
 

 
 
 

September 22, 2010 
 
 
 
Mr. Jack Coffey 
Senior Vice President  
Quality and Regulatory 
Nuclear Pharmacy Services  
Cardinal Health 
7000 Cardinal Place 
Dublin, OH 43017 
 
SUBJECT: NRC REACTIVE INSPECTION REPORT NO. 030-38222/10-01(DNMS)  

CARDINAL HEALTH PET MANUFACTURING SERVICES – ST. LOUIS, 
MISSOURI FACILITY 

 
Dear Mr. Coffey:  
 
On August 5, 2010, with continued in-office review through August 24, 2010, the U.S. Nuclear 
Regulatory Commission (NRC) conducted a reactive inspection at Cardinal Health PET 
Manufacturing Services St. Louis, Missouri facility.  The purpose of the inspection was to review 
the circumstances, root and contributing causes, and corrective actions associated with an 
individual who handled a chemical cartridge from a synthesis unit that contained flourine-18 
without using remote handling tools and without wearing extremity dosimetry.  Our in-office 
review consisted of the receipt and review of your proposed corrective actions.  The preliminary 
inspection findings were discussed with Willie Regits, Director of Quality and Regulatory, during 
a telephonic exit meeting on August 24, 2010.  The enclosed report presents the results of the 
inspection. 
 
The inspection examined activities conducted under your NRC license as they relate to radiation 
safety and to compliance with the Commission’s rules and regulations and with the conditions of 
your license.  Within these areas, the inspection consisted of a selective examination of 
procedures and representative records, observations of activities in progress, independent 
measurements, and interviews with personnel. 
 
Based on the results of this inspection an unresolved item was identified involving the failure to 
monitor an individual’s extremity exposure to licensed radioactive material.  The circumstances 
surrounding this unresolved item continue to be under NRC review. 
 
Because these issues remain under NRC review, no response to this letter is required at this 
time.  The NRC will notify you by future correspondence of the results of our review.  In addition, 
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please be advised that the number and characterization of the unresolved item described in the 
enclosed inspection report may change as a result of further NRC review. 
 
Should you have any questions, please contact Tamara Bloomer of my staff at 630-829-9627. 
 

Sincerely, 
 
      /RA/ 
 
 

Patrick L. Louden, Acting Director 
Division of Nuclear Materials Safety 

 
License No.:  N/A 
Docket No.:   030-38222 
 
Enclosure:   
Inspection Report 030-38222/10-01(DNMS) 
 
cc w/encl: State of Missouri 



 

 

J. Coffey     -2- 
 
please be advised that the number and characterization of the unresolved item described in the 
enclosed inspection report may change as a result of further NRC review. 
 
Should you have any questions, please contact Tamara Bloomer of my staff at 630-829-9627. 
 

Sincerely, 
 
      /RA/ 
 
 

Patrick L. Louden, Acting Director 
Division of Nuclear Materials Safety 

 
License No.:  N/A 
Docket No.:   030-38222 
 
Enclosure:   
Inspection Report 030-38222/10-01(DNMS) 
 
cc w/encl: State of Missouri 
 
DISTRIBUTION: 
Steven Reynolds 
Steven Orth 
Carole Ariano 
Paul Pelke 
Patricia Buckley 
Tammy Tomczak 
MIB Inspectors 
 
 
 
 
 
 
 
 
 
 
 
 
 
*See previous concurrence 
DOCUMENT NAME:  G:\Work in progress\IR CARDINAL HEALTH PET.doc  

 Publicly Available   Non-Publicly Available   Sensitive  Non-Sensitive 
To receive a copy of this document, indicate in the concurrence box "C" = Copy without attach/encl "E" = Copy with attach/encl “N" = No copy 

OFFICE RIII DNMS  RIII DNMS  RIII DNMS  RIII  

NAME KJLambert TEBloomer PLLouden  

DATE 09/21/10 09/21/10 09/22/10  

 OFFICIAL RECORD COPY 



 

Enclosure 

U.S. NUCLEAR REGULATORY COMMISSION 
 

REGION III 
 
 

Docket No.    030-38222 
 
 

License No.    N/A 
 
 

Report:    030-38222/10-01(DNMS) 
 
 

Licensee:    Cardinal Health PET Services 
 
 

Location Inspected:   St. Louis, Missouri 
 
 

Inspection Date:  August 5, 2010, with continued in-office review 
until August, 24, 2010 

 
 

Exit Meeting:   August 24, 2010 
 
 

Inspector:    Kenneth J. Lambert, Senior Health Physicist 
 
 
Approved by:   Tamara E. Bloomer, Chief 

Materials Inspection Branch 
Division of Nuclear Materials Safety 
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EXECUTIVE SUMMARY 
 

Cardinal Health PET Services 
St. Louis, Missouri 

NRC Inspection Report No. 030-38222/10-01(DNMS) 
 
This was a reactive inspection to review the circumstances, root and contributing causes, and 
corrective actions associated with an individual who handled a chemical cartridge from a 
chemical synthesis unit that contained flourine-18 without using remote handling tools and 
without wearing extremity dosimetry.  The incident occurred on June 16, 2010, and the U. S. 
Nuclear Regulatory Commission (NRC) was notified on June 21, 2010. 
 
The inspector identified an unresolved item involving the failure, on June 16, 2010, of the 
licensee to monitor an individual’s extremity exposure to licensed radioactive material by an 
individual who was likely to receive a skin dose greater that 5 rem in accordance with  
Title 10 Code of Federal Regulations (CFR), Part 20.1502(a)(1).  The circumstances 
surrounding this unresolved item continue to be under NRC review. 
 
The licensee’s immediate corrective actions included removing the individual’s access to the 
restricted area of the facility.  The licensee’s long term corrective actions included:   
(1) terminating the involved individual’s employment; (2) discussing the issue at the July 
radiation safety committee meeting; (3) developing an article for its electronic newsletter on the 
requirement to wear dosimetry; and (4) revising its Regulatory Compliance Required Action 
Policy to add a section on zero tolerance activities that could lead to immediate termination, 
which would include not wearing dosimetry when working with radioactive materials. 
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Report Details 
 
1 Program Scope and Inspection History 
 

The Energy Policy Act of 2005 (EPAct) expanded the definition of byproduct material to 
include naturally occurring and accelerator-produced radioactive materials (NARM) and 
placed the material under the NRC jurisdiction.  In accordance with the EPAct, the NRC 
issued a waiver on August 31, 2005, allowing the continued use and possession of 
NARM while the NRC developed a regulatory framework for the regulation of the new 
byproduct material.  On October 1, 2007, the NRC published a Federal Register Notice 
(FRN) informing licensees of amendments to the NRC’s regulation regarding the 
possession and use of NARM.  On March 12, 2008, the NRC published a FRN that 
provided advance notification that on September 30, 2008, the Commission will terminate 
the time-limited waivers for several non-agreement states, including the State of 
Missouri.  It also stated, in part, that users of NARM in Missouri will be required to submit 
a license application for the new byproduct material within one year from the date the 
waiver is terminated. 

 
This facility has applied for a NRC license to operate a General Electric 16 million 
electron volt (MeV) PETtrace cyclotron to produce fluorine-18 (F-18) for synthesis into 
fludeoxyglucose (FDG).  The FDG will be transported to Cardinal Health’s nuclear 
pharmacy in St. Louis, Missouri, for drawing into unit doses for distribution to medical 
facilities.  The license application is currently under NRC review.  This is the first NRC 
inspection of this facility. 

 
2 Flourine-18 Handling Incident 
 
2.1 Inspection Scope 

 
The inspector discussed the circumstances surrounding the handling of F-18 with the 
site supervisor and several employees.  The inspector observed a reenactment of the 
handling event.  The inspector also reviewed written statements from the individual 
involved with the handling incident and several other employees working at the time of 
the incident. 

 
2.2 Observations and Findings 
 

On June 16, 2010, an individual noted, during the first delivery of 4.2 curies of F-18 from 
the cyclotron to the mini cell chemical box (chembox) for synthesis to produce F-18 FDG 
that the material was delivered to chembox 1 rather than chembox 3.  Since the F-18 had 
been delivered to the wrong chembox and the synthesis unit in that box had not been 
prepared, the individual concluded that the F-18, located on the chemical cartridge 
should be physically removed from chembox 1 and placed in chembox 3 so that 
synthesis could begin.  The individual indicated that he unclamped the synthesis kit, 
removed the chemical cartridge containing approximately 4 millicuries of F-18, and 
carried it to chembox 3 by holding it at arm’s length from his body to reduce his whole 
body exposure.  
 
During the second delivery of 4.0 curies of F-18 to a chembox for synthesis, the 
individual stepped away from the synthesis laptop computer to start irradiation of target 3, 
fill target 4 and start irradiation of target 4.  When the individual returned to the laptop, he 
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noted that the F-18 had not transferred from the chemical cartridge to the reactor vial.  
Since the synthesis process had been running for approximately 10 minutes, it was too 
late to stop the process and diagnose the problem.  The individual determined that the 
best option was to transfer the chemical cartridge with the F-18 to another chembox so 
the synthesis process could be run.  Employing the same process as he had performed 
earlier, the individual removed the chemical cartridge and placed it into the synthesis unit 
on chembox 2.  The synthesis process was began and ran with no further issues.   
 
The inspector identified, that the individual had not used remote handling tools to remove 
and carry the chemical cartridges and he was not wearing his whole body or extremity 
dosimeters.  This was based on written statements from the individual, the individual’s 
coworkers, and the site supervisor and interviews of the individual’s coworkers, site 
supervisor and corporate radiation safety officer.  The individual was not interviewed as 
his employment with Cardinal Health PET Services was terminated on July 9, 2010.  The 
individual was wearing an electronic dosimeter that indicated the individual’s whole body 
dose for the day was 102 millirem.  The inspector identified, based on the written 
statements, that the individual removed his dosimetry prior to handling the chemical 
cartridges.  The inspector was informed that the individual had been employed at the 
facility for one and a half years and was the site radiation safety officer. 
 
Title 10 CFR 20.1502(a)(1) requires that the licensee monitor occupational exposure to 
radiation from licensed and unlicensed radiation sources under the control of the 
licensee and supply and require the use of individual monitoring devices by adults likely 
to receive, in 1 year from sources external to the body, a dose in excess of  
10 percent of the limits in 10 CFR 20.1201(a).  The extremity limit in 10 CFR 20.1201(a) 
is 50 rem to the skin of any extremity.  The individual’s 2009 extremity dose was  
10.180 rem, indicating that this individual was likely to receive a dose in excess of  
10 percent of the limit and, therefore, was required to be monitored for extremity 
exposure. 
 
The failure to monitor the occupational exposure to radiation from radiation sources 
under the control of the licensee to an individual adult likely to receive, in 1 year from 
external sources to the body, a dose in excess of 5 rem to the skin of an extremity, in 
accordance with 10 CFR 20.1502(a)(1), is an unresolved item.  Specifically, during two 
occasions on June 16, 2010, an individual handled a chemical cartridge containing a 
nominal 4 curies of fluorine-18 without wearing extremity dosimetry. 
 
The root cause of the violation is the individual’s removal of his dosimetry prior to 
handling the chemical cartridges containing F-18.  The circumstances surrounding the 
unresolved item continue to be under NRC review. 
 

2.3  Conclusions  
 
The inspector identified an unresolved item involving the failure to monitor an individual’s 
extremity exposure to radioactive material on June 16, 2010, in accordance with  
10 CFR 20.1502(a)(1).  The circumstances surrounding this unresolved item continue to 
be under NRC review. 
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3 Dose Assessment 
 
3.1 Inspection Scope 
 

The inspector reviewed the licensee’s dose assessment of the individual’s extremity and 
whole body exposures.  The inspector discussed the licensee’s assessment with the 
corporate radiation safety officer and performed independent calculations. 

 
3.2 Observations and Findings 

 
The licensee performed a dose assessment to determine the individual’s extremity 
exposure from handling chemical cartridges containing F-18.  To determine the dose rate 
at the surface of the chemical cartridge, the licensee used a dose calibrator to measure 
the F-18 activity on a chemical cartridge.  The licensee measured 2.08 millicuries of  
F-18 on the chemical cartridge and using a high range diode detector measured  
1.8 roentgen per hour (R/hr) at the cartridge surface.  
 
The licensee performed several reenactments with the individual and determined the 
position of the individuals hand in regards to the chemical cartridge and the time the 
evolution took to complete the removal and installation of the chemical cartridge from 
one chembox to another.  The licensee indicated that the cyclotron produced and 
delivered 4.2 curies of F-18 to the chemical cartridge during the first evolution and 
4.0 curies during the second evolution.  Based on the reenactments, the licensee 
determined the time to remove the cartridge from one chembox and place in another to 
be 10 seconds for both evolutions.  The individual’s hand was determined to be  
87 millimeters away from the F-18 during the first evolution and 20 millimeters away 
during the second evolution.  The reenactment also determined that the individual used 
his right hand to remove and relocate the chemical cartridge. 
 
Based on the above information the licensee determined that the individual’s exposure to 
his right hand was 133 millirem for the first evolution and 2398 millirem for the second 
evolution.  The licensee has added 2531 millirem to the individual’s cumulative dose 
record.  Based on the electronic dosimeter worn by the individual during the evolutions, 
the licensee added 102 millirem to the individual’s cumulative whole body dose record. 
 

3.3 Conclusions 
 

The licensee appropriately determined the individual’s extremity and whole body doses, 
and added them to the individual’s cumulative dose record. 
 

4 Corrective Action 
 

4.1 Inspection Scope 
 

The inspector discussed the licensee’s corrective actions with the corporate radiation 
safety officer and the site supervisor.   
 

4.2 Observations and Findings 
 
The licensee’s staff informed the inspector that it had removed the individual’s access to 
the restricted area of the facility pending determination of the individual’s dose and a 
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review of the incident.  On July 9, 2010, the individual’s employment was terminated.  
The corporate radiation safety officer indicated that at the July radiation safety committee 
meeting the incident was discussed and the requirement to wear dosimetry when 
working with radioactive material was emphasized.  Individuals attending the meeting 
would reinforce with their staff the requirement to wear dosimetry when working with 
radioactive materials.  The licensee was also developing an article for its electronic 
newsletter that would discuss the importance of wearing dosimetry at all time.  Finally, 
the corporate radiation safety officer indicated that he was in the process of revising the 
Regulatory Compliance Required Corrective Action Policy to add a section on zero 
tolerance activities.  The zero tolerance activities section will list activities, including not 
wearing dosimetry that would lead to immediate termination or some other disciplinary 
action.  
 

4.3  Conclusion 
 

The licensee’s immediate corrective actions included removing the individual’s access to 
the restricted area of the facility.  The licensee’s long term corrective actions included:  
(1) terminating the involved individual’s employment; (2) discussing the issue at the July 
radiation safety committee meeting; (3) developing an article for its electronic newsletter 
on the requirement to wear dosimetry; and (4) revising its Regulatory Compliance 
Required Action Policy to add a section on zero tolerance activities that could lead to 
immediate termination, which would include not wearing dosimetry when working with 
radioactive materials. 

 
5  Other Areas Inspected 
 
5.1 Inspection Scope 

 
The inspector reviewed other areas of the licensee’s radiation safety program by 
reviewing selected licensee records, including dosimetry records, air effluent records, 
and shipping papers.  The inspector also observed selected activities, and interviewed 
selective staff. 

 
5.2 Observations and Findings 
 

The inspector observed two packages of F-18 being prepared for transportation.  The 
inspector noted that the packages were properly labeled, shipping papers were 
developed and that licensee staff made appropriate radiation surveys for package 
contact dose rate, the dose rate at one meter and removable contamination. 
 
The inspector reviewed dosimetry records and noted that the extremity and whole body 
dosimetry were exchanged bi-weekly.  The maximum whole body and extremity 
exposures were:  458 millirem whole body and 10,180 millirem extremity for 2009;  
406 millirem whole body and 12,720 millirem extremity for 2010 to July 11, 2010. 
 
The licensee performed daily area surveys and removable contamination surveys in 
restricted areas and performed weekly surveys in unrestricted areas.  In addition the 
licensee performed annual dose rate surveys outside the building and on the roof.  The 
inspector reviewed survey results and noted that the surveys were performed as required 
with radiation levels within regulatory requirements. 
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The licensee performed a quarterly physical inventory of sealed sources and performed 
leak tests of sealed sources on a semi-annual basis.  All sealed sources have been 
accounted for and leak tests have not identified any leaking sources. 

 
5.3  Conclusions 
 
  No violations of the NRC requirements were identified. 
 
6  Exit Meeting Summary 

 
The inspector discussed the preliminary conclusions, as described in this report, with the 
site manager during the exit meeting conducted at the licensee=s facility on 
August 5, 2010.  The inspector discussed the activities reviewed, the inspection findings, 
and the unresolved item during a final telephonic exit meeting with the corporate 
radiation safety officer on August 24, 2010.  The licensee did not identify any information 
reviewed during the inspection and proposed for inclusion in the inspection report as 
proprietary in nature. 

 
 

PARTIAL LIST OF PERSONNEL CONTACTED 
 

*   Darren Fields, Supervisor, St. Louis PET Services 
** Willie Regits, Director, Regulatory and Quality 
    Nick Menne 
    Aaron Osburn 
 
* attended the preliminary exit meeting on August 5, 2010 
** attended the final exit meeting on August 24, 2010 
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