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Cesium Irradiator Replacement Project (CIRP) Information: 
• The CIRP brochure is available for download from the Department of Energy.  

• Congress passed the John S. McCain FY19 National Defense Authorization Act (NDAA) setting a goal for the 
DOE/NNSA of “eliminating the use of blood irradiation devices in the United States that rely on cesium chloride by 
December 31, 2027” (click the paperclip icon on the left navigation bar to open the relevant NDAA excerpt). 

• The Journal of Healthcare Protection Management, Vol 35, No. 1 highlighted “NNSA Launches ORS 2020 Initiative To 
Replace Cesium Irradiators” (https://www.iahss.org/resource/resmgr/docs/reducing_and_remove_the_risk.pdf) 

 
 Research  & Blood  Irradiator Technologies information: 
• A good overview for anyone considering irradiator technologies is the 

presentation by Ms. Carolyn MacKenzie describing the University of 
California’s irradiator replacement initiative. The presentation entitled 
“University of California System-wide Approach to Permanent Reduction of 
Cesium Irradiator’s” is attached (click the paperclip icon on the left 
navigation bar to open this presentation). 

• The University of California (UC) system collected a set of research papers and resources comparing cesium-137 (Cs-
137) to X-ray irradiators and made them available for review here. This also has information on the X-ray models 
available in the U.S. If you have any questions about these resources or how they were collected, please direct them 
to Ms. Carolyn MacKenzie at the University of California Berkeley (cjmackenzie@berkeley.edu).  

• As part of their replacement initiative, the University of California established a working 
group to investigate the feasibility of irradiator replacement throughout the UC system. 
The report with their recommendations to the UC President’s Office can be found at the 
following link - University of CA System-wide Radioactive Source Replacement WG 

 
Research  & Blood  Irradiator Replacements: 

• ORS partnered with the New York City Department of Health and 
Mental Hygiene and the Nuclear Threat Initiative to hold a workshop in June 2017 in NYC 
on research and (to a lesser extent) blood irradiator replacement. Click here to watch the 
videos from the NYC-NTI workshop. 

• Blood Throughput Calculator - Compare current cesium-based machine to X-ray. This web 
tool provides throughput comparisons based on user input for 
their current cesium-based machine and data from known 
FDA approved X-ray devices. Click here to access this easy to 
operate tool intended to help you determine whether 
switching to an X-ray machine could meet your needs.  

• The Nuclear Threat Initiative (NTI) works with decision makers in the United States 
and across the world taking steps to eliminate the risk of dirty bombs through cesium-137 irradiator replacement. 
NTI has a number of useful resources on their web site - https://www.nti.org/learn/preventing-a-dirty-bomb/ 
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• ORS partnered with the University of California and the NTI to host workshops at 
UCLA and UCSF in January 2018. View the workshop presentations here (search for 
Cesium Irradiator Conference; the full conference video is available through the Video 
link and the individual presentations are available via the Conference Information link). 

• As of January 2018, Mount Sinai migrated fully to alternative technology permanently 
reducing the risk posed by radioactive irradiators used clinically for blood product 
irradiation and in their laboratory research. They describe their comparison studies 
and migration experience, and encourage hospitals and research institutions to follow their lead in this report - 
https://www.nti.org/media/documents/Mt._Sinai_Final_Report.pdf 

 
Testimonials from Field Experts of Research  & Blood  Irradiator Replacements: 
• Dr. Jacob Kamen from Mount Sinai Medical Center:  

o Dr. Kamen spoke on the "Successful Migration from Radioactive Irradiators to X-ray Irradiators in One of the 
Largest Medical Centers in the U.S." at the 2018 INMM Annual Meeting. His abstract and article are available 
through INMM (INMM membership or fee required for access) - https://www.inmm.org/INMM-
Resources/Proceedings-Presentations/Annual-Meeting-Proceedings.aspx 

o In “Mount Sinai Experience in Reducing and Removing the Risks of Malicious Use of Radioactive Materials,” 
Dr. Kamen provides a full review on preparations for and removal all of Mount Sinai’s cesium-137 irradiators 
 The full article can be found on the Nuclear Threat Initiative’s website here - 

https://www.nti.org/media//documents/Mount_Sinai_Experience_paper_6-5-2017.pdf  
 Excerpts from this article are highlighted in the Journal of Healthcare Protection Management, Vol 

35, No. 1 in a story entitled “Reducing and removing the risks of terrorist use of radioactive 
materials.” (https://www.iahss.org/page/Journal or here 
https://www.iahss.org/resource/resmgr/docs/reducing_and_remove_the_risk.pdf)  

• Ms. Marissa Hernandez of Morristown Medical Center spoke on "Cesium-137 Blood Irradiator Replacement & 
Removal – Experience at Morristown Medical Center" at the 2018 INMM Annual Meeting. Her abstract and article 
are available through INMM (INMM membership or fee required for access) - https://www.inmm.org/INMM-
Resources/Proceedings-Presentations/Annual-Meeting-Proceedings.aspx 

• The University of California is sharing the attached X-Ray Irradiator comparisons for both blood and research (click 
the paperclip icon on the left navigation bar to open these excel files). If you have any questions about these 
comparisons, please direct them to Ms. Carolyn MacKenzie at the University of California Berkeley 
(cjmackenzie@berkeley.edu).  

• Dr. Colin, Hill, Ph.D., Associate Professor, University of Southern California Radiobiology Department made a 
training video (http://www.youtube.com/watch?v=Lvkwel8XShA) explaining the use of the Precision X-Rad 320 X-ray 
irradiator at the University of Southern California Health Science Campus. Note that this is one machine and others 
may have different configurations and capabilities. Disclaimer: These are Dr. Hill’s own opinions and not an endorsement of 
Precision X-ray. Dr. Hill received no encouragement or remuneration for making this video. 
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(3) the views of the Administrator regarding the value, effi-
ciency, and effectiveness of the survey as compared to other 
means for acquiring information of the type collected using the 
survey; and 


(4) if the Administrator determines not to implement the 
survey, a description of the reasons for that determination. 
(b) IMPLEMENTATION FACTORS.—The report required by sub-


section (a) shall address factors associated with implementation of 
the survey described in that subsection, including— 


(1) the costs of designing the survey; 
(2) the time required for and the costs of administering the 


survey and analyzing the data from the survey; 
(3) the periodicity of administering the survey to ascertain 


trends; and 
(4) any other matters the Administrator considers appro-


priate. 
(c) DEFINITIONS.—In this section, the terms ‘‘national security 


laboratory’’ and ‘‘nuclear weapons production facility’’ have the 
meanings given those terms in section 4002 of the Atomic Energy 
Defense Act (50 U.S.C. 2501). 
SEC. 3137. ELIMINATION OF CERTAIN REPORTS. 


(a) REPORT OF OWNER’S AGENT ON HANFORD WASTE TREAT-
MENT AND IMMOBILIZATION PLANT CONTRACT.—Section 4446 of the 
Atomic Energy Defense Act (50 U.S.C. 2626) is amended— 


(1) by striking subsection (d); and 
(2) by redesignating subsections (e) and (f) as subsections 


(d) and (e), respectively. 
(b) ANNUAL CERTIFICATION OF SHIPMENTS TO WASTE ISOLATION 


PILOT PLANT.—Section 3115(a) of the National Defense Authoriza-
tion Act for Fiscal Year 2017 (Public Law 114–328; 130 Stat. 2759) 
is amended, in the matter preceding paragraph (1), by striking 
‘‘five-year period’’ and inserting ‘‘three-year period’’. 


Subtitle D—Other Matters 


SEC. 3141. ACCELERATION OF REPLACEMENT OF CESIUM BLOOD IRRA-
DIATION SOURCES. 


(a) GOAL.—The Administrator for Nuclear Security shall ensure 
that the goal of the covered programs is eliminating the use of blood 
irradiation devices in the United States that rely on cesium chloride 
by December 31, 2027. 


(b) IMPLEMENTATION.—To meet the goal specified by subsection 
(a), the Administrator shall carry out the covered programs in a 
manner that— 


(1) is voluntary for owners of blood irradiation devices; 
(2) allows for the United States, subject to the review of the 


Administrator, to pay up to 50 percent of the per-device cost of 
replacing blood irradiation devices covered by the programs; 


(3) allows for the United States to pay up to 100 percent 
of the cost of removing and disposing of cesium sources retired 
from service by the programs; and 


(4) replaces such devices with x-ray irradiation devices or 
other devices approved by the Food and Drug Administration 
that provide significant threat reduction as compared to cesium 
chloride irradiators. 
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(c) DURATION.—The Administrator shall carry out the covered 
programs until December 31, 2027. 


(d) REPORT.—Not later than 180 days after the date of the en-
actment of this Act, the Administrator shall submit to the appro-
priate congressional committees a report on the covered programs, 
including— 


(1) identification of each cesium chloride blood irradiation 
device in the United States, including the number, general loca-
tion, and user type; 


(2) a plan for achieving the goal established by subsection 
(a); 


(3) a methodology for prioritizing replacement of such de-
vices that takes into account irradiator age and prior material 
security initiatives; 


(4) in consultation with the Nuclear Regulatory Commis-
sion and the Food and Drug Administration, a strategy identi-
fying any legislative, regulatory, or other measures necessary to 
constrain the introduction of new cesium chloride blood irradia-
tion devices; 


(5) identification of the annual funds required to meet the 
goal established by subsection (a); and 


(6) a description of the disposal path for cesium chloride 
sources under the covered programs. 
(e) ASSESSMENT.—The Administrator shall submit an assess-


ment to the appropriate congressional committees by September 20, 
2023, of the results of the actions on the covered programs under 
this section, including— 


(1) the number of replacement irradiators under the covered 
programs; 


(2) the life-cycle costs of the programs, including personnel 
training, maintenance, and replacement costs for new irradia-
tion devices; 


(3) the cost-effectiveness of the covered programs; 
(4) an analysis of the effectiveness of the new irradiation 


devices’ technology; and 
(5) a forecast of whether the Administrator will meet the 


goal established in subsection (a). 
(f) DEFINITIONS.—In this section: 


(1) APPROPRIATE CONGRESSIONAL COMMITTEES.—The term 
‘‘appropriate congressional committees’’ means— 


(A) the Committee on Appropriations, the Committee on 
Armed Services, and the Committee on Energy and Com-
merce of the House of Representatives; and 


(B) the Committee on Appropriations, the Committee 
on Armed Services, the Committee on Energy and Natural 
Resources, and the Committee on Health, Education, 
Labor, and Pensions of the Senate. 
(2) COVERED PROGRAMS.—The term ‘‘covered programs’’ 


means the following programs of the Office of Radiological Se-
curity of the National Nuclear Security Administration: 


(A) The Cesium Irradiator Replacement Program. 
(B) The Off-Site Source Recovery Program. 
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The University of California owns 46 Cesium or Cobalt irradiators 

10 campuses and 5 medical centers 



Cesium 137

Research irradiators – 35

Medical- blood irradiators- 6



Cobalt 60 

Research – 2					  190,000 staff and faculty 

Medical-gamma knives-3 			  238,000 students
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It Started at the TOP!

National Nuclear Security Administration-Office of Radiological Security (NNSA-ORS) and the Nuclear Threat Initiative (NTI) approached California Governor Jerry Brown, our California Regulator and University of California (UC) President Janet Napolitano about the problem of cesium irradiators. 

One day informative conferences for senior management were provided detailing the potential dirty bomb threat and the need to replace Cesium irradiators with alternative technologies. UC senior management were encouraged to attend and Governor Brown spoke.

ORS offered an incentive program to pay for the removal of the Cesium irradiator and a significant portion of the cost of a replacement x-ray unit.
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UC President Management Decision

A “UC Decision Memo” was written analyzing the scope of the issue for the University and it proposed:



Dedicated Project Management: A dedicated person to manage the issue. 

Technical Conferences: Hold several conferences to discuss the technical issues of converting from cesium irradiators to x-ray irradiators in research and blood irradiation.  

Faculty Working Group: Form a Faculty Technical Working Group to advise the University on the best pathway forward – and to provide technical recommendations on how to proceed. 

Centralized purchasing: Streamline purchasing of the new x-ray irradiators by centralizing the process and seeking best prices.



President Napolitano endorsed the plan and asked that it be presented to senior management at the campuses and hospitals for roll out to the staff. 
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Technical conferences on “Cesium Irradiators and Alternative Technologies” were held

Cs Irradiator researchers invited- >200 people attended in-person and via webinar

Speakers from other universities, blood banks, and the National Institute of Health described their experiences with x-ray irradiators versus cesium irradiators. 

X-ray irradiator manufacturers attended and discussed their x-ray irradiator machine capabilities.

Published papers/posters on the topic were collected and shared.

Conference website with video/presentations:

http://training.ucr.edu/library/cesiumirradiators_resources.html
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UC Vice President of Research invited key faculty to serve on the Working Group

A Faculty Radioactive Source Replacement Working Group was formed to make technical recommendations to UC on the possibility of converting from cesium irradiators to X-ray irradiators in research. 

Members attended conferences and then met via conference calls. 

Shared published documents and discussed pros and cons. Analyzed existing data, discussed data gaps and summarized existing biological data.
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“UC System-wide Radioactive Source Replacement Work Group Recommendations” report is available 









UC Source Replacement Working Group (WG) Recommendations:



X-ray irradiators can replace cesium irradiators in many applications. There are likely some exceptions though, such as the need for very high radiation doses or radiation exposures over a period of days,  and research specifically requiring high energy gamma radiation. 



Every established laboratory/investigator needs to empirically assess the effects to their studies of converting from cesium to x-rays specific to their replacement x-ray irradiator with their own comparison studies.



If a researcher has a year or less to complete their current experiments, they should continue with the cesium irradiator to complete those experiments. If their current studies require a longer time, they should perform comparison studies to determine if they can convert. 



Web link to report:



https://drive.google.com/file/d/1H8uHeG93ylLPqGEB1ZnSvI7LsfXfrsr8/view?usp=sharing
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UC Medical Center Blood Banks

The UC Medical Center Chief Operating Officers (CEOs) at the 6 medical centers supported the blood banks converting to x-ray irradiators for blood sterilization.



Federal Drug Administration (FDA) approved            x-ray irradiators for blood.



Volume of blood is 6-9 times higher for x-ray irradiators than traditional cesium blood irradiators – big improvement!



Higher maintenance costs associated with x-ray than cesium
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Discussions with researchers using cesium irradiators and deadline given for a decision

President Napolitano asked that campus/hospitals indicate their willingness to participate in the cesium replacement program by Sept. 1, 2018 with a Decision Form.



The Project Leader is visiting each campus to talk with concerned researchers and management about options and financial incentives for switching from cesium irradiators to x-ray irradiators.  



Researchers have real concerns that must be addressed and x-ray will not be equivalent for all cesium work.
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Funding new X-ray irradiators- biggest concern!

Office of Radiological Security is funding the removal and disposal of existing Cesium-137 irradiators - a savings of $200K+ per irradiator; AND

 

~$135K per cesium irradiator- 1 Cs to 1 x-ray or higher if multiple cesium irradiators are replaced per x-ray irradiator. 



Each UC campus/hospital needs to pay the balance of the cost- commonly $15K-$100K average depending on what x-ray machine is purchased.



The funding is NOT coming from research grants- usually coming from the Chancellors office.



Ideally this should be a technical issue and not a financial issue! 
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What is the cost range for the x-ray irradiators?



Cell / Animal Irradiators:

Manufacturers: RadSource, Faxitron, X-Strahl, Precision

Cell/tissue irradiators- 160 keV -Costs range: $70K-$110K 



Small animal irradiators- 225 keV -Costs range: $120K-$150K



Specialty high energy irradiators- 330- 450 keV - Costs range: ~$150K-$250K-$500+ 

-may include imaging systems, automated dosimetry, variable shelfs, etc.




Blood irradiators: 

Manufacturers: RadSource and Best Theratronics

Costs range: ~$250K 



Service contracts on all vary from $6k-25K/yr depending on the machine and level of service. 
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Funding and Contract is managed centrally

 One central contract for all of UC signed with the Cesium Replacement Program (CIRP) through Sandia National Lab and UC Office of the President (UCOP) renewable annually. 



X-ray irradiators can be purchased first and used with the Cesium irradiator for a period of time (6-12 months) before removal of the Cesium irradiator to facilitate comparison studies. 

Price quotes obtained on all x-ray machines and made available to all researchers with comparison charts.   
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Installation of an X-ray Irradiator



13









Removal of a Cesium Irradiator
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What are lesson learned so far?

 A collaborative approach is best! Do not force researchers to switch to x-ray irradiators from cesium irradiators- they will rebel- make them a part of the decision making process. 

Offer money incentives, options to upgrade research equipment and support for comparison studies.  

Talk to the researchers with senior management about their research and the impacts they might experience. Do not shut down research but plan for exceptions. 

Take a phased approach- x-ray irradiators will gain acceptance with time. 

No security is needed with x-ray irradiators- a real bonus!

Upgrading to equipment with automated dosimetry, imaging systems, radiation therapy, etc. is desirable for many researchers. 
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Make it easy for your researchers!

Support researchers through the transition from cesium irradiators to x-ray irradiators by:

Understanding the impacts to their research

Providing financial support- upgrade when feasible

Helping with the purchasing process
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UC Systemwide Status of the Project

Agreements to date:

Remove only: 9

Remove and Replace: 14

Maintain: 3

Total 26  

Total 20 to be determined by 9/1/2018



Strategy for cesium we need to maintain



 Consolidation and Heightened Security 
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X-ray irradiator comp-Animals

		Make		Primary Use		Model		Energy + Current		Typical Dose Rates Dose Rates		Key Features		Price Quote Base System		Shipping/ Training and Installation		Other Key Options		Initial Warranty Covered		Warranty 13-24 Mo.		Warranty 24-36 Mo.		Warranty 36-48 Mo.		External Radiation Field at max kVp and mA		Weight		Notes

		Precision 
X-ray1		cells		Cell RAD		130 kV/ 5 mA		filtered 0.8-1.8-8  Gy/min; unfiltered up to 45 Gy/min		bench top unit-chamber is 14"x12"x12"						full automation $27K-programmable motorized shelf, programmable adjustable collimator,
and programmable automated filter selection; dose measurement system; digital imaging 		1 yr								<0.5 mR/hr at 5 sm off external surfaces and <0.1 mR/hr at 10 cm		460 lbs

		RadSource3		cells		RS 1800Q		160 kV / 11.25 mA		filtered 8 Gy/min; unfiltered 18 Gy/min		stand alone-self-contained cooling- 						data logging capabilities; real time dosimtry $5.3k		1yr								<0.5 mR/hr at 5 sm off external surfaces and <0.1 mR/hr at 10 cm		1000 lbs

		Precision 
X-ray1		cells		XRAD iR160		160 kV/ 18.75 mA		no filter 5 Gy/min;   with filters 1-6 Gy/min		water or air cooled-  chamber size 41"X25"X25"- generator external to the cabinet						touchrad dose measurement $11.5K; automation feactures varied prices;  		1 yr								<0.5 mR/hr at 5 sm off external surfaces and <0.1 mR/hr at 10 cm		2395 lbs

		Precision 
X-ray1		cells		XRAD 160XL		160 kV/ 18.75 mA		no filter 22-60 Gy/min  with Cu filter 0.75-2 Gy/min		water cooled- pre-wired for option imaging equipment- chamber size 42"X26"X26" -generator within the cabinet and cabinet on wheels						touchrad dose measurement $11.5K; automation feactures varied prices;  		1 yr								<0.5 mR/hr at 5 sm off external surfaces and <0.1 mR/hr at 10 cm		3300 lbs

		Precision 
X-ray1		cells		MultiRad		160 kV /  up to 25 mA / 4000 Watts		filtered 0.8-1.8 Gy/min; 
unfiltered 2-7 Gy/min		stand alone-closed loop water cooled chamber size-23"x16"x17"						full automation $27K-programmable motorized shelf, programmable adjustable collimator,
and programmable automated filter selection; dose measurement system; digital imaging 		1 yr								<0.5 mR/hr at 5 sm off external surfaces and <0.1 mR/hr at 10 cm		3300 LBS

		RadSource3		cells (manufacturer says for mice too)		RS 2000		160 kV / up to 25 mA /3000 watt or higher available		1.3-3.8 Gy/min animals; cells 5-10-17 Gy/min unfiltered		stand alone-self-contained cooling- RadPlus specimen holder for dose uniformity-chamber size- 17"x15"x17"						$1500.00 larger capacity cooling system; integrated ion chamber for real time dosimetry $5.3K; collimator kit $3.4k; cages, etc. 		1 yr								<0.5 mR/hr at 5 sm off external surfaces and <0.1 mR/hr at 10 cm		1450 lbs

		Kimtron5		cells		IC-180		160 keV/ Polaris HV generator		2 beam conditioning filters with the unit		stand alone cabinet, chamber size-38"x29"x29"  x-ray tube case temperature  monitoring to protect against overheat. Closed-loop 3500-WA tube-cooler – ultra quiet laboratory version						Modular Radiation Interface unit for dosimtry $6,250.; Collimator set $16,750.; additional beam filter set $9,800.; automated dose control $26,885.; Specimen platter rotation table $2,575.; automated vector specimen shelf $12,925. x-ray tube inversion options: quote		2 years warranty and service included		covered						<0.25 mR/hr R 5 cm		4500 lbs

		Precision 
X-ray1		cells, mice, rats		MultiRad		225 kV/ up to 17.8  mA / 4000 watts		unfiltered 10-286 Gy/min depending on distance; filtered 1.3-42 Gy/min depending distance and filter type		stand alone-closed loop water cooled chamber size-23"x16"x17"						full automation $27K-programmable motorized shelf, programmable adjustable collimator,
and programmable automated filter selection; dose measurement system; digital imaging 		1 yr				                                                    		                                             		<0.5 mR/hr at 5 sm off external surfaces and <0.1 mR/hr at 10 cm		2550 lbs

		RadSource3		cells, mice, rats		RS 2000		225 kV  / 17.8 mA / 3000 watt or higher available
		1.6-6.7 Gy/min animals; cells 5-10-17 Gy/min unfiltered		stand alone-self-contained cooling- RadPlus specimen holder for dose uniformity-chamber size- 17"x15"x17"						$1500.00 larger capacity cooling system; integrated ion chamber for real time dosimetry $5.3K; collimator kit $3.4k; cages, etc.		1 yr								<0.5 mR/hr at 5 sm off external surfaces and <0.1 mR/hr at 10 cm		1450 lbs

		X-strahl4		cells, mice, rats		CIX2 		225 kV /  13.3 mA  / 3000 watt		closed circuit water cooled; HT generator, 		controller with touch screen panel; fully integrated; separate generator and heat exchanger.						video system $806.; laser positioning $1.9K; dose measuring system $19.9K; varous filters nd collimators		1 yr								 <0.2 mR/hr at 5 cm		2431 lbs plus generator and cooling equipment

		X-strahl4		cells, mice, rats		CIXD		225 kV / 13 mA /3000 watt		2- 225 kV x-ray tubes- top and bottem of sample- inquire with vendor on dose rates		controller with touch screen panel; fully integrated; separate generator and heat exchanger.						video system $806.; laser positioning $1.9K; dose measuring system $19.9K; varous filters nd collimators		1 yr								 <0.2 mR/hr at 5 cm		4608 lbs plus generator and cooling equipment

		X-strahl4		cells, mice, rats		SARRP		225 kV / 13 mA /3000 watt		open field- 439 cGy/min at the surface- collimated beam will range from 50-400 cGy/min at the surface depending on the collimator being used		Combines CT imaging system with micro irradiation system						rotational gentry, various cooling options; isocenter laser, beam geometry cameras, CCTV, dose calculator; jigs and alignment tools, treatment planning software, phantoms, cages		1yr								 <0.2 mR/hr at 5 cm		6209 lbs

		Kimtron5		cells, mice, rats		 IC-250		225 keV/5000 watts Polaris HV generator		>7.5 Gy/min at 30 cm with 2mm Al filter; unfiltered beam at 30 cm = >60 Gy/min		stand alone cabinet, chamber size-38"x29"x29"  x-ray tube case temperature  monitoring to protect against overheat. Oil to air or oil or to building cooling water options for heat exchange.						Modular Radiation Interface unit for dosimtry $6,250.; Collimator set $16,750.; additional beam filter set $9,800.; automated dose control $26,885.; Specimen platter rotation table $2,575.; automated vector specimen shelf $12,925. x-ray tube inversion options: quote		2 years warranty and service included		covered						<0.25 mR/hr R 5 cm		4500 lbs

		Precision 
X-ray1		cells, mice, rats, rabbits, etc.		XRAD SmART		225 kV/3000 watt (or 4500 watt available)		Small Animal Radiation therapy System- unfiltered 6-11 Gy/min; filtered 1-5 Gy/min		Smart Pilot software and workstation; specimen positioning stage; rotational gantry; View camera, laser positoning; 						Micro CT imaging option $49.5K; OPTIMAX Luminescense imaging $175K; collimation and treatment software; automated collomators & dosimetry options- see quote		1yr								<0.5 mR/hr at 5 sm off external surfaces and <0.1 mR/hr at 10 cm		4960 lbs

		Precision 
X-ray1		cells, mice, rats		225 series-XL quoted (iR, HP, XLD also available)		225 kV / 13.3 mA or 3000 watt (4500 watt is available)		unfiltered bean >12 Gy/min ; filtered beam 1-6.4 Gy/min 		programmable exposure setings chamber size 14.75"x15"x22" standard						integrated dose measurement $11.5K; hi power 4500 watt tube $5.9K; imaging x-ray system OPTI Max $79.5K		1yr								<0.5 mR/hr at 5 sm off external surfaces and <0.1 mR/hr at 10 cm		3000 lbs

		Precision 
X-ray1		cells, mice, rats, rabbits, etc.		XRAD 320		320 kV/ 3000 watt or 4500 watt options		no filter >5 Gy/min with Cu filter 1-3 Gy/min		oil cooled- video monitoring of chamber, beam conditioning filters, pre-wired for option imaging equipment- chamber size- 41"x30"x35"						dose measurement $11.5K; movable shelfs $4.7K, variable collimator $16K, env. Chamber $15K, 
x-ray imaging $69.5K; laser cross hairs, pie cages, etc		1 yr								<0.5 mR/hr at 5 sm off external surfaces and <0.1 mR/hr at 10 cm		5020 lbs

		Precision 
X-ray1		cells, mice, rats, rabbits, etc		MultiRad 350 (used to be Faxitron)		350 kV / 11.4 mA / 4000 watt		unfiltered up to 140 Gy/min depending on distance; filtered 16.5-40 Gy/min depending distance and filter type- common distances results in 1-3 Gy/min		stand alone-closed loop heat exchanger- chamber size-23"x16"x17"						full automation $27K-programmable motorized shelf, programmable adjustable collimator,
and programmable automated filter selection; dose measurement system; digital imaging 		1 yr								<0.5 mR/hr at 5 sm off external surfaces and <0.1 mR/hr at 10 cm		3470 lbs

		Kimtron5		cells, mice, rats, rabbits, etc		 IC-360		350 keV/5000 watts Polaris HV generator		2 beam conditioning filters -typical filtered dose rates 1-3 Gy/minute at 50 cm filtered; unfiltered beam >15 gray/min at 50 cm		stand alone cabinet, chamber size-38"x29"x29"  x-ray tube case temperature  monitoring to protect against overheat. Oil to air or oil or to building cooling water options for heat exchange.						Modular Radiation Interface unit for dosimtry $6,250.; Collimator set $16,750.; additional beam filter set $9,800.; automated dose control $26,885.; Specimen platter rotation table $2,575.; automated vector specimen shelf $12,925. x-ray tube inversion options: quote		2 years warranty and service included		covered						<0.25 mR/hr R 5 cm		4500 lbs

		X-strahl4		cells, mice, rats, rabbits, etc.		CIX3		320 kV / 10 mA / 3200 watt		oil cooled; 0.6-3.3 G/min filtered; 		controller with touch screen panel; fully integrated; separate generator and heat exchanger.; chamber size: 23.4"x 25.6"x25.2"						video system $806.; laser positioning $1.9K; dose measuring system $19.9K; flattening filters $5.5k; collimators / turntable		1 yr								 <0.2 mR/hr at 5 cm		3300 lbs plus generator and cooling equipment
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Company Contact Info

		1. PRECISION X-RAY- 15 COMMERCE DRIVE, NORTH BRANFORD, CT 06471   
**NOTE new prices as of 9/1/2018 due to merger have been provided                                                                                                                                        
E-MAIL: SALES@PXINC.COM  
Mr. Bill McLaughlin  <wmclaughlin@pxinc.com>                                                                                                                                                                                                                   
PHONE: 203-484-2011
WEBSITE: HTTP://WWW.PXINC.COM/

		2. FAXITRON BIOPTICS merged with Precision X-ray 8/1/2018 
For all MultiRad products talk with Robert Hase now with Precision
GENERAL INQUIRIES: +1.520.399.8180  
Mr. Robert Hase rhase@pxinc.com                                                                                                                

		3. RAD SOURCE TECHNOLOGIES 480 BROGDON RD. SUITE 500 SUWANEE, GA 30024
Mr. Richard Adams, E-MAIL: RADAMS@RADSOURCE.COM  
PHONE: 815-477-1291
WEBSITE: HTTP://WWW.RADSOURCE.COM/

		4. XSTRAHL INC. SUITE 300, 480 BROGDON RD., SUWANEE, GA 30024
t: (678) 765-8970
Ms. Linda Alfred  LindaAlfred@xstrahl.com 
www.Xstrahl.com

		5. KIMTRON, Inc  115 Hurley Road, Bldg. # 6 Oxford, CT 06478  
(203) 262-3361 
Fax (203) 262-3373                                                     
Peter Cawley, e-mail pcawley@kimtron.com 
www.kimtron.com  






X-ray irradiator comp-Blood

		Make		Primary Use		Model		Energy 		Typical Dose Rates Dose Rates		Key Feactures		Price Quote Base System		Shipping/ Training and Installation		Other Key Options		Initial Warranty Covered		Warranty 13-24 Mo.		Warranty 24-36 Mo.		Warranty 36-48 Mo.		External Radiation Field at max kVp and mA		Weight

		RadSource1		Blood		RS 3400		155 Kv / 11 mA / QUASTAR		holds up to 6 (1 liter) blood canisters that hold 1 300 ml blood bag each with a 25 Gy dose in <5 minutes		stand alone-self-contained cooling- plug an play, on wheels, - FDA approved. 1 
x-ray tube QUASTAR in center and canisters rotate around it.				 shipping		barcode scanner $4K;  syringe holders $55., extra canisters $1.5k, phantoms		1 yr								<0.5 mR/hr at 5 sm off external surfaces and <0.1 mR/hr at 10 cm		2450 lbs

		Best Theratronics2		Blood		MK1		160 kV		delivers 25 Gy in 6 minutes to a 1.7L canister so it irradiates 3 red cell bags in 4 minutes. 6.3 Gy/min		stand alone- 1 x-ray tube; self-contained cooling system				Install/Training included / Shipping included		optional bar code reader $6.3K; 		1 yr								<0.5 mR/hr at 5 sm off external surfaces and <0.1 mR/hr at 10 cm		1309 lbs

		Best Theratronics2		Blood		MK2		160 kV		lg canisters 2.0 l (holds 4 300 ml bags) or 3.5 l size (holds 6-8 300 ml bags) - delivers 25 Gy in 3.8-5.7 minutes depending on canister size; 5-9 Gy minute depending on the canister size		stand alone- has 2 
x-ray tubes above and below the sample for uniform dose.				Install/Training included / Shipping included		database management system $10.6K;  heat exchanger for had water $16.1K; optional water chiller $22.3K		1 yr								<0.5 mR/hr at 5 sm off external surfaces and <0.1 mR/hr at 10 cm		2200 lbs
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Company Contact Info

		1. RAD SOURCE TECHNOLOGIES 
480 BROGDON RD. SUITE 500 SUWANEE, GA 30024
E-MAIL: RADAMS@RADSOURCE.COM  (Mr. Richard Adams)
PHONE: 815-477-1291
WEBSITE: HTTP://WWW.RADSOURCE.COM/



		2. BEST THERATRONICS  
413 MARCH RD OTTOWA, ONTARIO K2K 0E4 CANADA
E-MAIL: DAN.AITKENHEAD@THERATRONICS.CA (Mr. Dan Aitkenhead) 
PHONE: 613-591-2100
WEBSITE: HTTP://WWW.THERATRONICS.CA/







