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Abstract - Dose rate characteristics of cosmic radiation field at flight altitudes were
analyzed and the route doses to the personnels on board due to cosmic-ray were calculated
for Korean-based commercial international airline routes using CARI-6. Annual individual
doses to aircrew and the collective effective dose of passengers were estimated by applying
the calculated route doses to the flight schedules of aircrew and the air travel statistics of
Korea. The result shows that the annual doses to aircrew, around 2.62mSv, exceed the
annual dose limit of public and are comparable to doses of the group of workers
occupationally exposed. Therefore it is necessary to consider the frequent flyers as well as
the aircrew as the occupational exposure group. The annual collective dose to 11 million
Korean passengers in 2001 appeared to be 136 man-Sv. The results should be modified when
the dose rates of cosmic radiation at high altitude are revised by taking into account the
changes in the radiation weighting factors for protons and neutrons as given in ICRP 92.
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Fig. 1. Plot of the heliocentric potential for the period of
time between 1958 and 2002.

* http://www.cami.jccbi.gov/AAM-600/radiation /600
radio.html.

t  http://www.gsf.de/epcard/eng_start.php.

¥ http://www.pcaire.com/home.htm.
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Table 1. Flight profiles of the reference routes.
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Fig. 2. Comparison of tools for computation of doses
due to cosmic-ray during air flight. The ICAO codes
denote: RKSS for Seoul, Korea, KJFK for New York,
NY, EGLL for London, UK, VTBD for Bangkok, Thailand
and YSSY for Sydney, Australia.
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Route®/flight time

Altitude(H; ft) and duration(T; himm)

(hh:mm) Tuwem H/T\  Hy/T:  HyTs  HyTs  HyTs  He/Ts T
RKSS-KJFK 33000 35000 37000

(13:06) @) G2 119 (5:32) 23)
RKSS-KLAX 33000 35000 37,000

(10:54) @) @ 52 (532 23)
RKSS-EGLL 26000 27600 28200 31500 34800 35000

(11:30) 13 00 a4 a2 G 02 15D (14)
RKSS-VTBD 31,000 35,000 39,000 39,400 37,400 39,000

(0510) (15) 003 (02 (013 (139 003 (148 (22
RKSS-YSSY 29000 30000 29000 31000 33000

(09:05) ©) (3D ©3) 03 (@05 (3% 20)
RKSS-RJAA 33000 37000

(01:45) 14 09  (1:00) 2

a) KLAX and RJAA denote Los Angeles, CA and Tokyo, Japan, respectively. For other airports, refer to

caption of Fig.2.
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Table 2. Yearly individual schedules for the sampled Korean aircrew.

Total Total Frequency of flight by continent
Aircrew ID flight time frequency
- () of flight America Europe Asia Oceania Others

P1 775 98 36 20 31 2 9

P2 816 97 4 20 26 2 5

P3 742 % 32 18 24 6 15

P4 746 92 42 8 28 8 6

P5 73 9 33 21 29 4 12

Pilots P6 749 78 H“ 14 12 0 8
P7 788 9% 42 18 22 9 5

P8 829 113 49 9 39 4 12

P9 703 0 37 8 29 7 9

P10 741 % 32 26 26 0 12

Ave. 767 % 39 16 27 4 9

F1 817 122 28 16 64 14 0

F2 739 134 28 4 4 14 4

F3 835 146 A 12 84 16 0

F4 526 . 146 4 10 114 18 0

F5 787 180 32 4 128 16 0

Flight — pgg 73 160 12 12 110 2% 0

attendants

F7 807 152 20 14 102 16 0

F8 721 170 20 10 114 22 4

F9 803 164 20 20 114 10 0

F10 745 138 30 12 80 14 2

Ave. 748 151 23 11 9 17 1
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Table 3. Total number of persons arrived and departed in 2001%.

Category Arrivals Departures Total
Passengers 5,592,711 5,696,313 11,289,024
Korean Crew 676,927 682,942 1,359,369
Subtotal 6,269,638 6,379,255 12,648,893
Passengers 4,275,696 4,205,234 8,480,930
Foreigners Landing permits 752,255 761,299 1,513,544
Subtotal 5,027,951 4,966,533 9,994,484
Passengers 9,868,407 9,901,547 19,769,954
Total Crew and others 1,429,182 1,444,241 2873423
Total 11,297,589 11,345,788 22,643,377

a) Taken from reference 19.
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Fig. 3. Effective dose rates according to the latitude at
the altitude of 35,0001 and the longitude of 126°E for
different heliocentric potential,
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37°N 126° E for different heliocentric potential.
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Table 4. Route doses calculated with CARI-6 for the Korean-based major commercial airine routes.
Origin Air Eﬁ ght Route dose (USv)
-Destination® time distance Heliocentric potential (MV)
(hh:mm) (km) b) ) ) ) )
717 1,609 419 1,101 477
RKSS-KJFK 13:35 11,051 689 498 81.6 586 79.0
RKSS-KLAX 11:40 9,581 457 312 50.3 415 49.2
RKSS-CYYZ 13:00 10,600 65.7 415 718 559 7.3
RKSS-PHNL 08:40 7,307 21.8 20.1 226 211 22.4
RKSS-PANC 07:40 6,062 320 247 365 283 356
RKSS-EGLL 10:53 8,854 39.3 29.3 456 340 442
RKSS-EDDF 10:18 8,551 36.3 276 416 31.8 405
RKSS-UTTT 07:00 6,589 138 12.3 145 131 143
RKSS-UUEE 08:03 6,603 269 209 305 239 29.6
RKSS-LTBA 10:23 >9,027 29.4 25.0 319 215 311
RKSS-VTBD 05:03 3718 87 82 89 85 88
RKSS-VHHH - 0305 2,092 53 50 54 51 54
RKSS-PGUM 03:58 3,193 } 6.5 6.1 6.7 6.3 6.6
RKSS-WIH 06:35 5,283 112 106 114 109 114
RKSS-YSSY 09:50 8319 186 17.2 19.2 180 19.0
RKSS-RJAA 01:50 1,160 42 39 43 4.1 43
RKSS-RJCO 02:25 1,362 65 59 6.7 62 6.7
RKSS-R]JBB 01:15 825 24 22 25 23 25
RKSS-ZBAA 01:35 951 ' 36 33 37 35 37
RKSS-ZSSS 01:13 878 2.2 21 23 22 23

a) Seoul, Korea(RKSS), New York, NY(KJFK), Los Angeles, CA(KLAX), Toronto, Canada(CYYZ),
Honolulu, Hawaii(PHNL), Anchorage, AK (PANC), London, UK(EGLL), Frankfurt, Germany(EDDF),
Tashkent, Uzbekistan(UTTT), Moscow, Russia(UUEE), Istanbul, Turkey(LTBA), Bangkok, Thailand(VTBD),
Hong Kong, China(VHHH), Guam Island, Guam(PGUM), Jakarta, Indonesia(WIIH), Sydney,

Australia(YSSY), Tokyo, Japan(RJAA), Sapporo, Japan(RJCO), Osaka, Japan(R]JBB), Beijing, China(ZBAA),
Shanghai, China(ZSSS).

b) Average HCP for 45 years.
¢) Maximum monthly HCP.
d) Minimum monthly HCP.

e) Maximum yearly HCP.

f) Minimum yearly HCP.
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Fig. 5. Annual exposure distribution of aircrew in Korea
at the solar activity of 717 MV.

Table 5. Average annual effective dose corresponding
to the solar activity for aircrew in Korea.

Annual effective dose (mSvy™)
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Fig. 6. Comparison of aircrew dose to other occupational group doses in Korea.
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