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Background: Galactic cosmic radiation (GCR) is a naturally occurring 
environmental radiation that originates from outer space. GCR is modulated by 
solar activity, and its intensity increases with increasing geomagnetic latitude 
and altitude, reaching a peak of up to approximately 20 km in the atmosphere. 
Therefore, commercial flight passengers (flyers) are exposed to elevated levels 
of cosmic radiation while flying onboard commercial aircraft. Although the 
recent COVID-19 pandemic, which began in early 2020, is believed to have 
significantly affected public exposure to cosmic radiation, this impact is yet to 
be quantified.

Methods: Based on the official records of Japanese flyers, their annual per-
capita doses (APCDs) of cosmic radiation exposure on international and 
domestic flights were calculated using the established code JISCARD EX over 
a 7-year period from 2014 to 2020 (including the first year of the pandemic). 
For estimating the APCDs on international flights, the world was divided into 
eight regions. The aviation route dose to a representative city in each region was 
determined at three cruising altitudes: 34,000 ft. (10.4 km), 37,000 ft. (11.3 km), 
and 40,000 ft. (12.2 km).

Results: At a typical cruising altitude of 37,000 ft., the flyer-average APCD from 
international flights was estimated to be  approximately 60 μSv y−1, while the 
APCD from domestic flights was approximately 2 μSv y−1 over the target period, 
including the pandemic year (2020). These results indicate that the distribution 
of Japanese travel destinations did not change significantly during the pandemic 
period. In contrast, the population-average APCD significantly decreased from 
approximately 10 μSv y−1 in the pre-pandemic period (2014–2019) to 2 μSv y−1 
in 2020, representing a reduction of more than 80%, which corresponds to a 
decline in the number of travelers.

Conclusion: The results of this study indicate that the population-average APCD 
of Japanese flyers decreased significantly during the COVID-19 pandemic, 
while the flyer-average APCD remained largely unchanged. Further studies will 
be performed to determine APCDs for the subsequent period and to assess the 
overall effect of the pandemic on public health.

KEYWORDS

cosmic radiation, commercial flight, aviation dose, Japanese, per-capita, COVID-19 
pandemic

OPEN ACCESS

EDITED BY

Christine Elisabeth Hellweg,  
German Aerospace Center (DLR), Germany

REVIEWED BY

Ondrej Ploc,  
Nuclear Physics Institute (ASCR), Czechia
Marina Poje Sovilj,  
Josip Juraj Strossmayer University of Osijek, 
Croatia
Benjamin Hogan,  
Space Environment Technologies, 
United States

*CORRESPONDENCE

Hiroshi Yasuda  
 hyasuda@hiroshima-u.ac.jp

RECEIVED 01 January 2025
ACCEPTED 03 April 2025
PUBLISHED 17 April 2025

CITATION

Yasuda H, Motoyama H and Yajima K (2025) 
Recent trends in cosmic radiation exposure 
onboard aircraft: effects of the COVID-19 
pandemic on Japanese in-flight doses.
Front. Public Health 13:1554332.
doi: 10.3389/fpubh.2025.1554332

COPYRIGHT

© 2025 Yasuda, Motoyama and Yajima. This is 
an open-access article distributed under the 
terms of the Creative Commons Attribution 
License (CC BY). The use, distribution or 
reproduction in other forums is permitted, 
provided the original author(s) and the 
copyright owner(s) are credited and that the 
original publication in this journal is cited, in 
accordance with accepted academic 
practice. No use, distribution or reproduction 
is permitted which does not comply with 
these terms.

TYPE Original Research
PUBLISHED 17 April 2025
DOI 10.3389/fpubh.2025.1554332

https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
http://crossmark.crossref.org/dialog/?doi=10.3389/fpubh.2025.1554332&domain=pdf&date_stamp=2025-04-17
https://www.frontiersin.org/articles/10.3389/fpubh.2025.1554332/full
https://www.frontiersin.org/articles/10.3389/fpubh.2025.1554332/full
https://www.frontiersin.org/articles/10.3389/fpubh.2025.1554332/full
https://www.frontiersin.org/articles/10.3389/fpubh.2025.1554332/full
mailto:hyasuda@hiroshima-u.ac.jp
https://doi.org/10.3389/fpubh.2025.1554332
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/public-health#editorial-board
https://www.frontiersin.org/journals/public-health#editorial-board
https://doi.org/10.3389/fpubh.2025.1554332


Yasuda et al. 10.3389/fpubh.2025.1554332

Frontiers in Public Health 02 frontiersin.org

Introduction

During travel using commercial aircraft, flight passengers (flyers) 
and aircraft crews are exposed to elevated levels of galactic cosmic 
radiation (GCR) originating from outer space. Cosmic radiation is one 
of the physical health factors impacting passengers during flights, 
along with vibration, high noise, low humidity, decreased oxygen 
levels, and intense electromagnetic fields. Flyers are also exposed to 
various chemical, biological, and psychosocial stressors that can affect 
multiple functional systems and cause specific diseases (1). 
Epidemiological studies have indicated that the risk of certain cancers, 
such as skin cancer and breast cancer, may be higher in aircraft crews, 
although a causal relationship is yet to be established (2–4).

The effective dose rate at typical aviation altitudes (10–12 km) is 
approximately 100 times higher than that at the ground level, reaching 
up to 7 μSv h−1 during flights at higher latitudes (5). This elevated 
natural radiation exposure in aviation has been acknowledged by the 
International Commission on Radiological Protection (ICRP), which 
recommended that the exposure of personnel to cosmic radiation 
during the operation of commercial jet aircraft should be treated as 
occupational (6, 7). In line with these recommendations and 
corresponding legal frameworks, the exposure of aircraft crews to 
natural radiation has been managed at the country or region level, as 
observed in the United States (8), Europe (9), and Japan (10).

While some information on cosmic radiation exposure among 
aircraft crews has been reported (10–13), data on the cosmic radiation 
exposure of the public onboard civil aircraft remains limited (14, 15). 
Although it is believed that their doses are not as high as those of 
aircraft crews, except for a small group of frequent flyers, it is 
important to clarify the overall situation of radiation exposure and the 
associated health risks to the public in daily life. In particular, the 
recent occurrence of the COVID-19 pandemic in 2020 has 
significantly impacted the lives of many people and dramatically 
altered their exposure to various environmental stressors (16, 17). Fear 
of serious consequences of infection with severe acute respiratory 
syndrome coronavirus 2 (SARS-CoV-2) and international and 
domestic travel restrictions and quarantine regulations have resulted 
in a significant drop in the number of flyers worldwide (18, 19). 
Although this decline is expected to have reduced the cosmic radiation 
exposure of travelers, the extent of the reduction remains unquantified. 
The purpose of this study was to provide quantitative information on 
the changes in in-flight cosmic radiation doses for flyers due to the 
COVID-19 pandemic, with the aim of contributing to ongoing 
discussions about the overall impact of the pandemic on public health.

Methods

Target period

Solar activity follows a cycle of approximately 11 years, 
transitioning from minimum to maximum over a period of 5–6 years. 
Considering this fact and data availability, we focused on the 7-year 
period from 2014 to 2020, the first year of the COVID-19 pandemic, 
which covered the transition of solar activity from maximum to 
minimum. Large solar flares, which could have significantly affected 
cosmic radiation exposure in aircraft—such as the event observed in 
January 2005 (20)—did not occur during this period. The monthly 

and annual changes in solar activity, evaluated using sunspot numbers 
and referred to as “heliocentric potential (HP),” are shown for the 
target period in Figure 1 (21).

Dose calculation for international flights

To calculate the effective doses from cosmic radiation onboard 
aircraft (hereafter referred to as “aviation route doses”) during 
international flights from Japan, the world, except for Japan, was 
divided into eight regions. These regions were defined based on the 
geological differences and the distribution of traveler numbers: South 
Korea (officially the Republic of Korea), China (including Hong Kong, 
Taiwan, and Macao), Southeast Asia, South Asia, Oceania, Hawaii, 
North America, and Europe. The annual number of Japanese travelers 
to these regions has been officially reported by the Japan Aeronautic 
Association (JAA) (22), as shown in Figure 2. Since the number of 
travelers to China in 2020 has not been published (as of November 
2024), this figure was estimated based on the number of travelers to 
Hong Kong in 2020, which was published. The estimate assumed that 
the ratio (approximately 5%) of Japanese visitors to China and Hong 
Kong during the period before the COVID-19 pandemic (2014–2019) 
remained the same in 2020. The total number of international trips to 
these eight regions accounted for more than 95% of all international 
flights during the target period. Other regions, such as Africa, the 
Middle East, and South America, were excluded because the aviation 
routes to these areas from Japan, including the number of transfers, 
were unclear. However, the dose contribution from flights to these 
regions was assumed to be relatively small because of the low number 
of Japanese travelers and the geomagnetic effects that reduce aviation 
route doses due to the high cutoff rigidity.

The data shown in Figure 2 reveal that the distribution of air flight 
destinations remained largely unchanged over this period, including 
the year of the COVID-19 pandemic (2020). For example, the 
proportion of Japanese flyers to Europe ranged from 17% (2016) to 
20% (2014), with a ratio of 19% in 2020. The proportion of those 
traveling to North America ranged from 10% in 2018 to 12% in 2020 
and those traveling Toto Oceania ranged from 5% in 2018 to 8% 
in 2020.

The aviation route dose for each region was represented by that 
for a major city airport that was opened during the pandemic and 
geographically representative of the region. The selected cities were 
Seoul for South Korea, Beijing for China, Singapore for Southeast 
Asia, Delhi for South Asia, Sydney for Oceania, Honolulu for Hawaii, 
Houston in Texas for North America, and Frankfurt for Europe. The 
departure and arrival points in Japan was represented by the Tokyo/
Haneda Airport. The locations of these cities are shown on the map in 
Figure 3.

The cosmic radiation dose for each flight was calculated using the 
program code “JISCARD EX,” which was originally developed by the 
authors in 2007 for the management of cosmic radiation exposure 
among aircraft crews working with major airline companies in Japan 
(10). JISCARD EX is part of the “JISCARD” program package (23), 
which provides educational information related to cosmic radiation 
to the public in Japan. The accuracy of the aviation doses calculated 
using JISCARD EX was validated through comparisons with in-flight 
measurements (24–27) and other calculation codes developed in other 
countries (28, 29). For example, the calculated route doses for 68 
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major commercial flight routes using JISCARD EX and the German 
code EPCARD. Net matched within ±20% (28), which was considered 
fully satisfactory for radiological protection purposes. In this study, 
the most recent radiation and tissue weighting factors provided in the 
ICRP recommendations (7) were employed to calculate the 
effective doses.

Aviation route doses were calculated under the assumption that 
all flights followed great-circle routes and adhered to the flight 

schedules published by major airlines in Japan. Regarding flying 
altitudes, which could significantly affect dose levels, three cruising 
altitudes—34,000 ft. (10.4 km), 37,000 ft. (11.3 km), and 40,000 ft. 
(12.2 km)—were assumed in reference to the flight profiles provided 
by selected commercial airlines in previous studies (26, 27). For 
example, the altitude profiles recorded by the authors during four 
international flights from Japan are shown in Figure  4 (26). The 
average annual per-capita doses (APCDs) of Japanese flyers and the 

FIGURE 1

Changes in the monthly and yearly average heliocentric potentials (HPs) over 7 years from January 2014 to December 2020 (21), which were used to 
calculate the in-flight cosmic radiation doses of flyers in this study.

FIGURE 2

Annual numbers of international air travel by Japanese travelers from 2014 to 2020, classified by eight destination regions (22).
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general population were determined based on the calculated aviation 
route doses and the number of flyers.

Dose calculation for domestic flights

To calculate aviation route doses for domestic flights in Japan, 
we used a unit-distance route dose for the target period, as performed 

in a previous study (15). This approach was based on the finding that 
aviation route doses for domestic flights were primarily dependent 
on flight time or distance, rather than solar activity or flight route, 
since they occurred within a limited range of geomagnetic latitudes. 
In this approach, the collective dose for Japanese travelers was 
calculated by multiplying the average unit-distance route dose (μSv 
per 103 km) from three major domestic flights by the annual collective 
flight distance (man km), as reported by the Japanese governmental 

FIGURE 3

Locations of the cities selected as destinations representing the eight regions used to calculate aviation route doses in international flights from Japan.

FIGURE 4

Time changes in the flying altitude of commercial aircraft during four international flights from Japan [reproduced from the data published by Yasuda 
et al. (26)].
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body (22). The unit-distance route dose was determined as the 
average calculated from the three domestic routes with the largest 
number of flyers in Japan: Tokyo to Sapporo (Hokkaido), Tokyo to 
Fukuoka (Fukuoka Prefecture), and Tokyo to Naha (Okinawa 
Prefecture), as shown in Figure 5. The total number of flyers on these 

three routes accounted for approximately 25% of all domestic flyers 
during the target period. The aviation route doses were calculated 
using JISCARD EX (10). In the dose calculation, the cruising altitude 
was assumed to be 37,000 ft. (11.3 km), and the flying time for each 
route was determined from the flight time schedule published by 
major airlines in Japan.

Results

Doses from international flights

In Figure 6, the calculated cosmic radiation doses for round-trip 
flights to cities representing seven of the eight regions (Figure 3) at 
three cruising altitudes (34,000, 37,000, and 40,000 ft) are plotted as 
a function of flight time for the years 2014 and 2018. The aviation 
route doses for flights to Europe and North America were notably 
higher than those for flights to Asia and Oceania because the former 
flights have longer durations and take higher-latitude routes near the 
North Pole, while the latter flights have shorter durations and lower-
latitude routes. In addition, the effects of the cruising altitudes were 
clearly observed only in the flights to Europe and North America. 
These results are attributed to the distribution of Earth’s geomagnetic 
cutoff rigidity, which is lowest over the polar region and highest over 
the equator (5). Compared to the aviation doses in 2014 and 2018, 
the calculated doses for relatively short flights to Asia and Oceania 
were nearly the same, indicating that these low-latitude flights are 
minimally affected by changes in solar activity, which follows an 
11-year cycle. The dose levels showed a tendency to gradually 
increase with flying time.

The annual number of Japanese flyers (30), the calculated 
annual collective effective dose (the sum of route doses multiplied 

FIGURE 5

The three flight routes employed for the calculation of aviation route 
doses from domestic flights in Japan; a unit-distance route dose was 
determined from these three routes and applied to the calculation of 
collective doses.

FIGURE 6

Calculated aviation route doses for round-trip flights to the cities representing seven out of the eights regions (Figure 3) at three cruising altitudes 
(34,000, 37,000, and 40,000 ft) as a function of flight time for 2014 (a) and 2018 (b).
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by the number of Japanese flyers) for international flights, and the 
flyer-average annual per-capita dose (APCD) (the quotient of the 
collective dose divided by the number of Japanese travelers) from 
international flights over the target period of 2014–2020 are 
summarized in Table 1, and the calculated flyer-average APCDs 
are plotted as a function of year in Figure  7. The flyer-average 
APCD for the Japanese flyers was estimated to be 59–63 μSv y−1, 
which is notably higher than the cosmic radiation level 
encountered on the ground by the general public (approximately 
1 μSv per day) (6). The flyer-average APCD changed little even 
during the pandemic year (2020), whereas the collective dose 
decreased markedly to approximately 15% of the pre-pandemic 
level in 2020, reflecting the significant reduction in overseas travel 
(Figure 2). It should be noted that the number of trips per flyer 
decreased from 1.24–1.32 in the pre-pandemic period (2014–2019) 
to 1.15 in 2020.

Doses from domestic flights

Table 2 shows the annual number of domestic flyers in Japan, 
collective flight distance, collective effective dose (the product of 
the collective flight distance and the unit distance dose), and the 
derived flyer-average APCD (the quotient of the collective dose 
divided by the number of Japanese travelers) from domestic flights 
during the period 2014–2020. As observed in the results for 
international flights (Table  1), the flyer-average APCD from 
domestic flights in Japan was not affected by the pandemic (1.82–
1.86 μSv y−1 in 2014–2019; 1.87 μSv y−1 in 2020), whereas the 
collective dose significantly decreased in 2020 to one-third of the 
pre-pandemic level. This APCD level was equivalent to the dose 
encountered during a domestic flight of approximately 900 km, 
which is nearly the same distance as that from Tokyo to Sapporo 
(Figure 5).

TABLE 1 The number of Japanese international flyers, annual number of trips per international flyer, annual collective effective doses from 
international flights, and flyer-average annual per-capita doses (APCDs) from international flights during the period of 2014–2020.

Year Annual number of 
Japanese international 

flyers

Annual number of trips 
per international flyer

Annual collective 
effective dose from 
international flights 

(man Sv)*

Flyer-average APCD 
from international 

flights (μSv y−1)*

2014 16,903,000 1.29 1,000 (827–1,173) 59.2 (48.9–69.4)

2015 16,213,766 1.32 1,036 (854–1,190) 63.9 (52.7–73.4)

2016 17,116,420 1.26 1,058 (870–1,248) 61.8 (50.8–72.9)

2017 17,889,292 1.25 1,116 (917–1,319) 62.4 (51.2–73.7)

2018 18,954,031 1.24 1,193 (978–1,411) 62.9 (51.6–74.5)

2019 20,080,669 1.24 1,259 (1,032–1,489) 62.7 (51.4–74.2)

2020 3,174,219 1.15 198 (162–234) 62.3 (51.1–73.6)

*The dose value calculated at a cruising altitude of 37,000 ft, followed by those for altitudes between 34,000 and 40,000 ft in parentheses.

FIGURE 7

Calculated flyer-average per-capita doses (APCDs) for Japanese flyers from cosmic radiation during international flights for the period 2014–2020.
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Population average dose

Based on Japanese population data (31) and the calculated 
collective doses from international and domestic flights (Tables 1, 2), 
population-average APCDs for Japanese individuals from in-flight 
cosmic radiation exposure during the target period of 2014–2020 were 
calculated, as shown in Table 3 and Figure 8. Since the number of 
Japanese flyers who took international flights represented a small 
proportion of the Japanese population, the population-average APCD 
from international flights was significantly smaller than the flyer-
average APCD (Table 1). However, the population-average dose from 
domestic flights was approximately 70% of the flyer-average APCD, 
indicating that a large number of Japanese people use aircraft for 
domestic transportation. The population-average APCD for the 
Japanese population significantly decreased in 2020 due to the 
COVID-19 pandemic, dropping to <20% of the 2019 level.

Discussion

In this study, we  present the first quantitative estimates of 
cosmic radiation exposures for commercial flight passengers (flyers) 
during the period of 2014–2020, which included the COVID-19 
pandemic, using official records provided by governmental bodies 
in Japan. Accordingly, the flyer-average annual per-capita doses 
(APCDs) from international flights at a typical cruising altitude of 
37,000  ft. (11.3 km) were approximately 60 μSv y−1, while the 
APCDs from domestic flights were approximately 2 μSv y−1 over the 
target period. Interestingly, the flyer-average APCD was not affected 
by the COVID-19 pandemic. The observed stability in the flyer-
average APCD, regardless of changes in solar activity (Figure 1), can 
be attributed to the fact that the relative change in the number of 
flyers during the pre-pandemic period (2014–2019) occurred 
mainly on low-latitude flights in Asia, such as in China, Southeast 
Asia, and South Korea, which were considered unaffected by 
changes in solar activity. During the pandemic period (2020), 
although the relative contribution of low-latitude flights slightly 
decreased, this effect was balanced by the reduction in the number 
of trips per international flyer (Table 1). Meanwhile, the population-
average APCD notably decreased by more than 80% in 2020 
compared to the pre-pandemic period (2014–2019) population, 
reflecting the significant reduction in the number of Japanese 
travelers during the pandemic period.

These annual dose levels from air travel are negligible compared 
to the APCD from all-natural radiation sources, which averages 
approximately 2 mSv for the Japanese population (32). However, 
aviation doses can vary among individuals; some frequent flyers may 
have received relatively high doses >1 mSv, as reported for aircraft 
crews (5). While it is currently difficult to collect personal data from 
accessible travel records, future studies should aim to assess the 
individual doses for frequent flyers from in-flight cosmic radiation. It 
should be noted that we attempted to calculate APCDs for the years 
2021–2023 after the COVID-19 pandemic but found that data on the 
number of Japanese travelers to several major countries, including 
China and France, were still unavailable. In addition, flight routes 
between Japan and Europe have changed significantly due to the 
Russia–Ukraine War, which began in February 2022. As detailed 
records of these route changes were not made publicly available, 
we determined that reliable estimates of APCDs for Japanese flyers for 
2022 or later would be  difficult to obtain. Nevertheless, since the 
number of Japanese travelers leaving the country in 2021 and 2022 
was officially reported to be 512,244 and 2,771,770 (30), respectively, 
it was presumed that APCDs for Japanese flyers from international 
flights must have been significantly lower in recent years than in 2020, 
as well as in the pre-pandemic period. In particular, as the number in 
2021 (5.12 × 105) was only one-sixth of the number in 2020 
(3.17 × 106), the population-average APCD in 2021 was presumed to 
have been markedly lower.

This study has some limitations. First, the accurate number of 
Japanese travelers who took international flights could be higher 
than the figures covered in this study (Table 1) as flights to some 
regions, such as Africa, the Middle East, and South America, were 
excluded due to a lack of information on exact flight routes. Second, 
some uncertainty was introduced by the simplified procedures in 
the route dose calculation, such as dividing the world into eight 
regions and selecting only one representative city for each region. 
In particular, the potential uncertainty resulting from the 
simplification of flights to North America is considered significant 
because of the larger regional size and lower geomagnetic latitude 
(i.e., higher cosmic radiation dose rate). Considering this 
uncertainty, we  calculated aviation route doses for flights from 
Tokyo to three distant cities in the United  States (Los Angeles, 
Houston, and New York), assuming great circle routes at constant 
cruising altitudes of 34,000 ft., 37,000 ft., and 40,000 ft., as shown 
in Figure  9. Accordingly, we  determined that Houston could 
appropriately be chosen as a focal-point airport in North America 

TABLE 2 The number of domestic flyers in Japan, annual collective distance of domestic flights, collective effective doses from domestic flights, and 
flyer-average annual per-capita doses (APCDs) from domestic flights in Japan during the period of 2014–2020.

Year Number of domestic 
flyers in Japan

Annual collective 
distance of domestic 
flights (103 man km)

Collective effective dose 
(103 man Sv)

Flyer-average APCD 
from domestic flights 

(μSv y−1)

2014 94,504,500 86,148,872 172.3 1.82

2015 95,874,432 87,913,827 175.8 1.83

2016 97,203,255 89,589,278 179.2 1.84

2017 102,119,109 94,427,161 188.9 1.85

2018 103,902,583 96,170,616 192.3 1.85

2019 101,872,143 94,488,458 190.0 1.86

2020 33,767,529 31,543,287 63.09 1.87
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TABLE 3 Number of the Japanese population, population-average annual per-capita doses (APCDs) from international flights, APCDs from domestic 
flights, and population-average APCDs of the Japanese population during the period of 2014–2020.

Year Number of the 
Japanese population 

(103)

APCD from 
international flights (μSv 

y−1)*

APCD from domestic 
flights (μSv y−1)

Population-average 
APCD of the Japanese 
population (μSv y−1)*

2014 127,237 7.86 (6.50–9.22) 1.35 9.21 (7.85–10.57)

2015 127,095 8.15 (6.72–9.36) 1.38 9.53 (8.10–10.74)

2016 127,042 8.33 (6.85–9.82) 1.41 9.74 (8.26–11.23)

2017 126,919 8.80 (7.22–10.39) 1.49 10.29 (8.71–11.88)

2018 126,749 9.41 (7.72–11.13) 1.52 10.93 (9.24–12.65)

2019 126,555 9.95 (8.16–11.77) 1.49 11.44 (9.65–13.26)

2020 126,146 1.57 (1.29–1.85) 0.50 2.07 (1.79–2.35)

*The dose value calculated at a cruising altitude of 37,000 ft, followed by those for altitudes between 34,000 and 40,000 ft in parentheses.

FIGURE 8

Calculated annual per-capita doses (APCDs) as the Japanese population average from cosmic radiation during air travels for the period of 2014–2020.

FIGURE 9

(a) Locations of the three cities in the United States (Los Angeles, Houston, and New York) and (b) calculated route doses from Tokyo to the three cities 
when flying in November 2020 at constant cruising altitudes of 34,000, 37,000, and 40,000 ft. The dotted lines in the map (a) indicate great circle 
routes from Tokyo.
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for Japanese travelers because the route dose for Houston fell 
between that for Los Angeles on the west coast and that for 
New York on the east coast. However, the potential uncertainty due 
to this simplification should be investigated in more comprehensive 
ways. In addition, possible air travel subsequently made from the 
first destination country could not be  considered, despite the 
speculation that a considerable number of travelers flew somewhere 
to or from other countries. Moreover, it is necessary to improve the 
accuracy of the model for calculating cosmic radiation dose rates 
in the atmosphere based on recent observations at aviation altitudes 
(33, 34). More precise dose calculations for flyers would need to 
consider the spatial distribution of dose rates in a cabin area, which 
could be affected by the complex nuclear interactions of cosmic 
radiation particles with the aircraft body, fuel, onboard instruments, 
luggage, and passengers, as observed in previous in-flight 
measurements (35, 36). Further efforts to reduce these potential 
uncertainties are needed to achieve a more reliable dose assessment.

Conclusion

This is the first study to present recent trends in cosmic radiation 
exposure of the general public onboard commercial aircraft, focusing 
on the impact of the COVID-19 pandemic on the in-flight doses of 
Japanese passengers (flyers). As expected, due to the reduction in the 
number of flyers, the population-average annual per-capita dose 
(APCD) of Japanese flyers notably decreased in the first year of the 
pandemic (2020), whereas the flyer-average APCD changed little. 
These findings are expected to contribute to ongoing discussions on 
the overall impact of the COVID-19 pandemic on public health by 
clarifying the changes in radiological risk due to travel restrictions. In 
addition, the quantitative data presented in this study will be useful 
for the members of the public to deepen their understanding of 
varying situations of naturally occurring radiation exposure as a 
baseline for radiological health risk and to assess what level of 
additional exposure should be considered significantly harmful. Given 
the uncertainties in this study due to the simplified procedures and 
missing detailed information, we plan to conduct more comprehensive 
research in collaboration with airlines to improve the accuracy and 
reliability of our findings, covering the subsequent pandemic period 
(2021–present).

Data availability statement

The raw data supporting the conclusions of this article will 
be made available by the authors, without undue reservation.

Author contributions

HY: Conceptualization, Formal analysis, Investigation, 
Methodology, Project administration, Resources, Supervision, 
Visualization, Writing – original draft, Writing – review & editing. 
HM: Data curation, Investigation, Validation, Visualization, Writing – 
review & editing. KY: Investigation, Resources, Software, Validation, 
Writing – review & editing.

Funding

The author(s) declare that financial support was received for the 
research and/or publication of this article. We  received constant 
support from the Research Institute for Radiation Biology and 
Medicine, Hiroshima University, and the National Institutes for 
Quantum Science and Technology (QST) in conducting this study.

Acknowledgments

The authors would like to thank Tatsuhiko Sato (JAEA) for 
establishing the analytical model used for the calculation of 
atmospheric radiation doses.

Conflict of interest

The authors declare that the research was conducted in the 
absence of any commercial or financial relationships that could 
be construed as a potential conflict of interest.

Generative AI statement

The authors declare that no Gen AI was used in the creation of 
this manuscript.

Publisher’s note

All claims expressed in this article are solely those of the authors 
and do not necessarily represent those of their affiliated 
organizations, or those of the publisher, the editors and the 
reviewers. Any product that may be evaluated in this article, or 
claim that may be made by its manufacturer, is not guaranteed or 
endorsed by the publisher.

References
 1. Hayes K, Megson D, Doyle A, O'Sullivan G. Occupational risk of organophosphates 

and other chemical and radiative exposure in the aircraft cabin: a systematic review. Sci 
Total Environ. (2021) 796:148742. doi: 10.1016/j.scitotenv.2021.148742

 2. Di Trolio R, Di Lorenzo G, Fumo B, Ascierto PA. Cosmic radiation and cancer: is 
there a link? Future Oncol. (2015) 11:1123–35. doi: 10.2217/fon.15.29

 3. Scheibler C, Toprani SM, Mordukhovich I, Schaefer M, Staffa S, Nagel ZD, et al. 
Cancer risks from cosmic radiation exposure in flight: a review. Front Public Health. 
(2022) 10:947068. doi: 10.3389/fpubh.2022.947068

 4. Park S, Lee GB, Lee D, Cha ES, Han K, Cho M, et al. Cancer risk among air 
transportation industry workers in Korea: a national health registry-based study. BMC 
Public Health. (2024) 24:2435. doi: 10.1186/s12889-024-19904-w

 5. International Commission on Radiological Protection (ICRP). Radiological 
protection from cosmic radiation in aviation. ICRP Publ 132 Ann ICRP. (2016) 45:5–48. 
doi: 10.1177/0146645316645449

 6. International Commission on Radiological Protection (ICRP). The 1990 
recommendations of the international commission on radiological protection. ICRP 
Publ 60 Ann ICRP. (1991) 21:1–3.

https://doi.org/10.3389/fpubh.2025.1554332
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://doi.org/10.1016/j.scitotenv.2021.148742
https://doi.org/10.2217/fon.15.29
https://doi.org/10.3389/fpubh.2022.947068
https://doi.org/10.1186/s12889-024-19904-w
https://doi.org/10.1177/0146645316645449


Yasuda et al. 10.3389/fpubh.2025.1554332

Frontiers in Public Health 10 frontiersin.org

 7. International Commission on Radiological Protection (ICRP). The 2007 
recommendations of the international commission on radiological protection. ICRP 
Publ 103 Ann ICRP. (2007) 37:2–4.

 8. Friedberg W, Copeland K, Duke FE, O'Brien KIII, EB D Jr. Radiation exposure 
during air travel: guidance provided by the Federal Aviation Administration for air 
carrier crews. Health Phys. (2000) 79:591–5. doi: 10.1097/00004032-200011000-00018

 9. European Commission (EC). Radiation protection 140: Cosmic radiation exposure 
of aircraft crew – Compilation of measured and calculated data, European radiation 
dosimetry group (EURADOS). Brussels: European Commission (EC) (2004).

 10. Yasuda H, Sato T, Yonehara H, Kosako T, Fujitaka K, Sasaki Y. Management of 
cosmic radiation exposure for aircrew in Japan. Radiat Prot Dosim. (2011) 146:123–5. 
doi: 10.1093/rpd/ncr133

 11. Kubančák J, Kyselová D, Kovář I, Hlaváčová M, Langer R, Strhársky I, et al. 
Overview of aircrew exposure to cosmic radiation in the Czech Republic. Radiat Prot 
Dosim. (2019) 186:211–4. doi: 10.1093/rpd/ncz204

 12. Lestaevel P, Huet C, Lejeune V, Moreno C, Villagrasa C, Feuardent J, et al. Cosmic 
radiation exposure of airline crews in France over the period 2015–2019. Radioprotection. 
(2023) 58:317–25. doi: 10.1051/radiopro/2023027

 13. Pepin S, Fremout A, Leonard S, Radulovic S, Vanaudenhove T. Information on 
cosmic radiation received by Belgian aircrew: a survey. Radiat Prot Dosim. (2023) 
199:742–6. doi: 10.1093/rpd/ncad074

 14. Colgan PA, Synnott H, Fenton D. Individual and collective doses from cosmic 
radiation in Ireland. Radiat Prot Dosim. (2007) 123:426–34. doi: 10.1093/rpd/ncl527

 15. Yasuda H, Yajima K. Annual per-capita doses of the Japanese from cosmic 
radiation exposure in commercial flights. Radiat Prot Dosim. (2018) 182:488–93. doi: 
10.1093/rpd/ncy106

 16. Mostafa MK, Gamal G, Wafiq A. The impact of COVID 19 on air pollution levels 
and other environmental indicators-a case study of Egypt. J Environ Manag. (2021) 
277:111496. doi: 10.1016/j.jenvman.2020.111496

 17. Naseer S, Khalid S, Parveen S, Abbass K, Song H, Achim MV. COVID-19 outbreak: 
impact on global economy. Front Public Health. (2023) 10:1009393. doi: 
10.3389/fpubh.2022.1009393

 18. Sharun K, Tiwari R, Natesan S, Yatoo MI, Malik YS, Dhama K. International travel 
during the COVID-19 pandemic: implications and risks associated with ‘travel bubbles’. 
J Travel Med. (2020) 27:taaa184. doi: 10.1093/jtm/taaa184

 19. Steffen R, Lautenschlager S, Fehr J. Travel restrictions and lockdown during the 
COVID-19 pandemic—impact on notified infectious diseases in Switzerland. J Travel 
Med. (2020) 27:taaa180. doi: 10.1093/jtm/taaa180

 20. Bütikofer R, Flückiger EO, Desorgher L, Moser MR. The extreme solar cosmic ray 
particle event on 20 January 2005 and its influence on the radiation dose rate at aircraft 
altitude. Sci Total Environ. (2008) 391:177–83. doi: 10.1016/j.scitotenv.2007.10.021

 21. United States Department of Transportation Federal Aviation Administration (FAA). 
(2025). Heliocentric Potential. Available online at: https://www.faa.gov/data_research/
research/med_humanfacs/aeromedical/radiobiology/heliocentric (Accessed January 
1, 2025).

 22. Japan Aeronautic Association (JAA). Aviation statistics catalogue (Koukuu toukei 
youran). Tokyo: JAA (2023).

 23. National Institutes for Quantum and Radiological Science and Technology 
(QST). (2025).JISCARD: Japanese internet system for calculation of aviation 
route doses. Available online at: http://www.jiscard.jp/ (Accessed January 
1, 2025).

 24. Yasuda H, Lee J, Yajima K, Hwang JA, Sakai K. Measurement of cosmic-ray 
neutron dose onboard a polar route flight from New York to Seoul. Radiat Prot Dosim. 
(2011) 146:213–6. doi: 10.1093/rpd/ncr152

 25. Yasuda H, Yajima K, Sato T, Takada M, Nakamura T. Responses of selected neutron 
monitors to cosmic radiation at aviation altitudes. Health Phys. (2009) 96:655–60. doi: 
10.1097/01.HP.0000345025.85844.97

 26. Yasuda H, Yajima K. Verification of cosmic neutron doses in long-haul flights from 
Japan. Radiat Meas. (2018) 119:6–11. doi: 10.1016/j.radmeas.2018.08.016

 27. Yasuda H, Kurita N, Yajima K. Verification of estimated cosmic neutron intensities 
using a portable neutron monitoring system in Antarctica. Appl Sci. (2023) 13:3297. doi: 
10.3390/app13053297

 28. Mares V, Yasuda H. Aviation route doses calculated with EPCARD. Net JISCARD 
EX Radiat Meas. (2010) 45:1553–6. doi: 10.1016/j.radmeas.2010.06.015

 29. Bottollier-Depois JF, Beck P, Latocha M, Mares V, Matthiä D, Rühm W, et al. 
Comparison of codes assessing radiation exposure of aircraft crew due to galactic cosmic 
radiation. EURADOS Rep. (2012) 3:2012

 30. Japan National Tourism Organization (JNTO). (2025). Change in Japanese 
overseas travelers. Available online at: https://www.jnto.go.jp/statistics/data/visitors-
statistics/pdf/marketingdata_outbound.pdf (Accessed January 1, 2025).

 31. National Statistical Center of Japan (NSC). (2025). The portal site of Official 
statistics of Japan (e-stat). Available online at: https://www.e-stat.go.jp/en/stat-search/fi
les?page=1&layout=datalist&toukei=00200524&tstat=000000090001&cycle=7&tclass
1=000001011679&tclass2val=0 (Accessed January 1, 2025).

 32. Nuclear Safety Research Association (NSRA). Radiation in living environment 
(calculation of the Japanese public doses). 3rd ed. Vienna: NSRA (2020).

 33. Tobiska WK, Didkovsky L, Judge K, Weiman S, Bouwer D, Bailey J, et al. Analytical 
representations for characterizing the global aviation radiation environment based on 
model and measurement databases. Space Weather. (2018) 16:1523–38. doi: 
10.1029/2018SW001843

 34. Aryan H, Bortnik J, Tobiska WK, Mehta P, Siddalingappa R. Enhanced 
radiation levels at aviation altitudes and their relationship to plasma waves in the 
inner magnetosphere. Space Weather. (2023) 21:3477. doi: 10.1029/2023SW003477

 35. Kubančák J, Ambrožová I, Ploc O, Pachnerová Brabcová K, Štěpán V, Uchihori Y. 
Measurement of dose equivalent distribution on-board commercial jet aircraft. Radiat 
Prot Dosim. (2014) 162:215–9. doi: 10.1093/rpd/nct331

 36. Yasuda H, Yajima K, Sato T. Investigation of using a long-life electronic personal 
dosimeter for monitoring aviation doses of frequent flyers. Radiat Meas. (2020) 
134:106309. doi: 10.1016/j.radmeas.2020.106309

https://doi.org/10.3389/fpubh.2025.1554332
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://doi.org/10.1097/00004032-200011000-00018
https://doi.org/10.1093/rpd/ncr133
https://doi.org/10.1093/rpd/ncz204
https://doi.org/10.1051/radiopro/2023027
https://doi.org/10.1093/rpd/ncad074
https://doi.org/10.1093/rpd/ncl527
https://doi.org/10.1093/rpd/ncy106
https://doi.org/10.1016/j.jenvman.2020.111496
https://doi.org/10.3389/fpubh.2022.1009393
https://doi.org/10.1093/jtm/taaa184
https://doi.org/10.1093/jtm/taaa180
https://doi.org/10.1016/j.scitotenv.2007.10.021
https://www.faa.gov/data_research/research/med_humanfacs/aeromedical/radiobiology/heliocentric
https://www.faa.gov/data_research/research/med_humanfacs/aeromedical/radiobiology/heliocentric
http://www.jiscard.jp/
https://doi.org/10.1093/rpd/ncr152
https://doi.org/10.1097/01.HP.0000345025.85844.97
https://doi.org/10.1016/j.radmeas.2018.08.016
https://doi.org/10.3390/app13053297
https://doi.org/10.1016/j.radmeas.2010.06.015
https://www.jnto.go.jp/statistics/data/visitors-statistics/pdf/marketingdata_outbound.pdf
https://www.jnto.go.jp/statistics/data/visitors-statistics/pdf/marketingdata_outbound.pdf
https://www.e-stat.go.jp/en/stat-search/files?page=1&layout=datalist&toukei=00200524&tstat=000000090001&cycle=7&tclass1=000001011679&tclass2val=0
https://www.e-stat.go.jp/en/stat-search/files?page=1&layout=datalist&toukei=00200524&tstat=000000090001&cycle=7&tclass1=000001011679&tclass2val=0
https://www.e-stat.go.jp/en/stat-search/files?page=1&layout=datalist&toukei=00200524&tstat=000000090001&cycle=7&tclass1=000001011679&tclass2val=0
https://doi.org/10.1029/2018SW001843
https://doi.org/10.1029/2023SW003477
https://doi.org/10.1093/rpd/nct331
https://doi.org/10.1016/j.radmeas.2020.106309

	Recent trends in cosmic radiation exposure onboard aircraft: effects of the COVID-19 pandemic on Japanese in-flight doses
	Introduction
	Methods
	Target period
	Dose calculation for international flights
	Dose calculation for domestic flights

	Results
	Doses from international flights
	Doses from domestic flights
	Population average dose

	Discussion
	Conclusion

	References

