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Analysis of Chromosomal Aberration Induced by Low Dose of Radiation

Chun Ja Yi B.S. and Sung Whan Ha M.D.

Department of Therapeutic Radiology and Laboratory of Radiation Biology, Cancer Research Center,
Seoul National University College of Medicine, Seoul, Korea

Chromosomal aberration analysis, as a basis for biological radiation dosimetry, was performed
for radiation dose ranges below 150 cGy. The yield, ratio of lymphocytes with dicentric and/or ring
chromosomes, was 0, 0, 0.4, 0.5, 0.6, 0.8, 1.8, 5.5, 8.0, and 18.5% for 0, 5, 10, 15, 20, 25, 50, 75, 100
and 150 cGy, respectively. The Ydr, ratio of dicentric and ring chromosomes in total lymphocytes,
was 0, 0, 0.004, 0.005, 0.006, 0.009, 0.018, 0.055, 0.084 and 0.207, respectively. The Qdr, ratio of
dicentric and ring chromosomes in lymphocytes with aberration, was 1.0 for the radiation doses
up to 75 cGy and 1.05 and 1.11 for 100 and 150 cGy, respectively. From the resuits, it seems possible
to estimate radiation dose from Ydr when the exposure is 25 cGy or more. All the 5 radiation
workers studied, with exposure much less than 1 mSv per month, had chromosomal aberrations.
And acentric fragment pairs, in addition to dicentric and ring chromosomes, showed good dose
response relationship and so may be useful for biological dosimetry for low dose radiation

exposure, accidental or occupational.
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Table 1. Yield and Number of Unstable Aberrations

Radiation No of -No of Number of aber-
dose cells cellswith ration
(cGy) scored aberration Yield Decent Ring Acent
0 575 0 0 0 0 0
5 496 0 0 0 0 5
10 506 2 0.004 2 0 6
15 562 3 0.005 3 0 10
20 495 3 0006 3 0 6
25 572 5 0.008 5 0 15
50 609 1 0.018 11 0 29
75 458 25 0.055 25 0 48
100 526 42 0.080 44 1 48
150 482 89 0185 99** 0 124

*include 2 cells with 2 dicentrics in one cell
**include 10 cells with 2 dicentrics in one cell
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Table 2. Frequency of Aberrations, Ydr and Qdr

Dose Dicentric Ring Excess Qdr
(cGy) (Yd) (Yr) Acentric (Ya) Ydr
0 0 0 0 0 -
5 0 0 0.001 0 -
10 0004 O 0.012 0.004 1
15 0005 O 0.018 0.005 1
20 0.006 O 0.012 0.006 1
25 0009 O 0.026 0.009 1
50 0018 O 0.023 0.018 1
75 0055 O 0.105 0.085 1
100 0084 O 0.103 0.084 1.05
150 0.205 0.002 0.257 0.207 .11
0.301
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Fig. 1. Frequency of chromosomal aberration by radi-

dose. Frequencies

of dicentric

chromosomes and excess acentric pairs in-
crease with radiation dose.
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Fig. 2. Relationship of frequency of dicentric aberra-

tion and radiation dose.
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Fig. 3. Relationship of frequency of dicentric and ring
chromosomes and radiation dose.

No of cells Aberrations Cumulative dose Exposure in last
Case scored dicentric acentric Ydr Ydra (mSv/yr) 12 months

A 484 1 2 0.0021 0.0062 15.41/7 0.99

B 450 2 1 0.0044  0.0067 ? /5 197

C 501 1 1 0.0020  0.0040 34.02/13 0.60

D 500 1 3 0.0020  0.0080 22.65/8 211

E 352 2 1 0.0057 0.0085 6.33/3 1.36
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Fig. 4. Relationship of frequency of excess acentric
fragment pairs and radiation dose.
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Fig. 5. Relationship of frequency of unstable chromo-
somal aberrations (dicentric+ring-+acentric
pairs) and radiation dose.

Table 4. Parameters of Reported Dose Response Relationship

Author & Dose range Y=kD+a Y=kD" Y=aD+ BD?
(cGy) K a k n a B

SNU ( 0~ 150) 0.001263 —0.01804 9.09x10°° 2 —~1.634%107% 9.216xX107¢
SNU  (200~1200) 9.322x10™* 2.975x10°¢
Lioyd ( 0~ 5) 214 x10™* 7.07 x1077
Lioyd ( 20~ 800) 3.81 x10™* 9.39 x10°¢
Sasaki ( 30~ 500) 255x107¢ 1.78 0.91 xX10~* 6.82 x10~°¢
Vulpis { 50~ 700) 0.000483 —0.00032

KCCH ( 10~ 500) 0.0024 -0.30 5.81x107¢ 1.93 0.65 x10* 3.72 x10°¢
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Fig. 6. Frequency of chromosomal aberrations in 5
radiation workers. Dotted line is a regression
line for Ydra. Ydr does not seem useful for
biological dosimetry, but Ydra seems to in-
crease with radiation exposure.
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o BA) HFsle= ofF Y AL SAS (Statistical
Analysis System) 2 o] &3lo] v] A3 AY T T3}
A,

1 %

Z dicentric £+ ring A4S 713
T2l W% (yield) 7} F7hstdeh, o] W&
ahe] uhALA Bl A= 1% ol 3Fol o o] F wlAlAl Bk
=)o) whel F435 2713199k Dicentric GAA) =)
acentric fragment pair 25 50 cGy o|AollA F4
3 ZF7bebe 732 29T, acentric fragment pair
7} dicentric @45l who] zsiglel 100 cGy
nukell M dhte] qlaltd shuel dicentric 344
o] ax]ol o1} 100 cGy % 150 cGyol| A= 3k}
dzbroll 7] dicentric FAAE 7hA b1}
=l ring @A 150 cGyoll A=t ko] 7}
sty ot (Table 1), & Y% dicentric 4|2
% (Yd), dicentric 349} ring FAAE 33 4l
= (Ydr) o acentric fragment paird] ¥l (Ya)+ A
gZ 7ol ok FoFskge™ 50 cGye] A% Yde 0.
018, Ya¥ 0.023 o]gla 150 cGye] #% 7z~ 0.205
) 0.2570]%ck(Table 2, Fig. 1). o]Ad x5 7IA
)3}t o] Abod A5 2] ¥l (Qdr)-& 100 cGy ©lutol
A4 1.001 %3 100 cGy<l 7% 1.05, 150 cGy®| 45
111012} (Table 2),

wARA BERp b A AlA] o] Ak wlmolel AEk-ul3- 3
AL vl LA AP A3 Yd=9.021X
10-8X D?, Ydr=9.091x107¢x D?, Ya=0.00008232 X
D6 = Ya=0.0001165x D?2 v}elytod(Fig. 2, 3,
4), 25 Bohg Aol T3 A4 o) HlE
£ Ydra=0.00093x D+0.000013x D2} A 4-& &
A ch(Fig. 5).
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