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Á� �÷v 41Ca)Ô«l�¬ÿþ�I�, 3�®HI-13G�\�ì�Ì(Accelerator Mass Spec-

trometry, AMS)XÚþïá
±CaF2 �q�� 41Ca AMS©Û�{. )Ô�¬Ú 41CaIO�¬²Lz

Æ©lÚXz, ��¤CaF2 ��qÔ�. AMSÿþ 41Ca�, lfÚÑCaF−

3 Klf, ��l��>Ö

�ÀJ�7+ �, \�ìà>ØÀ½�8.5MV, ^¿k140mbar P10íN�õ�4>l¿&ÿ 41Ca. (

Jw«&ÿì�¢yé 41Ca�ÓþÉ �Z6 41K�©E, âfÌ¥41K�OêÇé$, é 41CaØ/¤

Z6. é���4�IO�¬(41Ca/40Ca31.785×10−8—1.750×10−10 ��)�ÿþ(Jw« 41Ca/40Ca

ýéÿþ��I¡��m��5'XûÐ (r2 = 0.997), ² 41Ca/40Ca�1.785×10−8�IO�¬8�z

�, S2, S4ü�I��ÿþ��I¡�¬Ü�Ð, �I�S3�ÿþ��I¡�k�� l. �O)Ô�

¬� 41Ca/40Ca�.�$u8.2×10−13.

'�c 41Ca \�ì�Ì CaF2 )Ô«l

1 Úó

Wë�!N�¯õ�)·L§, �´�èx�'

�E���. �X.þ<�P#zFªî, ��

5�;¾, ��Õtw±Ùu¾ÊH9�JîÉ

�2�'5. �\n)W�áÂ!NS=$Ú���

��1�´�~-<a,��, WÓ �«lEâ3

ù�¡U
u��A^. �Æ·���5Ø� 41Ca

´Cc5�X\�ì�Ì(AMS)EâuÐ�±A^�

#�)Ô�Æ«lJ, ·^u�Ï<N«l¢�
[1, 2]

,

��^uN	¢�
[3]

, Ø^ú%)ÔË��úÚS�

¯K. ÿþ)Ô«l�¬¥èþ� 41CaI�A^äk

üØÓþÉ ��.Ú©flf�.Z6Uå��p

(¯Ý�AMS©ÛEâ. 8cISþ�AMS¢�¿

ÿþ 41CaÌ�æ^ü«zÆ/ª�qÔ�: CaH2
[4]

Ú

CaF2
[5]

. ¦+^CaF2 q�ÿþ�âfÚÑå6r

ÝÚâfDÑ�Ç$uCaH2 q�, ���CaH2 é¢

�¿^��¦�p, I�ä�ý���Ú�z�AC

�, ±9�¬ý�µ�Eâ. CaF2 ���Ú½��

{B, �±3ÊÏ)z¢�¿?1, �¬�N´��,

�·^u��êþ�)Ô«l�¬� 41Caÿ½. �÷

v 41Ca)Ô«lïÄ�õê8�¬ÿþ�I�, �ó

�3�®HI-13G�\�ì�AMSXÚþ®ïá�

CaH2 q�{ÿþ 41Ca
[6, 7]

�Ä:þ, uÐ)Ô�¬�

CaF2 q���ÚAMSÿþ�{.

2 ¢�Ü©

2.1 CaF2q���

2.1.1 ÁJÚìä

41CaCO3 I O � ¬, � ¢ � ¿ S � �
[8]

,
41Ca/40Ca � 1.785 × 10−8 Ú 1.750 × 10−10. CaCO3,

H2O2!ú�X, ©ÛX: HClÚRY, `?X: HNO3

ÚHF, MOS?. I�001×8r�5�lf��ä�,
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100—2008. äl��l%+!bl�Úp'7�À

æ��Î, ¦^c^2mol/L HNO3 E���2d, ,�

^pXYÀWZÀ, óZ.

2.1.2 �� 41CaIOM�

¡��½þ41Ca/40Ca�1.785×10−8, 1.750×10−10

� 41CaCO3 IO�¬, ©O^·þ6mol/L HClM),

^�lfYDº�50mL. Ó�U�½Ó �Dº

', ©OO(¡��½þ�1.785×10−8 41Ca/40Ca�

41CaCO3 IO�¬Ú©ÛXCaCO3, 350mLäll

%+¥·Ü, %\·þ6mol/L HClM), ^�lfY

Dº�50mL, ¤�M�oWßÝ�5mg/mL, �^.

2.1.3 )Ô�¬��)

��100mg^çØïÄï���à���¬, ^

NÈ'�4:1�HNO3 ÚH2O2 ·ÜM�\9�)�M

�©�, �CZ, ^�lfYDº�15mL. ¡�300—

400mgóZ!ï����à³�, �ubl�, 3ê

6¬¥500℃Y��z3h, e%�^NÈ'�4:1 �

HNO3 ÚH2O2 ·ÜM��), �CZ, ^�lfYD

º�15mL.

^6mol/L HClM)CaCO3, O(��WßÝ�

5g/mL�CaCl2 IOÑ��. O(¡�1g�àÉ��

¬, \\1mL CaCl2 Ñ��, ^HNO3 ÚH2O2 ·ÜM

��)�M�©�, Dº�15mL�^.

2.1.4 �¬¥W�©lÚXz

±þ 41CaIOM�!)Ô�¬�)�, ©O\\

�NÈ�Úú�X, 7��%\RY�±pH> 5, ·

!�±4000r/min�=�l%5min, ��þ��, ^

2mL 2.5%ú�XÚ2mL�lfY©OW*�D�g.

\·þ(����2mL)4mol/L HNO3 M)�D, ^�

lfYDº�15mL. ,�L001×8�lf��Àæ

Î(S»6cm, ä��p8cm, ¯k^10mL 4 mol/L

HNO3, 6mL 0.08 mol/L HNO3 Ú10mL �lfY²

ï), 6���31—1.5mL/min. k^15mL 0.8mol/L

HNO3 Wø,�lf, 2^4mol/L HNO3 WøCa2+,

Â84.5mL6Ñ�u15mLl%+¥, \�NÈ�l

fY, 2\6mL HF, ����. 4000r/minl%10min,

^1mL�lfYW*CaF2 �Düg, 100℃ó�24h

��^.

2.2 CaF2q��AMSÿþ

ò�4mg CaF2 �¬�2008Õ®·Ü(�þ'�

�1:1), ^ØqìØ\��¾qI, ,�òqIC\�

NB40�qI�q�. q�3180℃eó�ê���

�, C\lf.

AMSÿþ�lfÚÑCaF−

3 , %��l��>

Ö�ÀJ7+, æ^�O5\ 40CaF−

3 Ú 41CaF−

3 ¿©O

P¹6rÚâfÌ��{ÿþ 41Ca/40Ca, ^AMS{

.1Ùÿþ 40Caå6rÝ, ^¿k140mbar�P10í

N�õ�4>l¿&ÿ41Caâf. ¢�Ä�Ú½Xe:

(1) Ï1´. 38.5MVà>Ø^�e, ^ 40CaN

å, P¹$Uà!�:!qcÚAMS{.1Ù?�å

6rÝ, Å?N!�'ëê, ¦DÑ�Ç���Z.

(2) 40Ca�[DÑ, =^ 40Ca�[8.5MVà>Ø

� 41Ca�^fÝ, ±(½\�ìDÑ 41Ca�I���


ëê. UCà>Ø(8.720MV)!5\^c^|rÝ

Ú·> =�>Ø, Å?N!�'^|ëê, ¦ 40Ca

DÑ�Ç���Z.

(3) 41Ca�ÿþ. �à>Ø(8.5MV)!5\^c

^|rÝ±9·> =�>Ø, ^íN>l¿&ÿì

P¹âfÌ, �O 41Ca¿Oê.

(4) 40Caå6rÝÿþ. rà>Ø!5\^c^

|rÝÚ·> =�>Ø�ÿþëê#N£ 40Ca

�G�, ÏLAMS{.1Ùÿþ 40Caå6rÝ.

ÏLÚ½(3)Ú(4)�õg�OÿþÒ�(½T�

¬¥� 41Ca/40Ca.

3 (JÚ?Ø

lã1 ¤w«�IO�¬!)Ô«l�¬Ú�

x�¬���âfÌ��Ì��Z6Ø� 41K� 41Ca

?uØÓ�«�, �OêÇé$, 41K/40CaØ�u

10−12 êþ?. 41KØé«l�¬ 41Ca�O(Oê/¤

Z6, ùL²&ÿìé 41CakÐ�©E, ¤ïá��

¬©lÚXz6§�´¤õ�.

AMSÿþ�èþ 41Ca�, ÓþÉ � 41K´�Ì

��Z6Ø�, lfÚÑCaF−

3 Klf±9qÔ�

��¥�zÆ©lÚXzùü«�{�(ÜU
é

Ð�³� 41K�OêÇ. ©z[5]¥�zÆ©lÚXz

6§æ^6mL 0.08mol/L HNO3 WøK+ �Z6lf,

du3d�Ý�r�5�lf��ä�éK+ k�r

�áNUå, ýÏWø�Îf¥E¬k�þK+ �3,

¿34mol/L HNO3 Wø��Ca2+�å6Ñ. ·�3

ý¢�¥^ ICP-AESuÿ
Wø�¥�K+ßÝ, (

JuyU^15mL 0.8mol/L HNO3 ?1Wø, U
k

�/òÎf¥6mL 0.08mol/L HNO3 ØUWø��þ

K+ Wøe5, ¿�ØK�Ca2+ �½þ£Â, lk

|uÿþ(¯Ý�Jp.
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(a) 8.759×10−10 41Ca/40Ca�IO�¬; (b) 41Ca

«l�à³�; (c) �à���x�.

AMS��ÿ��IO�¬� 41Ca/40Ca�f'�

ýé�=�I¡��53.5%—71.7%, Ì��Ï3u 

uíN>l¿cà!;�7mm×7mm�d¿�¡�

AMS{.1Ù�k�¡È'��(φ15mm), é 40Ca�

�Â�Çép, íN>l¿\�I�d¿k30cm

�ål, \�I�+��Ó%Ý�UØ
Ð, E¤


Ü© 41Ca�?\>l¿, \�I�| ���{��

�10%� 41Calf?\>l¿k�«. d	, 41Ca�

40Ca3DÑ¥�Ó �©2�A�¬E¤ÿþ��

I¡��m��� �. � 41Ca/40Caýéÿþ��

I¡��m��5'XûÐ(r2 = 0.997), ² 41Ca/40Ca

�1.785×10−8 �IO�¬8�z�, S2, S4I��ÿ

þ��I¡�¬Ü�Ð(�L1), �S3I��ÿþ�

�I¡�� ��34%. 3,�gå6�méI�?

1
ÿ, (JuyS3I�E,�3T�� �, ù

`²S3����UØ
°(. ±þ(JL², ØS3

I����5��, TX�IO�¬�^�HI-13G

�\�ìAMSXÚé 41CaF2�¬ÿþ�¿SIO. 3

30min�ÿþ�mS, �x)Ô�¬� 41CaOê�",

dd�� 41Ca/40Ca�.�$u8.2×10−13.

L 1 41CaIO�¬�AMSÿ½(J, S1^�8�zÿþ��ëì

IO�¬ 41Ca/40CaI¡� 41Ca/40Caÿþ� 41Ca/40Ca8�zÿþ�

S1 1.785×10−8 (9.548±0.730)×10−9 (1.785±0.137)×10−8

S2 3.301×10−9 (1.798±0.114)×10−9 (3.362±0.213)×10−9

S3 8.759×10−10 (6.283±0.876)×10−10
 (1.175±0.164)×10−9

S4 1.750×10−10 (1.021±0.157)×10−10 (1.908±0.293)×10−10

4 (Ø

ïá
d)Ô«l�¬��CaF2 q��zÆ

©lÚXz6§, 3�®HI-13G�\�ì�ÌXÚ

þé���IO�¬Ú)Ô�¬?1
ÿ½. (

Jw«8�z��4 �IO�¬�ÿþ� �I¡

�(41Ca/40Ca31.785×10−8—1.750×10−10 ��)Ä�

¬Ü(S3I��ÿþ��I¡�� ���, �34%).

)Ô�¬�x�$u8.2×10−13, L²®¤õïá


d)Ô�¬��CaF2 q�, 3HI-13 G�\�ì�

AMSXÚþÿ½ 41Ca/40Ca��{. T�{òU
U

�¢�¿®¢y�CaH2 AMS�{
[6, 7]

��, � 41Ca

«lJ3)Ô�Æ¥�?�ÚA^Jø#��{$�

Eâ|±.
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Measurements of 41Ca in Biological Samples by Accelerator Mass

Spectrometry Using CaF2 Target *

LI Shi-Hong1) JIANG Shan HE Ming GUAN Yong-Jing DONG Ke-Jun WU Shao-Yong

YUAN Yuan MI Sheng-Quan LIU Shu-Tian YUAN Jian

(Department of Nuclear Physics, Chinese Institute of Atomic Energy, Beijing 102413, China)

Abstract For determining numbers of 41Ca labeled biological samples, the analytical method of 41Ca/40Ca by

Accelerator Mass Spectrometry (AMS) using CaF2 target was developed at the Beijing HI-13 AMS system. 41Ca

in the biological samples and 41Ca standard samples were prepared to CaF2 with a more effective chemical separation

and purification procedure. In the 41Ca AMS measurement, CaF−

3 negative ion was extracted from ion resource, 7+

charge state of particles was chosen after carbon foil stripping and accelerated at 8.5MV terminal voltage. 41Ca ions

were finally recorded by an 140mbar P10 gas filled multi-anode ionization chamber detector. The results showed that
41Ca and the main isobar, 41K could be clearly identified in the two-dimensional density spectra, and the interference of
41K to 41Ca was eliminated with the very low 41K counting rate. The absolute measured values of 4 standard samples

with 41Ca/40Ca in the range of 1.785×10−8—1.750×10−10 were in good linear relationship with the standard values

(r2 = 0.997). After normalized with the 1.785×10−8 41Ca/40Ca standard, the measured values of S2 and S4 standard

samples were in good agreement with the nominal values, however, the measured value of S3 deviated the nominal value

largely. The 41Ca/40Ca of the biological blanks were estimated below 8.2×10−13.

Key words 41Ca, Accelerator Mass Spectrometry(AMS), CaF2, biological tracing
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