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GALACTIC COSMIC RADIATION EXPOSURE OF PREGNANT AIRCREW MEMBERS II
1. INTRODUCTION
This report is an updated version of a previously
published Technical Note in the journal Aviation,
Space, and Environmental Medicine (1). The main
change is that improved computer programs were
used to estimate galactic cosmic radiation. The calculations also cover a greater range of altitudes. Small
differences in the calculated doses were obtained, but
the conclusions are the same.
The International Commission on Radiological
Protection (ICRP) and the Federal Aviation Administration (FAA) consider aircrews to be occupationally exposed to ionizing radiation (2, 3). Although
the United States has no regulations limiting aircrew
exposure to cosmic radiation, the FAA has recommended limits. For pregnant crewmembers, starting
when the pregnancy is reported to management, the
FAA recommends: a) a limit of 1 millisievert to the
conceptus for the remainder of the pregnancy, in
accordance with the ICRP policy/recommendation
(2, 4), and b) a monthly limit of 0.5 millisievert to the
conceptus, as recommended by the National Council
on Radiation Protection and Measurements (NCRP)
(5). Here we address, principally, the ICRP policy.

The stated ICRP policy is that a standard of
radiation protection for any conceptus be broadly
comparable with that provided for members of the
general public, i.e., a yearly limit of 1 millisievert. In
their 1990 recommendations (2), the ICRP indicated
that this standard could be met by limiting the
equivalent dose to the surface of the pregnant woman’s
abdomen to 2 millisieverts for the remainder of the
pregnancy, once declared. They apparently assumed
that the equivalent dose to the conceptus would be
about half the dose to the surface of the abdomen. We
tested this assumption with respect to galactic cosmic
radiation, the principal ionizing radiation to which
aircrews are exposed.

2. METHODS
Using computer program CARI-LF3 (6), we calculated the equivalent dose rate at depths of 0, 5, 10,
and 15 centimeters in a 30-centimeter thick, softtissue slab phantom at several locations in the atmosphere (Table 1) and the equivalent dose, at the same
tissue depths, on two air carrier flights (Table 2).

Table 1. Galactic Radiation Dose Rates at Several Locations in the Atmosphere: Effective Dose Rate
Compared With Equivalent Dose Rate at Various Tissue Depths. *

Geographic
Coordinates

Altitude
(feet)

Effective Dose
Rate (µSv/h)

Equivalent Dose Rate (µSv/h) at a Depth of
0-cm
5-cm
10-cm
15-cm

_______________________________________________________________________
0o, 20oE

0
20,000
30,000
40,000

0.028
0.54
1.6
3.0

0.029
0.52
1.5
2.8

0.028
0.52
1.5
2.9

0.028
0.52
1.5
2.9

0.028
0.52
1.5
2.9

40oN, 20oE

0
20,000
30,000
40,000

0.037
0.76
2.3
4.7

0.037
0.74
2.3
4.5

0.037
0.72
2.3
4.5

0.036
0.71
2.2
4.5

0.036
0.71
2.2
4.5

80oN, 20oE

0
20,000
30,000
40,000

0.041
1.1
4.1
9.1

0.041
1.1
4.0
8.8

0.040
1.1
3.8
8.6

0.040
1.0
3.8
8.5

0.040
1.0
3.7
8.5

_______________________________________________________________________
* Calculated doses for February 1998. Effective and equivalent dose rates were calculated by CARI-6 and CARI-LF3, respectively.
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Table 2. Galactic Radiation Doses Received on Two Air-Carrier Flights: Effective Dose to an Adult
Compared With Equivalent Dose at Various Tissue Depths.*

Effective
Equivalent Dose (µSv) at a Depth of
One-Way Flight
Dose (µSv)
0-cm
5-cm
10-cm
15-cm
_______________________________________________________________________
Athens, Greece (LGAT)
to New York, NY (KJFK) †
67
65
64
64
64
Houston, TX (KIAH)
to Austin, TX (KAUS) ‡

0.17

0.17

0.17

0.16

0.16

_______________________________________________________________________
* Calculated doses for February, 1998. Effective and equivalent doses were calculated by CARI-6 and CARI-LF3, respectively.
†

Air time 9.4 hours, maximum altitude 41,000 feet.

‡

Air time 0.5 hours, maximum altitude 20,000 feet.

CARI-LF3 uses radiation weighting factors recommended by the ICRP (2). For the same locations in
the atmosphere and the same flights, computer program CARI-6 (7) was used to calculate the effective
dose rates and doses to an adult (Tables 1 and 2).
CARI-6 incorporates fluence to effective dose conversion coefficients calculated by Ferrari et al. (8, 9,
10, 11, 12, 13). See O’Brien et al. (14) for a description of the physics and dosimetry that is the basis of
CARI-LF3 and CARI-6.

from Houston to Austin the equivalent doses at the
various depths are 0.16 or 0.17 microsievert and the
effective dose 0.17 microsievert. Thus, on each of the
two flights, the equivalent doses are almost the same
at all the tissue depths studied, and the effective dose
is close to the equivalent doses.
Results in Tables 1 and 2 indicate that, during air
travel, exposure of the body to galactic radiation is
almost uniform and therefore, as expected, the equivalent dose to any part of the body is close to the
effective dose to the whole person. Thus, for galactic
radiation exposure during air travel, the equivalent
dose to a conceptus can be estimated by the effective
dose to the mother. We used effective dose as an
estimate of the equivalent dose to the conceptus to
obtain the results that follow.
Consider a crewmember who declares pregnancy
after 1 month and continues working 80 airborne
hours per month on the long, high-altitude flight
from Athens to New York City. The monthly dose to
the conceptus would be about 0.57 millisievert, which
would exceed the recommended monthly limit of 0.5
millisievert. The recommended limit to the conceptus of 1 millisievert for the duration of the declared
pregnancy would be reached in less than 2 months. In
contrast, if she were airborne the same number of
hours per month on the short, low-altitude flight
from Houston to Austin, the dose per month would

3. RESULTS AND DISCUSSION
Results in Table 1 show that, at each of a wide
range of locations in the atmosphere, the equivalent
dose rates from galactic cosmic radiation are almost
the same at 0, 5, 10, and 15 centimeters depth in a 30centimeter thick slab phantom. Also, at each location, the effective dose rate is close to the equivalent
dose rates at the various tissue depths.
As additional comparisons, consider two air carrier flights (Table 2): a) a 9.4 hour (time airborne),
high-altitude flight from Athens, Greece, to New
York City and b) a 0.5 hour, low-altitude flight from
Houston, Texas, to Austin, Texas. On the flight from
Athens to New York City, equivalent doses at the
tissue depths studied are 64 or 65 microsieverts and
the effective dose 67 microsieverts. On the flight
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be 0.027 millisievert. This is well below the recommended monthly limit; the total dose to the conceptus would not exceed the recommended 1 millisievert
limit, regardless of the number of months flown.

appropriate radiation weighting factor. This factor
takes into account the particular type of radiation’s
potential for causing biological harm. For mixed
radiation fields (multiple particle types and/or energies), the resultant equivalent dose is the sum of the
contributions from each of the component radiations.
The international unit of equivalent dose is the
sievert. The sievert replaces the rem:
1 sievert (Sv) = 100 rem
1 sievert = 1000 millisieverts (mSv)
1 millisievert = 1000 microsieverts (µSv)

4. CONCLUSIONS
The mother’s body provides no significant shielding for a conceptus from galactic radiation received
during air travel. The effective dose to the mother, as
calculated with CARI-6, is a good estimate of the
equivalent dose to the conceptus from galactic radiation. By restricting occupational exposure to a maximum effective dose of 1 millisievert during her
pregnancy, starting when it is reported to management, a pregnant crewmember will comply with the
recommendation of the FAA and the ICRP regarding
the total radiation exposure of the conceptus. Pregnant crewmembers can minimize occupational exposure to galactic radiation by working on short,
low-altitude, low-latitude flights (15).

Effective dose (pp. 6-9):
When irradiation of the body is not uniform, an
additional group of factors called tissue weighting factors are applied to take into account that the risk of
biological harm to a person from stochastic effects of
radiation (specifically: cancer, hereditary effects to all
generations, and length of life lost) depends on the
specific tissues/organs irradiated, as well as the equivalent doses received. The effective dose to an irradiated
person is the sum of the products of equivalent dose and
tissue weighting factor for each irradiated organ. The
unit of effective dose is the sievert.
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