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Abstract: The effects of low doses were studied on human lymphocytes of various individuals. The
frequency of micronuclei in cytokinesis-blocked cultured lymphocytes were taken as end-point. The
probability distribution of radiation-induced increment was statistically proved and identified as to be
asymmetric when the blood samples had been irradiated by 0.01-0.05 doses of X-rays, similarly to that
in unirradiated control population. On the contrary, at or above 1 Gy the corresponding normal curve
could be accepted only, reflecting an approximately symmetrical scatter of the increments around their
mean. Studying the linear dose-response relationship in various dose ranges, it was found that the slope
as well as the closeness of correlation between the variables considerably changed when lower and
lower dose ranges had been selected. Below approximately 0.2 Gy even an unrelatedness was found
between the absorbed dose and the increment. These findings have relevance to the mechanisms of the
development of cellular injuries and reactions following low doses like the higher importance of
antioxidant capacities and repair functions, as well as to the limitations of assessments of
overexposures either in occupational or in accidental radiation protection.

1. Introduction

The assessments of health hazards due to low doses and low dose rates of ionizing radiation have usu-
ally been performed by epidemiological surveys on the population involved. Sustaining certain effec-
tiveness of this method, it is thought, however, that the linear extrapolation from data obtained in high
dose range might be misleading. Accordingly, the scientific community is attaching again a great im-
portance to experimental approaches to get as reliable information as possible on the risks and devel-
opment of stochastic radiation effects.

In the present work, by using the human lymphocyte micronucleus assay as an end-point, a report is
given on data acquired from large population concerning the probability distribution of the increments
as well as the effectiveness and parameters of the linear yield equation when lower and lower dose
ranges were analyzed.

2. Materials and methods

The lymphocyte micronucleus assay was performed as it had been given earlier[l]. X-irradiation of the
blood samples was made at the following conditions: 200 kVp, 20 mA, 1 mm Cu filter, 60 cm SSD,
0.287 Gy/min dose rate, room temperature. The exposures in free air were measured by Farmer 0.6 cm3

ionization chamber which had been calibrated by the Department of Radiation Physics, National Office
of Measures, Budapest/H. In order to get the exposures in doses absorbed in water, the appropriate
ICRU factors and the Gy/rad conversion factors were applied. The mathematical statistical analyses
were performed by advanced software and are properly mentioned in the text.

3. Results and discussion

3.1. Individual differences in radiation-induced increments of micronuclei from a large popu-
lation

Our "epidemiological" study points to the fact that even after the lowest doses (<0.1 Gy) applied, an
increase in micronucleus frequency occurred, as it could be detected reliably in the mean against that of
the unirradiated self-control (Fig. 1).
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Fig. 1. Results of the non-parametric Wilcoxon
matched pairs test comparing the micronucleus
frequencies scored in self-control and in irradi-
ated (related) samples
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At the same time, however, no obvious differ-
ences could be statistically proved among the in-
crements in the dose range from 0.01 to 0.1 Gy.
(Friedman analysis of variance by ranks;
M±SD[0.01 Gy]: 15±11; [0.05 Gy]: 9±5; [0.1]:
14±7. 3?(dj)=4.40(2); p>0.1) The individual
values of increments varied within a range from
0 %o to 45 %o in the dose interval in question.

As for the scattering nature of the radiation-
induced increments, profound modifications
were experienced, by all means, concerning the
symmetric or asymmetric contour of the fre-
quency functions of increments, after X-
irradiation of whole blood samples by (very) low
or moderately higher doses [2]. After (very) low
doses, i.e. in the range 0.01 - 0.05 Gy, a definitely asymmetric attribute was found for the shape of the
frequency distribution of the variable, similarly to that which had been obtained for the micronucleus
frequencies in the non-irradiated control population. The results of acceptably fitting the log-normal
and exponential density functions are presented on Fig. 2.

Fig. 2. Asymmetric probability distribution of the radiation-induced micronucleus increment in the in-
terval of very low doses
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In the dose range from or above 0.1 Gy the vari-
able individual increment showed a typical im-
age of distribution corresponding simultane-
ously, but with unequal weight, to several
density functions. In other words, the former,
definite feature of asymmetry seemed to get
milder in favour of symmetric pattern, until (i.e.
at 1 Gy) the increment could be approximated
solely by the corresponding normal frequency
function. This occurrence is graphically repre-
sented on Fig. 3 and the calculated statistics
supporting statistical decisions are given in Ta-
ble 1.

If interpreting the frequency curves on Fig. 3 to-
gether with the skewness and the level of signifi-
cance plotted on Fig. 4, the normality becomes

Fig. 3. Transition of the distribution from asymmet-
ric to symmetric shape in various dose ranges:
dominant "weight" of the simultaneously rele-
vant distributions by which the observed incre-
ments can be acceptably approximated (see also
the Table I)
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to be dominant around 0.5 - 0.7 Gy, while the asymmetry - through the derived lognormal and re-
distribution - seems to affect the shape below that dose interval. The sole existence of normality ap-
pears to have sufficient evidence at 1 Gy.

Table 1. Calculated
Dose, Gy

0.01 -0.05

0.1

0.3
0.5
0.7

1

N

39

49

52
26
41

85

statistics supporting the statistical
Distribution

Lognormal
Exponential

Gamma
Normal
Gamma
Gamma
Normal

Lognormal
Normal

Lgn., Gma

Observed mode
(increment)

6

14

22
24
60

166

decision

Frequency of the ob-
served mode

7

6

8
6
4

6

X(df)

1.574(4)
8.384 (5)
6.365 (7)
5.377 (6)
5.637 (5)
3.652 (3)
3.446 (8)
9.231(8)

15.93(10)

P

0.781
0.136
0.498
0.497
0.343
0.302
0.903
0.323
0.102
0.000

Fig. 4. Illustration for the question - symmetry or asymmetry - of the type of distribution of the incre-
ment
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The wide variety of increments after low doses and the pattern of probability distribution suggest that
different biological protective mechanisms determine the responses and the development of end-point.
At (very) low doses, probably the individual antioxidant capacities in sera might modulate the response
[3], while at higher doses, after the exhaustion of antioxidant potential, the intracellular repair proc-
esses might play a decisive role in development and manifestation of an end-point.

3.2. Parameters of the dose - response yield equation in various dose ranges

Data of our studies and mathematical statistical analyses of dose-response in micronucleus induction
in various dose ranges presented here, revealed the effectiveness of the linear relationship and some
quantitative changes in main parameters when the dose range applied was successively cut toward
0.1 Gy. As a starting point, the results of fitting the common linear-quadratic equation together with
the linear one to the increments in the range 0.01 - 4 Gy are shown on Fig. 5. It comes from the com-
parison of i?s and from the analysis of residuals (Fig. 5 and Table 2) that, concerning at least this bio-
logical indicator, the linear regression line appeared not to be noticeably worse approximation than that
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of the linear-quadratic model. A certain improvement in the linear approach could be experienced
when 2 Gy was taken as upper limit of the range examined.

Table 2. Summary of the relevant parameter values provided for comparing the effectiveness of the lin-
ear-quadratic and linear model in the dose ranges up to 4 and 2 Gy

Parameter

S.E. of estimate
Correl. coeff., R

Proportion ofvar. ac-
counted for in dep. variable
Mean of observed frequen-

cies ± SE
Mean of predicted frequen-

cies ± SE
Correl. between the obs.

and pred. vis.

RESIDUAL ANALYSIS
Range

Average lin. dev.from the
mean

No. of outliers beyond
±2*S.D.

Dose range covering the
outliers

0.01 - 4 Gy

Linear-quadratic
N = 372

40.554
0.9735

0.9478

87 ±9

83.56±9.06

0.974

396

23.759

22

1 -4Gy

Linear

69.511
0.9209

0.8480

86.94±8.50

0.921

679

48.066

20

l - 4 G y

Linear-quadratic

37.958
0.8683

0.7540

60.23±3.49

0.869

396

23.006

23

1 -2Gy

0.01 - 2 Gy

Linear
N=360

39.390
0.8581

0.7364

58 ± 4

58.39±3.47

0.858

402

24.827

20

1 -2Gy

When the linearity of responses was studied in less narrow ranges toward the lower limit in question
(0.01 Gy), on the base of evaluating the slope (b) and the proportion of variance of increment [Y]
caused by the dose [X] (Fig. 6), there could be distinguished roughly three sections of dose ranges:

# upper limit > 0.7 Gy: the effectiveness of the linear model proved
## upper limit < 0.7 Gy: the proportion of the variance of Y due to X comes mostly from ran-

dom sources
### upper limit <0.2 Gy: no correlation could be proved at all between the variables under ex-

amination (Fig. 7)

Fig. 5. Plots of the linear-quadratic and linear
functions to approximate the dose- micro-
nucleus increment relationship in the dose
range 0.01 - 4 Gy. (Negative X and Y are
nominal values due to regression)
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Fig. 6. Relevance of the linear association be-
tween the dose and the micronucleus in-
crement in the range 0.01 - 0.7 Gy consid-
ering R2 and the significance of b
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Fig. 7. Distinguished low dose range where the variables proved to be uncorrelated. (Higher doses were
disregarded in the linear regression. X=-0.05 and Y=-5 are nominal values)
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Calculated statistics (N=126):

S.E. of estimate = 7.03
Slope, b = 14.20
S.E.b= 11.75
p= 0.229
R = 0.108
Number of outliers > (±2*S.D.)

4. Conclusions

The results suggest that in low dose range biological response-modifying factors might play more deci-
sive role than the absorbed dose alone. Using cytogenetic end-points for assessments of occupational
or accidental doses, the investigations below app. 0.2 Gy have inherent uncertainties reflecting also the
individual sensitivities. The responses in this dose range might be characterized as "non-linear, non-
threshold" but as a response induced by a few hits. At the same time, in this dose range the biological
support like increasing the antioxidant capacities and supporting the repair processes of cells and,
furtherly, the organism might provide a properly efficient protection. If the dose-response relationship
is to be studied in (very) low range, at least if applying the micronucleus assay, it need not by all
means to consider the region of high doses.
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