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ABSTRACT 
 

The exposure to cosmic radiation from air traveling is significantly higher than that at ground level, varying 

according to the route due to the effect of latitude and flight time, to the flight altitude, due to the type of 

airplane and to the year, due to the effect of solar cycle on the galactic cosmic rays flux. The computer code 

CARI-6, developed by the U.S. Federal Aviation Administration, is aimed to calculate the effective dose of 

galactic cosmic radiation received by an individual in an airplane, flying the shortest route between two airports 

in the world. The objective of this work is to estimate the contribution of the exposure to cosmic radiation on 

domestic commercial flights for the Brazilian customers. The work shall serve as a baseline for future 

comparisons of the growth of civil aviation in the country. It shall also open perspectives for discussions on the 

concept of risk and its public acceptance, relevant to the establishment of radiological protection guidelines. 

Average effective doses for individual flights ranged from 0.2 to 8.8 µSv. This is a very small contribution to 

average overall exposure to natural background radiation (2.4 mSv/y). Doses for the most frequent flight routes 

in the country have been assessed. These include flights to and from Rio de Janeiro, São Paulo and Brasília. 

Doses for frequent flyers and collective doses are discussed in perspective of other exposure sources. 

 

 

1. INTRODUCTION 

 

Radiation has always been present in the biosphere where life developed. The major 

contribution to the various radiation exposure received by the man comes from natural 

sources. The main sources of natural radiation that contribute to human exposure are cosmic 

radiation and terrestrial radiation [1]. 

 

The cosmic radiation is ionizing radiation and is usually classified as primary and secondary 

cosmic radiation. The primary cosmic radiation (electrons, protons and heavier ions) 

originates outside the Earth due to the acceleration of astrophysical sources, and the 

secondary cosmic radiation is divided into three categories: nuclei (protons and neutrons), 

electromagnetic (electrons and photons) and muons. The secondary cosmic rays are formed 

when incident high-energy particles (primary) interact with Earth's atmosphere, creating a 

complex set of secondary particles. The relative importance of the various components varies 

with depth in the atmosphere, and the relative importance of protons and neutrons is greater 
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at high altitudes and muons are more important at the level of the sea. The dose rates rise 

steeply at higher altitudes [2, 3, 4]. 

 

The cosmic radiation field at flight altitudes is composed of primary particles that are galactic 

cosmic rays and solar cosmic rays and secondary particles produced in Earth's atmosphere. 

The exposure to cosmic radiation at high altitudes is very complex and significantly different 

from that experienced by workers in the nuclear industry. The intensity of the radiation varies 

with the routes, latitude, altitude flight (from 10,000 to 12,000 meters intercontinental flights) 

and solar activity. The dose rate at flight altitudes is approximately 5 µSv / h, and it is 

composed of 40% of neutrons, 30% of fótonse and electrons, 25% of protons and 5% of 

muons. The cosmic radiation dose becomes larger with the increase of altitude [3, 5, 6]. 

 

Thus, exposure to cosmic radiation in aircraft travel is significantly higher than the ground 

level and varies with the route due to the effect of latitude, the altitude of flight, the flight 

time, and the year due to the effect of the solar cycle in galactic cosmic ray flux. The world 

average estimated by UNSCEAR (2010) for the effective dose due to cosmic radiation at 

ground level is 0.38 mSv per year, about 16% of the average worldwide dose from natural 

sources. 

 

In relation to the general public, this exposure is not subject to regulation, because it is 

considered as a voluntary activity, commercial flights represent a technological increased 

exposure of people to natural radiation. This component of the exposure of the public is, 

however, less studied and few surveys are found in the literature. 

 

The objective of this work is to estimate the contribution of the exposure to cosmic radiation 

on domestic commercial flights for the Brazilian customers. The work shall serve as a 

baseline for future comparisons of the growth of civil aviation in the country. It shall also 

open perspectives for discussions on the concept of risk and its public acceptance, relevant to 

the establishment of radiological protection guidelines. Doses for the most frequent flight 

routes in the country have been assessed. These include flights to and from Rio de Janeiro, 

São Paulo and Brasília. Doses for frequent flyers and collective doses are discussed in 

perspective of other exposure sources. 

 

2. METHODOLOGY 

 

At the first step standard flights were selected to perform the simulations using CARI-6 code, 

in order to perform an initial sensitivity analysis on main parameters such as flight time, 

flight altitude, latitude, take-off and landing periods [7]. According to the results of such 

analysis, a database was implemented in Excel spreadsheets based on flights available in 

November 2011.  

 

The collection flights data was done through the “Pan Rota” magazine (2011), which states 

the schedules of national and international flight routes and airlines.  The fields included on 

the database are: 

- The origin and destination of flights;  

- Time of departure and arrival; 

- Weekly frequency of each flight; 

- Airplane type;  

- Number of passengers (full capacity for airplane type);  
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- Airline and flight number; 

- Total time of flight;  

- Acronym ICAO (International Civil Aviation Organization) for origin and destination of the 

flight; 

- Take-off and landing times; and  

- Average cruise altitude.  

 

At the second step was made a data validation in magazine's "Pan Routes" [8], 10% of the 

flights listed in the database were randomly selected and the searches were made on the 

websites of the airlines using the acronyms of companies airlines indicated in the magazine 

and in the database. It was concluded that 95% of flights were confirmed in selected sites of 

the airlines, the other 5% of the flights were not found because the company was closed in 

2012. The final database, includes 3872 domestic flights, with over 1,000,000 individual 

flights a year in Brazil [9]. 

 

The data included in the database as cruise altitude and take-off and landing times was 

obtained by DECEA (Department of Airspace Control – personal information) which is a 

company responsible for the strategic control of Brazilian airspace. The flight altitude for 

airplanes varies according to the itinerary; for large airplanes (more than 80 passengers’ 

equipments), the flight altitude varies between 9,140 to 11,600 meters. The value used in the 

simulations was 10,363 meters (34,000 ft). The take-off and landing times was informed to 

vary from 12 to 18 minutes, and a value of 15 minutes was used in the simulations. For small 

airplanes (less than 80 passengers) and/or very short flight times (less than 45 minutes), 

information was taken from the Air Traffic Coordinator of Jacarepagua Airport in Rio de 

Janeiro, (William Macedo de Lima, personal information) and according to this source an 

average cruise altitude of 5,000 meters (16,000 ft) and take-off and landing times of 8 

minutes each have been used. 

 

Doses from individual flights were assessed using the computer program CARI-6, developed 

by the U.S. Federal Aviation Administration [10]. This program calculates the effective dose 

of galactic cosmic radiation received by an individual in an aircraft flying the shortest route 

between two airports of the world. The program takes into account changes in altitude and 

latitude during the course of a flight, the effects of take-off and landing times, and the effect 

of solar cycle, as derived from the flight profile entered by the user. Although originally 

developed to quantify the radiation exposure of flight crews, the program was used to 

estimate exposure of adult members of the public.  

The collective dose were estimated for each route, considering the individual doses for each 

route, flight frequency and characteristics of aircraft used (capacity of the aircraft). In this 

calculation we considered the flights back and forth between each two points, ie, we 

considered all recorded 3,872 different flights. 

 

The equation used to derive the collective dose was: 

 

CR = DR x 10
-6

  x  fR   x  Naircraft R 

 

Where: 

CR = Collective Dose (man-Sv) route R; 

DR = Dose of an individual passenger on a particular flight (mSv); 

fR = Annual frequency of flight; 
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Naircraft R = Number of passengers on the aircraft that will meet route R. 

 

For the present work only domestic flights to and from Rio de Janeiro, São Paulo and Brasília 

were considered. The airports locations are described on Table 1. 

 

Table 1: Location of airports used in this work. 

 

City IATA Code ICAO Code Latitude Longitude Elevation (m) 

Rio de Janeiro GIG SBGL 22° 48’ 50” S 43° 14’ 60” W 9 

 SDU SBRJ 22° 54’ 39” S 43° 09’ 50” W 8 

São Paulo GRU SBGR 23° 26’ 00” S 46° 28’ 20” W 750 

 CGH SBSP 23° 37’ 60” S 46° 39’ 20” W 802 

Brasília BSB SBBR 15° 51’ 80” S 47° 54’ 80” W 1060 

 

 

3. RESULTS 

 

The average individual doses evaluated for domestic flights in Brazil are in the range of 0.03 

to 8.8 µSv per flight. It can be observed that these individual flights have very small 

contribution to the overall exposure of passengers to natural radiation sources. This exhibition 

is considered voluntary exposure of individual flights and is below the dose level of 10 

µSv. Although frequent flyers may have doses above this level, the doses are below the level 

of intervention of 10 mSv/y [11]. The average dose in individual domestic flights was 2.8 

µSv. It has been estimated that there is over 1 million individual flights a year in the country, 

involving the movement of some 135 million people by the airports. The collective dose was 

estimated at 429 man-Sv. These values represent, on average, an increase of 0.11% in the 

exposure of passengers carried per flight, and an increase of only about 0.09% to the 

country's population. 

 

The Fig. 1 shows the results of collective dose for flights originating in each of the states of 

Brazil. 

 

 
 

Figure 1:  Collective dose on flights originating in each state. 
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The Fig. 2 shows the total number of flights departing from each state. We note that the state 

that has the highest number of flights per year is São Paulo, followed by the state of Rio de 

Janeiro and Brasília. The results of dose for direct flights between the cities are shown in 

Table 2. 

 

 
 

Figure 2: Number of flights per year starting from each state. 

 

 

Table 2: Individual dose for passengers on domestic flights direct between the cities of 

Rio de Janeiro, São Paulo and Brasília. 

 

 

Route 
% of the total number 

of flights 

Individual dose (µSv) 

Average Standard Deviation 

Rio - São Paulo 4.7 1.80 0.43 

Rio - Brasília 1.9 3.37 0.38 

São Paulo - Brasília 3.2 3.24 0.28 

 

 

The highest dose is related to Rio-Brasília flight. A passenger making weekly trips between 

the two cities would receive around 0.35 mSv / y increase of dose, ie, an increase of 14.6% in 

relation to their exposure to natural radioactivity (considering the global average of 2.4 mSv / 

y (UNSCEAR, 2008)).  

 

Using the average dose for all flights in the route Rio de Janeiro-São Paulo of 1,76 µSv, a 

frequent flyer with weekly flights in this route would receive a dose of about 0,18 mSv per 

year. Doses for these flights may range from 0,9 to 2,9, according to the airports and the type 

of airplane used in the flight. Although this is not a regulated activity, as it is seen as a 

voluntary activity, one can say that this value is above the exemption level, although largely 

below the intervention level of 10 mSv/y.  

 

The Rio-São Paulo route represents about 7% of flights performed and about 8% of annual 

passenger traffic in the country. Being a relatively short flight, this route accounts for only 

4.4% of the total collective dose from Brazil.  
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4. CONCLUSIONS  

 

The collective dose was estimated at 429 man-Sv. These values represent, on average, an 

increase of 0.11% in the exposure of passengers carried per flight, and an increase of only 

about 0.09% to the country's population. This variation is small, considering that the natural 

variation of the dose due to cosmic radiation at Earth's surface was estimated to be around 

84% compared to the average value of 0.38 mSv/y [4]. The average dose estimated for the 

domestic commercial passenger flights in Brazil correspond, for example, to the exposure to 

cosmic radiation due to a stay of less than two days in Mexico City.  
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