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Who is Radiopharma?
RADIATION PROTECTION PROGRAM – US 

§  ~100 RAML & Cyclotron Registrations

§ 86 EHS permits including waste, biohazard, and fire

§ >30 separate regulatory jurisdictions

§ cGMP RPP requirements – FDA, BOP, OSHA, EPA, DOT, FFA

§ Dosimetry Program

• ~600 monitored employees

• InstadoseVUE 

• Weekly extremity dosimeters

• Electronic Personal Dosimeter (EPD)
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What is it we do?

Radinouclide Production

§ Cyclotron Produced F-18

§ Up to 16.5 MeV

Drug Dispensing & 
Packaging

§ 350+ patient doses 
dispensed daily per facility 

§ ~10-15 mCi per patient 
dose

§ FDG batches ~15 Curies

Radiopharmaceutical Manufacturing

§ Chemical Synthesis of Drug

§ Sterile Manipulation of the Drug 

§ Quality Control Testing

§ Sterility Testing 

Delivery To Customer

§ 1.5M patient doses every year

§ Contract Couriers 
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Radiation Protection 
Challenges

§ Radionuclide Production

§ Radiopharmaceutical Manufacturing

§ Radiopharmaceutical Dispensing
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Radionuclide Production 

Ion Source

Target

§ O18 (p, n) F18

§ 110-minute half-life 

§ Beta ~636 keV

§ Annihilation reaction 
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Radionuclide Production 

MATH ON F-18
Gamma dose rate of F-18: 6 R/hr at 1 cm from 1 mCi

* Assume 1 R = 1 rem

A typical target unload of F-18 can be as much as 10,000 mCi in a 10 mL vial. Average patient dose is 15 mCi. 

Direct handling of an unshielded vial for as little as 5 seconds can result in an extremity dose in excess of the 
annual occupational exposure limit. 

𝐺𝑎𝑚𝑚𝑎	𝐷𝑜𝑠𝑒 = 6
𝑟𝑒𝑚
ℎ𝑟	𝑚𝐶𝑖

×10,000	𝑚𝐶𝑖	×
1	ℎ𝑟

3600	𝑠𝑒𝑐
	×5	𝑠𝑒𝑐 = 𝟖𝟑	𝒓𝒆𝒎	 → 𝟖𝟑𝟎	𝒎𝑺𝒗

Exposure from contamination also a significant concern as even small quantities of material can result in high 
skin dose. 

Uniform deposit of 1 uCi per cm2 = skin dose of 7200 mrem/hr
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Radionuclide Production 
SIEMENS ECLIPSE RDS 

§ 11 MeV Proton Beam Energy

§ 120 uA Beam Current

§ Tantalum Targets 

§ 1 Ci  F18 in a 15-minute run

§ Maintained under negative pressure

 **F-18 is volatile 
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Radionuclide Production 
GE PETTRACE 800

§ 16.5 MeV Proton Beam Energy

§ 160 uA Beam Current

§ Shielded Niobium Targets 

§ 17.5 Ci  F18 in a 2hr run

§ Maintained under negative 
pressure

§ More N-13 production vs 
Eclipse
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Radionuclide Production 

RADIATION PROTECTION CHALLENGES

§ Cyclotron Break- Fix & Repair

§ Cyclotron Routine Preventative Maintenance

§ High effluent releases 

§ Waste Management – Solid & Mixed Liquid Waste 
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Radiopharmaceutical Manufacturing
Chemical Synthesis of Drug
§ Shielded automated chemistry module, known as a mini-cell.

§ Maintained under negative pressure to the surrounding room.

§ Door must be closed prior to delivery of material from the cyclotron. 

Sterile Manipulation of the Drug
§ Remote manipulation of FPV in HC 

§ Filtration, dilution, sterility testing
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Radiopharmaceutical Manufacturing
Quality Control Testing
§ Each batch tested for radionuclide purity, chemical composition, pH, and other FDA/BOP requirements
 
§ Small aliquots handled directly, typically dilute concentrations 

§ Handling performed behind an L-block to minimize whole-body exposure 
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Radiopharmaceutical Manufacturing

RADIATION PROTECTION CHALLENGES

§ Manual QC sample manipulations

§ Chemistry intervention into mini cells

§ Residual F-18 and long-lived radionuclides on 
chemistry components

§ High background is difficult to differentiate 
contamination during survey 

§ High Effluent Releases 

§ Waste Management – Solid & Mixed Liquid Waste
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Radiopharmaceutical Dispensing & Packaging

§ Shielded dose dispensing isolator, known as a hot 
cell.

§ Maintained under negative pressure to the 
surrounding room. 

§ Remote manipulator used by pharmacists to draw 
individual patient doses per prescription.

§ Side door opens to withdraw shielded syringes
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Radiopharmaceutical Dispensing & Packaging

Doses drawn remotely using 
manipulator arms inside a small 

ISO-5 laminar flow hood.
 

Activity determined with a dose 
calibrator based on concentration 
and prescribed dose at injection 

time.
 

Localized shielding used in the hot 
cell during shielded syringe removal 

to protect staff.
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Radiopharmaceutical Dispensing & Packaging

• Shielded syringe containers, known 
as pigs. 

• Pigs are handled remotely (to the 
extent possible) and placed into 
shielded Type A shipping 
containers. 

• Typically shipped as Yellow II.

• 1.5M patient doses annually

• 350+ doses daily future is 600
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Radiopharmaceutical Dispensing & Packaging

RADIATION PROTECTION CHALLENGES

§ Manual transfer of high-activity doses from Hot Cell 
to DOT case 

§ Hot Cell break/fix 
§ Residual F-18 during removal 
§ Package surveys in high-background areas 
§ Case buildup at some sites 
§ No roller track
§ Challenges meeting MDA limits 
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Opportunities for the Future

DosiServ
§ Dose management with DMC 3000 dosimeters and readers 
§ Data Integration – Dosimetry data from providers
§ Real-time shift histograms (10-sec updates) 
§ ALARA-focused visibility of work and timing 
§ Automated reporting to RSOs/RPEHS 
§ High-dose alerts with standardized investigations 
§ Network-wide EPD tracking for compliance 
§ Task-level tracking for exposure reduction 
§ Scalable across U.S. and global sites 
§ Future integration with detection systems 
§ Custom dose/dose-rate alarms by task 
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Opportunities for the Future

§ Digitalization & Automation

§ Radiation Protection Program Management System 

§ User friendly for production personnel 

§ Continuous Area Exposure Awareness 
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Opportunities for the Future

Mandy’s Special Request

1 - Electronic personal dosimeter for EXTREMITIES like a DMC 3000 

2 - Real-time EXTREMITY DOSIMETER like Instadose 
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Thank you


