
 
 

                                                                                               
 

TRACE Analysis sarl . 548, Chemin de Simandre . F-38850 Paladru / France . Tel. +33 971 24 86 89 . contact@trace-analysis.com  
___________________________________________________________________________________       

_______________________________________________________________________________ 
 

 

4!4�*B8DAB�78�@A"68BBDB�8C�4668BB";A8B

� ��"�-���-���
������
����
���#
48B�%�:?4SM�LIU=�S�MI?

������������

�I�WYi=MU.M�M>�SI�.VU.MU>YI>4VU�L�P`LYV.IY-?YM=�Wi>YVS4MY=�LIU=�SM=�MI?B�?=iM=�

LVTM=>4;?M=�M>�4UL?=>Y4MSSM=�=VU>�>Yh=�WYiV..?WIU>M=�WV?Y�SM�W?-S4.�MU�YI4=VU�LM�

=M=�MNNM>=�UV.4N=�M>�LM�=VU�4TWI.>�=?Y�SI�@4M�I;?I>4;?M	�7M=�YiOSMTMU>I>4VU=�M>�LM=�

UVYTM=�VU>�i>i�i>I-S4M=�;?4�MB4OMU>�?UM�=?Y@M4SSIU.M�=>Y4.>M�LM=�P`LYV.IY-?YM=�

Wi>YVS4MY=�I@IU>�;?�4S=�UM�W?4==MU>�j>YM�YMRM>i=�LIU=�S�MU@4YVUUMTMU>	�

:M?YM?=MTMU>��SM�=`=>hTM�L�MB>YI.>4VU�I?>VTI>4=i�"48B��LM�6BC�NV?YU4>�I?B�

?>4S4=I>M?Y=�?U�IUIS`=M?Y�L�P?4SM�LIU=�S�MI?�f�.V?YIU>�SI>iYIS�;?4�?>4S4=M�SI�

NS?VYM=.MU.M�WV?Y�NV?YU4Y�LM=�TM=?YM=�WYi.4=M=�LM=�.VU.MU>YI>4VU=�L�P?4SM�LIU=�

S�MI?	���48B�M=>�.IWI-SM�L�MNNM.>?MY�LM=�MB>YI.>4VU=�S4;?4LM%S4;?4LM�MU>4hYMTMU>�

I?>VTI>4=iM=�;?4�=VU>�M==MU>4MSSM=�WV?Y�iS4T4UMY�SM=�4U>MYNiYMU.M=�LM�NVUL�LIU=�

S�i.PIU>4SSVU	���48B�WYVL?4>�LM=�LVUUiM=�N4I-SM=�MU�>MTW=�YiMS�;?4�WMYTM>>MU>�I?B�

VWiYI>M?Y=�LM�WYMULYM�LM=�TM=?YM=�LM�Li.PIYOM�WYi.4=M=�M>�L�ITiS4VYMY�S�MNN4.I.4>i�

LM�SI�=iWIYI>4VU��WMYTM>>IU>�I4U=4�LM=�YiL?.>4VU=�LM�.Vn>=	

���������
���#�

q

q

q

 M=?YM�I@M.�WYi.4=4VU�SI�.VU.MU>YI>4VU�L�P?4SM�LIU=�S�MI?�>V?>�MU�WYVL?4=IU>�

LM=�Yi=?S>I>=�MU�>MTW=�YiMS	

D>4S4=M�S�MB>YI.>4VU�S4;?4LM%S4;?4LM�WV?Y�iS4T4UMY�SM=�
4U>MYNiYMU.M=�LM�NVUL�LIU=�S�i.PIU>4SSVU	
��IWWS4.I>4VU�48B�6VU>YVS�@IUMS�WMYTM>�f�S�?>4S4=I>M?Y�L�IR?=>MY�SM=�WIYITh>YM=�LM�TM=?YM��

LM�=VY>4M�M>�LM�RV?YUIS4=I>4VU�LM�S�?U4>i	�;S�WMYTM>�iOISMTMU>�f�S�?>4S4=I>M?Y�L�INN4.PMY�LM=�

LVUUiM=�P4=>VY4;?M=��L�MBWVY>MY�LM=�LVUUiM=�@MY=�8B.MS�I?�NVYTI>�	.=@�M>�L�MUYMO4=>YMY�V?�

LM�YM=>I?YMY�LM=�Ti>PVLM=�LM�TM=?YM�IU>iY4M?YM=	

�I�NVU.>4VU�4?>V%C?UM�VW>4T4=M�I?>VTI>4;?MTMU>�SM�WIYITh>YM�LM�TM=?YM��

>IUL4=�;?M�4?>V%6IS�Li>MYT4UM�SM=�WV4U>=�L�i>ISVUUIOM�f�S�I4LM�LM=�UVYTM=�

NV?YU4M=�WIY�S�?>4S4=I>M?Y	��M=�=VY>4M=�LM�LVUUiM=�=>IULIYL�4U.S?MU>�SM�

SVO4.4MS� "75DB��,%
(�T4�M>�DB5�@MY=�6BC	

�I4-SM�.Vn>�LM�WV==M==4VU�=IU=�MU>YM>4MU�.V?YIU>	

q

q

q

	��-���
��������
������-���
�����
���������
��-
���-���������
��������

6IW>M?Y=�M>�>M.PUVSVO4M�WMY=VUUIS4=i=
-�)�4BT4U4=>MY�7Y	
�MU>VU�� "�.�(
.

CiSiWPVUM1�".�.���(-%(...
BISM=3.?=>VT=MU=VY=	.VT
AAA	.?=>VT=MU=VY=	.VT



 
 

                                                                                               
 

TRACE Analysis sarl . 548, Chemin de Simandre . F-38850 Paladru / France . Tel. +33 971 24 86 89 . contact@trace-analysis.com  
___________________________________________________________________________________       

_______________________________________________________________________________ 
 

 

4!4�*B8DAB�78�@A"68BBDB�8C�4668BB";A8B

���� ���-�!�

��48B�MNNM.>?M�I?>VTI>4;?MTMU>�?UM�MB>YI.>4VU�S4;?4LM%S4;?4LM�LIU=�?U�.ILYM�LM�WYV.M==?=�;?4�M=>�M==MU>4MS�WV?Y�MNNM.>?MY�?UM�TM=?YM�WYi.4=M�LM�NS?VYM=.MU.M	�
��MB>YI.>4VU�S4;?4LM%S4;?4LM�M=>�?UM�Ti>PVLM�WV?Y�=iWIYMY�SM=�.VTWV=i=��=?Y�SI�-I=M�LM�SM?Y=�=VS?-4S4>i=�YMSI>4@M=�LIU=�LM?B�S4;?4LM=�UVU�T4=.4-SM=�L4NNiYMU>=	

���� ����������-�-��

CV?>�L�I-VYL��S�48B�Yi.?WhYM�?U�@VS?TM�.VUU?�L�i.PIU>4SSVU�f�WIY>4Y�L�?U�NS?B�LM�WYV.M==?=�@4I�?UM�-V?.SM�YIW4LM�M>�IRV?>M�?U�@VS?TM�.VUU?�LM�=VS@IU>	�
8U=?4>M��4S�TiSIUOM�SM=�WPI=M=�i.PIU>4SSVU�M>�=VS@IU>�WV?Y�.YiMY�?UM�iT?S=4VU��;?4�WMYTM>�I?�=VS?>i�LM�WI==MY�f�SI�WPI=M�=VS@IU>	�8UN4U��S�4U=>Y?TMU>�48B�
Li>MYT4UM�SI�.VU.MU>YI>4VU�L?�=VS?>i�I?�TV`MU�L�?UM�TM=?YM�LM�NS?VYM=.MU.M�YiIS4=iM�LIU=�SI�.PIT-YM�L�IUIS`=M	

�I�WVTWM�f�=MY4UO?M�f�.`S4ULYiM�@IY4I-SM�TM=?YM�SM=�@VS?TM=�L�i.PIU>4SSVU�M>�LM�=VS@IU>�M>�WYVW?S=M�>V?=�SM=�NS?4LM=�f�>YI@MY=�SM�=`=>hTM	��M=�YI>4V=�L�i.PIU>4SSVU�
M>�LM�=VS@IU>�WM?@MU>�j>YM�i>ISVUUi=�L`UIT4;?MTMU>�WV?Y�YiWVULYM�I?B�MB4OMU.M=�LM�.PI;?M�4U=>ISSI>4VU�?U4;?M	�7M�WS?=��SI�.PIT-YM�L�IUIS`=M�NI.4S4>M�
S�MB>YI.>4VU�M>�M=>�=4>?iM�WIYISShSMTMU>�f�SI�WVTWM�=MY4UO?M	��M=�NS?4LM=�IS>MYUMU>�MU>YM�SI�.PIT-YM�L�IUIS`=M�M>�SI�WVTWM�f�=MY4UO?M�WV?Y�NV?YU4Y�S�I.>4VU�LM�
TiSIUOM	��M�NS?4LM�WI==M�f�>YI@MY=�>V?>M�SI�@IUUM�LM�.VTT?>I>4VU�LM�NS?B�LM�=VY>M�;?M�>V?=�SM=�NS?4LM=�L?�=`=>hTM�=V4MU>�4U.VYWVYi=�WMULIU>�SM�WYV.M==?=�
L�MB>YI.>4VU	��M�NS?4LM�M=>�.VU>4U?MSSMTMU>�i.PIUOi�MU>YM�SI�.PIT-YM�L�IUIS`=M�M>�SI�WVTWM�f�=MY4UO?M�R?=;?�f�.M�;?M�SM�WYV.M==?=�L�MB>YI.>4VU�=V4>�>MYT4Ui	�DUM�
NV4=�>MYT4Ui��S�48B�MNNM.>?M�SI�TM=?YM�LM�NS?VYM=.MU.M�M>�INN4.PM�SI�.VU.MU>YI>4VU	

6IW>M?Y=�M>�>M.PUVSVO4M�WMY=VUUIS4=i=
-�)�4BT4U4=>MY�7Y	
�MU>VU�� "�.�(
.

CiSiWPVUM1�".�.���(-%(...
BISM=3.?=>VT=MU=VY=	.VT
AAA	.?=>VT=MU=VY=	.VT



 
 

                                                                                               
 

TRACE Analysis sarl . 548, Chemin de Simandre . F-38850 Paladru / France . Tel. +33 971 24 86 89 . contact@trace-analysis.com  
___________________________________________________________________________________       

_______________________________________________________________________________ 
 

 

4!4�*B8DAB�78�@A"68BBDB�8C�4668BB";A8B

��#���-��-����������-�-��� ������-��-��-

��48B�?>4S4=M�SI�NS?VYM=.MU.M�WV?Y�TM=?YMY�I@M.�WYi.4=4VU�SM=�.VU.MU>YI>4VU=�L�P?4SM�LIU=�S�MI?	��I�NS?VYM=.MU.M�=M�WYVL?4>�SVY=;?�?UM�TVSi.?SM�I-=VY-M�S�iUMYO4M�S?T4UM?=M�f�?UM�

SVUO?M?Y�L�VULM�M>�YiiTM>�LM�SI�S?T4hYM�f�?UM�I?>YM�SVUO?M?Y�L�VULM��OiUiYISMTMU>�WS?=�SVUO?M	��I�SVUO?M?Y�L�VULM�f�SI;?MSSM�S�I-=VYW>4VU�TIB4TISM�=M�WYVL?4>�M=>�IWWMSiM�SVUO?M?Y�

L�VULM�L�MB.4>I>4VU��M>�SI�SVUO?M?Y�L�VULM�f�SI;?MSSM�S�iT4==4VU�TIB4TISM�=M�WYVL?4>�M=>�IWWMSiM�SVUO?M?Y�L�VULM�L�iT4==4VU	���48B�?>4S4=M�LM=�N4S>YM=�VW>4;?M=�WV?Y�NV?YU4Y�LM=�OITTM=�LM�

SVUO?M?Y=�L�VULM�L�MB.4>I>4VU�'�iT4==4VU�=Wi.4N4;?M=�.PV4=4M=�WV?Y�.VlU.4LMY�I@M.�SI�NS?VYM=.MU.M�LM�S�P?4SM	

�I�=WM.>YV=.VW4M�LM�NS?VYM=.MU.M�WM?>�j>YM�?>4S4=iM�WV?Y�TM=?YMY�SI�.VU.MU>YI>4VU�L�?U�.VTWV=i�.IY�S�4U>MU=4>i�LM�NS?VYM=.MU.M�M=>�S4UiI4YMTMU>�WYVWVY>4VUUMSSM�f�SI�
.VU.MU>YI>4VU�LM�SI�TVSi.?SM�NS?VYM=.MU>M	�BM?SM=�SM=�TVSi.?SM=�NS?VYM=.MU>M=�WM?@MU>�j>YM�Li>M.>iM=�WIY�.M>>M�Ti>PVLM��.MWMULIU>��SI�=MU=4-4S4>i�M>�SI�=Wi.4N4.4>i�LM=�
TM=?YM=�LM�NS?VYM=.MU.M�.VUL?4=MU>�f�LM=�SM.>?YM=�WS?=�WYi.4=M=�M>�WYi.4=M=�;?M�SM=�Ti>PVLM=�LM�TM=?YM�L�I-=VY-IU.M�.VTWIYI-SM=	

�I�=VULM�LM�NS?VYM=.MU.M�LM�=?YNI.M�I@IU>�M=>�S�iSiTMU>�.Si�WV?Y�MNNM.>?MY�?UM�TM=?YM�I@M.�S�48B	��I�=V?Y.M�LM�S?T4hYM�LIU=�S�48B�NV?YU4>�LM�S�iUMYO4M�L�MB.4>I>4VU�
f�SI�WV4U>M�LM�SI�=VULM�@4I�?U�.g-SM�f�N4-YM�VW>4;?M	��I�SMU>4SSM�=WPiY4;?M��=4>?iM�=?Y�SI�=?YNI.M�LM�Li>M.>4VU�LM�SI�=VULM��.VU.MU>YM�.M>>M�iUMYO4M�f�>YI@MY=�SI�NMUj>YM�
LM�SI�=VULM�MU�=IWP4Y	���iUMYO4M�M=>�MU=?4>M�I-=VY-iM�WIY�SM�Wi>YVSM�;?4�.YiM�LM�S�iUMYO4M�L�iT4==4VU	�6M>>M�iUMYO4M�L�iT4==4VU�M=>�YMU@V`iM�f�S�48B�WIY�?U�I?>YM�
.g-SM�f�N4-YM�VW>4;?M�M>�M=>�L4Y4OiM�@MY=�SM�Li>M.>M?Y�LM�TM=?YM�Vm�SM�=4OUIS�LM�.VU.MU>YI>4VU�M=>�Li>M.>i	��I�=VULM�LM�NS?VYM=.MU.M�LM�=?YNI.M�I@IU>�M=>�TV4U=�
=MU=4-SM�f�S�MNNM>�LM�N4S>YM�4U>MYUM�M>�I?B�-?SSM=�V?�I?B�=VS4LM=�MU�=?=WMU=4VU�MU�YI4=VU�LM�=I�.VU.MW>4VU�LM�SI�=VULM�LM�=?YNI.M�I@IU>	

6V?@MY>�WIY�SM�-YM@M>�ITiY4.I4U�U�c�/��0
�,-0

6IW>M?Y=�M>�>M.PUVSVO4M�WMY=VUUIS4=i=
-�)�4BT4U4=>MY�7Y	
�MU>VU�� "�.�(
.

CiSiWPVUM1�".�.���(-%(...
BISM=3.?=>VT=MU=VY=	.VT
AAA	.?=>VT=MU=VY=	.VT



 
 

                                                                                               
 

TRACE Analysis sarl . 548, Chemin de Simandre . F-38850 Paladru / France . Tel. +33 971 24 86 89 . contact@trace-analysis.com  
___________________________________________________________________________________       

_______________________________________________________________________________ 
 

 

 

4!4�*B8DAB�78�@A"68BBDB�8C�4668BB";A8B

��#�����
�������-������-�����

�
��-���-
@Y4U.4WM�LM�TM=?YM

EIY4MY

@Yi.4=4VU

AiWi>I-4S4>i

�S?VYM=.MU.M�WIY�MB>YI.>4VU�S4;?4LM%S4;?4LM�(%)((�WWT�

f�(%,-�(((�WWT�:?4SM�LIU=�S�MI?

d�) �LM�SI�WSM4UM�i.PMSSM�V?�T4M?B

d�(�- �LM�SI�WSM4UM�i.PMSSM�V?�T4M?B

�-��������������-����������-�-��

CMTWiYI>?YM�IT-4IU>M

CMTWiYI>?YM�LM�WYV.M==

@YM==4VU�LM�WYV.M==

,)�f�)

�c���"-�f�-(�c�6�

,)�f�)

�c���"-�f�-(�c�6�

(�f�)((�W=4

�
���������
����
BVY>4M�LM�TM=?YM�'�L4IOUV=>4.

4SIYTM

4NN4.PIOM�MT-IY;?i��4=VSi�,%
(T4��AB%,0-�" VL-?=�ACD�

4D6D!�YMSI4=�.(E76�'�(	/,4TIB

����-��-���-���������
��-
8B4OMU.M=�L�IS4TMU>I>4VU

6VU=VTTI>4VU=�L�iUMYO4M

44Y�L�4U=>Y?TMU>

00%)�
E46�'�)/.%
.,E46�%�-(�'�.(:a

)
(�F�TIB

)((%))(�W=42�)�.NT�TIB4T?T

'� ����-
 I>iY4I?�L?�-VN>4MY

74TMU=4VU=�PVY=�>V?>

4.4MY�4UVB`LI-SM��(,


(����B�)(��@�B�-(��:

(�
()0

6IW>M?Y=�M>�>M.PUVSVO4M�WMY=VUUIS4=i=
-�)�4BT4U4=>MY�7Y	
�MU>VU�� "�.�(
.

CiSiWPVUM1�".�.���(-%(...
BISM=3.?=>VT=MU=VY=	.VT
AAA	.?=>VT=MU=VY=	.VT


