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Abstract

Introduction: Active personal dosimeters (APDs) are well accepted as useful
and reliable instruments for individual dosimetry measurements. APDs have many
advantages compared with passive dosimeters for individual external radiation dose
assessments. In routine monitoring, occupational exposure is carried out for verifi-
cation and demonstration of compliance with the regulatory dose limits. So, it is one
of the most important tools in order to achieve or demonstrate the level of radiation
protection.

Methods : Yazd province has only one private nuclear medicine (NM) center. In
this center, two NM technologists exposed to radioactive patients during radiophar-
macuticals preparation were monitored. NM technologists have to be close to the
patient during radiopharmaceutical injection and patient positioning on the gamma
camera table. An electronic personal dosimeter DKG-21 Ecotest made in Ukraine
which records the ambient dose equivalent rate and equivalent dose was used to
monitor the radiation exposure to the technologists and to record the accumulation
dose in mSv throughout a working day. This study was accomplished between the
time period of January to June 2011. The dosimeter is designed to measure indi-
vidual equivalent dose Hp(lO). The dose range of gamma radiation was 0.01 mSv
to 1 Sv and the energy range 0.05 to 6 MeV which was suitable for NM procedures.
The planar and tomography NM images were performed by the 2 technologists in
the morning and afternoon shifts.

Results: The average monthly occupational dose of each technologist was ap-

proximately 0.6 mSv. Their annual doses were 6.6 and 8.8 mSy, respectively. They
were lower than the maximum permissible dose of 20 mSv/y. Total number of NM
procedures performed in this NM center during June 2010 to June 2011 was 3265.

Conclusion: The use of APD for monitoring the NM technologists is a use-
ful tool to check compliance with regulatory dose limits and radiation protection
principals.
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Introduction

uclear medicine (NM) is a medical area that employs radioac-

tive materials for imaging procedures in diagnosis, treatment

and prevention of diseases. It allows the acquisition of anato-
my and function organs data [1]. The most commonly used techniques
in Iran are the planar (gamma camera) and the single photon emission
computed tomography (SPECT). NM procedures are, by the standards
of technology-intensive medicine, relatively low-cost, safe and mini-
mally invasive [2]. However, the staff is potentially exposed to ionizing
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radiation; this is due to the fact that some of
them have to stay close to the radionuclides
during the preparation of radiopharmaceuti-
cals and to the patient who becomes the ra-
dioactive source, after injection [3]. The dose
of the patient in this procedure is usually low
compared with the dose in a procedure that
uses computed tomography, but the external
occupational dose is higher [4-8]. So, routine
monitoring of occupational exposures is car-
ried out for several reasons. The most obvi-
ous reason is to verify and demonstrate com-
pliance with the regulatory dose limits. It can
help to observe the ALARA principle (as low
as reasonable achievable). Routine personal
dosimetry is also one of the most important
tools to achieve or demonstrate an appropri-
ate level of radiation protection [9]. Active
personal dosimeters (APDs) have many ad-
vantages compared with passive dosimeters
for individual external radiation dose assess-
ments. In most countries APDs continue to be
exclusively used for operational radiation pro-
tection monitoring [10].

The dose limit for employees exposed to ra-
diation is 20 mSv/y in Iran, based on the rec-
ommendation of the International Commis-
sion for Radiological Protection (ICRP) No.
93 [11]. Such employees are required to be in-
dividually monitored for exposure to ionizing
radiation. The high sensitivity and immediate
reading of electronic semiconductor dosim-
eters may become very useful for exposure
control under risky working condition. It may
become an important help for optimizing radi-
ation protection. The aims of the present study
were a) the estimation of NM technologists’
exposure to radiation in the sole NM center
of Yazd province and b) the investigation of
possible relationship between the dose of the
personnel and the number of examinations.

Materials and Methods

Real-time dosimetry evaluation was per-
formed in the sole private nuclear medicine
center of Yazd. Individual whole-body doses

were measured daily for the two technologists
for the time period of January 2011 to June
2011, that is six months, using the APD (DKG-
21- Ecotest, made in Ukraine). The error range
of this APD for 0.01 mSv to 0.1 mSv equiva-
lent dose was 8%. The personal dose equiva-
lent at a depth of 10 mm, Hp(lO) for dosimeter
worn on the front of the chest was used as an
estimator of the effective dose. The dosimeter
was calibrated at the Ecotest Co laboratory.
The minimum detection limit (MDL) of film
badge system in Iran is 0.05 mSv. The cor-
responding detection limit of DKG-21 used
in this study was 0.00lmSv. A wide range of
diagnostic procedures is performed at NM
center: Bone scans, dynamic and static kidney
studies, brain studies, myocardial perfusion
imaging and thyroid investigations. All these
diagnostic examinations are achieved using
#mTc tracer. The only therapeutic NM proce-
dure performed in the center is the *'I thyroid
hyper function disease treatment. Maximum
treatment dose for the out-patient "'l therapy
does not exceed 600 MBq. The administered
diagnostic radiopharmaceutical dose given to
the patient complies with the recommenda-
tions of UNSCEAR 2008 report (2, Radiop-
harmaceutical labeling was performed in the
hot laboratory using lead shielded vials dur-
ing generator eluting, labeling and dispensing
procedures.

The technologist performing the acquisition
was at a reasonable distance from the patient,
shorter during patient positioning and longer
(about 3—4 m) during acquisition time. There
was no additional shielding between the pa-
tient and the technologist.

In NM center the technologist’s tasks are la-
beling, injection of radiopharmaceuticals and
patient imaging of the NM instrumentation,
whereas the physicians’ duty is examining the
patients and reporting. The administrative staff
are involved in the office work and patient reg-
istration. The dosimeters were programmed to
record the dose from 8:00 AM until 1:00 PM
and from 4:00 PM until 9:00 PM. The dosim-
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Table 1: The number of NM procedures performed by the technologist in the morning shift and
her effective doses (mSv) per month during the period January to June 2011 (All diagnostic ex-

aminations were achieved using ®™Tc tracer.)

procedure Stress Rest MDP Thy DMSA DTPA  Remain ?n‘:gs)
January 63 47 55 16 10 7 16 087
February 57 30 2 21 3 3 20 027
March 34 18 24 9 3 3 7 017
April 63 34 45 15 8 8 1.03
May 67 39 34 7 7 1 1.08
June 80 33 39 3 4 13 098
Sum 364 201 223 74 34 3 73 440
@"g@ge activities o146 2916 2014 25+6 49 T4+18 -

eters were also programmed to sound an alarm
if the dose rate exceeded 3uSv/h.

Results

The number of NM diagnostic and therapeu-
tic procedures was 1752 over the study period
of January 2011 to June 2011. The total num-
ber of NM procedures during one year (from
June 2010 to June 2011) was almost 3500. All
of these procedures were performed by the two
technologists that worked in the morning and
afternoon shifts. The average daily doses for
each technologist, based on a time schedule of
5 hour work in the morning or afternoon shift
were 55+31 uSv and 33415 uSy, respectively.
(Background equivalent dose per shift was 1
uSv). The effective dose for each technolo-
gist during the six months was 4.4 and 3.29
mSv. Tables 1 and 2 show the number of NM
procedures according to the various examina-
tions and the monthly effective dose for each
technologist. The most frequent examination
performed in the morning shift was the stress
cardiac examination, whereas the most fre-
quent examination performed in the afternoon
shift was bone scan examination. The sums of
examinations in morning and afternoon shifts
were 1001 and 751examinations, respectively.
The linear correlation between examination
frequency and radiation dose for technologists

was 0.718 and 0.56 in the morning and after-
noon shifts, respectively.

Discussion

Nuclear medicine technologists are exposed
to ionizing radiation from many sources dur-
ing their working day. Most measurements
of technologists’ exposure have been derived
from measured external dose rates at various
distances together with the average times that
the technologist spends at each of those dis-
tances. Harding et al. reviewed such measure-
ments and concluded that for three common
procedures (bone, liver and kidney studies) the
larger dose came from the patient procedure
rather than from the handling of the syringe
(dispensing and injecting) [13]. Greaves and
Tindale used the same method to determine
the dose to the technologist during rest/stress
myocardial perfusion imaging with *Tc-mi-
bi. They determined an average dose of 12-
14 uSv per patient for the technologist [14].
A number of investigators have used pocket
electronic dosimeters to record directly the
technologist’s occupational exposure remov-
ing the limitation of dosimetry in each task of
technologist [15,16]. However, these dosim-
eters will normally integrate the dose received
by the wearer and will not allow the dose
from individual tasks to be determined easily.
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Table 2: The number of NM procedures performed by the technologist in the afternoon shift
and her effective doses (mSv) per month during the period January to June 2011 (All diagnostic

examinations were achieved using *°™Tc tracer.)

;‘f:t‘;d“’e Stress Rest MDP Thy DMSA DTPA Remain ?rr?g:)
January 0 12 55 12 1 16 20 0.372
February 0 13 66 26 12 23 9 0.335
March 9 3 36 1 4 9 8 0.212
Apri 0 9 83 5 12 14 22 0.758
May 0 5 87 4 18 17 13 107
June 0 8 69 4 13 17 6 0.541
Sum 9 50 396 52 70 9 78 3.29
:;’t‘f\;ﬁ%es me)  25%5 2041 1942.6 32+7 422 845 -

Moreover, a single dosimeter may not record
adequately the varying radiation fields as the
technologist performs the various procedures.
APDs have many advantages compared with
passive dosimeters for individual external
radiation dose assessments [17]. In 1994, a
first approval was given in the UK to use an
electronic dosimeter for the legal assessment
of the occupational dose in a research centre
[18]. However, nowadays very few countries
use such devices to record the legal dose. In
most countries APDs continue to be exclu-
sively used for operational radiation protec-
tion monitoring. Of course the use of APD in
X-ray radiology or pulsed fields is not recom-
mended, in particular, in interventional radiol-
ogy [19]. Another drawback for their use as
official dosimeters for dose record was that,
both the operational quantities, Hp(lO) and
Hp(0.07), had to be reported, whereas only
a few APDs provided this information [19].
These new dosimeters did not generally show
better results than the passive ones, but they
improved the performance of older designs
and provided the advantages of APDs, alarm
signals and on-line information about the level

of exposure, as well as a much lower detection
limit.

In this study a personal dose equivalent at a
depth of 10 mm, Hp(lO) for dosimeters worn
on the front of the chest was used as an esti-
mator of the effective dose as Piwowrska et
al. did in their study. (They monitored the ex-
posure of employees in a nuclear medicine de-
partment during the years 1991 —2007) [10].

Based on our results, the frequency of NM
examinations in the morning work shift was
more than that in the afternoon shift. This was
due to the referrals from the general hospitals
of the city which were usually in the morning.
The number of heart disease patients and an-
giography examinations in the morning shifts
were higher than that in the afternoon shifts.

The correlation coefficient between the
monthly equivalent dose and the number of
performed NM procedures during the ana-
lyzed period was calculated and found to be
not statistically significant (r = 0.72 and 0.56
for the morning and afternoon shifts, respec-
tively).

This result was similar to the finding of
Piwowarska-Biliska et al.[10].These low lin-
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ear correlations were possibly due to the vari-
ations of age and weight of the patients which
resulted in a wide variation in the administra-
tion of *™Tc. Furthermore, The technologist’s
skillfulness in labeling procedures, effective-
ness in injection of radiopharmaceutical, time
duration during patient positioning and appli-
cation of radiation protection rules played an
important role in the technologist daily dose.
As shown in the tables 1 and 2, the number
of examinations in March was lower than that
in the other months.This was, of course, due
to the Iranian New Year vacations. The an-
nual individual dose equivalents received by
the technologists in this study was approxi-
mately 8 mSv. The average annual dose for
a nuclear medicine technologist in Lithuania
(1991-2003) was 2.12 mSv [8]. The Lithu-
anian results correspond to the average doses
for the radio-pharmacy technicians presented
in Piwowarska et al.’s paper [10]. The aver-
age annual doses for the nurses, technicians
and radio-pharmacy technicians presented in
Piwowarska et al.’s paper were 4.6, 1.9 and
2.3 mSy, respectively [10]. The difference be-
tween our results and their data was due to
the fact that the duties of the three employees
(nurse, radio-pharmacy technician and techni-
cian) were done by a single technologist in a
shift in our study. In a Portuguese study, the
average annual doses of nurses and techni-
cians were 3.2 and 3.3 mSy, respectively [4].
Pratt et al. reported an average annual dose of
1.3 mSv and argued that the 2 technologists
who dispensed radiopharmaceuticals received
more than 5 mSv/y [20]. Harbottle et al. report-
ed monthly doses of 200400 uSv and annual
equivalent dose of 4 mSv [21]. According to
the Australian experience, the annual effective
dose of a person working in a conventional nu-
clear medicine department was about 2.0 mSv
[22]. This variation in radiation dose can be
explained by various organisational differenc-
es in the duties of particular employees within
different nuclear medicine departments. The
International Atomic Energy Agency (IAEA)

recently reported effective doses for the per-
sonnel in nuclear medicine departments to be
approximately 3—5 mSv/y (including positron
emission tomography (PET)) [23]. Despite the
fact that the average annual dose of the tech-
nologists in NM Yazd center was more than
the value reported by the IAEA, it was lower
than the allowable limit for radiation workers
in Iran (20 mSv/y).

This paper encourages more involvement of
the radiation protection officer and pays atten-
tion to radiation protection recommendation.
In addition, NM occupational duties should
be shared among different health providers;
for example, injection of radiopharmaceutical
should be performed by the doctor and patient
positioning by the nurse and so on.

Conclusion

In the NM center of Yazd, the duties of nurs-
ing, labeling and data acquisition are per-
formed by a single technologist in each work-
ing shift. Therefore, necessary measures must
be taken to improve the radiation protection.
Furthermore, it seems that the duties should be
divided among more people.

Acknowledgments

The authors thank Shahid Sadoghi Univer-
sity of Medical Sciences for the financial sup-
port of this research and Mr. Mehdi Rasoli, a
radiation technology student for help in data
collection. We are also thankful to Dr Salari
and their technologists Mrs. Rohi and Mo-
larezaeian for their kindly cooperation.

References

1. Leslie WD, Greenberg | D. Nuclear Medicine. Landes
Bioscience. 2003

2. Stabin M. Nuclear medicine dosimetry. Phys Med
Biol 2006;51(13): 187-202

3. Mauricio CL, Lima AL, da Silva HL, Souza-Santos D,
Silva CR. Nuclear medicine annual external occupa-
tional dose distribution: Rio de janeiro brazil year
2005. Radiation Prot dosim 2011;144(1-4):510-4

4. Martins MB, Alves JG, Abrantes JN, Roda AR. Oc-
cupational exposure in nuclear medicine in Portugal

J Biomed Phys Eng 2011; 1(1)



www.jbpe.ir

Personal Dosimeter in a Nuclear Medicine Center

10.

11.

12.

13.

in the 1999-2003 period. Radiat Prot Dosim 2007
125(1-4):130-4.

. Velasques de Oliveira SM, Santos DS, Cunha P.

Occupational exposures in Nuclear Medicine in
Brazil. IFMBE Proc 2005;14/4;2114-7.

. Al-Haj AN, Lagarde CS.Statistical analysis of

historical occupational dose records at a large
medical center. Health Phys 2002;83(6): 854-860

. Croft J, Lefuare C .Overview of medical occupa-

tional exposure issues in the European countries,
EAN. The 6th European Alara Workshop proceed-
ings. 2002

. Valuckas K P, Atkocius V, Samerdokiene V. Oc-

cupational exposure of medical radiation workers
in Lithuania, 1991-2003, Acta Medica Lituanica
2007:14(3): 155-159.

. European Commission. Council Directive 96/29/

Euratom laying down basic safety standards for
the protection of the health of workers and the
general public against the danger arising from
ionizing radiation. (1996) Official J. European
Communities 39, L159.

Piwowarska-Bilska H, Birkenfeld B , Listewnik M

, Zorga H .Long-term monitoring of radiation expo-
sure of employees in the department of nuclear
medicine (szczecin, poland) in the years 1991-
2007, Radi Prot Dosim 2010;140(3): 304-307

International Commission on Radiological Protec-
tion. Recommendation of the International Com-
mission on Radiological Protection. ICRP Publica-
tion 93 Oxford: Pergamon, 2004.

Sources and effects of ionizing radiation, (UN-
SCEAR report 2008), United Nations scientific
committee on the effects of atomic radiation, Ap-
pendix C, New York, 2010.

Harding LK, Mostafa AB, Thomson WH. Staff
radiation doses associated with nuclear medicine

16.

17.

18.

19.

20.

21.

22.

23.

procedures, a review of some recent measurements.
Nuel Med Commun. 1990;11(4): 271-277.

. Greaves CD, Tindale WB. Dose rate measurements

from radiopharmaceuticals: implications for nuclear
medicine staff and for children with radioactive
parents. Mucl Med Commun 1999; 20(2): 179-187.

. Clarke EA, Thomson WH, Notghi A, Harding L K .

Radiation doses from nuclear medicine patients to
an imaging technologist: relation to ICRP recom-
mendations for pregnant workers. Nucl Med Com-
mun 1992;13(11): 795-798.

Lundberg TM, Gray PJ and Bartlett ML. Measuring
and minimizing the radiation dose to nuclear medi-
cine technologists. J Mucl Med Tech 2002;30(1):
25-30.

Ginjaume M, Bolognese-Milsztajn T, Luszik-Bhadra
M, Vanhavere F, Wahl W, Weeks A. Overview of
active personal dosemeters for individual monitor-
ing in the European Union. Radlat Prot Dosim.
2007;125(1-4): 261-266.

Bartlett DT .Electronic personal dosimetry system,
Radiat Prot Bull 149. 1994

Ginjaume M. Performance and approval procedures
for active personal dosemeters. Radi Prot Dosim
2011;144(1-4): 144-149

Pratt TA, Sweeney JK .A review of occupational
exposure in the North-Western Region, Br J Ra-
0i0/.1989; 62(740):734-738.

Harbottle EA, Parker RP, Davis R. Radiation doses
to staff in a department of nuclear medicine, Br J
Radiol 1976:48:612—7.

Mosley S,Currie GM. Personal dosimeter use in
Australian Nuclear Medicine Practice, /nternet J Nucl
Med 2007; 4(1): 201-206.

IAEA Training Material on Radiation Protection in
Nuclear Medicine, (2004) Part 5 (Version December.

J Biomed Phys Eng 2011; 1(1)



