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Abstract

The Nuclear Pharmacy Certificate Program (NPCP) was developed to meet the need for

licensed pharmacists wishing to change career paths and enter the practice of nuclear pharmacy.

Additionally, the NPCP benefits employers that wish to employ a nuclear pharmacist in lieu of

waiting for graduates that are available only at one time yearly from a college of pharmacy. The

NPCP is not intended to replace traditional nuclear pharmacy education in academic institutions,

but to offer an another option to pharmacists and potential employers.

The NPCP is divided into two components. One component involves over 130 hours of

instruction through videotapes and accompanying workbooks. This component is completed

while working in a nuclear pharmacy and with the assistance of a nuclear pharmacist serving as

a supervisor. The nuclear pharmacist is available to answer questions and to administer

examinations over the videotape material. Examinations are prepared by Purdue faculty and

returned for grading. Scores on exams must reflect learning to the same degree as in an

academic environment.

In the second component of the NPCP, the trainee attends a two-week session in the School of

Pharmacy at Purdue University. The trainee must complete a significant portion of the videotape

material before the on-campus session. In the on-campus component, videotape material is

reinforced and expanded by laboratory exercises and lectures in dedicated, fully-equipped

laboratories employed in the School of Pharmacy undergraduate program in nuclear pharmacy.

Nuclear pharmacy faculty and consultants provide individualized instruction to each trainee.

Assimilation of lecture and laboratory material is determined through several examinations.

A comprehensive examination is administered which includes content from the videotape-

workbook component of the NPCP. Certification is awarded to trainees who have completed the

program and demonstrated their knowledge and competence by examination. Almost 200

individuals have successfully completed the NPCP over the past nine years.
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1. Introduction

The Nuclear Pharmacy Certificate Program (NPCP) was developed to meet the need for

training for licensed pharmacists wishing to change career paths and enter the practice of nuclear

pharmacy. Guidelines for Nuclear Pharmacy Training prepared by the American

Pharmaceutical Association, Academy of Pharmacy Practice and Management, Section on

Nuclear Pharmacy and requirements established by the United States Nuclear Regulatory

Commission were followed in designing the NPCP. Also, lecture and laboratory material utilized

in the nuclear pharmacy career electives for undergraduate pharmacy students in the School of

Pharmacy at Purdue University were employed in the development of the NPCP.

The NPCP is presented as two components. One component provides over 130 hours of

instruction through videotapes and accompanying workbooks. This component is completed

under the supervision of a nuclear pharmacist located in a nuclear pharmacy. The nuclear

pharmacist serves as a preceptor for the trainee. The trainee is expected to work in the nuclear

pharmacy with time available to view the videotape material.

The second component of the NPCP requires the trainee to attend a two-week session at the

Purdue University campus after completion of a significant portion of the videotape material. In

the on-site component, videotape material is reinforced and expanded through laboratories and

lectures presented by Purdue University Nuclear Pharmacy faculty and outside experts. On-

campus instruction is provided in dedicated, fully-equipped laboratories employed in the Purdue

University undergraduate nuclear pharmacy and health physics programs.

2. Methodology: Videotape.

The videotape lecture material was prepared in a professional television studio. Graphics

and demonstrations were incorporated as well as lecture material. Outstanding practitioners and

educators were employed to develop videotape lectures and accompanying workbook material.

Professionals involved in the preparation of the videotape-workbook component of the NPCP are

listed in Table I.

When a trainee enrolls in the NPCP the complete workbook and one-half of the videotape

material is shipped to the nuclear pharmacy or directly to the trainee. The remaining videotapes

are shipped following completion of the first portion of the self-paced study material. The trainee

682



Table L Instructional Staff

Videocassette - Workbook

Dr. Stanley M. Shaw, Ph.D.
Professor of Nuclear Pharmacy
Purdue University
West Lafayette, Indiana 47907

Dr. Robert Landolt, Ph.D., B.C.H.P.
Professor of Health Physics
Purdue University
West Lafayette, Indiana 47907

Dr. Wayne V. Kessler, Ph.D.
Professor of Bionucleonics
Purdue University
West Lafayette, Indiana 47907

Dr. Paul C. Simms, Ph.D.
Professor of Physics
Purdue University
West Lafayette, Indiana 47907

Dr. Richard J. Kowalsky, PharmD,
B.C.N.P., FAPhA

Associate Professor of Pharmacy and
Radiology
University of North Carolina
Chapel Hill, North Carolina 27599

Mr. James A. Ponto, B.C.N.P.
Division of Nuclear Medicine
University of Iowa Hospitals and Clinics
Iowa City, Iowa 52242

Ms. C. Anne Smith, M.S., B.C.N.P.
Nuclear Pharmacy Program Director
Purdue University
West Lafayette, Indiana 47907

Dr. William R. Widmer, D.V.M.
Associate Professor of Diagnostic Imaging
Department of Veterinary Clinical Sciences
School of Veterinary Medicine
Purdue University
West Lafayette, Indiana 47907

On-Site

Dr. Mark A. Green, Ph.D.
Professor of Medicinal Chemistry
Purdue University
West Lafayette, Indiana 47907

Dr. Robert Landolt, Ph.D., B.C.H.P.
Professor of Health Physics
Purdue University
West Lafayette, Indiana 47907

Mr. Mack Richard, M.S.
Radiation Safety Officer
Indiana University Medical Center
Indianapolis, Indiana 46202

Dr. Brigette McGhee, Pharm.D., B.C.N.P.
Adjunct Assistant Professor of Nuclear

Pharmacy, Purdue University
West Lafayette, Indiana 47907

Dr. Stanley M. Shaw, Ph.D.
Professor of Nuclear Pharmacy
Purdue University
West Lafayette, Indiana 47907

Dr. Gordon Born, Ph.D.
Professor of Medicinal Chemistry and
Health Sciences, Purdue University
West Lafayette, Indiana 47907

Ms. C. Anne Smith, M.S., B.C.N.P.
Nuclear Pharmacy Program Director
Purdue University
West Lafayette, Indiana 47907
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Table IL Videocassette and Workbook Self-Studv Portion

Instructor

Dr. Stan Shaw

Dr. Robert Landolt

Mr. Jim Ponto

Material

Physics and Overview

Radiation Energy
Atomic Structure
Nuclides
Radioactive Decay and Half-Life
Ideal Radionuclide for Imaging
Modes of Radioactive Decay
Interaction of Ionizing Radiation with Matter
Radiation Detection Methods
Radiopharmaceuticals: Characteristics and Chemistry

Radiation Protection

Terms and Units
Protection from External Exposure
Portable Survey Instruments
Personnel Monitoring
Internal Dose Calculations
Contamination Control
Waste Management
Packaging, Labels and Placards
10 CFR Standards for Protection Against Radiation
10 CFR Notices, Instructions, and Reports to Workers

Drugs

Ms. Anne Smith

Drugs and Radiopharmaceuticals:
Interactions and their effect on diagnostic accuracy of
nuclear medicine procedures
Drugs and Radiopharmaceuticals:
Interventions used to improve differential diagnosis in
nuclear medicine imaging
Criteria for Product Selection
Instrument Quality Assurance
Technetium Chemistry; Radiolytic Decomposition
Pediatric Dosage Calculations
Adverse Reactions to Radiopharmaceuticals
Record Keeping
Preparation and Dispensing of Radiopharmaceuticals
Formulation Problems

Radionuclide Generator: Mo-99/Tc-99m Generator
Quality Control Testing of Radiopharmaceuticals
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Table TL Videocassette and Workbook Self-Studv Portion (continued)

Instructor

Dr. Richard Kowalsky

Dr. Wayne Kessler

Dr. Paul Simms

Dr. Stan Shaw

Dr. William Widmer

Material

Radiopharmaceuticals for Brain Imaging
Radiopharmaceuticals for Heart Imaging
Radiopharmaceuticals for Kidney Imaging
Radiopharmaceuticals for Treatment of Bone Pain
Monoclonal Antibodies for Radioimmunodiagnosis
Somostain Receptor Imaging

Instrumentation

Spectrometry
Counting Efficiency
Coincidence Loss
Background
Liquid Scintillation Counting
Statistics of Radioactivity

Radionuclide Production, Part 1
Radionuclide Production, Part 2

Radiation Biology and Protection

Energy Transfer
Mechanisms of Change
Aqueous Radiation Chemistry
Target Theory and Dose-Response
Radiation Effects on Macromolecules
Radiation Effects on Cells
Acute Effects
Delayed Effects
Genetic Effects

Late Effects of Ionizing Radiation
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retains the workbook for review and as a resource while the videotapes are returned to Purdue

University. The trainee is expected to devote about two hours daily viewing videotapes and taking

notes. It is recommended that this be accomplished in the nuclear pharmacy so that questions can

be addressed to the nuclear pharmacy preceptor. When the NPCP was reviewed by the United

States Nuclear Regulator Commission, the agency recommended that the trainee should receive

practical experience in a nuclear pharmacy under the supervision of a nuclear pharmacists

during the videotape-workbook component of the program. Indeed, the availability of a nuclear

pharmacy preceptor and practical experience while learning basic concepts and knowledge

provides an excellent educational environment for the trainee.

Examinations are prepared by Purdue University nuclear pharmacy staff to ascertain

learning of the self-paced videotape material. The examinations are designed to be in sequence

with the videotape lessons and cover a reasonable amount of material in order to encourage in-

depth learning. The exams vary from multiple choice to short answer as well as problem solving.

Examinations are administered by the nuclear pharmacy preceptor in the same manner as in a

formal classroom. Examinations are returned to Purdue University for grading. A minimum of

70% must be attained on each exam. Failure to do so results in a retake of a second exam over the

same material. While the highest ethics are expected, knowledge of the content in the videotape

material is assessed again in a comprehensive exam administered during the on-campus session

at Purdue University.

The knowledge and concepts presented in the videotape-workbook material encompasses a

broad spectrum of aspects basic to preparation for entry into nuclear pharmacy practice.

Instructors and areas presented by videotape-workbook instruction are presented in Table II. The

trainee is expected to complete the greater amount of the videotape material and pass appropriate

examinations prior to attending an on-campus session. Radiation biology may be completed after

the on-campus session. It is essential to have the trainee properly prepared in basic concepts and

practice experience prior to attending an on-campus session in order to allow for an optimal

learning experience while at Purdue University. The nuclear pharmacy preceptor is encouraged

to allow the trainee to develop certain skills and concepts while working in the nuclear pharmacy

prior to attending an on-campus session. A listing of areas suggested is presented in Table III.
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Skills and Concepts^

Description

Elution of Tc-99m Generator

Radionuclidic Purity Testing (Mo-99)

Chemical Purity Testing (Al ion)

Preparation of Radiopharmaceuticals

Dispensing of Calibration Sources and Doses

Radiochemical Purity Testing (Free, H/R, Bound)

Sterility Testing (if routinely performed)

Package Receipt

Package Shipment

Decontamination Procedures

Air Monitoring (1-131) Procedures

Blood Cell Labeling

Dose Calibrator Constancy

Dose Calibrator Accuracy

Dose Calibrator Linearity (when regularly scheduled)

SCA/MCA Calibration

SCA/MCA Efficiency Check (when regularly scheduled)

SCA/MCA Constancy

Area Surveys and Wipe Smear Testing

Experiences encouraged prior to attending the on-campus session
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4. Methodology: On-campus Session

An on-campus session is offered on a regular basis three times per year. This allows

trainees to master the videotape material at a reasonable pace and complete the total NPCP in a

timely manner. Trainees must assume financial responsibility for travel to Purdue University

plus meals and housing while on campus. Housing is available in a hotel located on the campus

and within easy walking distance of laboratory facilities. The tuition charged for the NPCP

includes everything except the above mentioned items. Upon arrival each trainee receives a

complete set of laboratory exercises and lecture material for the on-campus session. As for the

videotape-workbooks, the on-campus material is retained by the trainee for future reference.

Since the level of radioactivity used in laboratories is minimal, personnel monitoring devices are

not required. However, radiation safety procedures are strictly followed to promote the

development of good habits when working in a nuclear pharmacy.

In the on-campus component of the NPCP, videotape material is reinforced and expanded by

laboratories and lectures presented by Purdue University faculty and outside experts. On-campus

instruction is provided in dedicated, fully-equipped laboratories employed in the undergraduate

nuclear pharmacy and health physics programs at Purdue University. Instrumentation is

available to allow individuals or a team of two trainees to work on laboratory exercises.

Individualized attention is given to identify and correct any deficiencies occurring during

training in the self-paced videotape component. Several examinations, including a

comprehensive exam, are given during the on-campus session. Faculty involved in the on-

campus training component are listed in Table I. Laboratories and lectures presented are listed

in Table IV.

5. Discussion

The NPCP provides an economical and flexible mechanism for providing fundamental

knowledge and laboratory experience to pharmacists that serves as a foundation for attaining

competency as a practitioner in nuclear pharmacy. A considerable amount of knowledge can be

gained while working and remaining at home. A trainee is only required to travel one time and

spend 13-14 days away from home. Thus, living expenses are kept at a minimum.
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Table IV. On-Site Laboratory Schedule

Instructor Laboratory

Dr. Stan Shaw

Dr. Brigette McGhee

Ms. Anne Smith

Dr. Mark Green

Dr. Stan Shaw

Mr. Mack Richards

Ms. Anne Smith

Dr. Gordon Born

Dr. Robert Landolt

Contamination and Decontamination
Basic Radiation Safety
G.M. Counting

1-131 Handling Techniques

Gamma Ray Scintillation Spectrometry I
Gamma Ray Scintillation Spectrometry II
Multichannel Analyzer
Dose Calibrator
Shipping and Receiving
Elution of the Tc-99m Generator and Quality Control of the

Eluate
Radiochemical Purity Testing
Preparation and Dispensing of Selected

Radiopharmaceuticals
Aseptic Technique and Sterility Testing
Gamma Camera Instrumentation
Review of Math Used in Nuclear Pharmacy
Counting Statistics in Nuclear Pharmacy Practice

Chemistry of Metal-Labeled Radiopharmaceuticals
PET Radiopharmaceutical Chemistry
PET Imaging and Concept
Radionuclide Generator for PET

Regulatory Agencies
10 CFR Parts 19 and 20

10 CFR Part 35 Medical Regulations
Performance Criteria for Radiobioassay

Formed Element Labeling and Aids Safety Procedures

DOT Hazardous Materials Handling

Film Badge Dosimetry
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The NPCP is educationally effective. It provides a sound, reasonable-paced instructional

experience. Trainees proceed through videotape material at a self-paced rate. Progress is

monitored by both the nuclear pharmacy preceptor and the Nuclear Pharmacy Program Director.

Assimilation of material is facilitated by concurrent work in a nuclear pharmacy. The on-

campus session reinforces the self-paced videotape material as well as expands knowledge and

skills.

The NPCP was developed by faculty with years of experience and demonstrated excellence

in education in nuclear pharmacy. Outside experts were solicited to broaden the background of the

instructional faculty at Purdue University. Equipment and facilities are dedicated to nuclear

pharmacy education as a result of an on-going undergraduate educational program in nuclear

pharmacy within the School of Pharmacy at Purdue University.

Upon completion of the NPCP a trainee receives a formal certificate, a letter indicating

successful completion and descriptive material useful for submission to a regulatory agency.

Also, the trainee receives considerable continuing education credits that are useful in

maintaining a pharmacy license. The NPCP is approved for continuing education by the

American Council on Pharmaceutical Education.

The NPCP has been available since late in 1988. Almost 200 pharmacists has completed the

program to date. Over 20 of the trainees are Board Certified in Nuclear Pharmacy. The NPCP has

served the specialty by the provision of pharmacists with the basic knowledge and skills necessary

to enter the practice of nuclear pharmacy. The NPCP does not replace the need for nuclear

pharmacists educated by traditional academic programs, but does provide a mechanism to obtain

properly prepared pharmacists to meet the needs of the nuclear pharmacy field at times when

graduates from a college are not available.
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