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This paper summarizes the dose to the eye lens of workers of Memorial Sloan Kettering Cancer Center, a high-volume US
oncologic and associated diseases facility. The doses presented in this report were collected from personal dosemeter readings
using optically stimulated luminescence badges to estimate Hp(3). Doses were collected for 5950 clinical and research workers
between January 2012 and December 2017. The median eye lens dose for all monitored workers was 0.23 mSv y−1. Workers
performing, or supporting, fluoroscopy procedures received the highest unprotected eye lens dose of all workers with a median
eye dose of 10 mSv. The use of leaded glasses by this group reduced the actual doses to the lens. Nurses and technicians involved
in positron emission tomography injections received median eye lens dose of 1.2 mSv.

INTRODUCTION

The link between ionizing radiation exposure and the
formation of lens opacities is well recognized(1–3).
Dose limits to the whole body, and to the eye lens,
have recently changed because the eye lens has now
been recognized as one of the more radiosensitive
tissues in the body(4–8). Because vision impairing
cataracts and lens opacities lead to the loss of eye
lens function, occupational radiation protection
programmes should endeavor to avoid, or minimize,
this effect in workers(3).

The objective of this paper is to publish lens of
the eye doses of a cohort of medical workers in the
context of potential updates to regulatory guidance.
The US Nuclear Regulatory Commission (NRC) cur-
rent annual occupational dose limit to the eye lens has
been set to 150 mSv(9). However, the International
Commission of Radiological Protection (ICRP) has
recently recommended a dose limit to the eye lens
of 20 mSv y−1, averaged over 5 years, with no single
year above 50 mSv. Similarly, the National Council
on Radiation Protection and Measurements has now
recommended a dose limit to the eye lens of 50 mGy
y−1(10). Updates to regulatory limits may have an
impact on radiation protection policies of medical
institutions.

As a cohort, medical workers have been identified
as the largest group of individuals exposed occupa-
tionally to ionizing radiation(11,12). There are new
implications for medical workers, which have resulted
from the understanding of low-dose cataract forma-
tion and from the recommended reductions to annual
dose limits(13–15). Medical workers involved in cer-
tain disciplines, such as interventional cardiology and

radiology, have often received annual eye doses that
are close to regulatory dose limits(16–20).

There is growing interest in understanding the
health effects associated with low-dose chronic
exposures such as those in the medical industry(21).
Memorial Sloan Kettering (MSK) is one of the largest
cancer centers in the world in terms of patient
volume and utilizes a large variety of radionuclides
and radiation sources due to the breadth of its
cyclotron radionuclide production and diagnostic,
therapeutic and research activities. In addition, MSK
employs dosimetry for a large worker cohort and
has dosimetry records for its workers from as early
as 1946. Quantified eye lens exposures for this large
medical worker cohort provides context for potential
revisions to the dose limits and may help to inform
future radiation epidemiology studies.

METHOD

The eye lens doses presented in this work were based
on personal dose monitoring data for occupationally
exposed workers associated with MSK. All employees
who use, or routinely encounter, radioactive materials
or radiation-producing equipment were included in
this study. Conversely, MSK employees who did not
use or have little potential for radiation exposure
were not included in this study. Monitoring badges
were issued to employees with potential exposures
of 10% or greater of the annual dose limit for
radiation. However, over 99% of monitored workers
received substantially <10% of the limit due to
prolific monitoring. In addition, the doses discussed
in this work did not consider the dose reduction
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effect of any personal shielding devices such as leaded
glasses.

Every worker in the study was assigned personnel
monitors, which were used to assess doses to the
lens of the eye received from radiation sources in the
workplace. Workers were instructed that the primary
monitor was to be worn on the front of the body above
waist level, or in the area of the body with the highest
anticipated radiation level. Monitors were issued and
collected monthly, or bimonthly, depending on the
worker’s assigned section or department. The doses
reported in this study were derived from personal
monitoring over 6 years from 2012 to 2017.

Doses are presented for variety of categories
where medical workers are occupationally exposed
to ionizing radiation. These categories are presented
in Table 1 and include interventional radiology (IR)
and fluoroscopically guided interventional (FGI)
doctors and fellows, cyclotron staff, radiopharmacy
workers, nuclear medicine technicians and nurses,
clinical radiochemistry, medical health physicists,
IR and FGI nurses and technicians, radiochemistry
researchers, medical physicists, outpatient nurses,
radiology staff (non-IR) and inpatient nurses. The
exposure details associated with these medical staff
categories have been published elsewhere(22–25).

Although workers were generally assigned a
single personnel monitor, two monitors were assigned
to persons associated with the Department of Radi-
ology. Collar badges are provided for these workers
because they are exposed to inhomogeneous radia-
tion fields due to their routine use of lead aprons.
These workers performed angiography or other flu-
oroscopic procedures. One badge was worn on the
collar outside the protective apron, whereas the other,
coded whole-body badge, was worn under the apron.
For these workers, only the collar badge was used to
calculate dose to the eye lens.

The collected badges were read by a US-based
commercial dosimetry vendor, Landauer

®
. This ven-

dor is certified by National Voluntary Laboratory
Accreditation Program (NVLAP) and uses accred-
ited Luxel+ optically stimulated luminescence (OSL)
badges(26) for calculating Hp(0.07) and Hp (9). Cali-
bration of the personnel monitors followed NVLAP
requirements(27). The badge’s active volume consists
of a thin strip of aluminum oxide (Al2O3:C) crystal
as the active detector immediately surrounded with a
multi-element filter pack. This detector recorded the
dose associated with X-ray, gamma radiation from
0.01 mSv to 10 Sv and beta radiation from 0.10 mSv
to 10 Sv. Regarding detector uncertainty, the 95%
confidence interval of Hp (3) was ±15% for photons
above 20 keV and beta particles above 200 keV.

The eye lens dose was calculated based on personal
dose equivalent measurements as outlined in ICRP
Publication 103(1). Here, the eye lens dose is defined
as dose at a depth of 300 mg cm−3 (0.3 cm)(28,29). T
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A regulatory method for calculating eye lens dose
was not yet defined in US federal law and is an area
of ongoing development(30–33). Thus, under specific
irradiation conditions, Hp(0.07), or Hp (9), may be
used as a surrogate for Hp (3). Univariate statistical
analyses were performed in Tableau 9.0, and annual
doses to the eye lens were calculated by summing
the worker’s monthly, or quarterly, doses. The eye
lens doses reported in this work were estimated from
Hp(0.07) and from Hp (9) using the following formula

by US Landauer
®

Dosimeters & Radiation Mea-
surement Services based on the International Atomic
Energy Agency Technical Documents 1731(34) frame-
work:

Hp(3) = Hp(0.07) ×
[
1.4 −

[
1.04 × e

(
− Hp(10)

Hp(0.07)

)] ]

Control dosemeter were stored in an area that only
experienced background radiation and were submit-
ted to the badging contractor along with the working
badges. The reported dose was calculated as the dif-
ference between the dose to worker dosemeter and the
dose to the control badge.

RESULTS AND DISCUSSION

Annual dose to the eye lens for 2012–17 were collected
for 5950 unique workers with collective dose(35), mean
and standard deviation of 3.1 person-Sv, 0.29 mSv
and 1.7 mSv, respectively. Of the workers, 1721
received a measurable dose in at least 1 year of the
study duration. The doses ranged from 0 to 45 mSv.
The annual collective dose increased by 103% over
the period of this study from 0.38 person-Sv in 2012
to 0.77 person-Sv in 2017. The increase in collective
dose was driven primarily by nuclear medicine and
fluoroscopy workers.

Average, maximum and percentile radiation dose
to the eye lens for staff categories are presented
in Table 1. The averages are presented both for all
monitored workers and the subset of monitored
workers with measurable exposures. The average
annual trends for all monitored workers versus mea-
surably exposed workers are presented in Figure 1.
Annual trends of the total number of monitored
workers, and the number of measurably exposed
workers, are presented in Figure 2. Categorized
annual trends in average eye lens doses of medical
staff are presented in Figure 3. One-year average
distributions are presented in Figure 4, summarizing
each measurable annual exposure for all workers.

The occupational dose to the eye lens for the entire
hospital worker cohort rose by 103% over this study
period, whereas the number of monitored workers
remained relatively constant. Hence, there was an

Figure 1: Comparison of the average lens dose equivalent
(LDE) (mSv y−1) for monitored workers versus measurably

exposed workers.

Figure 2: Comparison in the trend of the total number
of monitored workers versus the number of measurably

exposed workers.

increase in average worker dose when considering all
monitored workers as shown in Figure 1. However,
when considering only measurably exposed workers,
there was a 53% decline in the average dose. The
increase in the number of positron emission tomog-
raphy (PET) procedures, and IR/FGI procedures,
was compensated by a larger increase in the workers
assigned to those procedures and as the result
of increased emphasis on as low as reasonably
achievable (ALARA) work practices in these areas.
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Figure 3: Average dose (mSv y−1) to the eye lens by medical
staff category from 2012 to 2017 (average lens dose equiv-
alent [LDE] for 2015 was interpolated for interventional

radiology MDs based on 2014 and 2016 values).

Figure 4: Distribution of annual occupational lens dose
equivalent (LDE) measurements (mSv y−1) over 6 years at a

high-volume medical institution.

The steep decline in the average dose of measurably
exposed workers in the face of rising cumulative doses
is explained by the strategic increase in the number of
measurably exposed workers as shown in Figure 2.

FGI physicians (without considering protection
from glasses) have an average of 11 mSv y−1

, the
largest lens dose equivalent (LDE) of any group
and have a maximum LDE of 45 mSv y−1, which
is also the largest of any monitored individual.

Cyclotron workers, radiopharmacy workers and
nuclear medicine technicians/nurses have average
doses of 4.4, 2.6 and 2.2 mSv, respectively. It is there-
fore important to optimize procedures and consider
protective equipment for FGI physicians, cyclotron
operators and workers with routine exposures to
radiopharmaceuticals(34). Inpatient nurses have the
lowest average LDE of 0.02 mSv y−1, if all monitored
nurses are considered. This average is 0.26 mSv
y−1 when considering only nurses with measurable
exposures.

Medical doctors and medical fellows conducting
IR procedures and FGI have the largest average and
maximum eye lens dose of any group in the hospital.
The average dose to exposed members of this group
was 11 mSv y−1 and as a group contributed 31% of
the cumulative occupational dose to hospital workers.
This group’s maximum lens dose in a single year was
45 mSv. Factors contributing to this worker’s large
eye dose were extensive fluoroscopy use, correct and
consistent OSL badge use and their relatively short
height. In Figure 3, the average LDE for 2015 was
interpolated for IR MDs based on 2014 and 2016 val-
ues due to insufficient data quality associated with the
personnel monitoring process. The doses presented
in this paper do not account for shielding from pro-
tective eyewear and are derived from measurements
taken from an OSL personal dosemeter when on the
user’s collar. The use of leaded glasses by this group
reduced the actual doses to the lens(9,10,20).

Workers who were exposed to radionuclides as
a routine part of their occupational duties had
significantly lower eye lens doses than fluoroscopy
workers. For example, cyclotron support staff and
radiopharmacy workers had average doses of 4.3 and
2.3 mSv y−1, respectively. Nuclear medicine nurses
and technicians had an average dose of 1.3 mSv y−1.
However, though the average eye dose is small,
because of the large numbers of nurses, this group
unsurprisingly(36) contributes a substantial fraction
(17%) of the total hospital eye lens dose. PET
procedures are likely the primary contributor to
collective dose from radiopharmaceutical exposure.

There are a limited set of published results with
which direct comparison is possible. Dauer et al.(19)

reported unshielded operator LDEs obtained from
dosimetry monitors worn outside the collar shield of
operating IR in 2006 with a mean LDE and maxi-
mum LDE of 35.7 and 89.9 mSv, respectively. Betti
et al.(16) summarized eye lens doses of 15 cardiologists
working in five operating rooms with an estimated
mean and maximum annual LDE of 10 and 27.3 mSv,
respectively. As shown in Table 1, average and maxi-
mum LDE values were substantially lower than both
the Dauer et al. and Betti et al. studies with values
of 11 and 45 mSv, respectively. A study conducted by
Borrego et al.(37), which considers workers who per-
formed, or assisted with, FGI procedures reported a
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median LDE of 6.9 and 7.1 mSv, respectively, depend-
ing on the protocol.

Occupational LDE exposures among medical
workers are known to be above average(9). Radia-
tion Exposure Information and Reporting System
(REIRS) also provides some context of typical eye
lens doses in the US worker population. The US NRC
maintains the REIRS database and publishes annual
reports based on radiation exposure records for each
monitored NRC licensed individual. These reports
are analyzed for trends and presented annually on the
REIRS website(38). Each annual report summarizes
the maximum occupational doses for each exposure
category, including LDE, the number of individuals
with measurable dose and the number of individuals
with LDE over 25% of the 0.15 Sv annual dose
limit. According to the NRC annual reports from
2012 to 2017, the fraction of measurably exposed
workers with LDE over 25% of the dose limit was
0.024%; the corresponding fraction for the MSK
population was 0.089%. Significant differences exist
between the populations summarized in the NRC
annual reports and the MSK workers in the current
report. The NRC annual report consists primarily of
workers in commercial light-water reactors, industrial
radiographers and fuel-cycle workers, with practically
no monitored hospital workers. In addition, all the
MSK workers with a reported LDE over 25% were
IR physicians who routinely wore eye protection and
therefore their actual doses would be significantly
lower than reported.

No MSK worker had eye lens dose measurement
that exceeded current US radiation dose limits. The
largest recorded eye lens dose over the study period
was 30% of the 150 mSv annual limit. The current
ICRP lens of eye limit(3) is not currently recognized
in US regulatory code, but recommends a dose limit
of 20 mSv averaged over 5 years with no single year
above 50 mSv. In this work, no worker exceeded the
50 mSv recommendation of the ICRP, but there were
several instances where the limit was approached,
as shown in Figure 4. However, two IR physicians
exceeded the ICRP lens of eye dose limit recommen-
dation with 5-year averaged doses of 21 and 40 mSv,
respectively.

MSK workers are carefully monitored, and
exposures are maintained as low as reasonably
allowable in accordance with regulatory guidelines.
As discussed before, IR physicians as a group receive
the largest dose to the eye lens due to the large number
of fluoroscopy procedures conducted per year. These
workers are carefully monitored, wear both a body
and a collar badge, and are required by institutional
policy to wear lead aprons and leaded eyewear
during fluoroscopy procedures. Cyclotron operators
employ remote manipulators when working with
large activities of radionuclides. Leaded glass shields
and shielded hoods are used when working with

moderate-to-large activities of radionuclides. Several
strategies have been implemented that reduce dose
to nuclear medicine nurses and technicians. One
effective strategy is to ensure that enough workers
are available to conduct the PET injections, thus
maintaining a low average by spreading out the
cumulative dose; shielding solutions are also com-
monly employed. Inpatient nurses are protected by
large rolling lead shields when caring for patients
with large radiopharmaceutical burdens. Shielded
syringes and automatic dose injectors have also been
used to administer doses as an alternative to manual
injection practices(42). Radiation safety training is
an important aspect of dose reduction. Workers
frequently interact with the radiation protection staff
with the goal of optimizing all exposures.

LIMITATIONS

In this publication, annual doses have been presented
for 5950 unique workers without in-depth analysis
of the underlying monthly data. Thus, annual doses
may in some cases be underestimated due to lost,
unused or improperly worn badges. Lost-badge
dose estimates were made only if an exposure was
thought to have occurred during the lost monitoring
period. In addition, improper positioning of personal
dosemeters, such as switching collar and trunk
dosemeters, may result in incorrectly calculated doses.
Although these effects have not been quantified,
they are expected to be small because workers are
trained annually and typically wear their badges
correctly. Several worker groups have a broad list
of responsibilities and may not neatly fit in any single
category. In such cases, workers were assigned to the
category most closely aligned to their primary job
responsibility.

CONCLUSIONS

In this work, eye lens dose for workers in a high-
volume oncologic medical institution have been
presented. Data were collected over a period 2012–17
from OSL badge personal monitoring. A total of 5950
workers were included in the study. It is important
to differentiate between monitored workers and
the subset with measurable exposures (>0.1 mSv)
because of the large difference in average and median
doses for these two categories. In this study, the
average eye lens dose for all monitored workers
was 0.29 mSv y−1, whereas the average dose to
measurably exposed workers was 1.6 mSv y−1. Nurses
and technicians involved in PET injections received
17% of the center’s cumulative eye lens dose while
maintaining a low average dose. Fluoroscopy workers
had the highest cumulative, average and maximum
doses of any group in the study, and monitoring
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is definitely required by regulation. However, the
published dose for fluoroscopy workers represents
a substantial overestimate because protection from
utilized leaded glasses was not considered. Although
none of the worker measurements exceed current US
NRC dose limits, two workers exceeded the ICRP
5-year average dose limit recommendation.

FUNDING

This research was funded in part through the
National Institutes of Health/National Cancer
Institute Cancer Center Support Grant P30
CA008748.

REFERENCES
1. ICRP. The 2007 recommendations of the International

Commission on Radiological Protection. ICRP Publi-
cation 103. (Oxford: Elsevier) (2007).

2. UNSCEAR. Sources, effects and risks of ionizing radi-
ation. Report to the General Assembly with Scien-
tific Annexes. (New York: United Nations Scientific
Committee on the Effects of Atomic Radiation) (2014).

3. ICRP. ICRP statement on tissue reactions and early
and late effects of radiation in normal tissues and
organs–threshold doses for tissue reactions in a
radiation protection context. ICRP Publication 118.
(Oxford: Elsevier) (2012).

4. Kathren, R. L. Pathway to a paradigm: the linear non
threshold dose-response model in historical context: the
American Academy of Health Physics 1995 Radiology
Centennial Hartman Oration. J. Health Phys. 70(5),
621–635 (1996).

5. ICRP. X-ray and radium protection: International Rec-
ommendations. (Oxford: Elsevier) (1931) ISBN 0007-
1447.

6. Jones, C. G. A review of the history of U.S. radiation
protection regulations, recommendations, and standards.
Health Phys. 88(6), 697–716 (2005).

7. IAEA. Radiation protection and safety of radiation
sources: international basic safety standards. IAEA
Safety Standards Series No. GSR Part 3. (Vienna:
IAEA) (2014).

8. Shore, R. E. et al. Recent epidemiologic studies and
the linear no-threshold model for radiation protection-
considerations regarding NCRP Commentary 27. Health
Phys. 116(2), 235–246 (2019).

9. Dauer, L. T. et al. Guidance on radiation dose limits for
the lens of the eye: overview of the recommendations in
NCRP Commentary No. 26. Int. J. Radiat. Biol. 93(10),
1015–1023 (2017).

10. NCRP. Guidance on radiation dose limits for the
lens of the eye. Commentary No. 26. (Bethesda, MD:
National Council on Radiation Protection and Mea-
surements) (2016).

11. UNSCEAR. Effects of ionizing radiation. UNSCEAR
2006 Report to the General Assembly with Scientific
Annexes. Vol. 1. (New York: United Nations Scientific
Committee on the Effects of Atomic Radiation) (2008).

12. NCRP. Medical radiation exposure of patients in the
United States. NCRP Report No. 184. (Bethesda, MD:
National Council on Radiation Protection and Mea-
surements) (2019).

13. Behrens, R. Monitoring the eye lens. IAEA Technical
Meeting on the New Dose Limit for the Lens of the Eye
– Implication and Implementation. (Vienna: IAEA)
(2012).

14. Broughton, J., Cantone, M. C., Ginjaume, M., Shah, B.
and Czarwinski, R. Implications of the implementation
of the revised dose limit to the lens of the eye: the view of
IRPA professionals. Ann. ICRP 44(1 Suppl), 138–143
(2015).

15. NCRP. Implications of Recent Epidemiologic Stud-
ies for the Linear Nonthreshold Model and Radia-
tion Protection. (Bethesda, MD: National Council on
Radiation Protection and Measurements) (2018) ISBN
9781944888022 (hardcopy).

16. Betti, M. et al. Surgeon eye lens dose monitoring in
catheterization lab: a multi-center survey: invited for
ECMP 2018 focus issue. Phys. Med. 60, 127–131
(2019).

17. Mao, L., Liu, T., Caracappa, P. F., Lin, H., Gao, Y.,
Dauer, L. T. and Xu, X. G. Influences of operator
head posture and protective eyewear on eye lens doses
in interventional radiology: a Monte Carlo study. Med.
Phys. 46(6), 2744–2751 (2019).

18. Carinou, E., Ferrari, P., Bjelac, O. C., Gingaume, M.,
Merce, M. S. and O’Connor, U. Eye lens monitoring for
interventional radiology personnel: dosemeters, calibra-
tion and practical aspects of Hp (3) monitoring. A 2015
review. J. Radiol. Prot. 35(3), R17–R34 (2015).

19. Dauer, L. T., Thornton, R. H., Solomon, S. B. and
St Germain, J. Unprotected operator eye lens doses in
oncologic interventional radiology are clinically signifi-
cant: estimation from patient kerma-area-product data.
J. Vasc. Interv. Radiol. 21(12), 1859–1861 (2010).

20. Thornton, R. H., Dauer, L. T., Altamirano, J. P.,
Alvarado, K. J., St Germain, J. and Solomon, S. B.
Comparing strategies for operator eye protection in the
interventional radiology suite. J. Vasc. Interv. Radiol.
21(11), 1703–1707 (2010).

21. Boice, J. D. Jr. NCRP vision for the future and program
area committee activities in 2018. Health Phys. 116(2),
282–294 (2019).

22. NCRP. Structural Shielding Design for Medical X-ray
Imaging Facilities. (Bethesda, MD: National Council
on Radiation Protection and Measurements) (2004)
ISBN 0929600835.

23. NCRP. Radiation Dose Management for Fluoro-
scopically Guided Interventional Medical Procedures.
(Bethesda, MD: National Council on Radiation Protec-
tion and Measurements) (2011) ISBN 9780982384367
(alk. paper).

24. NCRP. An Introduction to Efficacy in Diagnostic
Radiology and Nuclear Medicine : Justification of
Medical Radiation Exposure. (Bethesda, MD: National
Council on Radiation Protection and Measurements)
(1995) ISBN 0929600452.

25. NCRP. Radiation Protection for Medical and Allied
Health Personnel. (Bethesda, MD: National Council on
Radiation Protection and Measurements) (1989).

26. Landauer. Luxel+ optically stimulated luminescence
(OSL) technology product specifications (2019).

326



WORKER LENS OF EYE DOSE AT CANCER CENTER

Available at https://www.landauer.com/sites/default/
files/product-specification-file/Luxel%2B_1.pdf.

27. NIST. National Voluntary Laboratory Accreditation
Program: Ionizing Radiation Dosimetry Handbook
150-4. (Gaithersburg, MD: National Institute of Stan-
dards and Technology) (2019).

28. ICRU. Equivalents from external radiation sources -
Part 2 ICRU Report No. 43. (Bethesda, MD: Interna-
tional Commission on Radiation Units and Measure-
ments) (1988).

29. ICRU. Measurement of dose equivalents from external
photon and electron radiations. ICRU Report No. 47.
(Bethesda, MD: International Commission on Radia-
tion Units and Measurements) (1992).

30. Madhumita, B., Sneha, C., Dipali, V., Pradhan, S. M.,
Bakshi, A. K., Datta, D., Tripathi, S. M. and Singh, S.
K. Development of an algorithm to estimate eye lens dose
in terms of operational quantity Hp(3) using head TLD
badge. Radiat. Prot. Dosim. 178(4), 364–373 (2018).

31. Clairand, I., Behrens, R., Brodecki, M., Carinou, E.,
Domienik-Andrzejewska, J., Ginjaume, M., Hupe, O.
and Roig, M. Eurados 2016 intercomparison exercise
of eye lens dosemeters. Radiat. Prot. Dosim. 182(3),
317–322 (2018).

32. Behrens, R., Hupe, O., Busch, F., Denk, J., Engel-
hardt, J., Gunther, K., Hodlmoser, H., Jordan, M. and
Strohmaier, J. Intercomparison of eye lens dosemeters.
Radiat. Prot. Dosim. 174(1), 6–12 (2017).

33. Clairand, I., Ginjaume, M., Vanhavere, F., Carinou,
E., Daures, J., Denoziere, M., Silva, E. H., Roig, M.,
Principi, S. and Van Rycheghem, L. First Eurados inter-
comparison exercise of eye lens dosemeters for medi-
cal applications. Radiat Prot Dosim. 170(1–4), 21–26
(2016).

34. International Atomic Energy Agency, Implications for
occupational radiation protection of the new dose limit

for the lens of the eye. IAEA-TECDOC-1731, (Vienna:
IAEA) (2014).

35. National Council on Radiation Protection and
Measurements. Principles and Application of
Collective Dose in Radiation Protection. (Bethesda,
MD: National Council on Radiation Protection and
Measurements) (1995) ISBN 0929600460.

36. Villoing, D., Yoder, R. C., Passmore, C., Bernier, M.
O. and Kitahara, C. M. A U.S. multicenter study of
recorded occupational radiation badge doses in nuclear
medicine. Radiology. 287(2), 676–682 (2018).

37. Borrego, D., Kitahara, C. M., Balter, S. and Yoder,
C. Occupational doses to medical staff performing or
assisting with fluoroscopically guided interventional pro-
cedures. Radiology. 294(2), 353–359 (2020).

38. NRC Office of Nuclear Regulatory Research. Radi-
ation Exposure Information and Reporting System
(REIRS) for radiation W\workers (2019) Available at
https://www.reirs.com/.

39. Domienik, J. et al. Extremity and eye lens doses in
interventional radiology and cardiology procedures: first
results of the ORAMED project. Radiat. Prot. Dosim.
144(1–4), 442–447 (2011).

40. ICRU. Operational quantities and new approach by
ICRU Committee 26 on Operational Radiation Pro-
tection Quantities for External Radiation. (Bethesda,
MD: International Commission on Radiation Units
and Measurements) (2016) ISBN 0146-6453.

41. Sturchio, G. M., Newcomb, R. D., Molella, R., Varkey,
P., Hagen, P. T. and Schueler, B. A. Protective eyewear
selection for interventional fluoroscopy. Health Phys.
104, S11–S16 (2013).

42. Sanchez, R. M., Vano, E., Fernandez, J. M., Ginjaume,
M. and Carreras, J. L. Evaluation of an automated FDG
dose infuser to PET-CT patients. Radiat. Prot. Dosim.
165(1–4), 457–460 (2015).

327

https://www.landauer.com/sites/default/files/product-specification-file/Luxel%2B_1.pdf
https://www.reirs.com/

	OCCUPATIONAL EYE LENS DOSE OVER SIX YEARS IN THE STAFF OF A US HIGH-VOLUME CANCER CENTER 
	INTRODUCTION
	METHOD
	RESULTS AND DISCUSSION
	LIMITATIONS
	CONCLUSIONS
	FUNDING


