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Question: Are there any radiation
risks from airport full-body scanners?

“Full-body scanners,” also known
as “whole-body scanners” or “people
scanners,” are used to screen travelers
at airports. They can be classified as
either “millimeter radio wave tech-
nology” or “backscatter technology”
systems. Millimeter radio wave full-
body scanners scan travelers by bom-
barding them with radio waves (the
energy projected is tens of thousands
of times lower than the radio waves
generated by cell phones) and collect-
ing the reflected waves via antennae
to generate images [1]. This technol-
ogy does not use x-rays.

Backscatter full-body scanners use
low-intensity x-rays to scan travel-
ers. In backscatter x-ray systems,
unlike transmission x-ray systems
(as in medical radiography), the
bounced off x-rays or backscattered
x-rays are captured by detectors to

create images (Figure 1). Backscat-
ter systems use narrow x-ray beams
to scan subjects at high speed in a
raster pattern. The dwell time of
relatively small diameter x-ray
beam is extremely short. Large de-
tectors on the same side as the x-ray
source (Figure 1) capture the back-
scattered x-rays from subjects and
create images in a few seconds. X-
rays are relatively low energy, can
penetrate through the clothing, and
a few may even transmit through
the body. However, the majority
bounce off of the skin surface and
are therefore useful for imaging ob-
jects hidden under clothing[2].
These systems are useful for detect-
ing objects hidden under clothing
and taped to the skin. However,
they are not useful for detecting ob-
jects hidden deep inside the body.
For that task, transmission x-ray
systems are used [2]. The entire
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Fig 1. Basic principles of transmission x-ray systems (medical x-rays)
and backscatter x-ray systems (airport full-body scanners).

process takes 8 to 15 seconds, and a
typical backscatter scan includes
two images, front and back [2].
Full-body scanners are currently
used as secondary screening devices
in airports across the United States
and in other countries, and travel-
ers have the choice to opt out, al-
though with increased emphasis on
airport security, mandatory screen-
ing of travelers using full-body
scanners will become routine in
the near future.

The principal aims of this article
are to discuss the radiation expo-
sure from backscatter x-ray full-
body scanners and to provide a
comparison with regard to medical
x-rays and other standard dose lim-
its.

The radiation exposure for an in-
dividual undergoing a security scan
using a backscatter system is quite
low. The backscatter systems in
general use are recommended to
yield effective doses <0.10 uSv
(10 wSv = 1 mrem) [2]. In fact, the
effective dose measurements re-
ported on the basis of the standard
methodology [3] for different back-
scatter systems are as low as 0.05
uSv [2].

For comparison purposes, the ra-
diation doses from backscatter x-
ray systems are considered to be on
the order of 0.05 to 0.10 uSv per
scan. A traveler must undergo
nearly 1000 to 2000 backscatter
scans before receiving a dose equiv-
alent to that of a medical chest x-ray
(100 uSv) [4].

The radiation dose from a back-
scatter scan is equivalent to the dose
one receives from approximately
<<30 minutes of background radia-
tion [5,6]. Air travelers are also ex-
posed to radiation from atmo-
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Table 1. Radiation doses from backscatter systems and number of backscatter scans equivalent to
doses from various sources of radiation

Number of Scans Equivalent to Doses From Other Sources

Radiation Dose 1 Day of Natural

From Backscatter Annual Dose Background Negligible Average Dose
Systems (uSv/ Chest Limit for Radiation Individual From Air
scan)x X-Rayt Publict (~10 pSv/d)§ Dose|| Travelq|
0.1 1000 2500 100 100 40
0.05 2000 5000 200 200 80

Note: A dose of 0.1 uSv from backscatter scan is equivalent to about 10 minutes of background radiation and about 2 minutes
of radiation received from average air travel. A dose of 0.05 uSv from backscatter scan is equivalent to about 20 minutes of

*10 uSv = 1 mrem.

background radiation and about 4 minutes of radiation received from average air travel.

TTypical chest x-ray dose is about 100 uSv [4].
FAnnual permissible dose to the general public from a single source is about 250 uSv [9].
§Annual natural background radiation dose is about 3100 uSv [5] or about 2400 uSv [6].
|INegligible individual dose is about 10 uSv [8].

YAverage radiation exposure during air travel is about 4 uSv/h [7].

spheric and other sources, and these
dose levels vary with respect to
flight altitude, flight path, and
many other factors. The radiation
doses from backscatter systems are
approximately equivalent to 2 to 10
minutes of average flight [7].

The National Council on Radi-
ation Protection and Measure-
ments, an advisory body to the
federal government that routinely
publishes reports on various topics
related to radiation measurements
and radiation protection, uses the
concept of “negligible individual
dose” (NID), which is “an effective
dose corresponding to the level of
average annual excess risk of fatal
health effects attributable to radia-
tion exposure below which effort to
further reduce the exposure to an
individual is not warranted.” The
NID is set at an annual effective
dose of 10 wSv (1 mrem) per source
or practice [8]. With comparison
with the NID, in individual would
have to undergo 100 to 200 back-
scatter scans, yielding 0.10 to 0.05
uSv of dose per scan.

The Nuclear Regulatory Com-
mission (and other regulatory agen-
cies) recognizes an annual limit on
doses to the public of 1000 uSv

(100 mrem) from all sources and
practices combined and has recog-
nized an annual limit on doses to
the public of 250 uSv (25 mrem)
from any single source or practice
[9]. At a dose of 0.05 to 0.10 uSv
from backscatter scans, the limit of
250 uSv (25 mrem) per year is re-
alized if an individual undergoes
2500 to 5000 scans per year (10 to
20 scans per day, 5 days per week,
50 weeks per year), which is highly
improbable for any single traveler.
Table 1 lists dose levels of backscat-
ter systems and the number of
backscatter scans needed to yield
doses equivalent to chest x-rays [4],
to the annual dose limit to the gen-
eral public [9], to typical back-
ground radiation exposure [6], to
the NID [8], and to typical air
travel exposure [7].

With regard to radiation dose,
another concern is the long-term
stability of these scanners to deliver
low dose but yield images of suffi-
cient quality. This is a key concern
especially in countries where the
infrastructure for periodic checks is
poor at best, or even nonexistent.
As performed on any medical x-ray
imaging system, it is key to estab-
lish routine maintenance and qual-

ity assurance programs and involve
trained individuals such as health
physicists or medical physicists to
verify the radiation dose delivered
by backscatter systems [10,11].

Apart from radiation dose, the
other important issue with full-
body scanners is privacy because
the images created by full-body
scanners reveal anatomic details of
the individuals scanned. This has
led to the use of terms such as vir-
tual strip search and personal intru-
sion search. The privacy issues are to
a large extent handled by setting up
the image viewing stations at re-
mote locations rather than adjacent
to the scanners [12] and also assur-
ing travelers that the systems do not
have the mechanism to save the im-
ages once they are reviewed and
deemed to have met the criteria for
safety. In addition, many software
programs have been developed to
modify backscatter images (mod-
esty filtering) to render the images
less intrusive and more like “chalk
outline” images, with fewer per-
sonal details.

Overall, the backscatter systems
complying with American Na-
tional Standards Institute [3] stan-
dards deliver low radiation dose per




scan. One would have to undergo
1000 to 2000 scans before reaching
a dose equivalent to that of medical
chest x-rays. Current calculations
indicate that the backscatter sys-
tems are safe for general use, even in

infants and children, pregnant
woman, and people with geneti-
cally based hypersensitivity to radi-
ation. When considered in the con-
text of a potential increase in
security, the benefits outweigh the
potential for harm [13].
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