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1. Introduction

Due to increased concerns about airport security after September 11, 2001, backscatter x-ray
devices have seen widespread implementation in airports around the United States. These devices
use Compton scattered x-rays to create computerized outlines of airline passengers and any explo-
sives or weapons they might be carrying. However, there are concerns over the detector’s abilities
to always detect hidden explosives. There are also concerns about radiation exposure and the long
term health effects of that exposure.

In this paper we show how an understanding of the performance parameters of the
backscatter units can be obtained from what has been disclosed together with an
analysis of the published images.

Another factor to be considered is sensitivity to contraband. Two views of the subject
are presently obtained, one from the front and another from the back. The available
images show hard-edged low atomic number Z objects such as water-filled bottles or
“bricks” of explosive, and iron in the form of knives or guns. The low Z objects are
sometimes peripheral to the body, where the distortion of normal anatomy is clear, and
the high Z materials are always presented against the body as a background.

An important factor is safety, what the exposure levels mean in terms of hazards
to exposed humans. This is a complex matter, since it needs to take into account
dose to each organ, the skin, thyroid, fetus, etc. each responding differently, and the
predisposition, genetic or disease-induced, of the exposed individual. The authors
have no expertise in the field of the biologic effects of radiation, and we do not enter
into the debate as to whether the levels calculated are “safe” or not, or on risk/benefit
considerations. As a consequence, we present exposure levels in terms of energy
absorbed by a gram of tissue, using the definition of the gray as 10,000 erg/gram for
radiation with a quality factor of 1 (which is the case for x-rays and electrons).
Exposure levels are given as a function of depth in the tissue, this not being directly
comparable to “effective dose” in Sv presented in the published documents.

Input parameters

The x-ray spectra are known from Refs. (National Council on Radiation Protection
and Measurements 2003a, 2003b) and others, and are shown in Figure 2 for the two
commercial units in use. The higher kilovoltage unit operates at 125 kVp with 1.5 mm
Aluminum filtration, and the lower kilovoltage unity at 50 kVpwith 1mmof Aluminum
filtration. The first is CT kilovoltage, the second is higher than that used in

Figure 2 Published x-ray spectra for low and high kilovoltage units, from Refs. (National Council on
Radiation Protection and Measurements 2003a, 2003b)
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Figure 1. X-ray spectra for low and high energy sources [1].

2. X-ray Source

Figure 1 show the energies of two different x-ray sources used in airport backscatter detectors.
The higher-energy source, which runs at 125 kVp, has a higher voltage than that used in mammog-
raphy. The lower-energy source, which runs at 50 kVp, has a voltage about equal to the voltages
used during CAT scans [1].

There are two methods for moving the source past the object to be imaged. One method involves
moving the imaged object in a plane perpindicular to the x-ray beam, as seen in figure 2. The second
setup involves moving the x-ray source over the target, as seen by Herr et al. [3]. This is similar to
what is used in current detectors seen in airports.
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Fig. 2. Experimental setup used to make X-ray scatter images.

features. Subtraction of the two images results in an image
which shows only the deep image plane in the object; the nearer
surface image plane is cancelled out. This technique generates
a type of tomographic image and allows a certain degree of
image plane selection in the object by beam energy manipula-
tion. These image plane slices, as might be expected, represent
the planes of equal X-ray attenuation rather than strict spatial
slices of the object, and this may or may not be a problem,
depending on the application. Soft tissues are reasonably close
together in attentuation coefficients, so this may help minimize
large variations in slice thickness.

METHODS

It was found convenient in this research to move the object
in an x-y scanning motion beneath a fixed X-ray beam and
detectors, rather than move the X-ray source itself. Fig. 2 is a

diagram of the setup used to create most of the backscatter
images in this paper. The test objects are affixed to the plat-
form of a converted x-y plotter controlled by ramp waveforms
from a signal generator. A cathode ray tube (CRT) beam is
moved by signals from the same generator while the CRT spot
intensity is modulated by the electrical signal from the scatter
intensity detectors. A fixed anode X-ray tube capable of 100
kVP at 5 mA beam current is used in this research.

The X-rays are collimated to a narrow beam whose diameter
is one of the determinants of the imaging system resolution.
The collimation is accomplished by two lead diaphragms 4 in
apart, using 1 mm apertures and with the most distant aperture

Fig. 3. Backscatter radiograph of a goldfish in (a). (b) shows a close-up
scan of the stomach cavities.

12 in from the focal spot so that the X-ray beam diverges little
over the penetration depth of interest. Sodium iodide scintil-
lation detectors are positioned around and slightly in back of
the X-ray beam port so as to intercept as much of the back-
scattered flux as possible. Radiographs are recorded, line by
line, using the time exposure photography of the CRT. Com-
pensation for small changes in X-ray output intensity is made
electronically by using a separate X-ray beam reference detec-
tor. A 1 mm beam diameter was determined experimentally
to be the smallest size consistent with reasonable photon sta-
tistical noise in the image and with the X-ray power available.
Most of the backscatter images in this paper were created with
1 mm resolution and 128 scan lines. Scan times are variable,
depending on the object size and bulk, but are generally on the
order of 5-10 min. The scanning speed is limited by the inertia
of the mechanical transport system.

RESULTS
One of the first radiographs produced by this method, a back-

scatter radiograph of a goldfish, can be seen in Fig. 3(a). The
goldfish stomach cavities, gills, esophagus, and swim bladders
appear darker because of a lower X-ray scatter from these air-
filled regions of the fish. Fig. 3(b) was made by scanning a
smaller area over the fish stomach, and shows an enlarged sec-
tion with resolvable details about 1 mm in size. Total X-ray
exposure is 35 mR at an X-ray energy of 70 kVP. The fish
images were the first useful radiographs produced by the system,
and show that X-rays can penetrate and interact such that a
radiograph can be constructed using scattered radiation with-
out detector collimation.
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Figure 2. Basic setup of a backscatter x-ray detector [2].

3. Compton Scattering of X-rays

Compton scattering occurs when photons interact with the electrons in an atom’s shell. The
photons scatter off at an angle with respect to the original direction of motion. The Compton
scatter coefficient, µc, is given by µc = K1ρnf(E). K1 is a constant in the region of energies used,
n is the electron density of the imaged material, ρ is the mass density, and f(E) is a sensitivity to
energy [2]. The difference in penetration depths between two energies is based on the change in µ
for the two energies, along with the change in tube output flux (I2/I1). The change in penetration
depth is given by x2 = x1

µ2

µ1
ln (I2/I1). This results in a change in signal intensity due to thickness

or density of the imaged object, the beam energy, and the beam intensity [2]. Figure 3 shows the
backscattered image intensity as a function of object thickness.IEEE TRANSACTIONS ON BIOMEDICAL ENGINEERING, VOL. BME-28, NO. 9, SEPTEMBER 1981
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Figure 3. Image showing intensity of the backscatter signal as a function of object
thickness [2].
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one must perform multiple scans, each on a different plane 
through the subject. This is done by vertically translating the 
sweeping beam collimator assembly relative to the fixed x- 
ray beam focal spot. This process, which lends itself nicely 
to computer control, changes the angle of the plane of the 
sweeping beam, thus selecting a different scan plane without 
having to physically move the subject. 

B. System Hardware 
Fig. 4 shows an overview of the flying spot CBI sys- 

tem hardware. The detector comprises a 2 in thick, 5 in 
diameter sodium iodide crystal, photomultiplier tube, and a 
custom-designed line-focus collimator. A Unislide linear drive 
(Velmex, Inc.), driven by a large DC stepper motor under 
computer control, translates the detector assembly during a 
scan. Analog processing of the x-ray scatter signal output from 
the detector is provided by a custom-built circuit comprising 
a current-to-voltage converter, a variable gain and offset stage 
(G = 2 - 12), a two-stage high-gain amplifier (G = 529), 
and a four-pole Butterworth low-pass filter (fc = 1300 Hz, 
G = 2.6). The processed analog scatter signal then passes 
to the system’s A/D converter for sampling and storage 
by the computer. Holes drilled in the rotating slotted disk 
collimator present a transient light path between an infrared 
LED source and a phototransistor just before each x-ray 
beam sweep begins. The resulting light pulse, after being 
conditioned to TTL logic levels, signals the computer to 
initiate data sampling during each beam sweep. Between 
scans, a computer-controlled stepper motor drives a small 
Unislide linear drive to elevate or lower the entire sweeping 
beam collimator assembly. This vertical translation of the 
sweeping beam aperture, coupled with the fixed x-ray focal 
spot, changes the angle of the sweeping beam plane and allows 
a new plane to be scanned within the patient. Both Unislides 
have microswitch limit sensors whose signals are used by the 
computer to initialize the positions of the detector and sweep- 
ing beam collimator assembly prior to scanning. An Ironics 
Performer 16 computer (Ironics, Inc.), running under the 
UNIX System V operating system, controls scanning and data 
acquisition through a Data Translation DT- 140 1 multifunction 
VO card which provides 32 multiplexed channels of 12-bit 
A/D conversion, two 8-bit digital U0 ports (configured as 8 
bits input, 8 bits output), and two 12-bit D/A converters (not 
used). X-ray scatter, ECG, and up to two auxiliary channels 
of data are acquired during each scan and are temporarily 
saved on hard disk or 5.25 in floppy disk, one file per scan. 
The Performer 16 serially transmits each scan’s data file over 
an RS-232 line to a Macintosh computer (Apple Computer, 
Inc.). The Macintosh subsequently writes the files to a VAX 
6000-310 mainframe computer (Digital Equipment Corp.) via 
an AppletalkEthernet local area network (LAN) interface. 
A VAXstation 3 100 graphics workstation (Digital Equipment 
Corp.), linked to this VAX mainframe, can access these data 
files for processing and dynamic surface image reconstruction. 
All offline data processing and image reconstruction were 
performed on the VAXstation using PV-WAVE (Precision 
Visuals, Inc.), a sophisticated data processing and graphics 
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Fig. 4. Flying spot CBI system block diagram. 

display program which features an interactive programming 
language, WAVE, and an extensive library of software tools 
for filtering, array processing, and image reconstruction and 
display. 

C. Scan Control Algorithm 
In the scanning and data acquisition algorithm used by 

an earlier multidetector CBI device [4], [5],  each detector 
independently located the heart and positioned its sensitive 
volume at the heart-lung interface to allow acquisition of 
wall motion data. The fixed physical configuration of the 
virtual detectors in the flying spot CBI device, however, 
does not permit a similar independent positioning of each 
virtual detector at the heart-lung interface. Instead, the scan 
control algorithm for flying spot CBI performs the following 
operations. Initially, a rapid “scouting” scan across the entire 
thorax acquires x-ray scatter data for estimating the location 
of the heart within the thorax. Following this scouting scan, 
a short range slow scan acquires spatially and temporally 
detailed x-ray scatter data along with ECG and auxiliary data 
(e.g. LV pressure) from the region within the sweeping beam 
plane which contains the heart-lung boundary. By performing 
multiple slow scans and changing the angle of the sweeping 
beam plane between scans, data are gathered from a number of 
image planes within the thorax. Finally, the x-ray scatter, ECG, 
and auxiliary data are transmitted to a mainframe computer for 
archiving and subsequent processing into dynamic 3-D surface 
images. 

Fast “Scouting” Scan: During the rapid scouting scan, the 
detector scans at 1.5 c d s e c  over a distance of 40 cm. This scan 

Figure 4. Basic setup of a backscatter x-ray detector [3].

4. Detection and Image Processing

Backscatter detection only focuses on the portion of photons scattered back towards the x-ray
source. This can be done with scintillators made out of materials such as sodium iodide. The
signals from the scintillators are then passed to photomultiplier tubes. These signals are amplified
and then converted to digital signal for processing, as seen in figure 4.

X-ray backscatter imaging can be used to see through objects. This can be done by subtracting
a lower energy scan from a higher energy scan. This removes the nearer object from the image,
leaving the object visually masked from the detector [2]. The results of this can be seen in figures 5
and 6.
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Fig. 4. Composite test object used to demonstrate three-dimensional
imaging properties of the backscatter technique.

The ability to see through near surface features with back-
scatter radiography is shown by using the test object pictured
in Fig. 4. It consists of a sandwich of 1 in high X 1 in thick
aluminum PSU letters and an aluminum disk with holes. The
letters and disk are separated by a 8 in aluminum plate and
the disk is covered with an additional .l in top shield. Fig. 5
shows a series of radiographs made of the composite object at
40, 50, 70, and 100 kVP. The first image, made at 40 kVP,
shows only the aluminum disk beneath the first shield. At
higher energies, the contrast ratio between the disk and PSU
letters shifts more in favor of the letters, but the disk is never
really lost from view since the X-rays will always interact, to
some extent, with the nearer surface features.

Fig. 6 shows how the deeper image features appear as the
beam energy increases and when there is no obscuring nearer
surface details. The PSU letters were separated vertically with
increasing thicknesses of metal shielding and backscatter radio-
graphed at 40, 60, and 90 kVP, respectively.

Fig. 7 shows a backscatter image ofa crescent wrench beneath
a lZ in steel plate. An iridium-192 gamma ray isotope was
substituted for the X-ray machine. The available iridium source
had an activity of only 200 mCi (about 10-100 times weaker
than is available in industry), but the gamma rays have a mean
energy of about 400 keV and can penetrate thick sections of
steel. This particular radiation source was used with a 2 mm
beam collimator to improve photon statistics at the expense of
resolution. The resulting backscatter image was impossible to
make with the lower energy X-ray machine, and demonstrates
the usefulness ofhigher energy radiation for backscatter imaging
of thick or dense materials.
To demonstrate energy subtraction tomography, a test object

was devised which made it difficult to see deep image features
because of strong contrasting surface features. This composite
test object is shown in Fig. 8 and consists of the PSU letters
used in the previous experiments covered over by a 8 in thick
aluminum shield and 2 in of modeling clay. Modeling clay
was used since it contains materials which highly scatter X-rays
and this obscures the aluminum letters. The clay surface was
made highly irregular and of greater thickness toward the
middle.
Backscatter images were made of the composite object at

40 and 90 kVP, and are shown in Fig. 9(a) and (b) as photo-
graphed from a computer display terminal. The two images
were normalized in amplitude and digitally subtracted, and the
resultant radiograph [Fig. 9(c)] shows that a tomographic effect
can be achieved by subtraction of the surface image planes

(a)

(D)

(C)

(d)
Fig. 5. Backscatter radiographs of the composite test object shown in
Fig. 4 made at (a) 40 kVP, (b) 50 kVP, (c) 70 kVP, and (d) 100 kVP
beam energy. These radiographs show how near surface features can
appear progressively more transparent at higher X-ray energies.
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Figure 5. Image (a) shows an image of the setup made at 40kVp. Image (b)
shows an image made at 90 kVp. Image (c) shows the results of subtracting image
(a) from image (b) [2].
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(a) (b)

Fig. 6. Backscatter image of test letters positioned beneath successively
greater thicknesses of shielding. Scatter radiographs were made at (a)
40 kVP, (b) 60 kVP, and (c) 90 kVP. This shows how different image
planes appear in the radiographs as the beam energy is increased.

l

r
1-C CLA

Fig. 7. Backscatter radiographs of a crescent wrench covered by a -3
in thick steel plate using an Ir-192 gamma source. This demonstrates
that higher photon energies from gamma sources can be used in the
same manner to create backscatter images of thick or dense materials.
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Fig. 8. Composite test object used to demonstrate tomographic imaging
properties of the backscatter technique.

(b) (c)

Fig. 9. Demonstration of X-ray backscatter tomography by subtraction
of two images made at different energies. (a) is a backscatter image
of the test object made at 40 kVP, (b) an image made at 90 kVP, and
(c) shows the tomographic image plane containing the PSU letters
generated by subtracting (a) and (b).

present in the 40 kVP image from the surface image planes
plus the deep image plane (identified by the PSU letters) pres-

ent in the 90 kVP image. This works quite well, considering
the almost total inability to see the letters in either original
radiograph.

MEDICAL APPLICATIONS
A large dynamic range of scatter information is generated by

the backscatter detectors when imaging biological objects, so

the scatter intensity signal is first recorded on FM magnetic
tape, transported to a computer system, digitized into a 128
line picture matrix, and displayed in 16 gray shades by a Tek-

tronix 4012 imaging terminal. The computer display of the
radiograph allows a much greater control of the image gray

scale characteristics, permits easy implementation of gray scale
transformation and edge enhancement techniques, and simpli-
fies digital subtraction of radiographs.
Sedated guinea pigs were backscatter imaged to determine the

medical radiographic potential of the technique. Fig. 10(a) is
a photograph of the ventral side of a guinea pig and Fig. 10(b)
is the corresponding unenhanced computer display ofthe back-
scatter radiograph. The radiograph was made at 80 kVP and is
a composite of three scans showing the entire body extending
to the feet. The two symmetrical dark cavities in the head

(c)

Figure 6. Image showing experimental setup for backscatter imaging by subtrac-
tion [2].
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If we know the standard deviation of the counts in pixels in a uniform region
of the subject, then, on the reasonable assumption of Poisson statistics, we know
how many counts are needed to obtain the measured standard deviation. This is
on the assumption that the image has not been smoothed or sharpened or
similarly processed. In such a case, an approximate estimate can be obtained by
measuring an edge spread function and thus estimating a smoothing function and
correcting for it.

To measure standard deviation, small and uniform regions of images were
evaluated by recording the intensity value of each pixel in an area of interest and
the standard deviation (s.d.) calculated from these values. The signal to noise
ratio (S/N) is the mean of the counts in the region divided by the s.d. This ratio
can be distorted by non-linearity and by background clipping of data, thus, we
examined the images’ background (air spaces) to assure ourselves that any
clipping present was minimal.

Together with the counts in a pixel we need to know its dimensions, so that
we can obtain the counts per cm2. Note that if the beam is larger or smaller than

Figure 4 High kilovoltage
image apparently unprocessed
except for background clipping.
The annotations are by
the manufacturer

78 L. Kaufman, J.W. Carlson

Figure 7. Image showing detected contraband [1].

Modern airport detectors operate on similar principles but produce much higher quality images.
They can detect contraband hidden on the body, as seen in figure 7. However, the ability to detect
all hidden contraband is under scrutiny. Kaufman L. and Carlson J.W. ran a Monte Carlo program
(developed by Agnostinelli et al. [4]) in order to simulate contraband hidden on tissue [1]. The
authors created cylindrical tissue to represent the abdomen. They ran the simulation with no
added material, 160 g of added tissue, 190 g of added TATP explosive, and 320 g of added PETN
explosive. The added objects were formed in a cone 20 cm in diameter and 1 cm in height at the
center. Figures 8 and 9 show the results of the simulations. As can be seen, some of the additions
are barely or not at all visible. The results question modern airport detector’s abilities to image
explosives in all situations.
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Figure 15 Simulated images at high (a) and low (b) kilovoltage for 10 nGy entrance exposure of a 150 g
brick of tissue (15×10×1 cm). The center intensity is approximately 4.5% higher than background
because of edge effects. Note that the brick is of the same composition as the underlying “abdomen”. If the
brick were larger, its internal signal would be that of surrounding tissue

Figure 16 Simulated images at high kilovoltage for 10 nGy entrance exposure. data were acquired in 2.5 mm
(200×200matrix) pixels and are averaged and displayedwith 5mmpixels. a Tissue only; b Added 1 cm-thick,
20 cm-diameter pancake of 160 g of tissue; c Same as B, but with 190 g of TATP (density 1.2); d Same as B,
but with 320 g of PETN (density 2.0)

90 L. Kaufman, J.W. Carlson

Figure 8. Simulated images showing (a) high and (b) low voltage detections for
a 10nGy imaging of 150 g of rectangular tissue (15 x 10 x 1 cm) [1].

Figure 15 Simulated images at high (a) and low (b) kilovoltage for 10 nGy entrance exposure of a 150 g
brick of tissue (15×10×1 cm). The center intensity is approximately 4.5% higher than background
because of edge effects. Note that the brick is of the same composition as the underlying “abdomen”. If the
brick were larger, its internal signal would be that of surrounding tissue

Figure 16 Simulated images at high kilovoltage for 10 nGy entrance exposure. data were acquired in 2.5 mm
(200×200matrix) pixels and are averaged and displayedwith 5mmpixels. a Tissue only; b Added 1 cm-thick,
20 cm-diameter pancake of 160 g of tissue; c Same as B, but with 190 g of TATP (density 1.2); d Same as B,
but with 320 g of PETN (density 2.0)

90 L. Kaufman, J.W. Carlson

Figure 9. Simulations at high voltage and 10 nGy exposure. (a) Only tissue (b)
Added conical tissue (c) Added TATP (d) Added PETN [1].
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5. Health Concerns

In addition to concerns about the effectiveness of backscatter x-ray detectors at detecting all
explosives, there are concerns about the exposure to radiation experience by millions of airline
travelers. Figure 10 shows estimated doses for one backscatter scan. This would result in an
increased cancer risk of 10−7 for a round trip of two screenings [5]. However, this risk is based on
extrapolating higher risks and is therefor uncertain.

While individual risks are low, the population risk is problematic. With 109 exposures per
year, the exposure level is no longer minimal. However, the TSA has also purchased millimeter-
wave imaging devices [6] which are non-ionizing. With the availability of these devices, the use of
backscatter detectors, with their potential dangers to public health, seems unfounded.
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 CONTROVERSIES:  Are X-Ray Backscatter Scanners Safe? Brenner

of induced meningitis in the whole vac-
cinated population are taken into ac-
count in formulating measles vaccina-
tion policies ( 22 ). 

 Individual Risks Associated with X-Ray 
Backscatter Scanners 

 The  Table   shows the most recent esti-
mates ( 8 ) of the dose each two-sided 
(posteroanterior and anteroposterior) 
whole-body x-ray scan requires to pro-
duce images of the appropriate resolu-
tion and quality; the effective doses are 
extremely low, of the order of 1  m Sv. 
We do not know with any certainty the 
magnitude of the individual cancer risks 
associated with such low doses ( 23 ). 
The lowest doses for which we have defi n-
itive evidence for an increase in risk are 
in the range from 5 to 125 mSv ( 24 ), far 
larger than the doses of concern here. 
Epidemiologic studies at lower doses 
would be exceedingly difficult, if not 
impossible, because the signal-to-noise 
ratio   is so small ( 25 ) (here the noise is 
approximately a 40% lifetime cancer 
risk or a 20% lifetime cancer mortality 
risk). 

 Following the guidance of the pri-
mary regulatory and advisory agencies 
(ie, ICRP, NCRP, United Nations Scien-
tifi c Committee on the Effects of Atomic 
Radiation [UNSCEAR], Biological Ef-
fects of Ionizing Radiation [BEIR] com-
mittee [ 26–29] ), one can make a best 
estimate of the individual risk by using 
a standard cancer mortality risk estimate 
of 5% per sievert. This would result in 
an estimated lifetime cancer mortality 
risk of about 10  2 7  (one in 10 million) 
for a trip involving two 1- m Sv screening 

conclusion and one that follows from 
Bernoulli’s well-established Law of Large 
Numbers ( 12 ). 

 Both the International Commis-
sion on Radiological Protection (ICRP) 
( 13,14 ) and the NCRP ( 15,16 ) have sug-
gested that, as well as individual risk, 
population risk is an appropriate, if ap-
proximate, measure for assessing the ac-
ceptability of a large-scale activity that 
might be associated with small individu-
al radiation risks. Thus, population risk 
is described by the ICRP ( 14 ) as “one 
input to … a broad judgment of what 
is reasonable” and by the NCRP ( 16 ) as 
“one of the means for assessing the ac-
ceptability of a facility or practice.” 

 Population risks are also routinely 
used in other fi elds where policy choices 
involve large populations that are poten-
tially exposed to small individual risks. 
For example, the World Health Orga-
nization has developed standard ap-
proaches to estimate current and future 
population risks from diverse factors 
such as air pollution and climate change 
( 17,18 ). Other areas where population 
risks have been used as input to policy 
decisions include civil aviation ( 19 ), fl ood 
control ( 20 ), second-hand smoke ( 21 ), 
and vaccination policy ( 22 ). For exam-
ple, both the individual risk of menin-
gitis from pediatric measles vaccination 
(less than 10  2 6 ) and the population risk 

imaging algorithm ( 9 ). Millimeter-wave 
radiation is, of course, nonionizing. My 
primary focus in this article will be x-ray 
backscatter scanners, which represent 
the majority of deployed whole-body 
AIT scanners in U.S. airports. Since the 
TSA has purchased and is deploying 
both x-ray and millimeter-wave systems, 
it is reasonable to assume that they have 
comparable characteristics in terms of 
sensitivity, specifi city, and logistics. 

 What Do We Mean by Safe? 

 This article addresses the issue of 
whether whole-body x-ray backscatter 
systems are safe, so it is important to 
be clear about what “safe” can mean in 
this context. 

 The most direct interpretation of 
“safe” refers to the exposed individual. 
One may ask what is the best estimate 
of the lifetime cancer risk incurred by 
an individual receiving one or more of 
these scans. But risks can also be viewed 
from the perspective of the entire ex-
posed population ( 10 ). The estimated 
population risk (sometimes called the 
societal risk [ 11] ) in this case relates to 
the number of cancers expected in the 
exposed population as a result of the 
proposed practice; this population out-
come depends both on the individual 
risk and also, of course, on the number 
of people exposed to that risk. 

 To illustrate this distinction between 
individual and population risk, consider 
a hypothetical activity producing an 
ex tremely small individual cancer risk 
of, say, one in 10 million (ie, 10  2 7 ). An 
individual cancer risk of 10  2 7  means 
that if 10 million people were exposed 
to this activity, on average, one cancer 
would be induced. So if, for example, 
only 100 people were exposed to this 
activity, it would be extremely unlikely 
that any of the 100 exposed individuals 
would actually develop cancer due to 
the activity in question. Now consider 
1 billion (ie, 10 9 ) people are exposed to 
that same small cancer risk of one in 10 
million (ie, 10  2 7 ): In this case, it would 
be highly likely that some of the exposed 
population would develop cancer due 
to the activity in question—a popula-
tion risk. This is both a common-sense 

  

  
   Graph shows total number of commercial passenger 
emplanements (total number of passengers boarding 
fl ights, including origination, stopovers, and connec-
tions) per year in U.S. airports, past, present, and 
projected by the Federal Aviation Administration ( 7 ). 
Number of passengers passing through airport secu-
rity checkpoints will be slightly less than the number 
of emplanements because connecting passengers do 
not necessarily go through security again.   

  

 Estimated Skin and Effective Doses per 
Scan for X-Ray Backscatter Scanners 

Dose
50-kVp 
Scanner

120-kVp 
Scanner

Skin ( m Gy) 2.5 0.7
Effective ( m Sv) 0.9 0.8

Source.—Reference 8.

Note.—Minimum doses required to provide the relevant 
image resolution and quality.

Figure 10. Estimated dose from one backscatter scan [5].
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