
>aX^]
C<

<d[cXVPb�3TcTRc^a

>_TaPcX]V <P]dP[

8] =^acW 0\TaXRP� c^ R^]cPRc h^da ]TPaTbc bc^RZX]V [^RPcX^]� SXP[ c^[[�UaTT  �'���<B0�!!!!� C^ R^]cPRc

<B0 8]cTa]PcX^]P[� SXP[  �# !�(%&�""$# ^a  �'���<B0�&&&&�

� <8=4 B054CH 0??;80=24B 2><?0=H !�� � 0[[ AXVWcb ATbTaeTS

<P]dUPRcdaTS Qh

<B0 8=BCAD<4=C 38E8B8>=
?�>� 1^g #!&� ?XccbQdaVW� ?T]]bh[eP]XP  $!"�

�;� ATe !  ��! $$$



» H2C?:?8

E9:D >2?F2= >FDE 36 42C67F==J C625 3J 2== :?5:G:5F2=D H9@ 92G6 @C H:== 92G6
E96 C6DA@?D:3:=:EJ 7@C FD:?8 @C D6CG:4:?8 E96 AC@5F4E� =Z\V R_j aZVTV `W T`^a]Vi
VbfZa^V_e� eYZd Z_decf^V_e hZ]] aVcW`c^ Rd UVdZX_VU `_]j ZW Ze Zd fdVU R_U dVcgZTVU Z_
RTT`cUR_TV hZeY eYV ^R_fWRTefcVc¶d Z_decfTeZ`_d� @E96CH:D6 :E 4@F=5 72:= E@ A6C7@C>
2D 56D:8?65 2?5 A6CD@?D H9@ C6=J @? E9:D AC@5F4E 7@C E96:C D276EJ 4@F=5
DFDE2:? D6G6C6 A6CD@?2= :?;FCJ @C 562E9�

CWT fPaaP]cXTb \PST Qh <X]T BPUTch 0__[XP]RTb 2^\_P]h fXcW aTb_TRc c^ cWT _a^SdRc PaT e^XSTS XU

cWT _a^SdRc Xb ]^c dbTS P]S bTaeXRTS X] PRR^aSP]RT fXcW cWT X]bcadRcX^]b X] cWXb \P]dP[� ?[TPbT

_a^cTRc h^dabT[U P]S ^cWTab Qh U^[[^fX]V cWT\� FT T]R^daPVT ^da Rdbc^\Tab c^ faXcT ^a RP[[

aTVPaSX]V cWXb T`dX_\T]c _aX^a c^ dbT ^a U^a P]h PSSXcX^]P[ X]U^a\PcX^] aT[PcXeT c^ dbT ^a aT_PXab�

» 42FE:@?

5^a bPUTch aTPb^]b� cWXb T`dX_\T]c \dbc QT ^_TaPcTS Qh `dP[XUXTS _Tab^]]T[ ^][h� ATPS P]S

d]STabcP]S cWT X]bcadRcX^] \P]dP[ R^\_[TcT[h QTU^aT ^_TaPcX]V�



ERS]V `W 4`_eV_ed

2WP_cTa  
8]bcad\T]c BPUTch P]S 2TacXUXRPcX^]b � � � � � � � � � � � � � � � � � � �  � 

» F0A=8=6 � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �  � 

BPUTch ;X\XcPcX^]b P]S ?aTRPdcX^]b � � � � � � � � � � � � � � � � � � � � � � � � � � � �  �!

3PcT ^U 8]bcad\T]c <P]dUPRcdaT � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �  �#

2TacXUXRPcX^]b � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �  �#

4[TRca^]XR 8]cTaUTaT]RT � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �  �#

2WP_cTa !
@dXRZ BcPac � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � !� 

5XVdaT !� � D]STabcP]SX]V cWT 3Xb_[Ph � � � � � � � � � � � � � � � � � !� 

Cda]X]V >= cWT >aX^] <d[cXVPb 3TcTRc^a� � � � � � � � � � � � � � � � � � � � � � � � !�!

5XVdaT !�!� 5[^f 3XPVaP\ � � � � � � � � � � � � � � � � � � � � � � � � � � � � !�!

<^eX]V CWa^dVW cWT >aX^] <d[cXVPb 3TcTRc^a ?PVTb � � � � � � � � � � � � � !�"

5XVdaT !�"� >aX^] 1dcc^]b � � � � � � � � � � � � � � � � � � � � � � � � � � � !�"

Cda]X]V >55 cWT >aX^] <d[cXVPb 3TcTRc^a � � � � � � � � � � � � � � � � � � � � � � � !�#

2WP_cTa "
DbX]V cWT >aX^] <d[cXVPb 3TcTRc^a � � � � � � � � � � � � � � � � � � � � "� 

Cda]X]V >= cWT >aX^] <d[cXVPb 3TcTRc^a� � � � � � � � � � � � � � � � � � � � � � � � "� 

8]bcP[[X]V cWT 1PccTah ?PRZ �586DA4 "� � � � � � � � � � � � � � � � � � � � � � � "� 

5XVdaT "� � 1PccTah ?PRZ 8]bcP[[PcX^] � � � � � � � � � � � � � � � � � � � "� 

5aTbW 0Xa BTc D_ >_cX^] � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � "�!

» F0A=8=6 � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � "�!

7TPacQTPc 8]SXRPc^a �bTT 586DA4 "�!� � � � � � � � � � � � � � � � � � � � � � � � "�"

1PccTah ;XUT 8]SXRPc^a �bTT 586DA4 "�!� � � � � � � � � � � � � � � � � � � � � � � "�"

1PccTah FPa]X]V � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � "�"

5XVdaT "�!� 1PccTah P]S 7TPacQTPc 8]SXRPc^ab � � � � � � � � � � � � "�"

1PccTah BWdcS^f] � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � "�#

>_TaPcX]V <P]dP[ CPQ[T ^U 2^]cT]cb

C>2� 



» F0A=8=6� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � "�#

» 20DC8>= � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � "�$

» F0A=8=6� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � "�$

ETaXUhX]V ?d\_ >_TaPcX^] � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � "�$

» F0A=8=6� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � "�%

» F0A=8=6� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � "�%

5XVdaT "�"� ?d\_ 0[Pa\ ^] cWT 3Xb_[Ph � � � � � � � � � � � � � � � � "�%

C^ 2[TPa P] 0[Pa\ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � "�&

2P[XQaPcX^] 2WTRZ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � "�&

3XUUdbX^] 8]bcad\T]c � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � "�&

5XVdaT "�#� 8]bcad\T]c fXcW 2P[XQaPcX^] 2P_ 8]bcP[[TS � � � � � "�&

?d\_TS 8]bcad\T]c �586DA4 "�$� � � � � � � � � � � � � � � � � � � � � � � � � � � "�'

5XVdaT "�$� ?d\_TS 8]bcad\T]c fXcW 2P[XQaPcX^] CdQX]V � � � "�'

<TPbdaX]V 6Pb 2^]RT]caPcX^]b � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � "�(

2^\QdbcXQ[T VPbTb �� ;4;� �586DA4 "�%� � � � � � � � � � � � � � � � � � � � "�(

5XVdaT "�%� 8]bcad\T]c X] ;4; 0[Pa\ � � � � � � � � � � � � � � � � � � "�(

» F0A=8=6� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � "� �

>ghVT] <TPbdaT\T]cb �� >!� �586DA4 "�&� � � � � � � � � � � � � � � � � "� �

5XVdaT "�&� 8]bcad\T]c X] >ghVT] 0[Pa\ � � � � � � � � � � � � � � "� �

» F0A=8=6� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � "�  

C^gXR 6Pb <TPbdaT\T]cb �586DA4 "�'� � � � � � � � � � � � � � � � � � � � � � "�  

» F0A=8=6� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � "�  

5XVdaT "�'� 8]bcad\T]c X] C^gXR 6Pb 0[Pa\ � � � � � � � � � � � � "�  

EXTfX]V >_cX^]P[ 3Xb_[Phb �bTT 586DA4 "�(� � � � � � � � � � � � � � � � � � � � "� !

5XVdaT "�(� 5[^f 3XPVaP\ � � � � � � � � � � � � � � � � � � � � � � � � � � "� !

?TPZ ATPSX]Vb �?40:� �586DA4 "� �� � � � � � � � � � � � � � � � � � � � � � � "� "

<X]X\d\ ATPSX]Vb �<8=� �586DA4 "�  � � � � � � � � � � � � � � � � � � � � "� "

5XVdaT "� �� ?40: ATPSX]Vb ^] cWT 3Xb_[Ph � � � � � � � � � � � "� "

5XVdaT "�  � <8= ATPSX]V ^] 3Xb_[Ph � � � � � � � � � � � � � � � � "� "

BW^ac CTa\ 4g_^bdaT ;X\Xcb �BC4;� �586DA4 "� !� � � � � � � � � � � � "� #

5XVdaT "� !� 4g_^bdaT ?PVT fXcW BC4; 0[Pa\ � � � � � � � � � � "� #

» F0A=8=6� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � "� $

CPQ[T ^U 2^]cT]cb >_TaPcX]V <P]dP[

C>2�!



CX\T FTXVWcTS 0eTaPVT �CF0� �586DA4 "� "�� � � � � � � � � � � � � � � � "� $

5XVdaT "� "� 4g_^bdaT ?PVT fXcW CF0 0[Pa\ � � � � � � � � � � � "� $

» F0A=8=6 � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � "� %

CX\T 3Xb_[Ph �586DA4 "� #� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � "� &

3PcT 3Xb_[Ph �586DA4 "� $�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � "� &

5XVdaT "� #� CX\T 3Xb_[Ph � � � � � � � � � � � � � � � � � � � � � � � � � � "� &

5XVdaT "� $� 3PcT 3Xb_[Ph � � � � � � � � � � � � � � � � � � � � � � � � � � � "� &

Cda]X]V >55 cWT >aX^] <d[cXVPb 3TcTRc^a � � � � � � � � � � � � � � � � � � � � � � "� '

2WP_cTa #
BTccX]V d_ cWT <d[cXVPb 3TcTRc^a � � � � � � � � � � � � � � � � � � � � � #� 

?^fTa BhbcT\b � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � #� 

CPQ[T #� � 0__a^gX\PcT 1PccTah Ad] CX\Tb �!�^2� � � � � � � � � #� 

CPQ[T #�!� 2P_PRXch ATSdRcX^]b 4g_TRcTS U^a 1PccTaXTb Pc
2^[STa CT\_TaPcdaTb � � � � � � � � � � � � � � � � � � � � � � � #� 

1PccTah ?PRZ AT\^eP[ �586DA4 #� � � � � � � � � � � � � � � � � � � � � � � � � � � #� 

1PccTah 2WPaVX]V �=X<7 1PccTah ?PRZ >][h� � � � � � � � � � � � � � � � � � � � #�!

» 20DC8>= � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � #�!

C^ 2WPaVT cWT 1PccTah ?PRZ �0�2� 2WPaVTa  ��!�$$ � � � � � � � � � � #�!

5XVdaT #� � AT\^eX]V cWT 1PccTah � � � � � � � � � � � � � � � � � � � � � #�!

C^ 2WPaVT cWT 1PccTah ?PRZ �ETWXR[T 2WPaVTa  ��!%$�!� � � � � � � #�"

0[ZP[X]T 1PccTah ?PRZ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � #�"

CPQ[T #�"� 1PccTaXTb 0__a^eTS U^a dbT X] cWT >aX^]
0[ZP[X]T 1PccTah ?PRZ � � � � � � � � � � � � � � � � � � � � � � � #�#

C^ AT_[PRT cWT 1PccTaXTb � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � #�#

2WP]VX]V 8]bcad\T]c BTccX]Vb � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � #�#

CPQ[T #�#� 0ePX[PQ[T 8]bcad\T]c BT[TRcX^]b P]S <TcW^Sb
U^a 2WP]VX]V BT[TRcX^]b � � � � � � � � � � � � � � � � � � � � � #�$

2WP]VX]V CX\T P]S 3PcT �3PcP[^V 4`dX__TS 8]bcad\T]cb >][h� � � � #�$

C^ 2WP]VT cWT CX\T ^U 3Ph) � � � � � � � � � � � � � � � � � � � � � � � � � � � � � #�$

C^ 2WP]VT cWT 3PcT)� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � #�$

0RRTbbX]V cWT 8]bcad\T]c BTcd_ <^ST �586DA4B #�! P]S #�"� � � � #�%

>_TaPcX]V <P]dP[ CPQ[T ^U 2^]cT]cb

C>2�"



C^ 0RRTbb cWT 8]bcad\T]c BTc�d_ <^ST) � � � � � � � � � � � � � � � � � � � #�%

5XVdaT #�!� 8]bcad\T]c BTcd_ <^ST �_Pac  ^U !� � � � � � � � � � #�&

5XVdaT #�"� 8]bcad\T]c BTcd_ <^ST �_Pac ! ^U !� � � � � � � � � � #�'

FWT] X] cWT BTc�d_ <^ST� cWT 5^[[^fX]V >_cX^]b 0__TPa) � � � � � #�(

» F0A=8=6� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � #�(

2WP_cTa $
2P[XQaPcX^] � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � $� 

2P[XQaPcX]V cWT >aX^] <d[cXVPb 3TcTRc^a � � � � � � � � � � � � � � � � � � � � � � � � $� 

CPQ[T $� � 0dc^RP[XQaPcX^] P]S AT`dXaTS 2P[XQaPcX^]
2h[X]STab� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � $� 

C^ 2P[XQaPcT cWT >aX^] <d[cXVPb 3TcTRc^a �586DA4 $� �) � � � � � � � � � $� 

5XVdaT $� � 2P[XQaPcX^] 5[^f 2WPac � � � � � � � � � � � � � � � � � � � � $�!

5XVdaT $�!� ITa^ 5[PV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � $�"

5XVdaT $�"� 20; 5[PV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � $�"

0dc^RP[XQaPcX^] 5PX[daT � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � $�#

5XVdaT $�#� Ch_XRP[ 2P[XQaPcX^] BTcd_ � U^a 3XUUdbX^] fXcW
2P[ 2P_ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � $�$

5XVdaT $�$� Ch_XRP[ 2P[XQaPcX^] BTcd_ � U^a ?d\_TS
ETabX^]b � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � $�$

0RRTbbX]V cWT 4g_P]STS C^[TaP]RT 2P[XQaPcX^] � � � � � � � � � � � � � � $�%

2WP_cTa %
FPaaP]ch� <PX]cT]P]RT P]S Ca^dQ[TbW^^cX]V� � � � � � � � � � � � � %� 

<B0 ?^acPQ[T 8]bcad\T]c FPaaP]ch � � � � � � � � � � � � � � � � � � � � � � � � � � � %� 

2[TP]X]V P]S ?TaX^SXR 2WTRZb � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � %�!

» F0A=8=6� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � %�!

2[TP]X]V P]S A^dcX]T 2PaT � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � %�"

» F0A=8=6� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � %�"

2WTRZX]V CWT ?d\_ 8][Tc 5X[cTa � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � %�"

AT_[PRX]V cWT 5X[cTab� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � %�#

» 20DC8>= � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � %�#

CPQ[T ^U 2^]cT]cb >_TaPcX]V <P]dP[

C>2�#



3dbc 5X[cTa �bTT 586DA4 '�! P]S C01;4 '�!� � � � � � � � � � � � � � � � %�#

FPcTa 5X[cTa � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � %�#

8]cTa]P[ �5XaTfP[[� 5X[cTa �bTT 586DA4B '� P]S '�! P]S
C01;4 '�!� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � %�#

» 20DC8>= � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � %�$

» F0A=8=6 � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � %�$

?a^QT 5X[cTa � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � %�%

Bc^aPVT � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � %�%

» F0A=8=6 � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � %�%

5XVdaT %� � AT_[PRX]V cWT ?a^QT 5X[cTa � � � � � � � � � � � � � � � � � � %�%

BWX_\T]c � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � %�&

Ca^dQ[TbW^^cX]V � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � %�&

CPQ[T %� � Ca^dQ[TbW^^cX]V 6dXST[X]Tb � � � � � � � � � � � � � � � � � � %�'

AT_PXa ?a^RTSdaTb� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � %�(

1PccTah ?PRZ AT_[PRT\T]c � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � %�(

AT\^eT cWT 1PccTah ?PRZ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � %�(

AT_[PRT cWT 1PccTah ?PRZ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � %�(

BT]b^a AT_[PRT\T]c � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � %�(

» F0A=8=6 � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � %� �

<PX] 4[TRca^]XRb 1^PaS AT_[PRT\T]c� � � � � � � � � � � � � � � � � � � � � � � � %� �

» 20DC8>=� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � %� �

» 20DC8>= � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � %� �

» F0A=8=6 � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � %�  

3Xb_[Ph 0bbT\Q[h AT_[PRT\T]c � � � � � � � � � � � � � � � � � � � � � � � � � � � � %� !

» 20DC8>= � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � %� !

» 20DC8>= � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � %� !

» F0A=8=6 � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � %� "

7^a] 0bbT\Q[h AT_[PRT\T]c � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � %� #

?d\_ AT_[PRT\T]c� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � %� #

» 20DC8>= � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � %� #

» 20DC8>=� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � %� #

» F0A=8=6 � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � %� $

>_TaPcX]V <P]dP[ CPQ[T ^U 2^]cT]cb

C>2�$



2WP_cTa &
?TaU^a\P]RT B_TRXUXRPcX^]b � � � � � � � � � � � � � � � � � � � � � � � � � &� 

CPQ[T &� � 2TacXUXRPcX^]b � � � � � � � � � � � � � � � � � � � � � � � � � � � � � &� 

CPQ[T &�!� 8]bcad\T]c B_TRXUXRPcX^]b � � � � � � � � � � � � � � � � � � � &�!

CPQ[T &�"� 2><1DBC81;4 60B � Ch_XRP[ ?TaU^a\P]RT
B_TRXUXRPcX^]b � � � � � � � � � � � � � � � � � � � � � � � � � � � � � &�"

CPQ[T &�#� 2><1DBC81;4 60B � 2a^bb ATUTaT]RT 5PRc^ab
U^a >aX^] 6T]TaP[�?da_^bT 2P[XQaPcX^] DbX]V
2P[XQaPcX^] 2h[X]STa �?�= #&' ( �� �?�=
#&' (!�� �?�= '�#&%(�� ^a �?�= '�#&&�� BTc
c^ $'� ;4; � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � &�"

4]eXa^]\T]c P]S >ghVT] BT]b^a ATPSX]Vb � � � � � � � � � � � � � � � � &�#

?aTbbdaT 2WP]VTb � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � &�#

7d\XSXch 2WP]VTb � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � &�#

CT\_TaPcdaT 2WP]VTb � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � &�#

CPQ[T &�$� >GH64= � Ch_XRP[ ?TaU^a\P]RT B_TRXUXRPcX^]b � � &�#

CPQ[T &�%� 20A1>= <>=>G834 �P__a^_aXPcT \^ST[b ^][h�
� Ch_XRP[ ?TaU^a\P]RT B_TRXUXRPcX^]b � � � � � � � � � � &�$

CPQ[T &�&� 20A1>= <>=>G834 � 2a^bb ATUTaT]RT 5PRc^ab
U^a >aX^] 2P[XQaPcX^] DbX]V 2P[XQaPcX^] 2h[X]STa
�?�= #&' ( � ^a �?�= '�#&&��� � � � � � � � � � � � � � � &�$

CPQ[T &�'� 7H3A>64= BD;5834 �P__a^_aXPcT \^ST[b
^][h� � Ch_XRP[ ?TaU^a\P]RT B_TRXUXRPcX^]b � � � � � &�%

CPQ[T &�(� 7H3A>64= BD;5834 � 2a^bb ATUTaT]RT
5PRc^ab U^a >aX^] 2P[XQaPcX^] DbX]V 2P[XQaPcX^]
2h[X]STa �?�= '�#&%(� ^a �?�= '�#&&�� BTc c^
 � __\ 7!B� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � &�%

2WP_cTa '
AT_[PRT\T]c P]S 0RRTbb^ah ?Pacb � � � � � � � � � � � � � � � � � � � � '� 

CPQ[T '� � 0RRTbb^ah ?Pacb ;Xbc � � � � � � � � � � � � � � � � � � � � � � � '� 

CPQ[T '�!� AT_[PRT\T]c ?Pacb ;Xbc � � � � � � � � � � � � � � � � � � � � � '�!

5XVdaT '� � AT_[PRT\T]c ?Pacb �bTT CPQ[T '�!� � � � � � � � � � � '�"

5XVdaT '�!� AT_[PRT\T]c ?Pacb �bTT CPQ[T '�!� � � � � � � � � � � '�#

CPQ[T ^U 2^]cT]cb >_TaPcX]V <P]dP[

C>2�%



4YRaeVc "
:_decf^V_e DRWVej R_U 4VceZWZTReZ`_d

The OrionTM Multigas Detector is for use by trained and qualified
personnel. It is designed to be used when performing a hazard
assessment to: 

• Assess potential worker exposure to combustible and toxic
gases and vapors

• Determine the appropriate gas and vapor monitoring needed for
a workplace. 

The Orion Multigas Detector can be equipped to detect:

• Combustible gases and certain combustible vapors
• Oxygen-deficient or oxygen-rich atmospheres
• Specific toxic gases for which a sensor is installed.

» H2C?:?8

• Read and follow all instructions carefully.

• Check calibration before each day’s use and adjust if
necessary.

• Check calibration more frequently if exposed to silicone,
silicates, lead-containing compounds, hydrogen sulfide, or
high contaminant levels.

• Recheck calibration if unit is subjected to physical shock.

• Check pump (if used) for proper operation before each
days use.

• Use only to detect gases/vapors for which a sensor is
installed.

• Do not use to detect combustible dusts or mists.

• Make sure adequate oxygen is present.

• Do not block sensors.

• Do not place end of sampling line in liquids.

• Wait for accurate reading; response times vary, based on
gas/vapor and length of sampling line.
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• Have a trained and qualified person interpret
instrument readings.

• Do not replace alkaline cells in a combustible atmosphere.

• Do not recharge NiMH battery packs in a combustible
atmosphere.

• Do not alter or modify instrument.

INCORRECT USE CAN CAUSE SERIOUS PERSONAL INJURY
OR DEATH.

DRWVej =Z^ZeReZ`_d R_U AcVTRfeZ`_d
Carefully review the following safety limitations and precautions
before placing this instrument in service:

• The Orion Multigas Detector is designed to:
• Detect gases and vapors in air only

• Detect only specified toxic gases for which a sensor
is installed.

• Perform the following checks before each day’s use to verify
proper instrument operation:

• Calibration check (see Calibration Check section). Adjust
calibration if the readings are not within the specified limits.

• Check pump (if used) for proper operation 
(see "Verifying Pump Operation" section). Have pump
serviced if necessary.

• Check calibration more frequently if the unit is subjected to
physical shock or high levels of contaminants. Also, check
calibration more frequently if the tested atmosphere contains
the following materials, which may desensitize the combustible
gas sensor and reduce its readings:

• Organic silicones

• Silicates

• Lead-containing compounds

• Hydrogen sulfide exposures over 200 ppm or exposures
over 50 ppm for one minute. 

• The minimum concentration of a combustible gas in air that can
ignite is defined as the Lower Explosive Limit (LEL). A
combustible gas reading of "100" indicates the atmosphere is
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above 100% LEL and an explosion hazard exists.  In such
cases, the instrument LockAlarm feature activates. Move away
from contaminated area immediately.

• Do not use the Orion Multigas Detector to test for combustible
or toxic gases in the following atmospheres as this may result in
erroneous readings:

• Oxygen-deficient or oxygen-rich atmospheres

• Reducing atmospheres

• Furnace stacks

• Inert environments

• Atmospheres containing combustible airborne mists
or dusts.

• Do not use the Orion Multigas Detector to test for combustible
gases in atmospheres containing vapors from liquids with a
high flash point (above 100OF) as this may result in erroneously
low readings.

• Do not block sensor openings as this may cause inaccurate
readings. Do not press on the face of the sensors, as this may
damage them and cause erroneous readings. Do not use
compressed air to clean the sensor holes, as the pressure may
damage the sensors.

• Allow sufficient time for unit to display accurate reading.
Response times vary based on the type of sensor being utilized
(see "Performance Specifications" section of manual).
Additionally, when using a sampling pump, allow a minimum of
0.7 seconds per foot of sample line to allow the sample to be
drawn through to the sensors.

• Keep the probe tip above liquid surfaces; otherwise, liquid may
enter the system and block the sample flow, causing inaccurate
readings and/or internal damage.

• All instrument readings and information must be interpreted by
someone trained and qualified in interpreting instrument
readings in relation to the specific environment, industrial
practice and exposure limitations.

• Replace alkaline cells or recharge NiMH battery-pack in
non-hazardous area only. Use only battery chargers listed in
this manual; other chargers may damage the battery pack and
the unit.  Dispose of batteries in accordance with local health
and safety regulations.
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• Do not alter this instrument or make any repairs beyond those
specified in this manual. Only MSA-authorized personnel may
repair this unit; otherwise, damage may result.
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The date of manufacture of your Orion Multigas Detector is coded
into the instrument serial number. 

• The last three digits represent the month (the letter) 
and the year (the two-digit number). 

• The letter corresponds to the month starting with 
A for January, B for February, etc.
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Tests completed by MSA verify that the Orion Multigas Detector
meets applicable industry and government standards as of the
date of manufacture.
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• This instrument generates, uses, and can radiate radio
frequency energy. Operation of this instrument may cause
interference, in which case, the user may be required to correct.

• This device is test equipment and is not subject to FCC
technical regulations. However, it has been tested and found to
comply with the limits for a Class A digital device specified in
Part 15 of the FCC regulations.

• This digital apparatus does not exceed the Class A limits for
radio noise emissions from digital apparatus set out in the
Radio Interference Regulations of the CRTC.

• There is no guarantee that interference will not occur. If this
instrument is determined to cause interference to radio or
television reception, try the following corrective measures:

• Reorient or relocate the receiving antenna

• Increase separation between the instrument and the
radio/TV receiver

• Consult an experienced radio/TV technician for help.
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It is your responsibility to know how to use the Orion Multigas
Detector. When used properly, the Orion Multigas Detector will
alert you to the presence of combustible gases and vapors and
to atmospheres that are rich or deficient in oxygen. It will also
alert you to the presence of carbon monoxide and hydrogen
sulfide, if it is equipped with sensors for those gases. These
conditions are displayed clearly and simultaneously on the face of
the instrument. See FIGURE 2-1 for an explanation of the flags,
numbers and button operation of the Orion Multigas Detector.
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To turn ON the Orion Multigas Detector:

• Install the battery pack or

• If the battery pack is already installed, push the
ON-OFF/PAGE button.
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The instrument then performs a Self-test where the:

• display check occurs 
(every segment on the display momentarily illuminates)

• audible alarm sounds

• alarm lights illuminate

• display backlight illuminates.

Once the Self-test is complete, the instrument enters the Measure
mode and is ready for use.

>`gZ_X EYc`fXY eYV @cZ`_ >f]eZXRd
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FIGURE 2-2 is a flow diagram showing the operation of the
instrument. Note that the STEL, TWA, TIME and DATE pages
will appear only if the Orion Multigas Detector is equipped with
the optional datalogging package. To access instrument features
and informational pages:

• Push the ON-OFF/PAGE button (FIGURE 2-3).  

The Pages appear in the following order:

• Peak 
Shows peak value recorded since last instrument turn-ON

• Min
Shows minimum value recorded since last instrument turn-ON
for the oxygen sensor only

• STEL (Datalogging instrument only)
Shows Short Term Exposure Limit for installed toxic gas sensors
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• TWA (Datalogging instrument only)
Shows Time Weighted Average for installed toxic gas sensors

• Time (Datalogging instrument only)
Shows time of day in a 24-hour format

• Date (Datalogging instrument only)
Shows current date in a Month/Day/Year format.

To return instrument to the Measure page:

• Push the ON-OFF/PAGE button again
• The instrument will automatically return to the Measure page

after a delay of 30 seconds on any page.
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To turn OFF the Orion Multigas Detector:

• Push and hold the ON-OFF/PAGE button for five seconds. 
• Hourglass displays to indicate instrument turn-OFF.
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1. Slide battery pack toward the top of the instrument.

2. Swing battery pack up and into the body of the instrument.

3. Secure battery pack by installing the two screws in the bottom
two corners of the battery pack and instrument. The screws
must be snug to ensure that the battery pack properly seals
to the instrument. Do not over-tighten.

4. Once battery pack is installed, the Orion Multigas Detector
will turn ON.

The instrument now performs the following Self-test where the:

• Display check occurs 
(every segment on the display momentarily illuminates)

• Audible alarm sounds

• Alarm lights illuminate

• Display backlight illuminates

• Internal instrument diagnostic occurs
(any detected internal errors appear on the display).

When Self-test ends:

• Instrument enters the Measure mode
• Gas concentrations appear on the display.
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(for automatic zero adjustment of the Orion Multigas
Detector sensors)

NOTE: The Fresh Air Setup (FAS) has limits. If a hazardous
level of gas is present, the Orion Multigas Detector
ignores the FAS command and goes into alarm.

» H2C?:?8

Do not activate the Fresh Air Setup unless you are certain
you are in fresh, uncontaminated air; otherwise, inaccurate
readings can occur which can falsely indicate that a
hazardous atmosphere is safe. If you have any doubts as
to the quality of the surrounding air, do not use the Fresh
Air Setup feature. Do not use the Fresh Air Setup as a
substitute for daily calibration checks. The calibration check
is required to verify span accuracy. Failure to follow this
warning can result in serious personal injury or death.

Persons responsible for the use of the Orion Multigas Detector
must determine whether or not the Fresh Air Setup option should
be used. The user’s abilities, training and normal work practices
must be considered when making this decision.

1. Turn ON the Orion Multigas Detector.

• Once the instrument self check is complete, the ZERO
flag flashes for 10 seconds.

2. To perform a Fresh Air Setup, push the ON/OFF-PAGE button
while the Zero flag is flashing.

3. To immediately skip the FAS, push the CHANGE/
RESET button.

• If no buttons are pushed, the FAS automatically stops
flashing after the 10 seconds have expired.
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• The Heartbeat
Indicator flashes
once every 30
seconds to notify the
user the instrument is
ON and operating.

1PccTah ;XUT
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• The battery condition
icon continuously
displays in the
upper portion of
the screen,
regardless of the
selected page.

• As the battery charge dissipates, segments of the battery icon
go blank until only the outline of the battery icon remains.

1PccTah FPa]X]V

• A Battery Warning indicates that a nominal 20 minutes of
operation remain before instrument batteries are
completely depleted.

NOTE: Duration of remaining instrument operation during
Battery Warning depends on:

• Ambient temperatures 
(The battery warning is likely to be shorter in
colder temperatures, particularly with
alkaline batteries)

• Whether the battery warning is reset (it comes ON
again every five minutes).

• When the Orion Multigas Detector goes into Battery Warning:
• Battery Life indicator flashes

• Alarm sounds

• Alarm lights flash.
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• To silence the Battery Warning, push the CHANGE/RESET 
button.

• Once the battery warning has been silenced, the alarm will
re-activate in approximately five minutes.

• The Orion Multigas Detector continues to operate until the
instrument is turned OFF or battery shutdown occurs.

1PccTah BWdcS^f]

When the batteries can no longer operate the instrument, the
instrument goes into Battery Shutdown mode:

• Battery Indicator remains ON

• Alarm sounds continuously

• Alarm lights flash

• No other pages can be viewed

• After approximately five minutes, the instrument automatically
turns OFF.

» H2C?:?8

When Battery Shutdown condition sounds, stop using the
instrument; it can no longer alert you of potential hazards
since it does not have enough power to operate properly.
You must:

 1. Leave the area immediately.
 2. Turn OFF the instrument if it is ON.
 3. Report to the person responsible for maintenance.
 4. Replace or recharge the battery pack.

Failure to follow this procedure, could result in serious
personal injury or death.

For Alkaline Battery packs, replace batteries when the
"Battery Low" or "Battery Shutdown" alarms occur. When
replacing alkaline batteries, replace ALL batteries with fresh
ones at the same time. Do not mix new and
partially-discharged batteries. If the batteries are improperly
replaced or improperly mixed, the "Battery Low" and "Battery
Shutdown" alarms may fail to function, which could result
in serious personal injury or death.
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Do not use rechargeable batteries in Alkaline Battery Packs.
The Alkaline battery warning and alarm setpoints are not
optimized for rechargeable batteries. The low battery warning
and alarm could occur too quickly to be noticed. Using
rechargeable batteries in the Alkaline battery pack could result
in serious personal injury or death.

NOTE: The instrument recognizes the type of installed battery
pack (rechargeable NiMH or alkaline) and
automatically adjusts the low battery warning and
alarm setpoints.

» 42FE:@?

During "Battery Low" condition, prepare to exit the work area
since the instrument could go into "Battery Shutdown" at any
time, resulting in loss of sensor function. Depending on the
age of the batteries, ambient temperature and other conditions,
the instrument "Battery Low" and "Battery Shutdown" times
could be shorter than anticipated.

» H2C?:?8

Recharge or replace the batteries when the "Battery Low" or
"Battery Shutdown" conditions occur.

Do not reuse a NiMH battery without recharging, even if
the battery regains some charge after a period of non-use.

GVcZWjZ_X Af^a @aVcReZ`_

This section applies only to Orion Multigas Detectors supplied
with the integral PulseCheck® Sampling Pump.

1. Turn ON the Orion Multigas Detector.

• The pump motor starts fast and then slows down as the
instrument adjusts the power to run the pump.

• The pump indicator will flash until the proper flow rate
is obtained.
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2. Once gas readings are
displayed, plug the free
end of the sampling line
or probe.

• The pump motor
shuts down and an
alarm sounds
(FIGURE 3-3)

• The pump indicator
will illuminate

• The readings on the
display may change.

3. When the pump inlet,
sample line or probe is
blocked, the pump
alarm must activate.
If the alarm does
not activate:

a. Check the pump, sample line, and probe for leaks.

b. Once the leak is fixed, recheck the pump alarm by
blocking the flow. 

4. Check the pump before each day’s use.

» H2C?:?8

Do not use the pump, sample line, or probe unless the
pump alarm activates when the flow is blocked. Lack of an
alarm is an indication that a sample may not be drawn to
the sensors, which could cause inaccurate readings. Failure
to follow the above can result in serious personal injury
or death.

» H2C?:?8

Never let the end of the sampling line touch or go under
any liquid surface. If liquid is sucked into the instrument,
readings will be inaccurate and the instrument could be
damaged. We recommend the use of an MSA Sample Probe
(P/N 497600, 800332, 800333, or equivalent) containing a
special membrane filter, permeable to gas but impermeable
to water, to prevent such an occurrence.

5XVdaT "�"� ?d\_ 0[Pa\ ^] cWT 3Xb_[Ph

2WP_cTa "� DbX]V cWT >aX^] <d[cXVPb 3TcTRc^a >_TaPcX]V <P]dP[

"�%



5. Press the CHANGE/RESET button to reset the alarm and
restart the pump.

During operation, a pump alarm may occur when the:

• Flow system is blocked
• Pump is inoperative
• Sample lines are attached or removed.

C^ 2[TPa P] 0[Pa\
1. Correct any flow blockage.

2. Press the CHANGE/RESET button.

• The Pump will now restart.

NOTE: When the instrument is in a gas alarm, the pump
alarm may not display until gas alarm is cleared.

4R]ZScReZ`_ 4YVT\
The calibration check is simple and should only take about one
minute. Perform this calibration check before each day’s use.  

1. Turn ON the Orion
Multigas Detector in clean,
fresh air.

2. Verify that readings
indicate no gas is present.

3XUUdbX^] 8]bcad\T]c

If your Orion Multigas Detector is
NOT equipped with an optional
built-in sampling pump:

1. Attach calibration cap to
the Orion Multigas Detector,
orienting the inlet fitting
toward the display
(FIGURE 3-4).

2. Attach regulator (supplied with
calibration kit) to the cylinder.

5XVdaT "�#� 8]bcad\T]c fXcW
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3. Connect tubing (supplied with calibration kit) to the regulator.

4. Attach other end of tubing to the calibration cap.

5. Open the valve on the regulator.  

• The regulator flow rate is 0.25 lpm.  

• The reading on the Orion Multigas Detector display should
be within the limits stated on the calibration cylinder or
limits determined by your company. 

• If necessary, change cylinder to introduce other
calibration gases.

• If readings are not within these limits, the Orion Multigas
Detector requires recalibration. See Chapter 5,
"Calibrating the Orion Multigas Detector."

?d\_TS 8]bcad\T]c �586DA4 "�$�
If your Orion Multigas Detector is equipped with the optional
built-in sampling pump:

1. Attach the regulator (supplied with calibration kit) to
the cylinder.

2. Connect the  tubing (supplied
with calibration kit) to
the regulator.

3. Attach the other end of tubing
to the Orion pump inlet fitting.

4. Open the regulator valve.  

• The flow rate of the
regulator is 0.25 lpm.  

• The reading on the Orion
Multigas Detector display
should be within the limits
stated on the calibration
cylinder or limits
determined by your
company. 

• If necessary, change the
cylinder to introduce other
calibration gases.
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The Orion Multigas
Detector can be equipped
to detect combustible
gases in the atmosphere. 

• Alarms sound when
concentrations reach:

• Alarm Setpoint
or

• 100% LEL
(Lower
Explosive Limit).

• When the
combustible gas
indication reaches the
Alarm Setpoint:

• Alarm sounds

• Alarm lights
flash

• % LEL label
above the
concentration flashes.

• To silence the alarm, press the CHANGE/RESET button. 

NOTE: The alarm will stay silent if the alarm condition
has cleared.

• When the combustible gas indication reaches 100% LEL, the
LockAlarm

TM

 circuit locks the combustible gas reading and
alarm and:

• Alarm sounds

• Alarm lights flash

• 100 appears on the display and flashes.

• This alarm cannot be reset with the CHANGE/RESET button.
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If the 100% LEL alarm condition is reached, you may be in
a life-threatening situation; there is enough gas in the
atmosphere for an explosion to occur. In addition, any rapid
up-scale reading followed by a declining or erratic reading
can also be an indication that there is enough gas for an
explosion. If either of these indications occur, leave and
move away from the contaminated area immediately.  Failure
to follow this warning can result in serious personal injury
or death.

• After moving to a safe, fresh-air environment, reset the alarm by
turning OFF the instrument and turning it ON again.

>ghVT] <TPbdaT\T]cb �� >!� �586DA4 "�&�

The Orion Multigas Detector can be equipped to detect the
amount of oxygen in the atmosphere.

• Two conditions trigger the alarm:
• Too little oxygen (deficient)

• Too much oxygen (enriched).

• When the alarm setpoint is reached for either of the above:
• Alarm

sounds

• Alarm lights
flash

• % O2 label
above the
concentration
flashes.

5XVdaT "�&� 8]bcad\T]c X] >ghVT] 0[Pa\
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If the Oxygen alarm condition is reached while using the
instrument as a personal or area monitor, leave the area
immediately; the ambient condition has reached a preset
alarm level. If using the instrument as an inspection device,
do not enter the area without proper protection. Failure
to follow this warning will cause exposure to a hazardous
environment which can result in serious personal injury
or death.

C^gXR 6Pb <TPbdaT\T]cb �586DA4 "�'�

• The Orion Multigas
Detector can be
equipped to detect:

• Carbon
Monoxide
(CO) and/or 

• Hydrogen
Sulfide (H2S)
in the
atmosphere.  

• When the alarm
setpoint is reached
for Carbon
Monoxide (CO)
and/or Hydrogen
Sulfide (H2S):

• Alarm Sounds

• Alarm Lights flash

• PPM CO or PPM H2S label above the concentration flashes.

» H2C?:?8

If the Toxic Gas alarm condition is reached while using the
instrument as a personal or area monitor, leave the area
immediately; the ambient condition has reached a preset
alarm level. If using the instrument as an inspection device,
do not enter the area without proper protection. Failure to
follow this warning will cause over-exposure to toxic gases,
which can result in serious personal injury or death.
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The diagram shown in FIGURE 3-9 describes the flow for
optional displays.
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NOTE: The following Display pages appear only if they
are enabled.

Press the ON-OFF/PAGE button to move to:

?TPZ ATPSX]Vb �?40:� �586DA4 "� ��

• The PEAK flag appears
in the upper portion of
the display to show the
highest levels of gas
recorded by the Orion
Multigas Detector since:

• Turn-ON or 

• Peak readings
were reset.

• To Reset the Peak
Readings:

1. Access the Peak page.

2. Push and hold the
CHANGE/RESET
button until the
PEAK flag flashes.

3. Push the
ON-OFF/PAGE
button to reset
the Peak.

<X]X\d\ ATPSX]Vb
�<8=� �586DA4 "�  �

• This page shows the
lowest level of oxygen
recorded by the Orion
Multigas Detector since:

• Turn-ON or

• MIN reading
was reset.

• The MIN flag appears
in the upper portion of
the display.

5XVdaT "� �� ?40: ATPSX]Vb ^] cWT
3Xb_[Ph
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• To reset the MIN Reading:

1. Access the Min page.

2. Push and hold the CHANGE/RESET button until the MIN
flag flashes.

3.  Push the ON-OFF/PAGE button to reset the MIN.

NOTE: The following pages appear only if the instrument is
equipped with the Datalogging option.

BW^ac CTa\ 4g_^bdaT ;X\Xcb �BC4;� �586DA4 "� !�

• The STEL flag appear in the
upper portion of the display
to show the average
exposure over a 15-minute
period. 

• When the amount of gas
detected by the Orion
Multigas Detector is greater
than the STEL limit:

• Alarm sounds

• Alarm lights flash

• The STEL flag flashes.

To Reset the Alarm:

1. Access the STEL page.

2. Push and hold the
CHANGE/RESET button
until the STEL flag flashes.

3. Push the ON-OFF/PAGE button to reset the STEL.

The STEL alarm is calculated over a 15-minute exposure.
Calculation examples are as follows:

0bbd\T cWT >aX^] <d[cXVPb 3TcTRc^a WPb QTT] ad]]X]V U^a Pc [TPbc  $ \X]dcTb�

 $�\X]dcT Tg_^bdaT ^U "$ ??<)

(!% ]Y^edUc h #% @@= )
!% ]Y^edUc

= #% @@=

5XVdaT "� !� 4g_^bdaT ?PVT fXcW BC4;
0[Pa\

2WP_cTa "� DbX]V cWT >aX^] <d[cXVPb 3TcTRc^a >_TaPcX]V <P]dP[

"� #



• 10-minute exposure of 35 PPM
5-minute exposure of 5 PPM:

(! ]Y^edUc h #% @@= ) + (%]Y^edUc h % @@= )
!% ]Y^edUc

= "% @@=

0bbd\T cWT >aX^] <d[cXVPb 3TcTRc^a fPb cda]TS ^] UXeT \X]dcTb PV^�

• 5-minute exposure of 15 PPM:

(% ]Y^edUc h !% @@= ) + (! ]Y^edUc h  @@= )
!% ]Y^edUc

= % @@=

» H2C?:?8

If the STEL alarm condition is reached while using the
instrument as a personal or area monitor, leave the
contaminated area immediately; the ambient gas
concentration has reached the preset STEL alarm level.
Failure to follow this warning will cause over-exposure to
toxic gases, which can result in serious personal injury or
death.

CX\T FTXVWcTS 0eTaPVT �CF0� �586DA4 "� "�

• The TWA flag will
appear in the upper
portion of the display
to show the average
exposure since the
TWA reading was
reset.

• When the amount of
gas detected by the
Orion Multigas
Detector is greater
than the eight-hour
TWA limit:

• Alarm Sounds

• Alarm Lights
Flash

• The TWA
flag flashes.

5XVdaT "� "� 4g_^bdaT ?PVT fXcW CF0 0[Pa\
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To Reset the TWA:

1. Access the TWA page.

2. Press and hold the CHANGE/RESET button until the TWA
flag flashes.

3. Push the ON-OFF/PAGE button to reset the TWA.

The TWA alarm is calculated over an eight-hour exposure.
Calculation examples are as follows:

• 1-hour exposure of 50 PPM: 

(! X_eb h % @@=) + (' X_ebc h  @@= )
( X_ebc

= &�"% @@=

• 4-hour exposure of 50 PPM
4-hour exposure of 100 PPM:

($ X_ebc h % @@=) + ($ X_ebc h !  @@= )
( X_ebc

= '% @@=

• 12-hour exposure of 100 PPM:

(!" X_ebc h !  @@= )
( X_ebc

= !% @@=

=>C4) The accumulated reading is always divided by
eight hours.

» H2C?:?8

If the TWA alarm condition is reached while using the
instrument as a personal or area monitor, leave the
contaminated area immediately; the ambient gas
concentration has reached the preset TWA alarm level.
Failure to follow this warning will cause over-exposure to
toxic gases, which can result in serious personal injury or
death.

2WP_cTa "� DbX]V cWT >aX^] <d[cXVPb 3TcTRc^a >_TaPcX]V <P]dP[

"� %



CX\T 3Xb_[Ph
�586DA4 "� #�

• The TIME flag
appears in the upper
portion of the display
to show the current
time of day in a
24-hour format.

3PcT 3Xb_[Ph
�586DA4 "� $�

• The MM (month),
DD (day) and YY
(year) flags appear in
the upper portion of
the display.

•  The current date
displays as the:

• Month in the
upper left corner

• Day in the upper
right corner

• Year across
the bottom.

• To return the display
to the Measure page,
press the
ON-OFF/PAGE button.

5XVdaT "� #� CX\T 3Xb_[Ph

5XVdaT "� $� 3PcT 3Xb_[Ph

>_TaPcX]V <P]dP[ 2WP_cTa "� DbX]V cWT >aX^] <d[cXVPb 3TcTRc^a

"� &



Efc_Z_X @77 eYV @cZ`_ >f]eZXRd 5VeVTe`c
Push and Hold the ON-OFF/PAGE button for five seconds.

• Gas readings end
• Hour glass displays.

NOTE: Releasing the ON-OFF/PAGE button before the five
seconds elapse returns the instrument to the
Measure page.
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A`hVc DjdeV^d
• The Orion Multigas Detector is supplied with an NiMH battery

pack or an optional, replaceable cell, alkaline battery pack.

• See TABLE 4-1 for nominal run times by battery type.

CPQ[T #� � 0__a^gX\PcT 1PccTah Ad] CX\Tb �!�^2�

10CC4AH CH?4 7>DAB �F8C7>DC ?D<?� 7>DAB �F8C7 ?D<?�

=X<7 !�  %

0[ZP[X]T  #  �

In colder temperatures, battery output may be severely reduced.
See TABLE 4-2 for capacity reductions expected for alkaline
batteries at these temperatures.
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To remove the battery pack from the Orion Multigas Detector:

1. Remove the two screws from the bottom corner of the
battery pack.

2. Gently pull out the pack by lifting the bottom out of its recess;
then, slide it down.
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• Charge the Orion Multigas Detector NiMH battery packs by
using the Orion Fast Charger supplied with the instrument. 

» 42FE:@?

Use of any charger, other than the Orion Fast Charger
supplied with the instrument, may damage or improperly
charge the batteries.

• The Orion Multigas Detector must be turned OFF, or the battery
pack must be removed from the instrument, prior to charging.

• The charger is capable of charging a completely depleted pack
in two hours in normal, room-temperature environments.

NOTE: Allow very cold battery packs to stabilize for 1/2-hour at
room temperature before attempting to charge.

C^ 2WPaVT cWT 1PccTah ?PRZ �0�2� 2WPaVTa  ��!�$$ �
• Connect the charger cable to the charging jack located on the

back of the battery pack.
• Charger status is indicated by the LED color:

• Amber
The charge is pending; LED remains amber until the pack
is ready to be charged.

• Red
Charging is in process.
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• Green
Charging is complete; the pack is fully charged and ready
for use.

• Red Flashing
Failure mode; remove battery pack from charger.

• LED OFF
No battery pack connected.

C^ 2WPaVT cWT 1PccTah ?PRZ �ETWXR[T 2WPaVTa  ��!%$�!�
1. Connect the input cable assembly to the automobile lighter and

the input to the charger assembly.

2. Connect the charger cable to the charge jack located on the
back of the battery pack.

Charger status is indicated by the LED color:

• Yellow
Battery pack temperature is outside normal operating
charge range, an interconnect failure of plug and interface
box has occurred. 

• Allow pack to stabilize to within 0 and 40o.
If status continues, a battery pack failure or an
internal circuit failure has occurred.

• Solid Red
Charging is in process.

• Solid Green
DC supply is connected to unit.

• Flashing Red
Charging is complete; the battery pack is fully charged
and ready for use.

Once battery pack is charged, it:

• Can be disconnected from the charger
• Is ready for immediate use.

0[ZP[X]T 1PccTah ?PRZ

• The Orion Multigas Detector Replaceable battery pack can be
used as a:

• Full-time battery pack or

• Backup power source.
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• See TABLE 4-3 for batteries approved for use in the Orion
alkaline battery pack.
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1. Remove battery pack from the instrument by removing the two
screws located in the bottom corners of the battery pack.

2. Gently lift the pack out of its recess and pull it out.

3. Loosen the single screw that holds the plastic battery cover to
the battery pack using the supplied hex key.

4. Remove the plastic cover, exposing the replaceable batteries.

5. Remove the depleted batteries.

NOTE: Follow local regulations regarding battery disposal.

6. Install the new batteries, observing the direction of the positive
(+) battery terminal. The instrument will not operate if any or
all cells are reversed.

7. Replace the plastic battery cover and tighten the screw.

8. Re-install the battery pack on the instrument.

4YR_XZ_X :_decf^V_e DVeeZ_Xd
• Many of the Orion Multigas Detector options can be set using

the two buttons on the front of the instrument.  

• If the Orion Multigas Detector was ordered with the optional
datalogging, the MSA FiveStar LINK software can be used to
set most of the instrument selections, including some that
cannot be changed from the instrument’s front panel buttons. 

• See TABLE 4-4 for available selections and methods for
changing those selections.
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1. Push the ON-OFF/PAGE button until the Time page appears.

2. Push and hold the CHANGE/RESET button until the TIME
flag flashes.

3. Push the ON-OFF/PAGE button to change the time.

4. Push and hold the CHANGE/RESET button to advance
the hour.

5. When the correct hour displays, push the ON-OFF/PAGE
button once to advance to the Minutes page.

• The minutes should be flashing.

6. Press and hold the CHANGE/RESET button to advance
the minutes.

7. When the correct minute displays, push the ON-OFF/PAGE
button to leave the Time Set mode.

C^ 2WP]VT cWT 3PcT)
1. Push the ON-OFF/PAGE button until the Date page appears.

2. Push and hold the CHANGE/RESET button until the
MM/DD/YY flags flash.

3. Push the ON-OFF/PAGE button to change the date.

4. Push and hold the CHANGE/RESET button to advance
the month.

5. When the correct month displays, push the ON-OFF/PAGE
button once to advance to the Days; Days will flash.

6. Press and hold CHANGE/RESET button to advance the Days.
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6. When the correct Day displays, push the ON-OFF/PAGE
button once to advance to the Year.

7. Press and hold the CHANGE/RESET button to advance
the Year.

8. Once the correct year displays, push the ON-OFF/PAGE
button to leave the Date Set mode.

0RRTbbX]V cWT 8]bcad\T]c BTcd_ <^ST
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• The Instrument Setup mode allows the user to change internal
values such as:

• Default calibration gas values for autocalibration

• Operating beep

• Alarm set-points for exposure, STEL and TWA

• Calibrating tolerance. 

C^ 0RRTbb cWT 8]bcad\T]c BTc�d_ <^ST)
1. While turning the instrument ON by using the ON-OFF/PAGE

button, push and hold the CHANGE/RESET button.

• The Change flag flashes.

2. To enter the Set-up mode, push the ON-OFF/PAGE button.
Pushing the Change/Reset button returns the instrument to
the Measure mode.

• The Change flag turns ON solid and stays ON as long as
the instrument is in the Set-up mode.
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Enabling the Operating Beep causes the instrument to produce
an audible beep once every 30 seconds to correspond with the
Heartbeat indicator on the screen.

• The Heartbeat indicator is ON solid.
• "1" or "0" appears on the screen.

1. Use the CHANGE/RESET button to switch between 
"1" and "0":

• "1" turns ON the operating beep.

• "0" turns OFF the operating beep.

2. Push the ON-OFF/PAGE button to advance to the LEL set-up.

;4; B4=B>A B4C�D?

The LEL Sensor Set-up allows changes to be made to the
LEL exposure alarm (PEAK) and to the Autocalibration value.

» H2C?:?8

Incorrectly setting the autocalibration values in the
instrument could result in the instrument being incorrectly
calibrated. If using calibration gas other than the gas listed
in TABLE 5-1, the autocalibration values must be set to
match the calibration gas. Failure to do so may result in
the instrument not notifying the user of a potentially
dangerous atmosphere. Failure to follow this warning can
result in serious personal injury or death.

• The LEL banner flashes.

1. Push the ON-OFF/PAGE button to make changes to the
LEL settings.

2. Push the CHANGE/RESET button to skip forward to the
Oxygen Set-up.

• The LEL Banner turns ON solid.

• The PEAK flag turns ON.

3. Push the CHANGE/RESET button to increment the exposure
alarm (PEAK) value.

4. Push the ON-OFF/PAGE button to accept the value.
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• The LEL Banner turns ON solid.

• The CAL flag turns ON.

5. Push the CHANGE/RESET button to increment the
autocalibration value.

6. Push the ON-OFF/PAGE button to accept the value.

>GH64= B4=B>A B4C�D?

The Oxygen Sensor Set-up allows changes to be made to the:

• Oxygen sensor high alarm (oxygen enrichment)

• Oxygen sensor Low alarm (oxygen depletion).

• The Oxygen banner flashes.

1. Push the ON-OFF/PAGE button to change the oxygen settings.

2. Push the CHANGE/RESET button to skip forward to the
CO Set-up.

• The Oxygen banner turns ON solid.

• The MIN (low or deficiency alarm) flag turns ON.

3. Push the CHANGE/RESET button to increment the
MIN alarm value.

4. Push the ON-OFF/PAGE button to accept the value.

• The Oxygen banner turns ON solid

• The PEAK (high or enrichment alarm) flag turns ON.

5. Push the CHANGE/RESET button to increment the PEAK
alarm value.

6. Push the ON-OFF/PAGE button to accept the value.

20A1>= <>=>G834 �2>� B4=B>A B4C�D?

The CO Sensor Set-up allows changes to be made to the:

• CO sensor exposure alarm (PEAK)

• STEL alarm

• TWA alarm and autocalibration value.

• The CO banner flashes.

1. Push the ON-OFF/PAGE button to make changes to the
CO settings.
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2. Push the CHANGE/RESET button to skip forward to the
H2S Set-up.

• The CO banner turns ON solid.

• The PEAK (exposure alarm) flag turns ON.

3. Push the CHANGE/RESET button to increment the
PEAK alarm.

4. Push the ON-OFF/PAGE button to accept the setting.

• The CO banner turns ON solid

• The STEL (Short Term Exposure Limit) flag turns ON.

5. Push the CHANGE/RESET button to increment the
STEL alarm.

6. Push the ON-OFF/PAGE button to accept the setting.

• The CO banner turns ON solid.

• The TWA (Time Weighted Average) flag turns ON.

7. Push the CHANGE/RESET button to increment the
TWA alarm.

8. Push the ON-OFF/PAGE button to accept the setting.

• The CO Banner turns ON solid.

• The CAL flag turns ON.

9. Push the CHANGE/RESET button to increment the
autocalibration value.

10. Push the ON-OFF/PAGE button to accept the value.

7H3A>64= BD;5834 �7!B� B4=B>A B4C�D?

The H2S Sensor Set-up allows changes to be made to the:

• H2S sensor exposure alarm (PEAK)
• STEL alarm
• TWA alarm
• autocalibration value.

• The H2S banner flashes.

1. Push the ON-OFF/PAGE button to make changes to the
H2S settings.

2. Push the CHANGE/RESET button to skip forward to the
Expanded Tolerance Calibration Window Page.

• The H2S banner turns ON solid.
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• The PEAK (exposure alarm) flag turns ON.

3. Push the CHANGE/RESET button to increment the
PEAK alarm.

4. Push the ON-OFF/PAGE button to accept the setting.

• The H2S banner turns ON solid.

• The STEL (Short Term Exposure Limit) flag turns ON.

5. Push the CHANGE/RESET button to increment the
STEL alarm.

6. Push the ON-OFF/Page button to accept the setting.

• The H2S banner turns ON solid.

• The TWA (Time Weighted Average) flag turns ON.

7. Push the CHANGE/RESET button to increment the
TWA alarm.

8. Push the ON-OFF/PAGE button to accept the value.

• The H2S Banner turns ON solid.

• The CAL flag turns ON.

9. Push the CHANGE/RESET button to increment the
autocalibration value.

10. Push the ON-OFF/PAGE button to accept the value.

4G?0=343 C>;4A0=24 20;81A0C8>= F8=3>F ?064

This page is used to remove the limitations normally placed on
autocalibration limits. Autocalibration will only calibrate a particular
sensor if it is within an allowable window around the expected
autocalibration value. If the gas applied during autocalibration is
not within that window:

• The sensor will not be calibrated.
• The instrument will alarm to indicate that the sensor

remains uncalibrated.

Occasionally, it is necessary to remove the limits and allow the
instrument to calibrate over a much wider window. For example:
the installation of a new sensor may require that the limits be
expanded, since the output of the new sensor may be much
higher than the old sensor it is replacing. This most often occurs
with oxygen and combustible (LEL) sensors.

• The CAL flag turns ON solid.
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• "1" or "0" appears on the screen.

1. Use the CHANGE/RESET button to switch between 
"1" and "0".

• "1" selects the normal, limited calibration window.

• "0" selects the expanded tolerance mode.

2. Push the ON-OFF/Page button to accept the selection.

NOTE: The expanded tolerance window ("0") will be active
for one calibration attempt.

• The Orion Multigas Detector exits the Set-Up mode and
automatically enters the Measure mode.

NOTE: The expanded tolerance window can also be accessed
from the Calibration Failure screen if a calibration
failure occurs using the standard calibration window.
See Chapter 5, Calibration, for more information.
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Each Orion Multigas Detector is equipped with an autocalibration
feature to make unit calibration as easy as possible.

The Autocalibration sequence resets instrument zeroes and
adjusts sensor calibration for known concentrations of
calibration gases.
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1. Turn ON the instrument and verify that battery is
sufficiently charged.

2. Push and hold the CHANGE/RESET button until the
ZERO flag flashes in the upper portion of the display
(FIGURE 5-2).

• Indicates instrument is in the Calibration mode.

3. Push the ON-OFF/PAGE button to zero the instrument.

• You must be in fresh air to perform the zero.

• The ZERO flag stops flashing and remains ON.

NOTE: To skip the zero procedure and move directly to the
calibration span procedure, push the
CHANGE/RESET button. If no button is pushed for
10 seconds, the instrument returns to the
Measure mode.

• Once the zeros are set, CAL flag flashes (FIGURE 5-3).
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4. Connect the appropriate calibration gas to the instrument.

5. a. For  Diffusion Instruments  (FIGURE 5-4):
Attach the calibration cap to the instrument. 

1) Connect one end of the tubing to the calibration cap.

2) Connect other end of tubing to the cylinder regulator
(supplied in the calibration kit).

b. For Pumped Instruments  (FIGURE 5-5):

1) Connect one end of tubing to instrument inlet fitting.

2) Connect other end of tubing to the cylinder regulator
(supplied in the calibration kit).

6. Open the valve on the regulator.

7. Push the ON-OFF/PAGE button to calibrate (span) the instrument.

• CAL flag stops flashing and remains ON.

• Instrument cycles through the gases one-at-a-time for
approximately 90 seconds.

• If autocalibration sequence passes, the instrument
returns to the Measure mode.

NOTE: To skip calibration and return to the Measure mode,
push the CHANGE/RESET button.
If no button is pushed for 10 seconds, the instrument
returns to the Measure mode.

8. Remove the calibration cap or tubing from the pump inlet.

9. Close the valve on the regulator.

NOTE: The autocalibration procedure adjusts the span
value for any sensor that passes the test;
sensors that fail autocalibration are left unchanged.

NOTE:  Since residual gas may be present, the instrument
may briefly go into an exposure alarm after the
calibration sequence is completed.

0dc^RP[XQaPcX^] 5PX[daT

If the Orion Multigas Detector cannot calibrate one or more
sensor(s), the instrument goes into the Autocalibration Failure
Page and remains in alarm until the CHANGE/RESET button is
pushed. Sensors that could not be calibrated are indicated by
dashed lines on the concentration display.
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Check that:

• all appropriate sensors are installed and in their correct location 
• the calibration setup is correct and verify that:

• all connections are secure

• the proper gas regulator and cylinder are being used.

If the setup is correct, it may be necessary to calibrate the
instrument using the Expanded Tolerance Calibration window.
From the Autocalibration Failure page:

1. Do NOT push the CHANGE/RESET button. 

• The CAL flag continues to display.

2. Do NOT remove the calibration gas; it must continue to flow
from the initial calibration attempt.

3. Press and hold the ON-OFF/PAGE button for approximately
three seconds. 

• The hourglass displays until the CHANGE flag appears on
the display.

4. Release the ON-OFF/PAGE button.

• The instrument takes approximately 10 seconds to
calibrate using the Expanded Tolerance Calibration
window.

• If the calibration is successful, the instrument returns to
the Measure page.

• If the calibration is not successful, the Autocalibration
Failure page displays again. The above procedure can be
repeated indefinitely but is not likely to yield a successful
calibration. Before proceeding, check the following:

• Cylinder type - 
Ensure that the values on the cylinder match the
Autocalibration values programmed into the Orion.

• Cylinder pressure - 
Ensure that the cylinder is not empty.

• Pressure regulator - 
Ensure that the pressure regulator has a flow of
0.25 LPM. (See TABLE 8-1 for the correct MSA
part-numbered regulators.)
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• Sensors - 
Ensure that sensors are all present and in the
correct slots. 
Ensure that the sensor has not exceeded its useful
life; replace the sensor if necessary.

• Tubing - Ensure that tubing is not blocked or kinked.
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1. Warranty - 
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This warranty does not cover filters, fuses, etc. Certain other
accessories not specifically listed here may have different
warranty periods. This warranty is valid only if the product is
maintained and used in accordance with Seller’s instructions
and/or recommendations. The Seller shall be released from
all obligations under this warranty in the event repairs or
modifications are made by persons other than its own or
authorized service personnel or if the warranty claim results
from physical abuse or misuse of the product. No agent,
employee or representative of the Seller has any authority to
bind the Seller to any affirmation, representation or warranty
concerning this product. Seller makes no warranty
concerning components or accessories not manufactured by
the Seller, but will pass on to the Purchaser all warranties of
manufacturers of such components. THIS WARRANTY IS IN
LIEU OF ALL OTHER WARRANTIES, EXPRESSED,
IMPLIED OR STATUTORY, AND IS STRICTLY LIMITED TO
THE TERMS HEREOF. SELLER SPECIFICALLY
DISCLAIMS ANY WARRANTY OF MERCHANTABILITY OR
OF FITNESS FOR A PARTICULAR PURPOSE.
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2. Exclusive Remedy- It is expressly agreed that Purchaser’s
sole and exclusive remedy for breach of the above warranty,
for any tortious conduct of Seller, or for any other cause of
action, shall be the repair and/or replacement at Seller’s
option, of any equipment or parts thereof, which after
examination by Seller is proven to be defective.
Replacement equipment and/or parts will be provided at
no cost to Purchaser, F.O.B. Seller’s Plant. Failure of
Seller to successfully repair any nonconforming product
shall not cause the remedy established hereby to fail of its
essential purpose.

3. Exclusion of Consequential Damages- Purchaser specifically
understands and agrees that under no circumstances will
seller be liable to purchaser for economic, special, incidental
or consequential damages or losses of any kind whatsoever,
including but not limited to, loss of anticipated profits and
any other loss caused by reason of nonoperation of the
goods. This exclusion is applicable to claims for breach of
warranty, tortious conduct or any other cause of action
against seller.

4]VR_Z_X R_U AVcZ`UZT 4YVT\d

As with all electronic equipment, the Orion Multigas Detector will
operate only if it is properly maintained.

» H2C?:?8

Repair or alteration of the Orion Multigas Detector, beyond
the procedures described in this manual or by anyone other
than a person authorized by MSA, could cause the instrument
to fail to perform properly. Use only genuine MSA replacement
parts when performing any maintenance procedures described
in this manual. Substitution of components can seriously impair
instrument performance, alter intrinsic safety characteristics
or void agency approvals.

FAILURE TO FOLLOW THIS WARNING CAN RESULT IN
SERIOUS PERSONAL INJURY OR DEATH.
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Periodically clean the Orion Multigas Detector case with a soft
damp cloth. On diffusion instruments: clean sensor holes on the
instrument front if they are blocked with dirt.

1. Remove the sensor cover plate, sensor membrane, and
sensor cover gasket (see Chapter 8, FIGURE 8-1).

2. Clean the sensor plate holes with a paper clip, wire, or similar
device. The holes may also be cleaned with oil-free
compressed air.

3. Replace sensor membrane with a new one.

» H2C?:?8

Do not attempt to clean the sensor cover plate while it is
in place; sensor damage may occur. The tops of sensors
are very fragile; do not touch or apply pressure to the tops
of any sensors. If a sensor is damaged, it can cause the
unit to give false readings.

The sensor cover plate contains holes for four sensors. In
instruments with less than four sensors, some of the holes
are permanently blocked with special sealing membranes.
Do not puncture these membranes; erroneous gas readings
can result.

4YVT\Z_X EYV Af^a :_]Ve 7Z]eVc

Orion Multigas Detectors ordered with the optional internal pump
contain a filtering system to protect the pump from particles and
water in the sample air. If the filter becomes clogged, the sample
flow may be blocked, or and extra load may be placed on the
pump; therefore, check the filter regularly.

The frequency of checks should depend on amount of pump
usage and concentration of particles allowed to enter the pump.
In dirty applications, replace the dust filter every 200 hours.
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» 42FE:@?42FE:@?

When replacing external dust and water filters, prevent any
dust or dirt around the filter housing from entering the pump
housing. Dust or dirt in the pump unit may impede pump
operation.

3dbc 5X[cTa �bTT 586DA4 '�! P]S C01;4 '�!�
1. Remove the four screws (24) from the clear filter housing (23)

on the back of the instrument.

2. Remove the fibrous dust filter (21) from the recess on the
filter housing.

3. Carefully install the new dust filter in the filter housing recess.

4. Re-install the filter housing.

FPcTa 5X[cTa
1. Remove the four screws (24) from the clear filter housing (23)

on the back of the instrument.

2. Carefully lift out the O-ring (26) and white plastic filter (20)
resting in the filter housing.

3. Carefully install the new water filter in the filter housing recess.

NOTE: When replacing the filter, carefully handle the new
filter by the edges only, as it is easily torn. Install the
filters in the correct order.

4. Replace the O-ring, being sure to press gently down on top of
the water filter.

5. Replace the cover and screws.

8]cTa]P[ �5XaTfP[[� 5X[cTa �bTT 586DA4B '� P]S '�! P]S C01;4 '�!�

The pumped version of the Orion Multigas Detector contains an
internal "firewall" filter. This filter forms a final barrier against any
dust that enters the pump assembly when external filters are
replaced. The "firewall" filter is provided as a final safety
precaution and should rarely, if ever, require replacement.

1. Turn OFF the power.

2. Remove the battery pack from the instrument by removing the
bottom two screws on the back of the case.
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3. Remove the pump cover or calibration cap, if installed.

4. Remove the sensor cover and sensors.

5. Remove the four remaining case mounting screws from the
back of the case.

» 42FE:@?

When removing the back of the case, be careful not to pull
the pump wires from the connector. Use minimum force
necessary to disengage this connector to prevent breakage.

6. Remove the pump connector. Observe polarity; the red wire
should be toward the center of the circuit board.

7. Disconnect the pump outlet tube; place a small, flat
screwdriver at the base of the tube and gently pry the tube
away from the barb.

8. Remove the firewall filter and discard.

9. Install the new firewall filter (27) with flow arrow pointing
toward the pump and drive inlet. Ensure that the tube from
the pump outlet is routed to the inside of the firewall filter.

10. Position the rear case 90 degrees up from the front case;
route the pump outlet tube between the pump and the
in-line filter and connect it to the barb protruding through the
circuit board.

11. Connect the pump cable.

NOTE: Be careful to use proper polarity; the red wire should
be toward the center of the circuit board.

12. Replace and secure the back of the case with the four
mounting screws.

13. Replace the battery pack and two mounting screws securing
the battery pack.

14. Completely recalibrate the Orion Multigas Detector.

» H2C?:?8

Verification of calibration response is required; otherwise,
the instrument will not perform as required, and persons
who rely on this product for their safety could sustain serious
personal injury or death.
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• The MSA sampling probe
contains a filter to:

• block dust and dirt

• block the passage
of water. 

• If the probe tip is
accidentally submerged in
water, the filter prevents
the water from reaching
the internal pump. The
filter is not designed to
stop other liquids, such as
gasoline or alcohols.

Ĉ AT_[PRT cWT ?a^QT 5X[cTa
�586DA4 %� �)

1. Grasp the probe handle by the base and guard.

2. Push the cap section toward the other two and turn clockwise.

• The spring pushes the sections apart.

3. Grasp and spin the wand clockwise while pulling to disengage.

4. Remove the water trap filter (P/N 801582) and replace.

De`cRXV

• When not in use, store your Orion Multigas Detector in a safe,
dry place between -5o and 40oC (23o and 104oF).

• The Orion Multigas Detector with the NiMH rechargeable
battery pack can be stored on charge indefinitely.

» H2C?:?8

After storage, always recheck instrument calibration before
use. During storage, sensors may drift or become inoperative
and may not provide warnings of dangers to the health and
lives of users.

5XVdaT %� � AT_[PRX]V cWT ?a^QT 5X[cTa
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 1. Remove battery pack before shipment. When returning the
Orion Multigas Detector for repairs, disconnect the normally
used battery pack from unit, and include it in the container.

 2. Pack the Orion Multigas Detector in its original shipping
container with suitable padding. If the original container is
unavailable, an equivalent container may be substituted.
Seal instrument in a plastic bag to protect it from moisture.
Use sufficient padding to protect it from the rigors of
handling. Damage due to improper packaging or damage in
shipment is not covered by the instrument’s warranty.

Ec`fS]VdY``eZ_X

The Orion Multigas Detector will operate reliably for years when
cared for and maintained properly. If the instrument becomes
inoperative, follow the Troubleshooting Guidelines in TABLE 6-1;
these represent the most likely causes of a problem. You may
return inoperative instruments to MSA for repair.

• <B0 8]bcad\T]c 3XeXbX^]
AT_PXa P]S BTaeXRT 3T_Pac\T]c
 ��� 2aP]QTaah F^^Sb 3aXeT
2aP]QTaah C^f]bWX_� ?0  %�%%�$!�&
 �'���<B0�8=BC

To contact MSA International, please call:

•  �# !�(%&�"��� ^a  �'���<B0�&&&&

The instrument displays an error code if it detects a problem
during startup or operation. See TABLE 6-1 for a brief description
of the error and proper corrective action. When an inoperative
component is located by using the guidelines, it may be replaced
by using one of the following "Repair Procedures:"
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1PccTah ?PRZ AT_[PRT\T]c

AT\^eT cWT 1PccTah ?PRZ

1. Remove the two battery mounting screws on the back of
the instrument.

2. Pull out the battery pack by gripping it at the edge of the
battery pack case and pulling it away from the unit.

AT_[PRT cWT 1PccTah ?PRZ

3. Insert the front of the battery pack under the lip on the case
and snap the bottom of the battery pack into the case.

4. Install and tighten the battery mounting screws.

BT]b^a AT_[PRT\T]c

1. Verify that the instrument is turned OFF; remove battery pack.

2. If your unit is a pumped version, remove the pump cover by
removing the screw with a 1/16" hex key.

3. Remove the sensor cover screws and cover.

4. Gently lift out the sensor to be replaced; properly dispose
of sensor.

NOTE: Sensor positions cannot be changed. Each sensor
location is identified by a label in the bottom of each
sensor well. When replacing a sensor, ensure that
the gas type printed on the sensor label matches the
sensor identification label in the instrument.

5. If replacement sensor is equipped with a shorting plate, clip
or wire attached to its pins, remove plate, clip or wire before
inserting the replacement sensor.

6. Carefully align the new sensor contact pins with the sockets
on the printed circuit board.

7. Press the new sensor into place.

8. Replace the sensor gasket and sensor cover.
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9. Re-install the screws to hold down the sensor cover.

» H2C?:?8

Verification of calibration response is required; otherwise,
the instrument will not perform as required, and persons
relying on this product for their safety could sustain serious
personal injury or death.

<PX] 4[TRca^]XRb 1^PaS AT_[PRT\T]c

» 42FE:@?

Before handling the circuit boards, ensure you are properly
grounded; otherwise, static charges from your body could
damage the electronics. Such damage is not covered by
the warranty. Grounding straps and kits are available from
electronics suppliers.

1. Turn OFF the power.

2. Remove the battery pack.

3. Remove the pump cover or calibration cap, if installed.

4. Remove the sensor cover and sensors.

5. Remove the four remaining case mounting screws from the
back of the case.

» 42FE:@?

When removing the back of the case, be careful not to pull
the pump wires from the connector. Use minimum force
necessary to disengage this connector to prevent breakage.

6. Remove the pump connector.

7. Disconnect the pump outlet tube; place a small, flat
screwdriver at the base of the tube and gently pry the tube
away from the barb.

8. Tilt the circuit board up at a 90 degree angle to gain access to
the connectors on the under-side of the circuit board.

9. Remove the display ribbon cable by sliding out the locking
tabs on the side of the connector.

10. Remove the membrane switch ribbon cable by sliding out the
locking tabs on the side of the connector.

2WP_cTa %� FPaaP]ch� <PX]cT]P]RT P]S Ca^dQ[TbW^^cX]V >_TaPcX]V <P]dP[
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11. Disconnect the back light fiber optics bundle by spreading
the two clips which hold the back of the LED onto the
circuit board.

12. Connect the new circuit board to the membrane switch
ribbon cable; latch down the two tabs located on either side
of the ribbon socket.

13. Connect the display ribbon cable; latch down the two tabs
located on either side of the ribbon socket.

14. Connect the back light fiber optics bundle; snap the
connector over the LED on the circuit board.

15. Position the circuit board into the case, carefully lining up the
connector for the IR Link circuit board, if so equipped.

16. If the instrument is equipped with a pump, position the rear
case 90 degrees up from the front case; route the pump
outlet tube between the pump and the in-line filter and
connect it to the barb protruding through the circuit board.

17. If the instrument is equipped with a pump, connect the
pump cable.

NOTE: Be careful to use proper polarity; the red wire should
be toward the center of the circuit board.

18. Replace and secure the back of the case with the four
mounting screws.

19. Replace the battery pack and two mounting screws securing
the battery pack.

20. Completely recalibrate the Orion Multigas Detector.

» H2C?:?8

Verification of calibration response is required; otherwise,
the instrument will not perform as required, and persons
who rely on this product for their safety could sustain serious
personal injury or death.
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» 42FE:@?

Before handling the circuit boards, ensure you are properly
grounded; otherwise, static charges from your body could
damage the electronics. Such damage is not covered by
the warranty. Grounding straps and kits are available from
electronics suppliers.

1. Turn OFF the power.

2. Remove the battery pack.

3. remove the pump cover or calibration cap, if installed.

4. Remove the sensor cover and sensors.

5. Remove the four remaining case mounting screws from the
back of the case.

» 42FE:@?

When removing the back of the case, be careful not to pull
the pump wires from the connector. Use minimum force
necessary to disengage this connector to prevent breakage.

6. Remove the pump connector.

7. Disconnect the pump outlet tube. Place a small, flat
screwdriver at the base of the tube and gently pry the tube
away from the barb.

8. Tilt the circuit board up at a 90-degree angle to gain access to
the connectors on the under side.

9. Remove the display ribbon cable by sliding out the locking
tabs on the side of the connector.

10. Remove the membrane switch ribbon cable by sliding out the
locking tabs on the side of the connector.

11. Disconnect the back light fiber optics bundle by spreading
the two clips which hold the back of the LED onto the circuit
board.

12. Use a sharp X-acto knife to cut the green display mount from
the four mounting posts; be careful not to damage the
mounting posts.
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13. Carefully holding the membrane switch ribbon cable out
of the way so as not to damage it, remove the old
display assembly.

14. Align the new display assembly over the four mounting posts;
gently push the green display mount over the mounting
posts until it is fully engaged on the mounting posts. 

15. Connect the new circuit board to the membrane switch
ribbon cable; latch down the two tabs located on either side
of the ribbon socket.

16. Connect the display ribbon cable; latch down the two tabs
located on either side of the ribbon socket.

17. Connect the back light fiber optics bundle; snap the
connector over the LED on the circuit board.

18. Position the circuit board in the case; be careful to line up the
connector for the IR Link circuit board, if so equipped.

19. If equipped with a pump, position the rear case at a
90-degree angle from the front case and connect the pump
outlet tube to the barb protruding through the circuit board;
route the outlet tube between the pump and the in-line filter.

20. If equipped with a pump, connect the pump cable, positioning
the red wire toward the center of the circuit board.

21. Replace the back of the case and install four mounting
screws securing the back of the case.

22. Replace the battery pack and the two mounting screws which
secure the battery pack.

23. Completely recalibrate the Orion Multigas Detector.

» H2C?:?8

Verification of calibration response is required; otherwise,
the instrument will not perform as required, and persons
who rely on this product for their safety could sustain serious
personal injury or death.
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The Horn Assembly must be replaced at an authorized factory
service center.

?d\_ AT_[PRT\T]c
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Before handling the circuit boards, ensure you are properly
grounded; otherwise, static charges from your body could
damage the electronics. Such damage is not covered by
the warranty. Grounding straps and kits are available from
electronics suppliers.

1. Turn the power OFF.

2. Remove the battery pack.

3. Remove the pump cover or calibration cap, if installed.

4. Remove the sensor cover and sensors.

5. Remove the four remaining case mounting screws from the
back of the case.

» 42FE:@?

When removing the back of the case, be careful not to pull
the pump wires from the connector. Use minimum force
necessary to disengage this connector to prevent breakage.

6. Remove the pump connector.

7. Disconnect the pump outlet tube. Place a small, flat
screwdriver at the base of the tube and gently pry the tube
away from the barb.

8. Remove the mounting screw and disc which retains the pump.

9. Remove the pump; gently pry the pump inlet tube from the
elbow fitting, be careful not to damage the elbow fitting. 

10. Install the new pump; re-install the mounting screw and disc,
and attach the pump inlet tube to the elbow fitting.

11. Position the rear case at a 90-degree angle from the front
case and connect the pump outlet tube to the barb
protruding through the circuit board; route the outlet tube
between the pump and the in-line filter.

12. Connect the pump cable.
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NOTE: Be careful to use proper polarity; the red wire should
be toward the center of the circuit board.

13. Replace the back of the case and the four mounting screws
which secure the back of the case.

14. Replace the battery pack and the two mounting screws
securing the battery pack.

15. Completely recalibrate the Orion Multigas Detector.

» H2C?:?8

Verification of calibration response is required; otherwise,
the instrument will not perform as required, and persons
who rely on this product for their safety could sustain serious
personal injury or death.
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A number of environmental factors may affect the oxygen sensor
readings, including changes in pressure, humidity and
temperature. Pressure and humidity changes affect the amount of
oxygen actually present in the atmosphere.

?aTbbdaT 2WP]VTb

The Orion oxygen sensor is designed to compensate for ambient
pressure changes in the area of instrument operation. If pressure
changes rapidly (e.g., stepping through airlock) the oxygen sensor
reading may temporarily shift, and possibly cause the detector to
go into alarm. While the percentage of oxygen may remain at or
near 20.8%, the total amount of oxygen present in the
atmosphere available for respiration may become a hazard if the
overall pressure is reduced to a significant degree.
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If humidity changes to any significant degree (e.g., going from a
dry, air conditioned environment to outdoor, moisture laden air),
oxygen levels can change up to 0.5%. This is due to water vapor
in the air displacing oxygen, thus reducing oxygen readings as
humidity increases. The oxygen sensor has a special filter to
reduce the affects of humidity changes on oxygen readings. This
effect will not be noticed immediately, but slowly impacts oxygen
readings over several hours.
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The oxygen sensor has built-in temperature compensation.
However, if temperature shifts dramatically, the oxygen sensor
reading may shift. Zero the instrument to within 30oC of the
temperature-of-use for the least effect.
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