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Title of Course:

Location:

Period:

Description:

Prerequisites:

Costs:

Rpplications:

Acceptance:

Course Information

The Medical Use of Radionuclides for State
Regulatory Personnel

Prefessional Training Program
Oak Ridge Training University
Oak Ridge, Tennessee

March 26-30, 199C

This course is designed to acquaint the participant
with the specific physical, mathematical and
instrumentation principles necessary for
understanding the medical use of radionuclides and

the health and safety aspects of radionuclide choices,
as it affects patients, hospita] staff, and the public.
The goal of this course 1s to help State reculatory
personnel to become more efficient in their licensing
and complfance activities. This will be accomplished
by the presentation of a large amount of clinical

and instrumental data. Each lecturer is encouraged

to speak frankly on his/her opinion of the regulations
and the recgulators.

*Please note, this course is NOT designed or intended
to teach specific licensing or Inspection techniques.
We intend to show the medical use of radionuclides
from the licensee's perspective. Time will be
2a1lotted for discucsion or questions.

Candidates should have 2 bachelor's degree or eguivalent
in physical or biological science. The candidates should
also have six (6) months experience and be presently
employed in a State or local radiation control agency.

The Commission is authorized to reimburse participants
within specified Timits, for per diem and travel.

Should be submitted in duplicate no later than
February 16, 1990 to:

Lloyd A, Bolling

State Agreements Program

State Programs

Office of Governmental and Publiic Affairs
Mail Stop 3023

Washington, D.C. 20555

A written acceptance letter will be sent to each
candidate selected to attend this course. A copy
of the acceptance letter will also be sent to the
program director.



A p| ICATION FOR TRAINING
(Please type)

Date:
A. To be completed by Applicant
1. Title of Course:
Dates of Course:
2. NKeme of Applicant: Social Security #:

Citfzenship: ( ) USK { ) Uther: (Specify)

Home Address:

Home Telephone Ko,

Business Address:

Business Telephone Ko.:

3. Acedemic Record of Applicant:

o
o
*
~

Institution Degree Major Minor

Check College courses which you have taken and give number of semester
hours.

( Co11ege'Algebra Atomic/Nuclear Physics
Celculus Redietion Physics
College Physics Electronics )
4. Applicant's Current Title:
Length of Time in Current Position:
Description of Current Duties:
5. Pertinent Employment History:
Dates Title Description of Duties

€. List any previous training in health physics.




Trevel Information:

Point of Departure: By Air ( ) By Automobile ( )
1f you plan to travel by automobile, indicate approximate roundtrip
mileage :

For Female Applicants

This acknowledges that I have received, read, and understand the
contents of US NRC Regulatory Guide 8.13, Instruction Concerning
Prenata) Radiation Exposure; and the Appendix to NRC Regulatory
Guide 8,13, Possible Health Risks to Children of Women Who are
Exposed to Radiation During Pregnancy.

Signature of Applicant

The following i1s to be completed by the State Radiation Control Program
Director.

Please provide & brief statement indicating why you want this individual

to attend this course. i

Does attendance at this course require the approval of another agency or
management official? If so, please have official sign appropriate block.

TTgnature of Uther Approving STgnature of Radiation Lontrol
Official Program Director

Typed application (in duplicate) should be sent to:

Lloyd A. Bolling

State Programs

Mail Stop 3023

Office of Governmental and Public Affairs
U.S. Nuclear Regulatory Commission
Washington, DC 20555
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JREGULATORY GUIDE

OFFICE OF NUCLEAR REGULATORY RESEARCH

REGULATORY GUIDE 8.13
(Task OP 0314)

INSTRUCTION CONCERNING PRENATAL RADIATION EXPOSURE

A. INTRODUCTION

Section 19.12, “Instructions to Woikers.,” of 10 CFR
Part 19, “Nouces, Instructions, and Reports to Workers;
Inspections,” requires that all individuals working in or
frequenting any portion of a restricted area! be instructed
in the bealth protection problems associated with expo-
sure 1o ndiosctive matenals or radiation, in precautions
Or procedures {o munimize exposure, and in the regula-
tons that they are expected to observe. The preseni
10 CFR Part 20, “Standards for Protection Against
Radiation™ has no special Limit for exposure of the
embryo/fetus.? This guide describes the instructions an
employer should provide to workers and supervisors
concernung biclogical nisks to the embryo/fetus exposed
to radiation, a dose Lmit for the embryo/fetus that is
under conmderation, and suggestions for reducing radia-
ton exposure.

This regulatory guide takes into consideration a
proposed revision to 10 CFR Part 20, which incorporates
the raduation protection guidance for the embryo/fetus
approved by the President in January 1987 (Ref 1)
Ths revision to Part 20 was issued in January 1986 for
comment as 8 proposed rule. Comments on the guide as
it pertuns to the proposed Part 20 are encouraged. If
the mew Part 20 is codified, this regulatory guide will
be revised to conform to the new regulstion and wil
incorporate sppropnate public comments.

Any information collection activities mentioned in
this regulatory guide are contained s requirements in
10 CFR Parts 19 or 20, which provide the regulstory
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2is confarmiry with the proposed revision to 10 CFR Part 20
fhe torm Cembryo/fetus’ & weed throughout this Gocumen: tc
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basis for this gude. The information collection
requirements in 10 CFR Parts 19 and 20 have been
cleared wunder OMB Clearance Nos 31500044 and
3150-0014, respectively.

B. DISCUSSION

It has been known mince 1906 that cells that are drvid-
ing very rapidly and are undifferentiated in their structure
and function are generally more sensitive to radution. In
the embryo stage, cells meet both these cniteria and
thus would be expected to be highly sensitive to rudia-
tion. Furthermore, there is direct evidence that the
embryo/fetus is radiosensitive. There is also evidence
that it is especially sensitive to certain radiation effects
dunng certan penods after conceplion, particuiarly
during the first 2 to 3 months sfter conception when a
woman may not be sware that she is pregnant.

Section 20.104 of 10 CFR Part 20 places different
radiation dose Limits on workers who are nunors than
on adult workers. Workers under the age of 18 are
Lmited to one-tenth of the adult radiation dose Lmits
However, the present NRC regulations do pot establish
dose Lmits specifically for the embryo/fetus

The NRC's present limit on the radiation dose that
can be received on the job is 1,25C millirems per
Quarter (3 months)? Working minors (those under 18)
are Lmited to a dose equal 1o one-tenth that of adults,
125 millirems per quarter. (See § 20.101 of 10 CFR
Part 20.)

Because of the sensitivity of the unborn child, the
National Council on Radiation Protection and Measure-
ments (NCRP) has recommended thet the dose equivalent
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to the unbomn child from occupativaal exposure of the
expectant mother be Lmited to 500 millirems for the
eatire pregnancy (Ref. 2). The 1987 Presidential guidance
(Ref. 1) specifies an effective dose equivalent kimit of
500 milirems to the unborn child if the pregnancy has
been deciared by the mother; the guidance also recom-
mends that substantial varutions in the rate of exposure
be svoided. The NRC (in § 20.208 of its proposed revi-
sion to Part 20) has proposed adoption of the sbove
hmits on doee and rate of exposure,

In 1971, the NCRP commented on the occupational
exposure of fertiie women (Refl 2) and suggested that
fertile women should be employed only where the annual
dose would be unlikely to exceed 2 or 3 rems and would be
accumulated st 3 more or less steady rate. In 1977, the
ICRP recommended that, when pregnancy has been diag-
nosed, the woman work only where it & unlikely that the
annual dose would exceed 0.30 of the dose-equivalent Limit
of 5 rems (Ref 3). In other words, the ICRP has recom-
mended that pregnant women not work where the anoual
dose might exceed 1.5 rem.

C. REGULATORY POSITION

Instructions on madiation risks should be provided
to workers, including supervisors, in sccordance with
§19.12 of 10 CFR Part 19 before they are allowed to
work in 8 restricied area In providing instructions on
redution nsks, employer should include specific instruc-

o

tions about the maki of rsdiation exposure to the
embryo/fetus.

The instructions should be presented both orally and
in printed form, and the instructions should include, as
& minimum, the informstion provided in Appendix A
(Instructor’s Guide) to this guide. individuals should be
given the opportunity to ssk qQuestions and in tum
should be questioned to determine whether they uander-
stand the instructions. An scceptable method of ensuring
that the information is undemstood is to give s mmple
written test covering the material included in Appen-
dix B (Pregnant Worker's Guide) This approsch should
highlight for instructors those parts of the instructions
that cause difficulties and thersby lead to appropriate
modifications in the instructional curriculum.

D. IMPLEMENTATION

The purpose of this section & to provide informastion
to spplicants and licensees regarding the NRC staff's
plans for using this regulstory guide.

Except in those cases in which an applicant or
licensee proposes an acceptaocle alternstive method for
complying with specified portions of the Commission's
regulations, the NRC will use the material described
in this guide to evaluate the instructional program
presented te individuals, imcluding supervisors, working
in or frequenting any portion of a restricted area.

8.13-2



APPENDIX A

INSTRUCTOR'S GUIDE

EFFECTS ON THE EMBRYO/FETUS OF EXPOSURE TO RADIATION
AND OTHER ENVIRONMENTAL HAZARDS

In order to decide whether to continue working
while exposed to ionizing radistion during her preg-
mancy, a woman should understand the potential effects
on an embryo/fetus, including those that may be pro-
duced by wvarious environmentsl risks such as smoking
and dninking Thus will allow her to compare these risks
with those produced by exposure to onilg redistion.

Table | provides information on the potentis) effects
resulting from exposure of an embryo/fetus to radiation
and nonradution nsks The second column gives the
Tate st which the effect is produced by naturs] causes
in terms of the number per thousand cases. The fourth
column gives the number of additional effects per
thousand cases believed to be produced by exposure to
the specified amount of the nisk factor.

The following section discusses the studies from
which the nformation in Table ) was derived. The
results of exposure of the embryo/fetus to the rsk
factors and the dependence on the amount of the
exposure are expiained

1. RADIATION RISKS
1.1 Chidhood Cancer

Numerous studies of radatos-induced childhood cancer
have beer performed, but & bumber of them are con-
troversial The National Academy of Science (NAS) BEIR
report reevaluated the dats from these studies and even
reanalyzed the results. Some of the strongest support for
& causal relationship is provided by twin data from the
Oxford survey (Ref 4). For maternal radiation doses of
1,000 millirems, the excess number of deaths (above thoge
occurnng from patural causes) was found to be 0.6
death per thousand children (Ref 4)

12 Mentwal Retardotion and Abnormal Smaliness of the
Head (Microcephaly)

Studies of Japanese children who were exposed while in
the womb to the stomic bomb radistion at Hiroshums and
Nagasaki have shown evidence of both small head size and
mental retardation. Most of the children were exposed to
radiation doses in the range of | to 50O rads. The impor-
tance of the most recent study lies in the fact that
investigators were able to ghow that the gestational age
(age of the embryo/fetus after conception) at the time the
children were exposed was a critica) factor (Ref. 7). The
Spproxumate ruk of small head dre s » function of
#estational age i shown in Table 1. For a radiation dose
of 1,000 millirems at 4 to 7 weeks after conception, the

excess cases of small head gize was § per thousand, st 8
to 11 weeks, it was 9 per thousand (Ref. 7).

In another study, the highest risk of mental retarda-
tion occurred during the 8 10 15 week penod after
conception (Ref. B). A recent EPA grudy (Ref. 16) has
calculated that excess cases of mental retardation per
live brrth lie between 0.5 snd 4 per thousand per red.

1.3 Genetic Effects

Radution-induced genetic effects have not been observed
to daste n bumans. The largest source of material for
genetic studies involves the survivors of Hiroshima and
Nagasaki, but the 77,000 births that occurred among
the survivors showed no evidence of genetic effects. For
doses received by the pregonant worker in the course of
employment considered in this guide, the dose received
by the embryo/fetus Spparently would have & negligible
effect on descendants (Refs. 17 and 18).

2. NONRADIATION RISKS
2.1  Occupstion

A recent study (Ref 9) involving the birth records of
130,000 children in the State of Washington indicstes
that the risk of death to the unborn child is related to
the occupation of the mother Workers in the metal
aindustry, the chemical industry, medical technology, the
wood industry, the textile industry, and farms exhibited
stillbrths or spontaneous sbortions at a rate of 90 per
thousand sbove that of workers in the contro) group,
which consisted of workers in several other industries.

22  Alcohol

It has been recognized since ancient times that alco-
bol consumption had an effect on the unborn child. Cas-
thaginian law forbade the consumption of wine on the
wedding night 80 that & defective child might not be
conceived. Recent studies have indicated that emagll
amounts of alcoho! consumption have only the minor
effect of reducing the birth weight slightly, but when
couumpﬁonhmmtoleﬂdnnperday,npn-
tern of aboormalities called the fetal alcobol syndrome
(FAS) beginz to appear (Ref. 11). This syndrome congists
ofnduadcovthinthcnnbomchﬁd.hultybm’ntunc-
tion, and sbnormal facial features. There i & syndrome
that has the same fymptoms s fulkblown FAS that

B.133
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TABLE Y
EFFECTS OF RISK FACTORS ON PREGNANCY OUTCOME

Number Occurring Excess Occurrences
Effect from Natural Causes Risk Factor from Risk Factor
RADIATION RISKS
Childhood Cancer

Cancer death in children

Small head mze

Small head size

Mental retardation

Stillbirth or spontaneous
abortion

Fetal alcoho! syndrome

Fetal alcohol syndrome

Fetal slcobo! syndrome

Perinata! infant death
(around the time of birth)

Perinatal infant death

Perinatal infant desth

1.4 per thousand
(Ref. §)

40 per thousand
(Ref. 6)

40 per thousand
(Ref 6)

4 per thousand
(Ref 8)

200 per thousand
(Ref. 9)

1 to 2 per thousand
(Ref. 10)

1 to 2 per thoussnd
(Ref. 10)

1 1o 2 per thousand
(Ref. 10)

23 per thousand
(Refs. 13, 14)

23 per thousand
{Refs. 13, 14)

23 per thousand
(Refs 13, 14}

Radiation dose of 1000 millirems
received before birth

Abnormalities
Radiation dose of 1000 millirads
received during specific periods

after conception:

4.7 weeks after conception

B-1] weeks after co-

Raduation dose of 1000 millirads
received B to 15 weeks after
conception

NONRADIATION RISKS

Occupation

Work in hugh«uk occupations
(see text)

Alcohol Consumption (see text)

2+4 drinks per dsy
More than 4 drinks per day
Chronic alcobolic (more than

10 drinks per day)

Chronic alcoholic (more than
10 drinks per day)

$moking

Less than | pack per day

One pack or more per day

0.6 per thousand
(Ref 4)

5 per thousand
(Ref. 7)

9 per thousand
(Ref. 7)

4 per thousand
(Ref 8)

90 per thousand
(Ref. 9)

100 per thousand
(Ref . 11)

200 per thousand
(Ref. 11)

350 per thousand
(Ref . 12)

170 per thousand
(Ref. 15)

5 per thousand
(Ref 13)

10 per thousand
(Ref. 13)



For mothers who comsume 2 to 4 drinks per day,
the excess occurrences number about 100 per thousand,
and for those who consume more than 4 drinks per
day, excem occurrences mumber 200 per thousmnd.
The most sensitive period for this effect of alcobol
Sppears o be the firm few weeks after conception,
before the mother<o-be realizes she is pregnant (Refs. 10
and 11). Also, 17% or 170 per thousand of the embryo/
fetuses of chronic alcobolics develop FAS and die before
btk (Ref. 15). FAS was frst identified in 1973 in the
United States where Jems than fullblown effects of the
syndrome are now referred to as fetal slcohol effects
(FAE) (Ref. 12).

3.3 Smoking

Smoking during pregrancy causes reduced birth
weights in babies amounting to § to 9 ounces on the
everage. In addition, there it an increased risk of §
infant deaths per thousand for mothers who emoke
dess than one pack per day and 10 mfent deaths per

thousand for mothers who mmoke one or more packs
per day (Ref, 13)

24  Miscelaneous

Numerous other risks affect the embryo/fetus, only a
few of which are touched upon here. Most people are
familiar with the drug thalidomide (s sedative given to
®Ome pregnant womern), which ssuss children to be
born with missing limbs, and the more recent use of the
drug diethylstilbestro] (DES), & syntbetic estrogen given
to some women to trest menstrusl disorders, which
produced waginal cancers in the daughters born to
women who took the drug. Living st high altitudes also
&ives rise to an increase in the number of lowbirthaeght
children born, while &p incresse in Down's Syndrome
(mongokism) occurs in children born to mothers who are
over 35 years of age. The rapid prowth in the use of
ultrasound in recent years has sparked sn ongoine
investigation into the misks of using uitrmsound for
diagnostic procedures (Ref. 19)
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APPENDIX B

PREGNANT WORKER'S GUIDE

POSSIBLE HEALTH RISKS TO CHILDREN OF WOMEN WHO ARE
EXPOSED TO RADIATION DURING PREGNANCY

During pregnancy, you should be sware of things in
your surroundings or in your style of life tiat could
affect your unborn child. For those of you who work
in or wigit areas designated as Restricted Areas (where
access is controlled to protect individuals from being
exposed to mdiation and radioactive materaals), it is
desirable that you understand the biological risks of
radation to your unborn child.

Everyone is exposed daily to various kinds of radis-
tion: heat, light, ultraviolet, microwave, jonizing, and 0
on. For the purposes of this guide, only ijonizing radia-
tion (such as x-ays, gamma rays, neutrons, and other
highspeed atomic particies) 5 conmdered. Actually,
everything 1 madicactive and all human activities involve
exposure io radistion People are exposed to different
amounts of mnatural *“background’ Jlonizing radiation
depending on where they Lve Radon gas in homes is 2
problem of growing concern. Background radiation comes
from three sources:

Average
Annual Dose
Terrestrial - radiation from soil
and rocks $0 millirem
Cosmic - radiation from outer
space S0 millirem
Radioactivity normally found
within the human body 25 millirem
125 milurem®

Dossge range (geographuc and >
other factors) 75 to 5,000 millirem
The first two of these sources expose the body from

the outmde, and the last one exposes it from the inmde.

The average person is thus exposed to s total dose of

sbout 125 millirems per year from natural beckground

radauon.

In eddition to exposure from mnormal bsckground
nduation, medica! procedures may contribute to the
dost people receive The following tabie lists the sverage
doses received by the bone marrow (the blood-forming
celis) from different medical applications.

-:;a-mmuuhuuuunmwumm”m
units. The rad & » messure of the amount of
.ﬂnammtdmuw”n & ulm.of

atwortad from different tnu tor may ad to
dﬂmt ud The rem hnumm the
umbooy millirsd and

hl donlalu!- reepactrvely
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X-Ray Procedure Average Dose®

Normal chest examination 10 millrem
Normal dental examination 10 millirem
Rib cage examunation 140 millirem
Gall bladder examunation 170 millirem
Barium enema examination 500 millrem
Pelvic examination 600 millirem

*Vgristions by & factor of 2 (above and below) are not unusual.

NAC POSITION

NRC regulations and guidance are based on the
conservative assumption that sny amount of raduation,
no matter how small, can have s harmful effect on an
sdult, child, or unborn child. This assumption s said 1o
be conservative because there are no data showing il
effects from sgmall doses, the National Academy of
Sciences recently expressed ‘‘uncertainty as to whether a
dose of, say, | rad would have any effect at all”
Although it 15 known that the unborn child is more
sengitive to radiation than adults, particularly during
certain stages of development, the NRC has not estab-
lished a specis] dose limit for protection of the unborn
child. Such a limit could result in job discrimination for
women of child-beaning sge and perhaps in the invasion
of privacy (if pregnancy tests were requured) if a sepa-
rate regulstory dose limit were gpecified for the unborn
child. Therefore, the NRC has taken the position that
special protection of the unborn child should be wvolun-
tary and should be based on decisions made by workers
and employers who are well informed about the nsks
involved,

For the NRC position to be effective it is important
thst both the employee and the employer understand
the risk to the unborn child from radiation received as
a result of the occupational exposure of the mother
This document tries to explein the risk as clearly as
possible and to compare it with other nsks to the
unborn child during pregnancy. It is hoped this wil
belp pregnant empicyees balance the risk to the unborn
child against the benefits of employment to decide if
the risk is worth taking. This document also discusses
methods of keeping the dose, and therefore the nsk, to
the unborn child as low as is reasonably schuevable



RADIATION DOSE LIMITS

The NRC's present limit on the radistion dose thst can
be received on the job is 1,250 millirems per quarter (3
months). * Working minors (those under 18) are limited to &
dose equal to one-tenth that of sdults, 125 millirems per

quarter. (See § 20.10] of 10 CFR Part 20.)

Because of the sensitivity of the unbom child, the National
Council on Radution Protection and Measurements (NCRP)
bar recommended that the dose equivalent to the unbom
child from occupational exposure of the expeciant mother
be himited to SO0 millirems for the enture pregnar-y (Ref. 2).
The 1987 Presidential guidance (Ref. 1) specifies an effective
dose equrvalent Lmit of SO0 millirems to the unborn child if
the pregnancy has been deciared by the mother; the guidsnce
also recommends that substantia! wariations in thv. rate of
exposure be avoided. The NRC (in § 20.208 of its proposed
revision to Part 20) has proposed adoption of the above
Limits on dose and rate of exposurse.

ADVICE FOR EMPLOYEE AND EMPLOYER

Although the risks to the unbomn child are small under
normal working conditions, it is still advisable to limit the
ndution dose from occupational exposure to no more than
500 millirems for the total pregnancy. Employee and
employer should work together to decide the best method
for accomplishing this goal Some methods that might be
used include reducing the time spent in radistion areas,
weanng som ¢ shielding over the sbdominal area, and keeping
an extra distance from radiation sources when possible. The
employer or bealth phymcist will be able to estimate the
probable dose to the unborn child duning the pormal nine-
month pregnancy peniod and to inform the employee of the
amount. If the predicted dose exceeds $00 millirems, the
employee and employer should work out schecules or proce-

The Umit i 3,000 millrems usrier if the worker's occu
wmmmbmwudm.m““nlun’:d
$.000 milirems per yesr.

dures to limit the dose to the $S00-millirem recommended
Kmit,

It & important that the employee inform the
employer of her condition as s0on as she realizes she is
pregnant if the dose to the usborn chid & to be
minimired.

INTERNAL HAZARDS

This document has beer directed pomarily toward »
discussion of rdistion doses recerved from sources outside
the body. Workers should also be aware that there is &
nisk of madiosctive material entering the body in work-
places where unsealed rmdioactive material is used Nuclear
medicize clinics, lsborstories, and certain manufacturers
use adicactive matenial in bulk form, often as & liquid or &
$as. A kst of the commonly wed mater Js and safety
precautions for each is beyond the scope of this document,
but certain geners) precautions mught include the following

1. Do not smoke, eat, drink, or apply cosmetics
around mdioactive maternial

2. Do not pipette solutions by mouth.

3. Use disposable gloves while handling radioactive
material when feasible,

4. Wash hands after working around redicactive
matenal

5. Wear lab coats or other protective clothing when-
ever there is » possibility of spills.

Remember that the employer is required to have
demonstrated that it will heve safe procedures and
practices before the NRC issues it & license to use
rsdicactive material W _kers are urged to follow estab-
lished procedures and consult the employer's radiation
safety officer or health physicist whenever problems or
qQuestions arise,
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MEDICAL USES OF RADIONUCLIDES
March 21-25, 1988
DATE TIME T0PIC LECTURER ~ ROOM
Monday, 8:30 AM Introduction and Velcome Watson W-14
March 21 9:00 A .NTRODUCTION TO NUCLEAR MEDICINE WATSON w-14
10:00 AM INSTRUMENTATION: IMAGING SYSTEMS SIMPSON v-14
11:00 AM RADIOPHARMACEUTICALS 1/TECHNOLOCY CARLTON w-14
12:00 N Lunch
1:00 PM HEART STABIN W-14
2:00 PM THYROID SIMPSON W-14
3:00 PM BONE FRAME w-14
Tuesday, 8:00 AM Quiz I Watson w-14
March 22 8:30 AM BLOOD AND MARROW STABIN V-14
10:00 AM LUNGS SIMPSON v-14
11:00 AM CENTRAL NERVOUS SYSTEM WATSON w-14
12:00 N Lunch
1:00 P¥ Demonstration Carlton/Stabin  M&HS
1:30 PM Tour of ORAU M&HS Div. Carlton M&HS
2:00 FM CYTOGENETICS LITTLEFIELD M&HS
2:45 PM Lab Exercise Carlton/Stabin  M&HS
3:30 PM PATIENT HANDLING SIPE REAC/TS
4:00 PM Tour of REAC/TS Sipe REAC/TS
Wednesday, 8:00 AM Quiz 11 Watson w-14
March 23 8:30 AM LIVER, GALLBLADDER, GI TRACT WATSON w-14
10:00 AM INTERNAL DOSE WATSON w-14
12:00 N Lunch
1:00 P¥ THERAPY WITH RADIONUCLIDES COMAS w-14
2:15 PM KIDNEY FRAME w-14
3:45 PM NUCLEAR MEDICINE IN CLINICAL PRACTICE HUBNER V.14
Thursday, 8:00 AM Quiz 111 Stabin W-14
March 24 £:30 AM Leave for Knoxville
9:15 AM Tour: Syncor, Inc. Mitchell Syncor
10:00 AM Leave Syncor
10:30 AM RADIOPHARMACEUTICALS I1I/RADIOIMMUNOASSAY  KAM UT Hosp.
11:30 AM Lunch
1:00 PM MEDICAL PHYSICS PLOTT UT Hosp.
2:15 PM Tour:
Radiotherapy Smith UT Hosp.
Nuclear Medicine Department Hathavay UT Hosp.
PET/MRI Facilities Plott UT Hosp.
4:30 PM Leave for Oak Ridge
Friday, 8:00 AM RADIATION RISK STABIN V-14
March 25 9:00 AM REGULATIONS MACKENZIE w-14
10:00 AM Final Examination Watson v-14
10:30 AM Critique Watson w14
11:00 N END
April 5, 1988




