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Exposure Doses to Technologists Working
in 7 PET/CT Departments

Weiguo Li1 , Lianying Fang1 , and Jieqing Li1

Abstract

Objective: The aim of this study was to measure occupational exposure doses of technologists who dispense and inject
radiopharmaceuticals in 7 positron emission tomography/computed tomography (PET/CT) departments. This was done with the
goal to help improving protective designs in PET departments and/or establishing national protection standards.

Method: Common LiF thermoluminescence dosimeters (TLDs) were placed on the chest and necklace of the technologists to
monitor whole-body and thyroid doses, respectively. Ring TLDs were also worn on both index fingers to measure individual hand
doses. All TLDs were assembled and measured once every 3 months for a total of 12 months. Additionally, we measured and
compared the dose of TLDs attached to both the inside and the outside of the technologist’s lead coat.

Results: Technologists received relatively high exposures, which accounted for 64% to 94% of the collective dose in their
respective departments. Their thyroid doses ranged from 1.2 to 1.7 mSv/a; some technologists’ hand doses exceeded 500 mSv/a.
Use of a lead coat reduced the average dose by 8%.

Conclusion: Technologists working in PET/CT departments were the main population exposed to radiation. This work under-
scores the need for enhanced protective measures for these workers to better reduce their exposure, particularly for their hands.
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Introduction

Over the past 15 years, positron emission tomography (PET) has

become a widely used diagnostic tool used in assessing vascular

diseases and cancer.1,2 Given this rise, PET technologists have

become increasingly exposed to radiation, which increases their

overall occupational radiation exposure. Some past work has

explored the radiation dose received by technologists in a single

PET/computed tomography (CT) department3,4; however, there

has been a lack of research exploring the level received by

technologists in larger regions of China. Here, our participants

were all PET/CT staff across 7 departments in Shandong, China.

After selecting these participants, the main goal of our study was

to assess their respective radiation doses across their entire body

as well as individual thyroid and hand measures.

Experimental Instruments and Methods

Experimental Instruments

General thermoluminescence dosimeters (TLDs) and ring TLD

were both provided by Beijing Conqueror Electronic Co. The

linear range was 10–7*12 Gy, and the responsive range was

30 keV*3 MeV. Dispersion of the same batch was 5%.

RGD-3B thermoluminescence dose detector was manufac-

tured by the China Liberation Army Institute of Prevention.

Calibration. Thermoluminescence dosimeters and thermolumi-

nescence dose detectors were calibrated as a whole system by

the Chinese Academy of Metrology Scale. Calibration

occurred twice yearly. We obtained these factors to calculate

subsequent dose values. Dosimeters used for measuring whole-

body doses were calibrated at a depth of 10 mm under the skin.

Dosimeters used for measuring thyroid and hand doses were
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calibrated at a depth of 3 mm and 0.07 mm under the skin,

respectively. The 3 factors obtained by the first calibration

were as follows: 5.01 � 10�4 mSv/Xi, 5.13 � 10�4 mSv/Xi,

and 6.19 � 10�3 mSv/Xi, with Xi indicating measurement

readings after deducting the background value. The factors

by the second calibration were 4.92� 10�4 mSv/Xi, 5.33� 10�4

mSv/Xi, and 6.33� 10�3 mSv/Xi.

Natural background dose. When whole-body dosimeters were

distributed to the technologists used in this study, 3 dosimeters

were reserved for placement in the doctors’ office of the PET/

CT department. These dosimeters were then used to determine

that the environmental dose rate was the same as that of the

general ward of the hospital. After 3 months, the values were

read, averaged, and used as the background value for that quar-

ter. The background values across the 4 quarters of the study

were nearly identical. Given this, we used an average value of

0.022 mSv as the background value for the whole-body dose in

each quarter. The background values for the thyroid and hand

doses were obtained in the same way and were 0.02 mSv and

0.014 mSv, respectively.

The wearing and management of dosimeters. Three tablets were

placed in each dosimeter for the determination of a final, aver-

age value. Dosimeters were assigned to every participant. A

TLD was attached to the upper pocket of each participant’s

overall to monitor their whole-body dose. For PET technolo-

gists, a TLD was worn at the collar located near the thyroid to

monitor their thyroid dose. As shown in Figure 1, ring dosi-

meters were worn on both the left and the right index fingers of

the technologists to measure their individual hand doses.5 All

dosimeters were worn by participants during their working

hours. After 3 months, dosimeters were collected, and a ther-

moluminescence dose detector was used to read the resulting

values. G0 was determined for the average value and the expo-

sure dose was then calculated using G ¼ f G0, with f indicating

the calibration factor. This process lasted for 12 months, with a

total of 4 different collection and calculation cycles.

Study Respondents

Staff members across the 7 PET/CT departments (termed A, B,

C, D, E, F, and G) in Shandong, China, were selected as the

research participants. All participants were required to com-

plete a questionnaire prior to the start of the study, which

included questions regarding workplace, working procedures,

and workload. The number of staff in each position across the

7 PET/CT departments and the required doses that would be

measured during the study are shown in Table 1.

Management of Radioactive Drug

The 18F-flurodeoxyglucose (18F-FDG) was used as the radio-

nuclide tracer across the 7 PET/CT departments. The activity of
18F prepared for a patient was determined by his or her weight

and was usually approximately 370 MBq. 18F has a half-life of

109 minutes and produces photons with energy of 511 kev.

The PET/CT procedure. First, the accelerator produces a certain

activity of the 18F-FDG needed throughout the day, which is

according to the number of patients appointed. The FDG was

placed in a “hot” laboratory, which was surrounded by 55-mm-

thick lead bricks. Second, a technologist drew the 18F-FDG

(370 MBq) into a syringe that was placed inside a 5-mm-

thick tungsten sleeve. Third, the syringe along with the

tungsten sleeve was placed in a trolley with lead-screen and

transferred to the injection room. After transferring, the
18F-FDG dose was injected into the patient through a catheter

that had been preplaced in the patient’s vein. Finally, the

patient was escorted to the PET room 1 hour after the tracer

infusion for image acquisition. Notably, instead of using a

system with a tungsten sleeve and a trolley, technologists in

the PET/CT Department A placed the syringe inside an iron

box and carried it to the injection room.

Evaluation of Lead Coat Protection

The technologists were wearing 0.5 mm-lead-equivalent lead

coats when interacting with the radioactive drug. Given this, 35

pairs of dosimeters were affixed to relatively the same position

both inside and outside the new lead coat. This is shown in

Figure 2 and was done to determine differences between expo-

sure doses over 3 months.

Figure 1. The wearing method of dosimeters.
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Statistical Processing

All values are reported as mean + standard deviation. The dose

comparison between PET and digital radiography (DR) technol-

ogists was done using a t test in SPSS software version 20 (IBM).

An a level of .05 was the selected significance level for this study.

Results

Comparison of Whole-Body Doses (mSv) Received
by PET/CT Technologists With Those Received by
DR Technologists

A sample comparison was designed to reveal how much higher

the radiation dose was in PET technologists relative to that of

DR technologists. The PET/CT technologists and the DR tech-

nologists in the same hospital were divided into 2 groups accord-

ing to the number of 1:2, with the same average age, length of

service, and gender composition ratio of the 2 groups. Results

are shown in Table 2 and Figure 3. As indicated, the average,

whole-body dose for technologists in the PET/CT departments

was 0.13 to 0.73 mSv per quarter. Comparatively, the dose of the

DR technologists was 0.02 to 0.16 mSv per quarter. All PET/CT

technologists had significantly higher radiation doses than DR

technologists, except for Department B.

Proportion of Whole-Body Dose of the Technologists
to the Collective Dose in PET/CT Departments

The collective dose of all staff participants across 6 PET/CT

departments over 12 months was calculated. As shown

in Figure 4, the radiation dose received by technologists in

charge of dispensing and injecting radiopharmaceuticals

accounted for a large proportion of the collective dose. It

should be noted that some nurses and doctors in PET/CT

Department A were transferred during the study period. As a

result, their whole-body dose measurements were incomplete,

so the proportion of the technologists’ dose relative to the

collective dose was not obtainable.

Average Annual Thyroid and Hand Doses of
Technologists in Charge of Dispensing and Injecting
Radiopharmaceuticals

The results regarding the average annual thyroid and hand

doses are shown in Table 3. There was little difference in

thyroid dose across different PET/CT departments, and the

value fluctuated within 1.2 and 1.7 mSv. The hand dose was

notably high; moreover, the right-hand dose of technologists in

Department A already exceeded the International Commission

on Radiological Protection (ICRP) dose limit of 500 mSv.

Lead Coat Protective Results

The average exposure dose received outside and inside of lead

coat was 0. 186 mSv and 0. 171 mSv in 3 months, and the lead

coat could reduce the radiation dose by 8%.

Discussion

There are a number of radioactive sources in PET/CT depart-

ments, including unshielded radioactive drugs, patients who

have been injected with drugs, patients’ toilets, radioactive

waste, and the CT scanners themselves. Positron emission

tomography technologists are in an environment with multi-

ple radioactive sources for a long time. Given this, they have a

higher chance of receiving occupational exposure. Moreover,

the doses they receive may easily exceed those of either DR or

Gamma Camera technologists.6,7 When dispensing or inject-

ing radiopharmaceuticals, the technologists are close to the

radionuclides themselves. As a result, they are exposed to

higher levels of radiation, with past International Atomic

Energy Agency reports indicating a high, whole-body dose

of 8 mSv/year.8

Table 1. Number of Staff in Each Position in 7 PET/CT Departments and Required Dose.

Number of staff in each position in 7 PET/CT departments

Required doseA B C D E F G

Technologists 4 3 3 2 2 6 4 Whole-body dose, thyroid dose, hand dose
Doctors 5 3 3 4 2 3 3 Whole-body dose
Nurses 2 3 2 2 2 4 2 Whole-body dose
Scan workers 2 3 2 2 3 3 3 Whole-body dose
Accelerator mechanics 2 1 1 1 2 1 1 Whole-body dose

Abbreviations: PET/CT, positron emission tomography/computed tomography.

Figure 2. Dosimeters affixed in relatively the same position inside and
outside of the lead coat.

Li et al 3



It is difficult to accurately compare PET departments across

different medical institutions, since there are variations in pro-

cedures, technologists’ proficiencies, injection activity, and/or

radiation protection devices. However, the DR technologists’

dose is useful as a reference to better understand the dose level

of PET technologists. From the results presented in section

“Comparison of Whole-Body Doses (mSv) Received by PET/

CT Technologists With Those Received by DR Technologists”

and in addition to the technologists in PET/CT Department B,

technologists across the other 6 PET/CT departments received

higher doses than those of the DR technologists in their respec-

tive hospitals.

From the abovementioned analysis, the technologists in

charge of dispensing and injecting 18F-FDG were the most

exposed to radiation,9 with the rest of the staff receiving less

exposure. From the results presented in section “Proportion of

Whole-Body Dose of the Technologists to the Collective Dose

in PET/CT Departments”, the PET/CT technologists contribu-

ted the majority of the collective dose. Notably, this reached

94% of the collective dose in Department G. According to the

calculations provided by the National Academies’ Biological

Effects of Ionizing Radiation VII Report, an adult worker has a

1/136 chance of developing cancer if they receive 2 mSv of a

whole-body dose every year.10 Given this recommendation, it

is clear that some PET/CT technologists may be at risk of

carcinogenic effects from their exposure levels.

The thyroid gland is a radiation-sensitive organ. However,

the chance of developing a lethal cancer is small, so the tissue

weight factor is only 0.05. The ICRP did not raise the annual

dose limit for the thyroid gland, and the relationship between

low-dose radiation and thyroid lesions has not been clearly

described. As shown in Table 2, the thyroid dose in this study

was not high. However, if the thyroid was exposed to a certain

level of radiation for a long period, it may increase the like-

lihood of changes to thyroid functioning.11

During drug dispensation and injection, there is a 1-mm-

thick syringe plastic wall between the skin of the fingers and

the radioactive drug itself. Despite this, the plastic wall affords

Figure 3. Comparison of the whole-body doses (mSv) of PET/CT
technologists with those of DR technologists. DR indicates digital
radiography; PET/CT, positron emission tomography/computed
tomography.

Table 2. Comparison of the Whole-Body Doses (mSv) of PET/CT Technologists With Those of DR Technologists.

Hospital Quarter 1st Quarter 2nd Quarter 3rd Quarter 4th Quarterly average Number of patientsa t value P (a ¼ .05)

A
PETb 0.79 + 0.16 0.80 + 0.09 0.65 + 0.11 0.69 + 0.12 0.73 + 0.13 165 33.76 .001
DRc 0.17 + 0.22 0.16 + 0.14 0.15 + 0.12 0.16 + 0.13 0.16 + 0.14 850

B
PETb 0.10 + 0.14 0.20 + 0.16 0.12 + 0.14 0.11 + 0.23 0.13 + 0.15 95 1.75 .093
DRc 0.10 + 0.11 0.12 + 0.12 0.13 + 0.14 0.10 + 0.12 0.11 + 0.13 1100

C
PETb 0.22 + 0.11 0.19 + 0.19 0.23 + 0.15 0.21 + 0.17 0.21 + 0.15 110 12.48 .001
DRc 0.12 + 0.11 0.06 + 0.13 0.11 + 0.12 0.08 + 0.13 0.09 + 0.12 1050

D
PETb 0.37 + 0.11 0.36 + 0.12 0.34 + 0.14 0.40 + 0.13 0.37 + 0.12 95 29.11 .001
DRc 0.05 + 0.04 0.07 + 0.05 0.06 + 0.05 0.11 + 0.12 0.07 + 0.12 800

E
PETb 0.36 + 0.10 0.33 + 0.11 0.23 + 0.18 0.21 + 0.26 0.28 + 0.17 60 5.85 .001
DRc 0.16 + 0.14 0.21 + 0.15 0.09 + 0.12 0.11 + 0.13 0.14 + 0.14 1200

F
PETb 0.18 + 0.17 0.11 + 0.13 0.16 + 0.13 0.12 + 0.10 0.14 + 0.13 30 13.97 .001
DRc 0.03 + 0.05 0.04 + 0.05 0.04 + 0.08 0.03 + 0.03 0.05 + 0.05 170

G
PETb 0.21 + 0.15 0.23 + 0.13 0.19 + 0.15 0.20 + 0.19 0.21 + 0.14 50 40.29 .001
DRc 0.04 + 0.06 0.04 + 0.04 0.03 + 0.04 0.03 + 0.03 0.04 + 0.03 990

Abbreviations: DR, digital radiography; PET/CT, positron emission tomography/computed tomography.
aAverage number of patients checked by each technologist per quarter.
bDose of technologists in charge of dispensing and injecting radiopharmaceuticals.
cDose of DR technologists.
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little protection against 511 keV of photons, so the hand is

exposed to higher doses radiation overall.12 Previous work by

Leide-Svegborn found that the hand dose of staff who used
18F was up to 3.0 mGy/MBq, with an annual doses that could

easily exceed 500 mSv/a.5 Here, the dose obtained by the ring

dosimeters worn on the technologists’ finger bases were not

good representations of the dose received by fingertips exposed

to radioactive drugs. It is well-known that the dose received by

an organ is inversely proportional to the square of the distance

from the radiation source. Given this, the dose of the finger

bases and fingertips should be very different. To this end, Jan-

kowski and colleagues measured the hand dose distribution of

the technologists using radioactive drugs. Their results con-

firmed that the nail doses of the thumb and index fingers were

approximately 5 times that of the finger bases themselves.

Additional measurement of the dose rate indicated that the dose

at the finger tips was 8.7 times that of the fingernails.13 It has

been speculated that the dose of the thumb and index finger tips

may be 40 times that of the finger bases. As presented here

(Table 2), the finger base dose for all technologists across the

7 PET/CT departments exceeded 40 mSv. Given this, we esti-

mated that the fingertip dose might be dozens of times larger,

especially the fingertip doses of PET/CT technologists in

Departments A and B. The abovementioned analysis may

explain why radiation injuries suffered by nuclear medical

technologists are usually skin burns.

As the number of patients increases, technologists working

closely with radiopharmaceuticals will inevitably experience

increasing radiation exposure. In most PET/CT departments

across China, syringes with tungsten sleeves and injection trol-

leys with lead screens have been used to reduce hand exposure

to radiation. To this end, Erdman and colleagues reported that

tungsten sleeve and lead-screen injection trolley use could

reduce hand radiation doses by up to 65%.14 Notably, these 2

protection measures were not provided in the PET/CT Depart-

ment A. In addition, Department A saw more than 200 patients

a month, which was far more than any other of the PET/CT

departments included here. Finally, technologists in Depart-

ment A were also slow to operate, which may have further

resulted in the dramatically higher hand doses.15

Here, we found that some technologists in some of the PET/

CT departments did not wear lead coats, caps, scarves, other

lead-mediated protective supplies. This may have been because

they thought a 0.5-mm lead-equivalent protective material has

very limited effect against g photons. Nevertheless, the results

presented here in section “Lead Coat Protective Results”

affirmed the protective effects of a lead coat.

Work by Leide-Svegborn showed that although whole-body

and thyroid doses for the technologists were significantly lower

than the dose limit, the dose values were increasing yearly.5

Some experts have expressed doubt that increases in radiation

exposure increase the occupational risk of cancer.10,16,17 For-

tunately, some measures are useful at dramatically reducing

radiation exposure. For instance, increasing the number of

technologists who share the dose is a simple way to reduce the

average dose exposure.18 Moreover, skilled operation may

Table 3. Annual Dose (mSv) of Thyroid and Hand of PET/CT
Technologists.

Hospital Dose of thyroid

Dose of hand

Left Right

A 1.70 + 0.05 424 + 150 676 + 194
B 1.22 + 0.06 374 + 99 344 + 76
C 1.22 + 0.17 50 + 22 42 + 15
D 1.33 + 0.66 52 + 12 70 + 21
E 1.46 + 0.05 46 + 16 54 + 18
F 1.20 + 0.09 64 + 19 72 + 23
G 1.62 + 0.10 46 + 19 62 + 22

Abbreviations: PET/CT, positron emission tomography/computed
tomography.

Figure 4. Proportion of technologists’ dose to collective dose.
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shorten the operating time and reduce exposure,19 as might the

use of personal protective equipment.20 Finally, automatic dis-

pensing and injecting systems reduce both whole-body and hand

doses by 50% and 95%, respectively.6 In future, it may be pos-

sible to also effectively reduce radiation exposure by reducing

radionuclide activity and upgrading imaging software.

Conclusion

Technologists in PET/CT departments took the bulk of the

collective radiation dose and received significantly higher doses

than the other staff. Critically, the hand doses of these technol-

ogists sometimes exceeded the dose limit of 500 mSv/year. In

addition to syringes with lead sleeves, injection trolleys with

lead screens, and lead coats, more effective measures will need

to be implemented to protect these workers from increasing

radiation exposure.
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