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Individual hand monitoring for workers who manipulate unsealed radioactive sources in nu-
clear medicine is a necessity and the results can serve as the base for optimization processes.
We performed an analysis of individual hand doses for medical staff preparing and applying
radiopharmaceuticals (**™Tc, 123], 201T]1, 1311, or 125]) in three Croatian clinical hospitals, for a
period of one year since extremity monitoring became legally mandatory in Croatia. The ma-
jority of annual hand doses for workers were below or slightly above 150 mSv per year with
only a few workers exceeding the annual dose limit of 500 mSv. The analysis confirmed that
the radiation protection expert's role in an individual monitoring programme and personal
dosimetry is crucial in order to achieve the optimal radiation protection of workers.
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INTRODUCTION

In nuclear medicine (NM) procedures, unsealed
radioactive sources are used for diagnostic and therapeu-
tic purposes. The most frequently used radiophar-
maceuticals are ™Tc, '2°I, 3T and '8F (*®F-FDG) for di-
agnostic purposes [1], and *'I, 2P, *°Sr and *°Y for ther-
apy [2]. In such procedures, workers manipulate high ac-
tivities of various radionuclides via contact to the hands
and/or in close proximity of their hands. The number of
NM procedures is increasing as well as the associated
risk of radiation exposure of NM staff. Radiation protec-
tion measures that should be undertaken to optimize the
exposure of workers in NM strongly rely on personal do-
simetry measurements. Individual monitoring data are
the base of successful optimization programs. Occupa-
tionally exposed workers in NM are generally individu-
ally monitored using whole body dosimeters for effec-
tive dose assessment and extremity dosimeters (ring
dosimeters) to evaluate the equivalent dose to the skin
and hands. The dose limit on the equivalent dose for the
skinand extremities is 500 mSv per year, and it is applied
to the dose averaged over any area of 1 cm?, regardless of
the area exposed, as given in the EURATOM BSS direc-
tive [3] and in the ICRP Publication 103 [4]. The results
of the ORAMED project [5, 6] strongly emphasized the
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necessity of extremity monitoring and determination of
the position of ring dosimeter at the most exposed part of
the hand. The recommendation for workers in NM,
given as a result of the ORAMED project, was to wear
the ring dosimeter at the base of the index finger of the
non-dominant hand with the sensitive part of the dosime-
ter placed towards the palm side of the hand [5, 6]. In case
the ring dosimeter is worn elsewhere, a correction factor
for the corresponding position is proposed, for the domi-
nant and non-dominant hand [6].

In the Republic of Croatia, workers in NM were
regularly individually monitored using only whole
body dosimeters for Hp(10) measurements, and rou-
tine monitoring of extremities of the staff manipulat-
ing unsealed radioactive sources in NM departments
was not legally obligatory, until June 2018, when new
legislation based on the EURATOM BSS directive [3]
came into force. The majority of the sources used in
NM are unsealed radioactive sources with high activ-
ity at the time of manipulation. Having said that and
having in mind the already mentioned close proximity
of the sources, equivalent doses to hands and skin in
NM can often exceed annual dose limits. Equivalent
doses are generally not easily correlated with whole
body monitoring doses [7], which are usually low [8].
Since the data on extremity exposure for workers in
NM in Croatia were scarce [9, 10], due to the fact that
ring dosimetry was not legally obligatory, we col-
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lected dosimetry data for NM workers for a period of
one year, since the new regulations came into force.
We estimated the equivalent dose to hands of workers
of NM departments in three Croatian clinical hospitals
based on the personal dose equivalent Hp(0.07) mea-
surements using ring dosimeters. The clinical depart-
ments included in this study performed conventional
diagnostic scintigraphy using *°™Tc, 123, 201T1, 131],
and '?°1 for radioimmunoassay (RIA) analyses.

MATERIALS AND METHODS

Dosemeters and detectors

The Hp(10) and Hp(0.07) measurements were
performed by two approved individual monitoring
services (outofthree) in the Republic of Croatia, Insti-
tute for Medical Research and Occupational Health
(IMROH) and Rudjer Boskovi¢ Institute (RBI).

The IMROH dosimetry service used Panasonic
UD-802AT or UD-803AS whole body dosimeters and
a single Panasonic UD-807ATN thermoluminescent
(TL) element containing Li,B,O, phosphor within a
plastic ring dosimeter. The readout of the dosimeters
was performed on a Panasonic UD-716AGL13-C TL
dosimeter reader. The corrections for energy/angle
and fading were applied in the Hp(10) or Hp(0.07) cal-
culation algorithms as well as background subtraction
for Hp(10) only. The calibration factor Ky, 7, for
Hp(0.07) was applied since the TLD reader was cali-
brated using internal parameters [11] for Hp(10) mea-
surements, due to the accreditation of the IMROH do-
simetry laboratory for Hp(10) measurements in
compliance with the ISO/IEC 17025 standard.

The RBI dosimetry service used Harshaw four el-
ement cards with two TLD-100 dosimeters (LiF:Mg,
Ti) at positions 2 and 4 and in a Harshaw 8814 holder as
a whole body dosimeter and single TLD-100 dosimeter
in a plastic Harshaw finger ring. Except for the element
correction factor and reader calibration factor, no addi-
tional calibration factors were applied. Background
subtractions were used for both whole body and ex-
tremity dosimeters. The readout of the dosimeters was
performed on a Harshaw 6600 dosimeter reader.

Both dosimetry services successfully partici-
pated in several international comparisons organized
by the European Dosimetry Group EURADOS (for
whole body and extremity dosimetry).

The monitoring period was one month, and data
were collected for a one-year period. The total number
of NM workers included in this study was 97 (88 by
IMROH and 9 by RBI).

Estimation of the equivalent dose to hands

The NM workers in hospital 1 were instructed to
wear the ring dosimeter at the base of the index finger

of the non-dominant hand with the sensitive part of the
dosimeter placed towards the palm side of the hand, in
accordance with the ORAMED recommendation [5,
6]. The equivalent dose to hands was calculated multi-
plying the measured value of Hp(0.07) with a correc-
tion factor of 6 [6] to estimate the maximum dose. The
NM workers in hospitals 2 and 3 were not previously
given instructions on the ring dosimeter wearing posi-
tion so the information of the wearing position of the
ring dosimeter on the hand (dominant/non dominant
hand, particular finger) in the routine monitoring for a
particular worker was unknown. In order to overcome
this problem, we calculated a dose interval within
which the equivalent dose was situated. The lower
value of the interval was calculated using a correction
factor of 6 [6] (for the ring position at the base of the in-
dex finger of the non-dominant hand) and the higher
value was calculated using a correction factor of 10 [6]
(for the ring position at the base of the ring finger of the
non-dominant hand). These factors were the lowest
and the highest recommended by the ORAMED study
(5, 6].

Although many individual Hp(0,07) measure-
ment values were below the recording level of4.2 mSv
[12] in one month, when multiplied with the
abovementioned correction factors, the estimated
maximum values were above the recording level.

Structure of NM workers

For the purposes of this research, we sorted the
medical staff according to the NM procedures they
performed into groups as follows: technical staff
(preparation, administration), technical staff (analy-
sis), and medical doctors. The work activities of the
particular group, as well as number of NM workers ina
particular hospital included in the group, are described
in tab. 1.

All the workers declared using protective equip-
ment in their work, including led aprons, thyroid
shields, protective led glasses and protective shields
but rarely syringes or vials shields [13]. It should be
emphasized that although Croatian legislation [14]
prescribes mandatory advice from a radiation protec-
tion expert (RPE), considering the choice of
dosemeter type and its wearing position for a particu-
lar NM worker, this was not adhered to in all of the
hospitals included in this study. The decision which
NM worker should use a ring dosemeter was made by
the management of a particular NM department with-
out previous consultation with a RPE. Therefore, the
structure and number of NM workers using ring do-
simetry varies significantly between hospitals, as
shown in tab. 1. The number of NM workers using
whole body dosimetry in all of the hospitals included
in this study (138, 91 and 28 for hospitals 1, 2, 3, re-
spectively) is up to several times higher than the ones



M. Suri¢ Mihi¢, et al.: Hand Monitoring in Nuclear Medicine Departments in ...
84 Nuclear Technology & Radiation Protection: Year 2020, Vol. 35, No. 1, pp. 82-86

Table 1. Tasks of the NM workers and number of NM workers

Group Task Number of NM workers (hospital number)
Technical staff (preparation and Preparation of radiopharmaceuticals, g (é)
administration) radioisotope administration and RIA analyses 9 §) )
) 22(1)
Technical staff (analysis) Laboratory work — RIA analyses only 0(2)
0(3)
Radioisotope administration, work with 0(1)
Medical doctors patients to whom radiopharmaceuticals were 19 (2)
administrated 0(3)

! Including chemists, radiological technologists, laboratory technicians, nurses, nuclear technician efc.

% Including biochemists, molecular biologists, laboratory technicians, efc.

monitored using both whole body and ring dosimeters
(34, 54 and 9 for hospitals 1, 2, 3, respectively).

RESULTS AND DISCUSSION

The analysis of the effective doses confirmed
that the annual effective doses for all groups of NM
workers were low. In the NM workers group classified
as technical staff (preparation, administration), of all
the hospitals included in the study, the annual effective
doses ranged from 0 to 0.82 mSv of which 93 %
were 0 mSv. In the technical staff (analysis) group, the
highest annual effective dose was 1.25 mSv where
71 % of workers had zero annual doses. In the medical
doctors group, the highest value of annual effective
dose was 0.3 mSv with 98 % doctors having an annual
effective dose value of 0 mSv. The high percentage of
zero doses was predominantly due to the position of
the whole body dosemeter under the protective apron,
which NM workers regularly wear during their work.

The estimated equivalent dose to hands for all
groups showed high variations among doses received
between hospitals and within a single NM department.
The results of hand dose range for a particular
group/hospital are presented in tab. 2. In the same ta-
ble, the percentage of NM workers having zero annual

Table 2. Estimated equivalent doses to hands and share
of zero doses for clinical hospitals included in the study

Grou Range of annual equivalent doses to
P hands (mSv) and fraction of zero doses'
Hospital 1 2 3
Technical staff 2 2
; 0-1425 0-330
(preparation and 0-261 3 3
administration) 0-2375 0-550
Zero doses 33% 40 % 11 %
Technical staff
(analysis) 0-719 B B
Zero doses 18%
1
Medical doctors - 06?442‘
Zero doses 100 %

'Zero doses — doses lower than recording level 4.2 mSv
Correction factor of 6 [6] for ring dosemeter position at the base of
the index finger of the non-dominant hand

*Correction factor of 10 [6] for ring dosemeter position at the base of
the ring finger of the non-dominant hand

hand doses (less than recording level 4.2 mSv) within
the group is also given. The annual dose limits was ex-
ceeded for workers in the technical staff (preparation,
administration) group for hospital 2 and hospital 3
(only for correction factor of 10 [6]) and in the techni-
cal staff (analysis) group for hospital 1.

A detailed distribution of hand doses within the
technical staff (preparation, administration) and tech-
nical staff (analysis) group for all of the hospitals is
given in figs. 1 and 2.

In the technical staff (preparation, administra-
tion) group, there were 3 or 5 NM workers exceeding
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Figure 1. Number of NM workers in the technical staff
(preparation, administration) group for all three hospi-
tals in a particular annual hand dose range group; for
hospitals 2 and 3, the number of NM workers with an-
nual hand doses estimated using a correction factor of [6]
6 or 10, are presented next to one another in each hand
dose range group
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Figure 2. Annual hand doses above the recording level
for NM workers in the technical staff (analysis) group;
the horizontal lines mark 150 mSv, as 3/10 of annual dose
limit, and 500 mSv as annual dose limit
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the annual dose limit, with the use of correction factor
[6] 6 or 10, respectively. The highest doses were re-
ceived by two chemists working in the hot lab, follow-
ing by two nurses performing administration of iso-
topes and radiological technologist involved in the
preparation of radioisotopes. In all of the hospitals, the
majority of workers received an annual hand doses
lower than 150 mSv, which would lead to the conclu-
sion that they should be categorized as B workers and
hand monitoring should not be mandatory. Due to un-
certainty caused by the ring dosimeter position, it can
be observed that the use of a correction factor of 6 or
10 could cause a NM worker's annual dose to exceed
either 150 mSv or the annual dose limit. In this group,
we also observed frequent variations in monthly hand
doses that could be explained either due to a non-uni-
form workload or failing to wear the dosimeter regu-
larly. The latter possibility would suggest that real
hand doses might be even higher than estimated from
the available data.

In the medical doctors group, all of the annual hand
doses were under the recording level of 4.2 mSv, regard-
less of the corrective factor (as presented in tab. 2).

In the technical staff (analysis) group, annual
hand doses were generally higher than in the technical
staff (preparation, administration) group. The number
of NM workers with hand doses below and over 150
mSv is similar. Since in this group there were no sig-
nificant variations among monthly hand doses, sug-
gesting that the dosimeters had been worn regularly
and the workload was uniform, the median and the
mean for all annual hand doses above recording level
was calculated. The median was 170 mSv and the
mean was 444 mSv (173 mSyv if the highest dose is ex-
cluded). The high mean value was affected by one an-
nual hand dose above the annual dose limit, otherwise
it was almost equal to the median value. In this group,
only one NM worker, a laboratory technician, received
an annual hand dose exceeding the annual dose limit.

CONCLUSIONS

In this study, we evaluated the equivalent dose to
the hands of NM workers working in three Croatian
clinical hospitals performing conventional diagnostic
scintigraphy using **™Tc, 231, 211, 13'1, and '*I for
RIA analyses. The analysis of one year monitoring
data, since hand monitoring became legally obligatory
in Croatia, revealed that the majority of annual hand
doses were below or slightly above 150 mSv per year,
which is a dose value above which radiation workers
must be monitored using extremity dosimeters (cate-
gory A workers) [12, 14]. However, taking into ac-
count that regular use of dosemeter and proper posi-
tion of the sensitive part of the dosimeter significantly
affect the estimation of the maximum hand dose, we
strongly suggest that all NM workers involved in any

kind of manipulation of unsealed sources should be
regularly monitored using ring dosemeters. The RPE
advice on dosimeter type and wearing position for a
particular NM worker is essential. Although the pre-
sented results show that annual hand doses for only a
few workers exceed the annual dose limit, which re-
quire immediate optimization measures, another issue
should also be addressed. Detailed analysis of monthly
hand doses revealed that for many NM workers in-
cluded in this study, there were significant variations
in monthly values or all hand doses were zero, al-
though all of the NM workers included in the study
stated they manipulated unsealed sources and the
workload was usually constant. There were many zero
monthly doses among the monthly doses above the re-
cording value, for many NM workers. This could indi-
cate that in these periods dosimeters might not be worn
and real hand exposure might be much higher, even
exceeding the dose limits, but not being recorded.
Therefore, the use of this analysis to assess the quality
of radiation protection in particular NM department
should still be taken with due caution.
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Mapuja CYPU'h MUXUWh, Pooeptr BEPHAT, Jepko IINIIKO,
Maja BOJHU'h KOPTMMUIL, JIyka IIABEJIWh, Usuna ITPJINh, Hukonuna MUITAK

JOBUMETPUICKU HAJI30P MAKA Y OJE/bEIbMMA HYKIIEAPHE
MEJIUIIUHE Y XPBATCKOJ - IIPBU PE3YJ/JITATU

VHauBUIya Hu TO3UMETPU]CKU HAJ30P [IAKA PAJHAKA KOjU PYKY]y OTBOPEHUM PaHOAK THBHUM
M3BOPUMA y HYKJIEAPHO] MEIMIMHN HyXKaH j€, U PE3YATATH TOT HAJ30pa MOTY MOCTYKHTH KAaO OCHOBA
npoueca ontumusanuje. CIpoBesr CMO aHATN3Y MHAMBHYATHAX 1032 32 HIAKE MEUIMHCKOT 0c00Iba KOje
npunpema u npumemyje paguogapmaxe (P Te, 1221, 201TI, 1311, 12T) y Tpu xpBaTCKe KIMHUYKE GOJHUIIE, Y
IIEPHOJLY j€/IHE TOJIMHE HAKOH IITO j€ JO3UMMETPU]CKU HAI30P EKCTPEMUTETA MOCTA0 3aKOHCKA 00aBe3a y
XpBarckoj. Behuna roguisux go3a 3a 1make pagHuka ousa je ucnof unu Hewro usnaj 150 mSv npu uemy
j€ caMo HEKOIMKO PaJHMKA MPEMAIIMIO BPEIHOCTH M3HAJ| TOAMIIE TpaHule o3pauera of 500 mSv.
Amanusa je MOTBpAMIA KIbY4YHY yJIOTY CTPydY-aka 3a 3allTUTy Off joHu3yjyher 3pauema y mporpamy
VH[MBH/IyTHOT TO3UMETPUjCKOT HAA30Pa U MHMBU/YAHO] O3UMETPH]H Y IUJbY OCTU3akbha ONTUMAJIHE
3alITHTE O 03pAaYMBatba PAHUKA.

Kwyune peuu: 0o3umeiipujcku Hao3op wiaxa, Hykaeapra meounuta, Hp(0,07), dpogecuonanna
U3N0NHCEHOCIl, eK8UBANCHILIHA 003a 3a UlaKe, HpcilleH 003umeiipuja



