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=XVDPPHQIDVVXQJ
'HU�MHW]W�YRQ�GHU�$5*(�3K$0�YRUJHOHJWH�8QWHUVXFKXQJVEHULFKW�Å(/%��´�HQWKlOW�I�U�GHQ

QLHGHUVlFKVLVFKHQ� %HUHLFK� GHV� 8QWHUVXFKXQJVJHELHWHV�� GLH� (OEPDUVFK�� QXU� 0HVVZHUWH

GHU� 5DGLRDNWLYLWlWVEHODVWXQJ�� GLH� EHUHLWV� DP� ����0DL� ����� GHP� $XVVFKXVV� Å6WUDKOHQ�

VFKXW]�EHL�$QODJHQ´�GHU�6WUDKOHQVFKXW]NRPPLVVLRQ�YRUJHOHJW�ZXUGHQ��'LHVHU�$XVVFKXVV

KDWWH�DXI�GHU�%DVLV�DOOHU�YRUOLHJHQGHQ�0HVVHUJHEQLVVH��$5*(�3K$0��/XID�.LHO��*.66�XQG

1/g��HLQVWLPPLJ�IHVWJHVWHOOW��GDVV�HU�NHLQHQ�1DFKZHLV�I�U�HLQH�HUK|KWH�DQWKURSRJHQH

5DGLRDNWLYLWlW�XQG�NHLQH�GDUDXV� UHVXOWLHUHQGH�HUK|KWH� 6WUDKOHQH[SRVLWLRQ� VLHKW��'LHVH

%HXUWHLOXQJ�GHFNW�VLFK�YROOVWlQGLJ�PLW�GHQ�$XVVDJHQ�GHV�1/g��'D�GHU�%HULFKW�(/%���NHL�

QH�EHODVWEDUHQ�ZHLWHUHQ�0HVVHUJHELVVH�I�U�GLH�(OEPDUVFK�OLHIHUW��lQGHUW�VLFK�GLH�%HXU�

WHLOXQJ�GHV�1/g�QLFKW�

'HU�YRUDQJHJDQJHQH�%HULFKW�GHU�$5*(�3K$0�YRP�����������(/%����KDWWH�QXU�I�U�HLQH

HLQ]LJH�6WHOOH�GHU� (OEPDUVFK�DOSKD�� XQG�JDPPDVSHNWURPHWULVFK� HUPLWWHOWH�0HVVZHUWH

YRQ� 5DGLRQXNOLGHQ� YRUJHOHJW�� 'HU� %HULFKW� (/%� �� HUJlQ]W� ]ZDU� I�U� GLH� (OEPDUVFK� GLH

0HVVZHUWWDEHOOHQ� GHV� %HULFKWHV� (/%� �� GXUFK� GLH� (UJHEQLVVH� JDPPDVSHNWURPHWULVFKHU

0HVVXQJHQ�DQ�DFKW�ZHLWHUHQ�6WHOOHQ��NRPPW�DEHU�]X�NHLQHQ�JUXQGVlW]OLFK�DQGHUHQ�$XV�

VDJHQ��$XFK�LQ�GHP�%HULFKW�(/%���ZLUG�I�U�GLH�(OEPDUVFK�QLFKW�GHU�1DFKZHLV�HLQHU�5D�

GLRDNWLYLWlWVHUK|KXQJ� GXUFK� .HUQEUHQQVWRIISDUWLNHO� HUEUDFKW�� YLHOPHKU� ZHUGHQ�0HVV�

ZHUWH�LP�QLHGULJHQ�$NWLYLWlWVEHUHLFK�GLVNXWLHUW�

1LHGHUVlFKVLVFKHV�/DQGHVDPW�I�U�gNRORJLH
'H]HUQDW�����5DGLR|NROJLH
6WHOOXQJQDKPH�]X�%HULFKW�(/%���GHU�$5*(�3K$0 6HLWH���YRQ���



'HU�ZHVHQWOLFKH�%HVWDQGWHLO�GHV�QHXHQ�%HULFKWHV�GHU�$5*(�3K$0��GLH�%HUHFKQXQJ�YRQ

1XNOLGYHNWRUHQ�XQG�GHU�1DFKZHLV�YRQ�DQJHUHLFKHUWHP�8UDQ�EDVLHUW�DXI�HLQHU�)HKOHLQ�

VFKlW]XQJ� GHU� $XVVDJHNUDIW� GHU� DQJHZDQGWHQ� 0HVVPHWKRGHQ�� GHU� *DPPDVSHNWUR�

PHWULH� XQG� DXFK� GHU� $OSKDVSHNWURPHWULH� LQ� GHP� LQ� GHU� (OEPDUVFK� YRUKHUUVFKHQGHQ

QLHGULJHQ� %HUHLFK� GHU� 8PZHOWUDGLRDNWLYLWlW�� ,Q� GHU� KLHU� YRUJHOHJWHQ� 6WHOOXQJQDKPH

ZLUG� YRP�1/g�HLQGHXWLJ� GDUJHOHJW�� GDVV� GLH� YRQ� GHU� $5*(� 3K$0� DXI� GHU� %DVLV� GHU

JDPPDVSHNWURPHWULVFKHQ� 0HWKRGHQ� HUPLWWHOWHQ� 1XNOLGYHUKlOWQLVVH� �1XNOLGYHNWRUHQ�

QLFKW�EHODVWEDU�VLQG�

'LHVH�)HKOHLQVFKlW]XQJ�ZLUG�YRP�1/g�DQ�+DQG�GHU�(UJHEQLVVH�YHUVFKLHGHQHU�5LQJDQDO\�

VHQ�XQG�GXUFK�%HWUDFKWXQJ�GHU�XQYHUPHLGEDUHQ�]lKOVWDWLVWLVFKHQ�)HKOHU�EHOHJW��'D�GLH

0HVVZHUWDQJDEHQ�GHU�$5*(�3K$0�DXFK�ZHLWHUKLQ�RKQH�GLUHNW�]XJHRUGQHWH�$QJDEHQ

YRQ�0HWKRGHQ�XQG�]lKOVWDWLVWLVFKHQ�0HVVIHKOHUQ�HUIROJHQ��HQW]LHKHQ�VLH�VLFK�ZHLWHUKLQ

HLQHU�IDFKOLFKHQ�'LVNXVVLRQ�

1DFK�$QVLFKW�GHV�1/g�UHLFKHQ�GLH�YRQ�GHU�$5*(�3K$0�DQJHJHEHQ�0HVVPHWKRGHQ�QLFKW

]XU�%HVWLPPXQJ�YRQ�1HSWXQLXP�����XQG�$PHULFLXP�����DXV��%HLGH�5DGLRQXNOLGH�VLQG

QLHGHUHQHUJHWLVFKH�*DPPDVWUDKOHU��GHUHQ�1DFKZHLV�VWDUN�GXUFK�YHUVFKLHGHQH�QDW�UOLFK

YRUNRPPHQGH�5DGLRQXNOLGH��EHUODJHUW�ZLUG��hEHUGLHV�PDFKW�HLQH�0HVVXQJ�LP�IHXFK�

WHQ�=XVWDQG�XQG�PLW�XQWHUVFKLHGOLFKHQ�3UREHQPHQJHQ�HLQH�VDFKJHUHFKWH�.DOLEULHUXQJ

QDKH]X�XQP|JOLFK��'LH�$QJDEHQGHU�$5*(�3K$0��EHU�GLH�%HODVWXQJ�GHV�%RGHQV�PLW

1HSWXQLXP�����XQG�$PHULFLXP�����VLQG�DOVR�QLFKW�QDFKYROO]LHKEDU�

1LHGHUVlFKVLVFKHV�/DQGHVDPW�I�U�gNRORJLH
'H]HUQDW�����5DGLR|NROJLH
6WHOOXQJQDKPH�]X�%HULFKW�(/%���GHU�$5*(�3K$0 6HLWH���YRQ���



6WHOOXQJQDKPH
0LW�(UODVV�YRP����������ZXUGH�GDV�1/g�YRP�1LHGHUVlFKVLVFKHQ�8PZHOWPLQLVWHULXP�DXI�

JHIRUGHUW�� ]X�GHU� ,QIRUPDWLRQ�GHU� ,331:�Å5DGLRDNWLYLWlW� LQ�(OEPDUVFK� XQG�(OEJHHVW´�

8QWHUVXFKXQJHQ�GHU�$5*(�3K$0�LP�$XIWUDJH�GHU�,331:���%HULFKW�6+�16�(/%���GHU

$5*(�3K$0�YRP������������6WHOOXQJ�]X�QHKPHQ�

,P�)ROJHQGHQ�ZLUG�DXVVFKOLH�OLFK�]X�GHQ�0HVVZHUWHQ�GHU�$5*(�3K$0�XQG�]X�GHQ� ,Q�

WHUSUHWDWLRQHQ�GHU�(UJHEQLVVH�GLHVHU�5DGLRDNWLYLWlWVPHVVXQJHQ�6WHOOXQJ�EH]RJHQ��$XV�

VHUGHP�NRQ]HQWULHUW�VLFK�GLH�6WHOOXQJQDKPH�DXI�GLH�$XVVDJHQ�GHU�$5*(�3K$0�]X�GHP

QLHGHUVlFKVLVFKHQ�7HLO�GHV�8QWHUVXFKXQJVJHELHWHV��]XU�(OEPDUVFK��=X�DOOHQ�%HWUDFKWXQ�

JHQ� GHU� $5*(� 3K$0�� GLH� QLFKW� GXUFK� EHODVWEDUH� 5DGLRDNWLYLWlWVPHVVXQJHQ� EHJOHLWHW

ZXUGHQ��ZLUG� NHLQH� 6WHOOXQJ� JHQRPPHQ� �]�%�� YHUPXWHWH� +HUNXQIW� XQG� (LJHQVFKDIWHQ

YRQ�.HUQEUHQQVWRIISDUWLNHOQ��3KRWRGRNXPHQWDWLRQ��DWRPUHFKWOLFKH�$XIVLFKW��

=XU� %HXUWHLOXQJ�GHU�$XVVDJHQ�GHU� $5*(� 3K$0�ZHUGHQ� LQ� GLHVHU� 6WHOOXQJQDKPH� YRP

1/g�VHKU�DXVI�KUOLFK�GLH�YRQ�GHU�$5*(�3K$0�XQG�YRP�1/g�DQJHZDQGWHQ�0HWKRGHQ

GHU�5DGLRDNWLYLWlWVPHVVXQJ�EHOHXFKWHW��'D]X�ZHUGHQ�HUQHXW�DXFK�GLH�YRP�1/g� VHOEVW

LP�5DKPHQ�GHV� 6RQGHUSURJUDPPHV� Å(OEPDUVFK´�GXUFKJHI�KUWHQ� 8QWHUVXFKXQJHQ� KH�

UDQJH]RJHQ�

8P�GDV�9HUVWlQGQLV�GLHVHU�6WHOOXQJQDKPH�]X�HUK|KHQ��ZHUGHQ�HLQLJH�7DEHOOHQ�XQG�(U�

OlXWHUXQJHQ�IU�KHUHU�%HULFKWH�GHV�1/g������KLHU�HUQHXW�EHLJHI�JW�

1 Untersuchungsbericht des Niedersächsischen Landesamtes für Ökologie vom 13.02.2001 „Bericht über die Sonderuntersu-
chung der Belastung des Bodens der Elbmarsch mit Alphastrahlern“ im Auftrage des. Niedersächsischen Umweltministeriums
und des Niedersächsischen Ministeriums für Frauen, Arbeit und Soziales
2 1LHGHUVlFKVLVFKHV�/DQGHVDPW�I�U�gNRORJLH������������6WHOOXQJQDKPH�]XP�%HULFKW�YRQ�)UDX�'U��+HOJD�'LHFNPDQQ�XQG
3URI��'U��,QJH�6FKPLW]�)HXHUKDNH
3 6WHOOXQJQDKPH�]X�Å.RPPHQWDUH�]XU�3UREHQDKPH�YRP����������XQG�3UREHQDXVZHUWXQJ���1/g�%HULFKW�YRP����������
GHU��$5*(�3K$0´�YRP���������
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'LH�6WHOOXQJQDKPH�XPIDVVW�IROJHQGH�6FKZHUSXQNWH�

• %HZHUWXQJ� GHU� %HVWLPPXQJ� GHU� VSH]LILVFKHQ� $NWLYLWlW� YRQ� 8UDQLVRWRSHQ� XQG� %H�

VWLPPXQJ�GHV�$QUHLFKHUXQJVJUDGHV�YRQ�8UDQ

• %HZHUWXQJ�GHU�PHVVWHFKQLVFKHQ�%HVWLPPXQJ�YRQ�8UDQLVRWRSHQ

• %HZHUWXQJ� GHU� 9HUIDKUHQ� GHU� *DPPDVSHNWURPHWULH� XQG� GHU

$OSKDVSHNWURPHWULH�DQ�+DQG�YRQ�5LQJDQDO\VHQ

• 'LVNXVVLRQ�GHU�1/g�0HVVXQJHQ�YRU�GLHVHP�+LQWHUJUXQG

• 'LVNXVVLRQ�GHU�9HUIDKUHQ�XQG�0HVVXQJHQ�GHU�$5*(�3K$0��(/%���XQG�(/%���

• 0HVVXQJHQ�GHV�1/,6�����

• 0HVVWHFKQLVFKH�%HVWLPPXQJ�YRQ�$PHULFLXP�����XQG�1HSWXQLXP����

• $QJHZDQGWH�0HVV��XQG�$XVZHUWHYHUIDKUHQ�GHU�$5*(�3K$0

• $QZHQGEDUNHLW�GHU�*DPPDVSHNWURPHWULH

• 9HUJOHLFK�PLW�GHQ�0HVVZHUWHQ�GHV�1/g

• 6WHOOXQJQDKPH�]X�GHU�.ULWLN�DP�9RUJHKHQ�GHV�1/g

• 3UREHQDKPHWLHIH�EHLP�1/g�6RQGHUSURJUDPP

• 1DFKPHVVXQJHQ�*DPPD��XQG�$OSKDVSHNWURPHWULH

• $QODJHQ

• $QUHLFKHUXQJVJUDGH�YRQ�8UDQ

• 0HVVZHUWWDEHOOHQ�1/g

• 0HVVZHUWWDEHOOHQ�$5*(�3K$0

• $EELOGXQJHQ� ]XU� *DPPD�� XQG� $OSKDVSHNWURPHWULH�� ]X� 5LQJDQDO\VHQ� XQG� ]XP

9HUJOHLFK�GHU�3UREHQ�GHV�(OEPDUVFKSURJUDPPHV�GHV�1/g�PLW�1DWXUXUDQ

1LHGHUVlFKVLVFKHV�/DQGHVDPW�I�U�gNRORJLH
'H]HUQDW�����5DGLR|NROJLH
6WHOOXQJQDKPH�]X�%HULFKW�(/%���GHU�$5*(�3K$0 6HLWH���YRQ���



%HZHUWXQJ�GHU�%HVWLPPXQJ�GHU�VSH]LILVFKHQ�$NWLYLWlW
YRQ�8UDQLVRWRSHQ�XQG�%HVWLPPXQJ�GHV�$QUHLFKH�
UXQJVJUDGHV�YRQ�8UDQ

• %HZHUWXQJ�GHU�9HUIDKUHQ�GHU�*DPPDVSHNWURPHWULH�XQG�GHU�$OSKDVSHNWURPHWULH�DQ

+DQG�YRQ�5LQJDQDO\VHQ�PLW�1/g�%HWHLOLJXQJ

• *DPPDVSHNWURPHWULH�%RGHQ

• $OSKDVSHNWURPHWULH�:DVVHU

• $OSKD��XQG�*DPPDVSHNWURPHWULH�%RGHQ��,$($�

• %HZHUWXQJ�GHU�0HVVHUJHEQLVVH�GHV�1/g�6RQGHUSURJUDPPHV�Å(OEPDUVFK´��9HUJOHLFK

GHU�1/g�0HVVZHUWH�PLW�1DWXUXUDQ�XQG�DQJHUHLFKHUWHP�8UDQ

• %HVWLPPXQJ� GHV� $QUHLFKHUXQJVJUDGHV� YRQ� 8UDQ����� XQG� 8UDQ����� LQ� 8PZHOW�

SUREHQ�PLW�+LOIH�GHU�*DPPDVSHNWURPHWULH�DP�%HLVSLHO�GHV�(OEPDUVFKSURJUDP�

PHV�GHV�1/g

• %HVWLPPXQJ� GHV� $QUHLFKHUXQJVJUDGHV� YRQ� 8UDQ����� XQG� 8UDQ����� LQ� 8PZHOW�

SUREHQ�PLW�+LOIH�GHU�$OSKDVSHNWURPHWULH�DP�%HLVSLHO�GHV�(OEPDUVFKSURJUDPPHV

GHV�1/g

1LHGHUVlFKVLVFKHV�/DQGHVDPW�I�U�gNRORJLH
'H]HUQDW�����5DGLR|NROJLH
6WHOOXQJQDKPH�]X�%HULFKW�(/%���GHU�$5*(�3K$0 6HLWH���YRQ���



%HZHUWXQJ�GHU�9HUIDKUHQ�GHU�*DPPDVSHNWURPHWULH�XQG�GHU

$OSKDVSHNWURPHWULH� ]XU� %HVWLPPXQJ� YRQ� 8UDQLVRWRSHQ� DQ

+DQG�YRQ�5LQJDQDO\VHQ

$XV� GHQ� (UJHEQLVVHQ� QDWLRQDOHU� XQG� LQWHUQDWLRQDOHU� 5LQJDQDO\VHQ� OlVVW� VLFK� XQVFKZHU

GLH�/HLVWXQJVIlKLJNHLW�HLQHU�$QDO\VHQPHWKRGH�HUNHQQHQ�

'D� YRP� 1/g� LQ� YRUKHUJHKHQGHQ� %HULFKWHQ������ GLH� %HUHFKQXQJ� GHU� 1XOLGYHUKlOWQLVVH

�1XNOLGYHNWRUHQ�� GHU� $5*(� 3K$0� VWDUN� DQJH]ZHLIHOW� ZXUGH�� VROOHQ� LP� )ROJHQGHQ� DQ

GUHL�5LQJDQDO\VHQ�GLH�$QZHQGEDUNHLW�GHU�*DPPDVSHNWURPHWULH�XQG�GHU�$OSKDVSHNWUR�

PHWULH�]XU�(UPLWWOXQJ�GHV�8UDQ�*HKDOWHV�GHU�3UREHQ�XQG�EHVRQGHUV�GLH�(UPLWWOXQJ�GHV

1XNOLGYHUKlOWQLVVHV�EHOHXFKWHW�ZHUGHQ�

,Q�GHU�7DEHOOH��� GHU�$QODJH� LVW� GHU� =XVDPPHQKDQJ� ]ZLVFKHQ�GHQ�1XNOLGYHUKlOWQLVVHQ

�1XNOLGYHNWRUHQ�� XQG� GHP� $QUHLFKHUXQJVJUDG� I�U� YHUVFKLHGHQH� $QUHLFKHUXQJVJUDGH

YRQ�8UDQ�DXIJHOLVWHW��'LHVHQ�ZHUGHQ�1DWXUXUDQ�XQG�DEJHUHLFKHUWHV�8UDQ�JHJHQ�EHUJH�

VWHOOW�� =XU� EHVVHUHQ� 9HUVWlQGOLFKNHLW� ZHUGHQ� LP� )ROJHQGHQ� QXU� GLH� 1XNOLGYHUKlOWQLVVH

�$NWLYLWlWVYHUKlOWQLVVH��GLVNXWLHUW�

'DV� 'H]HUQDW� 5DGLR|NRORJLH� GHV� 1/g� XQWHU]LHKW� VLFK� UHJHOPl�LJ� HLQHU� 4XDOLWlWVNRQ�

WUROOH�GXUFK�GLH�7HLOQDKPH�DQ�QDWLRQDOHQ�XQG�LQWHUQDWLRQDOHQ�5LQJDQDO\VHQ��'DEHL�ZHU�

GHQ�DXFK�8UDQLVRWRSH�PLW�DOSKD��XQG�JDPPDVSHNWURPHWULVFKHQ�0HWKRGHQ�XQWHUVXFKW�

=XVDPPHQVWHOOXQJ�GHU�KLHU�GLVNXWLHUWHQ�5LQJDQDO\VHQ�

1U 2UJDQLVDWRU 0HGLXP 0HWKRGH %HULFKW

� %XQGHVDQVWDOW�I�U
0LOFKIRUVFKXQJ

%RGHQ *DPPDVSHNWURPHWULH ���������

�D
�E

%XQGHVDPW�I�U
6WUDKOHQVFKXW]

:DVVHU��0RGHOOZDVVHU���D�
UHDOHV�$EZDVVHU��E�

$OSKDSHNWURPHWULH ����

� ,$($ %RGHQ $OSKD��XQG�*DP�
PDVSHNWURPHWULH

����

1LHGHUVlFKVLVFKHV�/DQGHVDPW�I�U�gNRORJLH
'H]HUQDW�����5DGLR|NROJLH
6WHOOXQJQDKPH�]X�%HULFKW�(/%���GHU�$5*(�3K$0 6HLWH���YRQ���



/LW��]X����+DDVH��*���:LHFKHQ��$���7DLW��'���(UJHEQLVVH�GHU�5LQJDQDO\VH�]XU�%HVWLPPXQJ
YRQ�*DPPD�5DGLRQXNOLGHQ��6U�����3X�����XQG�3X�����LQ�%RGHQ�LP�-DKU
�����������.LHOHU�0LOFKZLUWVFKDIWOLFKH�)RUVFKXQJVEHULFKWH������������²����
������

/LW��]X����+��9LHUWHO��,��.XQHUW��%HVWLPPXQJ�YRQ�$OSKDVWUDKOHUQ�LQ�:DVVHU��5LQJYHUVXFK
������+HUDXVJHEHU��%XQGHVDPW�I�U�6WUDKOHQVFKXW]��%I6���'H]HPEHU�������%H�
ULFKW�$6���²����������

/LW�]X����5��%RMDQRZVNL�HW�DO��5HSRUW�RQ�WKH�LQWHUFRPSDULVRQ�UXQ�IRU�WKH�GHWHUPLQDWLRQ
RI�UDGLRQXFOLGHV�LQ�VRLOV��,$($�����DQG�,$($������,$($�5HSRUW�,$($�$/�����
:LHQ��$SULO�����

=XVDPPHQVWHOOXQJ�GHU�DXVJHZHUWHWHQ�(UJHEQLVVH��$EELOGXQJHQ�VLHKH�$QKDQJ�

%H]HLFK�
QXQJ

8����
�%T�O�

8����
�%T��NJ�RGHU

%T�O�

8����
�%T��NJ

RGHU�%T�O�

8�����8���� 8�����8���� 8�����8����

%0) $EE��� $EE��� $EE���
%I6�UHDOHV
$EZDVVHU

$EE��� $EE��� $EE��� $EE���� $EE���� $EE����

%I6�0RGHOO�
ZDVVHU

$EE���� $EE���� $EE���� $EE���� $EE���� $EE����

,$($ $EE���� $EE����

'LH�(UJHEQLVVH�GLHVHU�5LQJDQDO\VHQ�ZHUGHQ� LQ�GHQ�DQJHJHEHQHQ�$EELOGXQJHQ�GHU�$Q�

ODJH�I�U�GLH�DQ�GHQ�5LQJDQDO\VHQ�EHWHLOLJWHQ�/DERUDWRULHQ�I�U�GLH�YHUVFKLHGHQHQ�8UDQ�

LVRWRSH�LQ�%T�O�E]Z��%T�NJ�GDUJHVWHOOW�

%HZHUWXQJ� GHV� 9HUIDKUHQV� GHU� *DPPDVSHNWURPHWULH� GHV� %RGHQV
�5LQJDQDO\VH�%XQGHVDQVWDOW�I�U�0LOFKIRUVFKXQJ�

�*UDSKLVFKH�'DUVWHOOXQJ�VLHKH�$QODJH�$EE��������

=XU�8QWHUVXFKXQJ�JHODQJWH�HLQH�%RGHQSUREH�PLW� I�U� %|GHQ��EOLFKHQ�*HKDOWHQ� DQ�8�

���� XQG� 8������ )�U� EHLGH� 1XNOLGH� VWUHXHQ� GLH�0LWWHOZHUWH� GHU� HLQ]HOQHQ� 0HVVODERUV

VWDUN�XP�GHQ�*HVDPWPLWWHOZHUW��%HDFKWHQVZHUW�VLQG�GLH�6WUHXXQJHQ�GHU�HLQ]HOQHQ�/D�

ERUDWRULHQ�EHL�GHQ� MHZHLOV�GUHL�GXUFK]XI�KUHQGHQ�%HVWLPPXQJHQ��'LHVH�6WUHXXQJ�GHU

0HVVZHUWH�I�KUW�GD]X��GDVV�I�U�HLQ�XQG�GLHVHOEH�3UREH�YRQ�MHGHP�/DERU�PHKUHUH��VHKU

XQWHUVFKLHGOLFKH�9HUKlOWQLVVH�YRQ�8�����]X�8�����HUPLWWHOW�ZHUGHQ�N|QQHQ��,Q�GHU�$E�

ELOGXQJ���VLQG�GLH�1XNOLGYHUKlOWQLVVH�GHU�/DERUDWRULHQ�DXIJHWUDJHQ��GLH�MHZHLOV�GUHL�XQ�

DEKlQJLJH� (LQ]HOEHVWLPPXQJHQ� GXUFKI�KUWHQ� XQG� EHLGH� 1XNOLGH� REHUKDOE� GHU� 1DFK�

ZHLVJUHQ]H� QDFKZLHVHQ�� 'DV� ]HLJW� HLQGHXWLJ�� GDVV� GLH� 0HWKRGH� GHU� *DPPD�

1LHGHUVlFKVLVFKHV�/DQGHVDPW�I�U�gNRORJLH
'H]HUQDW�����5DGLR|NROJLH
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VSHNWURPHWULH�]XU�(UPLWWOXQJ�GHV�1XNOLGYHUKlOWQLVVHV�8�����8����� LP�$NWLYLWlWVEHUHLFK

GHU�8PZHOWUDGLRDNWLYLWlW�XQJHHLJQHW�LVW��GD�GLH�I�U�HLQ�XQG�GLHVHOEH�3UREH�EHUHFKQHWHQ

8�����8�����9HUKlOWQLVVH� ]ZLVFKHQ� GHQ� HLQ]HOQHQ�0HVVLQVWLWXWLRQHQ� XP�PHKU� DOV� GHQ

)DNWRU���VFKZDQNHQ��%HL�0HVVZHUWHQ�LQ�GHP�%HUHLFK�GHU�1DFKZHLVJUHQ]H�ZlUH�PLW�QRFK

JU|�HUHQ�6FKZDQNXQJHQ�]X�UHFKQHQ�

)D]LW�

'LH�%HUHFKQXQJ�GHV�$QUHLFKHUXQJVJUDGHV� YRQ�8UDQ�DXI� GHU� %DVLV� GHV�PLW� GHU� � *DP�

PDVSHNWURPHWULH��HUPLWWHOWHQ�1XNOLGYHUKlOWQLVVHV�8�����8�����I�KUW�EHL�3UREHQ�PLW�HL�

QHP�I�U�8PZHOWSUREHQ�W\SLVFKHQ�8UDQJHKDOW�]X�QLFKW�EHODVWEDUHQ�$XVVDJHQ�

%HZHUWXQJ�GHV�9HUIDKUHQV�$OSKDVSHNWURPHWULH�:DVVHU
�%XQGHVDPW�I�U�6WUDKOHQVFKXW]�
�*UDSKLVFKH�'DUVWHOOXQJ�VLHKH�$QODJH�$EE���������

=XU� 8QWHUVXFKXQJ� JHODQJWHQ� KLHU� ]ZHL� 3UREHQ�PLW� XQWHUVFKLHGOLFKHQ� .RQ]HQWUDWLRQV�

XQG�$QUHLFKHUXQJVEHUHLFKHQ��(LQH�%HWUDFKWXQJ�GHU�(UJHEQLVVH�GHU�$QDO\WLN�GHV�:DVVHUV

LVW� I�U� GLH� %HXUWHLOXQJ�GHU�$XVVDJHNUDIW� GHU�0HWKRGH� YRQ�EHVRQGHUHU� %HGHXWXQJ�� GD

KLHU�YHUVFKLHGHQH�V\VWHPDWLVFKH�)HKOHU��GLH�EHL�GHU�8QWHUVXFKXQJ�YRQ�%RGHQSUREHQ�DXI�

WUHWHQ�N|QQHQ��DXVJHVFKORVVHQ�VLQG�

)�U�8������8�����XQG�8�����VWUHXHQ�GLH�0LWWHOZHUWH�GHU�HLQ]HOQHQ�DP�5LQJYHUVXFK�WHLO�

QHKPHQGHQ�0HVVODERUV�XP�GHQ�*HVDPWPLWWHOZHUW��%HDFKWHQVZHUW�VLQG�DXFK�GLH�6WUHX�

XQJHQ�EHL�GHQ�HLQ]HOQHQ�/DERUDWRULHQ�EHL�GHQ�MHZHLOV�]ZHL�GXUFK]XI�KUHQGHQ�%HVWLP�

PXQJHQ��'LHVH�6WUHXXQJ�GHU�0HVVZHUWH�I�KUW�GD]X��GDVV�I�U�HLQ�XQG�GLHVHOEH�3UREH�YRQ

MHGHP�/DERU�XQWHUVFKLHGOLFKH�9HUKlOWQLVVH�YRQ�8�����]X�8�����XQG�8�����]X�8�����HU�

PLWWHOW�ZHUGHQ�N|QQHQ��'LHVHV� ]HLJW�� GDVV� DXFK� GLH�0HWKRGH� GHU� $OSKDVSHNWURPHWULH

]XU� (UPLWWOXQJ� YRQ� 1XNOLGYHUKlOWQLVVHQ� GHU� 8UDQLVRWRSH� LP�$NWLYLWlWVEHUHLFK� GHU� 8P�

ZHOWUDGLRDNWLYLWlW�NULWLVFK�]X�EHZHUWHQ� LVW�� (LQH�%HWUDFKWXQJ�GHV�]lKOVWDWLVWLVFKHQ�)HK�

OHUV�XQG�P|JOLFKHU�V\VWHPDWLVFKHU�)HKOHU� LVW� I�U� MHGH�HLQ]HOQH�0HVVXQJ�GDKHU�XQHUOlVV�

OLFK�

1LHGHUVlFKVLVFKHV�/DQGHVDPW�I�U�gNRORJLH
'H]HUQDW�����5DGLR|NROJLH
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'HU�6FKZDQNXQJVEHUHLFK�GHU�1XNOLGYHUKlOWQLVVH�8�����8�����LVW�KLHU�LQ�HLQHU�lKQOLFKHQ

*U|�H��ZLH�EHL�GHU�REHQ�HUZlKQWHQ�*DPPDVSHNWURPHWULH�GHV�%RGHQV��)DNWRU�����$OOHLQ

GDV�9HUKlOWQLV�8�����8�����VFKHLQW�I�U�GLH�%HUHFKQXQJ�GHV�$QUHLFKHUXQJVJUDGHV�JHHLJ�

QHW� ]X� VHLQ�� %HL� GHQ� YHUJOHLFKVZHLVH� K|KHUHQ� $NWLYLWlWVNRQ]HQWUDWLRQHQ� GLHVHU� 5LQJ�

DQDO\VHQ�VFKZDQNHQ�GLH�HUPLWWHOWHQ�1XNOLGYHUKlOWQLVVH�HWZD�XP�±�������(V�LVW�DOOHUGLQJV

GDYRQ�DXV]XJHKHQ��GDVV�EHL�8PZHOWSUREHQ�PLW�W\SLVFKHQ��QLHGULJHQ�$NWLYLWlWVJHKDOWHQ

GHU�6FKZDQNXQJVEHUHLFK�GHXWOLFK�YHUJU|�HUW�LVW�

)D]LW�

'LH� %HUHFKQXQJ� GHV� $QUHLFKHUXQJVJUDGHV� YRQ� 8UDQ� DXI� GHU� %DVLV� GHV� PLW� GHU

$OSKDDVSHNWURPHWULH��HUPLWWHOWHQ�1XNOLGYHUKlOWQLVVHV�8�����8�����I�KUW�EHL�3UREHQ�PLW

HLQHP�I�U�8PZHOWSUREHQ�W\SLVFKHQ�8UDQJHKDOW�]X�QLFKW�EHODVWEDUHQ�$XVVDJHQ�

1LHGHUVlFKVLVFKHV�/DQGHVDPW�I�U�gNRORJLH
'H]HUQDW�����5DGLR|NROJLH
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'LVNXVVLRQ� GHU� (UJHEQLVVH� $OSKD�� XQG� *DPPDVSHNWURPHWULH� %RGHQ
�5LQJDQDO\VH�GHU�,$($�
�*UDSKLVFKH�'DUVWHOOXQJ�VLHKH�$QODJH�$EE�����²����

%HL� GLHVHU� 5LQJDQDO\VH� ZXUGHQ� ]XU� %HVWLPPXQJ� YRQ� 8����� XQG� 8����� DOSKDVSHNWUR�

PHWULVFKH�XQG�JDPPDVSHNWURPHWULVFKH�9HUIDKUHQ�HLQJHVHW]W��:LH�GLH�JUDSKLVFKH�'DU�

VWHOOXQJ�GHU�(UJHEQLVVH�GHU�8QWHUVXFKXQJ�YRQ�]ZHL�%RGHQSUREHQ�]HLJW��LVW�GHU�6WUHXEH�

UHLFK� GHU�0HVVZHUWH� GHU� %RGHQSUREHQ�PLW� HLQHU� QLHGULJHQ� 8UDQEHODVWXQJ� LP� %HUHLFK

GHU��EOLFKHQ�8PZHOWUDGLRDNWLYLWlW�EHWUlFKWOLFK�

$XI� HLQH� %HUHFKQXQJ� GHU� 1XNOLGYHUKlOWQLVVH� ZLUG� YRQ� XQV� LQ� $QEHWUDFKW� GHU� JUR�HQ

6WUHXXQJ�GHU�(UJHEQLVVH�YHU]LFKWHW�

9RQ�%HGHXWXQJ�LVW�KLHU�GHU�+LQZHLV��GDVV�EHL�GHU�JDPPDVSHNWURPHWULVFKHQ�%HVWLPPXQJ

GHV� 8����� GLH� HUPLWWHOWH� VSH]LILVFKH� $NWLYLWlW� �� XQG� GDPLW� DXFK� GDV� 8�����8�����

9HUKlOWQLV� �� VWDUN� YRQ� GHU� MHZHLOV� ]XU� $XVZHUWXQJ� KHUDQJH]RJHQHQ� *DPPDOLQLH� DE�

KlQJW��YHUJO��DXFK�GLH�6WHOOXQJQDKPH�GHV�1/g���

%HVWLPPXQJ� GHV� $QUHLFKHUXQJVJUDGHV� YRQ� 8UDQ����
LQ� 8PZHOWSUREHQ� PLW� +LOIH� GHU� $OSKD�� XQG� *DP�
PDVSHNWURPHWULH� DP� %HLVSLHO� GHV� (OE�
PDUVFKSURJUDPPHV�GHV�1/g�
%HZHUWXQJ�GHU�0HVVHUJHEQLVVH
9HUJOHLFK�GHU�0HVVZHUWH�PLW�1DWXUXUDQ
$Q� I�QI� 3UREHQDKPHVWHOOHQ� GHV� 6RQGHUSURJUDPPHV� (OEPDUVFK� ZXUGHQ� YRP� 1/g� %R�

GHQSUREHQ�DOSKDVSHNWURPHWULVFK�XQG�JDPPDVSHNWURPHWULVFK�DXI�8UDQ�XQWHUVXFKW�

�� )lKUKDXV������������ ���

�� 7HQQLVSODW]��������� ����

�� .ULHJHUGHQNPDO�� ���

�� 7HVSH�+DIHQ������ ����

�� .DWH�������������������� ����
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'LH�(UJHEQLVVH�GHU�8QWHUVXFKXQJHQ�ZXUGHQ� LQ�GHQ�%HULFKWHQ�GHV�1/g��� ��� �� � YHU|IIHQW�

OLFKW��'LH�%HULFKWH�VLQG��EHU�GDV��,QWHUQHW�DEUXIEDU��http://www.nloe.de/start_rad.htm���'LH�ZH�

VHQWOLFKHQ�(UJHEQLVVH�VLQG�KLHU�HUQHXW� LQ�GHQ�7DEHOOHQ���²���GHU�$QODJH�]XVDPPHQJH�

VWHOOW�

,P�)ROJHQGHQ�VROO�XQWHUVXFKW�ZHUGHQ��RE�VLFK�DXV�GHQ�0HVVZHUWHQ�GDV�9RUKDQGHQVHLQ

YRQ�DQJHUHLFKHUWHP�8UDQ�LQ�GHU�(OEPDUVFK�DEOHLWHQ�OlVVW��'DEHL�ZHUGHQ�GLH�0HVVZHUWH

I�U�MHGH�GHU�3UREHQ�JUDSKLVFK�XQWHU�%HU�FNVLFKWLJXQJ�GHV���6LJPD�� ��σ���%HUHLFKHV�GHV

]lKOVWDWLVWLVFKHQ�)HKOHUV�GDUJHVWHOOW�XQG�PLW�GHP�(UZDUWXQJVZHUW�YRQ�8�����I�U�1DWXU�

XUDQ�E]Z�� I�U�DQJHUHLFKHUWHV�8UDQ�YHUJOLFKHQ� �$EE�� ��� ²� ����� +LHUEHL�ZLUG� DQJHQRP�

PHQ��GDVV�1DWXUXUDQ�YRUOLHJW��GHVVHQ�8�����*HKDOW�JHQDX�GHP�YRP�1/g�DQJHJHEHQHQ

0HVVZHUW�HQWVSULFKW��'D�MHGRFK�GHU�ZDKUH�:HUW�PLW�HLQHU�:DKUVFKHLQOLFKNHLW�YRQ�����

LQ�GHP�DQJHJHEHQHQ��σ�%HUHLFK�OLHJHQ�NDQQ��ZlUH�NRUUHNWHUZHLVH�GHU�(UZDUWXQJVZHUW

I�U�8�����XQWHU�%HU�FNVLFKWLJXQJ�GLHVHV�%HUHLFKHV�]X�HUZHLWHUQ��G�K��KLHU�]X�YHUGRSSHOQ�

'HU�hEHUVLFKW�ZHJHQ�ZLUG�EHL�GHU�'DUVWHOOXQJ�GHV�(UZDUWXQJVZHUWHV�I�U�8�����DXI�GLHVH

7DWVDFKH�YHU]LFKWHW��'LH�$OSKDVSHNWURPHWULH�HUODXEW�GHQ�]XVlW]OLFKHQ�9HUJOHLFK�PLW�GHP

(UZDUWXQJVZHUW�I�U�8������KLHU�JHOWHQ�VLQQJHPl��GLH�$XVI�KUXQJHQ�I�U�8������

%HL�GHU�'DUVWHOOXQJ�GHU�0HVVZHUWH�XQG�GHU�(UZDUWXQJVZHUWH�LVW�]X�EHU�FNVLFKWLJHQ��GDVV

VLH�QXU�PLW�.HQQWQLV�GHV�VRJHQDQQWHQ�]lKOVWDWLVWLVFKHQ�)HKOHUV�LQWHUSUHWLHUEDU�VLQG��+LHU

ZLUG� GHU� ]lKOVWDWLVWLVFK� EHGLQJWH� �σ�0HVVIHKOHU� ���6LJPD�0HVVIHKOHU��� GLH� ]ZHLIDFKH

6WDQGDUGDEZHLFKXQJ��]X�*UXQGH�JHOHJW��'LHVHU��σ�%HUHLFK�GHFNW�GHQMHQLJHQ�%HUHLFK�GHU

0HVVZHUWH�DE��LQ�GHP�]lKOVWDWLVWLVFK�JHVHKHQ������GHU�0HVVZHUWH�OLHJHQ�Z�UGHQ��ZHQQ

PDQ�GLH�0HVVXQJ�RIW�JHQXJ�ZLHGHUKROWH���+LQZHLV��GHU�LQ�GHQ�%HULFKWHQ�GHV�1/g�DXIJH�

I�KUWH��σ�0HVVIHKOHU��GHU�GHQ�%HUHLFK�YRQ������GHU�ÅHUZDUWHWHQ´�0HVVZHUWH�DEGHFNW�

LVW�PLW�GHP�)DNWRU���]X�PXOWLSOL]LHUHQ��

+LHU�VHL�HUQHXW�GDUDXI�KLQJHZLHVHQ��GDVV�GHU�*HVDPWIHKOHU�GHU�%HVWLPPXQJ�LPPHU�JU|�

�HU�DOV�GHU�DQJHJHEHQH�UHLQ�]lKOVWDWLVWLVFKH�)HKOHU�LVW�

%HL�GHU�'LVNXVVLRQ��EHU�HUUHFKQHWH�$QUHLFKHUXQJVJUDGH�GHV�8UDQV�PXVV�EHU�FNVLFKWLJW

ZHUGHQ�� GDVV� VLFK� GLH� YRQ�GHU�$5*(�3K$0� XQG� YRP�1/g� HUPLWWHOWHQ� 8UDQJHKDOWH� LQ

1LHGHUVlFKVLVFKHV�/DQGHVDPW�I�U�gNRORJLH
'H]HUQDW�����5DGLR|NROJLH
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HLQHP�I�U�%RGHQSUREHQ�YHUJOHLFKVZHLVH�VHKU�QLHGULJHQ�%HUHLFK�EHZHJHQ��'LH�7DEHOOH��

JLEW�HLQLJH�%HLVSLHOH�I�U�%|GHQ�XQG�DQGHUH�QDW�UOLFKH�0HGLHQ��*HVWHLQH��/HKP�HWF���

%HVWLPPXQJ�GHV�$QUHLFKHUXQJVJUDGHV�YRQ�8UDQ�����LQ�8P�

ZHOWSUREHQ�PLW�+LOIH�GHU�*DPPDVSHNWURPHWULH�DP�%HLVSLHO

GHV�(OEPDUVFKSURJUDPPHV�GHV�1/g

3UREOHPVWHOOXQJ

(V�ZDU�]X��EHUSU�IHQ��RE�GLH�0HVVHUJHEQLVVH�DXI�GDV�DOOHLQLJH�9RUOLHJHQ�YRQ�1DWXUXUDQ

VFKOLH�HQ� ODVVHQ��RGHU�RE�GLH�(UJHEQLVVH�DXI�GLH�%HODVWXQJ�GHU�(OEPDUVFK�PLW�DQJHUHL�

FKHUWHP�8UDQ�KLQZHLVHQ��=XVDPPHQKDQJ�1XNOLGYHUKlOWQLV�$QUHLFKHUXQJVJUDG�V��7DE�����

9RUJHKHQVZHLVH

=X� %HJLQQ� GHU� 6RQGHUXQWHUVXFKXQJ� ZXUGHQ� ]XU� 2ULHQWLHUXQJ� ]XHUVW� 0HVVXQJHQ� PLW

YHUJOHLFKVZHLVH�NXU]HU�0HVV]HLW��HWZD��������V��DQ�QRFK�IHXFKWHQ�%RGHQSUREHQ�GXUFK�

JHI�KUW��'LH�0HVVXQJHQ�ZXUGHQ�DQ�JHWURFNQHWHQ�3UREHQ�ZLHGHUKROW��+LHU�ZXUGHQ�]X�

HUVW�GLH�I�QI�+DXSWSUREHQ��VSlWHU�DXFK�GLH�1HEHQSUREHQ��REHUH�%RGHQVFKLFKW�XQG�5H�

IHUHQ]SUREHQ�� XQWHUVXFKW�� 'D� GLH� HUVWHQ� 8QWHUVXFKXQJHQ�ZHLWJHKHQG� QHEHQHLQDQGHU

GXUFKJHI�KUW�ZXUGHQ�� NDPHQ� VHFKV� YHUVFKLHGHQH� *DPPDGHWHNWRUHQ� JOHLFK]HLWLJ� ]XP

(LQVDW]�

$QVFKOLH�HQGH� 1DFKPHVVXQJHQ� GHU� ]HUNOHLQHUWHQ� XQG� KRPRJHQLVLHUWHQ� +DXSWSUREHQ

ZXUGHQ�GDQQ�WHLOZHLVH�PLW�0HVV]HLWHQ�ELV���������V�ZLHGHUKROW��+LHU�ZXUGH�HLQ�Q�W\SH�

5HLQVWJHUPDQLXPGHWHNWRU�]XU�]XVlW]OLFK� VLFKHUHQ�(UIDVVXQJ�GHU�*DPPDVWUDKOHU�PLW� (�

QHUJLHQ�������NH9�YHUZHQGHW�

'LH� OlQJHUHQ�0HVV]HLWHQ�ZXUGHQ� YRU� DOOHP� ]XU� 6HQNXQJ� GHV� ]lKOVWDWLVWLVFKHQ� )HKOHUV

DXVJHZlKOW�� 'DV� 9HUIDKUHQ� XQG� EHVRQGHUV� GHU� $XVZHUWPRGXV� I�U� GLH� 8UDQLVRWRSH

1LHGHUVlFKVLVFKHV�/DQGHVDPW�I�U�gNRORJLH
'H]HUQDW�����5DGLR|NROJLH
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ZXUGH�LQ�GHQ�1/g�%HULFKWHQ���� ��� ��DXVI�KUOLFK�JHVFKLOGHUW��PLW�%HVFKUHLEXQJ�]lKOVWDWLVWL�

VFKHU�XQG�P|JOLFKHU�V\VWHPDWLVFKHU�)HKOHU�XQG�+LQZHLV�DXI�GLH�]XU�$XVZHUWXQJ�QXW]ED�

UHQ�GUHL�*DPPDOLQLHQ�GHU�8�����7|FKWHU��

*UXQGVlW]OLFK�N|QQHQ�PLW�GHP�9HUIDKUHQ�GHU�*DPPDVSHNWURPHWULH�QXU�8UDQ�������EHU

GLH�NXU]OHELJHQ�7|FKWHU�7K�����XQG�3D����P��XQG�8UDQ�����EHVWLPPW�ZHUGHQ��=XU�%H�

VWLPPXQJ�YRQ�8UDQ�����LVW�GDV�9HUIDKUHQ�QLFKW�DQZHQGEDU�

,P�)ROJHQGHQ�VROOHQ�I�U�DOOH�I�QI�+DXSWSUREHQ�GLH�QDFKJHZLHVHQHQ�VSH]LILVFKHQ�8�����

$NWLYLWlWHQ� GHU� 3UREHQ�PLW� GHQ� (UZDUWXQJVZHUWHQ� I�U� 1DWXUXUDQ� YHUJOLFKHQ� ZHUGHQ�

'DEHL�JLOW�GLH�9RUDXVVHW]XQJ��GDVV� LP�1DWXUXUDQ�GDV�$NWLYLWlWVYHUKlOWQLV�YRQ�8�����]X

8����� � ��������� EHWUlJW�� G�K�� GHU� 8�����$NWLYLWlWVDQWHLO� EHWUlJW� ����� �� GHV� 8�����

$NWLYLWlWVDQWHLOV�

%HL� GHU� 'DUVWHOOXQJ� GHU�0HVVZHUWH� XQG� GHU� (UZDUWXQJVZHUWH� ZLUG� GHU� ]lKOVWDWLVWLVFK

EHGLQJWH��σ�0HVVIHKOHU�]X�*UXQGH�JHOHJW��$EE�����²�����

,Q�GHQ�$EELOGXQJHQ�ZHUGHQ�GLH�0HVVZHUWH�GHU� VSH]LILVFKHQ�$NWLYLWlWHQ� VRZLH�GHU��σ�

0HVVIHKOHU�GHU�8UDQ�,VRWRSH�JHWUHQQW�I�U�GLH�HLQ]HOQHQ�3UREHQDKPHVWHOOHQ�XQG�I�U�GLH

NXU]H� XQG� GLH� ODQJH�0HVV]HLW� JUDILVFK� GDUJHVWHOOW�� 'HU� (UZDUWXQJVZHUW� I�U� 8����� EHL

9RUOLHJHQ�YRQ�1DWXUXUDQ�ZLUG� I�U� GLH� YRUJHJHEHQH�8�����$NWLYLWlW� UHFKQHULVFK�HUPLW�

WHOW��'DEHL�ZLUG� I�U�GDV�8�����GHV�1DWXUXUDQV�GHU�JOHLFKH�SUR]HQWXDOH�]lKOVWDWLVWLVFKH

�σ�0HVVIHKOHU�ZLH�LQ�GHU�2ULJLQDOSUREH�YRUDXVJHVHW]W�

'LH�'DUVWHOOXQJ�EHU�FNVLFKWLJW�QRFK�QLFKW��GDVV�GDV�DOV�%DVLV�JHOWHQGH�8�����GHV�1DWXU�

XUDQV�DP�REHUHQ�RGHU�XQWHUHQ�(QGH�GHV��σ�)HKOHUEHUHLFKHV�OLHJHQ�N|QQWH��'LHVHV�I�KUW

EHL� GHU� *DPPDVSHNWURPHWULH� PLW� HUKHEOLFKHQ� �σ�)HKOHUQ� GHU� 8�����%HVWLPPXQJ� ]X

ZHLWDXV�JU|�HUHQ�6SDQQZHLWH�GHV�(UZDUWXQJVZHUWHV�DOV�EHL�GHU�$OSKDVSHNWURPHWULH�

,Q�GHQ�*UDILNHQ� VLQG�DXI� GHU� OLQNHQ�$EELOGXQJVKlOIWH� GLH� VSH]LILVFKHQ�$NWLYLWlWHQ�GHU

8UDQ�,VRWRSH�8�����XQG�8�����GHU�XQWHUVXFKWHQ�%RGHQSUREH�LQ�%T�NJ�PLW�GHP�MHZHLOL�

JHQ��σ�)HKOHU�DXIJHI�KUW��5HFKWV�GDQHEHQ�EHILQGHW�VLFK�GLH�HQWVSUHFKHQGH�'DUVWHOOXQJ

HLQHU� ILNWLYHQ� 1DWXUXUDQ�3UREH� PLW� GHU� VSH]LILVFKHQ� 8�����$NWLYLWlW� GHU� JHPHVVHQHQ

1LHGHUVlFKVLVFKHV�/DQGHVDPW�I�U�gNRORJLH
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3UREH�DOV�%DVLV��'LH�VSH]LILVFKH�$NWLYLWlW�YRQ�8�����LVW�DXI�GHU�%DVLV�GHV�,VRWRSHQYHUKlOW�

QLVVHV�8�����8�����YRQ�1DWXUXUDQ�HUUHFKQHW�

%HL�GHU� %HVSUHFKXQJ�GHU�(UJHEQLVVH� GHU� 5LQJDQDO\VHQ�ZXUGH� VFKRQ�GDUDXI� YHUZLHVHQ�

GDVV�GLH�0HWKRGH�GHU�*DPPDVSHNWURPHWULH�]XU�(UPLWWOXQJ�GHU�,VRWRSHQYHUKlOWQLVVH�EHL

HLQHU�%HODVWXQJ�LP�%HUHLFK�GHU�QDW�UOLFKHQ�%HODVWXQJ�QLFKW�JHHLJQHW�LVW��'DV�ZLUG�DXFK

DQ�+DQG�GHU�KLHU�HUQHXW�YRUJHVWHOOWHQ�(UJHEQLVVH�GHV�1/g�EHOHJW�

$QVFKDXOLFK�ZLUG�GLH�3UREOHPDWLN�DXFK�EHL�GHU�'DUVWHOOXQJ�GHU�*DPPDVSHNWUHQ�� VLHKH

*HVDPWVSHNWUXP�$EE���XQG�$XVVFKQLWW�GHV� QLHGHUHQHUJHWLVFKHQ�%HUHLFKHV��$EE�� �� GHU

%RGHQSUREH�GHU�0HVVVWHOOH������ �.DWH��� 6HOEVW� EHL� GHU� %RGHQSUREH�PLW� GHP� K|FKVWHQ

8UDQJHKDOW�GHV�8QWHUVXFKXQJVSURJUDPPHV�KHEW�VLFK�GHU�]XU�%HVWLPPXQJ�YRQ�8�����DP

EHVWHQ�JHHLJQHWH�3HDN�EHL�������NH9�QXU�VHKU�VFKZDFK�YRP�8QWHUJUXQG�DE��'LHVHV�I�KUW

QRWJHGUXQJHQ� ]X� HLQHP� KRKHQ� ]lKOVWDWLVWLVFKHQ� )HKOHU�� 'LH� 3UREOHPDWLN� GHU� JDP�

PDVSHNWURPHWULVFKHQ�%HVWLPPXQJ�YRQ�8�����ZXUGH�YRP�1/g�LQ�GHU�6WHOOXQJQDKPH��]X

GHP�%HULFKW� YRQ� +�� 'LHFNPDQQ� XQG� ,�� 6FKPLW]�)HXHUKDNH� DXVI�KUOLFK� GDUJHVWHOOW� �X�D�

9HUZHQGXQJ�YHUVFKLHGHU�*DPPDOLQLHQ�EHL�GHU�6SHNWUHQDXVZHUWXQJ��

3UREHQDKPHVWHOOH��1/g�%HULFKW� 9HUJOHLFK�GHU�3UREH�PLW�1DWXUXUDQ

)lKUKDXV������������ ��� $EE����

7HQQLVSODW]��������� ���� $EE����

.ULHJHUGHQNPDO������� ��� $EE����

7HVSH�+DIHQ������ ���� $EE����

.DWH�������������������� ���� $EE����

%HZHUWXQJ

'LH�HUPLWWHOWHQ�VSH]LILVFKHQ�$NWLYLWlWHQ�GHU�8UDQLVRWRSH�XQWHUVFKLHGHQ�VLFK�EHL�GHQ�YHU�

VFKLHGHQHQ�0HVVXQJHQ�QXU�LQ�GHU�$UW��ZLH�HV�XQWHU�.HQQWQLV�GHV�]lKOVWDWLVWLVFKHQ�)HK�

OHUV�]X�HUZDUWHQ�ZDU�

�

1LHGHUVlFKVLVFKHV�/DQGHVDPW�I�U�gNRORJLH
'H]HUQDW�����5DGLR|NROJLH
6WHOOXQJQDKPH�]X�%HULFKW�(/%���GHU�$5*(�3K$0 6HLWH����YRQ���



'LH�)HKOHUEHUHLFKH���σ�0HVVIHKOHU��GHU�VSH]LILVFKHQ�$NWLYLWlWHQ�YRQ�8�����GHU�JHPHVVH�

QHQ�3UREHQ��EHUVFKQHLGHQ� VLFK� EHL� DOOHQ�0HVVXQJHQ�ZHLWJHKHQG�PLW� GHQ� (UZDUWXQJV

ZHUWHQ�I�U�1DWXUXUDQ��'LHVH�hEHUHLQVWLPPXQJ�VSULFKW�HLQGHXWLJ�I�U�GDV�DXVVFKOLH�OLFKH

9RUKDQGHQVHLQ�YRQ�1DWXUXUDQ��,Q�NHLQHP�)DOO�OlVVW�VLFK�DQJHUHLFKHUWHV�8UDQ�QDFKZHLVHQ�

'LH�*DPPDVSHNWURPHWULH�LVW�DEHU�EHL�VSH]LILVFKHQ�8UDQDNWLYLWlWHQ� LP�%HUHLFK�GHU�8P�

ZHOWUDGLRDNWLYLWlW�JUXQGVlW]OLFK�NHLQ�9HUIDKUHQ��XP�,VRWRSHQYHUKlOWQLVVH�YRQ�8�����]X

8�����]X�HUPLWWHOQ��'LHVHV�ZXUGH�REHQ��EHL�GHU�'LVNXVVLRQ�GHU�(UJHEQLVVH�GHU�5LQJDQDO\�

VHQ��GDUJHOHJW�

$XFK� KLHU� GHFNHQ� VLFK� GLH� $QVLFKWHQ� GHV� 1/g� PLW� GHQHQ� $XVVDJHQ� GHV� $XVVFKXVVHV

Å6WUDKOHQVFKXW]�EHL�$QODJHQ´�GHU�6WUDKOHQVFKXW]NRPPLVVLRQ�YRP�����0DL�������'LHVHU

$XVVFKXVV� KDWWH� DXI� GHU� %DVLV� DOOHU� YRUOLHJHQGHQ� 0HVVHUJHEQLVVH� �$5*(� 3K$0�� /8)$

.LHO��*.66�XQG�1/g��HLQVWLPPLJ�IHVWJHVWHOOW��GDVV�I�U�GLH�(OEPDUVFK��XQG�GLH�(OEJHHVW�

QLFKW� GHU� 1DFKZHLV� HLQHU� 5DGLRDNWLYLWlWVHUK|KXQJ� GXUFK� .HUQEUHQQVWRIISDUWLNHO� HU�

EUDFKW�ZXUGH�

%HVWLPPXQJ�GHV�$QUHLFKHUXQJVJUDGHV�YRQ�8UDQ�����XQG

8UDQ����� LQ� 8PZHOWSUREHQ� PLW� +LOIH� GHU� $OSKDVSHNWUR�

PHWULH�DP�%HLVSLHO�GHV�(OEPDUVFKSURJUDPPHV�GHV�1/g

%HZHUWXQJ�GHU�0HVVHUJHEQLVVH

9HUJOHLFK�GHU�0HVVZHUWH�PLW�1DWXUXUDQ�XQG�DQJHUHLFKHUWHP

8UDQ

3UREOHPVWHOOXQJ

(V�ZDU�]X��EHUSU�IHQ��RE�GLH�0HVVHUJHEQLVVH�DXI�GDV�DOOHLQLJH�9RUOLHJHQ�YRQ�1DWXUXUDQ

VFKOLH�HQ� ODVVHQ��RGHU�RE�GLH�(UJHEQLVVH�DXI�GLH�%HODVWXQJ�GHU�(OEPDUVFK�PLW�DQJHUHL�

FKHUWHP�8UDQ�KLQZHLVHQ��=XVDPPHQKDQJ�1XNOLGYHUKlOWQLV�$QUHLFKHUXQJVJUDG�V��7DE�����

1LHGHUVlFKVLVFKHV�/DQGHVDPW�I�U�gNRORJLH
'H]HUQDW�����5DGLR|NROJLH
6WHOOXQJQDKPH�]X�%HULFKW�(/%���GHU�$5*(�3K$0 6HLWH����YRQ���



9RUJHKHQVZHLVH

=X�%HJLQQ�GHU�6RQGHUXQWHUVXFKXQJ�XQG�]XU�2ULHQWLHUXQJ�ZXUGHQ�]XHUVW�0HVVXQJHQ�PLW

YHUJOHLFKVZHLVH�NXU]HU�0HVV]HLW���������V��XQG�DQVFKOLH�HQG�1DFKPHVVXQJHQ�GHU�VHOEHQ

3UlSDUDWH�PLW�ODQJHU�0HVV]HLW����������V��GXUFKJHI�KUW�

'LH� OlQJHUHQ�0HVV]HLWHQ�ZXUGHQ� YRU� DOOHP� ]XU� 6HQNXQJ� GHV� ]lKOVWDWLVWLVFKHQ� )HKOHUV

DXVJHZlKOW��*OHLFKHUPD�HQ�NRQQWH�EHL�GHU�1DFKPHVVXQJ�GHU� V\VWHPDWLVFKH� )HKOHU� UH�

GX]LHUW�ZHUGHQ�

'LH�7DEHOOH�GHU�0HVVHUJHEQLVVH�GHU�/DQJ]HLWPHVVXQJ����������V��ZLUG�KLHU�HUQHXW�ZLH�

GHUJHJHEHQ��7DE����XQG�����,Q�(UJlQ]XQJ�]X�XQVHUHP�%HULFKW�YRP�����������LQ�GHP�GLH

(UJHEQLVVH� GHU� DOSKDVSHNWURPHWULVFKHQ� %HVWLPPXQJ� I�U� 8����� WHLOZHLVH� JHUXQGHW� DQ�

JHJHEHQ�ZXUGHQ��HUIROJW�KLHU�GLH�JHQDXHUH�$QJDEH�GHU�(UJHEQLVVH�DXFK�I�U�8�����

,P�)ROJHQGHQ�VROOHQ�I�U�DOOH�I�QI�+DXSWSUREHQ�GLH�QDFKJHZLHVHQHQ�VSH]LILVFKHQ�8�����

XQG�8�����$NWLYLWlWHQ�GHU�3UREHQ�PLW�GHQ�(UZDUWXQJVZHUWHQ�I�U�1DWXUXUDQ�YHUJOLFKHQ

ZHUGHQ��'DEHL� JLOW� GLH�9RUDXVVHW]XQJ�� GDVV� LP�1DWXUXUDQ�GDV�$NWLYLWlWVYHUKlOWQLV� YRQ

8�����]X�8���������XQG�GDV�$NWLYLWlWVYHUKlOWQLV�YRQ�8�����]X�8���������������EHWUlJW�

,Q�GHQ�$EELOGXQJHQ��$EE�����²�����ZHUGHQ�GLH�0HVVZHUWH�GHU�VSH]LILVFKHQ�$NWLYLWlWHQ

VRZLH�GLH�MHZHLOLJHQ��σ�0HVVIHKOHU�GHU�8UDQ�,VRWRSH�JHWUHQQW�I�U�GLH�HLQ]HOQHQ�3UREH�

QDKPHVWHOOHQ�XQG�I�U�GLH�NXU]H�XQG�GLH�ODQJH�0HVV]HLWHQ�JUDILVFK�GDUJHVWHOOW��'HU�(U�

ZDUWXQJVZHUW�I�U�8�����EHL�9RUOLHJHQ�YRQ�1DWXUXUDQ�ZLUG�I�U�GLH�YRUJHJHEHQH�8�����

$NWLYLWlW� UHFKQHULVFK� HUPLWWHOW�� 'DEHL� ZLUG� I�U� GDV� 8����� GHV� 1DWXUXUDQV� GHU� JOHLFKH

SUR]HQWXDOH�]lKOVWDWLVWLVFKH�0HVVIHKOHU���σ��ZLH�EHL�GHU�2ULJLQDOSUREH�YRUDXVJHVHW]W�

'LH�'DUVWHOOXQJ�EHU�FNVLFKWLJW�QRFK�QLFKW��GDVV�GDV�DOV�%DVLV�JHOWHQGH�8�����GHV�1DWXU�

XUDQV�DP�REHUHQ�RGHU�XQWHUHQ�(QGH�GHV��σ�)HKOHUEHUHLFKHV�OLHJHQ�N|QQWH��'DPLW�Z�UGH

VLFK�GLH�6SDQQZHLWH�GHV�(UZDUWXQJVZHUWHV�QRFK�GHXWOLFK�HUK|KHQ�

1LHGHUVlFKVLVFKHV�/DQGHVDPW�I�U�gNRORJLH
'H]HUQDW�����5DGLR|NROJLH
6WHOOXQJQDKPH�]X�%HULFKW�(/%���GHU�$5*(�3K$0 6HLWH����YRQ���



,Q�GHQ�$EELOGXQJHQ����²���� �VLQG�DXI�GHU� OLQNHQ�6HLWH�GLH�VSH]LILVFKHQ�$NWLYLWlWHQ�GHU

8UDQ�,VRWRSH�8������8�����XQG�8�����GHU�XQWHUVXFKWHQ�%RGHQSUREH� LQ�%T�NJ�PLW�GHP

MHZHLOLJHQ��σ�)HKOHU�DXIJHI�KUW��5HFKWV�GDQHEHQ�EHILQGHW�VLFK�GLH�HQWVSUHFKHQGH�'DU�

VWHOOXQJ�HLQHU�ILNWLYHQ�1DWXUXUDQ�3UREH�PLW�GHU�VSH]LILVFKHQ�8�����$NWLYLWlW�GHU�JHPHV�

VHQHQ�3UREH�DOV� %DVLV��'LH� VSH]LILVFKHQ�$NWLYLWlWHQ� YRQ�8�����XQG�8����� VLQG� DXI� GHU

%DVLV�GHU�,VRWRSHQYHUKlOWQLVVH�GHV�1DWXUXUDQV�HUUHFKQHW�

$Q�]ZHL�%HLVSLHOHQ��$EE�����XQG�����ZHUGHQ�]XVlW]OLFK�GLH�0HVVZHUWH�YRQ�8������8����

XQG�8�����GHQ�(UZDUWXQJVZHUWHQ�I�U�HLQ�DXI�����*HZLFKWVSUR]HQWH�8�����DQJHUHLFKHU�

WHV�8UDQ�JHJHQ�EHUJHVWHOOW�

(LQH� DOOJHPHLQH� � 'LVNXVVLRQ� GHU� (LJQXQJ� GHU� $OSKDVSHNWURPHWULH� ]XU� (UPLWWOXQJ� GHU

,VRWRSHQYHUKlOWQLVVH�EHL�HLQHU�VSH]LILVFKHQ�8UDQDNWLYLWlW�LP�%HUHLFK�GHU�QDW�UOLFKHQ�%H�

ODVWXQJ�ZLUG�XQWHU�GHP�3XQNW�Å5LQJDQDO\VHQ´�DXI�GHQ�6HLWHQ���²���JHI�KUW�

$QVFKDXOLFK�ZLUG� GLH� 3UREOHPDWLN� DXFK� EHL� GHU� 'DUVWHOOXQJ� GHU� $OSKDVSHNWUHQ� �VLHKH

$EE�����GHU�%RGHQSUREH�GHU�0HVVVWHOOH�������.DWH���'HU�]XU�$XVZHUWXQJ�YRQ�8�����EH�

QXW]H�6SHNWUHQEHUHLFK�KHEW�VLFK�QLFKW�YRP�8QWHUJUXQG�DE��8�����XQG�8����� VLQG�KLQ�

JHJHQ� JXW� EHVWLPPEDU�� 'DV� VLFK� DXV� GHU� $XVZHUWXQJ� GHU� $OSKDVSHNWUHQ� HUJHEHQGH

1XNOLGYHUKlOWQLV�8�����8�����LVW�DOVR�KLHU�VHKU�IUDJOLFK�

3UREHQDKPHVWHOOHQ��1/g�%HULFKW� 9HUJOHLFK�3UREH�PLW�1D�

WXUXUDQ

9HUJOHLFK�PLW���*HZ���

DQJHUHLFKHUWHP�8UDQ

0HVV]HLW �������V ��������V ��������V

)lKUKDXV������������ ��� $EE���� $EE���� $EE����

7HQQLVSODW]��������� ���� $EE��� $EE���� $EE����

.ULHJHUGHQNPDO�� �������������� $EE���� $EE����

7HVSH�+DIHQ������ ���� $EE���� $EE����

.DWH������������������������������������������ $EE���� $EE����

1LHGHUVlFKVLVFKHV�/DQGHVDPW�I�U�gNRORJLH
'H]HUQDW�����5DGLR|NROJLH
6WHOOXQJQDKPH�]X�%HULFKW�(/%���GHU�$5*(�3K$0 6HLWH����YRQ���



%HZHUWXQJ

'LH� HUPLWWHOWHQ� VSH]LILVFKHQ� $NWLYLWlWHQ� GHU� 8UDQLVRWRSH� XQWHUVFKLHGHQ� VLFK� I�U� GLH

.XU]]HLW��XQG�GLH�/DQJ]HLWPHVVXQJHQ�QXU�LQ�GHU�$UW��ZLH�HV�XQWHU�.HQQWQLV�GHV�]lKOVWD�

WLVWLVFKHQ�)HKOHUV�]X�HUZDUWHQ�ZDU�

'LH�)HKOHUEHUHLFKH���σ�0HVVIHKOHU��GHU�VSH]LILVFKHQ�$NWLYLWlWHQ�GHU�8UDQ�,VRWRSH�8����

XQG�8�����GHU�JHPHVVHQHQ�3UREHQ��EHUVFKQHLGHQ�VLFK�EHL�DOOHQ�0HVVXQJHQ�ZHLWJHKHQG

PLW�GHQ�(UZDUWXQJVZHUWHQ�I�U�1DWXUXUDQ��'LHVH�hEHUHLQVWLPPXQJ�VSULFKW�HLQGHXWLJ�I�U

GDV�DOOHLQLJH�9RUKDQGHQVHLQ�YRQ�1DWXUXUDQ�� ,Q�NHLQHP�)DOO�OlVVW�VLFK�DQJHUHLFKHUWHV�8�

UDQ�QDFKZHLVHQ�

8UDQLVRWRSH� LQ� 3UREHQ� GHU� $5*(� 3K$0�� %HZHUWXQJ� GHU

0HVVHUJHEQLVVH

$XV�GHP�%HUHLFK� GHU� (OEPDUVFK� OHJWH� GLH�$UJH� 3K$0� LQ� LKUHP� %HULFKW� (/%� �� QXU� GLH

JDPPDVSHNWURPHWULVFKH�8QWHUVXFKXQJ�HLQHU�HLQ]LJHQ�3UREHQDKPHVWHOOH������)lKUKDXV�

YRU� �7DE�� �D��� 9RQ� GLHVHU� 6WHOOH� ZXUGHQ� DXFK� DOSKDVSHNWURPHWULVFKH� 8QWHUVXFKXQJHQ

YRUJHOHJW��,P�%HULFKW�(/%���ZXUGHQ�QHXH�0HVVZHUWH�GLHVHU�HLQHQ�6WHOOH�XQG�YRQ�ZHLWH�

UHQ�DFKW�6WHOOHQ�DXV�GHU�(OEPDUVFK�YRUJHOHJW��7DE������+LHUEHL�GHFNHQ�VLFK�LQVJHVDPW�YLHU

GHU�3UREHQDKPHVWHOOHQ�PLW�GHP�8QWHUVXFKXQJVSURJUDPP�GHV�1/g�

:lKUHQG� LP� YRUDQJHJDQJHQHQ� %HULFKW� GHU� $5*(� 3K$0� JlQ]OLFK� DXI� )HKOHUDQJDEHQ

YHU]LFKWHW�ZXUGH��EHJQ�JW�VLFK�GHU�%HULFKW�(/%���PLW�HLQLJHQ�DOOJHPHLQHQ�)HKOHUDQJD�

EHQ��'LH� ]XU� %HXUWHLOXQJ�GHU�0HVVZHUWH� HUIRUGHUOLFKHQ� )HKOHUDQJDEHQ� ]X� GHQ� (LQ]HO�

ZHUWHQ� IHKOW�� DX�HUGHP� IHKOW� GLH� $QJDEH� �EHU� GLH� $UW� GHV� DQJHJHEHQHQ� )HKOHUV�� (V

EOHLEW�XQNODU��RE�GHU�]lKOVWDWLVWLVFKH���6LJPD²0HVVIHKOHU��GHU���6LJPD²0HVVIHKOHU�RGHU

GHU�*HVDPWIHKOHU�JHPHLQW�LVW�

1LHGHUVlFKVLVFKHV�/DQGHVDPW�I�U�gNRORJLH
'H]HUQDW�����5DGLR|NROJLH
6WHOOXQJQDKPH�]X�%HULFKW�(/%���GHU�$5*(�3K$0 6HLWH����YRQ���



$OOH�0HVVZHUWH�I�U�8UDQLVRWRSH�XQG�7KRULXP� OLHJHQ� LQ�HLQHP�I�U�GHQ�%RGHQ�GHU�(OE�

PDUVFK�HUZDUWHWHQ�QLHGULJHQ�%HUHLFK��'LH�$UJH�3K$0�YHU]LFKWHW�DXI�GLH�$QJDEH�GHU�I�U

MHGHQ�%RGHQ�HUZDUWHWHQ�ZHLWHUHQ�5DGLRQXNOLGH� GHU� 7KRULXP�� XQG� 8UDQ]HUIDOOVUHLKHQ�

GLH�VLFKHUOLFK�HLQHQ�*OHLFKJHZLFKWV]XVWDQG�PLW�GHQ�$XVJDQJVQXNOLGHQ�GHU�=HUIDOOVUHLKHQ

EHOHJW�KlWWH��(LQH�YROOVWlQGLJH�$QJDEH�KlWWH� GLHVH� 5DGLRQXNOLGH�DOV�Å+DXSWDNWLYLWlWV�

WUlJHU´��YHUJO��%HULFKW�(/%���GHU�$5*(�3K$0��KHUDXVJHVWHOOW�

9RP�1/g�ZXUGH�DXVI�KUOLFK�GDUJHOHJW��GDVV�GLH�0HWKRGH�GHU�*DPPDVSHNWURPHWULH�]XU

(UPLWWOXQJ� GHV� 1XNOLGYHUKlOWQLVVHV� YRQ� 8�����8����� E]Z�� HLQHV� $QUHLFKHUXQJVJUDGHV

YRQ� 8UDQ� LQ� 8PZHOWSUREHQ� XQJHHLJQHW� LVW�� (LQH�'LVNXVVLRQ� GHU�0HVVZHUWH� GHU� $5*(

3K$0�HU�EULJW�VLFK�GHVKDOE�

+LHU�VHL�GDUDXI�KLQJHZLHVHQ��GDVV�DXFK�GLH�$5*(�3K$0�EHL�GHU�1DFKXQWHUVXFKXQJ�HLQHU

3UREHQDKPHVWHOOH��GHU�6WHOOH�)lKUKDXV������� VHKU�XQWHUVFKLHGOLFKH�0HVVZHUWH� I�U�8����

XQG�8�����HUKlOW��7DEHOOH��D�GHU�$QODJH��

8UDQLVRWRSH� XQG� ZHLWHUH� 5DGLRQXNOLGH� LQ� HLQHU� 8Q�
WHUVXFKXQJ� GHV� 1LHGHUVlFKVLVFKHQ� /DQGHVDPWHV� I�U
,PPLVVLRQVVFKXW]��1/,6��LP�-DKU�����
%HZHUWXQJ�GHU�0HVVHUJHEQLVVH
'LH�8QWHUVXFKXQJHQ�GHV�1/,6�ZXUGHQ�DOV�6RQGHUXQWHUVXFKXQJ�I�U�GLH�/HXNlPLHNRPPLV�

VLRQ�GXUFKJHI�KUW��'LH�VHLQHU]HLW�LQ�GHU�.RPPLVVLRQ�JHI�KUWH�DXVI�KUOLFKH�'LVNXVVLRQ�LVW

KLHU�LP�(LQ]HOQHQ�QLFKW�EHNDQQW�

,Q�GHU�=XVDPPHQVWHOOXQJ�GHU�$5*(�3K$0�VLQG�GLH�(UJHEQLVVH�GLHVHU�8QWHUVXFKXQJ�QLFKW

YROOVWlQGLJ� ZLHGHUJHJHEHQ�� GHVKDOE� ZHUGHQ� VLH� LQ� GHU� 7DEHOOH� �� QRFK� HLQPDO� DXIJH�

I�KUW�

1LHGHUVlFKVLVFKHV�/DQGHVDPW�I�U�gNRORJLH
'H]HUQDW�����5DGLR|NROJLH
6WHOOXQJQDKPH�]X�%HULFKW�(/%���GHU�$5*(�3K$0 6HLWH����YRQ���



*UXQGVlW]OLFK�ZXUGHQ� LQ� GHU� (UJHEQLVOLVWH� GHV�1/,6� HQWVSUHFKHQG�GHU�9RUJHKHQVZHLVH

GHU�5LFKWOLQLH�]XU�(PLVVLRQV��XQG�,PPLVVLRQV�EHUZDFKXQJ�NHUQWHFKQLVFKHU�$QODJHQ�QXU

5DGLRQXNOLGH�DXIJHI�KUW��ZHQQ�GLH�(UJHEQLVVH�REHUKDOE�GHU�1DFKZHLVJUHQ]H�ODJHQ��'D

GHU�*HKDOW�YRQ�8�����LQ�DOOHQ�)lOOHQ�XQWHUKDOE�GHU�1DFKZHLVJUHQ]H� ODJ��LVW�GLH�9RUJH�

KHQVZHLVH�NRUUHNW�

)�U�0Q����XQG�&H�����ZHUGHQ�I�U�HLQH�HLQ]LJH�3UREHQDKPHVWHOOH�0HVVZHUWH�LP�%HUHLFK

GHU� �EOLFKHUZHLVH� HUUHLFKEDUHQ� 1DFKZHLVJUHQ]H� DQJHJHEHQ�� 1DFK� DOOHQ� (UIDKUXQJHQ

PLW� JDPPDVSHNWURPHWULVFKHQ� 8QWHUVXFKXQJHQ� YRQ� %RGHQSUREHQ� KDQGHOW� HV� VLFK� KLHU

XP�HLQH�QLFKW�DXVUHLFKHQGH�%HU�FNVLFKWLJXQJ�GHV�(LQIOXVVHV�QDW�UOLFKHU�*DPPDVWUDKOHU�

'LH� WHLOZHLVH�HUK|KWHQ�0HVVZHUWH� I�U� YLHOH�GHU�QDW�UOLFKHQ�*DPPDVWUDKOHU� IDOOHQ�DXI�

'DEHL�WUHWHQ�$EZHLFKXQJHQ�YRQ�GHQ�QDFK�.HQQWQLV�GHU�=HUIDOOVUHLKHQ�HUZDUWHWHQ�:HU�

WHQ�DXI��'LHVH�$EZHLFKXQJHQ�GHXWHQ�GDUDXI� KLQ�� GDVV� 5�FNUHFKQXQJHQ�XQWHU� %HU�FN�

VLFKWLJXQJ�GHV�0XWWHU��7RFKWHUYHUKlOWQLVVHV�]X�hEHUVFKlW]XQJHQ�GHU�(UJHEQLVVH�I�KUHQ

NRQQWHQ��6R�P�VVWHQ�5D������%L�����XQG�3E�����GLH�JOHLFKHQ�:HUWH�HUJHEHQ��GHQQ�EHL

GHU�0HVVXQJ�NRQQWH�YRQ�HLQHP�UDGLRDNWLYHQ�*OHLFKJHZLFKW�DXVJHJDQJHQ�ZHUGHQ��+LQ�

JHJHQ�PXVV�GDV�9HUKlOWQLV�YRQ�3E�����7O�����E]Z��YRQ�3E�����%L�����HWZD�����E]Z�����

VHLQ��GD�GLH�(LQVWHOOXQJ�GHV�UDGLRDNWLYHQ�*OHLFKJHZLFKWHV�YRUDXVJHVHW]W�ZHUGHQ�NDQQ�

1lKHUH�$QJDEHQ�]XU�%HVWLPPXQJ�YRQ�7K������3D�����XQG�5D�����IHKOHQ�LQ�GHP�%HULFKW

GHV�1/,6��$OOH�GUHL�1XNOLGH�VLQG�VHKU�VFKZLHULJ�JDPPDVSHNWURPHWULVFK�QDFK]XZHLVHQ��'D

DXFK�DXI�GLH�$QJDEH�HLQHV�]lKOVWDWLVWLVFKHQ�0HVVIHKOHUV�YHU]LFKWHW�ZXUGH��N|QQHQ�GLHVH

GUHL�(LQ]HOZHUWH�YRQ�YRQ�KLHU�DXV�QLFKW�EHXUWHLOW�ZHUGHQ�

1LHGHUVlFKVLVFKHV�/DQGHVDPW�I�U�gNRORJLH
'H]HUQDW�����5DGLR|NROJLH
6WHOOXQJQDKPH�]X�%HULFKW�(/%���GHU�$5*(�3K$0 6HLWH����YRQ���



%HZHUWXQJ� GHU�PHVVWHFKQLVFKHQ� %HVWLPPXQJ�$PHUL�
FLXP�����XQG�1HSWXQLXP����
1DFK� $QVLFKW� GHV� 1/g� UHLFKW� GLH� YRQ� GHU� $5*(� 3K$0� DQJHJHEHQH� 0HVVPHWKRGH

Å*DPPDVSHNWURPHWULH��IHXFKWHV�0DWHULDO������²������J´�QLFKW�]XU�%HVWLPPXQJ�GHU�5D�

GLRDNWLYLWlW� YRQ� %RGHQSUREHQ� DXV�� ZDV� VLFK� EHL� GHU� %HVWLPPXQJ� QLHGHUHQHUJHWLVFKHU

*DPPDVWUDKOHU�ZLH�1HSWXQLXP����� �1S������XQG�$PHULFLXP����� �$P�������DEHU� DXFK

YRQ� 8����� XQG� 8������ EHVRQGHUV� EHPHUNEDU� PDFKW� �YHUJO�� DXFK� GLH� VWDQGDUGLVLHUWH

0HVVPHWKRGH� Å*DPPDVSHNWURPHWULVFKH� %HVWLPPXQJHQ� DXVJHZlKOWHU� QDW�UOLFKHU� 5D�

GLRQXNOLGH´��0HVVDQOHLWXQJHQ�I�U�GLH�hEHUZDFKXQJ�GHU�8PZHOW��+HUDXVJHEHU�%XQGHV�

PLQLVWHU�I�U�8PZHOW��1DWXUVFKXW]�XQG�5HDNWRUVLFKHUKHLW��

'HU� 1DFKZHLV� YRQ� 1S����� XQG� $P����� ZLUG� VWDUN� GXUFK� YHUVFKLHGHQH� QDW�UOLFK� YRU�

NRPPHQGH� 5DGLRQXNOLGH� �EHUODJHUW�� hEHUGLHV� PDFKW� HLQH� 0HVVXQJ� LP� IHXFKWHQ� =X�

VWDQG�XQG�PLW�XQWHUVFKLHGOLFKHQ�3UREHPHQJHQ�HLQH�VDFKJHUHFKWH�.DOLEULHUXQJ�QDKH]X

XQP|JOLFK��'LH�$QJDEHQ��EHU�GLH�%HODVWXQJ�GHV�%RGHQV�PLW�1HSWXQLXP�����XQG�$PH�

ULFLXP�����VLQG�DOVR�QLFKW�QDFKYROO]LHKEDU�

,Q� GHU� $QODJH�� $EELOGXQJHQ� �� XQG� ��� � ZLUG� HLQ� W\SLVFKHV� *DPPDVSHNWUXP� GHU� 1/g�

8QWHUVXFKXQJ��VRZRKO�DOV�*HVDPWVSHNWUXP�XQG�DOV�DXFK�DOV�$XVVFKQLWW�GHV�QLHGHUHQHU�

JHWLVFKHQ�(QHUJLHEHUHLFKHV�ZLHGHUJHJHEHQ��$XV� GHU�HEHQIDOOV� EHLJHI�JWHQ�1XNOLGOLVWH

GHU�%RGHQXQWHUVXFKXQJHQ�GHV�(OEPDUVFKSURJUDPPHV��7DE������LVW�GLH�9LHO]DKO�GHU�XQ�

WHUVXFKWHQ�JDPPDVWUDKOHQGHU�1XNOLGH�LP�EHWUHIIHQGHQ�(QHUJLHEHUHLFK�]X�HUNHQQHQ��,Q

GHU�$EELOGXQJ�GHV�QLHGHUHQHUJHWLVFKHQ�7HLOV�GHV�*DPPDVSHNWUXPV�VLQG�LP�%HUHLFK�GHU

/LQLHQ�YRQ�$P�����XQG�1S�����QXU�GLH�%HLWUlJH�GHU�QDW�UOLFKHQ�5DGLRQXNOLGH�]X�HUNHQ�

QHQ��'LHVH�'HXWXQJ�OlVVW�VLFK�XQVFKZHU�DXI�GLH�$QJDEHQ�GHU�$5*(�3K$0��EHUWUDJHQ�

6LH�HUNOlUW� DXFK�GLH�DQJHJHEHQH�.RUUHODWLRQ� ]ZLVFKHQ� EHLGHQ�0HVVZHUWHQ� LP� %HULFKW

(/%����:HQQ�HV�VLFK�LQ�:LUNOLFKNHLW�XP�QDW�UOLFKH�5DGLRQXNOLGH�GHU�QDW�UOLFKHQ�=HUIDOOV�

UHLKHQ�KDQGHOW��VROOWHQ�VLH�DXFK�LP�5DKPHQ�GHV�0HVVIHKOHUV�NRUUHOLHUHQ�

,Q�DOOHQ�YRP�1/g�XQWHUVXFKWHQ�%RGHQSUREHQ�ODJHQ�GLH�VSH]LILVFKHQ�$NWLYLWlWHQ�YRQ

1S�����XQG�$P�����XQWHUKDOE�GHU�1DFKZHLVJUHQ]H���GHXWOLFK�XQWHU���%T�NJ�

1LHGHUVlFKVLVFKHV�/DQGHVDPW�I�U�gNRORJLH
'H]HUQDW�����5DGLR|NROJLH
6WHOOXQJQDKPH�]X�%HULFKW�(/%���GHU�$5*(�3K$0 6HLWH����YRQ���



6WHOOXQJQDKPH� ]X� GHU� .ULWLN� DP� 9RUJHKHQ� GHV
1/g
3UREHQDKPHWLHIH�EHLP�1/g�6RQGHUSURJUDPP

9RP�1/g�ZXUGH�VFKRQ�PHKUIDFK�GLH�.ULWLN�GHU�$5*(�3K$0�DQ�GHU�7LHIH�GHU�3UR�

EHQDKPH� GHU� YRP� 1/g� GXUFKJHI�KUWHQ� %RGHQXQWHUVXFKXQJ� ]XU�FNJHZLHVHQ�

:lKUHQG�GHU�JHVDPWHQ�=HLW�GHU�3UREHQDKPH�EHJOHLWHWH�GHU�*HVFKlIWVI�KUHU�GHU

$5*(� 3K$0�� +HUU� 'LSO��,QJ�� +�� :�� *DEULHO�� GLH� 3UREHQDKPH�� -HGH� 3UREHQDK�

PHVWHOOH�XQG�DXFK� MHGH�6FKLFKWWLHIH�GHU�3UREHHQWQDKPH�ZXUGH�DXI�:XQVFK�GHV

HEHQIDOOV� DQZHVHQGHQ� $EWHLOXQJVOHLWHUV� GHV� 1LHGHUVlFKVLVFKHQ�0LQLVWHULXPV� I�U

)UDXHQ��$UEHLW�XQG�6R]LDOHV��+HUUQ�'U��7��6SRUQ��VHKU�JHQDX�PLW�+HUUQ�*DEULHO�DE�

JHVWLPPW��(LQ�7HLO� MHGHU�3UREH�� HWZD�����PO��ZXUGHQ�+HUUQ� *DEULHO� I�U� HLJHQH

8QWHUVXFKXQJ�QRFK�ZlKUHQG�GHU�3UREHQDKPH��EHUODVVHQ�

)�U� GLH� YRP� 1/g� ]XVlW]OLFK� HQWQRPPHQH� REHUH�� KXPXVKDOWLJH� %RGHQVFKLFKW

ZHUGHQ�QDFK�(UIDKUXQJ�GHU�8PJHEXQJV�EHUZDFKXQJ�K|KHUH�%HODVWXQJHQ�GXUFK

5DGLRQXNOLGH� GHV� )DOORXWV� HUZDUWHW�� hEHU� GLH� JDPPDVSHNWURPHWULVFKH� 8QWHUVX�

FKXQJ�GLHVHU�REHUHQ�6FKLFKW�ZXUGH�LP�%HULFKW�GHV�1/g�YRP������������EHULFKWHW�

'LH�8QWHUVXFKXQJ�GLHVHU�REHUHQ�6FKLFKW�HUJDE�0HVVZHUWH��GLH�GHXWOLFK�XQWHU�GH�

QHQ�GHU�DOV�5HIHUHQ]�KHUDQJH]RJHQHQ�%RGHQSUREHQ�DXV�GHP�HWZD����NP�REHU�

KDOE�JHOHJHQHQ�9RUGHLFKJHELHW�GHU�(OEH��6WURP�NP������ODJHQ�

8QWHU� %HU�FNVLFKWLJXQJ� GHV� ]lKOVWDWLVWLVFKHQ� )HKOHUV� XQG� GHU� REHQ� DXVI�KUOLFK

JHI�KUWHQ� 'LVNXVVLRQ� GHU� $XVVDJHNUDIW� GHU� 0HWKRGH� GHU� *DPPDVSHNWURPHWULH

VLQG�$XVVDJHQ��EHU�GHQ�1XNOLGYHNWRU�KLHU�ZLH�EHL�GHQ�0HVVXQJHQ�DQGHUHU�,QVWL�

WXWLRQHQ�QLFKW�EHODVWEDU�

1LHGHUVlFKVLVFKHV�/DQGHVDPW�I�U�gNRORJLH
'H]HUQDW�����5DGLR|NROJLH
6WHOOXQJQDKPH�]X�%HULFKW�(/%���GHU�$5*(�3K$0 6HLWH����YRQ���



1DFKPHVVXQJHQ�*DPPD��XQG�$OSKDVSHNWURPHWULH

,Q�GHQ�YRUDQJHJDQJHQ�6WHOOXQJQDKPHQ�GHV�1/g�]X�.ULWLNHQ�DP�%HULFKW�]XU�6RQGHUXQ�

WHUVXFKXQJ�Å(OEPDUVFK´�ZXUGH�DXVI�KUOLFK�DXI�GLH�*U�QGH�I�U�GLH�LP�)HEXDU�0lU]�����

GXUFKJHI�KUWHQ�1DFKXQWHUVXFKXQJHQ�GHU�3UREHQ�GHV�1/g�PLW�OlQJHUHQ�0HVV]HLWHQ�JH�

JHEHQ��/lQJHUH�0HVV]HLWHQ�ZXUGHQ�X�D��DXFK�ZHJHQ�.ULWLNHQ�DQ�GHQ�8QWHUVXFKXQJVYHU�

IDKUHQ�GHV�1/g�HLQJHVHW]W�

'DV�1/g�KDW� LP�*HJHQVDW]� ]XU�$5*(� 3K$0�GLH�0HVV�� XQG�$XVZHUWHYHUIDKUHQ�JHQDX

GRNXPHQWLHUW��'D]X�JHK|UWH� DXFK� ]ZLQJHQG� GLH� $QJDEH� GHV� ]lKOVWDWLVWLVFKHQ� )HKOHUV

I�U�MHGH�0HVVXQJ��'LH�(UJHEQLVVH�DOOHU�1DFKPHVVXQJHQ�OLHJHQ�LQ�GHP�%HUHLFK��GHU�QDFK

.HQQWQLV�GHV�]lKOVWDWLVWLVFKHQ�)HKOHUV�]X�HUZDUWHQ�ZDU�

(V�VHL�YHUPHUNW��GDVV�HLJHQH�1DFKPHVVXQJHQ�GHU�$5*(�3K$0�DQ�GHU�3UREHQDKPHVWHOOH

����HLQH�ZHVHQWOLFK�JU|�HUH�$EZHLFKXQJ�GHU�0HVVZHUWH�GHU�8UDQLVRWRSH�DXIZHLVHQ��,Q

GHU�7DEHOOH��D�VLQG�GLH�(UJHEQLVVH�GHU�JDPPDVSHNWURPHWULVFKHQ�8QWHUVXFKXQJ�JHJHQ�

�EHUJHVWHOOW��%HULFKWH�(/%���XQG�(/%����

0HVVWHFKQLVFKHU�1DFKZHLV�YRQ�.HUQEUHQQVWRII

'HU�%HULFKW�(/%���OLHIHUW�NHLQHQ�1DFKZHLV�HLQHU�$NWLYLWlWVHUK|KXQJ�GHV�%RGHQV�GHU�(OE�

PDUVFK�GXUFK�.HUQEUHQQVWRII��'DV�9RUKDQGHQVHLQ�YRQ�.HUQEUHQQVWRII�KlWWH�VLFK�PHVV�

WHFKQLVFK� EHPHUNEDU� JHPDFKW�� GD� DXFK� %UXFKWHLOH� YRQ� HLQHP� 0LNURJUDPP� YRQ� DOV

.HUQEUHQQVWRII� YHUZHQGHWHQ� 7UDQVXUDQHQ� DQDO\WLVFK� KlWWHQ� QDFKJHZLHVHQ� ZHUGHQ

N|QQHQ��VSH]LILVFKH�$NWLYLWlW�YHUJO��7DEHOOH����

9RU�GHP�+LQWHUJUXQG�GHU�%HKDXSWXQJ�GHU�$UJH�3K$0��GDVV�LQ�GHU�(OEPDUVFK�HLQH�PDV�

VLYH�.RQWDPLQDWLRQ� GXUFK� .HUQEUHQQVWRII� YRUOlJH�� VLQG� GLH� 8QWHUVXFKXQJHQ� GHV� 1/g

YRP�$QIDQJ�GLHVHV�-DKUHV�]X� VHKHQ��'LH�%HVWLPPXQJ�YRQ�1XNOLGYHUKlOWQLVVHQ�YRQ�3X�

����3X����� LQ�HLQHP�%HUHLFK�GHXWOLFK�XQWHUKDOE�YRQ���%T�NJ�%RGHQ� VSLHOWH�]XP�1DFK�

ZHLV�HLQHU�PDVVLYHQ�.RQWDPLQDWLRQ�NHLQH�5ROOH��$XFK�KLHU�GHFNHQ�VLFK�GLH�$QVLFKWHQ�GHV

1/g�PLW�GHQHQ�$XVVDJHQ�GHV�$XVVFKXVVHV�Å6WUDKOHQVFKXW]�EHL�$QODJHQ´�GHU� 6WUDKOHQ�

VFKXW]NRPPLVVLRQ�YRP�����0DL�������GDVV�GXUFK�GLH�YRUOLHJHQGHQ�0HVVHUJHEQLVVH�QLFKW

GHU� 1DFKZHLV� HLQHU� 5DGLRDNWLYLWlWVHUK|KXQJ� GXUFK� .HUQEUHQQVWRIISDUWLNHO� HUEUDFKW

ZXUGH�

1LHGHUVlFKVLVFKHV�/DQGHVDPW�I�U�gNRORJLH
'H]HUQDW�����5DGLR|NROJLH
6WHOOXQJQDKPH�]X�%HULFKW�(/%���GHU�$5*(�3K$0 6HLWH����YRQ���



6RQGHUSURJUDPP�7HVSH�GHV�1/g
*DPPDVSHNWURPHWULVFKH�8QWHUVXFKXQJ�PLW�Q�W\SH�+DOEOHLWHUGHWHNWRU
7HVSH�����������%RGHQ�XQG�6WHLQH�LP�$EWURSIEHUHLFK�YRQ�5HHWGlFKHUQ
$QJDEHQ�LQ�%T�NJ�7URFNHQPDVVH

Stelle Co-60 Cs-137 1 σ

%

Am-241 Am-243 K-40 1 σ

%

Tl-208 Pb-210 1 σ

%

Pb-214 1 σ

%

Bi-212 Bi-214 1 σ

%

Ra-224 Ac-227 1 σ

%

Ac-228 U-235 1 σ

%

U-238 1 σ

%

Faehrhaus 1.1 Boden, 10 –20 cm <1.5E-01 5.1E+00 1.7 <4.3E-01 <2.0E-01 2.9E+02 1.6 4.6E+00 2.5E+01 5.0 1.6E+01 2.5 1.5E+01 1.4E+01 1.7 1.3E+01 1.1E+00 12 1.4E+01 1.1E+00 19 1.8E+01 21

Tennisplatz 1.22 Boden, 10 –20 cm <1.9E-01 5.3E+00 1.8 <4.6E-01 <2.1E-01 2.7E+02 1.7 4.4E+00 2.5E+01 5.6 1.2E+01 2,6 1.3E+01 1.1E+01 2,0 1.2E+01 6.3E-01 21 1.3E+01 <1.0E+00 - 1.4E+01 21

Kriegerdenkmal
1.2

Boden, 10 –20 cm <1.8E-01 2.0E+01 1.2 <4.2E-01 <1.9E-01 2.6E+02 1.6 4.1E+00 3.9E+01 3.8 1.2E+01 2,6 1.4E+01 1.0E+01 1,9 9.1E+00 <7.5E-01 - 1.2E+01 7.3E-01 29 1.3E+01 21

Tespe Hafen 1.34 Boden, 10 –20 cm <1.0E-01 2.1E+01 1.0 <2.5E-01 <1.5E-01 2.3E+02 1.6 3.0E+00 3.3E+01 3.1 8.7E+00 2,5 9.9E+00 7.8E+00 1,7 8.2E+00 9.5E-01 13 8.9E+00 5.6E-01 22 1.0E+01 21

Kate 1.27 Boden, 10 –20 cm <1.3E-01 5.7E+00 1.3 <3.3E-01 <1.6E-01 3.7E+02 1.5 6.6E+00 3.3E+01 3.4 2.2E+01 2,4 2.2E+01 2.0E+01 1,4 6.5E+00 1.6E+00 8.7 1.9E+01 1.3E+00 12 2.7E+01 20

Kate 1.27 Steine <3.9E-01 2.8E-01 28.0 <1.0E+00 <4.9E-01 1.1E+03 1,5 3.0E+01 5.6E+01 4.9 3.6E+01 2,4 1.0E+02 3.2E+01 1.6 9.3E+01 3.5E+00 12 8.9E+01 <2.3E+00 - 3.5E+01 21

Tennisplatz 1.25 Steine <3.3E-01 3.2E+00 2.z <8.0E-01 <3.8E-01 1.2E+03 1,5 1.7E+01 6.4E+01 3.9 5.4E+01 2,4 5.4E+01 4.8E+01 1,4 4.9E+01 4.1E+00 10 4.8E+01 2.6E+00 14 5.1E+01 20
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6RQGHUSURJUDPP�7HVSH�GHV�1/g
*DPPDVSHNWURPHWULVFKH�8QWHUVXFKXQJ�YRQ�8UDQ�����������PLW�Q�W\SH�+DOEOHLWHUGHWHNWRU
7HVSH�����������%RGHQ�XQG�6WHLQH�LP�$EWURSIEHUHLFK�YRQ�5HHWGlFKHUQ
$QJDEHQ�LQ�%T�NJ�7URFNHQPDVVH

Stelle U-238

(Th-234)

1 σ
%

Pb-214 1 σ
%

Bi-214 1 σ
%

Pb-210 1 σ
%

U-235 1 σ
%

Ac-227 1 σ
%

Faehrhaus 1.1 Boden,

10 –20 cm
18 21 16 2,5 14 1,7 25 5,0 1,1 19 1,1 12

Tennisplatz 1.22 Boden,

10 –20 cm

14 21 12 2,6 11 2,0 25 5,6 <1,0 - 0,63 21

Kriegerdenkmal
1.2

Boden,

10 –20 cm

13 21 12 2,6 10 1,9 39 3,8 0,73 29 <0,75

Tespe Hafen
1.34

Boden,

10 –20 cm
10 21 8,7 2,5 7,8 1,7 331 3,1 0,56 22 0,95 13

Kate 1.27 Boden,

10 –20 cm
27 20 22 2,4 20 1,4 33 3,4 1,3 12 1,6 8,7

Kate 1.27 Steine 35 21 36 2,4 32 1,6 56 4,9 <2,3 - 3,5 12

Tennisplatz 1.25 Steine 51 20 54 2,4 48 1,4 64 3,9 2,6 14 4,1 10
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6RQGHUSURJUDPP�7HVSH�GHV�1/g��������$OSKDVSHNWURPHWULH

'DWXP�GHU�3UREHQDKPH������������
%RGHQ��7LHIH����²����FP�
*HWURFNQHW��JHVLHEW������PP�KRPRJHQLVLHUW

6SH]LILVFKH�$NWLYLWlW�YRQ�$OSKDVWUDKOHUQ�EH]RJHQ�DXI�7URFNHQPDVVH��70��
0HVV]HLW����������V��3UREHQPHQJH������J

U-234 Mess-
fehler U-235 Mess-

fehler U-238 Mess-
fehler Am-241 Am-243 Cm-242 Cm-244 Feuchtmasse

(FM) pro l
,QWHUQH
3UREH�
QXP��PHU

Ort Stelle
Bq/kg
TM

1 Sigma
in %

Bq/kg
TM

1 Sigma
in %

Bq/kg
TM

1 Sigma
in %

Bq/kg
TM

Bq/kg
TM

Bq/kg
TM

Bq/kg
TM kg/l

01#0098 Tespe Fährhaus
1.1 8,7 1,8 0,52 7,6 7,6 1,9 < 0,08 < 0,17 < 0,09 < 0,08 1,459

01#0099 Tespe Tennisplatz
1.22 6,8 2 0,52 7,8 6,4 2,1 < 0,18 < 0,28 < 0,21 < 0,18 1,364

01#0100 Tespe Kriegerdenkmal
1.2 5,9 3,2 0,28 16 5,6 3,3 < 0,15 < 0,46 < 0,18 <0,15 1,270

01#0101 Tespe Tespe Hafen
1.34 4,5 5,6 0,39 20 4,5 5,6 < 0,17 < 0,32 < 0,21 < 0,17 1,184

01#0102 Tespe Kate
1.27 12  2,2 0,61 10 12 2,2 < 0,22 < 1,4 < 0,27 < 0,22 1,374
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6RQGHUSURJUDPP�7HVSH�GHV�1/g
$OSKDVSHNWURPHWULVFKH�8QWHUVXFKXQJ��8UDQLVRWRSH�
3UREHQDKPH�7HVSH�����������0HVV]HLW���������V��3UREHQPHQJH�����J
3UREHQDUW��%RGHQ��3UREHQDKPHWLHIH����²����FP���$QJDEHQ�LQ�%T�NJ�7URFNHQPDVVH

6WHOOH 8���� 0HVVIHKOHU 8���� 0HVVIHKOHU 8���� 0HVVIHKOHU
,QWHUQH
1U� %T�NJ�70 ��6LJPD�LQ�� %T�NJ�70 ��6LJPD�LQ�� %T�NJ�70 ��6LJPD�LQ��

�������
)lKUKDXV

���
��� ��� ���� ��� ��� ���

�������
7HQQLVSODW]

����
��� ��� ���� ��� ��� ���

�������
.ULHJHUGHQNPDO

���
��� ��� ���� �� ��� ���

�������
7HVSH�+DIHQ

����
��� ��� ���� �� ��� ���

�������
.DWH

����
�� ��� ���� �� �� ���
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(UJHEQLVVH�GHU�$5*(�3K$0��%HULFKW�(/%�����(OEPDUVFK�XQG�5HIHUHQ]JHELHW�EHL�/�QHEXUJ
�3UREHQDKPHVWHOOHQ���������������������ZXUGHQ�DXFK�YRP�1/g�XQWHUVXFKW�

Gammaspektrometrie, Bq/kg Feuchtmasse

Lü 3.3 ���� ���� ��� ��� ��� ���� ��� ��� ����

7K���� � �� ���� ���� ���� ��� ��� �� ��� ����
8���� ���� � ��� ��� ���� ��� ��� ��� � ���
8���� �� �� ��� �� ��� ���� ��� �� ��� ����
1S���� � �� ���� ���� ��� ��� ��� � ��� ����
$P� ��� ���� ��� ��� ��� ��� ��� � ��� ��� �
&V���� �� a� ��� �� ���� ��� ���� ���� ��� ���
&R��� ��� � � � � � � � � �
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(UJHEQLVVH�GHU�$5*(�3K$0�I�U�GHQ�%HUHLFK�GHU�(OEPDUVFK
*DPPDVSHNWURPHWULH��%T�NJ�)HXFKWPDVVH

9HUJOHLFK�GHU�0HVVZHUWH�GHU�8QWHUVXFKXQJVEHULFKWH�(/%��� XQG�(/%��
1XNOLG ��� ���

7K���� ���� ��
8���� ���� �
8���� ��� ��
1S���� ���
$P���� ���
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Untersuchung von Bodenproben auf Gammastrahler in Bq/kg T.M.
NLIS-Untersuchungen, Probenahme vom 22.05.1991

Schwinde Rönne Tespe Tespe Tespe Avendorf Obermarschacht
MP 1 MP 2 MP3 MP 4 MP 5 MP 6 MP 7

Be-7 1,18
K-40 255 356 144 206 100 185 83,1
Mn-54 0,13
Cs-134 3,19 0,91
Cs-137 4,23 28,6 2,52 5,38 2,51 1,81 7,98
Ce-141 0,16
Tl-208 138 39,9
Pb-210 46,7 162 103 116 63,1
Pb-212 91,2 122
Pb-214 24,1 36,1 76 82,5 54,1 63,1 101
Bi-212 61,5 158
Bi-214 13,1 85,5 30 30,9 21,6 28 55,2
Ra-223 1,11
Ra-226 10,8 32,7 27,3 17,1 152 12,7 23,9
Ra-228 13 23,3 13,2 9,23 9,7 7,48 14,4
Th-228 23,4 11,6 17,3
Pa-231 69,8
Th-232 13,9 24,8 224 9,17 9,03 15
U-234
U-235
U-238 16,4 2,68 24,2 12,8 9,21
Ra-226, Bi-214 und Pb-214 müssten die gleichen Werte ergeben. Bi-214 und Pb-214 sind zwingend gleich.
Bi-214 und Pb-214 müssen, wenn noch kein  rad. Gleichgewicht vorliegt, niedriger als Ra-226 sein.
Das Verhältnis von Pb-212/Tl-208 bzw. Pb-212/Bi-212 muss 3/1 bzw. 3/2 sein.
Pa-231 und Ra-223 sind gammaspektrometrisch nicht oder nur unzureichend bestimmbar.
Ce-141 und Mn-54 sicherlich Linien von natürlichen Radionukliden.
Th-232 wegen geringer Übergangswahrscheinlichkeit nur schwierig gammaspektrometrisch nachweisbar.
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6SH]LILVFKH�$NWLYLWlW�GHU�WUlJHUIUHLHQ��UHLQHQ�,VRWRSH�HLQLJHU�8UDQH�XQG�7UDQVXUDQH

1XNOLG =HUIDOOVDUW +DOEZHUW]HLW
LQ�-DKUHQ

VSH]��$NWLYLWlW VSH]��$NWLYLWlW

%T/µJ %T�J
8UDQ���� α,e,γ ����(��� ����(��� ����(���
8UDQ���� α,e,γ ����(��� ����(��� ����(���
3OXWRQLXP���� α,e,γ ����� ����(��� ����(���
3OXWRQLXP���� α,e,γ ����(��� ����(��� ����(���
3OXWRQLXP���� α,e,γ ����(��� ����(��� ����(���
$PHULFLXP���� α,e,γ ����� ����(��� ����(���
$PHULFLXP���� α,e,γ ���� ����(��� ����(���
&XULXP���� α,e,γ ����� ����(��� ����(���
&XULXP���� α,e,γ ����� ����(��� ����(���
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$NWLYLWlWV��0HQJHQYHUKlOWQLVVH�LQ�1DWXUXUDQ�E]Z��LQ�DQJHUHLFKHUWHP�XQG�DEJHUHLFKHUWHP
8UDQ
%H]LHKXQJ�QDFK�$670�&��������6WDQGDUGVSH]LILNDWLRQ�I�U�8UDQDQUHLFKHUXQJ��DEUHLFKHUXQJ��EHU�+H[DIOXRULG�ELV���*HZ���8����

1 g Uran enthält in g 1 g an-/abgereichertes Uran
enthält

U-238 U-235 U-234

Anreicher-
ungsgrad

Gew-%
U-235 Bq  U-238 Bq  U-235 Bq  U-234

Ges-Alpha-
Akt. pro g
an-/abger.

Uran

Akt-%
U-238

Akt-%
U-235

Akt-%
U-234

 AU-235

AU-238

 AU-234

AU-238

Bemer-
kungen

0,997 0,0025 2,50E-05 0,25% 1,24E+04 2,00E+02 5,78E+03 1,84E+04 67,5 1,09 31,4 0,016 0,47 abger. U

0,995 0,005 5,00E-05 0,5% 1,24E+04 4,00E+02 1,16E+04 2,43E+04 50,9 1,64 47,5 0,032 0,93 abger. U

0,993 0,007 5,34E-05 0,7% 1,24E+04 5,60E+02 1,24E+04 2,53E+04 48,9 2,22 48,9 0,045 1,00 Natur-U

0,990 0,01 1,00E-04 1% 1,23E+04 8,00E+02 2,31E+04 3,62E+04 34,0 2,21 63,8 0,065 1,88 anger. U

0,970 0,03 3,00E-04 3% 1,21E+04 2,40E+03 6,94E+04 8,38E+04 14,4 2,86 82,7 0,20 5,75 anger. U

0,950 0,05 5,00E-04 5% 1,18E+04 4,00E+03 1,16E+05 1,31E+05 8,99 3,04 88,0 0,34 9,79 anger. U
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/LWHUDWXUDQJDEHQ�]X�W\SLVFKHQ�QDW�UOLFKHQ�5DGLRQXNOLGHQ�LQ
%RGHQ�XQG�LQ�*HVWHLQHQ�QDW�UOLFKHQ�%DXVWRIIHQ

/LWHUDWXU�� � Å8PZHOWUDGLRDNWLYLWlW� XQG� 6WUDKOHQEHODVWXQJ�� -DKUHVEHULFKW� ����´� +HUDXV�
JHEHU��%XQGHVPLQLVWHULXP�I�U�8PZHOW��1DWXUVFKXW]�XQG�5HDNWRUVLFKHUKHLW� VRZLH�Å8P�
ZHOWSROLWLN�²�8PZHOWUDGLRDNWLYLWlW�XQG�6WUDKOHQEHODVWXQJ�LP�-DKU�����
%XQGHVPLQLVWHULXP�I�U�8PZHOW��1DWXUVFKXW]�XQG�5HDNWRUVLFKHUKHLW

'LH�5DGLRDNWLYLWlW� LP�%RGHQ�ZLUG�KlXILJ�GXUFK�GHQ�*HKDOW�DQ�QDW�UOLFKHQ�5DGLRQXNOL�
GHQ�LP�8UVSUXQJVJHVWHLQ�EHVWLPPW��,Q�NLHVHOVlXUHUHLFKHQ�0DJPDJHVWHLQHQ�LVW�GLH�VSH]L�
ILVFKH�$NWLYLWlW�SULPRUGLDOHU�5DGLRQXNOLGH�JHZ|KQOLFK�K|KHU�DOV�LQ�6HGLPHQWJHVWHLQHQ�
'DV� UDGLRDNWLYH� *OHLFKJHZLFKW� LQ� GHQ� %|GHQ� NDQQ� GXUFK� YHUVFKLHGHQH� 3UR]HVVH�� ]�%�
GXUFK� XQWHUVFKLHGOLFKH� /|VOLFKNHLWHQ� GHU� 5DGLRQXNOLGH� EHL� GHU� %RGHQELOGXQJ� JHVW|UW
ZHUGHQ�

'LH�7DEHOOH�$�]HLJW�W\SLVFKH�:HUWH�GHU�VSH]LILVFKHQ�$NWLYLWlW�I�U�HLQLJH�%RGHQDUWHQ�

,Q�7DEHOOH�%� VLQG�(UJHEQLVVH�YRQ�0HVVXQJHQ�GHU� VSH]LILVFKHQ�$NWLYLWlW� YRQ�%RGHQSUR�
EHQ�DXV�GHQ�%HUJEDXUHJLRQHQ�GHU�QHXHQ�%XQGHVOlQGHU�0HVVHUJHEQLVVHQ�DXV�GHP�QRUG�
GHXWVFKHQ�5DXP�XQG�GHQ�DOWHQ�%XQGHVOlQGHUQ�JHJHQ�EHUJHVWHOOW��$XIJUXQG�GHV�8UDQ�
JHKDOWHV� LQ�GHQ�*HVWHLQHQ�XQG�%|GHQ� ILQGHW�PDQ� LQ� GHQ�%HUJEDXUHJLRQHQ� ]ZDU� HLQH
HUK|KWH� PLWWOHUH� .RQ]HQWUDWLRQ� DQ� 5D������ GHQQRFK� OLHJHQ� GLH� (LQ]HOPHVVXQJHQ� LP
6WUHXEHUHLFK�GHU�0HVVHUJHEQLVVH�DXV�GHQ�DOWHQ�%XQGHVOlQGHUQ�

7DEHOOH�$� 7\SLVFKH�:HUWH�I�U�GLH�VSH]LILVFKH�$NWLYLWlW�YHUVFKLHGHQHU�%RGHQDUWHQ�LQ
%T�NJ�7URFNHQVXEVWDQ]

%RGHQDUW .DOLXP��� 7KRULXP���� 8UDQ����
)DKOHUGH ���� ��� ���
6FKZDU]HUGH ���� ��� ���
%OHLFKHUGH ���� ��� ��

7DEHOOH�%�6SH]LILVFKH�$NWLYLWlW�YRQ�5DGLXP�����LQ�%|GHQ�LQ�%T�NJ�7URFNHQVXEVWDQ]

*HELHW %HUHLFK
$OWH�%XQGHVOlQGHU ���²�����
0HFNOHQEXUJ�9RUSRPPHUQ ��²����
%UDQGHQEXUJ ��²����
6DFKVHQ��$QKDOW ���²����

7DEHOOH�&�6SH]LILVFKH�$NWLYLWlW�QDW�UOLFKHU�5DGLRQXNOLGH�LQ�*HVWHLQHQ�%DXVWRIIHQ�LQ�%|�
GHQ�LQ�%T�NJ�7URFNHQVXEVWDQ]

*HVWHLQ�%DXVWRIIH�QDW�UOLFKHQ�8UVSUXQJV 5D���� 7K���� .���
VDXUH�0DJPDJHVWHLQH ���²����� ���²����� ����²������
EDVLVFKH�*HVWHLQH ����²���� ����²���� ����²�����
1DWXUJLSV��$QK\GULW ��²���� ��²����� ��²�����
.DONVWHLQ��0DUPRU ��²���� ��²���� ����²�����
.LHV�6DQG �������� ��²���� ��²������
/HKP��7RQ ����²���� ���²����� ����²������
%LPV��7XII��/DYD ����²����� ���²����� ����²������

1LHGHUVlFKVLVFKHV�/DQGHVDPW�I�U�gNRORJLH
'H]HUQDW�����5DGLR|NROJLH
6WHOOXQJQDKPH�]X�%HULFKW�(/%���GHU�$5*(�3K$0 6HLWH����YRQ���
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1/g�²�1XNOLGWDEHOOH�*DPPDVSHNWURPHWULH�%RGHQ
�$XV]XJ����ELV�����NH9�

1U� (QHUJLH�>NH9@ *$00$�>�@ )DNWRU )HKOHU�>�@ 1:* ,VRWRS
� ������ ������ ����(��� ���� "L 13����
� ������ ����� ����(��� ���� "L ,����
� ������ ����� ����(��� ���� "L ,����
� ������ ����� ����(��� ���� "L ,����
� ������ ����� ����(��� ���� "L $0����
� ������ ����� ����(��� ����  3%����
� ������ ����� ����(��� �����  7+����
� ������ ������ ����(��� ����  $0����
� ������ ����� ����(��� ���� "L 13����

�� ������ ����� ����(��� ����� � 8����
�� ������ ������ ����(��� ���� � $0����
�� ������ ����� ����(��� ���� "L 3%����
�� ������ ������ ����(��� ���� "L 3%����
�� ������ ����� ����(��� ���� "L 7/����
�� ������ ������ ����(��� ���� "L 3%����
�� ������ ������ ����(��� ���� "L 3%����
�� ������ ����� ����(��� ���� "L ,����
�� ������ ������ ����(��� ���� "L $&����
�� ������ ������ ����(��� ���� "L $&����
�� ������ ����� ����(��� ���� � 7+����
�� ������ ������ ����(��� ���� � 13����
�� ������ ����� ����(��� ���� "L 3%����
�� ������ ����� ����(��� ���� "L 3%����
�� ������ ����� ����(��� ���� "L $&����
�� ������ ����� ����(��� ���� "L 13����
�� ������ ����� ����(��� ���� "L 8����
�� ������ ����� ����(��� ���� "L $&����
�� ������ ����� ����(��� ���� "L 13����
�� ������ ����� ����(��� ����� "L $&����
�� ������� ����� ����(��� ���� "L $&����
�� ������� ������ ����(��� ���� � 13����
�� ������� ����� ����(��� ���� "L 13����
�� ������� ����� ����(��� ���� "L 8����
�� ������� ����� ����(��� ����� "L $&����
�� ������� ����� ����(��� ����� "L 7+����
�� ������� ������ ����(��� ����  &(����
�� ������� ������ ����(��� ���� � 8����
�� ������� ������ ����(��� ����  &(����
�� ������� ����� ����(��� ����� "L $&����
�� ������� ����� ����(��� ���� "L $&����
�� ������� ������ ����(��� ����  7(����0
�� ������� ����� ����(��� ���� "L 8����
�� ������� ����� ����(��� ���� "L 7+����
�� ������� ����� ����(��� ���� "L 6%����
�� ������� ����� ����(��� ���� "L ,����
�� ������� ������ ����(��� ���� "L 8����
�� ������� ����(��� ����(��� ����� "L 8����

1LHGHUVlFKVLVFKHV�/DQGHVDPW�I�U�gNRORJLH
'H]HUQDW�����5DGLR|NROJLH
6WHOOXQJQDKPH�]X�%HULFKW�(/%���GHU�$5*(�3K$0 6HLWH����YRQ���
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Gammaspektrometrische Bestimmung von Uranisotopen
Ringanalyse Boden 1995/1996, typische Umweltbelastung 

Verhältnis von U-235 zu U-238 (%) bei je drei Bestimmungen
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Alphaspektrometrie von Uranisotopen, Konzentration  > 1 Bq/l 
Ringanalyse  BfS 2000 reales Abwasser

 Verhältnis von von U-235 zu U-238 (%) bei je zwei Bestimmungen
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Alphaspektrometrie von Uranisotopen, Konzentration  > 1 Bq/l
 Ringanalyse  BfS 2000 reales Abwasser

Verhältnis von U-235 zu U-234 (%) bei je zwei Bestimmungen
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Alphaspektrometrie von Uranisotopen, Konzentration  > 1 Bq/l
Ringanalyse BfS 2000 reales Abwasser 

Verhältnis von U-234 zu U-238 (%) bei je zwei Bestimmungen
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Alphaspektrometrie von Uranisotopen,  Konzentration  < 1 Bq/l
Ringanalyse  BfS 2000 Modellwasser

Verhältnis von U-235 zu U-238 (%) bei jeweils zwei Bestimmungen
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Alphaspektrometrie von Uranisotopen,  Konzentration  < 1 Bq/l
 Ringanalyse BfS 2000 Modellwasser

Verhältnis von U-234 zu U-238 (%) bei jeweils zwei Bestimmungen
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Alphaspektrometrie von Uranisotopen, Konzentration < 1 Bq/l
 Ringanalyse  BfS 2000 Modellwasser

Verhältnis von U-235 zu U-234 (%) bei je zwei Bestimmugen
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Gammaspektrometrie, Vergleich Messtelle 1.1 
mit Natururan, Fehlerbereich 2 Sigma
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Gammaspektrometrie, Vergleich Messtelle 1.22 
mit Natururan, Fehlerbereich 2 Sigma
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Gammaspektrometrie, Vergleich Messtelle 1.2 
mit Natururan, Fehlerbereich 2 Sigma
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Gammaspektrometrie, Vergleich Messtelle 1.34 
mit Natururan, Fehlerbereich 2 Sigma
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Gammaspektrometrie, Vergleich Messtelle 1.27 
mit Natururan, Fehlerbereich 2 Sigma

Stand 23.03.01 

0

5

10

15

20

25

30

35

40

Messstelle 1.27 Natururan

U-235 U-238

1LHGHUVlFKVLVFKHV�/DQGHVDPW�I�U�gNRORJLH
'H]HUQDW�����5DGLR|NROJLH
6WHOOXQJQDKPH�]X�%HULFKW�(/%���GHU�$5*(�3K$0 6HLWH����YRQ���

$EELOGXQJ���



1LHGHUVlFKVLVFKHV�/DQGHVDPW�I�U�gNRORJLH
'H]HUQDW�����5DGLR|NROJLH
6WHOOXQJQDKPH�]X�%HULFKW�(/%���GHU�$5*(�3K$0 6HLWH����YRQ���

$EELOGXQJ���

Alphaspektrometrie der Uranisotope
 Vergleich Messstelle 1.1 mit Natururan

 spezifische Aktivität in Bq/kg T.M. +/- 2 Sigma Fehlerbereich
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Alphaspektrometrie der Uranisotope
 Vergleich Messstelle 1.1 mit Natururan

spezifische Aktivität in Bq/kg T.M. +/- 2 Sigma Fehlerbereich 
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Alphaspektrometrie der Uranisotope
 Vergleich Messstelle 1.22 mit Natururan

 spezifische Aktivität in Bq/kg T.M. +/- 2 Sigma Fehlerbereich
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Alphaspektrometrie der Uranisotope
 Vergleich Messstelle 1.22 mit Natururan

spezifische Aktivität in Bq/kg T.M. +/- 2 Sigma Fehlerbereich 

0

1

2

3

4

5

6

7

8

Tennisplatz 1.22                                            Natururan
lange Messzeit 500.00 s

U-235

U-234

U-235

U-234U-238 U-238

1LHGHUVlFKVLVFKHV�/DQGHVDPW�I�U�gNRORJLH
'H]HUQDW�����5DGLR|NROJLH
6WHOOXQJQDKPH�]X�%HULFKW�(/%���GHU�$5*(�3K$0 6HLWH����YRQ���

$EELOGXQJ���



0

2

4

6

8

10

12

14

Tennisplatz 1.22                Natururan                 1% anger. Uran
lange Messzeit 500.00 s

U-235

U-234

U-235

U-234U-238 U-238

Alphaspektrometrie der Uranisotope
Vergleich Messstelle 1.22 mit Natururan und mit 1 Gew. % anger. Uran

spezifische Aktivität in Bq/kg T.M. +/- 2 Sigma Fehlerbereich

U-234

U-238

U-235

1LHGHUVlFKVLVFKHV�/DQGHVDPW�I�U�gNRORJLH
'H]HUQDW�����5DGLR|NROJLH
6WHOOXQJQDKPH�]X�%HULFKW�(/%���GHU�$5*(�3K$0 6HLWH����YRQ���

$EELOGXQJ���



1LHGHUVlFKVLVFKHV�/DQGHVDPW�I�U�gNRORJLH
'H]HUQDW�����5DGLR|NROJLH
6WHOOXQJQDKPH�]X�%HULFKW�(/%���GHU�$5*(�3K$0 6HLWH����YRQ���

$EELOGXQJ���

Alphaspektrometrie der Uranisotope
 Vergleich Messstelle 1.2 mit Natururan
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Alphaspektrometrie der Uranisotope
 Vergleich Messstelle 1.2 mit Natururan

spezifische Aktivität in Bq/kg T.M. +/- 2 Sigma Fehlerbereich 
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Alphaspektrometrie der Uranisotope
 Vergleich Messstelle 1.34 mit Natururan

 spezifische Aktivität in Bq/kg T.M. +/- 2 Sigma Fehlerbereich
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Alphaspektrometrie der Uranisotope
 Vergleich Messstelle 1.34 mit Natururan

spezifische Aktivität in Bq/kg T.M. +/- 2 Sigma Fehlerbereich 
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Alphaspektrometrie der Uranisotope
 Vergleich Messstelle 1.27 mit Natururan

 spezifische Aktivität in Bq/kg T.M. +/- 2 Sigma Fehlerbereich
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Alphaspektrometrie der Uranisotope
 Vergleich Messstelle 1.27 mit Natururan

spezifische Aktivität in Bq/kg T.M. +/- 2 Sigma Fehlerbereich 
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