Exposure optimization caused by handling of radiopharmaceuticals
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Abstract. Handling of radiopharmaceuticals during their preparation and application consists of several operations
that, depending on the geometry and duration of irradiation, causes various skin exposure on the hands. The results
of personal monitoring show that approximately 10 % of workers at nuclear medicine departments in Slovakia and
the Czech Republic regularly receive an increased skin exposure, which is close to the investigation level set by
the respective regulatory authorities. The reasons for such elevated exposure are not usually revealed and
identified. The presentation proposes a new way of identifying the probable cause associated with specific
procedures for handling radiopharmaceuticals that may have caused excessive skin exposure. During this
manipulation, the hands of the person in the vicinity of the manipulated sources are usually inhomogeneously
exposed. Contact with radioactive sources involves the preparation and administration of radiopharmaceuticals to
patients. The ORAMED project found a direct relationship between the overall distribution of the personal dose
equivalent of Hp(0.07) characterizing skin exposure when preparing or administering radiopharmaceuticals to
patients using various individual methods or techniques [1, 2, 3]. In workers with excessive skin exposure, dose
distribution is visibly disrupted by such excessive exposure. Dose distribution is performed by additional
measurements at 12 sites of the hands. The proposed new way is to use two dosimeters, one of which is a finger
dosimeter. This two-detector monitor was used in the nuclear medicine department to identify the actual irradiation
of the skin of the hands due to a probable violation of prescribed work procedures for manipulation with positron
radiopharmaceuticals.
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1 INTRODUCTION

Although nuclear medicine personnel demonstrate the adoption of good working practices, higher
exposure values are regularly recorded each year for some workers who engage in similar activities to
their colleagues.

The contribution of both gamma and positron radiation to the dose should be taken into account when
handling hand skin exposure when handling positron radiopharmaceuticals. Positrons are accompanied
by gamma radiation. It is formed by destroying positrons and electrons when they meet. Positrons have
a relatively low penetration compared to gamma radiation. Therefore, workers handling unshielded
syringes or infusion tubes filled with positron radiopharmaceuticals are more often informed of the risk
of exposing hands to gamma radiation than for positrons.

Perhaps this could also be said of some experts in the field of radiation protection. For example, finger
dosimeters are often equipped with 0.9 mm thick TLDs that underestimate the monitored skin exposure
caused by positrons emitted by *8F. In addition, finger dosimeters are usually worn on those parts of the
hands into which positrons rarely penetrate during standard manipulations with positron
radiopharmaceuticals.

The presentation proposes a hew way of identifying the probable cause associated with specific handling
procedures that are likely to lead to excessive skin exposure. The proposed measures contribute to



improving the routine monitoring of radiopharmaceutical manipulations in order to help assess work
habits leading to above-average exposure of some workers.

It also allows the introduction of corrections of the undervalued personal dose equivalent of Hy(0.07)
from positrons due to the use of 0.9 mm thick TLDs in the finger monitor.
2 METHODS

In order to determine the extent of gamma and positron exposure of the hands of nuclear medicine
workers, a validated mapping method is applied using a pair of TLDs located at 12 hand locations that
are significantly irradiated when handling radiopharmaceuticals and also where skin exposure
dosimeters have been placed as it is shown in Fig. 1.

Figure 1: Positions of dosimeters for mapping the irradiation of the right hand skin in Hy(0.07).

Each pair of TLDs consists of an MCP-7 dosimeter with a thickness of 0.9 mm and a dosimeter MCP-
Ns with an effective sensitive layer thickness of about 0.05 mm. The dosimeters MCP-7 and MCP-Ns
are made from the same thermoluminescent material [4].

Measurements of the Hp(0.07) personal dose equivalent TLD responses of MCP-Ns and MCP-7 to
annihilation photons and positrons emitted by ®F as a function of the thickness of the polyethylene
shielding layer of the positron source ‘8F are shown in Fig. 2.

Figure 2: Hy(0.07) personal dose equivalent response of TLDs MCP-Ns and MCP-7 to annihilation photons and
positrons emitted by the *F as a function of the thickness of the polyethylene shielding layer of the positron source
18F [5].
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This figure shows that the positron source can also be an unshielded **F-FDG syringe having a wall
thickness equivalent to 1 mm polyethylene.

The responses of the TLDs MCP-7 and MCP-Ns to annihilation photons and positrons of *F source are
shown in the Fig. 3 as a function of the thickness of the sensitive layer.

In this figure, a linear dependence of the TLD responses of MCP-Ns on the intensity of irradiation with
18F positrons or 511 keV annihilation photons can be observed.

Similarly, the TLD response of MCP-7 is linearly dependent on the intensity of 511 keV photons.
However, when the MCP-7 TLD is exposed to the positrons of the '®F source, the response dependence
is not linear because, unlike the thin sensitive layer of the MCP-N TLD, the positrons in the larger
sensitive volume of the MCP-7 TLD, are highly absorbed [5].

The responses of the TLDs MCP-7 and MCP-Ns to annihilation photons and positrons emitted by the
18F source were simulated by the Monte Carlo code MCNPX.

Figure 3: The responses of the TLDs MCP-7 of thickness up to 0,9 mm to annihilation photons and positrons
emitted by the ®F source [5].

Thermoluminiscent (TL) reponses of MCP-Ns and MCP-7 detectors irradiated
by 15F positrons and by 512keV photons (calculated by Monte Carlo

simulations)
S e T e ) e e e [
—a—photon TL response of thick MCP-7
0,003 +— detector, or photon and positron TL /.
reponse of thin MCP-Ns detector =
7 00025 +— ——positron TL response of thick MCP-7
'E detector P
'§ 0,002 /-/
P L1
E. 0,0015
: o
0,001 ‘ /-/
E = D=
| | "1
0,0005 : =1
0 /Y/T// - .
0 0,1 02 03 04 05 06 07 08 09 1

Thickness of sensitive layer of detector MCP-7 [mm]

For measuring positrons so-called thick TLDs at their thickness of 0.9 mm, the efficiency decreases to
less than 1/3.

The differences in shapes of the responses of TLDs MCP-7 and MCP-Ns, shown in Figs. 2 and 3, can
be used to selective determination of the Hy(0.07) due to positron and photon components of the
radiation field at the site of simultaneous measurement with both detectors.

Ratios of Hp(0.07) of dose equivalent responses MCP-Ns and MCP-7 dosimeters, and underestimations
of the positron Hp(0.07) dose equivalent measured by MCP-7 in comparison to MCP-Ns irradiated by
8F source shielded by polyethylene of various thicknesses (calculated by Monte Carlo simulations), is
shown in Fig.4.

The percentages corrections [MCP-7]r were calculated by equation (1):

__ [MCP-Ns]-[MCP-7]

[MCP — 7] corr (%) [MCP—Ns]

-100 (1)



Figure 4: Ratios of Hp(0.07) of dose equivalent responses MCP-Ns and MCP-7 dosimeters, and percentages
underestimations of the positron Hp(0.07) dose equivalent measured by MCP-7 in comparison to MCP-Ns
irradiated by '®F source shielded by polyethylene of various thicknesses [5].
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3 RESULTS

The newly proposed method of two detectors monitoring the personal dose equivalent of Hp(0.07) of
the skin of the hands was verified by hand dose mapping of 11 nuclear medicine staff who were
preparing, or administering the radiopharmaceutical **F-FDG to 450 patients in 18 measurement cycles.
The results of personnel exposure measurements in mSv per one measurement cycle (25) patients are
given in Table 1.

Table 1: Results of verification of the properties of the proposed two-detector monitor of personal dose equivalent
Hp(0.07) of skin irradiation on the hands by measuring the staff of the nuclear medicine department preparing, or
administering the radiopharmaceutical 8F -FDG to patients

Proper handling of Improper handling of Amount of positron
Place of monitoring, radiopharmaceutical radiopharmaceutical dose not registered
alsoin Fig.1 Mcp-Ns Mop7 MOPTL - yiopng mep MCPT DY ;re';DEg/.'((i)P i

B-thumb 8,18 9,42 1,15 ) ) ) -
B-thumb 429 521 1,22 . ) ) -
B-thumb 10,55 10,69 1,01 . ) ) -
B-thumb 1418 12.61 0.89 - - - 11%
F-index finger 35 5,22 1,20 - - - -
F-index finger 20,83 27,73 1,33 - - - -
F-index finger 53.72 48.9 0.9 - - - 10 %
I-index finger back  11.52 8.73 0.76 - - - 24 %
B-thumb 12.00 11.22 0.93 - - - 7%
F-index finger 6.16  4.13 0.67 6.16 4.13 0.67 33 %
F-index finger - - - 799 445 0.56 44 %
F-index finger - - - 19.65 5.25 0.27 73 %
F-index finger - - - 1943 8.03 0.41 59 %
F-index finger - - - 8.79  4.65 0.53 47 %
F-index finger - - - 16.48 9.06 0.55 45 %
F-index finger - - - 40.22 18.49 046 55 %
F-index finger - - - 1456 7.94 0.55 45 %
G-middle finger - - - 21.89 7.72 0.35 66 %

X1 B-thumb - - - 94.35 53.62 0.57 44 %

X2 B-thumb - - - 99.51 60.26 0.61 39 %




The "improper handling" column in the table indicates that the worker is significantly exposed with
positrons on his hands. Thus, when handling a positron radiopharmaceutical, the worker probably
removed or ignored the protective shield. This mishandling cannot be detected with a standard finger
monitor (using TLD 0.9 mm MCP-7), which underestimates positrons gamma radiation contributions,
as is shown in Fig.3.

A personal monitor with two detectors from the recorded skin irradiation can detect whether it was also
caused by positrons. It will also make it possible to estimate the magnitude of this positron irradiation
and thus quantify the radiation risks posed by the presence of positrons when was the personal monitor
exposed [5].

Table 2 illustrates such a procedure for quantifying the risk according to the size ratio of doses due to
photons and positrons.

Table 2: Possible procedure of quantification of the risk of skin exposure monitored using a new two-detector
hand-held monitor in case of deviations from prescribed work procedures

Finger monitor in mSv per one Underestimation of

Cycle measurement cycle Handling with positron Hp(0.07) measured by
No.  ith MCP-Ns  with MCP-7 radiopharmaceuticals MCP-Y[,O/jiee Eq.1
1 14.18 12.61 Ilicit handling 16 %
2 53.72 48.9 Ilicit handling 10 %
3 11.52 8.73 Ilicit handling 24 %
4 12.00 11.22 Ilicit handling 7%
5 6.16 4.13 Possible overexposure handling 33 %
6 7.99 4.45 Possible overexposure handling 44 %
7 Possible limitation handling
8 Possible limitation handling
9 8.79 4.65 Possible overexposure handling 47 %
10 16.48 9.06 Possible overexposure handling 45 %
11 40.22 18.49 Possible overexposure handling 55 %
12 14.56 7.94 Possible overexposure handling 45 %
13 21.89 7.72 Possible limitation handling 65 %
14 94.35 53.62 Possible overexposure handling 43 %
15 99.51 60.26 Possible overexposure handling 39 %

In Table 2, the radiation risk is derived from the dose equivalent Hp(0.07) measured by the classical
MCP-7 TLD versus Hp(0.07) measured by the MCP-Ns TLD. The highest level of risk identified as a
possible limitation handling is due to the intensity of the radiation field of photons and positrons that is
higher than about 60 % of the value measured by a conventional finger monitor.

It has to be admitted that in rare cases there occasionally appears a worker whose exposure reaches an
unusually higher level of exposure. The reasons behind it is not always easy fully to identify.

4 CONCLUSION

Based on detailed monitoring of the skin exposure of the hands of nuclear medicine personnel, which
administered ®F-FDG to patients, a significant underestimation of the dose was observed using
conventional finger dosimeters. The reason was using a classical TLD (0.9 mm thick), which
underestimated the H,(0.07) values caused by positrons. Therefore, it has been proposed to innovate a
conventional finger dosimeter by adding a detector to create a simple two-detector monitor that
determines the positron dose with sufficient accuracy. In the conditions of routine work in the



department of nuclear medicine, several examples have shown that the innovative two-detector monitor
method can additionally estimate possible inconsistent adherence of workers to unusual work
procedures leading to the above-average exposure of the hands when handling positron
radiopharmaceuticals.
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