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FLUKE.
C, Debate

« C, factors dependent on phantoms
—  ORAMED project (Optimization of RAdiation protection for MEDical) for eye lens dosimetry

- ORAMED: Optimization of Radiation Protection of Medical Staff, F. Vanhavere, 2011
— 20 cm high x 20 cm diameter cylinder

- Water filled e Ty

—  Work started in 2008 -

—  Physikalisch-Technische Bundesanstalt (PTB) 2011

20 cm

—  30cmx30cmx15cm slab e
— Water filled
—  Work started in 2012 —
- PTB 2015 20
cm
- 20 cm high x 20 cm diameter cylinder
- Water filled
. 15
Which C, factors to use? —e X

— IS0 4037-3 has both but cylindrical phantom preferred
— |EC 62387 adopted cylindrical phantom due to issues noted with slab phantom at large angles
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. . . _ FLUKE.
International Electrotechnical Commission (IEC) Type Testing

« |EC TC45/SC45B/WG14 L
ey IEC 62387
* No agreed upon Hp(3) C, conversion factors internationally until
_ INTERNATIONAL
|IEC 62387:2012 R TANDARD
— Technically no agreed upon method to calculate the lens NORME
dose INTERNATIONALE i
— C, factors based on Physikalisch-Technische Bundesanstalt
(PTB) data © ——
— Dose conversion factors defined on slab phantom for Hp(3) nal,."”‘
in disagreement with ORAMED findings paeis pour 4 el de v e o

— Slab phantom is widely used and available in many
calibration laboratories

« |EC 62387:2017 used for type testing dosimeters

— ORAMED cylindrical phantom and associated C, - o R
factors adopted in this version

Warning! Make sure that you this I from an 3
Attenticn! Veuilez vous assurer gue vous avez oblenu cetle publication via un @atributeur agréé,

L e [
Worcn Btocase culs Conrume Cbeaen we.a | wesano o




LANDAUER VISION Dosimeter for Measuring Lens of Eye FLUKE.

e Dosimeter designed to assess personnel
Lens of Eye dose, Hp(3) due to exposure
to ionizing radiation using
thermoluminescent dosimetry (TLD)
technology.

e Does not interfere with the field of view

e Can be worn on front or behind protective
equipment

e TLD detector placed in the holder cavity
and ultrasonically welded

e Laser engraved unique identifier for
maintaining chain of custody

e Mounts on safety glasses, shields, face
masks or surgical caps

e Easy cleaning

)
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FLUKE.

Performance Testing

e Dosimeters analysed using CO, Laser
Heated TLD Readers

e Hp(3) calculated in accordance with
current practices for Approved
Dosimetry Services for both irradiated
groups and background dosimeters

e Dose calculation algorithm for lens of
eye developed with the reader
calibrated to Hp(0.07) and dosimeters
irradiated to a delivered dose of Hp(3)

e Background subtracted out of all
dosimeters as per current processing
procedures




Type Testing Results (1) FLUKE.

e Meets IEC 62387:2017 verified by

3rd Criteria
party conv. True value [m5v) 0.050 0.100 0.201 0.40 0.80 3.00
] ] H<0.3mS5v ;15% xcl 0.193 0.186 0.186
e |rradiations conducted at H<03msv ;15%xc2 | 0261 | 0.244 | 0.244
. . . coef of variation, v 0.113 0.087 0.058
Laboratoire National Henri Becquerel (LNHB) 18.75-(H/0.08 mSv) % x c1 510 | o108
18.75-(H/0.08 m5Sv) % x c2 0.294 0.294
® TeSt ReSUItS coef of variation, v 0.057 0.050
. . . . H>=1.1m5v ;5% xcl 0.062
e Coefficient of Variation H>= 1.1 mSv 5% xcl 0.081
. coef of variation, v 0.025
e Test performed 18 dose equivalent
values using Cs-137
e Dose equivalent values between
0.05mSv and 10,000mSv Criteria
e Ten dosimeters irradiated between conv. True value (msv) 400 801 3001 4001 8001 10000
0.05mSv (5mrem) and 4mSv H>=11mSv ;5% xcl | 0064 | 0.064 | 0064 | 0.069 | 0.064 0.064
(400mrem) H>=11mSv;5%xcl | 0087 | 0.087 | 0087 | 0099 | 0.087 | 0.087
e Pass for Hp(3) between 0.05mSv coef of variation, v 0037 | 0036 | 0038 | 0.034 | 0.042 | 0033

and 10,000mSv
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Type Testing Results (1) FLUKE.

Hp(3), irradiation -60°, Horizontal Hp(3), irradiation -30°, Horizontal

e Test Results

18
20

e Linearity ; x
e Pass for Hp(3) between 0.05mSv (5mrem) ; *
and 10000mSv (1000mrad) HE iw

04

e Energy and Angular Response .

e Pass for Hp(3) all energy range from - o m
NS30 (24keV) to Cs 137 (662keV), +/- 60° T
10,000.00 /5‘ Hp(3), irradiation 30°, Horizontal Hp(3), irradiation -30°, Vertical
% 10000 //,/ g :: —— : ::
P 3 w | :
o i
Delivered dose /mSv 0:0 10 100 ::; 10 100

Photon energy (keV) Photon energy (keV)




Type Testing Results (l11)

e Fade, Build up, Self Irradiation

e 6 dosimeters groups used (3 groups irradiated to 0.7mSv using Cs-137 and 3 groups used

for background monitoring)

Group 1 and 4 read 24 hr after irradiation

Group 2 and 5 read after one week

Group 3 and 6 read after 3 months

Fade less than 10% over 3 months

FLUKE.

0.91 0.910
(G2 f G1) - U, ) 1.004
(G2 /G1)+ U_. ) 1.082

1.11 1.110

+24h G1
(Gi - G2) - U_om) 0.022
({Gi - G2) + U.om) 0.060
Criteria 0.711

+3 months G3
(Gi - G2) - U_om) 0.051
((Gi-G2)+ U__) 0.001
Criteria 0.701




Inter-comparison Studies (1)

e Test 1 organized by Personal Radiation
Monitoring Group (PRMG) in United Kingdom

e Five personal Dosimetry Services participated

e The irradiations of dosimeters occurred on cylindrical
water phantom, recommended by the ORAMED project
and defined in the ISO 4037-3.

e The irradiation techniques--RQR6 (80kV, ~ 40keV)

e Results

e Two groups of doses 0.69mSv (69mrem) and 10.46mSv
(1046mrem)

e Performance analysed based on HSE testing criteria for
extremity dosimeters

e Passed band A and band B with bias of -24% for low
doses and -8% for higher doses

/ meter performance analysed against the ISO 14146,
FLUKE . I r%&gﬁn
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FLUKE.

e Test organized by CURADOS™ ettt

EURADOS (Session 2016)

e Dosimeters from 22 Dosimetry Services

around the world PARTICIPANT AAO - Reference quantity H,(3) - Photon qualities
e Dosimeters were irradiated to a variety of Comentional | Reported by Response Mean resuts per sat-up
photon and beta sources and X Ray oy || umcerainty 02 [T T Teona] & -
techniques at different angles HolBe S0 | méy) | mev) | *HT, | crea | msn | R ow
e Landauer’s results demonstrates Sca i |t | 290000 | GeR ) cew | oW = 2| om0 | 0o
acceptable performance for use in AMO1D| 29m0:00e | 2620 | 2600 ) 0% b
occupational fields requiring lens of eye Scs, 600 o= | U000 | 290 ) 290 | OW =5 | 2w | oss | 28
mOHItOI’I ng - ARD 12 2.800 + 0,084 2A0z 2402 0.86 YES
ARD AT 2600 +0.130 3857 3602 1.40 YES
e Additional investigation was performed to RO 6. 0 8| 28ms01% | asre | soe | 130 pean B R
Optlmlze the dOSImeter deSIQn .ﬁ.ﬁ.ﬂ-_19 2500 £ 0,128 3423 3 A3 137 YES
e Landauer barely outside the trumpet A a0.20 | 20020120 | 3980 | 308 | 1% ves | ™
curve for RQR6, 75° AAD 21| 240040120 | 4016 | 4018 1.67 NG
e 32% of participants showed results ST w022 | 2amsore | a7 | amee | 1o wo |
outside of Trumpet curve for RQR6, 75° s o |0 | 27004013 | 2625 | 2625 105 | e | oo
ARD 24 2000+ 0,13 . x ] 208 1.05 YES

Cormpction ke frandd lor 3-0x0 Hy = 0000 mby

/—\ * . Parfpant repoed vl jomected for Backrocnd Soeorming b2 e ioulng ool of e DAnopan
' LANDAUER', " 14, Participant reporsd walle comecied for Fanst M, = M, H,
’ Dose to the LenS Of Carrrchon AR ) ) (6hwnploton guales: H. = 0 000 mSy




2017 Hp(3) Data from Landauer Repository FLUKE.

« 5281 workers exceeded 2 rem (20 mSv)
in 2017

— ICRP 103 lens dose limit of 2 rem (20 > 15 |27
mSv) per year averaged over 5 years
and currently in effect in Europe 12

« 786 workers exceeded 5 rem (50 mSv) in

&

L

2017 ~5-15 [ 759
— NRC proposed to reduced lens of eye =
dose limit from 15 rem (150 mSv) to 5 T

rem (50 mSv) per year 13

« 27 workers exceeded 15 rem (150 mSv)

in 2017 2-<5 [ 4495

—  Current 10CFR20 lens dose limit of 15
rem (150 mSv) 14

0 1000 2000 3000 4000 5000
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Industry Segments with Hp(3) > 2 rem (20 mSv) me=lke=e

Health Care, Industrial Radioisotope, Veterinary,

Radiography, University, Ufg\gf/ity’\m% L 023%
Radioisotope, Veterinary, SR

and Other (Transportation,

Other, 0.17%

Dental, and Research) are
Industry Segments with doses Industr ial/
greater than 2 rem (20 mSv) Radiography,

—  University data might be 9.73%

closely associated with
Health Care which would
make it 88% of the total.

Health Care,

Yy  81.97%

12
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27 Participants >15 rem (150 mSv) by Occupation e

Industrial Radiography

Pain Management - Rehab
Radiology - diagnostic radiology
Vascular Surgery

Interventional Radiology
Cardiologist

Clinical Psychologist

Obstetrics & Gynecology

PET Research Pediatrics and Tuberculosis
Psychiatry & Neurology
Radioisotope

Security Threat Detection Research
Speech-Language Pathologist
Dental Implants

14.8%
14.8%
14.8%
14.8%
7.4%
3.7%
3.7%
3.7%
3.7%
3.7%
3.7%
3.7%
3.7%
3.7%

Categorized workers into disciplines using
series codes and internet search

Top 5 Occupations >15 rem (150 mSv)

Industrial Radiography (4)
Pain Management — Rehab (4)
Diagnostic Radiology (4)
Vascular Surgery (4)
Interventional Radiology (2)

The remaining contained some interesting
occupations

Researcher using 18F-FDG positron emission
tomography (PET) scans to determine if
tuberculosis treatment is working or drug
resistant.

Psychiatrist specializing in cancer patients

Speech Pathologist using video-assisted
fluoroscopy of swallowing (VFSS)

Dental implants
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- FLUKE.
Conclusions

« Contradictions in ISO and IEC standards have been resolved.
—  C, factors exits now to enable calculation of Hp(3) but ANSI N13.11 has not addressed Hp(3).

« Landauer could provide an ergonomical dosimeter suitable for measuring lens of eye

» Landauer data shows 5281 workers exceeded Hp(3) of 2 rem in 2017
— 27 of which exceeded the federal limit of 15 rem for Hp(3)

« Landauer data shows health care industry leads the way with the number of workers with Hp(3) dose > 2 rem.
—  82% and could be as high as 88% when considering universities.
—  This can be even more troubling considering non-uniform fields and complication of dosimeter placement.
« Health care industry will see significant impact if dose limits are reduced with key medical staff members exceeding lens of
eye dose threshold regardless if 2 or 5 rem is adopted.
—  Credit for PPE and shielding similar to Webster effective dose equivalent calculations may be needed going forward.

» Health care industry will see significant impact if dose limits are reduced with key medical staff members exceeding limits
if additional PPE or engineering controls are not implemented.

* 67% reduction noticed in the number of people exceeding Hp(3) annual limit as compared to the average that exceed in
2014, 2015, and 2016. Data from 2017 NRC Regulatory Information Conference
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