
Quality Assurance and Surveillance Plan for Russell CO2 Storage Complex 

Permit Number:  KSS167570001 

Attachment E.I.4. Laboratory Standard Operating Procedures for Groundwater Analysis 

 

Note: This attachment contains procedures PCC intends to utilize.  PCC reserves the right to 

substitute functionally equivalent procedures to those presented herein. 
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/l"
)������,����!()��(��9VHX;X\AFPAKP;JNCKA\HFL;NKJBCP]KC;ca23e;PCXBKĤCX;\VC;WÂJKA\JKb;NKJBCP]KC;_JK;\VC;PC\CK̀HFA\HJF;J_;MFHJFX;̂b;6JF;1VKJ̀ A\JLKANVb;̂b;m3M;R==g=;KCO;<g>;AFP;anopTq;?=YqMg/l/��
������������!������	�!�*�����+�r�������������!�r�9VC;\AKLC\;AFAWb\CX;AFP;\VC;FJK̀AW;E2j;\VA\;BAF;̂C;ABVHCOCP;hH\V;\VHX;NKJBCP]KC;AKC;NKJOHPCP;HF;9ÂWC;>g>g;; 9ÂWC;>g>;s;EH̀H\X;J_;j]AF\H\A\HJF
����� t���
u�*�.! 
���u�*�.v�wW]JKHPC;cwe =g< <g=1VWJKHPC;c1We >g= >=xH\KH\Cox;cx2<oxe =g> >g=
IKJ̀ HPC;cIKe >g= >=xH\KA\Cox;cx2Roxe =g> >g=a]W_A\C;ca2Te >g= >=

E2j;AKC;CX\ÂWHXVCP;HF;ABBJKPAFBC;hH\V;3ABC;NJWHBb;AFP;a23X;_JK;̀C\VJP;OAWHPA\HJF;AFP;_JK;\VC;PC\CK̀HFA\HJF;J_;PC\CB\HJF;WH̀H\X;cdEe;AFP;y]AF\H\A\HJF;WH̀H\X;cE2jeg;;dE;AFP;E2j;AKC;KJ]\HFCWb;OCKH_HCP;AFP;]NPA\CP;hVCF;FCCPCPg;;9VC;B]KKCF\;E2j;_JK;CABV;\AKLC\;AFAWb\C;\VA\;BAF;̂C;PC\CK̀HFCP;̂b;\VHX;a23;AX;J_;\VC;C__CB\HOC;PA\C;J_;\VHX;a23;HX;NKJOHPCP;HF;9ÂWC;>@;MNNCFPHk;Mg;;9VC;KCNJK\HFL;WH̀H\;c5Ee;HX;\VC;OAW]C;\J;hVHBV;AFAWb\CX;AKC;KCNJK\CP;AX;PC\CB\CP;JK;FJ\;PC\CB\CP;HF;\VC;_HFAW;KCNJK\g;;nVCF;\VC;5E;HX;WCXX;\VAF;\VC;WJhCK;WH̀H\;J_;y]AF\H\A\HJF;cEE2je@;AWW;PC\CB\X;AFP;FJFoPC\CB\X;A\;\VC;5E;AKC;y]AWH\A\HOCg;;9VC;EE2j;HX;\VC;WJhCX\;NJHF\;J_;\VC;BAWĤKA\HJF;B]KOC;]XCP;_JK;CABV;\AKLC\;AFAWb\Cg;;dE@;E2j@;AFP;5E;AKC;AWhAbX;APz]X\CP;\J;ABBJ]F\;_JK;AB\]AW;À J]F\X;]XCP;AFP;_JK;PHW]\HJFg%l"
{���|}��~������,M;hA\CK;XÀ NWC;JK;A;PCHJFHGCP;hA\CK;Ck\KAB\;_JK;XJHW;XÀ NWCX;AKC;HFzCB\CP;HF\J;A;X\KCÀ ;J_;BAK̂JFA\CoĤBAK̂JFA\C;CW]CF\;AFP;NAXXCP;\VKJ]LV;A;XCKHCX;J_;HJF;CkBVAFLCKXg;9VC;AFHJFX;J_;HF\CKCX\;AKC;XCNAKA\CP;JF;\VC;̂AXHX;J_;\VCHK;KCWA\HOC;A__HFH\HCX;_JK;A;WJh;BANABH\b@;X\KJFLWb;̂AXHB;AFHJF;CkBVAFLCK;cL]AKP;AFP;XCNAKA\JK;BJW]̀ FXeg;;9VC;XCNAKA\CP;AFHJFX;AKC;PHKCB\CP;JF\J;A;̀ HBKJ̀ C̀ K̂AFC;X]NNKCXXJKg;6F;\VC;X]NNKCXXJK@;\VC;XCNAKA\CP;AFHJFX;AKC;BJFOCK\CP;\J;\VCHK;VHLVWb;BJFP]B\HOC;ABHP;
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_JK̀X;AFP;\VC;BAK̂JFA\CôHBAK̂JFA\C;CW]CF\;HX;BJFOCK\CP;\J;A;hCAfWb;BJFP]B\HOC;BAK̂JFHB;ABHPg;;9VC;XCNAKA\CP;AFHJFX;AKC;̀CAX]KCP;̂b;BJFP]B\HOH\bg;;9VCb;AKC;HPCF\H_HCP;JF;\VC;̂AXHX;J_;KC\CF\HJF;\H̀C;AX;BJ̀ NAKCP;\J;X\AFPAKPXg;j]AF\H\A\HJF;HX;̂b;̀ CAX]KC̀ CF\;J_;NCAf;AKCA;BJ̀ NAKCP;\J;AF;Ck\CKFAW;X\AFPAKP;BAWĤKA\HJF;B]KOCg;xH\KH\C;AFP;FH\KA\C;AKC;BAWB]WA\CP;AX;FH\KJLCF;AX;x�xg;0l"(���|~�|��)�
� 6F\CK_CKCFBCX;BAF;̂C;BA]XCP;̂b;X]̂X\AFBCX;hH\V;KC\CF\HJF;\H̀CX;\VA\;AKC;WHfC;AFP;JOCKWAN;\VJXC;J_;\VC;AFHJF;J_;HF\CKCX\g;;EAKLC;BJFBCF\KA\HJFX;J_;JFC;AFHJF;BAF;HF\CK_CKC;hH\V;\VC;NCAf;KCXJW]\HJF;J_;AF;APzABCF\;AFHJFg;;MF;HFH\HAW;BJFP]B\HOH\b;KCAPHFL;HX;KCBJ̀ C̀FPCP;NKHJK;\J;AFAWbXHX@;\J;PC\CK̀HFC;APCy]A\C;PHW]\HJF;_AB\JKXg;;aÀ NWC;PHW]\HJF;BAF;̂C;]XCP;\J;XJWOC;̀JX\;HF\CK_CKCFBC;NKĴWC̀ Xg� UC\VJP;HF\CK_CKCFBCX;̀ Ab;̂C;BA]XCP;̂b;BJF\À HFAF\X;HF;\VC;PCHJFHGCP;hA\CK@;KCALCF\X@;LWAXXhAKC@;AFP;J\VCK;XÀ NWC;NKJBCXXHFL;ANNAKA\]X;\VA\;WCP;\J;PHXBKC\C;AK\H_AB\X;JK;\J;CWCOA\CP;ÂXCWHFCX;HF;HJF;BVKJ̀ A\JLKÀ Xg� MFb;AFHJF;\VA\;HX;FJ\;KC\AHFCP;̂b;\VC;BJW]̀ F;JK;JFWb;XWHLV\Wb;KC\AHFCP;hHWW;CW]\C;HF;\VC;AKCA;J_;_W]JKHPC;AFP;HF\CK_CKCg;[FJhF;BJoCW]\HJF;HX;BA]XCP;̂b;BAK̂JFA\C@;ABC\A\C@;_JK̀A\C@;AFP;J\VCK;X̀ AWW;JKLAFHB;AFHJFXg� 9VC;KC\CF\HJF;\H̀CX;J_;AFHJFX;̀Ab;PH__CK;hVCF;WAKLC;À J]F\X;J_;ABC\A\C;AKC;NKCXCF\g;9VCKC_JKC@;\VHX;̀C\VJP;HX;FJ\;KCBJ̀ C̀FPCP;_JK;WCABVA\CX;J_;XJWHP;XÀ NWCX;hVCKC;ABC\A\C;HX;]XCP;_JK;N8;APz]X\̀CF\g� aÀ NWCX;\VA\;BJF\AHF;NAK\HB]WA\C;̀ A\\CK;KCy]HKC;_HW\KA\HJF;\J;NKCOCF\;PÀ ALC;\J;HFX\K]̀ CF\;BJW]̀ FX;AFP;_WJh;XbX\C̀ Xg�l",�~(�(�(��
�5C_CK;\J;\VC;EÂJKA\JKb;j]AWH\b;UAF]AW;_JK;A;LWJXXAKb;J_;BJ̀ J̀F;WÂ;\CK̀X;AFP;PC_HFH\HJFXg$l"���!�����,�
�~��}1JF\AB\;bJ]K;X]NCKOHXJK;JK;WJBAW;XA_C\b;BJJKPHFA\JK;hH\V;y]CX\HJFX;JK;BJFBCKFX;KCLAKPHFL;XA_C\b;NKJ\JBJW;JK;XA_C;VAFPWHFL;NKJBCP]KCX;_JK;\VHX;NKJBCP]KC9VC;_JWWJhHFL;XCB\HJFX;NKJOHPC;LCFCKAW;VCAW\V;AFP;XA_C\b;HF_JK̀A\HJF;ÂJ]\;BVC̀ HBAWX;AFP;̀A\CKHAWX;\VA\;̀Ab;̂C;NKCXCF\;HF;\VC;WÂJKA\JKbg� 9VC;\JkHBH\b;JK;BAKBHFJLCFHBH\b;J_;CABV;BVC̀ HBAW;̀A\CKHAW;]XCP;HF;\VC;WÂJKA\JKb;VAX;FJ\;̂CCF;_]WWb;CX\ÂWHXVCPg;mABV;BVC̀ HBAW;XVJ]WP;̂C;KCLAKPCP;AX;A;NJ\CF\HAW;VCAW\V;VAGAKP;AFP;CkNJX]KC;\J;\VCXC;BJ̀ NJ]FPX;XVJ]WP;̂C;AX;WJh;AX;KCAXJFÂWb;ABVHCOÂWCg;� 9VC;WÂJKA\JKb;̀AHF\AHFX;PJB]̀ CF\A\HJF;J_;VAGAKP;AXXCXX̀ CF\X;AFP;2a8M;KCL]WA\HJFX;KCLAKPHFL;\VC;XA_C;VAFPWHFL;J_;\VC;BVC̀ HBAWX;XNCBH_HCP;HF;CABV;̀C\VJPg;aA_C\b;PA\A;XVCC\X;_JK;AWW;VAGAKPJ]X;BVC̀ HBAWX;AKC;AOAHWÂWC;\J;AWW;NCKXJFFCWg;m̀ NWJbCCX;̀ ]X\;ÂHPC;̂b;\VC;VCAW\V@;XA_C\b;AFP;CFOHKJF̀ CF\AW;cm8ae;NJWHBHCX;AFP;NKJBCP]KCX;XNCBH_HCP;HF;\VHX;a23;AFP;HF;\VC;3ABCD;1VC̀ HBAW;8bLHCFC;Q;aA_C\b;UAF]AW;c125oUMxo===>e;
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� 3CKXJFAW;NKJ\CB\HOC;Cy]HǸ CF\;c33me;X]BV;AX;XA_C\b;LWAXXCX@;LWJOCX@;AFP;A;WÂJKA\JKb;BJA\;̀]X\;Ĉ;hJKF;HF;PCXHLFA\CP;AKCAX;AFP;hVHWC;VAFPWHFL;XÀ NWCX;AFP;BVC̀ HBAW;̀A\CKHAWX;\J;NKJ\CB\;ALAHFX\;NVbXHBAW;BJF\AB\;hH\V;XÀ NWCX;\VA\;BJF\AHF;NJ\CF\HAWWb;VAGAKPJ]X;BVC̀ HBAWX;AFP;CkNJX]KC;\J;BVC̀ HBAW;̀A\CKHAWX;]XCP;HF;\VC;NKJBCP]KCg;� 1JFBCF\KA\CP;BJKKJXHOCX;NKCXCF\;APPH\HJFAW;VAGAKPX;AFP;AKC;PÀ ALHFL;\J;XfHF;AFP;̀ ]B]X;C̀̀ K̂AFCXg;wJK;NKJBCP]KCX;\VA\;KCy]HKC;]XC;J_;ABHPX@;]XC;ABHPX;HF;A;_]̀ C;VJJP;hVCFCOCK;NJXXĤWC;hH\V;33m;PCXHLFCP;_JK;VAFPHFL;\VCXC;̀ A\CKHAWXg;6_;CbC;JK;XfHF;BJF\AB\;JBB]KX@;_W]XV;hH\V;WAKLC;OJW]̀ CX;J_;hA\CKg;nVCF;hJKfHFL;hH\V;ABHPX@;AWhAbX;APP;ABHP;\J;hA\CK;\J;NKCOCF\;OHJWCF\;KCAB\HJFXg;;wJK;NKJBCP]KCX;\VA\;\VA\;C̀ H\;WAKLC;OJW]̀ CX;J_;XJWOCF\X;cCOANJKA\HJFQBJFBCF\KA\HJF;NKJBCXXCXe@;\VCXC;AB\HOH\HCX;̀]X\;̂C;NCK_JK̀CP;HF;A;_]̀ C;VJJP;JK;ANNAKA\]X;\VA\;KCP]BCX;CkNJX]KCg;;�l"
���!��)�!!�)�(��u��|�
�|���(��u���!,(����(��u���,�
��|���aÀ NWCX;XVJ]WP;̂C;BJWWCB\CP;HF;ABBJKPAFBC;hH\V;A;XÀ NWHFL;NWAF;AFP;NKJBCP]KCX;ANNKJNKHA\C;\J;ABVHCOC;\VC;KCL]WA\JKb@;XBHCF\H_HB@;AFP;PA\A;y]AWH\b;ĴzCB\HOCX;_JK;\VC;NKJzCB\g;;9VC;WÂJKA\JKb;PJCX;FJ\;AWhAbX;NCK_JK̀;XÀ NWC;BJWWCB\HJF;JK;_HCWP;̀CAX]KC̀ CF\X;_JK;\VHX;\CX\;̀C\VJPg;9J;AXX]KC;XÀ NWC;BJWWCB\HJF;AFP;_HCWP;BVCBfX;AFP;\KCA\̀CF\;AKC;NCK_JK̀CP;HF;ABBJKPAFBC;hH\V;ANNWHBÂWC;KCL]WA\HJFX;3ABC;NKJzCB\;̀AFALCKX;hHWW;HF_JK̀;\VC;BWHCF\;J_;\VCXC;KCy]HKC̀ CF\X;A\;\VC;\H̀C;J_;KCy]CX\;_JK;AFAWb\HBAW;XCKOHBCX;hVCF;\VC;KCy]CX\;_JK;\CX\HFL;HX;KCBCHOCP;NKHJK;\J;XÀ NWC;BJWWCB\HJFg;;6_;XÀ NWCX;hCKC;AWKCAPb;BJWWCB\CP@;\VC;WÂJKA\JKb;hHWW;KCBJKP;AFb;FJFBJF_JK̀AFBC;\J;\VCXC;KCy]HKC̀ CF\X;HF;\VC;WÂJKA\JKb�X;XÀ NWC;KCBCHN\;KCBJKP;hVCF;X]__HBHCF\;HF_JK̀A\HJF;ÂJ]\;XÀ NWC;BJWWCB\HJF;HX;NKJOHPCP;hH\V;\VC;XÀ NWCXg;;9VC;WÂJKA\JKb;NCK_JK̀X;XÀ NWC;BJWWCB\HJF;_JK;XÀ NWCX;\J;̂C;AFAWbGCP;̂b;\VHX;a23;HF;ABBJKPAFBC;hH\V;WÂJKA\JKb;a23;mx�oa23oEmxmo=>=Zg;;5C_CK;\J;\VHX;a23;_JK;\VCXC;HFX\K]B\HJFXg;;9VC;WÂJKA\JKb;hHWW;NKJOHPC;BJF\AHFCKX;_JK;\VC;BJWWCB\HJF;J_;XÀ NWCX;]NJF;BWHCF\;KCy]CX\;_JK;AFAWb\HBAW;XCKOHBCXg;;IJ\\WC;fH\X;AKC;NKCNAKCP;HF;ABBJKPAFBC;hH\V;WÂJKA\JKb;a23;mx�oa23oEmxmo==<Yg;;;;5Cy]HKC̀ CF\X;_JK;BJF\AHFCK;\bNC@;NKCXCKOA\HJF@;AFP;_HCWP;y]AWH\b;BJF\KJW;cj1e;_JK;\VC;BJ̀ J̀F;WHX\;J_;\CX\;C̀\VJPX;J__CKCP;̂b;3ABC;AKC;HFBW]PCP;HF;\VC;WÂJKA\JKb�X;y]AWH\b;̀AF]AWg;;����
���|����
�*�������
�� |������)�������
 ����*�*
�*�����*����/ �
���
������ ���	������*�
My]CJ]X 3WAX\HB�;<Y=̀ E >=̀ E 9VCK̀AWS;;����1VC̀ HBAWS;;xJFC <p;PAbX;_KJ̀ ;1JWWCB\HJF;cw@;1W@;IK@;�;a2TeTp;VJ]KX;_KJ̀ ;1JWWCB\HJF;cx2<;�;x2ReaJWHP 7WAXX�;TJG >=L 9VCK̀AWS;;����1VC̀ HBAWS;;xJFC <p;PAbX;_KJ̀ ;1JWWCB\HJF;cw@;1W@;IK@;�;a2TeTp;VJ]KX;_KJ̀ ;mk\KAB\HJF;cx2<;�;x2Re>�������i������i������i���i����i��������i�������� ii9VCK̀AW;NKCXCKOA\HJF;HX;BVCBfCP;AFP;KCBJKPCP;JF;KCBCHN\;HF;\VC;WÂJKA\JKb;HF;ABBJKPAFBC;hH\V;WÂJKA\JKb;a23;mx�oa23oEmxmo==<>g;;M_\CK;KCBCHN\@;XÀ NWCX;AKC;X\JKCP;A\;��¡�;]F\HW;XÀ NWC;NKCNAKA\HJFg;;M_\CK;AFAWbXHX@;]FWCXX;J\VCKhHXC;XNCBH_HCP;HF;\VC;AFAWb\HBAW;XCKOHBCX;BJF\KAB\@;XÀ NWCX;AKC;KC\AHFCP;_JK;R=;PAbX;_KJ̀ ;PA\C;J_;_HFAW;KCNJK\;AFP;\VCF;PHXNJXCP;J_;HF;ABBJKPAFBC;hH\V;wCPCKAW@;a\A\C@;AFP;EJBAW;KCL]WA\HJFXg
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#l"�r{(��������,�
{��!(�
#l/�����*������	�
������� ��'���#l/�¢�(���
�*�������������*��� ���	�
 ��	���.���
���� )�**����MPz]X\ÂWC;NHNC\\JK mNNCFPJK_ �AKHJ]XMFAWb\HBAW;IAWAFBC UC\\WCKo9JWCPJ Mmo<==�JW]̀ C\KHBcXe wHXVCK OAKHJ]X 1WAXX;MM]\JXÀ NWCK dHJFCk MaoT=@;Maod�Y=;̀E;7KAP]A\CP;1bWHFPCK wHXVCK 1WAXX;MdA\A;MBy]HXH\HJF;aJ_\hAKC dHJFCk 1VKJ̀ CWCJF;ZgRdC\CB\JK dHJFCk 1dUo66 1JFP]B\HOH\bdC\CB\JK dHJFCk daq;8CA\CP;1CWW 1JFP]B\HOH\bmWCB\KJWb\HB;N8;UJPH_HCK dHJFCk =qR>ZY6JF;1VKJ̀ A\JLKANV dHJFCk 61ao>q==@;61ao<===@;61ao>Y==@;My]HJFa]NNKCXXJK dHJFCk Mm5a;Y==@;T̀ ;̀ 2K;Cy]HOAWCF\
�������������������������������������'���#l%�¢�)�
�*����
������
�������(��* ���	�
 ��	���.�(, )�������£ ,���
������MFAWb\HBAW;1JW]̀ F dHJFCk 6JF;3AB;Ma;<< =qT>T> Z;¤̀ @;<Y=;̀ ;̀k;T;̀`7]AKP;1JW]̀ F dHJFCk 6JF;3AB;M7;<< =qT>R? >=;¤̀ @;Y=;̀ ;̀k;T;̀`wAX\; MFAWb\HBAW;1JW]̀ F 9VCK̀J 6JF;3AB;M7;<< =Z??Rq >Y=̀ ;̀k;T;̀`
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<Y=;̀LQES;IKJ̀ HPC@;1VWJKHPC@;a]W_A\C><Ỳ LQES;wW]JKHPC>==;̀LQES;xH\KA\Cox@;xH\KH\Cox

a3m§;;Q;�31E[aoqo<Y=
;aJHW;aNHfC;a\AFPAKP

T==;̀LQE;xH\KA\Cox@;xH\KH\CoxY==;̀LQE;wW]JKHPC>===;̀LQES;IKJ̀ HPC@;a]W_A\C@;1VWJKHPC a3m§;Q;�31E[aoZ
UdE;aNHfC;aJW]\HJF;

>==;̀LQE;IKJ̀ HPC@;1VWJKHPC@;a]W_A\C<=;̀LQE;wW]JKHPC>=;̀LQE;xH\KA\Cox@;xH\KH\Cox a3m§Q�31E[aoYo<Y=
��'���¥l��¢��
���
�������+�)���'
�����u�����u�!�̈ ���	�))��
���	�
	�
���	�
	 
���v�
���	�
	 
���	�
	��*���� 
������ ~���������������*� )���'
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9VC;PHX\KĤ]\HJF;J_;NKHF\CP;JK;CWCB\KJFHB;BJNHCX;J_;\VHX;PJB]̀ CF\;J]\XHPC;J_;\VC;3Ma;CWCB\KJFHB;PJB]̀ CF\;̀AFALC̀ CF\;XbX\C̀ ;cCdUae;HX;FJ\;BJF\KJWWCP;JK;\KABfCPg;;3Ma;C̀ NWJbCCX;̀]X\;CFX]KC;AFb;BJNb;]XCP;_JK;PAHWb;hJKf@;H_;FJ\;ABBCXXCP;PHKCB\Wb;_KJ̀ ;3Ma;CdUa@;HX;\VC;B]KKCF\;OCKXHJF;J_;\VC;PJB]̀ CF\g
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PCXHLFCCXeg;6_;ANNKJOCP@;\VC;APz]X\̀CF\X;FCCP;\J;̂C;ANNWHCP;\J;\VC;JKHLHFAW;B]KOC;AFP;AWW;AFAWb\HBAW;XCy]CFBCX;\J;hVHBV;\VCb;ANNWbg;9VHX;HFBW]PCX;AWW;j1QXÀ NWCXg;9VC;KCOHXCP;B]KOC;AFP;AWW;j1;PA\A;̀]X\;̂C;COAW]A\CP;AFP;KCOHChCPg;-l%l% )���'
������
���������'���-l%�¢����*����
��������²���������̈����(�������)���'
�����(�·������ ��*�> 1ME=< 1ME>R 1ME<T 1MERY 1METq 1MEYZ 1MEqp ;1MEZ>= ;61�>> ;61I>< ;UI>R ;E1a>T aMU3Em;M>Y ;aMU3Em;M;Ua>q aMU3Em;M;Uad>Z ;aMU3Em;I>p aMU3Em;1>? ;aMU3Em;d<= ;aMU3Em;m<> ;aMU3Em;m;Ua<< ;11�¹̧ ºº»
-l%l0 ()�!�����������-l%l0l/ )�
���~��!����
�|��
������;s;9VC;WHFCAK;KCLKCXXHJF;BAWĤKA\HJF;B]KOC;HX;PCKHOCP;_KJ̀ ;A;WCAX\;Xy]AKC�X;KCLKCXXHJF;AFAWbXHX;J_;\VC;BAWĤKA\HJF;NJHF\Xg;;M;BAWĤKA\HJF;B]KOC;̂AXCP;JF;\VHX;\CBVFHy]C;hHWW;VAOC;\VC;_JK̀A\;J_;b¼Ak�̂;hVCKC;µA¶;HX;\VC;XWJNC;J_;\VC;WHFC;AFP;µ̂¶;HX;\VC;boHF\CKBCN\g;;9VC;WHFCAK;KCLKCXXHJF;HX;FJ\;_JKBCP;\VKJ]LV;\VC;JKHLHF�;\VCKC_JKC@;\VCKC;HX;A;NJXXĤHWH\b;\VA\;OCKb;WJh;WCOCWX;J_;BJF\À HFAF\X;̂CWJh;\VC;KCXNJFXC;J_;\VC;WJhCX\;BAWĤKA\HJF;NJHF\;̀Ab;
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LCFCKA\C;CKKJFCJ]X;KCNJK\ÂWC;KCX]W\Xg;M;BAWB]WA\HJF;J_;\VC;BJKKCWA\HJF;BJC__HBHCF\;µK¶;HX;]XCP;\J;PC\CK̀HFC;\VC;ABBCN\ÂHWH\b;J_;A;WHFCAK;KCLKCXXCP;B]KOC;cXCC;MNNCFPHk;Ieg-l%l0l% )���'
������!����
�����
�'��*�9VC;WJhCX\;AFPQJK;VHLVCX\oWCOCW;BAWĤKA\HJF;X\AFPAKPX;̀Ab;̂C;KC̀ JOCP;_KJ̀ ;\VC;BAWĤKA\HJF;H_;\VC;KC̀ AHFHFL;F]̀ ĈK;J_;BJFBCF\KA\HJF;WCOCWX;̀ CC\X;\VC;̀ HFH̀]̀ ;Y;BAWĤKA\HJF;NJHF\;KCy]HKC̀ CF\g;wJK;̀]W\HoNAKÀ C\CK;̀C\VJPX@;\VHX;̀Ab;̂C;PJFC;JF;AF;HFPHOHP]AW;AFAWb\C;̂AXHXg;9VC;KCNJK\HFL;WH̀H\;̀]X\;̂C;APz]X\CP;\J;\VC;WJhCX\;BJFBCF\KA\HJF;KC̀ AHFHFL;HF;\VC;BAWĤKA\HJF;B]KOC;AFP;\VC;]NNCK;WH̀H\;J_;y]AF\H\A\HJF;̀ ]X\;̂C;APz]X\CP;\J;\VC;VHLVCX\;BJFBCF\KA\HJF;KC̀ AHFHFL;HF;\VC;BAWĤKA\HJF;B]KOCg6_;A;BAWĤKA\HJF;NJHF\;HX;KC̀ JOCP@;HFPHBA\C;JF;\VC;AFAWb\HBAW;BVCBfWHX\@;A\;\VC;\H̀C;J_;BAWĤKA\HJF@;\VC;KCAXJF;_JK;KC̀ JOHFL;\VC;NJHF\g;6_;\VC;KC̀ JOAW;J_;A;BAWĤKA\HJF;NJHF\;KCy]HKCX;\VC;]XC;J_;AF;AW\CKFA\HOC;VHLV;PAHWb;BVCBf;X\AFPAKP@;PJB]̀ CF\;\VHX;JF;\VC;PAHWb;K]F;WJLg6_;\VC;BAWĤKA\HJF;NKĴWC̀ ;KCy]HKCX;̀AHF\CFAFBC;AFP;KCBAWĤKA\HJF@;PJB]̀ CF\;\VC;H\C̀ X;HF;\VC;ÀHF\CFAFBC;WJL̂JJf;AFP;KCBAWĤKA\Cg-l%l0l0 |��������
���	�
	��

�
��|
��wJK;AFb;BAWĤKA\HJF;̀ JPCW;J\VCK;\VAF;AOCKALC;KCXNJFXC@;\VC;WÂJKA\JKb;XVAWW;COAW]A\C;5CWA\HOC;mKKJKg;9VHX;COAW]A\HJF;XVAWW;̂C;PJFC;JF;A;̀HPoWCOCW;BAWĤKA\HJF;NJHF\;AFP;\VC;WJhCX\;BAWĤKA\HJF;NJHF\g;5C_CK;\J;MNNCFPHk;I;_JK;ABBCN\AFBC;BKH\CKHAg;5C_CK;\J;3ABC;MFAWb\HBAW;aCKOHBCX;s;1JKNJKA\C;32E;mx�o32Eo125jo===Y@;MBBCN\ÂWC;1AWĤKA\HJF;3KAB\HBCX;_JK;6FX\K]̀ CF\;9CX\HFL@;JK;Cy]HOAWCF\;KCNWABC̀ CF\@;_JK;APPH\HJFAW;HF_JK̀A\HJF;AFP;BAWB]WA\HJFXg-l%l0l� (�������)���'
��������
�+�������6F;APPH\HJF;\J;̀CC\HFL;\VC;WHFCAKH\b;BKH\CKHA@;AFb;FCh;BAWĤKA\HJF;B]KOC;̀]X\;̂C;AXXCXXCP;_JK;ABB]KABb;HF;\VC;OAW]CX;LCFCKA\CPg;MBB]KABb;HX;A;_]FB\HJF;J_;̂J\V;\VC;µ_H\¶;J_;\VC;B]KOC;\J;\VC;NJHF\X;]XCP;AFP;\VC;ABB]KABb;J_;\VC;X\AFPAKPX;]XCP;\J;LCFCKA\C;\VC;BAWĤKA\HJF;NJHF\Xg;Ib;C̀C\HFL;\VC;_H\;BKH\CKHA@;\VC;ABB]KABb;KCWA\HOC;\J;\VC;LJJPFCXX;J_;_H\;HX;APPKCXXCPg;8JhCOCK@;ĈBA]XC;AWW;BAWĤKA\HJF;NJHF\X;AKC;_KJ̀ ;\VC;XÀ C;XJ]KBC@;H\;HX;NJXXĤWC;\VA\;\VC;BAWĤKA\HJF;NJHF\X;̀Ab;̀CC\;WHFCAKH\b;BKH\CKHA@;̂]\;FJ\;̂C;ABB]KA\CWb;̀APC;HF;\CK̀X;J_;\VCHK;\K]C;OAW]Cg9VCKC_JKC@;\J;AXXCXX;\VC;ABB]KABb;KCWA\HOC;\J;\VC;N]KH\b;J_;\VC;X\AFPAKPX@;A;XHFLWC;X\AFPAKP;_KJ̀ ;A;XCBJFPAKb;XJ]KBC;̀]X\;̂C;AFAWbGCP;AFP;\VC;KCX]W\X;Ĵ\AHFCP;̀]X\;̂C;AXXCXXCP;KCWA\HOC;\J;\VC;fFJhF;\K]C;OAW]Cg;9VHX;X\CN;HX;KC_CKKCP;\J;AX;aCBJFPAKb;aJ]KBC;�CKH_HBA\HJF;JK@;AW\CKFA\HOCWb;AX;6FH\HAW;1AWĤKA\HJF;�CKH_HBA\HJFg;9VHX;XCBJFPAKb;XJ]KBC;̀]X\;̂C;_KJ̀ ;AF;AW\CKFA\HOC;OCFPJK;JK@;HF;\VC;COCF\;AF;AW\CKFA\HOC;OCFPJK;HX;FJ\;AOAHWÂWC@;_KJ̀ ;A;PH__CKCF\;WJ\;_KJ̀ ;\VC;XÀ C;OCFPJKg;9VC;ABB]KABb;J_;\VC;X\AFPAKP;HX;AXXCXXCP;AX;A;NCKBCF\;PH__CKCFBC;_KJ̀ ;\VC;\K]C;OAW]C;ABBJKPHFL;\J;\VC;_JWWJhHFL;Cy]A\HJFS½ ¾¿ÀÀÁÂÃÄÅÆÇÄÅ ÁÂÃÄÅÆÇÄÅÈÅÉÄÃÊËÇÌÍÊÎ ÏºÁ ÏºÁÏºÁ ÐÑÒ
-l%l� )����������)���'
��������
�+�������-l%l�l/)����������)���'
��������
�+���������))��
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9VC;PHX\KĤ]\HJF;J_;NKHF\CP;JK;CWCB\KJFHB;BJNHCX;J_;\VHX;PJB]̀ CF\;J]\XHPC;J_;\VC;3Ma;CWCB\KJFHB;PJB]̀ CF\;̀AFALC̀ CF\;XbX\C̀ ;cCdUae;HX;FJ\;BJF\KJWWCP;JK;\KABfCPg;;3Ma;C̀ NWJbCCX;̀]X\;CFX]KC;AFb;BJNb;]XCP;_JK;PAHWb;hJKf@;H_;FJ\;ABBCXXCP;PHKCB\Wb;_KJ̀ ;3Ma;CdUa@;HX;\VC;B]KKCF\;OCKXHJF;J_;\VC;PJB]̀ CF\g
j]AW\KAk;6dS;RY?=Y 3ALC;><;J_;<T

MX;NAK\;J_;\VC;AFAWb\HBAW;NKJBCXX@;\VC;HFX\K]̀ CF\A\HJF;̀ ]X\;̂C;BVCBfCP;NCKHJPHBAWWb;\J;PC\CK̀HFC;H_;\VC;KCXNJFXC;VAX;BVAFLCP;XHLFH_HBAF\Wb;XHFBC;\VC;HFH\HAW;BAWĤKA\HJF;hAX;CX\ÂWHXVCPg;9VHX;OCKH_HBA\HJF;NKJBCXX;HX;fFJhF;AX;1JF\HF]HFL;1AWĤKA\HJF;�CKH_HBA\HJF;c11�eg;9VC;OAWHPH\b;J_;\VC;HFH\HAW;BAWĤKA\HJF;HX;BVCBfCP;A_\CK;COCKb;\CF;XÀ NWCX;AFP;A\;\VC;CFP;J_;\VC;AFAWb\HBAW;XCy]CFBC;̂b;AFAWbGHFL;A;̀HPNJHF\;BAWĤKA\HJF;X\AFPAKPg;9VC;ABB]KABb;J_;\VC;X\AFPAKP;HX;AXXCXXCP;AX;A;NCKBCF\;PH__CKCFBC;_KJ̀ ;\VC;\K]C;OAW]C;ABBJKPHFL;\J;\VC;_JWWJhHFL;Cy]A\HJFS ½ ¾¿ÀÀÁÂÃÄÅÆÇÄÅ ÁÂÃÄÅÆÇÄÅÈÅÉÄÃÊËÇÌÍÊÎ ººÁ ººÁººÁ ÐÑÒ
-l%l�l%))�����	�))�²�
���	�
	�6_;AF;61ME;HX;FJ\;AFAWbGCP;\VC;PAb;J_;AFAWbXHX@;\VCF;\VC;OAWHPH\b;J_;\VC;HFH\HAW;BAWĤKA\HJF;HX;BVCBfCP;̂b;\VC;AFAWbXHX;J_;̂J\V;A;11�M;BVCBf;X\AFPAKP;AFP;A;11�I;BVCBf;X\AFPAKPg;9VC;ABB]KABb;J_;\VC;X\AFPAKP;HX;AXXCXXCP;AX;A;NCKBCF\;PH__CKCFBC;_KJ̀ ;\VC;\K]C;OAW]C;ABBJKPHFL;\J;\VC;_JWWJhHFL;Cy]A\HJFS ½ ¾¿ÀÀÁÂÃÄÅÆÇÄÅ ÁÂÃÄÅÆÇÄÅÈÅÉÄÃÊËÇÌÍÊÎ ºÓÔ ºÓÔºÓÔ ÐÑÒ
��'���-l0�¢����*����
������������²���������̈����(�������)���'
�����(�·������ ��*�

> 11�M< 11�IR 11I;T UIY E1aq aÀ NWC;MZ aÀ NWC;M;Uap aÀ NWC;M;Uad;? aÀ NWC;I;>= aÀ NWC;1>> aÀ NWC;d>< aÀ NWC;d;Ua>R aÀ NWC;m>T 11�>Y 11I
-l%l$ )������������
�+���������
�'��*�?g<gYg> 5CAFAWbGC;\VC;JKHLHFAW;11�;X\AFPAKP;\J;PC\CK̀HFC;HFX\K]̀ CF\;BJFXHX\CFBbg
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9VC;PHX\KĤ]\HJF;J_;NKHF\CP;JK;CWCB\KJFHB;BJNHCX;J_;\VHX;PJB]̀ CF\;J]\XHPC;J_;\VC;3Ma;CWCB\KJFHB;PJB]̀ CF\;̀AFALC̀ CF\;XbX\C̀ ;cCdUae;HX;FJ\;BJF\KJWWCP;JK;\KABfCPg;;3Ma;C̀ NWJbCCX;̀]X\;CFX]KC;AFb;BJNb;]XCP;_JK;PAHWb;hJKf@;H_;FJ\;ABBCXXCP;PHKCB\Wb;_KJ̀ ;3Ma;CdUa@;HX;\VC;B]KKCF\;OCKXHJF;J_;\VC;PJB]̀ CF\g
j]AW\KAk;6dS;RY?=Y 3ALC;>R;J_;<T

?g<gYg< 3KCNAKC;AFP;AFAWbGC;A;FCh;11�;X\AFPAKP;\J;PC\CK̀HFC;NKCNAKA\HJF;BJFXHX\CFBb;Q;X\AFPAKP;HF\CLKH\bg?g<gYgR 3CK_JK̀;AFP;PJB]̀ CF\;HFX\K]̀ CF\;̀AHF\CFAFBC?g<gYgT 5CAFAWbGC;11�;X\AFPAKP;\J;PC\CK̀HFC;H_;̀AHF\CFAFBC;hAX;C__CB\HOC;HF;KCX\JKHFL;NCK_JK̀AFBCg?g<gYgY 1J̀ NWC\C;KCBAWĤKA\HJF;J_;HFX\K]̀ CF\g?g<gYgq 6_;XÀ NWCX;hCKC;AFAWbGCP;PCXNH\C;OCKH_HBA\HJF;_AHW]KCX@;FJ\C;\VC;CkBCN\HJF;̂CWJh;_JK;APPKCXXHFL;\VJXC;KCX]W\Xg;dCOHA\HJFX;_KJ̀ ;\VHX;KCy]HKC̀ CF\;̀]X\;̂C;FJ\CP;JF;\VC;HFzCB\HJF;WJL;hH\V;A;\VJKJ]LV;CkNWAFA\HJF;_JK;\VC;PCOHA\HJF;_KJ̀ ;NJWHBbg?g<gYgZ mkBCN\HJFS;;6_;\VC;BAWĤKA\HJF;OCKH_HBA\HJF;HX;ÂJOC;\VC;]NNCK;BJF\KJW;WH̀H\;_JK;AF;AFAWb\C@;FJFoPC\CB\;KCX]W\X;̀Ab;̂C;KCNJK\CP;hH\VJ]\;KCAFAWbXHXg-l%l� |�����������*��t��	�̈ �?g<gqg> xCh;KC\CF\HJF;\H̀C;hHFPJhX;̀]X\;̂C;CX\ÂWHXVCP;hVCFCOCK;A;FCh;61;BJW]̀ F;HX;HFX\AWWCPg;?g<gqg< IC_JKC;CX\ÂWHXVHFL;KC\CF\HJF;\H̀C;hHFPJhX;̀AfC;X]KC;\VA\;\VC;BVKJ̀ A\JLKANVHB;XbX\C̀ ;HX;JNCKA\HFL;KCWHÂWb;AFP;\VA\;\VC;XbX\C̀ ;BJFPH\HJFX;VAOC;̂CCF;JN\H̀HGCP;_JK;\VC;AFHJFX;HF;\VC;XÀ NWC;̀A\KHk;\J;̂C;AFAWbGCPg;?g<gqgR 9VC;_JWWJhHFL;NKJBCXX;̀ Ab;̂C;]XCP;\J;HPCF\H_b;KC\CF\HJF;\H̀CXg;UAfC;\VKCC;HFzCB\HJFX;J_;A;X\AFPAKP;JOCK;\VC;BJ]KXC;J_;A;<ToVJ]K;NCKHJPg;aCKHAW;HFzCB\HJFX;JK;HFzCB\HJFX;JOCK;A;NCKHJP;J_;WCXX;\VAF;<T;VJ]KX;̀ Ab;KCX]W\;HF;KC\CF\HJF;\H̀C;hHFPJhX;\VA\;AKC;\JJ;\HLV\g;5CBJKP;\VC;KC\CF\HJF;\H̀C;_JK;CABV;AFHJF;\J;\VKCC;PCBH̀AW;NWABCX;cCgLg@;=g==Zeg;9VC;hHP\V;J_;\VC;KC\CF\HJF;\H̀C;hHFPJh;_JK;CABV;AFHJF;HX;PC_HFCP;AX;Õ;R;\H̀CX;\VC;X\AFPAKP;PCOHA\HJF;J_;\VC;KC\CF\HJF;\H̀CX;CX\ÂWHXVCP;P]KHFL;\VC;<ToVJ]K;NCKHJPg?g<gqgT 9VC;hHP\V;J_;\VC;KC\CF\HJF;\H̀C;hHFPJhX;]XCP;\J;̀ AfC;HPCF\H_HBA\HJFX;hHWW;̂C;Õ>=̄ ;J_;\VC;ÂXJW]\C;KC\CF\HJF;\H̀C;J_;\VC;1MEq;X\AFPAKP;HF;\VC;HFH\HAW;BAWĤKA\HJFg;8JhCOCK@;\VC;CkNCKHCFBC;J_;\VC;AFAWbX\;XVJ]WP;hCHLV;VCAOHWb;HF;\VC;HF\CKNKC\A\HJF;J_;BVKJ̀ A\JLKÀ Xg-l0
�*�����
���
�����-l0l/ ��*�����Ö������×�
�'��*�����5C_CK;\J;3ABC;MFAWb\HBAW;aCKOHBCX;s;[AFXAX;a23;mx�oa23oEmxmo=>RY@;aÀ NWC;8J̀ JLCFHGA\HJF;AFP;a]̂oaÀ NWHFL@;JK;Cy]HOAWCF\;KCNWABC̀ CF\@;_JK;HF_JK̀A\HJF;KCLAKPHFL;\VC;VAFPWHFL@;VJ̀ JLCFHGA\HJF@;AFP;XNWH\\HFL;J_;XÀ NWCX;HF;JKPCK;\J;CFX]KC;\VA\;A;KCNKCXCF\A\HOC;AWHy]J\;HX;]XCP;_JK;AFAWbXHXg
?gRg< t���
���*����S;3KCNAKA\HJF;HX;FJ\;FJK̀AWWb;FCCPCP;hH\V;µBWCAF¶;Ay]CJ]X;XÀ NWCXg;9]K̂HP;Ay]CJ]X;XÀ NWC;̀Ab;KCy]HKC;NKCo_HW\KA\HJF;̂C_JKC;\VCb;AKC;NWABCP;HF;\VC;A]\JXÀ NWCKg;6_;AFb;J_;\VC;XÀ NWCX;AKC;NKCo_HW\CKCP@;\VCF;\VC;UI;AFP;\VC;E1a;̀]X\;AWXJ;̂C;NKCo_HW\CKCP;AX;hCWWg;;UAfC;X]KC;\VC;XÀ NWC;VAX;̂CCF;XVAfCF;hCWW;\J;̀Hk;\VC;XÀ NWCg
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9VC;PHX\KĤ]\HJF;J_;NKHF\CP;JK;CWCB\KJFHB;BJNHCX;J_;\VHX;PJB]̀ CF\;J]\XHPC;J_;\VC;3Ma;CWCB\KJFHB;PJB]̀ CF\;̀AFALC̀ CF\;XbX\C̀ ;cCdUae;HX;FJ\;BJF\KJWWCP;JK;\KABfCPg;;3Ma;C̀ NWJbCCX;̀]X\;CFX]KC;AFb;BJNb;]XCP;_JK;PAHWb;hJKf@;H_;FJ\;ABBCXXCP;PHKCB\Wb;_KJ̀ ;3Ma;CdUa@;HX;\VC;B]KKCF\;OCKXHJF;J_;\VC;PJB]̀ CF\g
j]AW\KAk;6dS;RY?=Y 3ALC;>T;J_;<T

-l0l0 
����;UAfC;X]KC;\J;̀Hk;\VC;XÀ NWC;HF;\VC;zAK�;nCHLV;Y;L;J_;\VC;XÀ NWC;HF\J;A;Y=òE;BCF\KH_]LC;\]̂C;AFP;APP;Y=;̀E;J_;PCHJFHGCP;hA\CKg;5CBJKP;\VC;XJHW;hCHLV\@;HF;LKÀ X@;HF;\VC;NKCNWJLg�;3WABC;\VC;BCF\KH_]LC;\]̂CX;JF;A;XVAfCK;\ÂWC;AFP;XVAfC;_JK;R=;̀HF]\CXg�;5C̀ JOC;\]̂CX;_KJ̀ ;XVAfCK;AFP;BCF\KH_]LC;_JK;>=;̀HF]\CXg�;9VC;X]NCKFA\AF\;WHy]HP;HX;FJh;KCAPb;_JK;AFAWbXHXg�;dHW]\C;\CFo_JWP;NKHJK;\J;XÀ NWC;AFAWbXHX;]FWCXX;A;WJhCK;KCNJK\HFL;WH̀H\;HX;KCy]CX\CP;_JK;XW]PLCX;cY=Reg;mke;̂HJXJWHPX@;Y=R;XW]PLCX@;9nMa;C\B;-l���������?gTg> wJWWJh;\VC;HFX\K]B\HJFX;LHOCF;HF;aCB\HJF;?g<;ÂJOC;\J;BAWĤKA\C;\VC;61@;JK;\J;OCKH_b;\VC;B]KKCF\;BAWĤKA\HJF;J_;\VC;61g?gTg< ;;8HLV;BJFP]B\HOH\HCX;AKC;LCFCKAWWb;P]C;\J;BVWJKHPC;JK;X]W_A\C;BJFBCF\KA\HJFXg;8HX\JKHBAW;KCX]W\X;hHWW;AWXJ;̂C;]XC_]W;HF;PC\CK̀HFHFL;ANNKJNKHA\C;PHW]\HJFXg;MNNKJNKHA\C;PHW]\HJFX;AKC;XCWCB\CP;X]BV;\VA\;\VC;HFX\K]̀ CF\;KCX]W\;hHWW;_AWW;HF;\VC;]NNCK;VAW_;J_;\VC;BAWĤKA\HJF;B]KOCg1KCA\C;A;̂CFBV;XVCC\;cCkÀ NWC;̂CWJhe;\J;XVJh;\VC;XÀ NWC;F]̀ ĈK@;PHW]\HJF@;AFP;AFAWb\CcXe;FCCPCPg;9VC;̂CFBV;XVCC\;BKCA\CX;AF;µCy]A\HJF¶;\VA\;N]WWX;HF;HF_JK̀A\HJF;HF\J;EH̀XEHFf;BJKKCB\Wb;AFP;C__HBHCF\Wbg

?gTgR MWHy]J\;A;NJK\HJF;J_;\VC;XÀ NWC;HF\J;\VC;A]\JXÀ NWCK;B]NX;_JK;AFAWbXHXg;;
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9VC;PHX\KĤ]\HJF;J_;NKHF\CP;JK;CWCB\KJFHB;BJNHCX;J_;\VHX;PJB]̀ CF\;J]\XHPC;J_;\VC;3Ma;CWCB\KJFHB;PJB]̀ CF\;̀AFALC̀ CF\;XbX\C̀ ;cCdUae;HX;FJ\;BJF\KJWWCP;JK;\KABfCPg;;3Ma;C̀ NWJbCCX;̀]X\;CFX]KC;AFb;BJNb;]XCP;_JK;PAHWb;hJKf@;H_;FJ\;ABBCXXCP;PHKCB\Wb;_KJ̀ ;3Ma;CdUa@;HX;\VC;B]KKCF\;OCKXHJF;J_;\VC;PJB]̀ CF\g
j]AW\KAk;6dS;RY?=Y 3ALC;>Y;J_;<T

?gTgT 6_;\VC;WHy]HP;HX;\]K̂HP;JK;VAX;X]XNCFPCP;XCPH̀CF\@;_HW\CK;A;NJK\HJF;J_;\VC;WHy]HP;HF\J;\VC;A]\JXÀ NWCK;B]N;]XHFL;A;=gTY]̀ ;XbKHFLC;_HW\CKg;�����;6_;XÀ NWC;_HW\KA\HJF;HX;NCK_JK̀CP@;\VCF;\VC;y]AWH\b;BJF\KJW;XÀ NWCX;cUI@;E1a@;UaQUad@;aÀ NWC;AFP;d]NWHBA\Ce;̀]X\;AWXJ;]FPCKLJ;_HW\KA\HJFg;dJB]̀ CF\;CABV;_HW\KA\HJF;JF;\VC;IA\BV;nJKfWHX\�;HFBW]PC;\VC;WJ\;F]̀ ĈK;J_;\VC;XbKHFLC;_HW\CKX;]XCPg?gTgY MKKAFLC;\VC;A]\JXÀ NWCK;B]NX;JF;\VC;A]\JXÀ NWCK;\KAb;HF;\VC;JKPCK;WHX\CP;JF;\VC;ĈFBVXVCC\g?gTgq aÀ NWC;BJFBCF\KA\HJFX;LKCA\CK;\VAF;\VC;VHLVCX\;X\AFPAKP;c1MEZe;KCy]HKC;PHW]\HJF;AFP;KCAFAWbXHXg;5CoAFAWbGCP;KCX]W\;XVJ]WP;̂C;HF;\VC;]NNCK;\VKCCoy]AK\CKX;J_;\VC;B]KOCg-l$���*���������������
�������� �
�����'����-l/���	�-l%
/"l",�������!}
(
���,�)�!){!��(��
/"l/r�����������(	����+�������/"l/l/�������(����
�����UAF]AW;BVAFLCX;\J;A]\J̀ A\CP;HF\CLKA\HJF;AKC;BAWWCP;̀ AF]AW;HF\CLKA\HJFg;;;UAF]AW;HF\CLKA\HJF;HX;XJ̀ C\H̀CX;FCBCXXAKb;\J;BJKKCB\;HFABB]KA\C;A]\J̀ A\CP;HF\CLKA\HJFX;̂]\;̀]X\;FCOCK;̂C;]XCP;\J;̀CC\;j1;BKH\CKHA;JK;\J;X]̂X\H\]\C;_JK;NKJNCK;HFX\K]̀ CF\;̀AHF\CFAFBC;AFPQJK;C̀\VJP;XC\o]Ng;9J;AXX]KC;\VA\;AWW;̀AF]AW;HF\CLKA\HJFX;AKC;NCK_JK̀CP;BJFXHX\CF\Wb;AFP;AKC;C\VHBAWWb;z]X\H_HCP@;AWW;̀AF]AW;HF\CLKA\HJFX;̀]X\;̂C;NCK_JK̀CP@;KCOHChCP@;AFP;KCBJKPCP;HF;ABBJKPAFBC;hH\V;BJKNJKA\C;a23;mx�oa23o125jo===q@;������iØ���Ù������ /"l%r������������(	����+�������¿ÀÚ̧Ú¿nVCF;KCOHChHFL;XÀ NWC;BVKJ̀ A\JLKANVb@;\VC;AFAWbX\;̀]X\S;FJ\C;\VC;KC\CF\HJF;\H̀C;J_;\VC;AFAWb\CX;HF;KCWA\HJF;\J;\VC;KC\CF\HJF;\H̀C;hHFPJhX@;HPCF\H_b;XÀ NWCX;\VA\;AKC;LKCA\CK;\VAF;\VC;VHLV;X\AFPAKP;AFP;KCOHCh;NCAf;HF\CLKA\HJFXg>=g<g<UAF]AW;BVAFLCX;\J;A]\J̀ A\CP;HF\CLKA\HJF;AKC;BAWWCP;̀ AF]AW;HF\CLKA\HJFXg;;;UAF]AW;HF\CLKA\HJF;HX;XJ̀ C\H̀CX;FCBCXXAKb;\J;BJKKCB\;HFABB]KA\C;A]\J̀ A\CP;HF\CLKA\HJFX;̂]\;̀]X\;FCOCK;̂C;]XCP;\J;̀CC\;j1;BKH\CKHA;JK;\J;X]̂X\H\]\C;_JK;NKJNCK;HFX\K]̀ CF\;̀AHF\CFAFBC;AFPQJK;C̀\VJP;XC\o]Ng;9J;AXX]KC;\VA\;AWW;̀AF]AW;HF\CLKA\HJFX;AKC;NCK_JK̀CP;BJFXHX\CF\Wb;AFP;AKC;C\VHBAWWb;z]X\H_HCP@;AWW;̀AF]AW;HF\CLKA\HJFX;̀]X\;̂C;NCK_JK̀CP@;KCOHChCP@;AFP;KCBJKPCP;HF;ABBJKPAFBC;hH\V;3ABC;MFAWb\HBAW;aCKOHBCX;s;1JKNJKA\C;a23;mx�oa23o125jo===q@;UAF]AW;6F\CLKA\HJF@;JK;Cy]HOAWCF\;KCNWABC̀ CF\g/"l%l02FBC;\VC;XbX\C̀ ;XJ_\hAKC�X;HF\CLKA\HJF;NAKÀ C\CKX;VAOC;̂CCF;XC\@;\VCb;BAFFJ\;̂C;APz]X\CP;]FWCXX;\VC;APz]X\̀CF\X;AKC;̂CHFL;̀ APC;P]KHFL;\VC;NKJBCXXHFLQKCOHCh;J_;\VC;HFH\HAW;BAWĤKA\HJF;\J;JN\H̀HGC;\VC;XbX\C̀ g;M_\CK;\VC;HFH\HAW;BAWĤKA\HJF�X;NKJBCXXHFL;AFP;KCOHCh;HX;BJ̀ NWC\C@;\VC;HF\CLKA\HJF;NAKÀ C\CKX;̀]X\;FJ\;̂C;APz]X\CPg;w]K\VCK;APz]X\̀CF\X;\J;\VC;HF\CLKA\HJF;NAKÀ C\CKX;A_\CK;\VC;HFH\HAW;BAWĤKA\HJF;KCy]HKCX;NKHJK;ANNKJOAW;_KJ̀ ;\VC;j]AWH\b;UAFALCK;AFP;\VC;6FJKLAFHBX;UAFALCK;cJK;\VCHK;PCXHLFCCXeg;6_;ANNKJOCP@;\VCF;\VC;APz]X\̀CF\X;FCCP;\J;̂C;ANNWHCP;\J;\VC;JKHLHFAW;B]KOCg;9VCF;AWW;j1QXÀ NWCX;HF;\VC;AFAWb\HBAW;
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9VC;PHX\KĤ]\HJF;J_;NKHF\CP;JK;CWCB\KJFHB;BJNHCX;J_;\VHX;PJB]̀ CF\;J]\XHPC;J_;\VC;3Ma;CWCB\KJFHB;PJB]̀ CF\;̀AFALC̀ CF\;XbX\C̀ ;cCdUae;HX;FJ\;BJF\KJWWCP;JK;\KABfCPg;;3Ma;C̀ NWJbCCX;̀]X\;CFX]KC;AFb;BJNb;]XCP;_JK;PAHWb;hJKf@;H_;FJ\;ABBCXXCP;PHKCB\Wb;_KJ̀ ;3Ma;CdUa@;HX;\VC;B]KKCF\;OCKXHJF;J_;\VC;PJB]̀ CF\g
j]AW\KAk;6dS;RY?=Y 3ALC;>q;J_;<T

XCy]CFBC;FCCP;\J;̂C;NKJBCXXCP;hH\V;̂J\V;\VC;]NPA\CP;BAWĤKA\HJF;B]KOC;AX;hCWW;AX;\VC;]NPA\CP;HF\CLKA\HJF;NAKÀ C\CKXg
/"l0 ��()���������/"l0l/��������
�*�����;My]CJ]X;XÀ NWCX;VAOC;JFC;X\CN;ABJPCXg�;E6UaE6x[;HX;\J;̂C;]\HWHGCP;_JK;PA\A;KCOHCh;AFP;NJX\HFL;\J;m361;352g�;3JX\;\VC;XÀ NWC;OAW]CX;_JK;CABV;J_;\VC;AFHJFX;HF;̀LQE;AFP;AFb;ANNWHCP;PHW]\HJF;_AB\JKg/"l0l%
���.
���	�
�*�����;aJHWQaJWHP;XÀ NWCX;VAOC;\hJ;X\CN;ABJPCXg�;3JX\;\VC;AB\]AW;Ck\KAB\CP;XÀ NWC;À J]F\;HF;L;_JK;\VC;6FH\HAW;nCHLV\;cPC_A]W\;HX;Y;Le;AFP;\VC;AB\]AW;_HFAW;OJW]̀ C;HF;̀E;_JK;\VC;wHFAW;�JW]̀ C;cPC_A]W\;HX;Y=;̀Eeg;9VHX;HF_JK̀A\HJF;hHWW;̂C;A]\JNJX\CP;_KJ̀ ;\VC;NKCN;WJL;HF;\VC;µWCABVA\C;XJHW;\C̀ NWA\C¶g�;E6UaE6x[;HX;\J;̂C;]\HWHGCP;_JK;PA\A;KCOHCh;AFP;NJX\HFL;\J;m361;352g�;3JX\;\VC;XÀ NWC;OAW]C;_JK;CABV;J_;\VC;AFHJFX;HF;̀LQE;AFP;AFb;ANNWHCP;PHW]\HJF;_AB\JKg/"l�)�����������aCC;\VC;EÂJKA\JKb;j]AWH\b;MXX]KAFBC;UAF]AW;_JK;Cy]A\HJFX;_JK;BJ̀ J̀F;BAWB]WA\HJFXg//l"r{�!(�}�)���|�!���,������,���|~�|���)�//l/r�������)���
��9VC;_JWWJhHFL;j1;XÀ NWCX;AKC;NKCNAKCP;AFP;AFAWbGCP;hH\V;CABV;̂A\BV;J_;XÀ NWCXg;;5C_CK;\J;MNNCFPHk;I;_JK;ABBCN\AFBC;BKH\CKHA;AFP;KCy]HKCP;BJKKCB\HOC;AB\HJFg;;

r)�(��* ~
�������UC\VJP;IWAFf;cUIe >;NCK;̂A\BV;J_;<=;JK;_ChCK;XÀ NWCXg;;6_;̂A\BV;CkBCCPX@;<=;XÀ NWCX@;COCKb;<=gEÂJKA\JKb;1JF\KJW;aÀ NWC;cE1ae >;NCK;̂A\BV;J_;<=;JK;_ChCK;XÀ NWCXg;;6_;̂A\BV;CkBCCPX@;<=;XÀ NWCX@;COCKb;<=gUA\KHk;aNHfC;cUae >;NCK;̂A\BV;J_;>=;JK;_ChCK;XÀ NWCXg;;6_;̂A\BV;CkBCCPX@;>=;XÀ NWCX@;COCKb;>=gUA\KHk;aNHfC;d]NWHBA\C;cUade;JK;d]NWHBA\C >;NCK;̂A\BV;J_;<=;JK;_ChCK;XÀ NWCXg;;6_;̂A\BV;CkBCCPX@;<=;XÀ NWCX@;COCKb;<=g//l%(���
�*����r)9VC;_JWWJhHFL;6FX\K]̀ CF\;j1;BVCBfX;AKC;NCK_JK̀CPg;;5C_CK;\J;MNNCFPHk;I;_JK;ABBCN\AFBC;BKH\CKHA;AFP;KCy]HKCP;BJKKCB\HOC;AB\HJFg
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9VC;PHX\KĤ]\HJF;J_;NKHF\CP;JK;CWCB\KJFHB;BJNHCX;J_;\VHX;PJB]̀ CF\;J]\XHPC;J_;\VC;3Ma;CWCB\KJFHB;PJB]̀ CF\;̀AFALC̀ CF\;XbX\C̀ ;cCdUae;HX;FJ\;BJF\KJWWCP;JK;\KABfCPg;;3Ma;C̀ NWJbCCX;̀]X\;CFX]KC;AFb;BJNb;]XCP;_JK;PAHWb;hJKf@;H_;FJ\;ABBCXXCP;PHKCB\Wb;_KJ̀ ;3Ma;CdUa@;HX;\VC;B]KKCF\;OCKXHJF;J_;\VC;PJB]̀ CF\g
j]AW\KAk;6dS;RY?=Y 3ALC;>Z;J_;<T

r)�(��* ~
�������6FH\HAW;1AWĤKA\HJF;c61MEe j]AK\CKWb;JK;AX;FCCPCP6FH\HAW;1AWĤKA\HJF;�CKH_HBA\HJF;c61�e 6̀ C̀PHA\CWb;_JWWJhHFL;61ME1JF\HF]HFL;1AWĤKA\HJF;�CKH_HBA\HJF;8HLV;c11�Me 2FBC;NCK;AFAWb\HBAW;K]F@;A\;\VC;̂CLHFFHFL;J_;\VC;K]F5CNJK\HFL;EH̀H\;�CKH_HBA\HJF;a\AFPAKPQEJh;c15dEQ11�Ie 2FBC;NCK;AFAWb\HBAW;K]F@;A\;\VC;̂CLHFFHFL;J_;\VC;K]F;AFP;FJ\;\J;CkBCCP;<T;VJ]KX1JF\HF]HFL;1AWĤKA\HJF;�CKH_HBA\HJF;c11�e ;M_\CK;COCKb;>=;XÀ NWCX;AFP;A\;CFP;J_;\VC;XCy]CFBCg1JF\HF]HFL;1AWĤKA\HJF;IWAFf;c11Ie 6̀ C̀PHA\CWb;_JWWJhHFL;CABV;11�59;nHFPJh;c59ne 1VCBf;hH\V;61ME;NJHF\;Z;AFP;hH\V;PAHWb;11�
//l0�����	���
+�
*����//l0l/�����	�����	�����//l0l/l/,���������!�*���dC\CB\HJF;WH̀H\X;cdEe;AFP;WH̀H\X;J_;y]AF\H\A\HJF;cE2je;AKC;CX\ÂWHXVCP;A\;HFH\HAW;C̀\VJP;XC\]N;AFP;OCKH_HCP;JF;AF;JFoLJHFL;̂AXHX;\VCKCA_\CKg;;;5C_CK;\J;3ABC;mx�;BJKNJKA\C;a23;mx�oa23o125jo==>>;UC\VJP;�AWHPA\HJF;AFP;6FX\K]̀ CF\;�CKH_HBA\HJFg;;//l���������r����+�����������	��
������m̀ NWJbCCX;\VA\;NCK_JK̀;AFb;X\CN;J_;\VHX;NKJBCP]KC;̀ ]X\;VAOC;A;BJ̀ NWC\CP;5CAP;AFP;MBfFJhWCPL̀ CF\;a\A\C̀ CF\;_JK;\VHX;OCKXHJF;J_;\VC;a23;HF;\VCHK;\KAHFHFL;KCBJKPg;6F;APPH\HJF@;NKHJK;\J;]FX]NCKOHXCP;cHFPCNCFPCF\e;hJKf;JF;AFb;BWHCF\;XÀ NWC@;AFAWbX\X;\VA\;NKCNAKC;JK;AFAWbGC;XÀ NWCX;̀]X\;VAOC;X]BBCXX_]W;HFH\HAW;PC̀ JFX\KA\HJF;J_;BANÂHWH\b;c6d21e;AFP;̀]X\;X]BBCXX_]WWb;PC̀ JFX\KA\C;JFoLJHFL;NKJ_HBHCFBb;JF;AF;AFF]AW;̂AXHXg;;a]BBCXX_]W;̀CAFX;\VC;HFH\HAW;AFP;JFoLJHFL;d21;̀C\;BKH\CKHA@;PJB]̀ CF\A\HJF;J_;\VC;d21;HX;BJ̀ NWC\C@;AFP;\VC;d21;KCBJKP;HX;HF;\VC;C̀ NWJbCC�X;\KAHFHFL;_HWCg;;5C_CK;\J;WÂJKA\JKb;a23;mx�oa23oEmxmo=>>=@;Û������ÙiÜ���������@;_JK;̀ JKC;HF_JK̀A\HJFg;;;/%l",����|��(�t���,�)�||�)�(����)�(��/%l/,����|����̈9VC;PA\A;KCOHCh;NKJBCXX;J_;3ABCD;MFAWb\HBAW;aCKOHBCX;HFBW]PCX;A;XCKHCX;J_;BVCBfX;NCK_JK̀CP;A\;PH__CKCF\;X\ALCX;J_;\VC;NKJBCXX;̂b;PH__CKCF\;NCJNWC;\J;CFX]KC;\VA\;a23X;hCKC;_JWWJhCP@;\VC;AFAWb\HBAW;KCBJKP;HX;BJ̀ NWC\C@;AFP;NKJNCKWb;PJB]̀ CF\CP@;j1;BKH\CKHA;hCKC;̀C\@;NKJNCK;BJKKCB\HOC;AB\HJFX;hCKC;\AfCF;_JK;j1;_AHW]KC;AFP;J\VCK;FJFBJF_JK̀AFBCcXe@;AFP;\CX\;KCX]W\X;AKC;KCNJK\CP;hH\V;NKJNCK;y]AWH_HBA\HJF@;hVCF;FCBCXXAKbg;;9VC;KCOHCh;AFP;BVCBfX;\VA\;AKC;NCK_JK̀CP;̂b;\VC;C̀ NWJbCC;NCK_JK̀HFL;\VC;\AXf;HX;BAWWCP;;NKH̀AKb;KCOHChg;MWW;PA\A;AFP;\CX\;KCX]W\X;AKC;AWXJ;NCCK;KCOHChCPg;;9VHX;NKJBCXX@;fFJhF;AX;XCBJFPAKb;KCOHCh;HX;NCK_JK̀CP;\J;OCKH_b;a23X;hCKC;_JWWJhCP@;\VA\;BAWĤKA\HJF@;HFX\K]̀ CF\;NCK_JK̀AFBC@;AFP;j1;BKH\CKHA;hCKC;̀C\;AFPQJK;NKJNCK;BJKKCB\HOC;AB\HJFX;hCKC;\AfCF@;y]AWH\A\HOC;6d;AFP;y]AF\H\A\HOC;̀CAX]KC̀ CF\;HX;ABB]KA\C@;AWW;̀AF]AW;HF\CLKA\HJFX;AKC;
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9VC;PHX\KĤ]\HJF;J_;NKHF\CP;JK;CWCB\KJFHB;BJNHCX;J_;\VHX;PJB]̀ CF\;J]\XHPC;J_;\VC;3Ma;CWCB\KJFHB;PJB]̀ CF\;̀AFALC̀ CF\;XbX\C̀ ;cCdUae;HX;FJ\;BJF\KJWWCP;JK;\KABfCPg;;3Ma;C̀ NWJbCCX;̀]X\;CFX]KC;AFb;BJNb;]XCP;_JK;PAHWb;hJKf@;H_;FJ\;ABBCXXCP;PHKCB\Wb;_KJ̀ ;3Ma;CdUa@;HX;\VC;B]KKCF\;OCKXHJF;J_;\VC;PJB]̀ CF\g
j]AW\KAk;6dS;RY?=Y 3ALC;>p;J_;<T

z]X\H_HCP;AFP;PJB]̀ CF\CP@;AFP;ANNKJOCP;HF;ABBJKPAFBC;hH\V;\VC;3ABCD;MFAWb\HBAW;aCKOHBCX;a23;_JK;̀AF]AW;HF\CLKA\HJF@;BAWB]WA\HJFX;AKC;BJKKCB\@;\VC;AFAWb\HBAW;KCBJKP;HX;BJ̀ NWC\C;AFP;\KABCÂWC@;AFP;\VA\;KCX]W\X;AKC;NKJNCKWb;y]AWH_HCPg;EAX\Wb@;A;\VHKPoWCOCW;KCOHCh@;BAWWCP;A;BJ̀ NWC\CFCXX;BVCBf@;HX;NCK_JK̀CP;̂b;KCNJK\HFL;JK;NKJzCB\;ÀFALC̀ CF\;X\A__;\J;OCKH_b;\VC;\CX\;KCNJK\;HX;BJ̀ NWC\Cg;;5C_CK;\J;WÂJKA\JKb;a23;mx�oa23oEmxmo==pp;_JK;XNCBH_HB;HFX\K]B\HJFX;AFP;KCy]HKC̀ CF\X;_JK;CABV;X\CN;J_;\VC;PA\A;KCOHCh;NKJBCXXg/%l%)�
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����������	�
���	�
	����
�������
���	�
���
����������������������
�
�������� 
�� !��� ""#$��"%&�������'��()�)�
�*����
�����++�������,�����"-./0.%"%% 123456789:;<=>?@;<=<>@;<=<<;3ABCD�

9VC;PHX\KĤ]\HJF;J_;NKHF\CP;JK;CWCB\KJFHB;BJNHCX;J_;\VHX;PJB]̀ CF\;J]\XHPC;J_;\VC;3Ma;CWCB\KJFHB;PJB]̀ CF\;̀AFALC̀ CF\;XbX\C̀ ;cCdUae;HX;FJ\;BJF\KJWWCP;JK;\KABfCPg;;3Ma;C̀ NWJbCCX;̀]X\;CFX]KC;AFb;BJNb;]XCP;_JK;PAHWb;hJKf@;H_;FJ\;ABBCXXCP;PHKCB\Wb;_KJ̀ ;3Ma;CdUa@;HX;\VC;B]KKCF\;OCKXHJF;J_;\VC;PJB]̀ CF\g
j]AW\KAk;6dS;RY?=Y 3ALC;<T;J_;<T

²�����r�������)���
���)
���
��r)�
�*��� )�*�������� ~
������� �����������)
���
�� �)�

������������������	�²���v���²� UA\KHkoXNCBH_HB�;KCALCF\;hA\CK;JK;LWAXX; ĈAPX;_JK;XJHWXg
2FC;NCK;̂A\BV;J_;]N;\J;<=;XÀ NWCX 5CX]W\;XVJ]WP;̂C;WCXX;\VAF;\VC;KCNJK\HFL;WH̀H\g

6_;KCX]W\X;AKC;KCNJK\CP;\J;UdE@;\VC;UI; ]̀X\; Ĉ;COAW]A\CP;\J;\VC;UdEg
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TEST METHOD STANDARD OPERATING PROCEDURE
TITLE: Automated Alkalinity by SM2320B
TEST METHOD SM 2320B
ISSUER: Pace ENV – Lenexa Quality – LENE

COPYRIGHT © 2021 Pace Analytical Services, LLC

Any printed copy of this SOP and all copies of this SOP outside of Pace are uncontrolled copies.  
Uncontrolled copies are not tracked or replaced when new versions are released or the SOP is made obsolete.

Users of the SOP should verify the copy in possession is the current version of the SOP before use.  

1.0 SCOPE AND APPLICATION

This standard operating procedure (SOP) describes the laboratory procedure for the determination of 
Alkalinity by an automated Titration.

1.1 Target Analyte List and Limits of Quantitation (LOQ)

The target analytes and the normal LOQ that can be achieved with this procedure are 20 mg/L for 
water and 200 mg/kg for solid alkalinity samples.  

LOQ are established in accordance with Pace policy and SOPs for method validation and for the 
determination of detection limits (DL) and quantitation limits (LOQ).  DL and LOQ are routinely 
verified and updated when needed.  The current LOQ for each target analyte that can be 
determined by this SOP as of the effective date of this SOP is provided in Table 1, Appendix A.  

The reporting limit (RL) is the value to which analytes are reported as detected or not detected in 
the final report.  When the RL is less than the lower limit of quantitation (LLOQ), all detects and 
non-detects at the RL are qualitative.  The LLOQ is the lowest point of the calibration curve used 
for each target analyte.  

DL, LOQ, and RL are always adjusted to account for actual amounts used and for dilution.

2.0 SUMMARY OF METHOD

An unpreserved sample is titrated with a standardized sulfuric acid solution to an endpoint that is 
determined electrometrically. The endpoint for total alkalinity is pH 4.5, with extrapolation to pH 4.2 if 
alkalinity is low.  The endpoint for phenolphthalein alkalinity is pH 8.3. The results obtained from the 
phenolphthalein and total alkalinity determinations offer a means for classification of bicarbonate, 
carbonate, hydroxide, and total alkalinity.

This method is applicable to most water and solid samples, regardless of moisture content. Common 
matrices are ground and surface water, wastewater, aqueous sludge, sediment, soils, and other solid 
samples. 

The method is not applicable for alkalinity in samples that contain a significant amount of oils, greases, 
and petroleum products.

3.0 INTERFERENCES

3.1 Substances, such as salts of weak organic and inorganic acids present in large amounts, may 
cause interference in the electrometric pH measurements.

3.2 Soaps, oily matter, suspended solids, or precipitates may coat the glass electrode and cause a 
sluggish response. Allow additional time between titrant additions to let electrode come to 
equilibrium or clean the electrodes occasionally. Do not filter, dilute, concentrate, or alter sample.

4.0 DEFINITIONS

Refer to the Laboratory Quality Manual for a glossary of common lab terms and definitions.
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5.0 HEALTH AND SAFETY

The toxicity or carcinogenicity of each chemical material used in the laboratory has not been fully 
established. Each chemical should be regarded as a potential health hazard and exposure to these 
compounds should be as low as reasonably achievable. 

The laboratory maintains documentation of hazard assessments and OSHA regulations regarding the 
safe handling of the chemicals specified in each method. Safety data sheets for all hazardous 
chemicals are available to all personnel. Employees must abide by the health, safety and 
environmental (HSE) policies and procedures specified in this SOP and in the Pace Chemical Hygiene 
/ Safety Manual. 

Personal protective equipment (PPE) such as safety glasses, gloves, and a laboratory coat must be 
worn in designated areas and while handling samples and chemical materials to protect against 
physical contact with samples that contain potentially hazardous chemicals and exposure to chemical 
materials used in the procedure. 

Concentrated corrosives present additional hazards and are damaging to skin and mucus membranes. 
Use these acids in a fume hood whenever possible with additional PPE designed for handing these 
materials. If eye or skin contact occurs, flush with large volumes of water. When working with acids, 
always add acid to water to prevent violent reactions. Any processes that emit large volumes of 
solvents (evaporation/concentration processes) must be in a hood or apparatus that prevents 
employee exposure. 

Contact your supervisor or local HSE coordinator with questions or concerns regarding safety protocol 
or safe handling procedures for this procedure.

6.0 SAMPLE COLLECTION, PRESERVATION, HOLDING TIME, AND STORAGE

Samples should be collected in accordance with a sampling plan and procedures appropriate to 
achieve the regulatory, scientific, and data quality objectives for the project.  

The laboratory does not perform sample collection or field measurements for this test method. To 
assure sample collection and field checks and treatment are performed in accordance with applicable 
regulations Pace project managers will inform the client of these requirements at the time of request 
for analytical services when the request for testing is received prior to sample collection.  If samples 
were already collected, the laboratory will record any nonconformance to these requirements in the 
laboratory’s sample receipt record when sufficient information about sample collection is provided with 
the samples.  

The laboratory will provide containers for the collection of samples upon client request for analytical 
services.  Bottle kits are prepared in accordance with laboratory SOP ENV-SOP-LENE-0025, 
Assembly of Sample Container Kits.  For this test method, immediately after sample collection, 
samples should be checked for X and X and field treated.  The bottle kits provided by the laboratory 
should include field test kits and treatment reagent.  

Requirements for container type, preservation, and field quality control (QC) for the common list of test 
methods offered by Pace are included in the laboratory’s quality manual.  
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General Requirements

Matrix
Routine
Container

Minimum
Sample 
Amount1

Preservation Holding Time

Aqueous
Plastic or 
Glass 1L

60mL
Thermal: ≤6°C, but not freezing
Chemical: None

14 days

Solid 4oz glass jar 10g
Thermal: ≤6°C, but not freezing
Chemical: None:

14 days

1Minimum amount needed for each discrete analysis.  

Field / Matrix QC
Trip 
Blank

Equipment 
Blank

MS/MSD Field 
Duplicate 

NA NA 1 per 20 Per client 
request

Thermal preservation is checked and recorded on receipt in the laboratory in accordance with 
laboratory SOP ENV-SOP-LENE-0021, Sample Management.  Chemical preservation is checked and 
recorded at time of receipt or prior to sample preparation.

After receipt, samples are stored at ≤6°C until sample preparation.  Prepared samples (extracts, 
digestates, distillates, other) are stored at ≤6°C until sample analysis.   

After analysis, unless otherwise specified in the analytical services contract, samples are retained for 
30 days from date of final report and then disposed of in accordance with Federal, State, and Local 
regulations.

7.0 EQUIPMENT AND SUPPLIES

7.1 Equipment and Supplies

Table 7.1 – Equipment and Supplies

Supply Vendor Model / Version Comments

Autosampler Mantech PC-1000-681 AutoMax73 Beaker Sampler

Rinse Pump Mantech PC-1000-475

Titration Module Mantech PC-1040-00 QC-Titrate™

Analytical balance Mettler-Toledo AE200 or equivalent capable of weighing 
±0.1mgVolumetric Flasks Various Class A 2-L, 1-L, and 500-mL.

Graduated cylinder Fisher 08-561A 50-mL, Class A, TD
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8.0 REAGENTS AND STANDARDS

8.1 Reagents and Standards

Table 8.1 – Standard Storage Conditions
Standard Type Description Expiration Storage

Stock Solutions  Concentrated reference 
solution purchased 
directly from approved 
vendor

 Manufacturer’s recommended 
expiration date

 Manufacturer’s 
recommended storage 
conditions

Working Standard 
Solutions

 Reference solutions 
prepared by dilutions of 
the stock solution

 Working Alkalinity standards 
are stored for no more than a 
week.

 Ambient temperature or 
manufacturer’s 
recommended storage 
conditions for stock source 
solution.  

Table 8.2 – Reagents and Standards

Reagent/Standard Concentration/ Description Vendor/ Item #

Reagent water ASTM Type II SOP S-KS-Q-011

Sodium carbonate, anhydrous ACS reagent grade Fisher / S263

Ampulated Alkalinity Standard 25,000 mg/L Fisher / NC9308291

Sulfuric acid, concentrated Fisher TraceMetal grade Fisher / A510

Buffer Solution, pH 4.00 Color-coded Red Fisher / SB-101

Buffer Solution, pH 7.00 Color-coded Yellow Fisher / SB-107

Buffer Solution, pH 10.00 Color-coded Blue Fisher / SB-115

0.02N Sulfuric acid 0.02N Sulfuric acid Fisher/AA35649K7

8.2 H2SO4 (1.0N):  Measure 28 mL concentrated H2SO4 into a 1-L volumetric flask containing 
approximately 700 mL of reagent water, dilute to the mark and invert several times to mix.

8.3 H2SO4 (0.02N):  Measure 40 mL of the 1.0 N H2SO4 solution into a 2-L volumetric flask containing 
approximately 1500 mL of reagent water, dilute to the mark and invert several times to mix.  
Depending on concentration of sample alkalinity, higher concentration of titrant may be necessary.

8.4 ICV/LCS Solution:  Add the contents of one Alkalinity Standard ampoule to a 500mL volumetric 
flask containing approximately 350mL of reagent water, dilute to the mark and invert several times to 
mix. This will yield a concentration of 500 mg/L. Do not store for more than one week. (Alternatively, 
the contents of two Alkalinity Standard ampoules can be diluted to a final volume of 1000mL using a 
1-L volumetric flask if additional available volume is needed.)

8.5 CCV: Dry approximately 1 g of sodium carbonate at 180ºC for 4 hours in an oven and cool in a 
desiccator. Weigh out 0.5 g  (to the nearest mg) of the dried sodium carbonate, Na2CO3, and place into 
a 1-L volumetric flask containing approximately 500 mL of reagent water, invert several times to 
dissolve and dilute to the mark with reagent water. Do not store for more than a week.
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9.0 PROCEDURE

9.1 Sample Analysis Set-up

9.1.1 Return to the Main Menu. Select the “prism: button, then “OK”. Select load template. Enter 
the sample ID’s using the following convention:   60121234001_x1.

9.1.2 The x1 denotes the dilution based on 30 mL of sample.

9.1.3 Save the template using today’s date. Click the “start” button to begin the run. NEVER use 
the “STOP” button. It will erase all run data.

9.1.4 To add samples or dilutions to the run, select “Priority” and add at the end of the sample 
list.

9.1.5 The data file will be saved automatically to the G: drive on the network. When the run is 
complete a dialog box will appear. The raw data will print when exiting this dialog box.

9.2 Reporting Data

9.2.1 Use Limslink create a runlog.  Include the LCS, CCV,ICV, titrant and pH ID’s on the runlog.  
The runlog should match the dilutions on the raw data.  Also indicate on the runlog if any 
data is not being reported.  Save the runlog to G:/WET/RUNLOGS/ALK/.  Print the runlog 
and include with the raw data.  

9.2.2 Import data to EPIC Pro. Submit the data for peer review.

9.3 Calibration

9.3.1 Calibration must be performed daily prior to sample analysis or Titrant Standardization.

9.3.2 Load freshly poured, 30-mL aliquots of the 4.0, 7.0, and 10.0 pH buffers into autosampler 
positions one through three, respectively. Fill the titrant bottle and the rinse bottle as 
needed. Verify that the waste bottle is empty. pH Buffers should be replaced daily.

9.3.3 Verify that the power is active to all QC-Titrate components. Click on the QC-Titrate icon. 
This will bring you to the main menu. Select the pH cal button. Click start. The unit will 
calibrate and print a report automatically. Record the pH buffer ID’s on the calibration report 
or add to the run log.

9.3.4 Calibration Criteria

Minimum Maximum
Slope -65 -53
Intercept -100 100
Correlation Coeff. 0.990 1.00

9.4 Standardization of the Alkalinity Titrant (if needed)

9.4.1 Standardize the titrant each time a new batch is prepared, if purchased 0.02N sulfuric acid 
is not used. Section 11.2 is not needed when purchased 0.02N sulfuric is used.
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9.4.2 Quantitatively measure two 30-mL aliquots of the Normality check solution (ICV/LCS) into 
separate cups.

9.4.3 At the Main Menu. Select the “prism: button, then “OK”. Select load template. Load the ALK 
NORM CHECK. Autotitrate the two aliquots with the (0.02 N) H2SO4 solution to pH 4.2. 

9.4.4 Print and submit the titrant standardization for peer review.

9.4.5 Determine the normality of acid by use of the following equation:

Normality (N) =
A × B

53.00 × C

where:

A = grams of Na2CO3 weighed in to 1-L flask

B = mL of Na2CO3 solution taken for titration

C = average of the two titrant volumes in mL.

9.4.6 Update the H2SO4 normality in the Alkalinity templates.

9.5 Initial Calibration Verification (ICV) and LCS: Measure 30 mL of the ICV/LCS Solution into a 100-
mL cup. The final concentration of the ICV is 500 mg CaCO3/L. An ICV sample must be analyzed 
at the beginning of the tray. ICV acceptability is ± 10%. An LCS is included for every batch and the 
acceptability is ±10%. (Note: Since there is no separate preparation step for aqueous samples in 
this procedure, the ICV can also be used for the aqueous LCS for the first analytical batch of 
samples.)

9.6 Continuing Calibration Verification (CCV): Measure 30 mL of the sodium carbonate solution from 
Section 10.4 into a 100-mL cup. Prepare a sufficient number of CCVs to be analyzed every 10 
titrations and at the end of the tray. CCV acceptability is ± 10%.

9.7 Calibration Blanks (ICB/CCB): Measure 30 mL of reagent water into a 100-mL cup. Prepare a 
sufficient number of CCBs to be analyzed after every ICV and CCV. Calibration blanks must not 
contain any alkalinity above the reporting limit. (Note: Since there is no separate preparation step 
for aqueous samples in this procedure, the ICB can also be used for the aqueous MB for the first 
analytical batch of samples.)

9.8 Sample Preparation

9.8.1 Homogenization and Subsampling 

Samples: Measure 30 mL of a water sample or 5 g of a soil sample plus 30 mL reagent water into 
a 100-mL cup (mix soil and water to form a slurry). Any sample that requires greater than 30 mL 
titrant must be analyzed using stronger titrant.  Batch QC and verification standards may also 
need to be made at higher concentration to better represent the concentration of the samples and 
to increase the likelihood of passing QC.
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9.9 Analysis

9.9.1 Example Analytical Sequence

Run 
Number

Sample Description

1 ICAL Standard 1
2 ICAL Standard 2
3 ICAL Standard 3
4 ICAL Standard 4
5 ICAL Standard 5
6 ICAL Standard 6
7 ICAL Standard 7
8 ICV Standard

9 ICB

10 CCV
11 MB
12 LCS
13 Sample 1
14 Sample 2
15 Sample 3
16 Sample 3 Matrix Spike
17 Sample 3 Duplicate
18 Sample 4
19 Sample 5
20 Sample 6
21 CCV
22 CCB
23 Sample 7
24 Sample 8
25 Sample 9
26 CCV
27 CCB

10.0 DATA ANALYSIS AND CALCULATIONS

10.1 Aqueous sample:

Alkalinity (mg CaCO3 L⁄ )=
A × N × 50000

mL of sample

10.2 Soil/ Solid sample:

Alkalinity (mg CaCO3 kg⁄ )=
A × N × 50000

g of sample
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Where:
A =  mL of standard acid.
N =  Normality of standard acid.

10.3 Alkalinity Relationships

10.3.1 The results obtained from the phenolphthalein and total alkalinity determinations 
offer a means for stoichiometric classification of the three principal forms of 
alkalinity present in many waters. 

10.3.2 The classification ascribes the entire alkalinity to bicarbonate, carbonate, and 
hydroxide, and assumes the absence of other (weak) inorganic or organic acids, 
such as silicic, phosphoric, and boric acids. It further presupposes the 
incompatibility of hydroxide and bicarbonate alkalinities. 

10.3.3 Because the calculations are made on a stoichiometric basis, ion concentrations 
in the strictest sense are not represented in the results, which may differ 
significantly from actual concentrations especially at pH>10. According to this 
scheme:

 Carbonate (CO32–) alkalinity is present when phenolphthalein alkalinity is not zero, but is 
less than total alkalinity.

 Hydroxide (OH–) alkalinity is present if phenolphthalein alkalinity is more than half the 
total alkalinity.

 Bicarbonate (HCO3–) alkalinity is present if phenolphthalein alkalinity is less than half the 
total alkalinity.

Table 10.1 – Alkalinity Relationships*

Result of Titration Hydroxide 
Alkalinity

(as CaCO3)

Carbonate 
Alkalinity 

(as CaCO3)

Bicarbonate 
Alkalinity 

(as CaCO3)

P = 0 0 0 T

P < ½T 0 2P T-2P

P = ½T 0 2P 0

P > ½T 2P-T 2(T-P) 0

P = T T 0 0

*P=phenolphthalein alkalinity (pH 8.3 endpoint); T= total alkalinity (pH 4.5 endpoint).

10.4 Calculations

See the Laboratory Quality Assurance Manual for equations for common calculations.
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11.0 QUALITY CONTROL AND METHOD PERFORMANCE

11.1 Quality Control

The following QC samples are prepared and analyzed with each batch of samples.  Refer to 
Appendix B for acceptance criteria and required corrective action.  

QC Item Frequency
Method Blank (MB) 1 per batch of 20 or fewer samples.  If batch exceeds, 20 

samples, every 20.
Laboratory Control Sample (LCS) 1 per batch of 20 or fewer samples.  If batch exceeds, 20 

samples, every 20.
Matrix Spike (MS) 1 per batch of 20 or fewer samples.  If batch exceeds, 20 

samples, every 20.
Matrix Spike Duplicate (MSD) 1 per batch of 20 or fewer samples.  If batch exceeds, 20 

samples, every 20.

11.2 Instrument QC

The following Instrument QC checks are performed.  Refer to Appendix B for acceptance criteria 
and required corrective action.

QC Item Frequency
Initial Calibration Run every batch
Initial Calibration Verification Run after Calibration
Initial Calibration Blank Run after ICV
Continuing Calibration Verification Run after every 10 samples
Continuing Calibration Blank Run after CCV

11.3 Method Performance

11.3.1 Method Validation

11.3.1.1 Detection Limits

Detection limits (DL) and limits of quantitation (LOQ) are established at initial 
method setup and verified on an on-going basis thereafter.   Refer to Pace ENV 
corporate SOP ENV-SOP-CORQ-0011 Method Validation and Instrument 
Verification.  

11.4 Analyst Qualifications and Training

Employees that perform any step of this procedure must have a completed Read and 
Acknowledgment Statement for this version of the SOP in their training record. In addition, prior 
to unsupervised (independent) work on any client sample, analysts that prepare or analyze 
samples must have successful initial demonstration of capability (IDOC) and must successfully 
demonstrate on-going proficiency on an annual basis.  Successful means the initial and on-going 
DOC met criteria, documentation of the DOC is complete, and the DOC record is in the employee’s 
training file.  Refer to laboratory SOP ENV-SOP-LENE-0110, Training Procedures, for more 
information.   
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12.0 DATA REVIEW AND CORRECTIVE ACTION

12.1 Data Review

Pace’s data review process includes a series of checks performed at different stages of the 
analytical process by different people to ensure that SOPs were followed, the analytical record is 
complete and properly documented, proper corrective actions were taken for QC failure and other 
nonconformance(s), and that test results are reported with proper qualification.  

The review steps and checks that occur as employee’s complete tasks and review their own work 
is called primary review. 

All data and results are also reviewed by an experienced peer or supervisor.  Secondary review 
is performed to verify SOPs were followed, that calibration, instrument performance, and QC 
criteria were met and/or proper corrective actions were taken, qualitative ID and quantitative 
measurement is accurate, all manual integrations are justified and documented in accordance with 
the Pace ENV’s SOP for manual integration, calculations are correct, the analytical record is 
complete and traceable, and that results are properly qualified. 

A third-level review, called a completeness check, is performed by reporting or project 
management staff to verify the data report is not missing information and project specifications 
were met.

Refer to laboratory SOP ENV-SOP-LENE-088, Data Reduction, Review and Reporting, for 
specific instructions and requirements for each step of the data review process.

12.2 Corrective Action

Corrective action is expected any time QC or sample results are not within acceptance criteria.  If 
corrective action is not taken or was not successful, the decision/outcome must be documented 
in the analytical record. The primary analyst has primary responsibility for taking corrective action 
when QA/QC criteria are not met.  Secondary data reviewers must verify that appropriate action 
was taken and/or that results reported with QC failure are properly qualified.  

Corrective action is also required when carryover is suspected and when results are over range. 

Samples analyzed after a high concentration sample must be checked for carryover and 
reanalyzed if carryover is suspected.  Carryover is usually indicated by low concentration detects 
of the analyte in successive samples analyzed after the high concentration sample. 

Sample results at concentrations above the upper limit of quantitation must be diluted and 
reanalyzed.  The result in the diluted samples should be within the upper half of the calibration 
range. Results less than the mid-range of the calibration indicate the sample was over diluted and 
analysis should be repeated with a lower level of dilution. If dilution is not performed, any result 
reported above the upper range is considered a qualitative measurement and must be qualified 
as an estimated value.   

Refer to Appendix B for a complete summary of QC, acceptance criteria, and recommended 
corrective actions for QC associated with this test method.  
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13.0 POLLUTION PREVENTION AND WASTE MANAGEMENT

Pace proactively seeks ways to minimize waste generated during our work processes.  Some 
examples of pollution prevention include but are not limited to: reduced solvent extraction, solvent 
capture, use of reusable cycletainers for solvent management, and real-time purchasing.

The EPA requires that laboratory waste management practice to be conducted consistent with all 
applicable federal and state laws and regulations.  Excess reagents, samples and method process 
wastes must be characterized and disposed of in an acceptable manner in accordance with Pace’s 
Chemical Hygiene Plan / Safety Manual.     

14.0 MODIFICATIONS 

A modification is a change to a reference test method made by the laboratory. For example, changes 
in stoichiometry, technology, quantitation ions, reagent or solvent volumes, reducing digestion or 
extraction times, instrument runtimes, etc. are all examples of modifications.  Refer to Pace ENV 
corporate SOP ENV-SOP-CORQ-0011 Method Validation and Instrument Verification for the 
conditions under which the procedures in test method SOPs may be modified and for the procedure 
and document requirements.  

14.1 Method 2320B has been modified to analyze soils by performing a DI Leach and analyzing 
the 

15.0 RESPONSIBILITIES

Pace ENV employees that perform any part this procedure in their work activities must have a signed 
Read and Acknowledgement Statement in their training file for this version of the SOP.  The employee 
is responsible for following the procedures in this SOP and handling temporary departures from this 
SOP in accordance with Pace’s policy for temporary departure.  

Pace supervisors/managers are responsible for training employees on the procedures in this SOP and 
monitoring the implementation of this SOP in their work area.  

16.0 ATTACHMENTS

Attachment 1:  Batch and Instrument QC summary

17.0 REFERENCES

17.1 Pace Quality Assurance Manual - most current version.

17.2 National Environmental Laboratory Accreditation Conference (NELAC), Chapter 5, “Quality 
Systems”- most current version.

17.3 The NELAC Institute (TNI); Volume 1, Module 2, “Quality Systems”- most current version.

17.4 Standard Methods for the Examination of Water and Wastewater, Online Edition, Method 
2320B (1997).
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18.0 REVISION HISTORY

This Version: 
Section Description of Change
17 Added attachment for QC summaries

This document supersedes the following document(s):

Document Number Reason for Change Date
S-KS-I-050-rev.0 New Procedure January 10, 2013

S-KS-I-050-rev.1

Table 10.1 – Added
Section 10.3 – Reworded ICV/LCS prep so that either one or two ampoules can be 
used.
Sections 11.3 and 11.5 – Added note about ICV/ICB can also be used as LCS/MB
Table 11.1 – Reworded for clarity
Table 13.1 – Reworded for clarity August 7, 2013

S-KS-I-050-rev.2

SOP – Updated to latest prescribed format.  Added sections for 
Instrument/Equipment
Maintenance and Troubleshooting.
Section 12 – Added path for runlog and additional information for sample IDs. November 18, 2014

S-KS-I-050-rev.3
Table 10.2 – Added 0.02N Sulfuric Acid
Section 11.2 – Modified to include purchased 0.02N Sulfuric Acid December 29, 2015

S-KS-I-050-rev.4
SOP – Minor grammatical changes.
Section 12.1 – Soils are mixed before titration. April 10, 2017

S-KS-I-050-rev.5 SOP – Revised date and minor formatting changes June 20, 2018
ENV-SOP-LENE-0014 Published to Master Control, no changes October 8, 2018

ENV-SOP-LENE-0014-02
Section 12.1 – Revised to add using a stronger titrant if needed.  Dilution of a sample 
is not allowed. March 1, 2019

ENV-SOP-LENE-0014-03 NEW SOP format March 23, 2021
ENV-SOP-LENE-0014-04 Addition of QC limits chart Attachment 1 April 7, 2021
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Attachment 1: Batch and Instrument QC summary

QA Sample Components Frequency Acceptance Criteria Corrective Action

Method 
Blank (MB)

Matrix-specific; 
reagent water or glass 
beads for soils.

One per batch of up 
to 20 samples

Result should be less than 
the reporting limit.

If results are reported to 
MDL, the MB must be 
evaluated to the MDL.

1) Re-analyze blank to confirm failure.

2) Qualify results and / or reanalyze 
associated samples.

Exceptions:

1) If sample ND, report sample without 
qualification

2) If sample result >10x MB report 
sample with appropriate qualifier 
indicating blank contamination.

3) If sample result <10x MB and sample 
cannot be reanalyzed report sample 
with appropriate qualifier to indicate 
an estimated value.  Client should be 
alerted of this condition. 

Laboratory 
Control 
Sample 
(LCS)

Matrix-specific; 
reagent water or glass 
beads for soils spiked 
with standard

One per batch of up
to 20 samples

90-110% 1) Reanalyze the LCS to confirm failure

2) Re-prep and reanalyze associated 
samples.

3) If problem persists, check spike 
solution

Exceptions:

1) If LCS > QC limits and these 
compounds are non-detect in the 
associated samples, the sample data
may be reported with appropriate data 
qualifiers.

2) If LCS < QC limits and sample 
cannot be reanalyzed report sample 
with appropriate qualifier to indicate 
an estimated value.  Client should be 
alerted to this condition.

Duplicate Sample Dup One per every 10 
samples (10%)

Water Max RPD: 10%

Soil Max RPD: 20%

1) No corrective actions necessary.  
Report outliers with comment.

Calibration Metric Parameter / Frequency Criteria Comments

Initial Calibration 
Verification

Daily, prior to sample 
analysis.

90-110% May be reanalyzed once. A second failure 
confirms and requires re-preparation of 
standard and/or recalibration. If problem 
persists an alternative source standards 
may need to be obtained.
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Calibration Metric Parameter / Frequency Criteria Comments

Initial Calibration 
Verification Blank

Immediately after each 
Initial Calibration 
Verification

Result should be 
less than the 
reporting limit.

If sample results 
are reported to 
MDL, the ICB must 
be evaluated to the 
MDL.

May be reanalyzed once. A second failure 
confirms and requires corrective action 
(e.g. re-preparation of standard(s) and/or 
recalibration)

Exceptions:

If sample results are reported to MDL and 
ICB is <RL but >MDL, then corrective 
action is not necessary other than 
appropriately qualifying the sample results. 
Unless the customer’s QAPP or technical 
specification instruct to do otherwise.

Samples that are <RL may be reported 
without qualification. (Not applicable to 
samples reporting down to MDL)

Samples >10x ICB may be reported with 
appropriate qualification.

Continuing 
Calibration 
Verification

Every 10 titrations 
thereafter and at the end of 
the analytical sequence. 
Samples need to be 
bracketed with an 
acceptable CCV standard

90-110% May be reanalyzed once. A second failure 
confirms and requires corrective action 
(e.g.  re-preparation and/or recalibration).

Exception:

If CCV fails high, then sample(s) that are 
<RL may be reported with appropriate 
qualification.

Continuing 
Calibration Blank

Immediately after each 
Continuing Calibration 
Verification. Samples need 
to be bracketed with an 
acceptable CCB standard

Result should be 
less than the 
reporting limit.

If sample results 
are reported to 
MDL, the ICB must 
be evaluated to the 
MDL.

May be reanalyzed once. A second failure 
confirms and requires corrective action

Exceptions:

If sample results are reported to MDL and 
ICB is <RL but >MDL, then corrective 
action is not necessary other than 
appropriately qualifying the sample results. 
Unless the customer’s QAPP or technical 
specification instruct to do otherwise.

Samples that are <RL may be reported 
without qualification. (Not applicable to 
samples reporting down to MDL)

Samples >10x CCB may be reported with 
appropriate qualification.
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`aX?FVE?b94cR9QYd=Q 1?IA9<9M[9<Q

+e&
���!��"�����%f���f�"7DHG9GV?JO?EO9MLAE?VHJI9LEM@AOXEA9g\01h9OAG@EH]AG9VDA9F?]ME?VMEZ9LEM@AOXEA9[ME9VDA9OAVAEiHJ?VHMJ9M[97MV?F9cHGGMFNAO9\MFHOG9g7c\h9]Z9IE?NHiAVEZ9]Z9\T9:Yj;9/9<==S9?JO9:;<Y_99KLLFH@?]FA9i?VEH@AG9?EA9?kXAMXG9G?iLFAG9̂DH@D9HJ@FXOA9OEHJlHJI9̂?VAE>9GXE[?@A9̂?VAEG9?JO9G?FHJA9̂?VAEG9?G9̂AFF9?G9OMiAGVH@9?JO9HJOXGVEH?F9̂?GVAG_<_<97?EIAV9KJ?FZVA9mHGV9?JO9mHiHVG9M[9aX?JVHV?VHMJ9gm0ah7DA9V?EIAV9?J?FZVAG9VD?V9@?J9]A9OAVAEiHJAO9]Z9VDHG9\019?JO9VDA9?GGM@H?VAO9m0a9HG9LEMNHOAO9HJ97?]FA9<>9KLLAJOHb9K_99-e&
n���op��q��!�r��K9̂AFFsiHbAO9G?iLFA9HG9[HFVAEAO9VDEMXID9?9GV?JO?EO9IF?GG9[H]AE9[HFVAE_997DA9[HFVE?VA9HG9VDAJ9AN?LME?VAO9?JO9OEHAO9VM9@MJGV?JV9̂AHIDV9?V9<d;t/_'e&f"�!oq!o!"�!
6HIDFZ9iHJAE?FHuAO9̂?VAEG9@MJV?HJHJI9GHIJH[H@?JV9@MJ@AJVE?VHMJG9M[9@?F@HXi>9i?IJAGHXi>9@DFMEHOA>9?JOPME9GXF[?VA9i?Z9]A9DZIEMG@MLH@9?JO9̂HFF9EAkXHEA9LEMFMJIAO9OEZHJI>9OAGH@@?VHMJ9?JO9E?LHO9̂AHIDHJI_\?iLFAG9@MJV?HJHJI9DHID9@MJ@AJVE?VHMJG9M[9]H@?E]MJ?VA9̂HFF9EAkXHEA9@?EA[XF9?JO9LEMFMJIAO9OEZHJI9?V9<d;t/9VM9AJGXEA9VD?V9?FF9VDA9]H@?E]MJ?VA9HG9@MJNAEVAO9VM9@?E]MJ?VA_7MM9iX@D9EAGHOXA9HJ9VDA9AN?LME?VHJI9OHGD9̂HFF9@EXGV9MNAE9?JO9AJVE?L9̂?VAE9VD?V9̂HFF9JMV9]A9OEHNAJ9M[[9OXEHJI9OEZHJI_997MV?F9EAGHOXA9iXGV9]A9FHiHVAO9VM9FAGG9VD?J9:;;9iI_9_9\?iLFA9EAGXFVG9̂HVD9EAGHOXA9IEA?VAE9VD?J9:;;9iI9iXGV9]A9EA?J?FZuAO9XGHJI9FAGG9G?iLFA9NMFXiA_9KJZ9EAGXFVG9EALMEVAO9̂HVD9EAGHOXA9IEA?VAE9VD?J9:;;9iI9iXGV9]A9JMVAO9?G9GX@D_)e&�!qf"f�f�"
�3A[AE9VM9VDA9m?]ME?VMEZ9aX?FHVZ9T?JX?F9[ME9?9IFMGG?EZ9M[9@MiiMJ9F?]9VAEiG9?JO9OA[HJHVHMJG_ve&r!�%�r��"��
�q!�p/MJV?@V9ZMXE9GXLAENHGME9ME9FM@?F9G?[AVZ9@MMEOHJ?VME9̂HVD9kXAGVHMJG9ME9@MJ@AEJG9EAI?EOHJI9G?[AVZ9LEMVM@MF9ME9G?[A9D?JOFHJI9LEM@AOXEAG9[ME9VDHG9LEM@AOXEA7DA9[MFFM̂ HJI9GA@VHMJG9LEMNHOA9IAJAE?F9DA?FVD9?JO9G?[AVZ9HJ[MEi?VHMJ9?]MXV9@DAiH@?FG9?JO9i?VAEH?FG9VD?V9i?Z9]A9LEAGAJV9HJ9VDA9F?]ME?VMEZ_w 7DA9VMbH@HVZ9ME9@?E@HJMIAJH@HVZ9M[9A?@D9@DAiH@?F9i?VAEH?F9XGAO9HJ9VDA9F?]ME?VMEZ9D?G9JMV9]AAJ9[XFFZ9AGV?]FHGDAO_9x?@D9@DAiH@?F9GDMXFO9]A9EAI?EOAO9?G9?9LMVAJVH?F9DA?FVD9D?u?EO9?JO9AbLMGXEA9VM9VDAGA9@MiLMXJOG9GDMXFO9]A9?G9FM̂ 9?G9?@DHAN?]FA_9



����������	�
���	�
	����
�������
���	�
���
����������������������
�
�������� �������!"#$
��$%!"!$&&'(��&) ��������������	�
���	�����
�!**�������������++,-.,-&-- /0123456789:;<=>9:;:<>9:;::91?@AB�

KJZ9LEHJVAO9@MLZ9M[9VDHG9\019?JO9@MLHAG9OHGVEH]XVAO9MXVGHOA9M[91?@AB9?EA9XJ@MJVEMFFAO9XJFAGG9MVDAÊHGA9JMVAO_
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1. Purpose/Identification of Method

1.1. This Standard Operating Procedure (SOP) documents the procedures used by PASI – Kansas to
determine the concentration of semivolatile organic compounds (SVOCs) in environmental
samples. The laboratory utilizes GC/MS and bases these documented procedures on those listed
SW-846 Method 8270C.

2. Summary of Method

2.1. Sample extracts are prepared for analysis by an appropriate sample preparation method. The
semivolatile organic compounds are introduced into the gas chromatograph (GC) by injecting an
aliquot of the sample extract. The GC conditions are programmed to separate the analytes. The
GC effluent is directly introduced to a mass spectrometer (MS) for both identification and
quantification of analytes. Analytes are identified by comparison of their mass spectra with spectra
of authentic standards. Analytes are quantified by comparing the response of a selected major
(quantitation) ion relative to an internal standard using a multi-point calibration curve.

3. Scope and Application

3.1. Personnel: The policies and procedures contained in this SOP are applicable to all personnel
involved in the analytical method or non-analytical process.

3.2. This procedure may be used to determine concentrations of neutral, acidic, and basic semivolatile
organic compounds in extracts prepared from many types of water samples, soil samples and
wastes. Analytes must be soluble in dichloromethane and amenable to capillary gas
chromatography. Specific compound classes include polynuclear aromatic hydrocarbons,
chlorinated hydrocarbons and pesticides, phthalate esters, organophosphate esters, nitrosamines,
haloethers, aldehydes, ethers, ketones, anilines, pyridines, quinolines, aromatic nitro compounds,
and phenols.

4. Applicable Matrices

4.1. This SOP is applicable to water and most solid samples, regardless of moisture content. Common
matrices are ground and surface water, wastewater, aqueous sludge, sediment, soils, oils and other
solid samples. Procedures may need to be adapted to address limits in the method or equipment
that might hinder or interference with sample analysis. All adaptations made to address matrix
related modifications must be documented within the analytical data.

5. Limits of Detection and Quantitation

5.1. The reporting limit (LOQ) for all analytes is shown in the table below for this method. All current
MDLs are listed in the LIMS and are available by request from the Quality Manager.
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Table 5.1 Limits of Quantitation

Analyte
PQL water
(ug/L)

PQL soil
(ug/kg) Analyte

PQL water
(ug/L)

PQL soil
(ug/kg)

1,2,4-Trichlorobenzene 10 330 Benzo(b)fluoranthene 10 330

1,2-Dichlorobenzene 10 330 Benzo(g,h,i)perylene 10 330

1,2-Diphenylhydrazine 10 330 Benzo(k)fluoranthene 10 330

1,3-Dichlorobenzene 10 330 Benzoic acid 50 1670

1,4-Dichlorobenzene 10 330 Benzyl alcohol 20 660

2,4,5-Trichlorophenol 50 1600 Bis (2-Chloroethoxy)methane 10 330

2,4,6-Trichlorophenol 10 330 Bis (2-Chloroethyl) ether 10 330

2,4-Dichlorophenol 10 330 Bis (2-Chloroisopropyl) ether 10 330

2,4-Dimethylphenol 10 330 bis(2-Ethylhexyl)phthalate 10 330

2,4-Dinitrophenol 50 1670 Butylbenzylphthalate 20 330

2,4-Dinitrotoluene 10 330 Chrysene 10 330

2,6-Dinitrotoluene 10 330 Dibenz (a,h) anthracene 10 330

2-Chloronaphthalene 10 330 Dibenzofuran 10 330

2-Chlorophenol 10 330 Diethylphthalate 10 330

2-Methylnaphthalene 10 330 Dimethylphthalate 10 330

2-Methylphenol 10 330 Di-n-butylphthalate 10 330

2-Nitroaniline 50 660 Di-n-octylphthalate 10 330

2-Nitrophenol 10 330 Fluoranthene 10 330

3&4-Methylphenol 10 330 Fluorene 10 330

3,3'-Dichlorobenzidine 20 660 Hexachloro-1,3-butadiene 10 330

3-Nitroaniline 50 660 Hexachlorobenzene 10 330

4,6-Dinitro-2-methylphenol 50 1670 Hexachlorocyclopentadiene 10 330

4-Bromophenylphenyl ether 10 330 Hexachloroethane 10 330

4-Chloro-3-methylphenol 20 660 Indeno(1,2,3-cd)pyrene 10 330

4-Chloroaniline 20 660 Isophorone 10 330

4-Chlorophenylphenyl ether 10 330 Naphthalene 10 330

4-Nitroaniline 50 660 Nitrobenzene 10 330

4-Nitrophenol 50 1670 N-Nitroso-di-n-propylamine 10 330

Acenaphthene 10 330 N-Nitrosodiphenylamine 10 330

Acenaphthylene 10 330 Pentachlorophenol 50 1670

Aniline 10 330 Phenanthrene 10 330

Anthracene 10 330 Phenol 10 330

Benz(a)anthracene 10 330 Pyrene 10 330

Benzo(a)pyrene 10 330



Pace Analytical Services, Inc. File: S-KS-O-013-rev.16
Semivolatile Organics by GCMS Date: Upon Final Signature
S-KS-O-013-rev.16 Page 5 of 37

Table 5.2 Other Amenable Compounds

Analyte
PQL water
(ug/L)

PQL soil
(ug/kg) Analyte

PQL water
(ug/L)

PQL soil
(ug/kg)

2,3,4,5-Tetrachlorophenol 10 330 Benzenethiol (Thiophenol) 50 1670

2,3,5,6-Tetrachlorophenol 10 330 Benzidine 50 1670

3,4,5-Trichlorophenol 10 330 Benzo(j)fluoranthene 10 330

2,5-Dichlorophenol 10 330 Benzothiophene 50 1670

2,6-Dichlorophenol 10 330 bis(2-Ethylhexyl)adipate 10 330

3,4-Dichlorophenol 10 330 Carbazole 10 330

1-Methylnaphthalene 10 330 Dibenz(a,h)acridine 50 1670

1-Methylnaphthalene 10 330 Indene 50 330

2,3,4,6-Tetrachlorophenol 50 1670 N-Nitrosodimethylamine 10 330

2-Chlorobenzyl chloride 10 330 Pyridine 10 330

6-Methylchrysene 50 1670 Quinoline 10 330

7,12-Dimethylbenz(a)anthracene 10 330 Terpineol 10 330

Azobenzene 10 330

6. Interferences

6.1. Method interferences may be caused by contaminants in solvents, reagents, glassware, and other
sample processing hardware that lead to discrete artifacts and/or elevated baselines in
chromatograms. All of these materials must be routinely demonstrated to be free from interferences
under the conditions of the analysis by running laboratory reagent blanks.

6.2. Interferences by phthalate esters can pose a major problem in all analyses. Common flexible
plastics contain varying amounts of phthalates. These phthalates are easily extracted or leached
from such materials during laboratory operations. Cross-contamination of clean glassware occurs
when plastics and samples are handled by personnel. Interferences from phthalates can best be
minimized by avoiding the use of plastics in the laboratory. Exhaustive cleanup of reagents and
glassware may be required to eliminate background phthalate contamination.

6.3. Matrix interferences may be caused by high concentration contaminants that are co-extracted
from the sample. The extent of matrix interferences will vary considerably from source to source,
depending upon the nature and diversity of the site being sampled.

6.4. Contamination by carryover can occur whenever high-concentration and low-concentration
samples are sequentially analyzed. To reduce carryover, the sample syringe must be rinsed with
solvent (methylene chloride) between sample injections. When a concentrated sample is injected,
a solvent blank should follow to ensure there is no carryover.

6.5. N-Nitrosodiphenylamine and 1, 2-Diphenylhydrazine decompose in the GC injection port
forming Diphenylamine and Azobenzene, respectively. As a result, it is these decomposition
products that are present in the calibration standards and LCS/MS spiking solution.

7. Sample Collection, Preservation, Shipment and Storage
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Table 7.1 Sample Collection, Preservation, Shipment and Storage
Sample type Collection per sample Preservation Storage Hold time

Aqueous
collection.

Solid
collection.

Extracts 2-5mL glass vials, same
as used for standard
storage

N/A 10°C 40 days from
extraction.

8. Definitions

8.1. Definitions of terms found in this SOP are described in the Pace Analytical Services Quality
Manual, Glossary Section.

9. Equipment and Supplies

Table 9.1 Equipment and Supplies
Supply Vendor Model / Version Comments

Gas Chromatograph Agilent 7890A or equivalent

Mass Spectrometer Agilent 5975 or equivalent

Data System Thruput Systems, Inc. Target, version 3.4

Vacuum Pump (Rough) Edwards E2M2 or equivalent

Autosampler Hewlett-Packard 7683 or equivalent

Analytical Column Supelco SLB-5ms 30m, 0.25mm, 0.25 um, or equivalent

Electron Multiplier Agilent G1099-80001 High Energy Dynode, or equivalent

EI Filament Agilent G2590-60053 High Temp filament for 5973, or equivalent

Volumetric Flasks Various Class A 5mL, 10mL, 50mL, 100mL

Glass Autosampler Vials Fisher 03-375-2S 2mL, amber

Borosilicate Inserts Fisher 03-375-3B 400uL low volume vial inserts

Gas tight syringes Hamilton 1700 Series 10-, 25-, 100-, 500-, 1000-uL

Microdispensers Fisher 21-176E 100 uL

Replacement Bores Fisher 21-175-25

10. Reagents and Standards

Table 10.1 Reagents and Standards

Reagent/Standard Concentration/ Description Vendor/ Item #

Methylene chloride Pesticide analysis grade Fisher / D151 or equivalent

Methanol Pesticide analysis grade Fisher / A451 or equivalent
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10.1. Preparation Procedures

10.1.1. Standards for injection into the GC/MS are prepared in methylene chloride. Standards for
addition into samples prior to extraction are prepared in methanol. A label containing the
concentration, standard log ID number, and expiration date must be affixed to the outside
of every standard container. Do not assign expiration dates that exceed the manufacturer’s
recommended expiration date.

10.2. 8270C Surrogate Spiking solution

10.2.1. Surrogate standards are added to all samples and QC samples before extraction. The
compounds specified for this purpose are:

Table 10.2 Surrogate Compounds

Acid Surrogates Base/Neutral Surrogates

Phenol-d6 Nitrobenzene-d5

2,4,6-Tribromophenol Terphenyl-d14

2-Fluorophenol 2-Fluorobiphenyl

10.2.2. Prepare a single surrogate standard spiking solution in methanol that contains the acid
surrogates at a concentration of 75 ug/mL and the base/neutral surrogates at 50 ug/mL and
assign a six-month expiration date. Verify the solution prior to use according to SOP S-

Spike all QC and client samples with a 1.0 mL aliquot prior to extraction.

10.3. 8270C Laboratory Control Sample/Matrix Spike (LCS/MS) solution

10.3.1. Prepare the 8270C LCS/MS spiking solution in methanol at the concentrations are listed in
Attachment I and assign a six-month expiration date. Verify the solution prior to use
according to SOP S-KS-O-003, Organic Extraction Spike Fortification, and store in amber

10.4. TCLP/SPLP Laboratory Control Sample/Matrix Spike (LCS/MS) solution

10.4.1. Prepare the TCLP/SPLP LCS/MS spiking solution in methanol at the concentrations are
listed in Attachment II and assign a six-month expiration date. Verify the solution prior to
use according to SOP S-KS-O-003, Organic Extraction Spike Fortification, and store in

prior to extraction.

10.5. Internal Standard Solution

10.5.1. Prepare the internal standard solution in methylene chloride containing the following
compounds at a concentration of 200 ug/mL: 1,4- Dichlorobenzene-d4, Naphthalene-d8,
Acenaphthene-d10, Phenanthrene-d10, Chrysene-d12, and Perylene-d12. Assign a six-

standard solution to 100 uL of every standard, sample and QC sample injected. This will
yield and internal standard concentration of 20 ug/mL.

10.6. DFTPP Tuning Standard:
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10.6.1. Prepare the tuning standard solution in methylene chloride containing the following
compounds at a concentration of 50 ug/mL: decafluorotriphenylphosphine (DFTPP), 4,4'-
DDT, pentachlorophenol, and benzidine. Assign a six-month expiration date and store in

10.6.2. 1 ul is injected to give an on column amount of 50 ng.

10.7. Working Calibration Standards

10.7.1. Prepare calibration standards in methylene chloride at a minimum of five (nine is suggested)
concentration levels for each analyte of interest (5,10, 20, 40, 50, 60, 70, 80, 100 ug/mL).

must be replaced after six months, or sooner, if comparison with quality control check
standards indicates a problem.

10.8. Second-Source Verification Standard (SSV)

10.8.1. Prepare the SSV standard in methylene chloride containing all analytes of interest,
purchased from a source independent of the Calibration Standard supplier, at a
concentration of 50 ug/mL. Assign a six-month expiration date and store in amber vials at

11. Calibration and Standardization

11.1. Tune Verification

11.1.1. The mass spectrometer tune status must be verified prior to initial calibration and at the
beginning of each analytical sequence. If the current tune status does not meet the ion
abundance criteria (Table 12.2), take corrective actions as outlined in the equipment
manufacturers’ instructions for re-tuning the mass spectrometer. The tune status must be
re-verified after the tuning procedures.

11.2. Analysis of Standards

11.2.1. An initial calibration curve using a minimum of five points is analyzed prior to analyzing
client samples. The lowest concentration must be at or below the equivalence of the
standard reporting limit. The lowest calibration point reflects the practical quantitation
limit for that compound, a level below which all reported results must be qualified as
estimated values. Refer to Table 11.1 for compound concentrations.

11.2.2. An analyte must be present and calibration curve in control in order to be reported on the
target analyte list. Analytes identified by mass spectral match but not present and in control
in the calibration table may be reported as Tentatively Identified Compounds (TICs).
Guidelines for identification are listed in Section 12.7.3. Results for these TICs should be
reported only on a present/absent basis. However, quantitative results may be reported
provided they are qualified as estimated values.

Table 11.1 Target Analyte Initial Calibration Concentrations
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Analyte Std 1
(ug/mL)

Std 2
(ug/mL)

Std 3
(ug/mL)

Std 4
(ug/mL)

Std 5
(ug/mL)

Std 6
(ug/mL)

Std 7
(ug/mL)

Std 8
(ug/mL)

Std 9
(ug/mL)

1,2,4-Trichlorobenzene 5 10 20 40 50 60 70 80 100

1,2-Dichlorobenzene 5 10 20 40 50 60 70 80 100

1,2-Diphenylhydrazine 5 10 20 40 50 60 70 80 100

1,3-Dichlorobenzene 5 10 20 40 50 60 70 80 100

2,4,5-Trichlorophenol 5 10 20 40 50 60 70 80 100

2,4,6-Trichlorophenol 5 10 20 40 50 60 70 80 100

2,4-Dichlorophenol 5 10 20 40 50 60 70 80 100

2,4-Dimethylphenol 5 10 20 40 50 60 70 80 100

2,4-Dinitrophenol 5 10 20 40 50 60 70 80 100

2,4-Dinitrotoluene 5 10 20 40 50 60 70 80 100

2,6-Dinitrotoluene 5 10 20 40 50 60 70 80 100

2-Chloronaphthalene 5 10 20 40 50 60 70 80 100

2-Chlorophenol 5 10 20 40 50 60 70 80 100

2-Methylnaphthalene 5 10 20 40 50 60 70 80 100

2-Methylphenol 5 10 20 40 50 60 70 80 100

2-Nitroaniline 5 10 20 40 50 60 70 80 100

2-Nitrophenol 5 10 20 40 50 60 70 80 100

3&4-Methylphenol 5 10 20 40 50 60 70 80 100

3,3'-Dichlorobenzidine 5 10 20 40 50 60 70 80 100

3-Nitroaniline 5 10 20 40 50 60 70 80 100

4,6-Dinitro-2-methylphenol 5 10 20 40 50 60 70 80 100

4-Bromophenylphenyl ether 5 10 20 40 50 60 70 80 100

4-Chloro-3-methylphenol 5 10 20 40 50 60 70 80 100

4-Chloroaniline 5 10 20 40 50 60 70 80 100

4-Chlorophenylphenyl ether 5 10 20 40 50 60 70 80 100

4-Nitroaniline 5 10 20 40 50 60 70 80 100

4-Nitrophenol 5 10 20 40 50 60 70 80 100

Acenaphthene 5 10 20 40 50 60 70 80 100

Acenaphthylene 5 10 20 40 50 60 70 80 100

Aniline 5 10 20 40 50 60 70 80 100

Anthracene 5 10 20 40 50 60 70 80 100

Benz(a)anthracene 5 10 20 40 50 60 70 80 100

Benzo(a)pyrene 5 10 20 40 50 60 70 80 100

Benzo(b)fluoranthene 5 10 20 40 50 60 70 80 100

Benzo(g,h,i)perylene 5 10 20 40 50 60 70 80 100

Benzo(k)fluoranthene 5 10 20 40 50 60 70 80 100

Benzoic acid 5 10 20 40 50 60 70 80 100

Benzyl alcohol 5 10 20 40 50 60 70 80 100

bis(2-Chloroethoxy)methane 5 10 20 40 50 60 70 80 100

bis(2-Chloroethyl) ether 5 10 20 40 50 60 70 80 100

bis(2-Chloroisopropyl) ether 5 10 20 40 50 60 70 80 100

bis(2-Ethylhexyl)phthalate 5 10 20 40 50 60 70 80 100

Butylbenzylphthalate 5 10 20 40 50 60 70 80 100

Chrysene 5 10 20 40 50 60 70 80 100

Dibenz(a,h)anthracene 5 10 20 40 50 60 70 80 100
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Analyte Std 1
(ug/mL)

Std 2
(ug/mL)

Std 3
(ug/mL)

Std 4
(ug/mL)

Std 5
(ug/mL)

Std 6
(ug/mL)

Std 7
(ug/mL)

Std 8
(ug/mL)

Std 9
(ug/mL)

Dibenzofuran 5 10 20 40 50 60 70 80 100

Diethylphthalate 5 10 20 40 50 60 70 80 100

Dimethylphthalate 5 10 20 40 50 60 70 80 100

Di-n-butylphthalate 5 10 20 40 50 60 70 80 100

Di-n-octylphthalate 5 10 20 40 50 60 70 80 100

Fluoranthene 5 10 20 40 50 60 70 80 100

Fluorene 5 10 20 40 50 60 70 80 100

Hexachloro-1,3-butadiene 5 10 20 40 50 60 70 80 100

Hexachlorobenzene 5 10 20 40 50 60 70 80 100

Hexachlorocyclopentadiene 5 10 20 40 50 60 70 80 100

Hexachloroethane 5 10 20 40 50 60 70 80 100

Indeno(1,2,3-cd)pyrene 5 10 20 40 50 60 70 80 100

Isophorone 5 10 20 40 50 60 70 80 100

Naphthalene 5 10 20 40 50 60 70 80 100

Nitrobenzene 5 10 20 40 50 60 70 80 100

N-Nitroso-di-n-propylamine 5 10 20 40 50 60 70 80 100

N-Nitrosodiphenylamine 5 10 20 40 50 60 70 80 100

Pentachlorophenol 5 10 20 40 50 60 70 80 100

Phenanthrene 5 10 20 40 50 60 70 80 100

Phenol 5 10 20 40 50 60 70 80 100

Pyrene 5 10 20 40 50 60 70 80 100
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Table 11.2 Non-standard compounds amenable to analysis by this method

Analyte
Std 1
ug/mL

Std 2
ug/mL

Std 3
ug/mL

Std 4
ug/mL

Std 5
ug/mL

Std 6
ug/mL

Std 7
ug/mL

Std 8
ug/mL

Std 9
ug/mL

2,3,4,5-Tetrachlorophenol 5 10 20 40 50 60 70 80 100

2,3,5,6-Tetrachlorophenol 5 10 20 40 50 60 70 80 100

3,4,5-Trichlorophenol 5 10 20 40 50 60 70 80 100

2,6-Dichlorophenol 5 10 20 40 50 60 70 80 100

3,4-Dichlorophenol 5 10 20 40 50 60 70 80 100

2,5-Dichlorophenol 5 10 20 40 50 60 70 80 100

1-Methylnaphthalene 5 10 20 40 50 60 70 80 100

2,3,4,6-Tetrachlorophenol 5 10 20 40 50 60 70 80 100

1-Methylnaphthalene 5 10 20 40 50 60 70 80 100

2-Chlorobenzyl chloride 5 10 20 40 50 60 70 80 100

6-Methylchrysene 5 10 20 40 50 60 70 80 100

7,12-Dimethylbenz(a)anthracene 5 10 20 40 50 60 70 80 100

Azobenzene 5 10 20 40 50 60 70 80 100

Benzenethiol (Thiophenol) 5 10 20 40 50 60 70 80 100

Benzidine 5 10 20 40 50 60 70 80 100

Benzo(j)fluoranthene 5 10 20 40 50 60 70 80 100

Benzothiophene 5 10 20 40 50 60 70 80 100

bis(2-Ethylhexyl)adipate 5 10 20 40 50 60 70 80 100

Carbazole 5 10 20 40 50 60 70 80 100

Dibenz(a,h)acridine 5 10 20 40 50 60 70 80 100

Indene 5 10 20 40 50 60 70 80 100

N-Nitrosodimethylamine 5 10 20 40 50 60 70 80 100

Pyridine 5 10 20 40 50 60 70 80 100

Quinoline 5 10 20 40 50 60 70 80 100

Terpineol 5 10 20 40 50 60 70 80 100

11.3. Calibration Response Factors

11.3.1. Response factors (RF) establish the relationship of the instruments response in comparison
with the concentration of any given analyte. The RF includes the concentration and response
of the internal standard as well. By relating the IS concentration and response in an inverse
manner, the target analyte concentration is adjusted to account for drift in the instrument on
a per injection basis. As instrument response increases as indicated by the response of the
internal standard, the concentration of the target is mathematically decreased, and vice
versa.

11.3.2. To calculate the RF for any given calibration standard (or calibration verification standard),
tabulate the area response of the characteristic ions against concentration for each compound
and each internal standard. Calculate response factors (RF) for each compound relative to
one of the internal standards. The internal standard selected for the calculation of the RF for
a compound should be the internal standard that has a retention time closest to the compound
being measured. Response factors are calculated using the following equation.

xis

isx

CA

CA
RF

Where:
Ax = Area of the characteristic ion for the compound being measured.



Pace Analytical Services, Inc. File: S-KS-O-013-rev.16
Semivolatile Organics by GCMS Date: Upon Final Signature
S-KS-O-013-rev.16 Page 12 of 37

Ais = Area of the characteristic ion for the specific internal standard.
Cis = Concentration of the specific internal standard (ug/mL).
Cx = Concentration of the compound being measured (ug/mL).

11.3.3. Most, if not all modern chromatography data systems are capable of calculating this factor
and using it to quantify analyte concentrations. The 8270C method has minimum
requirements that these response factors must meet in order to be considered valid. The
method uses a subset of the target analyte list to evaluate the performance of the system.
These compounds are referred to as the System Performance Check Compounds or the
SPCCs. The SPCCs serve as an indicator of instrument sensitivity and, by meeting a
minimum value, ensure that the laboratory has adequate sensitivity to analyze and reliably
report data for environmental samples.

11.4. Calibration Curve Fit

11.4.1. The calibration curve is a representation of the relationship of the instrument response and
analyte concentration. The curve is used to quantitate the concentration of an unknown
based on its response and this known relationship. The curve is produced in several ways
depending on the nature of the “goodness of fit”.

11.4.2. Average Response Factor (RF ): The average response factor is determined by averaging
the response factors calculated for each calibration level for each target analyte. The average
RF can be used to calculate the concentration of target analytes in samples provided the
criteria are met for consistency in the RFs for any given analyte. An average response factor
is the default curve fitting option for calibrations. It is in the most basic sense, a linear
regression that is forced through zero at the origin. Because of its simplicity and the
interception of the y-axis at the origin, this is the preferred technique for curve fitting. A
calculation of the percent relative standard deviation (%RSD) is used to determine the

acceptability of the use of the RF (see Table 11.3).

The % RSD is calculated as follows:
RF

100SD
RSD%

Where:
SD = Standard deviation of the averaged RFs for a given compound

11.4.3. The average response factor is also used to diagnose the integrity of the chromatography
system as it relates to calibration linearity. The Calibration Check Compounds (CCCs) are
a subset of the target analyte list that must meet specific criteria (see Table 11.3) for the
calibration to be acceptable. For the CCCs, the %RSD for each is compared to the method
criteria. If that of any CCC exceeds the criteria, the system needs to be inspected for
potential sources of errors and recalibrated.

11.4.4. Linear Regression: The linear regression calibration curve is derived from a least squares
regression analysis of the calibration points. A calibration curve based on this technique will
have the format of y = ax + b, where “a” is the slope of the line and “b” is the y intercept.
In order to use this curve fit technique, a minimum of 5 calibration points must be available
and the origin cannot be included as one of the points. This technique works well for
calibrations where the response of the instrument is linear in nature but does not necessarily
intercept the y-axis at the origin. However, because the linear regression is not forced
through the origin, very low levels of contaminants below the response of the lowest
calibration point may generate erroneous reportable results. A calculation of the correlation
coefficient “r” is used to determine the acceptability of a linear regressed curve (see Table
11.3).
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11.4.5. Non-linear Regression: The non-linear regression calibration curve is derived from a least
squares regression analysis of the calibration points. A calibration curve based on this
technique will have the format of y= ax²+bx+c. In order to use this curve fit technique, a
minimum of 6 calibration points must be available and the origin cannot be included as one
of the points. This technique works well for calibrations where the response of the
instrument gradually decreases with increasing concentrations. Using this technique, an
analyst may be able to generate calibration curves with correlation coefficients very close
or equivalent to 1.000. However, because the non-linear regression is not forced through the
origin, very low levels of contaminants below the response of the lowest calibration point
may generate erroneous reportable results. Likewise, high levels of contamination may not
be able to be calculated due to regression equations with multiple intercepts of either axis
on the calibration plot.

11.4.6. A calculation of the coefficient of determination (COD) is used to determine the
acceptability of a non-linear regressed curve (see Table 11.3). Either the low or high
calibration points may be dropped to meet linearity criteria provided the laboratory meets
the minimum 6 calibration point requirements. Points within the center of the curve may not
be dropped unless an obvious problem is discovered and documented. The point must be
dropped in its entirety and reanalyzed. Re-analysis should be within the same 12-hour time
window and must occur within 8 hours of the original analysis.

11.5. Calibration Verification

11.5.1. Second Source Verification (SSV)

11.5.1.1. In addition to meeting the linearity criteria, any new calibration curve must be
assessed for accuracy in the values generated. Accuracy is a function of both the “fit”
of the curve to the points used and the accuracy of the standards used to generate the
calibration points. By meeting the fit criteria, the accuracy relative to the goodness of
fit is addressed. However, because all calibration points are from the same source, it
is possible that the calibration points may meet linearity criteria but not be accurately
made in terms of their true value.

11.5.1.2. Therefore, to assess the accuracy relative to the purity of the standards, a single
standard from a secondary source must be analyzed and the results obtained must be
assessed relative to the known true value. This step is referred to as Secondary Source
Verification or, alternatively as Initial Calibration Verification. This secondary
source must be from an alternative vendor or, in the event an alternative vendor is not
available, from a different lot from the same vendor. The accuracy of the standard is
assessed as a percent difference from the true value according to the following
equation:

100
ValueTrue

ValueTrueResult
Difference%

SSV

SSVSSV

11.5.2. Continuing Calibration Verification (CCV)

11.5.2.1. As part of the analytical process, the instrumentation must be checked periodically to
determine if the response has changed significantly since the initial calibration was
established. This verification process is known as Continuing Calibration
Verification. The validity of the initial calibration is checked at the beginning of every
analytical sequence and every 12 hours thereafter for as long as the instrument is



Pace Analytical Services, Inc. File: S-KS-O-013-rev.16
Semivolatile Organics by GCMS Date: Upon Final Signature
S-KS-O-013-rev.16 Page 14 of 37

analyzing samples and is accomplished by analyzing a midpoint calibration standard
(CCV).

11.5.2.2. The values obtained from the analysis of the CCV are compared to the true values
and a percent change calculated. The percent change must meet the method specified
criteria for the analysis to proceed for an additional 12 hours.

11.5.2.3. The actual determination of change in instrument response is based on the type of
curve fit used for each analyte. Calibration curves based on an average response factor
are assessed based on the percent difference of the RF calculated for the CCV from
the average RF established in the initial calibration. Calibration curves based on a
linear or non-linear regression are assessed based on the percent drift of the calculated
result from the known true value of the standard. The equations for these calculations
are as follows:

100
RF

RFRF
Difference% CCV (curves based on RF )

100
ValueTrue

ValueTrueResult
Drift%

CCV

CCVCCV (curves based on linear or quadratic regression)
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Table 11.3 Calibration Criteria
Calibration Metric Parameter / Frequency Criteria Comments
Calibration Curve Fit Average

Linear Regression

Non-linear Regression

Percent Relative Error Check on
Linear and Non-linear
Regression curve fits.

20% of true value of
both low curve point
(report limit) and
midlevel curve point.

If not met, try linear regression fit, then non-linear
regression fit. If still not met, take corrective action
and recalibrate before analyzing samples.

If this criteria is not meet then only non-detects can
be reported, all detected amounts must be re-
analyzed following a proper curve fit.

System Performance
Check Compounds
(SPCCs)

N-Nitroso-di-n-propylamine
Hexachlorocyclopentadiene
2,4-Dinitrophenol
4-Nitrophenol

Some possible problems are standard mixture
degradation, injection port inlet contamination,
contamination at the front end of the analytical
column, and active sites in the column or
chromatographic system.

Calibration Check
Compounds (CCCs)

Acenaphthene
1,4-Dichlorobenzene
Hexachlorobutadiene
N-Nitrosodiphenylamine
Di-n-octylphthalate
Fluoranthene
Benzo(a)pyrene
4-Chloro-3-methylphenol
2,4-Dichlorophenol
2-Nitrophenol
Phenol
Pentachlorophenol
2,4,6-Trichlorphenol

If the CCCs are not included on a list of analytes for
a project, and therefore not included in the
calibration standards, then all compounds of interest
must meet a 15% RSD criterion.

Second Source
Verification Standard

Immediately after each initial
calibration

% Diff ±30% Reprepare and reanalyze the ICV once. If it fails a
second time a new initial calibration should be
rerun.

Continuing
Calibration
Verification

Prior to the analysis of any
samples and every 12 hours
thereafter

If the requirements for continuing calibration are not
met, these corrective actions must be taken prior to
reanalysis of standards. Only two injections of the
same standard are permitted back to back. Note: If
two injections are analyzed back to back, both must
be reviewed and the latest injection must be used.

SPCCs Must meet response
criteria listed above

Internal Standard RT

Internal Standard Response

RT ±30 sec

50 – 200%

Use mid-point standard level of the most recent
initial calibration sequence.

CCCs RF ± 20% Diff.

Result ± 20% Drift

Use for Avg RF calibration curves

Use for linear and non-linear calibration curves

Non-CCC Targets RF ± 40% Diff.

Result ± 40% Drift

Some programs may require control over non-CCC
target analytes. In the absence of specified criteria,
use those listed here.

11.6. Calibration Corrective Actions

11.6.1. Calibration Linearity Problems

11.6.1.1. Certain target analytes are difficult to chromatograph and behave erratically. The
compounds are benzyl alcohol, 4-chloroaniline, hexachlorocyclopentadiene, 2-
nitroaniline, 3-nitroaniline, 4-nitroaniline, 3,3’-dichlorobenzidine, pyridine, benzoic
acid, and benzidine. These compounds will not be subject to the linearity criteria,
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however theymust be detectable at the RL as a minimum. In addition, if these analytes
are detected the result must be qualified or reanalyzed with an acceptable initial
calibration.

11.6.2. Continuing Verification Problems

11.6.2.1. Reanalyze the original CCV standard to determine instrument consistency.

11.6.2.2. Prepare and analyze a new CCV standard to determine preparation consistency /
standard integrity.

11.6.2.3. Document instrument maintenance

11.6.2.4. Reanalyze CCV standard to determine if maintenance was effective in restoring
performance.

11.6.2.5. Complete recalibration of instrument.

11.6.2.6. If samples were analyzed in spite of verification failures, note the following
exceptions for addressing those results. Deviations from this requirement must be
noted on the injection log with a thorough explanation for the deviation from policy.

Exception: If calibration verification is above the upper control limit, samples non-detected
for those analytes may be reported without reanalysis. Quantitation of spiked QC samples
requires an acceptable calibration without exception.

12. Procedure

12.1. GC/MS System Preparation

12.1.1. Configure the GC/MS system to match the following operating parameters based on
instrument configuration. The parameters themselves are saved as a method on the
chromatography data system. By loading the last method used, the instrument will auto-
configure to match the parameters from the last time the system was operated under that
method. Verify that the settings in the software match the appropriate configuration.
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Table 12.1 Instruments and Operating Parameters
Instrument IDs Component Settings and Consumables

60MSS4 Gas Chromatograph Column: Supelco SLB-5ms,
30m, 0.25mm, 0.25 um df
Inlet Liner: Restek #22401
Inlet Seal: Restek #21306
Column Ferrules: Agilent
#5062-3508

Flow: Helium, 1.8 mL/min (constant)
Initial Temperature: 50 ºC
Initial Time: 2 min.
Rate: 22 ºC/min
Final Temperature: 320 ºC
Final Time: 1.9 min.
Injector Temperature: 255 ºC
Transfer Line Temperature: 305 ºC
MS Source Temperature: 230 ºC
MS Quad Temperature: 150 ºC
Split Purge On: 0.1 min.

Mass Spectrometer Tune File: dftpp.u

Autosampler Sample Washes: 0
Sample Pump: 2
Injection Volume 1.0 uL
Syringe Size: 10 uL

PostInj Solvent A Washes: 3
PostInj Solvent B Washes: 2
Viscosity Delay: 0 sec.
Plunger Speed: Fast
PreInjection Dwell: 0 min
PostInjection Dwell: 0 min

12.2. Tune Status Verification

12.2.1. At the beginning of each analytical sequence, prior to the analysis of any samples, the mass
spectrometer tune status must be verified by analyzing the DFTPP Tuning Standard.

12.2.2. To evaluate the tune spectra, following the operating instructions for the chromatography
data system to access the data file and obtain mass spectra for DFTPP. If the software has a
program or macro for automatically selecting the spectra and evaluating the response ratios,
use this option. Otherwise, the spectra must be obtained in one the following manners, in
the listed order.

1. Using an average of three scans, centered on the apex of the peak; or,

2. Using an average of all scans across the width of the peak, taken at half height; or,

3. Using an average of all scans taken across the width of the peak from baseline to baseline.

A background scan taken immediately before, but not including the peak, must be subtracted.

12.2.3. Evaluate the ion ratios against the criteria below. If the ratios meet the criteria, then analysis
may proceed for 12 hours. The window for analysis is 12 hours from the injection time of
the DFTPP Tuning Standard. After that, the tune status must be verified again to establish a
new analytical window. The same ion abundance criteria used for the DFTPP tune
verification coupled with the initial calibration must be used for all subsequent analyses
associated with that initial calibration.

Table 12.2 DFTPP Tuning Criteria
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Mass (m/z) Ion Abundance Criteria

51 30.0-80.0% of m/z 198

68 <2.0% of m/z 69

69 Present

70 <2.0% of m/z 69

127 25.0-75.0% of m/z 198

197 <1.0% of m/z 198

198 Base peak, 100% relative abundance

199 5.0-9.0% of m/z 198

275 10.0-30.0% of m/z 198

365 >0.75% of m/z 198

441 Present, but less than m/z 443

442 40.0-110.0% of m/z 198

443 15.0-24.0% of m/z 442

12.2.4. Any changes made to the system must be followed with the reanalysis of the tune
verification standard. Any maintenance performed on the physical mass spec components
requires recalibration. “Autotunes” may be performed as long as the following CCV meets
all criteria for response, retention time and sensitivity.

12.3. Breakdown Verification

12.3.1. Tailing Factor Verification

12.3.1.1. Benzidine and pentachlorophenol should be present at their normal responses, and no
peak tailing should be visible. Corrective actionmust be taken if poor chromatography
is noted. Corrective action may include replacing the injection port liner and/or
removing the first 6”-12” of the capillary column. Document any instrument
maintenance performed in the maintenance log. After corrective action is taken,
reinject the DFTPP Tuning Standard.

12.3.2. GC/MS system inertness should also be assessed by calculating the percent breakdown of
DDT into the products DDD and DDE. The calculation is performed as follows:

DDD)DDE(DDTforAreasPeakofSum

DDD)(DDEforAreasPeakofSum
100ndegradatioDDT

12.3.3. Breakdown of DDT should not exceed 20%. See the sections below if DDT breakdown is
greater than 20%.

12.3.4. If any organochlorine pesticides are target analytes and the breakdown exceeds 20%, then
corrective action must be taken. Corrective action may include replacing the injection port
liner and/or removing the first 6”-12” of the capillary column. Document any instrument
maintenance performed in the maintenance log. After corrective action is taken, reinject
the DFTPP Tuning Standard.

12.3.5. If organochlorine pesticides are not target analytes and the breakdown exceeds 20%, then
corrective action may not be necessary as long as all SPCC and CCC criteria are met. (See
Table 11.3 for SPCC and CCC criteria.) If all SPCC and CCC criteria are met, then the
GC/MS system will be considered sufficiently inert.
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12.4. Calibration Verification

12.4.1. After the instrument tune conditions are verified and the system meets tune criteria, the
instrument must undergo calibration verification. If it has already been determined that the
instrument needs to be recalibrated, follow the procedures listed in Section 11.2 (Analysis
of Standards). Otherwise, analyze a Continuing Calibration Verification Standard to
determine the current calibration status.

12.4.2. If the CCV meets control criteria, the system is deemed to be in control and analysis of
samples may commence. If the CCV does not meet control criteria, follow the corrective
action procedures listed Section 11.6 (Calibration Corrective Actions). If the tune
verification has been combined with the CCV, the 12-hour analysis window begins from
the analysis date / time of the CCV.

Note: In situations where the instrument will run unattended (i.e. overnight), the analyst may
load sequential (back-to-back) CCVs in anticipation of that the first in the series may fail
due to carry over from a previous sample. If so, both CCVs must be evaluated according
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to the protocol set forth in the Quality Assurance Manual within Section 6 – Equipment
and Measurement Traceability.

12.5. Sample Preparation

12.5.1. Aqueous samples are prepared according to EPA 3510C. These procedures are contained
in a separate standard operating procedure. Refer to SOP S-KS-O-029 for details on the
preparation of aqueous samples.

12.5.2. Soil/Solid samples are prepared according to EPA 3546. These procedures are contained in
a separate standard operating procedure. Refer to SOP S-KS-O-032 for details on the
preparation of soil or solid samples.

12.6. Sample Analysis

12.6.1. Withdraw 100 uL of sample extract and add to a low-volume vial insert that had been placed
in an autosampler vial.

12.6.2. Add 10 uL of Internal Standard Solution to the low-volume insert, cap and crimp.

12.6.3. Place on autosampler tray, load ChemStation method ‘8270’, and start instrument.

12.6.4. Process all runs with Target software.

12.6.5. View sample chromatograms and verify analyte identifications (Section 12.7.1)

12.6.6. Post data to EPIC Pro.

12.7. Data Reduction

12.7.1. Qualitative Analysis

12.7.1.1. Retention Time Comparison: The relative retention time (RRT) of the sample
component must be within ±0.06 RRT units of the component in the calibration
verification standard. Extracted Ion Current Plots (EICPs) may be used to provide a
more reliable assignment of RT in the presence of coeluting components.

Mass Spectrum Comparison: The characteristic ions from the reference mass spectrum are
defined as the three ions of greatest relative intensity, or any ions over 30% relative intensity if
less than three such ions occur in the reference spectrum. Compounds are identified as present
when the following criteria are met. Note; There are many compounds analyzed by this method
that do not display three ions with relative intensity’s of over 30% for the compounds. Therefore
it is extremely important to review as aspects of the compound for positive detection. Ions, Ion
Ratios, Retention Times and spectra. The compounds in attachment III & IV display the primary
ion used in this method and various secondary ions in which not all are 30% or greater.

12.7.1.2.

The intensities of the characteristic ions of a compound maximize in the same scan or
within one scan of each other.
The relative intensities of the characteristic ions agree within 30% of the relative
intensities of these ions in the reference spectrum.
Structural isomers that produce very similar mass spectra should be identified as
individual isomers if they have sufficiently different GC retention times.
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12.7.2. Quantitative Analysis

12.7.2.1. Quantitation is based on the integrated abundance of the target analyte’s quantitation
ion using the internal standard technique. The GC/MS data system will calculate the
concentration of each analyte in the sample extract. If supplied with the preparation
parameters, the systemmay be able to calculate the results back to the original matrix.
The calculation for the concentration of the target analyte in the original matrix is
listed below and is based on the calibration table in units of ppm (ug/mL).

12.7.2.2. If the initial analysis of the sample or a dilution of the sample has a concentration that
exceeds the calibration range, the sample must be analyzed at a higher dilution.
Dilutions should be made such that the target analyte is roughly the equivalent of the
mid calibration point whenever possible. Sample aliquots are measured in volumetric
syringes and brought to volume by the addition of solvent via an appropriate syringe.
If dilutions are made on extracts that already contain internal standards, a proportional
aliquot of internal standard solution must be added to the diluted extract based on the
volume of diluent used.

13. Quality Control

Table 13.1 Batch Quality Control
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QC Sample Components Frequency Acceptance Criteria Corrective Action
Method
Blank (MB)

Matrix-specific;
Reagent water or
Ottawa sand

One per 20 samples 1) Target analytes must be
less than reporting limit.

2) If results are reported to
MDL, target analytes in
MB should be non-detect.

1) Re-analyze blank to confirm failure.
2) Qualify results and / or re-extract

associated samples.
Exceptions:
1) If sample ND, report sample without

qualification
2) If sample result >10x MB detects and

sample cannot be reanalyzed, report
sample with appropriate qualifier
indicating blank contamination.

3) If sample result <10x MB detects, report
sample with appropriate qualifier to
indicate an estimated value.

Laboratory
Control
Sample
(LCS)

Matrix-specific; Reagent
water or Ottawa sand
spiked with

Method specified
compounds:

Base / Neutrals
1,2,4-Trichlorobenzene
Acenapthene
2,4-Dinitrotoluene
Pyrene
N-Nitroso-di-n-
propylamine
1,4-Dichlorobenzene

OR (alternative)
Full Target List

One per batch of up to
20 samples

Acids
Pentachlorophenol
Phenol
2-Chlorophenol
4-Chloro-3-
methylphenol
4-Nitrophenol

Laboratory derived limits

Method Specified List:
All compounds must pass
control criteria, with no
exceptions.

Full Target List:
Marginal exceedances
allowed according to NELAC
2003 Chap. 5 D.1.1.2.1.e.

1) Reanalyze the LCS to verify failure
2) If LCS passes, review samples for

potential injection problems
3) If problem persists, check spike solution
4) Re-extract samples where possible
Exceptions:
1) If LCS rec > QC limits and these

compounds are non-detect in the
associated samples, the sample data may
be reported with appropriate data
qualifiers.

Matrix Spike
(MS)

Client sample spiked
with all target
compounds

One per 10 samples Laboratory generated limits If LCS and MBs are acceptable, the MS/MSD
chromatogram should be reviewed and it may
be reported with appropriate footnote
indicating matrix interferences

MSD /
Duplicate

MS Duplicate
OR (alternative)
Sample Dup

One for every 10% of
samples.

Laboratory generated limits Report results with an appropriate footnote.
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Table 13.1 Sample Quality Control
QC Metric Components Frequency Acceptance Criteria Corrective Action
Internal
Standard

1,4 Dichlorobenzene-d4
Naphthalene-d8
Acenaphthene-d10
Phenanthrene-d10
Chrysene-d12
Perylene-d12

Added to all samples,
spikes, control samples
and method blanks prior
to analysis.

IS peak area within 50-200%
of the associated CCV
standard.

IS retention time within ±30
seconds of the associated
CCV standard.

Recovery Failure:
1) Re-analyze sample to confirm failure
2) Assess impact of sample matrix
3) In the absence of obvious matrix

interference, reanalyze sample.

Retention Time Failure:
1) If matrix interference is NOT probable, the

analytical system must be checked for
source of retention time shifting.

2) Affected samples should be reanalyzed in
the absence of an obvious instrument or
matrix related interference.

Surrogate
Standards

Nitrobenzene-d5
2-Fluorobiphenyl
Terphenyl-d14
Phenol-d6
2-Fluorophenol
2,4,6-Tribromophenol

Added to all samples,
spikes, control samples
and method blanks prior
to analysis.

Laboratory derived limits 1) Re-analyze extract to confirm failure
2) Assess impact of sample matrix
3) In the absence of obvious matrix

interference (high background, extremely
dark extract), re-extract sample.

Exceptions:
1) Surr rec above criteria and target

compounds < RL, result may be reported
with appropriate footnote.

2) Surr rec out of control due to obvious
sample matrix interference (i.e. co-
elution), report results with appropriate
footnote.

14. Data Analysis and Calculations

14.1. Aqueous Sample:

s

xx

V

DFVC
(ug/L)ionConcentrat

Where:
Cx= Concentration in extract (ug/mL).
Vv= Volume of final extract (mL).
DF = Dilution factor.
Vs = Volume of water sample extracted (mL).

14.2. Soil/Solid sample:

s

xx

W

DF1000VC
(ug/kg)ionConcentrat

Where:
Cx= Concentration in extract (ug/mL).
Vv= Volume of final extract (mL).
DF = Dilution factor.
Ws = Weight of soil sample extracted (g).

15. Data Assessment and Acceptance Criteria for Quality Control Measures

15.1. See Table 13.1.

16. Corrective Actions for Out-of-Control Data
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16.1. See Tables 11.3 and 13.1.

17. Contingencies for Handling Out-of-Control or Unacceptable Data

17.1. See Table 13.1. If there is no additional sample volume to perform re-analyses, all data will be
reported as final with applicable qualifiers. If necessary, an official case narrative will be prepared
by the Quality Manager or Project Manager.

18. Method Performance

18.1. All applicable personnel must read and understand this SOP with documentation of SOP review
maintained in their training files.

18.2. Method Detection Limit (MDL) Study: An MDL study must be conducted annually per S-ALL-
Q-004, Method Detection Limit Studies for each matrix per instrument.

18.3. Demonstration of Capability (DOC): Every analyst who performs this method must first
document acceptable accuracy and precision by passing a demonstration of capability study
(DOC) per S-ALL-Q-020, Training Procedures.

18.3.1. Analysis of 4 replicates of reagent water spiked with 1 mL of the 8270C LCS/MS Spiking
Solution at a concentration of 50 ug/L or equivalent to the LCS.

18.3.2. Analysis of 4 replicates of Ottawa sand spiked with 1 mL of 8270C LCS/MS Spiking
Solution at a concentration of 1670 ug/kg or equivalent to the LCS.

18.3.3. If the recoveries are within the matrix-specific LCS recovery limits and the RSDs are <30%,
system performance is acceptable and analysis of samples may begin. If any recovery falls
outside the acceptance range, or an RSD exceeds the precision limit, system performance is
unacceptable. In this event, correct the problem and repeat the test.

19. Method Modifications

19.1. DFTPP tuning criteria are taken from the USEPA CLP Statement of Work for Organics Analysis,
Multi-Media, Multi-Concentration OLM04.2, 5/1999.

20. Instrument Maintenance

20.1 There is relatively low instrument maintenance. The maintenance that needs to be checked routinely
is gas pressure for column flow (helium tank). The pressure needs to be monitored and when below
200 PSI needs to be changed. Other maintenance is done on an as needed basis, such as changing the
injection port liner, trim column, change septa and gold seal, change out column and clean MS source.
Please inform supervisor of issues and your plans for repairing these issues.

21. Trouble Shooting

21.1 No detection of peaks:
21.1.1 Check to make sure that the gases is at sufficient levels above 200 PSI.
21.1.2 Check to make sure that MS is seeing PFTBA (tuning solution), if not switch filaments and

try again.
21.1.3 Check to make sure that autosampler is pulling up sample into the needle.

If all of these are OK, then check with supervisor for review of column issues.
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22. Safety

22.1. Standards and Reagents: The toxicity and carcinogenicity of standards and reagents used in this
method have not been fully defined. Each chemical compound should be treated as a potential
health hazard. Reduce exposure by the use of gloves, lab coats and safety glasses. Material Safety
Data Sheets (MSDSs) are on file in the laboratory and available to all personnel. Standard
solutions should be prepared in a hood whenever possible.

22.2. Samples: Take precautions when handling samples. Samples should always be treated as
potentially hazardous “unknowns”. The use of personal protective equipment (gloves, lab coats
and safety glasses) is required when handling samples. In the event a sample container must be
opened, it is recommended to perform this in a hood whenever possible.

22.3. Equipment

22.3.1. Portions of the analytical instrumentation operate at high temperature. Instruments should
be turned off or the heated zone temperatures lowered to reduce the risk of thermal burns.
Allow adequate time for the equipment to cool prior to working on these specific zones.

22.3.2. The instrument also uses gas under high pressure. These high pressures introduce the risk
of injury due to flying objects should a vessel or line rupture. Safety glasses are mandatory
at all times when working in, on or around these pieces of equipment. Even instrumentation
that is not operating may contain portions of the system under pressure.

23. Waste Management

23.1. Procedures for handling waste generated during this analysis are addressed in S-ALL-KS-002,
Waste Handling.

23.2. In order to minimize the amount of waste generated during this procedure, analyst should prepare
reagents in an amount which may be used in a reasonable amount of time (e.g., before a reagent
expires).

24. Pollution Prevention

24.1. The company wide Chemical Hygiene and Safety Manual contains information on pollution
prevention.

25. References

25.1. Pace Quality Assurance Manual - most current version.

25.2. National Environmental Laboratory Accreditation Conference (NELAC), Chapter 5, “Quality
Systems”- most current version.

25.3. The NELAC Institute (TNI); Volume 1, Module 2, “Quality Systems”- most current version.

25.4. EPA Test Methods for Evaluating Solid Waste, SW-846, Methods 8000B, 8081A and 8270C,
Third Edition, Update III, 12/1996.
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25.5. USEPA CLP Statement of Work for Organics Analysis, Multi-Media, Multi-Concentration
OLM04.2, 5/1999.

26. Tables, Diagrams, Flowcharts, and Validation Data

26.1. Attachment I: 8270C LCS/MS Solution.

26.2. Attachment II: TCLP/SPLP LCS/MS Solution.

26.3. Attachment III: Characteristic Ions for 8270C Compounds.

26.4. Attachment IV: Characteristic Ions for Amenable Compounds

26.5. Attachment V: Client-Specific Criteria (Internal Use Only).

26.6. Attachment VI: Client-Specific Criteria (Internal Use Only).

27. Revisions

Document Number Reason for Change Date

S-KS-O-013-rev.11

Section 7 – Changed Revision and Distribution
Table 8.l – Revised temperatures
Section 10 – Changed surrogate storage temperature. Removed duplicate
documentation requirements.
Table 11.3 – Revised calibration requirements.
Section 12 – Removed extraction methods no longer performed
Table 12.1 – Revised operating parameters.
Section 13 – Removed sample duplicate.
Table 13.1 – Revised blank matrix.
Section 14 – Revised precision limit.
Section 15 – Revised SOP reference.
Section 16 – Revised reference. September 15, 2010

S-KS-O-013-rev.12

SOP – Updated to latest prescribed format.
Section 12 – Revised DDT breakdown criteria.
Section 19 – Documented tuning modification.
Attachment IV- Added amenable compound info
Attachment V- Added client-specific criteria.
Attachment VI- Added client-specific criteria. August 21, 2012

S-KS-O-013-rev.13 Table 11.3 updated comments for CCV September 26, 2014

S-KS-O-013-rev.14

Added section 20 – Instrument maintenance
Added section 21 – Trouble Shooting
Updated Attachment III
Updated Attachment IV
Updated section 12.7.1.1 March 17, 2015

S-KS-O-013-rev.15

SOP-Cover page changed to Pace LLC
Table 11.1 -- Calibration table to have 9 points instead of 8 points added 5
ug/ml Std.
Section 10.6.2 -- Added Section to injection 1 µl of DFTPP solution for 50 ng
on column
Section 10.7.1 -- Calibration levels to include level 5
Section 20.1 -- Removed reference to Purge and Trap system. April 18, 2017

S-KS-O-013-rev.16

SOP – Revised Rev. numbers and dates
Table 5.1 – Added analytes
Section 11.4.6 – Revised minimum number of curve points from 5 to 6
Table 11.1 – Added analytes
Attachment I – Added analytes
Table 11.3 – Added Percent Relative Error Check on Linear and Non-linear
Table 11.3 -- Regression curve fits criteria added May 9, 2018
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Attachment I - 8270C LCS/MS Solution

Analyte CASRN
Conc.
(ug/mL) Analyte CASRN

Conc.
(ug/mL)

1,2,4-Trichlorobenzene 120-82-1 50 Benzidine 92-87-5 50

1,2-Dichlorobenzene 95-50-1 50 Benzo(a)anthracene 56-55-3 50

1,3-Dichlorobenzene 541-73-1 50 Benzo(a)pyrene 50-32-8 50

1,4-Dichlorobenzene 106-46-7 50 Benzo(b)fluoranthene 205-99-2 50

2,4,5-Trichlorophenol 95-95-4 50 Benzo(g,h,i)perylene 11-24-2 50

2,4,6-Trichlorophenol 88-06-2 50 Benzo(k)fluoranthene 207-08-9 50

2,3,4,5-Tetrachlorophenol 4901-51-3 50 Benzoic Acid 65-85-0 50

2,3,4,6-Tetrachlorophenol 58-90-2 50 Benzyl alcohol 100-51-6 50

2,3,5,6-Tetrachlorophenol 935-95-5 50 Bis(2-Chloroethoxy)methane 111-91-1 50

2,4-Dichlorophenol 87-65-0 50 Bis(2-chloroethyl) ether 111-44-4 50

2,4-Dimethylphenol 105-67-9 50 Bis(2-chloroisopropyl)ether 108-60-1 50

2,5-Dichlorophenol 583-78-8 50 Bis(2-ethylhexyl)phthalate 117-81-7 50

2,6-Dichlorophenol 87-65-0 50 Butyl benzyl phthalate 85-68-7 50

3,4-Dichlorophenol 95-77-2 50 Carbazole 86-74-8 50

2,4-Dinitrophenol 51-28-5 50 Chrysene 218-01-9 50

2,4-Dinitrotoluene 121-14-2 50 Dibenz(a,h)anthracene 53-70-3 50

2,6-Dinitrotoluene 606-20-2 50 Dibenzofuran 132-64-9 50

2-Chloronaphthalene 91-58-7 50 Diethyl phthalate 84-66-2 50

2-Chlorophenol 95-57-8 50 Dimethylphthalate 131-11-3 50

1-Methylnaphthalene 90-12-0 50 Di-n-butyl phthalate 84-74-2 50

2-Methylnaphthalene 91-57-6 50 Di-n-octyl phthalate 117-84-0 50

2-Methylphenol (o-Cresol) 95-48-7 50 Diphenylamine 122-39-4 50

2-Nitroaniline 88-74-4 50 Fluoranthene 206-44-0 50

2-Nitrophenol 88-75-5 50 Fluorene 86-73-7 50

3,3'-Dichlorobenzidine 91-94-1 50 Hexachlorobenzene 118-74-1 50

3-Methylphenol (m-Cresol) 108-39-4 25 Hexachlorobutadiene 87-68-3 50

3-Nitroaniline 99-09-2 50 Hexachlorocyclopentadiene 77-47-4 50

4,6-Dinitro-2-methylphenol 534-52-1 50 Hexachloroethane 67-72-1 50

4-Bromophenyl phenyl ether 101-55-3 50 Indeno(1,2,3-cd)pyrene 193-39-5 50

4-Chloro-3-methylphenol 59-50-7 50 Isophorone 78-59-1 50

4-Chloroaniline 106-47-8 50 Naphthalene 91-20-3 50

4-Chlorophenyl phenyl ether 7005-72-3 50 Nitrobenzene 98-95-3 50

4-Methylphenol (p-Cresol) 106-44-5 25 N-Nitrosodimethylamine 62-75-9 50

4-Nitroaniline 100-01-6 50 N-Nitrosodi-n-propylamine 621-64-7 50

4-Nitrophenol 100-02-7 50 Pentachlorophenol 87-86-5 50

Acenaphthene 83-32-9 50 Phenanthrene 85-01-8 50

Acenaphthylene 208-96-8 50 Phenol 108-95-2 50

Aniline 62-53-3 50 Pyrene 129-00-0 50

Anthracene 120-12-7 50 Pyridine 110-86-1 50

Azobenzene 103-33-3 50
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Attachment II - TCLP/SPLP LCS/MS Solution

Analyte CASRN
Conc.
(ug/mL)

4-Methylphenol (p-Cresol) 106-44-5 100

3-Methylphenol (m-Cresol) 108-39-4 100

2-Methylphenol (o-Cresol) 95-48-7 100

1,4-Dichlorobenzene 106-46-7 100

Hexachlorobutadiene 87-68-3 100

Hexachlorobenzene 118-74-1 100

Hexachloroethane 67-72-1 100

Nitrobenzene 98-95-3 100

Pentachlorophenol 87-86-5 100

Pyridine 110-86-1 100

2,4,6-Trichlorophenol 88-06-2 100

2,4,5-Trichlorophenol 95-95-4 100

2,4-Dinitrotoluene 121-14-2 100

Attachment III - Characteristic Ions for 8270C Compounds
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Compounds
Primary

Ion
Secondary
Ion(s)

Internal
Standard

Phenol 94 65,66 1

bis(2-Chloroethyl)ether 93 63,95 1

2-Chlorophenol 128 65,130 1

1,3-Dichlorobenzene 146 148,111 1

1,4-Dichlorobenzene 146 148,111 1

Benzyl alcohol 108 79,77 1

1,2-Dichlorobenzene 146 148,111 1

2-Methylphenol (o-Cresol) 108 107,77.79,90 1

bis(2-Chloroisopropyl)ether 45 77,121 1

4-Methylphenol (p-Cresol) 108 107,77,79,90 1

N-Nitroso-di-n-propylamine 70 42,101,130 1

Hexachloroethane 117 201,199 1

3-Methylphenol (m-Cresol) 108 107,77,79,90 1

1,2-Diphenylhydrazine 77 105,82 1

N-Nitrosodimethylamine 42 74,44 1

Aniline 93 66,65 1

Nitrobenzene 77 123,65 2

Isophorone 82 95,138 2

2-Nitrophenol 139 65,109 2

2,4-Dimethylphenol 122 121,107 2

Benzoic acid 122 105,77 2

2,5-Dichlorophenol 162 164, 99 2

2,6-Dichlorophenol 162 164 , 63 2

3,4-Dichlorophenol 162 164 ,99 2

bis(2-Chloroethyoxy)methane 93 95,123 2

2,4-Dichlorophenol 162 164,98 2

1,2,4-Trichlorobenzene 180 182,145 2

Naphthalene 128 129,127 2

4-Chloroaniline 127 65,92,129 2

Hexachlorobutadiene 225 223,227 2

4-Chloro-3-methylphenol 107 144,142 2

2-Methylnaphthalene 142 141, 115 2

1-Methylnaphthalene 142 141,115 2

Hexachlorocyclopentadiene 237 235,272 3

2,4,6-Trichlorophenol 196 198,200 3

2,4,5-Trichlorophenol 196 198, 200 3

2,3,4,5-Tetrachlorophenol 232 230, 131 3

2,3,4,6-Tetrachlorophenol 232 230,131 3

2,3,5,6-Tetrachlorophenol 232 230,234 3

2-Chloronaphthalene 162 164,127 3

2-Nitroaniline 65 92,138 3

Dimethylphthalate 163 194,164 3
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Compounds
Primary

Ion
Secondary
Ion(s)

Internal
Standard

Acenaphthylene 152 151,153 3

2,6-Dinitrotoluene 165 63,89 3

3-Nitroaniline 138 108,92 3

Acenaphthene 154 152,153 3

2,4-Dinitrophenol 184 63,154 3

2,4-Dinitrotoluene 165 63,89 3

Diethylphthalate 149 177,150 3

4-Nitrophenol 109 139,65 3

Dibenzofuran 168 139 3

4-Chlorophenyl phenyl ether 204 206,141 3

Fluorene 166 165,167 3

4-Nitroaniline 138 65,108,80 3

4,6-Dinitro-2-methylphenol 198 51,105 4

N-Nitrosodiphenylamine 169 168,167 4

4-Bromophenyl phenyl ether 248 250,141 4

Hexachlorobenzene 284 142,249 4

Pentachlorophenol 266 264,268 4

Phenanthrene 178 179,176 4

Anthracene 178 179,176 4

Di-n-butylphthalate 149 150,104 4

Fluoranthene 202 101,203 4

Pyrene 202 200,203 5

Butylbenzylphthalate 149 91,206 5

3,3'-Dichlorobenzidine 252 254,126 5

Benzo(a)anthracene 228 229,226 5

Chrysene 228 226,229 5

bis(2-Ethylhexyl)phthalate 149 167,279 5

Indeno(1,2,3-cd)pyrene 276 138,227 5

Benzidine 184 92,185 5

7,12-Dimethylbenz(a)anthracene 256 241,239,120 5

Di-n-octylphthalate 149 167,43 6

Benzo(b)fluoranthene 252 253,125 6

Benzo(k)fluoranthene 252 253,125 6

Benzo(a)pyrene 252 253,125 6

Dibenz(a,h)anthracene 278 139,279 6

Benzo(g,h,i)perylene 276 138,277 6

Surrogates

Phenol-d6 99 42,71 1

2-Fluorophenol 112 64 1

Nitrobenzene-d5 82 128,54 2

2,4,6-Tribromophenol 330 332,141 3

2-Fluorobiphenyl 172 171 3
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Compounds
Primary

Ion
Secondary
Ion(s)

Internal
Standard

Terphenyl-d14 244 122,212 5

Internal Standards

1,4-Dichlorobenzene-d4 152 115,150 1

Naphthalene-d6 136 68 2

Acenaphthene-d10 164 162,160 3

Phenanthrene-d10 188 94,80 4

Chrysene-d12 240 120,236 5

Perylene-d12 264 260,265 6

Attachment IV - Characteristic Ions for Amenable Compounds

Compounds
Primary

Ion
Secondary
Ion(s)

Internal
Standard Compounds

Primary
Ion

Secondary
Ion(s)

Internal
Standard

1-Methylnaphthalene 142 141 2 Benzothiophene 134 89 2

2,3,4,6-Tetrachlorophenol 232 131,230,166,168 3 bis(2-Ethylhexyl)adipate 129 112 5

2-Chlorobenzyl chloride 125 127 3 Carbazole 167 166,139 4

6-Methylchrysene 242 241 5 Dibenz(a,h)acridine 279 139 6
7,12-
Dimethylbenz(a)anthracene 256 241,239,120 6 Indene 116 115 2

Azobenzene 77 105 3 N-Nitrosodimethylamine 42 74 1

Benzenethiol (Thiophenol) 110 66 1 Pyridine 79 52 1

Benzidine 184 185,92 5 Quinoline 129 102 2

Benzo(j)fluoranthene 252 253 6 Terpineol 93 59 2



Pace Analytical Services, Inc. File: S-KS-O-013-rev.16
Semivolatile Organics by GCMS Date: Upon Final Signature
S-KS-O-013-rev.16 Page 32 of 37

Attachment V – BP-Specific Criteria (Internal Use Only)
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Calibration Metric Frequency Criteria Corrective Action
Initial calibration Each time the instrument is set up and when

CCCs and SPCCs in the calibration do not
meet criteria. Established initially at five
concentration levels - low standard at or below
project-required quantitation limit (PRQL).

Ave RRF for each SPCC, surrogate and PAH

%RSD for each CCC, surrogate and PAH

%RSD for all target and surrogate compounds

The calibration curve must have a correlation

If a target compound does not meet the
acceptance criteria, a new initial calibration
must be performed.

If SPCC or CCC criteria are not met, a new
initial calibration must be performed.

Initial Calibration
Verification

Immediately following the initial calibration
and prior to sample analyses. Must be at or
near the mid-point calibration range for all
target compounds, SPCCs, CCCs, and
surrogates.

RRF for each SPCC, surrogate and PAH

%D for RRFs of all target analytes and

(exception does not apply to PAH
compounds).

All TCL compounds (listed below) must have

Reprepare and reanalyze the ICV once. If it
fails a second time a new initial calibration
should be rerun.

Continuing
Calibration
Verification

Every 12 hours. Must be at or near the mid-
point calibration range for all target
compounds, SPCCs, CCCs, and surrogates.

RRF for each SPCC, surrogate and PAH

%D for RRFs of all target analytes and

(exception does not apply to PAH
compounds).

All TCL compounds must have RRFs 0.05.

Correct system, if necessary, and recalibrate.
Criteria must be met before sample analysis
may begin.

Internal standards Added to all blanks, standards, QC samples,
and samples.

Peak area within -50% to +100% of area in
associated continuing calibration standard.

Retention time (RT) within 30 sec of RT for
associated continuing calibration standard.

Inspect instrument for malfunctions; correct
identified malfunctions, then reanalyze
samples.
If no instrument malfunction is identified,
proceed as follows:
Reanalyze sample.
If reanalysis is out, report both sets of
data. If in, report only second set.

Surrogate
Compounds

Calibrated and quantitated as target
compounds.
Added to all standards, blanks, samples, and
QC samples.

All recoveries must be within acceptance
limits.

If recovery acceptance criteria are not
within limits:
Check to be sure that there are no errors in
calculations, surrogate solutions, and internal
standards. Also, check instrument
performance.
If no problem is found, prepare and analyze
the sample a second time.
If the reanalysis is within limits and holding
times, then report only the reanalysis.
If the reanalysis is within limits, but out of
hold, then report both sets of data.
If the reanalysis is still out of limits, then
report both sets of data.
If the sample was chosen for the MS/MSD
analysis, and the MS and/or MSD are outside
limits, then no reanalysisis required.

Method Blank One per extraction batch of 20 or fewer
samples per matrix per day. Must undergo all
sample preparative procedures. Must be run on
each instrument used for sample analysis.

target compounds <1/2 PRQL.

Must meet surrogate and internal standard
criteria.

Reanalyze to determine if instrument
contamination was the cause. If the method
blank is still noncompliant, reextract and
reanalyze all samples unless >10x the blank,
or there are no positive results.
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Calibration Metric Frequency Criteria Corrective Action
Laboratory Control
Sample (LCS)

One per matrix per extraction batch (if
applicable) per set of 20 samples per day.
Must undergo all sample preparative
procedures. Must contain all target compounds
at concentrations at the mid-point of the
calibration range.

% Recoveries (and RPDs, if applicable) within
laboratory-generated limits; with the exception
that the following compounds may recover

Hexachlorocyclopentadiene
N-Nitrosodimethylamine
Pentachlorophenol
2,4-Dinitrophenol
4-Nitrophenol
Benzoic acid
4-Chloro-3-methylphenol
2-Nitroaniline
3-Nitroaniline
4-Chloroaniline
Four additional non-PAH compounds.

Reanalyze the LCS to determine if
instrumental conditions or analytical
preparation was the cause. If still out
reprepare and reanalyze associated samples
and LCS.

Exception: If LCS recovery is high and no
associated positive results are reported, then
address the issue in the SDG Narrative and no
further action is needed.

Matrix
Spike/Matrix Spike
Duplicate

One per matrix per extraction batch (if
applicable) per set of 20 samples per day.
Must undergo all sample preparative
procedures. Must be spiked with all target
compounds at concentrations at or near the
midpoint of the calibration range.

% Recoveries within laboratory- generated
limits.
RPDs within laboratory-generated limits.

If LCS is acceptable, then report in the SDG
Narrative that there was probable matrix
interference.

Qualitative/
Quantitative Issues

If instrument level of any compound in a
sample exceeds the instrument level of that
compound in the highest level standard, the
sample must be diluted to approximately mid-
level of the calibration range and reanalyzed

If the concentration of the target analyte that
exceeded the calibration range is present in the
high-level sample and in the sample analyzed
immediately after at a level greater than the

sample must be reanalyzed to determine if
carryover occurred.

The instrument level of all compounds must be
within the calibration range for all samples.

The sample analyzed immediately after a high-
level sample must display concentrations of
the high-level target compounds < the PRQL
or greater than 5x PRQL.

Dilute the sample to bring the level of the
highest concentration of target compounds
within the calibration range.

A sample displaying concentrations of target
compounds between the PRQL and 5x the
PRQL which was analyzed immediately after a
high-level sample must be reanalyzed. If the
results do not agree within the PRQL, report
only the second analysis.

Compound
Identification

In addition to the criteria listed in 12.7.1, all
ions present in the reference mass spectrum at
a relative intensity >10% must be present in
the sample spectrum.

The analyst making the comparison and using
their professional judgment must carefully
consider ions greater than 10 percent in the
sample spectrum, but not present in the
standard spectrum.

All ions present in the standard mass spectra at
a relative intensity greater than 10.0 percent
(most abundant ion in the spectrum equals
100.0 percent) must be present in the sample
spectrum.

Ions greater than 10 percent in the sample
spectrum, but not present in the standard
spectrum may indicate a false identification.

Required for definitive identification.

Identification requires peer- or supervisory
review.

TCL Compounds 2,3,4,6-Tetrachlorophenol
2,4,5-Trichlorophenol
2,4,6-Trichlorophenol
2,4-Dichlorophenol
2,4-Dimethylphenol
2,4-Dinitrophenol
2,4-Dinitrotoluene
2,6-Dinitrotoluene
2-Chloronaphthalene
2-Chlorophenol
2-Methylnaphthalene
2-Methylphenol
2-Nitroaniline
2-Nitrophenol
3,3'-dicholorobenzidine
3-Nitroaniline
4,6-Dinitro-2-methylphenol
4-Bromophenyl-phenylether
4-Chloro-3-methylphenol
4-Chloroaniline

4-Chlorophenyl-phenyl ether
4-Methylphenol
4-Nitroaniline
4-Nitrophenol
Acenaphthene
Acenaphthylene
Anthracene
Benzo(a) pyrene
Benzo(a)anthracene
Benzo(b) fluoranthene
Benzo(g,h,i) perylene
Benzo(k) fluoranthene
Bis(2-chloroethoxy) methane
Bis(2-chloroethyl) ether
Bis(2-chloroisopropyl)ether
Bis(2-ethylhexyl) phthalate
Butylbenzylphthalate
Carbazole
Chrysene
Dibenzo(a,h) anthracene

Dibenzofuran
Diethylphthalate
Dimethylphthalate
Di-n-butylphthalate
Di-n-octylphthalate
Fluoranthene
Fluorene
Hexachlorobenzene
Hexachlorobutadiene
Hexachlorocyclopentadiene
Hexachloroethane
Indeno(1,2,3,-cd) pyrene
Isophorone
Naphthalene
Nitrobenzene
N-Nitroso-di-n propylamine
N-Nitrosodiphenylamine
Pentachlorophenol
Phenanthrene
Phenol
Pyrene
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Calibration Metric Frequency Criteria Corrective Action
Initial calibration Each time the instrument is set up and when

calibration verification criteria are not met.

A minimum of five calibration standards is
required for linear calibration (at least six
standards are required for nonlinear
calibration).

The low-level calibration standard must be at
or below the reporting limit.

%RSD must be <15% for each target analyte
or a calibration curve must be generated. The
"Grand Mean" approach is unacceptable.

All PAHs and surrogate compounds are
considered CCCs and SPCCs and must meet
method criteria.

When the minimum RRF is not met, a new
calibration must be performed.

A linear or nonlinear calibration curve (with r
>0.99) must be generated when the RSD
criterion is not met.

A new calibration must be performed when
SPCC and CCC criteria are not met.

Initial Calibration
Verification

Second-source calibration verification
standard must be analyzed after every initial
calibration.

target compounds and surrogates.
Correct system and reanalyze ICV.
If second ICV fails, recalibrate system.

Continuing
Calibration
Verification

At the beginning of each 12-hour shift
(following the DFTPP tune check). target compounds and surrogates.

Correct system and reanalyze CCV.
If second CCV fails, recalibrate system and
reanalyze all associated project samples.

Internal standards Added to every standard, sample, and QC
sample.

Sample internal standard area counts and RTs
must be compared to the internal standard area
counts and RTs of the associated CCV
standard. CCV internal standard area counts
and RTs must be compared to the area counts
and RTs of the ICV standard.

Area counts of the internal standard peaks
must be 50-200% of the internal standard area
observed in the reference.

Retention time (RT) of the internal standard
must not vary more than ± 30 seconds from
the RT of the internal standards observed in
associated CCV standard.

Correct system, if necessary; reanalyze
sample.

Surrogate Recovery Calibrated as target compounds. Added to
blanks, samples, and QC samples.

All recoveries meet laboratory-generated
acceptance limits.

Check to be sure that there are no errors in the
calculations, surrogate solutions, or internal
standards.

Check instrument performance. Correct the
problem and reanalyze the extract if a problem
is identified.

If no problems are identified, reextract and
reanalyze sample.

If surrogate recovery criteria are met upon
reextraction/reanalysis, report the reanalysis
results.

If surrogate recovery criteria are not met upon
reextraction/reanalysis, report both sets of
data.

If the reextraction/reanalysis is performed
outside of holding time, provide both the
original and reanalysis results to the data user.

Method Blank One per extraction batch of 20 or fewer
samples analyzed on each instrument used for
analysis of ConocoPhillips samples.

A method blank is required for
each extraction method.

Target compound results <½ the
RL. If samples are reported to the
MDL, target compounds must not
be present above the MDL.

Reanalyze to determine if instrument
contamination was the cause. If the method
blank is still noncompliant, reextract and
reanalyze all samples unless >10x the blank,
or there are no positive results.

Laboratory Control
Sample (LCS)

One per extraction batch of up to 20 samples.
LCS must undergo all sample preparation
procedures and must contain all target
compounds at the midpoint of the calibration
range.

% Recoveries within laboratory-generated
limits.

Reanalyze LCS to confirm results.
If LCS results are outside acceptance criteria
upon reanalysis, reextract and reanalyze
associated project samples.
If high recoveries are observed and "not-
detected" results are reported for the
associated samples, reanalysis is not
necessary.

Matrix
Spike/Matrix Spike
Duplicate

One per matrix per extraction batch of up to 20
samples.

% Recoveries and RPDs within laboratory-
generated limits.

If LCS results meet acceptance criteria, report
probable matrix interference in the SDG
Narrative. Do not reanalyze the MSIMSD
samples unless laboratory error is confirmed
(e.g., non-spiked).
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Calibration Metric Frequency Criteria Corrective Action
Qualitative/
Quantitative Issues

If the instrument level of any target compound
in a sample exceeds the calibration range, the
sample must be diluted and reanalyzed.

The instrument level of all target compounds
must be within the calibration range.
Solvent lot numbers must be recorded for all
samples reanalyzed at dilutions.

Dilute the sample to bring the target
compound level within the calibration range.

Manual
Integrations

Manual integrations may not be performed for
the purpose of meeting calibration or QC
criteria.

Manual integrations must be performed in
accordance with the associated laboratory
SOP.
Manual integrations must be reviewed and
approved by a supervisor.

N/A
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1.0 SCOPE AND APPLICATION

This standard operating procedure (SOP) describes the laboratory procedure for the determination of 
Ferrous Iron by SM 3500 Fe B - 2011.

1.1 Target Analyte List and Limits of Quantitation (LOQ)

The target analyte that can be determined by this SOP and the associated LOQ is 0.2 mg/L.

2.0 SUMMARY OF METHOD

A well-mixed sample is acidified with hydrochloric acid and buffered with ammonium acetate at a pH 
of 3.2 to 3.3. Ferrous iron forms a colored complex with 1, 10-phenanthroline that is then measured 
spectrophotometrically at 510 nm. 

To determine dissolved ferrous iron the sample is filtered through a 0.45 um membrane filter. The 
filtrate is then treated in the same manner as for the total determination.

3.0 INTERFERENCES

Excessive color and/or turbidity interfere. 

Among the interfering substances are strong oxidizing agents, cyanide, nitrite, and phosphates 
(polyphosphates more so than orthophosphate), chromium, zinc in concentrations exceeding 10 times 
that of iron, cobalt and copper in excess of 5 mg/L, and nickel in excess of 2 mg/L. Bismuth, cadmium, 
mercury, molybdate, and silver precipitate phenanthroline. 

Adding excess hydroxylamine eliminates errors caused by excessive concentrations of strong 
oxidizing reagents. In the presence of interfering metal ions, use a larger excess of phenanthroline to 
replace that complexed by the interfering metals.

4.0 DEFINITIONS 

Refer to the Laboratory Quality Manual for a glossary of common lab terms and definitions.

5.0 HEALTH AND SAFETY

Contact your supervisor or local safety coordinator with questions or concerns regarding safety 
protocol or safe handling procedures for this procedure

The following sections provide general health and safety information about chemicals and materials 
that may be present in the laboratory.

 The toxicity or carcinogenicity of each chemical material used in the laboratory has not been fully 
established. Each chemical should be regarded as a potential health hazard and exposure to these 
compounds should be as low as reasonably achievable. 
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 The laboratory maintains documentation of hazard assessments and OSHA regulations regarding 
the safe handling of the chemicals specified in each method. Safety data sheets for all hazardous 
chemicals are available to all personnel. Employees must abide by the health, safety and 
environmental (EHS) policies and procedures specified in this SOP and in the Pace® Chemical 
Hygiene / Safety Manual (COR-MAN-0001) 

 Personal protective equipment (PPE) such as safety glasses, gloves, and a laboratory coat must 
be worn in designated areas and while handling samples and chemical materials to protect against 
physical contact with samples that contain potentially hazardous chemicals and exposure to 
chemical materials used in the procedure. 

 Concentrated corrosives present additional hazards and are damaging to skin and mucus 
membranes. For procedures that require use of acids, use acids in a fume hood whenever possible 
with PPE designed for handing these materials. If eye or skin contact occurs, flush with large 
volumes of water. When working with acids, always add acid to water to prevent violent reactions.  
For procedures that that emit large volumes of solvents (evaporation/concentration processes), 
these activities must be performed in a fume hood or apparatus that reduces exposure.  

6.0 .SAMPLE COLLECTION, PRESERVATION, HOLDING TIME & STORAGE

Samples should be collected in accordance with a sampling plan and procedures appropriate to 
achieve the regulatory, scientific, and data quality objectives for the project.  

The laboratory does not always perform sample collection or field measurements for this test method. 
To assure sample collection and field checks and treatment are performed in accordance with 
applicable regulations Pace project managers will inform the client of these requirements at the time 
of request for analytical services when the request for testing is received prior to sample collection.  If 
samples were already collected, the laboratory will record any nonconformance to these requirements 
in the laboratory’s sample receipt record when sufficient information about sample collection is 
provided with the samples.  

The laboratory performs sample collection for samples to be analyzed by this SOP in accordance with 
laboratory SOP ENV-SOP-LENE-0107.  Refer to this SOP for these instructions.  

The laboratory will provide containers for the collection of samples upon client request for analytical 
services.  Bottle kits are prepared in accordance with laboratory SOP ENV-SOP-LENE-0025.    

Requirements for container type, preservation, and field quality control (QC) for the common list of test 
methods offered by Pace are included in the laboratory’s quality manual.  

Container Type, Minimum Sample Amount, Preservation, and Holding Time Requirements:
Matrix Container Size & 

Type
Required Sample 

Amount1

Preservation Holding Time

Aqueous 250mL amber 
with no 
headspace

25mL Thermal: Cool oC
Chemical: HCl

Collection to  Analysis: 
15mins

1 Amount of sample required for each discrete test.  

Thermal preservation is checked and recorded on receipt in the laboratory in accordance with 
laboratory SOP ENV-SOP-LENE-0021.  

After receipt, samples are stored at  until sample preparation.  



Test Method Standard Operating Procedure (SOP): Pace® Analytical Services

ENV-SOP-LENE-0010 v03_Ferrous Iron

Effective Date: 10/31/2022 COPYRIGHT© 2019, 2021, 2022 Pace® 

The distribution of printed or electronic copies of this document outside of the PAS electronic document management 
system (eDMS) is not controlled or tracked.  PAS employees must ensure any copy used for daily work, if not 
accessed directly from PAS eDMS, is the current version of the document.

Qualtrax ID: 35881 Page 3 of 15

After analysis, unless otherwise specified in the analytical services contract, samples are retained for 
30 days from date of final report and then disposed of in accordance with Federal, State, and Local 
regulations.

7.0 EQUIPMENT & SUPPLIES

7.1 Equipment

Equipment Description Vendor / Item#

Spectrophotometer UV-Visible Shimadzu / UV-1800

Volumetric flasks 5mL, 10mL, 50mL, 100mL Fisher / Various

Cuvettes Polystyrene, 1-cm, 4.5 mL Fisher / 14-955-125

Pipetters N/A Eppendorf / various

7.2 Supplies

Supplies Description Vendor / Item#

Centrifuge tubes 50-mL Fisher / 06-443-19

Syringe Filters Polyethersulfone, 25 mm, 0.45 um Environmental Express / SF045E

8.0 REAGENTS & STANDARDS

8.1 Reagents

Reagents Concentration/ Description Vendor/ Item #

1,10-Phenanthroline, monohydrate ACS Reagent Grade Fisher / P70

Ammonium acetate ACS Reagent Grade Fisher / A639

Deionized water ASTM Type II SOP S-KS-Q-011

Hydroxylamine ACS Reagent Grade JT Baker / 2196-01

Hydrochloric acid Fisher TraceMetal™ Grade Fisher / A508

8.2 Standards

Standard Type Description Expiration Storage

Stock Solutions  Concentrated reference 
solution purchased directly 
from approved vendor

 Manufacturer’s recommended 
expiration date

 Manufacturer’s 
recommended storage 
conditions

Working Standard 
Solutions

 Reference solutions 
prepared by dilutions of the 
stock solution

 Working solutions are not stable 
and must be prepared daily.

 Not applicable

Standards Concentration/ Description Vendor/ Item #

Iron Standard 1000 mg/L, primary standard Spex / PLFE2-2Y

Iron Reference Standard Solution 1000 mg/L, secondary standard Absolute / 54141



Test Method Standard Operating Procedure (SOP): Pace® Analytical Services

ENV-SOP-LENE-0010 v03_Ferrous Iron

Effective Date: 10/31/2022 COPYRIGHT© 2019, 2021, 2022 Pace® 

The distribution of printed or electronic copies of this document outside of the PAS electronic document management 
system (eDMS) is not controlled or tracked.  PAS employees must ensure any copy used for daily work, if not 
accessed directly from PAS eDMS, is the current version of the document.

Qualtrax ID: 35881 Page 4 of 15

8.3 Formulations

Ammonium acetate buffer: Dissolve 250 g ammonium acetate in a one-liter beaker containing 150 
mL of deionized water. Add 700 mL of glacial acetic acid. Assign a one-year expiration date from 
the preparation date (not to extend beyond the expiration dates of the source reagents). Store in 
a tightly stoppered container at ambient temperature. Because even a good grade of ammonium 
acetate contains a significant amount of iron, prepare new reference standards with each buffer 
preparation.

Hydroxylamine solution: Dissolve 10 g hydroxylamine in 50 mL deionized water. Dilute to 100 mL 
and mix. Solution is stable for six months. Assign a one-year expiration date from the preparation 
date (not to extend beyond the expiration dates of the source reagents). Store at ambient 
temperature.

Phenanthroline solution: Dissolve 1.g 1, 10-phenanthroline monohydrate in 1000mL water by 

stirring and heating to 80C. Do not boil. Discard the solution if it darkens. Heating is unnecessary 
if 2 drops concentrated HCl are added to the water. NOTE: One milliliter of this reagent is sufficient 
for no more than 100 ug Fe. Solution is stable for six months, and store at ambient temperature.

Iron Intermediate Standard:  Add 50 mL of deionized water to a 100-mL volumetric flask followed 
by 10 mL of the Iron Standard (primary). Bring to volume and invert several times to mix.

Working Standard Preparation:  Begin preparing standards by placing 25 mL of deionized water 
into 50-mL beakers. Pipet the appropriate volumes of standard and deionized water listed in Table 
8.4. Proceed to Section 9 for digestion and color development steps.

Table 8.3 – Working Standard Preparation

Pace Standard ID Standard 
Used

Concentration 
(mg/L)

 Volume 
Used 
(mL)

Final 

Volume 

(mL)

Standard

Concentration 
(mg/L)

CAL0
N/A N/A N/A N/A 0

 CAL1 Intermediate 100 0.05 50 0.1

CAL2 / CCVB
Intermediate 100 0.25 50 0.5

 CAL3 Intermediate 100 0.5 50 1.0

CAL4/CCV Intermediate 100 0.75 50 1.5
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Pace Standard ID Standard 
Used

Concentration 
(mg/L)

 Volume 
Used 
(mL)

Final 

Volume 

(mL)

Standard

Concentration 
(mg/L)

 CAL5 / CCVA Intermediate 100 1. 50 2.0

CAL6 Intermediate 100 1.5 50 3.0

ICV Standard
Secondary 
Stock 1000 0.05 50 1.0

ICB/CCB* N/A N/A N/A N/A 0

9.0 PROCEDURE

9.1 Equipment Preparation

Allow the instrument to stabilize for a minimum of 30 minutes. 

9.1.1 Support Equipment

Refer to Pace Analytical Services – Kansas SOP ENV-SOP-LENE-0030, Support 
Equipment, or equivalent replacement, for additional information on calibration 
requirements for support equipment that may be used in this procedure.

Balances are checked prior to use on each working day with NIST traceable references in 
the expected range of use, and the results are recorded in the logbook assigned to the 
balance.

9.1.2 Instrument Set Up

9.1.2.1 Routine Instrument Operating Conditions

Load the ferrous iron method on the spectrophotometer and ensure the 
wavelength is set to 510 nm.

9.2 Calibration

9.2.1 Calibration Frequency

Calibration occurs at initial setup, CCV failure, and at a minimum every six months.

9.2.2 Calibration Levels

Refer to Table 8.3

9.2.3 Calibration Sequence

Run Number Sample Description

1  CAL0
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Run Number Sample Description

2  CAL1

3  CAL2

4  CAL3

5  CAL4

6  CAL5

7  CAL6

8 ICV Standard

9 ICB

9.2.4 Calibration Evaluation

9.2.4.1 Curve Fit

Linear Regression – The linear regression calibration curve is derived from a least 
squares regression analysis of the calibration points. A calibration curve based on 
this technique will have the format of y = ax + b where “a” is the slope of the line 
and “b” is the y-intercept. The linear regression is not forced through the origin; 
therefore, there is a possibility that very low levels of contaminants below the 
response of the lowest calibration point may generate erroneous reportable 
results. A calculation of the correlation coefficient “r” is used to determine the 
acceptability of a linear regressed curve.

Determine the correlation coefficient, r, using the instrument’s software. The 
correlation coefficient must be greater than 0.995 to begin sample analysis.

9.2.4.2 Relative Error

Back calculate the concentration of each calibration point in the calibration curve.  
The back-calculated and true concentrations should agree within ±10%.  At the 
lower limit of the operational range, acceptance criteria are ±50%.

9.2.4.3 Initial Calibration Verification 

After each ICAL the ICV is run and must be within ± 10% of the true value.

9.2.4.4 Continuing Calibration Verification

Run daily before samples are run and then every 10 samples and at the end of the 
analytical run.  The analyte must be within ± 10% of the true value.

9.3 Sample Preparation

9.3.1 Homogenization & Subsampling

Refer to Pace Analytical Services – Kansas SOP ENV-SOP-LENE-0135, Sample 
Homogenization and Sub-Sampling, or equivalent replacement, for information regarding 
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the handling, homogenization, and splitting of samples in order to ensure that a 
representative aliquot is used for analysis.

9.4 Analysis

9.4.1 Analysis 

Method Blank (MB)

 Place 25 mL of deionized water into a 50-mL centrifuge tube.

Laboratory Control Sample (LCS)

 Place 25 mL of deionized water into a 50-mL beaker and spike with 0.5mL of the 
Iron Intermediate Solution. 

Sample Duplicate 

 Randomly select a sample from the analytical batch for duplicate analysis. Place 
25 mL of the selected sample into a centrifuge tube.

Client Sample

 Place 25 mL of the sample to be tested into a 50-mL centrifuge tube.

 The Calibration standards and the LCS must be digested to reduce the spiked iron 
to the ferrous state. Add 1 mL of concentrated hydrochloric acid and 0.5 mL of 
hydroxylamine solution, place them on a hotplate to boil and reduce the volume to 
15–20 mL. Cool and transfer quantitatively to 50-mL centrifuge tubes. Add 5 mL of 
ammonium acetate buffer and 10 mL of phenanthroline solution. Dilute to 50 mL 
with deionized water and invert to mix.

 Add 1 mL concentrated hydrochloric acid, 5 mL of ammonium acetate buffer and 
10 mL of phenanthroline solution to the Method Blank, Client Samples, and 
Sample Duplicate. Dilute to 50 mL with deionized water and invert to mix.

 Color development is rapid. Read the color within 5–10 minutes, but no longer than 
15 minutes. 

 Transfer appropriate portions of the solutions to a 1-cm cuvette and place in the 
instrument’s measurement cell, measure its absorbance at 510 nm with an aliquot 
of a color-developed water blank in the reference cell. From the corrected 
absorbance at 510 nm, determine the concentration of ferrous iron present by 
quantitation against the calibration curve.

 In the event of a turbid sample, an aliquot of the sample containing all reagents 
except phenanthroline should be prepared and placed in the reference cell to 
correct the sample for turbidity (i.e., a turbidity blank).

 If the sample absorbance/concentration is greater than the highest standard, dilute 
the raw sample and re-analyze. DO NOT dilute sample aliquot that has undergone 
color development. The response of the diluted sample must be between that of 
the midpoint and high standards.
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9.4.2 Example Analytical Sequence

Run 
Number

Sample Description

1 CCVA _ Hi

2 CCVB _ Low 

3 CCB

4 MB

5 LCS

6 Sample 1

7 Sample 2

8 Sample 3

9 Sample 3 Duplicate

10 Sample 4

11 Sample 5

12 Sample 6

13 Sample 7

14 CCV

15 CCB

16 Sample 8

17 Sample 9

18 Sample 10

19 CCV

20 CCB

10.0 DATA ANALYSIS & CALCULATIONS

10.1 Qualitative Identification

Ferrous iron present in the sample and standards will form a color with the reagents.

The color formed will be measured using a spectrophotometer at 510 nm wavelength.

11.0QUALITY CONTROL & METHOD PERFORMANCE

11.1 Quality Control 

Prepare the following QC samples with each batch of samples.  Refer to Appendix B for 
acceptance criteria and required corrective action(s).  

QC Check Acronym Frequency

Method Blank MB 1 per batch of 20 or fewer samples.  If batch exceeds 
20 samples, every 20 samples.

Laboratory Control Sample LCS 1 per batch of 20 or fewer samples.  If batch exceeds 
20 samples, every 20 samples.

LCS Duplicate LCSD Per client request

Sample Duplicate SD 1 per batch of 20 or fewer samples.  If batch exceeds 
20 samples, every 20 samples.

11.2 Instrument QC

Perform the following checks to verify instrument performance.    Refer to Appendix B for 
acceptance criteria and required corrective action.
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Instrument Check Acronym Frequency

Initial Calibration Verification ICV Immediately following Calibration

Initial Calibration Blank ICB Immediately following ICV

Continuing Calibration Verification CCV Immediately after the ICV, prior to the analysis of any 
samples. Also daily, after every 10 samples and at 
the end of a run.

Continuing Calibration Blank CCB Immediately after each Continuing Calibration 
Verification Standard

High (CCVA) and Low (CCVB) Check 
Standards

CCVA / 
CCVB

If ICAL is not performed on the day of analysis, then 
these check standards should be analyzed before the 
samples.

11.3 Method Performance

11.3.1 Method Validation 

Refer to corporate SOP ENV-SOP-CORQ-0011 for general requirements and 
procedures for method validation.

Establish detection limits (DL) and limits of quantitation (LOQ) at initial method set up 
and verify the DL and LOQ on an on-going basis thereafter.  Refer to corporate policy 
and/or SOP for DL and LOQ requirements and procedures.  

12.0 DATA REVIEW & CORRECTIVE ACTION 

12.1 Data Review

The data review process of Pace® Analytical Services includes a series of checks performed at 
different stages of the process by different people to ensure that SOPs were followed, the 
analytical record is complete, and properly documented, QC criteria were met, proper corrective 
actions were taken for QC failure and other nonconformance(s), and test results are reported 
with proper qualification, when necessary.  

The review and checks that are performed by the employee performing the task is called primary 
review. 

All data and test results are also peer reviewed.  

This process, known as secondary review is performed to verify SOPs were followed, that 
calibration, instrument performance, and QC criteria were met and/or proper corrective actions 
were taken, qualitative ID and quantitative measurement is accurate, all manual integrations are 
justified and documented, and approved in accordance with the Pace® Analytical Services SOP 
for manual integration, calculations are correct, the analytical record is complete and traceable, 
and that results are properly qualified. 

Lastly, a third-level review, called a completeness check, is performed by reporting or project 
management staff to verify the test report is complete.  

Refer to laboratory SOP ENV-SOP-LENE-0088 for specific instructions and requirements for 
each step of the data review process.

12.2 Corrective Action 

Corrective action is required when QC or sample results are not within acceptance criteria.  
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Refer to Appendix B for a complete summary of QC, acceptance criteria, and recommended 
corrective actions for QC associated with this test method.  

If corrective action is not taken or was not successful, the decision/outcome must be 
documented in the analytical record. The primary analyst has primary responsibility for taking 
corrective action when QA/QC criteria are not met.  Secondary data reviewers must verify that 
appropriate action was taken and/or that results reported with QC failure are properly qualified.  

Corrective action is also required when carryover is suspected and when results are over range. 

Samples analyzed after a high concentration sample must be checked for carryover and 
reanalyzed if carryover is suspected.  Carryover is usually indicated by low concentration detects 
of the analyte in successive samples analyzed after the high concentration sample. 

Sample results at concentrations above the upper limit of quantitation must be diluted and 
reanalyzed.  The result in the diluted samples should be within the upper half of the calibration 
range. Results less than the mid-range of the calibration indicate the sample was over diluted 
and analysis should be repeated with a lower level of dilution. If dilution is not performed, any 
result reported above the upper range is considered a qualitative measurement and must be 
qualified as an estimated value.   

13.0 POLLUTION PREVENTION & WASTE MANAGEMENT

Pace® proactively seeks ways to minimize waste generated during work processes.  Some examples 
of pollution prevention include but are not limited to reduced solvent extraction, solvent capture, use 
of reusable cycletainers for solvent management, and real-time purchasing.

The EPA requires that laboratory waste management practices comply with all applicable federal and 
state laws and regulations.  Excess reagents, samples, and method process wastes are 
characterized and disposed of in an acceptable manner in accordance with the Pace® Chemical 
Hygiene Plan / Safety Manual. Refer to this manual for these procedures.

14.0 MODIFICATIONS

The procedures in this SOP have not been modified from the reference test method(s) cited.

When applicable, comparability and/or equivalency studies necessary to validate the modification as 
required per corporate SOP ENV-SOP-CORQ-0011 are retained by local quality personnel for 
historical reference. 

15.0RESPONSIBILITIES

 All employees of Pace® Analytical Services that perform any part this procedure in their work 
activities must have a signed Read and Acknowledgement Statement (R&A) in their training file for 
the version(s) of the SOP that were in effect during the time the employee performed the activity.

 Local quality personnel are responsible for tracking the currency of the R&A on this SOP for 
employees at the locations they are assigned to and for notifying the General Manager (GM), 
however named, when R&A are overdue or outstanding. The GM and the employee’s direct 
supervisor are responsible for ensuring the employee completes the R&A assignments as required.
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 The supervisors and managers of Pace® Analytical Services, however named, are responsible for 
training employees on the procedures in this SOP, implementing the SOP in the work area, and 
monitoring on-going adherence to the SOP the work area(s) they oversee. 

 All employees of Pace® Analytical Services are responsible for following the procedures in this 
SOP.  Unauthorized deviations or departures from this SOP are not allowed except with 
documented approval from the local Quality Manager and only when those deviations do not violate 
the Pace® Code of Ethics or Professional Conduct (COR-POL-0004) or associated policy and 
procedure(s). Hand-edits or manual changes to the SOP are not permitted.  If a change is desired 
or necessary, Pace® employees must follow the procedures for document revision specified in 
corporate SOPs ENV-SOP-CORQ-0015 Document Management and ENV-SOP-CORQ-0016 
SOP for Creation of SOP and SWI. 

 Local quality personnel are responsible for monitoring conformity to this SOP during routine internal 
audits of work areas that utilize this SOP and for communicating gaps and deviations found during 
monitoring to the work area supervisor, who is responsible for correction of the situation. 

16.0 ATTACHMENTS

 Appendix B: QC Summary & Corrective Action Table

17.0 REFERENCES

 ENV-SOP-CORQ-0006, Manual Integration, current version.

 ENV-SOP-CORQ-0011, Method Validation, current version.

 ENV-SOP-CORQ-0015, Document Management, current version.

 ENV-SOP-CORQ-0016, SOP for SOP and SWI, current version.

 ENV-TMP-CORQ-0007,  Quality Manual Template, current version.

 COR-POL-0004, Code of Ethics and Professional Conduct, current version.

 COR-MAN-001, Pace® Safety Manual, current version.

 Standard Methods for the Examination of Water and Wastewater, Online Edition, 3500–Fe B–2011.

18.0 REVISION HISTORY

Authorship
Primary Author1 Job Title Date Complete

Lenzie Boring Inorganics Manager 10/18/2022
1The primary author is the individual / role responsible for the content of this SOP.  Send questions or suggestions for 
content to the primary author.  See the Quality Manager for questions or concerns related to implementation of this SOP.

Revisions Made from Prior Version
Section Description of Change

All New SOP template
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Appendix B: QC Summary and Corrective Action Table
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QC Item Frequency Acceptance 
Criteria

Corrective 
Action

Qualification

ICAL At instrument set up, 
after CCV failure

Must meet 
one of curve 
fit options 
presented in 
Section 9.0.  

For any curve 
fit other than 
Average RF 
(RSD), curve 
must also 
pass RSE test 
at the low and 
midpoint 
calibration 
standard.

Identify and 
correct source of 
problem, repeat 

None.  Do not proceed with analysis

ICV After Each ICAL All analytes 
must be within 
± 15% of the 
true value.  
(%R)

Identify source of 
problem, re-
analyze.  If repeat 
failure, repeat 
ICAL. Analysis 
may proceed if it 
can be 
demonstrated that 
the ICV 
exceedance has 
no impact on 
analytical 
measurements.  
For example, the 
ICV %R is high, 
CCV is within 
criteria, and the 
analyte is not 
detected in 
sample(s).

Qualify analytes with ICV out of criteria.  

CCV / High 
CCV

Daily, before sample 
analysis, after every 
10, and at end of 
analytical window.

Opening CCV: 
All analytes 
within ± 10 
%D
Ending CCV: 
± 10 %D

See Section 12 
for required 
corrective actions 
based on 
circumstance. 

Qualify analytes with CCV out of criteria.

Method Blank One per batch of up 
to 20 samples

Result should 
be less than 
the reporting 
limit.

If results are 
reported to 
MDL, the MB 
must be 
evaluated to 
the MDL.

1) Re-analyze 
blank to 
confirm 
failure.

2) Qualify results 
and / or re-
analyze 
associated 
samples.

1) If sample ND, report sample without 
qualification

2) If sample result >10x MB report sample 
with appropriate qualifier indicating blank 
contamination.

If sample result <10x MB and sample cannot 
be reanalyzed report sample with appropriate 
qualifier to indicate an estimated value.  
Client should be alerted of this condition.
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QC Item Frequency Acceptance 
Criteria

Corrective 
Action

Qualification

LCS One per batch of up 
to 20 samples

90-110% 
Recovery

1) Reanalyze the 
LCS to confirm 
failure

2) Re-prep and 
reanalyze 
associated 
samples.

3)  If problem 
persists, check 
spike solution

1) If LCS > QC limits and these compounds 
are non-detect in the associated samples, 
the sample data may be reported with 
appropriate data qualifiers.

2) If LCS < QC limits and sample cannot be 
reanalyzed report sample with appropriate 
qualifier to indicate an estimated value.  
Client should be alerted to this condition.

Sample 
Duplicate

One per batch of up 
to 20 samples.

Max RPD: 
10%

No corrective 
actions 
necessary.  
Report outliers 
with comment..

Low CCV 
Check

Whenever an Initial 
Calibration is not 
done

50-150% 
Recovery 
(See Section 
9)

May be re-
analyzed once.  A 
second failure 
confirms and 
requires 
corrective 
action(s).

Samples cannot be reported without a valid 
curve

ICB Immediately after 
each CCV 

Result should 
be less than 
one-half the 
reporting limit.  
If results are 
reported to 
MDL, the ICB 
must be 
evaluated to 
the MDL.

May be re-
analyzed once.  
A second failure 
confirms and 
requires 
corrective 
action(s). 

If sample results are reported to MDL and CCB 
is <RL but >MDL, then corrective action is not 
necessary other than appropriately qualifying 
the sample results. Unless the customer’s 
QAPP or technical specification instruct to do 
otherwise.

Samples that are <RL may be reported without 
qualification. (Not applicable to samples 
reporting down to MDL)

Samples >10x CCB may be reported with 
appropriate qualification.

CCB Immediately after 
each CCV 

Result should 
be less than 
one-half the 
reporting limit.  
If results are 
reported to 
MDL, the ICB 
must be 
evaluated to 
the MDL.

May be re-
analyzed once.  A 
second failure 
confirms and 
requires 
corrective 
action(s). 

If sample results are reported to MDL and 
CCB is <RL but >MDL, then corrective action 
is not necessary other than appropriately 
qualifying the sample results. Unless the 
customer’s QAPP or technical specification 
instruct to do otherwise.

Samples that are <RL may be reported 
without qualification. (Not applicable to 
samples reporting down to MDL)

Samples >10x CCB may be reported with 
appropriate qualification.
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1.0 SCOPE & APPLICATION

This standard operating procedure (SOP) describes the laboratory procedure for the determination of 
total, amenable to chlorination and weak acid dissociable cyanide in water, soil, and reactive scrubber 
solution samples by colorimetry by methods EPA 9010B, 9012A/B, SM 4500 CN E & G(1999 & 2016), 
and SM 4500 CN I (2011 & 2016)

1.1 Target Analyte List and Limits of Quantitation (LOQ)

The target analytes that can be determined by this SOP and the associated LOQ is provided in 
Table 1, Appendix A.  

2.0 SUMMARY OF METHOD

Cyanide as hydrocyanic acid (HCN) is released from cyanide complexes by means of a reflux-
distillation operation and absorbed in a scrubber solution containing sodium hydroxide.  The cyanide 
ion in the absorbing solution is then determined colorimetrically using a Seal Discrete Analyzer.  The 
cyanide is converted to cyanogen chloride, CNCl, by reaction with Chloramine-T at a pH of less than 
8 without hydrolyzing the cyanate.  After the reaction is complete, a reddish color is formed with the 
addition of pyridine-barbituric acid reagent.  The absorbance is read at 570 nm.

To determine cyanide amenable to chlorination a portion of the sample is chlorinated at a pH >11 to 
decompose the cyanide.  Cyanide levels in the chlorinated sample are then determined as well as the 
total cyanide.  Cyanides amenable to chlorination are then calculated by the difference between the 
two results.

Weak acid dissociable (WAD) cyanide is determined from a slightly acidified (pH 4.5 to 6.0) sample 
under this procedure’s distillation conditions. The method does not recover cyanide from tight 
complexes that would not be amenable to oxidation by chlorine. The acetate buffer used contains zinc 
salts to precipitate iron cyanide as a further assurance of the selectivity of the method.

3.0 INTERFERENCES

 oxidizing agents, nitrites, and nitrates are removed by pre-treatment procedures. Most other 
interfering substances are removed by distillation.

Oxidizing agents, such as chlorine, decompose most cyanides during storage. Oxidizing agents need 
to be removed prior to sample preservation and storage. Ascorbic acid is no longer being 
recommended for preservation of samples for cyanide analysis. Ascorbic acid functions as a carbon 
donor in the presence of nitrite or nitrate and generates cyanide during the distillation. Sodium 
thiosulfate is an adequate dechlorinating agent if it is not used in excess. Sodium arsenite also may 
be used, but it is a hazardous material.

Sulfide will distill over with cyanide and therefore, adversely affect the colorimetric procedures. 
Precipitation of sulfide with cadmium salts should be avoided since the formation of insoluble cadmium 
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cyanide complexes can result in loss of cyanide.  In this SOP sulfide inference is mitigated by 
precipitating out sulfide with powdered lead carbonate as per method SM4500-CN. It should be noted 
that some studies have shown that sulfide and cyanide can form thiocyanate in the presence of lead 
sulfide causing decreased cyanide recoveries.

High bias cyanide results may be obtained for samples that contain nitrate and/or nitrite. During the 
distillation nitrate and nitrite will form nitrous acid that will react with some organic compounds to form 
oximes. These oximes will decompose under test conditions to generate HCN. The interference of 
nitrate and nitrite is eliminated by pretreatment with sulfamic acid. 

4.0 DEFINITIONS 

Refer to the Laboratory Quality Manual for a glossary of common lab terms and definitions.

 Amenable Cyanide – Cyanide that is amenable to chlorination. This is determined by analyzing 
both chlorinated and unchlorinated portions of sample. Amenable cyanide is calculated by the 
difference between the total cyanide in the unchlorinated portion and the total cyanide in the 
chlorinated portion.

 Weak Acid Dissociable (WAD) Cyanide – Cyanide that is liberated from a slight acidification (pH 
4.5 to 6.0) under the prescribed distillation conditions. WAD cyanide typically does not include 
cyanide that is bound in tight complexes.

5.0 HEALTH & SAFETY

Contact your supervisor or local safety coordinator with questions or concerns regarding safety 
protocol or safe handling procedures for this procedure

The following sections provide general health and safety information about chemicals and materials 
that may be present in the laboratory.

 The toxicity or carcinogenicity of each chemical material used in the laboratory has not been fully 
established. Each chemical should be regarded as a potential health hazard and exposure to these 
compounds should be as low as reasonably achievable. 

 The laboratory maintains documentation of hazard assessments and OSHA regulations regarding 
the safe handling of the chemicals specified in each method. Safety data sheets for all hazardous 
chemicals are available to all personnel. Employees must abide by the health, safety and 
environmental (EHS) policies and procedures specified in this SOP and in the Pace® Chemical 
Hygiene / Safety Manual (COR-MAN-0001) 

 Personal protective equipment (PPE) such as safety glasses, gloves, and a laboratory coat must 
be worn in designated areas and while handling samples and chemical materials to protect against 
physical contact with samples that contain potentially hazardous chemicals and exposure to 
chemical materials used in the procedure. 

 Concentrated corrosives present additional hazards and are damaging to skin and mucus 
membranes. For procedures that require use of acids, use acids in a fume hood whenever possible 
with PPE designed for handing these materials. If eye or skin contact occurs, flush with large 
volumes of water. When working with acids, always add acid to water to prevent violent reactions.  
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For procedures that that emit large volumes of solvents (evaporation/concentration processes), 
these activities must be performed in a fume hood or apparatus that reduces exposure.  

6.0 .SAMPLE COLLECTION, PRESERVATION, HOLDING TIME & STORAGE

The laboratory provides containers for the collection of samples upon client request. Refer to 
laboratory SOP ENV-SOP-LENE-0107 for procedures related to preparation of bottle kits for the test 
method(s) associated with this SOP.

The laboratory performs samples collection for samples to be analyzed by this SOP in accordance 
with laboratory SOP ENV-SOP-LENE-0025.  Refer to this SOP for these instructions.  

Container Type, Minimum Sample Amount, Preservation, and Holding Time Requirements:
Matrix Container Size & 

Type
Required Sample 

Amount1

Preservation Holding Time

Aqueous Plastic, 250 mL 50 mL
Thermal:  (not frozen)
Chemical: NaOH to pH 

Collection to Prep: 14 days
Prep to Analysis: Immediate

Soil/Solid
Glass jar, 4 or 8 
oz

0.4 g
Thermal:  (not frozen)
Chemical: None

Collection to Prep: 14 days
Prep to Analysis: Immediate

1 Amount of sample required for each discrete test.  

Thermal preservation is checked and recorded on receipt in accordance with laboratory SOP ENV-
SOP-LENE-0021.  Chemical preservation is checked and recorded at time of receipt or prior to sample 
preparation.

After receipt, samples are stored at  until sample preparation.  Prepared samples (extracts, 
digestates, distillates, other) are stored at  until sample analysis.   

After analysis, samples are retained as stated in the Pace® standard terms and conditions, unless 
otherwise specified in the analytical services contract.  Samples are then disposed of in accordance 
with Federal, State, and Local regulations.

7.0 EQUIPMENT & SUPPLIES

7.1 Equipment

Equipment Vendor Model / Version Description / Comments

Discrete Analyzer Seal AQ400 or equivalent

Analytical Balance Mettler-Toledo AE200 0.0001g resolution

Distillation block Micro-Dist® Hach / MDD001 or equivalent

7.2 Supplies
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Supply Description  Vendor/ Item # / Description

Volumetric Flasks Various sizes Class A

Pipetters Various sizes Eppendorf / various / or equivalent

Distillation tubes Micro-Dist® Cyanide-1 Hach / A17001/ or equivalent

pH paper Wide-range Fisher / 14-850-11B

KI starch paper N/A Fisher / 14-860

Lead acetate paper N/A Fisher / 14-862

Reaction Segments 18 Reaction wells/segments Seal/ 5000

Reagent Containers 43mL – Reagent Wedge Seal/ 5010

2mL Sample Cups 2 mL Vail for 80 position tray Seal/ 6015

5mL Sample Cups 5 mL Vial for 80 position tray Seal/ 171-0354-01

Reagent Container Caps 43 mL Reagent Container Caps Seal/ 5050-50

Lamp Assembly N/A Seal/ 6100

Aspiration Probe N/A Seal/ 5110

Sampler Probe N/A Seal/ 6125-S

Complete Tubing Set N/A Seal/ 57002

Peristaltic Tubing Set N/A Seal/ 2-0021

Syringe Glass Body, Piston 
and O’Ring N/A Seal/ 5195-1

3 Month Maintenace Kit N/A Seal/ AQ3M-4

6 Month Maintenace Kit N/A Seal/ AQ6M-4

12 Month Maintenance Kit N/A Seal/ AQ12M-4

Barbed Fitting Peristaltic tubing Seal/ 5720

Sample Probe Washer 
Assembly N/A Seal/ MA000102

1 cm Cuvette N/A Seal/ 5670-1

Cuvette Inlet Tubing N/A Seal/ 5671

Cuvette Outlet Tubing N/A Seal/ 5672
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8.0 REAGENTS & STANDARDS

8.1 Reagents

Reagent Concentration/ Description Requirements/ Vendor / Item #

Reagent water ASTM Type II SOP S-KS-Q-011

Hydrogen Peroxide 30% Fisher / H325-500

Sodium Thiosulfate Anhydrous, ACS Grade Fisher / S446-500

Barbituric acid  Fisher / O3108-100

Lead carbonate  Fisher / 50-343-042

Chloramine-T Trihydrate  active chlorine Fisher / O1779-250

Glacial acetic acid ACS Reagent Grade Fisher / A38

Hydrochloric acid ACS Reagent Grade Fisher / A508-SK-212

Pyridine ACS Reagent Grade Fisher / P368-4

Sodium acetate trihydrate ACS Reagent Grade Fisher / S209-500

Sodium phosphate monobasic 
monohydrate ACS Reagent Grade Fisher / S-369-500

Sodium hydroxide ACS Reagent Grade Fisher / S318-3

Sodium hypochlorite solution (5.25%) Consumer-grade, unscented Clorox or equivalent

Sulfamic acid ACS Reagent Grade Fisher / A295-500

Sulfuric acid ACS Reagent Grade Fisher / A510-SK-212

Zinc acetate dihydrate ACS Reagent Grade Acros / 207645000

Cuvette  Cleaning Solution N/A  SEAL /5676

0.1N Sodium Arsenite ACS Reagent Grade Fisher/ LC229002

8.2 Standards

Standard Concentration/ Description Requirements/ Vendor / Item #

Primary stock standard HPS / 1000 mg/L CN- Environmental Express /  IC-CN-M

Secondary stock standard Spex / 1000 mg/L CN- Spex / RSCN9-2Y 
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8.3 Formulations

8.3.1 Working Reagents

Reagent Description

Sodium hydroxide, 0.25N Dissolve 10g NaOH in one liter of reagent water.

Sodium hydroxide, 0.025N Dilute 10mL of 0.25N NaOH in 100mL of reagent water.

Phosphate Buffer

Dissolve 138 g sodium phosphate monobasic monohydrate in 900 mL DI water 
and dilute to the mark. 
Store at  6ºC.  Remake solution every 3 months or as needed.

Color Reagent (Pyridine-Barbituric acid)

Place 15 g barbituric acid in a 1L volumetric flask and add enough DI water to 
wash the sides of the flask and wet the barbituric acid.  Add 75 mL pyridine and 
mix.  Add 15 mL concentrated hydrochloric acid and swirl to mix.  Add additional 
DI water and stir to dissolve the barbituric acid.  Dilute to the mark with DI water 
and invert to mix.  For lowest detection limits, chill this reagent and perform gravity 
filtration.  Every two weeks filter a portion of reagent for use.  Stable for 6 months.  
Store at  6ºC

Chloramine-T Solution
Dissolve 1.0 g chloramine-T trihydrate in 100 mL DI water and store at  6ºC.  
Prepare fresh daily.

Releasing Agent (7.11M Sulfuric acid / 
0.79M Magnesium chloride solution)

Completely dissolve 32.2g of magnesium chloride hexahydrate in a glass 
container containing 110.8g of reagent water. Slowly add 75 mL conc. sulfuric 
acid (CAUTION: HCl fumes are released in this step; must be performed in a fume 
hood!).  Solution is ready for use when cool.

Sulfamic acid, 0.4N Dissolve 40g of sulfamic acid in 1 liter of reagent water.

WAD distillation solution

Add 136g of sodium acetate and 40g of zinc acetate to a 1-L volumetric flask 
containing 500 mL of reagent water. Add 50 mL of glacial acetic acid and bring to 
volume with reagent water. 

Sodium Thiosulfate (Na2S2O3) solution, 
500g/L Dissolve 25g of Sodium Thiosulfate (Na2S2O3) in 50mL of reagent water. 

Hydrogen Peroxide (H2O2) solution, (3%)
Perform a ten-fold (10x) dilution of the 30% Hydrogen Peroxide Solution with 
reagent water. (e.g. 5mL of 30% H2O2 diluted to a final volume of 50mL)

8.3.2 Intermediate Standards

Standard Stock 
Standard

Standard 
Amount

Solvent Final Total 
Volume

Final 
Concentration

Primary Cyanide 
Intermediate 

Standard

Primary Stock 
Standard 0.100mL 0.25N NaOH 100mL 1.0 mg/L

Secondary 
Intermediate 

Standard

Secondary 
Stock 

Standard
0.100mL 0.25N NaOH 100mL 1.0 mg/L
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8.3.3 Working Standards

Standard Intermediate 
Standard

Standard 
Amount

Solvent Solvent Volume in 
Distillation Tube

Final 
Concentration

Calibration 
Standard

Primary Int 
Standard

1.20mL
Reagent 

Water
4.8mL 0.2 mg/L

ICV Working 
Standard

Secondary Int 
Standard

0.600mL
Reagent 

Water
5.4mL 0.1 mg/L

CCV Working 
Standard

Primary Int 
Standard

0.600mL
Reagent 

Water
5.4mL 0.1 mg/L

MDL  
Primary Int. 
Standard

0.03mL
Reagent 

Water
5.97mL 0.005mg/L

All Working Standards are prepared in distillation tubes and undergo the distillation process.

9.0 PROCEDURE

9.1 Equipment Preparation

9.1.1 Support Equipment

Refer to Pace Analytical Services – Kansas SOP ENV-SOP-LENE-0030, Support 
Equipment, or equivalent replacement, for additional information on calibration 
requirements for support equipment that may be used in this procedure.

Balances are checked prior to use on each working day with NIST traceable references in 
the expected range of use, and the results are recorded in the logbook assigned to the 
balance.
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9.1.2 Instrument Set Up

9.1.2.1 Routine Instrument Operating Conditions:

9.1.2.2 Set up based on the Seal Daily Tasks as shown below:

9.1.2.3  Periotic Operator Maintenance:

Daily:

1. Check the cuvette aspiration and adjust as necessary.
2. Check the operation of the probe washer. Confirm proper flow and check for contamination and/or 

leaking/dripping. Clean, or replace as necessary.
3. Run daily start-up and compare water baselines. Adjust gain if required.
4. Run Hypochlorite solution clean using the extra wash function from the maintenance screen.
5. Clean the cuvette with seal cuvette cleaning solution using the extra wash function from the 

maintenance screen.
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Weekly:

1. Check the peristaltic pump tubing for damage. Replace, as necessary.
2. Check the cuvette aspiration tubing and waste tubing for kinks, damage, or blockages. Replace as 

necessary.
3. Check that the waste pump functions correctly (i.e., operates to empty sampler wash well and pull 

water through the probe washer).
4. Using a swab, clean the walls of the inner and outer sections of the sampler wash bath and 

aspiration wash bath. 
5. Inspect the sample probe and aspiration probe for cleanliness, leaking, dripping or damage. Clean, 

adjust, or replace as necessary. 

Monthly:

1. Replace laspiration pump tub and check cuvette aspiration.
2. Replace wash pump tubes.
3. Clean and lubricte the pump rollers on the two peristaltic pumps.
4. Clean the lamp filter.

6 Months:

1. Replace the probe wash assembly and check the sample probe.
2. Replace the syringe barrel, plunger and o-ring. Clean and lubricate the syringe screw drive.
3. Replace the lame and optimize the gain and offset.
4. Inspect cuvette aspiration probe, aspiration inlet and outlet tubing, and waste tubing for kinks, 

damage or blockages. Replace as necessary.

Yearly:

1. Schedule instruments yearly Preventive Maintenace with Seal Tech. 

9.2 Calibration

9.2.1 Calibration Frequency

Calibration will occur daily

9.2.2 Calibration Levels

The Seal instrument will autodilute the calibration standard and will analyze all points of 
the initial calibration according to the method loaded. The high standard and ICV are 
digested with each digestion group. The curve points are 0, 0.004, 0.025, 0.05, 0.1, 0.2 
mg/L.
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9.2.3 Calibration Sequence

Run Number Sample Description

1 ICAL Standard 0

2 ICAL Standard 1

3 ICAL Standard 2

4 ICAL Standard 3

5 ICAL Standard 4

6 ICAL Standard 5

7 Standard 0

8 ICV Standard

9 CCV

10 CCB

11 Sample 1

12 Sample 2

13 Sample 3

14 Sample 3 Duplicate

15 Sample 4

16 Sample 5

17 Sample 6

18 Sample 7

19 CCV

20 CCB

21 Sample 8

22 Sample 9

23 Sample 10

24 CCV

25 CCB

9.2.4 Calibration Evaluation

9.2.4.1 Curve Fit

The curve fit used is linear.

9.2.4.2 Relative Error

Refit curve points with acceptance criteria of ± 10% of True Value, except for the 
low standard with a criterion of ± 50% of True Value.

9.2.4.3 Initial Calibration Verification 

In addition to meeting the linearity criteria, any new calibration curve must be 
assessed for accuracy in the values generated. Accuracy is a function of both the 
“fit” of the curve to the points used and the accuracy of the standards used to 
generate the calibration points. By meeting the fit criteria, the accuracy relative to 
the goodness of fit is addressed. However, because all calibration points are from 
the same source, it is possible that the calibration points may meet linearity criteria, 
but not be accurately made in terms of their true value.

Therefore, to assess the accuracy relative to the purity of the standards, a single 
standard from a secondary source must be analyzed and the results obtained must 
be assessed relative to the known true value. This step is referred to as Secondary 
Source Verification or, alternatively as Initial Calibration Verification. This 
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secondary source must be from an alternative vendor or, in the event an alternative 
vendor is not available, from a different lot from the same vendor. The accuracy of 
the standard is assessed as a percent difference from the true value according to 
the following equation:

%Drift =  
(ResultICV – True Value ICV)

True ValueICV

9.2.4.4 Continuing Calibration Verification

As part of the analytical process, the instrumentation must be checked periodically 
to determine if the response has changed significantly since the initial calibration 
was established. This verification process is known as Continuing Calibration 
Verification (CCV). The validity of the initial calibration is checked after every ten 
samples and at the end of the analytical sequence by analyzing a midpoint 
calibration standard. The accuracy of the standard is assessed as percent drift 
from the true value according to the following equation:

%Drift =  
(ResultCCV – True Value CCV)

True ValueCCV

9.3 Sample Preparation

9.3.1 Homogenization & Subsampling

Refer to Pace Analytical Services – Kansas SOP ENV-SOP-LENE-0135, Sample 
Homogenization and Sub-Sampling, or equivalent replacement, for information regarding 
the handling, homogenization, and splitting of samples in order to ensure that a 
representative aliquot is used for analysis.

9.4 Analysis

9.4.1 Amenable Cyanide Sample Pretreatment (Use only if determining cyanide amenable 
to chlorination.)

Distillation of two samples is required, one that has been chlorinated to destroy all 
amenable cyanide present and the other unchlorinated. Analyze distillates from both tests 
for total cyanide. The observed difference equals cyanides amenable to chlorination.

Select the samples that require amenable cyanide analysis for this pretreatment.  No QC 
samples are required for amenable cyanide per the method. A method blank and duplicate 
may be performed.

The pretreatment step should be performed in a hood.

9.4.2 Amenable Cyanide Waters:

Measure 50 mL of sample, or a portion diluted to 50 mL, and add sodium hypochlorite 
(bleach) dropwise to the sample while agitating.  Check pH and maintain the pH between 
11 and 12 by adding NaOH solution if necessary.
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Test for chlorine by placing a drop of treated sample on a strip of KI starch paper.  A distinct 
blue color indicates sufficient chlorine (approximately 50 to 100 mg Cl2/L)  Maintain excess 
residual chlorine for 1 hour while agitating. If necessary, add more bleach and/or NaOH.

In the fume hood gradually add 0.6mL of Sodium Arsenite until no residual chlorine is 
present.   Test residual chlorine with KI starch paper. The KI starch paper should no longer 
turn blue if all the chlorine has been removed. Minimize sample exposure to ultraviolet 
radiation before distillation by storing it in the dark.

9.4.3 Amenable Cyanide Soils:

Measure 1.0g of sample and 50mL of DI water into aluminum covered sample cup. Add 
stir bar and let spin for 15 minutes to homogenize soil and water mixture. Add sodium 
hypochlorite (bleach) dropwise to the sample while agitating. Check pH and maintain the 
pH between 11 and 12 by adding NaOH solution if necessary. 

Test for chlorine by placing a drop of treated sample on a strip of KI starch paper.  A distinct 
blue color indicates sufficient chlorine (approximately 50 to 100 mg Cl2/L).  Maintain excess 
residual chlorine for 1 hour while agitating.  If necessary, add more bleach and/or NaOH.

In the fume hood gradually add 0.6mL of Sodium Arsenite until no residual chlorine is 
present.  Test residual chlorine with KI starch paper. The KI starch paper should no longer 
turn blue if all the chlorine has been removed. 

After dechlorinating the sample. Pipette 6mLs of the dechlorinated sample into the 
distillation tube. Follow the sample distillation below. 

Minimize sample exposure to ultraviolet radiation before distillation by storing in the dark.

9.4.4 Sulfide Screening – All water samples are screened at the time of sample receipt for the 
presence of Sulfide by pipetting a drop of sample onto lead acetate paper. If the lead 
acetate paper turns dark this indicates the presence of Sulfide. Samples demonstrating the 
presence of Sulfide will be marked as such by sample receiving and treated as follows:

Treat 25 mL more of the stabilized sample (pH  than that required for the cyanide 
determination (6 mL) with powdered lead carbonate. Black lead sulfide precipitates 
if the sample contains sulfide. Repeat this operation until a drop of the treated sample 
solution does not darken the lead acetate test paper. Avoid a large excess of lead 
and a long contact time in order to minimize a loss by complexation or occlusion of 
cyanide on the precipitated material. 

Filter the solution through dry filter paper into a dry beaker and, from the filtrate, 
measure the sample to be used for analysis.

9.4.5 Chlorine Screening – Chlorine screening is performed at the time of sample receipt. 
Samples are treated immediately with Sodium Arsenite if the presence of chlorine is 
detected.

9.4.6 Distillation

Set controller on micro distillation block to 120°C. Allow approximately 40 min. for heater 
block to warm up.  
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With the M end of the distillation tube facing upwards, put as many of the collector tubes 
as there are samples in the collector tube rack.  

Put as many sample tubes into the sample tube rack as you have samples to distill; up to 
21 for one block.

Prepare the method blank by placing 6 mL of reagent water (0.2 g of boiling stones for 
soils) into a sample tube.

Prepare the laboratory control sample by placing 5.4 mL of reagent water and 0.6 mL of 
the Working Standard solution (0.2 g of boiling stones for soils) into a sample tube.

Randomly select a sample from the analytical batch for matrix spiking. Place 5.4 mL of the 
selected sample (0.2 g for soils) and 0.6 mL of the Working Standard solution into a sample 
tube.

Place 6 mL of sample (0.2 g for soils) into each sample tube. Randomly select a sample 
from the analytical batch for duplicate analysis.  

Add 0.6 mL of sulfamic acid solution to each sample tube.

Total or amenable cyanide: Add 0.75 mL of 7.11 M sulfuric acid / 0.79 M magnesium 
chloride solution to each sample tube and immediately push the D end of the collector tube 
over the open end of each sample tube to start the seal. 

Weak acid dissociable cyanide: Add 0.75 mL of WAD digestion solution to each sample 
tube and immediately push the D end of the collector tube over the open end of each 
sample tube to start the seal.

Place the assembly in the press, putting the sample tube through the hole in the white 
base.  Before pressing, grip the collector tube firmly at the breakaway point to keep the 
tube from shifting during the pressing procedure.  

Put on the heat-resistant gloves.  Push the sample tube and D end of each tube all the way 
into the preheated block so that the collector tube stop ring touches the block.  

Set timer for 30 min.

When 30 min. is up, put on heat-resistant gloves.  Remove the first tube from the block and 
immediately pull off its sample tube using a downward, twisting motion as opposed to a 
sideways motion.  You must remove the sample tube within  seconds of removing it from 
the block or a suck-back of the sample will occur.  Dispose of the sample tube and the hot 
solution left in it by dropping it into the sink or waste container..

Invert each collector tube and place it into the collector tube rack, now with the D end up.  

Allow to cool for approximately 10 min. Then, for each collector tube, hold horizontally and 
rinse its walls with the distillate in order to homogenize.  Slowly roll distillate around in the 
tube to gather all droplets into the bulk of the distillate.

With D end up, break the collector tube in half by polling the D end towards yourself.  Rinse 
the D end with reagent water to collect any left-over droplets and pour into M end.  Break 
off and dispose of the D end.  
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In the remaining M end of the collector tube, dilute to the 6.0 mL mark with reagent water.  
Push the second cap onto the open end of the tube as far as it will go and shake the tube 
with a gentle whipping motion to mix.  Do not invert. 

Record all distillation information in the distillation logbook.

Sample is then ready for analysis on the Seal™ Discrete Analyzer.

9.4.7 Sample Analysis

Open the method in the Seal™ Operation menu to run the Cyanide method.

Calibrate the Seal™ as per Section 11 above.

 Using .45 micron filters. Filter the samples into the autosampler cups and arrange them in 
the order they are on the worklist.

Ensure that the DQM is enabled to run the CCV/CCB first, after each group of 10 samples, 
at the end of the sequence.

If the sample absorbance/concentration is greater than the highest standard dilutes the 
extract and re-analyze.  The response to the diluted sample must be between the mid and 
high standards.  NOTE: If the auto dilutor is activated this step is not necessary.

When running Amenable samples make sure they are reading lower than the Total Cyanide 
counterpart.

Reporting for amenable solids is done under the (Amenable Soil Calculation) in the 
logbook.

9.4.8 Example Analytical Sequence

See the Sequence in Section 9.2.3.
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9.4.9 Seal shut down procedure:

10.0 DATA ANALYSIS & CALCULATIONS

10.1 Qualitative Identification

Cyanide ion present in the sample and standards will form a color with the reagents.  The color 
formed will be measured using a spectrophotomer at 570 nm wavelength.

10.1.1 Manual Integration 

Manual integration is sometimes necessary to correct inaccurate automated integrations 
but must never be used to meet QC criteria or to substitute for proper instrument 
maintenance and/or method set-up.  To assure that all manual integrations are justified 
and proper all manual integrations must be performed, documented, reviewed, and 
approved in accordance with corporate SOP ENV-SOP-CORQ-0006, Manual Integration.  
Refer to this SOP for guidance on manual integration techniques and required procedures.
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11.0 QUALITY CONTROL & METHOD PERFORMANCE

11.1 Quality Control 

Prepare the following QC samples with each batch of samples.  Refer to Appendix B for 
acceptance criteria and required corrective action(s).  

QC Check Acronym Frequency
Method Blank MB 1 per batch of 20 or fewer samples.  If batch 

exceeds 20 samples, every 20 samples.

Laboratory Control Sample LCS 1 per batch of 20 or fewer samples.  If batch 
exceeds 20 samples, every 20 samples.

LCS Duplicate LCSD Per client request.

Matrix Spike MS One per batch of up to 20 samples.
Matrix Spike Duplicate MSD One per batch of up to 20 samples.
Sample Duplicate SD One per batch of up to 20 samples.

11.2 Instrument QC

Perform the following checks to verify instrument performance.    Refer to Appendix B for 
acceptance criteria and required corrective action.

Instrument Check Acronym Frequency
Initial Calibration ICAL Every Day

Initial Calibration Verification ICV Immediately after each Initial Calibration 
Initial Calibration Blank ICB Immediately after each Initial Calibration 

Verification Standard
Continuing Calibration Verification CCV Prior to the analysis of any samples and 

every 10 samples thereafter.  Samples 
need to be bracketed with CCVs

Continuing Calibration Blank CCB Immediately after each Continuing 
Calibration Verification Standard

11.3 Method Performance

11.3.1 Method Validation 

Refer to corporate SOP ENV-SOP-CORQ-0011 for general requirements and 
procedures for  method validation.

Establish detection limits (DL) and limits of quantitation (LOQ) at initial method set up 
and verify the DL and LOQ on an on-going basis thereafter.  Refer to corporate policy 
and/or SOP for DL and LOQ requirements and procedures. 

12.0 DATA REVIEW & CORRECTIVE ACTION 

12.1 Data Review

The data review process of Pace® Analytical Services includes a series of checks performed at 
different stages of the process by different people to ensure that SOPs were followed, the 
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analytical record is complete, and properly documented, QC criteria were met, proper corrective 
actions were taken for QC failure and other nonconformance(s), and test results are reported 
with proper qualification, when necessary.  

The review and checks that are performed by the employee performing the task is called primary 
review. 

All data and test results are also peer reviewed.  

This process, known as secondary review is performed to verify SOPs were followed, that 
calibration, instrument performance, and QC criteria were met and/or proper corrective actions 
were taken, qualitative ID and quantitative measurement is accurate, all manual integrations are 
justified and documented, and approved in accordance with the Pace® Analytical Services SOP 
for manual integration, calculations are correct, the analytical record is complete and traceable, 
and that results are properly qualified. 

Lastly, a third-level review, called a completeness check, is performed by reporting or project 
management staff to verify the test report is complete.  

Refer to laboratory SOP ENV-SOP-LENE-0088 for specific instructions and requirements for 
each step of the data review process.

12.2 Corrective Action 

Corrective action is required when QC or sample results are not within acceptance criteria.  

Refer to Appendix B for a complete summary of QC, acceptance criteria, and recommended 
corrective actions for QC associated with this test method.  

If corrective action is not taken or was not successful, the decision/outcome must be 
documented in the analytical record. The primary analyst has primary responsibility for taking 
corrective action when QA/QC criteria are not met.  Secondary data reviewers must verify that 
appropriate action was taken and/or that results reported with QC failure are properly qualified.  

Corrective action is also required when carryover is suspected and when results are over range. 

Samples analyzed after a high concentration sample must be checked for carryover and 
reanalyzed if carryover is suspected.  Carryover is usually indicated by low concentration detects 
of the analyte in successive samples analyzed after the high concentration sample. 

Sample results at concentrations above the upper limit of quantitation must be diluted and 
reanalyzed.  The result in the diluted samples should be within the upper half of the calibration 
range. Results less than the mid-range of the calibration indicate the sample was over diluted 
and analysis should be repeated with a lower level of dilution. If dilution is not performed, any 
result reported above the upper range is considered a qualitative measurement and must be 
qualified as an estimated value.   
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13.0 POLLUTION PREVENTION & WASTE MANAGEMENT

Pace® proactively seeks ways to minimize waste generated during work processes.  Some examples 
of pollution prevention include but are not limited to reduced solvent extraction, solvent capture, use 
of reusable cycletainers for solvent management, and real-time purchasing.

The EPA requires that laboratory waste management practices comply with all applicable federal and 
state laws and regulations.  Excess reagents, samples, and method process wastes are 
characterized and disposed of in an acceptable manner in accordance with the Pace® Chemical 
Hygiene Plan / Safety Manual. Refer to this manual for these procedures.

14.0 MODIFICATIONS

The procedures in this SOP have been modified from the reference test method as follows:

Modification Test Method Procedure Justification for Modification

Chloramine-T and the color 
reagent are prepared in 
accordance with SEAL 
method

All methods Manufacturer recommendation

When applicable, comparability and/or equivalency studies necessary to validate the modification as 
required per corporate SOP ENV-SOP-CORQ-0011 are retained by local quality personnel for 
historical reference. 

15.0RESPONSIBILITIES

 All PAS employees that perform any part of this procedure in their work activities must have a signed 
Read and Acknowledgement Statement (R&A) in their training file.

 PAS supervisors and managers are responsible for training employees on the procedures in this 
SOP, implementing the SOP in the work area, and monitoring on-going adherence to the SOP the 
work area(s) they oversee. 

 Local quality personnel are responsible for tracking the currency of the R&A on this SOP for 
employees at the locations they are assigned to and for notifying the department leaders of overdue 
assignments.  

 All employees of PAS are responsible for following the procedures in this SOP. Unauthorized 
deviations or departures from this SOP are not allowed except with documented approval from the 
local Quality Manager and only when those deviations do not violate the Pace® Code of Ethics or 
Professional Conduct (COR-POL-0004) or associated policy and procedure(s). Hand-edits or 
manual change to the SOP are not permitted. If a change is desired or necessary, employees must 
follow the procedures for document revision specified in corporate SOPs ENV-SOP-CORQ-0015, 
Document Management and ENV-SOP-CORQ-0016, SOP for Creation of SOP and SWI. 

 Local quality personnel are responsible for monitoring conformity to this SOP during routine internal 
audits of work areas that utilize this SOP and for communicating gaps and deviations found during 
monitoring to the work area supervisor, who is responsible for correction of the situation. 
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16.0 ATTACHMENTS

 Appendix A:  Routine Analyte List and LOQ

 Appendix B: QC Summary & Corrective Action Table

17.0 REFERENCES

 ENV-SOP-CORQ-0006, Manual Integration, current version.

 ENV-SOP-CORQ-0011, Method Validation, current version.

 ENV-SOP-CORQ-0015, Document Management, current version.

 ENV-SOP-CORQ-0016, SOP for SOP and SWI, current version.

 ENV-TMP-CORQ-0007,  Quality Manual Template, current version.

 COR-POL-0004, Code of Ethics and Professional Conduct, current version.

 COR-MAN-001, Pace® Safety Manual, current version.

 Standard Methods for the Examination of Water and Wastewater, Online Edition, 4500-CN- A, B, 
C, E, G, and I (1999, 2011, & 2016).

 EPA Test Methods for Evaluating Solid Waste.  SW-846, Third Edition, Update IV, 2/2007, Methods 
9010B and 9012A/B.

 MICRO-DIST™ Operation and Applications Manual, Lachat instruments, Part No. 01304, Revised 
May 2002, Method Cyanide-1.

18.0 REVISION HISTORY

Authorship
Primary Author1 Job Title Date Complete

Lenzie Boring Inorganics Manager 11/22/2022
1The primary author is the individual / role responsible for the content of this SOP.  Send questions or suggestions for 
content to the primary author.  See the Quality Manager for questions or concerns related to implementation of this SOP.

Revisions Made from Prior Version
Section Description of Change

Various Updated to new SOP template format and language

7.2 Updated Supplies needed for the Cyanide analysis

8.1 Updated Standards to reflect ISO certified standards

8.3.1 Added work solutions used at bench 

8.3.3 Added the MDL check reagent

9.1.2 Added better operating conditions and maintenance for the SEAL

9.4 Amenable prep steps added more instructions and other minor edits

Document Succession:  This version replaces the following documents:
Document Number & Version Document Title Effective Date:

ENV-SOP-LENE-0007 v02 Cyanide 11/30/2020
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Appendix A: Target Analyte List and LOQ

Table 1: Standard Analyte List and LOQ

Analyte CAS #
LOQ1

Aqueous
(mg/L)

LOQ1

Solid
(mg/Kg)

Cyanide (Total, WAD, and Amenable) 0.005 0.015
1 Values as of effective date of this SOP.  LOQ are subject to change, contact quality personnel for most current information.
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Appendix B: QC Summary and Corrective Action Table
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QC Item Frequency Acceptance Criteria Corrective Action Qualification

ICAL At instrument set up, 
after CCV failure

r  0.005

Curve must also pass 
RSE test at the low 
and midpoint 
calibration standard.

Identify and correct source of 
problem, repeat 

None.  Do not proceed 
with analysis

ICV After Each ICAL All analytes must be 
within ± 10 % of the 
true value.  (%R)

Identify source of problem, re-
analyze.  If repeat failure, 
repeat ICAL. Analysis may 
proceed if it can be 
demonstrated that the ICV 
exceedance has no impact on 
analytical measurements.  
For example, the ICV %R is 
high, CCV is within criteria, 
and the analyte is not 
detected in sample(s).

Qualify analytes with 
ICV out of criteria.  

CCV Daily, before sample 
analysis, after every 
10, and at end of 
analytical window.

Opening CCV: All 
analytes within ± 10 
%D
Ending CCV: All 
analytes within ± 10 
%D

See Section 12 for required 
corrective actions based on 
circumstance. 

Qualify analytes with 
CCV out of criteria.

Method Blank Matrix-specific; reagent 
water or inert material 
such as glass beads or 
Ottawa sand for soils. 
One per batch of up to 
20 samples

Result should be less 
than the reporting limit.

If results are reported 
to MDL, the MB must 
be evaluated to the 
MDL.

1) Re-analyze blank to 
confirm failure.

2) Qualify results and / or 
reanalyze associated 
samples.

Exceptions:
1) If sample ND, report 
sample without 
qualification
2) If sample result 
>10x MB report 
sample with 
appropriate qualifier 
indicating blank 
contamination.
3) If sample result 
<10x MB and sample 
cannot be reanalyzed 
report sample with 
appropriate qualifier to 
indicate an estimated 
value.  Client should 
be alerted of this 
condition.
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QC Item Frequency Acceptance Criteria Corrective Action Qualification

LCS Matrix-specific; reagent 
water or inert material 
such as glass beads or 
Ottawa sand for soils.  
One per batch of up to 
20 samples

Lab generated 1) Reanalyze the LCS to 
confirm failure

2) Re-prep and reanalyze 
associated samples.

3)  If problem persists, check 
spike solution

Exceptions:
1) If LCS > QC limits 

and these 
compounds are non-
detect in the 
associated samples, 
the sample data may 
be reported with 
appropriate data 
qualifiers.

2) If LCS < QC limits 
and sample cannot 
be reanalyzed report 
sample with 
appropriate qualifier 
to indicate an 
estimated value.  
Client should be 
alerted to this 
condition.

MS One per batch of up to 
20 samples.

Lab generated No corrective actions 
necessary.  If LCS recovery is 
in range, the system is 
considered valid and the out-
of-control MS/MSDs are 
footnoted appropriately by the 
analyst.

Sample 
Duplicate

One per batch of up to 
20 samples.

Lab generated No corrective actions 
necessary.  Report outliers 
with comment.

ICB Immediately after each 
Initial Calibration 
Verification Standard

Result should be less 
than the reporting limit.

If sample results are 
reported to MDL, the 
ICB must be evaluated 
to the MDL.

May be reanalyzed once. A 
second failure confirms and 
requires corrective action 
(e.g. re-preparation of 
standard(s) and/or 
recalibration)

Exceptions:
If sample results are 
reported to MDL and 
ICB is <RL but >MDL, 
then corrective action 
is not necessary other 
than appropriately 
qualifying the sample 
results. Unless the 
customer’s QAPP or 
technical specification 
instruct to do 
otherwise.
Samples that are <RL 
may be reported 
without qualification. 
(Not applicable to 
samples reporting 
down to MDL)
Samples >10x ICB 
may be reported with 
appropriate 
qualification.
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QC Item Frequency Acceptance Criteria Corrective Action Qualification

CCB Immediately after each 
Continuing Calibration 
Verification Standard

Result should be less 
than the reporting limit.

If sample results are 
reported to MDL, the 
ICB must be evaluated 
to the MDL.

May be reanalyzed once. A 
second failure confirms and 
requires corrective action

Exceptions:
If sample results are 
reported to MDL and 
ICB is <RL but >MDL, 
then corrective action 
is not necessary other 
than appropriately 
qualifying the sample 
results. Unless the 
customer’s QAPP or 
technical specification 
instruct to do 
otherwise.
Samples that are <RL 
may be reported 
without qualification. 
(Not applicable to 
samples reporting 
down to MDL)
Samples >10x CCB 
may be reported with 
appropriate 
qualification.
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1.0 SCOPE AND APPLICATION

This standard operating procedure (SOP) describes the laboratory procedure for the determination of 
sulfide in water samples by colorimetry by SM 4500 S2 D - 2000.

1.1 Target Analyte List and Limits of Quantitation (LOQ)

The target analytes and the normal LOQ that can be achieved with this procedure is 0.05 mg/L.

2.0 SUMMARY OF METHOD

  Sulfide reacts with N,N-dimethyl-p-phenylenediamine in the presence of ferric chloride to produce 
methylene blue, a dye whose absorbance is measured at wavelength maximum of 664 nm using a 
spectrophotometer.

3.0 INTERFERENCES

The sample must be collected with minimum aeration. Sulfide may be volatilized by aeration and any 
oxygen inadvertently added to the sample may convert the sulfide to an immeasurable form. Dissolved 
oxygen should not be present in any water used to dilute standards.

Color and turbidity may interfere with the observation of color or with the photometric readings.

Strong reducing agents interfere by preventing the formation of the blue color. Thiosulfate at 
concentrations of about 10 mg/L may retard color formation or completely prevent it. Sulfide itself 
prevents the reaction if its concentration is very high, in the range of several hundred milligrams per 
liter.

Ferrocyanide can interfere by producing a blue color similar to that of methylene blue.

4.0 DEFINITIONS 

Refer to the Laboratory Quality Manual for a glossary of common lab terms and definitions.

5.0 HEALTH AND SAFETY

Contact your supervisor or local safety coordinator with questions or concerns regarding safety 
protocol or safe handling procedures for this procedure

The following sections provide general health and safety information about chemicals and materials 
that may be present in the laboratory.

 The toxicity or carcinogenicity of each chemical material used in the laboratory has not been fully 
established. Each chemical should be regarded as a potential health hazard and exposure to these 
compounds should be as low as reasonably achievable. 
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 The laboratory maintains documentation of hazard assessments and OSHA regulations regarding 
the safe handling of the chemicals specified in each method. Safety data sheets for all hazardous 
chemicals are available to all personnel. Employees must abide by the health, safety and 
environmental (EHS) policies and procedures specified in this SOP and in the Pace® Chemical 
Hygiene / Safety Manual (COR-MAN-0001) 

 Personal protective equipment (PPE) such as safety glasses, gloves, and a laboratory coat must 
be worn in designated areas and while handling samples and chemical materials to protect against 
physical contact with samples that contain potentially hazardous chemicals and exposure to 
chemical materials used in the procedure. 

 Concentrated corrosives present additional hazards and are damaging to skin and mucus 
membranes. For procedures that require use of acids, use acids in a fume hood whenever possible 
with PPE designed for handing these materials. If eye or skin contact occurs, flush with large 
volumes of water. When working with acids, always add acid to water to prevent violent reactions.  
For procedures that that emit large volumes of solvents (evaporation/concentration processes), 
these activities must be performed in a fume hood or apparatus that reduces exposure.  

6.0 SAMPLE COLLECTION, PRESERVATION, HOLDING TIME, AND STORAGE

The laboratory provides containers for the collection of samples upon client request. Refer to 
laboratory SOP ENV-SOP-LENE-0107 for procedures related to preparation of bottle kits for the test 
method(s) associated with this SOP.

The laboratory performs samples collection for samples to be analyzed by this SOP in accordance 
with laboratory SOP ENV-SOP-LENE-0025.  Refer to this SOP for these instructions.  

General Requirements

Matrix
Routine
Container

Minimum
Sample Amount1 Preservation Holding Time

Aqueous
Plastic or 
glass (250 or 
500-mL)

10 mL
Thermal: 
Chemical: 1 mL 1N zinc acetate 
solution and 0.5 mL 50% NaOH.

Collection to Prep: 7 days
Prep to Analysis: Immediate

Aqueous 
Dissolved*

Plastic or 
glass (250 or 
500-mL)

10 mL

Thermal: 
Chemical: If containing Suspended 
Matter: Treat with AlCl3 in a 100 ml 
glass bottle add 0.2 ml of 6 N NaOH. 
Add 0.2 ml AlCl3.  Stopper, mix and 
allow to flocculate.  Let Settle and draw 
clear supernatant off.  Preserve 
supernatant as above for Aqueous

Collection to Prep: 7 days
Prep to Analysis: Immediate

1Minimum amount needed for each discrete analysis.

*Must be treated in the field.  

Thermal preservation is checked and recorded on receipt in accordance with laboratory SOP ENV-
SOP-LENE-0021.  Chemical preservation is checked and recorded at time of receipt or prior to sample 
preparation.

After receipt, samples are stored at  until sample preparation.  Prepared samples (extracts, 
digestates, distillates, other) are stored at  until sample analysis.   
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After analysis, samples are retained as stated in the Pace® standard terms and conditions, unless 
otherwise specified in the analytical services contract.  Samples are then disposed of in accordance 
with Federal, State, and Local regulations.

7.0 EQUIPMENT AND SUPPLIES

7.1 Equipment

Equipment Vendor Model/Version Description

UV-Visible 
spectrophotometer Shimadzu UV-1800

capable of reading 
absorbance
at 664 nm

Centrifuge
International 
Equipment 0644319 or equivalent

Adjustable Pipettor Eppendorf various
or equivalent

Volumetric Flasks
10,  50,100-
mL class A Fisher

Graduated Cylinder 10-mL, TD

Fisher / 08-
553B/ Class A

Magnetic Stirrer N/A
Fisher / 14-
259-265 or equivalent

7.2 Supplies

Item Description Vendor / Item # / Description

Stirbars 6 x 25mm, PTFE-coated Fisher / 14-513-94

Centrifuge tubes 50-mL, graduated Fisher / 06-443-19

8.0 REAGENTS AND STANDARDS

8.1 Reagents

Table 8.1

Reagent Concentration/ Description Requirements/ Vendor/ Item #

Reagent water ASTM Type II
SOP ENV-SOP-LENE-0131 (latest 
revision)

6N NaOH 6N / 4L RICCA Fisher / 7466-1
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8.2 Standards

Table 8.2

Reagent Concentration/ Description Requirements/ Vendor/ Item #

Sulfide Reagent Set Contains Sulfide Reagents #1 & #2 Hach / 2244500

Sulfide Standard Primary Ampule 1000 mg/L Absolute Standards / 54139

Sulfide Standard Secondary Crystalline Reagent / Strem Chem. Fisher / 50-901-13904

All reagents are stored in manufacturer recommended conditions.  Hach Sulfide reagents used 
are USEPA approved for reporting wastewater analysis, equivalent to Standard Method 4500-S2-
D.

8.3 Intermediate Sulfide Standards (Calibration)

Add 0.5 mL of Sulfide Standard to a 50-mL volumetric flask containing reagent water, dilute to 
the mark, and invert three times to mix. These standards are unstable and made daily.

8.4 Intermediate Sulfide Standards (Secondary Verification, Daily Linearity, 
Continuing Calibration)

Create a 1.25N NaOH solution by adding 10.41 mL 6N NaOH to 25 mL DI water in a 50mL 
volumetric flask and filling to the mark with DI.  Dissolve 3.5g Sulfide Crystals in the NaOH solution.  
Transfer this solution to a 500 mL flask containing ~100 mL DI water.  Fill to the mark and invert 
several times.  This will yield a 10 ppm intermediate standard. Store in 2 mL amber vials with no 
headspace.  Standard expires after 6 months or when daily linearity checks fail. 

8.5 Working Sulfide Standards 

Add varied aliquots of the intermediate calibration Sulfide Standard (see Table 10.2 below) to 10-
mL volumetric flasks containing reagent water, dilute to the mark, invert three times to mix and 
transfer to individual centrifuge tubes. Working standards are made daily.

Table 8.3 – Working Calibration Standard Preparation

Standard

Intermediate 
Standard

Amount (mL)

Final

Solvent

Final

Volume (mL)

Final

Concentration 
(mg/L)

CAL0 / ICB / CCB 0 Water 10 0

CAL1 0.05 Water 10 0.05

CAL2 0.2 Water 10 0.2
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Standard

Intermediate 
Standard

Amount (mL)

Final

Solvent

Final

Volume (mL)

Final

Concentration 
(mg/L)

CAL3  

CCVB / CCV / LCS 0.5 Water 10 0.5

CAL4 .75 Water 10 0.8

CAL5 / CCVA 1.0 Water 10 1.0

ICV 0.5 Water 10 0.5

Add 0.5 mL of Sulfide Reagent #1 to each working standard, swirl to mix.

Add 0.5 mL of Sulfide Reagent #2 to each working standard. Cap the centrifuge tube and 
immediately invert to mix. The solution will turn pink initially and then turn blue if sulfide is present. 

Wait five minutes and proceed to calibrate the instrument.

8.6 Second Source Verification (SSV/ICV/CCVA/CCVB/CCV) Standard

Add 0.5 mL of the working ICV sulfide standard to a 10-mL volumetric flask containing reagent 
water, dilute to the mark, invert three times to mix, and transfer to a centrifuge tube. 

Add 0.5 mL of Sulfide Reagent #1 and swirl to mix.

Add 0.5 mL of Sulfide Reagent #2. Cap the centrifuge tube and immediately invert to mix. The 
solution will turn pink initially and then turn blue if sulfide is present. 

Wait five minutes and proceed to verify the initial calibration.

9.0 PROCEDURE

9.1 Equipment Preparation

9.1.1 Support Equipment

Refer to Pace Analytical Services – Kansas SOP ENV-SOP-LENE-0030, Support 
Equipment, or equivalent replacement, for additional information on calibration 
requirements for support equipment that may be used in this procedure.

Balances are checked prior to use on each working day with NIST traceable references in 
the expected range of use, and the results are recorded in the logbook assigned to the 
balance.

9.1.2 Instrument 

9.1.2.1 Routine Instrument Operating Conditions

Turn on the spectrophotometer. The spectrophotometer should be on at least one hour 
before analyzing standards or samples.

Open the Sulfide method on the UV-Visible spectrophotometer. Ensure the wavelength is 
set to 664 nm.
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9.2 Initial Calibration 

The calibration curve is prepared at approximate six month intervals or as needed. The curve is 
verified immediately by an ICV and ICB. Daily confirmation is provided by the analysis of a CCVA, 
CCVB, CCV’s and CCB’s.

Pour the 0 mg/L standard into two cuvettes, place them into the reference and sample cells and 
zero the baseline.

Individually read the remaining calibration standards in the sample cell, leaving the 0 mg/L 
standard in the reference cell, to establish the curve plotting absorbance versus concentration. 

The correlation coefficient must be >0.995. Read back of the calibration standards is required. 
Using the curve parameters, enter the absorbance for each standard, calculate the observed 
concentration and record on the raw data.  

Save the method as Sulfide mmddyy.

9.2.1 Calibration Sequence

Order Sample ID Concentration mg/L

1 CAL0 0.000

2 CAL1 0.050

3 CAL2 0.200

4 CAL3 0.500

5 CAL4 0.750

6 CAL5 1.000

7 ICV 0.500

8 ICB 0.00

9.2.2 ICAL Evaluation

9.2.2.1 Curve Fit

Calibration Curve Fit – The calibration curve is a representation of the relationship 
of the instrument response and analyte concentration. The curve is used to 
quantitate the concentration of an unknown based on its response and this known 
relationship.

Linear Regression – The linear regression calibration curve is derived from a least 
squares regression analysis of the calibration points. A calibration curve based on 
this technique will have the format of y = ax + b where “a” is the slope of the line 
and “b” is the y-intercept. Linear regression is not forced through the origin; 
therefore, there is a possibility that very low levels of contaminants below the 
response of the lowest calibration point may generate erroneous reportable 
results. A calculation of the correlation coefficient “r” is used to determine the 
acceptability of a linear regressed curve.

9.2.2.2 Relative Standard Error (RSE)

Initial calibrations using linear regression must be evaluated for their relative error 
using the following equation:
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% Relative Error =
Calculated Value -  True Value

True Value
× 100

Back calculate the concentration of each calibration point in the calibration curve.  
The back-calculated and true concentrations should agree within ±10%.  At the 
lower limit of the operational range, acceptance criteria are ±50%.

9.2.2.3 Initial Calibration Verification

In addition to meeting the linearity criteria, any new calibration curve must be 
assessed for accuracy in the values generated. This verification process is known 
as Second Source Verification and it is performed using the standard referred to 
as the LCS. Accuracy is a function of both the “fit” of the curve to the points used 
and the accuracy of the standards used to generate the calibration points. By 
meeting the fit criteria, the accuracy relative to the goodness of fit is addressed. 
However, because all calibration points are from the same source, it is possible 
that the calibration points may meet linearity criteria but not be accurately made in 
terms of their true value.

Prepare and analyze the ICV as specified in Section 8 immediately after the initial 
calibration.

To assess the accuracy relative to the purity of the standards, a single standard 
from a secondary source must be analyzed and the results obtained must be 
assessed relative to the known true value.  This secondary source must be from 
an alternative vendor or, in the event an alternative vendor is not available, from a 
different lot from the same vendor.  The accuracy of the standard is assessed as 
a percent difference from the true value according to the following equation:

%Difference =  
(ResultICV – True Value ICV)

True ValueICV

9.2.3 Continuing Calibration Verification

As part of the analytical process, the instrumentation must be checked periodically to 
determine if the response has changed significantly since the initial calibration was 
established. This verification process is known as Continuing Calibration Verification 
(CCV). The validity of the initial calibration is checked after every ten samples and at the 
end of the analytical sequence by analyzing a midpoint calibration standard. The accuracy 
of the standard is assessed as percent drift from the true value according to the following 
equation:

%Drift =  
(ResultCCV – True Value CCV)

True ValueCCV

9.2.4 High (CCVA) and Low (CCVB) Check Standards

If an ICAL is not analyzed the day of analysis, then the validity of the initial calibration 
should be checked by the analysis of both a high check standard and a low check standard. 
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The accuracy of the standard is assessed as percent drift from the true value according to 
the following equation:

%Drift =  
(ResultCHK –True Value CHK)

True ValueCHK

9.3 Sample Preparation

9.3.1 Homogenization and Subsampling 

Refer to SOP ENV-SOP-LENE-0135, Sample Homogenization and Sub-sampling as 
needed for complex samples. 

9.4 Analysis

9.4.1 Example Analytical Sequence

Sample Cup No.

CCVA 1

CCVB 2

CCB 3

MB (Method Blank) 4

LCS (Laboratory Control 
Sample)

5

MS 6

DUP (Sample Duplicate) 7

Client Sample ID 8

Client Sample ID 9

Client Sample ID 10

Client Sample ID 11

Client Sample ID 12

Client Sample ID 13

CCV 14

CCB 15

Client Sample ID 16

CCV1 17

CCB1 18

Repeat Sequence as needed with CCV/CCB 
every 10 samples

9.5 Procedure

Ensure that the proper method is loaded in the spectrophotometer software.

Method Blank (MB) – Measure 10.0 mL of reagent water into a 50-mL centrifuge tube.

Laboratory Control Sample (LCS) - Measure 9.5 mL of reagent water into a 50-mL centrifuge tube 
and spike with 0.5 mL of the  IntermediateSulfide Standard.  This will yield a 0.5 mg/L 
concentration.
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Matrix Spike (MS) - Randomly select a sample from the analytical batch for matrix spiking.  
Measure 10.0 mL of the selected sample into a 50-mL centrifuge tube and spike with 0.5 mL of 
the Stock Sulfide Standard.  This will yield a 0.5 mg/L spike concentration.

Client Samples - Measure 10.0 mL of sample into a 50-mL centrifuge tube. The sample aliquot 
may be diluted first if the expected sulfide content is high. If the sample is high in sediment, do a 
dilution to prove the sample is not overloaded with sulfide.

Add 0.5 mL of Sulfide Reagent #1 to each QC and client sample, swirl to mix.

Add 0.5 mL of Sulfide Reagent #2 to each QC and client sample. Cap the centrifuge tube and 
immediately invert to mix. The solution will turn pink initially and then turn blue if sulfide is present.

Wait five minutes and proceed to analyze.

Dissolved sample procedure

Pour 20 mls of sample into a 50 ml centrifuge tube and centrifuge for 30 minutes.

Decant and volumetrically place 10 mls of sample into a centrifuge tube.

9.6 Data handling

Transfer the data file to S:WETCHEM/WETDATA/SULFIDE. Open Limslink and select the UV VIS 
SPEC method. After   reviewing the data,  post the data to EPIC PRO.

10.0DATA ANALYSIS AND CALCULATIONS

10.1 Quantitative Identification

This is a direct colorimetric procedure.  See the Interferences section.

10.2 Calculations

See the Laboratory Quality Assurance Manual for equations for common calculations.

11.0QUALITY CONTROL AND METHOD PERFORMANCE
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11.1 Quality Control

The following QC samples are prepared and analyzed with each batch of samples.  Refer to 
Appendix B for acceptance criteria and required corrective action.  

QC Item Acronym Frequency

Method Blank MB 1 per batch of 20 or fewer samples.  If batch exceeds, 20 
samples, every 20.

Laboratory Control Sample LCS 1 per batch of 20 or fewer samples.  If batch exceeds, 20 
samples, every 20.

Laboratory Control Sample Duplicate LCSD as requested by client

Matrix Spike MS 1 per batch of 20 or fewer sample.  If batch exceeds 20 
samples, every 20

Sample Duplicate SD 1 per batch of up to 20 samples

11.2 Instrument QC

The following Instrument QC checks are performed.  Refer to Appendix B for acceptance criteria 
and required corrective action.

QC Item Acronym Frequency

Initial Calibration ICAL Approximately every 6 months or as needed

Initial Calibration Verification (Second 
Source)

ICV Immediately after each initial calibration

Initial Calibration Blank ICB After each ICV, Low check or CCV

Continuing Calibration Verification CCV Every 10 samples and at the end of the sequence

Continuing Calibration Blank CCB Every 10 samples and at the end of the sequence

High Cal Check CCVA Daily prior to sample sunless initial calibration is run that 
day

Low Cal Check CCVB Daily prior to samples unless initial calibration is run that 
day

11.3 Method Performance

11.3.1 Method Validation

Refer to corporate SOP ENV-SOP-CORQ-0011 for general requirements and procedures for  
method validation.

Establish detection limits (DL) and limits of quantitation (LOQ) at initial method set up and verify 
the DL and LOQ on an on-going basis thereafter.  Refer to corporate policy and/or SOP for DL 
and LOQ requirements and procedures.  

12.0 DATA REVIEW AND CORRECTIVE ACTION

12.1 Data Review

The data review process of Pace® Analytical Services includes a series of checks performed at 
different stages of the process by different people to ensure that SOPs were followed, the 
analytical record is complete, and properly documented, QC criteria were met, proper corrective 
actions were taken for QC failure and other nonconformance(s), and test results are reported 
with proper qualification, when necessary.  
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The review and checks that are performed by the employee performing the task is called primary 
review. 

All data and test results are also peer reviewed.  

This process, known as secondary review is performed to verify SOPs were followed, that 
calibration, instrument performance, and QC criteria were met and/or proper corrective actions 
were taken, qualitative ID and quantitative measurement is accurate, all manual integrations are 
justified and documented, and approved in accordance with the Pace® Analytical Services SOP 
for manual integration, calculations are correct, the analytical record is complete and traceable, 
and that results are properly qualified. 

Lastly, a third-level review, called a completeness check, is performed by reporting or project 
management staff to verify the test report is complete.  

Refer to laboratory SOP ENV-SOP-LENE-0088 for specific instructions and requirements for 
each step of the data review process.

12.2 Corrective Action

Corrective action is required when QC or sample results are not within acceptance criteria.  

Refer to Appendix B for a complete summary of QC, acceptance criteria, and recommended 
corrective actions for QC associated with this test method.  

If corrective action is not taken or was not successful, the decision/outcome must be 
documented in the analytical record. The primary analyst has primary responsibility for taking 
corrective action when QA/QC criteria are not met.  Secondary data reviewers must verify that 
appropriate action was taken and/or that results reported with QC failure are properly qualified.  

Corrective action is also required when carryover is suspected and when results are over range. 

Samples analyzed after a high concentration sample must be checked for carryover and 
reanalyzed if carryover is suspected.  Carryover is usually indicated by low concentration detects 
of the analyte in successive samples analyzed after the high concentration sample. 

Sample results at concentrations above the upper limit of quantitation must be diluted and 
reanalyzed.  The result in the diluted samples should be within the upper half of the calibration 
range. Results less than the mid-range of the calibration indicate the sample was over diluted 
and analysis should be repeated with a lower level of dilution. If dilution is not performed, any 
result reported above the upper range is considered a qualitative measurement and must be 
qualified as an estimated value.   

13.0 POLLUTION PREVENTION AND WASTE MANAGEMENT

Pace® proactively seeks ways to minimize waste generated during work processes.  Some examples 
of pollution prevention include but are not limited to reduced solvent extraction, solvent capture, use 
of reusable cycletainers for solvent management, and real-time purchasing.

The EPA requires that laboratory waste management practices comply with all applicable federal and 
state laws and regulations.  Excess reagents, samples, and method process wastes are 
characterized and disposed of in an acceptable manner in accordance with the Pace® Chemical 
Hygiene Plan / Safety Manual. Refer to this manual for these procedures.
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14.0 MODIFICATIONS 

The procedures in this SOP have been modified from the reference test method as follows:

Modification Test Method Procedure Justification for Modification

The dissolved procedure in 
Section 9.14 above is a 
modified procedure used only 
when the client wants 
Dissolved Sulfide and does not 
flocculate in the field.

When applicable, comparability and/or equivalency studies necessary to validate the modification as 
required per corporate SOP ENV-SOP-CORQ-0011 are retained by local quality personnel for 
historical reference. 

15.0 RESPONSIBILITIES

 All PAS employees that perform any part this procedure in their work activities must have a signed 
Read and Acknowledgement Statement (R&A) in their training file.

 PAS supervisors and managers are responsible for training employees on the procedures in this 
SOP, implementing the SOP in the work area, and monitoring on-going adherence to the SOP the 
work area(s) they oversee. 

 Local quality personnel are responsible for tracking the currency of the R&A on this SOP for 
employees at the locations they are assigned to and for notifying the department leaders of overdue 
assignments.  

 All employees of PAS are responsible for following the procedures in this SOP. Unauthorized 
deviations or departures from this SOP are not allowed except with documented approval from the 
local Quality Manager and only when those deviations do not violate the Pace® Code of Ethics or 
Professional Conduct (COR-POL-0004) or associated policy and procedure(s). Hand-edits or 
manual change to the SOP are not permitted. If a change is desired or necessary, employees must 
follow the procedures for document revision specified in corporate SOPs ENV-SOP-CORQ-0015, 
Document Management and ENV-SOP-CORQ-0016, SOP for Creation of SOP and SWI. 

 Local quality personnel are responsible for monitoring conformity to this SOP during routine internal 
audits of work areas that utilize this SOP and for communicating gaps and deviations found during 
monitoring to the work area supervisor, who is responsible for correction of the situation. 

16.0 ATTACHMENTS

 Appendix B: QC Summary & Corrective Action Table

17.0 REFERENCES

 ENV-SOP-CORQ-0006, Manual Integration, current version.

 ENV-SOP-CORQ-0011, Method Validation, current version.
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 ENV-SOP-CORQ-0015, Document Management, current version.

 ENV-SOP-CORQ-0016, SOP for SOP and SWI, current version.

 ENV-TMP-CORQ-0007,  Quality Manual Template, current version.

 COR-POL-0004, Code of Ethics and Professional Conduct, current version.

 COR-MAN-001, Pace® Safety Manual, current version.

 Standard Methods for the Examination of Water and Wastewater, Method 4500-S2– D (2000).

 Methylene Blue Method 8131, Edition 5, February 2008, DOC316.53.01136, Hach Company.

18.0 REVISION HISTORY

Authorship
Primary Author1 Job Title Date Complete

Lenzie Boring Inorganic Manager 10/18/2022
1The primary author is the individual / role responsible for the content of this SOP.  Send questions or suggestions for 
content to the primary author.  See the Quality Manager for questions or concerns related to implementation of this SOP.

Revisions Made from Prior Version
Section Description of Change

Various Updated to new SOP template language

8.2 Updated standard to be ISO 17034

Document Succession:  This version replaces the following documents:
Document Number & Version Document Title Effective Date:

ENV-SOP-LENE-0109, v01 Sulfide by Methylene Blue 12/26/2019
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Appendix B: QC Summary
QC Item Frequency Acceptance 

Criteria
Corrective Action Qualification

ICAL At instrument set up, 
after CCV failure

Must meet one of 
curve fit options 
presented in 
Section 9.0.  
Curve must also 
pass RSE test at 
the low and 
midpoint calibration 
standard. ± 10% of 
the true value.  
(%R).  Low curve 
point must be 
within ± 50% of the 
true value.  (%R)

Identify and correct source 
of problem, repeat 

None.  Do not 
proceed with 
analysis

ICV After Each ICAL All analytes must 
be within ± 10% of 
the true value.  
(%R)

Identify source of problem, 
re-analyze.  If repeat failure, 
repeat ICAL. Analysis may 
proceed if it can be 
demonstrated that the ICV 
exceedance has no impact 
on analytical measurements.  
For example, the ICV %R is 
high, CCV is within criteria, 
and the analyte is not 
detected in sample(s).

Qualify 
analytes with 
ICV out of 
criteria if 
results are not 
affected (high 
bias ICV and 
ND results)  

CCV Daily, before sample 
analysis, after every 10, 
and at end of analytical 
window.

Opening CCV: All 
analytes within ± 
10 %D
Ending CCV: ± 10 
D

If the requirements for 
continuing calibration are not 
met, corrective actions must 
be taken prior to reanalysis 
of standards.  Only two 
analyses of the same 
standard are permitted back 
to back.

Qualify 
analytes with 
CCV out of of 
criteria.

Method Blank Reagent water, 1 per 
batch of up to 20 
samples

 RL 1) Re-analyze blank to 
confirm failure.

2) Qualify results and / or 
re-analyze associated 
samples.
Exceptions:
If sample ND, report 
sample without 
qualification

Qualify results 
and / or re-
analyze 
associated 
samples

LCS Reagent water spiked 
with sulfide standard, 1 
per batch of up to 20 
samples

80-120% Recovery 1) Reanalyze the LCS to 
verify failure

2) If problem persists, 
check spike solution

Exceptions:

1)     If LCS rec > QC limits 
and these compounds are 
non-detect in the associated 
samples, the sample data 
may be reported with 
appropriate data qualifiers.

If LCS rec > 
QC limits and 
these 
compounds 
are non-detect 
in the 
associated 
samples, the 
sample data 
may be 
reported with 
appropriate 
data qualifiers.
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QC Item Frequency Acceptance 
Criteria

Corrective Action Qualification

MS/MSD 1 per batch of up to 20 
samples

75-125% Recovery Report with Qualifier on the 
sample failing

As required

Sample 
Duplicate

1 per batch of up to 20 
samples

20% RPD Report with Qualifier on the 
sample failing

As required

Equipment 
Blank

Used if treated in the 
field

< RL Report with Qualifier on the 
sample failing

As required

Low CCV, 
High CCV

Daily prior to samples 
unless initial calibration is 
run that day

90-110% If not met, remake standard 
and recalibrate as needed

None

ICB After each ICV < RL 1) Re-analyze blank to 
confirm failure.

2) Qualify results and / or 
re-analyze associated 
samples.
Exceptions:

If sample ND, report 
sample without 
qualification

Qualify results 
and / or re-
analyze 
associated 
samples

CCB After each Low/High 
check or CCV

<RL 3) Re-analyze blank to 
confirm failure.

4) Qualify results and / or 
re-analyze associated 
samples.
Exceptions:

If sample ND, report sample 
without qualification

Qualify results 
and / or re-
analyze 
associated 
samples
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δD (Hydrogen Isotope Analysis) and δ18O (Oxygen Isotope Analysis) of H2O 

Equipment 

3mL syringes 
0.2 micron syringe filters 
2mL glass vials with septum caps 
Picarro CRDS (cavity ringdown spectrometer) model L1102-i fitted with a Leap autosampler 
 

Method/Procedure Water samples are individually filtered into 2mL vials with 0.2 micron syringe filters.  If 

samples are high salinity brines, they should be vacuum distilled prior to loading.  The vials are then loaded onto 

trays which are installed on the autosampler.  Samples are analyzed by the CRDS in replicate in accordance with 

the manufacturer’s recommendation. 

 

13C (Carbon Isotope Analysis) of Dissolved Inorganic Carbon (DIC) 

Equipment and Supplies 

Thermo GasBench II  
Thermo Delta V Plus 
12mL Exetainer® with septum cap 
Micro spin bar 
1mL syringe 
23G needle 
85% Phosphoric acid 
0.1N HCl 
 

Method/Procedure The 13C of DIC is determined by injecting up to 1 ml of sample water into a helium flushed 

12mL Exetainer® containing 0.1mL of 85% phosphoric acid and a magnetic spin bar. Sample size is determined 

based on alkalinity, which is measured by titration with 0.1N HCl.   

 The sample is stirred for a minimum of one hour and then allowed to equilibrate for 24 hours. At time of 

analysis the sample vials are placed in the GasBench tray. The CO2 generated is flushed out of the vial via a two 

port needle. Water is removed by two nafion traps, and pure CO2 is separated using a GC column. The CO2/helium 

mixture then enters the mass spectrometer and is compared against a reference standard a total of six times.   
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