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Abstract

Air crew membersof international flights are exposedtoionizing
radiations originated from the collision of cosmic particleswith
atoms of the atmosphere. The degree of exposure varies ac-
cording to the atitude, | atitude, and solar activity. The cytoge-
netical analysis showed asignificant increase of dicentric chro-
mosomes (14.5+ 0.76 per 1,000 cells) in active air crew mem-
bersaswell asinretired air crew members (7.5 0.59 per 1,000
cells) inrelation to controls (0.5 £ 0.05 per 1,000 cells). In ac-
tive membersthe frequency of ring chromosomeswas alsoin-
creased (2.0 + 0.31 per 1,000 cells) but not found in retired
crew members. These observati ons suggest ahigh degree of ex-
posuretoionizing radiationsof air crew personnel. Consequently,
the cytogenetic follow-up of air crews chronically exposed to
low radiation dosesisan openfield for further investigations.

INTRODUCTION

Air crew membersof internationa flightsare exposed
toionizing radiations (el ectrons, fast neutronsand protons)
originated from the collision of cosmic particleswith at-
oms of the atmosphere. The degree of exposurevariesac-
cording to the altitude, latitude, and solar activity. Conse-
guently, these air crew members, who cruise at altitudes
higher than 30,000 feet on long haul flights are more ex-
posed than, for example, air crew members of domestic
flights (Bramlitt, 1985; Friedberg et al., 1989, 1993;
Bagshaw et al., 1996). Thistype of exposurediffersfrom
that produced at ground level as a consequence of catas-
trophes or nuclear accidents such as Chernobyl or Goiéania,
respectively, wherethe popul ations were exposed to high
dosesfor short periods. Inthiscase, air crew membersare
exposed to low dosesfor years.

The number of dicentric and ring chromosomes is
considered as a biological dosimeter for radiation expo-

sure (Hagmar et al., 1998). However, most studies were
carried out after acute exposuresand few dataareavailable
about chronically exposed populations (Evanset al., 1979;
Schmitz-Feuerhake et al., 1993, 1997). The analysis of
chromosomal aberrationsin air crew members has been
reported by several authors(Scheid et al., 1993; Heimers
et al., 1995; Romano et al., 1997; Wolf et al., 1999;
Heimers, 2000). However, the results obtained showed
some discrepancies. Whereassignificant increasesin chro-
mosomal aberrations werefound in air crew members of
subsonicflights(Scheid et al., 1993; Heimerset al., 1995;
Romano et al., 1997), no differences were observed when
the cytogenetic study was made on femal e cabin attendants
compared to controls (Wolf et al., 1999). On the other hand,
high frequencies of chromosomal aberrations, mainly di-
centric chromosomes, were found in Concorde pilots
(Heimers, 2000) and astronauts (Obe et al., 1997).
Theaim of the present study wasto analyze the fre-
guencies of chromosomal aberrationsin pilots and flight
engineers of international flights aswell asin retired pi-
lots and flight engineers. The study was performed with
members of the“ Asociacion de Pilotosde L ineas Aéreas’
(Air LinesPilots Association, APLA) from Argentina.

MATERIAL AND METHODS

Heparinized blood samples were obtained from 10
pilots and flight engineers of international flights, 10 re-
tired pilots and flight engineers and 10 controls matched
by age, selected among technical ground workers. Lym-
phocyte cultureswere carried out with Ham F10 medium
supplemented with 10% fetal bovine serum, phytohemag-
glutinin, and antibiotics (100 IU/ml penicillin and 100 pug/
ml streptomycin) for 52 h. M etaphase spreadswere stained
with Giemsa. Coded dlideswere analyzed by one observer.
A total of 200 metaphaseswere scored per donor.
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RESULTS

Tablesl, Il and 111 show the frequencies of chromo-
somal aberrationsfound in active crew members, retired
crew members, and controls. In active and retired crew
membersthe frequencies of dicentric chromosomeswere
higher than that of controls (14.5 and 7.5 dicentric chro-
mosomes per 1,000 cells, respectively, against 0.5 dicen-
tric chromosomes per 1,000 cells in controls). In active
crew members the frequency of ring chromosomes was
also higher than that of controls (2.0 ring chromosomes
per 1,000 cellsversus0). In addition, other types of aber-
rations such as despiralized chromosomes and tel omeric
associationswerefound. Despite thefact that the frequency
of dicentric chromosomeswas higher in activethanin re-
tired crew members, statistical analysis with the Mann-
Whitney U-test showed that the differenceswerenot sig-
nificant (P=0.3367).
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DISCUSSION

The frequency of dicentric and ring chromosomes
found in active crew memberswas 29-fold higher than that
of controls and 10-fold higher than that of the historical
controlsof our laboratory and the frequency reported for a
larger number of individuals. Even though the frequency of
dicentric chromosomeswas|ower inretired air crew mem-
bers than in active crew members, no significant differ-
enceswere found between these values.

Theamount of chromosomal damagefoundin Argen-
tinian pilots and flight engineerswas higher than thosere-
ported in previous papers (Scheid et al., 1993; Heimers et
al., 1995; Romano et al., 1997; Wolf et al., 1999). Al-
though the sample sizeissmall, results can be considered
as evidence of a high degree of exposure of air crews to
ionizing radiation. Thishigh exposurelevel could befrom
several causes: 1) most of the international flights from

Tablel - Frequency of chromosomal aberrationsfound in active air crew members. Standard error
of themean isindicated in parentheses. A total of 200 metaphases per donor were analyzed.

Donor Abnormal Chromosomal aberrationsper 100 cells
No. metaphasest
(%) AL2 B B4 Dic® Rin®
1 50 3.0(1.20) 0 3.0(1.20) 3.0(1.20) 0
2 10 2.0(0.98) 0 0.5(0.49) 0 0.5(0.49)
3 6.0 0.5(0.49) 1.5(0.85) 3.5(1.29) 25(1.10) 0
4 6.5 55(1.61) 4.5(1.46) 1.5(0.85) 0 0
6 6.0 3.0(1.20) 1.0(0.70) 4.5(1.46) 0.5(0.49) 0
9 100 14.0(2.45) 4.0(1.38) 4.5(1.46) 25(1.10) 0
10 75 7.5(1.86) 1.5(0.85) 0 2.0(0.98) 0.5(0.49)
13 120 10.0(2.12) 7.5(1.86) 5.5(1.61) 1.0(0.70) 0
16 75 45(1.46) 1.0(0.70) 6.5(1.74) 0 1.0(0.70)
67 105 7.5(1.86) 3.0(1.20) 3.5(1.29) 3.0(1.20) 0

Metaphase with at least one chromosomal aberration. M etaphases exhibiting only achromatic lesions (gaps)
were not considered as abnormal; 2achromatic lesions (gaps); *monochromatid breaks; “isochromatid breaks
plus acentric fragments; °dicentric chromosomes, and éring chromosomes.

Tablell - Frequency of chromosomal aberrationsfound inretired air crew members. Standard error of

the mean isindicated in parentheses. A total of 200 metaphases per donor were analyzed.

Donor Abnormal Chromosomal aberrations per 100 cells
No. metaphasest
(%) AL? B2 B Dic® Rin®

51 25 55(1.61) 3.0(1.20) 25(1.10) 0 0
2 6.0 115(2.25) 2.0(0.98) 4.0(1.38) 0.5(0.49) 0
54 6.0 16.5(2.62) 25(1.10) 25(1.10) 0.5(0.49) 0
% 55 80(1.91) 20(0.98) 30(1.20) 0.5(0.49) 0
5% 75 9.0(2.02) 25(1.10 35(1.29) 15(0.85) 0
57 80 7.0(1.80) 25(1.10) 2.0(0.98) 1.0(0.70) 0
58 110 155(2.55) 4.0(1.38) 5.0(1.54) 1.0(0.70) 0
5 30 35(1.29) 15(0.85) 15(0.85) 0
61 40 50(154) 1.0(0.70) 2.0(0.98) 0 0
64 120 14.5(2.49) 4.0(1.38) 85(1.97) 1.0(0.70) 0

M etaphase with at |east one chromosomal aberration. M etaphases exhibiting only achromatic | esions (gaps)
were not considered as abnormal; 2achromatic lesions (gaps); *monochromatid breaks; “isochromatid breaks
plus acentric fragments; °dicentric chromosomes, and éring chromosomes.



Tablelll - Frequency of chromosomal aberrationsfound in controls. Standard error
of the mean isindicated in parentheses. A total of 200 metaphases per donor were analyzed.

Chromosomal damagein air crew members

Donor Abnormal Chromosomal aberrationsper 100 cells
No. metaphasest
(%) AL? B B4 Dic® Rin®

100 20 0.5(0.49) 0 2.0(0.98) 0 0
103 35 2.0(0.98) 0.5(0.49) 3.0(1.20) 0 0
104 20 0.5(0.49) 0.5(0.49) 1.0(0.70) 0 0
105 45 35(1.29) 1.0(0.70) 15(0.85) 0.5(0.49) 0
106 30 6.0(1.67) 1.0(0.70) 2.0(0.98) 0 0
107 35 7.5(1.86) 2.0(0.98) 15(0.85) 0 0
109 25 35(1.29) 1.0(0.70) 1.0(0.70) 0 0
110 15 25(1.10) 0 1.5(0.85) 0 0
111 30 35(1.29) 0.5(0.49) 25(1.10) 0 0
114 45 4.0(1.38) 1.5(0.85) 3.0(1.20 0 0

1119

Metaphase with at least one chromosomal aberration. Metaphases exhibiting only achromatic lesions
(gaps) were not considered as abnormal; 2achromatic lesions (gaps); *monochromatid breaks;

4isochromatid breaks plus acentric fragments; °dicentric chromosomes, and éring chromosomes.

Argentinaaretransequatorial, with long hauls at high alti-
tudes; 2) most of the pilotsand flight engineersstudied are
routine crew members of the transpolar flight Buenos
Aires-Auckland (New Zedand).

Aninteresting finding isthe persistence of exchange
typeaberrationsin retired air crew members, even after 10
years. In cytogenetic follow-up studies carried out six years
after populations were accidentally exposed in Goiania,
Brasil, arapid decreasein the frequencies of dicentric and
ring chromosomesin the most exposed group (doses higher
than 1 Gy) wasfound. Inindividualsreceiving lessthan 1
Gy the disappearance of aberrationswasdower. Inthefirst
case, the estimated average half life of dicentric elimina-
tionwas 110 daysfor theinitital period after exposure (until
470 days). In the second one, the half life was 160 days
during the period of 470 days (Ramaho et al., 1995). Con-
sequently, the cytogenetic follow-up of air crews chroni-
cally exposed to low radiation doses, including cabin at-
tendants, isan open field for further research. It hasbeen
demonstrated that the increase of exchange-type aberra-
tionsisanindication of cancer risk. Inthisstudy, thisfact
issupported by dataabout mortality of pilots obtained from
the“ Asociacion dePilotosdeLineasAéreas’ (APLA).

RESUMO

Tripulantes de vdos i nternacionais estdo expostos ara-
diagdesionizantes originadas da colisdo de particul as cosmicas
com atomos daatmosfera. O grau de exposi¢éo variade acordo
com aaltitude, latitude e aatividade solar. A andlise citogenética
mostrou um aumento significante no nimero de cromossomos
dicéntricos (14,5 0,76 por 1000 células) em membros ativos
datripulag&o, assim como em tripulantes aposentados (7,5 +
0,59 por 1000 células), em relagdo a controles (0,5 + 0,05 por
1000 células). Em tripulantes em atividade a freqiiéncia de
cromossomos em anel também aumentou (2,0 + 0,31 por 1000
células), masisso ndo ocorreu em tripulantes aposentados. Estas
observacdes sugerem um alto grau de exposi¢éo do pessoal de

bordo a radiacOes ionizantes. Conseguientemente, o acom-
panhamento citogenético de tripul antes de avides cronicamente
expostos a baixas doses de radiagdo € um campo aberto para
futurasinvestigacoes.
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