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Abstract : Cytogenetic and hematological analysis was performed in peripheral blood of cattle in the vicinity
of Uljin nuclear power station and control area. The frequency of micronuclei(MN) in peripheral blood
lymphocytes from cattle was used as a biomarker of radiobiological effects resulting from exposure to
environmental radiation. An estimated dose of radiation was calculated by a best fitting linear-quadratic
model based on the radiation-induced MN formation from the bovine lymphocytes exposed in vitro to
radiation over the range from 0 Gy to 4 Gy. MN ratio in lymphocytes of cattle from Uljin nuclear power
station and control area were 8.90/1,000 and 9.60/1,000, respectively. There were no significant differences
in MN frequencies and hematological values in cattle between Uljin and control area. 
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� �

������� ���� ��� ���� �� ��

� �� �� ���� ���� ����� [5, 16, 27,

30, 31], ������� ���� �� ����� �

� ���� ��� ��� ��� �� �� [30, 31].

�� �� ��� ��� ��� ��� ���� ��

� �� ���� ���� � ��� �� ��� �

�� ������ [12], �� ��� ��� ��� �

� ��� ����� � �� ������ ����

�� � �� ���� �� [4, 15, 21]. �� �� �

�� ���� � ��� ���� �� �� � ��

� ��� ����� �� 	� � ��� ��� �

� � ��� ��� ��� ��� ���� �� �

�� �� ��� �� [25, 26, 29]. ��� ��� �

�� ���� 1993� Scarfi � [23]� �� �� ��

� �� ��� � ������ �� �� �	� �

���� [8] �� ������� ��� �� ���

��� ���� ���� �� ����� [28]. 

�	 �� ���� ������ ���� ����

� ��� ���� �� ���� [7] �	 dicentric�

centric ring� ��� ���� � ��� ���� �

� ��� ��� �� ����� [3, 10, 11, 22]. �

�� ����� �� ��� �����(stem cell) �

�������� �� �� ������� ��, �

��� �� ����� �� �� ��� �
, �	�

� ��� ����� ���������� ���� �����.
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�� ����	� �� �� ��� �� �����

��� �� ���� ���� �� [7] ������

� ��� �
 � ��� �� ��� �� ��� �

�, �� ��� ��� ��� ��� ��� 
 � �

�� ��� �� [10, 17]. ����� ���� ��

�� ��� ��� ��� ����� �� ����

��� ��� ��� �� ��� �� � �����

� 	�� ���� ��� �� ����������

���� � 
������ �� �� �	� �� �

��� �� [1, 9, 14, 17, 21, 32]. 

��� �� ��� 	��� �� �� �����


�� ���. ���� ��� ��� ��	� ��

�� � �	 �� ��� ��	� ����� �� �

���, ��	�, ����, ��
� �� 	�� �

�� � ��. �� 
���� ��� ��� ���

�	��� ����� ���� �� ��� 	� �

� ��� ��� �� ����� 
�� ��
 � �

� �� ��� ��� �� ���� �� �
��

[2, 6]. 

� ����� �� ���� ���� � ��� �

��� ����� ��� ���� ���� ����

����� ����� ��� ������ ��� �

� ��� �	��� ��� ��� �� ��-
� �

��� ���� ����� �����.

�� � ��

�� �� ��

�	�� �� 	���� 
�
� ��� vacutainer

� ���� ���� �����(Hemavet 850+, CDC

Technologies Inc., USA)� ��, ���, ��� � ��

�� ��� ���� �� �����. ���� ��

��, ���, ���, ���, ���, ���� �� �

��� �� � ��
� ������, ���� ��

��, hemoglobin, hematocrit �� �����. 

���� � ��

�	� ��� �� � ��-
��� ���� ��

� ���� ��� 	
� 3�� �� 	���� �

����, �������� �� 2 km �� �� ��

� ��(1.5-2�) 10� � �� �� �� �� ��(1.5-

2�) 15�� ��� ���� �� �� �� � �	

	� ���� �� � �		�� �����.

Histopaque-1077 kit(Sigma Chemical Co.)� ���� �

��� ���� HBSS(Sigma Chemical Co.)� ���

� 15% heat inactivated fetal bovine serum(Hyclone Co.),

L-glutamine(Sigma Chemical Co.), 2-mercaptoethanol

(Sigma Chemical Co.)� ���� ��� RPMI1640

(Gibco BRL) 	�� �����. ���� multi-well

tissue culture plate (Falcon, Becton Dickinson)� ���

� 	� ml � 5×105�� ��� 37oC, 5% CO2 	

���� 	����. 	� ml � 1% � 2%�

phytohaemagglutinin(PHA, Sigma Chemical Co.)� ��

�� 2, 4, 6 �� 12 µg� cytochalasin B(Cyt-B, Aldrich

Chemical Co.)� ��� � ����� �� �� ��

��� �����.

��� ��

�	� ��� �� � ��-
��� ���� ��

�, ��� ���� ��� polystylene tube(Falcon,

Becton Dickinson)� ���� PHA �� 
�� 1, 2, 4

Gy� 60Co ���� 1,000 cGy/min� ��
� 1� �

�(Gammacell 3000 Elan, Nordion International Co.,

Canada)���.

��������	�	
���
��� ������

Cyt-B� dimethylsulphoxide(Sigma Chemical Co.)� ml

� 2 mg� ��� ��� ��� -70oC� �����

� �	� ��� ��� ����� ���� 	� 44

��� �����. 	� �� � 72��� ��� �

����� cytocentrifuge� ���� ��� ��� �

�� 	� � Diff Quik kit(International Reagents Corp.)

� ���� �����.

���� ��

���� ����� 1,000	 	
� ����� �

����� ���� ��� ���� ��� ���

50% ���� ����� ����� 	���� ��

�� 
�� �� ��� 
� ���� ��� ���

��� �� �� ����� ����� [1]. �� �

�� ��� Graph PAD In Plot program� �����.

� �

������ � ���� �� �� �������

� 
 	��� ��� �� ��� 
��� ��� �

� ��� ��� � � �� ���� ��� ���

�� ��� 
��(Table 1).

����� �� ���, � 2�� �� �� ���

� ��� PHA 2% ��	�� �� �����, Cyt-

B� ���� 	�
�� ������ �� �� ��

�� ��
� 	����� 4� ��� ��
� Cyt-
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B ��� ����� ���� ����� 4 µg/ml�

�����. �� �	�� 	�� ����� �� �

��� 	 16% ��. 

�	� ��� ��� �� ���� �� ��� Fig.

1, Table 2 � Table 3� ��� ��� ��� �� linear-

quadratic model� ���� �� ���� y = 0.1016D

+ 0.0118D2 + 0.0147(y = CB ��� MN� �, D =��

� ��� Gy)��.

���� ��� ���� �� �� ��� ���

1,000�� ���������� � 

 �� 8.90�

� 9.60� ���. �� �� �� ���� �� � 2

� ��� ���� �� ��� 
��(Table 4). ��

�� �� ��� ����� �	� ��� �� � �

� ����-
��� ���� ����� ���� �

��, y = aD+bD2+C� D = [ ]÷
2b� ���� �� �� ��� �� � ���� �

� ��� � ����� ��-
�� ��� �� �

a– a2 4b C y–( )–( )±

Table 1. Hematological values in cattle of Uljin nuclear
power station and control region (mean±S.D.)

Test Unit Control region Uljin region

Erythrocytes M/ul 7.16±0.50 8.78±1.10
Hemoglobin g/dL 9.83±0.52 13.52±1.62
Hematocrit % 29.90±1.96 43.02±5.26

Thrombocytes K/ul 240.14±59.01 278.8±41.82

Leukocytes K/ul 8.18±1.89 8.70±1.51
Neutrophils K/ul 3.37±1.13 4.01±1.33
Lymphocytes K/ul 4.49±1.47 4.14±0.42
Monocytes K/ul 0.25±0.10 0.26±0.14
Eosinophils K/ul 0.13±0.10 0.22±0.10
Basophils K/ul 0.04±0.03 0.07±0.04

Fig. 1. Photomicrograph of cytokinesis-blocked lymphocyte
containing one micronuclei (arrow). Diff Quik stain, X1000.

Table 2. Micronuclei (MN) per 500 cytokinesis-blocked
lymphocytes following irradiation of cattle

Experimental
group

No. of cells
without

MN

Number of
micronuclei

per cell

Total
number
of MN

1 2 3 4

Donor 1
0 cGy

100 cGy
200 cGy
400 cGy

493
451
392
279

7
43
80

173

6
24
36

4
11 1

7
55

140
282

Donor 2
0 cGy

100 cGy
200 cGy
400 cGy

492
452
401
282

8
44
75

167

4
19
47

5
12 2

8
52

128
305

Donor 3
0 cGy

100 cGy
200 cGy
400 cGy

493
441
384
252

7
53
89

189

6
25
41

2
17 1

7
65

145
326

Table 3. Frequency of micronuclei in cytokinesis-blocked
(CB) cells following treatment with gamma-
rays (mean±S.D.)

Dose(cGy) Micronuclei per CB cell

0
100
200
400

0.015±0.001
0.115±0.014
0.275±0.017
0.609±0.044

Table 4. Micronucleus frequency in binucleated cells of
bovine lymphocytes from Uljin nuclear power
station region and control region

Subject
Number of MN per 1, 000 CB cells

Control region Uljin region

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15

10
4
7
7

21
10
10
13
7
7
9
8

11
8

12

10
15
7
8
3

14
9
4

11
8

Mean±S.D. 9.60±3.91 8.90±3.84
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�� ��� ��� 	� ��
 �� ����, 
��

����� ���� �� ����� -8.71 cGy, ��

�� ����� -5.05 cGy ��.

� �

��� ��� ���� ����� 
� ��� �

��� ��� ���� � ������ �, ����

�� [13, 34]� ��������(premature chromosome

condensation) ���� ��� ������ �� [18],

���� [7], ���� [24], ��� �� [20]� ���

���
�� ��, �� ���� �� �� ����

���� ���� ��. ���� ����� �	�

�, ���� �� 
�� ��(dose-dependence)� ��

���� �� ���� 
�� �� ����� ��

�� �� �� � �� ��� ��, ����� ��

� �� � ����� �	�, ����� �
���

��� � ��� ��� ��� �� �� �����

��. ��� �� �� �	� �� ���� � ��

��� 
�� ��� ���� ��� ��� ���

�� ���� ���� ��� ���� �� ���

� �
��� �� [17].

��� ��� �� ���� ���� ���� �

����� ���� ������ ���� �� ��

��	, �� �
� ��� ��, ������� ��

�� ��� ��� ��� ���� ���� [3, 10,

11, 22]. �� �	� ��� ���� ��� ����

�� ��� ��� �� ��� ���� �� 
��

��� �
� ��� ���� ��� � ��. ��

����� �� ���� ��� �� ������

��� ��� 
� ���� ��� [1, 9, 21, 32]. �

��� ������ 
��� �� free radicals� �

� ���� ������(acentric fragment), �� ��

� centromere 	�, kinetochore� �
 �� ����


� �� �� ���� � ��(main nucleus)� �


�� 	� ���� ��� ��
 �� [1, 9, 21, 33].

�� ���� ��� ��� ����, ����	

� ��� ��� 1,000� ����� �� ��� �,

16-19� [8], 24.6� [23], 10-31� [28]� �����. �

���� ��� ��� ��� �� ��� � ���

�� ��� �
��, � ���� ��-
��� ��

�� �� ��� �� ��� ��� �� 15�� �

����� ���� �� �� ����� 	� ��

����. �� ��-
�� ��� �� ��� ��

���� �� ����� ��� ���� ��� �


��, �� ���� ���� ��� �� �	, �

� � ���� �� 
�� ����� �
��.

� ��� ���� �� �� �� ��� ���

��� ��� � ��� �� ��� ��� �� �

����� ����, �� �� �� �� �� ��

�� ��� ��� �� �� � ��� �� ���

������ ��� �� �� �� �� ��� ��

�� ���� 
� ��� �����. �� �� ��

� ��� ����� �� ��� �	� �
�� [19]

�� ��� ��
�� ���� ����� 
��

	� ��� �� ��� ��� ����� ����,

��� ��� ��� �� ���� ������ 	

� �� �� ��� ��� ����� ��� ���

���� �	 ��� ���� � ��� �
���

����.


����� ��� ��� ��� ����� 
�

��� ���� �� ����� ��
 � �� ��

� ���� � ����� �	��� 
 ��� �


�� �� �� ���� ��� �� ��� ����

��� �
� �
��. 

� �

�������� ��� ����(�� ��)�� �

�� �� 	���� ���� ���� �� � ��

���� ��� �����. ����� ��� ��

���� 
 �� �� ���� ���� �����

����� ���� �� ���� ��� ��� �

����. �	���� �	��� ���� ��� �

��� ���� ��� �� ��-
��� 
 �� �

�� ��� ��� ��� ���� �� ��� ��

���. ���� �� �� �� ���� �� ��

��� ��� 

 1, 000�� ����� �� ��

� � 8.90� � 9.60� ��. �� �� �� �� �

��� �� �� ���� � ���� ���� ��

� �� ��� 
�, � ����� ��� �����

���� ����� ��� �� ���� ��� 


� ��� �
��.
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