Regulatory Commission,i

| Washington, D. C., 20555, describing the equipment involved, the test
| results, and the corrective action taken. A copy of such report shall cino

be sent to the Director, Region III, Division of Compliance, USAEC,|
-

| 799 Roosevelt Road, Glen Ellyn, IL 60137.
!

Tests for leakage and or contamination shall be performed by the R$0I

Mr. Donald A. Daavettila. The training and experience of .the RSO is<
'

detailed in Sections 16 and 17
,

.

.
-

,

i

|
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Attach a resume for each individual named in
FORMAL TRAINING IN RADIATION SAFETY. Describe individual's formal training in the following areas where applicable,

*

include16.
items 6 and 7.
the name of person or institution providing the training. duration of training, when training was
received, etc.

s. Principles and practices of radiation protection.

b. Radioactivity measurement standardization and monitoring
techniques and instruments. ,

,

'

c. Mathematics and calculations basic to the use and measurement of
radioactivity.

d. Biological effects of radiation.

Dr. Hertwell K. Whitten (Chafrnan,RadiationSafetyCommittee)

DURATION OF ON Tile JOB FORMAL COURSF.*

TYPE OF TRAINING WHEPP. TRAINED TRAINING (circic answer) (circic answer) .

I

i
a. Prfnciples and Sec Below 1962

-

practicca of radi-
ation protection Yes No Yes No

"b. Radioactivity
measurement stan-
dardization and
monitoring tech-
niques and

Yes No Yes No
instruments

."c. Mathematics
i and calculations '

basic to the use,

' and measurement
Yes No ,Yes Noof radioactivity

f d. liiological
"

effects of' .

Prenent Yes No Yes No. radiation

1. B. K. Whitten. Prof, of Physiology, Dept of Biologien1 Sciences
'

.

| 2. Formal training in Bionucleonics vjn course work at Purduc
University.'

.

, .

3. Extensive research experience over sixteen years at Purdue
University, I.af ayette, IN; Fitzsimmnns General llot:pf tal,
Denver, C0; t;atick Aru.y Laboratories. Natick, HA; snd
Michigan Technological University, lloughton, Hl.

I

e
_ - . .--.m_-, _ . _ ~._.,m. _ _ _ _ _ _ - , _ , , , , . - . _ _ . , ~ . - _ _ _ , _ _ , . . . _ , , _ . _ _ _ _ _ . _ , _ . . _ _ _ , _ . . . , ~ _ _ _ , . , . , -
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Item 16 (continued)

Donald A. Daavettila (R.idiation' Safety Officer)-

DtillATION OF ON TilK . lull FoltMAI. CotJI(!;I;
TYl'E OF TRAINING

WilERE TRAINED TRAINING.* (circic answer)(clrcle answer)
,

n. Princip1cs and
practices of radi- /rgonne Nat'l 1.ab. ~6 p

Yes No Yes No
ation protection Argonne, IL

b. Radioactivity
,,sacasurement stan- ,,

dardizatfor,and
monitoring tech-
niques and Yes No Yes No
instruments

c. Mathematics
and calculations ,, ,,

basic to the use
and measurement Yes No Yes No
of radioactivity

d. Bfological " '#

effects of Yes No Yes No
radiation

* Sincn 1964 I have been directly involved with the teaching and research
aspects of catagories a, b, and c described above.

Cor.!rol No. 015 5 5
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'It:a 16 (continued

tir. Gary P. Agin

TYPE OF TRAINING DUltATION OF UN Tile J015 50ltttAI. CoultSE

WI!ERE TRAINED TRAINING (circle answer)(circle answer)

a. Principles and
practices of radi-
ation protection Kansas State Univ. 1964-68 Yes No Yes No

b. Radioactivity

measurement stan-
dardization and
monitoring tech-
niques and
instruicents Kansas State Univ. 1964-68 Yes No Yes No

c. Mathematics *

and calculations
banic to the use ~

and measurement Univ. qf Kansas 1959 68
of radioactivity Kansas State Univ. Yes No Ye No

d. Biological

effects of
radiatian Kansas State Univ. 1964-68 Yes No Yes No

Dr. Thomas G. Ellis~~

TYPE OF TRAINING DURATION OF ON 11]E J011 FolutAI. CollRSK

WilERE TRAINED TRAINING (circic answer)(circle answer)

2a. Princip1cs and U3AF 2? y.,

practices of radi- Michigan Tec h ys

ation protection I wnSf*ht 2. (p , Yes No Yes No.

.

b. Itadioactivity ,, ,,
.

measurement stan-
dardization and
monitoring tech-

*niques and
instruments Yes No Yea No

.

c. Hathematics f, ,,

and calculations
basic to the use
and swamurcoent
of radioactivity Yes No Ycu No

d. illological /r ,

effects of f
YeH No (Yes Nortaf Wfkam ._ _ _ _
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Its3 16 (c:ntinued)

Frederick Erbisch ,

TYl'E k)F THA1NING D'JRATLON OF ON Tile Juil FORMAL. OHlh.iK

WilERE TRAINED TRAINING (circic answer)(circle answer)

a. Principles and <~
practices of radi-
ation protection Mich. Tech. Univ. 1968/present Yes No Yes No

b. Radioscrivity .

measurement stan- ,,,, '

dardization and ,

monitoring tech- --

niques and Yes No Yes No
ins t ruinents

%

c. Mathematics '

and calculations /i ,,
'

i

basic to the use
and measurement Yes No Yes No
of radioactivity

d. Biological ,

f-,,
eficcts at ,, Yes No Yes :ke
radiation

'

.

.

Jack C. Ilo11and-

lillHATluN OF ON Tile . lull FORMAL. OHlH::M
TYPE OF TAAINING

WilERE TI:AINED TRAINING (circle answer)(circle answer)
* .

.

a. P Incipics and Formal course work
practices of radi- at the Duluth |7' Yes No Yes No
acion protection Clinic - 1958

" ".
b. Itadioactivity

measurement stan- i:

| dardization and
monitoring tech- ^ ~

1 niques'and Yes No Yen No
inntruments

! " "
c. Mathematics
and calculations

.

j basic to the use
and measurement Yes No Yes No
of radioactivity

n
! "

d litological
*

| cffecin of Ycu liis Ycu No

| raill.si inn /

|
i

,- -.,e ...-.-,.,.-ra--..-. - - - --,---.. ,-,. - n _.-..,-,,-,----..-,--.~,n~ , - - - - - , . , - ,-.-,-------,--~-n..,---, - - - - - - - . . , -
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Itsu 16 (c ntin a ) \)-
.

,

Dr. Cliarlen E. Nudeville~

DU$1ATION OF UN Tile .3011 FORMAL. C(HIR:iK

(citcle am.wcr)(circle am. wor)'lVPE OF'rRAINING TRAlHINGWill;HE TRAINED

a. Principics and Rice Univ. 1940.

practiecs of radi- 1940-43 Yes No Yes Nu

ation protection

b. Radioactivity HIT Radiation 35 years up
lab 1946-53measurement stan-

dardization and
monitoring tech-
niques and Yes No- Yes No

instruments ..

c. Mathematics Lecturer in to 1975

and calculations Radiological
basic to the use Physics at

and meatuirement Philadelphia Yes No Yes rio

of radioactivity

d. 36ologleal Kansas State
cfrectu of 1951-67 Yes No Yes No

:adiaLlon College 1950-60
.

.

Dr. David E. Nevalair.en

ON Tile Jon FORMAL CollRSE
DUltl. TION OF

(circic answer)(circle ans.wer)TYPE OF TRA1HING TRAINING
Wi!ERE TRAINCD

Univ. of Minn 2.5 yrs.
n. Principica an

practices of radi- Yes No Yes No

ation protection

Univ. of Minn. 1.0 yea,
'

b. Radioactivity '

measurement stan-
dardixation ani ~%
monitoring tech-
niques and Yes No .Yes No

instruments
I wkUniv, of Hlun.

c. Matheraatics i

and calculations ,

basic to the use
and meanurement Yes No Yes No*

.

of radioactivity

Univ. ol' Hinn. 3 yrn,
d. lif ular,1 cal

cficetn of Yen !!o Yes lio

Radiation
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Itso 16 (continued)-

,

.

Dr. Vanant R. Potnis

TYPE UV THAlNING DilHAT10N OF ON TilH .3015 FORMAL, CollH;;E
WilERE TRAINED TRAINING (circle answer)(circle answer)

a. Princip1'es and Bartol Research
practices of radi- Foundation .

ation protection Swarthmore, PA 1954-60 Yes No .Yes No

h. Radioactivity Sard/above
measurement stan-
dardization and
monitoring tech-
niques and
instruments Yes No Yes No

c. Mathematics Bartol
and calculations- Agraun, ludia 1950-52 *

basic to the use *

and measurement
of radioactivity Yes No Yes No

d. BJulogical Bartol Res. - 1954-60
circeau of Foundation
ratIntlun Yes No Yen No

.

O

; .

I

,

1
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17.
EXitillENCE. Attach a resume foi cach individual named in Itcens 6 and 7. Describe individual's
work experience with radiation, including where experiencu was obtained. Work experience or cn-
the job training should he commensurate with the proposed use, include hst of radioisotopes and
anaxirnum activity of each used.

Dr. liertwell K. Whitten Chairman, Radiation Safety Ceamittee

MAX. A!!T. ISIEIE EXPERIENCE DilRATION OFI SOTC.)E (at any one time) FAS CAINED EXPEitIEllCE TYPE OF lif.E

C14 2 mc FCil; NL; MU 9 years Antiraj & human met.shol
studics, in v.' and i
vitro,

H3 2 ac FGH; MU 7 years , Animal & human matnhol'

studies, in vivo and i
vitro

1125 5 me MTU 5 years metabolic studies &
RIA procedures

1131 5 me MU 5 years "

P32 5 me PCit; NL; KFU; PU 12 years animal studies in
vivo & in vitro

Ca45 2 ac PU 4 years aquatic ecological
uptake studies

Z 1 me . PU "n
"

Co 'O 1 mc l'U "
f

"
-

; Sr89 500 uc PU " "

Sr90 500 uc PU ". "

| C,137 500 ue PU "' "
i

i FGH - Fitzsimmons Cen. Hospital, Denver, CO
PU

l
- Purdue University, I.arayecto, IN

NL - Natick Army Laboratorius, Natick, HA
j MTU - Michigan Technological University, Houghton, HI '

Chairman of Radiction Safety Committco - A technical radiation nafety
committee has been estsblished by the University Safety Council. Thiscotamitteo in conjunction with the radiation safety of ficer overr.cos
the use of byproduct m.2terial by all university pernunnel.

4

.

-

f

i
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Item 17 (continued)

,

4
.

Donald A. Daavettila Radiation Safety Officer
,

HAX. Alfr. WilEl!E EXPERIENCE DilRATION OF
ISOTOPE (at any one time) WAS CAIN D EXPERIENCl; TYPl? 0F ll!;E

i Fins 0.1 ac Argonne Nat'l Lab 6 years Reactor Paramatur
Products at ons time Atomic Power Dev. As. Measurements

Cs137 1 curie HTU 5 years Beam Source

Co 60 ac & also with a 970 curie Cobalt 10 year's Radiation
Proccasing Irradiator

i

Hany small training experlaent soprces for counting studies with varioun
detectors

,

4

Additional Detail on the Nuclear Radiation Related Training of
'

Dona 1d A. Daavettila
,,

1952 One course in Nuc1 cat Chemistry at Michigan Technological
University in addition to a number of Physics courses thut;

touched this area.
1

j 1957-1964 With the.cxception of one 9 month period absent for high
school teaching the work was continuously with and around
nuclear reactors and . nuclear radi.ation at the Argonne

! National Laboratory. Included is one academic year of
; formal course work .;ln the Argonne International School
{ taking courses in radiation safety and closely related

subjects. Ilandled fuel elements (low power reactor),
many irradiated foils, worked with radiation detection
instruments as a matter of daily routine. -

| 1964 One nine month period at the Enrico Formi reactor for
Atomic Power Development Associates, working with andi

around nucicar radiation as part of the Nu(1 car Tust
Group.

! 1964, to present at Hichigan Technological liniversity teaching courses
in Nuc1 car Power and Nuclear Radiation in addition to,

general physica and chemistry coutson. Surve as
radiation nafety officer.

.

-

|

t

i

.

k
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Itso 17

Dr. Cary P. Agin

" MAX. AMT. WILERE EXPENIENCE DURATION OF

ISOTOPE (at any one time) WAS CAINED
E.';PERIENCE TYPE Of USE

|
,

'

'

i

| Kansas State tiniv. 1 year Spectroncopy

| 103Ru 10 me.
Kansas State Univ. 2 years Spectroscopy

| 155Sm 30 me.
Kansas State Univ. 1 year Spectroscopy

1910s 10 me.
; Kansas State Univ. 1 year Spectrascopy

Kansas State Univ. 1 year Spectroscopyl 1930s 10 me.

| 97 r 20 me. Kansas State Univ. 1 year Spee'troscopy171Er 10 me.

| 144 e 5 me. Michigan Tech Univ. 1 year SpectroscopyZ

116 min 5 me." Michigan Tech Univ. 1 year SpectroscopyC

Michigan Tech Univ. 1 year Spectroscopy
|
' 169Yb 10 me.

115mCd 5 me. Michigan Tech Univ. 1 year Spectroscopy

Michigan Tech Univ. 1 year Spectroscopy
| 111Ag

''

20 me.f

Dr. 'Ihemas C. Ellis -

14A1. MIT. 'WHERE EXPERIENCE DURATION OF

! 1SOTOPC (ac any one time) WAS GAINED EXPERIENCE TYPE OF USE

Ca 137 .

Co60 50 mil 11 curies Michigan Tech Univ.

Many Teaching laboratories in radiation measurements, radiufsotope
techniques, radiation chem, and radiological monitoring inOthers

o.f MTU o-..d Towo S+a fe sm c c /957Civil Defense

Dr. Frederick Erbisch
DURATION OF

WHERC EXPERIENCEMAX. AMT. EXPERIENCE TYPE OF USE
WAS CAINED(at any one cine)ISOTOPE

HTU
1968/present tiptake Jn plants

p32 2mc
Photosynthesfu studien1968/presentMrU

C14 Carbcnate lac

Control No. 018 51

i .- _ _ - - . . _ ,
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Itec 17 (cont ed)
"

*

.

Dr. Jack C. Holland

MAX. AMT. WilERE EXPERIENCE DURATION OF

ISOTOPE (at any one titac) WAS CAINED EXPERIENCE TYPE OF USE

32
P 1 mc Duluth Clinic-KrU 1958/present Various chemical

experiments
.

Co 'O 1 me Duluth Clinic 1958-1964 Shilliuc. Asnaysf

1125 1 mc KFU 1970-present RIA

1131 1 mc Duluth Clinic-ItTU 1958-prer.cnt Uptake studies in
humans & aninnla

.

Dr. Charles E. Mandeville
MAX. AMT. WilERE EXPERIENCE DURATION OF

IEUTOPE (at any one time) WAS CAINED EXPERIENCE TYPE OF USE

*
. .,

Smg1millicuriesamountsofmorethan25nuclidenstartingin1942witti
Na untJl the present. '

.

Dr. David E. Nevalainen
MAX. #1T. W!iEFE EXPERIENCE DURATION OF*

ISOTOPE (at any one,tircc-) WAS CAINED EXPERIENCE TfPE OF USE

T-H 5 sc Univ. of Minnesota 4 yrs. Experimental:.5 Imalu23
3

1131 1 me Univ. of Minnesota 4 yrs. C'linical workups

Dr. Vasant R. Potnis

MAX. AKr. WilERE EXPERIENCE DURATION OF

ISOTO"E (at any one time) WAS CAINED EXPERIENCE TYPE OF USE

l44 5 me Mich. Tech. Univ. 1-2 yr cach Study, and radi-Ce *

ation properties
ll45 " " "

In 5 me
'

.

l09 " " "
Yb 10 me

" " "
Cd115m 5 me

111 " " "
gg 20 me

@ Bartol Research Foundation'(1954-60)
195 I97 195Au, 1 6Au , 193mPt All in a few me range.1879, 188 e, 19IPt, mPt. Pt,185g, R

i 972r, 103 u, 115Cd, 1297c, 143ce, 149Nd, 159 ,, 171Er,R 3

1930s, 1921r, 1941r, 197Pt All in a few me range191o3,
( -
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