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i)

Sum
Acr

and Conclusions, and Abbreviations and

Ma

This e i rtains to the current status and future outlook of selected professions involved

[

in radiationg ion, summarizing the methods used, and presenting selected key results and

recomme The team of authors includes members from the professions of health physics,

medical physt€s®medicine, nuclear engineering, radiation biology, and radiation and nuclear

chemistry. s 2 through 7 of this special issue review the characteristics of each profession
and thej
nation’s negds.

, as well as recommending actions to ensure their future adequacy to meet the

n

t
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8.1 Current Status and Future Outlook of Workforce

EacMsted of subject matter experts in the respective profession; they considered data
from the lite e and other sources, such as surveys conducted by, and membership trends in,
pl societies. However, almost without exception, it was apparent that there are
8n precisely determining the current status and temporal trends of the
professi@nsig@msId@red. The reasons for this include: several of the professions have few to no
means of sheillinﬁ their workforce; many lack well-defined training programs; and basic concepts
and terminglogy,for professional standards and qualifications are frequently ill-defined, including a
for the same position (e.g. radiation protection manager, radiation protection
fety officer, and other titles conflated with health physicist). Therefore, all
conclusiongfan mmendations, unless otherwise noted, represent the consensus expert
opinions o authors.

significant

expert, radi

S

Overall, the alighors found that the current status and future outlook of the professions involved
in radiatio on varied considerably dependent on specialty, subspecialty, and other factors.
ed in Table 8.1 and below; additional details and supporting sources may be
found in CRapters 2 through 7:

U

These are s

ar

h ics: The health physics workforce is currently deemed adequate to meet routine
pting those likely to be associated with a major radiological incident. However,
the workforce is in sustained decline due to a variety of factors, including reduced
om the civilian nuclear power industry, a major employer of health physicists. The
pipeline also is under stress, with declining trends in admissions, graduations,
and the number of viable degree programs. Concerns also were raised with respect to

wdfiker retirement and the related loss of experience. Therefore, the future adequacy of the
he

an

I

ics workforce cannot be predicted due to uncertainties in projected supply of,
for, workers.

0

e Me ysics: The medical physics workforce is currently deemed adequate in size,
alt ere are indications of shortages in some subspecialties, such as diagnostic
i nuclear medicine. Although the education pipeline is seen as adequate for
cungent reguirements, this may not be true in the future due to limitations on the number of
available residency training positions. As a result, there is moderate uncertainty over the
fut uacy of the medical physics workforce due to uncertainties in both the supply of
ne tes, as well as an unpredictable demand for medical physics services.

Lt

A

This article is protected by copyright. All rights reserved.

14



e Maedicine: Currently, there is a shortage of radiologists in many radiologic specialties and
subspecialties. In addition, changes in workforce practice and conditions likely have

contributed to an increased incidence of burnout and an apparent growing interest in part-
. s full-time, work. However, in the future, this shortage of radiologists may be

anced by further changes in practice and/or technologies, such as the use of
elligence and deep learning, telecommuting and wider adoption of telemedicine,
especially inrural areas. In contrast, technological and practice changes appear to be
ﬂe?mgthe overall need for radiation oncologists, possibly leading to a shortage of
oLaiIable to residents entering the workforce in the near future. This trend may be

.
cougter y fully certified medical professionals moving to currently under-served
geQgraphigjareas.

N

uwineering: The present nuclear engineering workforce is considered to be
’

co

ad Ithough there are concerns regarding the loss of available knowledge and
ex with worker retirements. The education pipeline is currently sufficient and
robust ho;ever there are concerns that include possible insufficiency of entry level

o or future graduates if the recent trend of nuclear power plant closures continues.

p
De nt of a diverse workforce, such as increasing the inclusion of women and
minegiti emains challenging.

jonBiology: The radiation biology workforce has undergone a dramatic decline in the
& jualified personnel, the result of ongoing retirements coupled with a failure to

ecialized training programs. The future outlook for this profession is poor, a
t, unless rectified, will not only affect the progress of radiobiological research,
but also the education of radiation oncology and radiology residents.

° Ras- and Nuclear Chemistry: The workforce in radiation chemistry and nuclear chemistry
is small, diverse, multidisciplinary, and believed to be generally adequate to meet current

w rticular due to a recent resurgence. However, due to a decrease in educational
gities, it is unclear if there is sufficient capacity to replenish the aging workforce in

ne

opp
the

I

Table 8.11i8ts selected aspects of the six professions considered in this report:

This article is protected by copyright. All rights reserved.
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Table 8.1 Select characteristics of the professional radiation workforce in the United States by

discipline, as determined in 2018.

{

Aspect th Medical Medicine Nuclear Radiation = Radiation
Physics Engineering Biology & Nuclear
p— Chemistry
Size MO- 8,000 37,600 18,000 ~500 Estimate
(number 00 (34,000 not
of ‘ i radiologists; available
workers) 3,600
radiation
w oncologists)
Trends in Growing; Changing Slight Shrinking; Shrinking;
workforce shortages in practices in growth; shortages shortages
size some radiology aging due to aging due to
C subspecialties and radiation = workforce workforce, aging
oncology lacking in failure to workforce
affecting diversity replace
m workforces
Factor u Increasing Aging / Increase in Aging / Aging /
driving demand due retirements, non-power  retirements, retirements,
future ts to population employment  applications reduced reduced
trends growth/aging  choices (full  (e.g., nuclear funding funding
vs. part- security)
time), use of
- i
State of 11 Limited Adequate Adequate Complete Risk of
educatio i residency capacity capacity loss of future
/ training ﬁ positions training  inability to
may affect programs maintain
re future workforce
pipeline

Aut
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H Implications for Future Inadequacies in the Workforce

ImpIichkfcrce shortages are detailed in Chapters 2-7, and are summarized below.

Of notegthjsgisiisdaased on the consensus expertise and experience of the individual writing teams,
whose melgers are well-placed experts in their respective fields.

C

e Hea sics: A shortage of health physicists would lead to a detrimental impact on
mudftp vices, including the nation’s ability to provide radiation environmental

S

m ing/and remediation, engage in emergency responses, maintain radiation safety
sta ithin military and radionuclide production facilities, as well as overseeing

selected sdfety aspects of the diagnostic and therapeutic uses of radiation in medicine.

U

Thds; ages in the health physics workforce will have a direct impact on regulatory
co , the nation’s defense capabilities, and worker and general population safety.

° M

pr
in

N

sics: A shortage of medical physicists would affect those areas of health
ere their expertise is a requirement for patient throughput, likely leading to an
he time intervals between diagnosis and the initiation of radiation treatment

a

most commonly for cancer), reduced quality and safety of clinical procedures, delayed

entation of new technologies, increased labor costs, etc. Thus, a decline in the
sics workforce would have a direct impact on medical practice and the nation’s

e Maedicine: Shortages among the various radiation medical professions would result in
incSased challenges for both the timeliness and accuracy in interpretation of diagnostic
images, as well as treatment decision-making and delivery, severely impacting patient

However, the risk of inadequate medical workforces in either radiology or
cology is unclear due to ongoing changes in practice and technologies.

o Nuglear Engineering: A shortage of nuclear engineers would likely accelerate the closure of
er plants and reduce capabilities in nuclear security and nonproliferation, having
Mact on national and energy security.

e Ra iology: A shortage of radiation biologists would limit future progress in several
medi iglds, especially countermeasure development and radiation oncology, where the

< This article is protected by copyright. All rights reserved.
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advancement of physical technologies now requires biological input. The educational needs
of residents in some fields are already affected by the loss of trained radiobiology teachers.
Thus, a shortage of radiobiologists would negatively affect the nation’s defense capabilities,
Hning and practice.

uclear Chemistry: Shortages of workers within the radio- and nuclear

ché forces would affect multiple areas of national importance, including nuclear
BoWermgaReration, nuclear forensics, homeland defense, and medical applications. Thus, a
shaltage in the radio- and nuclear chemistry workforce will have a direct impact on the
natign’s defense capabilities, energy network and medical practice.

8.3 wion-Specific Concerns Regarding Adequacy of the Workforce in the
Future

The te;ﬂﬁed several profession-specific concerns regarding the future workforces, which

are summﬂe and detailed in Chapters 2 through 7.

° Hemics: There is a decreasing number of admissions to health physics graduate

progfams, especially PhD programs, linked to declining interest from prospective students.
, the number of degree-granting programs is declining. There also are concerns
regar e availability of entry level jobs and clear career paths.

sics: Currently, the number of graduates from degree programs substantially
exceeds admission levels to post-graduate training programs since clinical residency training
ca!city is limited, especially in diagnostic physics and nuclear medical physics.

Burnout and early retirement of radiologists are diminishing the current
stressing the pipeline. In contrast, due to changes in practice, the pipeline of
ncology trainees may exceed demand in the near future. Itis uncertain whether

thi end can be countered by medical professionals moving into “underserved”

areas.

° Hineering: The nuclear engineering workforce may require additional supply
ca

:)uld policy makers gain an increased appreciation of the benefits of clean,
< This article is protected by copyright. All rights reserved.
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nuclear energy production as part of combating climate change and global supply
fluctuations.

° Wiology: The loss of specialized training programs has had a detrimental effect on

the prefession. ldentifiable career paths for those entering the field are lacking due to the
available positions in academic and medical departments, partly related to
@eral funding for both education and research.

I
° Ra;o- and Nuclear Chemistry: An increased need for nuclear medicine and isotope

pr appears likely to create future shortages of radio- and nuclear chemists.

8.4  Coherence with Previous Reports

USC

The NCRP sponsored a workshop in 2013 to evaluate whether there was a sufficient number of
radiation p@als, currently and into the future, that could support the various radiation
disciplines ial to meet national needs (https://ncrponline.org/wp-
content/themae p/PDFs/WARP_Workshop Summary.pdf). This effort led to a four-page
statement @nt ‘Where are the Radiation Professionals” (WARP) (Ncrp, 2015) that warned that
e verge of a severe shortfall of radiation professionals such that urgent national
t.” The statement identified mixed findings of adequacy of the workforces in
the short-term 10 years), but also projected insufficient numbers of workers into the long-term

boomers, declining enrollment in STEM degree programs, and other factors. To mitigate against the
risk of an inadequate workforce, the statement recommended: adequate funding for education,
training, ars research; increased coordination of the federal government’s civil service to support

such efforts; and monitoring and advocacy.

Nine yea passed since the WARP statement was published. The suggestion of mixed
short-term (5 to 10 years) adequacy in the professional workforces has been broadly confirmed by

the finding§/described in this issue. However, importantly, it was apparent that insufficient data
were avai imemder to reliably predict the workforce status in the long term (10 to 20 years), a
task thaWr complicated by any additional impact from the COVID-19 pandemic. Indeed, a

major findi authors was the large number of gaps in the state of knowledge of several
workforces. Qualifatively, this review reveals that many of the conceptual concerns expressed in the

< This article is protected by copyright. All rights reserved.
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WARP statement remain relevant today, such as a looming wave of retirements of baby boomers,
and insufficient capacity of training and education programs to produce new workers.

Thiswrs from the WARP statement in its organizational structure and depth.
Specifically, j ematically and separately reviewed each of six selected professions, including

respective @

definitions®

Ities. Attention was paid to providing background information, such as
PE8fession, education and training pathways, and placed additional emphasis on
identifyifg BPE@Ifigiexamples of interdependencies of the radiation professions. These and other
considerat&s are essential to understanding the professional radiation workforces and to inform
recommendations to ensure their future adequacy. The overall approach embodied in this report
may serve @s an org@anizational framework for future workforce studies in the area, adding to the
base of evi at can inform decision-making by the professions, employers, policy makers, and

other stakm

8.5 Discussion

Overalﬁhors found the available literature and data on the various radiation workforces

to be insufficient tq draw conclusions with high levels of certainty. Even basic data, such as the
number cu@orking in each profession, was in some cases unavailable or incomplete. Indeed,
in many of ssions, basic definitions and terminology used to describe qualifications and
career ither lacking, difficult to find, or open to interpretation. Therefore,

recommen were based on the expertise and experience of the respective writing teams.
Issues of ere identified, with some specific to individual radiation professions (detailed in
Chapte : ugh a few were common to all, including attrition, limited elasticity in the supply

of workers, and limited financial resources.

The rehﬂations below are consensus opinions on actions needed to ensure that the
radiation prg igns considered will be able to meet the nation’s future needs. The authors
intentiona @ »d to recommend detailed methods, timelines, responsibilities of individual
organizationSy@and funding sources, considered outside the scope of this review.

ommend the following actions, which apply to all radiation professions

considere eview:

-
=
wt?
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1. Initiating, supporting or enhancing annual surveillance of radiation professionals in all
relevant workforces. These data comprise an important evidence base for decision-making

by policy makers, employers, and other stakeholders.

2. Hoperation, coordination, and harmonization among the professions. Since each
of d ibed professions are focused on radiation utilization, delivery and/or exposure,
in g8 with respect to radiation protection, efficient and appropriate regulation
requires expertise from many, if not all, of the radiation professions.

3. ’d%yor generating sustainable funding in both higher education and research in the
raLiences should be supported. Significantly, improved research funding levels are
neegded f@stabilize a professional critical mass in some of the major radiation disciplines
(e.@on biology, radiation chemistry). Since the full spectrum of radiation sciences
contri s towards the training and education of all fields, a critical mass of
te /thainers and mentors must be maintained to enable viable educational pipelines of
fut essional workers; thus, support for research and education is interdependent.
Be3he long lag time between matriculation in an education program and attainment
of neededdprofessional competencies, planning exercises may need to be conducted to
ensure the adequacy of future workforces.

4, Oﬂivities to attract future workers must be developed. Currently, this is of
in importance because of the imminent attrition of large proportions of the

e
wo ho are reaching retirement age. Efforts should include public outreach, since a

reness of the benefits of the radiation sciences is needed at all societal levels.
ative partnerships between academia, national laboratories and industry must be
d.

The authors recommends the following profession-specific actions (see Chapters 2-7 for

further desils)z

e He @ sics: The supply of workers entering the profession needs to be stabilized by
supporting academic programs. This will need to be coupled with more accurate projections
ture workforce needs.

° Miical P'(sics: Projections of demand for future workers must be improved, taking into
acdéunt uncertainties in potential demand due to growth and aging of the population and
ch he nation’s health care laws and policies.

< This article is protected by copyright. All rights reserved.
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Medicine: A new national group, committee or commission should be developed which can
make national recommendations regarding the appropriate number of trainees in all of the
radiation medical professions. Prospective medical students and educators should be
Hoout opportunities available in the radiation medicine sectors, in particular in

th pecialties where there are worker shortages.

N;Qering: Actions at the national and state levels are needed to ensure an

Ad &guat@supply of nuclear engineers to meet future demands for workers in electrical
posr ﬁeneration, isotope production, defense, and other areas of importance. Requisite

ac@uld be targeted at outreach (public and academic) and improved education
pip€lines

s
i
lyfof future radiation biologists. Academic institutions with radiation oncology and

Ra
th
other rel

iology: Specialized training programs must be re-established so as to increase

ed radiation science departments should be encouraged to increase hiring of

trained ra@liation biologists, with institutional commitments to maintaining positions and
p ccession plans for those who are retiring. These are needed to provide clear

car for new entrants into the field.
Ra Nuclear Chemistry: Academic programs in nuclear and radiochemistry must be
susiai nd long-term support for radiochemistry workforce education must be provided

by {fed a gencies. If necessary, on-the-job training of graduates with chemistry and
related degrees must be supported in order to facilitate knowledge transfer.

No conflict of interest.
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Abbrevia!ons and Acronyms

American Association for Cancer Research

AAHP jican Academy of Health Physics
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AAPM American Association of Physicists in Medicine
ABET Accreditation Board for Engineering and Technology
ABHP ﬁmcrican Board of Health Physicists

ABMP ican Board of Medical Physics

ABMSHE EERStican Board of Medical Specialties

ABNM %{ican Board of Nuclear Medicine

ABR Amgrican Board of Radiology

ABSNM ican Board of Science in Nuclear Medicine

SC

ACGME Accreditation Council for Graduate Medical Education

ACR

3

ican College of Radiology

ACS gican Chemical Society
ADROP ssociation for Directors of Radiation Oncology Programs

Al cial intelligence

d

AMA ican Medical Association
ANL nne National Laboratory
ANS American Nuclear Society

APDR Association of Program Directors in Radiology
ARRS Qican Roentgen Ray Society
ASA rican Statistical Association

ASEE ! American Society for Engineering Education

ASME mican Society of Mechanical Engineers

ASTRO 3ican Society for Radiation Oncology
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AU Authorized user

BNL Brookhaven National Laboratory

CAMPMission on Accreditation of Medical Physics Education Programs
CEWD @ er for Energy Workforce Development

CHP = mm@gsfificd Health Physicist

CME %nuing medical education
CPOE @)uterized physician order entry
CRH merence on Radiation and Health
CT Computed tomography

CVD jovascular disease

DHS rtment of Homeland Security
DMP octorate in Medical Physics

DO r of Osteopathic Medicine

DoD rtment of Defense

DOE rtment of Energy
DSHEFS  Division of Surveillance, Hazard Evaluation and Field Studies

DTRA Defense Threat Reduction Agency

EHR Qronic health record
EHSS onment, Health, Safety, and Security (DOE Office)

EPA Environmental Protection Agency

g

ESTR ean Society for Radiotherapy and Oncology

E

FDA and Drug Administration

This article is protected by copyright. All rights reserved.

Al

24



FFRDC Federally Funded Research and Development Center
FTE Full-time equivalent

FY ﬁnancial year

GAO @ rnment Accounting Office

GME B mm@fFgduate Medical Education

HDR dose rate
HP Health physicist
HPS h Physics Society

S

HZE High atomic number and energy

IAEA j\ational Atomic Energy Agency

IARC ational Agency for Research on Cancer
ILO nternational Labour Organization

INMM @te of Nuclear Materials Management
IOMP ational Organization for Medical Physics
IORT perative radiotherapy

IR Interventional radiology

IRPA International Radiation Protection Association

LANL QAlamos National Laboratory
LBNL rence Berkeley National Laboratory
LDRRP Low Dose Radiation Research Program

LLNL wence Livermore National Laboratory

LSS 3pan study
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MARC Methods and Applications of Radioanalytical Chemistry

MD Medical doctor

MOC I ﬂalntenance of certification

MPA % ical physics assistant

MR = EEVEShectic resonance
NAA on activation analysis

NAMP Nati®nal Analytical Management Program

NAS @nal Academy of Sciences
NASA ational Aeronautics and Space Administration

NAYGN American Young Generation in Nuclear

NCI nal Cancer Institute

NCRP ational Council on Radiation Protection and Measurements
NE ar engineering

NEI ar Energy Institute

NEUP ar Energy University Partnerships

NGSS Next Generation Science Standards

NIAID s National Institute of Allergy and Infectious Diseases
NIEHS Onal Institute of Environmental Health Sciences
NIH onal Institutes of Health

NIOSH National Institute of Occupational Safety and Health

f

NIST nal Institute of Standards and Technology

NNL 1 Nuclear Laboratory
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NR Nuclear radiology

NRC Nuclear Regulatory Commission

NRMP MGar Residency Match Program

NSF @ pnal Science Foundation

NUCL® mmisaEgion of Nuclear Chemistry and Technology (formerly DCNT)
NUCP %ar Uniform Curriculum Program

ORAU OalgRidge Associated Universities

ORISE Widge Institute for Science and Education
ORNL Oak Ridge National Laboratory

OSHA ational Safety and Health Agency

PE Essional engineer

PAC rogram Area Committee

PACS e Archiving and Communication Systems
PET on emission tomography

PNNL ic Northwest National Laboratory

RAM Radioactive material

RERF Radiation Effects Research Foundation

RPM Gtion protection manager
RPSD ation Protection and Shielding Division
RRMC ! Radiobioassay and Radiochemical Measurements Conference

RRS Wtion Research Society

RSM jtion Science and Medicine
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RSNA Radiological Society of North America

RSO Radiation safety officer

SA wassessment

SBRT @ otactic body radiotherapy

SCARB® mmg@@iety of Chairs of Academic Radiology Departments
SCAROP %ty of Chairs of Academic Radiation Oncology Programs

SDAMPPS,_Soci€ty of Directors of Academic Medical Physics Programs

SIR ty of Interventional Radiology

SMRP Society for Maintenance and Reliability Professionals
SNMMI ty of Nuclear Medicine and Molecular Imaging
SRNL g\nah River National Laboratory

SRS ereotactic radiosurgery

SRS ty of Radiopharmaceutical Sciences

STEM ce, technology, engineering, and mathematics
uUS sound

USGS United States Geological Survey

USSR s Union of Soviet Socialist Republics

UWUA Qy Workers Union of America
VIR ular and interventional radiology
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