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Objective: The aim of this article is to provide a general
method to help explain radiation exposure to patients pre-
senting for nuclear medicine procedures. The concept is to
convert the effective dose from any nuclear medicine pro-
cedure to the equivalent time in months or years to obtain
the same effective dose from background radiation.
Methods: The effective dose of each common diagnostic
nuclear medicine procedure was obtained from the literature
and the corresponding background equivalent radiation time
(BERT) was calculated assuming an average background
radiation of 3 mSv/y.
Results: A table of the BERT has been compiled for com-
mon nuclear medicine procedures.
Conclusion: The BERT table provides a simple approach to
help physicians and technologists effectively communicate
radiation exposure information and perhaps potential radia-
tion risk.
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One of the difficulties nuclear medicine physicians and
technologists often encounter is how to explain the radiation
dose from nuclear medicine procedures to patients. It ap-
pears there is no standardized explanation regarding radia-
tion exposure in most nuclear medicine departments, and
some physicians and technologists simply avoid the topic.
In this article, a simple explanation of radiation exposure is
given by using the concept of effective dose and the natural
background radiation exposure. The concept of effective
dose (previously called effective dose equivalent) was cre-
ated by the International Commission on Radiological Pro-
tection in 1977 in an attempt to supply a relative risk of
radiation exposure for nonuniform exposure by taking into
account the type and energy of the radiopharmaceutical and
the sensitivity of each organ to radiation (1). For example,
neutrons are thought to be more detrimental than photons and

thus are given a higher value of effective dose. Among the
organs and tissues, gonads are more sensitive than other organs
and have a higher weight in effective dose. The effective dose
is intended to provide a single-value estimate of the overall
stochastic risk (i.e., the total risk of cancer and genetic defects)
of a given irradiation, whether received by the whole body,
part of the body, or 1 or more individual organs. An extensive
review of the concept and the calculation of effective dose can
be found elsewhere (2,3). The use of the effective dose concept
facilitates communication between professionals but is difficult
for patients to comprehend. Recently, attempts have been
made to compare radiation exposure from radiographic proce-
dures with the background equivalent radiation time (BERT)
(4). For instance, if we assume that the average background
radiation is 3 mSv annually and a routine chest x-ray gives an
effective dose of 0.08 mSv, then the radiation from a chest
x-ray is equivalent to 10 d of radiation exposure from nature.
In our approach, instead of telling a patient that he or she has
received 7 mSv of radiation from a bone scan, we could
explain to the patient that radiation exposure from the bone
scan is equivalent to 2 y of radiation from nature.

Although the background radiation rate varies signifi-
cantly from 1 geographic area to another, the average nat-
ural exposure rate in the Unites States is approximately 3
mSv/y, including contributions from cosmic, terrestrial, and
internal exposures. The biggest source of natural back-
ground radiation is radon gas, which seeps into the base-
ment of houses from rocks underground and contributes 2
mSv/y in the United States (5,6). Table 1 provides examples
of variations in natural background radiation in a few areas
in the United States.

METHODS

In this study, the BERT for each common diagnostic nuclear
procedure was calculated assuming the background radiation
rate of 3 mSv annually. The effective doses of most nuclear
medicine procedures were obtained from literature (7,8). The
distribution of sulfur colloid aerosol for ventilation lung scan
was obtained from Prato and Vinitski (9) and the tissue-
weighting factor of trachea (10) was used to calculate the
effective dose of a ventilation scan. The final calculation was
adjusted to the radiopharmaceutical doses currently used in our
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institution. The reader can apply the following formula to
calculate the BERT for each nuclear medicine procedure:

BERT~y! 5

@unit effective dose~mSv/MBq!#
3 @administered activity~MBq!#

background radiation rate from
your region~mSv/y!

.

RESULTS

In Table 2, the effective doses and the corresponding
BERT values are listed for common diagnostic nuclear
medicine studies in adults.

DISCUSSION

Radiation is a natural phenomenon and we are exposed
continuously. The simple approach outlined in this article can

TABLE 2
Effective Dose and BERT

Radioactive agent
Unit effective

dose* (mSv/MBq)
Administered

activity (MBq)†
Effective

dose BERT‡

51Cr-red blood cells 2.6 3 1021 5.5 1.4 6 mo
18F-FDG 3.0 3 1022 185 (brain) 5.6 1.9 y
67Ga-citrate 1.1 3 1021 185 (infection) 20.4 6.8 y

370 (tumors) 40.7 13.6 y
111In-DTPA 4.1 3 1022 24 (cerebral spinal fluid) 1.0 4 mo
111In-white blood cells 6.4 3 1021 25 16.0 5.3 y
123I-hippuran 2.4 3 1022 75 1.8 7 mo
123I-sodium iodide (25% uptake) 1.2 3 1021 10 1.2 5 mo
125I-fibrinogen 6.4 5.5 35.2 11.7 y
131I-sodium iodide (25% uptake) 6.5 0.4 2.6 10 mo
131I-MIBG 2.1 3 1021 18 3.8 1.3 y
99mTc-bone agent 6.1 3 1023 1110 6.8 2.3 y
99mTc-DIPIDA/HIDA 2.5 3 1022 185 4.6 1.5 y
99mTc-DTPA 8.2 3 1023 555 (brain) 4.6 1.5 y

370 (renal) 3.0 1 y
99mTc-DTPA aerosol 6.1 3 1023 185 (lung) 1.1 5 mo
99mTc-DMSA 1.6 3 1022 185 (renal) 3.0 1 y
99mTc-ECD 1.1 3 1022 740 (brain) 8.1 2.7 y
99mTc-glucoheptonate 1.0 3 1022 100 (renal) 1.0 4 mo
99mTc-HMPAO WBCs 2.0 3 1022 400 8.0 2.7 y
99mTc-HMPAO 1.4 3 1022 1110 (brain) 15.5 5.2 y
99mTc-MAA 1.3 3 1022 185 (lung) 2.4 10 mo
99mTc-MAG3 1.2 3 1022 185 (renal) 2.2 9 mo
99mTc-Na pertechnetate 1.1 3 1022 111 (thyroid) 1.2 5 mo

225 (Meckel’s diverticulum) 2.5 10 mo
99mTc-pyrophosphate 6.0 3 1023 1000 6.0 2 y
99mTc-MIBI 1.5 3 1022 1110 (cardiac) 15.5 5.2 y

1110 (scintimammography) 15.5 5.2 y
740 (parathyroid) 11.1 3.7 y

99mTc-RBCs 7.3 3 1023 740 (cardiovascular study) 5.4 1.8 y
In vitro labeling 900 (gastrointestinal) 6.6 2.2 y

99mTc-sulfur colloid 1.4 3 1022 400 (bone marrow) 5.6 1.9 y
140 (liver) 2.0 8 mo

99mTc-sulfur colloid aerosol 5.5 3 1023 1000 (lung) 5.5 1.8 y
201Tl-chloride 1.6 3 1021 140 (cardiac) 22.4 7.5 y
133Xe inhalation (5 min) 7.6 3 1024 555 (lung) 0.4 2 mo

*Available in (7).
†Dose currently used at the London Health Science Center, Ontario, Canada.
‡Assumed annual natural background radiation of 3 mSv.

TABLE 1
Variation of Component of Natural Background Radiation
Originating from Earth’s Crust in United States and World

Annual Effective Dose (mSv)

Region
Cosmic

radiation
Terrestrial
radiation

Cosmic and
terrestrial
radiation

Atlantic coast 60 160 230
Rocky Mountains 500 400 900
East, West, and

Central 460
Average United States 270 280 550
Average worldwide 390 480 870

Data from (5,6).
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help nuclear medicine physicians and technologists answer
patients’ questions regarding radiation exposure in a way that
is easy to understand. In addition, Table 2 provides information
that may be helpful in assessing ethical issues and radiation
safety concerns in research projects. However, the reader
should be aware of several modifying factors. First, the detri-
mental effect of radiation exposure is closely associated with
the dose rate. It is well known that low dose rates produce
fewer mutations, and there is evidence that suggests low doses
may actually reduce the chance of cancer (11,12). Conse-
quently, the BERT method simply provides a comparison
instead of directly predicting radiation risk. Second, the back-
ground radiation rate can vary as much as 50 times depending
on geography (4); therefore, the BERT values in Table 2 are
not accurate for all regions of the world. However, the reader
can still apply the information in Table 2 to calculate the BERT
value using the formula provided in the Methods section.
Third, the traditional application of the MIRD schema to
calculate the effective dose has proven to be adequate for the
diagnostic procedures but may not be accurate for therapeutic
radiation dosimetry (2). Consequently, therapeutic nuclear
medicine procedures were not included in this study.
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