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* Phytoremediation�of�toxic�metals,�ed.�by�
I.�Raskin,�B.D.�Ensley,�John�Wiley�&�Sons,�
Inc.�(2000).
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Arsenic  Hyperaccumulator 
Pteris vittata L.
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Cadmium Hyperaccumulator 
Arabidopsis halleri ssp.gemmifera

( Matsum.) O'Kane & Al-Shehbaz
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S. Dushenkov, et al.: Environ. Sci. Technol., 1997.
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ESRF
European Synchrotron 
Radiation Facility

APS
Advanced Photon 
Source
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In-vacuum 
undulator

Sample

XY slit

Si(111) 
monochromator

Si(Li)-SSD
or SDD

Kirkpatrick
-Baez (K-B) 
mirror

XY slit

SR facility: BL37XU, SPring-8 (undulator)
The flux of the photons: ca. 108-109 photon s-1 at 37 keV.
Focusing optics: K-B mirror (fused silica coated with Pt)
Focal length: 250 mm, 100 mm, Average glancing angle: 0.8 mrad.
Monochromator stabilization (MOSTAB) system
Beam size: ca. 1 µm x 1 µm with K-B mirror 

μ-XRF47;Q>À & μ-XANES<Zµq

Cryogenic 
N2 gas

ijk>ilmn�in vivo XRF47;Q>À

�;qk4Ø 50 µm�50 µm
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�SPring-8(Super Photon ring -8 GeV)
BL37XU ààà ñ-XRFKlÐ47;Q>À�ñ-XANESçñ-XRD"

�PF(Photon Factory)
BL-12C ààà XAFS
BL-9A ààà XAFS
BL-4A ààà ñ-XRFKlÐ47;Q>À�ñ-XANESçñ-XRD"

�PF-AR
(Photon Factory-Advanced Ring 
for Pulse X-rays)
NW10A ààà XAFS

8 GeV

2.5 GeV

6.5 GeV
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Fig.1��4Ã�×Q5Â>47;Q>À

107Cd×Q5Â>47;Q>À
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CdÝ�°²�÷í��
w��ìíz'�

23456789:;<=>x3æ(��

����:ô��eye, 2006.
S. Fujimaki, et al.: Plant physiol., 2010.
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2�mm

K Ca�K� Mn

Zn Fe CuCu CdCd

Imaging�area:
4.0�(V)�mm�4.4�(H)�mm(��ÐV) PF�BL�4A
3.8�(V)�mm�2.56�(H)�mm�(Cd) SPring�8 BL37XU
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Beam size : 50 �m � 50 �m 

Measurement points : 101 � 41 points    

Exposure time : 2 s/point
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1.�%>P>QtÁ (Scopelophila cataractae)�1)

2.�U=pl>tÁ (Funaria hygrometrica)�2)

•É&hve�0112%�'%().
•SEM�EDS�*��'ÝÉÊÕxõd÷íz'�.
•¾�+Ôw'_��x,�÷í(.

•-%b�®xõdyz'�.
•.�0���°�´&_/0÷í(.
•*%óEì�YÁ_�x12y�.

1)�K.�Satake,�et�al., J.�Bryol,�15,�353�376�(1988).
2)�M.�Itouga,�et�al.,�Bryological Research,�7,�84�85�(1997).
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Samples
• %>P>QtÁ (Scopelophila cataractae)
:�w;Æy���Ä
(a) �w<0 (control)
(b) -%óE (+ Pb)
(c) ¾<0wCu%Æ0�'�ì�-%óE

(- Cu, + Pb)

• U=pl>tÁ (Funaria hygrometrica)
:�w;Æy���Ä
-!�Ý*%óE

ô5Ä
-!�Ý*%óE ô5ÄÉÊ
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1mm

��Ä



=	>	?@�@A��Ä�µ-XRF£B�?@	C@

2mm

0.5m
m

10 mm

Cu

Pb

(a)�control���������������������������(b)�+�Pb (c)�–Cu,�+�Pb

Low High
XRF�intensity

•CuÝ:�	ì;Æ÷í���Ä��xb�®xõd÷íz'�.
•Pb%óEy�\���Cu\�ëx�xõd÷í�.
•¾CDì��	��CuÝ¯�.��
�v�CuÝ���DxE�z'�.

SR�facility:�BL�4A,�Photon�Factory,�KEK
Beam�size:�3.5�μm�x�5.5�μm
Measurement�time:�1�s/point�

��Ä
Leaf

Cu Pb
(a)�control���������������������������(b)�+�Pb (c)�–Cu,�+�Pb

•Cu\Pb_ÉÊÕxõd÷íz'(ë�_�Fx���÷í�.
•�DxÌ'z�b�®xõd.

Cu Pb Cu Pb

GÉ�ÐV�Ñ



�Cu 295

0control 4532

0

X�ray�energy:�10�keV
Measurement�area
Control:�138��μm�x�246�μm�
�Cu:�302��μm�x�392��μm
Measurement�time:��������
0.1�s/point
SPring�8�BL37XU
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�http://pfwww.kek.jp/indexj.html
�http://www.spring8.or.jp/ja/

�Arsenic distribution and speciation in an arsenic hyperaccumulator fern by 
X-ray Spectrometry utilizing a synchrotron radiation source, J. Anal. At. 
Spectrom. 21, 321 (2006), A. Hokura et al.

�Micro X-ray fluorescence imaging and micro X-ray absorption 
spectroscopy of cadmium hyper-accumulating plant, Arabidopsis halleri
ssp. gemmifera, using high-energy synchrotron radiation, J. Anal. At. 
Spectrom. 23, 1068 (2008), N. Fukuda , et al.

� In vivo micro X-ray analysis utilizing synchrotron radiation of the 
gametophytes of three arsenic accumulating ferns, Pteris vittata L., Pteris
cretica L. and Athyrium yokoscense, in different growth stages: 
Metallomics, 2, 261-270 (2010), T. Kashiwabara, et al.

���ßR4jÂ�;q�ßX���\XAFS:�x»(%>P>QtÁ
�Scopelophil acataractae"ÄËxÌÍ('\-�õdx3æ(��T����
�år, 42, 347-358 (2011), stì.

�����Tuv1î, 2009(9), 476-480 (2009).
�����T��\�`,��\�`�2009(11), 1185-1187 (2009).
�����ìT��ß, 23(2), 69-80 (2010).
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