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Dear Mr. Lesar:

Yale University respectfully submits the following comments on "Security and
Continued Use of Cesium-137 Chloride Sources" in response to the NRC request for
comments that was published in the 31 July 2008 Federal Register (FR DOC. 2008-17545).
Yale University is a leading educational institution with more than $450 Million in
annual external research funding, and thus we believe that the information and
suggestions we provide herein may be valuable to the Nuclear Regulatory Commission
as it considers the use of cesium irradiators in research settings. The University
currently has numerous cesium sources, including, a Cesium Irradiator that is used by
over 100 researchers for many important research applications.

Researchers at Yale University and throughout the United States rely heavily on
cesium 137 sources, and particularly .cesium irradiators, for their research. These
include many studies in experimental cancer therapy, hematology, immunology, and
tissue transplantation. The need for experimental irradiators at Yale is large: in fact,
Yale also has several x-ray irradiators dedicated to experimental use. However, some
of our research requires the use of cesium irradiators and cannot be performed with x-
ray irradiators. Some of these projects are described in the materials accompanying
this letter. They include: studies of the mechanisms by which extremely radioresistant
microorganisms survive enormous doses of radiation that would kill any normal
bacteria; studies of the radiation responses of the worm C elegans, a very powerful
biological model system used to understand the pathways of signaling involved in
development, but an organism which is also extremely radioresistant; and certain
radiologic physics and dosimetry studies aimed at improving the delivery and
documentation of radiotherapy, where high dose rates and very simple and well
defined energy spectra are essential to the experiments. For certain research projects,
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x-ray irradiators simply cannot replace or substitute for cesium irradiators. If cesium
137 sources were eliminated, there would be very significant implications for the
successful performance of many ongoing research projects and for future research that
is important to the nation's health, safety, security and economic strength.

Following the September 11th attacks on the US, the University took a proactive look at
enhancing security of radioactive materials throughout the university. This included
the installation of lock boxes in all laboratories possessing radioactive stock solutions,
new security procedures for locking laboratory doors when unattended and a
significant upgrade to the security systems surrounding higher activity sources. After
2001, the NRC began to impose enhanced security requirements which culminated in
two Increased Control Orders (EA 05-090 & EA 07-305). Both orders dramatically
increased our focus on the physical security of the source and also forced us to gain a
better understanding of, and control over, exactly who we allowed to have access to
radioactive materials of concern. Based on the need for research staff to have access to
such sources, the University invested both financially, and in staff time, to fully
implement and maintain full compliance with these orders. The university is
committed to ensuring the security of these facilities, as this is not only an issue of
national security, but also a local issue of importance in ensuring the safety of our
faculty, staff, and students.

Yale University understands and shares the NRC's concern about the large number of
cesium chloride sources throughout the US today. The University believes that
resources would be better directed at locating and disposing of sources, which are no
longer in active use, or are only minimally used, and readily replaceable by other
technologies. The DOE's Offsite Source Recovery Project could be more fully resourced
to expedite removal of these unused sources, thus reducing the number of sources in
active circulation. At installations where there is inadequate security, increased
enforcement actions should be taken to ensure complete compliance with all increased
controls regulations. Plans to harden existing irradiators to slow down source removal
by terrorists make logical sense and would further enhance the existing security
controls. Finally, research and development on solid forms of Cesium that are both less
soluble and less dispersible should continue. Once an alternative has been identified,
and prior to a complete changeover, stakeholders must be given an opportunity to
evaluate the utility of such sources for their applications.

Thank you for the opportunity to comment on this proposal and for considering our
comments. Should you have questions after you have had an opportunity to consider
these comments, please contact Peter A. Reinhardt, Director of Environment, Health
and Safety, at (203) 737-2123.

Sincerely,

Peter A. Reinhardt
Environment, Health & Safety
Director
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Yale University - Principal Investigator Comments

Dear Paul:
I am writing to you as an investigator who uses the Cesium irradiator in my own studies,
and also in my role as the director of the Cs-137 Irradiator Facility at Yale and the chair
of the Yale New Haven Hospital Radiation Safety Committee to express my concern
about the negative impact that the potential loss of this valuable research facility would
have on research at Yale University and patient care at Yale New Haven Hospital.

To begin with my own laboratory, we use this irradiator in our research, which is aimed
at improving the radiation treatments for cancer by advances in physics and dosimetry
aspects of radiotherapy. Our work using this facility has been funded largely by the NIH
(NCI), but has also been supported by the American Cancer Society and NASA. We use
the cesium irradiator when uniform irradiations with very high doses and dose rates or
low dose rates and long irradiation times are needed; the conventional x-ray machines are
non-optimal for these studies. Some of the studies such as the continuous low dose rate
studies for brachytherapy would have been nearly impossible to perform with
conventional x-ray generating machines.

As you know, our Cesium irradiator was purchased with the support of an NCRR shared
equipment grant. I was the Principal Investigators who wrote the grant, which was given
a very high priority and was praised by the reviewers for providing a unique and valuable
research resource to scientists at Yale. The Department and the University have worked
very hard over the years to make this facility into an outstanding research resource, and it
has become an essential research tool for many of Yale's finest research groups. In many
cases, this is the only irradiator that will meet the experimental requirements of the
investigators. Loss of this tool might well mean the end of several important, high-impact
NIH funded research projects. Some examples include studies that need extremely high
doses or dose rates while others are those which require extremely low dose rates and
very long irradiation times. The x-ray machines have severe limitations in terms of
stability of output and heat load that can be tolerated. Also, they are prone to more
breakdowns and require more sophisticated dosimetry and physics support in experiments
where accuracy of dosimetry is critical. These requirements are generally needed in
certain radiological physics and. radiobilogy studies aimed at improving the delivery and
documentation of radiotherapy. Having a source of well known radiation output (because
of the natural decay of radioactivity) and a mono-energetic energy spectrum are essential
in some of these experiments which may some day help in the development of advanced
technology applications for cancer treatment, in radiation risk assessment and space
exploration.

The Department and the University have made large investments of time and money to
ensure that we have the oversight, physical plant and infrastructure needed to maintain
the security of the irradiator at a very high level. The school has instituted many stringent
new security measures and has made many security upgrades in the physical facilities
housing the machine in order to respond to the increased threats posed by the global
terrorism climate.

I hope that the importance of this and similar research irradiators will be recognized, and
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that mechanisms can be found that allow their continued safe and secure use in
biomedical research. Lack of availability of Cs-137 irradiator would have a traumatic
effect on many of my research programs. Our facility is used by about 100 NIH-
funded investigators and about 1000 usages are made every year. Our blood
irradiator in the Yale New Haven Hospital is also heavily used and is essential for
patient care. It is reasonable to assume that lack of availability of the Cs-137
irradiator to these investigators will be highly disruptive and detrimental to their
research programs and for patient care.

Please let me know if I can provide any additional information or if I can be of further
assistance

Sincerely, Ravinder Nath, Ph.D., FACR, FAAPM, FASTRO
Professor and Chief
Radiological Physics
Dept. of Therapeutic Radiology
Yale University School of Medicine
Yale-New Haven Hospital
Telephone: 203-785-2971 or 203-688-2951
Fax: 203-688-4135
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Dear Paul,

I'm writing to you as an investigator who uses the Cesium irradiator in her own studies,
and also in my role as the chair of the users group for the irradiator, to express my
concern about the negative impact that the potential loss of this valuable research facility
would have on research at Yale University.

To begin with my own laboratory, we use this irradiator in our research, which is aimed
at, improving the treatment of cancer by radiation alone and in combination with
anticancer drugs. Our work using this facility has been funded largely by the NIH (NCI),
but has also been supported by the American Cancer Society, the Susan Komen
Foundation, the American Institute for Cancer Research, the Swebilius Trust, and a
variety of other foundations. In addition, we have performed many collaborative studies
with partners in the pharmaceutical industry;'these have been critical in translating our
laboratory studies into clinical trials and into advances in clinical practice. We use the
cesium irradiator when uniform irradiations with very high doses and dose rates are
needed; the experimental x-ray machines at the University are non-optimal these
studies. In some of the studies we have done in collaboration with members of Yale's
medical physics groups, the studies would have been impossible to perform with x-ray
generating machines.

As you know, our Cesium irradiator was purchased with the support of an NCRR shared
equipment grant. I was one of the investigators who wrote the grant, which was given a
very high priority and was praised by the reviewers for providing a unique and valuable
research resource to scientists at Yale. The Department and the University have worked
very hard over the years to make this facility into an outstanding research resource, and
it has become an essential research tool for many of Yale's finest research groups. In
many cases, this is the only irradiator that will meet the experimental requirements of the
investigators. Loosing this tool might well mean the end of several important, high-
impact NIH funded research projects. Some examples include: 1. studies of the
mechanisms by which extremely radioresistant microorganisms survive enormous doses
of radiation that would kill any normal bacteria; 2. studies of the radiation responses of
the worm C elegans, a very powerful biological model system used to understand the
pathways of signaling involved in development, but an organism which is also extremely
radioresistant; and 3. certain radiologic physics and dosimetry studies aimed at
improving the delivery and documentation of radiotherapy, where high dose rates and
very simple and well defined energy spectra are essential to the experiments.

The Department and the University have made large investments of time and money to
ensure that we have the oversight, physical plant and infrastructure needed to maintain
the security of the irradiator at a very high level. The school has instituted many stringent
new security measures and has made many security upgrades in the physical facilities
housing the machine in order to respond to the increased threats posed by the global
terrorism climate.

I hope that the importance of this and similar research irradiators will be recognized, and
that mechanisms can be found that allow their continued safe and secure use in.
biomedical research. Their loss would have a very significant detrimental effect on many.
important research programs.
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Please let me know if I can provide any additional information or if I can be of further
assistance.

Sincerely,

Sara

Sara Rockwell, PhD
Professor of Therapeutic Radiology and Pharmacology
Department of Therapeutic Radiology
Yale University School of Medicine
Room 213E HRT
PO Box 208040
New Haven, CT 06520-8040

Telephone: (203)785-2963.
Fax: (203) 785-7482
E-mail: sara.rockwell@yale.edu
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Yale University
Akiko Iwasaki, Ph.D.

Yale Univ. School of Medicine
Department of Immunobiology
300 Cedar St.
P.O. Box 208011
New Haven, CT 06520-8011

Paul J. Bongiomi
Manager, Cesium-137 Gamma Irradiator
Department of Therapeutic Radiology
Yale University School of Medicine
Room: LCI 208B
P.O. Box 208040
New Haven, CT 06520-8040

Kevin Charbonneau
Asst Radiation Safety Officer
& Manager of Safety Advisor Program
Office of Environmental Health & Safety
135 College Street
New Haven, CT 06510-2483

September 4, 2008

Dear Paul and Kevin,

I am writing to express my serious concerns for the recent recommendation by the
Nuclear Regulatory Commission (NRC) to eliminate the use of Cs- 137 sources because
of security concerns and potential misuse to harm the public.

First of all, the security risk associated with the Cs- 137 source to public is minimal
considering the fact that the source weighs tons and must be lifted by a crane in order to
be removed from the facility. Secondly, there is a considerable amount of background
check involved in approving individuals that can operate the irradiator. Anyone with any
criminal or mental record will be banned from coming in contact with the source. These
facts make the security concern for the Cs irradiators much less than someone taking a
bottle of toxic chemical that can be stolen off of the shelf of any laboratory and using it to
harm the public.

The most important reason that I write in protest of this recommendation by the NRC is
that we as a scientific community rely heavily on the use of the Cs-137 irradiator for
research. My laboratory alone has published primarypapers and review articles in high
impact journals over the past 7 years resulting from the use of the Cs-137 irradiatorI- .
My laboratory is currently supported by 3 NIH RO 1 awards and several other non-federal
grants. ALL of these proposals rely on our ability to make bone marrow chimeric mice,
which requires irradiating host animals and reconstituting with donor bone marrow cells.
The bone marrow chimeric technology provides us with a powerful tool to dissect which
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cell types are contributing to a given phenotype by allowing a host mice (which represent
stromal compartment) to be repopulated by the donor bone marrow (which represent the
hematopoietic compartment). If the Cs-137 irradiator is removed from Yale facility, my
laboratory will lose the ability to conduct research altogether. In addition, I have 3 new
proposals (2 RO1 and 1 U19) that are currently under consideration by the NIH for
funding, ALL of which require the use of the Cs-137 irradiators. The NIH will not
consider funding our research if we were to lose our ability to use the Cs-137 irradiator,
which was listed as the critical equipment available for our proposal.

The removal of the Cs-137 irradiator will mean the end of our ability to contribute to
research. It not only stops here, but it will be the end of productive and important
research for many other investigators at Yale and other institutions around the country. I
write with my most strong and urgent request that Cs-137 irradiator be NOT removed
from our facility so that we may continue to do research and ultimately to contribute to
the improvement of human health in general. The ban on the use of Cs-137 irradiator its
self does a lot more harm to public than the minimal risk associated with the misuse of
such devise.

Sincerely,

Akiko Iwasaki, Ph.D.
Associate Professor of Immunobiology

1. Iwasaki, A., Torres, C. A., Ohashi, P. S., Robinson, H. L. & Barber, B. H. The
dominant role of bone marrow-derived cells in CTL induction following plasmid
DNA immunization at different sites. J Immunol 159, 11-4. (1997).

2. Sato, A. & Iwasaki, A. Induction of antiviral immunity requires Toll-like receptor
signaling in both stromal and dendritic cell compartments. Proc Natl Acad Sci U
S A 101, 16274-9 (2004).

3. Shen, H. & Iwasaki, A. A crucial role for plasmacytoid dendritic cells in antiviral
protection by CpG ODN-based vaginal microbicide. J Clin Invest 116, 2237-43
(2006).

4. Iwasaki, A. The use of bone marrow-chimeric mice in elucidating immune
mechanisms. Methods Mol Med 127, 281-92 (2006).

5. Lee, H. K., Lund, J. M., Ramanathan, B., Mizushima, N. & Iwasaki, A.
Autophagy-dependent viral recognition by plasmacytoid dendritic cells. Science
315, 1398-401 (2007).

6. lijima, N., Linehan, M. M., Saeland, S. & Iwasaki, A. Vaginal epithelial dendritic
cells renew from bone marrow precursors. Proc Natl Acad Sci U S A 104, 19061-
6 (2007).

7. Iwasaki, A. Role of autophagy in innate viral recognition. Autophagy 3, 354-6
(2007).

8. Lee, H. K. & Iwasaki, A. Autophagy and antiviral immunity. Curr Opin Immunol
20, 23-9 (2008).
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Dear Paul and Kevin
As I'm sure you likely know, I am a heavy user of the cesium irradiator.
When I came to Yale a significant consideration was access to this machine,
as I have designed a model in C. elegans that is based on being able to
access such a machine. This model (called Radelegans) is a fundamental part
of my laboratory work, and as I have several funded grants supporting this
work, including a K08 and an upcoming R01, it would be an incredibly
damaging thing for me and my research program if Yale was to lose this
piece of equipment. Although you might question that perhaps we could use
another radiation source, such as x-rays, it took 3 years of post-doctoral
work to set the model up, :and would certainly take the same amount of time
to revise it.

Please feel free to contact me if there is anything I can do to more clearly
express my feelings about possibly losing this critical resource.

Joanne Weidhaas
Asst Prof Therapeutic Radiology
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Dear Paul and Kevin,
I have significant scientific concerns about substituting x-ray sources for Cs gamma
sources. These are so straightforward that I'm truly surprised that the National Academy
of Sciences recommended this substitution.
X-ray sources have a lower dose rate and narrower beam than Cs sources.
Therefore irradiating cells in culture with x-ray:
a) Subjects the cells to a long irradiation period, which
i) may disturb the experiment and
ii) definitely prevents studying fast cell responses, which are even more relevant for x-ray
than, say, ultraviolet light or chemical carcinogens.
b) Prevents all of the different cell dishes in the same experiment from being irradiated at
the same time, which degrades the reliability of the experiment.
Of course, these same effects are even more detrimental for mouse studies.
Best,
Doug Brash

Douglas E. Brash, PhD
Professor of Therapeutic Radiology, Genetics, and Dermatology Yale School of
Medicine
333 Cedar St. / HRT 213
New Haven, CT 06520-8040

douglas.brash@yale.edu
(203) 785-2988
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Hi Paul:
As you know my lab, uses the irradiator to inactivate cells for mixed Leukocyte cultures
and also tosterilize beads for cell isolation. It would be a major problem for a research
institution such as Yale not to have access to this equipment.
Sincerely,
Carole L. Berger, Ph. D.
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Dear Paul,

If the cesium irradiator were not available to my laboratory for research, it would be an
insurmountable problem for our progress. My work is very dependent on the use of bone
marrow transplantation in mice, and despite great efforts to obtain comparable data using
the X-Ray irradiator, several critical aspects of our biological system cannot be replicated
using X-Ray irradiation. I do not say this lightly as we have spent resources and time
over the past year trying to switch our model systems to use of the X-ray irradiator
instead, but can now conclude that there are differences that cannot be overcome.
Because patients are treated with cesium irradiation, our model system needs to parallel
that of patient care in order to be clinically relevant.

Please let me know if you need additional information.

Sincerely,

Diane Krause

Diane Krause MD PhD
Professor
Departments of Laboratory Medicine, Pathology and Cell Biology Yale
University School of Medicine PO Box 208073 New Haven, CT 06520-8073

For courier delivery:
10 Amistad Street, Rm 237
New Haven, CT 06509

Office telephone: 203-737-1678
Administrative Assistant Patricia Sember: 203-737-1685

Page 10 of 15



Yale University - Principal Investigator Comments

Hi Paul and Kevin,

We use this radiation source on a weekly basis for studies into the
genetic basis for radiation resistance in cancer cells in collaboration
with Dr. Joanne Weidhaas, in Therapeutic Radiology. Most recently,
our studies have revealed that microRNAs can radiosensitize cells and
could be a useful therapeutic agent in fighting cancer. We would need
access to a similar radiation souse if the Cesium-137 Gamma
Irradiator is shut down, and believe that our research would be
significantly delayed if that happens.

Regards,
Frank

Frank Slack Ph.D.
Associate Professor
Department of Molecular, Cellular and Developmental Biology,
KBT 936, Yale University, P.O. Box 208103,
266 Whitney Ave, New Haven, CT 06520
Tel: 203-432-3492 (office) 203-432-3493 (lab)
Fax: 203-432-6161.
email: frank.slackavale.edu
Web: http://www.yale.edu/slack
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Dear Paul,

I was very distressed to learn about the possibility that the cesium- 137 irradiator would
no longer be available for our research. We use the irradiator extensively for our NIH-
supported research on bone marrow/stem cell transplantation in mice. Loss of the
irradiator would seriously hinder our research.

Sincerely,

Bernard G. Forget, MD
Professor of Medicine and Genetics
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Dear Paul

As you know, the Yale Cesium Irradiator is a critical tool in our studies of breast cancer
invasiveness. We use the irradiator as a tool to prepare feeder cells for embryonic stem
cell culture to make new mouse models for breast cancer invasion. We would not be able
to continue these studies at Yale if they close the Cesium Irradiator Facility.

Sincerely

Anthony J. Koleske, Ph.D.
Associate Professor
Dept. of Molecular Biophysics and Biochemistry
Dept. of Neurobiology
Yale Cancer Center Member
SHMC-E3 1
333 Cedar Street
New Haven, CT 06520-8024

Phone (203) 785-5624
Fax (203) 785-7979
http://www.mbb.yale.edu/faculty/pages/koleske.html
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Hi, Paul and Kevin,

As you know, our laboratory makes extensive use of the Cs-137 source for our
studies of cellular checkpoint responses to DNA breaks. There is no better platform for
rapid, reproducible, and quantitative induction of double-strand breaks. Loss of the
source would be a serious blow to our federally funded cancer research program and
impair research activities of several other labs in the Yale Cancer Center. I do believe that
the security issues can and should be addressed without compromising access to the
instrument.

Best,

David Stern
Professor, Dept. of Pathology
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Dear Kevin and & Paul:

As you know my laboratory relies on the Cesium 137 Irradiator routinely in several
funded research projects.
1) We irradiate mice to ablate their bone marrow prior to engrafting them with syngeneic
bone marrow expressing selected genes of choice or with selected genes removed to
assess the roles of said genes in hematopoiesis, osteoporosis, inflammation, and
autoimmune diseases.

Currently, there is no alternative to this procedure and without continued access to the
irradiator these projects would be severely negatively affected, causing several specific
aims of my research projects to be cancelled.

Over the past few years there have been increased levels of security put in place
regarding access and use of the irradiator. Are these not sufficient? Are there any
examples of breaches in the security of our or other university/hospital/research institute
irradiator facilities? If this concern was raised in Feb. 2008, what was the purpose of
submitting to another round of finger-printing to insure continued use? Was it just a
calculated step leading to the eventual loss of this important research tool?

Joseph A. Madri, Ph.D., M.D.,
Professor of Pathology
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