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This work addresses river contamination by biocidal substances. Several compounds were measured at concentrations that 

present an environmental risk. The main introduction pathways into the river were elucidated by combining independent 

approaches leading to consistent conclusions. These novel data could help public authorities to prioritize candidate substances 

for surface water monitoring and to implement specific and efficient mitigation solutions. 

 

 

a. Leesu, Ecole des Ponts, Univ Paris Est Creteil, Marne-la-Vallee, France 
b. LCPP, Laboratoire Central de la Préfecture de Police, Paris, France 
c. Univ Lyon, INSA Lyon, DEEP, EA7429, 69621 Villeurbanne, France 
d. SIAAP, Direction de l’Innovation, Colombes, France  

* Corresponding author: adele.bressy@enpc.fr  

Electronic Supplementary Information (ESI) available: [details of any supplementary 

information available should be included here]. See DOI: 10.1039/x0xx00000x 



� �

�

������

� �

���	
���
�������	
��
�����

��
�
�
������
���������

�
�
	�
���������
	������ �

���
��
���!����"�"��������

#$%����&��'()��
*���+'��

�

,-./-012�3453617/83�-7�698�:8-78�;-<8=>�?.76=-546-.7�@=.A�4=517�
3.4=/83�-7�698�B1=-3�A8C1/-6D�

E��"�	����	F
��� G �#��	
���
����	� � �H

�
����I
J

G �����	��K�	��

� �L	��
�������

� ��M�	��
K�	��

��� ���J�
�H

���N��

��	��*�
O����

��
��
	�

�������	���	���G��G	��	�����"G�����
��"�P�������*���

������
���	�� �*	�����
��	���Q�

	��
��	���	�����
�����
	G"�	����Q���
�"
G����	����
�
� ������
����	���
QQ
��	�
���������

�
���	�	���	������"�	���&������	��


�� ��
�������	����*


�����"��
��	����
��*����	��
	�

���Q���
���
	�����"
G��	��&��	���

���

�	�"�����
	�
	�	R
��G	��	�
��

*


�����S"���	Q	
�������


������	��������	��� ������
�

���*


�Q�"����������
��
��	��������������

�
�����
	�O������
�

�S"��	��
������
��T�	����
�	����	�R��	���
 ��	"
�� �G
�R��O��	"��E�������E�U �*	�������
��
��	����"�����U� �!+ ��!�� �����

�+����)V �

��
��	�
��W&���
�����
��
�������
��G�
����	���������������Q�G	��	�
�����G
����
��
��TQ
���X���)��������
�

���

�
����Q�O�)��� ���
��	��
������"
��G
	����G�

�
��Q�
�G
�R��O��	"��E�������E�UW������"��	�����

��
��	�
�*	����

�	�"����

���
���

	R
��������Q
�����
���F�
�"
G�����"
�
�&�����	Q��	����
��	��
	G"�	����Q�G	��	�
�������G
�*

��"�P�������*���

���

��
���
	�����"
G��	���*����G�

�
��Q�
��
�

������
�"�
��TG
�R	����	�R��	���
 ��

G"�
�� ���	�G
���R��
 ���
��
�	��������

�Q�*�	���	��

��
��G����Q����
��Q��&+����'W ���"���"��
��	�����
�����
	G"�	����Q�"
G����	����
�
�������
�������	���	����Q�



�
	�	���*��

��G��G	��	�
�&�������	�����
�����P�

�������	����Q�G	��	�
��	����
��
	�
��	�

����*
�������
�
��	Q���
�G����Q�

�
�

������
�"�
������
��	�	�
���	�����
������	�
�G�
�	����������"
Q��
�*��

�������	���	�� ���G��O�
�"�������"�	���



��	�
��T'X�	"
��X!+���)V ��&�X	���
��"
��X+&!���)VW �*�	�������G
�

���
�����"
G���	��"��&�$"
�

�"�����QQ

��
���
����

Q�
���
�	Q	���	�	���	������"�	���������


�����
���
�	��	��� ��
�����
��	����
��
*

�����
�������

���
���G
Q�

��	����
�
&�

YZ�[76=.04/6-.7�

E�
�	�����"G�����
��*	���G	��	�����
��

�	
�����
�G
���
�

"G	S"	��"��	����
�
��	
���
����"
������
	
�*	�
��

���"�
����

�
��	�	�
��Q�
��������
��
��	�� ����	��
��	�	�
��Q�
��
�������
���

�
��"�����
��
���

���
��� ����G	��	�
������
��
���G"	��	���

���

	��� �G"�����������

�

���	�
��	����"�
������
��"��������

����
�	��&�\U���
�����

�"
G���"�
���
�

��
�*	�
��

���

������	���	����Q�"
G���*��

�+\(�*�	�����"�������
	G"�
������
�

G	��	�
�Q�"]
����*�
����"
Q��
������
�"���*��

� �G����	���
��

����*
��*
���

� �����*�	�������G

��"��


��	���
��"��	��

��*&��\�!��

��	��	�����Q�G	��	�
��Q
���"
G���
��	
���
�������
�G

��


�	�
��
���������
���

	R
��	����Q
*���"�	
��G"����
��*


�

�
�

�����

��
	��
�����������������
 ����	�	�
���"�G

��Q�

�����"��� ���������
�
�
��
�	��	����
��
��&+ ( �� �+ �! �̂�

_"�

�"����"�	
��̂\�'�Q��"�
������
���	���Q
���G	��	�
P

�

��
��G"	��	������

	�����"
	���
�	�Q����
�
��� ��������*
��

�����
�	��	��
��	�������*	����	

��	���*


���
���	��	�Q�"
��	���

Q����
��Q�
���	���
��
��&��Q�

�G
	����
���
��Q
���G"	��	��� �

G	��	�
�� ���� 

���� �"
Q��
� *��

�� ��
�"���


"��QQ)���
�*��

+ �� �! �̂� �
� �
�"��*��

� ��
�"���

	�Q	��
��	��&�� ���̀�������* �"
G���	��"����Q�G	��	�
�������
�



�
	�	���
��	
���
�������
��
�

�����G

�����
��
��G��

����	�

	���
�	��	���Q����
��Q
���G"	��	������

	���&� a �( �����	��

�������
���

���O
�����

���"
�
���Q�G	��	�
���"������	����
�

��"�
�����"�
�&���
�����

����
�G

���	���
���"�	
��' �U�G
��"�
�

��
�
�"�
���

������������


��G����
��"
��
���H	��	����

�
��"�����
�"���	��&�+������

�"�� ���	
��	Q	�������"�	����

����

�	�����
�
��	
���
�����Q��
��Q�G	��	�����"G�����
��


�	��
��Q
�����"�
�������"
�
���

��
�����
�
P�"� �����

�
	��
	���G��
�������

�����

���&����
���"�	
����
�
�	���

*���
*��

��

���
����������T�����W�	���	QQ


�����"��
	
��

�	���	���
���	��	Q	�����G	��	�
�����
��
��	����	��*���
*��

�

��������
�

�����G
�	��
�
��
����Q�
�	��
�
��� �����*


�

��


Q�

����
	G"�
��������
��	��"�
�&+ ̂ �! �a�I	����� ����
�

�"G�	���	�������
������

���
������*
��*
���

��	����
�
�����

��
�����
��Q���
��	��̂ �� �+ �!��	���

�bc�def�!�������"���	�R�bc�def�+�

��"�	
��*��

��
���	���*	�R

���������g

���������

�	���	���
���������
�������������Q�"
G���G	��	�
��*


�	����
�

���
�
���
������
������*	�
���"�
����
	�"��"
����
��	�	�
�&�%��

�"
��

�	�"��*�
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����������������5�@AB/CDBEFBGHI/JC/EFKGLMCMHKLMJG./LAB/NBOMKG./

NMGMNFN/KGO/NKPMNFN/HJGHBGLDKLMJGQ./KGO/LAB/RDJRJDLMJG/JC/

BKHA/SMJHMOB/MG/LAB/RKDLMHFTKLB/CDKHLMJG/KDB/DBRJDLBO/MG/@KSTB/UV/

HJGLBGLQ/MG/LAB/RKDLMHFTKLB/CDKHLMJGQ/KDB/OBLKMTBO/MG/LAB/

QFRRTBNBGLKDI/MGCJDNKLMJG/WXYZ/@KSTB/Y[\-/]TT/OKLK/KHEFMDBO/

M̂LAMG/LAMQ/RDJ_BHL/KDB/K̀KMTKSTB/JG/aKGbKBK/cKLK/dBGLBD-ef/

gJQL/JC/LAB/SMJHMOBQ/̂BDB/EFKGLMCMBO/MG/h/i/QKNRTBQ/JFL/JC/U1/KL/

LAB/LADBB/QKNRTMGb/QMLBQ-/XPHBRLMJGQ/MGHTFOB/jZ@./kZ@./cdkZ@./

Zajd./KGO/NBHJRDJR./LAB/CDBEFBGHI/JC/EFKGLMCMHKLMJG/JC/̂AMHA/

MGHDBKQBO/CDJN/lmnoU1/FRQLDBKN/aKDMQ/LJ/nmpoU1/OĴGQLDBKN./

KGO/dgZ@./HISFLDIG./KGO/jqr/dU[./̂AMHA/̂BDB/NJDB/CDBEFBGLTI/

s/tku-/gBOMKG/LJLKT/HJGHBGLDKLMJGQ/̂BDB/SBTĴ/U1/Gbot/CJD/KTT/

LKDbBLBO/NJTBHFTBQ/BPHBRL/gZ@./jqr/dUv/WNBOMKG/

HJGHBGLDKLMJGQ/SBL̂BBG/U1/KGO/l1/Gbot\./KGO/jqr/dU0/̂AMHA/

JCLBG/DBKHABO/HJGHBGLDKLMJGQ/w/U11/Gbot-/jMJHMOB/OIGKNMHQ/MG/

QFDCKHB/̂KLBDQ/̂BDB/HAKDKHLBDMxBO/SI/K/QMbGMCMHKGL/LBNRJDKT/

K̀DMKSMTMLI./KQ/MTTFQLDKLBO/SI/LAB/DKGbBQ/SBL̂BBG/NMGMNFN/KGO/

NKPMNFN/NBKQFDBO/HJGHBGLDKLMJGQ./ ÂMHA/CJD/HBDLKMG/

HJNRJFGOQ/HJ̀BDBO/KTNJQL/L̂J/JDOBDQ/JC/NKbGMLFOB-/yJD/

MGQLKGHB./HJGHBGLDKLMJGQ/JC/gZ@/KGO/jqr/dU0/OĴGQLDBKN/LAB/

aKDMQ/HJGFDSKLMJG/DBQRBHLM̀BTI/DKGbBO/CDJN/s/U/Gbot/

WFGEFKGLMCMBO/̀KTFB\/LJ/Un1/Gbot./KGO/CDJN/0i/Gbot/LJ/U-n/zbot-/

aJQQMSTB/HKFQBQ/CJD/LAMQ/̀KDMKSMTMLI/̂MTT/SB/MG̀BQLMbKLBO/MG/LAB/

QFSQBEFBGL/OB̀BTJRNBGLQ/{/BPKNMGMGb/GJLKSTI/RJQQMSTB/TMG|Q/

M̂LA/LAB/̂BKLABD/HJGOMLMJGQ-/
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6��5/ZG/JDOBD/LJ/BQLKSTMQA/K/

CMDQL/OMKbGJQMQ/JC/LAB/QB̀BDMLI/JC/SMJHMOB/HJGLKNMGKLMJG/MG/LAB/

YBMGB/~M̀BD./NBKQFDBO/OMQQJT̀BO/HJGHBGLDKLMJGQ/̂BDB/HJNRKDBO/

LJ/DBbFTKLJDI/LADBQAJTO/̀KTFBQ./� ' /XG̀MDJGNBGLKT/uFKTMLI/

YLKGOKDOQv�/WXuY\/ ÂBG/K̀KMTKSTB/WOMFDJG./MQJRDJLFDJG./

LBDSFLDIG./KGO/HISFLDIG\./KGO/LJ/aDBOMHLBO/�J/XCCBHL/

dJGHBGLDKLMJGQ/Wa�Xd\./bKLABDBO/CDJN/TMLBDKLFDB/KGO/

QFNNKDMxBO/MG/QFRRTBNBGLKDI/MGCJDNKLMJG/WXYZ/@KSTB/Y0\-/gJDB/

RDBHMQBTI./L̂J/OKLK/QJFDHBQ/̂BDB/FQBO/CJD/a�Xd/BQLMNKLMJG�/LAB/

�JDNKG/GBL̂JD|vv/KGO/LAB/XFDJRBKG/d�BNMHKT/]bBGHI-vl/ZG/

HKQB/LAB/L̂J/̀KTFBQ/OMCCBDBO./LAB/QLDMHLBD/JGB/̂KQ/HJGQBD̀KLM̀BTI/

DBLKMGBO-/@AB/DMQ|/EFJLMBGL/~u/�/dOMQQJT̀BO.DM̀BD/o/a�Xd./KQ/OBCMGBO/

SI/LAB/XFDJRBKG/BHJTJbMHKT/DMQ|/KQQBQQNBGL/bFMOBTMGBQv[./̂KQ/

HKTHFTKLBO/CJD/BKHA/SMJHMOB/KGO/BKHA/QKNRTB-//

@AMQ/HJDDBQRJGOQ/LJ/K/QMNRTMCMBO/KRRDJKHA/JC/BG̀MDJGNBGLKT/DMQ|./

ÂMHA/OJBQ/GJL/LK|B/MGLJ/KHHJFGL/RJQQMSTB/QIGBDbMH/BCCBHLQ/

SBL̂BBG/HJNRJFGOQ/JD/BGOJHDMGB/OMQDFRLMJG/BCCBHLQ.vn.vi/SFL/

ABTRQ/QBLLMGb/JDOBDQ/JC/NKbGMLFOB-//

@AMQ/HJDDBQRJGOQ/LJ/K/QMNRTMCMBO/KRRDJKHA/JC/BG̀MDJGNBGLKT/DMQ|./

ÂMHA/OJBQ/GJL/LK|B/MGLJ/KHHJFGL/RJQQMSTB/QIGBDbMH/BCCBHLQ/

SBL̂BBG/HJNRJFGOQ/JD/BGOJHDMGB/OMQDFRLMJG/BCCBHLQ/

@AB/HJNRKDMQJG/̂KQ/SKQBO/JG/LAB/HTKQQMCMHKLMJG/RDJRJQBO/SI/

�F|QF/'&�%, vp�/NMGMNKT/DMQ|/CJD/~u/s/1-1UV/TĴ/DMQ|/CJD/1-1U/s/~u/

s/1-UV/NBOMFN/DMQ|/CJD/1-U/s/~u/s/UV/KGO/AMbA/DMQ|/CJD/~u/w/U-/

]GGFKT/K̀BDKbB/XuY/̂BDB/GB̀BD/BPHBBOBO/OFDMGb/LAB/QKNRTMGb/

HKNRKMbGQ/JC/LAB/RDBQBGL/QLFOI-/yMb-/0/QAĴQ/LAB/~u/̀KTFBQ/JSLKMGBO/

CJD/KTT/LAB/UimLKDbBLBO/SMJHMOBQ./OMQLMGbFMQAMGb/LAB/LADBB/QKNRTMGb/

QMLBQ/MG/LAB/L̂J/DM̀BDQ-/@AB/HJNRJFGOQ./̂AMHA/KRRBKDBO/LJ/DBRDBQBGL/

LAB/TĴBQL/DMQ|/WMQJRDJLFDJG./gZ@./jZ@./LAMKSBGOKxJTB./KGO/NBHJRDJR./

CJD/̂AMHA/~u/̂KQ/QIQLBNKLMHKTTI/s/1-U./MC/GJL/B̀BG/s/1-1U\/KHLFKTTI/

AK̀B/AMbA/a�Xd/̀KTFBQ/HJNRKDBO/LJ/LAB/JLABD/LKDbBLBO/SMJHMOBQ/Ww/

1-�/zbot\-/k̀BDKTT./dgZ@./kZ@./cdkZ@./jqr/dU[./LBDSFLDIG./HISFLDIG./

LBDSFLAITKxMGB./HKDSBGOKxMN./Zajd./KGO/LBSFHJGKxJTB/KDB/BPRBHLBO/

LJ/DBRDBQBGL/K/TĴ/LJ/NBOMFN/DMQ|/W1-1U/s/~u/s/U\-/jKQBO/JG/LAB/a�Xd/

K̀TFBQ/̂B/CJFGO./LAB/RJLBGLMKTTI/NJQL/RDJSTBNKLMH/SMJHMOBQ/MG/LAB/

YBMGB/~M̀BD/̂BDB/OMFDJG./jqr/dU0./KGO/jqr/dUv./LAB/HJGHBGLDKLMJGQ/

JC/̂AMHA/CDBEFBGLTI/RTKHBO/LABN/MG/LAB/�NBOMFN/LJ/AMbA/DMQ|�/

HKLBbJDI/W1-U/s/~u/s/U11\-/�JLMHBKSTI./CJD/OMFDJG./cdkZ@./KGO/

HISFLDIG./LAB/CB̂/HKQBQ/JC/a�Xd/BPHBBOKGHB/JGTI/JHHFDDBO/

OĴGQLDBKN/LAB/aKDMQ/HJGFDSKLMJG-/dJG̀BDQBTI./jqr/dU0/̂ KQ/

HJNNJGTI/KSJ̀B/LAB/a�Xd./SJLA/FRQLDBKN/WnmioU1\/KGO/

OĴGQLDBKN/WpoU1\-/@AMQ/DBQFTL/AMbATMbALQ/LAB/DBTB̀KGHB/JC/KOODBQQMGb/

SBGxKT|JGMFN/HJNRJFGOQ/SBHKFQB/JC/LAB/BG̀MDJGNBGLKT/DMQ|Q/LABI/

DBRDBQBGL./BQRBHMKTTI/KQ/LABI/KDB/̀BDI/RJJDTI/OJHFNBGLBO/MG/QFDCKHB/

K̂LBDQ-/
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�������������	�7�?	����������5/ZL/MQ/HJNNJG/LJ/HJGQMOBD/LAKL/

SMJHMOBQ/KDB/JGTI/RDBQBGL/MG/LAB/OMQQJT̀BO/RAKQB/OFB/LJ/LABMD/

RAIQMHJHABNMHKT/RDJRBDLMBQ./KGO/LABDBCJDB/LJ/TMNML/LAB/KGKTIQMQ/

LJ/CMTLBDBO/̂KLBD/QKNRTBQ-0[.�U.l1{lv/ZG/LAB/RDBQBGL/QLFOI./LAMQ/

QRBHMKLMJG/AKQ/SBBG/MG̀BQLMbKLBO/LADJFbA/LAB/_JMGL/KGKTIQMQ/JC/

LAB/OMQQJT̀BO/KGO/RKDLMHFTKLB/CDKHLMJGQ/MG/LAB/̂KLBD/QKNRTBQ/

W@KSTB/U/KGO/XYZ/@KSTB/Y[\-/@AB/OMQQJT̀BO/CDKHLMJG/̂KQ/MGOBBO/

RDBOJNMGKGL/CJD/NJQL/HJNRJFGOQ./BQRBHMKTTI/OMFDJG./dgZ@./kZ@./

cdkZ@./KGO/NBHJRDJR./̂AMHA/̂BDB/EFKGLMCMBO/JG/LAB/RKDLMHTBQ/

CJD/TBQQ/LAKG/0oU1/QKNRTBQV/KOOMLMJGKTTI./OMFDJG./MQJRDJLFDJG./

jZ@./cdkZ@./HKDSBGOKxMN./LBSFHJGKxJTB./KGO/NBHJRDJR/

QIQLBNKLMHKTTI/OMQRTKIBO/RKDLMHFTKLB/CDKHLMJGQ/s/01�-//

�Ĵ B̀BD./ML/KRRBKDBO/LAKL/LAB/RKDLMHFTKLB/HJGHBGLDKLMJG/NKI/

DBRDBQBGL/K/GJGmGBbTMbMSTB/RKDL/JC/LAB/QRBHMKLMJG/CJD/HBDLKMG/

NJTBHFTBQ./BQRBHMKTTI/Zajd/WNBOMKG/RKDLMHFTKLB/CDKHLMJG/JC/�lm

v1�\-/XMbAL/SMJHMOBQ/WgZ@./Zajd./jqr/dU0/�/dUv./LBSFHJGKxJTB./

LAMKSBGOKxJTB./LBDSFLDIG./KGO/LBDSFLAITKxMGB\/̂BDB/EFKGLMCMBO/

MG/LAB/RKDLMHFTKLB/CDKHLMJG/CJD/NJDB/LAKG/AKTC/JC/LAB/QKNRTBQ./SFL/

LABMD/QRBHMKLMJG/̂KQ/EFMLB/̀KDMKSTB/CDJN/JGB/QKNRTB/LJ/KGJLABD-/

�J/DBTKLMJG/HJFTO/SB/AMbATMbALBO/SBL̂BBG/SMJHMOB/RDJRJDLMJGQ/

MG/LAB/RKDLMHFTKLB/CDKHLMJG./HJNRJFGO/AIODJRAJSMHMLI./

RKDLMHFTKLB/JDbKGMH/HKDSJG./JD/LAB/BTBHLDMHKT/HAKDbB/JC/LAB/

SMJHMOBQ-/�J/QMbGMCMHKGL/QRKLMKT/̀KDMKLMJG/̂KQ/JSQBD̀BO/FRm/LJ/

OĴGQLDBKN/LAB/aKDMQ/HJGFDSKLMJG-/

�ABG/LABI/̂BDB/EFKGLMCMBO./LAB/RKDLMHTB/HJGLBGLQ/WMG/Gbob\/̂BDB/

CJFGO/LJ/SB/AMbATI/̀KDMKSTB/OBRBGOMGb/JG/LAB/NJTBHFTBQ/KGO/LAB/

HKNRKMbGQ/WXYZ/@KSTB/Y[\./SFL/LABMD/JDOBDQ/JC/NKbGMLFOB/OMO/GJL/

K̀DI/bTJSKTTI/SBL̂BBG/FRm/KGO/OĴGQLDBKN-/@AB/AMbABQL/

HJGLBGLQ/̂BDB/NBKQFDBO/CJD/SBGxKT|JGMFNQ�/SBL̂BBG/Ui/Gbob/

KGO/UU.111/Gbob/CJD/jqr/dU0./KGO/SBL̂BBG/s/�-l/Gbob/KGO/

0.111/Gbob/CJD/jqr/dUv-/@AB/JGTI/TMLBDKLFDB/OKLK/̂B/CJFGO/OJ/

GJL/KOODBQQ/HJGLKNMGKLMJG/TB̀BTQ/MG/LAB/QFQRBGOBO/QJTMOQ/JC/

QFDCKHB/̂KLBDQ/SFL/MG/DM̀BDMGB/o/BQLFKDMGB/QBOMNBGLQ-vp.ll.l[/�
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30R�

HERI� RFE3�
E03�

HELI� RFE3�
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:Q�� RFE3�
EJ�

EEI� RFE3�
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E3I� RFE3�
2E�
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ME3�N�LK3O� MG3�N�EP33O� M2K�N�EJ33O�

SXY�VZ\� E3FE3�
2T�

GI� E3FE3�
22�

LI� E3FE3�
PJ�

PI�
M30E�N�JEO� M202�N�EL3O� MK0P�N�EG3O�

SXY�VZ�� PFE3�
H30R�

HGI� GFE3�
HE03�

E2I� TFE3�
T0E�

EI�
MH30T�N�P3O� MH30G�N�PGO� MH30P�N�GKO�

���76����� E3FE3�
E0E�

PI� E3FE3�
E0K�

GI� E3FE3�
G02�

HEI�
M302�N�P0GO� M30T�N�G0TO� M30T�N�K03O�

V�76����� 2FE3�
H30E�

N� GFE3�
H30E�

N� GFE3�
H30E�

N�
MH30E�N�302O� MH30E�N�302O� MH30E�N�E0KO�

���76����
]���� E3FE3�
E0K�

2I� KFE3�
30T�

PI� RFE3�
E0E�

H2I�
M30J�N�L2O� MH30E�N�2RO� MH30E�N�2GO�

V
�7��>
]�
� E3FE3�
J0R�

EI� E3FE3�
K0L�

HEI� RFE3�
J0J�

HEI�
M30J�N�ETO� M30T�N�EJO� MH302�N�ETO�

Q�SV� JFE3�
30J�

GLI� LFE3�
30K�

GRI� RFE3�
30T�

GLI�
MH302�N�EKO� MH302�N�E0PO� MH30G�N�20TO�

���
7��>
]	��� RFE3�
E02�

PI� E3FE3�
E0E�

LI� E3FE3�
20R�

EI�
MH30E�N�P0PO� M30GN203O� M30J�N�E3O�

��76�	�
]	��� E3FE3�
L0J�

PI� E3FE3�
20R�

GI� E3FE3�
P0K�

EI�
M20E�N�ET3O� ME0P�N�LPO� M20P�N�P2O�

:��	5�	5� LFE3�
20L�

HTI� JFE3�
20T�

HEGI� KFE3�
P0T�

HLI�
MHE0R�N�22O� MHE0R�N�R0LO� MH202�N�2LO�

�
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EFG/HIJKLMNFJOPQR./SFJTIJTR/UIGI/QILRPGIV/OJ/TWI/RLQI/FGVIG/

FX/QLYJOTPVI/LJV/UOTW/TWI/RLQI/ZLGOLHOMOT[/OJ/PGHLJ/IRTPLGOJI/

RIVOQIJTR/OJ/\WOJL]̂/_HITUIIJ/]1/LJV/̀.]11/JYaYb/OJ/RIVOQIJTR/

XGFQ/GOZIGR/OQcLSTIV/H[/ddefR/OJ/gPRTGOL]h/_HITUIIJ/i]1/LJV/

.̀111/JYaYb./LJV/OJ/PGHLJ/IRTPLGOJI/RIVOQIJTR/OJ/TWI/jJOTIV/

kTLTIR]l/_HITUIIJ/̀11/LJV/̀̂ .̂11/JYaYb-//

mRFTWOLKFMOJFJIR/UIGI/LMRF/nPLJTOXOIV/LT/WOYW/SFJTIJTR/OJ/TWI/

cLGTOSMIRo/HITUIIJ/p/q-q/LJV/i.q11/JYaY/XFG/rme-/sme/LJV/\rme/

UIGI/MIRR/XGInPIJTM[/nPLJTOXOIV/OJ/TWI/cLGTOSMIR/TWLJ/rme./HPT/

UWIJ/TWI[/UIGI./TWIOG/SFJTIJTR/GILSWIV/Pc/TF/̀ 1̀/JYaY/LJV/

.̀l11/JYaY/GIRcISTOZIM[-/mfs\/SFJTIJTR/UIGI/HITUIIJ/p/̀̀ /LJV/

`̂1/JYaY-/mRFcGFTPGFJ./TIGHPTW[MLKOJI./TWOLHIJVLKFMI/LJV/

TIHPSFJLKFMI/SFJTIJTR/UIGI/OJ/TWI/GLJYI/FX/L/XIU/JYaY/TF/TIJR/

FX/JYaY-/eIGHPTG[J/LJV/SLGHIJVLKOQ/SFJTIJTR/UIGI/nPLJTOXOIV/

OJ/TWI/FGVIG/FX/QLYJOTPVI/FX/JYaY-/eWIRI/GIRPMTR/LGI/SFJRORTIJT/

UOTW/MOTIGLTPGI/VLTL./LR/TWOLHIJVLKFMI/LJV/SLGHIJVLKOQ/UIGI/

nPLJTOXOIV/OJ/RIVOQIJTR/XGFQ/TWI/tLJYTKI/uOZIG/OJ/\WOJL/H[/vOP/

'&�%, ]]/_pvwx/y/1-0/JYaY/XFG/TWI/XFGQIG./LJV/1-̀/y/0-l/JYaY/XFG/TWI/

MLTTIGb/LJV/OJ/GOZIGR/OJ/eWLOMLJV/H[/zPNRP/'&�%, {l/_1-]/y/̀1/JYaY./

LJV/̀/y/̀11/JYaY/GIRcISTOZIM[b-/
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eWI/MFJYyTIGQ/TIQcFGLM/IZFMPTOFJ/FX/VOPGFJ/LJV/ORFcGFTPGFJ/

SFJSIJTGLTOFJR/OR/cGIRIJTIV/OJ/EOY-/i-/\FJSIJTGLTOFJR/VORcML[/L/

SMILG/VISMOJOJY/TGIJV/XFMMFUOJY/TWI/HLJ/FX/TWIRI/RPHRTLJSIR/LR/

cIRTOSOVIR./OJ/011h/XFG/VOPGFJ/LJV/01̀ /̂XFG/ORFcGFTPGFJ-/EFG/TWI/

XFGQIG./TWI/FHRIGZIV/VISGILRI/H[/L/XLSTFG/FX/̀1/UOTWOJ/L/XIU/

[ILGR./cFOJTR/FPT/TWI/IXXISTOZIJIRR/FX/RPSW/QILRPGIR-/~FUIZIG./

HFTW/SFQcFPJVR/LGI/RTOMM/nPLJTOXOIV/OJ/RPGXLSI/ULTIGR./OJ/

cLGTOSPMLG/VOPGFJ/UWFRI/SFJSIJTGLTOFJR/GLJYI/HITUIIJ/XIU/

JYav/LJV/̂]/JYav./IZIJ/QFGI/TWLJ/̀1/[ILGR/LXTIG/OTR/HLJ-/eWIRI/

HLSNYGFPJV/MIZIMR/QOYWT/HI/GIMLTIV/IOTWIG/TF/TWI/cIGRORTIJSI/FX/

TWIRI/QFMISPMIR/OJ/RFOMR/FG/YGFPJVULTIG/�/IZIJ/OX/TWIOG/WLMXyMOXI/

TOQIR/VF/JFT/I�SIIV/̀/[ILG/OJ/TWIRI/QIVOLq1.q̀/�./FG/TF/TWI/

SFJTGOHPTOFJ/FX/WOTWIGTF/FZIGMFFNIV/PGHLJ/RFPGSIR-h/eWI/

GIQLOJVIG/FX/TWOR/UFGN/OR/VIVOSLTIV/TF/SWLGLSTIGOKOJY/TWI/MLTTIG-/
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kF/LR/TF/OJZIRTOYLTI/TWI/OQcLST/FX/UILTWIG/SFJVOTOFJR/FJ/TWI/

GOZIG/SFJTLQOJLTOFJ./RPGXLSI/ULTIG/SFJSIJTGLTOFJR/UIGI/RcMOT/

OJTF/TWGII/YGFPcR/VIcIJVOJY/FJ/TWI/SPQPMLTOZI/GLOJXLMM/VIcTW/

FZIG/TWI/XFPG/VL[R/cGISIVOJY/TWI/RLQcMOJY/SLQcLOYJR/

_RPHRInPIJTM[/GIXIGGIV/TF/LR/~GLOJXLMM./�km/eLH/k̀b-/eWI/GILRFJ/XFG/

TWOR/VPGLTOFJ/OR/TWI/XFMMFUOJYo/SFJROVIGOJY/TWLT./LXTIG/L/GLOJ/

IZIJT./TWI/RLQcMOJY/cFOJTR/FX/gMXFGTZOMMI/_kIOJI/uOZIGb/LJV/kLOJTy

rLPGOSI/_rLGJI/uOZIGb/UFPMV/HI/cFTIJTOLMM[/OQcLSTIV/H[/PGHLJ/

VORSWLGYIR/OJ/TWI/LGIL/RTLGTOJY/XGFQ/TWI/IVYI/FX/TWI/VIJRI/

fLGOROLJ/LYYMFQIGLTOFJ/_�i1/NQ/PcRTGILQ/XFG/HFTW/GOZIGRb./TWI/

TGLJRcFGT/TOQI/LMFJY/TWIRI/RTGITSWIR/FX/GOZIG/WLV/TF/HI/

LSSFPJTIV/XFG-/g/cGIZOFPR/RTPV[/FJ/TWI/XLTI/FX/JFJ[McWIJFMOS/

SFQcFPJVR/OJ/TWI/kIOJI/uOZIGq0/GIcFGTIV/TWLT/TWI/LZIGLYI/

ZIMFSOT[/VPGOJY/MFU/XMFU/SFJVOTOFJR/_p/̀]1/QiaRb/ULR/�/1-̀]/QaR-/

eWI/XMFU/GLTI/OJ/TWI/rLGJI/uOZIG/HIOJY/MFUIG/TWLJ/OJ/TWI/kIOJI/

uOZIG./L/SFJRIGZLTOZI/ZLMPI/FX/1-̀/QaR/ULR/GITLOJIV./MILVOJY/TF/L/

QL�OQPQ/TGLJROT/TOQI/FX/{/VL[R-/�LMPIR/FX/~GLOJXLMM/UIGI/

SLTIYFGORIV/LR/XFMMFURo/VG[/UILTWIG/_~GLOJXLMM/�/1/QQb./RQLMM/

GLOJXLMM/IZIJT_Rb/_~GLOJXLMM/p/]/QQb./LJV/WOYWIG/GLOJXLMM/IZIJT_Rb/

_~GLOJXLMM/�/]/QQb-/
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GHI0�J�KLMNK�OLP�QMRQPROSTOHMRK�MU�VHUUPSPRO�WHMQHVPK�HR�OLP�

SHXPSK1�TK�T�UYRQOHMR�MU�OLP�NPTOLPS�QMRVHOHMRK0�ZLP�Q[TKKHUHQTOHMR�

MU�QPSOTHR�QM\]MYRVK�TK�]SH\TSH[̂�KOMS\NTOPS_�MS�NTKOPNTOPS_

WMSRP�KOP\K�USM\�OLP�QMRQ[YKHMRK�MU�MYS�]SPXHMYK�KOYV̂�MR�

WHMQHVPK�HR�YSWTR�VHKQLTSIPK0̀�aSHPU[̂1�P[PQOSHQT[�QMRVYQOHXHÔ�

\PTKYSP\PROK�NPSP�YKPV�OM�PXT[YTOP�KOMS\NTOPS�]SM]MSOHMR�HR�

bcd�KT\][PK�eQT[QY[TOPV�TK�T�VH[YOHMR�UTQOMS1�TKKY\HRI�T�\HfOYSP�

MU�STN�KOMS\_�TRV�NTKOPNTOPS�MR[̂g1�NLHQL�HR�OYSR�PRTW[PV�OLP�

P[YQHVTOHMR�MU�OLP�WHMQHVP�MSHIHRK0�h�]MKHOHXP�QMSSP[TOHMR�NTK�

PXHVPRQPV�WPONPPR�KOMS\NTOPS�]SM]MSOHMRK�TRV�OLP�

QMRQPROSTOHMRK�MU�VHYSMR1�HKM]SMOYSMR1�OPSWYOŜR1�OPWYQMRTiM[P1�

TRV�QTSWPRVTiH\1�NLHQL�KYIIPKOPV�OLTO�KOMS\NTOPS�QMRKOHOYOPK�

T�VM\HRTRO�]TOLNT̂�eNHOL�SPK]PQO�OM�NTKOPNTOPSg�UMS�OLPKP�

QM\]MYRVK0�dR�OLP�QMROSTŜ1�QMRQPROSTOHMRK�MU�\MKO�

HKMOLHTiM[HRMRPK1�TK�NP[[�TK�jkab1�T]]PTSPV�OM�VPQSPTKP�NHOL�

HRQSPTKHRI�KOMS\NTOPS�]SM]MSOHMR1�NLHQL�HRVHQTOPV�T�VH[YOHMR�MU�

NTKOPNTOPS�Ŵ�KOMS\NTOPS0�GMS�OLP�SP\THRHRI�WHMQHVPK1�WMOL�

KMYSQPK�NPSP�UMYRV�OM�QMROSHWYOP�PlYT[[̂0�

jROPSPKOHRI[̂1�WHMQHVPK�USM\�OLP�UHSKO�TRV�OLHSV�QTOPIMSHPK�

IPRPST[[̂�KLMNPV�LHILPS�QMRQPROSTOHMRK�HR�WMOL�SHXPSK�TUOPS�T�

STHR̂�]PSHMV0�GHIK0�JT�TRV�JQ�]SPKPRO�OLP�PfT\][PK�MU�

HKM]SMOYSMR�TRV�OPWYQMRTiM[P1�MR�OLP�MRP�LTRV1�TRV�

OLHTWPRVTiM[P�TRV�amn�bo21�MR�OLP�MOLPS�LTRV1�OLP�

QMRQPROSTOHMRK�MU�NLHQL�NPSP�KM\POH\PK�OPR_UM[V�LHILPS�TUOPS�

T�STHR�PXPRO�OLTR�HR�VŜ�NPTOLPS0�cH\H[TS�]TOOPSRK�NPSP�

MWKPSXPV�UMS�VHYSMR�TRV�amn�boJ1�TRV�OM�T�[PKKPS�PfOPRO1�UMS�

OPSWYOŜR�TRV�\PQM]SM]0�pMOHQPTW[̂1�PXPR�qK\T[[r�STHRUT[[�

PXPROK�T]]PTSPV�OM�WP�UM[[MNPV�Ŵ�TR�HRQSPTKP�HR�SHXPS�

QMRQPROSTOHMRK�QM\]TSPV�OM�VŜ�NPTOLPS0�bMROSTSHNHKP1�RM�

KHIRHUHQTRO�XTSHTOHMR�NTK�MWKPSXPV�UMS�\MKO�NTKOPNTOPS_WMSRP�

WHMQHVPK1�NLTOPXPS�OLP�NPTOLPS�QMRVHOHMRK1�TK�H[[YKOSTOPV�Ŵ�OLP�

PfT\][PK�MU�ajZ�TRV�sbdjZ�MR�GHI0�JW0�ZLHK�WPLTXHMYS�NTK�

KLTSPV�Ŵ�jkabt�LMNPXPS1�UMS�bujZ�TRV�djZ1�OLP�RY\WPS�MU�

lYTROHUHPV�XT[YPK�NTK�HRKYUUHQHPRO�OM�HVPROHÛ�OSPRVK0�

vPRQP1�OLP�]SPKPRO�SPKY[OK�OPRV�OM�QMRUHS\�OLTO�NPO�NPTOLPS�LTK�

RM�eMS�TO�[PTKO�XPŜ�[HOO[Pg�HRU[YPRQP�MR�OLP�QMRQPROSTOHMRK�MU�

KYWKOTRQPK�NHOL�T�\THR[̂�VM\PKOHQ�YKP�w�RMOTW[̂�

HKMOLHTiM[HRMRPK�w�PXPR�OLSMYIL�bcd�VHKQLTSIPK1�NLH[P�HO�

QMSSP[TOPK�NHOL�TR�HRQSPTKP�HR�OLP�QMRQPROSTOHMRK�MU�KYWKOTRQPK�

NHOL�NHVPK]SPTV�TRVxMS�MYOVMMS�YKPK�e*"y"z�TK�T�SMMU�MS�UTQTVP�

UYRIHQHVPg0�ZLHK�UHSKO�Q[YP�OM�OLP�QTYKPK�MU�OLP�TUMSP\PROHMRPV�

XTSHTWH[HÔ�MU�QMRQPROSTOHMRK�OPRVK�OM�QMSSMWMSTOP�OLP�SM[P�MU�

YSWTR�TSPTK�HR�OLP�SHXPS�QMROT\HRTOHMR�Ŵ�WHMQHVPK0�ZLP�[TQ{�MU�

T�K̂KOP\TOHQ�OSPRV�WPONPPR�qK\T[[r�TRV�qLHILr�PXPROK�eKM\P�

QM\]MYRVK�VHK][T̂PV�LHILPS�QMRQPROSTOHMRK�TUOPS�vSTHRUT[[�|�

}�\\�OLTR�TUOPS�vSTHRUT[[�~�}�\\g�\T̂�SPKY[O�USM\�VHUUPSPRO�

UTQOMSK1�T\MRI�NLHQL��VHUUPSPRQPK�HR�U[MN�STOPK1�TRV�

QMRKPlYPRO[̂�VH[YOHMR�UTQOMSK�MU�OLP�YSWTR�VHKQLTSIPKt�VHUUPSPRO�

]PSHMVK�MU�VŜ�NPTOLPS�]SHMS�OM�PTQL�STHRUT[[�PXPROt�MS�]YSP[̂�

KOMQLTKOHQ�TK]PQOK�MU�]STQOHQP_SP[TOPV�WHMQHVP�P\HKKHMRK�HR�

YSWTR�TSPTK0�hQLHPXHRI�T�lYTROHUHPV�XHKHMR�MU�OLPHS�SPK]PQOHXP�

QMROSHWYOHMRK�NMY[V�YRVMYWOPV[̂�SPlYHSP�\MSP�VTOTt�LMNPXPS1�

T�WSMTVPS�QMRQ[YKHMR�QTR�WP�VSTNR�Ŵ�QMRKHVPSHRI�OLTO�NPO_

NPTOLPS�SP[TOPV�VHKQLTSIPK�HRVYQP�T�XHKHW[P�H\]TQO�MR�OLP�

QMRQPROSTOHMRK�MU�KOMS\NTOPS_WMSRP�WHMQHVPK�HR�OLP�SHXPS1�

NLTOPXPS�OLP�STHRUT[[�VP]OL0�ZLHK�MWKPSXTOHMR�HK�MU�]TSOHQY[TS�

QMRQPSR�KHRQP�OLP�KPNPS�K̂KOP\�HK�\THR[̂�QM\WHRPV�HR�OLP�KOYV̂�

TSPT1�TRV�KYIIPKOK�PXPR�KOSMRIPS�PUUPQOK�TO�OLP�MYO[PO�MU�

KP]TSTOP�KPNPSK0�cM�TK�OM�ITHR�UYSOLPS�HRKHILO�HROM�OLP�

QMROSHWYOHMR�MU�YSWTR�VHKQLTSIPK1�OLP�UM[[MNHRI�]TSO�HK�VPVHQTOPV�

OM�TKKPKKHRI�\TKK�[MTVK�MU�WHMQHVPK0�
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=>??@AB�CD@DECDEFC�@GH>D�I@EJB�?@CC�JH@IC�HK�GEHFEILC�@AL�

MALCLNDLI�@C�C>MMJL?LND@AB�ENKHA?@DEHN2�O=P�Q@GJL�=R1�

SEKKLALND�HAILAC�HK�?@TNED>IL�FH>JI�GL�IECDENT>ECULIV�KAH?�@�

KLW�DLNC�HK�TXI@B�YECHMAHD>AHN2�ZPQ2�S[ZPQ2�DLAG>DABN2�FBG>DABN2�

DLAG>DUBJ@\ENL2�P]̂[2�DUE@GLNI@\HJL_�DH�̀a44�TXI@B�YIE>AHN2�̂PQ2�

[bPQ2�F@AGLNI@\E?2�DLG>FHN@\HJL2�?LFHMAHM_2�DH�CLcLA@J�

U>NIALIC�HK�TXI@B�HA�LcLN�d�a�eTXI@B�YbPQ�@NI�GLN\@JeHNE>?�

FH?MH>NIC_1�QUL�ALC>JDC�CUHW�DU@D�GHDU�AEcLAC�@JAL@IB�FHNcLB�

@�FLAD@EN�@?H>ND�HK�GEHFEILC�>MCDAL@?�DUL�CD>IB�@AL@2�

UETUJETUDENT�DUL�FHNDAEG>DEHN�HK�>MCDAL@?�CH>AFLC�f�LEDULA�

>AG@N�IECFU@ATLC�HA�@TAEF>JD>A@J�@FDEcEDELC�EN�DUL�b@ANL�@NI�

=LENL�W@DLACULIC1�

QUL�MHDLNDE@J�E?M@FD�HK�DUL�]@AEC�FHN>AG@DEHN�W@C�ENcLCDET@DLI�

GB�FH?M@AENT�>Mg�@NI�IHWNCDAL@?�JH@IC2�WUEFU�@C�?LNDEHNLI�

@GHcL�FH>JI�NHD�GL�>NILAD@eLN�WEDU�M@EALI�I@D@�CENFL�DUL�

C@?MJENT�I@DLC�IEI�NHD�NLFLCC@AEJB�FHENFEIL1�hLNFL2�DUL�WUHJL�

IECDAEG>DEHNC�HK�I@EJB�JH@IC�WLAL�FH?M@ALI1�i?HNT�DUL�aj�

GEHFEILC�>NILA�CD>IB2�DUL�IEKKLALNFL�GLDWLLN�DUL�FH?M>DLI�

>MCDAL@?�@NI�IHWNCDAL@?�c@J>LC�FH>JI�GL�FHNCEILALI�

CETNEKEF@ND�KHA�DUALL�HK�DUL?V�̂PQ�Y?LIE@N�c@J>LCV�k4l33�TXI@B�

>MCDAL@?2�am4ln4�TXI@B�IHWNCDAL@?2�M�o�4144a_2�DLAG>DABN�

Y?LIE@N� c@J>LCV� pnlq�TXI@B� >MCDAL@?2� kjlam�TXI@B�

IHWNCDAL@?2�M�o�4143q_2�@NI�DUE@GLNI@\HJL�Y?LIE@N�c@J>LCV�
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