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&�, '()*�����+,-.. 210Pb, 137Cs /

�	012&3145678&�9:;��2&

<=>�?@�AB[1~19].

���	
<C	� 210Pb D�	
EFGHI

JK
 226Ra�L�MN(OPQR, S�T 210Pbeq)

UVW�X� 222RnL�MN(YOPQR, Z[\]

QR, S�T 210Pbex)^_. 210Pb�	2&�-`ab

(: VW�XcdD��ef�	
� 210Pbexghi

%, cj�	klmni%�, �	
< 210Pbex�o

p;qr�	&�(�	s;)tu5Lv. w&, x

yz{|}~�B 210Pbex2&�����
[1~9]. H",

���	
������B [13~15]��	
�Q Rn

���[16]��	
-��� 210Pb(/ 210Po)��	��

��B[17~23], �/\] 210Pbex ���
[24]�����

��� 210Pbex ����� ¡, ¢"£¤2&��.

¥(, ¦§¨©ª«��N¬­��®¯��"£

¤°f�	
< 210PbexC	�}~.

g¡, DVW�X±«�²³"°f���N

<� 210Pbex ´��µQ¶f�	
< . ·¸

Greifensee ¹º�», 210Pbex 4¼��	
<�½2

h¾¾T�°f��¿h� 27.8%[18, 25]. ���N<

� 210PbexÀ,r¨Á����X"¶f�	

[2]. �

�bÂ, Ã����N¨ÁÄ�	ghmni%�,
210Pbex D�Nef�	
�ghÅmni%. ÆÇ,

È���N®ÉÊË	½Ì�Í¬­��ÎÏ��

"����ÐÑ¬KÒÓÔÕÖ�, ×HØÙÚÛ

ÜÝ�	gh�ÕV, mA
£¤ 210PbexÞßà"e

f�	
�gh. áâÓÔãßàäA�ØÙ, åæ

�´ç� 210Pb �	2&�-`ab, ���	
<
210Pbex op;������ ; èåæ�, 210Pbex �

	gh�áâÕVé��uê���NÐÑ¬KÒ

�»ë��, ¢"n���NìÉÊí­î¨+,

êïðñ. `òóôõö÷��	
 210Pbex����

�øù��, náå��¶úûü.

1 ����

÷�ýªõöþ��Q�����ö� 20 km

�(26	27
~26	38
N, 100	38
~100	41
E), �_ª�


�w�, Jå������, D���U���m

g. »�<���ý�&�X, ����«, ��´

���c��T�« ��. 1690~1980&� 290 a9,

�ý�X 39 m, O�!&�X 0.134 m.

÷�tö�"#$�%&, ' 19.35 km, (V)

; 5.3 km, O�)� 4.0 km, �*' 45.1 km, �ý

1503.0 m. ���	 77.22 km2, ���	 228.9 km2,

+,J5 2.96. ¼�O��s 25.7 m, (V�s 35.1

m; C�h 19.87-108 m3, &.�h 1.477-108 m3,

�/0�9 13.45 a. ¼�123ã�«°f. f��

<, �4
�5«�
��±��X�R67 18.8%,

42.7%± 38.5%[26]1).

��89:;
<=W>, À,?�ö<=£

¤, (@ ����AB�C�Çå. ��&�W9

13.5D; ��&��9 15.9D, �&(Ö�9 31.2D

(8E), (F�9 2.0D(1E), O��G 13.9D. ��

&�X�h 738.6 mm, 6~9 E�7&X�h� 90%;

&HÔh 2040.3 mm. ø%��òW>ÎÏ����

�tIJã, ÖK;, LM¿hM 1 gNL−1, OP�

Ë��Q.

��?@ÔRSTU, VU, WõÄXU/YÄ

ZU. �4
:ã[\�]\�]^\TÀ, _�T

`�[. aÞÀ,¨õöb�cde�fg±hi.

��jkl, m»; 3.0n3.5 m, (V 4.0 m.

2 ����	
��
��

oB���	
-���pqª 1997& 6E4÷

�s���rs�	
tu, vw2L�*��~f

�±��Ø�. ��W9 25.5D, ���9 22D, x

�s 28 m, �	
tu' 43 cm. yz�D{[��

^_, |; 1 cm, Ähs; 0.073 gNcm−2, }~;

97.0%; rv\÷<, yz�§?��, ���ß�

m». ��Ù�� 1.0 cm9�R��	
tu. ��

1) �������������	
��
. ��������. 1984, 15~16
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n�	
v�B����A��(TechconpFD-3-85-

MP, −79D, 36 mT)A�. óôv��A��[h, 2

�����Ähs;±}~;. A�v�z�7 0.15

mm, �R�B.
210Pb op;B����α��g\ 210Po �h.

4rv 1.3 aÇ�, �	
v�B 208Po± 209Poêï,

HNO3± H2O2B��, Fe(OH)3�� , ¡¢£¤. α
��h¥BCanberra¦§¬K� S-100y~��¨/

PIPS ©ª��¶ú . B«¬9y­®¯�°��
208Po(±L� 2.93 a)/ 209Po(±L� 103 a)�Têï².

g\³5(M/D)e´±	R2�, ASP α�252�
µÏBª25���1, �P°Ø 210Pb(=210Po)op

;.
137Cs/ 226Ra�op;B S-100y~��¨¶ú

γ-��%. óôv�h�¶·, R6B GC5019 ¸¹

ºª��(äl 50%)ÌGCW3022» ºª��(äl

30%). 137Cs± 226Ra25¼�ýqR6TT 661.6/

186.2 keV. ®¯B½NS#3D<«¾�¿3M�

z{E±À«¸ý¯K�®¯� (Isotope Products

Laboratories, Gentech Industries Inc., USA)ÁÂ.

¨Á C, H, N, S rB PE ¦§¬K� PE2400

SERIESÃ Ä¯R�¨R�, �hÅÆÇª 5%. 1

ÁÈ(Cinorg)rB��Éh��%, �hÅÆÇª10%.

3 �������

�	
tu< 210Pb, 137Cs/ C-H-N-S�Ä¯�

R����¿ª� 1, � 2/Ê 17Ê 4. óôR�¹

º¶úÃ�ûü:

3.1 ��������	
��
 210Pb��

÷��	
�Qyz��T 1 cm|. D� 1 ±

� 2�Ë�À,øÌ(: (Í) yz���<¿ÈFh

ÎF, CtotalT 2.14%. �<, CinorgU CorgR6T 0.87%,

1.26%, ëêØ��nÈÏË�	�\Ð±øÌ .

(Ñ)137Cs 4yz���<�op;Ò��x��	


�Q��ÓÖ , T (7.0Ô 1.5)BqNkg−1, �»�
137Cs 4�	
-��������BøÌ . (Õ)U
226Ra OP� 210Pbeq op;ÖM(97.6Ô4.0)BqNkg−1,

T¼�	
tuO�ñ� 1.7 Ö, c»ëÒ 210Pbtotal

op;(81.3Ô4.2)BqNkg−1 Ö. È×ØÙ´¸�hæ

�Ç9���ÅÆ/ 210PbU 210PoÇ9�´OP®¯

�, áâÆ ÚH��Û4. áåæ��» 226Ra 4

���	
<Ür MnO2"ìs, èåæ�ëêØ�

	
yz���< 210PbU 226Ra�´OPí·, cÛ

4Ý 226Rn, 210Pb(Ì 210Po)�����. Þ�, yz�

/�	
�Q 2 cm ����v�� γ-��hÔÙ,

4 477.6 keV/�ß��hýq�25lTàá�O,

§�â�Ø 7Be �Û4. áåÙãä»å<.æÇç,
7Be± 210Pbex�è¯�VW�X±ef�	
(´»

ë�.

3.2 137Cs�����������������
���� �����!"#

� 1 ¹º�Ë, ÷��	
tu< 137Cs op;

r�	
s;tÙØ 3¼øÌ. áUé�±]ê��

	
tu� 137Cs��R&��[27�30]më. 137Cs�(

VC	¼ØÙ4Ähs; 14.30 gNcm−2(35 cm), S

�� 1964 &µìíîÖ¼; Ähs; 9.56 gNcm−2

(24 cm)�ØÙ�ïÑC	¼, U 1975&�µìíî

�Xå�. "Ähs; 3.36 gNcm−2(9 cm)�ð 137Cs

op;�ÕÖ , 'Uçñòóôõöoè÷øª

1986&Ô¬�è�ù¨©.

oB 1964& 137Cs�C	¼/ 1975&ïÑC	

¼�ýqR6�T2&�S, ¼tu�	
O�ú

	klR6T (0.433Ô0.006)gNcm−2Na−1; (0.434Ô

0.011)gNcm−2Na−1. û­´¸�S$%��	
ú	

klüm�, O�ñT(0.43Ô0.01) gNcm−2Na−1(� 3).

ðý 137Cs �SO��	
ú	kl2�´¾,Ø�

�þ�2&��; "j¼�	
tu�ëêØ��

6&9, ÷���	
ú	mÈi%. Ê 1 <�Ø�

CH970608-1tu<��Ù�	&� 137Csop;��

���R&. Ê 2,Ø�¼�	
tu��9S:.

3.3 210Pbex�������� �$!"%��

&'()*+,'

DÊ 1�Ë: ÷��	
tu< 210Pbexop;�

���tÙØø �¼ñR& . �øÌ( : (Í )
210Pbex4�	
�Q 2 cm(0.53 gNcm−2)��Û4»
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� 1 �����	
(CH970608-1)210Pb � 137Cs �
�� a)

��������

/cm
����

/g	cm−2
/a 
�

137Csb)

/Bq	kg−1

137Csc)

/Bq	kg−1

210Pbtotal

/Bq	kg−1

210Pbeq

/Bq	kg−1

210Pbex
b)

/Bq	kg−1

210Pbex
c)

/Bq	kg−1
F(210Pbex)

c)

/Bq	m−2	a−1

210Pbex

/137Csc)

0 0.04 0.1 1997.4 7.00±1.46 7.01±1.46 81.3±4.2 97.6±4.0 30.8±2.0 30.9±2.0 134.1 4.4

1 0.25 0.6 1996.9 5.07±0.54 5.14±0.55 100.1±4.7 55.4±1.3 50.4±2.7 51.3±2.7 222.5 10.0

2 0.53 1.2 1996.3 5.14±0.61 5.28±0.63 106.2±5.4 61.5±1.4 56.8±3.2 59.0±3.3 255.9 11.2

3 0.78 1.8 1995.7 4.19±0.59 4.36±0.62 97.4±4.4 57.3±1.6 47.6±2.5 50.3±2.7 218.4 11.5

4 1.24 2.9 1994.6 5.81±0.76 6.20±0.81 92.7±4.8 56.3±1.9 42.7±2.6 46.7±2.9 202.6 7.5

5 1.73 4.0 1993.5 5.65±0.58 6.19±0.64 89.3±5.8 57.7±1.4 39.2±2.7 44.3±3.1 192.3 7.2

6 2.11 4.9 1992.6 6.57±0.66 7.34±0.74 77.4±4.4 61.5±1.7 26.8±1.7 31.2±2.0 135.3 4.2

7 2.55 5.9 1991.6 9.75±0.72 11.15±0.83 72.4±4.8 52.3±1.4 21.6±1.5 25.9±1.8 112.5 2.3

8 2.98 6.9 1990.6 9.89±0.80 11.57±0.94 66.9±3.5 50.8±1.8 15.9±1.0 19.6±1.2 85.1 1.7

9 3.36 7.7 1989.8 7.92±0.82 9.45±0.97 81.1±4.5 63.3±2.2 30.6±2.0 38.9±2.5 168.9 4.1

10 3.69 8.5 1989.0 2.91±0.48 3.54±0.58 107.3±5.1 62.9±1.4 57.9±3.1 75.3±4.0 327.0 21.3

11 4.15 9.6 1987.9 2.66±0.59 3.32±0.73 119.2±5.4 75.7±1.5 70.7±3.5 95.1±4.7 412.9 28.7

12 4.65 10.7 1986.8 3.82±0.41 4.89±0.53 103.6±4.8 57.2±1.1 54.0±2.7 75.3±3.8 326.7 15.4

13 5.00 11.5 1986.0 4.49±0.45 5.85±0.58 86.7±4.1 60.0±1.2 36.7±1.9 52.4±2.7 227.5 9.0

14 5.38 12.4 1985.1 4.88±0.45 6.48±0.60 86.6±5.0 52.8±1.1 36.4±2.2 53.4±3.3 231.7 8.2

15 5.77 13.3 1984.2 5.29±0.56 7.17±0.76 75.0±4.1 70.2±1.5 24.4±1.4 36.9±2.2 160.2 5.1

16 6.16 14.2 1983.3 6.25±0.53 8.65±0.73 81.4±3.8 61.9±1.3 30.9±1.6 48.0±2.4 208.5 5.6

17 6.55 15.1 1982.4 5.87±0.60 8.29±0.85 70.8±3.7 69.9±1.4 20.1±1.1 32.0±1.8 139.0 3.9

18 6.95 16.0 1981.5 7.24±0.61 10.46±0.88 78.1±4.7 55.3±1.4 27.5±1.8 45.2±3.0 196.3 4.3

19 7.38 17.0 1980.5 7.54±0.60 11.13±0.89 72.3±3.8 67.8±1.7 21.6±1.3 36.6±2.1 158.7 3.3

20 7.83 18.0 1979.5 7.71±0.66 11.66±0.99 74.0±4.3 51.8±1.7 23.3±1.6 40.7±2.7 176.7 3.5

21 8.25 19.0 1978.5 8.21±0.61 12.69±0.94 74.7±3.9 73.6±1.5 24.0±1.4 43.3±2.5 188.1 3.4

22 8.67 20.0 1977.5 9.75±0.76 15.42±1.20 74.4±4.7 52.6±1.7 23.6±1.7 43.8±3.1 190.2 2.8

23 9.10 21.0 1976.5 10.40±0.74 16.83±1.19 65.8±3.3 50.2±1.6 14.7±0.9 28.2±1.7 122.6 1.7

24 9.56 22.0 1975.5 11.85±0.83 19.62±1.37 71.8±3.8 47.8±1.6 21.0±1.3 41.5±2.6 180.0 2.1

25 10.00 23.0 1974.5 9.89±0.74 16.76±1.26 89.4±4.2 55.8±1.8 39.4±2.3 80.6±4.6 349.6 4.8

26 10.37 23.9 1973.6 4.39±0.56 7.59±0.96 105.3±5.7 60.2±1.4 55.8±3.3 117.2±6.9 508.5 15.4

27 10.72 24.7 1972.8 4.24±0.52 7.47±0.91 88.3±4.1 50.7±1.3 38.4±2.0 82.5±4.4 358.2 11.1

28 11.07 25.5 1972.0 5.38±0.55 9.66±0.99 88.5±4.7 53.6±1.4 38.3±2.3 84.5±5.0 366.6 8.7

29 11.45 26.4 1971.1 8.42±0.76 15.42±1.39 68.3±5.0 52.8±1.5 17.2±1.3 39.1±3.0 169.5 2.5

30 11.91 27.4 1970.1 10.44±0.73 19.60±1.37 68.6±4.7 47.7±1.5 17.6±1.3 41.2±3.1 178.9 2.1

31 12.40 28.6 1968.9 13.12±0.85 25.26±1.64 32.4±1.7 45.4±1.6

32 12.88 29.7 1967.8 16.86±1.13 33.31±2.23 58.3±4.2 56.0±2.3 6.9±0.6 17.3±1.4 0.5

33 13.37 30.8 1966.7 17.19±1.20 34.83±2.44 35.3±2.4 51.6±2.2

34 13.84 31.9 1965.6 17.16±1.01 35.64±2.10 54.4±2.6 50.6±1.9 2.8±0.2 7.5±0.5 0.2

35 14.30 32.9 1964.6 21.45±1.37 45.64±2.92 53.5±4.5 51.5±2.4 1.9±0.2 5.2±0.5 0.1

36 14.73 33.9 1963.6 19.71±1.20 42.90±2.62 54.9±2.8 60.5±2.4 3.3±0.2 9.5±0.6 0.2

37 15.18 35.0 1962.5 16.04±1.14 35.77±2.54 55.6±3.6 49.4±2.1 4.0±0.3 12.0±0.9 0.3

38 15.64 36.0 1961.5 14.48±1.17 33.07±2.68 53.3±2.8 53.9±2.4 1.7±0.1 5.3±0.4 0.2

39 16.62 38.3 1959.2 14.51±1.00 34.91±2.41 54.3±2.7 49.8±1.9 2.7±0.2 8.5±0.5 0.2

40 17.23 39.7 1957.8 5.41±0.84 13.45±2.10 48.0±3.0 53.4±1.9 --

a) �
������: 1997� 6� 8�; 137Cs����: 1997� 12�� 1998� 6�; ������: 1998� 9�� 1998� 12�, ���

��� 1� !"

b) ����	
�

c) #$%����
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 2 ��
����(CH970608-1)C-H-N-S���� a)

��������

/cm
&���

/g	cm−2
/a 
�

'(�/% Ctotal/% Cinorg/% Corg/% Horg/% Norg/% Sorg/% F(Corg)/g m−2 a−1

0 0.04 0.1 1997.4 97.0 2.14 0.87 1.26 0.45 0.34 0.06 54.8

1 0.25 0.6 1996.9 85.5 2.53 1.03 1.50 0.70 0.30 0.06 65.0

2 0.53 1.2 1996.3 91.5 2.71 1.21 1.50 0.71 0.26 0.08 65.1

3 0.78 1.8 1995.7 88.7 2.72 1.22 1.50 0.72 0.20 0.04 65.2

4 1.24 2.9 1994.6 -- 2.56 1.04 1.52 0.63 0.26 0.03 65.9

5 1.73 4.0 1993.5 86.1 2.24 0.91 1.33 0.70 0.22 0.06 60.8

6 2.11 4.9 1992.6 82.7 2.04 0.79 1.25 0.77 0.24 0.07 59.2

7 2.55 5.9 1991.6 81.8 1.91 0.80 1.10 0.69 0.20 0.07 54.5

8 2.98 6.9 1990.6 83.4 2.00 0.77 1.22 0.85 0.21 0.08 63.2

9 3.36 7.7 1989.8 85.5 2.26 1.03 1.23 0.73 0.24 0.09 66.2

10 3.69 8.5 1989.0 87.3 3.15 1.46 1.70 0.63 0.34 0.09 94.1

11 4.15 9.6 1987.9 -- 3.17 1.42 1.75 0.67 0.34 0.11 101.9

12 4.65 10.7 1986.8 84.8 2.54 1.34 1.20 0.73 0.27 0.08 73.5

13 5.00 11.5 1986.0 86.0 2.45 1.52 0.93 0.65 0.26 0.10 58.9

14 5.38 12.4 1985.1 83.7 2.55 1.86 0.69 0.61 0.24 0.09 45.5

15 5.77 13.3 1984.2 84.2 2.11 1.03 1.08 0.58 0.24 0.11 73.7

16 6.16 14.2 1983.3 84.0 2.02 1.03 0.99 0.71 0.22 0.10 70.0

17 6.55 15.1 1982.4 84.2 2.11 0.97 1.13 0.59 0.10 0.11 83.7

18 6.95 16.0 1981.5 83.1 2.02 1.18 0.84 0.73 0.17 0.11 64.3

19 7.38 17.0 1980.5 81.8 2.05 1.23 0.83 0.61 0.13 0.14 66.2

20 7.83 18.0 1979.5 81.6 1.96 1.10 0.86 0.65 0.11 0.11 72.1

21 8.25 19.0 1978.5 83.9 1.94 1.06 0.88 0.65 0.12 0.12 76.7

22 8.67 20.0 1977.5 81.9 1.89 0.99 0.89 0.66 0.14 0.13 81.2

23 9.10 21.0 1976.5 82.4 1.89 0.95 0.94 0.60 0.08 0.14 90.0

24 9.56 22.0 1975.5 80.6 1.84 0.83 1.01 0.74 0.16 0.12 100.9

25 10.00 23.0 1974.5 83.4 2.42 1.20 1.22 0.79 0.26 0.12 127.1

26 10.37 23.9 1973.6 86.0 2.87 1.61 1.26 0.82 0.23 0.13 135.8

27 10.72 24.7 1972.8 85.8 3.46 1.41 2.05 0.83 0.29 0.17 229.6

28 11.07 25.5 1972.0 85.4 2.29 1.32 0.97 0.80 0.25 0.14 112.9

29 11.45 26.4 1971.1 83.6 1.90 1.06 0.84 0.71 0.16 0.16 100.9

30 11.91 27.4 1970.1 78.8 1.78 0.93 0.85 0.69 0.17 0.15 107.5

31 12.40 28.6 1968.9 81.5 1.79 0.90 0.89 0.67 0.17 0.16 117.7

32 12.88 29.7 1967.8 78.9 1.66 0.69 0.97 0.67 0.18 0.17 134.5

33 13.37 30.8 1966.7 81.8 1.69 1.11 0.58 0.73 0.26 0.17

34 13.84 31.9 1965.6 79.5 1.70 1.31 0.38 0.69 0.21 0.18

35 14.30 32.9 1964.6 83.0 2.03 1.45 0.58 0.83 0.22 0.18

36 14.73 33.9 1963.6 82.1 1.87 1.46 0.40 0.75 0.20 0.18

37 15.18 35.0 1962.5 80.9 1.85 1.45 0.39 0.74 0.19 0.16

38 15.64 36.0 1961.5 81.6 1.90 1.61 0.29 0.72 0.20 0.20

39 16.62 38.3 1959.2 78.9 2.00 1.70 0.30 0.64 0.20 0.17

40 17.23 39.7 1957.8 -- 1.99 1.34 0.65 0.71 0.19 0.16

a) ������: 1997� 6� 8�
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� 1 ��
����(CH970608-1)210Pb� 137Cs

������

� 2 ��
����(CH970608-1)� !"

������ ; (�) 210Pbex �	
�� 3.69~4.65

g
cm−2 (� 10~12 cm)� 10.00~11.07 g
cm−2 (�

25~28 cm)����������; (�) �	
��

12.88 g
cm−2 (� 32 cm)��, 210Pbex����� �

!". #$%������&'()* 210Pbex+,-

./01234; 567(89+,:�;<=>?

@:A"B+,CDEFGHIJKLM.

NO, & 1PQR: 210Pbtotal*
210Pbex�STUV

WXYZ[\ , 7]�^3_����� . 5*
226Ra  `� 210Pbeq STUV��abcd�� .
226Ra efghijk U lmW�nop:, ���

qrs:tuvwn. xryzn{|}� 226Ra �

~�3��[31,32]. (������%���, ���

�n 210Pbeq ��f 56.7�3.2 Bq
kg−1. ����

[�V�'^��+,:��n 210Pbtotal�STUV

!"��� 210Pbex���; �[�VP����+,

:��n 210Pbex �+,�
���O������

�� k¡|��.
210Pbex a¢�STUV�%�����P*

137Cs a¢��STUV��£¤¥l. ¦§¨+,

.©� 210Pbexª
137Csa¢�a�(210Pbex /137Cs)()

* 210PbexSTUV&'[\, PN«* 137Cs a¢�

STUV£¤. #[��¬�­ 210Pbexa¢��%�

����*®¯ 210Pbex °±+,:�+,²�³¥.

f¬´ 210Pbex+,²��³;	+,e9µ®, ³¶

�J[·�¸��+,:n³;	�¹ºª.»W

X.

¼h, ½¾ 210Pbex �STUV¿'^���!

"k, (ÀÁ�+,-.. ÂÃ, ¼(�� 210Pbex �

+,:-�ÄV���?+,���^���Å� �

�!"GHIO, ÆÇÈhQ�É& 1 n�(210Pbex-1)

}�, ÊË^Ìa¢�Í+,���ÎÏmÐ¥l:

APb-210=40.43exp(−0.0748Z), r=0.71. ÑÒÓ¥l-Ô

^+,: �Õ,Ö×f 0.42 g
cm−2
a−1. Ó�*

x 3 nØ^� 137Cs OÙ-.tÚ3Û, N«Ü¬­
137CsOÙ+,:-.tÚ�QÝk.

3.4 ������ Corg �����	


& 3 Þ^­��+,:nßà(Ctotal)?³;à
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� 3 ��
����(CH970608-1)#������

� 4 ��
���$ 30% 210Pbex& Corg
�'()*


 3 �� 137Cs�!+%,
��-./�01

��� ����
�	
�

/g�cm−2

�������

�/g�cm−2�a−1

1964 14.30 0.433�0.006

1975 9.56 0.434�0.011CH970608-1

�� 0.43�0.01

(Corg)ªá;à(Cinorg)â
�STUV. É&QR, ã

äåx�^æ�ç���%è; é6+,:êë�

WX7N«�+,:ìí��STUVn�'^¹.

� Corg�¡î�ï, ìí�]�^N·¡|. �ð+

,:��	
�� 12.88 g
cm−2(� 32 cm)�ñ, ³
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;à(Corg)ªá;à(Cinorg)�ò,óN®¯�à�Õ

,. [�.©, ôä/0N·; 5�[�.©, ôä

��£¤¥l. #õ'­(N.ö��à�+,²

�³����WX. É���÷�£àøù²úª

��|, Ì��÷û+,:àøù��p@�ü@

+,e9[33]. ¼ý��Ìþ���>e9��£ü

@àøù+����e9O, ³;à(Corg)*á;à

(Cinorg)â
]§3¥WX
[34].

÷�+,:³;	�à-�-�êë*Ì:º¥

l	
. ¼+,:³;	��¹º��@���:

~
O, Ì Horg* Corg���a��|� 1.7, Corg*

Norg���a[��� 10[35, 36]. ��+,:³;	�

³bî�Horg/Corg��aªbÅ�Corg/Norg��a
[34].

�³;	+��� (� 1~4 cm �� )�+,:n

Horg/Corg��a ��ª Corg/Norg��a ����

f 5.51ª 7.04. ôäåx���+,:³;	��º

�ñ@��~
.

���©+,e9���n, ���+,:³

;àSTUV��¿'^³;	“+�-�L-Õ,”�

ã��%è[37�39]. ��+,:���} 4 cm(�	


�� 1.24 g
cm−2)³;à(Corg)â
cd,  ��f

1.50%, �'^Ì³;	�+,C� 4 a o��cd

�+���; 5 33 cm��(	
�� 13.37 g
cm−2)

��, �+,:�ë¯ 30 a�C, ³;à(Corg)â
D

�Y�cd,  ��f 0.45%, ³;	J±Õ,��.

12+,:�ëC� 4~30 a o, ³;	���L�

�,  !"#Ï!, -Ô$��+,:�%&ë'e

9²�n³;	�L�Ö×�Ïλ = 0.0434 a−1, ()

Ooτ = 23 a, �Ã��+,:n³;à(Corg)���

*mÐOof 16 a. ÉÓQR, É�÷û.�+ýb

î���, ��+,:%&ë'e9²�n³;	

�LÖ×f��� 2.52,.  !��ÊËtÚ, éÑ

+,: �Õ,Ö×-., ��-Ô^ 1970 .�¹

(�+,�� 30 cm, 	
�� 12 g cm−2��)³;à

(Corg)�+,�
(F(Corg))(x 2, & 4).

4 ��: 210Pbex ������	
��


������

& 1*& 3abQR, ��+,:n CorgSTU

V�'^* 210Pbex3_�%�����. ¼-Ô^(

N.© 210Pbex�+,�
(F(210Pbex))é*³;à(Corg)

�+,�
(F(Corg))ab, ß-�'^./�N·+

,¥l(x 1?x 2, & 4). Ìn, %�Ã 197201974

.ª 198601989.�1�O�, 210Pbex* Corgôä�

+,�
��N·¡|.
210Pbex¹º�|++�, 28J±+,:�s:

u3, ��4n�æ~�3[2]. 5&��67[20]-Ô

x�, ��ª89÷+,:næàøù3:��;

ß:� 95.5%ª 96.4%, 5àøù3:�a<)f

4.5%ª 3.6%. Q�=f, ³;	+,�
�� k

¡îëf�\ 210Pbex >?@5°±+,:�
¡|

����H. AB, +,: 210Pbex+,�
�¡|�

[d���Î'^÷�CD@pE� k¡î�F

GWX.

�� ��������	
��
���
���

���
����������� , !"#$%&.

� � � �

1 Goldberg E D, Koide M. Rates of sediment accumulation in the

Indian Ocean. In: Geiss J, Goldberg E D, ed. Earth Sciences and

Meteoritics. Amsterdam: North-Holland Publishing Company,

1963. 90~102

2 Krishnaswamy S, Lal D, Martin J M, et al. Geochronology of lake

sediments. Earth and Planetary Science Letters, 1971, 11: 407~

414

3 Koide M, Soutar A, Goldberg E D. Marine geochronology with
210Pb. Earth and Planetary Science Letters, 1972, 14: 442~446

4 Robbins J A, Edgington D N. Determination of recent sedimenta-

tion rates in Lake Michigan using 210Pband 137Cs. Geochimica et

Cosmochimica Acta, 1975, 39: 285~304

5 Appleby P G, Oldfield F. The calculation of 210Pb dates assuming

a constant rate of supply of unsupported 210Pb to the sediment.

Catena, 1978, 5: 1~8

6 Wan G J, Appleby P G. Radionuclides in ecological systems. In:

Farina A, ed. Perspectives in Ecology, A Glance from the VII In-

ternational Congress of Ecology (INTECOL), Florence, Italy, 19-

25 July 1998. Leiden: Backhuys Publishers of NL, 1999. 369~379

7 ���. 137Cs� 210Pbex����	
��
����. ���

���, 1995, 10 (2): 188~192

8 ���, Appleby P G. ���������� !
����.

������, 2000, 15(2): 172~177

9 ��� . "#	
$ 210Pb �� . %&'
� , 1997, (3):

230~239

10 ()*, +,-, . /, 0. 12 228Ra-NO
-
3 �345678



162 ���� D � ���� � 34 	
�

SCIENCE IN CHINA Ser. D Earth Sciences

$��9:. ;���, D<, 2002, 32(3): 249~254

11 =>), . ?, @AB, 0. CDEF5GF�	
HI$J

K 150a�L��MN. ;���, D<, 2001, 31(7): 601~607

12 OPQ, Schleser G H, RST, 0. UVWXYZ[\�] 0.2

ka ^$_`4abX. ;���, D <, 2001, 31(12): 1024~

1030

13 Edgington D N, Robbins J A. Patterns of deposition of natural and

fallout radionuclides in sediments of Lake Michigan and their re-

lation to limnological processes. In: Nriagu J O, ed. Environ-

mental Biogeochemistry. Ann Arbor, 1976, 2: 705~729

14 Dominik J, Mangini A, Muller G. Determination of recent deposi-

tion rates in Lake Constance with radioscopic methods. Sedimen-

tology, 1981, 28: 653~677

15 Bloesch J, Evans R D. Lead-210 dating of sediments compared

with accumulation rates estimated by natural markers and meas-

ured with sediment traps. Hydrobiologia, 1982, 92: 578~586

16 Imboden D M, Stiller M. The influence of radon diffusion on the
210Pb distribution in sediments. J Geophys Res, 1982, 87: 557~

565

17 Wan G J, Santschi P H, Farrenkothen K, et al. Postdepositional

remobilization of 210Pb in freshwater sediments. EOS, 1984,

65(45): 941

18 Wan G J, Santschi P, Sturm M, et al. Natural (210Pb, 7Be) and

fallout (137Cs, 239,240Pu, 90Sr) radionuclides as geochemical tracers

of sedimentation in Greifensee, Switzerland. Chemical Geology,

1987, 63: 181~196

19 ���, Santschi P H, Sturm M, 0. cde��fgh��i

j
�klmno�]#	
pq . ��N� , 1986, (3):

259~270

20 ���, rst, uvw. x7	
yzZ{$|}�~�f

����2. ����, 1992, 37(9): 825~828

21 Wan Guojiang. Remobilization of Pb during the early diagenesis

in the lacustrine sediments. International Association of Theoreti-

cal and Applied Limnology. Proceedings, 1993, 25(�): 242~248

22 Santschi P H, Hoehener P, Benoit G, et al. Chemical processes at

the sediment-water interface. Marine Chemistry, 1990, 30: 269~

315

23 Benoit G, Hemond H F. Evidence for diffusive redistribution of Pb

in lake sediments. Geochimica et Cosmochimica Acta, 1991, 55:

1963~1975

24 ���, +��, R��, 0. G��	
yzZ 210Poex���

�$M�. ����, 1990, 35(8): 621~624

25 ���, Santschi P H. kl Greifen�	
y;cde����

��3
�. �h��, 1987, 7(4): 358~363

26 RST, ���, ��. ;����. ��: �����, 1998.

377~378

27 ���, �� , +��, 0. G��	
y 137Cs ����$

��~��¡¢ !. ����, 1990, 35(19): 1490~1493

28 ���. "#	
�£¤$ 137Cs ��¥¥¦§5x7f�¨G

��©ª. %&'
�, 1999, 19 (1): 73~80

29 «¬­, ���, R��, 0. §5®¯°�±x7"#	
y

; 210Pb, 137Cs $��£²�³��. ����, 1999, 11(2):

110~116

30 ´µ¶, ���. §5®·7"#	
y 137Cs, 210Pb $£²�

��
�. �¸��N�, 2001, 29(1): 28~31

31 Bai Z G, Wan G J, Huang R G, et al. A Comparison on accumula-

tion characteristics of 7Be and 137Cs in lake sediments and surface

soils in Western Yunnan and Central Guizhou, China. CATENA,

2002, 49: 253~270

32 ¹º�, � », ���0. ¼½FL¾¿; 7Be, 137Cs, 226Raf
228Ra $��N�À£Á�³¡¢ !­Â . ������ ,

1997, 17(4): 407~411

33 R§Ã, Ä�t, ÅÆÇ. §5��$ÈÉÊ	
. 7ËÌ�

Í, 1989, 20(2): 122~130

34 .PÎ, ���, ÏÐÑ, 0. ��"#	
yÈ��ÒÓ


�. ;���, D<, 2002, 32(1): 73~80

35 Talbot M R, Livingstone D A. Hydrogen index and carbon iso-

topes of lacustrine organic matter as lake level indicators. Palaeo-

geography Palaeoclimatology Palaeoecology, 1989, 70: 121~137

36 Dean W E. The carbon cycle and biogeochemical dynamics in

lake sediments. Journal of Paleolimnology, 1999, 21 (4): 375~393

37 ���, ¹º�, RÔÕ, 0. x7]#	
y;È-Ö-×-Ø

$��N�ÒÓ. ��N�, 2000, 29(2): 189~197

38 ���, ¹º�, +��, 0. ÈÉÊ¼�L��]#	
y

;È-Ö-×-Ø$��N�ÒÓ¥¥¦x7©ª. Ù: ���, 0

Ú. ÈÉÊ¼Ì��(ÛÜ). ��: �Ý���, 2000. 87~108

39 Wan G J, Bai Z G, Qing H, et al. Geochemical records in recent

sediments of Lake Erhai: implications for environmental changes

in a low latitude-high altitude lake in southwest China. Journal of

Asian Earth Sciences, 2003, 21: 489~502


