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Custom radionuclide standard: mock 90Y glass 
spheres
Client requested a mock standard for a 90Y glass sphere 
radiopharmaceutical. While a true standard requires the complete dissolution 
of the irradiated Yttrium glass, and is being pursued, a request for a mock 
standard was fulfilled by creating a standard using cold (unirradiated) glass 
surrounded by standardized 90Y solution. 

An EGSnrc model [2] was used to capture the large variation in the physical 
model due (100-600 mg glass spheres,0.25-0.5 mL 90Y, β-shield or not).

Figure 1: Activity detrmination of bulk 90Y solution by various methods. Shipping value from bulk provider (square), Vinten IC 
(diamond), TDCR and CIEMAT/NIST primary methods (downward and upward facing triangles).  

To mimic the real dose a silicone 
separator was constructed to separate 
the hot radioactive section form the 
cold saline solution above. To visually 
detect communication between the hot 
and cold sections of the mock 
standard the saline solution was dyed 
with blue food colouring. Figure 2: Left: EGSnrc model of the mock standard. Right: photograph of one of 

three mock standards prepared. 
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Why we do what we do….
Accurate radionuclide standards are essential for nuclear medicine, ensuring reliable 
calibration of imaging and therapy systems and ultimately improving patient care. The National 
Research Council of Canada (NRC) routinely provides standards for short-lived radionuclides 
in common geometries such as 5 mL vials or flame-sealed ampoules. However, some clinical 
products require unique calibration setups that differ significantly from these standard formats.
One such case is the Yttrium-90 (90Y) glass sphere radiopharmaceutical, used in selective 
internal radiation therapy. Recent multicentre PET/CT studies have revealed notable 
discrepancies between vendor-stated and independently measured 90Y microsphere 
activities [1]. These findings highlight the need for calibration geometries that accurately reflect 
clinical conditions to ensure traceable and consistent activity measurements across sites and 
systems.

NRC undertook this work to address the metrological challenges of calibrating such 
non-standard geometries and to support the accuracy and traceability of 90Y -based therapies.
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Observed Discrepancies in 90Y Microsphere Activity 
Measurements

Recent multicentre studies have revealed systematic differences between vendor-stated and 
independently measured 90Y microsphere activities, underscoring the need for accurate, 
geometry-specific calibration standards.
In the international study by Gnesin et al. (2023) [1], quantitative PET/CT measurements of 90Y 
microsphere vials were compared with manufacturer-declared activities across four centres 
and five PET systems. The results showed that:

• For glass microspheres (TheraSphere), the PET-measured activity (APET) 
averaged 0.79 ± 0.04 of the manufacturer value (AM), corresponding to the 
manufacturer overestimating activity by about 21 %–29 %.
• For resin microspheres (SIR-Spheres), the PET-measured activity averaged 
1.15 ± 0.06 of AM, meaning the manufacturer underestimated activity by 
roughly 13 %–25 %.
• In contrast, 90Y chloride solutions showed good agreement between PET and 
manufacturer values (mean ratio ≈ 1.00).

These discrepancies are attributed to differences in vial geometry, microsphere material, and 
calibration conditions that affect both ionization chamber and PET measurements. The findings 
highlight that clinical product calibrations are not always traceable to the same standard, 
potentially introducing uncertainty into patient dosimetry and inter-laboratory comparisons.
Further evidence from Bergeron et al. (2022, NIST) [3] confirms that geometry-specific factors 
and equipment differences can introduce biases of ≈ 4 %–8 % in 90Y glass microsphere activity 
assays when transferring standards between ionization chambers. These variations stem from 
changes in source geometry, shielding, and impurity effects, emphasizing that even small 
calibration inconsistencies can propagate into measurable discrepancies in reported activity.
Together, these studies demonstrate that differences of up to 20 %–30 % are expected
between independent and vendor-supplied 90Y activity measurements, reinforcing the 
metrological importance of developing traceable, well-characterized standards.

It’s good but we can do better…

In multicentre evaluations, measured 90Y activities were found to deviate 
significantly from the manufacturer-stated values, often by several percent or 
more. These discrepancies were not consistent across all sites or systems, 
suggesting that factors such as calibration geometry, detector configuration, 
and dose distribution within the microsphere vials contributed to the variation.
The findings raised concerns about the traceability and reliability of vendor-
provided activity calibrations, emphasizing the need for standardized, 
traceable reference measurements — such as those developed by NRC — to 
ensure accurate dosimetry and consistent patient treatment outcomes in 90Y 
microsphere therapies.

While the mock 90Y glass sphere standard provided a rapid, practical solution 
for radionuclide calibration in a non-standard geometry. By mimicking the 
physical and radiological properties of the clinical product, the mock standard 
allowed accurate detector calibration without handling active glass 
spheres. However, this can and should be improved as the standard alone 
contributes at least 5% and it likely underestimated and adds to the bloated 
uncertainties and discrepancies observed in practice. 
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