
Mr. John Kieling, Acting Chief 
Hazardous Waste Bureau 

Department of Energy 
Carlsbad Field Office 

P. 0. Box 3090 
Carlsbad, New Mexico 88221 

DEC 1 4 2011 

New Mexico Environment Department 
2905 Rodeo Park Drive East, Building 1 
Santa Fe, New Mexico 87502-6303 

Subject: Waste Isolation Pilot Plant Contract Laboratory Standard Operating Procedure 
Updates 

Dear Mr. Kieling: 

This letter transmits a summary of the standard operating procedures (SOPs) used by the 
Permittees' contract laboratories for groundwater, volatile organic compound, and hydrogen 
& methane analyses that were updated during calendar year 2011. Enclosed is a CD-ROM 
containing updated electronic copies for the Waste Isolation Pilot Plant 2011 Lab SOP 
Portfolios. 

These revised SOPs are being provided to comply with Permit Attachment L, Section L-4c (3) 
and Attachment N, Section N-4e. 

We certify under penalty of law that this document and all attachments were prepared under 
our direction or supervision in accordance with a system designed to assure that qualified 
personnel properly gather and evaluate the information submitted. Based on our inquiry of 
the person or persons who manage the system, or those persons directly responsible for 
gathering the information, the information submitted is, to the best of our knowledge and 
belief, true, accurate, and complete. We are aware that there are significant penalties for 
submitting false information, including the possibility of fines and imprisonment for knowing 
violations. 

If you have any questions regarding these procedure updates, please contact Ms. Susan 
McCauslin at (575) 234-7349. 

a Ziemianski, Interim Manager 
ad Field Office 
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J. Davis, NMED 
T. Kliphuis, NMED 
R. Maestas, NMED 
C. Walker, Trinity Engineering 
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SUMMARY 

Contract Laboratory Standard Operating Procedures Used for the WIPP Groundwater 
Detection Monitoring, Volatile Organic Compound Monitoring, and Hydrogen & Methane 

Monitoring Programs, December 2011 

Part 1. Hall Environmental Analysis Laboratory (Groundwater) 

The Standard Operating Procedures (SOPs) for the contract laboratory, Hall Environmental 
Analysis Laboratory (HEAL), are listed below in the index table. HEAL subcontracts two 
analytical processes to Anatek Labs, Inc. (Anatek) and Columbia Analytical Services, 
Inc.(Columbia). The SOPs associated with these analyses are also included in the index table. 
The SOP from Anatek has changed and is summarized in an independent summary sheet with 
the attached electronic procedures for Method 6020. Attached SOPs from HEAL do not itemize 
the changes within the procedures or highlight these changes; however, the HEAL SOP change 
summary table summarizes the modifications. Procedures with changes are submitted in 
compliance with Permit Attachment L, Section L-~c(3). 

INDEX TO CONTRACT LABORATORIES STANDARD OPERATING PROCEDURES 

Hall Environmental Analysis Laboratory 

HEAL WIPP SOP List 

S-245.1 7470-3 No 

Semi-Volatiles 
Total Recoverable Metals, Dissolved 
Metals 

H 
anic Carbon 

Total Dissolved Solids 
Total Suspended Solids 
Alkali nit 
Anions 
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S-SM2710F-O No 
S-8260-10 Yes 
S-8270C-10 Yes 

Yes 
S-6010-8 
S-SM4500H+ 6 Yes 

S-TOC-5 Yes 
S-SM2540C-6 Yes 

S-SM2540D-3 Yes 
S-SM23208-6 Yes 

S-300.0-10 Yes 



' ' 

Anatek WIPP SOP List 

Total n No 

Hall Environmental Analysis Laboratory SOP Change Summary 

Standard 
Current Effective 

Analytical 
SOP No. Date 

Supersedes Summary of Changes 
Method 

EPA SW- S-8260-IO 8/26/2011 S-8260-9 Sections 1.2, 9.2, 9.2.1 and Table I were updated to replace the 
846 previous internal standard Fluorobenzene with Pentafluorobenzene, 
Method to include the new standard concentration and the analyte references. 
8260 Section I.3 was updated to reference the Laboratory Information 

(VOCs) Management System (LIMS) for the current Practical Quantitation 
Limit (PQLs). The annual requirement for all analytes to be spiked 
in the Laboratory Control Sample (LCS) has been extended from 
annually to every two years in section 6.15.4. The sample storage 
requirements were updated to clarify above freezing to 6°C in section 
7.2. Appendix I and a reference to the appendix in Section 10.5 
were included to detail the procedure for low-level soil analysis. 
Section II.3.I has been updated to clarify the qualification ion 
requirements for review and interpretation, including corrective 
action requirements. Appendix 2 and a reference to the Appendix in 
section I2.2.2 have been added to include a calibration curve 
summary form. Section 12.2.6.6 has been updated to increase 
control chart frequency from annually to twice per year. 

EPA SW- S-8270C-IO 8/26/2011 S-8270C-9 Section 1 .3 has been condensed and no longer includes the step-by-
846 step instructions for reviewing limits in the LIMS. The sample 
Method storage requirements were updated to clarify above freezing to 6°C in 
8270 section 7.4. Section 11.1.1 was updated to add the requirement for 
(SVOCs) calculating the tailing factor for Pentachlorophenol and Benzidine 

every twelve hours. Section 11.3 .1 has been updated to clarify the 
qualification ion requirements for review and interpretation, 
including corrective action requirements. The Appendix, as well as a 
reference to it in section 12.2.2, has been added to include a 
calibration curve summary form. 
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Standard 
Current Effective 

Analytical 
SOP No. Date 

Supersedes Summary of Changes 
Method 

EPA SW- S-6010-7 12/1/2010 S-6010-6 Section 3.2 references a PQL summary in Appendix A. Matrix 
846 specific Quality Control (includes matrix spike, matrix spike 

Method duplicate, post digestion spike, and dilution test) added in 4.9, 10.3, 

6010 16.3.C.3, 17.3.C and Appendix F. 7.1.A updated to reference the 
(Metals) maintenance logbook for the current hardware and software in use. 

7.4 updated to include re-pipettors. 8.3-8.5 details how to make and 
document the 2% and 5% Nitric acid solutions. Details were added 
to 8.6.E for the U, Sn, Sr and Si spike solution. 8.7.A, 8.9.A, 8.10.A 
and 8.10.B added the documentation requirements for spikes and 
standards. 8.7.C and 8.8.B outline the calibration and verification 
procedures for Sr. In 9.6 and 9.7 the hold time was corrected to 180 
days. Secure login added to 12.2.A. 13.5 added to include the 
formulas for Hardness and Sodium Absorption Ration (SAR). The 
Uncertainty formula was removed from 14.2 and now references the 
Quality Assurance Plan (QAP) for the formula. The Annual 
Documentation of Continued Proficiency (ADOCP) details were 
added to 14.3.B. 16.3.A.2 and 16.3.B.1 clarifY that an Relative 
Standard Deviation) of 5% is acceptable. 17 .l.E discusses corrective 
action for iron interferences. 17 .l.F details the procedure for 
reprocessing Boron and Cobalt using alternative Multi-component 
Spectral Fitting models. Added additional references to 20.0. 
Appendix H details the SAR procedure. There were minor 
grammatical corrections throughout the document. 

EPA SW- S-6010-8 8/31/2011 S-6010-7 Section 2.3 clarifies that results are never blank corrected. Section 

846 3.2 was updated to refer to the QAP for the Method Detection Limit 

Method (MDL) procedure and calculations. Laboratory Control Sample 

6010 Duplicate (LCSD) definition was added to section 4.9. Updated 
(Metals) materials section 7.0 to include flasks up to 1000 mL, and an 

analytical balance and glass syringes have been added. Details added 
to section 8.7 and 8.8 for thecal/spike and secondary standards. 
Section 9.2 clarifies that preservation is to have a pH <2. Sections 
10.3.A.1 and 10.3.B require the analysis of an LCSD when volume is 
insufficient for an Matrix Spike Duplicate (MSD). The 
Exchangeable Sodium Percentage formula has been added to section 
13.7. Section 14.1 updated Performance Test frequency from 
routinely to every 6 months. Uncertainty information was removed 
from section 14.2. Negative blank limits were added into the 
procedure in sections 16.3.A.3, 16.3.B.2 and 16.3.C.l. A note was 
added after section 16.3.C.2 to clarifY that the instrument LCS 
recovery should not be used as a final determination of pass/fail. In 
section 17.1 the allowable numbers of re-analyses for Quality 
Control (QC) failures was reduced from 2 to 1. The corrective action 
Procedure Summary in Appendix I is referenced in section 17.3.E. 
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Standard 
Current Effective 

Analytical 
SOP No. Date 

Supersedes Summary of Changes 
Method 

There were minor grammatical corrections throughout the document. 

Standard S-SM4500- 8/29/2011 S-SM4500- The sample storage requirements were updated to clarify above 
Methods H+-6 W-5 freezing to 6°C in Section 9.1 and the hold time for compliance 
SM4500- samples was changed to 15 minutes and non-compliance samples to 
W(pH) 24 hours. Section I 0.1.1.3.1 was updated to list an acceptable 

calibration slope up to I 02% from the previous I 0 I%. Section 
11.1. 7.6 clarifies Initial Calibration Verification instrument 
programming requirements. The uncertainty formulas have been 
removed from Section 132.3 and a reference to their location in the 
QAP has been included. 

Standard S-TOC-4 12114/2010 S-TOC-3 Section 3.1 was updated to reference the LIMS and not as an 
Methods addendum for the current MDLs. Section 7.6 removed the 
SM5310B requirement for amber sample vials. Section 7.9 was updated to 
(TOC) include the use of a 500-mL syringe. The procedure for making the 

second source standard in Section 8.3.2 was updated to state that the 
standard is now purchased pre-made from a vendor. 

Standard S-TOC-5 6/3/2011 S-TOC-4 Sections 4.2, 4.3, 10.2.1, 11.2.1 and 16.1.3.1 were updated to require 
Methods calibration verification after every tenth analysis instead of every 
SM5310B fifteen analyses. Section 16.l.l was included to detail the criteria the 
(TOC) instrument uses for determining replicate acceptability. Sections 

16.1.2.3 and 16.1.4.3 were updated to establish negative blank 
requirements. 

Standard S- 3/4/2011 S- Removed the allowance in section 3.0 to use Total Suspended Solids 
Methods SM2540C- SM2540C- (TSS) filters ifTSS is also to be determined. Section 7.0 updated to 
SM2540C 5 4 include a I 00-mL graduated cylinder and forceps as materials. 
(TDS) Section 9 .I updated to clarify that samples must be stored above 

freezing to 6°C. Sections 11.2 and 11.3 have been reworded to 
clarity the batch preparation procedures. Section 11.4.1 added to 
state the filtration apparatus is cleaned between each sample and to 
allow the reuse of filters until they are clogged or pose a risk of 
tearing. There were minor grammatical corrections throughout the 
document. 

Standard S- 9/14/2011 S- Section 13.2 was updated to require that the MDL study be 
Methods SM2540C- SM2540C- performed over a minimum ofthree days. Section 15.5 was changed 
SM2540C 6 5 from an acceptable MSD Relative Percent Difference of less than 
(TDS) 20% to less than or equal to 5%. 
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Standard 
Current Effective 

Analytical 
SOP No. Date 

Supersedes Summary of Changes 
Method 

Standard S- 3/4/2011 S- Section 9.1 was updated to clarify that samples must be stored above 
Methods SM2540D- SM2540D- freezing to 6°C. Section 11.2 extended the oven calibration 
SM2540D 3 2 frequency from monthly to quarterly. Added the HEAL Balance 
(TSS) Calibration SOP to the References in section 20.0. There were minor 

grammatical corrections throughout the document. 

Standard S-SM2320- 6/15/2011 S-SM2320- Sections 1.2.2, 7 .2, 11.1 were updated for the new pH meter. The 
Methods 5 4 procedure and calculations for C02 were added to 1.4 and 12.3. 
23208 PQL updated to 20 and low level procedure removed from Sections 
(Alkalinity) 1.3 and 2.1. 11.1.3 details the low-level procedure should it be 

needed. Materials added and updated in Section 7.0. Temperature 
storage requirements updated in 8.1 from </=6°C to 0-6°C. Details 
were added to 10.1.9.1 and 10.1.10.1 for the preparation of batch 
QC. 10.1.11 was updated to require that the LIMS Identification 
(ID) for spikes and standards be entered into the ID2 line of the 
automated instrument. 10.1.15.land 11.1.2.3.1 were updated for 
dilutions being made using 20 mL and to clarify how to document 
the reduced volume. 11.1.2.2.1.1 and 11.1.2.4.1.1 refer to the 
Variable Volume Pipette Calibration Check SOP for the proper 
handling ofpipettes. 13.3.1 and 17.4.2 added the use of control chart 
limits for the LCS. The uncertainty formula was removed from 14.1 
and a reference to the QAP was included. Details were added to 17.0 
and 18.0 to clarify data reduction procedures, and the Method Blank 
acceptable limits were updated from </= 2 to 20mg!L. Additional 
references were added in section 21.0. 

Standard S-SM2320- 8/29/2011 S-SM2320- Sections 3.3 and 13.2 were updated to require MDLs to be conducted 
Methods 6 5 annually in place ofPQL studies, and that they must be completed 
23208 over a minimum of three days. Section 8.1 was updated to clarify 
(Alkalinity) that samples must be stored above freezing to 6°C. Section 9.3 was 

added to require that a bracketing pH Continuing Calibration 
Verification (CCV) be analyzed every 20 samples and at the end of 
each batch. Section 17.5.1 establishes the acceptable CCV limit of 
+/- 0.1 and Section 18.3 defines contingencies for CCV failures. The 

blank correction procedure for PQL studies was removed from the 
calculations in section 12.0. 

EPA S-300.0-9 4/20/2011 S-300.0-8 Section 3.1 was corrected to state that MDL studies are done every 
Method six months. Section 7.1 was updated to include the Ion 
300.0 Chromatography System (ICS)-1500 and all of its associated 
(Anions) hardware. Section 8.4 has been updated to include mobile phase 

preparation for the ICS-1500. Details have been added to section 

8.5.1 for the calibration standard mixes. Sections 9.1.2 and 9.2.1 
have been updated to clarify that samples must be stored above 
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Standard 
Current Effective 

Analytical 
SOP No. Date 

Supersedes Summary of Changes 
Method 

freezing to 6°C. Sections 11.1.2 and 11.3.2 reference the 2-mL 
autosampler vials for the ICS-1500. Section 11.3.7 has been added 
to include requirements for the AS-50 autosampler. Section 13.3.2 
has been updated to require that for LCSs to be used for ADOCPs 
must be prepared from a second source. The justification for not 
conducting the bi-annual Linear Calibration Range in section 13.4.2 
has been replaced by a reference to the method for the procedure. 
Section 15.3 .3 .3 has been updated to reference the LIMS for the 
current limits instead of an SOP addendum. Section 16.3.3.5 
clarifies that Matrix Spike/Matrix Spike Duplicate results are not to 
be reported for analytes with values that exceed the range of the 
calibration curve. 

EPA S-300.0-10 8/31/2011 S-300.0-9 Section 3.1 was corrected to reference the LIMS for the current 
Method MDLs and not the addendum to the SOP. Sections 8.4.1.2.8 and 
300.0 8.4.2.2.9 have been added to require documentation on the eluent 
(Anions) bottle. Section 8.4.2.3 has been added to improve eluent traceability. 

Section 8.6.1 has been updated to require calibration standards be 
made fresh on the day of use. The procedure for evaluating 
calibration fits has been added to section 10.1.5. Section 11.3.2 
references the IC Analysis Summary sheet that has been added to 
Appendix H. Sections 11.3. 7 and 11.3.17 have been added to 
clarify that the instrument sequence list is the original documentation 
of sample dilution. Section 12.3 was updated to reference the QAP 
for the calibration calculations. 
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Contract Laboratory Standard Operating Procedures Used for the WIPP Groundwater 
Detection Monitoring, Volatile Organic Compound Monitoring, and Hydrogen & Methane 

Monitoring Programs, December 2011 

(Continued) 

Part 2. Carlsbad Environmental Monitoring and Research Center (Volatile Organic 
Compound Hydrogen and Methane Monitoring) 

The Standard Operating Procedures and Quality Assurance Project Plan used by Carlsbad 
Environmental Monitoring and Research Center (CEMRC), to provide contract analytical 
laboratory services are listed below in the following table. All of the procedures either had 
significant changes to the process or minor editorial changes. Procedures with changes are 
submitted in compliance with Permit Attachment N, Section N-4e. Changes are noted on the 
procedures in the Temporary Procedural Deviation Form, Revision History, and are highlighted. 

INDEX TO CONTRACT LABORATORIES STANDARD OPERATING PROCEDURES 

CEMRC,2011 

Procedure# Revision# Date Effective Date #of Revised -
temp. since last 
dev. submittal to 

NMED? 
OC-PLAN -001-003-020 1 06 3 05105110 May 5, 2010 1 Yes -

QAPP for VOCs EAS 
OC-PROC-002-005-021506 5 09/08/11 September 8, 20 11 0 Yes -
Prep Canisters Sample Trains 
OC-PROC-003-003-021706 3 05/03/10 May 3, 2010 2 Yes -

GCMS ofVOC EAS 
OC-PROC-004-004-021606 4 04119/10 April19, 2010 2 Yes -
Prep Cal Stds 
OC-PROC-005-005-0221 06 5 05/17/11 May 17,2011 0 Yes -
data validation 
OC-PROC-006-003-022006 3 05/03/10 May 3, 2010 2 Yes -
Gas Samples in passivated 
canisters 
OC-PROC-009-002-11 0907 2 09/08/11 September 8, 20 11 0 Yes -

Hydrogen Methane. 
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INDEX TO CONTRACT LABORATORIES STANDARD OPERATING PROCEDURES 

CEMRC, 2011 

Procedure# Revision# Effective Date #of Revised -
Date temp. since last 

dev. submittal 
to NMED 

OC-PLAN-001-003-0201 06 3 05/05/10 May 5, 2010 1 +1 temp dev 
OC-PROC-002-005-021506 5 09/08/11 Se_ptember 8, 2011 0 Yes 
OC-PROC-003-003-021706 3 05/03/10 May3, 2010 2 +1 temp dev 
OC-PROC-004-004-021606 4 04/19/10 Apri119, 2010 2 +1 temp dev 
OC-PROC-005-005-0221 06 5 05/17/11 May 17, 2011 0 Yes 
OC-PROC-006-003-022006 3 05/03/10 May 3, 2010 2 +1 temp dev 
OC-PROC-009-002-11 0907 2 09/08/11 September 8, 2011 0 Yes 



UNCONl~OllErD CO~Y 

TEMPORARY ~ROCEDURAL DEVIATION FORM 

C3rtsbllld En'o'lronmonml Monllorlng & RuNrcn C;nMor 

Till£~: Quality AeeurallCe Proied Plan 1or An~ lyijie; of VolnUie Ofganh; Compounds and! or 
Hydrt>g6n and 1\lelfnm~ in Canister Ssmpls 

OGQJment No: OC·PI.i\N-4J01 

Deviatioo: 

On P!IQ& 4. ~lion 5.0, read 'The VOC/HM an01l~·sis methods used at CBIIRC fm !he VOCMf'IHMMP 
ar& ba~ed on concep1s contained in two EPA (locurneflts: ( 1) EPA, Compendi~.tU MelhOO T0-1 ~ 
1999 <tncl ~.Z) EPA Draft (:.)nlfacl L~ll<Jrator~ PI'O!JrarYI Stalemenl iJ-j Work (CLP•SOW; Voblll& 
O!'{lBni~ AMIY£li3 (If Ambier1t M· C!lnif.lters, 1004). Hydro[)'n il.nd Melt'•fl.l"l"' anal~es ~ra oon•illcleli 
l)e!;:.eo Ofl rncttloos oorobltshMfOf us9 f1l-leads~c,. Gas Analysis tor WIPP wast8', 

It stlo~kl be ril!lld as; follows, 'T~ VOC ~t\g¥'1S mfllnllilS LI:OOO at CEMRC rot IM VOCMP are baoo1 on 
oor.oepts contsined in IJS EPA. Oomperu:tium Melhod TQ-15,. t999 anti EPA Drnft Gormac.-:1 
L~horatory Program Stmemmt of w.,rk {CLP·SOW~ volatJta (>l'g'aMICS Arta~'Sis of .Amb~nt ~.lr 
Cani~t-sr.s, 1994). Hvdrogen and t.Ae1hane analyses s re conduc-ted baaed an 4he concepts desmi:Jed 
in EPA Cc-npet"tium Method T0-16-, EPA CLP-SOW, EPA SW-846 82ruB, and ASTM 0·194J3 
(ASTM 2006)' 

Jl.lsllfi~tior~; Th~ afQremenliQood c.le\•iaticon is toeing implemented teo up<lste the re1erencoe ror Hydroowen 
amJ M9lh-~ne ar.a~l?!.>. 

Valid fQr~ _Unfll Next Revlaloo _____________________ _ 

STAFF TRAINING 

PJint Wilm~ 
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UNCONTROllED COf>Y 
QUALITY ASSURANCE PROJECT PLAN FOR ANALYSIS OF VOLATILE ORGANIC 

COMPOUNDS AND/OR HYDROGEN AND METHANE IN CANISTER SAMPLES 

l.OPREFACE 

This document describes the implementation of quality assurance plans specific to the analysis of 
volatile organic compounds (VOC) and hydrogen and methane (HM) for the "Volatile Organic 
Compound Monitoring Plan" and "Hydrogen and Methane Monitoring Plan," hereinafter 
abbreviated as VOCMP and HMMP, respectively, issued as Attachment Nand Attachment N1 of 
the Waste Isolation Pilot Plant Hazardous Waste Facility Permit. 

This document is an addendum to the Quality Assurance Plan for the Carlsbad Environmental 
Monitoring & Research Center (CP-QAP-004). As stipulated in the CP-QAP, a project specific 
addendum such as this lists and describes all quality-related requirements that are over and above 
or in variance with the minimum requirements specified by the CP-QAP. 

The purpose of the VOCMP/HMMP is to confirm that the concentrations of VOC/HM in the 
WIPP underground do not exceed permit-specified action levels. The Organic Chemistry (OC) 
group at CEMRC will be responsible for the VOC/HM analyses as specified in the Statement of 
Work (SOW) issued by WTS. As outlined in the SOW, the VOC/HM analyses done at CEMRC 
must be done in accordance with selected Quality Assurance (QA) Requirements from the 
American National Standards Institute, ANSVASME NQA-1 "Quality Assurance Program 
Requirements for Nuclear Facilities," specified in Table 1. 

Table 1. List of Applicable NQA-1 Requirements for VOC/HM 
Analyses 

Quality 
Element 

Item 
1 Org_anization 
2 Quality Assurance Program 
4 Procurement Document Control 
5 Instructions, Procedures, and Drawings 
6 Document Control 
7 Control of Purchases Items and Services 
8 Identification and Control of Items 

12 Control of Measuring and Test Equipment 
13 Handling, Storage, and Shipping 
15 Control ofNonconforming Items 
16 Corrective Action 
17 Quality Assurance Records 

Many of these NQA-1 requirements are addressed in the CP-QAP. In those cases where the 
requirements are covered, references to the appropriate sections of the existing documents are 
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given below, in some cases with additional clarification. The main purpose of this 
implementation plan is to provide information relating to the NQA-1 requirements not explicitly 
addressed in existing documents. 

1.1 Acronyms 

ANSI - American National Standards Institute 
CEMRC - Carlsbad Environmental Monitoring and Research Center 
CLP - Contract Laboratory Program 
DOT - Department of Transportation 
EPA - Environmental Protection Agency 
HM - Hydrogen and Methane 
HMMP - Hydrogen and Methane Monitoring Program 
M&TE - Measuring and Testing Equipment 
NMSU -New Mexico State University 
OC - Organic Chemistry 
QL\ - Quality Assurance 
QAP - Quality Assurance Plan 
~ - Quality Control 
SOP- Standard Operating Procedure 
SOW- Statement of Work 
VOC- Volatile Organic Compound(s) 
VOCMP- Volatile Organic Compound(s) Monitoring Program 
WIPP- Waste Isolation Pilot Plant 
WTS - Washington True Solutions 

2.0 ORGANIZATION 

The organizational structure for the CEMRC is presented in Section 2.0 Management of CP
QAP-004: this includes information on general responsibilities (Section 2.1), program oversight 
(Section 2.2), stop work and resume work authority (Section 2.3; see also CP-PROC-012, 
"Nonconformances and Non-Routine Events"), and resolution of disputes (Section 2.5). 

Briefly, the Director of CEMRC is responsible for ensuring that all work performed at CEMRC 
is done in accordance with all applicable professional, quality, and client standards. The 
responsibility for briefing the Director on quality assurance matters is one of the main duties of 
the Center's QA Manager. The QA Manager is also responsible for briefing the laboratory 
manager with regards to any relevant findings, issues, or concerns related to QA and QC 
procedures. Analysts are responsible for informing the laboratory manager of any trends in 
analyte recoveries, instrument performance, or any other significant factors that may affect 
quality. 

For the VOCIHM analyses, OC analysts are responsible for reviewing all batch quality control 
data against default or client-specified criteria. Data are subjected to peer or supervisory review 
for general compliance with routine QA criteria, and the laboratory manager conducts periodic 
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in-depth review of data submittals from the analysts. Both internal and external QA program 
reviews are performed as part of the managerial process. 

3.0 QUALITY ASSURANCE PROGRAM 

CEMRC has in place a quality assurance program that was established under ANSI/ ASME 
NQA-1. The CEMRC "Quality Assurance Plan" (CP-QAP-004) was approved by the Carlsbad 
Area Office of the US DOE on 26 September 2002. 

Additionally, the VOCMPIHMMP analyses comply with applicable requirements in "Quality 
Assurance Project Plan for Volatile Organic Compound Monitoring", WP 12-VC.02, current 
revision. 

4.0 PROCUREMENT DOCUMENT CONTROL 

Descriptions of the procedures used for procurements and procurement records may be found in 
CEMRC document CP-PROC-017, "Procurement of Items and Services", document CP-PROC-
023, "Assignment of a Quality Level for Procured Items and Services", and document CP
PROC-024, "Assessment of Supplier Qualifications and Procedure for the Addition of Suppliers 
to the Qualified Suppliers List". 

5.0 INSTRUCTIONS, PROCEDURES, AND DRAWINGS 

The VOCIHM analysis methods used at CEMRC for the VOCMPIHMMP are based on concepts 
contained in two EPA documents: (1) EPA, Compendium Method T0-15, 1999 and (2) EPA 
Draft Contract Laboratory Program Statement of Work (CLP-SOW; Volatile Organics Analysis 
of Ambient Air Canisters, 1994). Hydrogen and methane analyses are conducted based on 
methods established for use in Headspace Gas Analysis for WIPP waste. All work for the 
VOCMP/HMMP shall be performed in accordance with controlled, validated, and approved 
procedures that were developed based on the concepts in these documents. Validation of the 
procedures prior to routine analysis is required to establish applicability and to ensure that the 
established quality objectives are met prior to program initiation. 

SOPs for six unique activities related to the VOCMPIHMMP have been developed; these are to 
be consistent with the quality assurance objectives (precision, accuracy, sensitivity and 
completeness) and requirements established in the WTS SOW. The SOPs are to be maintained as 
controlled documents at the Center and they are listed in Table 2. 
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Table 2. List of Standard Operating Procedures used for the Confirmatory Volatile 
Organic Compound Monitoring Plan and Hydrogen and Methane Monitoring Plan 

Controlled 
Document Title 
Identifier 

OC-PROC-002 Preparation of Canisters and Sample Trains for Ambient Air Sampling 

Gas Chromatography-Mass Spectrometry Analysis of Volatile Organic 
OC-PROC-003 Compounds (VOC) in Ambient Air from Canisters at ppbv 

Concentration Levels 

OC-PROC-004 
Preparation of Calibration Standards in Specially Prepared Canisters 
for Analysis by Gas Chromatography/Mass Spectrometry 

Data Validation and Reporting of Volatile Organic Compounds from 
OC-PROC-005 Gas Chromatography/Mass Spectrometry Analysis of Ambient Air in 

Canisters for the WIPP Volatile Organic Compound Monitoring Plan 

OC-PROC-006 Receipt, Control, and Storage of Gas Samples in Passivated Canisters 

OC-PROC-009 
Analysis of Hydrogen and Methane in Passivated Canisters Using Gas 
Chromatography with Thermal Conductivity Detection 

6.0 DOCUMENT CONTROL 

Documents and files related to the VOCMP/HMMP are organized in such a way as to allow 
rapid and routine access to information regarding samples and data. The files are designed with 
the intention of assembling and archiving information on sample receipt, sample storage, sample 
processing, analysis, and QC/QA. Much of this information also is included in the hard copy or 
electronic data deliverables. 

The universal aspects of document control at CEMRC are covered in the following documents: 
CP-PROC-0 13, "Records Maintenance, Storage, and Establishment of a Filing System" and DC
PROG-00 1, "Document Control Program". 

7.0 CONTROL OF PURCHASES, ITEMS, AND SERVICES 

CEMRC scientists are required to use materials, equipment and services that have acceptable 
quality characteristics for all related work conducted at the Center. The purchase of items and 
services by the Center staff is controlled by procurement processes in accordance with NMSU 
procedures and regulations and with CEMRC documents CP-PROC-017, "Procurement ofitems 
and Services", CP-PROC-023, "Assignment of a Quality Level for Procured Items and Services", 
and CP-PROC-024, "Assessment of Supplier Qualifications and Procedure for the Addition of 
Suppliers to the Qualified Suppliers List". 

Particular attention is given to the following items which are considered to be quality related 
(specifications for these items are normally required for procurement purposes): 
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• calibration reference materials; 

• chemicals and reagents; 

• analytical instruments; 

• measurement and test equipment such as volumetric labware, analytical pipettes, 
balances, thermometers, pH meters; and 

• computer software 

Quality-related services include such critical functions as the calibration and repair of analytical 
balances and development of computer software. 

The laboratory manager or their designee shall be responsible for evaluating whether 
procurement requires quality-related specifications, and when appropriate, this requirement is 
noted on the Center's Purchase Request Forms. 

Items and services can be categorized into standard or special categories. Standard items and 
services are those that are typically considered to be "off-the-shelf' items or services, which are 
normally obtained from a vendor's stock or catalog of services. Specifications and descriptions 
for such items or services are typically supplied by the vendor when needed. Such items and 
services often require minimal procurement control. 

Special items and services are those that are critical, complex, or costly and are procured in 
accordance with specifications supplied by the analytical requirements for specific projects. The 
procurement of special items and/or services is reviewed by the laboratory manager or their 
designee, in addition to the QA Manager or their designee. When appropriate, the specifications 
are also reviewed by the CEMRC Director for compliance with applicable regulatory, 
contractual, and financial requirements. The director also gives the final approval for the 
procurement of special items and services. 

Certain quality related materials can be supplied with certificates that document testing results or 
other critical specifications from manufacturer or vendor. When procuring such materials, the 
OC group shall request any relevant certificates of content or verification of specifications. 
Similarly, during the procurement process, certificates for reagents, pipettes, secondary-standard 
balance weights, etc. may be requested. 

Purchase requisitions generated by the technical staff shall be reviewed and authorized for 
transmittal to the NMSU Purchasing Department by the laboratory manager. The review process 
shall include the review of quality-related specifications, delivery time requirements, chemical 
safety limitations, adherence to DOT regulations, NMSU policies, and special care, packaging 
and receipt requirements. 

Copies of all material/product certificates and certificates of conformance shall be kept in the 
CEMRC procurement documentation files. 
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8.0 IDENTIFICATION AND CONTROL OF ITEMS 

Identification and control of items at CEMRC is described in detail in Section 6.5 (Identification 
and Control of Items) of the CP-QAP. As noted above, the identification of quality-related items 
begins with the purchasing process, see Section 8.1 "Initiate Procurement" in CP-PROC-017, 
"Procurement of Items and Services." The next step in ensuring quality of items is in the receipt 
process, which is described in Section 8.4 "Receiving Standard Items" ofCP-PROC-017. 

Chemicals and reagents are routinely checked indirectly through the analysis of procedural 
blanks. Standards are other commonly used items requiring identification and control, and 
specific quality-related procedures for standards are described in CP-PROC-009, "Standards 
Log-in and Preparation." When questions about the purity of chemicals, reagents or standards 
arise, they are re-tested and if they are found to be outside acceptable control parameters, they 
either are replaced or purified. 

9.0 CONTROL OF MEASURING AND TEST EQUIPMENT 

Control of measuring and test equipment at CEMRC is described in detail in Section 6.4 of the 
CP-QAP. Quality-related measurement and testing equipment (M&TE) is identified in the SOPs 
for the VOCMP/HMMP, and these documents also contain information on calibrations and 
procedures to be followed when M&TE is found to be out of calibration. Log books are 
appropriately annotated with respect to the use of M&TE. Records of analysis include instrument 
and sample identifiers along with references to SOPs, and notes of any deviations. This 
information is routinely recorded in log books for the project. Control of M&TE equipment is 
accomplished by limiting access to the laboratories through the Center's security system as 
described below. Additional measures to prevent unauthorized access to M&TE equipment 
include password protection on computers that control the instruments. 

The CEMRC is housed in Light Hall, a 26,000 ft2 laboratory and office facility adjacent to the 
NMSU-Carlsbad campus. All activities for the VOCMP/HMMP are conducted in laboratories 
where the security and integrity of the equipment, samples and data can be controlled. Light Hall 
was built with an advanced system of electronic locks and key-card access, and the OC 
laboratories are kept locked at all times, limiting access to authorized personnel. The building is 
a closed building and all visitors are escorted. Samples, chemical reagents, standards, etc. are 
securely stored in the locked laboratories. 

The laboratories are cleaned regularly, with precautions taken to minimize the possibilities of 
contaminating samples. Temperature is monitored and recorded in a logbook in the room used 
for sample storage. Fluorescent lighting from the ceiling illuminates the bench tops and meets 
applicable OSHA standards. Provisions for the proper storage and disposal of chemical wastes 
are coordinated through the CEMRC Chemical Hygiene Officer. 
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10.0 HANDLING, STORAGE, AND SHIPPING 

The CEMRC OC laboratory will maintain the VOCMP/HMMP samples under chain-of-custody 
and will account for all samples and supporting records of sample handling, preparation, analysis, 
and disposal. The CEMRC OC laboratory shall maintain sample identity, sample custody, and all 
sample- and analysis-related records according to the requirements in CP-PROC-001, "Sample 
Tracking and Chain of Custody." These requirements are designed to ensure the following: 

• The custody, traceability and integrity of samples are maintained while in the 
possession of the OC laboratory 

• All sample-related activities (e.g. receipt, storage, preparation, analysis, reporting, and 
disposal) are recorded in notebooks or through some other acceptable means 

• All laboratory records for each specified sample group will be accounted for when the 
project is completed 

• All laboratory records directly related to VOCMP/HMMP samples are assembled and 
either delivered or made available to WTS 

The OC laboratory shall implement the following requirements for sample receiving, sample 
identification, sample security, sample storage, and sample tracking to ensure accountability of 
VOCMP/HMMP sample chain-of-custody as well as control of all WTS sample-related records. 

Sample Receiving. VOCMP/HMMP samples are received by the OC laboratory in accordance 
with the specifications in the client SOW and in the project related SOPs. The OC laboratory will 
make available a sample custodian for receiving VOCMP/HMMP samples. At the time of sample 
receipt, OC personnel shall sign and date any accompanying chain of custody or related forms in 
indelible ink to acknowledge receipt and accept custody. 

Upon receipt, the condition of shipping containers and sample containers shall be inspected and 
any problems recorded on a sample receiving and tracking log by the sample custodian or his/her 
designee. The OC laboratory sample custodian shall contact the appropriate WTS contact person 
to resolve any problems or discrepancies including but not limited to, absent documents, 
conflicting information, absent or broken custody seals, and unsatisfactory sample condition 
(e.g., leaking sample container, improper sample preservation). The OC laboratory shall record 
the resolution of problems and discrepancies by WTS. All sample discrepancies and their 
resolutions shall be recorded on a Sample Discrepancy Form, which shall be included in the 
batch data package. 

Sample Identification. The OC laboratory shall maintain the identity of VOCMP/HMMP 
samples and any prepared samples throughout the laboratory. Each sample and sample 
preparation container shall be uniquely labeled with this information, which also is recorded in 
the sample receiving and tracking log. 
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Sample Security. The OC laboratory shall designate and control storage areas for 
VOCMP/HMMP samples and any related samples. Requirements for monitoring of storage 
conditions and security specified in the SOW shall be appropriately documented. 

Sample Tracking. The OC laboratory shall record all activities performed on VOCMP/HMMP 
canisters and samples including, but not limited to, canister cleaning, canister certification, 
sample receipt, sample storage, sample preparation, and sample analysis. Documentation of 
sample tracking activities shall follow the procedures listed in Table 2. 

11.0 CONTROL OF NONCONFIRMING ITEMS 

"Nonconformances and Non-Routine Events" are the subject of CP-PROC-012. Records of 
instrument performance are maintained in instrument logs, and nonconforming items are tagged 
"Out of Service" as specified in the SOPs. Additional information on this issue may be found in 
Section 6.5, Identification and Control of Items, of the CP-QAP. As noted in the CP-QAP, 
nonconforming items shall be managed to prevent their inadvertent use and to prevent their 
recurrence. 

12.0 CORRECTIVE ACTION 

QC failures require implementation of the corrective actions specified in CP-PROC-012, 
"Nonconformances and Non-Routine Events" unless other criteria or considerations apply. For 
example, the analyst may believe that the standard corrective actions should not or cannot apply 
because the sample has been consumed or has in some way been compromised. In such cases, the 
laboratory manager must review and approve the data before they are forwarded for reporting. If 
non-conforming data are reported under such circumstances, a narrative explaining the reasons 
for not following the standard corrective actions must accompany the data. 

13.0 QUALITY ASSURANCE RECORDS 

QC samples and performance check standards are routinely utilized to ensure that analytical 
methods and equipment performance are within pre-established limits. The OC group has 
implemented a series of QC procedures to verify that the quality of measurements comply with 
specified performance requirements. The procedures include the use of reference standards, 
calibration and performance checks of measurement systems, computational checks, evaluation 
of quality control data, review of results, and verification and validation of data. Information on 
standards, calibrations, replicate analyses, laboratory performance blank(s), laboratory fortified 
blank(s), laboratory fortified sample matrix spike(s) duplicate analyses as defined in the SOPs 
will be incorporated in the hard copy data deliverables as required in the WTS SOW. 

CEMRC has instituted a document control and records management system to ensure that 
documents and records are legible, retrievable, traceable to the phase of work when they were 
recorded, and defensible. CEMRC procedures for management of Quality Assurance Records are 
specified in the CP-QAP-004, Section 11.3, "Data Documentation, Control, and Validation", and 
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in CP-PROC-013, "Records Maintenance, Storage, and Establishment of a Filing System" and 
DC-PROG-001, "Document Control Program". 

14.0 TRAINING 

Training is part of the routine operations at CEMRC, and mechanisms have been established to 
organize training and to maintain training records. Descriptions of the CEMRC training 
requirements can be found in CP-PROC-011, "Training and Qualification". 

15.0 REFERENCES 

EPA Method T0-15 "Determination of Volatile Organic Compounds (VOC) in Air Collected in 
Specially-Prepared Canisters and Analyzed By Gas Chromatography/Mass Spectrometry 
(GC/MS)", Compendium of Methods for the Determination of Toxic Organic Compounds in 
Ambient Air, Second Edition, January 1999. 

"Volatile Organics Analysis of Ambient Air in Canisters", USEPA Contract Laboratory Program, 
VCAAO 1.0, Publication 9240.1-18, EPA/540/r/085, PB95-963524, December 1994. 

EPA Method 8260B "Volatile Organic Compounds by Gas Chromatography/Mass Spectrometry 
(GC/MS)", Test Methods for Evaluating Solid Waste, Physical/Chemical Methods, SW-846, 
Third Edition. 

16.0 REVISION HISTORY 

Revision# 
0 
1 

2 

3 

Date 
11/20/02 
02/01/06 

04/18/08 

05/05/10 

OC-PLAN-00 1-003-020106 

Description 
Initial Document, released as EC-PLAN-026. 
Review and revision to reflect transfer of analysis responsibility to the 
Organic Chemistry group; Document released as OC-PLAN-001. 
Review and revision to incorporate requirements of current SOW, including 
hydrogen and methane analysis. 
Review and revision to incorporate requirements of current SOW; title of 
plan was revised. 

Page 10 of 10 



CARLSBAD ENVIRONMENTAL MONITORING 
& RESEARCH CENTER 

(CEMRC) 

PREPARATION OF CANISTERS AND SAMPLE TRAINS 
FOR AMBIENT AIR SAMPLING 

OC-PROC-002-005-021506-

Effective Date: September 8, 2011 

CARLSBAD ENVIRONMENTAL MONITORING & 
RESEARCH CENTER 

NEW MEXICO STATE UNIVERSITY 
1400 University Drive, Carlsbad, New Mexico 88220 

TELEPHONE (575) 887-2759 
FAX NUMBER (575) 887-3051 

Page 1 of23 



UNCONTROllED CO~Y 
PREPARATION OF CANISTERS AND SAMPLE TRAINS 

FOR AMBIENT AIR SAMPLING 

1.0 GENERAL DISCUSSION 

1.1 Purpose of Procedure 

Prior to the sampling of volatile organics in ambient air into passivated canisters, 
the canisters must be certified to be leak free and conducive to the stability/recovery 
of compounds of interest. Canisters must be cleaned using a cleaning process 
certified as effective in cleaning canisters. Traces of volatile organics left in 
canisters from previous sampling events can lead to erroneously high 
concentrations of volatile components in subsequent samples. All canisters must be 
certified as leak-free before use for sampling or standard preparation. A pressurized 
leak test will be used to certify sample canisters as leak-free. Canister leaks or the 
retention of target compounds on internal surfaces can lead to erroneously low 
values for volatile components. 

Any new canisters not certified by the manufacturer may also be certified as passive 
to target compounds held within the container over a one-week period. This is 
accomplished by preparing a spiked sample in the canister and analyzing once on 
the day of preparation and again seven days later. The stability/recovery of the 
spiked sample is determined by comparing the two analysis results. Canisters are 
proven to be inert to target compounds when the stability/recovery of the spiked 
sample has not significantly changed over the one-week time period. 

The cleaning process for canisters involves a series of pressurization/evacuation 
cycles, during which the canisters can be heated. Following cleaning, a canister is 
certified as clean by analyzing an aliquot of ultra high purity nitrogen from the 
canister for VOC, hydrogen, and methane. The certification blank analysis is used 
to determine whether significant levels of analytes are present in the canister. 
Canisters cleaned with a cleaning process that is proven effective that have been 
certified as leak-free and passive to target compounds are then evacuated to below 
50 mtorr to prepare them for use/storage. 

Canisters that have undergone recent maintenance (such as valve changes, etc.) 
must be re-certified as clean and leak free. Such canisters may require testing to 
determine the stability/recovery of target compounds. 

Prior to use of passivated sample train equipment in collection of field samples, 
sample trains must be cleaned and certified. Sample trains are cleaned by a flush of 
humidified, UHP nitrogen while the sample trains are heated. Following cleaning, 
one sample train per cleaning batch must be certified as clean. One train per batch 
is selected for collection of a certification sample, in which UHP nitrogen is pulled 
into a clean canister (usually 0.4L canister is used) through the sample train. The 
sample must be analyzed by GC/MSD and levels of each target VOC must be lower 
than 0.2 ppbv. 
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1.2 Measurement Principle 

System pressure may be monitored by use of a 0-50 psia pressure transducer 
attached to the system controller manifold. Typical canister pressurization during 
cleaning cycles is 25 to 30 psia. The output of the transducer may be monitored 
through the system controller software. System vacuum may be monitored by use 
of a Pirani gauge attached to the system controller manifold. The output of this 
gauge is monitored through the system controller software. Typical evacuation 
during operation of the molecular drag-pump is 10 to 50 mtorr. 

Canister cleanliness is determined through the measurement of the concentrations 
of compounds of interest in a blank nitrogen sample via gas chromatography with 
mass spectrometry for VOC and thermal conductivity detection for hydrogen and 
methane. One canister from each cleaning batch may be analyzed to demonstrate 
batch cleanliness. 

1.3 Measurement Interferences and Their Minimization 

Interferences can be introduced through improperly cleaned and certified canisters 
being used either for preparation of calibration standards or for sample collection. 
These interferences can be minimized through careful performance of the written 
procedures presented in this document. Interferences may also be introduced by 
contamination of the internal standard with a compound of interest. 

1.4 Personnel Responsibilities 

Laboratory personnel should verify that this procedure is the latest available 
revision by checking it against the version in H:\document control\oc. The latest 
revision of this document shall be in the VOC laboratory at all times. If this 
procedure is found to be unsatisfactory in any way and a procedure revision is 
required, notify the Lab Manager or designee. 

1.5 Definitions 

Blank Sample: An aliquot from a cleaned canister that has been filled with ultra
high purity nitrogen or zero air to a pressure of~ 15 psi g. 

Canister: A stainless steel pressure vessel of a desired volume (e.g. 6 L or 0.4 L) 
with an interior surface passivated by a specialized polishing and/or coating 
process. 

Contract-Required Quantitation Limit (CRQL): The lowest concentration of a target 
analyte, which will be reported under a given contract. The CRQL for each target 
analyte is defined in the contract Statement of Work and is the same as the Method 
Reporting Limit. 

Gas Chromatography (GC): An analytical technique used for separating compounds 
of interest. 
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Thermal Conductivity Detector (TCD) - An analytical detector commonly used 
with GC that senses changes in the thermal conductivity of a gas stream containing 
analytes in relation to a reference gas 

Mass Selective Detector (MSD) or Mass Spectrometer (MS): An analytical 
technique used for quantitative analysis and/or for the qualitative determination of 
the molecular composition of a sample. An MS consists of ionization of 
compounds to generate charged molecules, separation of ions based on their mass
to-charge ratio (m/z), and detection of the charge induced or current produced when 
ions interact with the detector's surface. 

Method Detection Limit (MDL): The minimum concentration of a target analyte 
that can be identified, measured, and reported with 99% confidence that the analyte 
concentration is greater than zero. 

Method Reporting Limit (MRL): The lowest concentration of a target analyte, 
which will be reported under a given contract. The MRL for each target analyte is 
defined in the contract SOW and is the same as the CRQL. 

Millitorr (mtorr): pressure measured in thousandths of a millimeter of Hg, usually 
measured relative to absolute zero pressure. 

Organic Chemistry COC): The CEMRC Organic Chemistry department. 

Percent Difference (%0): A method of comparing two values to one another in 
which the difference between an experimentally-determined value and a known 
value is divided by the known value and expressed as a percent. 

Ppbv: parts per billion volume. 

Psia: pounds per square inch of pressure, measured relative to absolute zero 
pressure. 

Psig: pounds per square inch gauge pressure, measured relative to local barometric 
pressure. 

Revolutions per minute (RPM): A unit of measure used by the high vacuum or 
molecular drag pump in the Entech Canister Cleaning system. 

Standard cubic centimeters per minute (seem): a measure of gas flow rate. 

Sample Train: A passivated air sampling apparatus used in the collection of ambient 
air samples. 

Spiked Sample: An aliquot from a canister spiked with a gas calibration-standard 
containing target compounds of a known concentration and pressurized with humid 
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ultra-high purity nitrogen or zero air so that the final nominal level of each target 
compound is ~ 10 ppbv. 

Statement of Work (SOW) - A written document describing the agreement of the 
client and contracted laboratory. The SOW includes, but is not limited to, technical 
tasks, quality assurance requirements, data reports and deliverables, and other 
considerations. 

Target Compounds: The compounds of interest as determined by the applicable 
SOW or contract. 

Ultra High Purity (UHP): A grade of reagent gas certified as free of impurities. 

Volatile Organic Compounds (VOC): An organic compound that has a high enough 
vapor pressure to be in the gas phase at ambient temperature and pressure. 

Waste Isolation Pilot Plant (WIPP): A deep geological repository for transuranic 
waste outside of Carlsbad, NM. 

Volatile Organic Compound Monitoring Program (VOCMP): A WIPP monitoring 
program designed to determine the concentrations of VOC in air inside and emitted 
from the underground repository. 

1.6 Safety 

Proper personal protective equipment shall be worn while performing this 
procedure. Samples and standards analyzed in this procedure may contain 
compounds which present a health hazard. Vent pressurized canisters in a snake 
vent or fume hood to avoid inhalation of the contents. During the cleaning cycle, 
caution should be used to avoid touching heated canisters. Use caution when 
handling tanks of compressed gas. Tanks should always be moved with caps in 
place. Eating or drinking in the laboratory is strictly prohibited. 

2.0 APPARATUS, INSTRUMENT, REAGENTS, AND FORMS 

2.1 Instrumentation and Apparatus 

2.1.1 Canister Cleaning System Description 

The Entech Model 3100 Canister Cleaning System comes equipped with a 
universal device backplane which provides a passive connection between 
the SmartLab® 110 Card device software installed in the instrument 
control computer and the Universal SmartLab® Control Card 
(UNICARD), which controls the valves, and other control devices within 
the system. Cleaning cycle parameters are input through the SmartLab® 
Instrument Control Software. 
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A diaphragm pump acts as a roughing pump to obtain a rough vacuum. 
The molecular drag-pump serves as the high-vacuum pump and will 
engage when the roughing pump brings the system down to a vacuum of 
1-2 psia or less. A stainless steel manifold with multiple canister 
attachment positions allows simultaneous cleaning of several canisters per 
cleaning batch. 

The cleaning system is an oven-based cleaning system. In this system, the 
cleaning manifold is placed in an oven, which heats the canisters during 
cleaning. There are two types of ovens. The smaller oven contains 
manifolds and connections for cleaning up to twenty mini-canisters with 
0.4 L capacity. A larger oven with six connections is available for six 
cleaning canisters with 6 L capacity. The larger oven shall be reserved for 
cleaning canisters used only for ambient level sampling. The advantage of 
using the oven-based canister cleaning system is that more even heating of 
the canisters is possible, which promotes better cleaning of heavier 
organic compounds. The oven based cleaning system employs separate fill 
and exhaust lines to effectively eliminate heavy and polar contaminants. 
For typical cleaning, the oven should be set to 80-100°C. The oven 
temperature must not exceed the limits of canisters, gauges, or sample 
trains. For example, if a pressure gauge is attached to the canister, the 
oven temperature should not exceed 80°C during cleaning. 

A diagram of the cleaning system is shown below. Note that the canisters 
and cleaning manifold are located inside the oven . 

Top H~wJIOO 
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2.1.2 Description of GC/MSD Analytical System 

An Agilent 6890/5973 or 6890/5975 Gas Chromatograph/Mass 
Spectrometer may be used to analyze the blank and spiked samples for the 
certification processes. The systems consist of a sample introduction 
system, a gas chromatograph, an ion source, and a quadrupole mass 
spectrometer. For ambient level canisters, an Entech 7100 Preconcentrator 
is used as the sample introduction system. A detailed description of this 
system and its operation may be found in OC-PROC-003. 

2.1.3 Description of GC/TCD Analytical System 

The Agilent 6890N GC/TCD instrument as configured at CEMRC 
consists of three major components: the gas chromatograph (including the 
column and oven), the TCD, and the MSD. The MSD portion of the 
configuration will not be utilized in this procedure. An equivalent 
GC/TCD may be used to analyze the blank and spiked samples for the 
certification processes. The Entech 7032A-L MiniCan™ Autosampler can 
introduce up to 21 samples from 400 mL or 1000 mL MiniCans™ or 3 
samples from 6 L canisters into the GC. A detailed description of this 
system and its operation may be found in OC-PROC-009. 

2.1.4 Maintenance of the Cleaning System 

The fittings and tubing in the cleaning system will require occasional 
replacement as leaks develop. Parts of the cleaning system may require 
occasional cleaning with methanol to remove organic contaminants. The 
solenoid valves may begin to stick after long use. Perform pump 
maintenance as described in the pump operator manual. The pump will 
need to be rebuilt on occasion. Solenoid valve and pump rebuild kits are 
available from Entech Instruments, Inc. 

Check the humidification chamber occasionally during operation of the 
cleaning system to assure that water levels are maintained according to the 
specification in the operator's manual. The chamber should be refilled 
using only ultrapure deionized water. 

Maintenance of the canister cleaning system shall be documented in the 
Canister Cleaning System Maintenance Logbook (See Section 7 .1.1 ). 

2.1.5 Sample Train Cleaning System Description 

The sample train cleaning system utilizes the Entech 4600 Dynamic 
Diluter. A pressurized canister of ultra-high purity nitrogen is connected 
to the Calibration Gas Inlet 1 port at the back of the Dynamic Diluter. The 
Calibration Gas Out port on the front of the Dynamic Diluter is connected 
to copper tubing leading into the oven. The gas line is connected to a 
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manifold fitted with Swagelok connections that connect to the inlets of the 
sample trains. 

2.2 Reagents and Gases 

Ultrapure Water: Deionized water with a specific resistance of 17.8 megaohm/cm 
or greater, free of ionized impurities, organics, microorganisms and particulate 
matter larger than 0.2 J.lm (available from the Barnstead® system located in the 
Environmental Chemistry Laboratory). 

Methanol: Reagent grade, for cleaning parts 

Gas Calibration Standards: cylinder(s) containing a known concentration of the 
compound( s) of interest 

Ultra-high purity nitrogen (UHPN): ;:::99.999% nitrogen 

2.3 Forms and Paperwork 

2.3.1 Stability Certification 

The stability certification process must be documented using a form 
similar to the Stability Certification Form (see Appendix A). 

2.3.2 Canister Cleaning and Leak Testing 

Canister cleaning and leak testing must be documented using a form 
similar to the Canister Cleaning Batch Form (See Appendix B). 

2.3.3 Sample Train Cleaning Batch Cleaning and Certification 

Sample train cleaning must be documented using a form similar to the 
Sample Train Cleaning Batch Form (See Appendix C). 

3.0 SAMPLE STABILITY SPIKE STANDARDS 

Gas calibration standard mixtures used to prepare canisters for the stability certification 
shall be purchased ready-made from a reputable supplier and shall come with a certificate 
of analysis. Standards shall be logged in to the appropriate Standards Logbook and be 
given a unique standard identification number according to CP-PROC-009, "Standards 
Log-in and Preparation." 
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4.0 PROCEDURE 

4.1 Pressurization Leak Test Procedure 

All canisters must undergo the pressurization leak test procedure before use for 
sampling. Follow the canister custody control and storage requirements of OC
PROC-006. 

4.1.1 
4.1.2 
4.1.3 

4.1.4 
4.1.5 

4.1.6 

4.1.7 
4.1.8 

4.1.9 

4.1.1 0 

4.1.11 

4.1.12 

4.1.13 
4.1.14 

Ensure that all canisters are at room temperature before proceeding. 
If the canister cleaning system is not already on, tum it on per section 4.2. 
Tum on the tank valve of the diluent/fill gas. Observe the regulator to 
ensure that there is adequate pressure in the tank. If the high pressure side 
of the regulator is reading less than I 00-200 psi, the tank should be 
replaced with a full tank prior to pressurizing canisters. The regulator 
should be set to an exit pressure of around 30-50 psig. Use of a higher 
pressure may result in inaccurate pressurization of canisters. 
Open all canister valves. 
Activate the "DILUENT" solenoid valve from the "RUN" screen in the 
software. 
When the pressure reading is around 43 psia (approximately 30 psig), 
click on the "ALL OFF" button to stop the fill gas and immediately close 
all canister valves. (Note: Alternatively, individual canisters may be 
pressurized using the "Pressurize" feature on the Entech Dynamic 
Diluter.) 
Remove the canisters from the cleaning system. 
If the canister cleaning system is not needed again, tum it off following 
steps 4.2.19.1- 4.2.19.3. Close the valve on the fill gas cylinder. 
For canisters without an attached pressure gauge, check for leaks in the 
canister valve by attaching a certified pressure gauge without opening the 
valve. Note: If a leak exists, the gauge reading will change over time. 
Canisters with leaking valves shall be tagged "Out of Service." On 
canisters with an attached gauge, the gauge reading represents the internal 
canister pressure even with the valve closed. 
Document the "Initial Pressure" readings and all other appropriate 
information required in section 2.3.2. The test pressure should be 30 ± 5 
psi g. 
Close the canister valve tightly. For canisters not having an attached 
pressure gauge, remove the pressure gauge. Place a "Leak Test in 
Progress" tag on the canister. Optionally, one canister in the batch may be 
tagged to show that the batch is being leak tested. 
Install a cap on the canister outlet. The valve alone should not be used to 
preserve sample pressure or vacuum. 
Repeat this until the initial pressures have been recorded for all canisters. 
After at least 24 hours following the initial pressure reading, attach the 
pressure gauge to each canister again (if needed) and document the "Final 
Pressure" readings along with all other appropriate information required in 
section 2.3.2. If the final pressure indicates a leak (see section 6.1 ), try to 
determine the cause and correct it. If the leak cannot be eliminated, the 
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canister should be tagged "Out of Service", segregated, and not used for 
sampling. 

4.1.15 Record the leak-test completion date/time and operator performing the 
leak test on the CEMRC canister tag for each canister. Remove any "Leak 
Test in Progress" tags. If the canister has not yet been cleaned, proceed 
with canister cleaning. For previously cleaned canisters, the blank nitrogen 
within the canister may be used to perform a blank check. Ensure that the 
CEMRC canister tag also shows the canister serial number. 

4.2 Canister Cleaning Procedure 

The Entech Canister Cleaning System is set up according to the manufacturer's 
instructions. The power to the system is usually left off to protect it from power 
fluctuations unless it is in use. Tubing connectors must be leak tight, but over 
tightening the fittings may also result in leaks. Ultra-high purity nitrogen should be 
used as the fill gas. Make certain to install the stainless steel plugs on the ends of 
the manifold compression connections when not being used to prevent 
contamination of the system. It is not necessary to cover the ends of the quick
connectors because they incorporate a valve which closes off when not in use. 

The system must be turned on following the five steps below in sequential order: 

I. Supply power to the roughing pump. 
2. Toggle the molecular drag-pump "Start" switch on the front of the 

controller unit. 
3. Wait until the green indicator light comes on under the "=27000 RPM" 

label near the molecular drag-pump controls. 
4. Enter the SmartLab® software on the control computer by clicking on the 

"31 00 CAN CLEANER" icon. 
5. Ensure that the "Link Active" indicator lights up on the front of the 

controller unit. 

Prior to cleaning canisters, the SmartLab® Instrument Control Software must be 
programmed for the correct number and lengths of desired pressure (soak) and 
evacuation cycles. The Canister Cleaning System may be programmed to allow 
filling and evacuation based on either a time or pressure basis. Choosing to fill and 
evacuate based on pressures rather than time can give a more consistent cleaning 
from batch to batch. In the case of canisters utilized for samples having very high 
levels of VOC compounds, it may be necessary to use heating of canisters and a 
greater number of cycles (1 0-20) to facilitate thorough cleaning. For general 
cleaning, Entech Instruments, Inc. recommends five cycles of pressurization and 
evacuation. The general use CEMRC cleaning procedure employs eight such 
cycles. 

4.2.1 In the software, either choose an already existing cleaning method or enter 
your own parameters for cleaning. For general cleaning of ambient level 
(ppbv) canisters, use the "CLEAN!" method. A new method can be 
created depending on the condition of the canisters to be cleaned. In 
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4.2.2 

4.2.3 
4.2.4 

4.2.5 

4.2.6 

4.2.7 

4.2.8 

4.2.9 

4.2.10 

4.2.11 
4.2.12 
4.2.13 

4.2.14 
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general, it is better to clean routine-sampling canisters in a separate batch 
from those suspected of having higher concentrations ofVOC. 
Before attaching canisters to the cleaning system, allow them to vent to 
atmospheric pressure in a fume hood or vent snorkel if the pressure 
exceeds 20 psig. 
Close the canister valves. 
Any flammable tags or cable ties on the canister should be removed prior 
to cleaning. 
Attach each canister to be cleaned to the manifold. For canisters having 
compression connectors, use care not to strip the nuts. If fewer than the 
maximum number of canisters are being cleaned simultaneously on a 
manifold, cap off all unused compression connector ports with a stainless 
steel cap and tighten securely. Quick-connectors contain a valve which is 
normally closed when not in use, so it is not necessary to cap them off. 
From the SmartLab® Instrument Control Software main menu at the 
control computer, enter the "RUN" screen. 
Click on the button next to the roughing pump and wait until the pressure 
reads 1.0-2.0 psia or less. 
Click on the button next to the high vacuum pump (i.e. molecular drag
pump) and wait 2-5 minutes for the vacuum readout to drop below 1 00 
mtorr. lfthe vacuum readout does not drop below I 00 mtorr, a leak exists 
in the canister connection or through the canister valve. Ensure that the 
canister valves are closed. Tighten each canister fitting one by one, if 
necessary, while monitoring the vacuum. Observe which one has the 
greatest effect on the vacuum reading. If the system uses quick-connect 
fittings, make certain that each fitting is properly seated. It may be 
necessary to remove the canister from the fitting, then reinstall it to obtain 
a good seal. If a quick-connect fitting is found to be leaking, it should be 
replaced, using a graphite-Vespel ferrule. Do not use stainless steel 
ferrules on the fused silica lined manifold connections. 
Once the system is leak tight, i.e., the pressure is below 100 mtorr, click 
on the "ALL OFF" button. 
Tum on the tank valve of the diluent/fill gas. Observe the regulator to 
ensure that there is adequate pressure in the tank. If the high pressure side 
of the regulator is reading less than 100-200 psi, the tank may not have 
sufficient pressure present to complete the cleaning cycle. The regulator 
should be set to an exit pressure of around 30 to 50 psig, depending on the 
number and sizes of canisters being cleaned. 
Open the canister valves. 
Click on "GO" and automated cleaning will commence. 
Make certain that the oven power is on and the temperature is set to 80-
1000C. Note: lf a pressure gauge is attached to the canister, the oven 
temperature should not exceed 80°C during cleaning. 
After the completion of the cleaning program and when the canisters reach 
a final vacuum below 50 mtorr, close all canister valves, using oven mitts 
to prevent bums. If canisters read a final vacuum below 50 mtorr, this is 
indicative that the canisters are leak free. This is a sufficient leak check for 
CEMRC canisters used in making standards. 
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4.2.15 

4.2.16 
4.2.17 

4.2.18 

4.2.19 

UNCONTROllED COPY 
Tum off power to the oven and leave the oven door open to facilitate 
cooling of the canisters. A fan may be used to speed up the cooling 
process. 
Record the appropriate information required in section 2.3.2. 
Document the cleaning date/time and operator performing the cleaning of 
the canister on the CEMRC canister tag. 
Remove the canisters and attach the canister tags. Ensure that the CEMRC 
canister tag also shows the canister serial number. Store the cleaned 
canisters until they are delivered to the client, conforming to the canister 
custody control and storage requirements of OC-PROC-006. 
If the canister cleaning system is not needed again, tum it off. Close the 
valve on the fill gas regulator. The system must be turned off following 
the four steps below ( 4.2.19.1 to 4.2.19.3) in sequential order. 

4.2.19.1 Turn off the cleaning system by first exiting the software. Use 
the "EXIT" button in the software, not the "close window" 
button, to close the software. 

4.2.19.2 When the "Link Active" light on the front of the cleaning 
system goes off, toggle the molecular drag-pump "Stop" switch 
on the front of the controller unit. The green light described in 
section 4.2, item #3, should go off after a few minutes. 

4.2.19.3 Turn offthe power switch on top ofthe roughing pump. 

4.3 Cleaning Certification Procedure 

The effectiveness of the cleaning procedure is demonstrated by analyzing a blank 
sample from a cleaned canister using the GC/MSD for VOCs and GC/TCD for 
Hydrogen & Methane. The procedure is proven effective when no target VOCs are 
present at a level equal to or higher than 0.20 ppbv for VOCs certification, while 
detection of Hydrogen & Methane must be at a level equal to or less than MDL for 
their certification. For ambient level canisters, the total concentration of identified 
target and non-target compounds present may not exceed 1 Oppbv (excluding 
internal standards and tuning compounds) for the canister to be considered clean. 
One canister from each batch may be used to perform a batch cleaning certification. 

4.3 .1 If the canister is not already pressurized, do so by following steps 4.1.1-
4.1.8 of Section 4.1, substituting 30 psia for the 43 psia in step 4.1.6. 

4.3.2 Attach a calibrated pressure gauge to the canister and document the 
appropriate information required in section 2.3.2. The preconcentrator 
pressure gauge reading in the "Smart Report" may also be used to read the 
pressure in the canister. 

4.3.3 Place a tag on the canister to show that it is being used to test cleaning 
effectiveness. Optionally, one tag may be placed on a single canister from 
a batch to indicate that the batch is being tested. 

4.3.4 Analyze each blank sample with the GC/MSD analysis system by the 
same procedure used to analyze samples, described in OC-PROC-003. 

4.3.5 Analyze each blank sample with the GC/TCD analysis system by the same 
procedure used to analyze samples, described in OC-PROC-009. 
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4.3.6 After analysis results have shown the canister(s) to be sufficiently cleaned, 

open the canister valve(s) to release the pressure to just above atmospheric 
conditions. 

4.3.7 Remove any tags placed on the canister(s) in step 4.3.3 and evacuate the 
canister as described in section 4.4. 

4.5 Canister Evacuation Procedure 

4.5.1 Ensure that all canisters are at room temperature before proceeding. 
4.5.2 If the canister cleaning system is not already on, turn it on per section 4.2. 
4.5.3 Open all canister valves to release any pressure. 
4.5.4 Install the canisters on the cleaning system. 
4.5.5 In the software, either choose an already existing evacuation method or 

enter your own parameters for evacuation. For general evacuation of 
ambient level (ppbv) canisters, use the "Evacuation!" method. A new 
method can be created depending on the condition of the canisters to be 
evacuated. (Alternatively, canisters may be evacuated manually: From the 
"RUN" screen, turn on the roughing pump. When the system vacuum is 
below 1-2 psia, turn on the high vacuum pump and allow the pumps to run 
until the system vacuum stabilizes (must be below 50 mtorr). Record the 
final system vacuum reading in the appropriate space on the canister 
cleaning form). 

4.5.6 Close all canister valves while the high vacuum pump is still running. 
Make sure the high vacuum pump is then turned off before removing 
canisters from the manifold, to avoid damage to the equipment. 

4.5. 7 Document the evacuation date/time, and the operator performing the 
evacuation on the CEMRC canister tag for each canister. 

4.5.8 Conform to the canister custody control and storage requirements of OC
PROC-006. 

4.5.9 If the canister cleaning system is not needed again, turn it off per steps 
4.2.19.1 to 4.2.19.3. 

4.6 Stability Certification Procedure 

Certification shall be performed on each new ambient level canister received by 
CEMRC, unless manufacturer documentation is provided to show that the canister 
is certified. The spiked sample should be prepared so that each target compound is 
at a concentration level of approximately 1 Oppbv. It is not necessary that the spiked 
sample is prepared exactly the same for each canister. What is important is that the 
final results compare to the initial results after the sample is held within the 
container for seven days, allowing for a 30% deviation. 

4.6.1 Evacuate a clean canister as described in Section 4.4. 
4.6.2 Place a tag on the canister to show that it is being used to test sample 

stability. 
4.6.3 Prepare a spiked sample at the 10 ppbv level according to OC-PROC-004. 

The gas calibration-standard must meet the requirements of Section 3.0. 
4.6.4 Record the appropriate information required in section 2.3.1. 
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4.6.5 

4.6.6 

4.6.7 

4.6.8 
4.6.9 
4.6.10 

4.6.11 

4.6.12 

4.6.13 

4.6.14 

4.6.15 
4.6.16 
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Repeat steps 4.5.1 to 4.5.4 for each canister requiring stability 
certification. 
Analyze each spiked sample with the GC/MSD analysis system by the 
same procedure used to analyze samples. 
Document the results and other appropriate information required in section 
2.3.1. 
Securely close the valve on each canister. 
Install the brass caps on all canister outlets. 
Allow the canisters to sit for seven days while conforming to the canister 
custody control and storage requirements of OC-PROC-006. 
At the end of seven days, reanalyze the spiked samples and document the 
results and other appropriate information required in section 2.3.1. 
Calculate the relative percent difference between the initial and final 
results. If it is less than ± 30% for all compounds of interest, the canister 
is certified as inert to target compounds. If not, see section 6.3. 
In a fume hood or snake vent, open each canister valve to release the 
spiked sample. 
Remove the tag placed on the canister in step 4.5.2 and place a tag on the 
canister to show that it needs cleaning. Cleaning certification should be 
done after cleaning to show that no traces of the spiked sample remain. 
Document the stability certification date on the canister. 
Complete and file the documentation required in section 2.3 .1. 

4.7 Sample Train Cleaning Procedure 

4.7.1 Configure the sample train cleaning system as described in section 2.1.4. 
4.7.2 Enter the SmartLab® software on the control computer by activating the 

NT4600 icon. 
4.7.3 Set the UHP nitrogen cylinder regulator to 5-8 psi, by decreasing regulator 

pressure to zero and slowly increasing to desired level while flushing the 
lines. 

4.7.4 Humidify the sample train by adding 100 f.LL of ultra pure water. 
4.7.5 Connect sample trains to flushing ports and tighten fittings with wrenches 

to ensure a good seal. 
4.7.6 Flush sample trains with UHP nitrogen for minimum of 2 hours at 

approximately 75°C. The general use CEMRC cleaning procedure 
employs 3 hours at approximately 75°C. Monitor temperature using digital 
thermometer at top of oven and ensure that a temperature of 80°C is not 
exceeded. 

4.7.7 After completion of flush, allow equipment inside of the oven to cool to 
room temperature prior to handling. The cooling process may be sped up 
by using a box fan to blow room air into the oven. 

4.8 Sample Train Cleaning Certification Procedure 

4.8.1 Set the UHP nitrogen cylinder regulator to 5-10 psi as described in section 
4.6.3. 
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4.8.2 Connect the UHP nitrogen source to the inlet of the sample train and an 
evacuated and cleaned 0.4 L canister to the outlet. 

4.8.3 Flush air through the sample train into the canister (generally 0.4 L), until 
the canister pressure is approximately 5-lOpsig (approximately 20 
minutes). Close the valve on the canister. Disconnect the canister from 
the sample train and manifold. 

4.8.4 Place a tag on the canister to show that it is being used to test cleaning 
effectiveness. 

4.8.5 Analyze blank sample for VOCs certification with the GC/MSD analysis 
system by the same procedure used to analyze samples, OC-PROC-003. 
The injected sample volume should be 100 mL, which is appropriate for 
the canister size (0.4L) and suggested pressure. 

4.8.6 After demonstrating that a batch of sample trains has been sufficiently 
cleaned, they may be returned to the client. 

4.8.7 Tags may be removed from the canister used in blank testing and the 
canister must undergo canister cleaning as described in section 4.2 before 
reusing for certification. 

5.0 QUANTIFICATION 

5.1 Analyte Quantification by GC/MSD 

For ambient level canisters, the GC/MSD must be calibrated according to the 
calibration procedure in OC-PROC-003 prior to analysis of blank or spiked samples 
associated with the canister cleaning or certification processes. Analyte 
concentrations are calculated by the instrument software using response factors 
normalized to internal standards. 

5.2 Analyte Quantification by GC/TCD (as applicable) 

For ambient level canisters, the GC/TCD must be calibrated according to the 
calibration procedure in OC-PROC-009 prior to analysis of blank or spiked samples 
associated with the canister cleaning or certification processes. Analyte 
concentrations are calculated by the instrument software using the appropriate 
calibration method file. Detailed description can be found in OC-PROC-009. 

5.3 Calculations 

The relative percent difference calculation for the stability determination is 
performed by the analyst using analyte concentration results. 

5.3.1 Sample Stability Calculation 

For the spiked sample analysis, the relative percent difference is calculated 
between peak response of the target analyte on the initial day of 
preparation and that on the analysis following the seven-day holding time, 
using the following equation: 
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Percent Difference (%D) ~ [ (C, ~ c,)} 100 

Where: 
Co= concentration of analyte at initial analysis 
C 7 = concentration of analyte after 7 day holding time 

6.0 QUALITY CONTROL 

To minimize interferences that may influence quantitation of analytes-of-interest, all 
canisters must be certified to be leak free and may be tested for the stability/recovery of 
target compounds. Also, canisters must be cleaned using a cleaning process certified as 
effective. Any canister incapable of passing the certification process will be evaluated to 
determine the cause ofthe failure, the problem corrected (if possible), and passed through 
the certification process again. Any canister failing certification for a second time will be 
tagged "Out of Service" and will not be used for sampling or standard preparation. If the 
canister is new, it shall be returned to the supplier for replacement. If the canister is not a 
new one and the cause of certification failure cannot be determined and corrected, the 
canister must be discarded. Canisters may require periodic re-certification as determined 
by the Laboratory Manager or designee if any unusual sample or analysis conditions exist 
which may indicate the need for re-certification. 

Table 1 
Canister Testing Requirements Summary 

Test Ambient Level Sampling Canisters 
Leak Test R~uired prior to use and after each cleaning. 

Cleanliness Test Required after cleaning for one canister in a cleaning batch or 
(Blank Check) as specified in the client's contract. 
Stability Test Required on all new CEMRC canisters. Required in case of 

(Spiked Blank Stability) canister malfunction or repair. 

6.1 Leak Test 

During the pressurized leak test, the difference between the initial and final 
pressures recorded for the canister should not vary by more than ±2.0 psig. Any 
significant changes over a 24-hour period of pressurization may indicate that 
compounds are off-gassing from the canister walls or that the valve and weld seams 
are not leak tight. Either situation must be corrected and the canister shown to be 
leak tight prior to use. Any canisters that repeatedly fail the leak test must be set 
aside and tagged "Out of Service." 

6.2 Cleanliness Certification 

No target compound shall be present above its MDL for hydrogen and methane and 
~ 0.20 ppbv for all target VOC compounds for any canister. For ambient level 
canisters, the total concentration of identified target and non-target compounds 
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present, excluding internal standards and tuning compounds shall not exceed 10 
ppbv for a cleaned canister to be considered "clean". If analysis results of a blank 
sample show that these limits are exceeded, the canister must be put through 
another cleaning cycle before analyzing another blank sample. If it fails again, it 
must be set aside and tagged "Out of Service." 

6.3 Stability Certification 

The stability certification is intended only for canisters used in ambient level 
testing. It is not required by the WIPP permit, but should be performed on CEMRC 
canisters purchased for use in preparation of calibration standards. At ppbv 
concentration levels, it is important to show that canisters do not possess active sites 
which may adsorb significant amounts of compounds of interest. Adsorption on 
active sites can lead to lower recovery of certain compounds over time. 

For the stability certification, the acceptable relative percent difference for any 
target compound at a nominal 1 0-ppbv concentration in humidified air or ultrapure 
nitrogen is ± 30%. A greater percent difference indicates a problem with the 
canister (e.g. leaky seams or active sites on the canister interior). Any problem with 
sample recovery or stability must be resolved, after which the canister shall be 
cleaned again and undergo a second stability certification. If, after a second 
analysis, the percent difference is still unacceptable, the canister must be set aside 
and tagged "Out of Service". 

The stability certification should be done before use of the canister for the first time 
and is not repeated unless unusual sample or analysis conditions exist which 
indicate the need for re-certification. 

7.0 QUALITY ASSURANCE 

7.1 Documentation 

Stability certification, leak testing, and cleaning activities shall be properly 
documented and maintained. See appendices for examples of forms that may be 
used to document these activities. 

7.1.1 Cleaning System Maintenance Logbook 

A Cleaning System Maintenance Logbook shall be maintained which shall 
include records of all cleaning system maintenance, such as parts cleaning 
or replacements, malfunctions and their resolutions, and any routine 
maintenance performed. The maintenance log shall include the operator's 
initials or signature, date maintenance was performed, and a detailed 
description of what was done. 
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7.1.2 Stability Certification Forms 

Forms documenting the stability certification process are completed and 
filed for all canisters used by the CEMRC for either sampling or 
preparation of standards at ppbv concentration levels. This form 
documents the preparation of spiked samples for determining if samples 
were prepared accurately and consistently. It also documents the analysis 
results of the spiked samples. No new canister should be used prior to 
performance of the stability certification procedure unless the canister is 
documented as certified from the vendor or provider. If vendor 
documentation is used (such as Entech canister certification tags) in place 
of CEMRC certification documents, the vendor documentation must be 
kept. 

7.1.3 Canister Cleaning Batch Forms 

A canister may not be used for preparation of standards or provided to the 
client for sampling without proper documentation of cleaning and leak 
testing activities. Copies of Canister Cleaning Batch forms shall be kept 
with their respective canister cleaning data packages. 

7 .1.4 Client Canister Cleaning Data Package 

For samples cleaned under the WIPP VOCMP, a data package will be 
provided to the client along with the cleaned canisters. The canister 
cleaning data package will include the canister cleaning batch forms and a 
summary of cleaning results, and may include the instrument results of the 
cleaning blank runs, sample receiving and tracking form, and removal 
from service forms, if applicable. Spiked blank recovery data may be 
included with data packages where canister certification is requested. 
Canisters will be packaged in boxes or containers for return to the client. 
Tamper-resistant labels may be used to seal shipping containers, where 
applicable. Cleaned canisters, a chain-of-custody form, and cleaning 
documentation may be picked up by client representative at the time of 
delivery of new samples. Alternately, they may be delivered by a CEMRC 
employee at the client's request. Recent copies of chain-of-custody forms 
for cleaned canisters returned to the client shall be maintained in the VOC 
Chain-of-Custody Logbook until archived. 

7.1.5 Sample Train Cleaning Batch Forms 

A sample train may not be returned to the client for use in sampling 
without proper documentation of cleaning activities. Copies of Sample 
Train Cleaning Batch forms shall be kept with their respective sample 
train cleaning data packages. 
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7.1.6 Client Sample Train Cleaning Data Package 

For sample trains cleaned under the WIPP VOCMP, a data package will 
be provided to the client along with the cleaned canisters. The sample 
train cleaning data package will include the sample train cleaning batch 
forms, a summary of the cleaning results, and the instrument results of the 
cleaning blank runs. Sample trains will be returned to the client in the 
packaging they were delivered in, if applicable, with the cleaning 
documentation. 
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10.0 APPENDICES 

Appendix A: Stability Certification Form 
Appendix B: Canister Cleaning Batch Form 
Appendix C: Sample Train Cleaning Batch Form 
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Appendix A: STABILITY CERTIFICATION FORM 

Waste Isolation Pilot Plant Volatile Organic Compound Monitoring 

Client:-------

Canister Number: --------- Canister Volume:-------

Date/Time Prepared: -------- Prepared By: ---------

Standard (for Spiked Blank) 

CEMRC Standard ID#: 

Standard concentration (ppbv): 

Standard expiration date: 

Spiked Sample Prep (Dynamic Diluter used) 

Standard Volume Added: 

Diluent Volume Added: 

Fill gas used: ultra-high purity nitrogen Lot#: 

Approximate Concentration (ppbv) 

List of target compounds required (* additional requested analytes) 

COMPOUND NAME Cone. Required (ppbv) First Analysis Second Analysis Relative% 
Results (ppbv) Results (ppbv) Difference 

Carbon tetrachloride -10 

Chlorobenzene -10 
Chloroform -10 
1,1 Dichloroethylene -10 
1 ,2-Dichloroethane -10 
Methylene chloride -10 
1,1 ,2,2-Tetrachloroethane -10 

Toluene -10 
1 , 1 , 1-Trichloroethane -10 

Benzene* -10 

Trichloroethylene * -10 

Tetrachloroethylene * -10 

Chloromethane* -10 

trans-1 ,2-Dichloroethylene* -10 

1 ,2,4-Trimethylbenzene* -10 

fl,m-Xyjene* -20 

Trichloromonofluoromethane* -10 

Comments: 
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Appendix 8: CANISTER CLEANING BATCH FORM 

CLEANING, LEAK TEST, CERTIFICATION, AND EVACUATION FORM 

Client: _____ _ 

Cleaning/Leak Test: 

Cleaning Date & Time: _________ _ Performed By: --------

System Used: Entech 3100 Method: Clean 1 

No. Of Cycles: 8 Cycles Heat Used: 1-8 

Gauge Used : ____ _ Fill Gas Lot#: ________ _ 

Performed By: -------- Performed By: --------

Canister Initial Initial Pressure Final Final Pressure 
Number Pressure Date & Time Pressure ·Date & Time 

Reading Reading 
_illsig) (psig) 

Cleaning Batch Certification: 

Pre-Certification Pressure@ -15 psig? (Initials): __ _ 

Batch-Certification Canister Number: -----

Batch-Certification Injection ID 

VOC injection ID: ________ _ HM injection ID: ________ _ 

Canister Pressure (psia): ___ (from Preconcentrator QC Report) 

Canister Evacuation: 

Evacuation Date & Time: _________ _ Performed By: __ _ 

Evacuating System: Entech 3100 Final Vacuum Reading (mtorr): ___ _ 

Canisters from Data Package: ----------

Comments: ____________________________ _ 
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Appendix C: SAMPLE TRAIN CLEANING BATCH FORM 

Client: ____ _ 

Cleaning: 

Cleaning Date & Time:---------- Performed By: ___ _ 

System Used: Entech 3100 

Flush Gas Lot#: ----------

Sample Train High-purity 
SIN water added 

(100 IJL) 

Cleaning Batch Certification: 

Batch-Certification Sample Train SIN: ____ _ 

Batch-Certification 0.4L Canister S/N: -----
Pre-Certification Pressure > 5 psig? (Initials): 

Batch-Certification Injection ID: -----------

Canister Pressure (psia): ____ (from Preconcentrator QC Report) 

Comments: 
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GAS CHROMATOGRAPHY -MASS SPECTROMETRY ANALYSIS OF 
VOLATILE ORGANIC COMPOUNDS (VOC) IN AMBIENT AIR FROM 

CANISTERS AT PPBV CONCENTRATION LEVELS 

1.0 GENERAL DISCUSSION 

1.1 Purpose 

The purpose of this procedure is to describe the analysis of VOC in ambient air as outlined 
in EPA Methods T0-14A and T0-15. The VOC are separated by gas chromatography and 
identified and quantified by a mass spectrometer. This method is applicable to specific 
VOC that have been tested and determined to be stable when stored in pressurized and sub
atmospheric pressure canisters. Compounds of interest are defined by the statement of work 
for a given project. The instrument commonly used for these analyses is a GC/MSD 
operating in the scan mode. This procedure is intended for use by trained analysts; it is not 
intended to provide step-by step-instructions on the operation of the instrument. The user is 
referred to the instrument manuals for detailed operating instructions. 

1.2 Measurement Principle 

An aliquot of air sample from the sample canister is introduced into the Entech 7100 
preconcentrator. Compounds of interest are concentrated and prefocused, while most water 
vapor and carbon dioxide are removed from the sample. The sample then passes into GC. 

The analytes are introduced into a GC column within an oven, via the helium carrier gas. 
Oven temperature may be either held steady or increased at a specified ramp rate during the 
run according to the components to be separated in the samples. The GC column is coated 
with a polysiloxane film. Compounds will interact with the surface of the column based on 
their chemical and physical properties, namely vapor pressure. The strength of these 
interactions relates to the time that the compound is retained on the column. With 
appropriate oven temperature and carrier gas flow settings, controlled by the instrument 
software, compounds of interest can be separated from each other based on their different 
retention times. 

Upon exiting the GC column, analytes pass through a heated interface and enter an ion 
source. The ionization technique used by the source is electron ionization, in which 70eV 
electrons enter the ionization chamber, guided by a magnetic field. The electrons interact 
with the sample by ionizing molecules and inducing fragmentation. The positive voltage on 
the repeller pushes the positive ions into the lens stack, where they pass through several 
electrostatic lenses. These lenses concentrate the ions into a tight beam, which is directed 
into the mass filter. 

The mass analyzer, or mass spectrometer, separates the ions according to their mass-to
charge ratio. The types of mass analyzers in use at CEMRC are quadrupole instruments. 
The quadrupole mass analyzer is a mass filter constructed of four, parallel conductive, rods 
of gold-metalized fused-silica (quartz). The four hyperbolic surfaces create the complex 
electrical fields necessary for mass selection. Only ions of a particular mass-to-charge ratio 
can pass through the detector at any instant. A combined direct current (de) and radio 
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frequency (RF) signal is applied to the two pairs of rods. The magnitude of the RF voltage 
determines the mass-to-charge ratio of the ions that pass through the mass filter and reach 
the detector. The ratio of dc-to-RF voltage determines the resolution (widths of the mass 
peaks). 

During data analysis and quantitation, the detector response to a specified mass-to-charge 
ratio at a specified retention time is integrated and the area response is used in the 
concentration calculation. The detector response is normalized to the response of an internal 
standard, introduced at a known concentration. Normalization of sample responses to the 
internal standard responses corrects for instrument drift. The normalized analyte response is 
called a response ratio. The response ratio is used to calculate the concentration ratio of the 
analyte relative to the internal standard, by interpolation from a multi-point calibration curve 
developed from calibration standards. Finally, the concentration ratio is converted to a 
concentration by multiplying by the internal standard concentration. 

Compounds are identified based on the spectrum of ions produced during ionization of the 
component. Relative peak heights of different ions are compared to known spectra in the 
current National Institute of Standards & Technology (NIST) Mass Spectral Library to 
determine the probable identity of all tentatively identified compounds. Results of library 
search values are manually reviewed by the analyst to confirm compound identity. 

1.3 Interferences 

Contamination of the preconcentrator apparatus or internal standard with compounds of 
interest can cause erroneous quantitation results. Internal standard mixes shall be tested 
upon receipt to confirm a lack of contaminants in order to avoid this problem. It also 
necessary to run a blank or low-level sample for clean-up following any sample or standard 
showing concentrations greater than 500 ppbv for any compound of interest. The results of 
clean-up samples shall not be reported. An additional blank which contains less than the 
contract required quantitation limit (CRQL) of any compound of interest will suffice to 
demonstrate that there is no carryover following analysis of a higher concentration sample. 

In the analysis of compounds by GC/MS, interferences can include compounds having the 
same GC retention time as a compound of interest coupled with an ion in the mass spectrum 
in common with the quantitation ion of a compound of interest. In most cases, this 
interference may be resolved by changing the GC method conditions to chromatographically 
resolve the compounds of interest from other possible components. In cases where 
resolution is impractical due to time or other constraints, the interference can be avoided by 
assuring that the chosen quantitation ion for any compound of interest is an ion not found in 
the spectra of any co-eluting compounds. Qualifier ions may also be defined in the 
quantitation database to further identify the integration area associated with the defined 
analyte. A qualifier ion is not used for quantitation, but is a significant ion from the mass 
spectrum of the analyte whose abundance relative to the quantitation ion may be used to 
confirm the presence of an analyte. The use of qualifier ions in setting up the quantitation 
database can minimize the impacts of interferences. 
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1.4 Quantitation Limits, Precision and Accuracy 

The lower limit of quantitation for the analysis system in use at the CEMRC is 
approximately 0.2 ppbv for most compounds of interest analyzed under EPA Method T0-
15. The upper limit of calibration is 1 00 ppbv. For samples with concentrations of analytes 
exceeding 100 ppbv, the sample will have to be serially diluted, as described in section 6.5. 

The accuracy of analysis will be defined and evaluated through the use of continuing 
calibration checks and laboratory control samples (LCS). Periodic analysis of method 
performance standards will also indicate accuracy. Based on analysis of continuing 
calibration checks and method performance samples, a ± 30% accuracy level, based on 
percent recovery, can be expected. Based on analysis of secondary source standards (LCS), 
a ± 40% accuracy level can be expected. Instrument precision is to be defined and evaluated 
by the relative percent difference (RPD) values calculated between duplicate analysis of 
samples and LCS. The target precision is ::::; 25% RPD, per data quality objectives. 

Current MDL will be archived as the Organic Chemistry Data Quality Objectives in the 
"H:\OC DQOs\" directory. MDLs will be updated yearly, or more frequently if major 
changes to the analytical system occur. 

1.5 Personnel 

Laboratory personnel should verify that this procedure is the latest available revision by 
checking the Organic Chemistry Laboratory Procedure Manual against the version in 
"H:\document control\oc" directory. The latest revision of this document shall be in the 
Organic Chemistry laboratory at all times. If this procedure is found to be unsatisfactory in 
any way and a procedure revision is required, notify the Project Manager or designee. 

1.6 Definitions 

Bromofluorobenzene (BFB)- Also called p-bromofluorobenzene or 4-bromofluorobenzene, 
this is a gaseous organic compound commonly used as a tuning standard in GC/MS. 

Calibration Blank- A standard composed of ultra high purity nitrogen or zero air used to 
establish a baseline for the analytical system. 

Crvogen- A refrigerant used to obtain very low temperatures in the trap of the 
preconcentrator system. Liquid nitrogen is used as the cryogen at CEMRC; its boiling point 
is -195.8°C. 

Calibration Standard (CAL)- A specially prepared canister containing a known 
concentration of each VOC of interest. 

Continuing Calibration Standard (CCAL)- A daily calibration check standard at the 
midpoint of the calibration curve. 

Contract Required Quantitation Limit CCRQL)- The lowest concentration of a compound of 
interest which will be reported under a given contract. The CRQL for each compound of 
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interest is defined in the contract Statement of Work. 

Dynamic Calibration - Calibration of an analytical system using calibration gas standard 
concentrations in a form identical or very similar to the samples to be analyzed and by 
introducing such standards into the inlet of the analytical system in a manner very similar to 
the normal analytical process. 

EPA T0-14(A) and T0-15 - The United States Environmental Protection Agency (EPA) 
standardized method for analysis oftoxic organic compounds in ambient air. EPA T0-14 is 
the original method, EPA T0-14a is a revised version, and EPA T0-15 is the newest 
revision with an expanded analyte list. 

Gas Chromatography CGC) - An analytical technique used for separating compounds of 
interest. 

Internal Standard (IS)- Analyte(s) of known concentration added to all samples, blanks, and 
calibration standards in known amounts; these are used to correct for fluctuations in 
instrument response. The relative responses of the IS signal in the calibration standards 
relative to the IS signal in the samples indicates the presence of signal enhancement or 
suppression, or instrument drift. 

Laboratory Control Sample (LCS) - A standard containing compounds of interest which has 
been prepared from a different source than that used to prepare the calibration standard. 

Linear Dynamic Range (LDR) - The concentration range where the instrument response is 
linear. 

Mass Spectrometer (MS) or Mass Selective Detector (MSD) - An analytical detector used 
for quantitative analysis and/or for the qualitative determination of the molecular 
composition of a sample. A MS consists of ionization of compounds to generate charged 
molecules, separation of ions based on their mass-to-charge ratio (m/z), and detection of the 
charge induced or current produced when ions interact with the detector's surface. 

Method Detection Limit (MDL) - The minimum concentration of a compound that can be 
identified, measured, and reported with 99% confidence that the compound concentration is 
greater than zero. 

National Institute of Standards and Technology (NIST) - A federal agency that develops and 
promotes measurement, standards, and technology. 

Organic Chemistry (OC) - The CEMRC Organic Chemistry department. 

Percent Area Response Change (%ARC) - Percent area response change of the internal 
standard peak in the sample relative to the mean area response of the same internal standards 
over the most recent initial calibration. 

Percent Relative Standard Deviation (%RSD) -For an initial calibration curve, the standard 
deviation of the relative response factors at each calibration level over the mean of the 
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relative response factors times one hundred. This serves as a measure of the linearity of 
instrument response over the calibration curve, and should be :S30% for a five point 
calibration curve. 

Quality Assurance (QA) - The systematic monitoring and evaluation of a project to ensure 
that standards of quality are being met. 

Quality Control (QC) - The process of ensuring a certain level of quality in analytical 
measurements. 

Ppbv - parts per billion by volume, the concentration calculated as the volume of the 
compound of interest divided by the volume of the dilution gas. 

Psia - Pounds per square inch absolute pressure, measured relative to vacuum. The psia unit 
of measure is not affected by local barometric pressure and is used by the Dynamic Diluter. 

Psig - Pounds per square inch gauge pressure, measured relative to local barometric 
pressure. 

Relative Percent Difference (RPD) - A method of comparing two duplicate measurements 
and a measure of precision. In this calculation, the difference of two measurements ts 
divided by their average and expressed as a percent. 

Relative Response Factor {RRF) - The response (peak area or height) of a target analyte to 
the known concentration of the target analyte. For the purposes of calibration, the RRF is 
averaged over five calibration points. 

Retention Time (R T) - The time from the start of the GC analysis run until the compound of 
interest reaches the detector. 

Tentatively Identified Compound (TIC) - An unknown compound that is tentatively 
identified by Chemstation Software based on its mass spectrum's similarity to a known 
compound's mass spectrum. Known compounds' mass spectra are stored in an electronic 
library stored on the instrument and data analysis computers. 

Tuning standard - A canister containing a known concentration of a tuning compound, 
normally 4-bromofluorobenzene (BFB), that is used to verify the mass calibration and 
sensitivity of the instrument are within acceptable limits prior to performing an analysis. 

Ultra High Purity (UHP) - A grade of reagent gas certified as free of impurities 

Volatile Organic Compounds (VOC)- An organic compound that has a high enough vapor 
pressure to be in the gas phase at ambient temperature and pressure. 

1.8 Safety 

Safety standards and precautions listed in this section are for environmental safety and 
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health awareness, and are not quality affecting requirements. Standards and possibly 
samples analyzed by this method contain known carcinogens. Exposure to these 
compounds will be minimal as long as the operating procedure is followed. 

The standards and the helium carrier gas used for analysis are stored at high pressure. Care 
must be taken to ensure the integrity of the cylinders is maintained. Large cylinders must be 
secured at all times. Protective caps must be in place when moving large gas cylinders. 

The liquid nitrogen used as a cryogen for this method poses a frostbite hazard. When 
properly configured, the system will not expose the operator to liquid nitrogen. Do not 
touch bare portions of the liquid nitrogen transport line or fittings while liquid nitrogen is 
flowing in the system. Before installation of the liquid nitrogen on the preconcentrator, 
ensure that the dewar is at the proper pressure. 

The GC injection port, the GC oven, the GC/MSD interface, the ion source, the quadropole 
mass filter, the high vacuum pump and the foreline pump operate at temperatures high 
enough to cause serious burns. These parts must never be touched when the MSD is on. 
The GC/MSD interface is heated by the GC and will remain at high temperature when the 
MSD is off. It is also well insulated and cools offvery slowly. 

When replacing pump fluid, use appropriate chemical-resistant gloves and safety glasses. 

Eating or drinking in the laboratory is strictly prohibited. 

2.0 INSTRUMENT, APPARATUS, REAGENTS, AND FORMS 

2.1 Instrumentation and Apparatus 

2.1.1 Preconcentrator System and Optional Autosampler 

The Entech 7100 Preconcentrator System consists of a control module, a transfer 
line for internal standard, a transfer line for calibration gas standard, four heated 
sample transfer lines which carry sample from the sample canisters to the 
preconcentrator, and a heated transfer line which carries the prefocused sample 
from the preconcentrator to the GC column. The control module contains various 
valves and mass flow controllers that control the volume of sample introduced into 
the preconcentrator and the movement of the carrier gas and sample between the 
two concentrator traps and the prefocusing trap. Traps are cooled by the 
introduction of liquid nitrogen and heated by trap and bulkhead heaters. The 
control of all valves, flow controllers, and heaters is accomplished though the use 
of three SmartLab controller cards within the preconcentrator. The controller cards 
are controlled remotely by a desktop computer via a USB cable and the 7100A 
Software. 

An aliquot of the sample canister is introduced into the first trap containing glass 
beads, held at subambient temperature. A predetermined amount of an internal 
standard is also added to all standards, blanks, and samples during the first 
trapping phase. Then the trap temperature is raised to slightly below ambient 
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temperature and held while helium is slowly passed through it, quantitatively 
transferring the compounds of interest to the second trap and leaving behind most 
of the water vapor. The second trap, which is packed with Tenax, is held at below 
0°C during the trapping phase. This temperature allows for trapping of the 
compounds of interest, while carbon dioxide from the air sample is reduced. The 
trap temperature is then raised to above 150°C and the compounds are backflushed 
via helium flow onto the prefocusing trap. This trap consists of an empty silonite
coated tube which is held at below -l20°C during the trapping phase. Finally, the 
prefocusing trap is rapidly heated to quickly inject the prefocused sample onto the 
GC capillary column. 

The Preconcentrator may be used alone to analyze up to four canisters at one time 
using the four sample inlets. Alternatively, the Entech 7016CA Autosampler may 
be installed on one of the Preconcentrator inlets. Up to sixteen canisters at a time 
may be loaded onto the autosampler and run in sequence. 

2.1.2 Gas Chromatograph Mass Spectrometer 

The Hewlett Packard (Agilent) GC/MSD instrument consists of four major 
components: the GC (including the column and oven), the GC/MSD interface, the 
ion source, and the quadrupole MS. Each component can be further divided into 
several modules. 

The gas chromatograph consists of a heated inlet and a chromatography column 
housed in an oven. The column is a fused silica capillary column coated with a 
cross-linked polysiloxane film coating. 

The GC/MSD interface is a heated conduit into the MSD for the capillary column. 
One end of the GC/MSD interface passes through the side of the gas 
chromatograph and extends into the GC oven. The other end of the GC/MSD 
interface fits into the ion source. 

Within the ion source, ions are electronically produced in an ionization chamber by 
filaments. Then a positively charged repeller forces the positive ions through a 
series of focusing lenses to produce a condensed beam of ions entering the mass 
spectrometer detector. 

The quadrupole mass spectrometer consists of four parallel conductive rods 
(quadrupoles) through which current passes to produce complex electrical fields 
necessary for mass selection. Following separation by mass-to-charge ratio, the 
ions enter an electron multiplier, which amplifies the signal allowing for maximum 
sensitivity. 

2.1.3 Entech 4600A Dynamic Diluter 

The Entech 4600A Dynamic Diluter is capable of diluting samples by static 
pressure dilution, as described in Section 6.5 
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2.1.4 Control Systems 

Mass flow controllers within the preconcentrator and GC control all gas flows. 
Trap temperatures and gas flows within the preconcentrator are controlled by the 
Entech 71 OOA Software. GC column temperature and gas flow rates, mass 
spectrometer operation, and sample data analysis functions are performed by the 
Chemstation® computer software. Some offline data analysis may occur on 
personal computers with software dedicated to offline data analysis. 

2.1.5 Characterization 

2.1.5.1 Initial Establishment of Operating Conditions 

The instruments are initially set-up according to the instrument 
manufacturer's specifications. Additional optimization is performed by OC 
laboratory staff as deemed necessary. Optimization will consist of analysis 
of standards for the determination of acceptable peak shape, retention time, 
interferences, sensitivity, and linearity. 

Instrument method files are archived along with raw sample data in 
electronic files stored in the "envchem" directory on the CEMRC network: 
"J:\VOC Data Packages\" in the appropriate subfolder according to year and 
quarter. 

2.1.5.2 Method Detection Limits 

MDLs are determined as follows. Seven replicate analyses of a low level 
standard containing compounds of interest at or near the expected detection 
limit are analyzed and the standard deviation determined for each analyte of 
interest. The MDL is the value obtained when this standard deviation is 
multiplied by 3.14 (the "Student's t value" appropriate for a 99% confidence 
level for six degrees of freedom). This MDL determination method is based 
on that described in 40 CFR Part 136, Appendix B. If the MDL as 
determined by this method is lower than 0.2 ppbv for any compound, the 
default value of 0.2 ppbv shall be used as the compound MDL for reporting 
purposes. MDLs are determined prior to sample analysis for laboratory 
commissioning and at least yearly thereafter, or following any major repairs 
to the instrument or significant changes to the analysis method. 
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2.1.6 Maintenance 

At a minimum, the routine maintenance schedule provided by the manufacturer 
will be used. All maintenance will be recorded in the appropriate maintenance 
logbook for the instrument. 

2.2 Gases 

• UHP nitrogen gas 
• UHP helium gas 
• Liquid nitrogen 

2.3 Reagents 

• VOC Calibration Mixture 
• VOC Calibration Verification Mixture (LCS) 
• Internal Standards 
• Tuning Mixture 

2.4 Forms and Paperwork 

Analysis logs will be maintained. They will record the samples analyzed, date analyzed, 
standards used for calibration and instrument verification, instrument methods used, and 
data file storage information. Any problems encountered during analysis or reruns 
required will also be noted. 

3.0 STANDARDS 

An initial multipoint dynamic calibration using five levels of standards is performed on the 
GC/MS system. For routine operations, a blank and a midpoint calibration standard are used to 
verify the calibration. For the initial calibration, three calibration standards, generally at 2, 25, 
and 100 ppbv, are prepared according to OC-PROC-004, Preparation of Calibration Standards in 
Specially Prepared Canisters for Analysis by Gas Chromatography/Mass Spectrometry. The 
standards are attached to the calibration gas or sample inlet of the preconcentrator. Different 
volumes ofthe standard gases are injected to obtain the five calibration levels. 

For sample analyses in the range of0.2-100 ppbv, the volumes and corresponding standard levels 
are given in the table below (assuming that the standard sample injection volume is 300 mL): 
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Table 1: Calibration Standard Levels 

Standard Level Standard Injection Volume 
(ppbv) Concentration (mL) 

1 2 150 
10 25 120 
25 25 300 
50 100 150 
100 100 300 

The IS and tuning standard mid will contain 20-100 ppbv each of bromochloromethane, 1,4-
difluorobenzene, chlorobenzene-d5, and 4-bromofluorobenzene. The mix may either be 
prepared according to OC-PROC-004 or purchased from a certified standard gas supplier. A 
volume of IS and tuning standard sufficient to result in an effective concentration of 10 ppbv is 
introduced into the preconcentrator for every sample injection. 

4.0 QUANTITATION 

4.1 Calibration 

The calibration is performed by analysis of five calibration standards levels (as described in 
section 3.0). The method uses the response factors (ppbv/area count) of the calibration 
standards to create a calibration curve. As prescribed in EPA Method T014A and T0-15, 
the instrument is calibrated initially and whenever the daily response factors change by 
more than 30% from the initial calibration. The %RSD (i.e. the standard deviation divided 
by the mean expressed as a percentage) of the response factors for the five calibration 
standards must be :S 30% for the curve to be acceptable. If the %RSD is > 30%, 
recalibration is required. The sample concentrations are calculated using the mean of the 
relative response factors from the most recent acceptable initial calibration. 

The retention time shift for each of the internal standards at each calibration level must be 
within ± 20 seconds compared to the mean retention time over the initial calibration range 
for each internal standard, unless otherwise specified. 

The %ARC must be calculated at each calibration level for the internal standard used. The 
%ARC is calculated as the difference between area response of the internal standard at a 
concentration level and the mean area response of the internal standard over the initial 
calibration divided by the mean area response of the internal standard over the entire initial 
calibration. The %ARC at each calibration level must be within ± 40% of the mean area 
response over the initial calibration range unless otherwise specified. 

4.2 Calculations 

For ambient air samples the equation below is used to calculate sample concentrations: 
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X =(Ax xC,, xDF) 
a (A,s X RRF) 

Where: 
X a = compound concentration, ppbv; 

Ax= area response of the characteristic ion for the compound to be measured; 
Cis= concentration of the internal standard spiking mixture, ppbv; 
DF= sample dilution factor; 
A is= area of the characteristic ion response for the internal standard; 
RRF= the mean relative response factor from five point initial calibration. 

Note that the above equation is valid only if the concentration of internal standard added and 
the volume of sample or QC standard analyzed is the same for each analysis. For qualitative 
analysis (e.g., TIC analysis) the above equation is used, however, the RRF used in the 
calculation will be 1. All qualitative results will be considered estimated values and will be 
indicated as such on the final report. 

4.3 Electronic Data Transfer 

Upon completion of the analysis, perform a QC (calibration verification and blanks 
verification) overview using the data files from the current run. If the data appears 
acceptable, transfer the entire contents of the file created by the sequence to the "envchem" 
directory: "J:\VOC Data Packages\". Store data in the appropriate subfolder by year and 
quarter. Periodically, check to see that all data files from the local hard drive have been 
transferred, and then purge them from the local drive to make space for new files. 

5.0 QUALITY CONTROL 

5.1 Performance Samples 

When available, independent quality assurance samples will be obtained and analyzed to 
verify the proficiency of instrumentation and analysts. Both blind (obtained from an outside 
source, true values not known at the time of analysis) and reference samples (samples 
obtained from an outside source with known true values or internally prepared standards) 
can be used to perform this function. The percent recovery for the audit standards must fall 
within ± 30%. If the recovery results for the performance sample analyses are not 
acceptable, an investigation must be performed to determine the source of the conflicting 
result(s) and corrective action initiated. Daily tuning and calibration checks will also 
provide reference sample performance data. 

5.2 Tuning 

At the beginning of each day of operation or prior to calibration, the GC/MS system must be 
tuned to verify that acceptable performance criteria are achieved. The internal standard also 
contains the tuning standard, usually BFB. The continuing calibration standard run at the 
start of each day may be evaluated as a tune standard as well as a continuing calibration. 

The key ions and ion abundance criteria that must be met are illustrated in the table below. 
Analysis must not begin until these criteria are met. The tuning verification must be 
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repeated for each 24 hours of operation. This is easily accomplished, since the BFB is added 
to every injection along with the internal standards. 

Table 2. BFB Tune Criteria 

Mass Ion Abundance Criteria 
50 8 to 40% of mass 95 
75 30 to 66% of mass 95 
95 Base Peak, 100% Relative Abundance 
96 5 to 9% of mass 95 
173 <2%ofmass 174 
174 50 to 120% of mass 95 
175 4 to 9% of mass 174 
176 93 to 101%ofmass 174 
177 5 to 9% of mass 176 

5.3 Continuing Calibration Verification Analyses 

The instrument calibration is verified daily before using the instrument for sample analysis, 
and at least once every 24 hours using a standard (CCAL) at or near the mid-point of the 
calibration curve. The RPD of each response factor from the mean response factor of the 
initial calibration curve must be ::::; 30% for continued use of the mean response factors. If 
the RPD is> 30%, recalibration is probably required. 

The %ARC for the internal standard must be within ± 40% of the mean area response in the 
most recent calibration. The retention time shift for the internal standard must be within ± 
20 seconds compared to the mean retention time in the most recent calibration. Any 
problems encountered must be corrected before analysis can continue. 

5.4 Blank Verification 

Prior to sample analysis and following the continuing calibration evaluation, a humid UHP 
nitrogen or zero air blank is analyzed. The gas stream is allowed to run through the 
analytical system in the same way as a sample. The analysis results of the blank must be 
<CRQL for all target compounds and <1 0 ppbv concentration of total VOC for the system 
to pass the certification. Any problems encountered must be corrected before analysis can 
continue. The blank verification must be repeated for each 24 hours of operation. When an 
unusually concentrated sample is encountered (see section 1.3) a blank sample should be 
analyzed prior to continuing analysis. 

5.5 Sample Analysis Technical Acceptance Criteria 

The %ARC for the internal standard must be within ± 40% of the mean area response in the 
most recent calibration. The retention time shift for the internal standard must be within ± 
20 seconds compared to the mean retention time in the most recent calibration. If the 
internal standard does not meet these criteria the system must be inspected for malfunction 
and the sample reanalyzed. If reanalysis also fails, both sets of data will be reported with an 
explanation in the narrative of the problems encountered and the corrective actions taken. 
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Sample results must fall within the concentration range of the calibration standards. 
Samples with compounds of interest falling outside the calibration range must be diluted 
and rerun. Some samples may require serial dilutions to obtain results within the calibration 
range. 

5.6 Laboratory Control Sample 

A spiked blank canister, called LCS, must be prepared using a different source for the 
compounds of interest than the calibration standards. This spiked canister must be analyzed 
with each batch of ten or fewer samples. Recovery of the compounds of interest must be 
within ± 40% of the calculated true value of the canister. If the LCS recovery is outside the 
acceptance windows, reanalysis of all associated samples must be performed. 

5.7 Duplicate Analyses 

For each batch of ten samples or less a duplicate analysis of a sample and a duplicate 
analysis of the LCS must be analyzed. The RPD must be :::; 25% for all target compounds 
present at concentrations greater than the lowest calibration level from the initial calibration. 
Recovery outside the acceptance limits indicates that reanalysis is required. 

5.8 Data Validation and Feedback 

All data shall undergo an exhaustive review for QC acceptance and for sample anomalies by 
the primary analyst. When QC acceptance criteria indicate a failure in instrumental 
analysis, the analyst will schedule reanalysis. If reanalysis is not possible or re-analysis also 
fails, a "Non-Routine Event" form will be completed. The Enviroquant® software provided 
with the instrument will be used to perform QC evaluation and to produce the final report 
with the exception of the internal standard percent recovery, LCS recovery, and LCS and 
sample duplicate precision, which are calculated in Microsoft Excel®. Data validation will 
be conducted according to OC-PROC-005, "Data Validation and Reporting of Volatile 
Organic Compounds from Gas Chromatography/ Mass Spectrometry Analysis of Ambient 
Air in Canisters." 

6.0 PROCEDURE 

6.1 Analytical Configuration 

The analytical configuration used will follow the concepts outlined in EPA Procedure T0-
14A and T0-15. The canister to be analyzed will be connected by way of a heated transfer 
line to the Entech 7100 Preconcentrator. Up to four samples at a time may be connected to 
the preconcentrator without an autosampler. A pressurized internal standard/tuning standard 
mixture is attached to the internal standard inlet. A pressurized calibration standard is 
attached to either the calibration standard inlet or a sample inlet. 

6.2 Instrument Start-up 

Perform the routine maintenance procedures outlined by the manufacturer. 
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If it is not already loaded, load instrument software, Chemstation®. Allow the system to 
perform diagnostic checks. If an error message occurs, follow instructions supplied by the 
error message. 

Check the helium carrier gas cylinder pressure prior to the start of an analysis sequence to 
be certain that there is sufficient pressure to maintain proper flow rates within the system. 
The high side of the helium pressure gauge should read greater than 200 psig and the low 
side should read 80-1 00 psig. If there is insufficient pressure in the tank, the tank will need 
to be changed prior to the start of analysis. Prior changing the gas cylinder, be sure to tum 
off heated zones and stop gas flow to prevent damage to the instrument. Note the pressure 
in the internal standard canister by looking at the gauge on the canister regulator. 

Open the most recent preconcentrator QA report. These files are located in the "C:\Smart" 
directory and are named by their run date according to the following convention: 
"R _ YYMMDD." Note the blank canister pressure by looking at the system pressure 
reading for event 9 on a blank sample run. Note the calibration standard pressure by looking 
at the system pressure for event 9 on a calibration standard run. The pressure in the canister 
will change approximately 0.5 psia for each 100 mL of sample or standard injected. Using 
this estimated drop rate, estimate the pressure needed for the calibration standard and blank 
sample for the entire day's run. Subtract these amounts from the actual pressure in the 
canisters. If the resultant residual pressure in any canister will likely fall below 17 psia 
during the run, change the calibration standard canister and/or pressurize the blank canister 
prior to starting the run. This will ensure sufficient pressure in each required canister to 
assure reproducible injection volumes. 

Check the liquid nitrogen level in the large tank which provides cryogen to the 
preconcentrator. If it is low, change out the tank prior to beginning a sequence, if possible. 
When the tank feels fairly empty, as checked by observing the weight when it is tipped 
slightly to one side, it should be changed. 

When initially setting up the instrument or following significant repairs, perform a leak 
check of each connection using an identifiable gas (argon or BFB). Set the mass 
spectrometer collection parameters to monitor correct masses for the gas used. Start run and 
monitor for peaks corresponding to the gas. Releases near the connection between the 
column and the interface area, the terminal end of the column, the inlet end of the column 
and the sample introduction area must be monitored. Correct any leaking connections. 
Helium leaks may be found using a portable gas leak detector. 

An initial five level calibration should be performed prior to initiation of quantitative 
analysis. Calibration must be repeated whenever the continuing calibration check does not 
meet the specified performance criteria. Refer to Section 3.0 for detailed instructions on 
performing an initial calibration. 

Check the instrument tuning and calibration every 24 hours of operation using the 
continuing calibration standard. The tuning results must meet the criteria outlined in section 
5.2 and CCAL must meet the criteria in section 5.3 prior to initiation or continuation of 
sample analysis. A method blank must also be run every 24 hours following the CCAL and 
the blank must meet the criteria in Section 5.4 prior to initiation or continuation of sample 
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analysis. 

Prior to beginning the sequence of QC samples, it may be necessary to run a pre-blank, or 
blank sample to clear out the preconcentrator traps and connections. 

6.3 Routine Operation 

From the Instrument Control screen of the ChemStation software, load the method 
"VOCT015". From the toolbar, select "View", then "Top", then "Sequence". Create a 
sequence that includes a continuing calibration standard followed by a method blank. Be 
certain to enter the correct data file storage names in the sequence table. The naming 
convention used for data files is MMDDYYXX, where MMDDYY is the run date and XX 
indicates the run number within the sequence. For example, 04271003 is the third GC/MS 
analysis on April 27, 2010. For sample runs, enter sample names in the sequence with no 
spaces and no identical entries. Create the same sequence for the preconcentrator using the 
Entech 71 OOA Software, using the sample naming convention used for the ChemStation 
software. Ensure that the internal standard volume is set to the desired injection volume 
(usually, 150cc for a 20ppbv standard). 

After canisters are attached to the autosampler or preconcentrator inlet, a manual leak test is 
to be performed to ensure tight connections between the canisters and manifold. Ensure that 
the canister valves are closed prior to initiating the leak test. In the preconcentrator 
software, click the screwdriver icon labeled "MANL." Set the stream and location to an 
inlet and port in use and click "update." (On the GC/MSD 5973, the first line is "5" for 
autosampler 1 and the second line corresponds to the autosampler inlets, labeled 1-16.) Pull 
a vacuum on the port by clicking "vacuum" until the pressure is less than 1 psi and then click 
"isolate." The pressure should maintain below 1.5psi for 30 seconds. If the vacuum does 
not hold or changes quickly, adjust the connection and repeat the leak test until it passes. 
After each utilized inlet has passed the leak check, canister valves should be opened and 
analysis can proceed. It is highly recommended that a blank is run after performing a leak 
test to eliminate contamination in the preconcentrator introduced from the leak test. 

To start a sequence, always start the ChemStation sequence first, then the Entech 7100A 
sequence. The preconcentrator will wait for a "ready" signal from the GC. When the GC 
sequence starts, a prompt will come up asking where the data files will be stored. Ensure 
that the correct location is listed: "C\MSDChem\1\DATA\MMDDYY", where 
"MMDDYY" is the run date. Check to be certain the valves are open on the internal 
standard and calibration standard canisters. 

Following the end of a CCAL run, enter the Data Analysis screen and open the data file 
from the run. Select the peak nearest the known retention time of BFB and select the 
average of the mass spectrum of the peak. From the toolbar, select "Tuner", then "Evaluate 
BFB to Screen." This will compare the selected spectrum to the preset BFB tuning criteria 
which match those in Section 5.2, Table 2. Provided that the tuning criteria are met, the flag 
to the right of each ion will read "PASS". If the tuning criteria are not acceptable (indicated 
by a "FAIL" message on the appropriate criteria), re-tune the MSD and try running the 
standard again. If the criteria are still not met, the source should be cleaned and the MSD 
re-tuned. Consult the operator's manual and/or the Agilent service center for other possible 
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corrections. 

If the tune evaluation is acceptable, proceed to the CCAL evaluation as follows. From the 
tool bar, select "Con Cal", then "Evaluate File as Continuing Cal to Screen". Make certain 
that the results of this standard meet the criteria in Section 5.3. If not, a second continuing 
calibration sample may be run. If the second sample also fails to meet the criteria, perform 
another five point instrument calibration prior to proceeding with analysis, unless an 
obvious reason is observed for the failure of the standards to pass criteria. 

Next, to ensure that the system is clean, analyze a blank sample consisting of a volume of 
ultrapure nitrogen or zero air equivalent to the sample injection volume. The concentration 
of all compounds of interest must be below CRQL and the total concentration of VOC less 
than 1 0 ppbv in order to proceed. If they are not, contamination of the system or instrument 
problems may exist. If necessary, consult with the laboratory manager or an experienced 
analyst for help in identifying the problem. 

When acceptable results are achieved for the blank, analyze a standard (LCS) of known 
concentration prepared from a different stock standard than the calibration standard. Check 
to be certain the quantitation results of this sample meet the requirements in Section 5.6. If 
not, attempt to determine the cause and repeat the sample run until an acceptable result is 
obtained prior to continuation of the analysis. Evaluate instrument precision by injecting a 
duplicate sample of the LCS. Check that quantitation results of the LCS and LCS duplicate 
meet the requirements in Section 5.7. 

When all QC criteria have been met, install up to sixteen sample canisters on the 
preconcentrator and/or autosampler and add them to the sequences on both the ChemStation 
software and the preconcentrator software. Start the analytical run. Samples may be run for 
up to 24 hours following a successful continuing calibration check, BFB tune, and blank 
check. At that time, the CCAL, BFB tune, and blank must be rerun prior to continuing with 
sample analysis. 

6.4 Instrument Shut Down 

The Preconcentrator and GC/MS automatically return to standby mode when analysis is 
complete. The vacuum, carrier gas and GC oven systems should remain on, when possible. 
If complete shutdown is necessary, refer to the operator's manual for all shut down 
requirements. NOTE: The MSD source is heated during operation of the instrument. Do not 
vent the MSD for any reason without first completing a "Vent" cycle from the ChemStation 
software to avoid damaging the mass analyzer. Venting a hot source can cause oxidation of 
delicate components within the ion source. 

6.5 Sample Dilution 

Samples analyte concentrations greater than 100 ppbv exceed the calibration limit and may 
be diluted either by serial actual dilution with UHP nitrogen or by injection of a 
proportionately smaller volume of sample (for example, injection of a 150 mL sample 
would result in an effective 1 to 2 dilution). Samples and standards may be injected in 
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volumes ranging from 40 to 800 mL. Higher and lower injection volumes may result in 
inaccurate preconcentration and may invalidate the quantitation. 

Sample dilutions will be recorded on a sample preparation form. If it is necessary to release 
pressure in a canister before performing a dilution, release excess sample into the exhaust 
ventilation duct in order to minimize personnel exposure to potentially hazardous 
substances. Sample dilutions are performed as follows: 

6.5.1 Tum on the Entech 4600A Dynamic Diluter if not already on. 

6.5.2 Open the UHP nitrogen cylinder valve. Adjust the regulator pressure 
accordingly based on sample canister size. For a 6L canister, 30-50psig is 
an appropriate regulator pressure. 

6.5.3 Open the 4600A software and press the "Flush" button to enter the canister 
pressurization controls screen. Set the flush time to 1 minute and press 
"Go". After the initial 1 minute flush, the flush time should be set to 0.1 
minutes for flushes between dilutions. 

6.5.4 Press the "Flush" button on the diluter to purge it with UHP nitrogen. 

6.5.5 Attach the canister to the fill line. 

6.5.6 Set the Entech software to perform the appropriate relative dilution of 
"2x" or "3x". Open the canister and allow the initial pressure to 
equilibrate. Then press the pressurize button on the Dynamic Diluter. 

6.5.7 After the software shows the canister is pressurized, close the canister 
valve and remove it from the fill line. 

6.5.8 Record appropriate information for entry onto a sample preparation form. 

6.5.9 Close the UHP nitrogen valve. 

6.5.10 Ifthe dilution process must be repeated to achieve analyte concentrations 
in the calibration range, a two hour equilibration-period must be allowed 
prior to subsequent dilution. 
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7.0 QUALITY ASSURANCE 

7.1 Standards 

7.1.1 Primary Standards 

All primary stock standards must be recorded in the VOC Primary Standards 
Logbook upon receipt and given a unique identification number. Each standard is 
an independent entry. Each entry contains the standard name or description, the 
vendor or manufacturer, the matrix in which the standard is made, if applicable, 
the manufacturer's lot number, the date received, the expiration date, the 
laboratory assigned standard identifier, and the receiving person's initials. If a 
standard does not have an expiration date from the manufacturer, the default 
expiration date one year from receipt will be assigned. Each entry also contains a 
column for date removed from service. This column will be completed when the 
standard is consumed, expired, or found to be compromised in any way. 

The independent laboratory identifiers for VOC primary standards are assigned as 
follows. The VOC Primary Standards Logbook shall be identified as VOC 
Primary Standards-XXX, where the XXX values will begin with 001 and are 
incremented every time a new logbook is started. Each page is numbered in the 
logbook prior to initial use of the book. Each line on the left-hand page of the 
logbook will be numbered. A single standard will be entered per line. The 
primary standard's identifier will be the combination of "VOC", the logbook 
number, the page number and the line number. For example standard "VOC 001-
018-23" would be the standard entered in login notebook number one on page 
eighteen on line twenty-three. This identifier is written on the label of the standard 
and on its certificate. Completing the "date out of service" column in the logbook 
facilitates completion of the chemical inventory when required. This identifier 
will be used in analysis logbooks, on preparation bench sheets, and in intermediate 
standard logbooks to unambiguously identify the standards used in preparation and 
analysis. 

7.1.2 Intermediate Standards 

All intermediate standards prepared for use in calibration must be documented in 
the "VOC Intermediate Standards Preparation" logbook. Standards will be 
prepared according to OC-PROC-004 and CP-PROC-009. 

7.2 Maintenance Logs 

Maintenance logs will be kept up-to-date. All routine maintenance operations will be 
documented as well as instrument service. All service entries will include malfunction 
symptoms, a description of repairs made, and a description of how a return to acceptable 
operation was determined. Routine maintenance procedures, along with repairs and 
troubleshooting procedures applied will be documented in the appropriate instrument 
maintenance log. The instrument manufacturer will provide documentation of repairs 
performed by service engineers. 
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7.3 Instrument Analysis Logs 

Analysis logs will be maintained and they will record a list of samples analyzed, sample 
injection volumes, internal standard injection volumes, standards used, inlet number and/or 
autosampler location used, the date analyzed and the data file storage information. Analysis 
log headers will contain enough information to identify all standards used in analysis and 
their expiration dates, along with the model numbers and serial numbers used to perform the 
analysis run. Any problems encountered during analysis should also be noted. Analysis logs 
should be updated daily or as needed. 

7.4 Calibration Records 

Electronic copies of calibration files will be maintained in archive in the envchem directory, 
"J:\envchem\VOC Data Packages". 

7.5 Control Charts 

Control charts may be used to perform trend analyses on the laboratory data, but will not be 
used to establish acceptance windows. 
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UNCONTROllED COrY 
PREPARATION OF CALIBRATION STANDARDS IN SPECIALLY PREPARED 

CANISTERS FOR ANALYSIS BY GAS CHROMATOGRAPHY MASS 
SPECTROMETRY 

1.0 PURPOSE 

The purpose of this procedure is to describe the preparation of standards and laboratory 
blanks for use in the analysis of VOC in ambient air as outlined in EPA Method T0-15. 
VOC are separated by gas chromatography and identified and quantitated by mass 
spectrometry. This method is applicable to specific VOC that have been tested and 
determined to be stable when stored in pressurized and sub-atmospheric pressure canisters. 
Compounds of interest and levels of calibration standards prepared will depend upon 
individual project requirements. 

1.1 Scope and Limitations 

Included in this procedure are instructions for the following activities: 

• Preparation of calibration and quality control standards. 
• Preparation of laboratory blanks 

1.2 Process Overview 

Calibration standards are prepared in cleaned canisters (canister preparation is 
described in OC-PROC-002) by dilution of a certified primary standard using the 
Entech 4600 Dynamic Diluter as described below. Laboratory blanks are prepared 
in cleaned canisters by filling with UHP nitrogen. 

1.3 Definitions 

Calibration Standard (CAL) - A gas standard of known concentration for each 
compound of interest prepared in a specially prepared canister. A primary standard 
gas mixture is diluted with a diluent gas (UHP nitrogen), to appropriate 
concentration( s ). 

Gas Chromatography CGC) - An analytical technique used for separating 
compounds of interest. 

Identification Number (ID) - A unique number given to primary and intermediate 
standards. 

Laboratory Control Sample (LCS) - A standard containing compounds of interest 
which has been prepared by dilution of a standard mixture from a source (or batch 
of raw materials) different than that used to prepare the calibration standard. 

OC-PROC-004-004-021606 Page 4 of 13 



UNCONTROllED CO~Y 
Mass Spectrometer (MS) - An analytical technique used for quantitative analysis 
and/or for the qualitative determination of the molecular composition of a sample. 
A MS consists of ionizing compounds to generate charged molecules, separation of 
ions based on their mass-to-charge ratio (m/z), and detection of the charge induced 
or current produced when ions interact with the detector's surface. 

National Institute of Standards and Technology (NIST) - A federal agency that 
develops and promotes measurement, standards, and technology. 

Organic Chemistry (OC) - The CEMRC Organic Chemistry department. 

p.QQy - Parts per billion by volume, a unit of concentration in which the volume of a 
gaseous analyte is normalized to 106 volumes of ambient air. 

psia - Pounds per square inch absolute pressure, measured relative to vacuum. The 
psi a unit of measure is not affected by local barometric pressure and is used by the 
Dynamic Diluter. 

P.§ig - Pounds per square inch gauge pressure, measured relative to local barometric 
pressure. 

seem - Standard cubic centimeters per minute, a flow rate measurement for gases. 

Ultra High Purity (UHP) - A grade of reagent gas certified as free of impurities. 

Volatile Organic Compounds (VOC)- An organic compound that has a high enough 
vapor pressure to be in the gas phase at ambient temperature and pressure. 

2.0 REQUIREMENTS 

2.1 Training Requirements 

Laboratory personnel should verify that this procedure is the latest available 
revision by checking the Organic Chemistry Laboratory Procedure Manual against 
the version in H:\document control\oc. The latest revision of this document shall be 
in the Organic Chemistry laboratory at all times. If this procedure is found to be 
unsatisfactory in any way and a procedure revision is required, notify the project 
manager or designee. 

2.2 Safety 

Some standards prepared in this method contain known carcinogens. Exposure to 
these compounds will be minimal as long as the operating procedure is followed. 
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Before use, the user must ensure that the laboratory exhaust system is functioning 
properly. 

The standards and the diluent gas used for standards preparation are stored at high 
pressure. Care must be taken to ensure that the integrity of the cylinders is 
maintained. Handling of standard gases and diluent gases will be done in 
accordance with the CEMRC Chemical Hygiene Plan, SM-03. 

Eating or drinking in the laboratory is strictly prohibited. 

2.3 Equipment and Maintenance 

2.3.1 Entech 4600 Dynamic Diluter 

The Entech 4600 Dynamic Diluter can be used to create intermediate 
standards by diluting a primary standard to a target concentration. This 
technique utilizes the Dynamic Diluter's pressurization feature, provided 
that the standard dilution factor is no greater than 25x of the primary 
standard. For larger dilution factors, it is not possible to accurately 
measure the pressure of primary standard added. Static dilutions can be 
performed on a prepared standard to achieve lower concentrations. The 
standard shall be humidified by the addition of approximately so,...l of 
ultrapure water to the canister. 

The Entech 4600 Dynamic Diluter will be set up according to the 
manufacturer's instructions. The linearity of the Dynamic Diluter's 
pressure transducer readings should be periodically checked against a 
calibrated pressure gauge, when pressure dilutions are being regularly 
performed. 

2.3.2 Stainless steel passivated SUMMA® or equivalent canisters (e.g. Silonite®, 
TO-Can™) 

Standard canisters are prepared for use as specified in OC-PROC-002. 
Cleaned and certified stainless steel canisters, typically 400-6000mL 
capacity, are required for standard, LCS, and blank preparation. 

2.3.3 Calibrated Pressure Gauge 

A pressure gauge is used to confirm above-ambient pressures in canisters 
and to check the linearity of the Dynamic Diluter pressure transducer 
readings. 
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2.4 Primary Standards and Reagents 

NIST traceable primary standard gases are used to create the humid static working 
standards. All primary standards shall be purchased from a qualified vendor in 
accordance with CP-PROC-017, "Procurement of Items and Services". Primary 
standards shall be received and documented according to CP-PROC-009, 
"Standards Log-in and Preparation". Purchased standards are assigned a unique 
standard ID number upon receipt that is used to identify the standard on all standard 
preparation documentation in which that standard is used to prepare an intermediate 
or working standard. All purchased primary standards must be accompanied by a 
certificate of analysis, which are kept in the "OC Primary Standards Certificate of 
Analysis Logbook." All purchased reagent gases must be accompanied by a 
certificate of analysis, which are kept in the "Ultra-High Purity Gas Certificate of 
Analysis Logbook". 

The following is a list of primary standards and reagents used in this procedure: 

• Certified T0-15 VOC mixture standard, balanced with nitrogen. This 
standard is used for preparation of CAL standards. 

• Certified T0-15 VOC mixture standard, balanced with nitrogen from an 
independent source (i.e. different lot of raw materials). This primary 
standard is used for the LCS. 

• UHP nitrogen 

• Ultrapure deionized water (for humidification of standards; specific 
resistance of 17.8 megaohm-cm or greater, free of measurable ionic 
impurities, organics, microorganisms and particulate matter larger than 
0.2f.U11). 

2.5 Prerequisite Actions 

2.5.1 Make certain that personal protective equipment is available and used 
when appropriate. 

2.5.2 Check the expiration dates on all standards to be used to ensure that they 
are not expired. 

2.5.3 Check that cleaned canisters are available for all standards that must be 
prepared. 

2.5.4 Check the maintenance log to be certain that no routine maintenance is due 
prior to standard preparation. 
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3.0 PROCEDURE 

3.1 Standard Preparation 

3 .1.1 Before beginning to prepare a standard, make certain that the appropriate 
diluent gas (UHP nitrogen) is attached to the diluent gas inlet channel of 
the dynamic diluter. Check the connections for leaks prior to starting the 
standard preparation. Make certain the humidification chamber on the 
diluent inlet has sufficient water. 

3.1.2 Open the UHP nitrogen valve. 

3.1.3 If it is not already on, turn on the Dynamic Diluter. Click the 4600A 
software using the icon on the desktop of the attached computer. In this 
program click the "Flush" icon to enter the canister pressurization controls 
screen. Set the flush time to 1 minute and press "Go". 

3.1.4 Press the "Flush" button on the Dynamic Diluter to purge the line with 
UHP nitrogen. 

3.1.5 Open the "Intermediate Standard Preparation Form" Microsoft Excel file 
in the envchem/VOCs/ directory. Save the spreadsheet as its appropriate 
intermediate standard ID in the most recent "OC Intermediate Standards 
Preparation Logbook" folder. The intermediate standard ID begins with 
an "I" for intermediate, followed by the current logbook number (e.g. 
"005), followed by the next sequential page number in the logbook, and 
finally the number of the intermediate standard documented on the page. 
Fill in the canister serial number, type of standard (CAL or LCS), 
designated concentration, diluent lot number, primary standard number, 
and expiration date. Copy the primary standard concentrations to the 
spreadsheet from the primary standard certificate of analysis. Save the 
spreadsheet. 

3.1.6 Begin with a cleaned and evacuated canister. 

3 .1. 7 Prepare a syringe for addition of ultrapure water to canister by rinsing the 
syringe with the ultrapure water three times. Keeping the canister valve 
closed, add 50f.I.L of ultra pure water to the inlet of the canister. 

3.1.8 Attach the canister to the Dynamic Diluter. Set the Entech software to 
dilute to a target pressure of 13psia with UHP nitrogen and set the 
"allowed offset" to zero. 
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3 .1. 9 Open the canister valve and wait for 5 seconds for the pressure reading to 

stabilize. Confirm that the canister is at a vacuum and that there are no 
leaks. Press the pressurize button on the Dynamic Diluter. 

3 .1.1 0 After the software shows the canister is pressurized, close the canister 
valve and remove it from the fill line. 

3 .1.11 Log the actual pressure on the Intermediate Standards Preparation Form as 
the "reading after initial diluent added." 

3 .1.12 Set the regulator on the primary standard to approximately 2.5psig and 
open valve to gently flush its lines. A box fan set to medium speed should 
be used to blow the primary standard away from the operator. Such 
ventilation will help to minimize operator exposure to VOC. (Note: the 
primary standard remains detached from the Dynamic Diluter the 
standards preparation.) 

3.1.13 Connect the canister to the primary standard while it is flushing. An 
extension may be necessary to extend the primary standard output to the 
canister. Open the canister valve and let the primary standard enter the 
canister. The longer the valves are open, the more standard will enter the 
canister. 

3 .1.14 Close the valves on the canister and primary standard and release the 
primary standard regulator. Disconnect the canister from the primary 
standard. 

3 .1.15 Check the pressure on the receiving canister. Log this pressure on the 
Intermediate Standard Preparation form as the "reading after standard 
added." 

3 .1.16 Use the spreadsheet to determine the final canister reading needed to 
achieve the desired concentration. The required calculation is: 

Final pressure (psia) = (Initial standard concentration(ppbv)/ 
Desired final standard concentration (ppbv))* Pressure of standard 
added (psia) 

3 .1.17 Pressurize the canister to the desired pressure using the Dynamic Diluter 
and log the final pressure on the Intermediate Standard Preparation form as 
the "final canister reading." 

3.1.18 Close the UHP nitrogen canister valve. 

OC-PROC-004-004-021606 Page 9 of 13 



UNCONTROllED CO~Y 
3.1.19 Complete the Intermediate Standard Preparation form by filling in the 

date/time prepared and expiration date, which is one month from its 
preparation, and the preparer of the standard. 

3.1.20 Print a copy of the spreadsheet and archive it into the VOCs Intermediate 
Standards Preparation Logbook and sign. 

3.1.21 Fill out a standard preparation label containing the standard concentration, 
standard type (e.g., "CAL", "LCS", or "MDL"), preparation analyst's 
initials, date prepared, standard ID number (see CP-PROC-009 for 
details), and the standard's expiration date and place it on the back of the 
CEMRC canister tag. 

3.2 Laboratory Blank Preparation 

3.2.1 Tum on the Entech 4600A Dynamic Diluter if not already on. 

3.2.2 Open the UHP nitrogen cylinder valve. Adjust the regulator pressure 
accordingly based on laboratory blank canister size. For a 6L canister, the 
regulator pressure should be approximately 30-50psig. 

3.2.3 Open the 4600A software and press the "Flush" button to enter the canister 
pressurization controls screen. Set the flush time to 1 minute and press 
"Go". 

3.2.4 Press the "Flush" button on the diluter to purge it with UHP nitrogen. 

3.2.5 Take a cleaned and evacuated canister and attach the canister to the fill 
line. 

3.2.6 Set the Entech software to dilute to a target pressure of approximately 
30psia. Open the canister and press the pressurize button on the Dynamic 
Diluter. 

3.2. 7 After the software shows the canister is pressurized, close the canister 
valve and remove it from the fill line. 

3.2.8 Close the UHP nitrogen valve. 

3.2.9 Label the canister as a laboratory blank (LB), along with the date prepared, 
preparer's initials, and UHP nitrogen lot number. 

3.3 Static Dilution 

3.3.1 Tum on the Entech 4600A Dynamic Diluter if not already on. 
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3.3.2 Open the UHP nitrogen cylinder valve. Adjust the regulator pressure 

accordingly based on laboratory blank canister size. For a 6L canister, the 
regulator pressure should be approximately 30-50psig. 

3.3.3 Open the 4600A software and press the "Flush" button to enter the canister 
pressurization controls screen. Set the flush time to 1 minute and press 
"Go". 

3.3.4 Press the "Flush" button on the diluter to purge it with UHP nitrogen. 

3.3.5 Take the canister to be diluted and position it underneath a snake vent. 
Open the valve to release the pressure until only a low hissing sound 
remains. A hissing sound is desirable and indicates that the pressure 
inside the canister is greater than ambient pressure. 

3.3.6 Set the Entech software to do a dilution by choosing a preset dilution 
factor (1.5, 2.0, or 3.0) or choosing an appropriate target pressure. Ensure 
that the final pressure of the canister will not exceed 45psia. Open the 
canister and press the pressurize button on the Dynamic Diluter. 

3.3.7 After the software shows the canister is pressurized, close the canister 
valve and remove it from the fill line. 

3.3.8 Close the UHP nitrogen valve. 

3.3.9 Record the initial and final pressure readings, dilution factor, and the date 
and time the dilution was performed. If diluting an intermediate standard, 
this information must be recorded on the Intermediate Standard 
Preparation Form. 

4.0 QUALITY ASSURANCE 

4.1 Documentation 

4.1.1 Standards 

All primary standards must be recorded in the OC Primary Standards Certificate 
of Analysis Logbook upon receipt and must be given a unique identification 
number. All intermediate standards prepared for use in calibration and QC 
checks must be documented in the OC Intermediate Standards Preparation 
Logbook. Documentation of standards is outlined in CP-PROC-009. 
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4.1.2 Maintenance Logs 

Maintenance logs will be kept up to date. All routine maintenance operations 
will be documented as well as instrument service. All service entries will 
include malfunction symptoms, a description of repairs made, and a description 
of how return to acceptable operation was determined. The routine maintenance 
schedule provided by the manufacturer may be used to document performance 
of routine maintenance procedures. The instrument manufacturer will provide 
documentation of repairs performed by service engineers. This will be 
incorporated into the maintenance log. 

4.2 Reagent and Standard Verification 

Nitrogen used to dilute primary standards will be analyzed by GCMS prior to use in 
standard preparation to assure that it contains no significant contamination. 

Analysis of LCS and performance check samples will be used to verify calibration 
standards. The accuracy of the calibration may be verified by obtaining an LCS 
recovery of+/- 40% and I or recovery of a performance sample within+/- 30% of the 
true values. Linearity of the calibration is demonstrated by obtaining a calibration 
curve in which the relative standard deviation is less than 30%. Obtaining results 
which meet these performance criteria indicates the proper preparation and analysis of 
calibration standards. 

4.3 Holding Time 

Intermediate standards in SUMMA or equivalent canisters are valid for one month 
from the date of preparation. 

4.4 Equilibration Time 

Standards prepared into SiloniteTM coated canisters by any of the methods listed 
herein must be allowed to equilibrate for a minimum of 2 hours between preparation 
and analysis. Similarly, standards must be allowed to equilibrate for a minimum of 2 
hours between preparation and dilution. Equilibration assures that consistent results 
will be obtained by repeated analysis. 

5.0 REFERENCES 

EPA Method T0-15 "Determination of Volatile Organic Compounds (VOCs) In Air 
Collected In Specially-Prepared Canisters And Analyzed By Gas Chromatography/Mass 
Spectrometry (GC/MS)", Compendium of Methods for the Determination of Toxic Organic 
Compounds in Ambient Air, Second Edition, January 1999. 

Entech 4600 Dynamic Diluter Operator's Manual, Entech Instruments, Simi Valley, CA. 
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"Volatile Organics Analysis of Ambient Air in Canisters", USEPA Contract Laboratory 
Program, VCAAO 1.0, Publication 9240.1-18, EPA/540/r/085, PB95-963524, December 
1994. 

Carlsbad Environmental Monitoring and Research Center Chemical Hygiene Plan, SM-03. 

"Preparation of Canisters for Ambient Air Sampling", OC-PROC-002. 

"Gas Chromatography - Mass Spectrometry Analysis of Volatile Organic Compounds 
(VOCs) in Ambient Air from Canisters at PPBV Concentration Levels", OC-PROC-003. 

"Standards Log-in and Preparation", CP-PROC-009. 
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DATA VALIDATION AND REPORTING OF VOLATILE ORGANIC 

COMPOUNDS FROM GAS CHROMATOGRAPHY/MASS SPECTROMETRY 
ANALYSIS OF AMBIENT AIR IN CANISTERS FOR THE WIPP 

VOLATILE ORGANIC COMPOUND MONITORING PLAN 

1.0 GENERAL DISCUSSION 

1.1 Purpose 

The purpose of this procedure is to describe the steps taken to perform 
validation and verification of GCMS results and to prepare final reports for 
the analysis ofVOC in ambient air as outlined in EPA Methods T0-14A and 
T0-15, and the EPA Contract Laboratory Program-Statement of Work for 
Volatile Organic Compounds in Ambient Air (EPA CLP-SOW VOC in Air). 
This procedure is written to comply with the WIPP "Confirmatory Volatile 
Organic Compound Monitoring Plan", WP12-VC.Ol, and "Volatile Organic 
Compounds Monitoring Quality Assurance Project Plan", WP12-VC.02. 

1.2 Personnel 

Laboratory personnel should verify that this procedure is the latest available 
revision by checking the Organic Chemistry Laboratory Procedure Manual 
against the version in H:\document control\oc. The latest revision of this 
document shall be in the VOC laboratory at all times. If this procedure is 
found to be unsatisfactory in any way and a procedure revision is required, 
notify the laboratory manager or designee. 

1.3 Definitions 

Bromofluorobenzene (BFB) - Also called p-bromofluorobenzene or 4-
bromofluorobenzene, this is a gaseous organic compound commonly used as 
a tuning standard GC/MS. 

Calibration Standard (CAL) - A specially prepared canister containing a 
known concentration of each VOC compound of interest. 

Continuing Calibration Standard (CCAL) - A daily calibration check standard 
near the midpoint of the calibration curve. 

Contract Required Quantitation Limit (CRQL) - The lowest concentration of 
a compound of interest which will be reported under a given contract. The 
CRQL for each compound of interest is defined in the contract Statement of 
Work. This is the same as the Method Reporting Limit (MRL) for the WIPP 
VOC Monitoring Plan. 

Dilution Factor - Multiplier which adjusts for the difference in the volume of 
sample injected for analysis and the volume of standard injected for 
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calibration. For example, if 200 ml of standard was injected for calibration, 
but only 100 ml of sample was injected for analysis, the dilution factor would 
be 2. Dilution factors may also apply to physical dilutions of samples with 
ultrahigh purity nitrogen. 

Dynamic Calibration - Calibration of an analytical system using calibration 
gas standard concentrations in a form identical or very similar to the samples 
to be analyzed and by introducing such standards into the inlet of the 
sampling or analytical system in a manner very similar to the normal 
sampling or analytical process. 

Electronic Data Deliverable (EDD) - An electronic file that summarizes the 
results of sample and QC standards for a batch of samples. 

EPA T0-14(A) and T0-15 - The United States Environmental Protection 
Agency (EPA) standardized method for analysis of toxic organic compounds 
in ambient air. EPA T0-14 is the original method, EPA T0-14a is a revised 
version, and EPA T0-15 is the newest revision with an expanded analyte list. 

Gas Chromatography CGC) - An analytical technique used for separating 
compounds of interest. 

Internal Standard Area Response - The integrated area of the quantitation ion 
of the internal standard. 

Internal Standard (IS)- Analyte(s) of known concentration added to a sample, 
blank, or calibration standard in known amounts; these are used to correct for 
fluctuations in instrument response. The relative responses of the IS signal in 
the calibration standards relative to the IS signal in the samples indicates the 
presence of signal enhancement or suppression, or instrument drift or 
stability. 

Laboratory Control Sample (LCS) - A standard containing compounds of 
interest which has been prepared from a different source than that used to 
prepare the calibration standard. An LCS is the same as a spiked blank or 
blank spike. 

Laboratory Control Standard Duplicate (LCSD) - A second analysis of the 
LCS. Used to verify the instrument calibration, quantitative analytical 
accuracy, and laboratory precision. 

Laboratory Method Blank- A canister pressurized with zero air or ultra-high 
purity nitrogen. Used to monitor for potential contamination. 

Mass Spectrometer CMS) or Mass Selective Detector (MSD) - An analytical 
detector used for quantitative analysis and/or for the qualitative determination 
of the molecular composition of a sample. A MS consists of ionization of 
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compounds to generate charged molecules, separation of ions based on their 
mass-to-charge ratio (m/z), and detection of the charge induced or current 
produced when ions interact with the detector's surface. 

National Institute of Standards and Technology (NIST) - A federal agency 
that develops and promotes measurement, standards, and technology. 

Organic Chemistry (OC) - The CEMRC Organic Chemistry department. 

Percent Area Response Change (%ARC) - Percent change of the internal 
standard peaks at each level of the initial calibration, as compared to the 
mean internal standard response over the entire calibration range. 

Percent Relative Standard Deviation (%RSD) - For an initial calibration 
curve, the standard deviation of the relative response factors at each 
calibration level divided by the mean of the relative response factors times 
one hundred. This serves as a measure of the linearity of instrument response 
over the calibration curve, and it should be less than or equal to 30% for a 
five point calibration curve. 

pp]2y - parts per billion by volume, the concentration calculated as the 
volume of the compound of interest divided by the volume of the dilution 
gas. 

psia - pounds per square inch of pressure, measured relative to absolute zero 
pressure. 

p§jg - pounds per square inch gauge pressure, measured relative to local 
barometric pressure. 

QA- Quality Assurance 

Relative Response Factor (RRF) - The relative response (peak area or height) 
of an internal standard of known concentration to the response of the analyte 
of interest. 

Retention Time (R T) - The time from the start of the GC analysis run until 
the center of the peak of the compound of interest reaches the detector. 

Retention Time Shift - Retention time of the internal standard peaks in the 
sample relative to the retention time of the same peaks in the current 
continuing calibration. 

Statement of Work (SOW)- A written document describing the agreement of 
the client and contracted laboratory. The SOW includes, but is not limited to, 
technical tasks, quality assurance requirements, data reports and deliverables, 
and other considerations. 
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Tentatively Identified Compound (TIC) - An unknown compound that is 
tentatively identified by Chemstation Software based on its mass spectrum's 
similarity to a known compounds mass spectrum. Known compounds' mass 
spectra are stored in an electronic library stored on the instrument and data 
analysis computers. 

Tuning Standard - A canister containing a known concentration of a tuning 
compound, normally 4-bromofluorobenzene (BFB), that is used to verify the 
mass calibration and sensitivity of the instrument are within acceptable limits 
prior to performing an analysis. The tuning standard results are used to 
evaluate qualitative accuracy. 

Volatile Organic Compounds (VOC)- An organic compound that has a high 
enough vapor pressure to be in the gas phase at ambient temperature and 
pressure. 

Waste Isolation Pilot Plant (WIPP) - A deep geological repository for the 
permanent disposal of transuranic waste. 

2.0 APPARATUS, INSTRUMENT, REAGENTS, AND FORMS 

2.1 Instrument Output 

The hardcopy printout for each GC/MS sample and blank reported must 
include the chromatogram, integration results, library search results, the ion 
spectra for each peak integrated and the NIST ion spectra for the tentatively 
identified compounds. For each 24 hours of analysis, hardcopy printouts for 
the CCAL evaluation, tuning report, chromatogram, and integration results 
are needed. 

2.2 Reporting Forms 

The final reports will be in the format approved by the client. Blank forms 
for the reports have been created in Microsoft Excel®; these will be 
completed by the analyst for final reporting. For analyses performed under 
the WIPP VOC Monitoring Program, the blank forms to be used are in the 
file "I:\envchem\VOC Data Packages\VOC Forms\VOCDP.xls". Copies of 
the blank forms from this file are contained in Appendices A-D. Some forms 
are created by functions within the ChemStation software using the 
EnviroForms package. 

Note: Appendices A-D forms are provided in this procedure as informational 
copies only. Actual report forms are used in the file "I:\envchem\VOC Data 
Packages\VOC Forms\VOCDP.xls" as approved by the clients. 
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3.0 STANDARDS 

For all data reported under this procedure, make certain that appropriate standards 
were used to calibrate the instrument prior to analysis. Check the expiration dates 
of all standards prior to use. 

Gas calibration-standards used to produce standards for calibration of the 
instrument shall be purchased from a reputable source and shall be certified and 
traceable to a NIST standard. Certificates of Analysis supplied with standards shall 
be kept in the "C/MS Standards Logbook. Standards shall be logged in to the 
Organic Chemistry Primary Standards Logbook and be given a unique standard 
identification number according to CP-PROC-009, Standards Log-in and 
Preparation. 

4.0 PROCEDURE 

4.1 Daily Tune Evaluation 

Once every 24 hours when the GC/MS is in use, a BFB tuning standard must 
be analyzed. The ion abundances must meet the criteria in Table 1. 

The analyst must verify that the abundance criteria have been met prior to 
further analysis. The results of the tuning test are calculated by the 
ChemStation software and reported using the "BFB Tune" report function. 
Hardcopies of the tuning reports generated by the software will be maintained 
as a part of the data package. 

Table 1: BFB Tune Criteria 

Mass Ion Abundance Criteria 
50 8-40% of mass 95 
75 30-66% of mass 95 
95 Base Peak, 1 00% Relative Abundance 
96 5-9% of mass 95 
173 <2% of mass 174 
174 50- 120% of mass 95 
175 4-9% of mass 174 
176 93-101%ofmass 174 
177 5-9% of mass 176 
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4.2 Initial Calibration 

Nine VOC are of particular interest for the WIPP Confirmatory Volatile 
Organic Compound Monitoring Program because these are known or likely 
components of the mixed waste being entombed in the repository. The 
compounds of interest are: 

• Carbon tetrachloride (tetrachloromethane) 
• Chlorobenzene (monochlorobenzene, benzene chloride) 
• Chloroform (trichloromethane) 
• 1,1-Dichloroethylene (vinylidene chloride, 1,1-DCE) 
• 1 ,2-Dichloroethane (1 ,2-DCA, DCA, ethylene dichloride, EDC, 

sym-dichloroethane) 
• Methylene chloride ( dichloromethane) 
• 1,1 ,2,2-Tetrachloroethane (sym-tetrachloroethane) 
• Toluene (methylbenzene) 
• 1,1, 1-Trichloroethane (methyl chloroform) 

Eight additional requested analytes are added to the list of compounds of 
interest. These compounds will be reported as Additional Requested 
Analyte. These additional requested analytes are: 

• Benzene 
• Trichloroethylene 
• Tetrachloroethylene 
• Chloromethane (Methyl Chloride) 
• trans-1 ,2-Dichloroethylene 
• 1 ,2,4-Trimethylbenzene 
• p,m-Xylene 
• Trichloromonofluoromethane (Freon-11) 

The instrument is calibrated with five calibration standards. The nominal 
standard concentrations are 1, 10, 25, 50, and 1 OOppbv for each of these 
compounds. The average RRF for target compounds over all calibration 
levels is compared to the target compound responses in the sample for 
determining analyte concentration. 
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4.2.1 Relative Response Factors 

The RRF is calculated for each VOC compound normalized to the 
appropriate IS using the following equation: 

Where: 
RRF = relative response factor; 
Ax = area of the peak for the primary ion of the compound to be 
measured; 
A;s = area of the peak for the primary ion of the IS; 
Cx = concentration of the compound in the calibration standard in 
ppbv;and 
Cs = concentration of the IS spiking mixture in ppbv. 

The mean RRF is calculated by averaging the values obtained at the 
five calibration standard concentrations. The standard deviation of 
the RRFs is calculated using the equation shown below. 

Where: 
SDref = standard deviation of the initial response factors (per 
compound); 
RRF; = relative response factor at a concentration level; 
RRF mean = mean of the relative response factor (per compound); and 
N =the number of calibration levels. 

The %RSD is calculated using the following equation, and must be 
equal to or less than 30% for all compounds: 

%RSD = ( SDref J Y} 00 
RRFmean!~ 

The RRF for each calibration level, the mean RRF for the 
calibration, and the %RSD for the calibration for each compound 
are calculated by the ChemStation software and reported using the 
"Response Factor Report" form. 
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4.2.2 Internal Standard Area Response 

The mean area response for each IS compound over the initial 
calibration range is calculated. The %ARC is calculated for each IS 
at each level of the calibration using the following equation: 

Where: 
%ARC = percent area response change; 
Ax = area response, in counts, of the pnmary ion for the IS at 
calibration level; and 
Y = mean area response, in counts, of the primary ion for the IS over 
the entire calibration range. 

The %ARC at each calibration level must be ± 40% for each IS. 

The %ARC is calculated and reported using the "Initial Calibration 
Internal Standard %ARC" form in the 
"envchem \ VOCDataPackages\ VOCF orms\ VOCDP .xis" 
spreadsheet. 

4.3 Continuing Calibration 

The instrument calibration is verified daily or every 24 hours using a 
calibration standard at or near the mid-point of the calibration curve. 

4.3.1 Percent Difference in Relative Response Factors 

The RRF for the calibration (RRF c) is calculated for each compound 
to the appropriate IS using the equation outlined in 4.2.1. The 
percent difference with reference to the daily RRF c is calculated for 
each compound as follows: 

%D = [(RRFc- RRFmean)]x 100 
RRFmeani 

Where: 
%D = percent difference; 
RRFc = RRF of the compound in the continuing calibration 
standard; and 
RRF meani = mean RRF of the compound in the most recent initial 
calibration. 
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The %D for each compound must be within ± 30% in order to 
proceed with the analysis of blanks and samples. The initial 
calibration mean RRF, the continuing calibration RRF and the %0 
(labeled "%Dev" in the software report) are calculated by the 
ChemStation software and reported using the "Evaluate Continuing 
Calibration" report form. 

4.4 Blank Analysis 

To monitor for laboratory contamination, a blank is analyzed with each 
sample analysis batch or at least once per 24 hours. The blank is analyzed 
after the continuing calibration and before any samples are analyzed. The 
blank is analyzed in the same manner as field samples and the same 
calculations apply. The calculations are outlined in Section 4.6, "Sample 
Analysis". 

The area response of each IS added to the blank sample must be within +/-
40% of the area response of the current continuing calibration. The RT for 
each IS must be within ± 20 seconds (or 0.33 minutes) of the IS RT of the 
current continuing calibration. The blank must not contain any target 
compound/additional requested analyte at a concentration above 0.5 ppbv. 
It also must not contain any compounds with elution characteristics and 
mass spectral features that would interfere with identification of target 
compounds. The total level of VOC in the blank must not exceed I 0 ppbv for 
Confirmatory Monitoring Samples. 

Blank results are reported using the ChemStation "Quantitation Report" 
form. A summary of the blank results is reported on a form similar to the 
Blank Summary Form in Appendix A. A template of this form may be found 
in the "envchem\VOCDataPackages\VOCForms\VOCDP.xls" spreadsheet. 
The limits for IS response and RT are calculated on the "Internal Standard 
Area and Retention Time Summary" form in the same spreadsheet. 
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Table 2: Contract Required Quantitation Limits 
for Compounds of Interest 

Compound CRQL (or CRQL (or 
MRL) MRL) 

(for (for Closed 
Confirmatory Room 

Monitoring Samples) 
Samples) (ppbv) 

(ppbv) 

Carbon Tetrachloride 2 500 
Chlorobenzene 2 500 
Chloroform 2 500 
1,1- Dichloroethene 5 500 
I ,2- Dichloroethane 2 500 
Methylene Chloride 5 500 
I, I ,2,2-Tetrachloroethane 2 500 
Toluene 5 500 
I, I, 1-Trichloroethane 5 500 
Benzene 2 500 
Trichloroethylene· 2 500 
Tetrachloroethylene 5 500 
Chloromethane • 2 500 
trans-1 ,2-Dichloroethylene* 2 500 
1 ,2,4-Trimethylbenzene* 2 500 
p,m-Xylene* 5 500 
Trichloromonofluoromethane* 2 500 

Note: • indicates Additional Requested Analytes 

4.5 Laboratory Control Samples 

The LCS and LCSD are analyzed at a rate of once per batch, or once each ten 
samples, whichever is more frequent. The LCS is a blank spiked with the 
compounds of interest. It is used to verify the instrument calibration and 
method accuracy and precision. The percent recovery of the LCS is used in 
evaluating method accuracy. A comparison of LCS/LCSD results is used in 
evaluating method precision. The LCS and LCSD are analyzed in the same 
manner as field samples and the same calculations apply. The calculations 
are outlined in section 4.6 Sample Analysis. In addition, the LCS percent 
recovery is calculated as follows: 
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Where: 

LCS%recovery= (CaneR )x 100 
Cones 

CaneR= Concentration reported by analysis 
Cones = Concentration spiked 

The duplicate precision is calculated as follows: 

l
(ILCDSconc- LCSD.con.cl)] RPD = xlOO 

(LCSconc + LCSDconc) 

2 

Where: 
RP D = Relative Percent Difference 
LCSconc = LCS concentration 
LCSDconc = LCSD concentration 

The area response of each IS must be within ± 40% of the area response of 
the current continuing calibration. The RT for each of the IS must be within ± 

20 seconds (or 0.33 minutes) of the IS RT of the current continuing 
calibration. The LCS % Recovery must be within ± 40% for all target 
compounds. The RPD must be 25% or less for all target compounds. In the 
case of a failure to meet these criteria, the cause of the failure shall be 
determined and corrected prior to continuation of analysis. 

LCS results are calculated and reported using the "Laboratory Control 
Sample Data Sheet" in the Excel spreadsheet 
"J:\envchem\VOCDataPackages\VOCForms\VOCDP.xls". The IS area and 
RT limits are calculated and reported using the "Internal Standard Summary" 
report form in the same spreadsheet. The LCDILCS duplicate precision is 
calculated and reported on the form "LCS Duplicate Precision" in the same 
spreadsheet. A copy of the LCS Summary Form and the LCS Duplicate 
Precision Form are in Appendices C and B. 

4.6 Sample Analysis 

Samples are analyzed as described in OC-PROC-003, "Gas Chromatography
Mass Spectrometry Analysis of Volatile Organic Compounds (VOC) in 
Ambient Air from Canisters at PPBV Concentration Levels". 

Each analytical run must be checked for saturation. When a high 
concentration sample is analyzed such that the detector response on the 
quantitation report indicates saturation of the detector with a given ion or 
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ions, this analysis must be followed by a blank analysis. If the blank analysis 
indicates a concentration of any compound of interest :=:: 0.5 ppbv or greater 
than 10 ppbv total VOC, the system must be decontaminated. Analysis 
cannot resume until a blank analysis verifies the system is free from 
contamination. Secondary ion quantitation is only allowed when 
interferences prevent use of the primary ion. The reasons for secondary ion 
quantitation must be documented in the final report. 

4.6.1 Concentration 

The following equation is used for calculating concentrations: 

X = (AxCisDF) 
a (AisRRF) 

Where: 
Xa = compound concentration, ppbv; 
Ax = area of the characteristic ion for the compound to be measured; 
Cs = concentration of the IS spiking mixture; 
A;s =area of the characteristic ion for the specific IS; 
RRF = average relative response factor from the initial five point 
calibration; and 
DF = dilution factor. 

The raw sample analysis data is calculated and reported using the 
"Quantitation Report" form in the ChemStation software, without 
inclusion of dilution factors. Dilution factors are included in the 
final reported sample concentrations in the Results Summary 
spreadsheet. 

A summary table of all sample quantitation results shall be included 
in the client data package. Sample quantitation results shall be 
reported in the summary table on the basis of CRQL. Any results 
reported between the laboratory MDL and the CRQL shall be 
qualified as "J" values. Results below the MDL shall be reported as 
"U", not as a numerical value. 
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4.6.2 Internal Standard Retention Time 

The RT for each of the IS for each sample must be within +I- 20 
seconds (or 0.33 minutes) of the RT of the corresponding IS in the 
current continuing calibration. The IS R T limits are calculated and 
reported using the "Internal Standard Summary" report form in the 
Excel spreadsheet "J:\envchem\VOC DataPackages\VOCForms\ 
VOCDP.xls". 

4.6.3 Internal Standard Area 

The areas for each of the IS for each sample must be within 60-
140% of the area of the corresponding IS in the CCAL. The IS area 
limits are calculated and reported using the "Internal Standard 
Summary" report form in the Excel spreadsheet 
"J:\envchem\VOCDataPackages\VOCForms\VOCDP.xls". 

4.6.4 Qualitative Analysis 

The target compounds reported shall be identified based on two 
criteria: (1) elution ofthe sample component at the same GC RT as 
the standard component, and (2) comparison of the relative 
intensities of quantitation ions to qualifying ions as compared to the 
reference spectra. 

4.6.5 Tentatively Identified Compounds 

A library search shall be executed for non-target sample 
components with area responses greater than 1 0% of the area 
response of the nearest IS for the purpose of tentative identification. 
For this purpose the most recent release of the NIST library shall be 
used. The compounds reported shall be identified based on their 
visual comparison to the nearest library search compound. All 
significant ions present in the reference spectra must be present in 
the sample spectrum. Relative intensities of ions should agree 
between sample and reference spectra by visual comparison. Ions 
present in the sample spectra, but not in the reference spectra must 
be accounted for by the analyst. If in the technical judgment of the 
mass spectral interpretation specialist, no valid tentative 
identification can be made, the compound must be reported as 
unknown. If additional classification of the compound can be made, 
it should be included. 

TICs are reported using the "Library Search Compound Report" 
form in the ChemStation software. The search criteria shall be set 
up so that a forward search of the NIST library of mass spectra is 
performed for all Chromatographic peaks greater than ten percent of 
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the nearest IS peak. Quantitation estimates for TICs should be 
calculated relative to the nearest IS, if there are no interferences, and 
assuming an RRF of 1.0. 

4.6.6 Duplicate Analysis 

A sample duplicate is analyzed with each sample analysis batch or 
every ten samples, whichever is more frequent. 

The duplicate precision is calculated as follows: 

[

(ISampleconc- SampleDupconcl)] 
RPD = xlOO 

(Sampleconc + SampleDupconJ 

2 

Where: 
RP D = Relative Percent Difference 
Sampleconc = Reported sample concentration 
SampleDUPconc = Reported sample duplicate concentration 

The RPD must be 25% or less for all target compounds having 
concentrations greater than or equal to the lowest calibration level 
from the five-point initial calibration. The sample duplicate 
precision is calculated and reported in the "Sample Duplicate 
Precision Data Sheet" form in the Excel spreadsheet 
"J:\envchem\VOCDataPackages\VOCForms\VOCDP.xls". A copy 
of this form is in Appendix D. 

4.7 Completeness 

As required by the client Statement of Work, a Sample Completeness Log 
will be maintained to assure that the completeness of analysis of samples 
submitted is greater than 95%. Non-reporting of a sample may occasionally 
occur due to lost samples, handling errors, or rejection of analytical data due 
to incomplete or unresolved QA/QC issues. Non-reporting of sample data 
should be minimized whenever possible. 
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5.0 QUALITY ASSURANCE 

Quality assurance practices will be in accordance with the CEMRC Quality 
Assurance Plan (QAP) CP-QAP-004 and requirements specified in the client's 
SOW. In the case of a failure to meet all performance criteria, the cause of the 
failure shall be determined and corrected if possible and the batch rerun up to three 
times or until criteria are met. If the problem cannot be resolved, the sample data 
may not be reported. 

5.1 Documentation 

5.1.1 Sample Receiving and Tracking 

Sample receiving and tracking will be documented on the "VOC 
Sample Receiving and Tracking Log" form (see Appendix E). The 
original form will be maintained in a Sample Receiving and 
Tracking Logbook. A copy of the form will be included in the client 
data package. Custody seals may be used at the discretion of the 
client. 

5.1.2 Standards 

All stock standards used to prepare calibration standards must be 
recorded in the "Organic Chemistry Standards Log" and must be 
assigned a unique identification number. The preparation of 
intermediate standards, used for calibration and calibration 
verification must be recorded in the "Organic Chemistry VOC 
Intermediate Standards Preparation Log". Documentation of 
standards is outlined in CP-PROC-009 "Standards Log-in and 
Preparation". The instrument log must contain enough information 
to identify the exact standard, stock or intermediate, used for 
calibration, calibration verification, internal/tuning, and laboratory 
control samples. 

5.1.3 Canister Cleaning 

Sample canisters are cleaned following successful analysis. A copy 
of the canister cleaning and/or certification documentation for each 
canister cleaned shall be maintained with the hardcopy of the 
canister cleaning data package. The originals shall be provided to 
the client along with cleaned canisters and chain of custody form. 
Details of the canister cleaning and certification process and 
documentation thereof are found in OC-PROC-002, "Preparation of 
Canisters and Sample Trains for Ambient Air Sampling". 
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5.1.4 Client Data Package Contents 

The client data package contents are specified by the Statement of 
Work. For the WIPP Volatile Organic Compound Monitoring 
Program, the data package shall include the following elements: 

• Analysis Request Form (both client and CEMRC forms) 
• Laboratory Narrative 
• Sample Results Summary 
• Sample Chromatograms and Quantitation Reports 

(including target compound scans) 
• Sample Library Search Results 
• BFB Tune Summary Report and Raw Data (for both initial 

calibration and sample runs) 
• Initial Calibration Summary and Raw Data and IS %ARC 

report 
• LCS and LCSD Summary Reports, Quantitation Reports 

and Raw Data (including target compound scans) 
• Blank Summary Report, Quantitation Report and Raw Data 

(including target compound scans and library search 
reports) 

• Continuing Calibration Verification Summary Report and 
Raw Data (including target compound scans) 

• Internal Standards Area and Retention Time Summary 
• Duplicate Precision Datasheets (Sample and LCS 

Duplicates) 
• Standards Preparation Logs and Stock Standard Certificates 
• Instrument Run Logs (for initial calibration and sample 

runs) 
• Sample Preparation Logs 
• Sample Receiving and Tracking Log 
• Chain-of-Custody Forms 
• Sample Receipt Discrepancy Form (if applicable) 
• Non-Routine Events or Non-Conformance Form (if 

applicable) 
• Data Review Checklist 

All handwritten entries, such as standards preparation logs, run logs, 
etc. must include the signature of the analyst performing the task 
and the date it was performed. 
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5.2 Holding Time 

Humid air canister standards and samples are valid for 30 days from the date 
of preparation or collection. Results of analyses performed after the holding 
time shall not be reported. Analytical Data Reports for routine samples shall 
be submitted to the client within 30 calendar days of sample receipt. Data 
reports for rush samples shall be submitted within seven calendar days of 
sample receipt. 

5.3 Data Review 

Logbooks, sample custody, and analysis records will be reviewed routinely 
by the QA officer or designee. At a minimum, they will be checked for 
completeness and correctness. 

A Volatile Organic Compounds Data Package Inventory Sheet shall be filled 
out to assure completeness of the data package. A copy of this form is 
included in Appendix F. 

Data packages shall be reviewed for completeness and correctness prior to 
delivery to the client. Data package review shall be conducted by the 
laboratory supervisor or designee. Each data package shall include a 
completed "VOC Data Review Checklist" (see Appendix G). A minimum of 
ten percent of data packages will receive a QA review performed by a QA 
specialist or designee. 

6.0 QUALITY CONTROL 

6.1 Control Charts 

The RPD for LCSILCSD will be entered into a control chart to track 
laboratory precision. The %Recovery for LCS and LCSD will be entered into 
a control chart to track laboratory accuracy. Control charts are titled 
"LCS _Control Chart_ VOCs" and are stored in the following folder: 
J :\ VOCs _Data _Packages. 

7.0 ELECTRONIC DATA DELIVERABLE 

A summary electronic file must be submitted for each analysis batch. The contents 
and format of the EDD shall be specified by the client and shall not be changed 
except at the client's request. EDD shall be delivered to the client by e-mail as 
soon as they are validated. 

8.0 RECORDS 

All instrument printouts and reporting forms described in Section 2.0 must be 
stored in accordance with the client's Statement of Work and with CP-PROC-013, 
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"Records Maintenance, Storage, and Establishment of a Filing System". All 
documents generated to support the WIPP Volatile Organic Compound Monitoring 
Plan shall be stored in a 1-hour fire rated container until an electronic archive file 
is prepared on CD. The container shall bear the UL label (or equivalent) certifying 
1-hour fire protection. After preparation of the electronic archive file, the CD may 
be kept in the 1-hour fire rated container and the hardcopies may be filed in a 
designated records storage area. All raw or processed GC/MS data must be 
archived on the CEMRC network, stored on magnetic tape, or CD and kept for the 
duration of this program. 

9.0 REFERENCES 

CP-PROC-009 "Standards Log-In and Preparation" 

EPA Method T0-14 "Determination of Volatile Organic Compounds (VOC) In 
Ambient Air Using Specially Prepared Canisters With Subsequent Analysis By 
Gas Chromatography", Compendium of Methods for the Determination of Toxic 
Organic Compounds in Air, Second Edition, January 1999. 

EPA Method T0-15 "Determination of Volatile Organic Compounds (VOC) in Air 
Collected in Specially-Prepared Canisters and Analyzed By Gas 
Chromatography/Mass Spectrometry (GC/MS)", Compendium of Methods for the 
Determination of Toxic Organic Compounds in Ambient Air, Second Edition, 
January 1999. 

OC-PROC-002 "Preparation of Canisters and Sample Trains for Ambient Air 
Sampling" 

"Quality Assurance Project Plan for Confirmatory Volatile Organic Compound 
Monitoring", WP 12-VC.02, Current Revision. 

"Volatile Organics Analysis of Ambient Air in Canisters", USEPA Contract 
Laboratory Program, VCAAO 1.0, Publication 9240.1-18, EPA/540/r/085, PB95-
963524, December 1994. 

"Volatile Organic Monitoring Compound Plan", WP12-VC.01, Current Revision. 

"WIPP Hazardous Waste Permit, Attachment N", February 27, 2007. 
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Appendix A: VOLATILE ORGANICS IN AMBIENT AIR-CANISTER 

BLANK SUMMARY 

Client: ____________ _ Contract: _____ _ 
Batch No.: _________ _ 

Blank ID: ____ _ Date Analyzed:. _______ Instrument ID: __ 
Blank File ID: ___ _ Time Analyzed: Column ID: RTX-1. 0.32mm id 

THIS BLANK APPLIES TO THE FOLLOWING SAMPLES· 
Laboratory I D Analysis 

Sample No. Sample File Canister Date Time 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

Comments: 

FORM II 
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Appendix B: VOLATILE ORGANICS IN AMBIENT AIR-CANISTER 

LCS DUPLICATE PRECISION DATA SHEET 

Client: _____________ _ Contract: ________ _ 
Batch No.: ______________ _ Canister No.: __________ _ 

Lab File ID.: _________ _ 

Client Sample No.: ____________ lab Duplicate File ID: ______ _ 
Instrument ID:__ GC Column ID: RTX-1. 0.32mm l.d. 

COMPOUND NAME LCS Cone. Duplicate LCS Cone. RPD 
Carbon tetrachloride 
Chlorobenzene 
Chloroform 
1 ,2-Dichloroethane 
1, 1-Dichloroethene 
Methylene chloride 
1,1 ,2,2-Tetracholoethane 
Toluene 
1,1 ,1-Trichloroethane 
Benzene 
Trichloroethylene 
Tetrachloroethylene 
Chloromethane 
trans-1 ,2-Dichloroethylene* 
1 ,2,4-Trimethylbenzene* 
p,m-Xylene* 
Trichloromonofluoromethane* 

FORM X 

Note: indicates Additional Requested Analytes 
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Appendix C: LABORATORY CONTROL SAMPLE DATA SHEET 

Client: ___________ _ Contract: ________ _ 
Batch No.: _________ _ 

Sample ID: ______ _ Date Analyzed: ____ _ Instrument 10: 
Lab File 10: ______ _ Time Analyzed: ____ _ Column 10: RTX-1. 0.32mm id 

lnj. Vol.(cm\ ------

Concentration 
(ppbv) % 

CASRN COMPOUND NAME Spiked Reported Recovery Q 

%Recovery QC L1m1ts: 60-140% 

LCS Recovery: ____ outside limits out of ___ total. 

Comments: 

FORM Ill 
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Appendix D: VOLATILE ORGANICS IN AMBIENT AIR-CANISTER 

SAMPLE DUPLICATE PRECISION DATA SHEET 

Client: _____________ _ Contract: _______ _ 
Batch No.: _____________ _ Canister No.:--------

Lab File ID.: __________ _ 
Client Sample No.: ____________ Lab Duplicate File ID: ______ _ 

Instrument ID:__ GC Column ID: RTX-1. 0.32mm l.d. 

COMPOUND NAME Sample Cone. Duplicate Cone. RPD 
Carbon tetrachloride 
Chlorobenzene 
Chloroform 
1 ,2-Dichloroethane 
1, 1-Dichloroethene 
Methylene chloride 
1,1 ,2,2-Tetracholoethane 
Toluene 
1,1, 1-Trichloroethane 
Benzene 
Trichloroethylene 
Tetrachloroethylene 
Chloromethane 
trans-1 ,2-Dichloroethylene* 
1 ,2,4-Trimethylbenzene* 
p,m-Xylene* 
Trichloromonofluoromethane* 

FORM X 

Note: indicates Additional Requested Analytes 
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UNCONIBOL.~Q~QfXG AND TRACKING LOG 
Batch:------- Received By: ___________ _ Date Received: _______ _ 

__ Chain of Custody Present and Complete 
_Request for Analysis Form Present and Complete 
_ Label/Seal Present and Complete 

Client Sample ID Canister Laboratory 
ID Sample ID 

Comments: 

Canister Valves Closed 
_ Canisters Properly Labeled/Tagged 
_ Canisters and Packaging in Good Condition 

Sample Tracking 

Pressure 
Pressure Analysis Canister Blank Leak 

Sample Sample Upon Completed Cleaned Check Check 
Location Date Receipt Date Date Date Date 

----------------------------------------
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Appendix ~t!CO~IEQ1LEDtCOfY INVENTORY SHEET 

Analysis of Air Samples Collected in Canisters 

(USEPA Method T0-15) 

Batch: -----------------

Title Page 
1. Analysis Request Form and Laboratory Narrative 
2. Sample Results and Raw Data 

a. Sample Results Summary 
b. Chromatograms 
c. Library Search Results 

3. QC Results and Raw Data 
a. BFB Tune (Summary and Raw Data) 
b. Initial Calibration (Summary and Raw Data) 
c. Laboratory Control Sample (Summary and Raw Data) 
d. Method Blank (Summary and Raw Data) 
e. Continuing Calibration Verification (Summary and Raw Data) 
f. Internal Standard Summary 
g. Duplicate Results Summary (Sample and LCS Duplicates) 
h. Standards Preparation Logs and Stock Standard Certificates 
1. Instrument Run Logs 
j. Sample Preparation Logs (Dilution Factors & Internal Std Add.) 

4. Shipping and Receiving Documents 
a. Sample Receiving and Tracking Form 
b. Chain-of-Custody Forms 
c. Sample Receipt Discrepancy Form (if applicable) 

5. Other Records 
a. Non-Routine Events or Non-Conformance Form (if applicable) 
b. Data Review Check Sheet 

Comments: 

Page Numbers: 
From To 

Completed By: ________________________ Date Completed: __________________ _ 

Signature: ______________ _ 
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Appendix G: VOC DATA REVIEW CHECKLIST FOR MMDDYY_OOX 

___ Lab Narrative is correct (method description, receiving & analysis notes) 
Unusual circumstances documented in notes section below ---

___ Client Sample Ids correct (check COC against sample Log in) 
___ Sample Receiving and Tracking Log complete & correct 
___ BFB Tune criteria met for each 24 hour analysis period 

---
Initial Calibration data meets QC criteria 

___ Continuing Calibration meets criteria for each 24 hours of analysis 
___ .Method blank results meets QC criteria for each 24 hours of analysis 
___ LCS/LCS Dup, Sample/Sample Dup results met %RPD criteria 
___ Hold time met for all samples 
___ Correct amount of sample analyzed 
___ Internal Standards RFs and RTs within QC limits 
___ Dilution Factors correctly calculated 
___ Peak integration correct 

Retention Times verified ---
___ Spectral defense included where required 
___ TICs resemble reference spectra and are consistently identified in duplicate samples 
___ Hand entered data on Sample Results Summary, Blank Summary, Initial Calibration %ARC, 

LCS /LCSD Summaries, LCS/Sample Duplicate summaries, and Internal Standards Summary 
checked for accuracy 

___ Hand entered data on Intermediate Standard Preparation Forms consistent with primary 
standard certificate of analysis and LCS Sample Data Sheets 

___ VOC Data Package Inventory Sheet is complete 

Notes: 

Reviewed By:----------------------------

Date Reviewed: ------------
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UNCONTROllED CO~Y 

TEMPORARY PROCEDURAL DEVIATION FORM 

Title! Aee~lpt, Cantrol, and Storage of Gas Samples irl p.aasivated Cani alers 

Or!Ja!'llc: Cherni!Jt_ry 

llmlltkan: 
Sec'lkm 7 ,8,: n~ond lir-,e ot 1tle P!lni!Jri!ptl on Plii!Jil' S of 6 rll8d 'Tha semp le ta.g and orrglnal COC 
vsiJI be rPturnE!d ar copied fur plsOEIImmt in the proj9Cl file. 

It ahoold roaa a& follow&: The ~mpao lag win bt; l:IISClllrdoCI whorl approprl~te {bet«e ca!'l~r 
.:liMning}, 81'1d o.rtglnal COC Will Ill rlh.lm~ or CCipa.d tor placemtnt In the project fila. 

Ju$11ftcatlon: ~~d on ltle client's reque!it viB !!'-ma II on Dec 16, 201 t. 

Valid for: .. Until Next Relli&io • ._ _____________________ _ 

STAff TRAINING 

Pl'lnt 118me 



UNCONTROllED COPY 

TEMPORARYPROCEDURALDEV~TIONFOR~ 
Carl@d Erl\'i 

CartlbU Environmental Monltol1ng & R .... n:h c.nl4111R1> 

Title: Receipt. Conttol, and Storage of Gn ~ In P~ CanlateN 

llmPI :OraMlc:C 

DeWitlon: On JMG• 3, fifth JMI'ICf"IPh reldl oc.PLAN-001, Qualft¥ AMumtee Project Pllln for 
Analyals o1t Yoldte Organic Compounda In Canilter Sa,..... 

It should I"Nd n follows: OC-PI.AN-001, Quality AsiM.tranc:. Project Plan for Analystl of Yoletlle 
Organic Compounds and/or Hydrogen and lllllltl8ne In CaniiJtet Sampln 

On JMII• 3, sixth paragreph rNda OC-PROC.OO.Z Prepanttion of Can...,. for Ambient Air 
Sampling 

It should read n fotlows: OC-PROC..002 Preparetlon of c..,....,_ and a...,.... Trelns for Ambient 
Air Sampling 

On pqe 5,1Ut paregraptl I'Mds .•• PreJMNtlon of Csnr.tera for Ambient Air Sampling •.. 

It should read as fotlows: ..• Pr.,.ralton of Caniltera and Sample Traina for Ambient Air 
Sampling ... 

On page 6, section 1.0 rNda ..• QuaUly ~ Project Plan for Analyala of Voldla Organic 
Compounds In Canfatar Samples, OC-PLAN-001. 

It should I'Md aa follows: ••• Quality A•uranc• ProJect Pten for Anafyala of YolltUe Organic 
Compounda andlor Hydrogen and Mltltane In Canllltar s.mp~a, OC..ftl.AH..001. 

Justification: TltiH of OC.PLAN-001 and OC.PROC.002 were changed after OC-PROC~ 
022008 Willi llaued . 

........... " .... ~ 
Approved by: ~ 

Respon ble 

STAFF TRAINING 

DC-PROG-00 1.007·070297 

] 
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UNCONT~OllED COPY 
RECEIPT, CONTROL, AND STORAGE OF GAS SAMPLES 

IN PASSIVATED CANISTERS 

1.0 PURPOSE 

This procedure is used to ensure the integrity of gas samples from time of receipt at the 
CEMRC to time at which the sample canisters are cleaned, certified, and relinquished 
back to the client. It provides instruction for sample receipt, control, and storage, at the 
CEMRC, of gas samples in passivated (e.g. SUMMA®, Silonite™) canisters to fulfill 
requirements of the Waste Analysis and the VOC Monitoring Plans of the WIPP 
Hazardous Waste Facility Permit. 

2.0 SCOPE AND LIMITATIONS 

This procedure incorporates guidelines from EPA methods T0-14A and T0-15 and the 
WIPP Hazardous Waste Permit. It is applicable to gas samples in passivated canisters 
submitted to the CEMRC for VOC analysis and Hydrogen/Methane analysis. Canisters 
that are cleaned and certified by the CEMRC personnel are also subjected to the custody 
control and storage requirements that are imposed on actual gas samples. 

All gas samples accepted for analysis at the CEMRC must be accompanied by COC 
documentation from the point of origin. When applicable, the CEMRC personnel will 
track sample movement through the CEMRC by following the guidelines established in 
Section 8.0 of Sample Tracking and Chain of Custody procedure, CP-PROC-00 1. 

Approved analytical results must be obtained on a sample such that the time from date of 
sample receipt until analysis does not exceed thirty days. Shorter holding times may 
exist depending on contract requirements. 

3.0 ACRONYMS 

CEMRC - Carlsbad Environmental Monitoring and Research Center 
COC - Chain of Custody 
EPA - Environmental Protection Agency 
NIST -National Institute of Standards and Technology 
PPE - Personal Protective Equipment 
VOC- Volatile Organic Compounds 
WIPP - Waste Isolation Pilot Plant, Carlsbad, NM 

4.0 REFERENCES 

CP-PROC-00 1, Sample Tracking and Chain of Custody 

CP-PROC-0 11, Training and Qualification 

CP-PROC-012, Nonconformances and Non-Routine Events 

CP-QAP-004, CEMRC Quality Assurance Plan 
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UNCONTROllED COPY 
DC-PROG-001, Document Control Program 

EPA Compendium Method T0-14A, "Determination of Volatile Organic Compounds 
(VOCs) In Ambient Air Using Specially Prepared Canisters With Subsequent Analysis 
By Gas Chromatography", Compendium of Methods for the Determination of Toxic 
Organic Compounds in Ambient Air, Second Edition, January 1999. 

EPA Compendium Method T0-15, "Determination of Volatile Organic Compounds 
(VOCs) In Air Collected in Specially Prepared Canisters and Analyzed By Gas 
Chromatography/Mass Spectrometry (GC/MS)", Compendium of Methods for the 
Determination of Toxic Organic Compounds in Ambient Air, Second Edition, January 
1999. 

OC-PLAN-001, Quality Assurance Project Plan for Analysis of Volatile Organic 
Compounds in Canister Samples 

OC-PROC-002, Preparation of Canisters for Ambient Air Sampling 

Quality Assurance Project Plan for Volatile Organic Compound Monitoring, WP 12-
VC.02, Current Revision 

Statement of Work for Volatile Organic Compound Analysis/Hydrogen Methane 
Analysis, Current Revision 

WIPP Hazardous Waste Permit, Volatile Organic Compound Monitoring Plan, 
Attachment N 

5.0 PERSONNEL RESPONSIBILITIES 

Laboratory personnel should verify that this procedure is the latest available revision by 
checking the Organic Chemistry Laboratory Procedure Manual against the version in 
H:\document control\oc. If this procedure is found to be unsatisfactory in any way, notify 
the Laboratory Manager or designee. Personnel shall be trained, as described in CP
PROC-0 11, before commencing with the implementation of this procedure. The 
CEMRC Project Manager may designate a qualified individual or subject matter expert to 
provide and document the training. Personnel shall document any laboratory, equipment, 
and environmental irregularities, conditions adverse to quality, or other non-routine 
events on the appropriate nonconformance or non-routine event form as described in CP
PROC-012, when applicable. 
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6.0 SAFETY 

The minimum PPE required for entry into any room or area designated as a laboratory 
and/or any other rooms/locations where "laboratory use of hazardous chemicals" occurs 
is safety glasses with side shields. 

7.0 PROCEDURE 

Note: The CEMRC Project Manager shall designate individuals as authorized to receive 
samples. 

7.1 Verify that each gas sample received is accompanied by COC documentation 
from the point of origin. Note: All samples shipped to the CEMRC must be 
accompanied by a completed COC. The signature/initials on the shipping 
container should be consistent with a relinquishing signature on the COC form. 

7.2 Verify that a final relinquishing signature is present on the COC form. 

7.3 Inspect the COC documentation for completeness, consistency and continuity. 

7.4 Complete the transfer of custody by: 

• Signing and recording date/time of physical transfer (receipt). 

• Signing and recording date/time shipping container custody seal was 
broken (if present). 

7.5 For each canister: 

• Fill out the date and time of receipt and your initials as recipient on the 
canister identification tag. 

• If a signed tamper-proof custody seal is present on the canister, ensure that 
it is intact and located on the sample canister where it would be apparent if 
the sample integrity were compromised and verify that the 
signature/initials on the sample canister custody seal is consistent with a 
relinquishing signature on the COC form. 

• Verify that all canister valves and caps are in the closed position. 

• Observe the overall condition of the sample canister and document 
disposition and any discrepancies, breakage, or tampering on a sample 
receiving and tracking log. 

OC-PROC-006-003-022006 Page 4 of6 



.. 

UNCONTROllED COPY 
• Prior to reading canister receipt pressures, allow the canisters to 

equilibrate to the laboratory's ambient temperature. Equilibration time 
improves accuracy of measurement and is particularly important when the 
canisters arrive at very cold or hot temperatures. 

• Check for leaks in the canister valve by attaching a certified 
pressure/vacuum gauge to the canister without opening the canister valve. 
Note: If a leak exists, the gauge readings will change over time. Record 
any leak comments on the sample receiving and tracking log. 

• Open the valve and determine the current reading of the pressure/vacuum 
gauge and write the value onto the canister identification tag and on the 
sample receiving and tracking log. Note: If the readings are different by 
more than ±2 psi from the post-sampling readings recorded by the sample 
collector, the canister may be leaking. If possible, try to determine where 
the canister is leaking and tighten the appropriate fittings or consult with 
the CEMRC Project Manager before proceeding. 

7.6 For samples: 

• Verify that each canister is tagged/labeled with an identification number 

• Verify each canister is accompanied with a copy of the Request-for
Analysis form that identifies the sample canister number(s), sample type 
and type of analysis requested. 

7.7 Maintain custody of the sample by maintaining physical possession until such 
time as the sample is analyzed or stored in a location meeting the following: 

• Access-controlled to individuals authorized by the CEMRC Project 
Manager 

• Free of solvents 

• Maintained at an ambient temperature (between 0-40°C). Note: 
Temperature will be monitored, as determined by the Project Manager, 
with a NIST-traceable thermometer. 

7.8 When appropriate (before canister cleaning), remove the sample tag from the 
canister to release it from storage and custody control requirements. Note: The 
sample tag and original COC will be retained or copied for placement in the 
project files. 

7.9 Place a tag on the canister to show that it needs cleaning or proceed with cleaning 
and leak checking of the canister as described in Preparation of Canisters for 
Ambient Air Sampling OC-PROC-002. Note: It is prudent to clean the canister 
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as soon as reasonably possible. Custody control and storage requirements listed 
in section 7. 7 shall be maintained for cleaned canisters. 

8.0 RECORDS 

Sample Receiving and Tracking Form 
Request for Analysis Form 
Canister Identification Tag 
Chain of Custody 

9.0 QUALITY ASSURANCE 

Quality assurance practices will be in compliance with the CEMRC Quality Assurance 
Plan, CP-QAP-004, and the Quality Assurance Project Plan for Analysis of Volatile 
Organic Compounds in Canister Samples, OC-PLAN-001. 

10.0 REVISION HISTORY 

Revision # Date 

0 10/30/03 
1 02/20/06 

2 04/18/08 
3 05/03/10 

OC-PROC-006-003-022006 

Description 

Initial Document, released as EC-PROC-030. 
Biennial Review: incorporated temporary procedural deviation; 
removed the requirements for blank samples in shipping boxes 
since this would be done at the discretion of the client; added step 
for checking leaks in canister valve, and other minor changes for 
clarity. Procedure reissued as OC-PROC-006. 
Biennial review, minor changes. 
Biennial review, minor changes. 
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UNCONTROllED CO~Y 
ANALYSIS OF HYDROGEN AND METHANE SAMPLES IN PASSIVATED CANISTERS 
USING GAS CHROMATOGRAPHY WITH THERMAL CONDUCTIVITY DETECTION 

1.0 PURPOSE 

The following procedure describes the analysis of hydrogen and methane in passivated canisters by 
gas chromatography (GC) with thermal conductivity detection (TCD). This procedure is intended to 
be used by trained operators. It is not intended to provide step-by-step instructions on the operation 
of the instrument. The user is referred to operator's manuals for detailed operating instructions. 

1.1 Scope and Limitations 

Included in this procedure are instructions for the following activities: 

• Preparation of calibration and quality control standards. 
• Calibration and sample analysis. 
• Data package generation, including appropriate quality assurance and quality 

control activities. 

1.2 Process Overview 

Samples are collected in SUMMA® passivated or equivalent canisters and are shipped or 
delivered to CEMRC together with appropriate chain of custody and request for analysis 
documentation. Upon receipt at CEMRC, samples are logged in and stored in an access
controlled area kept between 0-40°C until they are analyzed. Approved analytical results 
must be obtained on a sample such that the time from date of collection until analysis does 
not exceed thirty calendar days for normal analyses and ten calendar days for rush analyses. 
For Shaw samples, the turnaround time is 7 calendar days. Samples that are received at 
pressures < 4 psig or below ambient pressure must be pressurized to 2: 4psig before analysis. 

Hydrogen and methane are quantified by GC/TCD. Briefly, an aliquot of sample is 
introduced to an autosampler and travels through a transfer line to a fixed volume sample 
loop configured before the GC sample inlet. The volume in the loop is injected to the inlet 
and the analytical column. Ultra-high purity (UHP) nitrogen carries the sample into the 
column in a heated oven where temperature may be either held steady or increased at a 
specified ramp rate. The capillary column in which the stationary phase consists of small, 
porous particles composed of molecular sieve polymers or zeolites. Analytes gas and 
undergo a gas-solid adsorption/desorption process with the column stationary phase, which 
results in separation of analytes based on size and shape. 

For hydrogen and methane analysis, the reference gas (i.e. UHP nitrogen) and the reference 
gas plus separated sample analytes (column effluent) pass through a TCD and differences in 
resistance between the two gas streams are measured. The TCD in use at CEMRC is 
designed with an electrically heated single filament whose temperature is at equilibrium at a 
given temperature when only the reference gas passes through the detector. The TCD 
detector pneumatics switches the column effluent and reference gas across the single 
filament at a rate of 5 Hz and conductivity measurements are acquired and separated into 

OC-PROC-009-002-11 0907 Page 2 of21 



·~ 

appropriate signals, (signal and reUMOOIN~s COP,Yer 
than nitrogen causes the thermal conductivity and the specific heat of the gas surrounding the 
filament to change. The difference in the conductivity of the two signals is measured and 
appears as a peak on a chromatogram. Concentrations of analytes are interpolated from a 5-
point calibration curve. Calibration standards are prepared from a certified gas standard by 
filling a clean canister with the hydrogen and methane standard and diluting with UHP 
nitrogen as necessary. 

Data reporting will be compliant with client requirements and changes to data package 
contents may only be made with the client's permission. Personnel responsible for data 
package generation shall be familiar with the Agilent ChemStation Environmental Data 
Analysis software. All data reports shall receive independent technical review Quality 
control criteria for each target analyte shall be consistent with those listed in Table 1. 
Appropriate quality control samples shall be run with each sample batch, consistent with the 
requirements stated in Table 2. 

1.3 Definitions 

CAS Number - A Chemical Abstract Services (CAS) number is a unique numeric identifier 
for a chemical substance. 

Continuing Calibration Standard (CCAL) - A calibration standard at or near the midpoint of 
the calibration curve (e.g. ICAL 4). 

Contract-Required Quantitation Limit (CRQL) - The lowest concentration of a target 
analyte, which will be reported under a given contract. The CRQL for each target analyte is 
defined in the contract Statement of Work (SOW) and is the same as the Method Reporting 
Limit (MRL). 

Dilution Factor - Multiplier which adjusts for the physical dilution of samples with UHP 
nitrogen. 

Dynamic Calibration - Calibration of an analytical system using calibration gas standard 
concentrations in a form identical or very similar to the samples to be analyzed and by 
introducing such standards into the inlet of the analytical system in a manner very similar to 
the normal analytical process. 

Electronic Data Deliverable (EDD) - An electronic file that summarizes the results of sample 
and QC standards for a batch of samples. 

Gas Chromatography (GC) - An analytical technique used for separating compounds of 
interest. 

Initial Calibration Standard (ICAL) - A specially prepared canister(s) containing a known 
concentration(s) of hydrogen and methane. 

Laboratory Blank (LB) - A canister pressurized with UHP nitrogen used to monitor for 
contamination. 
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Laboratory Control Sample (LCS)U~CO~IiOllEDtrCO~Xt 
analytes that has been prepared from a different source (or lot) of materials used to prepare 
calibration standards. 

Laboratory Control Sample Duplicate (LCSD) - A duplicate analysis of the LCS that is used 
to verify the instrument calibration, quantitative analytical accuracy, and laboratory 
precisiOn. 

Method Detection Limit (MDL) - The minimum concentration of a target analyte that can be 
identified, measured, and reported with 99% confidence that the analyte concentration is 
greater than zero. In other words, the minimum concentration reliably detected by an 
instrument using a specific method. 

Porous Layer Open Tubular (PLOT) - A type of gas chromatograph column. 

ppmv - parts per million by volume, the concentration calculated as the volume of the target 
analyte multiplied by 106 and divided by the volume of the dilution gas. 

psia- pounds per square inch absolute pressure, measured relative to vacuum. The psia unit 
of measure is not affected by local barometric pressure and is used by the Dynamic Diluter. 

~ - pounds per square inch gauge pressure, measured relative to local barometric pressure. 

Mass Selective Detector (MSD) or Mass Spectrometer (MS) -An analytical technique used 
for quantitative analysis and/or for the qualitative determination of the molecular 
composition of a sample. An MS consists of ionizing compounds to generate charged 
molecules, separation of ions based on their mass-to-charge ratio (mlz), and detection of the 
charge induced or current produced when ions interact with the detector's surface. 

Method Reporting Limit (MRL) - same as CRQL. 

Percent Difference (%D) - A method of comparing two values to one another in which the 
difference between an experimentally-determined value and a known value is divided by the 
known value and expressed as a percent. 

Percent Recovery (%R) - A method of determining analytical accuracy in which the 
experimentally determined value is divided by the known value and expressed as a percent. 

Percent Relative Standard Deviation (%RSD) -For an initial calibration curve, the standard 
deviation of the response factors (RF) at each calibration level over the mean of the response 
factors times one hundred. This serves as a measure of the linearity of instrument response 
over the calibration curve. Generated by Agilent ChemStation Environmental Data Analysis 
software on the Response Factor Report. 

Quality Assurance (QA) - The systematic monitoring and evaluation of a project to ensure 
that standards of quality are being met. 

Quality Control (QC) - The process of ensuring a certain level of quality in analytical 
measurements. 
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Response Factor (RF) - The response (peak area or height) of a target analyte to the known 
concentration of the target analyte. Generated by Agilent ChemStation Environmental Data 
Analysis software on the Response Factor Report. 

Relative Percent Difference (RPD) - A method of comparing two duplicate measurements 
and a measure of precision. The equation used for calculating RPD is shown in section 4.13. 

Retention Time (RT)- The time from the start of the GC analysis run until the center ofthe 
peak of the target analyte reaches the detector. The retention time used for analyte 
identification is the mean of the retention times of the five calibration levels. This mean R T 
is manually calculated and manually entered into the quantitation database. 

Statement of Work (SOW) -A written document describing the agreement of the client and 
contracted laboratory. The SOW includes, but is not limited to, technical tasks, quality 
assurance requirements, data reports and deliverables, and other considerations. 

Thermal Conductivity Detector (TCD) - An analytical detector commonly used with GC that 
senses changes in the thermal conductivity of a gas stream containing analytes in relation to 
a reference gas. 

Ultra High Purity (UHP): A grade of reagent gas certified as free of impurities. 

Volatile Organic Compounds (VOC)- An organic compound that has a high enough vapor 
pressure to be in the gas phase at ambient temperature and pressure. 

a e : T bl 1 T ar et nalyte 1St A I L" 

Analyte CAS# Precision• Accuracy• CRQL Completeness 
(RPD) (%R) (%) 

Hydrogen 1333-74-0 ~ 25 70-130 
As defined in 

95 sow 

Methane 74-82-8 ~ 25 70-130 
As defined in 

95 sow 
a. Cntena apply to concentratiOns that are greater than or equal to the CRQL. 
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Table 2: Summary of QC Samples and Frequencies 

or tyc rogen e ane natysts ~ H d & M th A I . 

QC Sample Minimum Frequency Acceptance Criteria 
Continuing Calibration 

Every 24 hours of operation :S30%D 
Standard 

Laboratory 
Every 24 hours of operation 

Target analytes S MDL for 
Blank GC/TCD 

Laboratory Control One ( 1) per analysis batch %Rof± 30% 
Sample 

Laboratory Control 
One (1) per analysis batch %R of± 30%, RPD ~ 25 

Sample Duplicate 
Sample One (1) per analysis batch a RPD:s;; 25• 

Duplicate• 
Performance 

Samples and frequency per SOW Samples and frequency per SOW 
Samples 

Method Detection 
Every 12 months See Table 1 

Limit 
a. Cntena apply to concentratiOns that are greater than or equal to the CRQL. 

2.0 REQUIREMENTS 

2.1 References 

40CFR, Part 136, Appendix B, Definition and Procedure for the Determination of the 
Method Detection Limit, Rev .1.11 

HP 6890 Series Gas Chromatograph Hardware Manual. Hewlett Packard Company, 
Wilmington, Delaware, Second Edition, December 1997. 

SM-03, Chemical Hygiene Plan 

CP-PROC-009, Standards Log-in and Preparation 

OC-PROC-002, Preparation of Canisters and Sample Trains for Ambient Air Sampling 

OC-PROC-006, Receipt, Control, and Storage of Gas Samples in Passivated Canisters 

CP-PROC-017, Procurement ofltems and Services 

2.2 Training Requirements 

This procedure is intended for use by personnel trained in the use of GC/TCD. It is assumed 
that instrument operators are familiar with the software used to control the GC/TCD and 
autosamplers. Personnel responsible for data package generation shall be familiar with the 
Agilent ChemStation Environmental Data Analysis software. 

2.3 Equipment List 

2.3.1 Gas Chromatograph/Thermal Conductivity Detector 

The Agilent 6890N GC/TCD instrument as configured at CEMRC consists of three 
major components: the gas chromatograph (including the column and oven), the 
TCD, and the MSD. The MSD portion of the configuration will not be utilized in 
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this procedure. 
system is capable of meeting all performance and QC criteria specified within this 
procedure. 

2.3.2 Entech 7032A-L MiniCan™ Autosampler 

The Entech 7032A-L MiniCan™ Autosampler can introduce up to 21 samples from 
400 mL or 1000 mL MiniCans™ or 3 samples from 6 L canisters into the GC. 
Autosamplers may be plumbed in series so that up to three autosamplers may be 
attached to one GC/ TCD. Autosamplers are also configured to prepare calibration 
standards as described in Section 4.2. Autosamplers are controlled by the Entech 
control software. Equivalent autosamplers may be used, provided that they are 
capable of meeting all performance and QC criteria specified within this procedure, 
when properly installed. 

2.3.3 Entech 4600A Dynamic Diluter 

The Entech 4600A Dynamic Diluter is capable of diluting gas standards either by 
dynamic dilution or by static pressure dilution. The samples and standards covered 
by this procedure will be diluted by static pressure dilution. 

2.3.4 Calibrated Thermometer(s) 

A thermometer with a valid, traceable calibration shall be used to monitor the 
temperature in areas used for sample storage. Thermometers used in sample storage 
areas shall have a function which records maximum and minimum temperatures. 

2.3.5 Stainless steel passivated SUMMA® or equivalent canisters (e.g. Silonite®, 
TO-Can™) 

Standard and sample canisters are prepared for use as specified in OC-PROC-002. 
Cleaned and certified stainless steel canisters, typically 400-6000 mL capacity, are 
required for standard, blank, and laboratory control sample preparation. Canisters 
are fitted with stainless steel quick connect fittings for attachment to the 
autosampler. At least 7 canisters are required for standard preparation. 

2.3.6 Calibrated Pressure Gauge and Vacuum Gauge 

A pressure gauge is used to confirm above-ambient pressures in canisters. Vacuum 
gauge is used to confirm sub-ambient pressures in canisters. 

2.4 Primary Standards 

All primary standards shall be purchased from a qualified vendor in accordance with CP
PROC-0 17, "Procurement of Items and Services". 

Primary standards shall be received and documented according to CP-PROC-009, 
"Standards Log-in and Preparation". Purchased standards are assigned a unique standard 
identification number upon receipt. This number is used to identify the standard on all 
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standard preparation documentatiollJ ~COl!~llEDe !COf:ie 
or working standard. All purchased standards must be accompanied by a certificate of 
analysis. 

The following is a list of primary standards used in this procedure: 

• Certified hydrogen and methane gas calibration standards, balanced with nitrogen. 

• Certified hydrogen and methane gas calibration standard, balanced with nitrogen 
from an independent source (i.e. different cylinder#). This standard is used for the 
laboratory control sample (LCS). 

2.5 Precautions and Limitations 

2.5.1 Interferences 

Since TCD exhibits universal response and detects all gas analytes in the carrier 
gas, any analyte having the same retention time as a target analyte may produce a 
false positive. One example is helium. Helium has a retention time near hydrogen. 
It is unlikely that large amounts of helium will be present in samples, but the 
current instrument configuration at CEMRC utilizes helium as the carrier gas for 
the attached MSD. As a result, retention time windows will be set at ± 0.075 
minutes. Careful consideration should be made before identifying an analyte as a 
target analyte when it has a slightly different retention time than the mean retention 
time of the five calibration levels for that analyte. Choosing an appropriate GC 
column and shifting the retention times by changing the GC method parameters 
may also help to eliminate false positives. 

The TCD can become contaminated with deposits via column bleed or dirty 
samples. Signs of contamination include a wandering baseline, increased noise 
levels, or changes in response on a checkout chromatogram (Agilent 6890 TCD 
checkout procedure). Thermal cleaning or baking out the detector will often clear 
out the contamination. The tungsten-rhenium TCD filament has been passivated to 
protect against oxygen damage, but chemically active compounds such as acids and 
halogenated compounds may alter filament resistance and permanent changes to 
detector sensitivity. A voidance of acidic or halogenated compounds or frequent 
replacement of the filament can prevent such interferences. 

2.5.2 Safety 

Samples analyzed by this method may contain known carcinogens in the form of 
VOCs and other non-target compounds. Exposure to these compounds will be 
minimal as long as the operating procedure is followed. Each individual working in 
the laboratory is expected to develop safe chemical hygiene habits aimed at the 
reduction of chemical exposures to themselves and coworkers. 

The standards and nitrogen carrier gas used for analysis are stored at high pressure. 
Large cylinders must be secured to prevent tipping. Use protective caps when 
moving large gas cylinders. 
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The current instrument configuration has many heated zones and care must be 
taken in order to prevent serious burns. 

2.6 Prerequisite Actions 

2.6.1 Check pressure in all compressed gas cylinders, including GC carrier gases, TCD 
reference gas, diluent gases, and standard gases to assure that no cylinders will 
need replacement while performing the procedure. When changing out the 
cylinders for the carrier gas and reference gas, cool down the appropriate heated 
zones. Make certain carrier gas regulators are set at approximately 80 psig to 
assure proper carrier gas flow. 

2.6.2 Observe the oil level in the view window on the foreline pump to assure that it is at 
a proper working level. If the oil level is low or the oil appears discolored, perform 
a proper shutdown of the instrumentation and change the oil before operating the 
instrument. 

2.6.3 Check the exhaust ventilation for proper air flow. 

2.6.4 Make certain that personal protective equipment IS available and used when 
appropriate. 

2.6.5 Ensure that all thermometers to be used are in proper calibration. 

2.6.6 Check the expiration dates on all standards to be used to ensure that they are not 
expired. 

2.6. 7 Check that cleaned canisters are available for all standards that must be prepared. 

2.6.8 Check the pressure in working standards to assure that they are within operational 
requirements prior to beginning any analysis. 

2.6.9 Check the maintenance log to be certain that no routine maintenance is due prior to 
analyzing samples. 

3.0 RESPONSIBILITIES 

CEMRC Laboratory personnel should verify use of the most recent procedure revision by checking 
the Organic Chemistry Laboratory Procedure Manual against the version in H:\document control\oc. 
The latest revision of this document shall be in the laboratory at all times. If this procedure is found 
to be unsatisfactory in any way and a procedure revision is required, notify the Project or Laboratory 
Manager or designee. This procedure is to be performed only by personnel trained and qualified in 
its use. 
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4.0 PROCEDURE UNCONTROllED COrY 
4.1 Sample Receipt, Control, and Storage 

As specified in OC-PROC-006: Receipt, Control, and Storage of Gas Samples in Passivated 
Canisters. The client shall provide appropriate Request for Analysis and Chain of Custody 
documentation for samples submitted. 

4.2 Calibration Standard Preparation 

4.2.1 Attach copper tubing between the primary standard cylinder regulator and an 
Entech autosampler. Open the cylinder valve. Adjust the regulator pressure 
accordingly based on intermediate standard canister size. 

4.2.2 Open the appropriate Entech autosampler software and press the "Fill" button to 
enter the canister pressurization controls screen. Set the initial flush time to I 
minute and press "Go". After the initial I minutes flush, the flush time should be 
set to 0.1 minutes for flushes between dilutions. 

4.2.3 Attach a quick connect fitting to open the pressurization port to atmospheric 
conditions. Press the "Flush" button on the autosampler to purge with the hydrogen 
and methane standard. 

4.2.4 Take a cleaned and evacuated canister and attach the canister to the pressurization 
port. 

4.2.5 Set the Entech software to dilute to a target pressure. Open the canister and press 
the pressurize button. 

4.2.6 After the software shows the canister is pressurized, close the canister valve and 
remove it from the pressurization port. 

4.2.7 If necessary, dilute the standard as described in section 4.6 using either the 
Dynamic Diluter or the fill port on the autosampler and allow an equilibration time 
of at least I 0 minutes between serial dilutions. 

4.2.8 Document the calibration standard preparation. The five standards need to be 
assigned intermediate standard identifications in accordance with CP-PROC-009 
and added to the "Standards Logbook". 

4.2.9 Label the canisters as calibration standards, along with the intermediate ID, date 
prepared, preparer's initials, expiration date and level of concentration. The 
calibration standards are valid until the expiration date of the primary standard. 

4.2.1 0 Repeat steps 4.2.2 to 4.2.9 for the remaining four standards to produce a total of 
five standards at different levels of concentration. Close all primary standard 
cylinder valves when not in use. Examples of standard levels are listed in Table 3. 
Note: The lowest standard level should be ~50 ppmv. The TCD is not sensitive 
enough to accurately detect at lower than 50 ppmv. 
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UNCONTROllED CO~V 
Table 3: Calibration Standard Levels (Example) 

Standard Level Prepared from Primary Dilution 
Standard 

(ICALI) ~56 ppmv 1000 ppmv (0.1 %) 18x 
(ICAL2) ~ 125 ppmv 1000 ppmv (0.1 %) 8x 
(ICAL3) ~250 ppmv 1000 ppmv (0.1%) 4x 
(ICAL4) ~500 ppmv 1000 ppmv (0.1%) 2x 
(ICAL5) ~ 1000 ppmv 1000 ppmv (0.1%) lx 

4.3 Laboratory Control Standard Preparation 

The LCS requires preparation of a gas standard from a secondary source in the same manner 
described in section 4.2. 

4.4 Laboratory Blank Preparation 

4.4.1 Tum on the En tech 4600A Dynamic Diluter if not already on. 

4.4.2 Open the UHP nitrogen cylinder valve. Adjust the regulator pressure accordingly 
based on laboratory blank canister size. 

4.4.3 Open the 4600A software and press the "Flush" button to enter the canister 
pressurization controls screen. Set the flush time to 1 minute and press "Go". 

4.4.4 Press the "Flush" button on the diluter to purge it with UHP nitrogen. 

4.4.5 Take a cleaned and evacuated canister and attach the canister to the fill line. 

4.4.6 Set the Entech software to dilute to target pressure. Open the canister and press the 
pressurize button on the Dynamic Diluter. 

4.4.7 After the software shows the canister is pressurized, close the canister valve and 
remove it from the fill line. 

4.4.8 Close the UHP nitrogen valve. 

4.4.9 Label the canister as a laboratory blank or LB, along with the date prepared, 
preparer's initials, and UHP nitrogen lot#. 

4.5 Preparation of MDL Samples 

The ICALl standard can be used for the MDL sample or it can be prepared separately in the 
same manner as the ICALI calibration standard. 
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4.6 Sample Preparation UNCONTROllED CO~Y 
Prior to analysis, all samples must be at least 4 psig pressure. Samples that are received at 
pressures< 4 psig or below ambient pressure must be pressurized to:::: 4psig before analysis. 
Samples with analytes whose concentrations exceed the calibration curve will have to be 
diluted and reanalyzed. Sample dilutions will be recorded on a sample preparation form. If it 
is necessary to release pressure in a canister before performing a dilution, release excess 
sample into the exhaust ventilation duct in order to minimize personnel exposure to 
potentially hazardous substances. Sample dilutions are performed as follows: 

4.6.1 Tum on the Entech 4600A Dynamic Diluter if not already on. 

4.6.2 Open the UHP nitrogen cylinder valve. Adjust the regulator pressure accordingly 
based on sample canister size. For a 6L canister, 55-65psig is an appropriate 
regulator pressure. 

4.6.3 Open the 4600A software and press the "Flush" button to enter the canister 
pressurization controls screen. Set the flush time to 1 minute and press "Go". 
After the initial 1 minute flush, the flush time should be set to 0.1 minutes for 
flushes between dilutions. 

4.6.4 Press the "Flush" button on the diluter to purge it with UHP nitrogen. 

4.6.5 Attach the canister to the fill line. 

4.6.6 Set the En tech software to perform the appropriate relative dilution of "2x" or "3x". 
Open the canister and allow the initial pressure to equilibrate. Then press the 
pressurize button on the Dynamic Diluter. 

4.6.7 After the software shows the canister is pressurized, close the canister valve and 
remove it from the fill line. 

4.6.8 Record appropriate information for entry onto a sample preparation form. 

4.6.9 Close the UHP nitrogen valve. 

4. 7 Initial Calibration 

The calibration is performed by analysis of five calibration standards. The method uses the 
response factors (area count/concentration) of the calibration standards to create a new 
calibration. The instrument is calibrated initially and whenever the operational QC checks 
are not within acceptable limits. 

4. 7 .I Initial Calibration (I CAL) Data Acquisition 

4.7.1.1 Make certain that the pressure in each ICAL standard canister is at least 4 
psig and that the standards have not expired. Load the five ICAL canisters 
onto the autosampler(s). 
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4.7.1.2 :ake cemin th!l!NCONmoill!EDreCOPn~h 
the GC and autosampler sequence tables and that the specified 
autosampler positions are correct. 

4. 7 .1.3 Start the sequence in both the GC and autosampler software when 
temperature zones reach their designated settings. 

4.7.2 Initial Calibration Data Analysis and Response Update 

4. 7 .2.1 After the analysis of all initial calibration standards is complete, open the 
"Environmental Data Analysis" window. Load the data analysis method 
which includes the most recent calibration responses (filename 
"MMDDYY gas"). Clear all the calibration responses. 

4.7.2.2 In the "Execute" line, type "enhanced 2" and hit "Execute". On the 
tool bar of the enhanced data analysis screen, go to "Calibration" and 
select "Edit Compounds". When "Edit Compounds" screen comes up, 
select the first analyte and click on "View". This will bring up the Page 1 
of the chosen analyte. For hydrogen and methane, make sure that the 
Quant Signal in the box "Signals to Be Used for Quantitation" is "GC 
Signal]". 

4.7.2.3 Click on "Page 3". This will bring up the Calibration level ID and 
Concentration screen. For hydrogen and methane, in the "Cone." column, 
fill out the appropriate concentrations for "Calibration Level ID". Save 
the changes to each analyte. 

4.7.2.4 Save the method as "MMDDYYgas.M". For example, "012810gas.M" is 
the method saved on January 28, 201 0. 

4.7.2.5 Exit the enhanced data analysis screen by typing "enhanced" m the 
Execute line and select "Execute". 

4.7.2.6 Load the method just created. 

4.7.2.7 Open the first calibration data file (ICAL 1). Calculate and generate the 
quantitation report. Then enter "Qedit" mode and check to be certain that 
each peak was correctly integrated. Exit Qedit, saving changes to the 
quantitation. 

4.7.2.8 Update the initial calibration for the first level. 

4.7.2.9 Repeat steps 4.7.2.7 and 4.7.2.8 for each calibration level. 

4. 7 .2.1 0 Calculate the mean retention time for each target analyte from the five 
calibration levels and manually enter the times into the quantitation 
database. 

4.7.2.11 Repeat step 4.7.2.2 to make sure "Signals to Be Used for Quantitation" is 
"GC Signal 1 ". 
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UNCONTROllED CO~Y 
4. 7 .2.12 After updating the responses for all the calibration levels, display the 

response factors for the calibration. Print out the response factor report. 

4.7.2.13 Print out the hydrogen and methane calibration curves, then save the 
method. 

4.7.3 Initial Calibration Acceptance 

The relative standard deviation %RSD is the standard deviation divided by the 
mean of the response factors for the five calibration standards and must be =:; 30%. 
The %RSD is calculated by the ChemStation Software and reported in the response 
factor report. 

For hydrogen and methane, the five initial calibration standards results will be 
fitted using the least square method. The correlation coefficient (r2

) value must be 
greater than 0.990 for the calibration to be acceptable. Qualitatively, hydrogen and 
methane are identified ifthere are peaks within the RT window. 

Provided all acceptance criteria listed in Table 4 below are met, the initial 
calibration data may be accepted and analysis may proceed. If the criteria are not 
met, the cause must be determined and corrected. 

Table 4. Calibration Acceptance Criteria 

Procedure Frequency of Procedure Acceptance Criteria 
5-pt initial calibration for Initially, and as needed • %RSD :S 30 
hydrogen and methane • Retention times of 

each ICAL level must 
be within± 0.075 
minutes from the 
initial calibration 
mean RT 

• Linear response 
correlation coefficient 
(r2

) must be greater 
than 0.990 

OC-PROC-009-002-11 0907 Page 14 of21 



Calculations Associated UMCQHIBOll[E[O) COPY 
The RF for each initial calibration level is calculated with the equation: 

RF = (As)/(Cs) 

Where: 
As = Peak area of the target analyte counts (Response) 
Cs =Concentration of the analyte (ppmv) 

The percent relative standard deviation (%RSD) for each analyte is calculated as 
shown in equation below: 

%RSD = (s/x)*IOO 

Where: 
s = standard deviation of response factors for the analyte (five initial RFs 
from the calibration) 
x = mean RF of the analyte (average of the five RFs from the initial 
calibration) 

Initial calibration curves are constructed in the ChemStation software by using a 
least squares linear regression to plot area responses versus concentration of analyte 
for all calibration standards analyzed. The curve fit is Linear Regr, Force (0,0). 
Inverse of cone will be used for the data point weight for linear regressions. 

A simplified calibration equation that is forced at zero, but not weighted for the 
inverse of concentration is listed below: 

A=mC+b 

Where: 
A 
m 
c 
b 

Total area response for analyte 
Slope of line (proportionality constant) 
Amount (ppmv) of analyte 
Intercept (regression constant, forced at zero) 

4.8 Continuing Calibration Standard 

The continuing calibration verification is performed every 24 hours of operation and the 
acceptance criteria must pass the requirements described in Table 5 below. The CCAL can 
be the midpoint calibration standard (ICAL 4) or can be prepared as a separate standard at or 
near the same level of the ICAL 4 standard. 

For the CCAL, the following QC criteria must be met: 

For hydrogen and methane, the RT must be within± 0.075 minutes of the initial calibration 
mean RT. In addition, concentrations must agree within ± 30% of the known standard 
concentration. If the CCAL does not pass acceptance criteria, a second continuing 
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calibration standard may be run. 
another five-point instrument calibration prior to proceeding with analysis. The CCAL may 
be retried a third time only in if an obvious reason for the failure of the standards to pass 
criteria is observed. 

Calculations associated with evaluation of the CCAL are detailed below: 

For hydrogen and methane, %Dis calculated as follows: 

Where: 
RFc RF of the analyte in the CCAL standard 
RFi = mean relative response factor of the analyte in the most recent initial 

calibration. 

The %D for each analyte must be within ± 30% in order to proceed with the analysis of 
blanks and samples. The initial calibration mean RF, the continuing calibration RF and the 
%D (labeled "%Dev" in the software report) are calculated by the ChemStation 
Environmental Data Analysis software and reported using the "Evaluate Continuing 
Calibration" report. 

Table 5: Summary of Continuing Calibration Acceptance Criteria 

Procedure Frequency of Procedure Acceptance Criteria 
Continuing Calibration Every 24 hours of • %D or %Dev must be s 
for hydrogen and operation 30%. 
methane • Retention times must be 

within ± 0.075 minutes 
from the initial 
calibration mean RT. 

4.9 Laboratory Blank 

Prior to sample analysis and following the continuing calibration evaluation, a laboratory 
blank is analyzed. The analysis results of the laboratory blank must be less than or equal to 
the MDLs for hydrogen and methane in order for the system to pass the certification. 

4.10 Determination of Method Detection Limits 

MDLs are determined as follows. Seven replicate analyses of a low level standard containing 
target analytes at or near the expected detection limit are analyzed and the standard deviation 
determined for each target analyte. The MDL is the value obtained when this standard 
deviation is multiplied by 3.143 (the "student's t value" appropriate for a 99% confidence 
level for six degrees of freedom). This MDL determination method is based on that 
described in 40 CFR Part 136, Appendix B. Actual MDL will be reported as calculated. 
Samples will be flagged "U" for target analytes that have concentrations below MDL before 

OC-PROC-009-002-110907 Page 16 of21 



applying any mu~iers. MDLs JJ~OOIR5JLUEn.CO~Yor 
laboratory commissioning and at least once per year thereafter, or following any major 
repairs to the instrument or significant changes to the analysis method. Electronic copies of 
current MDL data and calculations will be maintained on CEMRC's network (H:\OC 
DQOs). 

4.11 Laboratory Control Sample 

An LCS and LCSD are run for each analysis batch. The LCS is prepared using a different 
source for the target analytes than the calibration standards. Recovery of the target analytes 
(%R) for the LCS must be within ± 30% of the known spiked concentration of the canister. 
The LCS/LCSD results are acceptable provided that the RPD is ::::;25. If the recovery or RPD 
are outside the acceptance windows, determine the cause and rerun the LCSILCSD prior to 
continuing with the sample batch analysis. For hydrogen and methane, the RT must be 
within± 0.075 minutes of the initial calibration mean RT. 

Calculations associated with evaluation of the LCS and LCSD are detailed below: 

Percent Recovery: 

%R =(ConeR JxlOO 
Cone8 

Where: 
ConeR =Concentration reported by analysis 
Cones = Concentration spiked 

Relative Percent Difference: 

RPD= 
ILCS-LCSDI 

xlOO% 

4.12 Sample Batch Procedures 

Sample batch analysis may not proceed until all QA criteria are met. The Continuing CCAL 
and LB must be run prior to any sample analysis and repeated every 24 hours of operation. A 
LCS and a LCSD must be run once for each sample batch. 

4.12.1 Sample Data Quantitation 

For all samples in the batch, detected target analytes must meet the following 
criteria: 
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initial calibration mean RT. 

Calculations for Sample Quantitation 

Concentrations of the introduced sample are calculated by the ChemStation 
software. The curve fit is Linear Regr, Force (0,0). Inverse of concentration is 
used for the data point weight for linear regressions. Any prior dilutions resulting 
from off-line static pressure dilutions are recorded on the "Sample Preparation 
Form", where a total dilution factor is determined. The total dilution factor for a 
sample is entered in the "Result Summary" section of the verified spreadsheet 
(HMDP.xls) and is used to calculate the concentration of analytes in the diluted 
samples. 

A simplified sample concentration equation that is forced at zero, but not weighted 
for the inverse of concentration is listed below (results will vary slightly from what 
is calculated in ChemStation): 

C=((A-b)/m)xDF 

Where: 
Cx 
A 
b 
m 
DF 

Concentration (ppmv) of analyte 
Total area response for analyte 
Intercept (regression constant, forced at zero) 
Slope of line (proportionality constant) 

dilution factor 

4.13 Duplicate Sample Analyses 

For each sample batch, a sample duplicate must be analyzed. If none of the samples in a 
sample batch contain a target analyte at a concentration ~CRQL, the LCSD will be counted 
as the sample duplicate. The duplicate precision, defined by the RPD, must be less than or 
equal to 25%. 

Relative Percent Difference (RPD) Calculations 

RPD= 

Where: 

!Sample - SampleDuA 

((Sample + ~ampleDup) l xlOO% 

Sample = Sample concentration result 
SampleDup = Sample duplicate concentration result 
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4.14 Performance Samples UNCONTROllED CO~Y 
When available, independent quality assurance samples will be obtained and analyzed to 
verify the accuracy of both the instrumentation and the analyst. Both blind (obtained from 
an outside source, true values not known at the time of analysis) and reference samples 
(samples obtained from an outside source with known true values, or alternatively, internally 
prepared standards) can be used to perform this function. The percent recovery for the audit 
standards must fall within ± 30%. If the recovery results for the performance sample 
analyses are not acceptable, an investigation must be performed to determine the source of 
the conflicting result(s) and corrective action initiated. 

4.15 Instrument Shut Down 

Ensure that the GC and autosamplers return to standby mode when analysis is complete. 
The vacuum, carrier gas, and GC oven systems should remain on, when possible. If 
complete shutdown is necessary, refer to the operator's manual for all shut down 
requirements. NOTE: The MSD is configured as a component of the instrument used for 
hydrogen and methane analysis. The MSD source is heated during operation of the 
instrument. Do not vent the MSD for any reason without first completing a "Vent" cycle 
from the ChemStation software to avoid damaging the mass selective detector. Venting a hot 
source can cause oxidation of delicate components within the ion source. 

5.0 QUALITY ASSURANCE 

5.1 Documentation 

5.1.1 Standards 

All stock standards must be recorded in the Organic Chemistry Primary Standards 
Logbook upon receipt and must be given a unique identification number. All 
intermediate standards prepared for use in calibration and QC checks must be 
documented in the VOCs Intermediate Standards Preparation logbook. 
Documentation of standards is outlined in CP-PROC-009. Instrument raw data or 
run logs must contain enough information to identify the exact standard, stock or 
intermediate, used. 

5 .1.2 Maintenance Logs 

Maintenance logs will be kept up to date. All routine maintenance operations will 
be documented as well as instrument service. All service entries will include 
malfunction symptoms, a description of repairs made, and a description of how 
return to acceptable operation was determined. The routine maintenance schedule 
provided by the manufacturer may be used to document performance of routine 
maintenance procedures. The instrument manufacturer will provide documentation 
of repairs performed by service engineers. This will be incorporated into the 
maintenance log. 
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5.1.3 Instrument Analysis Logsu NCONl~Qll[E[D COPY 
Analysis logs will be maintained and will contain at a minimum a list of samples 
analyzed, sample injection ID, autosampler inlet, calibration and LCS standards 
identification numbers, the date analyzed and the data file storage information. Any 
problems encountered during analysis or reruns required will also be noted. 
Analysis logs will be updated when using the instrument for calibration, MDLs, 
and sample analysis. 

5.1.4 Sample Receiving 

Samples will be received and documented in accordance with OC-PROC-006. 

5.1.5 Canister Cleaning 

Sample canisters are cleaned following successful analysis and reporting of results. 
The effectiveness of the cleaning procedure is demonstrated by analyzing a blank 
sample from one cleaned canister of the cleaning batch. A copy of the canister 
cleaning documentation for each canister cleaned shall be maintained with the 
hardcopy of the canister cleaning data package. The originals shall be provided to 
the client along with cleaned canisters and chain of custody form. Details of the 
canister cleaning and certification process and documentation thereof are found in 
OC-PROC-002, "Preparation of Canisters and Sample Trains for Ambient Air 
Sampling." 

5.1.6 Data Reporting 

The contents and format of hydrogen and methane analytical data packages will be 
in accordance with the current Statement of Work for Volatile Organic 
Compound/Hydrogen and Methane Analysis and/or specified by the client. 

Instrument output: The RF for each calibration level, the mean or average RF for 
the calibration, and the %RSD for the calibration for each compound are calculated 
by the ChemStation software and reported using the "Response Factor Report" 
form. The continuing calibration RF and %0 (labeled "%Dev" in the software 
report) are calculated by the ChemStation software and reported using the 
"Evaluate Continuing Calibration" report form. CCAL, LB, LCS, and LCSD 
concentrations are reported using the ChemStation "Quantitation Report" form. 
Sample concentrations are reported using the ChemStation "Quantitation Report" 
form without correcting for dilution factors. Note: Dilution factors are factored in 
within the "Results Summary" worksheet in the most current version of the file 
"envchem I VOCs _Data _Packages\ VOCsForms I HMDP.xls ". 

Custom Reporting Forms: The format of reporting forms is flexible, but must be 
acceptable to the client. The reporting forms acceptable for use are in the current 
version of the file "envchem\VOCs_Data_Packages\VOCsForms\HMDP.xls". 
This workbook includes worksheets for calculating and/or reporting the CCAL 
%Recovery, Blank Summary information, LCS %Recovery, LCSD %Recovery, 
the LCS/LCSD duplicate precision, and the sample duplicate precision. The 

OC-PROC-009-002-11 0907 Page 20 of21 



workbook also includes JJ~QNIBOUllle COfYar 
the MRLs (specified by the client) and MDLs. 

5.1.7 Hydrogen and Methane Completeness Logbook 

A Hydrogen and Methane Completeness Logbook will be maintained to assure that 
the completeness of analysis of samples submitted is greater than 95%. Non
reporting of a sample may occasionally occur due to lost samples, handling errors, 
or rejection of analytical data due to incomplete or unresolved QA/QC issues. 
Non-reporting of sample data should be minimized whenever possible. 

6.0 DATAREVIEW 

Logbooks, sample custody, and analysis records will be reviewed routinely by the QA officer and 
the laboratory supervisor. At a minimum, they will be checked for completeness and correctness. A 
"Data Package Hydrogen & Methane Analysis Inventory Sheet" shall be filled out to assure 
completeness of the data package. The format of the form is flexible, but must be acceptable to the 
client. 

Data packages shall be reviewed for completeness and correctness prior to delivery to the client. 
Data package review shall be conducted by trained personnel that did not prepare the original data 
package. Each data package shall include a completed "Hydrogen and Methane Data Review 
Checklist". The format of the form is flexible, but must be acceptable to the client. A minimum of 
ten percent of the data packages will receive a QA review performed by a QA specialist. 

7.0 ELECTRONIC DATA DELIVERABLES 

For each batch of hydrogen and methane sample analysis, a summary electronic file must be 
prepared and submitted to the client. The contents and format of the electronic file shall be 
specified by the client and shall not be changed except at the client's request. EDD shall be 
delivered to the client by e-mail as soon as the EDD and corresponding data package are validated. 
Verified spreadsheet (HMDP.xls) used to process the EDD may also be sent to the client if 
requested. 

8.0 RECORDS 

Analysis Logs 
Maintenance Log 
Intermediate Standards Logbook 
Organic Chemistry Primary Standards Logbook 
Hydrogen and Methane Completeness Logbook 
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OC-PROC-009-002-110907 

Description 

Initial Document 
Biennial Review 
Revision to incorporate temporary deviations, minor changes 
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Common Name: 
EPA Method 601 OB 

Method: 

Hall Environmental 
Analysis Laboratory 

S.O.P. Number: 
S-6010-7 

Inductively Coupled Plasma-Optical Emission Spectrometry 

Effective Date: Supersedes: 
December 1'1 20 I 0. S-6010-6 

Quality Assurance/Quality Control Officer: 

£;::~'·- ~ 

1.0 Scope and Application 

1.1 Inductively coupled plasma-optical emission spectrometry (ICP-OES) is used to 
detennine trace elements in solution. This S.O.P. is applicable to dissolved aqueous 
samples and aqueous digestates of aqueous, leachate, soil, and wipe samples. 

1.2 Method 601 0 is an atomic emission spectrometric technique. This method is restricted to 
use by, or under the supervision of analysts experienced in the use of atomic emission 
spectrometers for metals analysis, and skilled in the interpretation of atomic emission 
spectra and their use as a quantitative tool. Each analyst must demonstrate the ability to 
generate acceptable results with this method. Each analyst must perform a Demonstration 
of Capability (DOC) in accordance with the HEAL QA Plan prior to analyzing samples 
by this method. 

1.3 The elements covered by this S.O.P. are summarized in Table 1. 

Table 1: Element List 
Element Symbol CAS Number Element Symbol CAS Number 
Aluminum AI 7429-90-5 Manganese Mn 7439-96-5 
Antimony Sb 7440-36-0 Molybdenum Mo 7439-98-7 
Arsenic As 7440-38-2 Nickel Ni 7440-02-0 
Barium Ba 7440-39-3 Potassium K 7440-09-7 
Beryllium Be 7440-41-7 Selenium Se 7782-49-2 
Boron B 7440-42-5 Silicon Si 7440-21-3 
Cadmium Cd 7440-43-9 Silver Ag 7440-22-4 
Calcium Ca: 7440-70-2 Sodium Na 7440-23-5 
Chromium Cr 7440-47-3 Strontium Sr 7440-24-6 
Cobalt Co 7440-484 Thallium TI 7440-28-0 
Copper Cu 7440-50-8 Tin Sn 7440-31-5 
Iron Fe 7439-89-6 Titanium Ti 7440-32-6 
Lead Pb 7439-92-1 Uranium u 7440-61-1 
Magnesium Mg 7439-954 Vanadium v 7440-62-2 

Zinc Zn 7440-66-6 

1.1 Other elements may be analyzed by this method if performance at the concentrations of 

2.0 

interest is demonstrated. 

Summary of Method 

Effective date: December 1'', 201 0 
S.O.P.Number: S-6010-7 
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2.1 This method describes multielemental determinations by ICP-OES using a simultaneous 
optical system and axial or radial viewing of the plasma. 

2.2 The instrument, using optical spectrometry, measures characteristic emission spectra. 
Samples are first mixed with Yttrium (internal standard) then nebulized and transported 
through to the plasma torch. The radio-frequency inductively coupled plasma produces 
element-specific spectral emissions that are dispersed by a grating spectrometer, and 
simultaneously detected by wavelength specific photosensitive devices. 

2.3 For each element 3 replicate intensity readings are taken at each wavelength, each 
reading is run through any correction algorithms if present (MSF, background correction 
point), and the average intensity from the three readings is used to quantitate the element 
concentration from the calibration curve. The quantitated result is then adjusted using an 
internal standard factor. 

2.4 Table 2 summarizes the emission lines validated for this method. 

2.5 Except for groundwater samples that have been pre-filtered and acidified, samples must 
be solubilized or digested using the appropriate sample preparation method. 

Table 2: Validated Emission Lines 
Element Wavelength Element Wavelength 
Aluminum 396.153 Manganese 257.610 
Antimony 206.836 Molybdenum 202.031 
Arsenic 188.979 Nickel 231.604 
Barium 233.527 Potassium 766.490 
Beryllium 313.107 Selenium 196.026 
Boron 249.772 Siliqon 212.412 
Cadmium 228.802 Silver 328.068 
Calcium 317.933 Sodium 589.592 
Chromium 205.560 Strontium 421.552 
Cobalt 228.616 Thallium 190.801 
Copper 324.752 Tin 189.927 
Iron 238.204 Titanium 334.940 
Lead 220.353 Uranium 385.958 
Magnesium 285.213 Vanadium 292.402 

Zinc 206.200 

Confrrmation Emission Lines 
Element Wavelength Element Wavelength 
Arsenic 193.696 Cadmium 226.502 
Chromium 267.716 Lead 217.000 
Selenium 203.985 Boron 249.677 

Internal Standard Emission Line 
Element Wavelength 
Yttrium 371.029 

Detection Limits 

3.1 MDLs shall be empirically established annually. An MDL study must be conducted for 
each matrix type analyzed and are required for each preparatory/detenninative method 

Effective date: December 1st, 2010 
S.O.P.Number: S-6010-7 
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combination utilized. MDLs are subject to change. See attached addendum for the current 
Detection Limits. 

3.2 A summary of the current PQLs can be found in Appendix A. 

4.0 Definitions 

4.1 Calibration Blank (CalibBlank)- Blank Solution of2% HN03 used to "zero" the 
in.strument. 

4.2 Initial Calibration Verification {ICV)- Second source standard used to validate the 
calibration curve prior to sample analysis. 

4.3 Initial Calibration Blank (ICB)- Analysis of Calibration blank solution after initial 
calibration to check the cleanliness of the instrument. 

4.4 Continuing Calibration Verification (CCV)- Standard from the same source as 
calibration curve. Used to check the stability ofthe instl'!lment. 

4.5 Continuing Calibration Blank (CCB)- Analysis of Calibration Blank solution as a 
continuing verification of instrument cleanliness. 

4.6 Interference Check Solution (ICS)- A solution of Fe, AI, Ca, and Mg. Run at the 
beginning of each analytical run to check correction factors. 

4.7 Interference Check Solution plus Elements (ICS Elem)- A solution ofFe, AI, Ca, and 
Mg fortified with 0.5uglmL of other elements of interest. Run at the beginning of each 
analytical run. Used to check correction factors. 

4.8 Laboratory Control Spike {LCS) - Laboratory fortified blank. 

4.9 Matrix Specific QC (MSpQC) -Consists of an MS, MSD, post digestion spike addition, 
and dilution test. 

4.10 Matrix Spike (MS)- Laboratory fortified sample. 

4.11 Matrix Spike Duplicate (MSD)- Laboratory fortified sample duplicate. 

4.12 Method Blank (MB)- Laboratory blank. 

4.13 Method Detection Limit (MDL)- The constituent concentration that when processed 
through the complete method, produces a signal with a 99% probability that it is different 
than the blank. 

4.14 Practical Quantitation Limit (PQL)!Reporting Limit- The minimum limit to which an 
analyte can be routinely reported. 

4.15 Relative Standard Deviation (RSD)- Measures the precision between the three replicate 
readings for each analyte. 

4.16 Internal Standard (IS)- A solution of Yttrium (Y) that is added to all samples and 
standards. Used to correct for physical interferences. 

Effective date: December 1'', 2010 
S.O.P.Number: S-6010-7 

Page3 of27 



Hall Environmental~ 
Analysis Laboratory 

4.17 DI Water (DI)- De-ionized water/reagent free water. Water that is passed through a 
purification system and is free from interferences. 

5.0 Interferences 

5.1 Spectral interferences are caused by background emission from continuous or 
recombination phenomena. stray light from the line emission of high concentration 
elements, spectral line overlap from another element, or unresolved molecular band 
spectra overlap. 

5.2 Physical interferences are effects associated with the nebulization of the sample and the 
physical transport of the sample to the nebulizer. Changes in sample viscosity, surface 
tension, and high levels of dissolved solids or acids can cause significant inaccuracies. 

5.3 Memory interferences occur when high analyte levels in a previous sample contribute to 
intensities measured in the new sample. These can occur from high levels of a particular 
analyte building up on the torch and spray chamber, nebulizer, injector, and from analytes 
not being completely rinsed from pump tubing. Extreme care must be taken to ensure that 
both the nebulizer and injector are clean. Pump tubing used in sample transfer to the 
nebulizer must also be clean and replaced frequently. Torch and spray chamber must also 
be cleaned regularly. 

6.0 Safety 

6.1 The toxicity or carcinogenicity of each reagent or standard has not been fully defined. For 
handling procedures and exposure information always refer to the MSDS. Exposure to 
reagents and standards must be kept to a minimum. Gloves, lab coats, and safety glasses 
must be worn when handling samples, standards, or reagents. 

6.2 Refer to the Optima 4300DV operation manual for ICP safety considerations. 

7.0 Apparatus and Materials 

7.1 Inductively Coupled Plasma Spectrometer system 

7.1.A Perkin Elmer Optima 4300 DV equipped with AS-93 Plus Autosampler, 
recirculator, and Winlab32 Instrument Control Software. See maintenance 
logbook for the most current hardware and software. 

7 .l.B Operating Conditions 

7 .l.B.l Instrument settings are detailed in Appendix D. 

7 .l.C Always allow at least 30 minutes for the instrument to warm up after plasma 
ignition. The autosampler should be in the rinse position artd rinse solution 
should be pumping to the nebulizer. 

7.1.0 Low-Flow Gem Cone type nebulizer with a Cyclonic spray chamber. 

7 .I.E 160 Liter Liquid Argon dewar with compressed argon back up tanks. 

7.1.F Air Compressor 

7.2 Volumetric Flasks, Class A 50ml- 200mL. 

Effective date: December 111
, 2010 
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7.3 Rainin Handheld Repipettors IOOuL, 1mL, 5mL, and 10mL sizes. 

7.4 VWR Handheld Repipettors 100uL, and lmL sizes. 

7.5 Centrifuge Tubes-Polypropylene 15mL and 50mL (w/ skirted bottoms) 

7.6 Certified clean plastic bottles -125mL, 250mL, and 500mL sizes. 

8.0 Reagents and Standards 

8.1 All acids are trace metals grade or equivalent 

8.2 DIWater 

8.3 Nitric Acid, concentrated, trace metals grade. 

8.4 5% Nitric Acid rinse solution-add 650mL of reagent grade nitric acid and volume to 13L 
with DI water. Every time new solution is prepared, it must be noted in the maintenance 
logbook and assigned a chemical ID in LIMS. 

8.5 2% Nitric Acid blank solution-add 400mL of trace metals grade nitric acid and volume 
up to 20L with DI water. 

8.5.A The utmost care must be taken to ensure that the 2% HN03 blank solution is 
clean for this will be used as the calibration blank, ICB, the MB for dissolved 
samples, and it will also be used to make calibration standards and spikes. The 
solution needs to be logged into the LIMS and assigned a bottle number in the 
chemical inventory which will be noted on all standards and spike logs. 

8.6 Stock Standard Solutions 

8.6.A A Calibration/Spike standard is purchased from Ultra Scentific containing AI, 

~~--~~~~~~~~---~-~-~ Ti, V, Zn at lOOuglmL, Kat IOOOuglmL, and Si at SOuglmL. 

8.6.B A separate kit containing the second source standard mixes is purchased from 
Environmental Express containing: Mix I - Sb, As, Be, Cd, Ca, Cr, Co, Cu, Fe, 
Pb, Mg, Mn, Mo, Ni, Se, Tl, Ti, V, Zn at lOOuglmL. Mix 2- Si at 50ug/mL, K 
at 1000uglmL, and Ag, Na, AI, Ba, and Bat 100uglmL. The third mix contains: 
Ca. K, Mg, and Na at lOOOuglmL, and is purchased from VHG Labs. 

8.6.C The primary standard for Cations includes K, Mg, Na, and Ca @ 5000uglmL 
and is purchased from Environmental Express. 

8.6.D A custom "PQL" Solution containing all elements reported by this SOP is 
purchased from VHG Labs. Ca, Mg. K, Na @125; U@ 25; Si@ 20; Se @ 12.5; 
B @ 1 0; As, Fe @ 5; Al, Sb, Tl, Sn, V @ 2.5; Mo @ 2; Cr, Co, Cu @ I .5; Ni, 
Pb, Ag, Sr, Ti, Zn@ 1.25; Ba, Be, Cd, Mn@ 0.5uglmL. 

8.6.E The U, Sn, Sr and Si spike solutions are made by the analyst from the stock 
standards and assigned a Spike Solution ID when logged into the LIMS. The Si 
spike is made in DI water, while the U, Sn, Sr spike is made in 2% HN03. 

Effective date: December 1111,2010 
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8.6.F All stand8l'd$ are Ultra High Purity standards, designed specifically for trace 
level work. Standard must not contain HCl as a preservative. All stock standards 
must be preserved with HN03 (trace levels of HF and tartaric acid are also 
acceptable), with the exception of the lOOOuglmL Si standard which comes in 
H20. All standards are stored at room temperature and should be replaced when 
expired, or sooner if comparison with a check standard indicates a problem. 

8.7 Calibration Standards 

8.7.A Calibration standards are made on a routine basis. When they show signs of 
degradation, become expired, or if comparison with a check standard indicates a 
problem. All standards and spikes must be logged into the LIMS, assigned a 
solution ID, and be appropriately labeled. 

8.7.B All calibration standards are made in either 2% HN03 (for dissolved aqueous 
and digestates of aqueous samples) or 10% HN03 (for soil and leachate 
digestates). Cations are calibrated separately from the other elements. 

8.7.C Incorporating Strontium into the calibration standards requires a IOppm solution 
to be made from the 1 OOOppm stock standard. The intermediate 1 Oppm solution 
is to be logged into LIMS and will be referenced as a "Stock Source" on the 
Standard Log. A summary is found in Appendix B. 

8.8 Second Source Standards 

8.8.A All second source standards are made in either 2% HN~ (for dissolved aqueous 
and digestates of aqueous samples) or 10% HN03 (for soil and leachate 
digestates), and appropriately labeled with a solution ID assigned by LIMS. 

8.8.B Incorporating Strontium into the second source standards requires a 10ppm 
solution to be made from the 1000ppm second source standard. The intermediate 
10ppm solution is to be logged into LIMS and will be referenced as a "Stock 
Source" on the Standard Log. A summary of second source standards can be 
found in Appendix C. 

8.9 Internal Standard 

8.9.A Yttrium@ SuglmL is used. Prepared in 2% HN03, logged into LIMS, and 
appropriately labeled. 

8.1 0 Interference Check Standards 

8.1 O.A Interference Check Standard- A solution prepared in 2% HN03 with AI, Ca, 
and Mg @ SOuglmL, and Fe @ 20uglmL. When fresh solution is prepared, it is 
to be logged into LIMS and labeled. 

8.10.B Interference Check Standard plus Elements- A solution prepared in 2% HN03 
that contains the primary same concentration of AI, Fe, Ca, and Mg as in the ICS 
plus all other reported elements at 0.5uglmL. When fresh solution is prepared, it 
is to be logged into LIMS and labeled. 

9.0 Sample Collection, Preservation, Shipment, and Storage 

Effective date: December 1'\ 2010 
S.O.P.Number: Sw6010w7 
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9.1 Aqueous samples must be collected in HN03 preserved certified clean plastic containers. 
(0.5mL concentrated HN03/125mL sample). 

9.2 Dissolved samples must be prefiltered with 0.45um Teflon filters before preservation. 

9.3 Soil samples must be collected in certified clean glass sample jars. 

9.4 Wipe samples are collected in Environmental Express digestion tubes. 

9.5 Samples may be stored at room temperature, but HEAL protocol recommends samples be 
stored at 0-6°C until analysis/digestion. 

9.6 Holding time 180 days. 

9.7 Digestates are stored at room temperature until analysis. Holding time is 180 days. 

9.7.A While Ag does not have a separate holding time. Samples that contain silver, 
when possible, should be analyzed as soon as possible after digestion. 

1 0.0 Quality Control 

10.1 Initial Calibration 

IO.l.A A 3-4 point calibration is run daily. 

IO.l.B An ICV, ICB, ICS, and ICS Element are run for all elements. 

10.2 Continuing Calibration 

10.2.A A CCV is run every ten injections for all elements. 

I 0.2.B A CCB is run after the CCV, every I 0 injections. 

10.3 Batch QC Requirements 

1 0.3.A For dissolved samples a MB, LCS, and MSpQC must be analyzed for every 20 
samples. 

10.3 .B See the appropriate digestion method for Batch QC requirements. 

10.3.C The post digestion spike addition and dilution test are only required when the 
spike recoveries in the MS, and/or MSD are unacceptable. 

11.0 Calibration 

11. I Initial Calibration 

11.l.A Instrument calibration is conducted each day for each element to be analyzed 
and is built into the instrument control method. The calibration is automatically 
loaded into the sample run list from the selected method. 

1 I .l.B Initial calibration for all elements consists of a Calibration Blank, 3-4 calibration 
standards, ICY, ICB, ICS, and ICS Element. 

Effective date: December 1•, 2010 
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l1.1.C The calibration is based upon the corrected analyte intensity versus the analyte 
concentration. The calibration equations for all elements are linear, forced 
through zero using the equation: 

Y=MX 

Where: 
X= concentration 
Y = intensity 
M = slope of calibration curve 

Forcing the intercept to be zero and by using three calibration points M is 
calculated using the following equation: 

/•I 

L(XIY,) 
M=-'n;.;....,_ __ 

f(x/) 

Where: 

n 

X1 = concentration at interval i 
Y 1 "' intensity at interval i 
n = number of standards (including the blank) 

1l.l.D The calibration levels are summarized in Appendix B. 

ll.l.E As mentioned before, the utmost care must be taken to ensure that the 
calibration blank is clean and that the background intensity levels are at their 
appropriate levels. This is accomplished by comparing the raw background of a 
particular element line to historical background intensity levels. If the current 
background intensity levels are significantly different, action must be taken to 
bring them closer to the established historical levels. (Changing pump tubing, 
cleaning the nebulizer or injector, performing instrument maintenance, etc.). 

11.1.F The calibration blank is a 2% HN03 solution. 

11.2 Continuing Calibration 

ll.2.A A Continuing Calibration Verification (CCV) and Continuing Calibration Blank 
(CCB) must be analyzed every ten analysis and at the end of each analytical 
batch. 

12.0 Sample Analysis 

12.1 Sample Preparation/Digestion 

12.l.A Dissolved samples are analyzed directly. 

12.l.B Aqueous samples for total recoverable metals are digested using HEAL SOP for 
Method 3005A. 

Effective date: December 111
, 20 10 
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12.1.C Aqueous leachates from Method 1311 or method 1312 are digested using HEAL 
SOP for Method 301 OA. 

12.1.0 Soil samples are digested using HEAL SOP for Method 3050B. 

12.1.E Wipe samples are analyzed using the HEAL SOP for Metals Analysis on 
Environmental Express Ghost Wipe. 

12.2 Analysis 

12.2.A Use secure log in to open software. 

12.2.B Load the appropriate method into the instrument control software. Each method 
contains all of the instrument control settings and QC limits. 

12.2.C Place fresh standards into 50mL centrifuge tubes and place in the appropriate 
location. 

12.2.C.l Be sure to use the correct calibration standards. All aqueous samples 
(dissolved, 3005, and wipe digestates) are analyzed using the 2% nitric 
standards. All soil or leachate digestates (3010 and 3050) are analyzed 
using the I 0% nitric standards. 

12.2.D Open Sample Information file and list all samples to be analyzed. Be sure to 
include their location on the autosampler. Save Sample Information file. 

12.2.E Open a new Results table. The instrument will automatically place the curve and 
continuing and closing standards in their appropriate places based upon the 
settings in -the method. 

12.2.F Samples (dissolved or digestates) are placed into a clean 15mL-centrifuge tube 
and placed in autosampler. 

12.2.0 Click Analyze All. The instrument will automatically run the curve, initial 
calibration QC, all samples in the sample information file, and all continuing 
calibration and closing QC required. 

13.0 Calculations 

13.1 Dissolved- The result is taken directly from the instrument data sheet and multiplied by 
any dilution factors if applicable. And reported in mg/L. 

13 .2 Aqueous (or aqueous extract) - The result is taken directly form the instrument data sheet 
and multiplied by dilution factors if applicable. And reported in mg!L. (The initial 
volume is the same as the fmal volume). Calculation is as follows: 

F 
mg!L=Ax-xD 

I 

Where: 
A = Result from instrument data sheet 
F = Final volume in mL 
I = Initial volume in mL 
D = Dilution factor 

Effective date: December 111,2010 
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Page9 of27 



' ~ 

Hall Environmental 
Analysis Laboratory 

13.3 Soil- 1 g of sample is used 50 mL is the final volume. The result from the instrument 
data sheet is multiplied times 50 and by any dilution factors if applicable. And reported in 
mglkg. Calculation is as follows: 

mg I kg =Ax F x lOOOg x IL x D 
I !kg 1000mL 

Where: 
· A = Result from instrument data sheet 
F =Final volume in mL 
I = Initial volume in g 
D =Dilution factor 

13.4 Wipe- One wipe is used, SOmL is the fmal volume. The result from instrument data 
sheet times SO divided by 1000. Results are reported in mg/100cm2

• 

F IL 
mg/100cm2 =Ax-x xD 

I lOOOmL 

Where: 
A = Result from instrument data sheet 
F = Final volume in mL 
I= Initial volume (1 wipe or 100cm2

) 

D = Dilution factor 

13.5 Hardness (as CaC03) by Calculation -Results for Ca and Mg m;ed in the calculation 
must fall within the calibration range. If analyte requires dilution, diluted final result is 
used. Results are reported in mg/L. Calculation is as follows: 

mg I L = (2.497 x A) + ( 4.118 x B) 

Where: 
A = On-scale Ca result in mg/L 
B = On-scale Mg result in mg!L 

13.5 Sodium Absorption Ratio(SAR}--Ratio of soluble and exchangeable Na ions in a 
saturated soil paste, or an aqueous sample using total concentrations of Ca, Mg, and N a. 
Results are unit less. See AppendJx H for procedure. Calculation is as follows: 

SAR = AxDx0.0435* 

[(Bx Dx 0.0499*)+
2
(cx Dx0.08229*)] 

Where: 
A = Result for Na from instrument data sheet in mg/L 
B = Result for Ca from instrument data sheet in mg/L 
C = Result for Mg from instrument data sheet in mgiL 
D = Dilution factor 
• = Constant used to convert mgiL to meq/L (specific to each cation) 

Effective date: December 1'\ 20 10 
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14.0 Method Performance/Estimation of Uncertainty 

14.1 Method Performance 

14.1.A PT or "blind study" samples for various matrix types are routinely analyzed to 
check the accuracy of the metals analysis. 

14.2 Estimation ofUncertainty 

I4.2.A Estimation of uncertainty is to be conducted for all metals in each matrix type on 
an annual basis. 

14.2.B Collect the most recent 20 LCS results for each element. Calculate the standard 
deviation (s) and the 95% confidence interval (2 times the standard deviation). 
Report the uncertainty as ±2(s). 

14.2.C Refer to the HEAL QA Plan for the formulas to calculate the standard deviation 
(s) and 95% confidence interval. 

14.3 Demonstration of Capability 

14.3 .A Demonstration of Capability (DOC) samples are analyzed before an analyst is 
able to independently generate data, DOCs for metals must be generated for 
each preparatory method utilized. A DOC consists of four LCS spikes. The 
average percent recovery and relative standard deviation are then calculated and 
must pass within ±20% and ~0% respectively. 

l4.3.B Annual Documentation of Continued Proficiency (ADOCP) is performed 
annually after acceptable DOC has been established. An ADOCP consists of 
either four consecutive LCS spikes, or an acceptable proficiency. 

14.3.C A detailed description of DOCs and ADOCPs can be found in the HEAL QA 
Plan. 

15.0 Pollution Prevention 

15.1 The Perkin Elmer ICP 4300DV is a simultaneous instrument. It is able to analyze many 
elements without requiring much sample. Generally only 4-SmL is required. Smaller 
sample containers are used on the auto sampler. 

15.2 Small sample size used during analysis also contributes to savings in calibration, second 
source, and continuing calibration standards. 

15.3 Smaller sample size for the instrument also allows small digestion volumes. The volume 
of sample required for digestion has been lowered to 50mL for aqueous samples. Soils 
only require lg for digestion. The volume of sample waste has been cut in half. 

16.0 Data Assessment and Acceptance Criteria for Quality Control Measures 

16.1 Wavelength Selection, Spectral Corrections, and Multicomponent Spectral Fitting (MSF) 

Effective date: December 111
, 2010 
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16.l.A The analyte is visually represented by a spectrum. Each element has a response 
peak centered on the selected wavelength (if the analyte response is high 
enough). For more complicated spectra or elements with lower intensities, this 
response peak is not easily seen. Especially at lower analyte concentrations. The 
software instead "generates,. a response peak from the correction algorithms 
used. (For this SOP MSF is the most common correction used). 

16.l.B The selection of a particular wavelength line is accomplished by examining 
emission intensity and the background emission intensity at a region 
surrounding the selected wavelength. The off-line background emission 
intensity from other known interfering elements at high concentrations must also 
be examined to determine the off-line effects of the selected analyte line. From 
this information an appropriate correction scheme is selected. Selected analyte 
scanning ranges and the correction schemes are summarized in Appendix D. 

16.l.C All elements reported by this SOP fall into two types of conection schemes. 
Those analytes with very high intensities use peak area with two-point 
background correction points, while those analytes that are susceptible to off
line interferences, have lower analyte intensities, or contain complex spectra use 
MSF. See Appendix D. 

16.1.D MSF utilizes a multiple linear least-squares model. Using the pure analyte, the 
calibration blank, and the matrix (or off-line interference) spectra to create 
interference corrected mathematical model. MSF is used when scanned spectral 
regions contain not only the analyte peak but also other spectral peaks or 
baseline shifts. Elements using MSF do not need to be examined for correct 
analyte peak integration. MSF examines the entire spectral region surrounding 
the selected spectral line and mathematically "filters" the effects of matrix, 
blank, and pure analyte. MSF generates a mathematically corrected spectrum 
that appears in the software as a peak or group of peaks below the uncorrected 
spectra. The MSF "model" that is created improves detection limits and 
accuracy considerably. Appendix E contains a summary of the MSF analyte 
model used for analysis. 

16.l.E Two-Point background correction is used when the intensities for the selected 
element are great enough, and the spectral region around selected wavelength do 
not contain any interferences peaks or baseline shifts that could interfere with 
the baseline integration of the analyte peak. Each background correction point is 
selected at the left and right peak minima, and a baseline is drawn between the 
two points. The area under the curve is used to quantitate the result. 

16.l.F Alternate spectral lines are chosen ifthere is a direct overlap at a selected 
analyte wavelength from an off-line interference. 

16.2 Data Assessment 

16.2.A Any analyte outside of the linear calibration range must be re-analyzed at 
dilution. Regardless of the sample type, all dilutions are into 2% HN03• 

16.2.B Internal standard recovery must fall between 80-120% for the sample to be 
considered valid. Dilute the sample if necessary. 

Effective date: December 1st, 2010 
S.O.P.Number: S-6010-7 
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16.2.C See Appendix I for a summary of the Calibration, Continuing Calibration, 
batch QC requirements, acceptance criteria, and corrective actions. 

16.3 Acceptance Criteria for Quality Control Measures 

16.3.A Initial Calibration 

16.3 .A.l Three to four point calibration curve forced through zero must have an 
-~~0.9995. 

16.3.A.2 ICY recovery must fall between 90%-110%, and the RSD from the 
three replicate readings of each analyte must be :55%. 

1 6.3.A.3 ICB analyte concentration must fall below the PQL. 

16.3.A.4 ICS -All elements (not including Fe, Ca, Mg. and Al) must fall below 
2 times the PQL. 

16.3.A.5 ICS Element- All elements (not including Fe, Ca, Mg, and AI) must 
be recovered within ±20% of true value. 

16.3.B Continuing Calibration 

16.3.B.l CCV recovery must fall between 90%-110010, and the RSD from the 
three replicate readings of each analyte must be ~5%. 

16.3.B.2 CCB is from the same source as the Calibration Blank and must not 
contain target analytes above the PQL. 

16.3.C Batch QC 

16.3.C.l For a MB to be considered valid it must not contain analytes above the 
established PQL or be less than 5% of the lowest sample 
concentration for each analyte. 

16.3.C.2 An LCS should contain the analytes at a level that falls between the 
low and high standards of the calibration curve. For an LCS to be 
considered valid the spilce recovery must fall within 80%-120%. 

16.3.C.3 Matrix Specific QC 

16.3.C.3.1 As the primary component of the MSpQC, the MS/MSD 
should contain the same level of analyte as that of the LCS. 
For the MS/MSD to be considered valid the spilce recovery 
must fall between 75%-125%, have passing Internal 
Standard recoveries, and analytes must be on-scale. 

16.3.C.3.2 The post digestion spike addition as a second component 
of the MSpQC, requires that the sample from which the 
MS, and MSD were prepared from be spilced, post 
digestion, and be recovered within 80-120%. An 
assessment of the data can only be made if the 
concentration of the analyte in the post spike falls within 

Effective date: December 11
\ 20 I 0 

S.O.P .Number: S-60 10-7 
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the range of 10 to 100 times the PQL. See Appendix G for 
post spike ranges of quantitation, specific to test. 

16.3.C.3.3 As the final step in the MSpQC process, the dilution test 
says that analysis of the sample at a 1 :5 dilution should 
generate results that agree within ::1:10%. Only analytes that 
yield concentrations > 1 0 times the PQL will be assessed, 
and any analyte(s) that have concentration above the high 
standard will not be reported. 

16.3.C.3.4 The RPD between the MS and MSD must be less than 
20%, for analytes whose concentrations are greater than 10 
times the PQL. 

16.3.C.3.5 See Appendix F for MSpQC flow chart. 

17.0 Corrective Actions For Out-of-Control Data 

17.1 Initial Calibration 

17.1.A If the r is unacceptable the failing analyte(s) must be recalibrated. 

17.1.B IfiCV or ICB is unacceptable, reanalyze standards up to two additional times. 
Recalibrate and reanalyze, if needed. (Failing elements may not be reported). 

17.l.C IfiCS is unacceptable, reanalyze standard up to two additional times. 
Unacceptable elements in the ICS may only be reported in samples that are ND 
for the failing elements (the exceptions being B, Co and U- see section 17.1.E). 
Otherwise recalibrate and reanalyze. 

17 .l.D IfiCS Element is unacceptable, reanalyze standard up to two additional times. 
Elements that are failing low may not be reported, recalibrate the instrument. 
Elements that are failing high may only be reported if samples are non-detect for 
those elements (the exceptions being B, Co and U - see section 17.1.E). 
Otherwise the instrument must be recalibrated. 

17. I.E Both B and U have significant Fe interferences. Both analytes will fail for 
ICS/ICS Element during the initial analysis due to the amount of Fe present in 
those standards. As a result, U must be evaluated using spectral overlay to 
detennine ifU is actually present in the sample. At this time samples requiring 
U must be evahiated on a case-by-case basis using spectral overlay. The only 
method currently employed to minimize Fe interference is dilution of the 
sample. 

17 .l.F B and Co are reprocessed using alternative MSF models that better represent the 
matrices analyzed. Both B and Co will always be reported from reprocessed 
data. 

17.2 Continuing Calibration 

17 .2.A If CCV or CCB is unacceptable, reanalyze standard up to two additional times. 
If still unacceptable, the failing analyte(s) may not be reported in the lO samples 

Effective date: December 1 r.t, 2010 
S.O.P.Number: S-6010-7 
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preceding and following the CCV or CCB. Recalibrate, if necessary, and 
reanalyze affected samples. 

17.3 Batch QC, MSpQC 

17.3 .A If the MB contains elements above the reporting limit or is greater than 5% of 
the lowest sample concentration, reanalyze MB. If MB contains elements above 
the PQL but is less than 5% of the lowest sample concentration, generate 
corrective action and report result. IfMB continues to fail re-prep and reanalyze 
analytical batch for failing elements. 

17.3.B Ifthe LCS is not acceptable reanalyze. If it continues to fail re-prep and 
reanalyze analytical batch for failing elements. 

17.3.C When recoveries in the primary component of the MSpQC (MS, MSD) fall 
outside of the 75-125% acceptable recovery range, an assessment of the analytes 
of interest must be performed. If the concentration of the analyte is greater than 
I 00 mg/L, no spike recovery is needed. If less than 100 mg!L, a series of tests 
must be completed and detailed in a corrective action. These include: a post 
digestion spike addition to the sample and, if necessary, a dilution test which 
includes analysis ofthe sample at a 1:5 dilution. See Appendix F for an 
informative MSpQC flow chart. 

17.3.C.l The post digestion spike is only considered valid if it has a recovery 
within 80-120%. A dilution of the sample may be necessary for 
analytes that generate results above the high standard after the post 
spike addition. The only data reported will be analytes whose 
concentrations fall within 1 0 to 100 tittles the PQL. See Appendix G 
for a range of quantitation specific to test. 

17.3.C.2 A failure in the MS, MSD and in the post spike confirms matrix 
interference(s). If recovery is acceptable, and the concentration does 
not exceed the high standard, the analyte can be reported. 

17.3 .C.3 If spike recovery falls outside of the ±20% criterion, a corrective 
action must be generated and a dilution test must be performed. The 
dilution test consists of an analysis of a 1x and a 5x dilution. Where at a 
minimum, concentrations of the analytes are 10 times the PQL after 
dilution, the analysis should agree within ±10%. Any analyte(s) whose 
concentration(s) exceed the high standard at the 5x dilution will not be 
considered or reported. 

17 .3.C.4 If analyte passes dilution test, no physical or chemical interferences can 
be confitmed. If analytes do not agree within ± 10%, a chemical, 
physical and/or matrix related interference is suspected and the end 
user should be notified. 

17.3.C.S Analytes that are susceptible to off-line interferences, have low 
intensities, or contain complex spectra, will most likely require a post 
spike addition. These elements include, but are not limited to: As, Se, 
Sb, and Tl. 

17.3.0 If the RPD between MS and MSD is greater than 20, reanalyze and report 
reanalysis. Only analytes that are > 10 times the PQL require assessment. If 

Effective date: December 111,2010 
S.O.P.Number: S-6010-7 
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failure continues, generate corrective action, flag result, and report (for soil 
samples reanalyze/narrate as possible matrix inconsistency). 

18.0 Contingencies For Handling Out of Control Data 

18.1 A corrective action is generated and all out of control data is flagged with the appropriate 
qualifier. 

18.2 The client is notified about the out-of-control data. 

19.0 Waste management 

19.1 Analytical results are used to characterize their respective sample contamination level(s) 
so that the proper disposal can be perfonned. These wastes will be disposed of according 
to their hazard as well as their type and level of contamination. Refer to the Hall 
Environmental Analysis Laboratory Chemical Hygiene Plan for details regarding waste 
disposal. 

20.0 References 

20.1 U.S. EPA Method 6010B, Revision 2, December 1996. 

20.2 Concepts, Instrumentation and Techniques in Inductively Coupled Plasma Optical 
Emission Spectrometry, Third Edition. Charles B. Boss and Kenneth J. Fredeen. Perkin 
Elmer, 2004. 

20.3 U.S. EPA Method 3005A, Revision 1, July 1992. 

20.4 HEAL SOP S-3005C-4. 

20.5 U.S. EPA Method 3010A, Revision 1, July 1992. 

20.6 HEAL SOP S-3010C-4. 

20.7 U.S. EPA Method 30508, Revision 2, December 1996. 

20.8 HEAL SOP S-3050C-4. 

20.9 Hall Environmental Quality Assurance Plan- Revision 8.2. 

20.10 Hall Environmental Chemical Hygiene Plan - Version 2.0.1. 

20.11 Sample Preparation for Pb on Environmental Express Ghost Wipe, using Environment&] 
Express HotBlock. 

20.12 SW-846, Chapter l, Revision 1, July 1992. 

20.13 Standard Methods for the Ex811,1ination of Water and Wastewater, 18th Edition, 1992. 

20.14 USDA Handbook No.60, pg. 26. 
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AppendlxC 

SECOND SOURCE STANDARDS 

ICV 
I I .I '1, I!(' I. ,'.i 
I [\' '. ,, ,I \!, !"\ {,', ': l;l "rl I 

QC Standard #1 G 10Du /mL Environmental E xpress 
Antimony 100 1.0 MO 
Arlenlc 100 1.0 0.50 
SerylOum 100 1.0 0.50 
Cadmium 100 1.0 0.110 
Calcium 100 1.0 0.50 
Chromium 100 1.0 0.50 
Cobalt 100 1.0 0.50 
Copper 100 1.0 0.60 
Iron 100 1.0 0.50 
Lead 100 1.0 0.60 
Magnesium 100 1.0 0.50 
Manganese 100 1.0 0.110 
Molybdenum 100 1.0 0.50 
Nickel 100 1.0 0.50 
Selenium 100 1.0 0.60 
ThalHum 100 1.0 0.50 
Titanium 100 1.0 0.50 
Vanadium 100 1.0 0.00 
Zlno 100 1.0 0.50 
QC Standard #2@ 10001100/&0ua/mL Environ mental Express 
Silicon 60 1.0 0.25 
Silicon 1000 0.5 2.50 

* Silicon cone. 2.75 
Sliver 100 1.0 0.50 
Sodium 100 1.0 0.50 
Aluminum 100 1.0 0.50 
Barium 100 1.0 0.50 
Boron 100 1.0 0.50 
Potaaalum 1000 1.0 5.00 

lurenlum 1000 II 0.1 o.so 
Tin 1000ppm 

lrrn · I 1000 U 0.1 o.50 

lntennedfate Strontium 10ppm 
lstronUum f 10 U 2.0 o.1o : I 

ICVCAT 
Cation Spike Mix @ &OOOug/mL VHG Custom Standard 801 
Calcium 6000 
Magna alum 5000 
Pot111fum 5000 
Sodium 5000 

2.0 50.00 
2.0 so.oo 
2.0 50.00 
2.0 50.00 

Effective date: December 1'1, 2010 
S.O.P.Number: S-6010-7 
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Appendix D 

INSTRUMENT SETTINGS AND METHOD PARAMETERS 

Spectrometer Parametara PerletaHic Pump Parametera 
Read Delay: 15 aec· 
Replicates: 3 

Sample Flow Rate: 2.00 mUmln 
Sample Flush Time: 16 sec 

Read Time: Auto 
min: 1 sec/max: 5 sec Plaama Parametera 

Waah Parametera 
Wash Frequency: Between Sampa. 
Waah Flow Rate: 2.00 mUmln 

Wash Time: 60 sec 

Source Equilibration Delay: 30 aec 
Plaama Flow: 15 Umln 

Aux Gas Flow: 0.2 Umln 
Nebulizer Gas Flow: 0.55 Umln 

RF Power: 1600 watts 
View Distance: 15 

~:....~~·~·~m~a1vr1e1w1, S~plectl'-3ra98.~:1~w0~r1ndlowa~1, ·~~~d;~;·.~lcllc»n III!IJI MSI"llllll 

IMtimany 206.838 Axial 20U94 206.669 MSF 
..,_enlc 188.979 } lei 188.939 189.028 MSF 
lnlenJC' 193.&98 1111 19l .&66 191743 MSF 
lllrlum 233.627 ~ lei 13.423 23 1.588 Are11 ~pi BGC 
teMKum 313.107 lei !.879 _111.199 tl~f'_ 

t010n 249.772 Axilll 19.688 24l845 ISF 
toran 249.8&7 Axial 19.688 24 145 ArM ipt IIGC 
~dmlum 226.802 .Axtlll !6.463 221 NSF 

. Clldmf11111" 228.8~ Axilll 228.753 228. MSF 
ICIIIdum 317.93l Alldlel 317.886 318J Aree2ptBGC 
Qwmium 206.6611 A>ial 206.608 206. An111211BGC 

:Cobllh 
Copper 

lran 
tead" 

Nickel 
1'011181lum 
Selenium 

Jodlum 
tc~nlum 

I allium 
n 

~anlum 

ZIDC 

287.711 Aldlll 267.632 267.781 ME 
22UU Axilll 228.6&7 228.67: MS 

. 324.76~ Axilll 324.884 32U t.4ll 
~ l211<1 Redic 238.153 !382&2 
Z1 r.ouo .Aldal 21&.9&3 !17.852 
21 l.3!;, M 220.265 !20.461 
2t ~2· 3 Rl!ldl' 285.152 !85.283 
2! •.81 0 Aida 267.564 !67 .798 
20 !.0: Allill 201.987 ~2.079 

23 .6tl4 A~c~DI 23 1.&5-1 n. 1&1 
78&.490 Redllll 78 i.309 18.718 

203.886 Aldlll ).941 2 14.1135 
212.412 Axilll ~.367 !.484 
328.068 A>ial '.988 
588.682 Redial lA25 
421.562 A>ial .361 
180.801 Axllll ).743 
188.927 Axial 189.881 
334.940 Aldlll 334.840 
385.9&8 Aldlll 386.85!i 

206.200 Axial 206.101 
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AppendlxE 

MSF MODEL SUMMARY 

• ThaN W81111lllngtlla are uaed for conflmlatloll only. 

Effective date: December 111,2010 
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.. N~ matrix, phyllcal, andlor 
chemical IDterfcrencc{s) 
11111 be confinned. 

··Anomalous fillum. 

AppendlxF 

Matrix Specific QC Flowchare 

% recovery failure in MS, MSD? 
Co2,._,..,._> 

-ao nol)ole lljXIIIcd lr'll'fllaod. 

Yl/& 

Post digestion spike ,_.......,, .... ) 
.-10 lillie lbr....,. ofquarnilaiiOD . 

• .,piko lx lllld Sx dilution ofoamplo . 

PASSING RBCOI'BRY 

··Matrix eflbct eonOrmed. A 
c:hcmlcat andlor physical 
J~ce lhould be IIISPecled. 

··Bnd userlhould be llOIIf!ed. 

Effective date: December 111,2010 
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RANGE OF QUANTITATION FOR POST SPIKE 

Effective date: December 111
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AppendhH 

SAR Procedure 

I. PJ:ep soil by making a saturated paste usirlg DI water and allowing to sit at room temperature {or 
24 :1: 2 hours. (See section 11.3 .1 of Resistivity SOP for guidance on tho proparatlon of a saturated 
paste.) Bnough pasle must be made so that there is enough liquid after contrifbgatJon to perfonn 
tho analysis. 

2. Move pasle into centrifUge hlbe(s) and centrifuge at a minimum of 1500rpm for 15 min. 

3. Plpctto off supernatant and analyze at dilution for Ca, Mg. and Na on ICP..QBS. 

4. ·on-scale results and any dilutions arc entered lnto sprcadshoet located at: 
H:\MS Office\lnorganics\USDA Methods\SAR Calculation.xls 

I. No prop required, samples arc analyzed directly. 

2. On-scale rosults and any dilutions are ontorcd into spreadsheet mentioned above. 

Effective date: December t•t, 2010 
S.O.P.Number: S-6010-7 
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Hall Environmental Analysis Laboratory, Inc. 

Corrective Aetlon Report 

Date Initiated: 20-Jun-11 Corrective Action Report ID: 3659 

Department: ME Initiated By: lan Cameron 

Correcllve Action DesorlpOon 

CAR Summary: CAR will be used in place of an active SOP for SAR-ESP prep, analysis, and calculation. 

Deecrlptlon of Preparation 
Nonconformance: -Prepare saturated paste, per Resistivity SOP. 

-Prepare MB (01 water), LCS, and LCSD (0.5mL cation Spike to 50ml FV 01) 

Description of 
Corrective Action: 

Performed By: 

-Allow sample to sit overnight. 
-Transfer to 2-4 50ml centrifuge tubes 
-Centrifuge for 15mln on #6 speed setting. 
-Remove supernatant with polypropylene transfer pipet and place in 15ml tube. 

Analysis 
-Analyze cations by DISS/6010 

Calculation 
-Calculate SAR and ESP using the ESP-SAR spreadsheet on server. 

Prep/Analysis/Calculation is from: 
Diagnosis and Improvement of Saline and Alkaline Soils, Agriculture Handbook No. 60, 
USDA, Issued February 1954. /Jt { 
Training to procedure performed by lan Camek/J~fJ! Jl • 
Trained: ~Ro}'b~IJ Rose Galbraith~aurders, Pl'tc )~~tl~tz-~1 .. 

· ~ f2-#-ft'l .1J1!0 GJ~61t1J BLd ( 
lan Cameron Completion Date: 20-Jun-11 

Client NotlfteaOoa 

Client Notification Required: No 

Comment: 

Notified By: 

Quality Assuranee Review 

Nonconformance Type: Deficiency 

Approval •d Closure 

Technical Director/ ~-~. ~-: 
Deputy Tech. Dir.: ~ 

QA Officer Approval: 

Laat Updated BY Jan Updated: 24-Jun-2011 5:33 PM 

Close Date: 

QA Date: 

Reported: 24-Jun-2011 5:33 PM 
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Common Name: 
EPA Method 601 OB 

Method: 

Hall Environmentat-"' 
Analysis Laboratory 

S.O.P. Number: 
S-6010-8 

Inductively Coupled Plasma-Optical Emission Spectrometry 

Effective Date: 
31 August 2011 

Supersedes: 
S-6010-7 

Quality Assurance/Quality Control Officer: 

1.0 Scope and Application 

1.1 Inductively coupled plasma-optical emission spectrometry (ICP-OES) is used to 
detennine trace elements in solution. This S.O.P. is applicable to dissolved aqueous 
samples and aqueous digestates of aqueous, leachate, soil, and Ghost Wipe samples. 

1.2 Method 6010 is an optical emission spectrometric technique. This method is restricted to 
use by intensively trained and closely supervised analysts experienced in the use of 
optical emission spectrometers for metals analysis, and skilled in the interpretation of 
optical emission spectra and their use as a quantitative tool. A detailed description of 
instrument operation is beyond the scope of this SOP 

1.3 The elements covered by this S.O.P. are summarized in Table 1. 

Table 1: Element List 
Element Symbol CAS Number Element Symbol CAS Number 
Aluminum AI 7429-90-5 Manganese Mn 7439-96-5 
Antimony Sb 7440-36-0 Molybdenum Mo 7439-98-7 
Arsenic As 7440-38-2 Nickel Ni 7440-02-0 
Barium Ba 7440-39-3 Potassium K 7440-09-7 
Beryllium Be 7440-41-7 Selenium Se 7782-49-2 
Boron B 7440-42-5 Silicon Si 7440-21-3 
Cadmium Cd 7440-43-9 Silver Ag 7440-22-4 
Calcium Ca 7440-70-2 Sodium Na 7440-23-5 
Chromium Cr 7440-47-3 Strontium Sr 7440-24·6 
Cobalt Co 7440-484 Thallium Tl 7440-28-0 
Copper Cu 7440-50-8 Tin Sn 7440-31-5 
Iron Fe 7439-89-6 Titanium Ti 7440-32-6 
Lead Pb 7439-92-1 Uranium u 7440-61-1 
Magnesium Mg 7439-954 Vanadium v 7440-62-2 

Zinc Zn 7440-66-6 

1.1 Other elements may be analyzed by this method if perfonnance at the concentrations of 
interest is demonstrated. 

2.0 Summary of Method 

2.1 This method describes multielemental detenninations by ICP-OES using a simultaneous 
optical system and axial or radial viewing of the plasma. 

Effective date: 31 August, 20 11 
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2.2 The instrument, using optical spectrometry, measures characteristic emission spectra. 
Samples are first mixed with Yttrium (internal standard) then nebulized and transported 
through to the plasma torch. The radio-frequency inductively coupled plasma produces 
element-specific spectral emissions that are dispersed by a grating spectrometer, and 
simultaneously detected by wavelength specific photosensitive devices. 

2.3 For each element 3 replicate intensity readings are taken at each wavelength, each 
reading is run through any correction algorithms if present (MSF, background correction 
point), and the average intensity from the three readings is used to quantitate the element 
concentration from the calibration curve. The quantitated result is then adjusted using an 
internal standard factor. Quantitated results are never blank corrected. 

2.4 Table 2 summarizes the emission lines validated for this method. 

2.5 Except for groundwater samples that have been pre-filtered and acidified, samples must 
be solubilized or digested using the appropriate sample preparation method. 

Table 2: Validated Emission Lines 
Element Wavelength Element Wavelength 
Aluminum 396.153 Manganese 257.610 
Antimony 206.836 Molybdenum 202.031 
Arsenic 188.979 Nickel 231.604 
Barium 233.527 Potassium 766.490 
Beryllium 313.107 Selenium 196.026 
Boron 249.772 Silicon 212.412 
Cadmium 228.802 Silver 328.068 
Calcium 317.933 Sodium 589.592 
Chromium 205.560 Strontium 421.552 
Cobalt 228.616 Thallium 190.801 
Copper 324.752 Tin 189.927 
Iron 238.204 Titanium 334.940 
Lead 220.353 Uranium 424.167 
Magnesium 285.213 Vanadium 292.402 

Zinc 206.200 

Confirmation Emission Lines 
Element Wavelength Element Wavelength 
Arsenic 193.696 Cadmium 226.502 
Chromium 267.716 Lead 217.000 
Selenium 203.985 Boron 249.677 

Uranium 385.958 

Internal Standard Emission Line 
Element Wavelength 
Yttrium 371.029 

Detection Limits 

3.1 MDLs shall be empirically established annually. An MDL study must be conducted for 
each matrix type analyzed and are required for each preparatory/determinative method 
combination utilized. MDLs are subject to change. 

Effective date: 31 August, 2011 
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3.2 See the LIMS for the current Detection Limits. Refer to the HEAL QAP for MDL 
procedure and calculations. 

3.3 A summary of the current PQLs can be found in Appendix A. 

4.0 Definitions 

4.1 Calibration Blank (CalibBlank)- Blank Solution of2% HN03 used to "zero" the 
instrument. 

4.2 Initial Calibration Verification (ICY)- Second source standard used to validate the 
calibration curve prior to sample analysis. 

4.3 Initial Calibration Blank (ICB)- Analysis of Calibration blank solution after initial 
calibration to check the cleanliness of the instrument. 

4.4 Continuing Calibration Verification (CCV)- Standard from the same source as 
calibration curve. Used to check the stability ofthe instrument. 

4.5 Continuing Calibration Blank (CCB)- Analysis of Calibration Blank solution as a 
continuing verification of instrument cleanliness. 

4.6 Interference Check Solution (ICS)- A solution of Fe, AI, Ca, and Mg. Run at the 
beginning of each analytical run to check correction factors. 

4.7 Interference Check Solution plus Elements (ICS Elem)- A solution of Fe, AI, Ca, and 
Mg fortified with 0.5ug/mL of other elements of interest. Run at the beginning of each 
analytical run. Used to check correction factors. 

4.8 Laboratory Control Spike (LCS)- Laboratory fortified blank. 

4.9 Laboratory Control Spike Duplicate (LCSD)- Laboratory fortified blank duplicate. 

4.10 Matrix Specific QC (MSpQC) -Consists of an MS, MSD, post digestion spike addition, 
and dilution test. 

4.11 Matrix Spike (MS)- Laboratory fortified sample. 

4.12 Matrix Spike Duplicate (MSD)- Laboratory fortified sample duplicate. 

4.13 Method Blank (MB)- Laboratory blank. 

4.14 Method Detection Limit (MDL) - The constituent concentration that when processed 
through the complete method, produces a signal with a 99% probability that it is different 
than the blank. 

4.15 Practical Quantitation Limit (PQL)/Reporting Limit- The minimum limit to which an 
analyte can be routinely reported. 

4.16 Relative Standard Deviation (RSD)- Measures the precision between the three replicate 
readings for each analyte. 

4.17 Internal Standard (IS)- A solution of Yttrium (Y) that is added to all samples and 
standards. Used to correct for physical interferences. 

Effective date: 31 August, 2011 
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4.18 DI Water (DI)- De-ionized water/reagent free water. Water that is passed through a 
purification system and is free from interferences. 

5.0 Interferences 

5.1 Spectral interferences are caused by background emission from continuous or 
recombination phenomena, stray light from the line emission of high concentration 
elements, spectral line overlap from another element, or unresolved molecular band 
spectra overlap. 

5.2 Physical interferences are effects associated with the nebulization of the sample and the 
physical transport of the sample to the nebulizer. Changes in sample viscosity, surface 
tension, and high levels of dissolved solids or acids can cause significant inaccuracies. 

5.3 Memory interferences occur when high analyte levels in a previous sample contribute to 
intensities measured in the new sample. These can occur from high levels of a particular 
analyte building up on the torch and spray chamber, nebulizer, injector, and from analytes 
not being completely rinsed from pump tubing. Extreme care must be taken to ensure that 
both the nebulizer and injector are clean. Pump tubing used in sample transfer to the 
nebulizer must also be clean and replaced frequently. Torch and spray chamber must also 
be cleaned regularly. 

6.0 Safety 

6.1 The toxicity or carcinogenicity of each reagent or standard has not been fully defined. For 
handling procedures and exposure information always refer to the MSDS. Exposure to 
reagents and standards must be kept to a minimum. Gloves, lab coats, and safety glasses 
must be worn when handling samples, standards, or reagents. 

6.2 Refer to the Optima 4300DV operation manual for ICP safety considerations. 

7.0 Apparatus and Materials 

7.1 Inductively Coupled Plasma Spectrometer system 

7.l.A Perkin Elmer Optima 4300 DV equipped with AS-93 Plus Autosampler, 
recirculator, and Winlab32 Instrument Control Software. See maintenance 
logbook for the most current hardware and software. 

7 .l.B Operating Conditions 

7.l.B.l Instrument settings are detailed in Appendix D. 

7.1.C Always allow at least 30 minutes for the instrument to warm up after plasma 
ignition. The autosampler should be in the rinse position and rinse solution 
should be pumping to the nebulizer. 

7.1.0 Low-Flow Gem Cone type nebulizer with a Cyclonic spray chamber. 

7.1.E 160 Liter Liquid Argon Dewar with compressed argon back-up tanks. 

7.l.F Air Compressor 

Effective date: 31 August, 20 II 
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7.2 Volumetric Flasks, Class A 50ml- lOOOmL. 

7.3 Rainin Handheld Repipetters lOOJ.LL, 1mL, 5mL, and lOmL sizes. 

7.4 VWR Handheld Repipetters 100J.1L, and lmL sizes. 

7.5 Centrifuge Tubes- Polypropylene 15mL and 50mL (w/ skirted bottoms) 

7.6 Certified clean plastic bottles- 125mL, 250mL, 500mL, and 1000mL sizes. 

7.7 Analytical Balance. 

7.8 Hamilton Glass GASTIGHT Syringes- 1000J.1L, 250J.1L, and 100J.1L sizes. 

8.0 Reagents and Standards/Spikes 

8.1 All acids are trace metals grade or equivalent 

8.2 DI Water 

8.3 Nitric Acid, concentrated, trace metals grade. 

8.4 5% Nitric Acid rinse solution-add 650mL of reagent grade HN03 and volume to 13L with 
DI water. Every time new solution is prepared, it must be noted in the maintenance 
logbook and assigned a chemical ID and expiration date in LIMS. 

8.5 2% Nitric Acid blank solution-add 400mL of trace metals grade HN03 and volume up to 
20L with DI water. 

8.5.A The utmost care must be taken to ensure that the 2% HN03 blank solution is 
clean for this will be used as the calibration blank, ICB, the MB for dissolved 
samples, and it will also be used to make calibration standards and spikes. The 
solution needs to be logged into the LIMS and assigned a bottle number in the 
chemical inventory which will be noted on all standards and spike logs. 

8.6 Stock Standard Solutions 

8.6.A All standards are Ultra High Purity standards, designed specifically for trace 
level work. Standards cannot contain HCI as a preservative. All stock standards 
must be preserved with HN03 (trace levels ofHF and tartaric acid are also 
acceptable), with the exception of the 1000J.1glmL Si standard which comes in 
H20. All standards are stored at room temperature and should be replaced when 
expired, or sooner if comparison with a check standard indicates a problem. 

8.7 Calibration Standards/Spikes 

8.7.A A custom "PQL" Solution containing all elements reported by this SOP is 
purchased from VHG Labs and contains: Ca, Mg, K, Na @125J.Lg/mL; U@ 
25J.Lg/mL; Si@ 20J.Lg/mL; Se@ 12.5J.Lg/mL; B@ 10J.1glmL; As, Fe@ 5J.Lg/mL; 
AI, Sb, Tl, Sn, V@ 2.5J.Lg/mL; Mo@ 2J.Lg/mL; Cr, Co, Cu@ l.5J.1glmL; Ni, Pb, 
Ag, Sr, Ti, Zn@ 1.25J.Lg/mL; Ba, Be, Cd, Mn@ 0.5J.Lg/mL. 

8.7.B The Calibration/Spike standards are purchased from VHG Labs and contain: 

Effective date: 31 August, 2011 
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8.7.B.1 Mix 1- AI, Sb, As, Ba, Be, B, Cd, Cr, Co, Cu, Fe, Ph, Mn, Mo, Ni, Se, 
Ag, Tl, Sn, Ti, U, V, Zn at 100!-lg/mL, Si at 5001-lg/mL, and Sr at 
25!-lg/mL. 

8.7.8.2 Mix 2- K, Mg, Na, and Ca at 5000!-lg/mL 

8.7.C Calibration standards are made on a routine basis, when they show signs of 
degradation, become expired, or if comparison with a check standard indicates a 
problem. The standards are made using either EppendorfPipettes or the 
Hamiliton Glass GAS TIGHT syringes. 

8.7.D All standards and spikes must be logged into the LIMS, and appropriately 
labeled with a standard ID, and expiration date. If Eppendorf Pipettes are used to 
make the calibration standards, a pipette calibration sticker must be completed 
for each volume dispensed and placed on the appropriate Standard/Spike Log. 

8.7.E All calibration standards are made in either 2% HN03 (for dissolved aqueous 
and digestates of aqueous samples) or 10% HN03 (for soil and leachate 
digestates ). A summary can be found in Appendix B. 

8.7.E.1 Cations are calibrated separately from the other elements and are 
always made in 2% HN03• 

8.8 Second Source Standards 

8.8.A A separate kit containing the second source standard mixes is purchased from 
Environmental Express containing: 

8.8.A.1 Mix I - Sb, As, Be, Cd, Ca, Cr, Co, Cu, Fe, Ph, Mg, Mn, Mo, Ni, Se, 
Tl, Ti, V, Zn at 1001-lg/mL. Mix 2- Si at 50!-lg/mL, Kat 1000!-lg/mL, 
and Ag, Na, AI, Ba, and B at 1 OO!!g/mL. 

8.8.A.2 Mix 2 - Ca, K, Mg, and Na at 5000!-lg/mL. 

8.8.B Uranium and Tin are added to the second source standard from individual 
standards both at 1000 !lg/mL purchased from Environmental Express. 

8.8.C Incorporating Strontium into the second source standards requires a 1 Oppm 
solution to be made from the 1000ppm second source standard. The intermediate 
lOppm solution is to be logged into LIMS and will be referenced as a "Stock 
Source" on the Standard Log. 

8.8.D All second source standards must be logged into the LIMS, and appropriately 
labeled with a standard ID, and expiration date. 

8.8.E Second Source standards are made using either an EppendorfPipette or a 
Hamilton Glass GAS TIGHT Syring. If a pipette is used to make the standard, a 
pipette calibration sticker must be completed for the volume dispensed and 
placed on the Standard/Spike Log. 

8.8.F All second source standards are made in either 2% HN03 (for dissolved aqueous 
and digestates of aqueous samples) or 10% HN03 (for soil and leachate 
digestates). A summary can be found in Appendix C. 

Effective date: 31 August, 2011 
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8.8.F.1 The second source cation standard will always be made in 2% HN03 

8.9 Internal Standard 

8.9.A Yttrium@ 5!!g/mL is used. It is prepared in 2% HN03, logged into LIMS, and 
appropriately labeled. The assigned standard ID will be recorded on the ICP 
Analysis Summary sheet included in every data packet. 

8.10 Interference Check Standards 

8.10.A The stock standard used in both the interference check standards is purchased 
from Environmental Express and contains: AI, Ca, Mg @5000!lg/mL, and Fe @ 
2000!!g/mL. 

8.1 O.B Interference Check Standard (ICS)- A solution prepared in 2% HN03 with AI, 
Ca, and Mg@ 50!!g/mL, and Fe@ 20!!g/mL. When fresh solution is prepared, 
it is to be logged into LIMS and labeled. 

8.1 O.C Interference Check Standard plus Elements (ICS ELEM}- A solution prepared 
in 2% HN03 that contains the same concentration of AI, Fe, Ca, and Mg as in 
the ICS plus all other reported elements at 0.5!!g/mL. When fresh solution is 
prepared, it is to be logged into LIMS and labeled. 

9.0 Sample Collection, Preservation, Shipment, and Storage 

9.1 Aqueous samples must be collected in HN03 preserved certified clean plastic containers. 
(0.5mL concentrated HN03/125mL sample). Samples must be preserved to a pH<2. 

9.2 Dissolved samples must be prefiltered with 0.45um Teflon filters before preservation. 

9.3 Soil samples must be collected in certified clean glass sample jars. 

9.4 Wipe samples are collected in Environmental Express digestion tubes (results are 
calculated based on 1 wipe per digestion tube). 

9.5 Samples may be stored at room temperature, but HEAL protocol recommends samples be 
stored at 0-6°C until analysis/digestion. 

9.6 Holding time for HN03 preserved samples is 180 days. 

9.7 Digestates are stored at room temperature until analysis. Holding time is 180 days. 

9.7.A While Ag does not have a separate holding time, samples that contain silver, 
when possible, should be analyzed as soon as possible after digestion. 

10.0 Quality Control 

10.1 Initial Calibration 

10.l.A A 3-4 point calibration is run daily. 

1 0.1.B An ICY, ICB, ICS, and ICS Element are run for all elements. 

10.2 Continuing Calibration 

Effective date: 31 August, 2011 
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10.2.A A CCV is run every ten injections for all elements. 

10.2.B A CCB is run after the CCV, every 10 injections. 

10.3 Batch QC Requirements 

10.3.A For dissolved samples a MB, LCS, and MS, MSD must be analyzed for every 20 
samples. 

10.3.A.l If there is insufficient sample volume for an MSD to be prepared, a 
LCSD must be prepared and analyzed. 

10.3.B For wipe samples, and soil SAR/ESP samples a MB, LCS, and LCSD must be 
analyzed for every 20 samples. 

10.3.C See the appropriate digestion method for Batch QC requirements. 

10.3.0 The post digestion spike addition and dilution test are only required for digested 
samples, when the spike recoveries in the MS, and/or MSD are unacceptable. 

11.0 Calibration 

11.1 Initial Calibration 

11.1.A Calibration is conducted each day for each element to be analyzed and is built 
into the instrument control method. The calibration is automatically loaded into 
the sample run list from the selected method and is included in each data packet. 

11.1.B Initial calibration for all elements consists of a Calibration Blank, 3-4 calibration 
standards, ICY, ICY Cat, ICB, ICS, and ICS Element. 

11.l.C The calibration is based upon the corrected analyte intensity versus the analyte 
concentration. The calibration equations for all elements are linear, forced 
through zero using the equation: 

Where: 

Y=MX 

X= concentration 
Y = intensity 
M = slope of calibration curve 

Forcing the intercept to be zero and by using at least three calibration points M 
is calculated using the following equation: 

Where: 

i=l 

L(XJ:) 
M =--'-'-n-:----

f(x/) 
n 

Effective date: 31 August, 2011 
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X; = concentration at interval i 
Y; = intensity at interval i 
n = number of standards (including the blank) 

ll.l.D The calibration levels are summarized in Appendix B. 

II.l.E As mentioned before, the utmost care must be taken to ensure that the 
calibration blank is clean and that the background intensity levels are at their 
appropriate levels. This is accomplished by comparing the raw background of a 
particular element line to historical background intensity levels. If the current 
background intensity levels are significantly different, action must be taken to 
bring them closer to the established historical levels. (Changing pump tubing, 
cleaning the nebulizer or injector, performing instrument maintenance, etc.). 

II.l.F The calibration blank is a 2% HN03 solution. 

II.2 Continuing Calibration 

11.2.A A Continuing Calibration Verification (CCV) and Continuing Calibration Blank 
(CCB) must be analyzed for each analyte every ten analysis and at the end of 
each analytical batch. 

I2.0 Sample Analysis 

I2.I Sample Preparation/Digestion 

I2.l.A Dissolved samples are analyzed directly. 

I2.l.A.I To each ISmL tube add IOmL of well mixed sample. 

I2.l.A.l.l For QC samples: MB, and LCSILCSD will contain 2% 
HN03. 

12.l.A.2 Check the pipette calibration using DI water and the analytical 
balance according to the HEAL Pipette Check SOP. Record the 
calibration check information on the ICP Analysis Summary sheet 
and include in data packet. 

12.l.A.3 Spike IOO!!L ofthe Custom Spike and IOO!!L of the Cation Mix into 
the LCSILCSD and MS, MSD samples. 

12.l.B Aqueous samples for total recoverable metals are digested using HEAL SOP for 
Method 3005A. 

I2.l.C Aqueous leachates from Method 13Il or method 13I2 are digested using HEAL 
SOP for Method 30IOA. 

I2.l.D Soil samples are digested using HEAL SOP for Method 3050B. 

12.I.E Wipe samples are digested using the Environmental Express method for Sample 
Preparation for Lead Analysis on the Ghost Wipe. 

12.l.F Directions for SAR and/or ESP sample prep can be found in Appendix H. 

Effective date: 3I August, 20 II 
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I2.2.A Use secure log in to open software. 

I2.2.B Load the appropriate method into the instrument control software. Each method 
contains all of the instrument control settings and QC limits. 

I2.2.C Place fresh standards into 50mL centrifuge tubes and place in the appropriate 
location. Record the standard ID information on the ICP Analysis Summary 
sheet. 

I2.2.C.I Be sure to use the correct calibration standards. All aqueous samples 
(dissolved, 3005, wipe digestates, and SAR/ESP samples) are analyzed 
using the 2% nitric standards. All soil or leachate digestates (30IO and 
3050) are analyzed using the I 0% nitric standards. 

I2.2.D Open Sample Information file and list all samples to be analyzed. Be sure to 
include their location on the autosampler. Save Sample Information file. 

I2.2.E Open a new Results table. The instrument will automatically place the curve and 
continuing and closing standards in their appropriate places based upon the 
settings in the method. 

I2.2.F Samples (dissolved or digestates) are placed into a clean I5mL-centrifuge tube 
and placed on the autosampler. 

I2.2.G Click Analyze All. The instrument will automatically run the curve, initial 
calibration QC, all samples in the sample information file, and all continuing 
calibration and closing QC required. 

I3.0 Calculations 

I3.I Dissolved- The result is taken directly from the instrument data sheet and multiplied by 
any dilution factors if applicable. And reported in mg/L. 

I3.2 Aqueous (or aqueous extract)- The result is taken directly form the instrument data sheet 
and multiplied by dilution factors if applicable. And reported in mg!L. (The initial 
volume is the same as the final volume). Calculation is as follows: 

Where: 

F 
mg/ L =Ax-xD 

I 

A = Result from instrument data sheet 
F = Final volume in mL 
I = Initial volume in mL 
D = Dilution factor 

13.3 Soil-I g of sample is used 50 mL is the final volume. The result from the instrument 
data sheet is multiplied times 50 and by any dilution factors if applicable. And reported in 
mg/kg. Calculation is as follows: 

Effective date: 31 August, 20 II 
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F IOOOg IL 
mg/kg=Ax-x--x xD 

I lkg IOOOmL 

A = Result from instrument data sheet 
F =Final volume in mL 
I = Initial volume in g 
D = Dilution factor 

13.4 Wipe- One wipe is used, 50mL is the final volume. The result from instrument data 
sheet times 50 divided by 1000. Results are reported in mg/100cm2

. 

Where: 

z F IL 
mgllOOcm =Ax-x xD 

I lOOOmL 

A = Result from instrument data sheet 
F = Final volume in mL 
I= Initial volume (1 wipe or 100cm2

) 

D = Dilution factor 

13.5 Hardness (as CaC03) by calculation -Results for Ca and Mg used in the calculation 
must fall within the calibration range. If analyte requires dilution, diluted final result is 
used. Results are reported in mg/L. Calculation is as follows: 

Where: 

mg I L = (2.497 x A) + ( 4.118 x B) 

A = On-scale Ca result in mg/L 
B = On-scale Mg result in mg/L 

13.6 Sodium Adsorption Ratio (SAR}-Ratio of soluble and exchangeable Na ions in a 
saturated soil paste, or an aqueous sample using total concentrations of Ca, Mg, and Na. 
Results are unit less. See Appendix H for procedure. Calculation is as follows: 

Where: 

A X D X 0.0435 * 
SAR=-r~==========~========~~ 

[ (s x D x o.o499 *)+
2 
(c x D x o.08229 *)] 

A =Result for Na from instrument data sheet in mg/L 
B = Result for Ca from instrument data sheet in mg/L 
C = Result for Mg from instrument data sheet in mg/L 
D = Dilution factor 
*=Constant used to convert mg/L to meq/L (specific to each cation) 

13.7 Exchangeable Sodium Percentage (ESP) - The degree of saturation of sodium with the 
soil exchange complex. Results are reported as a percentage. See Appendix H for 
procedure. Calculation is as follows: 

Effective date: 31 August, 2011 
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ESP= 100 x (-0.0126 + 0.01475S) 
1 + ( -0.0126 + 0.01475S) 

S =Calculated SAR result (unitless) 

14.0 Method Performance/Estimation of Uncertainty 

14.1 Method Performance 

14.1.A PT or "blind study" samples for various matrix types are analyzed every 6 
months to check the accuracy of the metals analysis. 

14.2 Estimation ofUncertainty 

14.2.A Estimation of uncertainty is to be conducted for all metals in each matrix type on 
an annual basis. 

14.2.8 See HEAL QAP for details on the calculation of uncertainty. 

14.3 Demonstration of Capability 

14.3.A Initial Demonstration of Capability (IDOC) samples are analyzed before an 
analyst is able to independently generate data. DOCs for metals must be 
generated for each preparatory method utilized. Annual Documentation of 
Continued Proficiency (ADOCP) is performed annually after acceptable DOC 
has been established. 

14.3.8 IDOCs consist of four replicate LCS spikes carried through the preparatory 
process to analysis. The average percent recovery and relative standard 
deviation are then calculated and must pass within ±20% and :::;20% 
respectively. ADOCPs consist of one of the following items, an "acceptable" PT 
result, a blind spike, or the successful analysis offour replicate LCS samples. 

14.3.C A detailed description of !DOCs and ADOCPs can be found in the HEAL QA 
Plan. 

15.0 Pollution Prevention 

15.1 The Perkin Elmer ICP 4300DV is a simultaneous instrument. It is able to analyze many 
elements without requiring much sample. Generally only 4-SmL is required. Smaller 
sample containers are used on the auto sampler. 

15.2 Small sample size used during analysis also contributes to savings in calibration, second 
source, and continuing calibration standards. 

15.3 Smaller sample size for the instrument also allows small digestion volumes. The volume 
of sample required for digestion has been lowered to 50mL for aqueous samples. Soils 
only require 1 g for digestion. The volume of sample waste has been cut in half. 

16.0 Data Assessment and Acceptance Criteria for Quality Control Measures 

Effective date: 31 August, 2011 
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16.1 Wavelength Selection, Spectral Corrections, and Multicomponent Spectral Fitting (MSF) 

16.1.A The analyte is visually represented by a spectrum. Each element has a response 
peak centered on the selected wavelength (if the analyte response is high 
enough). For more complicated spectra or elements with lower intensities, this 
response peak is not easily seen. Especially at lower analyte concentrations. The 
software instead "generates" a response peak from the correction algorithms 
used. (For this SOP MSF is the most common correction used). 

16.1.B The selection of a particular wavelength line is accomplished by examining 
emission intensity and the background emission intensity at a region 
surrounding the selected wavelength. The off-line background emission 
intensity from other known interfering elements at high concentrations must also 
be examined to determine the off-line effects of the selected analyte line. From 
this information an appropriate correction scheme is selected. Selected analyte 
scanning ranges and the correction schemes are summarized in Appendix D. 

16.1.C All elements reported by this SOP fall into two types of correction schemes. 
Those analytes with very high intensities use peak area with two-point 
background correction points, while those analytes that are susceptible to off
line interferences, have lower analyte intensities, or contain complex spectra use 
MSF. See Appendix D. 

16.1.0 MSF utilizes a multiple linear least-squares model. Using the pure analyte, the 
calibration blank, and the matrix (or off-line interference) spectra to create 
interference corrected mathematical model. MSF is used when scanned spectral 
regions contain not only the analyte peak but also other spectral peaks or 
baseline shifts. Elements using MSF do not need to be examined for correct 
analyte peak integration. MSF examines the entire spectral region surrounding 
the selected spectral line and mathematically "filters" the effects of matrix, 
blank, and pure analyte. MSF generates a mathematically corrected spectrum 
that appears in the software as a peak or group of peaks below the uncorrected 
spectra. The MSF "model" that is created improves detection limits and 
accuracy considerably. Appendix E contains a summary ofthe MSF analyte 
model used for analysis. 

l6.l.E Two-Point background correction is used when the intensities for the selected 
element are great enough, and the spectral region around selected wavelength do 
not contain any interferences peaks or baseline shifts that could interfere with 
the baseline integration of the analyte peak. Each background correction point is 
selected at the left and right peak minima, and a baseline is drawn between the 
two points. The area under the curve is used to quantitate the result. 

16.1.F Alternate spectral lines are chosen if there is a direct overlap at a selected 
analyte wavelength from an off-line interference. 

16.2 Data Assessment 

16.2.A Any analyte outside of the linear calibration range must be re-analyzed at 
dilution. Regardless of the sample type, all dilutions are into 2% HN03• 

16.2.B Internal standard recovery must fall between 80-120% for the sample to be 
considered valid. Dilute the sample if necessary. 

Effective date: 31 August, 2011 
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16.2.C See Appendix I for a summary of the Calibration, Continuing Calibration, 
batch QC requirements, acceptance criteria, and corrective actions. 

16.3 Acceptance Criteria for Quality Control Measures 

16.3.A Initial Calibration 

16.3 .A.1 Three to four point calibration curve forced through zero must have an 
~ ::::0.9995. 

16.3.A.2 ICY recovery must fall between 90%-110%, and the RSD from the 
three replicate readings of each analyte must be :S5%. 

16.3.A.3 ICB analyte concentration must fall below the PQL, and must be 
greater than or equal to the negative of the PQL. 

16.3.A.4 ICS- All elements (not including Fe, Ca, Mg, and AI) must fall below 
2 times the PQL. 

16.3.A.5 ICS Element- All elements (not including Fe, Ca, Mg, and AI) must 
be recovered within ±20% of their true value. 

16.3.B Continuing Calibration 

16.3.B.l CCV recovery must fall between 90%-110%, and the RSD from the 
three replicate readings of each analyte must be :S5%. 

16.3.B.2 CCB is from the same source as the Calibration Blank and therefore 
must not contain target analytes above the PQL or have an analyte 
concentration below the negative of the PQL. 

16.3.C Batch QC 

16.3.C.1 For the MB to be considered valid it must not contain analytes above 
the established PQL or be less than 5% of the lowest sample 
concentration for each analyte. In addition, the analyte concentration 
must not be less than 2 times the negative of the PQL. 

16.3.C.2 An LCS should contain the analytes at a level that falls between the 
low and high standards of the calibration curve. For an LCS to be 
considered valid the spike recovery must fall within 80%-120%. 

NOTE: LCS recoveries listed on the raw data are only estimates and 
should only be used to decide whether the QC sample requires 
reanalysis. 

16.3.C.3 Matrix Specific QC 

16.3.C.3.1 As the primary component ofthe MSpQC, the MS, MSD 
should contain the same level of analyte as that of the LCS. 
For the MS, MSD to be considered valid the spike 
recovery must fall between 75%-125%, have passing 

Effective date: 31 August, 2011 
S.O.P.Number: S-6010-8 

Page 14 of29 



·~ 

Hall Environmental 
Analysis Laboratory 

Internal Standard recoveries, and analytes must be on
scale. 

16.3.C.3.2 The post digestion spike addition as a second component 
of the MSpQC, for digested samples, requires that the 
sample from which the MS, and MSD were prepared from 
be spiked, post digestion, and be recovered within 80-
120%. An assessment of the data can only be made if the 
concentration of the analyte in the post spike falls within 
the range of 10 to 100 times the PQL. See Appendix G for 
post spike ranges of quantitation, specific to test. 

16.3.C.3.3 As the final step in the MSpQC process, the dilution test 
says that analysis of the sample at a 1:5 dilution should 
generate results that agree within ± 10%. Only analytes that 
yield concentrations > 10 times the PQL will be assessed, 
and any analyte(s) that have concentration above the high 
standard will not be reported. 

16.3.C.3.4 The RPD between the MS and MSD must be less than 
20%, for analytes whose concentrations are greater than 10 
times the PQL. 

16.3.C.3.5 See Appendix F for MSpQC flow chart and Appendix I 
for a summary of Corrective Action Procedures. 

17.0 Corrective Actions For Out-of-Control Data 

17.1 Initial Calibration 

17.l.A If the r2 is unacceptable the failing analyte(s) must be recalibrated. 

17 .l.B IfiCV or ICB is unacceptable, reanalyze standards up to one additional time. 
Recalibrate and reanalyze, if needed. (Failing elements may not be reported). 

17 .l.C If ICS is unacceptable, reanalyze standard up to one additional time. 
Unacceptable elements in the ICS may only be reported in samples that are ND 
for the failing elements (the exceptions being B, and Co - see section 17 .I.E). 
Otherwise recalibrate and reanalyze. 

17 .l.D If ICS Element is unacceptable, reanalyze standard up to one additional time. 
Elements that are failing low may not be reported, recalibrate the instrument. 
Elements that are failing high may only be reported if samples are non-detect for 
those elements (the exceptions being B, and Co- see section 17.1.E). Otherwise 
the instrument must be recalibrated. 

17 .I.E Boron has a significant Fe interference. The analyte will fail in the ICS/ICS 
Element during the initial analysis due to the amount of Fe present in those 
standards. 

17 .l.F B and Co are reprocessed using alternative MSF models that better represent the 
matrices analyzed. Both B and Co will always be reported from reprocessed 
data. 

Effective date: 31 August, 2011 
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17.2 Continuing Calibration 

17.2.A If CCV or CCB is unacceptable, reanalyze standard up to one additional time. If 
still unacceptable, the failing analyte(s) may not be reported in the 10 samples 
preceding and following the CCV or CCB. Recalibrate and reanalyze affected 
samples. 

17.3 Batch QC, MSpQC 

17.3.A If the MB contains elements above the reporting limit or is greater than 5% of 
the lowest sample concentration, reanalyze MB. IfMB contains elements above 
the PQL but is less than 5% of the lowest sample concentration, generate 
corrective action and report result. If the concentration of the element in the MB 
is less than 2 times the negative of the PQL, reanalyze, IfMB continues to fail 
the lower limit re-prep and reanalyze analytical batch for failing elements. 

17.3.B If the LCS is not acceptable reanalyze. If it continues to fail re-prep and 
reanalyze analytical batch for failing elements. 

17.3.C When recoveries in the primary component of the MSpQC (MS, MSD) fall 
outside ofthe 75-125% acceptable recovery range, an assessment ofthe analytes 
of interest must be performed. If the concentration of the analyte is greater than 
100 mg!L, no spike recovery is needed. If less than 100 mg/L, a series of tests 
must be completed and detailed in a corrective action. These include: a post 
digestion spike addition to the sample and, if necessary, a dilution test which 
includes analysis ofthe sample at a 1:5 dilution. See Appendix F for an 
informative MSpQC flow chart. 

17.3.C.1 The post digestion spike is only considered valid if it has a recovery 
within 80-120%. A dilution of the sample may be necessary for 
analytes that generate results above the high standard after the post 
spike addition. The only data reported will be analytes whose 
concentrations fall within 10 to 100 times the PQL. See Appendix G 
for a range of quantitation specific to test. 

17.3.C.2 A failure in the MS, MSD and in the post spike confirms matrix 
interference(s) and should be noted in a CAR. If recovery is acceptable, 
and the concentration does not exceed the high standard, the analyte 
can be reported. 

17.3.C.3 If spike recovery falls outside of the ±20% criterion, a corrective 
action must be generated and a dilution test must be performed. The 
dilution test consists of an analysis of a 1 x and a 5x dilution. Where at a 
minimum, concentrations of the analytes are 10 times the PQL after 
dilution, the analysis should agree within ±10%. Any analyte(s) whose 
concentration(s) exceed the high standard at the 5x dilution will not be 
considered or reported. 

17.3 .C.4 If analyte passes dilution test, no physical or chemical interferences can 
be confirmed. Ifanalytes do not agree within ±10%, a chemical, 
physical and/or matrix related interference is suspected and the end 
user should be notified. 

Effective date: 31 August, 2011 
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17.3 .C.5 Analytes that are susceptible to off-line interferences, have low 
intensities, or contain complex spectra, will most likely require a post 
spike addition. These elements include, but are not limited to: As, Se, 
Sb, and Tl. 

17.3.D If the RPD between MS and MSD is greater than 20, reanalyze and report 
reanalysis. Only analytes that are > 10 times the PQL require assessment. If 
failure continues, generate corrective action, flag result, and report (for soil 
samples reanalyze/narrate as possible matrix inconsistency). 

17.3 .E See Appendix I for a summary of Corrective Action Procedures. 

18.0 Contingencies For Handling Out of Control Data 

18.1 A corrective action is generated and all out of control data is flagged with the appropriate 
qualifier. 

18.2 The client is notified about the out-of-control data. 

19.0 Waste management 

19.1 Analytical results are used to characterize their respective sample contamination level( s) 
so that the proper disposal can be performed. These wastes will be disposed of according 
to their hazard as well as their type and level of contamination. Refer to the Hall 
Environmental Analysis Laboratory Chemical Hygiene Plan for details regarding waste 
disposal. 

20.0 References 

20.1 U.S. EPA Method 6010B, Revision 2, December 1996. 

20.2 Concepts, Instrumentation and Techniques in Inductively Coupled Plasma Optical 
Emission Spectrometry, Third Edition. Charles B. Boss and Kenneth J. Fredeen. Perkin 
Elmer, 2004. 

20.3 U.S. EPA Method 3005A, Revision 1, July 1992. 

20.4 Current revision of HEAL 3005 SOP. 

20.5 U.S. EPA Method 3010A, Revision 1, July 1992. 

20.6 Current revision of HEAL 3010 SOP. 

20.7 U.S. EPA Method 3050B, Revision 2, December 1996. 

20.8 Current revision of HEAL 3050 SOP. 

20.9 Current revision of HEAL Quality Assurance Plan (QAP). 

20.10 Current revision ofHEAL Chemical Hygiene Plan (CHP). 

20.11 Current revision ofHEAL Variable Volume Pipette Check SOP 
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20.12 Sample Preparation for Pb on Environmental Express Ghost Wipe, using Environmental 
Express Hot Block. 

20.13 SW-846, Chapter I, Revision 1, July 1992. 

20.14 Standard Methods for the Examination of Water and Wastewater, 181
h Edition, 1992. 

20.15 USDA Handbook No.60. 
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AppendlxD 
Instrument Setting and Method Parameters 

Spectrometer Parameters 
Read Delay: 15 
Replicates: 3 
Reed Time: Auto 

min: 1 sec/max: 5 sec 

Peristaltic Pump Parameters 
Sample Flow Rete: 2.00 mUmln 

Sample Flush Time: 15 sec 

Wash Parameters Plasma Parameters 
Wash Frequency: Between samples + extra time Source Equllbratlon Delay: 30 sec 

if needed. Plasma Flow: 15 L/mln 
Wash Flow Rate: 2.00 mUmln Aux Gas Flow: 0.2 Umln 

Wash Time: 60 sec Nebulizer Gas Flow: 0.55 Umln 

Plasma View, Spectral Windows, and Correction Type 

Effective date: 31 August, 2011 
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Area 2pt BGC 

Appendix E 
MSF Model Summary 

• Thne wavelenglha .,. Ulld for conftrm1Uon only. 
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AppendlxF 
Matrix Specific QC Flowchart 

MS,MSD 
·-it -lyto wifloio L2~ """""'}' -? 

Y6S 

Post Digestion Spike 
·-it .... ytowith!n.o20tl."""""'}'ranp? 

··refer to table for l'lllp of qullftlitalion. 
-spite lx or lowest dilution of sample. 

YliS 

Generate CAR in LIMS. 
MatriM onects confirmed. 

Dilution Test 

A 
RI'J)~/ote 

I \ 
YliS NO 

NO 

-No matrix, physical, and/or 
chemlcallntcrftlrcnce(s) can be 
confirmed. 

-Matrix effect confirmed. A chemical 
and/or physical Interference should be 
SIJIIlCCICCL 

-complete CAR. 
;..Anomalous failure. 

Effective date: 31 August, 2011 
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J'ppendix G 
Range of Qu11ntitation for Post Spike 
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AppendixH 

SAR Procedure 

1.0 Prep soil by making a saturated paste with DI water and allowing it to sit at room temperature for 
24 ::1: 2 hours. (See section 11.3.1 of the HEAL Resistivity SOP for guidance on the preparation of 
a saturated paste.) Enough paste must be made so that there is enough liquid after centrifugation to 
perfonn the analysis. 

1.1 Prepare QC for every I 0 samples at the same time the saturated paste is being prepared. 
An MB, LCS, and LCSD arc required for each batch. For tho MB, volume up a SOmL 
digestion tube with Dl water and cap. The LCS and LCSD are prepared by fillfng a 50mL 
digestion tube and spiking each with SOOflL of the Cation Spike. 

2.0 Move paste into centrifuge tubc(s) and centrifuge at a minimum of 1500rpm for I 5 min. 

2.1 QC does not need to be placed in the centrifbge. 

3.0 Pipette ofT supernatant and analyze at dilution for Ca, Mg. and Na on ICP-OES. 

4.0 On-acalc results and any dilutions arc entered into the spreadsheet located at: 

H:\MS Office\lnorganles\USDA Mothods\SAR catculation.xls 

1.0 No prep required. Samples are analyzed directly. 

2.0 On-scale results and any dilutions are entered Into spreadsheet mentioned above. 

Effective date: 31 August, 2011 
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Appendix I 
ICP..OES Metals Analysis Using SW-846 60108 Calibration Specification and Corrective Action Procedures 

Parameler QCEiement Frequency Acceplance Crillria Conectlwe Adion 
Metals Caeration Daily prior to ·~ Conelatlon coeffieient rll: 0.91195 1. Recallbndle. 

(3-4 points + blank minimum) 
Initial Calitnlion Verification (ICV) Met calibration, prior fD ample -lysis Resulls j:1()% of uaigned value 1. Reanllya 1 addlllonal time; AI(IOI1 AHlin. 

RSD$m. 2. Rec:dnle if 1CV Sill out 
Initial Calibration Blank (ICB} Met calbation. prior fD ample analysis < Prat::lical quantilallon lftlN (POL}, 1. Reanalyze 1 addlllonal time; rvpon AH\111. 

li:-PQl. 2. Fdn!J -'Ytls Qlnnat be reportlld. R8c:aJintll and 
raanalya. 

3. If still failing, clean syslsm, ~-

lnlarfecec\Ce Ctledc Standard + ~the beginning of eac:ll run. Results :1:25% of assigned value 1. Reanalyle 1llddillonaltirne; AI(IOI1AHUn. 
Elements (ICS Elem} 2. Analytes that are faRing low cannot be raported for 

enti18 run. Rec:lllibrate and reanal)lm. 

3. Analyles that- falling high may be repor1ed ;r 
samples 818 NO for those analyles. OtheiWise 
reca111ra1e and reanalyzle. 

Interference Check Standaltl (ICS) At the beginning of each run. < 2 tlmee the PQL 1. Reanaly2a 1 acldilional time; ntport re-run. 
I 2. Analytes lhat- failing high may be reported if 

SM!ples 818 NO for those .-lyles. Olhelwise 
recallmde and 11181181yze. 

Method Blank (MB) 1 per preparationlaMiysis batch (s 20 < PQL or mwt not conlain analytes, 1. ~ MB and associated samples. 
S811llles) > 5'l!o of the lowest !epocled sample 2. If MB contain& a~ above lhe PQL and the 

eonoentratiDn. assoolallld samples are NO, lhe anatyte Qlll be 
ll: 21ime& -PQL reported for lhole samples. 

3. If MB COIIItlins anatfles above tile PQL but less than 
5% of lowest ample COIIcentralion fill OUI c:onectiYe 
action and ntport results. 

4. Any anatvtes with a concenlnllicn less titan 2x the 
ntQa1Mt PQL Qlnnot be reported. 

5. Reprap and re-'YZe analytical batch aa appropriate 

l..abonltory Control Splut (LCS) 1 per prepatation/analysls blllch (s 20 "'Recovery:l:20% ol assigned value 1. Reanatya LCS and 8S$OC:ialed samples. 
samples) 2. Analyles thai are faiiniJ high may be ntpo!lld If 

samples ant NO for tltose 8r~Qiy~N. Otherwiee 
RICIIIbnde and reana~. 

3. Raprep and reen~ -lytical batcllaa 
app!Oprille. 

Laboraklry Conlrol Spike Dupi'ICale 1 per preparation/analysis balch for % Recovery :1:20% of assigned value 1. Reanalya LCSO and aesoc:ialed sample&. 
(LCSD) SARIESPs or when sample 'IOiume does Relati¥e peiCd difference (RPO) $ 2. Analytes lhat- fairong high may be ntpOr1ed if 

not allow an MSO to be pntpped. ~ samples are NO forlhoee ·~ Otlletwise 
($20~) I8CIIIbrale and~-

3. If RPD >20 reanalya and AlpOit ~is. Fll!U 
~ ac:llon and NpOrt. 

4. R8pnlp and I1IIR8Iytll analytical bll1l:h as 
appropriata. 
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Appendix I 
ICP-OES Meials Analysis Using SW-846 60108 Calibration Specification and Corrective Action Procedures 

Parameter QCE"'-'l Frwq1181q Acceplance Crillril Conwc:lille Aclon 
Melala IMRix Spib (MS) 1 per p!Wpllratlonl'anllpil b81lcll (:S 20 % RecxMry ~of assigned value 1. ~dala.lfanalyle >100 ~in the 181r1Ple, no 

sa-nples) ~needed. 
2. If <100 rngll pertonn pclllaplle on '-t ~ 

dlutlon. 
Matrix Spice Ouplica1e (MSO) 1 per preparalionlanalps balcn {s 20 rl\ ReccMry :1:25% of 118igned value 1. Asaes data. If.,..,_, >100 rngll in the unple, no 

samples) Ralllive pen:entdillelence (RPO) I8CCIVel)' needed. 
:520% 2- If <100 mg.1. petfonn post apiGe on '-1111P0rtsd 

dilution. 
3. If RPO >20 _.,.and leJ)Oit ..analysis. Fil oul 

OCJri8CIM ac:lion and ftii)Oit for~ >10x PQL 

Post Splke (PS) 1 per ~is balch if MS, MSO faHs. % Rec:oo.wy t20% of usigned value 1. Open CAR for falling analyles whose concentrations 
(See .Appandlx F) fal within 10 to 100x their PQL 

2_ Petfonn dilution test. l8pOit analyle(a). 
Dilution Test (01..) 1 per analysis batch if post spike fails. RPO <10% for 1:5 dikdlon 1. Repolt and lndude in CAR. 

(See Appendix F) 
Continuing Calibration Vedflcation Every 10 sampleS and the end of the Resub :1:10% of assigned value 1. Remalyzie 1 ~ ~n~e; JaPOrt re-run. 
(CCV) analytical sequence RS0S5% 2. Analytes lhlllare fdng high may be repotl8cl if 

ample$ are NO for those analytes. Oth8fwise 
runaly2e atreded samples. 

3. Analylas falling low cannot be reported, reanalyze 
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Common Name: 
EPA Method 300.0 

Method: 

Hall Environmental 
Analysis Laboratory 

S.O.P. Number: 
S-300.0-9 

Determination of Inorganic Anions by Ion Chromatography 

Effective Date: Supersedes: 
April20, 2011 S-300.0-8 

Quality Assurance/Quality Control Officer: 

1. Scope and Application 

1.1. Ion chromatography (IC) is used to determine the concentration of inorganic anions 
summarized in Table 1. This Standard Operating Procedure (SOP) is applicable to anions in 
drinking water, groundwater, domestic and industrial waste waters, reagent waters, and 
aqueous extracts of solids. 

Table 1: Anion List 
Anion Chemical Formula 
Fluoride F 
Chloride Cl 
Nitrite as N N~-N 
Bromide Br 
NitrateasN N~-N 
Phosphate as P P04-P 
Sulfate so4 

1.2 Method 300.0 is a liquid chromatographic (LC) technique. This method is restricted to 
use by, or under the supervision of analysts experienced in the use ofLC, and skilled in 
the interpretation of chromatographs. Each analyst must demonstrate the ability to 
generate acceptable results with this method. Each analyst must establish a 
Demonstration of Capability (DOC) in accordance with the HEAL QA Plan. 

2. Summary of Method 

2.1. A 25uL sample aliquot is i~ected into an Ion Chromatograph system using an auto, self
regenerating conductivity suppression system. A carbonate-bicarbonate solution is used 
as the mobile phase. 
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2.2. The sample is swept onto a guard column first and then onto the analytical column for 
the separation of the anions. Anions are separated into discrete bands based on their 
affinity for the exchange sites of the stationary phase of the analytical column. The 
separated anions in their acid forms are measured using an electrical-conductivity cell. 
Anions are identified based on their retention times compared to known standards. 

2.3. An extraction procedure must be performed prior to analysis of solid samples. 

3. Deteetion Limits 

3.1. Method Detection Limits (MDL) shall be performed every six months. An MDL study is 
to be conducted for both aqueous samples and aqueous extracts of solid samples. To 
view the current MDLs, see attached addendum. See Appendix A for a summary of the 
current PQLs. 

3 .2. MDLs must also be completed as part of a new analysts Initial Demonstration of 
Capability (IDOC). 

4. Definitions 

4.1. De-ionized (DI) Water- De-ionized water/reagent free water. Water that is passed 
through a purification system and is free from interferences. 

4.2. Initial Calibration Verification (ICV)- Second source standard used to validate a new 
calibration immediately after caiibration. 

4.3. Initial Calibration Blank (ICB)- Analysis of a blank solution (DI water) after the initial 
calibration and ICV to check that the blank solution is free of target analytes. 

4.4. Continuing Calibration Verification (CCV) - Standard from the same source as the 
calibration curve. Used prior to sample analysis on days when calibrations are not 
performed and periodically, there after, to check instrument stability. 

4.5. Continuing Calibration Blank (CCB)- Analysis of a blank solution (DI water). Used as 
a periodic check that instrument is free of target analytes. 

4.6. Laboratory Control Sample (LCS) - An aliquot of DI water to which known amounts of 
method analytes are added prior to sample preparation and analysis. The LCS is treated 
like a sample and used to determine whether the methodology is in control, and whether 
the laboratory is capable of making accurate and precise measurements. 

4.7. Matrix Spike (MS)- An aliquot of field sample to which known amounts of method 
analytes are added prior to sample preparation and analysis. The MS is treated like a 
sample and used to determine whether sample matrix contributes bias to the analytical 
results. The background concentration in the on-spiked sample matrix must be 
determined separately. The MS concentrations are corrected for the background 
concentrations. 
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4.8. Matrix Spike Duplicate (MSD) - Treated exactly the same as the MS sample. Also used 
to examine the precision of the analytical process. 

4.9. Method Blank (MB)- An aliquot ofDI water or other blank matrices that are treated 
exactly the same as a sample including exposure to all glassware, equipment, solvents 
and reagents that are used in the preparation and analysis of field samples. The MB is to 
determine if any target analytes are present in the laboratory environment, the reagents, 
or the apparatus. 

4.10. Method Detection Lnnit (MDL)- The constituent concentration that when processed 
through the complete method, produces a signal with a 99% probability that it is 
different than the blank. 

4.11. Practical Quantitation Limit (PQL)/Reporting Limit- The minimum limit to which an 
analyte can be routinely reported. 

4.12. Linear Calibration Range (LCR)- The linearity of the calibration curves (or LCR) for 
all analytes must be demonstrated during initial set-up of the instrument, when a 
calibration model is changed, or when a significant change in instrument response has 
occurred. Linearity must also be verified at least every six months. 

5. Interferences 

5.1. Interference can be caused by substances with retention times that are similar to and 
overlap those of the anion of interest. Large amounts of an anion can also interfere with 
the peak resolution of an adjacent anion. Sample dilution can be used to resolve most 
interference problems associated with retention times and elevated sample 
concentrations. 

5.2. Method interference may be caused by contaminants in the DI water, sample processing 
chemicals or analysis apparatus. 

5.3. Samples that contain large particles, large amounts of sediment or are abnormally 
discolored should be diluted prior to being analyzed to prevent damage to the instrument 
columns and flow systems. 

5.4 Any anion that is not retained by the column or only slightly retained will elute quickly 
in the analysis and may interfere with early eluting peaks. Co-elution is caused by 
carbonates or other small organic anions and most significantly affect lower target 
analyte concentration. 

6. Safety 

6.1. The toxicity or carcinogenicity of each reagent or standard has not been fully defmed. 
For handling procedures and exposure information always refer to the MSDS. Exposure 
to reagents and standards must be kept to a minimum. Gloves, lab coats, and safety 
glasses must be worn when handling samples, standards, or reagents. Refer to current 
HEAL Health and Safety SOP for more details. 
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7. Apparatus and Materials 

7 .1. Ion chromatograph Systems-

7.l.l.Dionex ICS-1000 IC systems 

7 .1.1.1. IC systems with conductivity detection. 

7.1.1.2. AS-40 autosampler. 

7.1.~.3. Dionex IonPac AG14A 4 x SOmm guard column. 

7 .1.1.4. Dionex IonPac AS 14A 4 x 250mm analytical column. 

7.1.1.5. DionexAnion Self-Regenerating Suppressor, ASRS-ultra, 4mm. 

7 .1.1.6. Four liter eluent bottle with step-down regulator. 

7.1.1.7. Dionex SmLAuto sampler vials and filter caps. (pt. no. 38141). 

7.1.2.DionexiCS-1500 IC System 

7.1.2.1. Dionex AS-50 autosarnpler, configured for use with 2mL vials. 

7.1.2.2. 2mL polypropylene 2mL autosamplervials with split-top silicon/feflon 
septum. 

7 .1.2.3. Dionex IonPac AS22-Fast 4 x 1 SOmm analytical column. 

7.1.2.4. Dionex IonPack AG22-Fast guard column. 

7.1.2.5. Dionex Anion Self-Regenerating Suppressor, ASRS-ultra, 4mm. 

7.1.2.6. Four liter eluent bottle with step-down regulator. 

7.2. Operating Conditions/Integration Settings 

7 .2.1.0perating conditions are detailed in Appendix B. 

7.2.2.Integration settings are detailed in Appendix D. 

7.3. Analytical balance capable of weighing to the nearest O.OOOlg. 

7.4. Top loading balance capable of weighing to the nearest O.Olg. 

7.5. Handheld repipettors and tips, lOOuL, lOOOuL, SmL, and 10mL. 

7.6. Volumetric flasks of assorted volumes. 
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7.7. Volumetric pipettes of assorted volumes. 

7 .8. Glass and plastic syringes of assorted volumes. 

7 .9. Auto-pipettor- 50ml. 

7.1 0. Horizontal shaker. 

7.11. Centrifuge tubes, skirted bottoms- 50mL 

7.12. Centrifuge. 

8. Reagents and Standards 

8.1. DI water. 

8.2. Sodium Bicarbonate, ACS Grade 'Baker Instra-Analyzed' -JT Baker (pt. no. 3506-01) 
or equivalent. 

8.3. Sodium Carbonate, Anhydrous, Powder, Flux Grade 'Baker Instra-Analyzed'- JT Baker 
(pt. no. 4502-01) or equivalent. 

8.4. Mobile Phase (Eluent) Preparation 

8.4.1. Mobile Phase Preparation for ICS-1000 using AS/AG-14A analyticaUguard 
columns 

8.4.1.1. Carbonate/Bicarbonate stocks 

8.4.1.2. 

8.4.1.1.1. 1600 mM Sodium Carbonate (Na2C03) -Dissolve 
approximately 42.3941g sodium carbonate salt into 250 mL 
DI water. Transfer to a clean 250 mL plastic bottle and store 
at room temperature when not in use. Remake every 6 
months. 

8.4.1.1.2. 400 mM Sodium Bicarbonate (NaHC03)- Dissolve 
approximately 16.7808g of sodium bicarbonate salt into 500 
mL DI. Transfer to a clean 500 mL plastic bottle and store at 
room temperature when not in use. Remake every 6 months. 

Preparation of Mobile Phase (Eluent) 

8.4.1.2.1. Close eluent regulator valve to release pressure on the eluent 
bottle. 

8.4.1.2.2. Remove 4L eluent bottle from the instrument. 

8.4.1.2.3. Pour out remaining eluent. Dilute down the drain. 
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8.4.1.2.4. Using 20mL volumetric pipette add 20mL of 1600 mM 
Na2C~ stock solution to a 1L volumetric flask. To the same 
1 L flask, using a 1 OmL volumetric pipette add 1 OmL of 400 
mM NaHC03 stock solution. Bring flask to 1L fmal volume. 

8.4.1.2.5. Transfer the contents of the IL flask to the 4L eluent bottle. 

8.4.1.2.6. Using the same lL volumetric flask, fill to the 1L mark with 
DI and transfer to the eluent bottle. Repeat with two more 
successive 1L additions. Total volume of eluent should be 4L. 

8.4.1.2. 7. Cap eluent bottle, shake well, and reconnect to instrument. 

8.4.1.2.8. Using the regulator, adjust the bottle pressure to 7psi. 

8.4.1.2.9. On the instrument control screen, click the pump settings 
button and drag eluent bottle arrow to 4L. 

8.4.1.2.1 0. Every time the eluent is changed the instrument must be 
primed. Open the pump head valve by turning it clockwise. 
Insert the 1 Oml syringe and click the ON button on the pump 
settings screen. Remove approximately 35ml of eluent, click 
the OFF button and close the valve. Open the secondary 
pump valve, click the PRIME button to prime the pump until 
there are no bubbles exiting the waste line and close the 
valve. 

8.4.2. Mobile Phase Preparation for ICS-1500 using AS/ AG22-Fast AnalyticaVGuard 
Columns 

8.4.2.1. 

8.4.2.2. 

Carbonate/Bicarbonate stock 

8.4.2.1.1. 450 mM Sodium Carbonate (Na2C03)/140 mM Sodium 
Bicarbonate (NaHC03}- Dissolve approximately 23.8522g 
sodium carbonate salt and 5.8825g of sodium bicarbonate salt 
into SOOmL DI water. Transfer to a clean 500 mL plastic 
bottle and store at room temperature when not in use. 
Remake every 6 months. 

Preparation of Mobile Phase (Eluent) 

8.4.2.2.1. Prepare the mobile following the same steps as the ICS-lOOOs 
using the J:...GI AS-14A column set with the following 
exception. 

8.4.2.2.2. Close eluent regulator valve to release pressure on the eluent 
bottle. 

8.4.2.2.3. Remove 4L eluent bottle from the instrument. 
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8.4.2.2.4. Pour out remaining eluent. Dilute down the drain. 

8.4.2.2.5. Prepare the eluent using a lOmL volumetric pipette add lOmL 
of 450 mM Na2C03/140 mM NaHC03 stock solution to a lL 
volumetric flask. Bring flask to lL final volume. 

8.4.2.2.6. Transfer the contents of the lL flask to the 4L eluent bottle. 

8.4.2.2.7. Using the same 1L volumetric flask, fill to the lL mark with 
DI and transfer to the eluent bottle. Repeat with two more 
successive 1L additions. Total volume of eluent should be 4L. 

8.4.2.2.8. Cap eluent bottle, shake well, and reconnect to instrument. 

8.4.2.2.9. Using the regulator, adjust the bottle pressure to 7psi. 

8.4.2.2.10. On the instrument control screen, click the pump settings 
button and drag eluent bottle arrow to 4L. 

8.4.2.2.11. Every time the eluent is changed the instrument must be 
primed. Open the pump head valve by turning it clockwise. 
Insert the 1 Oml syringe and click the ON button on the pump 
settings screen. Remove approximately 35ml of eluent, click 
the OFF button and close the valve. Open the secondary 
pump valve, click the PRJME button to prime the pump until 
there are no bubbles exiting the waste line and close the 
valve. 

8.5. Stock Standard Solutions 

8.5.1.Calibration standards are purchased as both individual anions and custom mixed 
standards. Each standard is NIST traceable. See Appendix C for details. 
Calibration standards include: 

8.5.1.1 Custom Mixed Stock Standard containing F (40mgiL), Cl (200mg/L), Br 
(200mg/L), Nitrate as N (120mg/L), Phosphate (200mg/L), and Sulfate 
(SOOmgiL). 

8.5 .1.2 Custom Stock Standard -Low Level containing F (1Om giL), Cl 
(50mg/L), Bromide (lOmg/L), Nitrate (lOmg/L), Phosphate (50mg/L), 
Sulfate {SOmgiL). 

8.5 .1.3 Nitrite as N 1 OOOmgiL standard. 

8.5.2.Second source standards are purchased from a separate vendor as that of the 
primary calibration standards. All second source standards are purchased as 
individual anions. Each standard is NIST traceable at 1 OOOmg/L. See Appendix: C 
for details. 
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8.6. Calibration Standards 

8.6.1.Calibration standards are made on a routine basis; every 3 months, when they show 
signs of degradation or if a comparison with a check standard indicates a problem. 

8.6.2.Both stock and working standards must be stored at 0-6°C when they are not in use. 
They may be left out on the counter during the day while the instrument is being 
loaded but should be stored in the refrigerator overnight. 

8.6.3.A111000mg!L stock standards and custom stock standards must fli'St be brought to 
room temperature before preparation of the working standards. 

8.6.4. Working standards can be used directly from the refrigerator. They do not need to 
be at room temperature. 

8.6.S.All calibration standards are prepared in DI water using volumetric pipettes, 
volumetric flasks, and hand-held repipettors. A summary of the calibration 
procedure is outlined in Appendix C. 

8.6.6. A minimum of 5 calibration standards must be analyzed for each calibration. 

8.7. Second Source Standards 

· 8.7.l.An ICV standard is made on a routine basis; every 3 months, when it shows signs 
of degradation, or if a comparison with a check standard indicates a problem. 

8. 7 .2. Alll OOOmgiL second source stock standards m.!!!! first be brought to room 
temperature before preparation of the working ICV standard. 

8.7.3.See Appendix C for a preparation summary ofiCV. 

8.8. Spike Solution 

8.8.1.Use the AIO (mixed anion stock) tid source standard as the spiking solution. 

8.8.2.Aqueous Samples 

8.8.2.1. For LCS spike 250uL of spike solution to 4.75mL DI for a final volume of 
SmL. Cap and invert to mix. 

8.8.2.2. For MS/MSD spike 250uL of spike solution to 4. 75mL sample for a final 
volume of SmL. Cap and invert to mix. 

8.8.3.Soil Samples 

8.8.3.1. For LCS spike l.SmL of spike solution into the centrifuge tube. Add 
28.5mL DI on top of the spike solution (prepare 28.5mL DI water by filling 
a clean centrifuge tube with 30mL DI water, remove l.SmL with the 
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repipettor, and pour the 28.5mL of DI on top of the LCS). Final volume will 
be30mL. 

8.8.3.2. For MS/MSD samples, add lOg of soil to centrifuge tube, spike l.SmL of 
spike solution on the dry soil; then add 28.5mL of DI on top of sample and 
spike (prepare 28.5mL DI water by filling a clean centrifuge tube with 
30mL DI water, remove l.SmL with the repipettor, and pour the 28.5mL of 
DI on top of the MS sample. Repeat with MSD sample). Final volume will 
be30mL. 

9. Sample Collection, Preservation, Shipment, and Storage 

9.1. Aqueous Samples 

9 .l.l.AII aqueous samples must be collected in clean plastic or glass sampling containers. 

9 .1.2.After login all aqueous samples must be stored at above freezing to 6°C until 
analysis. 

9 .1.3 .Aqueous anions fluoride, chloride, bromide, and sulfate must be reported from the 
unpreserved container. Holding time for these anions is 28 days. 

9 .1.4.Aqueous nitrite (N<h), nitrate (N~) and phosphate (P04) have a hold time of 48 
hours. They are reported as individual species from the unpreserved container. 

9 .1.4.1. Sample preserved with sulfuric acid extend the holding time to 28days, N~ 
and N03 are reported as a combined result (i.e. N<h/N03). This is just the 
sum of the nitrite and nitrate values from the chromatogram. All sulfuric 
acid preserved samples must be diluted by at least Sx before analysis to 
minimize the amount of so4 being loaded on the column. 

9.1.4.2. The holding time forphosplfate cannot be extended with the use of a 
preservative. 

9.2. Soil Samples 

9.2.1.Ail soil samples must be collected in glass soils jars or plastic bags/containers. 
Nitrite, nitrate, phosphate, and sulfate samples must be stored at above freezing to 
6°C until analysis. Fluoride, Chloride, and Bromide samples can be stored at room 
temperature. 

9.2.2.Soil samples do not have an established holding time. Current HEAL protocol 
recommends the soil be prepared within 28days. 

9.2.3.Aqueous extract of the soil has a 28day holding time for fluoride, chloride, 
bromide, and sulfate; and a 48hr holding time for nitrite, nitrate, and phosphate. 

10. QuaHty Control 
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1 0 .1. Calibration 

1 0.1.1. Instrument calibration is performed on an as needed basis. 

1 0.1.2. A seven point curve is analyzed on a routine basis. 

1 0.1.3. An ICV and ICB are analyzed for all anions. 

10.1.4. The calibration is based upon the analyte area versus the analyte concentration. 
The calibration models used are linear average response, linear with 1/X. 
weighting, and linear with 1/X2 weighting. Refer to current HEAL Quality 
Assurance plan for calibration details. 

10.1.5. Calibration levels are summarized in Appendix C. 

10.2. Continuing Calibration 

1 0.2.1. A CCV and CCB are run at the beginning of each analytical batch (if not 
calibrating), every 10 sample injections and at the end of each run. The 
concentration of the CCV must be varied throughout the course of each analytical 
batch. 

10.3. Batch QC Requirements 

10.3 .1. For aqueous and soil samples a MB and LCS must be analyzed every 20 new 
client samples. A MS and MSD must be analyzed every 10 new client samples 
(Batch QC is not required for dilutions of previously analyzed samples). 

11. Sample Preparation and Analysis 

11.1. Aqueous Sample Preparation 

11.1.1. Using SmL Dionex auto sampler vials fill to the Sml mark on the vial. 

11.1.2. Using 2mL Autosampler Vials, fill to at least the 1 mL mark on vial. 

11.1.3. Dilute samples into DI water. 

11.2. Extraction of soils 

11.2.1. Use 50mL centrifuge tubes for sample preparation. 

11.2.2. Set up Prep in LIMS. 

11.2.3. An MB and LCS must be prepared for every 20 samples. 

11.2.4. An MS and MSD must be prepared for every I 0 samples. 

11.2.5. Label centrifuge tubes with appropriate HEAL number. 
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11.2.6. Using tabletop balance, weigh 1 O.OOg ( +/- 0.05 g) of sample into each centrifuge 
tube. 

11.2.7. To the MB and LCS do not add anything. To the MS and MSD add lO.OOg ofthe 
sample. 

11.2.8. Spike the appropriate amount of spike into the LCS, MS, and MSD. 

11.2.9. Prepare three centrifuge tubes with 28.5mL DI. 

11.2.1 O.Pour 28.5mL DI water on top of the LCS, MS, and MSD samples. 

11.2.11. Using the auto-pipettor add 30mL DI water to the remaining centrifuge tubes. Be 
sure to add 30mL DI to the MB tube. 

l1.2.12.Agitate the samples on a horizontal shaker for 1 5 minutes. Remove from shaker 
and centrifuge for 15 minutes at approximatelylSOOrpm. 

11.2.13.For analysis, pipette or pour the aqueous extract portion into a SmL-sample vial. 
Dilute as needed into DI depending on the amount of soil and debris suspended 
in solution. 

11.3 . Analysis 

11.3.1. Open Chromeleon and press the --start-Up" button on the instrument control 
screen. This begins the IC pumping. Allow approximately 10-20 minutes for the 
conductivity to stabilize. 

11.3.2. Prepare standards and QC samples in the SmL Dionex or 2mL auto sampler 
vials. 

11.3.3. Select previous day's sequence from the list of sequences on the left ofthe 
screen, or press both Control and Tab keys together to switch to the sequence 
screen. 

11.3.4. In the File menu click "Save as" to save the sequence file as a new name. (Label 
as the date, i.e.: 06-26-06). Make sure "save raw data, box is checked to carry 
the calibration data over to the new sequence. 

11.3.5. Delete all the sample files except the calibration files at the top of the sequence. 

11.3 .6. Add the samples in the SEXJuence. Starting with a conditioning blank, CCV, 
CCB, MB, and LCS. Save sequence by clicking the disk icon in the upper left 
comer of the screen. Samples with short hold times may be analyzed before the 
MBandLCS. 

11.3. 7. For the AS-SO autosampler the location of the sample, QC, etc. must be 
specified in the analytical sequence. 
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11.3.8. For the AS-40 autosampler, place the conditioning blank, CCV, CCB, MB, and 
LCS in the auto sampler rack. Holding the rack with the open side toward you 
add the samples in the rack from left to right. 

11 .3 .9. Place in the AS-40 auto sampler with the belt cogs Oust flip the rack around) 
facing you. Once the rack is seated properly, the belt and the rack are lined up, 
the spring loaded rack holder will be securely pushing on the rack. 

11.3.10. Press Hold/Run button on the front panel ofthe AS-40 auto sampler. The first 
sample should move into injection position. 

11.3 .11. Check the conductivity on the instrument control window to make sure it has 
stabilized. Record conductivity and pressure from the instrument panel screen 
into the maintenance logbook. 

11.3.12. At the top of the screen click "Batch" and "Select Sequence" to get to the 
sequence selection box. 

11.3.13. Next click the "Add" button on the right, and select the sequence(s) from the 
correct instrument to be analyze. Add the Shutdown method at the end of the 
list. 

11.3.14. Click the "Start'' button on the bottom ofthe sequence selection box to trigger 
the auto sampler to begin with the first injection. 

11.3.15. It is possible to continue to add samples once the analysis has begun. Save any 
changes that are made to the analytical sequence. 

11.4. Data Import into LIMS 

11.4.1. See Appendix E for a detailed outline of the data importation from Chrome leon 
toLIMS. 

12. Calculations 

12.1. Calculations for Aqueous samples: 

Sample Amount, mg I L =Ax D 

Where: 
A = result from chromatogram, mg/L 
D = dilution factor 

12.2. Calculations for Non-Aqueous samples: 

F lOOOg 1L 
Sample Amount,mglkg =Ax-x x xD 

I lkg 1000mL 
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Where: 
A= result from chromatogram, mg/L 
F = final volume of extracted sample, mL 
I= initial volume (mass) of sample, g 
D = dilution factor 

13. Method Performance/Estimation of Uncertainty/DOCs/LCR 

13 .1. Method Performance 

13 .1.1. PT or ''blind study" samples are routinely analyzed to check the accuracy of the 
anions analysis. 

13.2. Estimation ofMeasurement Uncertainty 

13.2.1. Estimation of uncertainty is to be conducted for all anions in each matrix on an 
annual basis using LCS results. Refer to current HEAL Quality Assurance plan 
for measurement uncertainty details. 

13.3. Demonstration of Capability DOC 

13.3.1. IDOCs are to be analyzed by all new analysts before handling client samples. 
!DOCs must be prepared from the second source stock solution. The IDOC for 
300.0 must also include an MDL study. Before a new analyst can begin reporting 
client samples, the IDOC as outlined in the HEAL QAP and the MDL study must 
be completed. 

13.3.2. ADOCPs (Annual Documentation of Continued Proficiency) are to be analyzed 
every year by all analysts working on the instrument. If four sequential LCSs are 
to be used they must be prepared from a second source. See HEAL QAP for 
more information. 

13.4. Linear Calibration Range (LCR) 

13 .4.1. The linearity of the calibration curves (or LCR) for all analytes must be 
demonstrated during initial set-up of the instrument, when a calibration model is 
changed, or when a significant change in instrument response has occurred. 
Linearity must also be verified at least every six months. See Appendix F for 
LCR determination procedure. 

13.4.2. For the LCR to be acceptable the calibration model employed must be Jinear, the 
r value (correlation coefficient) must be acceptable, and the recovery of each 
calibration point, when assessed against the curve, must be within +/-1 0% of the 
true value of that point. Once the initial LCR is established, the bi-annual LCR 
verification must meet the requirements outlined in the method. 

14. Pollution Prevention 

14.1. Small sample volumes are used (1-SmL). 
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14.2. Mobile phase (eluent) is sodium carbonate and sodium bicarbonate solution. It is made 
in the lab from bulk materials. 

14.3. Sulfuric acid preserved bottles are usually sampled in 12SmL plastics or in sulfuric 
preserved plastics that require additional tests. 

14.4. Self-regenerating auto suppression does not require external (chemical) suppression of 
conductivity. Thus eliminating disposal of chemicals. 

15. Data Assessment and Acceptance Criteria for Quality Control Measures 

15 .1. See Appendix G for a summary of the calibration, continuing calibration, and batch QC 
requirements. 

15 .2. Examination of Chromatograms 

15.2.1. Identification of unknown anions in samples is ·based upon their retention times 
relative to a known standard. Peak shape and levels of interfering anions also 
influence correct identification. 

1 5.2.2. Retention times, detection parameters, and integration information is detailed in 
Appendix D. 

1 5.2.3. Retention Times 

1 5.2.3.1. The retention times of each anion have been previously determined by 
comparison to a single anion standard. 

15 .2.3 .2. The retention time windows for each anion are calculated by taking +/
a percentage of the absolute retention time of a calibration standard. 
For example ifthe absolute retention time of Chloride is 5.000 minutes 
the relative retention time value is 10%, the window has the range of 
5.000 minutes+/- 10%. Or 4min 30sec to Smin 30sec. 

15 .2.3 .3. Even though the instrument automatically identifies the anions of 
interest. it is still important to examine closely eluting unidentified 
peaks. This is done by overlaying the chromatogram of the unknown 
with that of the nearest CCV standard. 

1 5.2.3 .4. Slight variations of analyte retention time occur with mobile phase 
concentration differences, backpressure on the system, ambient column 
temperature, and high levels of anions in samples. Be sure to include 
these slight variations in the overall assessment of analyte 
identification. 

15.3. Acceptance Criteria for Quality Control Measures 

1 S .3 .1. Initial Calibration 
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15.3 .1.1. A multiple point linear average response, weighted 1/X, or weighted 
1/X2 calibration is used. Calibration must have a correlation coefficient 
percent;::::. 99.5. 

15.3.1.2. ICV must fall between 90-110% ofthe assigned value. 

15.3 .1.3. ICB must not contain analytes above the PQL. 

15.3.2. Continuing Calibration 

15.3 .2.1. At the beginning of every new batch if not calibrating. 

15.3 .2.1.1. CCV recovery must fall between 90-11 0% of assigned 
value. 

15.3 .2.1.2. CCB must not contain analytes above the PQL 

15.3.2.2. CCV recoveries must fall between 90-110% of assigned value. 

15.3 .2.3. CCB must not contain analytes above the PQL. 

15.3.3. Batch QC 

15.3.3.1. MB must not contain analytes above the PQL. 

15.3.3.2. LCS spike concentrations should fall between the high and low 
standards of the calibration curve. LCS recoveries should fall between 
90-110% of assigned value to be considered valid. 

15.3.3.3. MS/MSD spike concentrations are the same as the LCS. Recoveries 
must fall between established control limits. See LIMS for current 
limits. Limits are updated at least annually. See current HEAL QAP for 
more infonnation and calculations. 

15.3 .3 .4. The RPD for the MSD must be less than 20%. 

15.3 .4. Peak Shape 

15.3.4.1. Occasionally baseline anomalies are identified as analytes of interest. 
Analyte peaks in the sample should have the same shape as those in the 
standard. A wide peak may be identified as an anion of interest by the 
Chromeleon software, reanalyze for conftnnation, if necessary, at 
dilution. 

15.3.5. Levels of Interfering Anions 
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15.3.5 .. l. High levels of interfering anions (chloride and sulfate) can effect the 
position of the other anions on the chromatogram or completely 
mask/overlap a closely eluting anion peak of interest. 

15.3 .5.2. Common problems occur with high levels of chloride interfering with 
nitrite and high levels of sulfate interfering with phosphate. To 
accurately report a result for nitrite or phosphate when high levels of 
interferents are present, overlay the sample with a chromatogram of the 
nearest CCV standard. If the analyte is present and the peak can be 
integrated, then no dilution is necessary. Otherwise, dilute the sample 
to minimize the effect of the interferent and to allow accurate 
quantitation of the anion of interest. 

15.3.5.3. Manual integrations are generally performed on nitrite (when high 
levels of chloride are present). The baseline must be drawn from 
valley-to-valley and reported. In the event that the analyst must 
perform a manual integration, they are to consult HEALs Manual 
Integration SOP, and utilize the experience and expertise of technical 
directors and senior analysts in order to properly and effectively 
execute the manual integration. A "before'' and "after" printout of all 
manual integrations must be initialed and dated by the analyst who 
performed the integration, and included in the data packet. 

15.3.5.4. Anions of interest that do not elute closely to the interfering peak may 
still be affected by that interferent. If a shift in retention time occurs, 
overlay the sample with a CCV standard to check for retention times 
shifts. A dilution may be necessary to minimize interference in the 
sample. 

15.4. DataAssessment 

15 .4.1. Any analyte that quantitates above the highest calibration standard for a 
particular anion must be diluted. All dilutions are in DI water. 

15.4.2. Occasionally, it is necessary to manually adjust the integration baseline to 
accurately quantitate a particular anion. 

15.4.2.1. For example, a nitrite peak that elutes at the tail end of a large chloride 
peak. In this case, it is necessary to adjust the integration baseline from 
the beginning of the nitrite peak to the end of the nitrite peak, not 
including the area from the tail end of the chloride peak. 

1 5.4.2.2. As a rule never adjust peak integration. Always default to how the 
instrument integrates a peak. Only adjust if absolutely necessary. Any 
chromatogram that is modified by the analyst must be stamped with the 
"Adjust baseline ..... stamp and initialed by the IC analyst. See 
16.2.5.3 above, for further information. 
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15 .4.2.3. All analytes for MS/MSD samples should be reported, at all times, 
unless the following issues are encountered: 

15 .4.2.3 .1. Any analytes in the MS/MSD exceed the upper 
calibration range. 

15.4.2.3.2.Analyte concentration in a sample exceeds 4x the spike 
concentration. 

15.4.2.3.3.Matrix or analyte concentration inhibits the response of 
any analyte. 

15.4.2.3.4. When all analytes fail to recovered established control 
limits, rerun the MS/MSD samples. 

15.4.2.3.5. When analyte recovery in the MS/MSD samples fail, 
and batch and QC have shown the analyte is in control, the 
analyte is reported on the MS/MSD to demonstrate the 
effect on matrix on the spike recovery. 

, 15.4.2.3.6. N03, N~ and P04 are reported on the MS/MSD 
samples when they are analyzed when 48 hours of sample 
collection. 

16. Correetive Actions for Out-of-Control Data 

16.1. Initial Calibration 

16.1.1. If the correlation coefficient percent is unacceptable, the failing analyte( s) must 
be recalibrated. If correlation coefficient continues to fail, remake standards from 
stocks and recalibrate. Perform instrument maintenance if necessary. 

16.1.2. If the ICV sample should fail, reanalyze the standard one additional time. IfiCV 
sample continues to fail remake ICV standard from stocks and reanalyze. 
Analytes that are failing will not be reported for any samples using that 
calibration. If it continues to fail recalibrate instrument. 

16.1.3. IfiCB fails, reanalyze one additional time.IfiCB continues to fail, failing anions 
will not be reported for any samples using that calibration. Recalibrate instrument 
and reanalyze ICB. 

16.2. Continuing Calibration 

16.2.1. Failing anion(s) on the opening CCV or CCB may not be reported until the next 
acceptable CCV or CCB. 

16.2.2. Samples prior to and following a failing CCV or CCB must be reanalyzed with 
acceptable CCV or CCB. 
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16.2.3. All ofthe samples before an unacceptable closing CCV or CCB must be 
reanalyzed with acceptable CCV or CCB. 

16.2.4. When a CCB has hit above the PQL or the CCV recovery greater than 110%, all 
samples associated with the failures that are non-detect for analytes of interest, 
can be reported. 

16.3. Batch QC 

16.3.1. lfthe MB contains anions above the PQL contamination may be present, 
reanalyze MB one additional time. If contamination is still present, all samples 
associated with that MB must be reanalyzed (or re-extracted if associated with a 
soil extraction batch). 

16.3.2. Ifthe LCS is unacceptable, reanalyze one time. If the LCS still fails, all samples 
associatCd with that LCS must be reanalyzed (or re-extracted if associated with a 
soil extraction batch.) 

16.3.3. Ifthe MS or MSD recoveries are unacceptable, evaluate using the 4x rule. 

16.3.3.1. The 4x rule states that if the sample concentration is greater than 4 
times the spike concentration then it is not necessary to recover the 
spike. 

16.3.3.2. Ifthe 4x rule does not apply, examine the recoveries of the other 
anions (even if those anions are not being reported). If other anion 
recoveries are acceptable, an un-identified interference is likely. 

16.3.3.3. If the recovery of any analyte falls outside the designated control limits 
and the laboratory performance for that analyte is shown to be in 
control, the recovery problem encountered with the MS/MSD is judged 
to be either matrix or solution related, not system related; therefore, no 
corrective action is necessary beyond qualifYing the data for the 
failure. 

16.3.3.4. Interferences associated with the matrix most commonly occur with the 
more reactive anions (N~, N03, and P04). If analyst error is suspected 
re-extract the sample, the MS, and the MSD. Otherwise flag the 
unacceptable recoveries and report the data. 

16.3.3 .5. Do not report MS/MSD results for analytes outside the range of 
reportability as defined by the curve. 

16.3.4. If the RPD for the MSD is> 20%. Possible matrix inconsistency is suspected. A 
corrective action form may need to be filled out and results qualified and 
reported. 

17. Contingencies for Handling Out-of-Control Data 
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17 .1. All out-of-control data is flagged, a corrective action report is generated, and results 
reported to the client. 

17 .2. To notify end user of any failure not defined on the QA/QC Report. Including: analyst 
errors, deviations from the SOP, instrument failures, or in response to any internal or 
external audit findings. 

18. Waste Management 

18.1. All standards waste generated by the ICs will be disposed of according to the HEAL 
Chemical Hygiene Plan. 

19. References 

19.1. USEPA Method 300.0 Determination oflnorganic Anions by Ion Chromatography, US 
EPA Revision 2.1, (1993). 

19.2. Chemical Hygiene Plan, HEAL. 

19.3. Health and Safety SOP, HEAL. 

19.4. Quality Assurance Plan, HEAL. 

19.5. Manual Integration SOP, HEAL. 
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Appendix A 

Method 300.0 • PQLs 

~ueoue Soli 
Anion PQL{ms!Ll PQLCmalkal 

fluoride 0.1 

Chloride 0.6 

Nltflteae N 0.1 

Bmmlcle 0.1 

NltrateaeN 0.1 

Phoephafe aa P · 0.6 

Sulfa!a 0.5 

NltrlteiNitrale 0.2 
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AppendlxB 

Dlonex ICS-1000 Operating Condition. 
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AppendlxC 

Calibration Procedure 
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AppendlxE 

Procedure for Importing Data Into LIMS 

A. Prom pzevloua days ron, highlight samples ftom the ICV to tho olo.ing CCB. 
B. Right ollok In tho hlghli_shted area, and ohOOJO batoh report. 
C. Chook. the printout box (If not already solooted) and the export box. 

I. This wiD opon a new window, soloot tho Bxcol file format box, cllok.next 
2. In tho now window, uncheok all OX<lOpt tho aummary option. Cllok tlnllh, ollok ok to print and 

export. 
D. Cllok OK. wllon all havo boon printed and exported. 
B. In the ume day~ run, rlghc click, choose print equonco. 

1. CHck OK wilh boxes unchecked. 
2. Cllok OK to print. 

P Open Mloro.oft Bxcol program. 
I. Oo to Plio, Opon, 
2, Find ftle ftom provloue day~ rim fn 0:/0mop/Data/300/0rlon/MySoquonoes or 

0:/0mep/Datl/300/n'lton/MySequenoes dopondlnJ on whioh inatrumont II being !mportod. 
3. Open tho run and double click on tho last IIIDlplo to retrieve all data frOm tho nm. 

0. With the previous daya run open, go to File, Opon. 
1. Open the macro ftom G:/Omep/Data!J00/19Macro3. 

H. &tum to the apreadshoOt oontafnlnJ exported data • 
I. Go to Toolr, Macro, Maoi'OI. 
2. Ch0010 'Thll Workbook' option from the 'Macros In:' drop-down list. 
3. Click Run. 

L From tho 19M&cro3 epreadahoot, copy anion boacUnp(Bl-Ll). Paste to tho 1proadsheotthat 
oontaln1 exported data (BI-Ll), Data l1 now ready to besavod to tho G:/Omop/Data/300 folder. 

1. Soleot Save AI ftom Pflo. 
2. Bnter clato and the lnatrument that data is fi'om as tho file nrme. · 
3. Saw, and k.eop opon. 

1. In tho LIMS. op111 data entty. 
l, Bnter Orion or Triton In Intstrwnont ID. 
2. Bator date that data Is from in tho Run Start Date box. 
3. Select analyst who performed tho nm. 
4. Seloot Data Import 

a. In the Speolfioation box, seleot Omega Excel Pile. 
b. Teet Code w11i be 300_ W, Sample 1;ypo wUI be Samp (very lmporlant, do not leave ~ither 

box. ompty or data will not Import.} 
o. Import Data as: Raw Rvplt. 
d. CJlok run Import, Select tho mo that oontalnl date of interest from tho 0:/0mop/Data/300 

fblder. 

e. A data range will need to bo ontored ·In tho window that op1118. Tho range will alwaya 
begin with AI. To oomploto tho rango, refer to tho oxoel spreadsheet that contains tho 
Imported data. Tho l'llllp win end wllh tho AnaJDato column and tho row that oontaina tho 
ololb!i CCD. (ox, Al:L32). 

f. CliokOK. 
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AppendlxF 

Procedure for Detennlnlng LCR 

1. Pertonn inatrument maiDtenance to ensure optlmallnattumont pert'ol1JIIIIIce. 

2. Calibrate Instrument usJng all curve oallbration pointl. Romemborto analyze ICV and ICB. 

3, Ualng the Arizona Calibration WorkbooJr. ontor all of tho peak areu IUid atandard 
concentratlonalnto tho."lnltlal Calibration" aeotion oftbo spreadahoet. 

4. Tho apreadaheot then oiloulatea the results for llnear.averap I'OB)JOR8e. linear resrosslon. 
and quadratlo regreaalon. 

S. Copy and paste the conoentrations and areaa from tho "Initial Callbratlonu leotion of the 
work sheet to tho •Sample Caloulation8"100tion of the work sheet 

6. Aa a final oheck Include tho ICV ooncentratlon and liN& In the "Sample Caloulatl01l111 aeotlon. 

1. In the "Sample Caloulatlonln eeotiOJI, tho sproadlheot details the reaulta of four linear modoll 
(averap retpODSO, equal woJab.ln& 1/X wolgblna. and ltr wofghlns).lt also lnoludes a 
non-liner quadratic oallbratlon modol. 

8. For the LCR to be aooeptable the oalibradon model employed must be linear, the I' valuo 
(correlation ooef'ftolent) must be acceptable, IUid the recovery ofeaoh calfbratiOJI point, 
when aneesect against~ ourvo, must bo within +1-10% of the inle value of that point. 
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Common Name: 
EPA Method 300.0 

Method: 

....,., 
Hall Environmental 
Analysis Laboratory 

S.O.P. Number: 
S-300.0-10 

Determination of Inorganic Anions by Ion Chromatography 

Effective Date: Supersedes: 
August 31, 2011 S-300.0-9 

Quality Assurance/Quality Control Officer: 

1. Seope and Application 

1.1. Ion chromatography (IC) is used to determine the concentration of inorganic anions 
summarized in Table 1. This Standard Operating Procedure (SOP) is applicable to anions in 
drinking water, groundwater, domestic and industrial waste waters, reagent waters, and 
aqueous extracts of solids. 

Table 1: Anion List 
Anion Chemical Formula 
Fluoride F 
Chloride Cl 
Ni1riteasN N~-N 
Bromide Br 
NitrateasN N03-N 
Ph,osphate as P P04-P 
Sulfate so .. 

1.2 Method 300.0 is a liquid chromatographic (LC) technique. This method is restricted to 
use by, or under the supervision of analysts experienced in the use ofLC, and skilled in 
the interpretation of chromatographs. Each analyst must demonstrate the ability to 
generate acceptable results with this method. Each analyst must establish a 
Demonstration of Capability (DOC) in accordance with the HEAL QA Plan. 

2. Summary of Method 

2.1. A 2SuL sample aliquot is injected into an Ion Chromatograph system using an auto, self
regenerating conductivity suppression system. A carbonate-bicarbonate solution is used 
as the mobile phase. 

Effective Date: 8/29/2011 
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2.2. The sample is swept onto a guard column first and then onto the analytical column for 
the separation of the anions. Anions are separated into discrete bands based on their 
affinity for the exchange sites of the stationary phase of the analytical column. The 
separated anions in their acid forms are measured using an electrical-conductivity cell. 
Anions are identified based on their retention times compared to known standards. 

2.3. An extraction procedure must be performed prior to analysis of solid samples. 

3. Detection Limits 

3.1. Method Detection Limits (MDL) shall be performed every six months. An MDL study is 
to be conducted for both aqueous samples and aqueous extracts of solid samples. To 
view the current MDLs, see the LIMS. See Appendix A for a summary of the current 
PQLs. 

3 .2. MDLs must also be completed as part of a new analysts Initial Demonstration of 
Capability (IDOC). 

4. Definitions 

4.1. De-ionized (DI) Water- De-ionized water/reagent free water. Water that is passed 
through a purification system and is free from interferences. 

4.2. Initial Calibration Verification (ICY)- Second source standard used to validate a new 
calibration immediately after calibration. 

4.3. Initial Calibration Blank (ICB)- Analysis of a blank solution (DI water) after the initial 
calibration and ICY to check that the blank solution is free of target analytes. 

4.4. Continuing Calibration Verification (CCV)- Standard from the same source as the 
calibration curve. Used prior to sample analysis on days when calibrations are not 
performed and periodically, there after, to check instrument stability. 

4.5. Continuing Calibration Blank (CCB)- Analysis of a blank solution (DI water). Used as 
a periodic check that instrument is free of target analytes. 

4.6. Laboratory Control Sample (LCS)- An aliquot ofDI water to which known amounts of 
method analytes are added prior to sample preparation and analysis. The LCS is treated 
like a sample and used to determine whether the methodology is in control, and whether 
the laboratory is capable of making accurate and precise measurements. 

4.7. Matrix Spike (MS)- An aliquot of field sample to which known amounts of method 
analytes are added prior to sample preparation and analysis. The MS is treated like a 
sample and used to determine whether sample matrix contributes bias to the analytical 
results. The background concentration in the un-spiked sample matrix must be 
determined separately. The MS concentrations are corrected for the background 
concentrations. 
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4.8. Matrix Spike Duplicate (MSD) -Treated exactly the same as the MS sample. Also used 
to examine the precision of the analytical process. 

4.9. Method Blank (MB)- An aliquot ofDI water or other blank matrices that are treated 
exactly the same as a sample including exposure to all glassware, equipment, solvents 
and reagents that are used in the preparation and analysis of field samples. The MB is to 
determine if any target analytes are present in the laboratory environment, the reagents, 
or the apparatus. 

4.10. Method Detection Limit (MDL)- The constituent concentration that when processed 
through the complete method, produces a signal with a 99% probability that it is 
different than the blank. 

4.11. Practical Quantitation Limit (PQL )/Reporting Limit- The minimum limit to which an 
analyte can be routinely reported. 

4.12. Linear Calibration Range (LCR)- The linearity of the calibration curves (or LCR) for 
all analytes must be demonstrated during initial set-up of the instrument, when a 
calibration model is changed, or when a significant change in instrument response has 
occurred. Linearity must also be verified at least every six months. 

5. Interferences 

5.1. Interference can be caused by substances with retention times that are similar to and 
overlap those of the anion of interest. Large amounts of an anion can also interfere with 
the peak resolution of an adjacent anion. Sample dilution can be used to resolve most 
interference problems associated with retention times and elevated sample 
concentrations. 

5.2. Method interference may be caused by contaminants in the DI water, sample processing 
chemicals or analysis apparatus. 

5.3. Samples that contain large particles, large amounts of sediment or are abnormally 
discolored should be diluted prior to being analyzed to prevent damage to the instrument 
columns and flow systems. 

5.4 Any anion that is not retained by the column or only slightly retained will elute quickly 
in the analysis and may interfere with early eluting peaks. Co-elution is caused by 
carbonates or other small organic anions and most significantly affect lower target 
analyte concentration. 

6. Safety 

6.1. The toxicity or carcinogenicity of each reagent or standard has not been fully defined. 
For handling procedures and exposure information always refer to the MSDS. Exposure 
to reagents and standards must be kept to a minimum. Gloves, lab coats, and safety 
glasses must be worn when handling samples, standards, or reagents. Refer to current 
HEAL Health and Safety SOP for more details. 
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7. Apparatus and Materials 

7.1. Ion chromatograph Systems-

7.1.l.Dionex ICS-1 000 IC systems 

7 .1.1.1. IC systems with conductivity detection. 

7.1.1.2. AS-40 autosampler. 

7.1.1.3. Dionex IonPac AG 14A 4 x 50mm guard column. 

7 .1.1.4. Dionex IonPac AS 14A 4 x 250mm analytical column. 

7.1.1.5. Dionex Anion Self-Regenerating Suppressor, ASRS-ultra, 4mm. 

7.1.1.6. Four liter eluent bottle with step-down regulator. 

7.1.1.7. Dionex 5mL Auto sampler vials and filter caps. (pt. no. 38141). 

7.1.2.Dionex ICS-1500 IC System 

7 .1.2.1. Dionex AS-50 autosampler, configured for use with 2mL vials. 

7 .1.2.2. 2mL polypropylene 2mL autosampler vials with split-top silicon/Teflon 
septum. 

7.1.2.3. Dionex IonPac AS22-Fast 4 x 150mm analytical column. 

7.1.2.4. Dionex IonPack AG22-Fast guard column. 

7.1.2.5. Dionex Anion Self-Regenerating Suppressor, ASRS-ultra, 4mm. 

7.1.2.6. Four liter eluent bottle with step-down regulator. 

7.2. Operating Conditions/Integration Settings 

7 .2.1. Operating conditions are detailed in Appendix B. 

7.2.2.1ntegration settings are detailed in Appendix D. 

7.3. Analytical balance capable of weighing to the nearest 0.0001g. 

7.4. Top loading balance capable of weighing to the nearest 0.01g. 

7.5. Handheld repipettors and tips, IOOuL, IOOOuL, 5mL, and 10mL. 

7.6. Volumetric flasks of assorted volumes. 
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7. 7. Volumetric pipettes of assorted volumes. 

7.8. Glass and plastic syringes of assorted volumes. 

7.9. Auto-pipettor- 50ml. 

7.1 0. Horizontal shaker. 

7.11. Centrifuge tubes, skirted bottoms- 50mL 

7 .12. Centrifuge. 

8. Reagents and Standards 

8.1. DI water. 

8.2. Sodium Bicarbonate, ACS Grade 'Baker lnstra-Analyzed'- JT Baker (pt. no. 3506-01) 
or equivalent. 

8.3. Sodium Carbonate, Anhydrous, Powder, Flux Grade 'Baker Instra-Analyzed'- JT Baker 
(pt. no. 4502-01) or equivalent. 

8.4. Mobile Phase (Eluent) Preparation 

8.4.1. Mobile Phase Preparation for ICS-1 000 using AS/ AG-14A analytical/guard 
columns 

8.4.1.1. Carbonate/Bicarbonate stocks 

8.4.1.2. 

8.4.1.1.1. 1600 mM Sodium Carbonate (Na2C03)- Dissolve 
approximately 42.3941g sodium carbonate salt into 250 mL 
DI water. Transfer to a clean 250 mL plastic bottle and store 
at room temperature when not in use. Remake every 6 
months. 

8.4.1.1.2. 400 mM Sodium Bicarbonate (NaHC03)- Dissolve 
approximately 16.7808g of sodium bicarbonate salt into 500 
mL Dl. Transfer to a clean 500 mL plastic bottle and store at 
room temperature when not in use. Remake every 6 months. 

Preparation of Mobile Phase (Eluent) 

8.4.1.2.1. Close eluent regulator valve to release pressure on the eluent 
bottle. 

8.4.1.2.2. Remove 4L eluent bottle from the instrument. 

8.4.1.2.3. Pour out remaining eluent. Dilute down the drain. 
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8.4.I.2.4. Using 20mL volumetric pipette add 20mL of I600 mM 
Na2C03 stock solution to aIL volumetric flask. To the same 
I L flask, using a I OmL volumetric pipette add I OmL of 400 
mM NaHC03 stock solution. Bring flask to IL final volume. 

8.4.1.2.5. Transfer the contents of the IL flask to the 4L eluent bottle. 

8.4.1.2.6. Using the same IL volumetric flask, fill to the IL mark with 
DI and transfer to the eluent bottle. Repeat with two more 
successive IL additions. Total volume of eluent should be 4L. 

8.4.1.2.7. Cap eluent bottle, shake well, and reconnect to instrument. 

8.4.1.2.8. Label the eluent bottle with the date of preparation and the 
preparers initials. 

8.4.1.2.9. Using the regulator, adjust the bottle pressure to 7psi. 

8.4.1.2.IO. On the instrument control screen, click the pump settings 
button and drag eluent bottle arrow to 4L. 

8.4. I .2.II. Every time the eluent is changed the instrument must be 
primed. Open the pump head valve by turning it clockwise. 
Insert the I Om! syringe and click the ON button on the pump 
settings screen. Remove approximately 35m! of eluent, click 
the OFF button and close the valve. Open the secondary 
pump valve, click the PRIME button to prime the pump until 
there are no bubbles exiting the waste line and close the 
valve. 

8.4.2. Mobile Phase Preparation for ICS-I500 using AS/AG22-Fast Analytical/Guard 
Columns 

8.4.2.I. 

8.4.2.2. 

Carbonate/Bicarbonate stock 

8.4.2.1.1. 450 mM Sodium Carbonate (Na2C03)/140 mM Sodium 
Bicarbonate (NaHC03)- Dissolve approximately 23.8522g 
sodium carbonate salt and 5.8825g of sodium bicarbonate salt 
into 500mL DI water. Transfer to a clean 500 mL plastic 
bottle and store at room temperature when not in use. 
Remake every 6 months. 

Preparation of Mobile Phase (Eluent) 

8.4.2.2.I. Prepare the mobile following the same steps as the ICS-I OOOs 
using the AG/AS-I4A column set with the following 
exception. 

Effective Date: 8/29/II 
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8.4.2.3. 

8.4.2.2.2. Close eluent regulator valve to release pressure on the eluent 
bottle. 

8.4.2.2.3. Remove 4L eluent bottle from the instrument. 

8.4.2.2.4. Pour out remaining eluent. Dilute down the drain. 

8.4.2.2.5. Prepare the eluent using a 10mL volumetric pipette add 10mL 
of 450 mM Na2C03/140 mM NaHC03 stock solution to a 1L 
volumetric flask. Bring flask to 1L final volume. 

8.4.2.2.6. Transfer the contents of the 1L flask to the 4L eluent bottle. 

8.4.2.2.7. Using the same 1L volumetric flask, fill to the lL mark with 
DI and transfer to the eluent bottle. Repeat with two more 
successive 1L additions. Total volume of eluent should be 4L. 

8.4.2.2.8. Cap eluent bottle, shake well, and reconnect to instrument. 

8.4.2.2.9. Label the eluent bottle with the date of preparation and the 
preparers initials. 

8.4.2.2.1 0. Using the regulator, adjust the bottle pressure to 7psi. 

8.4.2.2.11. On the instrument control screen, click the pump settings 
button and drag eluent bottle arrow to 4L. 

8.4.2.2.12. Every time the eluent is changed the instrument must be 
primed. Open the pump head valve by turning it clockwise. 
Insert the 1 Oml syringe and click the ON button on the pump 
settings screen. Remove approximately 35ml of eluent, click 
the OFF button and close the valve. Open the secondary 
pump valve, click the PRIME button to prime the pump until 
there are no bubbles exiting the waste line and close the 
valve. 

The reagents IDs and volumes used to make the eluent are documented 
in the IC maintenance logbooks under the date the solution is made. A 
single letter instrument identifier is added after the date. This unique 
date-instrument ID is then documented on the bottle and all associated IC 
Analysis Summary Sheets (see Appendix H), so that the solution is 
traceable back to its origin. In addition, an expiration date of one month 
is assigned and documented in both the logbook and on the bottle. 

8.5. Stock Standard Solutions 

8.5.1.Calibration standards are purchased as both individual anions and custom mixed 
standards. Each standard is NIST traceable. See Appendix C for details. 
Calibration standards include: 
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8.5.1.1 Custom Mixed Stock Standard containing F (40mg!L), Cl (200mg/L), Br 
(200mg/L), Nitrate as N (120mg/L), Phosphate (200mg/L), and Sulfate 
(500mg/L). 

8.5 .1.2 Custom Stock Standard- Low Level containing F (I Omg/L ), Cl 
(50mg/L), Bromide (IOmg/L), Nitrate (IOmg/L), Phosphate (50mg/L), 
Sulfate (50mg!L). 

8.5.1.3 Nitrite as N IOOOmg!L standard. 

8.5.2.Second source standards are purchased from a separate vendor as that of the 
primary calibration standards. All second source standards are purchased as 
individual anions. Each standard is NIST traceable at IOOOmg/L. See Appendix C 
for details. 

8.6. Calibration Standards 

8.6.1. Calibration standards are made fresh on the day of calibration. 

8.6.2.Both stock and working standards must be stored at 0-6°C when they are not in use. 
They may be left out on the counter during the day while the instrument is being 
loaded but should be stored in the refrigerator overnight. 

8.6.3.All IOOOmg!L stock standards and custom stock standards must first be brought to 
room temperature before preparation of the working standards. 

8.6.4. Working standards can be used directly from the refrigerator. They do not need to 
be at room temperature. 

8.6.5.All calibration standards are prepared in DI water using volumetric pipettes, 
volumetric flasks, and hand-held repipettors. A summary of the calibration 
procedure is outlined in Appendix C. 

8.6.6. A minimum of 5 calibration standards must be analyzed for each calibration. 

8.7. Second Source Standards 

8. 7.l.An ICY standard is made on a routine basis; every 3 months, when it shows signs 
of degradation, or if a comparison with a check standard indicates a problem. 

8.7.2. All IOOOmg!L second source stock standards must first be brought to room 
temperature before preparation of the working ICY standard. 

8.7.3.See Appendix C for a preparation summary of ICY. 

8.8. Spike Solution 

8.8.1. Use the A 10 (mixed anion stock) 2"d source standard as the spiking solution. 
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8.8.2.Aqueous Samples 

8.8.2.1. For LCS spike 250uL of spike solution to 4.75mL DI for a final volume of 
5mL. Cap and invert to mix. 

8.8.2.2. For MS/MSD spike 250uL of spike solution to 4.75mL sample for a final 
volume of 5mL. Cap and invert to mix. 

8.8.3.Soil Samples 

8.8.3.1. For LCS spike 1.5mL of spike solution into the centrifuge tube. Add 
28.5mL DI on top of the spike solution (prepare 28.5mL DI water by filling 
a clean centrifuge tube with 30mL DI water, remove 1.5mL with the 
repipettor, and pour the 28.5mL ofDI on top of the LCS). Final volume will 
be 30mL. 

8.8.3.2. For MS/MSD samples, add lOg of soil to centrifuge tube, spike 1.5mL of 
spike solution on the dry soil, then add 28.5mL ofDI on top of sample and 
spike (prepare 28.5mL DI water by filling a clean centrifuge tube with 
30mL DI water, remove 1.5mL with the repipettor, and pour the 28.5mL of 
DI on top of the MS sample. Repeat with MSD sample). Final volume will 
be 30mL. 

9. Sample Collection, Preservation, Shipment, and Storage 

9.1. Aqueous Samples 

9 .l.l.All aqueous samples must be collected in clean plastic or glass sampling containers. 

9 .1.2.After login all aqueous samples must be stored at above freezing to 6°C until 
analysis. 

9 .1.3 .Aqueous anions fluoride, chloride, bromide, and sulfate must be reported from the 
unpreserved container. Holding time for these anions is 28 days. 

9 .1.4.Aqueous nitrite (N02), nitrate (N03) and phosphate (P04) have a hold time of 48 
hours. They are reported as individual species from the unpreserved container. 

9.1.4.1. Sample preserved with sulfuric acid extend the holding time to 28days, N02 
and N03 are reported as a combined result (i.e. N02/N03). This is just the 
sum of the nitrite and nitrate values from the chromatogram. All sulfuric 
acid preserved samples must be diluted by at least 5x before analysis to 
minimize the amount of S04 being loaded on the column. 

9.1.4.2. The holding time for phosphate cannot be extended with the use of a 
preservative. 

9.2. Soil Samples 

Effective Date: 8/29/11 
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9.2.1.All soil samples must be collected in glass soils jars or plastic bags/containers. 
Nitrite, nitrate, phosphate, and sulfate samples must be stored at above freezing to 
6°C until analysis. Fluoride, Chloride, and Bromide samples can be stored at room 
temperature. 

9.2.2.Soil samples do not have an established holding time. Current HEAL protocol 
recommends the soil be prepared within 28days. 

9.2.3.Aqueous extract of the soil has a 28day holding time for fluoride, chloride, 
bromide, and sulfate; and a 48hr holding time for nitrite, nitrate, and phosphate. 

10. Quality Control 

1 0.1. Calibration 

1 0.1.1. Instrument calibration is performed on an as needed basis. 

1 0.1.2. A seven point curve is analyzed on a routine basis. 

10.1.3. An ICV and ICB are analyzed for all anions. 

1 0.1.4. The calibration is based upon the analyte area versus the analyte concentration. 
The calibration models used are linear average response, linear with 1/X 
weighting, and linear with 1/X2 weighting. Refer to current HEAL Quality 
Assurance plan for calibration details and formulas. 

1 0.1.5. The calibration models are evaluated upon each calibration to determine the best 
fit on the instrument, under the current conditions. Weighting may change from 
one calibration to the next to improve the linear response of the calibration 
standards; however, it can not be updated in between calibrations and is not a 
tool to improve ICV recovery. 

1 0.1.6. Calibration levels are summarized in Appendix C. 

1 0.2. Continuing Calibration 

1 0.2.1. A CCV and CCB are run at the beginning of each analytical batch (if not 
calibrating), every 10 sample injections and at the end of each run. The 
concentration of the CCV must be varied throughout the course of each analytical 
batch. 

10.3. Batch QC Requirements 

10.3.1. For aqueous and soil samples a MB and LCS must be analyzed every 20 new 
client samples. A MS and MSD must be analyzed every lQ new client samples 
(Batch QC is not required for dilutions of previously analyzed samples). 

11. Sample Preparation and Analysis 

Effective Date: 8/29/11 
S.O.P Number: S-300.0-10 

10of31 



11.1. Aqueous Sample Preparation 

11.1.1. Using 5mL Dionex auto sampler vials fill to the 5ml mark on the vial. 

11.1.2. Using 2mL Autosampler Vials, fill to at least the 1mL mark on vial. 

Il.l.3. Dilute samples into DI water. 

II.2. Extraction of soils 

11.2.1. Use 50mL centrifuge tubes for sample preparation. 

II.2.2. Set up Prep in LIMS. 

11.2.3. An MB and LCS must be prepared for every 20 samples. 

1I.2.4. An MS and MSD must be prepared for every I 0 samples. 

Il.2.5. Label centrifuge tubes with appropriate HEAL number. 

11.2.6. Using tabletop balance, weigh I O.OOg ( +/- 0.05g) of sample into each centrifuge 
tube. 

Il.2.7. To the MB and LCS do not add anything. To the MS and MSD add IO.OOg of the 
sample. 

11.2.8. Spike the appropriate amount of spike into the LCS, MS, and MSD. 

11.2.9. Prepare three centrifuge tubes with 28.5mL DI. 

Il.2.10.Pour 28.5mL DI water on top of the LCS, MS, and MSD samples. 

I1.2.1I.Using the auto-pipettor add 30mL DI water to the remaining centrifuge tubes. Be 
sure to add 30mL DI to the MB tube. 

II.2.I2.Agitate the samples on a horizontal shaker for 15 minutes. Remove from shaker 
and centrifuge for 15 minutes at approximately 1500rpm. 

11.2.13.For analysis, pipette or pour the aqueous extract portion into a 5mL-sample vial. 
Dilute as needed into DI depending on the amount of soil and debris suspended 
in solution. 

I1.3. Analysis 

11.3.1. Open Chromeleon and press the "Start-Up" button on the instrument control 
screen. This begins the IC pumping. Allow approximately 10-20 minutes for the 
conductivity to stabilize. 
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11.3.2. Every analytical sequence must include the IC Analysis Summary sheet. While 
the instrument is stabilizing, begin to compile the necessary information as 
outlined on the IC Summary. See Appendix H. 

11.3 .2.1. Be sure to include all relevant calibration information from the 
associated curve, eluent IDs, pipette calibration checks, and dispenser 
IDs. 

11.3 .3. Prepare standards and QC samples in the SmL Dionex or 2mL auto sampler 
vials. 

11.3.4. Select previous day's sequence from the list of sequences on the left of the 
screen, or press both Control and Tab keys together to switch to the sequence 
screen. 

11.3.5. In the File menu click "Save as" to save the sequence file as a new name. (Label 
as the date, i.e.: 06-26-06). Make sure "save raw data" box is checked to carry 
the calibration data over to the new sequence. 

11.3.6. Delete all the sample files except the calibration files at the top of the sequence. 

11.3.7. Before preparing the samples for analysis, key the standards and samples to be 
analyzed into Chromeleon. This will serve as an instrument work list. Prepare 
the samples from this list. 

11.3.8. Add the samples in the sequence. Starting with a conditioning blank, CCV, 
CCB, MB, and LCS. Save sequence by clicking the disk icon in the upper left 
comer of the screen. Samples with short hold times may be analyzed before the 
MB and LCS. 

11.3.9. For the AS-50 autosampler the location of the sample, QC, etc. must be 
specified in the analytical sequence. 

11.3.10. For the AS-40 autosampler, place the conditioning blank, CCV, CCB, MB, and 
LCS in the auto sampler rack. Holding the rack with the open side toward you 
add the samples in the rack from left to right. 

11.3 .11. Place in the AS-40 auto sampler with the belt cogs Gust flip the rack around) 
facing you. Once the rack is seated properly, the belt and the rack are lined up, 
the spring loaded rack holder will be securely pushing on the rack. 

11.3.12. Press Hold/Run button on the front panel of the AS-40 auto sampler. The first 
sample should move into injection position. 

11.3.13. Check the conductivity on the instrument control window to make sure it has 
stabilized. Record conductivity and pressure from the instrument panel screen 
into the maintenance logbook. 
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11.3 .14. At the top of the screen click "Batch" and "Select Sequence" to get to the 
sequence selection box. 

11.3.15. Next click the "Add" button on the right, and select the sequence(s) from the 
correct instrument to be analyze. Add the Shutdown method at the end of the 
list. 

11.3 .16. Click the "Start" button on the bottom of the sequence selection box to trigger 
the auto sampler to begin with the first injection. 

11.3.17. It is possible to continue to add samples once the analysis has begun. Save any 
changes that are made to the analytical sequence. Be sure to always key the 
sample ID, dilutions, CCV, etc. into Chromeleon before preparing the samples. 

11.4. Data Import into LIMS 

11.4.1. See Appendix E for a detailed outline of the data importation from Chrome leon 
to LIMS. 

12. Calculations 

12.1. Calculations for Aqueous samples: 

Sample Amount, mg I L =Ax D 

Where: 
A = result from chromatogram, mg/L 
D = dilution factor 

12.2. Calculations for Non-Aqueous samples: 

F lOOOg lL 
Sample Amount, mg/ kg= Ax-x--x x D 

I lkg lOOOmL 
Where: 

A= result from chromatogram, mg/L 
F = final volume of extracted sample, mL 
I = initial volume (mass) of sample, g 
D = dilution factor 

12.3. All other calculations, including those for calibration can be found in the QAP. 

13. Method Performance/Estimation of Uncertainty/DOCs/LCR 

13.1. Method Performance 

13 .1.1. PT or "blind study" samples are routinely analyzed to check the accuracy of the 
anions analysis. 
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13.2. Estimation of Measurement Uncertainty 

13 .2.1. Estimation of uncertainty is to be conducted for all anions in each matrix on an 
annual basis using LCS results. Refer to current HEAL Quality Assurance plan 
for measurement uncertainty details. 

13.3. Demonstration of Capability DOC 

13.3.1. IDOCs are to be analyzed by all new analysts before handling client samples. 
IDOCs must be prepared from the second source stock solution. The IDOC for 
300.0 must also include an MDL study. Before a new analyst can begin reporting 
client samples, the IDOC as outlined in the HEAL QAP and the MDL study must 
be completed. 

13.3.2. ADOCPs (Annual Documentation of Continued Proficiency) are to be analyzed 
every year by all analysts working on the instrument. If four sequential LCSs are 
to be used they must be prepared from a second source. See HEAL QAP for 
more information. 

13.4. Linear Calibration Range (LCR) 

13 .4.1. The linearity of the calibration curves (or LCR) for all analytes must be 
demonstrated during initial set-up of the instrument, when a calibration model is 
changed, or when a significant change in instrument response has occurred. 
Linearity must also be verified at least every six months. See Appendix F for 
LCR determination procedure. 

13.4.2. For the LCR to be acceptable the calibration model employed must be linear, the 
r value (correlation coefficient) must be acceptable, and the recovery of each 
calibration point, when assessed against the curve, must be within +/ -10% of the 
true value of that point. Once the initial LCR is established, the bi-annual LCR 
verification must meet the requirements outlined in the method. 

14. Pollution Prevention 

14.1. Small sample volumes are used (1-5mL ). 

14.2. Mobile phase (eluent) is sodium carbonate and sodium bicarbonate solution. It is made 
in the lab from bulk materials. 

14.3. Sulfuric acid preserved bottles are usually sampled in 125mL plastics or in sulfuric 
preserved plastics that require additional tests. 

14.4. Self-regenerating auto suppression does not require external (chemical) suppression of 
conductivity. Thus eliminating disposal of chemicals. 

15. Data Assessment and Acceptance Criteria for Quality Control Measures 
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15 .1. See Appendix F for a summary of the calibration, continuing calibration, and batch QC 
requirements. 

15.2. Examination of Chromatograms 

15.2.1. Identification of unknown anions in samples is based upon their retention times 
relative to a known standard. Peak shape and levels of interfering anions also 
influence correct identification. 

15.2.2. Retention times, detection parameters, and integration information is detailed in 
Appendix D. 

15.2.3. Retention Times 

15.2.3.1. The retention times of each anion have been previously determined by 
comparison to a single anion standard. 

15.2.3.2. The retention time windows for each anion are calculated by taking+/
a percentage of the absolute retention time of a calibration standard. 
For example if the absolute retention time of Chloride is 5.000 minutes 
the relative retention time value is 10%, the window has the range of 
5.000 minutes+/- 10%. Or 4min 30sec to 5min 30sec. 

15.2.3.3. Even though the instrument automatically identifies the anions of 
interest, it is still important to examine closely eluting unidentified 
peaks. This is done by overlaying the chromatogram of the unknown 
with that of the nearest CCV standard. 

15.2.3.4. Slight variations ofanalyte retention time occur with mobile phase 
concentration differences, backpressure on the system, ambient column 
temperature, and high levels of anions in samples. Be sure to include 
these slight variations in the overall assessment of analyte 
identification. 

15.3. Acceptance Criteria for Quality Control Measures 

15.3 .1. Initial Calibration 

15.3.1.1. A multiple point linear average response, weighted 1/X, or weighted 
1/X2 calibration is used. Calibration must have a correlation coefficient 
percent~ 99.5. 

15.3.1.2. ICY must fall between 90-110% of the assigned value. 

15.3.1.3. ICB must not contain analytes above the PQL. 

15.3.2. Continuing Calibration 

15.3 .2.1. At the beginning of every new batch if not calibrating. 
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15.3.2.1.1. CCV recovery must fall between 90-110% of assigned 
value. 

15.3.2.1.2. CCB must not contain analytes above the PQL 

15.3.2.2. CCV recoveries must fall between 90-110% of assigned value. 

15.3.2.3. CCB must not contain analytes above the PQL. 

15.3.3. Batch QC 

15.3.3.1. MB must not contain analytes above the PQL. 

15.3.3.2. LCS spike concentrations should fall between the high and low 
standards of the calibration curve. LCS recoveries should fall between 
90-110% of assigned value to be considered valid. 

15.3.3.3. MS/MSD spike concentrations are the same as the LCS. Recoveries 
must fall between established control limits. See LIMS for current 
limits. Limits are updated at least annually. See current HEAL QAP for 
more information and calculations. 

15.3.3.4. The RPD for the MSD must be less than 20%. 

15.3.4. Peak Shape 

15.3.4.1. Occasionally baseline anomalies are identified as analytes of interest. 
Analyte peaks in the sample should have the same shape as those in the 
standard. A wide peak may be identified as an anion of interest by the 
Chromeleon software, reanalyze for confirmation, if necessary, at 
dilution. 

15.3.5. Levels oflnterfering Anions 

15.3.5.1. High levels of interfering anions (chloride and sulfate) can effect the 
position of the other anions on the chromatogram or completely 
mask/overlap a closely eluting anion peak of interest. 

15.3.5.2. Common problems occur with high levels of chloride interfering with 
nitrite and high levels of sulfate interfering with phosphate. To 
accurately report a result for nitrite or phosphate when high levels of 
interferents are present, overlay the sample with a chromatogram of the 
nearest CCV standard. If the analyte is present and the peak can be 
integrated, then no dilution is necessary. Otherwise, dilute the sample 
to minimize the effect of the interferent and to allow accurate 
quantitation of the anion of interest. 
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15.3.5.3. Manual integrations are generally performed on nitrite (when high 
levels of chloride are present). The baseline must be drawn from 
valley-to-valley and reported. In the event that the analyst must 
perform a manual integration, they are to consult HEALs Manual 
Integration SOP, and utilize the experience and expertise of technical 
directors and senior analysts in order to properly and effectively 
execute the manual integration. A "before" and "after" printout of all 
manual integrations must be initialed and dated by the analyst who 
performed the integration, and included in the data packet. 

15.3.5.4. Anions of interest that do not elute closely to the interfering peak may 
still be affected by that interferent. If a shift in retention time occurs, 
overlay the sample with a CCV standard to check for retention times 
shifts. A dilution may be necessary to minimize interference in the 
sample. 

15.4. Data Assessment 

15.4.1. Any analyte that quantitates above the highest calibration standard for a 
particular anion must be diluted. All dilutions are in DI water. 

15.4.2. Occasionally, it is necessary to manually adjust the integration baseline to 
accurately quantitate a particular anion. 

15 .4.2.1. For example, a nitrite peak that elutes at the tail end of a large chloride 
peak. In this case, it is necessary to adjust the integration baseline from 
the beginning of the nitrite peak to the end of the nitrite peak, not 
including the area from the tail end of the chloride peak. 

15.4.2.2. As a rule never adjust peak integration. Always default to how the 
instrument integrates a peak. Only adjust if absolutely necessary. Any 
chromatogram that is modified by the analyst must be stamped with the 
"Adjust baseline ... " stamp and initialed by the IC analyst. See 
16.2.5.3 above, for further information. 

15.4.2.3. All analytes for MS/MSD samples should be reported, at all times, 
unless the following issues are encountered: 

15.4.2.3.l.Any analytes in the MS/MSD exceed the upper 
calibration range. 

15.4.2.3.2. Analyte concentration in a sample exceeds 4x the spike 
concentration. 

15.4.2.3.3. Matrix or analyte concentration inhibits the response of 
any analyte. 

15.4.2.3.4. When all analytes fail to recovered established control 
limits, rerun the MS/MSD samples. 
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15.4.2.3.5. When analyte recovery in the MS/MSD samples fail, 
and batch and QC have shown the analyte is in control, the 
analyte is reported on the MS/MSD to demonstrate the 
effect on matrix on the spike recovery. 

15.4.2.3.6. N03, N02 and P04 are reported on the MS/MSD 
samples when they are analyzed when 48 hours of sample 
collection. 

16. Corrective Actions for Out-of-Control Data 

16.1. Initial Calibration 

16.1.1. If the correlation coefficient percent is unacceptable, the failing analyte(s) must 
be recalibrated. If correlation coefficient continues to fail, remake standards from 
stocks and recalibrate. Perform instrument maintenance if necessary. 

16.1.2. If the ICY sample should fail, reanalyze the standard one additional time. IfiCV 
sample continues to fail remake ICY standard from stocks and reanalyze. 
Analytes that are failing will not be reported for any samples using that 
calibration. If it continues to fail recalibrate instrument. 

16.1.3. If ICB fails, reanalyze one additional time. If ICB continues to fail, failing anions 
will not be reported for any samples using that calibration. Recalibrate instrument 
and reanalyze ICB. 

16.2. Continuing Calibration 

16.2.1. Failing anion(s) on the opening CCV or CCB may not be reported until the next 
acceptable CCV or CCB. 

16.2.2. Samples prior to and following a failing CCV or CCB must be reanalyzed with 
acceptable CCV or CCB. 

16.2.3. All ofthe samples before an unacceptable closing CCV or CCB must be 
reanalyzed with acceptable CCV or CCB. 

16.2.4. When a CCB has hit above the PQL or the CCV recovery greater than 110%, all 
samples associated with the failures that are non-detect for analytes of interest, 
can be reported. 

16.3. Batch QC 

16.3.1. Ifthe MB contains anions above the PQL contamination may be present, 
reanalyze MB one additional time. If contamination is still present, all samples 
associated with that MB must be reanalyzed (or re-extracted if associated with a 
soil extraction batch). 
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16.3.2. If the LCS is unacceptable, reanalyze one time. If the LCS still fails, all samples 
associated with that LCS must be reanalyzed (or re-extracted if associated with a 
soil extraction batch.) 

16.3.3. If the MS or MSD recoveries are unacceptable, evaluate using the 4x rule. 

16.3.3.1. The 4x rule states that if the sample concentration is greater than 4 
times the spike concentration then it is not necessary to recover the 
spike. 

16.3.3.2. If the 4x rule does not apply, examine the recoveries of the other 
anions (even if those anions are not being reported). If other anion 
recoveries are acceptable, an un-identified interference is likely. 

16.3.3.3. Ifthe recovery of any analyte falls outside the designated control limits 
and the laboratory performance for that analyte is shown to be in 
control, the recovery problem encountered with the MS/MSD is judged 
to be either matrix or solution related, not system related; therefore, no 
corrective action is necessary beyond qualifying the data for the 
failure. 

16.3.3.4. Interferences associated with the matrix most commonly occur with the 
more reactive anions (N02, N03, and P04). If analyst error is suspected 
re-extract the sample, the MS, and the MSD. Otherwise flag the 
unacceptable recoveries and report the data. 

16.3.3.5. Do not report MS/MSD results for analytes outside the range of 
reportability as defined by the curve. 

16.3.4. If the RPD for the MSD is> 20%. Possible matrix inconsistency is suspected. A 
corrective action form may need to be filled out and results qualified and 
reported. 

17. Contingencies for Handling Out-of-Control Data 

17 .1. All out-of-control data is flagged, a corrective action report is generated, and results 
reported to the client. 

17.2. To notify end user of any failure not defined on the QA/QC Report. Including: analyst 
errors, deviations from the SOP, instrument failures, or in response to any internal or 
external audit findings. 

18. Waste Management 

18.1. All standards waste generated by the ICs will be disposed of according to the HEAL 
Chemical Hygiene Plan. 

19. References 
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Appendix A 

Method 300.0 • PQLa 

~ueoua Soil 

Anion PQL (!!!S!L} PQL (mll!gj} 

Fluoride 0.1 

Chloride 0.5 

Nltrtte as N 0.1 

Bromide 0.1 

Nnrate as N 0.1 

Phosphate as P 0.5 

Sulfate 0.5 

NltrlteiNitrate 0.2 

Effective Date: 8/29111 
S.O.P Number: S-300.0-10 

21 of31 

0.3 

1.5 

0.3 

0.3 

0.3 

1.5 

1.5 



AppendlxB 

Dlonex ICS.1000 Operating Conditions 
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AppendixC 

Calibration Procedure 
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AppendlxC 

Calibration Procedure 
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AppendixD 

Retention Times, Detection Parameters, and lntergration Information 

Qii2n.. 
Deteclion Table 

Allllllllcn 
No. -nne (mill) '"-- Value OWinel 

1 0.000 ....... .-. 0.01 "(SigNNf'mn" MC!wlnlll 
2 0.000 lntillitlnlllflr*n On MC!wlnlll 
3 2.800 lntillit ....... or MC!wlnlll 
4 2.800 Flllflllng Senlilioily FIICIIIr 2 MC!wlnlll 
5 4.110 lntillit.._....,... On AIOWinals 
8 4.120 lntillit.._....,... 011 AIC!wlnlll 
7 8.800 -...ANa 0.001~ AIC!wlnlll 
8 8.000 -......-. 0.01 "(SignniJJolW' Ala..mela 
9 9.001 lntillit~ On Ala..mela 

10 9.002 lnhiil~ 011 AIChamal1 

Peak Table 
Uee Recenlll' DeleCIId IWeiiiiiiiiT!i'iiiS;.Oif ------------ Deillir.me r~ 2'nd 0e1ectar. -.,. 
PakR-...n Time ~.AbloUe Delay Tine d3'1d Delectar:-

Relllflllan IJIIelpllan C.ilntlan Amaunl Amaunl Amounl .Amclllnt Amaurd 
No. PeiiiC "- -{II*>) - SlandMI Type Type PakType STD1 SlD2 STt>3 SlD4 STD6 

1 Rloride 3.350 S.OOORG Exlemal Area XLOff "'*' 0.10 G.20 0.25 0.80 2.00 
2Chbtte 4.850 S.OOORG E'*mll ANa XLOff "'*' 0.50 1.00 1.25 4.00 10.00 
3 Nilrile 5.700 5.000RG Eld8mll ANa XLOff B..u.8 0.10 OAO 0.50 1.60 4.00 
4Bnnilll 7.100 S.OOORG Exlemal Area XI.Of'f B..u.8 0.10 1.00 1.25 4.00 10.00 
5Nilnlle 7.950 S.OOORG Exlemal - XXI. Off B..u.8 0.10 0.80 0.75 2.40 8.00 

81'11Gs!1h818 10.850 3.000/IIF E'xlemal Area XLOff "'*' 0.50 1.00 1.25 4.00 10.00 
7$Matl 12.800 5.000RG E'xlemal ANa XXI. Off "'*' 0.50 2.50 3.13 10.00 25.00 

Amount Table 

OIIMnlian ot ~· Number or Amount Columna: 9 
~ liiCbne far- Uee ir1eCI \ICiume dllrlt~Wldard Simple eo~unw~.-IOr -.nleolullln Mlignment Sample Name 

No. PukName 
1 Flullrlde 
2Chbtte 
3 Nlblle 
48Rimldl 
5 Nilnlle II......,_ 
7aor.la 

Retenllon Relponee AnQI'Il ,_,_ 
lme (mill) Flldllr SlD1 STD2 

3.350 1.000 0.10 0.20 
4.850 1.000 0.50 1.00 
5.700 1.000 0.10 0.40 
7.100 1.000 0.10 1.00 
7.950 1.000 0.10 0.110 
10.850 1.000 0.50 1.00 
12.800 1.000 0.50 2.50 

Amaunl 
STD3 
0.25 
1.25 
0.50 
1.25 
0.75 
1.25 
3.13 

Amounl Amaunl Amaunl ,_,_ 
SlD4 STD5 STD8 SlD7 
0.80 2.00 3.oo 4.00 
4.00 1G.OO 15.00 20.00 
1.110 4.00 e.oo a.oo 
4.00 10.00 15.00 20.00 
2.40 e.oo 9.00 12.00 
4.00 10.00 15.00 20.00 
10.00 25.oo 37.50 50.00 

CAL TYPES: I..Oif=.__ Al..Ofl•u-A,.. ~ .XI.Of•u-1/X~ XXLOfi•Ln.11X"~ 

c.lil:nlian ,._ ll1d Rlltlnlan nne. ... cN191• --due to dlangea in ...... 

Amounl Amount 
S1tlO 
3.00 
15.00 
6.00 
15.00 
9.00 
15.00 
37.50 

Mllcll 
Cdlerill 

1..-Sq
L.-Sq-
1..-Sqlllnl 
1..-Sqlllftl 
1..-Squn 
~Squn 

1..-Sq-

STD7 
4.00 
20.00 
8.00 
20.00 
12.00 
20.00 
50.00 

1'hrelllold 
950 
950 
950 
950 
950 
950 
950 
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AppendixD 

Retention Times, Detaction Parameters, and lntergration lnfonnation 

Triton 

Detection Table 
Rlllenllon 

No. Time (min) ,.._ 
1 0.000 lo'lninull ANa 
2 0.000 lrlilllt lnlllgldan 
3 2.950 Franllng SenliiNIIy Factor 
4 2.950 lrlilllt~ 
5 4.110 lrhtlitlnlllgldan 
6 4.120 lrlilllt lnle!Jdon 
7 6.500 ,.....,. Anla 

8 8.500 lo'lninull ANa 

Peak Table 
Use Recenlly Deteded Relention iiniS: Of 
PakRelenlan Tme ~ AblolM 

Relention 
No. -- lime(mn) ~ Standard 
1~ 3.370 5.000RG Exlamal 
2 Clllcxlcla 4.780 5.000RG Exlamal 
3 Nillle 5.800 5.000RG Exlamal 
4Bramide ueo 5.000RG Exlamal 
5 Nilnllll 7.850 5.000RG Exlamal 
B PIIOifll*e 10.420 10.000RG Exlamal 
7 Sul8lll 12.1510 10.000RG Exlamal 

Amount Table 
Dlmenlion d .AmGidl: mgiL 

VIUe 
0.01 "'Siilnnll'n*1 
On 
2 
011 
On 
011 
0.001'tSigllll)"trln" 
0.01~ 

Olronel 
AIC!wonlll 
AIC!wonlll 
AIC!wonlll 
AIC!wonlll 
AIC!wonlll 
AIC!wlnels 
AIC!wonlll 
AIC!wonlll 

~ -m Delay Tome of 2'nd Detec:liii: <Mane> 
Delay Tome of 3'RI Oeteclor: ~ ......-. Qollnllan Amault Amlult 

1YPe Tw» Peakl'Jpe STD1 ST02 
ANa LOll &M-8 0.10 0.20 
ANa Xl..Off &M-8 0.50 1.00 - Xl.Off &M-8 0.10 0.40 
ANa Xl..Off &M-8 0.10 1.00 - XXLOtl' &M-8 0.10 0.80 
ANa Xl..Off &M-8 0.50 1.00 
Anla Xl..Off &M-8 0.50 2.150 

IUnbet of Amlult COliiiiili: 9 

Amol.lt Amount Aman 
ST03 STD4 ST05 
0.25 0.80 2.00 
1.25 4.00 10.00 
0.50 1.80 4.00 
1.25 4.00 10.00 
0.75 2.40 8.00 
1.25 4.00 10.00 
3.13 10.00 25.00 

Rlfnnce.....,. frlr- Use ir1ect-- ofbtiWidanl s.nple colllmn~ lrr-colllmn ~ Samflle N..,. 
Rlllnlion ~ Amount Amount Amount Amoolnl Amount Amcult Amcult 

No. Peak - lime("*') Factor STD1 ST02 ST03 STD4 STD5 ST06 ST07 
1~ 3.370 1.000 0.10 0.20 028 0.80 2.00 3.00 4.00 
2 Chlaricle 4.780 1.000 0.50 1.00 1.25 4.00 10.00 15.00 20.00 
3 ...... 5.800 1.000 0.10 0.40 uo 1.80 4.00 6.00 8.00 
4111omide 6..9110 1.000 0.10 1.00 1.25 4.00 10.00 15.00 20.00 
5 ..... 7.150 1.000 0.10 0.110 0.75 2.40 1.00 9.00 12.00 
~~~ 10.420 1.000 0.50 1.00 1.25 4.00 10.00 15.00 20.00 
7$1611o 12.510 1.000 0.50 2.50 3.13 10.00 25.00 37.110 50.00 

CAL TYPES: LOll• U.. N.J:J/1 = U.. Aveoage Rerpne XLOif• U..11X Weigl*lg JOCLOif• U..1tx!' Wlliglllilg 
~lW* and Relenlianllmeswill ~ ·-limedueto~in .......... 

-"'- Amounl 
STD6 ST07 
100 4.00 
15.00 20.00 
6.00 8.00 
15.00 20.00 
9.00 12.00 
15.00 20.00 
37.50 50.00 

-Ollrla Tlnlllald 
t..M8quale 950 
t..MSqo.a 950 
laM Sq.-. 950 
laM Sq.-. 950 
,_Squala 950 
..-s.- 950 
.._s.- 950 
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AppendlxD 

Retention Times, Detection Parametara, and lntergralion Information 

Gemini 

Dltactlon Table 
Ralilalan 

No. Time (INn) ........... v-.. C2lennll 
1 0.000 ~AIM 0.005~ Ma.nnell 
2 0.000 Void.,._ T.-nenl On MC!wlnela 
3 0.000 Tiling SenliMy Flldor 8.0 MC!wlnela 
4 0.000 IMIII!Inllgl8llon On MC!wlnela 
5 1.750 IMIII!Inllgrlllon Of ,.. Clltnnels 
6 2.480 lnl1ll* lnlegl1lllon On MChlnnela 
7 2.500 lnlllbit~ Olf MChlnnela 
8 3.000 VoidVollme T-.nt 01 Mo.nnela 
9 5.000 lnltillrMgnillon On MChamelt 

10 5.300 lnltillrMgnlllon 01 MChlmela 

Peak Table 
u. Recenllv Delectlld RealiGn Tillite: 01 Delay Time afZndo.taclar. ~ 
Peek R8llft1IGn Time Dllliiilioellon: Ab8oUe Delay Time of 3'ld OMec:lor: ~ 

Ratenlon lnllgnllion Clllibndion Arncu1l Arncu1l Amounl AmOIIII Amounl 
No. Pelk Name .... ("*') Window Stlndaftl Type Tp Peek Type SlD1 Sl02 STD3 STD4 STil5 

1 Fluoride 1.957 5.000AG Exlemlll ,.,.. Xl..Oif .luJitj 0.10 0.20 0.25 0.80 2.00 
2 Chloride 2.808 5.000RG Elclemll Nea XXLOf .luJitj o.so 1.00 1.25 4.00 10.00 
3 .... 3.384 S.OOORG Exlemal N8a XXLOf .luJitj 0.10 0.40 0.50 1.80 4.00 
4Biomide 4.1144 S.OOORG Exlemal Nea XLOII .luJitj 0.10 1.00 1.25 4.00 10.00 
s .... 4.802 S.OOORG Exl8mll N8a XXLOf .luJitj 0.10 0.80 0.75 2.40 6.00 
6PIIolp!We 5.1132 5.000AG Exllmll N8a XXLOf .luJitj 0.50 1.00 1.25 4.00 10.00 
7 SIAfal8 6.770 5.000RG Exllmll N8a XXLOf Adio 0.50 2.50 3.13 10.00 25.00 

Amount Table 
Numberol.-..-ecunna:·r l»n8nssan of Amacdl: mgll. 

RelnncevoU!lefllr-:U.~"'*-afh--.. Simple column Ulld --coUM aeignnert: Snple Name 

No. PeMName 
1 FUorlde 
2Chbtde 
3 .... 
4BRirnile 
5 ...... 
6PiiciiPI* 
781M1a 

Relenllon Reeponee ........... ........... 
time (mti) Flldor SlD1 STD2 

1.157 1.000 0.10 0.20 
2..808 1.000 0.50 1.00 
3.384 1.000 0.10 0.40 
4.044 1.000 0.10 1.00 
4.802 1.000 0.10 0.811 
5.932 1.000 0.50 1.00 
8.770 1.000 0.50 2.50 

Amolft 
STD3 
0.25 
1.25 
0.50 
1.25 
0.75 
1.25 
3.13 

Amounl Arncu1l Amount Amolft 
STD4 STD5 81D6 S1tl7 
0.811 2.00 3.00 4.00 
-4.00 10.00 15.00 20.00 
1.1111 4.00 8.00 8.00 
-4.00 10.00 15.00 10.00 
2.40 8.00 8.00 12.00 
4.00 10.00 15.00 10.00 
10.00 25.00 37.SO 50.DO 

CAL TYPES: l.OI'• U.. ALOII• liler Average Rapolwe Xl..Oif • U..1/X WelghlinQ XXLOf= U..11X"WIV*iG 
Cllilnllian ~and Aelentlon Tlmelwl clwlgla Otftl(timeGielo dwnges in,. ,...-n. 

Amwl1 ........... 
STD8 
3.00 
15.00 
6.00 
15.00 
9.00 
15.00 
37.50 

Ullclo 
Crlllrill 

"-!Squn 
"-!Squn 
~Squn 
'--!Squn 
'--!Squn 
'--!Squn 
'--!SQuare 

S1tl7 
4.00 
20.00 
8.00 
20.00 
12.00 
20.00 
50.00 

11lnllhatl 
950 
950 
950 
950 
950 
950 
150 



AppendlxE 

Procedure for Importing Data Into LIMS 

A. From previous days run, highlight ssmples from the ICV to the closing CCB. 
B. Right click in the highlighted area, and choose batch report. 
C. Check the printout box (if not already selected) and the export box. 

I. This will open a new window, seleot the Bxccl file format box, click next. 
2. In the new window, uncheck all except the summary option. Click finish, click ok to print and 

export. 
D. Cliok OK when all have been printed and exported. 
E. In the same days run, right click, choose print sequence. 

I. Click OK with boxes unchecked. 
2. Click OK to print. 

F Open Microsoft Bxcel program. 
I. Go to Plio, Open. 
2. Find tile from previous days run in G:/Omoga/Data/300/0rion/MySequences or 

G:/Omega/Data/JOOffriton!MySequenoes depending on which inlltrunlent is being imported. 
3. Open the run and double click on the last sample to retriovc all data from the run. 

G. With the previous days run open, go to Filo, Open. 
I. Open the macro from G:/Omcga/Data/J00/19Macro3. 

H. Return to the spreadsheCt oontaining exported data . 
I. Go to Tools, Macro, Macros. 
2. Choose 'This Workbook' option from the 'Macros in:' drop-down list. 
3. Click Run. 

I. From the 19Maoro3 spreadsheet, oopy anion headings (El-L I). Paste to tho spreadsheet that 
contains exported data (El-L I). Data is now ready to be saved to the G:/Omcp/Data/300 folder. 

I. Select Save As from File. 
2. Enter date and the instrument that data is from as the file name. 
3. Save, and keep open. 

J. In tho LIMS, open data entry. 
I. Enter Orion or Triton in Jntstrument ID. 
2. Enter date that data is from in tho Run Start Date box 
3. Select analyst who performed the run. 
4. Select Data Import 

a. In the Specification box, select Omega Excel File. 
b. Test Code will be 300_ W, Sample type will be Samp (very important, do not leave either 

bo11. empty or data will not import.) 
c. Import Data as: Raw Retult. 
d. Click run import, Sclcct the file that contains data of interest from tho 0:/0mega/Data/300 

folder. 
c. A data range will neod to be entered in the window that opens. Tho range will always 

begin with AI. To complete the range, refer to tho excel spreadsheet that contains the 
imported data. Tho range will end with tho AnaiDatc column and tho row that contains the 
closing CCB. (ex. AI :L32). 

f. Click OK. 

Effective Date: 8/29/11 
S.O.P Number: S-300.0-10 
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AppendlxF 

Procedure for Detennlnlng LCR 

1. Perform instrument maintenance to ensure optimal instrument performance. 

2. Calibrate instrument using all curve calibration points. Remember to analyat ICY and ICB. 

3. Using tho Arizona Calibration Workbook, enter all of the peak llfell8 and standlll'd 
concontrationslnto the "Initial Calibration" section of the spreadsheet. 

4. The spreadsheet then calculates the results for linear average response, linear regression, 
and quadratic regression. 

S. Copy and paste the concentrations and areas from the "Initial Calibration" section of the 
work sheet to the "Sample Calculations" section of the work sheet 

6. As a final check include the ICY oonoentration and area in the "Sample Calculations" section. 

7. In the "Sample Calculations" section, the spreadsheet details the results of four linear models 
(average response, equal welahin& 1/X woigbing, and 1/X~ weighing). It also Includes a 
non-liner quadratic calibration model. 

8. For the LCR to be acceplable tho calibration model employed must be linear, the r value 
(correlation coefficieot) must be acceptable, and the recovery of each calibration point, 
when assessed against the curve, must be within +/-10% oftho true value of that point. 

Effective Date: 8/29/11 
S.O.P Number: S-300.0-10 
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Appendix H 

IC Analysis Summary 

Sequence 10: _________ _ Run ID: _________ _ 

ORION TRITON GEMINI 

CaUbration 

C&Hbratlon ID: ---------------
Any failures in curve? 

Any failures In ICV? 

Any failures in ICB? 

~= 

Eluent 

Do noc report 

F Cl NOrN Br N0>-N PO.,.P SO. 

F Cl N0rN Sr N0rN PO.,.P SO. 

F Cl N0rN Br N0rN PO...P SO. 

C&libratlon QA: 

EluentiO: ________ _ 

Plpeb Calibration Check 

Plpelll No:-- Spike VOlume:~ ml 'WIDI(g): ___ _ RmTemp('C):__ Ane~ytt: __ _ 

Plpelll No: __ &pac. VOlume: J!:l!!!Q.. mL WIDI(g): ___ _ 
Rm Temp ('C):__ An•~---

Plpalllt No:-- Spike VOlume: _1!!!L mL WI 01 (g): _____ _ Rm Temp ('C):__ Analyat: __ _ 

Plpelll No:- WI Dl (0): ____ _ RmTemp("C):__ Analyat: __ _ 

Dlspen10r 

Dispenser 10: ______ _ 

Hand Calcullltlon WoJtc List Verlflc.tlon 

Hand Calculation? 
Work Llat Verified By: ------

Notn: 

Loedecl By: ___ _ 1st Review/Date: ____ _ Qa'diDate: ____ _ 

Effective Date: 8/29/11 
S.O.P Number: S-300.0-1 0 
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Hall Environmental 
Analysis Laboratory 

Common Name: S.O.P. Number: 
EPA Method 8270C S-8270C-10 

Method: 
Semi-Yolatile Organic Compounds by Gas Chromatography I Mass Spectrometry (GC/MS). 

Effective Date: Supersedes: 
26 August 2011 S-8270C-9 

QAJQC:. Qfficer: _ _.. .. -

1.0 Scope and Application 

1.1. Method 8270C is used to determine the concentration of semi-volatile organic 
compounds in aqueous and non-aqueous matrices. The following table indicates 
compounds that may be determined by this method. 

1.2. Use of Method 8270C can be used to quantitate most neutral, acidic and basic 
organic compounds that are both soluble in methylene chloride, and capable of 
being eluted without derivatization as sharp peaks from a gas chromatographic 
fused-slica capillary column coated with a slightly polar silicone. Such compounds 
include poly-nuclear aromatic hydrocarbons, chlorinated hydrocarbons and 
pesticides, phthalate esters, organophosphate esters, nitrosamines, haloethers, 
aldehydes, ethers, ketones, anilines, pyridines, quinolines, aromatic nitro 
compounds, and phenols, including nitrophenols. See table 1 for the list of 

. compounds that can be analyzed by this method. 

1.3. The current PQL and MDL for 8270 analytes at Hall Environmental Analysis Lab 
can be found in the UMS. 

Effective Date: 26 August 2011 
S.O.P Number: S-8270C-10 
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Table 1 

Appropriate Preparation Techniguesh 

3540/ 
Compounds CAS No• 3510 3520 3541 3550 3580 

Acenaphthene 83-32-9 X X X X X 
Acenaphthene-d10 (IS) X X X X X 
Acenaphthylene 208-96-8 X X X X X 
Acetophenone 98-86-2 X ND ND ND X 
2-Acety laminofluorene 53-96-3 X ND ND ND X 
1-Acetyl-2-thiourea 591-08-2 LR ND ND ND LR 
Aldrin 309-00-2 X X X X X 
2-Aminoanthraquinone 117-79-3 X ND ND ND X 
Aminoazobenzene 60-09-3 X ND ND ND X 
4-Aminobiphenyl 92-67-1 X ND ND ND X 
3-Amino-9-ethy lcarbazole 132-32-1 X X ND ND ND 
Anilazine 101-05-3 X ND ND ND X 
Aniline 62-53-3 X X ND X X 
o-Anisidine 90-04-0 X ND ND ND X 
Anthracene 120-12-7 X X X X X 
Aramite 140-57-8 HS(43) ND ND ND X 
Aroclor 1016 12674-11-2 X X X X X 
Aroclor 1221 11104-28-2 X X X X X 
Aroclor 1232 11141-16-5 X X X X X 
Aroclor 1242 53469-21-9 X X X X X 
Aroclor 1248 12672-29-6 X X X X X 
Aroclor 1254 11097-69-1 X X X X X 
Aroclor 1260 11096-82-5 X X X X X 
Azinphos-methy1 86-50-0 HS(62) ND ND ND X 
Barb an 101-27-9 LR ND ND ND LR 
Benzidine 92-87-5 CP CP CP CP CP 
Benzoic acid 65-85-0 X X ND X X 
Benz(a)anthracene 56-55-3 X X X X X 
Benzo(b )fluoranthene 205-99-2 X X X X X 
Benzo(k)fluoranthene 207-08-9 X X X X X 
Benzo(g,h,i )pery lene 191-24-2 X X X X X 
Benzo(a)pyrene 50-32-8 X X X X X 

Appropriate Preparation Techniquesh 

3540/ 
Compounds CAS No• 3510 3520 3541 3550 3580 

p-Benzoquinone 106-51-4 OE NO NO NO X 

Effective Date: 26 August 2011 
S.O.P Number: S-8270C-10 
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Benzyl alcohol 100-51-6 X X NO X X 
a-BHC 319-84-6 X X X X X 
~-BHC 319-85-7 X X X X X 
8-BHC 319-86-8 X X X X X 
y-BHC (Lindane) 58-89-9 X X X X X 
Bis(2-chloroethoxy)methane 111-91-1 X X X X X 
Bis(2-chloroethyl) ether 111-44-4 X X X X X 
Bis(2-chloroisopropyl) ether 108-60-1 X X X X X 
Bis(2-ethylhexyl) phthalate 117-81-7 X X X X X 
4-Bromophenyl phenyl ether 101-55-3 X X X X X 
Bromoxynil 1689-84-5 X NO NO NO X 
Butyl benzyl phthalate 85-68-7 X X X X X 
Captafol 2425-06-1 HS(55) NO NO NO X 
Captan 133-06-2 HS(40) NO NO NO X 
Carbaryl 63-25-2 X NO NO NO X 
Carbofuran 1563-66-2 X NO NO NO X 
Carbophenothion 786-19-6 X NO NO NO X 
Chlordane (NOS) 57-74-9 X X X X X 
Chlorfenvinphos 470-90-6 X NO NO NO X 
4-Chloroaniline 106-47-8 X NO NO NO X 
Chlorobenzilate 510-15-6 X NO NO NO X 
5-Chloro-2-methylaniline 95-79-4 X NO NO NO X 
4-Chloro-3-methy lphenol 59-50-7 X X X X X 
3-( Chloromethy l)pyridine 

hydrochloride 6959-48-4 X NO NO NO X 
1-Chloronaphthalene 90-13-1 X X X X X 
2-Chloronaphthalene 91-58-7 X X X X X 
2-Chlorophenol 95-57-8 X X X X X 
4-Chloro-1 ,2-phenylenediamine 95-83-0 X X NO NO NO 
4-Chloro-1 ,3-phenylenediamine 5131-60-2 X X NO NO NO 
4-Chlorophenyl phenyl ether 7005-72-3 X X X X X 
Chrysene 218-01-9 X X X X X 
Chrysene-d12 (IS) X X X X X 
Coumaphos 56-72-4 X NO NO NO X 
p-Cresidine 120-71-8 X NO NO NO X 
Crotoxyphos 7700-17-6 X NO NO NO X 
2-Cyclohexyl-4,6-dinitro-phenol 131-89-5 X NO NO NO LR 
4,4'-000 72-54-8 X X X X X 
4,4'-00E 72-55-9 X X X X X 
4,4'-00T 50-29-3 X X X X X 
Oemeton-0 298-03-3 HS(68) NO NO NO X 
Oemeton-S 126-75-0 X NO NO NO X 
Oiallate (cis or trans) 2303-16-4 X NO NO NO X 

Appropriate Preparation Techniques 

3540/ 

Effective Date: 26 August 2011 
S.O.P Number: S-8270C-10 
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Compounds CAS No• 3510 3520 3541 3550 3580 

2,4-Diaminotoluene 95-80-7 DC,OE(42) ND ND ND X 
Dibenz( a,j)acridine 224-42-0 X ND ND ND X 
Dibenz( a,h)anthracene 53-70-3 X X X X X 
Dibenzofuran 132-64-9 X X ND X X 
Dibenzo( a,e )pyrene 192-65-4 ND ND ND ND X 
1 ,2-Dibromo-3-chloropropane 96-12-8 X X ND ND ND 
Di-n-butyl phthalate 84-74-2 X X X X X 
Diehl one 117-80-6 OE ND ND ND X 
1 ,2-Dichlorobenzene 95-50-1 X X X X X 
1 ,3-Dichlorobenzene 541-73-1 X X X X X 
1 ,4-Dichlorobenzene 106-46-7 X X X X X 
I ,4-Dichlorobenzene-d4 (IS) X X X X X 
3,3'-Dichlorobenzidine 91-94-1 X X X X X 
2,4-Dichlorophenol 120-83-2 X X X X X 
2,6-Dichlorophenol 87-65-0 X ND ND ND X 
Dichlorovos 62-73-7 X ND ND ND X 
Dicrotophos 141-66-2 X ND ND ND X 
Dieldrin 60-57-1 X X X X X 
Diethyl phthalate 84-66-2 X X X X X 
Diethylstilbestrol 56-53-1 AW,OS(67) NO ND ND X 
Diethyl sulfate 64-67-5 LR NO ND ND LR 
Dihydrosaffrole 56312-13-1 NO NO ND ND ND 
Dimethoate 60-51-5 HE,HS(31) NO NO NO X 
3,3'-Dimethoxybenzidine 119-90-4 X ND NO NO LR 
Dimethy laminoazobenzene 60-11-7 X NO ND ND X 
7, 12-Dimethylbenz(a)-

anthracene 57-97-6 CP(45) NO NO NO CP 
3,3'-Dimethylbenzidine 119-93-7 X NO NO ND X 
a,a-Dimethylphenethylamine 122-09-8 NO NO ND NO X 
2,4-Dimethyl phenol 105-67-9 X X X X X 
Dimethyl phthalate 131-11-3 X X X X X 
1 ,2-Dinitrobenzene 528-29-0 X NO NO NO X 
1 ,3-Dinitrobenzene 99-65-0 X ND ND ND X 
1 ,4-Dinitrobenzene 100-25-4 HE(l4) ND NO NO X 
4,6-Dinitro-2-methylphenol 534-52-1 X X X X X 
2,4-Dinitrophenol 51-28-5 X X X X X 
2,4-Dinitrotoluene 121-14-2 X X X X X 
2, 6-Dinitroto 1 uene 606-20-2 X X X X X 
Dinocap 39300-45-3 CP,HS(28) NO ND NO CP 
Dinoseb 88-85-7 X NO NO NO X 
Dioxathion 78-34-2 ND NO ND ND NO 
Diphenylamine 122-39-4 X X X X X 
5,5-Diphenylhydantoin 57-41-0 X NO NO ND X 
1 ,2-Diphenylhydrazine 122-66-7 X X X X X 

Effective Date: 26 August 2011 
S.O.P Number: S-8270C-IO 
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Appropriate Preparation Techniquesb 

3540/ 
Compounds CAS No" 3510 3520 3541 3550 3580 

Oi-n-octyl phthalate 117-84-0 X X X X X 
Oisulfoton 298-04-4 X ND NO NO X 
Endosulfan I 959-98-8 X X X X X 
Endosulfan II 33213-65-9 X X X X X 
Endosulfan sulfate 1031-07-8 X X X X X 
Endrin 72-20-8 X X X X X 
Endrin aldehyde 7421-93-4 X X X X X 
Endrin ketone 53494-70-5 X X NO X X 
EPN 2104-64-5 X NO NO NO X 
Ethion 563-12-2 X NO NO NO X 
Ethy 1 carbamate 51-79-6 OC(28) NO NO NO X 
Ethy 1 methanesulfonate 62-50-0 X NO NO NO X 
Famphur 52-85-7 X NO NO NO X 
Fensulfothion 115-90-2 X NO NO ND X 
Fenthion 55-38-9 X NO NO NO X 
Fluchloralin 33245-39-5 X NO ND ND X 
Fluoranthene 206-44-0 X X X X X 
Fluorene 86-73-7 X X X X X 
2-Fluorobiphenyl (surr) 321-60-8 X X X X X 
2-Fluorophenol (surr) 367-12-4 X X X X X 
Heptachlor 76-44-8 X X X X X 
Heptachlor epoxide 1024-57-3 X X X X X 
Hexachlorobenzene 118-74-1 X X X X X 
Hexachlorobutadiene 87-68-3 X X X X X 
Hexachlorocyclopentadiene 77-47-4 X X X X X 
Hexachloroethane 67-72-1 X X X X X 
Hexachlorophene 70-30-4 AW,CP(62) NO NO NO CP 
Hexachloropropene 1888-71-7 X NO NO NO X 
Hexamethylphosphoramide 680-31-9 X NO NO NO X 
Hydroquinone 123-31-9 NO NO NO NO X 
Indeno(1 ,2,3-cd)pyrene 193-39-5 X X X X X 
lsodrin 465-73-6 X NO NO ND X 
Isophorone 78-59-1 X X X X X 
lsosafrole 120-58-1 OC(46) NO NO NO X 
Kepone 143-50-0 X NO NO NO X 
Leptophos 21609-90-5 X NO ND ND X 
Malathion 121-75-5 HS(5) NO NO ND X 
Maleic anhydride 108-31-6 HE NO NO NO X 
Mestranol 72-33-3 X NO NO NO X 
Methapyrilene 91-80-5 X NO NO NO X 
Methoxychlor 72-43-5 X NO NO NO X 
3-Methylcholanthrene 56-49-5 X NO ND NO X 
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4,4'-Methylenebis 
(2-chloroaniline) 101-14-4 OE,OS(O) ND ND ND LR 

8ggtagiiate Etegatatiau Iecbuignesb 
3540/ 

Compounds CAS Noa 3510 3520 3541 3550 3580 

4,4'-Methylenebis 
(N,N-dimethylaniline) 101-61-1 X X ND ND ND 

Methyl methanesulfonate 66-27-3 X ND ND ND X 
2-Methylnaphthalene 91-57-6 X X ND X X 
Methyl parathion 298-00-0 X ND ND ND X 
2-Methylphenol 95-48-7 X ND ND ND X 
3-Methylphenol 108-39-4 X ND NO NO X 
4-Methylphenol 106-44-5 X ND ND ND X 
Mevinphos 7786-34-7 X NO ND ND X 
Mexacarbate 315-18-4 HE,HS(68) ND ND ND X 
Mirex 2385-85-5 X ND ND ND X 
Monocrotophos 6923-22-4 HE ND ND ND X 
Naled 300-76-5 X NO ND ND X 
Naphthalene 91-20-3 X X X X X 
Naphthalene-d8 (IS) X X X X X 
1 ,4-Naphthoquinone 130-15-4 X NO NO NO X 
1-Naphthylamine 134-32-7 OS(44) ND ND ND X 
2-N aphthy !amine 91-59-8 X ND NO ND X 
Nicotine 54-11-5 DE(67) ND ND ND X 
5-N itroacenaphthene 602-87-9 X ND ND ND X 
2-Nitroaniline 88-74-4 X X ND X X 
3-Nitroaniline 99-09-2 X X ND X X 
4-Nitroaniline 100-01-6 X X NO X X 
5-Nitro-o-anisidine 99-59-2 X ND ND NO X 
Nitrobenzene 98-95-3 X X X X X 
Nitrobenzene-d5 (surr) X X X X X 
4-Nitrobiphenyl 92-93-3 X ND ND NO X 
Nitro fen 1836-75-5 X ND ND ND X 
2-Nitrophenol 88-75-5 X X X X X 
4-Nitrophenol 100-02-7 X X X X X 
5-Nitro-o-toluidine 99-55-8 X X ND NO X 
Nitroquinoline-1-oxide 56-57-5 X ND ND ND X 
N-Nitrosodi-n-butylamine 924-16-3 X ND NO ND X 
N-Nitrosodiethy !amine 55-18-5 X NO ND ND X 
N-Nitrosodimethy !amine 62-75-9 X X X X X 
N-Nitrosomethylethylamine 10595-95-6 X NO ND ND X 
N-Nitrosodiphenylamine 86-30-6 X X X X X 
N-Nitrosodi-n-propylamine 621-64-7 X X X X X 
N-Nitrosomorpholine 59-89-2 ND ND ND ND X 
N-Nitrosopiperidine 100-75-4 X NO NO NO X 
N-Nitrosopyrrolidine 930-55-2 X ND ND ND X 
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Octamethy 1 pyrophosphoramide 152-16-9 LR NO NO NO LR 
4,4'-0xydianiline 101-80-4 X NO NO NO X 

ronrjate Preparation Technjmwsb 

3540/ 
Compounds CAS No" 3510 3520 3541 3550 3580 

Parathion 56-38-2 X X NO NO X 
Pentachlorobenzene 608-93-5 X NO NO NO X 
Pentachloronitrobenzene 82-68-8 X NO NO NO X 
Pentachlorophenol 87-86-5 X X X X X 
Perylene-d12 (IS) X X X X X 
Phenacetin 62-44-2 X NO NO NO X 
Phenanthrene 85-01-8 X X X X X 
Phenanthrene-d1o (IS) X X X X X 
Phenobarbital 50-06-6 X NO NO NO X 
Phenol 108-95-2 OC(28) X X X X 
Phenol-d6 (surr) OC(28) X X X X 
1 ,4-Phenylenediamine 106-50-3 X NO NO NO X 
Phorate 298-02-2 X NO NO NO X 
Phosalone 2310-17-0 HS(65) NO NO NO X 
Phosmet 732-11-6 HS(15) NO NO NO X 
Phosphamidon 13171-21-6 HE(63) NO NO NO X 
Phthalic anhydride 85-44-9 CP,HE(l) NO NO NO CP 
2-Picoline (2-Methylpyridine) 109-06-8 X X NO NO NO 
Piperonyl sulfoxide 120-62-7 X NO NO NO X 
Pronamide 23950-58-5 X NO NO NO X 
Propy !thiouracil 51-52-5 LR NO NO NO LR 
Pyrene 129-00-0 X X X X X 
Pyridine 110-86-1 NO NO NO NO ND 
Resorcinol 108-46-3 DC,OE(lO) NO NO NO X 
Safrole 94-59-7 X NO NO ND X 
Strychnine 57-24-9 AW,OS(55) ND NO NO X 
Sulfallate 95-06-7 X NO ND NO X 
Terbufos 13071-79-9 X NO NO NO X 
Terphenyl-d14(surr) 1718-51-0 X X NO X X 
1 ,2,4,5-Tetrachlorobenzene 95-94-3 X NO ND NO X 
2,3,4,6-Tetrachlorophenol 58-90-2 X NO NO NO X 
Tetrachlorvinphos 961-11-5 X NO NO NO X 
Tetraethyl dithiopyrophosphate 3689-24-5 X X NO ND NO 
Tetraethyl pyrophosphate 107-49-3 X NO NO ND X 
Thionazine 297-97-2 X NO NO NO X 
Thiophenol (Benzenethiol) 108-98-5 X NO ND ND X 
Toluene diisocyanate 584-84-9 HE(6) NO ND NO X 
o-Toluidine 95-53-4 X ND NO NO X 
Toxaphene 8001-35-2 X X X X X 
2,4,6-Tribromophenol (surr) 118-79-6 X X X X X 
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1,2,4-Trichlorobenzene 
2,4,5-Trichlorophenol 
2,4,6-Trichlorophenol 
Trifluralin 

120-82-1 
95-95-4 
88-06-2 

1582-09-8 

X 
X 
X 
X 

X X X 
X NO X 
X X X 

NO NO NO 

Appropriate Preparation Techniquesb 

Compounds 

2,4,5-Trimethylaniline 
Trimethyl phosphate 
1 ,3,5-Trinitrobenzene 
Tris(2,3-dibromopropyl) phosphate 
Tri-p-tolyl phosphate 
0,0,0-Triethyl phosphorothioate 

CAS No" 

137-17-7 
512-56-1 
99-35-4 
126-72-7 
78-32-0 
126-68-1 

• Chemical Abstract Service Registry Number 
b See Sec. 1.2 for other acceptable preparation methods. 

KEY TO ANAL YTE LIST 

3510 

X 
HE(60) 

X 
X 
X 
X 

IS This compound may be used as an internal standard. 
surr This compound may be used as a surrogate. 

3520 

ND 
NO 
NO 
ND 
ND 
NO 

A W Adsorption to walls of glassware during extraction and storage. 
CP Nonreproducible chromatographic performance. 

3540/ 
3541 3550 

ND ND 
ND ND 
NO NO 
ND NO 
NO NO 
NO NO 

DC Unfavorable distribution coefficient (number in parenthesis is percent recovery). 

X 
X 
X 
X 

3580 

X 
X 
X 

LR 
X 
X 

HE Hydrolysis during extraction accelerated by acidic or basic conditions (number in parenthesis 
is percent recovery). 

HS Hydrolysis during storage (number in parenthesis is percent stability). 
LR Low response. 
NO Not determined. 
OE Oxidation during extraction accelerated by basic conditions (number in parenthesis is percent 

recovery). 
OS Oxidation during storage (number in parenthesis is percent stability). 
X Greater than 70 percent recovery by this technique. 

1.4. The following compounds may require special treatment when being determined by 
this method. Benzidine can be subject to oxidative losses during solvent 
concentration. Also, the Benzidine chromatography is poor. Under the alkaline 
conditions of the extraction step, a-BHC, y-BHC, Endosulfan I and II, and Endrin 
are subject to decomposition. Neutral extraction should be performed if these 
compounds are expected. Hexachlorocyclopentadiene is subject to thermal 
decomposition in the inlet of the gas chromatograph, chemical reaction in acetone 
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1.5. The practical quantitation limit (PQL) ofMethod 8270C for determining an 
individual compound is approximately .2 mg/kg (wet weight) for soil/sediment 
samples; 1-200 mglkg for wastes (depending on matrix and method of preparation); 
and, 10 f.!g/L for ground water samples. PQLs will be proportionately higher for 
samples extracts that require dilution to avoid detector saturation. 

1.6. This method is restricted to use by or under the supervision of analysts experienced 
in the use of gas chromatography/mass spectrometers and skilled in the 
interpretation of mass spectra. Each analyst must demonstrate the ability to generate 
acceptable results with this method by completing a IDOC that complies with the 
HEALQAP. 

2.0 Summary of Method 

2.1. The samples are prepared for analysis by gas chromatography/mass spectrometry 
(GC/MS) using the appropriate sample preparation (refer to Method 3500) and, if 
necessary, sample cleanup procedures (refer to Method 3600). 

2.2. The semi-volatile compounds are introduced into the GC/MS by injecting the 
sample extract into a gas chromatograph (GC) with a narrow-bore fused-silica 
capillary column. The GC column is temperature-programmed to separate the 
analytes, which are then detected with a mass spectrometer (MS) connected to 
the gas chromatograph. 

2.3. Analytes eluted from the capillary column are introduced into the mass 
spectrometer via a direct connection. Identification of target analytes is 
accomplished by comparing their mass spectra with the electron impact (or 
electron impact-like) spectra of authentic standards. Quantitation is 
accomplished by comparing the response of a major (quantitation) ion relative to 
an internal standard using a five-point calibration curve at a minimum. 
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3.0 Safety 

3 .1. Some of the compounds that are used are known carcinogens, mutagens, and or 
teratogens. So the utmost care must be used in handling the neat compounds and 
the mixes made from them. At a minimum, latex gloves, a lab coat, and safety 
glasses must be worn to avoid any unnecessary contact. Plus any handling of the 
open containers of neat compounds and/or mixes must be done in a ventilated 
hood to avoid inhalation. 

3 .1.1. Working standards also need to be handled with care. When handling them 
you need at a minimum to wear latex gloves, safety glasses and a lab coat. 

3.2. Latex gloves, lab coat, and safety glasses must be worn when handling solvents. 
Extractions can only be done if more than one person is in the same area as the 
person doing the extract. 

3.3. When the analysts are done with standard vials they are disposed of in the 
appropriate manner. All standard vials, samples, and other laboratory-generated 
waste will be disposed in accordance to the HEAL Chemical Hygiene Plan. 

4.0 Definitions 

Continuing Calibration Verification (CCV) - standard from the same source as the curve 
used to check the stability of the instrument. 
Calibration check compounds (CCCs)- used to evaluate the integrity of the 
chromatographic system 
System performance check compounds (SPCCs) - used to check the minimum average 
RFs ofthe chromatographic system. 
RRT- Relative Retention Time 
Laboratory Control Spike (LCS) - laboratory fortified blank 
Laboratory Control Spike Duplicate (LCSD)- laboratory fortified blank duplicate 
Initial Calibration Verificatoin (ICV)- a second source standard that is used to determine 
the state of the calibration of an instrument after initial calibration. 
Matrix Spike (MS)- laboratory fortified sample 
Matrix Spike Duplicate (MSD)- laboratory fortified sample duplicate 
Matrix Blank (MBLK) -laboratory blank 
Method Detection Limit (MDL)- the constituent concentration that when processed 
through the complete method, produces a signal with a 99% probability that it is different 
than the blank. 
Practical Quantitation Limit (PQL)- The lowest calibration point used in the initial 
calibration. 
Sample Duplicate (DUP)- duplicate of sample. 
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Surrogate - a particular compound that is used to determine the overall efficiency of the 
extraction process. 
Internal Standards - used for calibrating the instrument. 
GC - Gas Chromatograph. 
MS - Mass Spectrometer. 

5.0 Interferences 

5.1. Refer to Methods 3500, 3600, and 8000. 

5.2. Raw GC/MS data from all blank, spike and client samples must be evaluated for 
interferences to determine if the source of the interferences are in the preparation 
and/or cleanup. 

5.3. Contamination from carry over can occur when high-concentration samples are 
analyzed. To reduce carryover, the sample syringe must be rinsed between samples 
with solvent. Whenever an unusually concentrated sample is encountered, it should 
be followed by the analysis of a solvent blank to check for cross contamination. 

5.4. Loss of surrogates may be due to formation of emulsions with the extraction solvent 
in some aqueous samples. This could also be due to excessive Sodium Sulfate added 
as a drying agent for the solvent. 

6.0 Apparatus and Reagents 

6.1. Gas chromatograph/mass spectrometer system 

6.1.1. Instrument name: ELMO. 

6.1.2. Varian 3 800 gas chromatograph equipped with a Varian 1177 
split/split-less injection port. 

6.1.3.Column: Varian VF-5MS measuring 30m x 0.25mm ID with a 
0.25j.!m film thickness (or equivalent). 

6.1.4.Autosampler: Varian 8200 CX 

6.1.5.Mass spectrometer: Varian SATURN 2000. 

6.1.6.Data system: Saturn GC/MS Workstation Ver. 6.9. 

6.2. Volumetric flask: Class A 1-100 ml, with a ground-glass stopper. 
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6.3. Graduated cylinder: 500 ml. 

6.4. Micro-syringes: 10-1 000 f.!L Hamilton and SGE. 

6.5. Dionex: Accelerated Solvent Extractor (see SOP S-3545 for more detail). 

6.6. Kudema-Danish (K-D) apparatus (see SOP 3510C-5 for more detail). 

6.7. Boiling chips: Chemware PTFE Boiling stones. 

6.8. Heated Water bath: Capable oftemperature control (±5°C). The bath should be 
used in an extraction hood. 

6.9. Sample vials: 1.8 ml Amber Glass with Teflon-lined screw caps. 

6.1 0. Disposable pipettes: Pasteur. 

6.11. Spatula: Stainless steel 

6.12. Organomation Associates: N-EVAP 112 Nitrogen Evaporator. 

6.13. 1000ml Teflon Separatory funnels. 

6.14. 250ml round bottom flasks. 

6.15. Soxhlet extraction apparatus with water-cooled condensers. 

6.16. Whatman cellulose extraction thimbles, cat.no 2800338 

6.17. Extraction cells that will accommodate 20g or 30g of sample 

6.18. Vials for collection of extracts 40ml or 60ml, precleaned, open top with screw 
cap with PTFE-lined silicone septa. (Dionex 49459, 49460, 49461 or 49462 or 
equivalent) 

6.19. Filter disk- 1.91cm type 028 (Whatman 10289356 or equivalent) 

6.20. Cell cap sealing disk (Dionex 49454, 49455 or equivalent) 

6.21. 250ml Erlenmeyer flasks. 

6.22. 500ml Erlenmeyer flasks. 
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6.23. Wide range pH test strips. 

6.24. Reagent grade organic chemicals shall be used in all tests. Unless otherwise 
indicated, it is intended that all inorganic reagents shall conform to the 
specifications of the Committee on Analytical Reagents of the American 
Chemical Society, where such specifications are available. Other grades may be 
used, provided it is first ascertained that the reagent is of sufficiently high purity 
to permit its use without lessening the accuracy of the determination 

6.25. 1:1 Sulfuric acid, H2S04 

6.26. Solvents: Organic free reagent water (Deionized Water), Acetone, Methylene 
Chloride: pesticide quality or equivalent. 

6.27. Anhydrous Sodium sulfate: EM Science Tracepur ACS 

6.28. 1 ON NaOH. 

6.29. Stock standard solutions: 

6.30. A 200 PPM Ready Stock standard is used. Supplied by NSI, part number WL-
507. If necessary, refer to Method 8270C for instructions on how to make 
Standards from neat compounds. 

6.30.1. Transfer the stock standard solutions into Teflon-sealed screw-cap amber 
vials. Store at <6° C and protect from light. Stock standards should be 
frequently checked for signs of degradation or evaporation 

6.30.2. Stock standard solutions must be replaced after one year or sooner if 
comparison with check standards indicates a problem. Stock standards are 
disposed of if they reach their expiration date 

6.31. A separate spike mix is also required to spike LCSILCSD or MS/MSD. This is 
purchased from NSI, part number WL-365 for 8270 full list compounds. 

6.32. Spike NSI cat# C-44 7 is used for TCLP extracts. 

6.33. Internal standard solutions: The internal standards used are 1,4-dichlorobenzene
d4, naphthalene-d8, Acenaphthene-d10, Phenanthrene-dlO, Chrysene-d12, and 
perylene-d12. These are purchased ready to use from NSI at a concentration of 
2000 ppm, NSI part number C-394-33. Refer to Method 8270C for detailed 
instructions on how to make standards from neat compounds. 
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6.34. GC/MS tuning standard: A methylene chloride solution containing 50 ppm of 
decafluorotriphenylphosphine (DFTPP) should be prepared from Stock tune mix 
at 500 ppm. This is obtained from NSI, part number C-491-1 0. The standard 
should also contain 50 ppm each of 4,4' -DDT, Pentachlorophenol, and Benzidine 
to verify injection port inertness and GC column performance. Store standard 
solution at -1 0°C or less when not being used. 

6.35. Surrogate standards: The surrogate standards used are phenol-d5, 2-
Fiuorophenol-2,4,6-Tribromophenol, Nitrobenzene-d5, 2-Fluorobiphenyl, and 
p-Terphenyl-d14. These are purchased from NSI part number WL-371 in a 
mix at a concentration of 200ppm for phenols and 1 OOppm for the other 
compounds. See the extraction method for the instructions on preparing the 
surrogate standards. Determine what concentration should be in the blank 
extracts after all extraction, cleanup, and concentration steps. Inject this 
concentration into the GC/MS to determine recovery of surrogate standards in 
all blanks, spikes, and sample extracts. Take into account all dilutions of 
sample extracts. 

6.36. Matrix spike standards: The matrix spike standards contain the both Base/Neutral 
and Acid compounds. The acid fraction of the mix is Pentachlorophenol, Phenol, 
2-Chlorophenol, 4-Chloro-2-methylphenol and 4-Nitrophenol. The Base/Neutral 
fraction of the mix contains 1,2,4 Trichlorobenzene, Acenapthene, 2,4-
Dinitrotoluene, Pyrene, N-Nitroso-di-n-propylamine and 1 ,4-Dichlorobenzene. 
This mix is purchased from NSI part number WL-365. The concentration of the 
acids in the mixture is 200J..lg/mL and the Base/Neutral compounds are 
100)lg/mL. See the extraction method 3500B, section 5.5.1 for the instructions 
on preparing the matrix spike standards. 

7.0 Sample Collection Preservation and Handling 

7 .1. Refer to section 5. 0 of the HEAL Q AP for proper preservation and handling. 

7.2. Water samples are collected in glass amber jars (500mL) or one liter and are 
unpreserved. 

7.3. Soil samples are collected in glass jars 2oz or 4oz. 

7.4. All samples should be kept above freezing and <6°C from time of collection to 
just prior to analysis. 

7.5. Once extracted, store the sample extracts less than -10°C, protected from 
light, in sealed vials (e.g., screw-cap vials or crimp-capped vials) equipped 
with unpierced PTFE-lined septa. 
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8.0 Operating conditions 

8.1 Typical GC/MS ELMO operating conditions: To view current operating 
conditions refer to the newest calibration curve on the GCMS software. 
Operating conditions may vary depending on client needs. 
Mass range: 45-650 mlz 
Scan time: 0.61 sec/scan 
Initial temperature: 40°C, no hold 
Ramp: 40°C-3l0°C at 15°C/min. 
Final temperature: 31 0°C, hold 4.5 min 
Injector temperature: 275°C 
Transfer line temp: 280°C 
Trap temperature: 220°C 
Manifold Temperature: 60°C 
Injector: Split/split with 20:1 split injection. 
Injection volume: 1 ~L 
Carrier gas: 1.1 mL/min. 

9.0 Initial Calibration Information 

9.1. Calibration Standards: Calibration standards at a minimum offive concentration 
levels are prepared through dilution of the stock standards with methylene chloride 
(see table below). The standards are made in a strict order. The methylene chloride 
is added to the vial, then the correct amount of Ready Stock and finally the 20ul of 
Internal Standard is added. One of the concentration levels should be a 
concentration at the practical quantitation limit (PQL). The remaining concentration 
levels should correspond to the expected range of concentrations found in real 
samples or should define the working range of the GC/MS system. Each standard 
should contain each analyte for detection by this method (e.g. some or all ofthe 
compounds listed in table 1 may be included). Each 1mL aliquot of calibration 
standard should be spiked with 20~L of the internal standard solution prior to 
analysis. Store at -1 ooc or less when not being used. Calibration solutions must be 
replaced after one year (or sooner if comparison with a check standard indicates a 
problem). The daily calibration standard should be prepared weekly and stored at 
<6° C. A new curve should be prepared and run after the response in any of the 
CCC's or SPCC's has changed making them fail. 
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Standard Cone. PPM Vol. Standard* added Vol. DCM added Vol. Internal 
(J.IL) (J.tL) Std (!JL) 

2.5PPM 12.5 967.5 20 
5.0PPM 25 955 20 
lOPPM 50 930 20 
20PPM 100 880 20 
30PPM 150 830 20 
40PPM 200 780 20 
50 PPM 250 730 20 
SO PPM 400 580 20 
lOOPPM 500 480 20 
120PPM 600 380 20 

• 200 PPM Ready stock standard from NSI. 

9.2. An ICV is prepared from a second source from NSI purchased at a concentration of 
50ppm. The working ICV standard is prepared at 30ppm by spiking 600uL of the 
50ppm stock into 380uL ofDCM. Then 20uL oflnternal standard is added. The 
criteria used to determine if the ICV is acceptable can be found in section 12.2.2. 

9.3. The GC/MS system must be hardware-tuned to meet the criteria for method 525 in 
Table 2 for a 50ng injection ofDFTPP in order to analyze an initial calibration. 
Refer to section 11.1.1. for more tune criteria 

9.4. For the curve to be in compliance the minimum average RF for all SPCCs must be 
0.050. Refer to section 11.1.3.2. for the list of SPCCs. 

9.5. When a curve is analyzed, each individual compound may be analyzed using linear 
regression (with a minimum of 5 calibration points) or quadratic regression (with a 
minimum of 6 calibration points. The R2 for each compound must be >/=0.990. 

9 .6. The RSD for any CCCs must be less than 30% in order for the curve to be 
compliant. If the CCC RSD is greater than 15% but less than 30% a linear or 
quadratic curve may be used. Refer to section 11.1.3 .3. for the list of CCCs. 

9.7. If the RSD for any CCC is greater than 30% or the RF for any SPCC is less than 
0.050 the system is too reactive to begin analysis. Clean up the system and 
recalibrate. 

10.0 Extraction and final volume 
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1 0.1. Extraction: 

1 0.1.1. Water samples are extracted first at a pH <2 with methylene chloride, and 
then at pH> 11 using methylene chloride using Method 3510, refer to the 
current SOP S-351 OC. 

1 0.1.2. Solid samples are extracted using Method 3540, refer to the current SOP S-
3540C or Method 3545, refer to the current SOP S-3545. 

1 0.1.3. Chemical wastes are diluted prior to analysis by weighing out 0.2g into a 1Om! 
volumetric. Surrogate is added after, usually adding 500ul to 500ul of sample 
and then adding in 20ul of internal standard. 

1 0.1.4. Laboratory control spike (LCS), Laboratory control spike duplicate (LCSD), 
and Matrix blank ( MBLK) are to be extracted with aqueous samples, unless 
otherwise indicated by a client. Soil Samples call for Matrix spikes (MS) and 
Matrix (MSD) spike duplicates as well as LCS and MBLK. 

10.1.4.1. Add 500J.!l WL-365 spike mix to LCS, LCSD MS and MSD. 

1 0.1.4.2. Add 500 J..ll ofNSI BNA Surrogates mix 200/100 J..lg/ml to all 
samples. 

1 0.2. Sample concentration and final volume 

1 0.2.1. To achieve maximum sensitivity with this method, the extract must be 
concentrated to 1.0 ml. Then 20ul of2000ppm Internal standard is added to 
bring sample to final volume of 1ml. Refer to Method 3510 for Concentration 
steps. Final volume is achieved by gently blowing the sample down in the 
concentrator nipple after it has been boiled down according to the Method 
3510. Nitrogen gas is blown across the top of the nipple, being careful not to 
blow directly into the nipple causing loss of volume by splashing. This is 
continued until there is approximately 800 ul of sample in the nipple (taking 
into account boiling chips increase volume). The sample is then transferred to 
a clean, labeled amber vial. The nipple is then rinsed with approximately 300 
ul of clean Methylene Chloride and also transferred to the vial. The sample is 
then measured with a lml syringe. 20ul of internal standard is then added to 
the sample. If the volume of the sample exceeds lml it may be blown down 
further until lml final volume is achieved. Some samples will require larger 
final volumes due to gross contamination. The final volume is left to the 
discretion of the analyst. 

11.0 Analysis: Verification, Procedure and Interpretation 
Effective Date: 26 August 2011 
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11.1. GC/MS Calibration verification. 

11.1.1. The GC/MS system must be hardware-tuned to meet the criteria for method 
525 in Table 2 for a SOng injection ofDFTPP. The parameters are located in 
the Saturn Software. Analysis does not begin until all these criteria are met. 
Pentachlorophenol, 4,4'-DDT and Benzidine are also included at SOng in the 
tune mix to verify injector port inertness and GC column performance by 
being present at their normal response with no visible signs of tailing. 
Pentachlorophenol and Benzidine should be present at 25% to 50% the 
height of D FTPP. DDT should be present at 80-120% the height of the 
DFTPP peak. Degradation of DDT to DDD and DDE must not exceed 20% 
(see sec.8.0 of method 8081 for% breakdown calculation). The production 
ofDDD and DDE can be monitored by plotting their primary ion DDD (235) 
and DDE (246) against the DDT (235). Areas for these peaks can then be 
used in the calculation from Method 8081 to determine whether break down 
exceeds 20%. Tailing factor for pentachlorophenol and benzidine must be 
examined from the same SOng injection ofDFTPP. See figure 13 from 
method 625 for the calculations of the tailing factor. The tailing factor for 
pentachlorophenol must be less than 5 and for benzidine less than 3. 

11.1.1.1. The frequency ofthe DFTPP check, Degradation ofDDT and the 
tailing factors for pentachlorophenol and benzinde must be performed 
every 12 hours of analysis. 

11.1.2. The initial calibration (Sec. 9 .0) for each compound of interest must be 
checked and verified once every 12 hours during analysis. This is 
accomplished by analyzing a calibration standard (CCV) that is a 
concentration near the midpoint concentration for the working range of the 
GC/MS and then checking the SPCC's and CCC's. The concentration of the 
CCV must vary. 

11.1.3. System Performance Check Compounds (SPCCs): A system performance 
check must be performed every 12 hour shift. If the SPCC criteria are met, a 
comparison of relative response factors is made for all compounds. This is 
the same check that is applied during the initial calibration. If the minimum 
relative response factors are not met, the system must be evaluated, and 
corrective action must be taken before sample analysis begins. 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. This check must be 
met before analysis begins. 
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11.1.3 .1. The minimum relative response factor for all SPCC' s should be: 
20.05 

11.1.3.2. The SPCC's are N-nitroso-di-n-propylamine, 
Hexachlorocyclopentadiene, 2,4-Dinitrophenol and 4-Nitrophenol. 

11.1.3.3. The CCC's are Acenapthene, Hexachlorobutadiene, Di-n-octyl 
phthalate, Benzo(a)pyrene, 1 ,4-Dichlorobenzene, Diphenylamine and 
Flouranthene. These represent the Base/Neutral fraction. 4-Chloro-3-
methylphenol, 2-Nitrophenol, Pentachlorophenol, 2,4-Dichlorophenol, 
Phenol and 2,4,6-Trichlorophenol represent the acid fraction. 

11.1.3.4. Response factors can be manually calculated by: 

Where: 
Ax = Area of the characteristic ion for the compound being measured. 
Ais =Area of the characteristic ion for the specific internal standard. 
Cis= Concentration ofthe specific internal standard (ng/J.lL). 
Cx =Concentration of the compound being measured (ng/J...LL). 

11.1.4. Calibration Check Compounds (CCCs)- After the system performance check 
is met, CCCs listed in (sec. 11.1.3.3.) are used to check the validity ofthe 
initial calibration. 

Calculate the percent drift using: 

%Drift= {(C1- Cc) I C1 } * 100 
where: 
C1 =Calibration Check Compound standard concentration. 
Cc = Measured concentration used in selected quantitation method. 

If the percent drift for each CCC is less than or equal to 20%, the initial 
calibration is assumed to be valid. If the criterion is not met (>20% drift) for 
any one CCC, corrective action must be taken. Problems similar to those 
listed under SPCCs could affect this criterion. If no source ofthe problem 
can be determined after corrective action has been taken, a five-point curve 
calibration at a minimum should be generated. This criterion must be met 
before sample analysis begins. If the CCCs are not analytes required by the 
permit, then all required analytes must meet the 20% drift criterion. 

11.1.5. Evaluating the CCV the target compounds (non-CCC) must have a recovery 
from 60% to 140% of the expected concentration in order for samples to be 
reported. 
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11.1.6. Internal standard retention time: The retention times of the internal standards 
in the CCV must be evaluated immediately after the data acquisition. If the 
retention time for any internal standard changes by more than 30 seconds 
from that in the mid-point standard level of the most recent initial calibration 
sequence, then the chromatographic system must be inspected for 
malfunctions and corrections must be made, as required. When corrections 
are made, reanalysis of samples analyzed while the system was 
malfunctioning is required. 

11.1. 7. Internal standard response: If the area for any of the internal standards in the 
CCV changes by a factor of two (-50% to + 100%) from that in the mid-point 
standard level of the most recent initial calibration sequence, the mass 
spectrometer must be inspected for malfunctions and corrections must be 
made, as appropriate. When corrections are made, reanalysis of samples 
analyzed while the system was malfunctioning is required. 

11.2. GC/MS analysis 

11.2.1. All samples and standard solutions must be allowed to warm to ambient 
temperature before analysis. 

11.2.2. DFTPP tuning criteria and GC/MS calibration verification criteria must be 
met before analyzing samples. 

11.2.3. The auto-sampler injects lf.lL of sample directly on to the column, using the 
same operating conditions as were used in calibration see section 9.0. The 
volume to be injected should contain SOng of base/neutral and 1 OOng of acid 
surrogates (assuming 100% recovery). The injection volume must be the 
same volume used for the calibration standards. 

11.2.4. Any necessary sample dilutions are performed manually by the analyst. This 
may be prior to initial analysis i.e. sample can not be brought to 1rnL final 
volume. The other instance will be when a sample is analyzed and certain 
components may exceed the working range of the curve. 

11.3. Data interpretation 

11.3.1. Qualitative analysis 

11.3.1.1. The qualitative identification of compounds determined by this 
SOP is based on retention time, and on comparison of the sample mass 
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spectrum, after background correction, with characteristic ions in a 
reference mass spectrum. The reference mass spectrum is generated by 
using the conditions described in this SOP. The characteristic ions 
from the reference mass spectrum are defined to be 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 criteria below are met. 

11.3 .1.1.1. The intensities of the characteristic ions of a compound 
maximize in the same scan or within one scan of each other. 
Selection of a peak by a data system target compound 

search routine where the search is based on the presence of 
a target chromatographic peak containing ions specific for 
the target compound at a compound-specific retention time 
will be accepted as meeting this criteria. 

11.3.1.1.2. The relative intensities ofthe characteristic ions should 
agree within 30% of the relative intensities of these ions in 
the reference spectrum. (Example: For an ion with an 
abundance of 50% in the reference spectrum, the 
corresponding abundance in the sample spectrum can range 
between 20% and 80%). While checking the relative 
intensities is a good indicator of qualifying a compound it is 
left to a qualified mass spec interpreter to determine if a 
compound can be identified as a positive result. 

11.3.1.1.3. Some analytes may contain qual ions which are not 30% or 
greater in intensity. In such instances, only qual ions that 
are at a minimum of 10% intensity should be used. 

11.3.1.1.4. Some analytes may only have one qual ion which is also the 
quan ion. In such a case, selection of the quan ion as the 
qual ion is the only solution. 

11.3.1.1.5. Should a sample contain an analyte that has one or more 
qual ions that does not meet the +/-30% requirement, a 
more thorough visual inspection and a library search should 
be completed. If the library search returns a match for the 
analyte, a printout showing the library search results should 
be included. The original chromatograph report should be 
notated in such a manner that is clear that the analyst is 
accepting the quantitative result based on the library search 
return. The Technical Director, or his designee, can also 
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sign off on acceptance of spectra, when multiple 
compounds are returned in a library search. 

11.3.1.1.6. The RRT ofthe sample component is within+/- 0.06 RRT 
units of the standard component. 

11.3 .1.1. 7. Structural isomers that produce very similar mass spectra 
should be identified as individual isomers if the have 
sufficiently different GC retention times. Sufficient GC 
resolution is achieved if the height of the valley between the 
two isomer peaks is less than 25% of the sum of the two 
peak heights. Otherwise, structural isomers are identified 
as isomeric pairs. 

11.3.1.1.8. Identification is hampered when sample components are not 
resolved chromatographically and produce mass spectra 
containing ions contributed by more than one analyte. 
When gas chromatographic peaks obviously represent 
more than one sample component (i.e. , a broadened peak 
with shoulder(s) or a valley between two or more maxima), 
appropriate selection of analyte spectra and background 
spectra is important. Examination of extracted ion current 
profiles of appropriate ions can aid in the selection of 
spectra and in qualitative identification of compounds. 
When analytes co-elute (i.e., only one chromatographic 
peak is apparent), the identification criteria can be met, but 
each analyte spectrum will contain extraneous ions 
contributed by the co-eluting compound. 

11.3.1.1.9. If any ofthe above mentioned scenarios are unable to be 
met for a specific analyte, guidance from the Technical 
Director should be sought. The Technical Director can 
determine if the quantified spectra should be reported. 

11.3.1.2. For samples containing components not associated with the calibration 
standards, a library search may be made for the purpose of tentative 
identification. The necessity to perform this type of identification will 
be determined by the purpose of the analyses being conducted. 
Computer generated library search routines should not use 
normalization routines that would misrepresent the library or unknown 
spectra when compared to each other. For example, RCRA permit or 
waste de listing requirements may require the reporting of non-target 
analytes. Only after visual comparison of sample spectra with the 
nearest library searches will the mass spectral interpretation specialist 
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assign a tentative identification. Guidelines for making tentative 
identification are: 

(!)Relative intensities of major ions in the reference spectrum (ions> 
10% of the most abundant ion) should be present in the sample 
spectrum. 

(2)The relative intensities of the major ions should agree within ±20%. 
(Example: For ions with an abundance of 50% in the standard 
spectrum, the corresponding sample ion abundance must be between 
30 and 70%) 

(3)Molecular ions present in the reference spectrum should be present 
in the sample spectrum. 

(4)Ions present in the sample spectrum but not in the reference 
spectrum should be reviewed for possible background contamination 
or presence of co-eluting compounds. 

(5)1ons present in the reference spectrum but not in the sample 
spectrum should be reviewed for possible subtraction, because of 
background contamination or co-eluting peaks. Data system library 
reduction programs can sometimes create these discrepancies. 

11.3.2. Quantitative analysis 

where: 

11.3.2.1. When a compound has been identified, the quantitation ofthat 
compound will be based on the integrated abundance from the EICP 
of the primary characteristic ion. Quantitation will take place using 
the internal standard technique. The internal standard used shall be 
the one nearest the retention time of that of a given analyte, see table 
5 in method 8270C. See the HEAL QAP section 9.0 for necessary 
calculations. 

11.3.2.2. When MS response is linear and passes through the origin, calculate 
the concentration of each identified analyte in the sample as follows: 

Water 

Concentration (f.!g/L) = ( Ax)(ls) I (Ais)(RF)(V0 ) 

Ax =Area of characteristic ion for compound being measured. 
Is = Amount of internal standard injected (ng). 
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A is = Area of characteristic ion for the internal standard. 
RF =Mean relative response factor for compound being measured. 
Yo = Volume of extracted sample (mL ), taking into consideration any 

dilutions made. 

Sediment/Soil sludge (normally on a wet-weight basis) and Waste (normally on a wet 
weight basis) 

Concentration in solid (f.!g/kg) = ( Ax)(Is)( Vt) I (Ais)(RF)(Vi)( Ws)(D) 

where: 

Ax, Is, A is, RF = Same as for water. 
Yst= Volume oftotal extract (f.!L) (use IO,OOO f.!L or a factor ofthis when 

dilutions are made). 
Vi = Volume of extracted add (f.!L) for purging. 
Ws =Weight of sample extracted or purged (g). 
D = % dry weight of sample /I 00, or I for a wet-weight basis. 

11.3.2.3. Where applicable, an estimate of concentration for non-calibrated 
components in the sample can be made. The formulas given above 
should be used with the following modifications: the areas Ax and Ais 
should be from the total ion chromatograms and the RF for the 
compound should be assumed to be I. The concentration obtained 
should be reported indicating (1) that the value is an estimate and (2) 
which internal standard was used to determine concentration. Use the 
nearest internal standard free of interferences. 

11.3.2.4. Alternatively, the regression line fitted to the initial calibration may be 
used for determination of the analyte concentration. 

12.0 Quality Control and Method Performance 

12.1. Refer to Method 8000C and the HEAL Quality Assurance Plan for quality control 
procedures. 

12.2. The following are general guidelines for data assessment and acceptance criteria 
for quality control measures. 

12.2.1. The GC/MS system must be tuned to meet the DFTPP specifications every 
12hr shift. 
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12.2.2. There must be an initial calibration of the GC/MS system. The ICV must be 
analyzed following a calibration curve and prior to any sample analysis. All 
failures or adjustments to the initial calibration curve shall be documented on 
the form located in the Appendix. This form shall be included with each data 
folder associated with the current calibration. The acceptance criterion for 
the ICV is the same as the criteria for the CCV as described in section 11.0. 
Then every 12 hours a CCV will be analyzed as a calibration check for the 
Instrument after a DFTPP tune. 

12.2.3. The concentrations ofthe CCV should vary every 12 hour shift. 

12.2.4. The absolute retention time should not exceed 0.8min ofthe initial calibration. 
If it does shift more than 0.8 min. a new curve should be analyzed. 

12.2.5. The GC/MS system must meet the SPCC criteria and the CCC criteria, every 
12 hours. 

12.2.6. For every 20 Aqueous samples extracted, there must be an MBLK, LCS and 
LCSD (when there is not enough sample to do an MS/MSD or Dup ). When 
clients provide enough sample for an MS and MSD or a sample DUP then 
the LCSD does not need to be extracted. With every 20 soil/waste samples 
extracted there must be a MBLK, LCS and MS/MSD extracted as QC. 

12.2.6.1. Method 8270 stipulates that 11 compounds are to be used for the MS 
and the MSD. The LCS and LCSD will also use these 11 compounds. 
They are 4-ch1oro-3-methylphenol, 2-Chlorophenol, 4-Nitrophenol, 
Pentachlorophenol, Phenol, Acenapthene, 1 ,4-Dichlorobenzene, 2,4-
Dinitrotoluene, N-Nitrosodi-n-propylamine, Pyrene and 1,2,4-
Trichlorobenzene. 

12.2.6.2. The selected samples used forMS, MSD and DUP shall be rotated 
among client samples at random so that various matrix problems may 
be noted and/or addressed. 

12.2.6.3. Control limits for MBLK, MS, MSD, DUP and LCS are established at 
least once every year using the average limits of previous MBLK, MS, 
MSD, DUP and LCS from all instruments. These can be updated in the 
LIMS. Only the Quality Control Officer or the Semi-Volatiles 
Manager can update these limits. 

12.2.6.4. The LCS and LCSD also have criteria for% recovery. Standard 
HEAL criteria for passing are+/- 30% of expected recovery. Again, 
this is based on an average ofthe 11 spiking compounds listed in 
8270C. They are typically between 70-130 percent of the amount shot 
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on the instrument. The QA Officer or the Semi-VOA Manager can 
update these in the LIMS. 

12.2.6.5. For tests that have not been control charted the RPD limits have been 
defaulted to 20 for the LCSD and MSD. 

12.2.6.6. The current control charted limits are listed in the LIMS under test 
information and can be reviewed at any time by trained analysts and 
data reviewers. The formulas and procedure used to generate control 
chart limits are available in the QAP. 

12.3. To establish the ability to generate acceptable accuracy and precision, the analyst 
must perform the following operations. 

12.3.1. Four Blank Spike/Blank Spike Duplicates are analyzed according to the 
method. 

12.3.2. Calculate the average recovery (x) in f.!g!L, and the standard deviation of the 
recovery in f.!g/L, for each analyte using the results. 

12.3.3. DOCs are being evaluated against control limits that are generated by the 
LIMS. 

12.3.4. When one or more of the analytes tested are not within these limits, the 
analyst must proceed according to Sec. 12.5 

12.3.5. Beginning with Sec. 12.5.1, repeat the test only for those analytes that are not 
comparable. Repeated failure, however, will confirm a general problem with 
the measurement system. If this occurs, locate and correct the source of the 
problem and repeat the test for all compounds of interest beginning with Sec. 
12.5.1. 

12.3.6. All analysts must meet an annual demonstration of continued proficiency: 
See the QAP for complete details. 

12.4. For aqueous and soil matrices, laboratory established surrogate control limits 
should be compared with the control limits which are located in the LIMS. 

12.5. If recovery is not within limits, the following procedures are required. 

12.5.1. Check to be sure that there are no errors in the calculations, surrogate 
solutions or internal standards. If errors are found, recalculate the data 
accordingly. 
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12.5.2. Check instrument performance. If an instrument performance problem is 
identified, correct the problem and re-analyze the sample. 

12.5.3. If no problem is found, re-extract and re-analyze. 

12.5.4. If, upon re-analysis, the recovery is again not within limits, flag the data as 
"estimated concentration". 

12.5.5. At a minimum surrogate recovery limits are updated on a matrix-by matrix 
basis, annually. 

12.6. Detection Levels 

12.6.1. Current practices at HEAL define the detection level as the smallest 
amount that can be detected above the noise in a procedure and within a 
stated confidence level. We presently utilize an instrument detection level 
(IDL), a method detection level (MDL) and a practical quantitation limit 
(PQL). The relationship between these levels is approximately IDL: MDL: 
PQL=1:5:10. 

The IDL is the constituent concentration that when injected produces a 
signal sufficiently large that 99% of the trials with that amount will 
produce a detectable signal. The IDL is used to determine the analyte 
concentration in an extract needed to produce a signal to permit 
calculations. 

The MDL (see table 2 in Method 8270C) differs from the IDL in that 
samples containing the constituent of interest are processed through the 
complete analytical method. The MDL is different than the IDL because 
of extraction efficiency and extract concentration factors. The MDL is 
achieved by a well-trained analyst operating a well-calibrated instrument 
on a non-routine basis (Annually or semi-annually). First add reagent 
water or the matrix of interest, to make a concentration two to five times 
higher than the IDL. Prepare and analyze seven replicates of this solution. 
Include all sample-processing steps in the determination. Calculate the 

sample standard deviation (s) of the replicate measurements. The method 
detection limit (MDL) can be calculated according to the formula: 

MDL= s * t(99%) 

t(99%) is the student's t value for the 99% confidence interval. It depends 
on the number of trials used in calculating the sample standard deviation, 
so choose the appropriate value according to the number of trials. 
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Number of Trials t(99%) 
7 3.143 
8 2.998 
9 2.896 
10 2.821 

Formulas for the MDL and standard deviation can be found in the HEAL 
QAP section 9.0. 

The PQL is significant because different laboratories will produce 
different MDLs even though using the same analytical procedures, 
instruments and sample matrices. The PQL is about five times the MDL 
and represents a practical and routinely achievable detection level with a 
relatively good certainty that any reported value is reliable. 

When a compound is above the instrument calibration range, there are two 
options for an analyst. First, reanalyze the sample in order to bring it 
within the instruments calibration range. Or if there is not enough sample 
to reanalyze, then the data will be flagged for that compound. An 
explanation should also be written into the LIMS so the Project Manager 
can explain the Flagged data to the client. 

If mdl' s are not performed "J" flags may not be used and HEAL will not 
report below the PQL of the instrument. Since TCLP samples are never 
reported below the TCLP limit and the instrument can see far below these 
limits, mdl' s for TCLP will not be performed. 

12.7. Corrective actions are to be made for out-of-control data. 

12.7.1. The limits that have been defined for data acceptability also form the basis 
for corrective action initiation. Initiation of corrective action occurs when 
the data generated from spikes and sample duplicates exceeds the 99 % 
confidence interval. If corrective action is necessary, the analyst will take 
the following steps to determine and correct the measurement system 
deficiency: 

12.7.2. Check all calculations and measurements data (standardization, 
calibration, concentrations, instrument stability, etc.) 
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12.7.3. Check equipment to ensure that components are functioning properly. 

12.7.4. Check reagents (age, preparation, concentrations, etc.) 

12.7.5. Assure that proper procedures were followed. 

12.7.6. Reanalyze all samples run in conjunction with the duplicate and/or spike. 

12.7.7. In the case that a sample is treated differently than is in the documented 
procedure, a corrective action report will be filed explaining the reason. 

12.7.8. If deficiency continues, consult with the appropriate senior staff member. 

12.7. 9. A second mechanism for initiation of corrective action is that resulting 
from Quality Assurance activities concerned with performance audits, 
system audits, inter and intra-laboratory comparison studies. Corrective 
Actions initiated through this mechanism will be monitored and 
coordinated by the laboratory QA officer. 

13.0 Calculations 

13.1. Aqueous samples: 

13.1.1. The result from the chromatogram (ug/mL) is multiplied by the final volume 
(lml), and then divided by initial volume (500mL) and then multiplied by 
1 OOOmL. If a dilution was needed for the sample or specific analyte, multiply 
this number by the dilution factor. This result is the calculated final result. The 
result is in ppb (ug/L). 

13.1.1.1. Example: lOug/mL xlml x 1000mL/1L/500mL = 20ug/L 

13.2. Soil/Chemical waste samples 

13.2.1. The result from the chromatogram (ug/mL), is multiplied by the final volume 
( 1 mL ), and then divided by the initial weight (20g), 30g if using Soxhlet. If a 
dilution was needed for the sample or an individual analyte, multiply the 
resulting number by the dilution factor. This result is the calculated final 
result given in ppm (mg/kg). 
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13.2.2. Example: IOug/mL x lmll 20g = 0.50 mg/kg 

13.3. Estimation ofUncertainty 
13.3 .1. Estimation of measurement uncertainty is to be conducted on an annual basis. 
13.3.2. Collect, at least, 20 of the most recent LCS data points. Calculated the 

standard deviation (s) and the average of all the readings. Calculate the 95% 
confidence interval (2 times the standard deviation). Report the estimated 
uncertainty as +/-2(s). Uncertainty data is kept on file in the method folders 
in the quality control office. 

13.3.3. Calculate standard deviation (s) and 95% confidence interval according to 
the following formulae: 

s~pJx-x)' 
(n-1) 

Where: s = standard deviation 
x = number in series 
.X = calculated mean of series 
n = number of samples taken 

95% confidence = 2 x s 

14.0 Pollution Prevention 

14.1. The Accelerated Solvent Extractor (ASE) should be used when possible to 
reduce the amount of solvent used for soil extractions. 

15.0 Waste Management 

15 .1. After analysis, all samples vials (I L Amber bottles, Soil jars etc.) standard 
vials, solvent waste etc. will be disposed of according to the HEAL Chemical 
Hygiene Plan. 

15.2. As for pollution prevention, HEAL is committed to maintain the utmost care in 
disposing of our waste. HEAL is certified by the City of Albuquerque once a 
year on our procedures for waste disposal and pollution prevention. This is 
detailed in the HEAL Chemical Hygiene Plan. 
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16.0 References 

16.1. U.S. EPA Method SW-846 8270C, Revision 3, December 1996. 

16.2. Quality Assurance Plan, Hall Environmental Analysis Laboratory. 

16.3. Chemical Hygiene Plan, Hall Environmental Analysis Laboratory. 

16.4. Determinative Chromatographic Separations, US EPA 8000C, March, 2003. 

16.5. HEAL SOP S-3540C-5: Soxhlet extraction for soil analysis. 

16.6. HEAL SOP S-3545: Pressurized Fluid Extraction for soil analysis. 

16.7. HEAL SOP S-3510C-5: Separatory funnel liquid/liquid extraction. 

16.8. Method 3500B Organic extraction and sample preparation. 

16.9. Method 3540C, Soxhlet Extraction. 

16.1 0. Method 3545, Pressurized Fluid Extraction. 

16.11. Method 351 OC, Separatory funnel liquid/liquid extraction. 

16.12. Method 3600C, Cleanup. 

16.13. Table 2 Method 525 tunin criteria 
Mass Ion Abundance Criteria 

51 10-80% of mass 198 
68 < 2% of mass 69 
69 present 
70 Less than 2% of m/z 69 
127 10 to 80% of base peak(198) 
197 < 2% of mass 198 
198 Base peak or >50% of m/z 442 
199 5-9% of mass 198 
275 10-60% of mass 198 
365 > 1% ofmass 198 
441 441 Present but less than mass 443 
442 > 50% of mass 198 
443 15-24% of mass 442 
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16.14. Table 3 Estimated Retention Times and corresponding Internal Standard for 
each compound reported. 

Estimated 
RT IS 

2.56 
2.592 
3.694 
4.747 
4.766 
4.B21 
4.B76 
4.965 
5.159 
5.235 X 
5.256 

5.42 
5.464 
5.566 
5.5B1 
5.767 
5.785 
5.919 
6.011 
6.037 
6.356 
6.495 
6.549 
6.722 
6.691 
6.B61 
6.967 
7.052 X 
7.0B4 
7.191 
7.252 
7.961 
B.151 
B.3B3 
B.605 
B.674 
B.735 
B.924 
9.126 
9.392 
9.503 

Compound ID IS Reference 
N-nitrosodimethylamine 1 ,4-Dichlorobenzene-d4 
Pyridine 1 ,4-Dichlorobenzene-d4 
2-Fiuorophenol 1 ,4-Dichlorobenzene-d4 
Phenol-d5 1 ,4-Dichlorobenzene-d4 
Phenol 1 ,4-Dichlorobenzene-d4 
Aniline 1 ,4-Dichlorobenzene-d4 
Bis(2-chloroethyl)ether 1 ,4-Dichlorobenzene-d4 
2-Chlorophenol 1 ,4-Dichlorobenzene-d4 
1 ,3-Dichlorobenzene 1 ,4-Dichlorobenzene-d4 
1 ,4-Dichlorobenzene-d4 
1 A-Dichlorobenzene 1 ,4-Dichlorobenzene-d4 
Benzyl alcohol 1 ,4-Dichlorobenzene-d4 
1 ,2-Dichlorobenzene 1 ,4-Dichlorobenzene-d4 
2-Methylphenol 1 ,4-Dichlorobenzene-d4 
Bis(2-chloroisopropyl)ether 1 ,4-Dichlorobenzene-d4 
N-Nitrosodi-n-propylamine 1 ,4-Dichlorobenzene-d4 
3+4-Methylphenol 1 ,4-Dichlorobenzene-d4 
Hexachloroethane 1 ,4-Dichlorobenzene-d4 
Nitrobenzene-d5 1 ,4-Dichlorobenzene-d4 
Nitrobenzene 1 ,4-Dichlorobenzene-d4 
lsophorone 1 ,4-Dichlorobenzene-d4 
2-Nitrophenol 1 ,4-Dichlorobenzene-d4 
2,4-Dimethylphenol 1 ,4-Dichlorobenzene-d4 
Benzoic acid 1 ,4-Dichlorobenzene-d4 
Bis(2-chloroeth~xy)methane 1 ,4-Dichlorobenzene-d4 
2,4-Dichlorophenol 1 ,4-Dichlorobenzene-d4 
1 ,2,4-Trichlorobenzene Naphthalene-dB (I.S) 
Naphthalene-dB (I.S) 
Naphthalene Na_phthalene-dB (I.S~ 
4-Chloroaniline Naphthalene-dB (I.S) 
Hexachlorobutadiene Naphthalene-dB (I.S) 
4-Chloro-3-methylphenol Naphthalene-dB (I.S) 
2-Methylnaphthalene Naphthalene-dB (I.S) 
Hexachlorocyclopentadiene Naphthalene-dB (I.S) 
2,4,6-Trichlorophenol Naphthalene-dB (I.S) 
2,4,5-Trich lorophenol Na_phthalene-dB (I.Sj 
2-Fiuorobiphenyl Naphthalene-dB (I.S) 
2-Chloronaphthalene Naphthalene-dB (I.S) 
2-Nitroaniline Naphthalene-dB (I.S) 
Dimethyl phthalate N~hthalene-d8 (I.Sl 
2,6-Dinitrotoluene Naphthalene-dB (I.S) 
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9.579 
9.787 
9.804 X 
9.855 
9.983 

10.133 
10.14 

10.152 
10.521 
10.681 
10.686 
10.771 
10.796 
10.892 
10.941 
11.076 
11.473 
11.555 
11.903 
12.183 X 
12.224 
12.306 
12.602 
13.149 
14.177 
14.456 
14.556 
14.832 
15.669 
16.598 

16.6 
16.619 X 
16.622 
16.664 
17.683 
18.358 
18.406 
18.938 
19.048 X 
21.299 
21.341 
21.985 

Acenaphthylene Acenaphthene-d10 (I.S) 
3-N itroan iIi ne Acenaphthene-d10 (I.S) 
Acenaphthene-d1 0 (I.S) 
Acenaphthene Acenaphthene-d1 0 (I.S) 
2,4-Dinitrophenol Acenaphthene-d1 0 (I.S) 
Dibenzofuran Acenaphthene-d1 0 (I.S) 
4-Nitrophenol Acenaphthene-d1 0 (I.S) 
2,4-Dinitrotoluene Acenaphthene-d1 0 (I.S) 
Diethyl phthalate Acenaphthene-d1 0 (I.S) 
Fluorene Acenaphthene-d1 0 (I.S) 
4-Chlorophenyl phenyl ether Acenaphthene-d1 0 (I.S) 
4-Nitroaniline Acenaphthene-d1 0 (I.S) 
4,6-Dinitro-2-methylphenol Acenaphthene-d 1 0 (I. S) 
N-Nitrosodiphenylamine Acenaphthene-d1 0 (I.S) 
Azobenzene Acenaphthene-d1 0 (I.S) 
2,4,6-Tribromophenol Acenaphthene-d1 0 (I.S) 
4-Bromophenyl phenyl ether Phenanthrene-d1 0 
Hexachlorobenzene Phenanthrene-d1 0 
Pentachlorophenol Phenanthrene-d1 0 
Phenanthrene-d1 0 
Phenanthrene Phenanthrene-d1 0 
Anthracene Phenanthrene-d1 0 
Carbazole Phenanthrene-d1 0 
Di-n-butyl phthalate Phenanthrene-d1 0 
Fluoranthene Phenanthrene-d1 0 
Benzidine Phenanthrene-d1 0 
Pyrene Chrysene-d12 I.S 
4-Terphenyl-d 14 Chrysene-d12 I.S 
Butyl benzyl phthalate Chrvsene-d12 I.S 
3,3'-Dichlorobenzidine Chrysene-d12 I.S 
Benz[a]anthracene Chrysene-d12 I.S 
Chrysene-d12 I.S Chrysene-d12 I.S 
Bis(2-ethylhexyl)phthalate Perylene-d12 I.S 
Chrysene Chrysene-d12 I.S 
Di-n-octyl phthalate Perylene-d12 I.S 
Benzo(b )fluoranthene Perylene-d12 I.S 
Benzo[k]fluoranthene Perylene-d12 I.S 
Benzo[a]pyrene Perylene-d12 I.S 
Perylene-d12 I.S 
lndeno[1 ,2,3-cd]pyrene Perylene-d12 I.S 
Di benz[ a, h ]anthracene Perylene-d12 I.S 
Benzo[g,h,i]perylene Perylene-d12 I.S 
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Appendix A 

IZ70C 
Calibration Summary 

lnsbumant ________________________ __ o .. : _____________ _ 
Callbntlon Name: ___________ _ 

AD*tt 
N-nltrosodlmethylamlne 
Pyridine 
2-Auorophenol 
Phenol-d5 
Phenol 
Aniline 
818(2-chloroethyl)ether 
2-Chlorophenol 
1,3-Dlchlorobenzene 
1 ,4-Dichlorobenzene 
Benzyl alcohol 
1,2-Diohlorobenzene 
2-Mathylphenol 
Bla(2-chlorolsopropyl)ether 
3+4-Methylphenol 
N-Nitroaodl-n-propylamine 
Hexachloroethane 
Nitrobenzene-d5 
Nitrobenzene 
laophorone 
2-Nitrophenol 
2,4-Dimethylphenol 
Benzoic acid 
818(2-chloroethoxy)rnethane 
2,4-Dichlorophenol 
1,2,4-Trtchlorobenzene 
Naphthalene 
4-Chloroaniline 
Hexachlorobutadlene 
4-Chloro-3-methylphenol 
2-Methylnaphthalene 
1-Methylnaphthalana 
Hexachlorocyclopentadiene 
2,4,6-Trlchlorophenol 
2,4,5-Trlchlorophanol 
2-Fiuoroblphenyl 
2-Chloronaphthalene 
2-Nitroanillne 
Dimethyl phthalate 
2,6-Dinltrotoluene 
Acenaphthylene 
3-Nitroanlllne 
Acenaphthene 
2,4-Dinitrophenol 
4-Nitrophenol 
Dlbenzofuran 

ICY 
P•a FeU 

0 0 
0 D 

N/A N/A 
NIA N/A 

0 D 

0 D 

D D 
D 0 

D D 

D 0 

D D 
D D 
D 0 

[J rJ 

tJ 0 
[] 0 

o n 
N/A N/A 

0 D 

D D 
D 0 

Cl D 

D D 

0 D 

D 0 

0 0 

0 D 

0 0 

D 0 

D D 
D 0 

D 0 

CJ [] 

D 0 

[] IJ 

N/A NIA 
0 0 

o n 
0 [) 

[] [] 

[) 0 

0 0 
o n 
0 0 

0 D 

0 D 

Callbntlon Curve 
Polnta Removed 
Yes No 

D 0 

0 0 

0 0 

0 0 
0 D 

0 0 

D 0 
0 [] 

0 D 

0 [] 

0 0 

0 0 

0 [] 

0 0 

0 0 

IJ D 

IJ 0 

0 0 

0 [) 

0 [] 

0 0 

0 0 

o n 
0 0 

0 0 

0 0 

0 u 
[] 0 

0 u 
0 0 
0 [I 

0 0 

c 0 

D Cl 

D 0 

0 0 

0 D 

0 0 

0 D 

D 0 
0 0 

D D 

0 0 

D D 

D 0 
D Cl 
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I 
A.!:!l.!m 

2,4-0initrotoluene 
Dlethyl phthalate 
4-Chlorophenyl phenyl ether 
Fluorene 
4-Nitroanlftne 
4,6-0initro-2-methylphenol 
N-Nttrosodlphenylamlne 
Azobenzena 
2,4,6-Trlbromophenol 
4-Bromophenyl phenyl ether 
Hexachlorobenzene 
Pentachloropheflol 
Anthracene 
Carbazole 
DI-n-butyl phthalate 
Auoranthene 
Benzidine 
Pyrane 
4-Terphenyk114 
Butyl benzyl phthalate 
3,3'-Dichlorobenztdlne 
Benz(a)anthracene 
Bls(2-elhylhexyl)phthalate 
Chrysene 
01-n-octyl phthalate 
Benzo(b)ftuoranthene 
Benzo(k)ftuoranthene 
Benzo(a)pyrene 
lndeno[1,2,3-cd)pyrene 
Dlbenz(a,h]anthracene 
Benzo(g,h,l)perylana 

Analyat: 

QA: 

Additional Comments: 

8270C 
Calibration Summary 

Calibration Curve 
ICV Polnta Removed , ... Fall v .. No 

0 0 0 0 

0 u 0 0 

0 0 0 0 

c D c c 
D c D 0 

0 0 0 0 

u c c 0 

0 0 0 0 

N/A NIA [J 0 

c 0 c 0 

0 0 0 rJ 
0 0 0 0 
0 c 0 0 

u 0 0 0 

0 c 0 0 

0 0 u 0 

0 0 0 0 

[] [] 0 [] 

NIA N/A 0 0 

0 0 [] D 

0 [] (J 0 

c 0 0 0 
[] 0 n 0 

0 D [] 0 

[] 0 0 0 

0 [] 0 IJ 

[] 0 0 0 

D 0 D D 

u 0 D D 

[] 0 [] 0 

0 0 n 0 
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Common Name: 
EPA Method 82608 

Method: 

Hall Environmental 
Analysis Laboratory 

S.O.P. Number: 
8~8260-10 

Standard Operating Procedure for the determination of Volatile Organic Compounds by Gas 
Chromatography/ Mass Spectrometry (GC.MS): Capillary Column Technique 

Effective Date: 
26 August 2011 

Laboratory Manager: 

1.0 Scope and Application 

Supersedes: 
8~260~9 

Quality Assurance/Quality Control Officer: 

1.1 Method 82608 is used to determine the concentration of volatile organic compounds in aqueous, 
non~aqueous, solids, chemical waste and air/emission samples. The following compounds can be 
determined by this method: 

Compound Name 

Acetone 
AoeiDnilrile 
Acrolein (Propenal) 
Acrylonitrile 
Allyl alcohol 
Allyl chloride 
Benzene 
Benzyl chloride 
Bromoacetone 
Bromocllloromelhane 
Bromodlchloromethane 
4-Bromofluorobenzene (surr.) 
Bromoform 
Bromomethane 
n-Butanol 
2-Butanone (MEK) 
Carbon DisUfide 
carbon tetrachloride 
Chloral hydrate 

a 
CAS No. 

67-64-1 
7~ 

107-02-8 
107-13-1 
107-18·6 
107-05-1 
71-43-2 

100-44-7 
598-31-2 
74-97-5 
75-27-4 

460-0().4 
75-25-2 
74-83-9 
71-36-3 
78-93-3 
75-15-0 
56-23-5 

302-17-0 

Appropriate Technique 
Purge And Trap 

pp 
pp 
PP 
pp 
ht 
a 
a 
PP 
PP 
a 
a 
a 
a 
a 
ht 
pp 
pp 
a 
pp 
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a Appropriate Technique 
ComQound Name CAS No. Purge And Tra12 

Chlorobenzene 108-90-7 a 
2-Chloro-1 ,3-butadiene 126-99-8 a 
Chlorodibromomethane 124-48-1 a 
Chloroethane 75-00-3 a 
2-Chloroethanol 107-07-03 pp 
bis-(2-Chloroethyl)sulfide 505-60-2 pp 
2-Chloroethylvinyl ether 110-75-8 a 
Chloroform 67-66-3 a 
Chloromethane 74-87-3 a 
Chloroprene 126-99-8 a 
3-Chloroproprene 107-05-1 a 
3-Chloropropionitrile 542-76-7 
1 ,2-Dibromo-3-chloropropane 96-12-8 pp 
1 ,2-Dibromoethane 106-93-4 a 
Dibromomethane 74-95-3 a 
1 ,2-Dichlorobenzene 95-50-1 a 
1 ,3-Dichlorobenzene 541-73-1 a 
1 A-Dichlorobenzene 106-46-7 a 
cis-1 ,4-Dichloro-2-butene 1476-11-5 a 
trans-1 ,4-Dichloro-2-butene 110-57-6 pp 
Dichlorodifluoromethane 75-71-8 a 
1, 1-Dichloroethane 75-34-3 a 
1 ,2-Dichloroethane 107-06-2 a 
1, 1-Dichloroethene 75-35-4 a 
cis-1 ,2-Dichloroethene 156-59-2 a 
trans-1 ,2-Dichloroethene 156-60-5 a 
1 ,2-Di chloropropane 78-87-5 a 
1 ,3-Dichloro-2-propanol 96-23-1 pp 
cis-1 ,3-Dichloropropene 10061-01-5 a 
trans-1 ,3-Dichloropropene 10061-02-6 a 
1 ,2,3,4-Diepoxybutane 1464-53-5 a 
Diethyl ether 60-29-7 a 
1 ,4-Dioxane 123-91-1 pp 
Epichlorohydrin 106-89-8 
Ethanol 64-17-5 
Ethyl acetate 141-78-6 i 
Ethyl benzene 100-41-4 a 
Ethylene oxide 75-21-8 pp 
Ethyl methacrylate 97-63-2 a 
Hexachlorobutadiene 87-68-3 a 
Hexachloroethane 67-72-1 
2-Hexanone 591-78-6 pp 
lodomethane 74-88-4 a 
Isobutyl alcohol 78-83-1 pp 
lsopropylbenzene 98-82-8 a 
Malononitrile 109-77-3 pp 
Methacrylonitrile 126-98-7 pp 
Methanol 67-56-1 

a Appropriate Technique 
ComQound Name CAS No. Purge And T ra12 
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Methylene chloride 75-09-2 a 
Methyl methacrylate 80-62-6 a 
4-Methyl-2-pentanone (MIBK) 108-10-1 pp 
Naphthalene 91-20-3 a 
Nitrobenzene 98-95-3 a 
2-Nitropropane 79-46-9 a 
Pentachloroethane 76-01-7 
2-Picoline 109-06-8 pp 
Propionitrile (ethyl cyanide) 107-12-0 ht 
n-Propylamine 107-10-8 a 
Pyridine 110-86-1 i 
Styrene 100-42-5 a 
1, 1, 1,2-Tetrachloroethane 630-20-6 a 
1,1 ,2,2-Tetrachloroethane 79-34-5 a 
T etrachloroethene 127-18-4 a 
Toluene 108-88-3 a 
1 ,2,4-T richlorobenzene 120-82-1 a 
1, 1, 1-Trichloroethane 71-55-6 a 
1,1 ,2-Trichloroethane 79-00-5 a 
T richloroethene 79-01-6 a 
Trichlorofluoromethane 75-69-4 a 
1 ,2,3-T richloropropane 96-18-4 a 
Vinyl Acetate 108-05-4 a 
Vinyl Chloride 75-01-4 a 
m-Xylene 95-47-6 a 
p-Xylene 108-38-3 a 
o-Xylene 106-42-3 a 
1 ,3,5-Trimethylbenzene 108-64-8 a 
1 ,2,4-T rimethylbenzene 95-63-6 a 

a indicates adequate response using this technique. 
ht indicates method analyte only when purged at 80°C. 

indicates inappropriate technique for this analyte. 
pp indicates poor purging efficiency, resulting in high EQLs. 
surr surrogate 
*This compound list is from the method, some analytes may still be analyzed and reported using this SOP even when the list marks 
them as "ht". 

1.2 Method 82608 can be used to quantitate most volatile organic compounds that have boiling points 
below 200u C and that are insoluble or slightly soluble in water. Volatile water-soluble compounds can 
be included in this analytical technique. However, for the more soluble compounds, quantitation 
limits are approximately ten times higher because of poor purging efficiency. Such compounds 
include low-molecular-weight halogenated hydrocarbons, aromatics, ketones, nitriles, acetates, 
acrylates, ethers, and sulfides. See Table 4 for a list of compounds and their characteristic ions that 
have been evaluated on the purge-and-trap GC/MS system. 
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The following analytes are also amenable to analysis by Method 8260: 

8romobenzene 
n-8utylbenzene 
sec-8utylbenzene 
tert-8utylbenzene 
1-Chlorobutane 
1 ,3-Dichloropropane 
2,2-Dichloropropane 
1, 1-Dichloropropane 
p-lsopropyltoluene 
Methyl acrylate 
1 ,3,5-Trimethylbenzene 

1-Chlorohexane 
2-Chlorotoluene 
4-Chlorotoluene 
Chloroaceton itrile 
cis-1 ,2-Dichloroethene 
Methyl-tert-butyl ether (MT8E) 
Pentafluorobenzene 
n-Propylbenzene 
1 ,2,3-Trichlorobenzene 
1 ,2,4-Trimethylbenzene 

1.3 The practical quantitation limit (PQL) of Method 8260 for determining an individual compound is 
somewhat instrument dependent. Low limits may be achieved using an ion trap mass spectrometer. 
No matter which instrument is used, POLs will be proportionately higher for sample extracts and 

samples that require dilution or reduced sample size to avoid saturation of the detector. Current PQL 
for 8260 analytes reported by Hall Environmental can be found in the LIMS. 

1.4 Method 8260 is based upon a purge-and-trap, gas chromatographic/mass spectrometric (GC/MS) 
procedure. This method is restricted to use by, or under the supervision of analysts experienced in 
the use of purge-and-trap systems and gas chromatography/mass spectrometers, and skilled in the 
interpretation of mass spectra and their use as a quantitative tool. Each analyst must demonstrate 
the ability to generate acceptable results with this method. Each analyst must establish a 
Demonstration of Capability (DOC) in accordance with the HEAL QA Plan prior to the analysis of 
client samples. 

2.0 Summary of Method 

2.1 The volatile compounds are introduced into the gas chromatograph by the current S-50308. Purged 
sample components are trapped in a Vocarb 3000 trap. When purging is complete, the trap is 
heated and back-flushed with helium to desorb the sample components. The analytes are desorbed 
directly to a capillary column for analysis. The column is temperature programmed to separate the 
analytes which are then detected with a mass spectrometer (MS) interfaced to the gas 
chromatograph (GC). 

2.2 For solids and/or soils, a portion of the sample is dispersed in organic free methanol to dissolve the 
volatile organic constituents in accordance with the current S-5035. A portion of the methanol is 
combined with organic-free reagent water in the autosampler vial. It is then analyzed by purge-and
trap GC/MS in accordance with the current S-50308. 
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2.3 Analytes eluted from the capillary column are introduced directly into the mass spectrometer. 
Identification of target analytes is accomplished by comparing their mass spectra with the electron 
impact (or electron impact-like) spectra of authentic standards. Quantitation is done by comparing 
the response of a base (quantitation) ion relative to an internal standard with a minimum five-point 
calibration curve. 

3.0 Safety 

3.1 Some of the compounds that are used are known carcinogens, mutagens, and or teratogens. So 
the utmost care must be used in handling the neat Volatile compounds and the mixes made from 
them. At a minimum, latex gloves, a lab coat, and safety glasses must be worn to avoid any 
unnecessary contact. Any handling of the open containers of neat compounds must be done in a 
fume hood to avoid unnecessary exposure. 

3.1.1 Working standards also need to be handled with care. When handling them you need 
at a minimum to wear latex gloves, safety glasses and a lab coat. 

3.2 Latex gloves, lab coat, and safety glasses must be worn when handling solvents. Extractions 
can only be done if more than one person is in the same area as the person doing the extract. 

4.0 Definitions 

4.1 Continuing Calibration Verification (CCV)- standard from the same source as the curve used to 
check the stability of the instrument. 

4.2 Laboratory Control Spike (LCS) -laboratory fortified blank at 20ppb. 
4.3 Laboratory Control Spike Duplicate (LCSD) - laboratory fortified blank duplicate at 20ppb. 
4.4 Initial Calibration Verification (ICV) -second source standard used to verify the calibration at 

20ppb. 
4.5 Matrix Spike (MS) -laboratory fortified sample at 20ppb. 
4.6 Matrix Spike Duplicate (MSD) -laboratory fortified sample duplicate at 20ppb. 
4.7 Method/ Reagent blank (MB or RB)- analyte-free matrix that is similar in nature to samples and 

analyzed in the same manner as a sample. 
4.8 Method Detection Limit (MDL) -the constituent concentration that when processed through the 

complete method, produces a signal with a 99% probability that it is different than the blank. 
4.9 Opening Standard- standard from the same source as the curve run at the beginning of a 

particular analysis day or batch run that is used to check the stability of the instrument. Same 
as the CCV. 

4.10 Practical Quantitation Limit (PQL) - represents the lowest concentration to practically and 
routinely report. 

4.11 Instrument Detection Level (IDL)- The IDL is the constituent concentration that when injected 
produces a signal sufficiently large that 99% of the trials with that amount will produce a 
detectable signal. The IDL is used to determine the analyte concentration in an extract needed 
to produce a signal to permit calculations. 

4.12 Sample Duplicate (DUP) -duplicate of sample. 
Effective Date: 8/26/2011 
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4.13 Surrogate - a particular compound that is used to determine the overall efficiency of the 
extraction process. 

4.14 Internal Standard- a compound that is like, but different from analyte(s) that is added to all 
injections. Signal from analyte is compared with signal from the internal standard to find out how 
much analyte is present. 

4.15 GC - gas chromatograph. 
4.16 MS- mass spectrometer 
4.17 Volatile Deli -sample storage refrigerator located in the Volatile laboratory along the west wall. 
4.18 Mid-range concentration -considered to be 20ppb. 
4.19 CCC -Calibration Check Compound. Compound that must be analyzed and recover within 

±20% of expected concentration. 
4.20 SPCC- System Performance Check Compound. Compound that must be analyzed and meet 

the minimum response factor. 
4.21 TB -Trip/travel blank. QC sample that travels from lab to field and back to lab to help in 

assessment of possible sources of contamination. 
4.22 r2 - The square of the sample correlation coefficient between the outcomes and their predicted 

values, or in the case of simple linear regression, between the outcome and the values being 
used for prediction. In such cases, the values vary from 0 to 1. 

4.23 Correlation Coefficient - Statistical measure of the interdependence or two or more random 
variables. The value indicates how much change in one variable is explained by a change in 
another. 

4.24 VSB - Volatile Storage Blank. QC sample that is used to assess sample storage area is free 
from contamination. 

5.0 Interferences 

5.1 Major contaminant sources are volatile materials in the laboratory and impurities in the inert purging 
gas and in the sorbent trap. The use of non-polytetrafluoroethylene (PTFE) thread sealants, plastic 
tubing, or flow controllers with rubber components should be avoided since such materials out-gas 
organic compounds which will be concentrated onto the trap during the purge operation. Routine 
analyses of MB's provide valuable information about the presence of contaminants. 

5.2 Interfering contamination may occur when a sample containing low concentrations of volatile organic 
compounds is analyzed immediately after a sample containing high concentrations of volatile organic 
compounds. After analysis of a sample containing high concentrations of volatile organic compounds, 
one or more MB should be analyzed to check for cross contamination. For samples containing large 
amounts of water soluble materials, suspended solids, high boiling point compounds or high 
concentrations of compounds being determined, it may be necessary to wash the purging device, rinse 
it with organic-free reagent water, and then dry the purging device in an oven at 1 05°C. In extreme 
situations, the whole purge and trap device may require dismantling and cleaning. 

5.2.1 It is important to not introduce surfactants to the sparge vessel. Avoid soap solutions to clean 
the sparge vessel. 
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5.3 Samples can be contaminated by diffusion of volatile organics (particularly fluorocarbons) through the 
septum seal into the sample during shipment and storage. A trip blank prepared from organic-free 
reagent water and carried through the sampling and handling protocol serves as a check on such 
contamination. 

5.4 When petroleum samples are analyzed, some chromatographic peaks will elute after the target 
analytes. The oven temperature program includes a post-target analysis bake out period to ensure that 
semi-volatile hydrocarbons are volatilized. 

5.5 Care must be given to avoid laboratory contamination. Methylene chloride is a common laboratory 
solvent which can be a source of contamination for volatile organic analysis. All volatile analysis and 
sample storage must take place in an area completely free of any solvents or fuels which may be 
potential candidates for determination by using this method. Any analyst that has come in contact with 
any potential target solvents must make certain that they spend a minimum of 5 minutes away from the 
Volatile laboratory. 

6.0 Apparatus and Reagents 

6.1 Purge and Trap concentrator as described in current 5030 SOP. 

6.2 GC/MS systems: 

6.2.1 VAL 

6.2.1.1 Varian CP3800 GC, equipped with a Varian 1177 injection port 

6.2.1.2 Varian Saturn 2000 Mass Spectrometer 

6.2.1.3 Varian Archon Autosampler 

6.2.1.4 Tekmar Stratum Purge and Trap concentrator 

6.2.1.5 MS Workstation Ver. 6.9 data system 

6.2.1.6 DB-VRX, 30m x0.25mm ID with 1.2um film thickness (or equivalent). 

6.2.2 THOR 

6.2.2.1 Varian CP3800, equipped with a Varian 1079 injection port. 

6.2.2.2 Varian Saturn 2000 Mass Spectrometer. 

6.2.2.3 Varian Archon Autosampler. 
6.2.2.4 Tekmar 3000 Purge and Trap concentrator. 
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6.2.2.5 MS Workstation Ver. 6.9 data system. 

6.2.2.6 08-VRX, 30m x0.25mm ID with 1.2um film thickness (or equivalent). 

6.2.3 NEPTUNE 

6.2.3.1 Varian CP3900, equipped with a Varian 1177 injection port. 

6.2.3.2 Varian Saturn 2100T Mass Spectrometer. 

6.2.3.3 Varian Archon Autosampler. 

6.2.3.4 Tekmar 3100 Purge and Trap concentrator. 

6.2.3.5 MS Workstation Ver. 6.9 data system. 

6.2.3.6 08-VRX, 30m x0.25mm ID with 1.2um film thickness (or equivalent). 

6.3 Syringes: 5-ml gas tight Luerlok glass syringe, 50-ml gas tight Luerlok glass syringe, 1 00-ml gas tight 
Luerlok glass syringe. 

6.4 Micro syringes: 1.0-1000 IlL (Class A) 

6.5 Analytical balance- capable of weighing to within 0.0001 g. 

6.6 Volumetric flask: Class A 1-100ml 

6. 7 Glass scintillation vials - 20ml, with Teflon lined screw-caps. 

6.8 Disposable pipettes- Pasteur. 

6.9 Spatula- Stainless steel. 

6.1 0 Organic-free reagent water - All references to water in this method refer to organic-free reagent 
water. 

6.11 Methanol (MeOH)- Purge and trap grade. 

6.12 Stock standard solutions- Stock solutions may be prepared from pure standard materials or 
purchased as certified solutions. Stock standards are usually at a concentration of 2000ppm. 

6.13 Working standards. Using stock standard solutions, prepare working standards in methanol, as 
needed, containing the compounds of interest. The working standards should be prepared at 
concentrations such that the aqueous calibration standards prepared in Sec. 9.3.1 will bracket the 
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concentrations found in real samples or should define the working range of the GC/MS system. 
Each standard contains all analyte~ for detection by this method that are reported by HEAL. 
Working standards should be stored with minimal headspace. The typical concentration of a 
working standard is 200ppm. 

6.14 Surrogate standards. All injections done in accordance with this SOP must have the necessary 
surrogates included. See Sec. 9.2.1 for instruction on surrogate preparation. 

6.15 Spiking standards (ICV/LCS). Spiking standards are prepared to include compounds that are 
representative of compounds which are being investigated. At a minimum the spiking standards must 
include 1, 1-dichloroethene, benzene, trichloroethene, toluene, and chlorobenzene. 

6.15.1 The LCS is used when spiking the minimum number of required compounds. 

6.15.2 The ICV is used when spiking additional compounds which are project specific or permit 
mandated compounds 

6.15.3 The spiking standards are prepared at a concentration of 20ppb. 

6.15.4 All analytes must be included in a spiking standard at least once every two years. 

6.16 Narrow range pH strips. Used to check the preservation pH of 1:1 HCI preserved samples. See 
Section 12.8.10 for a discussion of usage. 

7.0 Sample Collection, Preservation, Handling and Storage 

7.1 All samples for analysis using this SOP must be collected in the appropriate sample container. 
Aqueous samples must be collected in a 44ml VOA vial. Non-aqueous samples should be collected in 
accordance with the current S-5035. Ideally, no sample containers should have headspace. If sample 
containers have headspace this is notated on sample chain of custody or sample checklist. 

7.2 All samples should be kept above freezing and <6DC from time of collection to just prior to analysis. 

7.3 All aqueous samples are preserved with either HgCI2 or 1:1 HCL to maintain a sample pH <2. Samples 
preserved with 1:1 HCL are checked for preservation after sample analysis. There is no preservation 
check for samples preserved with HgCI2. 

7.4 All samples requiring analysis using this SOP must be stored in the Volatile Deli immediately after 
sample receipt. Samples must remain in the Volatile Deli until all associated volatile analyses are 
complete. 

7.5 EPA mandates the analysis of samples, using Method 82608, must be within 14 days of collection. 

7.6 All air samples are collected in 1 L Tedlar bags. The air samples are analyzed as soon as possible. 
Effective Date: 8/26/2011 
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8.0 Operating Conditions 

8.1 Operating parameters for the purge and trap concentrators are included in the current S-50308. 

8.2 Gas Chromatograph. 

8.2.1 General: 

8.2.1.1 Injector temperature: 2000-26ooc 

8.2.1.2 GC to MS transfer line temperature: 2000-26ooc 

8.2.2 Column parameters: 

8.2.2.1 Column flow: 1.0 to 1.5mUmin. 

8.2.2.2 Split ratio: instrument dependent 

8.2.2.3 Initial temperature: 40 to 600C 

8.2.2.4 Temperature program: instrument and column dependent. 

8.2.2.5 Final temperature: instrument and column dependent. 

8.3 Mass Spectrometer 

8.3.1 Mass range: 35 to 270 m/z 

8.3.2 Scan time: 0.7 sec/scan 

8.3.3 lon trap temperature: 1sooc 

9.0 Calibration Information 

9.1 Preparation of fresh working standards may be necessary when a comparison of CCV's with the 
calibration curve indicates a problem. The CCV's are prepared at concentrations such that they 
will bracket the concentrations found in real samples, defining the working range of the GC. Each 
standard will contain each analyte for detection by this method that is reported by HEAL. Working 
standards must be stored with minimal headspace in the freezer and checked frequently for signs 
of degradation or evaporation. 
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9.2 Surrogate and internal standards -The analyst monitors the performance of the analytical system 
and the effectiveness of the method in dealing with each sample matrix by spiking each sample, 
standard, and reagent water blank with surrogate halocarbons. The combination of toluene-dB, 4-
bromofluorobenzene, 1 ,2-dichloroethane-d4, and dibromofluoromethane is used to encompass the 
range of the temperature program used in this method. The internal standards are 
pentafluorobenzene, chlorobenzene-d5, and 1 ,4-dichlorobenzene-d4. Stock standard solutions are 
purchased, at a concentration of 2000 f.!g/ml for surrogates and 2000f.!g/ml for Internal Standards, in 
methanol. A mix prepared at 50f.!g/ml of this surrogate spiking solution is made approximately every 
other day in one of the standard reservoirs on the Archon. A 1 f.!L injection is performed by the Archon 
autosampler into every sample and reference standard analyzed. 

9.2.1 To prepare surrogate/ internal standard mix place the 3040ul of methanol into the clean Archon 
standard reservoir. Add 40ul of the 2000ppm surrogate standard to the methanol below the 
surface. Add SOuL of the 2000ppm internal standard to the methanol below the surface. This 
preparation yields a surrogate concentration of 25ppm and internal standard concentration of 
50ppm. 

9.3 Calibration standards - Prepare calibration standards in organic-free reagent water from the 
secondary dilution of the stock standards, at a minimum of five concentrations. One of the 
concentrations will be at a concentration at or below the PQL. The concentrations define the 
working range of the GCMS, which is typically from 2.0ng up to 500ng on the column (0.4ppb to 
100ppb). Each standard contains, at a minimum, all the analytes to be reported. The laboratory 
does not report a quantitative result for a target analyte that was not included in the calibration 
standards. 

(Raw ng on column I ml purged) = ppb 

9.4 Second source confirmation- A certified (true) second source from the same manufacturer or one 
from a different manufacturer than that used for calibration that is used to validate the initial 
calibration. This second source standard (ICV) is prepared the same way a CCV is and analyzed 
every time a new curve is analyzed and prior to sample analysis. 

9.5 All analysts receive training of standard preparation prior to being able to complete work 
unsupervised. This training will included all steps from beginning in LIMS with a unique identifier 
to bench preparation, storage, and technique. 

9.6 Each GC/MS system is hardware-tuned to meet the criteria in Table 3 for a 50ng injection or 
purging of 4-bromofluorobenzene. Analyses must not begin until these criteria are met. 

9.7 A set of at least five calibration standards, at varying concentrations, containing the method analytes is 
needed. One calibration standard contains each analyte at a concentration at or below the laboratory 
practical quantitation level (PQL) for that compound; the other calibration standards contain analytes at 
concentrations that define the working range of the GCMS. Calibration is done using the sample 
introduction technique discussed in the current SOP for 5030. 
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9.8 Tabulate the area response of the characteristic ions (see Table 4) against concentration for each 
compound and each internal standard. Calculate response factors (RF) for each compound relative to 
the nearest internal standard. Table 1 shows each compound with the corresponding internal 
standard. The RF is calculated as follows: 

where: 
Ax = Area of the characteristic ion for the compound being measured. 
Ais = Area of the characteristic ion for the specific internal standard. 
Cis= Concentration of the specific internal standard (ng/,....L). 
Cx = Concentration of the compound being measured (ng/f.!L). 

9.9 The average RF is calculated and recorded for each compound using the minimum five RF values 
calculated for each compound from the initial minimum (5-point) calibration curve. A system 
performance check is performed to ensure that minimum average RFs are met before the calibration 
curve is used. Five compounds (the System Performance Check Compounds, or SPCCs) are 
checked for a minimum average relative response factor. These compounds are chloromethane; 1,1-
dichloroethane; bromoform; 1,1 ,2,2-tetrachloroethane; and chlorobenzene. These compounds are 
used to check compound instability and to check for degradation caused by contaminated lines or 
active sites in the system. Examples of these occurrences are: 

9.9.1 Chloromethane - This compound is the most likely compound to be lost if the purge flow is too 
fast. 

9.9.2 Bromoform - This compound is one of the compounds most likely to be purged very poorly if the 
purge flow is too slow. Cold spots and/or active sites in the transfer lines may adversely affect 
response. Response of the quantitation ion (m/z 173) is directly affected by the tuning of BFB at 
ions m/z 174/176. Increasing the m/z 174/176 ratio relative to m/z 95 may improve bromoform 
response. 

9.9.3 Tetrachloroethane and 1, 1-dichloroethane -These compounds are degraded by contaminated 
transfer lines in purge-and-trap systems and or active sites in trapping materials. 

9.10 Using the RFs from the initial calibration calculate and record the percent relative standard deviation 
(%RSO) for all compounds. The percent RSO is calculated as follows: 

where: 

%RSO =SO I avgRF * 100 

RSO = relative standard deviation. 
avgRF = mean of the 5 initial RFs for a compound. 
SO= standard deviation of average RFs for a compound. 
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where: 

SD= ~L. (RFi-RF)2/n-1 

i=1 

Rfi = RF for each of the minimum of 5 calibration levels. 
N =number of RF values (i.e., 5) 

The percent relative standard deviation should be less than 15% for each 
compound when using an average response factor calibration. However, the 
%RSD for each individual Calibration Check Compound (CCC's) must be less 
than 30%. The CCC's are: 

1, 1-Dichloroethene, 
Chloroform, 
1 ,2-Dichloropropane, 
Toluene, 
Ethylbenzene, and 
Vinyl chloride. 

9.1 0.1 If the %RSD of any of CCC is 30% or greater, then corrective action to eliminate a system leak 
and/or column reactive sites is required before re-attempting calibration. 

9.11 Linearity- If the %RSD of any compound is 15% or less, then the relative response factor is assumed 
to be consistent over the calibration range, and the average response factor may be used for 
quantitation. 

9.11.1 If the %RSD of any compound is greater than 15%, construct calibration curves of area ratio 
(A/Ais) versus concentration using first order regression fit ofthe five calibration points. 

9.11.2 To use an average response factor calibration the software is adjusted to derive correct 
calculations. First the %RSD for the compound must be S15%. Select force through zero and 
change the weighting option to 1/x2. While this calibration scheme is not currently employed, it 
is available for use. Prior to using this scheme for quantitation of client samples, the scheme 
must be shown valid by either hand or spreadsheet calculation for each instrument where it is 
employed. This must be done only once. The data collected from this calculation will be kept 
on file in the QAO office in the method file. 

9.12 The use of calibration curves is a recommended alternative to average response factor calibration, 
and a useful diagnostic of standard preparation accuracy and absorption activity in the 
chromatographic system. 
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9.12.1 Use of a linear regression calibration is typically used. Each calibration must consist of a 
minimum of 5 points for each analyte. The r2 value must be >0.99. The CCC compounds must 
still have a %RSD ::5:30%. 

9.12.2 The analyst should select the regression order which introduces the least error into the 
quantitation. A 2nd order linear regression requires a minimum of 6 calibration levels. The use 
of a 3rd order linear regression is prohibited. 

9.12.3 See EPA Method 80008 Section 11.5.2 for a discussion of linear regression fits and equations. 

9.13 If a calibration model shows that a particular concentration level does not fit, the analyst should follow 
the guidelines set forth in Method 80008 Section 11.5.5.2. 

9.13.1 Remove the calibration point in its entirety only if it is at an extreme end of the curve; i.e. the 
lowest or highest most concentration(s). The analyst must maintain the specified minimum 
calibration levels for the desired fit and can not report above the highest level being used. 

9.13.2 Re-analyze the point in duplicate and replace. The duplicate must recover within the stipulated 
% drift allowances stipulated for the CCV and ICV. 

9.13.3 Re-analyze the calibration in its entirety. 

9.14 The calibration curve is verified each 12 hour shift by a calibration standard (CCV). Recalibration is 
required if calibration and on-going performance criteria cannot be met. 

10.0 Extractions/Final Volumes. 

10.1 There are two SOP's that contain all the information for method 8260 extractions. 

1 0.1.1 The extraction criteria for non-aqueous samples are contained in the current S-5035. 

10.1.2 The TCLP extraction criteria are contained in the current S-TCLP. 

10.2 All non-aqueous samples are extracted in accordance with the current 5035SOP and analyzed in 
accordance with the current 5030SOP. 

10.3 All aqueous samples are introduced to the GCMS according to the current 5030SOP 

10.4 All air samples collected in Tedlar bags are introduced to the GCMS according to the current 
5030SOP. 
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10.5 See Appendix 1 at the end of this document for the procedure that details the analysis of 8260 
analytes in soil using the 50358 low level method. 

11.0 Analysis: Verification, Procedure and Interpretation 

11.1 GC/MS calibration verification. 

11.1.1 Prior to analysis of samples, purge 50ng of 4-bromofluorobenzene standard following the 
current 5030SOP. The resultant mass spectra for the BFB must meet all the criteria given in 
Table 3. These criteria must be met during each 12 hour shift. 

11.1.2 The initial calibration curve (Sec. 9.0) for each compound of interest must be checked and 
verified once every 12 hours during analysis. This is accomplished by analyzing a calibration 
standard (CCV) that is at concentrations near the midpoint concentration for the working range 
of the GC/MS and then checking the SPCCs and CCCs. The concentration of the CCV must 
vary with each 12 hour shift. 

11.1.3 System Performance Check Compounds (SPCCs): A system performance check must be 
performed every 12 hour shift. If the SPCC criteria are met, a comparison of relative response 
factors is made for all compounds. This is the same check that is applied during the initial 
calibration. If the minimum relative response factors are not met, the system must be 
evaluated, and corrective action must be taken before sample analysis begins. 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. This check must be met before analysis begins. 

11.1.3.1 The minimum relative response factor for volatile SPCCs are as follows: 

Chloromethane 0.10 
1 , 1-Dichloroethane 0.1 0 
Bromoform >0.1 0 
Chlorobenzene 0.30 
1,1 ,2,2-Tetrachloroethane 0.30 

11.1.4 Calibration Check Compounds (CCC's)- After the system performance check is met, CCC's 
listed in (sec. 9.10) are used to check the validity of the initial calibration. 

Calculate the percent drift using: 

%Drift= {(C1- Cc) I C1} * 100 
where: 

C1 =Calibration Check Compound standard concentration. 
Cc =Measured concentration used in selected quantitation method. 
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If the percent difference for each CCC is less than or equal to 20%, the initial calibration is 
assumed to be valid. If the criterion is not met (>20% drift) for any one CCC, corrective action 
must be taken. Problems similar to those listed under SPCCs could affect this criterion. If no 
source of the problem can be determined after corrective action has been taken, a new five
point calibration must be generated. This criterion must be met before sample analysis begins. 

11.1.4.1 The acceptable (general) %drift criterion for all non-CCC target analytes is less 
than or equal to 30%. Acetone, Carbon Disulfide, 2-Butanone, 2-Hexanone, 4-
Methyl-2-pentanone, Isopropyl Alcohol, and Isobutyl Alcohol acceptable drift is 
±40%. Non typical analytes that are requested under LIMS test code 8260LF and 
8260T2 have acceptable drift of ±40%. 2-Methylnaphthalene and 1-
methylnaphthalene are not method analytes and have an acceptable drift of ±40%. 
Persistent, repeat failures of these analytes should be documented in a CAR. 

11.1.4.2 It is suggested that a working standard be freshly prepared when target analytes 
exceed 20% drift. If a working standard fails any CCC compound, it must be 
reanalyzed. Repeat failure of the CCC indicates the need for possible maintenance 
and recalibration. 

11.1.5 The internal standard responses and retention times in the calibration check standard must be 
evaluated immediately after or during data acquisition. If the retention time for any internal 
standard changes by more than 30 seconds from the last calibration check(12 hours), the 
chromatographic system must be inspected for malfunctions and corrections must be made, 
as required. If the area for any of the internal standards changes by a factor of two (-50% to 
+100%) from the last daily CCV, the mass spectrometer must be inspected for malfunctions 
and corrections must be made, as appropriate. When corrections are made, reanalysis of 
samples analyzed while the system was malfunctioning is required. 

11.2 GC/MS analysis 

11.2.1 Historical data should be checked when available. This will minimize contamination of the 
GC/MS system from unexpectedly high concentrations of organic compounds. Use of 
screening is particularly important since this method is used to achieve low detection levels. 

11.2.1.1 Historical data should only be used as a tool, not as a means to circumvent any 
policy set forth in any US EPA methodology or the Hall Environmetnal Analysis 
Laboratory QA Plan. 

11.2.2 All samples and standard solutions, prepared for the autosampler, must be allowed to warm to 
ambient temperature before analysis. 

11.2.3 BFB tuning criteria and GC/MS calibration verification criteria must be met before 
analyzing samples. 
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11.2.4 The process of the Archon taking an aliquot destroys the validity of aqueous samples for 
future analysis; therefore, if there is only one VOA vial, the analyst should prepare a second 
aliquot for analysis, filling one 20ml VOA vial before analysis to protect against possible loss 
of sample integrity. This second sample is maintained only until such time when the analyst 
has determined that the first sample has been analyzed properly. If there is not enough 
sample left to fill a 20ml vial, an aliquot can be saved in another 5ml syringe, if analysis is 
needed from the back up syringe, it must be analyzed as soon as possible not to exceed 6 
hours. Care must be taken to prevent air from leaking into the syringe. 

11.2.4.1 The following procedure is appropriate for diluting aqueous purgeable samples. All 
steps must be performed without delays until the diluted sample is in a headspace 
free vial. 

11.2.4.1.1 Dilutions are injected by the Archon or made by the analyst in a 44ml 
headspace free vial. No dilution greater than 1 OOx should be done using 
the Archon. 

11.2.4.1.2 Calculate the volume of sample to be added to the 44ml headspace free 
vial. 

11.2.4.1.3 Inject the proper aliquot of sample from a selected microsyringe into the 
44ml headspace free vial. Repeat above procedure for additional 
dilutions. 

11.2.5 The Archon adds 1 Jll of surrogate/internal standard spiking solution to each sample. The 
addition of 1 Ill of the surrogate/internal standard spiking solution to 5ml of sample is 
equivalent to a concentration of 10 llg/L of each surrogate standard. The addition of 11-LL of 
the surrogate/internal standard spiking solution to 1 OOJlL of sample is equivalent to a 
concentration of 0.5mg/kg of each surrogate standard. 

11.2.6 Purge-and-trap by current S-5030. If the initial analysis of sample or a dilution of the sample 
has a concentration of analytes that exceeds the calibration range, the sample must be 
reanalyzed at a higher dilution. Secondary ion quantitation is allowed when there are sample 
interferences with the primary ion. When a sample is analyzed that has saturated ions from a 
compound, this analysis must be followed by a blank organic-free reagent water analysis. If 
the blank analysis is not free of interferences, the system must be decontaminated. Sample 
analysis may not resume until the blank analysis is demonstrated to be free of interferences. 

11.2.6.1 All dilutions should keep the response of the major constituents (previously saturated 
peaks) in the upper half of the linear range of the curve if possible. Proceed to (Sees. 
11.3.1 and 11.3.2) for qualitative and quantitative analysis. 

11.2. 7 T edlar bag air analysis is done by carefully placing 50ml of the sample into a gastight Luer
Lock syringe. This sample portion is then injected into the sparge vessel on the concentrator 
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and analyzed in the same manner as an aqueous sample. To achieve lower detection 
levels, increase the sample volume being injected into the sparge vessel. 

11.3 Data interpretation 

11.3.1 Qualitative analysis 

11.3.1.1 The qualitative identification of compounds determined by this method is based on 
retention time, and on comparison of the sample mass spectrum, after background 
correction, with characteristic ions in a reference mass spectrum. The reference 
mass spectrum is generated by using the conditions described in this method. The 
characteristic ions from the reference mass spectrum are defined to be 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 criteria below are met. 

11.3.1.1.1 The intensities of the characteristic ions of a compound maximize in the 
same scan or within one scan of each other. Selection of a peak by a data 
system target compound search routine where the search is based on the 
presence of a target chromatographic peak containing ions specific for the 
target compound at a compound-specific retention time will be accepted as 
meeting this criteria. 

11.3.1.1.2 The relative intensities of the characteristic ions agree within 30% of the 
relative intensities of these ions in the reference spectrum. (Example: For 
an ion with an abundance of 50% in the reference spectrum, the 
corresponding abundance in the sample spectrum can range between 20% 
and 80%.) 

11.3.1.1.2 Some analytes may not contain qual ions which are not 30% or greater in 
intensity. In such instances, only qual ions that are at a minimum of 10% 
intentsity should be used. 

11.3.1.1.3 Some analytes may only have one qual ion which is also the quan ion. An 
example of this would be dichlorodifluoromethane. In such a case, 
selection of the quan ion as the qual ion is the only solution. 

11.3.1.1.4 Should a sample contain an analyte that has one or more qual ions that 
does not meet the ±30% requirement, a more thorough visual inspection 
and a library search should be completed. If the library search returns a 
match for the analyte, a printout showing the library search results should 
be included. The original chromatograph report should be notated in such 
a manner that is clear that the analyst is accepting the quantitative result 
based on the library search return. The Technical Director, or his 
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designee, can also sign off on acceptance of spectra, when multiple 
compounds are returned in a library search. 

11.3.1.1.5 The RRT of the sample component is within ±0.06 RRT units of the 
standard component. 

11.3.1.1.6 Structural isomers that produce very similar mass spectra should be 
identified as individual isomers if they have sufficiently different GC 
retention times. Sufficient GC resolution is achieved if the height of the 
valley between the two isomer peaks is less than 25% of the sum of the 
two peak heights. Otherwise, structural isomers are identified as isomeric 
pairs. 

11.3.1.1. 7 Identification is hampered when sample components are not resolved 
chromatographically and produce mass spectra containing ions contributed 
by more than one analyte. When gas chromatographic peaks obviously 
represent more than one sample component (i.e., a broadened peak with 
shoulder(s) or a valley between two or more maxima), appropriate 
selection of analyte spectra and background spectra is important. 
Examination of extracted ion current profiles of appropriate ions can aid in 
the selection of spectra and in qualitative identification of compounds. 
When analytes coelute (i.e., only one chromatographic peak is apparent), 
the identification criteria can be met, but each analyte spectrum will contain 
extraneous ions contributed by the coeluting compound. 

11.3.1.1.8 If any of the above mentioned scenarios are unable to be met for a specific 
analyte, guidance from the Technical Director should be sought. The 
Technical Director can determine if the quantified spectra should be 
reported. 

11.3.1.2 For samples containing components not associated with the calibration standards, a 
library search may be made for the purpose of tentative identification. The necessity 
to perform this type of identification will be determined by the purpose of the analyses 
being conducted. Computer generated library search routines should not use 
normalization routines that would misrepresent the library or unknown spectra when 
compared to each other. For example, RCRA permit or waste delisting requirements 
may require the reporting of non-target analytes. Only after visual comparison of 
sample spectra with the nearest library searches will the mass spectral interpretation 
specialist assign a tentative identification. Guidelines for making tentative 
identification are: 

( 1) Relative intensities of major ions in the reference spectrum (ions> 1 0% of the most 
abundant ion) should be present in the sample spectrum. 
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(2) The relative intensities of the major ions should agree within ±20%. (Example: 
For ions with an abundance of 50% in the standard spectrum, the corresponding 
sample ion abundance must be between 30 and 70%) 

(3) Molecular ions present in the reference spectrum should be present in the 
sample spectrum. 

(4) Ions present in the sample spectrum but not in the reference spectrum 
should be reviewed for possible background contamination or presence of 
coeluting compounds. 

(5) Ions present in the reference spectrum but not in the sample spectrum should be 
reviewed for possible subtraction, because of background contamination or coeluting 
peaks. Data system library reduction programs can sometimes create these 
discrepancies. 

11.3.2 Quantitative analysis 

11.3.2.1 When a compound has been identified, the quantitation of that compound will be 
based on the integrated abundance of the primary characteristic ion. Quantitation will 
take place using the internal standard technique. The internal standard used shall be 
the one nearest the retention time of that of a given analyte. See Table 1 for each 
analyte and its corresponding internal standard. 

11.3.2.2 When MS response is linear and passes through the origin, calculate the 
concentration of each identified analyte in the sample as follows: 

Water 

Concentration (~--tg/L) = ( Ax)(ls) I (Ais)(RF)(Vo) 

where: 
Ax= Area of characteristic ion for compound being measured. 
Is= Amount of internal standard injected (ng). 
Ais= Area of characteristic ion for the internal standard. 
RF= Mean relative response factor for compound being measured. 
Vo= Volume of water purged (ml), taking into consideration any 

dilutions made. 

Sediment/Soil sludge (on a dry-weight basis) and Waste (normally on a wet 
weight basis) 
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Concentration in solid (~g/kg) = (Ax)( Is)( Vt) I (Ais)(RF)(Yi)( Ws)(D) 

where: 

Ax, Is, A is, RF = Same as for water. 
Vst= Volume of total extract (~L) (use 10,000 ~Lor a factor of this 

when dilutions are made). 
Vi = Volume of extracted add (~L) for purging. 
Ws = Weight of sample extracted or purged (g). 
D = %dry weight of sample /100, or 1 for a wet-weight basis. 

11.3.2.3 Where applicable, an estimate of concentration for non-calibrated components in the 
sample can be made. The formulas given above should be used with the following 
modifications: the areas Ax and Ais should be from the total ion chromatograms and 
the RF for the compound should be assumed to be 1. The concentration obtained 
should be reported indicating ( 1) that the value is an estimate and (2) which internal 
standard was used to determine concentration. Use the nearest internal standard 
free of interferences. 

11.3.2.4 Alternatively, the regression line fitted to the initial calibration may be used 
for determination of the analyte concentration. 

12.0 Quality Control 

12.1 Refer to Method 80008/C and the HEAL Quality Assurance Plan for quality control procedures. 

12.1.1 Table 5 is a list of commonly used acronyms. These acronyms are used to abbreviate time 
needed for writing of explanations. 

12.2 The following are general guidelines for data assessment and acceptance criteria for quality control 
measures. 

12.2.1 The GC/MS system must be tuned to meet the BFB specifications. 

12.2.2 There must be an initial calibration of the GC/MS system. After each calibration curve, an ICV 
will be used as a validation. The ICV must be analyzed following a calibration curve and prior 
to any sample analysis. All failures or adjustments to the initial calibration curve shall be 
documented on the form located in Appendix 2. This form shall be included with each data 
folder associated with the current calibration. Every 12 hours a CCV will be analyzed as a 
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continuing calibration check for the Instrument. The allowable % drift for the ICV is the same 
as that established for the CCV. These failures will be tracked using an excel spreadsheet to 
monitor frequency of failures. 

12.2.3 The concentrations of the CCV must vary every 12 hour shift. 

12.2.4 The absolute retention time should not exceed 0.8min of the initial calibration. If it does shift 
more than 0.8 min. a new curve should be analyzed. 

12.2.4.1 The relative retention times of the sample components should be within ±0.06 RRT 
units of the standard component. 

12.2.5 The GC/MS system must meet the SPCC criteria and the CCC criteria every 12 hours. 

12.2.6 For every 20 samples, there should be a MB, LCS, MS, MSD, or Duplicate 

12.2.6.1 Method 82608 stipulates that 5 compounds are to be used for the MS and the MSD. 
The LCS and LCSD will also use these five compounds. They are 1,1-
Dichloroethene, Benzene, Trichloroethene, Toluene, and Chlorobenzene. These are 
to be used to assess the batch. 

12.2.6.2 Also, for every 20 samples, there should be a MSD (matrix spike duplicate) or a 
sample DUP (duplicate). This is done in order to assess the instrument capability to 
reproduce data. 

12.2.6.3 If the sample is highly contaminated or sample volume/ quantity is limited, the analyst 
should analyze a LCS/LCSD in combination with a sample duplicate. 

12.2.6.4 The selected samples used for MS, MSD and DUP shall be rotated among client 
samples at random so that various matrix problems may be noted and/or addressed. 
If there is poor performance with the sample selected the client should be notified. 

12.2.6.5 For every 20 samples, a RB/MB (reagent blank I method blank) or a soil extraction 
blank must be analyzed. 

12.2.6.6 Control limits forMS, MSD, DUP and LCS are established using the average limits of 
previous MS, MSD, DUP and LCS from all instruments. These can be updated in 
the LIMS. Only the Quality Assurance Officer or a Technical Director can update 
these limits. These limits are updated at a minimum of twice per year. The 
procedure and formulas are available in the QAP 

12.2.6.6.1 New control limits that have been generated can be viewed in the LIMS. 

12.3 Air samples collected in Tedlar bags require the analysis of a MB, LCS, and a DUP. 
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12.4 Additional required instrument QC is found in Section 9.0 

12.5 For aqueous and soil matrices, surrogate recoveries should be compared with the control limits listed 
in the LIMS. 

12.5.1 If recovery is not within limits, the following procedures are required. 

12.5.1.1 Check to be sure that there are no errors in the calculations, surrogate solutions or 
internal standards. If errors are found, recalculate the data accordingly. 

12.5.1.2 Check instrument performance. If an instrument performance problem is 
identified, correct the problem and re-analyze the sample. 

12.5.1.3 If no problem is found, re-extract and re-analyze. 

12.5.1.4 If, upon re-analysis, the recovery is again not within limits, flag the data as "estimated 
concentration". A brief description of possible matrix interference should be stated in 
either a CAR or in the sample comments on the Data Entry page of the LIMS. 

12.5.2 At a minimum surrogate recovery limits on a matrix by matrix basis, are updated annually. 

12.6 Detection Levels 

The method detection limit (MDL) is defined as the minimum concentration of a substance that can 
be measured and reported with 99% confidence that the value is above zero. The MDL actually 
achieved in a given analysis will vary depending on instrument sensitivity and matrix effects. 

Current practices at HEAL define the detection level as the smallest amount that can be 
detected above the noise in a procedure and within a stated confidence level. We 
presently utilize an instrument detection level (IDL), a method detection level (MDL) and a 
practical quantitation limit (PQL). 

The IDL is the constituent concentration that when injected produces a signal sufficiently 
large that 99% of the trials with that amount will produce a detectable signal. The IDL is 
used to determine the analyte concentration in an extract needed to produce a signal to 
permit calculations. 

The MDL differs from the IDL in that samples containing the constituent of interest are processed 
through the complete analytical method. The MDL is different than the IDL because of extraction 
efficiency and extract concentration factors. The MDL is achieved by a well-trained analyst 
operating a well-calibrated instrument on a non-routine basis (Annually or semi-annually). First add 
reagent water or the matrix of interest, to make a concentration two to five times higher than the IDL. 
Prepare and analyze a minimum of seven replicates of this solution. Include all sample-processing 

steps in the determination. Calculate the sample standard deviation (s) of the replicate 
measurements. The method detection limit (MDL) can be calculated according to the formula: 
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MDL= s * t(99%) 

t(99%) is the student's t value for the 99% confidence interval. It depends on the number of 
trials used in calculating the sample standard deviation, so choose the appropriate value 
according to the number of trials. 

Number of Trials t{99%) 
7 3.143 
8 2.998 
9 2.896 
10 2.821 
11 2.764 
16 2.602 
21 2.528 

The calculated MDL value must be no more than ten times less than the amount spiked. 
This is referred to as the 10x Rule. 

This method has been tested in a single laboratory using spiked water. Single laboratory 
precision and accuracy data can be found in Table 6. HEAL calculated MDL data can be 
found in the LIMS. 

The PQL is significant because different laboratories will produce different MDLs even 
though using the same analytical procedures, instruments and sample matrices. The PQL 
is generally five times the MDL. 

The PQL of Tedlar air samples is determined by using data collected from the analysis of 
aqueous POL's and dividing by 50. Lower levels can be achieved by increasing sample 
amount. 

Annual PQL studies can be done when a compound will not be reported below the PQL. 
The PQL study consists of the analysis of a PQL concentration standard. The allowable% 
drift is ±50%. PQL studies should only be done with prior approval from Project 
Management or QAO. 

12.7 When a compound is above the instrument calibration range, there are two options for an 
analyst. First, reanalyze the sample at a dilution in order to bring it within the instruments calibration 
range. Or if there is not enough sample to reanalyze, then the data will be flagged for that compound. 
An explanation should also be written into the LIMS so the Project Manager can explain the Flagged 
data to the client. 

12.8 Corrective action reports are to be made for out-of-control data. 

Effective Date: 8/26/2011 
S.O.P Number: S-8260-1 0 

Page 24 of42 



12.8.1 Check all calculations and measurements data (standardization, calibration, 
concentrations, instrument stability, etc.) 

12.8.2 Check equipment to ensure that components are functioning properly. 
12.8.3 Check reagents (age, preparation, concentrations, etc.) 

12.8.4 Assure that proper procedures were followed. 

12.8.5 Reanalyze all samples run in conjunction with the duplicate and/or spike. 

12.8.6 In the case that a sample is treated differently than is in the documented procedure, a 
corrective action report will be filed explaining the reason. 

12.8.7 If deficiency continues, consult with the appropriate senior staff member. 

12.8.8 A second mechanism for initiation of corrective action is that resulting from Quality 
Assurance activities concerned with performance audits, system audits, inter and intra
laboratory comparison studies. Corrective Actions initiated through this mechanism will 
be monitored and coordinated by the laboratory QA Officer. 

12.8.9 If an analysis must be reported to the client and it is out-of-control, corrective action 
sheets are to be filled out and the client will be notified. These are to be kept in the 
analysts daily run folder and the LIMS. The corrective action sheet will be signed both by 
the analyst and the supervisor or the QA Officer. 

12.8.1 0 All samples which have been preserved using HCL are checked by the analyst after 
analysis to determine if the pH requirement for appropriate preservation is met. This is 
done using narrow range pH paper. The pH must be at or below 2. The sample 
identification and resulting pH is recorded in the pH logbook (V-42) along with the date 
and initials of the analyst. If the pH is higher than 2, the resulting pH value should be 
included in the narrative/ comments section in the LIMS. 

12.8.11 The sample storage deli/refrigerator is checked weekly for possible contamination using 
a VSB (volatile storage blank). The data collected from the VSB are scrutinized to 
ensure samples are not being cross contaminated or being contaminated from possible 
laboratory contaminations. 

12.8.12 See HEAL QAP for additional QA parameters and an in-depth description of 
DOC/ADOCP. 

13.0 Calculations 

13.1 This method has been tested in a single laboratory using spiked water. Using a mega-bore capillary 
column, water was spiked at concentrations between 0.5 and 10 J..tg/L. Single laboratory accuracy 
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and precision data are presented for the method analytes in Table 6 of method 82608. Calculated 
MDLs are available in the method folder located in the QAO office or through the LIMS. 

13.2 Calculations for Aqueous and Tedlar Air samples: 

[ 
Heightor Area of sample ]x[s d d . ]x[D .1 . fi Jx[ Final volume l tan ar concentratzon 1 utzon actor 

Heightor Area of standard !nita/volume 

13.2.1 Example calculation for an aqueous sample: 
Given: Sample height = 1500, Standard height = 4158, and Standard concentration = 5.12 11g/mL 

[ 
1800 Jx[ 5.12 Jig Jx[ 1.0 x dilution ]x[ ( 2 ~00 ml) jx[ 1 000 mil= 22.2 Jig 
4158 ml 500ml 1 L L 

report as 221-lg/L 

13.2.1.1 Example calculation for an aqueous sample using a HEAL generated report. 

For example, the amount on the 82608 chromatogram for benzene = 1 DOng. Divide this number by 5 to get a 
reporting level of 20ug/L. If there was a dilution, multiply the ug/L result times the dilution to get the new sample 
concentration in ug/L. For example, benzene = 1 DOng. There was a 20X dilution. 1 00/5=20ug/L. Then take 
the 20ug/L and multiply by 20 to get a concentration of 400ug/L. 

13.2.2 Calculations for non-aqueous samples: 

[ 
Height or Area of sample l ] [ . . ] [Finalvolumel _ ____::::____ ___ :::____:..______ X[ Standard concentration X Dllutzonfactor X----

Height or Area of standard !nita/weight 

13.2.2.1 Example calculation for a non-aqueous sample using a HALL generated report. 

For example, the amount on the 82608 chromatogram for toluene = 200ng. Divide this number by the number 
of uL of sample injected on the concentrator. Standard non-diluted samples contain 100uL of sample per 5ml of 
Dl water. Therefore the 200ng amount reported on the chromatogram for toluene is divided by 100 to yield a 
result of 2.0 mg/Kg. If the sample was diluted by 10, only 10 uL of sample would be inject on the concentrator. 
Thus a 200ng result on the chromatogram would be divided by 10 to yield a result of 20 mg/Kg. 

13.2.3 See Method 80008/C, Method 82608, and QAP for any additional calculations which may not 
be presented here. 

14.0 Pollution Prevention 
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14.1 Care must be given by each analyst to minimize the number of re-analyses using this SOP. In 
doing so, waste generated in the use of this SOP will be kept to a minimum. 

14.2 The analyst should use historical data as a guideline for possible sample dilutions which will reduce 
the number of re-analyses. 

14.2.1 Historical data should be used only as a tool to minimize waste. The historical data should 
not be used to circumvent any policy set forth in US EPA methodology or the Hall 
Environmental Analysis Laboratory QA Plan. 

15.0 Waste Management 

15.1 After completion of analysis, all sample and sample containers will be disposed of in accordance 
with the HEAL Chemical Hygiene Plan. 

16.0 Method Performance 

16.1 Each analyst must establish a Demonstration of Capability (DOC) by performing a Precision 
and Accuracy (P&A) study before being considered proficient for this Method. The P&A will 
consist of generating 4 spike samples and their analysis. Acceptable criteria that is used for 
determining the compliance of the P&A study is defined in the current HEAL QAP. Spike data 
for DOC's will be included in each analysts file folder. DOC's will be updated on an annual 
basis, either through proficiencies or using spikes associated with extraction batches. 

16.2 Analysts also analyze PT (proficiency test) samples every 6 months. The PT is a multifold test 
consisting of a blind spike that checks both analysts and instrumentation. 

16.3 All test specific, method performance data can be viewed via the LIMS. All analysts have 
received training on how to access this data in the LIMS. This data includes control limits, 
MOL's, and POL's. 

16.4 Estimation of Measurement Uncertainty 

16.4.1 Estimation of measurement uncertainty is to be conducted on an annual basis. 

16.4.2 Collect, at least, 20 of the most recent LCS data points. Calculate the standard deviation 
(s) and the average of all the readings. Calculate the 95% confidence interval (2 times the 
standard deviation). Report the estimated uncertainty as ±2(s). Uncertainty data is kept on 
file in the method folders in the quality control office. 

16.4.3 Calculate standard deviation (s) and 95% confidence interval according to the following 
formulae: 
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I(x-x)z 
s= 

(n-1) 

Where: s = standard deviation 
x = number in series 
x = calculated mean of series 
n = number of samples taken 

95% confidence = 2 x s 

16.6 MDLs must be empirically established annually. Refer to the Quality Assurance Manual. 

16.6 PQL studies, when used, are completed annually. 

17.0 References 

17.1 Test Methods for Evaluating Solid Waste: Physical/Chemical Methods, US EPA SW-846, 3rd 
Edition, September 1986. 

17.2 Volatile Organic Compounds by Gas Chromatography/ Mass Spectrometry (GC/MS), US EPA 
82608, December, 1996. 

17.3 Quality Assurance Plan, Hall Environmetnal Analysis Laboratory. 

17.4 Chemical Hygiene Plan. Hall Environmetnal Analysis Laboratory. 

17.5 Standard Operating Procedure for Closed System Purge and Trap Analysis of Volatile Organics in 
Aqueous Samples and Method 5035. Hall Environmetnal Analysis Laboratory. 

17.6 Determinative Chromatographic Separations. US EPA 80008. 

17.7 Extraction Method for Volatile Organic Compounds in Soil and Waste Samples- High 
Concentration- for Closed System Purge and Trap Analysis, Hall Environmetnal Analysis 
Laboratory. 

17.8 pH Logbook V-42, HEAL, February, 2006. (or most current) 
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Table 1. 
Chromatographic Elution Order and Corresponding Internal Standard For Volatile Organic Compounds on a 

Capillary Column 

Compound Name 

Dichlorodifluoromethane 
Chloromethane 
Vinyl chloride 
Bromomethane 
Chloroethane 
Trichlorofluoromethane 
Acetone 
1, 1-Dichloroethene 
Carbon Disulfide 
Methylene chloride 
trans-1 ,2-Dichloroethene 
1 , 1-Dich loroeth ane 
2-Butanone 
2,2-Dichloropropane 
cis-1 ,2-Dichloroethene 
Bromochloromethane 
Chloroform 
1,1, 1-Trichloroethane 
1, 1-Dichloropropene 
Carbon tetrachloride 
Benzene 
1 ,2-Dichloroethane 
Trichloroethene 
1 ,2-dichloropropane 
4-methyl-2-pentanone 
Bromodichloromethane 
Dibromomethane 
cis-1 ,3-Dichloropropene 
Toluene 
trans-1 ,3-Dichloropropene 
1,1 ,2-Trichloroethane 
1 ,3-Dichloropropane 
2-Hexanone 
T etrachloroethene 
Dibromochloromethane 
Ethylene dibromide 
Chlorobenzene 
Ethyl benzene 
1,1, 1 ,2-Tetrachloroethane 
m-Xylene 

Compound Name 

Elution Order 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 

Elution Order 
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Internal 
Standard 

Pentafluorobenzene 
Pentafluorobenzene 
Pentafluorobenzene 
Pentafluorobenzene 
Pentafluorobenzene 
Pentafluorobenzene 
Pentafluorobenzene 
Pentafluorobenzene 
Pentafluorobenzene 
Pentafluorobenzene 
Pentafluorobenzene 
Pentafluorobenzene 
Pentafluorobenzene 
Pentafluorobenzene 
Pentafluorobenzene 
Pentafluorobenzene 
Pentafluorobenzene 
Pentafluorobenzene 
Pentafluorobenzene 
Pentafluorobenzene 
Pentafluorobenzene 
Pentafluorobenzene 
Pentafluorobenzene 
Pentafluorobenzene 
Benzene-d5, chloro
Benzene-d5, chloro
Benzene-d5, chloro
Benzene-d5, chloro
Benzene-d5, chloro
Benzene-d5, chloro
Benzene-d5, chloro
Benzene-d5, chloro
Benzene-d5, chloro 
Benzene-d5, chloro
Benzene-d5, chloro
Benzene-d5, chloro
Benzene-d5, chloro
Benzene-d5, chloro
Benzene-d5, chloro
Benzene-d5, chloro-

Internal 

Standard 



p-Xylene 
o-Xylene 
Styrene 
lsopropylbenzene 
Bromoform 
1,1 ,2,2-Tetrachloroethane 
1,2,3-Trichloropropane 
Propyl benzene 
Bromobenzene 
1 ,3,5-Trimethylbenzene 
2-Chlorotoluene 
4-Chlorotoluene 
tert-Butylbenzene 
1 ,2,4-T rimethylbenzene 
sec-Butyl benzene 
p-lsopropyltoluene 
1 ,3-Dichlorobenzene 
1 A-Dichlorobenzene 
n-Butylbenzene 
1 ,2-Dichlorobenzene 
1 ,2-Dibromo-3-chloropropane 
1 ,2,4-Trichlorobenzene 
Hexachlorobutadiene 
Naphthalene 
1 ,2,3-T richlorobenzene 

Internal Standards/Surrogates 
Chlorobenzene-d5 
1 ,4-Dchlorobenzene -d4 
4-Bromofluorobenzene 
1 ,2-Dichloroethane-d4 
Dibromofluoromethane 
Toluene-dB 
Pentafluorobenzene 

41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 

Benzene-d5, chloro
Benzene-d5, chloro
Benzene-d5, chloro
Benzene-d5, chloro
Benzene-d5, chloro
Benzene-d5, chloro-
1 ,4-dichlorobenzene-d4 
1 ,4-dichlorobenzene-d4 
1 ,4-dichlorobenzene-d4 
1 ,4-dichlorobenzene-d4 
1 ,4-dichlorobenzene-d4 
1 ,4-dichlorobenzene-d4 
1 ,4-dichlorobenzene-d4 
1 ,4-dichlorobenzene-d4 
1 ,4-dichlorobenzene-d4 
1 ,4-dichlorobenzene-d4 
1 ,4-dichlorobenzene-d4 
1 ,4-dichlorobenzene-d4 
1 ,4-dichlorobenzene-d4 
1 ,4-dichlorobenzene-d4 
1 ,4-dichlorobenzene-d4 
1 ,4-dichlorobenzene-d4 
1 ,4-dichlorobenzene-d4 
1 ,4-dichlorobenzene-d4 
1 ,4-dichlorobenzene-d4 

Elution orders are both column and instrument dependant and are subject to change. The associated Internal Standard may vary 
slightly between instruments due to elution order. 
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Table 2. 
Estimated Quantitation Limits For Volatile Analytes 

Purging 5ml of water 

Purging 25ml of water 

Soil/Sediment 

Estimated Quantitation Limits 
(All analvtes in Table 1) 

Ground water Low Soil/Sediment 
~g/L ~g/kg 

5 

5 

Estimated Quantitation Limit (EQL) - The lowest concentration that can be reliably achieved within 
specified limits of precision and accuracy during routine laboratory operating conditions. The EQL is 
generally 5 to 10 times the MDL. However, it may be nominally chosen within these guidelines to simplify 
data reporting. For many analytes the EQL is selected from the lowest non-zero standard in the 
calibration curve. Sample EQLs are highly matrix-dependent. The EQLs listed herein are provided for 
guidance and may not always be achievable. 

EQLs listed for soil/sediment are based on wet weight. Normally data are reported on a dry weight basis; 
therefore, EQLs will be higher, based on the percent dry weight in each sample. 

Other Matrices 

Water miscible liquid waste 
High-concentration soil and sludge 
Non-water miscible waste 

Factors 

50 
125 
500 

EQL = [EQL follow soil/sediment (see Table 1)] x [Factor]. For non-aqueous samples, the factor is on a 
wet-weight basis. 

Table 3. 
BFB Mass -Intensity Specifications (4-Bromofluorobenzene) 
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Mass 

50 
75 
95 
96 
173 
174 
175 
176 
177 

Intensity Required (relative abundance) 

15 to 40% of mass 95 
30 to 60% of mass 95 
base peak, 100% relative abundance 
5 to 9% of mass 95 
less than 2% of mass 17 4 
greater than 50% of mass 95 
5 to 9% of mass 174 
greater than 95% but less than 101% of mass 17 4 
5 to 9% of mass 176 

Alternate tuning criteria may be used (e.g. CLP, Method 524.2, or manufacturers' instructions), 
provided that method performance is not adversely affected. 

Compound Name 
Acetone 
Acetonitrile 
Acrolein (Propenal) 
Acrylonitrile 
Allyl alcohol 
Allyl chloride 
Benzene 
Benzyl chloride 
Bromoacetone 
Bromochloromethane 
Bromodichloromethane 
Bromoform 
Bromomethane 
n-Butanol 
2-Butanone (MEK) 
n-Butylbenzene 
sec-Butyl benzene 
tert-Butylbenzene 

Table 4. 
Characteristic Mass (M/Z) For Purgeable Organic Compounds 

Primary 
Characteristic lon 
58 
41 
56 
53 
57 
76 
78 
91 

136 
156 
128 
173175,254 

94 
56 
72 
91 
105 
119 

Secondary 
Characteristic lon 
43 
41,40,39 
55,58 
52,51 
57,58,39 
76,41,39, 78 

91, 126,65,128 
43,136,138,93,95 
77, 158 
49, 130 

96 
41 
43,72 
92, 134 
134 
91, 134 
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Compound Name 
Carbon disulfide 
Carbon tertachloride 
Chloral hydrate 
Chloroacetomitrile 
Chlorobenzene 
Chlorodibromomethane 
Chloroethane 
2-Chloroethanol 
bis-(2-Chloroethyl)sulfide 
2-Chloroethyl vinyl ether 
Chloroform 
Chloromethane 
Chloroprene 
3-Chloropropionitrile 
2-Chlorotoluene 
4-Chlorotoluene 
1 ,2-Dibromo-3-chloropropane 
1 ,2-Dibromoethane 
Dibromomethane 
1 ,2-Dichlorobenzene 
1 ,3-Dichlorobenzene 
1 A-Dichlorobenzene 
cis-1 ,4-Dichloro-2-butene 
trans-1 ,4-Dichloro-2-butene 
Dichlorodifluoromethane 
1, 1-Dichloroethane 
1 ,2-Dichloroethane 
1, 1-Dichloroethene 
cis-1 ,2-Dichloroethene 
trans-1 ,2-Dichloroethene 
1 ,2-Dichloropropane 
1 ,3-Dichloropropane 
2,2-Dichloropropane 
1 ,3-Dichloro-2-propanol 
1, 1-Dichloropropene 
cis-1, 3-Dichloropropene 
trans-1 ,3-Dichloropropene 
1 ,2,3,4-Diepoxybutane 
Diethyl ether 
1 ,4-Dioxane 
Epichlorhydrin 
Ethanol 
Ethyl acetate 
Ethyl benzene 
Ethylene oxide 
Ethyl methacrylate 

Table 4. (continued) 

Primary 
Characteristic lon 
76 
117 
82 
48 
112 
129 
64(49*) 
49 
109 
63 
83 
50 (49*) 
53 
54 
91 
91 
75 
107 
93 
146 
146 
146 
75 
53 
85 
63 
62 
96 
96 
96 
63 
76 
77 
79 
75 
75 
75 
55 
74 
88 
57 
31 
88 
91 
44 
69 

Secondary 
Characteristic lon 
78 
119 
44,84,86,111 
75 
77, 114 
208,206 
66(51*) 
49,44,43,51,80 
111,158, 160 
65,106 
85 
52( 51*) 
53,88, 90,51 
54,49,89,91 
126 
126 
155, 157 
109,188 
95,174 
111,148 
111,148 
111,148 
75, 53, 77,124,89 
88, 75 
87 
65,83 
98 
61,63 
61,98 
61,98 
112 
78 
97 
79,43,81,49 
110, 77 
77, 39 
77,39 
55,57,56 
45,59 
88,58,43,57 
57,49,62,51 
45,27,46 
43,45,61 
106 
44,43,42 
69, 41,99 86, 114 

Table 4. (continued) 
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Compound Name 
Hexachlorobutadiene 
Hexachloroethane 
2-Hexanone 
lodomethane 
Isobutyl alcohol 
lsopropylbenzene 
Malononitrile 
Methacrylonitrile 
Methyl acrylate 
Methyl-t-butyl ether 
Methylene chloride 
Methyl iodide 
Methyl methacrylate 
4-Methyl-2-pentanone {MIBK) 
Naphthalene 
Nitrobenzene 
2-Nitropropane 
Pentachloraethane 
2-Picoline 
Propargyl alcohol 
~-Propiolactone 

Propionitrile (ethyl cyanide) 
n-Propylamine 
n-Propylbenzene 
Pyridine 
Styrene 
1 ,2,3-Trichlorobenzene 
1 ,2,4-Trichlorobenzene 
1,1 ,2,2,-Tetrachloroethane 
1,1 ,1 ,2-Tetrachloroethane 
Tetrachloroethene 
Toluene 
1,1, 1-Trichloroethane 
1,1 ,2-Trichloroethane 
Trichloroethene 
T richlorofluoromethane 
1 ,2,3-T richloropropane 
1 ,2,4-T rimethylbenzene 
1 ,2,5-T rimethylbenzene 
Vinyl acetate 
Vinyl chloride 
a-Xylene 
m-Xylene 
p-Xylene 

Primary 
Characteristic lon 
225 
201 
43 
142 
43 
105 
66 
41 
55 
73 
49 
142 
69 
100 
128 
123 
46 
167 
93 
55 
42 
54 
59 
91 
79 
104 
180 
180 
83 
131 
164 
92 
97 
83 
95 
151 
75 
105 
105 
43 
62 
106 
106 
106 

Secondary 
Characteristic lon 
223,227 
166,199,203 
58,57,100 
127, 141 
43,41,42;74 
120 
66,39,65,38 
41,67,39,52,66 
85 
57 
86,84 
142, 127, 141 
69,41,100,39 
43,58,85 

51,77 

167, 130, 132, 165, 169 
93,66, 92,78 
55,39,38,53 
42,43,44 
54, 52, 55,40 
59,41,39 
120 
52 
78 
182, 145 
182, 145 
131,85 
133,119 
129, 131, 166 
91 
99,61 
97,85 
97, 130, 132 
101, 153 
77 
120 
120 
86 
64 
91 
91 
91 
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Compound Name 

lntemaiStandards/Surrogates 

Chlorobenzene-d5 
1 ,4-Dichlorobenzene-d4 150 
4-Bromofluorobenzene 95 
Dibromofluoromethane 111 
1 ,2-Dichloroethane-d4 65 
Toluene-dB 98 
Pentafluorobenzene 

Table 4. (continued) 

Primary 
Characteristic lon 

117 
115, 152 
174, 176 

102 

99 

Secondary 
Characteristic lon 

168 

* - characteristic ion for an ion trap mass spectrometer (to be used when ion-molecule reactions are observed) 

Appendix 1. 
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1.0 Scope and Application 

1.1 This procedure describes the process of preparation of instrumentation, including calibration and 
sample preparation and sample analysis using the low soil method outlined in EPA Method 5035. 

1.2 The information contained herein is currently only pertinent to one GCMS system; GCMS THOR. 

1.3 The use of this procedure is restricted to use by, or under the supervision of analysts experienced 
in the use of purge-and-trap systems and gas chromatograph/mass spectrometers and skilled in 
the interpretation of mass spectral data. The analyst must have established Demonstration of 
Capability (DOC) using EPA Method 50358. 

2.0 Summary 

2.1 The 5 gram samples are collected in hermetically sealed containers with zero headspace. The 
sample(s) is immediately stored on ice at 4°C for shipment to the laboratory. The sample(s) is 
the placed in a freezer able to maintain a temperature <-150C until transferred to a 40-ml VOA 
vial. 

2.2 The entire sample is place into a 40-ml VOA vial containing a stir bar and 5ml of de-ionized 
water. The sample is the either analyzed immediately or frozen and analyzed within 14 days of 
collection. 

2.3 The sample analysis occurs using the Archon attached to GCMS Thor. The sample vial is placed 
into the sample tray and allowed to warm to room temperature. The Archon is then programmed 
to purge the sample for approximately 9 minutes; i.e. the purging takes place directly on the 
Archon. 

3.0 Apparatus and Reagents 

3.1 Purge-and-trap device 

4.1.1 Tekmar 3000 equipped with a Vocarb 3000 trap (Type K) 

3.2 Archon Auto-sampler 

4.2.1 Archon must be equipped with a soil sparge option. Currently the only Archon equipped 
with this option is connected to GCMS THOR. 

3.3 Gas chromatograph/mass spectrometer (GCMS) system: 

4.3.1 Instrument name: THOR 
3.3.1.1 Varian CP-3800 gas chromatograph equipped with a Varian 1079 injector. 

Effective Date: 8/26/2011 
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3.3.1.2 Varian Saturn 2000 Mass Spectrometer. 

3.3.1.3 Data system: Varian MSWorkstation 6.9 

3.3.1.4 Column: RTX-Volatiles 30m x 0.25mm ID x 1.01-Jm 

3.4 Top-loading balance capable of weighing to 0.01g. 

3.5 Gas-tight micro-syringes -1.01-JI to 10001-JI. 

3.6 40ml VOA vials. 

3.7 Teflon coated Stir bars 12mm x 4mm. 

3.8 Stainless steel spatula. 

3.9 Organic-free reagent water- all references to water in this method refer to organic-free reagent 
water. 

3.10 Methanol - used in standard preparation. 

3.11 Standards- All stock standards are at a concentration of 2000 or 2500ppm. 

4.0 Procedure 

4.1 Samples are received by the laboratory and placed in an appropriate freezer able to maintain a 
temperature < -150C. 

4.2 Before any sample analysis can be analyzed, a valid calibration must be current. If the calibration 
is not valid a calibration must be analyzed. 

4.2.1 A 5ppm 8260 standard shall be prepared for calibration levels. 

4.2.2 A minimum of 6 calibration levels should be analyzed. 

4.2.3 A 5ppm 8260 ICV shall be prepared to validate the calibration. 

4.2.4 Obtain appropriate number of VOA vials and place a clean stir bar in each vial. Place a 
vial on the top-loading balance and tare. Place 5g of clean sand (OTTAWA sand) into 
each vial. After placing sand in vial, add approximately 5ml of Dl-water into each vial. 
Label each vial cap with a ppb concentration amount. Spike each vial with the appropriate 
micro-liter amount using the 5ppm 8260 calibration standard. See Table A. 

Effective Date: 8/26/2011 
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4.2.5 Tuning criteria must be met prior to calibration or sample analysis. Analyze a blank vial 
(not spiked with standard). 

4.2.6 Once confirming tune criteria has been met, analyze calibration in increasing 
concentrations. Analyze two blank vials after the highest concentration and before the 
analyses of the ICV. The ICV spiked into the VOA vial shall be at a concentration of 5ppb. 

4.2.7 Pass/Fail criteria and Quality Control frequency for this addendum is no different than that 
required by 82608. 

4.3 After an acceptable calibration is achieved and validated, sample analysis can begin. 

4.3.1 Remove sample from the storage freezer. 

4.3.2 Obtain appropriate amount of VOA vials and place a stir bar in each. 

4.3.3 Place each vial onto the top-loading balance and tare. 

4.3.4 Carefully remove the sample for its collection vessel and place entire amount into the VOA 
vial. Record the sample weight on the PREP LOG. 

4.3.4.1 Do not forget to transfer all weights into the LIMS PREP LOG for ease of LIMS 
operation. 

4.3.5 After making certain each weight is recorded, add 5mL of Dl water using a pipette. The 
amount of water does not have to be exact, merely consistent. 

4.3.6 Once sample preparation is complete, place vials into the auto-sampler tray. Allow 
samples to thaw and reach ambient temperature. 

4.3.7 Using method 30 on the Archon auto-sampler, program the appropriate vial positions for 
analysis. 

4.3.7.1 Make certain that the purge heater temperature is at 400C and that the stir option is set 
to "YES". 

4.3.8 Start the archon on method 30. 

4.3.9 No dilutions can be done using this SOP. 

4.4 After analysis, stir bars are removed from VOA vials. The stir bars are washed with de-ionized 
water and rinsed with methanol. The stir bars are then placed in a drying oven for a minimum of 
eight hours. 

5.0 Quality Control and Data Results 
Effective Date: 8/26/2011 
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5.1 All quality control parameters required by S-82608-8 pertain herein. The only exception to this is 
the requirement of an MS/MSD. Analyses of MS/MSD can only be done if provided adequate 
sample volume. A LCS/LCSD and sample duplicate shall be analyzed. 

5.2 To obtain the final calculated result. Divide the report value by the sample weight. The final 
reportable units are IJQ/Kg. 

6.0 Reference 

6.1 EPA METHOD 5035, December 1996 

TABLE A 
Amount of 5ppm Standard in J.JL Concentration in ppb 

0.4 0.4 
1 1 
2 2 
3 3 
5 5 
10 10 
20 20 

Appendix 2. Calibration Check List 

Instrument: __________ _ 

Calibration Name: __________ _ 

Analyte 
ICV 

Pass Fail 

Calibration Curve 
Points Removed 

Yes No 

Effective Date: 8/26/2011 
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Dichlorodifluoromethane 0 0 0 0 

Chloromethane 0 0 0 0 

Vinyl chloride 0 0 0 0 

Vinyl Acetate 0 0 0 0 

Chloroethane 0 0 0 0 

Bromomethane 0 0 0 0 

Trichlorofluoromethane 0 0 0 0 

1 , 1-Dich loroethene 0 0 0 0 

Carbon disulfide 0 0 0 0 

MTBE 0 0 0 0 

Isopropyl ether 0 0 0 0 

Acetone 0 0 0 0 

lodomethane 0 0 0 0 

t-butanol 0 0 0 0 

ETBE 0 0 0 0 

trans-1 ,2-DCE 0 0 0 0 

1, 1-Dichloroethane 0 0 0 0 

2,2-Dichloropropane 0 0 0 0 

Methylene Chloride 0 0 0 0 

2-Butanone 0 0 0 0 

TAME 0 0 0 0 

1 , 1,1-Trichloroethane 0 0 0 0 

1, 1-Dichloropropene 0 0 0 0 

Carbon Tetrachloride 0 0 0 0 

cis-1 ,2-DCE 0 0 0 0 

Benzene 0 0 0 0 

Chloroform 0 0 0 0 

Bromochloromethane 0 0 0 0 

Trichloroethene (TCE) 0 0 0 0 

Dibromofluoromethane N/A N/A 0 0 

1 ,2-Dichloroethane-d4 N/A N/A 0 0 

1 ,2-Dichloroethane (EDC) 0 0 0 0 

1 ,2-Dichloropropane 0 0 0 0 

isobutyl alcohol 0 0 0 0 

4-Methyl-2-pentanone 0 0 0 0 

2-choroethyl-vinyl-ether 0 0 0 0 

Toluene-dB N/A N/A 0 0 

Toluene 0 0 0 0 

Tetrachloroethene (PCE) 0 0 0 0 

2-Hexanone 0 0 0 0 

cis-1 ,3-dichloropropene 0 0 0 0 

Bromodichloromethane 0 0 0 0 

Dibromomethane 0 0 0 0 

1 ,3-Dichloropropane 0 0 0 0 

trans-1 ,3-dichloropropene 0 0 0 0 

Ethylbenzene 0 0 0 0 
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Analyte 
mp-Xylenes 
1,1 ,2-Trichloroethane 
Chlorobenzene 
1 ,2-Dibromoethane (EDB) 
a-Xylene 
lsopropylbenzene 
1,1, 1 ,2-Tetrachloroethane 
Dibromochloromethane 
Styrene 
n-Propylbenzene 
1 ,3,5-Trimethylbenzene 
tert-Butylbenzene 
2-Chlorotoluene 
sec-Butylbenzene 
4-Bromofluorobenzene 
4-Chlorotoluene 
1 ,2,4-Trimethylbenzene 
Bromobenzene 
Toluene, p-isopropyl 
Bromoform 
n-Butylbenzene 
1 ,2,3-Trichloropropane 
1,1 ,2,2-Tetrachloroethane 
1 ,3-Dichlorobenzene 
1 ,4-Dichlorobenzene 
1 ,2-Dichlorobenzene 
Hexachlorobutadiene 
1 ,2-Dibromo-3-
chloropropane 
1 ,2,4-Trichlorobenzene 
1 ,2,3-Trichlorobenzene 
Naphthalene 
2-Methylnaphthalene 
1-Methylnaphthalene 

Analyst: 

QA: 

Additional Comments: 

Calibration Curve 
ICV Points Removed 

Pass Fail Yes 
D D D 

D D D 

D D D 

D D D 

D D D 

D D D 

D D D 

D D D 

D D D 

D D D 

D D D 

D D D 

D D D 

D D D 

N/A N/A D 

D D D 

D D D 

D D D 

D D D 

D D D 

D D D 

D D D 

D D D 

D D D 

D D D 

D D D 

D D D 

D D D 

D D D 

D D D 

D D D 

D D D 

D D D 
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No 
D 

D 

D 

D 

D 

D 

D 

D 

D 

D 

D 

D 

D 

D 

D 

D 

D 

D 

D 

D 

D 

D 

D 

D 

D 

D 

D 

D 

D 

D 

D 

D 

D 

Notes 



Effective Date: 8/26/2011 
S.O.P Number: S-8260-1 0 

Page 42 of 42 

. ' 



Hall Environmental 
Analysis Laboratory 

SOP Acknowledgement Sheet 
SOP Name-SM2320B 

SOP Number- S-SM2320-S 

I state that I have read the above referenced SOP. I understand all portions of the document as they 
apply to.me and my responsibilities at Hall Environmental Analysis Laboratory. I further recognize 
this as the most current application of the SOP and that it supersedes any previous documents that I 
may ha\,e utilized. 

\ E ffcc"'"'"' ·. 1415/~oll ... I/ Itt 12olf 

Name Signature Date Supervisor QAOfficer 
/}~ Initials Initials 

Ian Cameron U/6---- u/t~/11 ___....._ ~ 

Tiffany Shaw ~A~ ~/r3/lt ~ ~ 

Lavonda Begay ~1/Rn~ ;; ill/t5/t; I~ ~ 

t. .,.,¥, Svc"'l""' 
-'e-.;- -[;~ 1/ p r/t/~~11 I--

Page 1 of 1 



Common Name: 

Hall Environmental 
Analysis Laboratory 

S.O.P. Number: 
Standard Methods 2320B S-SM2320-5 

Method: _ 
Automated and Manual Methods for Total Alkalinity, Low Level Alkalinity, Carbonate, 
Bicarbonate, and H droxide in A ueous Sam les 
Effective Date: Supersedes: 
June 15,2011 S-SM2320-4 

Quality Assurance/Quality Control Officer: 

1.0 Scope and Application 

1.1. This SOP describes the procedure for determining the total alkalinity and its three common 
forms found in most waters (carbonate, bicarbonate, and hydroxide). This SOP is 
applicable to drinking, surface, and saline waters, domestic and industrial wastes. 

1.2. There are two processes that can be used for alkalinity determination. 

1.2.1 Titration of alkalinity by the automated system, Poseidon. 

1.2.1.1 The automated titration system is the preferred procedure for the 
determination of alkalinity. Before use ofthe automated system, the 
analyst must have read and understood this SOP and the current pH and 
eC SOPs within proven demonstration of capability. 

1.2.1-.1.1 This SOP relies heavily on information already included in the 
current pH SOP. Any change in the current pH SOP must be 
adhered to when using this SOP. 

1.2.1.2 Appendix B contains a comparison study of automated titration versus 
manual titration. This is included to show that there is no significant 
difference between the two procedures. 

1.2.2 Manual titration using a 50mL and or l OmL micro-burette, and Memphis a pH 
meter. 

1.2.2.1 The manual titration system is used as a back up system should the auto
titrator system be temporarily out of service, or if analyzing samples that 
have a difficult matrix with an extreme buffering capacity. 

1.3. This SOP also includes the procedure for determining low level alk8linities (alkalinities 
that are less than 20mg/L). 

Effective Date: June 15, 20 11 
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2.0 Summary of method 

2.1. A SOmL aliquot of sample is titrated with 0.02N H2S04 to the pH 8.3 endpoint (if possible) 
and the pH 4.5 endpoint. Carbonates, bicarbonates, and hydroxides are calculated from the 
titration volumes to both the pH 8.3 and 4.5 endpoints. 

2.1.1 The automated system (Poseidon) titrates to all pH endpoints and calculates all 
results. 

2.1.1.1 All method parameters and calculations used by the Tiamo software are 
included in Appendix C. 

2.2. For low level alkalinities SOmL of sample is titrated with 0.02N H2S04 using a 1 OmL micro 
burette to pH 4.5 ±0.20 endpoint. Additional titrant is added to lower the pH an additional 
0.3 pH units. Low level alkalinity is then calculated from the titration volumes to pH 4.5 
and 0.3 pH unit's lower endpoints. 

2.2.1 The automated system titrates each sample to a final endpoint of 4.2pH units. 

2.2.2 The automated system calculates the low level alkalinity result. 

3.0 Detection Limits 

3 .1. The PQL for total alkalinity and bicarbonate is 20 mgiL as CaC03• The PQL for carbonate 
and hydroxide is 2.0 mg/L as CaC03• 

3.2. The PQL for low level alkalinity is 2.0 mg/L as CaC03• 

3.3. No values for alkalinity will be reported below the appropriate PQL. A PQL study shall be 
done, at a minimum, of yearly. 

4.0 Definitions 

3.3 .1. The PQL study for Poseidon shall consist of a blank spike at a concentration of 
20mg/L and 2.0mg/L. The calculated recovery after titration must be ±50% of 
each. Each value should also be blank corrected. 

3.3 .2. The PQL study for the manual titration procedure shall consist of a blank spike 
of 20mg/L using the SOmL burette and 2.0mg/L for the 1 OmL micro-burette. 
The calculated recovery after titration of each blank spike must be ±50% of the 
theoretical concentration spiked. Each value should be blank corrected. 

4.1. Analytical batch -up to 20 samples and including a MB, LCS, MS, and MSD; i.e. 24 
individual detenninations. 

4.2. Blank spike- A blank spike is a know amount ofDI H20 fortified with a known 
concentration of desired spike. Different than the LCS due to concentration(s). 
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4.3. DI H20 (DI)- De-ionized water/reagent free water. Water that is passed through a 
purification system and is free from interferences. 

4.4. Laboratory Control Spike (LCS) -Laboratory fortified blank that is spiked at a 
concentration of somwr.. 

4.5. Matrix Spike (MS)- A sample fortified; at 80mg/L, in the laboratory. 

4.6. Matrix Spike Duplicate (MSD)- A duplicate sample fortified, at 80mWL, in the 
laboratory. 

4.7. Method Blank (MB)- A blank analysis ofDI H20 analyzed prior to LCS and samples. 
The calculated value must be less than that of the necessary PQL for samples being 
determined. Used to show that the automated system is clean prior to sample analysis. 

S.O Interferences 

5 .1. Salts of weak organic acids and inorganic acids, present in large amounts, may cause 
interference in electrometric pH measurements. 

5.2. Oil and grease present in samples may coat the electrode and hinder the electrometric 
response. 

5.3. Temperature of the sample(s) being analyzed can cause interference with the pH electrode. 

6.0 Safety 

Samples should be allowed to equilibrate to room temperature prior to analysis. The pH 
electrode used must correct for temperature differences. 

6.1. For handling procedures and exposure information always refer to the MSDS. To keep 
exposure to reagents and standards to a minimum, analysts must wear appropriate laboratory 
safety attire when working in the laboratory. 

6.2. Refer to the current HEAL Health and Safety Manual. 

7.0 Apparatus and Materials 

7.1. Poseidon- 855 Robotic Titrosampler equipped with: 1-SOmL 807 Dosino dosing unit, 1-
20mL 807 Dosino dosing unit with 2L bottle, 772 peristaltic pump unit, pH combination 
electrode, Conductivity combination electrode, and Tiamo software for operation and data 
collection. 

7.1.1 50mL graduated cylinder. 

7. 1.2 50mL disposable digestion vessels from Environmental Express. 

7.1 .3 60mL disposable plastic cups. 
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7.1.5 Sulfuric Acid, Standardized, 0.02000N. 

7.1.5.1 The concentration ofthe sulfuric acid may change. 

7.1.5.2 The Technical Director must be notified of change so that software can 
be configured to calculate appropriately due to new normality of sulfuric 
acid. 

7.1.6 Sulfuric Acid, Standardized, 0.2N. 

7 .1. 7 Spike solution 

7 .1. 7.1 Stock Alkalinity solution: Dissolve 0.848g ofNa2C~ (dried at 250°C 
for two hours and cooled in a desiccator) into 200mL DI water. This is 
a 4000 mg/L as CaC03 stock solution. 

7 .1. 7.2 Spike 1mL into LCS, MS, and MSD samples. Report spike results as 
total alkalinity only. In LCS, MS, and MSD the spike concentration is 
80 mg/L as CaC03• 

7.1.8 pH Buffers 1.68, 4.00, 7.00, 10.00, 12.45 for calibration of pH meter. 

7.1.8.1 See current pH SOP for further detailed discussion of pH calibration 
and requirements. 

7.2. Memphis- pH meter. See current HEAL SOP for determination of pH for detailed 
calibration procedures and QC requirements. 

7.2.1 50mL graduated cylinder. 

7.2.2 Magnet stirrer and Teflon stir-bars. 

7.2.3 Class A SOmL burette- Cartman. 

7.2.4 Class A 1 OmL micro-burette - Kyle. 

7.2.5 Class A 200mL volumetric flask 

7.2.6 Disposable plastic 4oz Solo cups. 

7.2.7 Glass 150mL beakers. 

7.2.9 Sulfuric Acid, Standardized, 0.02000N. 
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7.2.10 Spike solution 

7 .2.1 0.1 Stock Alkalinity solution: Dissolve 0.848g ofNa2C03 (dried at 250°C 
for two hours and cooled in a desiccator) into 200mL Dl water. This is 
a 4000 mg/L as CaC03 stock solution. 

7.2.10.2 Spike 1mL into LCS, MS, and MSD samples. Report spike results as 
total alkalinity only. In LCS, MS, and MSD the spike concentration is 
80 mg/L as CaC03• 

8.0 Sample collection, Preservation, and Storage 

8.1. Samples are to be collected in unpreserved plastic or glass containers. Samples are stored 
at 0-6°C until analysis. 

8.2. Holding time is 14 days. 

83. Samples should be removed from the storage refrigerator at least 2 hours prior to analysis 
to allow samples to equilibrate to room temperature. 

9.0 Quality Control 

9 .1. An analytical batch consists of a MB, LCS, MS, MSD, and up to 20 samples. 

9.2. See the current HEAL pH SOP for calibration procedure for pH electrode and acceptance 
criteria. 

10.0 Procedure for 20mg/L and 2mgiL PQL alkalinities- automated 

1 0.1. Poseidon- automated titration 

1 O.l.I Remove samples from refrigerator and set them out on the counter for at least 
two hours before analysis. 

10.1.2 Follow procedure outlined in current HEAL pH SOP for instrument preparation 
and calibration of the pH electrode. 

I O.I.2.I Make certain that the pH calibration is verified to be acceptable prior to 
continuing. 

1 0.1.3 If more than 5 minutes has passed since the ICY buffer has been analyzed, i.e. 
the instrument has been idle due to review of pH calibration and pH ICY results, 
prepare, load, and analyze a pH buffer according to the current HEAL pH SOP. 

1 O.I.3 .1 The acceptance criteria for this pH buffer is listed in the current HEAL 
pH SOP. 

I 0.1.4 Obtain clean 60mL auto-sampler cups. 
Effective Date: June 15,2011 
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1 0.1.5 Login to the Tiamo software using the secure login. 

10.1.6 Select the Workplace icon. Click on the Determination Series tab. 

10.1.6.1 Double click on the first line and choose the Cond-pH-alk 50mL 
method from the scroll down menu. 

10.1.6.2 Enter the HEAL sample ID on ID1line. 

10.1.6.3 Enter additional notes for sample on ID2line. 

10.1.6.4 Enter the sample position number. 

10.1.6.5 Click the right scroll arrow on the bottom left of the window to advance 
to the next sample position. 

10.1.6.5.1 Repeat 10.1.5.2 to load additional samples into list. 

10.1.6.6 ClickApply, and then Close when finished entering IDs for all desired 
analyses. 

10.1.7 After sample list has been filled appropriately, and prior to analysis, the list 
should be printed. The list shall be used to ensure that samples are located in 
appropriate positions on the auto-sampler rack. 

I 0.1. 7.1 Click on Sample table and select Print (PDF). This will generate a 
temporary PDF file. 

10.1.7.2 Print the PDF file. Save the PDF file to the Sample list directory 
located on the desktop with the file name corresponding to the analysis 
date. 

10.1.8 Once sample list is complete and has been printed, prepare and load samples 
according to the sample list. Using this sequence should reduce analyst error of 
loading the auto-sampler incorrectly. 

1 0.1.9 Measure 50mL of sample in a graduated cylinder. Pour this into a 60mL 
disposable plastic beaker. Place samples in the auto-sampler tray in the 
appropriate sample positions. 

10.1.9.1 Always load a MB and LCS prior to sample analysis. 

10.1.9.1.1 Use 50mL DI H20 for the MB. 

10.1.9.1.2 Follow Section 7.1.7.2 for the spiking procedure of the 
LCS. 
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10.1.9.2 Avoid floating particulates as they can cause interferences with the 
electrode and causes blockages in the instrumentation plumbing. 

I 0.1.1 0 Remember to load and analyze a MS and MSD for up to every twenty samples. 

10.1.11 Click Start to begin analysis. 

10.1.12 The auto-sampler rinses between each sample. 

10.1.13 The aspiration line and conductivity probe on the robotic arm are rinsed three 
times between sample analyses. 

10.1.14 Samples may require a "dilution" to prevent over flow from the titration 
beaker. 

10.1.14.1 Use 20mL of sample instead ofthe routine 50mL of sample. 

10.1.14.2 If over flow is still a concern, discuss with Technical Director the 
changing of the 0.02N H2S04 to a higher normality, 0.2N H2S04. 

1 0.1.14.3 When changing to a different normality, the system must be prepped 
again to make certain lines are flushed. The analysis of an 
additional LCS is also required. 

11.0 Procedure for 20mg/L and 2mg/L PQL alkalinities - manual 

11.1. Memphis - manual titration with 50mL and 1 OmL burettes 

11.1.1 Calibrate the pH meter according to current HEAL pH SOP. 

11.1.1.1 All acceptance criteria listed in the current HEAL pH SOP must be 
meet. 

11.1.2 20mg/L PQL alkalinity 

11.1.2.1 Pour out old 0.02N H2S04 titrant from 50mL burette and refill with 
fresh solution. Remove bubbles from burette tip and record volume in 
logbook. 

11.1.2.2 For MB measure 50mL DI H20 using graduated cylinder. 

11.1.2.2.1 Add magnetic stir bar and gently stir sample. 

11.1.2.2.2 Immerse pH probe in solution. Be sure the bulb (and 
thermocouple if present) is fully immersed in solution. Do 
not allow the stir bar to hit probe tip. 
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11.1.2.2.3 Allow pH to stabilize, record starting pH, burette volume, 
and titrate to pH 4.5 :::1::0.20 pH units. (For MB proceed very 
slowly, this will be a very small volume). 

11.1.2.2.4 Record ending pH and burette volume. 

11.1.2.3 For LCS measure 50mL DI H20 using a graduated cylinder and pour 
into a clean plastic Solo cup. 

11.1.2.3.1 Using the lmL pipette, remove lmL ofDI H20 from Solo 
cup, get a new tip for the pipette, then spike 1 mL of Stock 
Alkalinity solution (this will be the LCS). 

11.1.2.3.2 Add magnetic stir bar and gently stir sample. 

11.1.2.3.3 Immerse pH probe in solution. Be sure the bulb (and 
thermocouple if present) is fully immersed in solution. Do 
not allow the stir bar to hit probe tip. 

11.1.2.3.4 Allow pH to stabilize, record starting pH, burette volume, 
and titrate to pH 4.5 ±0.20 pH units. 

11.1.2.3 .5 Record ending pH and burette volume. 

11.1.2.4 For samples, measure 50mL of un-mixed sample in graduated cylinder, 
and pour into plastic 4oz Solo cup. 

11.1.2.4.1 Samples with very high alkalinities may be diluted prior to 
titration. DO NOT dilute the sample in DI H20. Simply 
titrate less sample. Be sure there is enough sample to allow 
pH probe tip to be completely submerged. 20mL of sample 
is appropriate. 

11.1.2.4.2 If a sample with a very high alkalinity has not reached the 
pH 4.5 endpoint but the Solo cup is full, transfer Stir bar and 
sample to a clean 150mL beaker and continue titration to the 
endpoint. 

11.1.2.4.3 Add stir bar, begin mixing, and immerse probe. 

11.1.2.4.4 Allow pH to stabilize. Record pH. 

11.1.2.4.5 If pH is above 8.30, titrate to pH 8.30 :::1::0.05 pH units. 
Record pH and burette volume. 

11.1.2.4.6 Continue titration of sample until pH 4.5 end-point is 
reached (±0.20 pH units). Record pH and burette volume. 
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11.1.2.4.7 Dump sample down the drain, dispose of plastic solo cup 
and rinse Teflon stir-bar with DI. Continue with the next 
sample. 

11.1.2.5 ForMS and MSD samples, measure 50mL of an un-mixed sample into 
a SOmL graduated ·cylinder, and pour into 4oz solo cup. 

11.1.2.5.1 Using the 1mL pipette, remove 1mL ofMS sample from 
Solo cup, get a new pipette tip, and then spike 1mL of Stock 
Alkalinity solution. Begin titration immediately. 

11.1.2.5.2 Follow procedure above for the titration of a LCS. Repeat 
with MSD sample. 

11.1.3 2.0mg!L PQL (low level alkalinity) 

12.0 Calculations 

11.1.3 .1 Low level alkalinity procedure is only used when requested by client. 
If low level alkalinity is requested the MB and any sample with a total 
alkalinity <20mg/L must be titrated using low level alkalinity 
procedure. 

11.1.3.2 Pour out old 0.02N H2S04 titrant from IOmL micro burette and refill 
with fresh solution. Remove bubbles from burette tip and record 
volume in logbook. 

11.1.3.3 Measure 50mL DI H20 in graduated cylinder and pour into a Solo cup 
(this will be the MB). 

11.1.3.4 Add magnetic stir bar and gently stir sample. 

11.l.3.5 Immerse pH probe in solution. Be sure the bulb (and thermocouple if 
present) is fully immersed in solution. Do not allow the stir bar to hit 
probe tip. 

11.1.3.6 Allow pH to stabilize, record starting pH, and titrate to pH 4.5 ±0.20 
pH units. 

11.1.3. 7 Allow pH to stabilize and record ending pH and burette volume. (Be 
very careful, this is a very small volume). 

11. 1.3 .8 Continue titration to reduce the pH exactly 0.30 pH units. Record final 
pH and burette volume. 

11.1.3.9 Repeat procedure using 50 mL of sample for any client samples that 
have <20 mg/L CaC03 (require less than 1 mL of titrant to reach 
endpoint pH 4.5) 
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12.1. Blank Correction for LCS and PQL studies 

12.1.1 Obtain the calculated value for the total alkalinity of the MB and subtract this 
from the calculated value of the LCS and the 20mg/L PQL. This is the true 
value. 

12.1.2 Use the Low Level calculated value for the alkalinity of the MB and subtract 
from the 2.0mg/L PQL low level calculated value. This is the true value. 

12.2. Total Alkalinity 
. . TxNx50 000 

Total Alkalmzty, mg I L CaC03 = ' 
mLof sample 

Where: 

T=Total mL of standard acid used for titration to pH 4.5 endpoint 
N=Normality of standard acid 

12.3. 2mgiL PQL - Low Level Alkalinity 

Total Alkalinity, mg I L CaC0
3 

= ((2B)- C) x N x SO,OOO 
mLof sample 

Where: 

B = mL titrant to first recorded pH (::1: 0.2 pH units from pH 4.5) 
C = total mL titrant to reach 0.30 pH units lower (mL to approx. pH 4.5 plus 0.30 

ph units lower) 

12.4. Calculation of Alkalinity Relationships 

12.4.1 Alkalinity relationships are calculated with the assumption that the total 
alkalinity only consists ofthe sum of bicarbonate, carbonate, and hydroxide 
alkalinities. Other weak acids that may contribute to the total alkalinity are not 
included in the calculation of the alkalinity relationships. 

12.4.2 These relationships are determined by examining the relationship between the 
volume of titrant used to reach the pH 8.3 endpoint (also known as the 
phenolphthalein endpoint or P) and the tQ!Bl volume of titrant (including the 
volume used to reach pH 8.3 endpoint) used to reach the pH 4.5 endpoint (also 
known asT). 
P = mL titrant to reach pH 8.3. 
T =total volume of titrant used to reach pH 4.5. 

12.4.3 In this SOP the alkalinity relationships shall be called: Bicarbonate/Carbonate, 
Carbonate, and Carbonate/Hydroxide. 
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12.4.4 The sum of bicarbonate, carbonate, and hydroxide alkalinities must always equal 
that of the total alkalinity calculated in 12.1. 

12.4.5 Calculation of Bicarbonate/Carbonate Alkalinity 

Where P = 0 or P < 1/2 T. 

Hydroxide: on- (mgCaC03 1 L)=O 

Carbonate: CO/-(mgCaC0
3

/ L)= (2xPx50,000xN) 
v 

Bicarbonate: 

Where: 

nco3-(mg/LCaC031 L)= (T-2xP)x50,000xN 
v 

P = mL of titrant to pH 8.3 
T =Total mL of titrant to pH 4.5 
N = normality of titrant 
V =volume of sample in mL 

12.4.6 Calculation of Carbonate Alkalinity 

Where P = Y:z T. 

Hydroxide: 

Carbonate: 

Bicarbonate: 

Where: 

on- (mg CaC03 I L) = 0 

co3 2- (mg CaC03 I L) = 2 X p X 50,000 X N 
v 

nC03- (mg CaC03 I L )= 0 

P = mL of titrant to pH 8.3 
N = normality of titrant 
V =volume of sample in mL 

12.4.7 Calculation of Carbonate/Hydroxide Alkalinity 

Where P > Y:z T or P = T 

Hydroxide: on-(mg CaC0
3 
I L)= (2x P-T)x50,000x N 

v 
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Carbonate: 

Bicarbonate: 

Where: 

C032-(mg CaC0
3 
I L)= 2(T-P)x50,000xN 

v 
HC03 -(mg CaC03 I L)= 0 

P = mL of titrant to pH 8.3 
T = Total mL of titrant to pH 4.5 
N = normality of titrant 
V =volume of sample in mL 

13.0 Method Performance 

13.1. PT or "blind study" samples are routinely analyzed to check the accuracy of the total 
alkalinity analysis. 

13.2. PQL studies are done at a minimum of yearly. 

13.3. Control Charting ofLCS recoveries shall be done for all LCS analyses. 

14.0 Estimation ofUncertainty 

14.1. Estimation ofuncertainty is to be done on an annual basis. 

14.1.1 Collect, at least, 20 of the most recent LCS data points. Calculate the standard 
deviation (s) and the average of all the readings. Calculate the 95% confidence 
interval (2 times the standard deviation). Report the estimated uncertainty as 
±2(s). Uncertainty data is kept on file in the method folders in the quality control 
office. See current revision of QAP for the formulas required to calculate 
uncertainty. 

15.0 Demonstration of Capability (DOC) 

15.1. Demonstration of Capability (DOC) samples are analyzed before an analyst is able to 
independently generate data. 

15.2. DOCs for total alkalinity consist of four replicate spikes. 

15.3. A detailed description of DOCs can be found in the HEAL QA Plan. 

15 .4. See the current HEAL QAP for necessary calculation and statistical requirements for 
DOC studies. 

15.5. Annual Documentation of Continued Proficiency (ADOCP) is performed annually after 
acceptable DOC has been established. See HEAL Quality Assurance Plan. 

16.0 Pollution Prevention 
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16.1. Standard 0.02N H2S04 titrant comes pre-made and standardized. No preparation or 
standardization is necessary. 

16.2. The automated titration system uses more pH buffer volume. However, using this system 
currently allows for at least three determinations to be done on a single aliquot of sample. 

17.0 Data Assessment and Acceptance Criteria for Quality Control Measures 

17 .1. See Appendix A for a summary of batch QC requirements. 

17 .2. Total alkalinity value can be found on the generated report. The software calculates all 
necessary values. These values are based on a 50mL sample size. If a different sample 
volume was used, the value must be corrected. 

17.3. pH Endpoints 

17.3.1 The acceptable range for pH 8.3 endpoint is ±0.05 pH units. 

17.3.2 The acceptable range for pH 4.5 endpoint is ±0.20 pH units 

17.3.3 The acceptable range for additional 0.30 pH units for low level alkalinities is 
±0.05 pH units. 

17.4. Batch QC 

17 .4.1 The MB must calculate to ~Omg!L when reporting to the 20mg!L PQL. 

17.4.1.1Use the Total Alkvalue from the report. 

17 .4.2 The MB must calculate to :$2mg/L when reporting to the 2.0mg!L PQL.. 

17.4.2.1 Use the Low Level Titration value from the report. 

17 .4.3 The LCS must be recovered to within ±20% of the assigned value. The LCS 
must be blank corrected to represent the true value. 

17 .4.4 The MS and MSD must be recovered to within ±20% of the assigned value. 

17.4.5 The RPD for the MSD must be :520%. 

18.0 Corrective Actions for Out-of-Control Data 

18.1. pH Endpoint 

18.1.1 If sample is titrated to a pH greater than the required endpoint, add additional 
titrant to bring pH into the acceptable range. If the sample has been titrated to 
less than the required endpoint (pH overshot), the sample must be discarded and 
re-titrated. 
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18.1.2 If the MB calculates >2 mg CaC03, reanalyze using fresh DI from a different 
location (i.e. any DI pump dispenser or wash bottle containing DI) when the 
2.0mgiL PQL is required. This may be an indication that the DI water system 
may not be producing ultra-pure water. Notify the Inorganic manager 
immediately. IfMB continues to fail discontinue analysis until to source of the 
problem is fixed. 

18.2. Batch QC 

18.2.1 Ifthe LCS fails, re-spike and reanalyze. Ifthe spike continues to fail, remake 
stock spiking solution, spike and reanalyze. If it continues to fail discontinue 
analysis until the source of the problem can be fixed. The LCS value must be 
blank corrected. 

18.2.2 If MS or MSD fails, re-spike and reanalyze. If spike continues to fail, flag data 
and report. 

I 8.2.3 IfRPD for MSD fails. Re-spike and reanalyze both MS and MSD, report 
reanalysis. IfRPD is still out flag data and report. 

19.0 Contingencies for Handling Out of Control Data 

19 .1. All out of control data is flagged and reported to the client. 

19 .2. Corrective actions shall be filled out when there are deviations from the method or this 
SOP. 

20.0 Waste Management 

20.1. Analytical results are used to characterize their respective sample contamination level(s) 
so that the proper disposal can be performed. These wastes will be disposed of according 
to their hazard as well as their type and level of contamination. Refer to the Hall 
Environmental Analysis Laboratory Chemical Hygiene Plan for details regarding waste 
disposal. 

21.0 References 

21.1. Standard Methods 20th Edition, Method 2320B. 

21.2. Quality Assurance Plan, HEAL. 

21.3. Chemical Hygiene Plan, HEAL. 

21.4. Health and Safety SOP, HEAL. 

21.5. Tiamo Software, Online Help, Metrohm. 
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Sam_ple 1 

Sample2 

Sample 3 

Sample4 

SampleS 

Sample6 

Sample? 

Sample 8 

Sam__.Qle 9 

Sample 10 

Sample 11 

Sample 12 

Sam__.Qle13 

Sample 14 

Sample 15 

Sam_j)_le 16 

Sample 17 

Sample 18 

Sample 19 

Sample20 

Appendix B. 
Comparison Data. Automated 
titration using Poseidon versus 
Manual titration. 

Poseidon Burette 

64.17 63 

424.12 433 

419.32 433 

346.12 374 

536.48 554 

521.73 542 

132.02 136 

148.47 153 

29.63 32 

14.82 15 

119.83 128 

120.41 127 

699.30 742 

246.61 258 

170.92 180 

10.12 12 

64.20 56 

91.00 95 
185.53 190 

493.20 544 
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%RPD 

1.84% 

2.07% 

3.21% 

7.74% 

3.21% 

3.81% 

2.97% 

3.01% 

7.69% 

1.21% 

6.59% 

5.33% 

5.93% 

4.51% 

5.17% 

17.00% 

13.64% 

4.30% 

2.38% 

9.80% 



Appendix C. 

Software Method Flow Chart 
Software Method Parameters 

Software Method Calculations 
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MaslliBG• by e·milil • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • off 

Mailto ··-····-····-····-···································· 
Subject • • • • • • • • • Muuga flom tiamo • Method 'New method 2' - Command 'Main 

track' 

User .••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

Mail from • _ ••••••••• _ •.••••••••••••••••••••••••••••••••••••••• 

SMTP Sarver .••••••••••••••••••••••••••••••••••••••••••••••••• 

POP3 Server ••• _ •••• - •••• - •••••••••••••••••••••••••••••••••••• 

AcoustiG signal • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • ~ •• off 

Action ••••••••••••••••••••••••••••••••••••••••••••••••••••••• olf 

Slopdetermln&tion •••••.. _ •••••••••••••••.••••••••••••••••••••••• an 

stop determination 111d series • • • • • • • • . • • • • • • • • • • • • • • • . • • • • • • • • • • • • •. off 

Name • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • Sample size unit 

Type • _ •••• _ ..•• _ .•.. _ ••••••••••..•••.•••••.•••.••••••••••• Text 

Assignment •••••••••••••••• _ ••••••••• 01\. ••••••••••••• &lmple size unit 

Value •••••••••••••••••••••••••••••• oft •••••••••••••••••••••••• 

Checll at start • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • . • • •• olf 

Cammenl. • • • • • • • • . . . . • • • • • • • • .. • • . .. • • • .. • • • .. • . • . • Sample slza unit 

Nama ••••••••••••••••••••••••••••••.••••••.•••••••••••••••• 101 

Type • _ • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • Text 
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Uaam~eiD 

CDentname 
User 

G3&1i15HI 

haiiXJ) 

bdlt 

Pragran1 verslon tlamo 1.2. 1 -43 

2009-D2-o33:27;17 PM UTC· 

Assignnant •••••••••••••••••••••••••• on. • • • • • • • • • • • • • • • • • • • • • 101 

Value •••••••••••••••••••••••••••••• oft •••••••••••••••••••••••• 

Checkatatart ••••••••••••••••••••••.••••••••••••••••••••••••••• on 

Comment • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • Sampf& lrfentillcallon t 

Nama •••••••••••••••••••••••••••••••••••••••••••••••••••••• tD2 
Type •••••••.•••••••••••••••••••••••••••••••••••••••••••••• Text 

Assignment •••••••••••••••••••••••••• on. ••••••••••••••••••••• 102 

Value ••••••••••••••••.••••••••••..• oft •.••...•••••••.•.•.••••• 
Chlckatstart •••••••••••••••••••.•••••••...••••••••..•••••••••• off 

Comnwnt • • • _ • • • • • • • • • _ • • • • • • • • • • • • • • • • • • • • • . • • • Sampfe ldmtillcallon 2 

Name ••••••••••••••••••••••••••••••••••••••••••••.••••••••• ID3 

Type •••••• _ ••••••••••• : • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • Text 

A5sig"nmenl •••.•••••••••••••••••••.••• on. • • • • • • • • • • . . • • • • • • • • . 103 

Value •••••••••••••••••••••••••••••• oft •••••..•••••••...•.••••• 
Chtlckatstart •••••••.••••••••••••••.••..•••••••••••..••..••••.• off 

Comment • • • • • • • • • • • • • _ • • • • • • • • • • • • • • • • • • • • • • • . • Sampfe lunllfta.~Uon 3 

Nama •••••••••••••••••••••••••••.•••••••••.••••••••••••••• oond 

Type •••••••••••••.•••••••••••••••••••••••••••••••••••••••• Text 

Assignment ••..•••••••••••• _ ••••••••• of( ••.••.••••••••••••••••••• 

Value ••••••••••••••• _ •••••••••.••.• on. •• _ •••••••••••.••••••••• 

Clwckatstart ••••••.••••••••••.•.••..••.••••••••••••.••.••••••• off 

Camment •••••••••••••••••••••••••••••••••••••.••••••••••.•••••• 

Nama ••••••••••••••••.••••••••••..••••••••.••..••••••.•••. temp 

Type • _ ••••••••• _ • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • . • • • • • • • • Text 

Assignment • _ ••••••••• _ •••••••••••.•• of( •••••••••••••••••••••••• 

Value _ ••••••••••••••••••• _ • • •••••.• on. •• _ ••••••••. _ ••.• _ •••. _ • 

Clleckatslart ••••••••..•••••••••.•..•••••••••••••••••••..•••••• off 

Comment ••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

SEQUENCE Prepar~ for Cond 

MOVE Move to lampte Pos 

Davlllll 

DltVk:ename •••••..•••••••••.•••••••••••••.•••••••••••••• 855_1 

Target 

Tow.~ .......•••...•......•••.................•••.......... 1 
Move ••••••••••. · •••••••.••.••••••••.••••••••••••• &mpleposlllon 

Beaker test 

Display masaage • • • • • • • • • • • • • • • • • • • • • • • • • • . • • • • • • • • • • • • • • • • • • on 

Stop detennlnation • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • otf 

Slop datannlnalillll end series • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • off 

Parameters 

Shift rate • . • • • • • • • • • . • • • • • • • • • • • • • • • • • • • • . . • • • • • • • • • • • . • • • • • 20 •Js 

Shift direction • • • • • . • • • • • • • • • • • • • • • • • • . • • • • • • • • • • • . • • • • • • • • • auto 

Pagel of 25 
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UcenNID 

Oliantname 

User 

Pn:1gr.1m nrslan tiamo 1.2.1 - 43 

2009-02..033:27:17 PM UTC-

Swl"'f rate •••••••••••••••••••••••••••••• _ ••••••••••••••••••• M •ts 

LIFT Lift Down 

Davia• 
Device name • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 8155_1 

Target 

Tower •.••••••••••••••.•••••••••..•••••.••..••••••••••••••. 1 

Ull posltiDn • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • WOtiC pNiian mm 

Parameters 

lift rate • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 211i mmls 

UFT LiftUp 

Devlae 
Devlae name • • • • • • • • • • • • • • • • • • • • • • • • • • • • • . • • • • • • • • • • • • • • • 865_1 

Targel 

Towel" •••••••••••••••••••••••••••••••••••••••••••.••••••••. 1 

Lift posilion • • .. • • • • • • • • • • • • • • • • • .. • • • .. • • • • • • • • • • . • • Rinse position mm 

Parameters 

Li'll rata • • • • • • • • • . • • • • • • • • • • • • • • • • • • • • • • • • • • • • • . • • • • • • • • • • • • 2lli mmls 

LIFT Lift Work 

Davia 
Device name • • • • • • • • • • • • • • • • • • • • • • • • . • • • • • • • • • • • • • • • • • • • • 855_1 

Target 

Tower ••••••••••••••••••••••••••••••••••••••••••••••••••••. 1 

Li'll positi011 • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • Work pa5iti011 mm 

'"-rameters 

Lift rate • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • . • • • • • • • • • • . • • • • • • • 211i mmls. 

WAIT 30s pauA 

Wall 

Stop traciC aMI waltitlg for [OontlnueJ • • • • • • • • • _ • • • _ • • . • _ • • • • _ • • • • _ • • • off 

Stop alllraclcs and waiting for [Continue] •• _ •••••••••••••••••.••••• _ ••• off 

WaRing time • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • on 

Time •••••••••••••••••••••••••••••••••••••••••••••••••• 3D 

Unit •••••••••••••••••••••••••••••••••••••••••••••••••••• • 

Messll(la 

Reconl message • • • • • • • • • . • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • off 

Messaga by e-mail • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • off 

Acoustic signal • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • . • o(f 

TRANSFER RNd conductivity-tamp 
Davicao 

Devlaa name •••••••••••••••••••••••••••••••••••••••••••.••• 7t2 

Transfer commancls 

Name 

eonduclivlty 

Acfion Variable 

Read ll.a.m.o$q MV.cond 
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diJJJ!,~ 
Ucense ID Cl369515 Program vt~r.lan tiiMIJ 1.2.1 • 43 

Clenlnama hallxp 

User bdh 20Q&.02..033:27:17 PM UTC-

Name Action Command Variable CompariliOn 

temp Read &l.a.m.t8q MV.temp (\d+\.~•) 

Timeout •••••.•••••••••••••••••••..••••••••••••....•••••••••. off 

SEQUENCE 50mL Sample Transfer 

LQH FHI Dosino with Sample 

GenerafiHardware 

Oavle 

De11iae name ••••••••••••••••••••••••••••••••••••••••••• 865_1 

Dosing devioe 

O&Hingdevice ••••••••••••••••••••••••••••••••••••••••••••• 1 

Solution • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • _ • • • • Transfer Pipafte 

Parameters 

Function • • • • •• _ • • • • • • • • • • • • • • • • • • . • • • • • • • • • • • • • • • • • • • • • • Aspirate 

Port •••.•••••.••.•••••..••••••••••..•••••••••••.••.•••••... 1 

Volume •••••••••••..•••••••••..••••••••••••••••••••••.• 50.000 ml 

Rate •••••••••••••••••••••••••••••••••••••••••••••••••••• 10D.O mUmin 

WAIT Walt3 

Wait 

stop lrack and wailing for (Continua) • • • • • • • • • • • • . • • • • • • . • • • • • • • • • • • • off 

Slop alllracks and waiting for [Continue] ••••••• _ •••••••• _ ••••••••••••• oU 

WaiUng time • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • on 

nma ..•.. ·······-··. ·-· ··-··· ---·. --··· ·-····-· .. ·-- ... 3 
Unit •••••••••••••••••••.••••••••••.••••••••••••••••••••• s 

Me1i5iiQ8 

Recllftl meuage . . • . • • • • • . • • • • • • • . • • • • • • . • • • • • • • • • • . • • • • • . • • • olf 

M8H-ae by e-milil • • • • • • • • • • • • • • • • . • . • • • • • • • • • • • • • • • • • • • • . • • • • off 

Acoustic signal • • • • . • • • • • • • • • . • • • • • • • • • • • • • • • • • • • • • • • . • • • • • • • • olf 

LIFT Lift to Shift 

Device 

Oavice nanle • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • . • • • • • • • • • 855_'1 

Target 

Tower •••.•••••..•..••••••••••.•••••••••••.••••••••••.•••.. 1 

Lift position • • • • • • . • • • • • • • • • • . • • • • • • • • • • • • . • • • • • • • • . . • Sljft poaltlon mm 

Parametel'5 

Ult rate • . • • . • • • • • . • • • • • • • • • • • • • . • • • • • • • • • • • • • • • • • • • . • • • • • • • 25 mmts 

LQH Di11pitnse Sample 

GenendiH•rdware 

Device 

Oavice name •••••••••••••••••.••••••••••••••••••••••••• 865_1 

Dosing diWie 

DDllingdevioe ••••••••••••••••••••••••••••••••••••••••••••• 1 

Solution • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • Tranlfar Pipette 

Page. 5 of 2e 
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Parameters 

UoenuiD 

Client name 

User 

83H51e 
halbcp 

bell 

Program verslan tlamo 1.2.1 -43 

2CD9-02-G33:27:17 PM UTC-

Function • • • • • • • • • • • • • • • • • • • • • • • • • • . • • • • • • • • • • • • Ejeai to ~d volume 

Port •••••••••••••.•.••••••••••.••••••••••••••••••.••••••••. 3 

Rate. . • • • • • • . • . . . • • • • • • • . .•••..•••••••••••••.•••••••. maximum mUmln 

LQH Get ntmalnfng sample 

GeneraiiHardWare 

Device 

O.viae name ••••••••••••••••••••••••••••••• - ••••••••••• 85!J_~1 

Dosing deW. 

Ooslnadevioe ••••..•.••••••••••.••..•••••..••••••••••••••• 1 

Solution ••••••••••••••••••• - ••••••••••••••••••• Transfer Pipette 

P;uameters 

FunGtion ••••••••••••••••••••.•••••••••••••••••••••••••• Aspirate 

Port •.••••••.••..•..••.•••.•••••••••.•••••••••••••••••••.•. ·1 
Volume ••••.•••••••••••••••••••••••••••••••.•••••••••••• 16.00 ml 
Rate ••••.••••••••••••••••••••••••••••••••••••••••••••••. 1 OD.O mUmin 

LQH Dhplllse remaining sample 

GueraUHardware 

CALL 

Device 

O.vica name •••••••••••• _ • • .••••••••••••••••••••••••••• 855_·1 

Dosing ct.via 

DoJinadeviae •••••.••••••••••.•••••••••••••••••••••••••••• 1 

Solution ••••• _ ••••••••• _ ••••••••••••••••• , • • • • • Transfer Pipette 

Parametera 

Function • • • • • • • • • • • • • • • • • • • • • • • • • • • . • • • • • • • • • • • Eject to end volume 

Port ••••..•••••••••.••••••••••••••••••••••••••••••••••••••. 3 

Rate ••••••••...•••••••...•.•••••...•.•••.••.••••••••• maximum mUmln 

Call Fill Dosfno 

Call text 

Fill~o 

Ccnd Cell Olean 

Track name 

FIIIOosino 

CondC.IIOiean 

Condiflan 

off 

off 

Ocndlllon 

STIR StlrOn 

~vioe 

Device name • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 855_1 

stltrer 

Stflntr ••••••••••••.•••••••••••••••••••••••••••••••••••••••• 3 

Stirrer l~pa • • .. • • • • • • • • .. • • • • • • • • • • • • • • • • • • • • • • • 801 Magnetic stir,.r 

Stirring ralle • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • ~ 5 

Aation 

Switch on •••••••••••••••••••••••••••••••••••••••••••••••••• on 

Switch off • • • • _ • • • • • • • • • _ • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • off 

Duration • • • • • • • • . • • • • • • • • • • . • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • off 

Page 0 of 25 
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UcenseiD 

Cllenlname 

User 

ti:HI!il£11!1 

hallxp 

bdh 

Pmgram w..-JDII tiamo 1.2.1 -43 

2001Ml2..033:27:17 PM UTC. 

MEAipH pH 

General/Hardware 

Device 

BET pH 

Device name •• _ •••••••••••••••••••••••••••• _ •••• _ •••••• 805_1 

Sensor 
Mnsuringinput •••••••••••••••••••••••••••••••••••••••••••• 1 

Sensor .••.•• _ ••••••... _ ••• _ ••.••..•.••••.•..••••. pH .a.dtode 

Temperature measurement 

Slirrar 

automatio 

Stiuer ••••••••••••••••••••••••••.•••••••••••••••••••••• olf 

Measuring parameters 

Musu1111menl 

Measuren1ent wHh drlrt control. • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • an 

Sfanal drift • • • • • • • • • • • • • • • • • _ •••• _ •••• _ •••• _ •••• _ •••• _ ••• 2.0 mV/mln 

Mln.waifingtlme ••••••••••••••••••••••••••••••••••••••••••• 20 s 
Mu.wamngtlme ••••••.•••••••••..••••••••••••••••••..••.• 80 s 

Mnsuri118interwtl ••••••••••••••••••••••••••••••••••••.••••• 1 s 

Slop measured value pH ••••••••••••••••••••••••••••••••••••• off 

MH:1urwment wllho\rt drill control. • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • alf 

Temperalura 

Temperature •••••••••••••••••••••••.•••••••••••••••••••• 25.0 •c 
Evaluations 

Ax endpoint evalualiDII •• _ •••• _ ••• _ •••• _ .••• _ •••• _ ••••••••••••• off 

Minimum evaluatiDII • • • • • • • • • • • • • • • • • • • • • . • • • • • • • • • • • • • • • • • • • • • ol( 

Muimumevaluiltion ••.••••••••••••••••••••••••••••••••••••••• olf 

Break point evaluation •.••••••••••••••••••••••••••••••••••••••• olf 

Additional measu rwd values 

Addltloltl'll calculated mN!M.Irad valun. • • • • • • • • • • . • • • • • • • • • • • • • • • • • • • olf 

Additional extemal mHSUred valun . • . _ .... _ .... _ .... _ .... _ .... _ . . . olf 

to8-3 
OeneraiiHardwant 

Device 

Devin nama ••••••••••••••••••••••••••••••••••••••••••• 855_1 

Dosing devioe 

Dosingdavice ••••••••••••••••••••••••••••••••••••••••••••• 2 

Solution • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • H2S04 

Sensor 

Measuring lnptrt ••••••••••••••••••••.••••••••••••••••••••••• 1 

Sensar •• ~ •••••••••••••••••••.•••...• _ •.•.••.•••.. pHeleclrGde 

Temperaturw measurement 

Stitrer 

aulomatla 

Stirrer • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • olf 

Start conditions 

Initial measuntd value 

Signaldrift •••••••••••••••••••••••••••••••••••••••••••••• off mV/mln 
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UoanuiD 

Client name 
u .. r 

636961ti 

hallxp 

bell 

Pfoaram V41ralan tlamo 1.2.t -43 

2009-02.033:27:17 PM UTC-

Min. waiting tim• •••••••••••••••••••••••••• _ ••••••••••••••••• 0 s 

Max. wailing time ••••••••••••••••••••••••••••••••••••••••••• 1 s 

Paunt 
Pause t • . • • • • • • • • • • • • . • • • • • • • • • • . • • • • • • • • • • • • • • • • • • • • • • • 0 s 

Slart volume 

S1altvolume ••••••.••...••••••••. _ ••••••••.•• __ • __ •••••••• 0 ml 

ODSing rate •••••••••••••••••••• _ .• _ • • • • • • • • • • • • • • • • • maximum mUmln 

Pause2 
Pause2 _ ..•••••.••.••••••••••.. _ .••• _ ••.•••••••••••••.•. D s 

Control parameters 

Endpoint 1 

EP·1 at pH •••••••••••.•.....••••••••••••••••••••...•••••• 8.3 
Titration rate 

Titration rate •••••••••••••••••••••••••••••••••••••••••••• user 

Cantrol 

Dynamics pH ••••••• _ •••••••••••.• _ .•••••••• _ • • • • • • • • • • . 4.000 

Max. rate •••••••••••••• _ • • ••••••••••••••••••••. _ •••••.•• 8.0 mUmin 

Min. rate •.••• _ •••• _ • • • • • • • •••••••••••••••• _ ••••••••••••• 5.0 IJUmin 

Slop orilerlon 

SlopCflterlon ••••••••••••••••••••••••••••••••••••••••••••• drift 

Slopodrift ••••••••••••••••••••••.••••••••••••••••••••••••• 20 IJllmin 

Enclpolnt2 •••••••••••..•••••••••..••••••••..•.••••••..•••• on 

EP2 at pH •••••••••••••••••••••.•••••••••••••••.•••..•••• 4.2 
Titroltion rate 

Tlttatlon rate •••••••••••••••••••••••••••••••••••••••••••• user 

Conlrol 

Dynamics pH • • • • • • • • • • • • • • • ••••..••.••••••••••••••••.•••• 4.0 

t.Cax. rate •••••••.••....•••••••••••••••••.••.•••••••.•• 10.0G mUmin 
t.~ln. rate • • • • • • • • • • • • • • • • • • •••••• _ .••••••••••••••••••••• 25.0 11t.fmin 

Stop cliterlon 

S1oplll'iterlon ••••••••••••••••••••••••••••••••••••••••••••• drill 

Slop drift ••••• _ •••• _ •••• _ •••••••• _ ••••••••• _ ••••••••• _ • • • 20 IJllmin 

THriltion par.-matera 

TilrlltiDndlnlction ••••••••••••••••••••••••••••••••••••••••••••• -

Ex1rao4ion time ••••••••••••••••••••••••••••••••••••••••••••••• B 1i 

Temperatura • • • • • • • • • • • • • • • • • •••••••••• ____ •• _ •••••••••••• 25.0 •c 

nmelnlervalmeasuringpoint-- --------- ··--- ---------- ••• -------. 1 li 

Stop oondltlons 

Stopwi\Jme ••••••••..•••••••••••••••••••••••••••••••••••• 80.00 ml 

Stoptime •••••••••••••••••••••••••••••••••••••••••••••••••• off s 

Fllllingrate •••••••••••••••••••.•••••••••••••••••••••••• maximum mUmin 

Conditioning 

Conditioning •••••••••••••••••••••••••••••••••••••••••••••••• olf 

Additional evaluations 

Fix end paint evalu.tion • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • on 

Fixed quantity • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • Mtl'aliuracl value 
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Uaense ID 

Clienlname 

u .... 

11380B115 

halbcp 

lldh 

Program verslan tlamo 1.2. I - 4l 

20D9-02-o33:27:17 PM UTC-

Fbc EP1 at pH • • • • • • • • • • • • • • ••••••••••••••••••.••••••• _ ••• 4.G 

FixEP2atpH ••••••••••.•••••••••••••••••••••••••••.••••• off 

.Fbc EP3 at pH • _ • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • off 

Minimum evaluation ••••••••••••••••••••••••••••••••••••••••••• off 

Maximume~ralualion •••••••• _ •••• _ •••• _ •••• _ •••••••.••••••••••• aff 

Additional measured values 

AddltiOIUII calcu'-IRI measured values • _ • • • • _ • • • • • • • • • • • • • _ • • • • _ • • • . _ off 

Adcfttional external measured values • • • • • . • • • • • • • • • • • • • • • • • • • • ; • • • • • olf 

STIR Stir Off 

0CIU'ioe 

Oevkle name • • • • • • • • • • • • • • • • . • • • • • • • • • • • • • • • • • • • . • • • • • • • • 865_1 

Btilrer 

Stiner ••••••••••.••••••••..•••••••••.•••••••••••••••••••••. 3 

Slilrer lypa • • • • • • • • • • • • . . • • • • • • • • . . . • • • • • • • • • • • • 901 Magnello stir..-

stinil'lg rale • • • • • • • . • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • . • • • • • • • • • 8 
Action 

Switch on ••...•..••..••.••••••..••••••••..•••••••...••••••• off 

Swltohoff •••••.••••••••••••••••••••••.••••••••••••••••••••• on 

Duration ••••••••••••••••••••••• ___ •••••••. __ ••••••••••••••• off 

SEQUENCE Rrnse and Cfun V.ser 

PUMP Asp Pump On 

Devioe 

Device name ••••••••••••••••.••..••••••••• _ .•••••••• _ •••• 855_1 

Pumps 

Towttr • • . • • • • • • • • • . . • • • • • •..••••••••••••••••••••••••••••••• 1 

Pump{s) ••••••••••••••••••••••••••.••••••••••••••••••••••••. 2 

Action 

Switch on •••••••••••••••••••••••••••••••••••.•••••••••••••• on 

Swilohotf • - •.•••••••• - ••••••••.••••••••••••••••••• - - ••••••• orr 
Dutallon ••••••••••••••••••••••••••••••••••••••••••••••••••• oiJ 

WAIT Walt 12s 

MOVE 

Wail 

Stop lraolc and waiting for [CclntiRLMI) • • • • _ • • • • • • • • _ • • • • • • • • • • • • • • • • • • off 

Stop all tracks and wai1ing tor [Continue] •• _ •••• _ ••••••.• _ •••• _ •••• _ ••• off 

Walllngtfme •••••••.••••••••.••••••••••••••••••••..••••••••. on 

Time ••••••••••••••••. _ • • •••••. _ ••••••••• _ . • • • • • • • • • • • • 12 

Unit ••.••••••••••••••••••••••••••••••••••••••••••••••••• s 

M•••av• 
Record message • • • • • • • . • • • • • • • • • • • • • • • • • • . • • • • • • • • • • • • • • • • • • off 

t.t.ssaae by e-mail • • • • • • • • • • • __ • • • • • • • • • _ • • • • • • • • • • • • • • • • • • • _ • off 

Acoustie signal • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • olf 

Move8peo5 

Device 

Devloe name • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 865_1 
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Ta~get 

UcenseiD 

Client nama 
User 

Cl389515 

hallxp 

bdh 

Program version tlama 1.2.1 -43 

20H-D2-033:27:17 PM UTC-

Tower ••••••••••••••••••••••••.•••••••••.•••••••.•••..••... 1 

Move • • • • • • • . . . . . . . • • • • • . . . • • . . • . . • . . • • . • • • • • . . • • Special beaker 

Number •.•••..•••••••••••••••••.•••••••••••••••••••••••••.• 5 
Beaker test 

Display ,massage • • • • • • • • • • • • • • • • • • • . • • • • • • • • • . • • • • • • • • • • • • • • • on 

Stop dellermlnation • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • . • off 

stop detannlnaion 1111d ~eries • . • • • . • • . • • • • . • • • • • • • . . • • • • • • • • • • • • • • olf 

Parameters 

Shift rata ..........••.•••••...•••••••.•••••.•..•••••••..••.• 20 •Js. 
Stitt dintction • • • • • • • • • • • • . • • • • • • • . • • • • • • • • • • • • . • • • • • • • • • • • • auto 
SWing rate. • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 55 •1s 

LQH Clean Port 1 Tubing 
GenerafiHardware 

Device 

Device name •••••••••••••••••••••••••••••••••.••••••••• 855_1 

Doling device 

Oo5ingdavice ••••• ·-· ••••••••••••••.• ······-··. ·-····-···. 1 
SaluUon • • • • .. • • • • .. • • • • • • • • • • . • .. • • .. • • • • .. • • • Transfer Pipette 

Paramatan; 

Function • . . • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • Colina 

Pori ••••••••.••••••••.••••••••.••••••••.•••••••.••••••••.•. 1 

Volume • • • • .. • • • • • • • • .. • • • • • • • • • • • • .. • • • • • • . • • • • • • .. • • • • 3.25 ml 

Rate. • • • • • • • • • • • • • • • • • • • • • • • • • • . • • • • • • • • • • • • • • • • • • • • • maximum mUmln 

LQHI Clltan port 3 tubing 

GeneriiiiHardware 

OIWicll 

De1rice name •••••••••••••••••.••••••••••••••••••••••••• 855_1 

ODSing device 

Dosingdavice ••••••••••••••••••••••••••••••••••••••••••••• ·1 

Solution • • • • • • • • • .. • • • .. • • • • • • • .. • • • • • • • • .. • • • • Transfer Pipette 

Parameters 

Function • • • • • • • • • • • • • • • • • • • • • • • • • . . . • • • • • • • • • • • Eject ta end \'olurne 

Port ••••••••••••••••••••••••••••••••••••••••••••••••••••••• a 
Rate ••••••••••••••••••••••••••••••••••••••••••••••••• maximum mUmln 

LIFT ShJft Pos 

Devlaa 

Device name • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • . • • • • • • • • • • • • • • 855_1 

Ta~get 

TOWltr •••••••••••••••••••••••••••••••••••••••••••••.••••••. 1 

Lltl position • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • . • • • Shift posltlort mm 

Parameten 

Lift rate • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 26 mmfr. 

LQH Fill with air 
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GeneraUHanlw•re 

Device 

Uoen1eiD 

Client name 

U1er 2000-02..033:27:17 PM UTC-

Device mama ••••••••••••••••••••••••••••••••••••••••••• 855_1 

Dosing device 

Oosingdelliae ••••.•••••••••••••••••.•••••••••••••••••••••• 1 

Solutlllfl _ • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • _ • • • • Transfer Pip..U. 

Parameters 

Ft~nclion • . . • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • . . • • • • • • • • • . Aspirate 

Port ••.••••••••• - .••••••.•••••••••...•••••••••••••••.•••••. '1 

Voiun\e • . • • • • • • • • • • • • • • • . • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • . 15.00 ml 

Raile ••••••••••••••••••••••••••••••••••••••••••••••••• maximum mUmin 

LQH Dispense Air 

PUMP 

OeneraiiHardwant 

Device 

Deviaa name ••••••• _ •••• _ . • •••••• _ •••••••..•••••••••• _ • 81i5_1 

Dosing device 

Dosingcfavice ••••••••••••••••••••••••••••••••••••••••••••• 1 

Solutillfl ••••• _ •••• _ •••••••••••••••••• _. • • • • • • • • Transfer Pipette 

Paramtlte111 

Function • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • Eject to en.d vol111ne 

Port ••.••••••••.••..••••••••••.•.•••.••••••.••.•.•.•••••••. 3 

Rate •...••••••••••.••••..••••••••.•••••....•••••••••• maximum mUmin 

Rinse Pump.On 

Oevicle 

Device name • • • • • • • • • • • • • • • • • • • • • • • • • • • • • . . • • • • • • • • • • • • • • 855_1 

Pumps 

Tower .•.••••••••••••••••••••••••••••••••••••••••.••••••••. 1 

Pl.rmp(s) •••••••••••••••••••••••••••••••••••••••••••••••••••. 1 

Action 

SWitch on ••••••••••.••••••••••••••.•••••••••••••••••••••••• off 

Switchalf •.••••••••..•••••••••••••.••••••••••••.••••••••••• olf 

DuraUon • • • • • • • • • • • • • • • • • • ••••••••••.•••••••••••••••••.•••• on 

Time • • • • • • • • • • • • • • • • • • • • • • • • • . • • • • • • • • • • • • • • • • • • • • • • • • • • 4.0 1 

WAIT Walt7e 

Walt 

Stop traGIC and wai!Mg for [Continue) • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • off 

Slop all tracks and Milling for (Continue] •••••••••••••••••••••••••••••• off 

Walling time • • • • • . . • • • • • • • • •••••••.•••••••••••••••.••••••••• on 

TinHt .•••••••••••••••••••••••••••••••••••••••••••••••••• 7 

Unit •••••••••••••••••••••••••••••••••••••••••••••••••••• 1 

Meu~~ge 

Recold me5sage • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • off 

Melisaga 'by a-mall • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • off 

Acoustic iilgnal •••••••••••••••••••••••••••••••••••.••••••••••• off 
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PUMP Pump on 

Oevioe 

License ID 
Client nama 

User 

8311C1515 

halbcp 

bell 

Program veralan tlama 1.2.1 -43 

2009-02-033:27:17 PM UTC-

Device name ••••••.•••••••••••••••••••••.•••••••••••••••• 865_1 
Pumps 

Tower •.•••.••••••..••.•••.•.•••..••.••.....•••••••••••.••. 1 
PUmp($} ••••• __ ••••••••••••••••••••• ___ •••••••••••••••••• _ •. 1 

Action 

Switchon • • • • • • • • • • • • • • • • • •.••.•••••.•••••••••••.•••••••••• olf 
Switohaff •••••••••.•••••••••••••••••••••••••••••••••••••••• off 

Duration • • • • • • • • • • • • • • • • • • ••••••••••••••••••••••••••••••••• on 

lime • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • . . • • • • • • • • • • • • • • • • 4.0 5 

WAIT Walt10s 

PUMP 

TRACK 

Wall 

Stop tracle and waiting for (Continue) • • •• _ • • • • _ • • • _ • • • • _ • • •• _ • • • • _ • • • off 

Slop all !rack• and waiting for(Continue) •••.•••••••••••• _ ••••••••• _ ••• olf 

Wailing lime • • • • . . • • • • • • • • • •..••••••••...••••••••••.•••.•••• on 

Time •••••••••••••••••••••••••••.••••••.••••••••••••••• •o 
Unit--·-· •• ·-·----· •• ·-·.---.-·-·.··-- •• ·-· •• ·---.--· ••• s 

Message 

Recon!Massage •••••••••.••••••••••••••••••••••••••••••.•••• off 

Menage by a-mail • • . . . . • • • • • • • • • • • • • • • • • • . . • • • • • • • • • • • • • • • • • • off 

Acoustic. signal •• _ •••••••••••••••••••••••••••••••••••••••••••• olf 

Pump Off 

Oavloe 

Davica name ••••••••••••••••••••••••••••••••••••••••••••• 865_1 

Pump• 

Tower ••.•••.••.••..••..••.•••.•...•.••..••.••••••••.•••.•. 1 

Pump(5) •••••••••••••••••••••••••••••••••••••••••••••••••••. 2 
Ac.tion 

Switch on • • • • • • • • • • . • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • off 

Switchoff •••• _ •••••••••••••••••••. __ ••••••••••••••••••••••• on 

Owalion • . • • • • • • • . • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • off 

FIIIDoslno 

Reltrm lmmadiately • • • • • • • • • • • • • • • • • • • • _ • • • • • • • • • • • . • • • • • • • • • • • on 

De4a.alldata ••••••••••••••••••• -- •••••••••• - ••••••••••••••• oft 

LQH Fill TransFer Pipette 

GenaraUHaniware 

Device 

Da'Vica name •••••••••••••••• _ ••••••••• _ •••••••••••••••• 8155_1 

Dosing dl¥ioa 

Dll<lfngdavloe ••••••••••••••••••••••••••••••••••••••••••••• ·t 
SoluUon _ • • • • • • • • • • • • • • • • • • • • • • • • . • • • • • • • • • • • • • Transfer Pipette 

Paramatars 

FtlnCCion • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • FiN 

Page12 of 20 
Etlective Date: June 15,2011 

S.O.P. Number: S-SM2320B-5 
Page30 of43 



TRACK 

MOVE 

License 10 

Clientm'lm. 

Us•r 

63119516 

halhcp 

bdh 

Program version tiama 1.2.U -43 

2009-02~3:27;17 PM UTC-

Port •..••••••••••.••••••••.•••.•.•••••••.•••••••.•••••••••• 2 

Rate ••••••••••••••••••••••••••••••••••••••••••••••••• maximum mUmln 

Cond Cell Clun 

Retumlmmedilltely •••••••••••••••••••••••••••••••••••••••••••• on 

o.a.t.andllt. •• -.- •• - •••.••••.• - .. - •••. - .•..•• - •• -- •••..••.• oil 

Move to SpiHI Bkr 9 

Device 

O&Vicename •••••••••••••••••••••••••••••.••••••••••••••• 855_1 

Target 

Tower •••••••••••...••••••••••.•••••••.•••••......•••.••••. 1 

Move . . • • . • • • • • • • • • • • • • • • • • • • • • • . . • • • . • • • • • • • • • • • Speoial beaker 

NWftber •••••••••.•••••••••••••••••••••••••••••••••••••••••. D 

Beaker test 

Oisplaymessage ••.•••.••••••••••••••••.•••••..••.••••••••••• an 

Slop detennlnafian ••••.••••••••••••••••••••••••••••••••••••••• olf 

Slop dete~mlnalian and :series • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • olf 

Parameters 

Sliftrate .....•••.•.•••••••.•••..•••••..•.....•••••..•.•••.• 20 •ts 
Shift direcUon • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • auto 

Swing rate ••••.••.......•.•••..••..•••.•..•...•.•••...•••••• M •1s 

LIFT LHt to work 

Dwioe 

Device name • • • • • • • • • • • • • • • • • • • • • • . . • • • • • • • • • • • • • • • • • • • • • 855_1 

Target 

Tower ••.•••••••••••••••••••••••••••••••••••••.•••...•••••. ·t 
Lill position • • • • • • . • • • . • • • • • •••••••••••••••••••••••••••••••• 2f8 mm 

Parameters 

liftrate .••..•••...•..•..•••.••..•..•••.••••••....•..••.•••• 25 mmtr. 

WAIT Wo~rt Is 

MOVE 

Walt 

Stop trade and wal1ing for tcontinue] • • • • _ • • • • _ • • . _ • • • • _ • • • • • • • • • • • • • olf 

Stop all tracka and walling far [Cantlnue] • • • • • • • _ • • • _ • • • • • . • • • • • • • • _ • • • off 
Wailing lime . • • • . • • • • • • • • • • • • • • • • • • . . • • • • • • • • • • • • • • • • • • • • • • • on 

Time ••••••••••••••••••• ··-····-· ••••••.•••••••••••••••• 5 

Unit •••••••••••••••.•••••••••••••••••••••••••••••••••••• s 

M&Ssage 

R8001d message . . . . • . . . • • . . . • . • • • . . . . . • . . . . . • . . . . • • • . • • . . . • • olf 

Message by e-mllil • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • olf 

Acour.tTc signal • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • ••• off 

Move SP Bkr 8 

Device 

Device name • • • • • • • • • • • • . • • • • • • • • . • • • • • • • • • • • . • • . • • • . • • • • 8155_1 

Ta~get 

Tower ••.•••••••.•••••••••••••••••••••••••••••••••••••••••. 1 
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Lk:enseiD 

Clienlnllln8 

u .... 

1!3tiCI5HI 

hllllxp 

.bdh 

Prag111m verslon tlamD 1.2.t -43 

2CJ09.02.033:27:17 PM UTC-

Mov.. ••••.••••••••••••.•••••••••••••.•••••••••••• Spaclalbnk« 

Number •••••••••••••••••••••••••••••••••••••••••••••••••••• 8 

Beakwtest 

Dlsplaymess1111e ••••••.•••••••••••••••••••••••••••••••••••••• on 

Slop detllnnlnalian • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • off 

stop det.nnlnation and series • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • . • off 

Parameters 

Shift rate . • • • • • • • • • • • • • • • • • ••••••••••••••••••••••••••••••••• 2D •Js 

!!hittdirectlon •••••••••••••••••••••••••••••••••••••••••••••• aulD 

Swing rate •••••••••••••••••••••••••.••••••••••••••••••••••.• 65 •1s 

LIFT Lift 228 

Deviae 

Device name ••••••.•••••••••••••••••••••••••••••••••••••• 855_1 
Target 

Tower ••••••••••••••••••••••••••••••••••••••••••••••••••••. 1 

li'ft position •••••••••••••••••••••••••••••••••••••••••••••••• 2t8 mm 

Parameters 

Uftrate ••••••••••••••••••••.••••••••••••••••••••••••••••••• 21 mrnfs 

WAIT Wait5s 

MOVE 

Walt 

Stop trac:IC and waiting fof (Continue) • . • • • • • • • _ • • • _ • • • • • • • • • _ • • • • • • • • off 

Slop all track§ and wailing for (Continue] •• _ •••• _ ••• _ •.•••.••• _ •••• _ ••• olf 

Wafting time •••••••••••••••••••••••••••••••••••••••••••••••• on 

Time ••••••••••••••••••••••••••••••••••••••••••••••••••• & 

Unit •••••••••••••••••••••••••.• _ ••••••••• _ ••••••••• _ •••• s 

Messaae 

Raoonl message •••••••••••••••••••.••••••••••••••••••••••••• off 

Message bye-mail •••••••••••••••••••••••••••••••••••••••••••• off 

AcaUIItlc signal • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • olt 

Move Spec Bkr 7 

Davia 

Device name • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 865_1 

Target 

Tower •••••••••••••••••••••••••••••••••.••••••••••••••••••• 1 

Mew. • • • • • • • • • • • • • • • • • • • • ••••••••• _ . • • • • • • • • • • • • • Spealal beaker 

Number •••••••••••••••.•••••••.•••••••••••••••••••••••••••. 7 

Beakwtest 

Display message • • • • • • • • • • . • • • • • • • • • • • • • • • . • • • • • • • • • • • • • • • • • • on 

Stop determination • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • alf 

Slop dat..nnlnalian and series • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • olf 

Parameters 

Shift rate . • . • • • • • • • • . . • •· . • • . . • • . • • • . • • - • • • • • • • • • • • • • • • • • • . • • 20 ·~s 

Shift direction • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • . • • aula 

Swing rate. • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • !15 •a 
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cti9m2:~ 
UoenuiD aato~1e Proaram version tillllO 1.2.1 • 43 

Cllantname hallxp 

User bdh 2009-02-o33:21:17 PM UTC~ 

Result name Fcrmlila Unit Dac1mal Assignment 
pia as 

003 • ( 2 " Case( 'to 8-3.EP(1}.VOL': 'to ~3.EP mg4. 2 RS09 
{1}.VOL' ;0;0) .. 00000 • 0.02 )/50 

HC03raw • ( { 'lo 8-3.FP(1}. VOL' • ( 2 • Case( 'to 8-3. lngll. 2 none 
EP{t}.VOL' ; 'to 8-3.EP{t}. VOL' ;0;0 ) ) ) • 
50000 • 0.02 )1.50 

HQ03 •Case('RS.HC03 raw'<O;O;"RS.HC03 raw') rngiL 2 RS10 

Law level = { ( ( 2 • "to 8-3.FP(1}.VOL' ) -'lao 8-3. mgiL 2 RS12 
Til ration EP{2}.VOL') • 0.02 • !10000 ) I !10 

estTOS •0.88 • 'RS.CGnd' lngll. 0 RS13 

Free0021L -2.0 • 'RS.HC03'. ( 10 A ( o- 'RS.pH' ) ) mgiL 2 RS1D 

Tolai0021L • 'RS.Free 00211..' + ( .44 • ( ( 2 • 'RS. rngiL 2 RS20 
HC03') + 'RS.C03')) 

mllii 8-3 lo 4- • 'RS.mls to 4-5'- 'RS.mLs Co 8-3' ml 2 RS2f 
6(mLs4-6 
excel} 

Ra.ultname •••••••••••.••.••••••••••••••••••••••••••••••••• Cond 

Formula •••••.•••••••••••••••••••••. •1000000 • Te.xtToNumb..-( 'MV.cond') 

Unit •••••••••••••••••••••.••••••••••••••••••••••••••••••• 11Sfom 

Declmalplaces ••••.•..•••••••••.•••••••..•••••••••••••••••••..• · 2 

Assignment •••••••••••••••••••.••••••••••••••••••••••••••••. RS01 

stalfslics •••••••••••••.•••••••••••••••••.••..•••••••••.••••••• oH 
Oesoriplian ••..•..•••••••••.••..•••••..••.••••••.••••••..•••.••• 

R•aull monitoring, • • • • • • • • • • • • • • • • • • • • • • • • • • • _ • • • • _ • • • • • • • • • • • • • • olf 

S.Ya resuH •• common vulabkl • • • • • • • • • . . . •••••. _ •••••.•••••••• _ •••• off 

Name •••••••••••••••••.••••••••••••••••••••••••••••••••••••• 

S.YernuJtillstlter .••••••••••••••••••.•••••••••••••••••••••• _ •••• oH 

Solution. name •••••••.••••••••••••••••••••••••••••••••••••••••• 

Result name ••••••.••••••••••••••••••• _ .•••••••••••••••• Cond Temp 

Formula ••••••••••••••••••••••••••••••••••• •T-extToNumber( 'MV.temp') 

Unit •••••••••••••.••••••••••.••••••••••••.•••••••••••••••.•. -c 
0.-clm.alplacas ••••••••••••••••.•••••••••••••••••••..••••••••••• 1 

Assignment ••••••••••••••••••••••••••••••••••••••••••••••••. RS02 

S1atistic:5 ••••.•••.•••••••••••••••••••••••••••••••.••••• _ •.•••• olf 

Dll50ripllon •••• _ ••• _ ••••••••• _ •••• _ ••••••••• _ ••.• _ •••••••••••••• 

Result maniloring . • • • • • • • • • • • • • • • • • • • • • • _ • • • • • • • • • • • • • • _ • • • • • • • • . off 

Bav• I"Hult as common villriable • • • • • . • • • • • • • • • • • • • • • • • • • • . • _ • • • • • • • • • oft 

Name •••••••••••••••.••••••••••••••••••••••••••••••••••••••• 

SJye ruult a~a titel' •.••••••••••••••••••••••••• _ ••••••••• _ ••••••••• off 

Solution name •••••••••••.•••••••••••••••••.••••••••••••••••• _. 

Result nam• ••••••••••••••••••••••••••••.••••••••••••••••• _ • • • pH 

Formula •••••••••••••••••••••••••••••••••••••••••••. _ ••• • 'pH.EME' 

Unit •• · •••••••••.•..•••••••••••••••••.••••••••••••••••••• pHunits 

Deci~~U~Iplaces ••••••••••••••••..••••••••••••••••••••••••••••••• 2 
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UcenseiD 

Client name 
User 

1531l!B1~ 

haiiJip 

bdh 

Pto{vam v.rsion tlama 1.2. f -43 

20DQ.02-033:27:17 PM UTC-

Assignment • • • • • • . • • • • • • • • • • • • • • • • • • ••••••••••••••..•••••••. RS03 

Statlsllca ••••••••••••••••••••••••••••••••••••••••••••••••••••. olf 

Oesaiption •••••••• _ •••••••••••••••••.• RS.'Rasult name'{. VAL) Result value. 

Resultllllll'litarfnll ..••••••••••.••.•••••••••••••.••••••••••••••••.• Dif 
Save result as common varlabla • • • • • • • • • • • • • • • • • • _ • • • • • • • • • _ • • • • _ • • • • crt 

Name ••••••••••••••••••.•••••••••••••••••••••••••••••••••.•• 

Save tesult as titel' .•••••••••••••••••••••••••••••••••••••.•••••••• off 

Solution name ••••••••••••••.••••••••••••••.•• _ •••• _ •••••••• __ _ 

Result name ••••••••••••••••••••••••••••••.•.••••••••••••• pH Temp 

Formula ••••••••••••••••••••••••••••••••••••••••••..•••• ='pH.ETIE' 

Unit •••••••••••••••••••••.••••••••••••••••••••••••••••••••.. "C 

Oeclm.el placu ••••••••••••••••••••••••••••••••••••••• - • • • • • • • • • ·1 
AssiQnment •..•••••••••••••••••••••••••••••.•••••••• _ •••• _ •. RS04 

Statistics •••••••••••••••••••••••••••••••••••••••••••••.••••••• err 
Oesoriplion •• ____ •• _ •••• _ •••• _ • ____ •••• _ •••• _ • _ .. _ ••••••••• _ ••. _ 

ResullmDnltoring •••••••••••••••••••••••••••••••••••••••••••••••• olf 

S.ve result as common variable •••••• __ .••••••••• _ •••• _ •••• _ •••• _ •••• elf 

Name •••••••••••••••.••••••••••••••••••••••••••••••••••••••• 

SavellHiuH as titN ............................................... orr 

SofuUonname ••••••••••••••••••••••••••••••••••••••••••••••••• 

Result name •••••••••••••••••••••••••••••.• _ •••• _ •••• _ ••• mLs to 8-3 

Formula ••••••••••••••••••••••••••• = Case( "1111 8-3.EP{1).VOL'; 'ID 8-3.EP{1). 
VOL';.O;O) 

Unit ..•••••••••••••••••••.•••••••••••.••••••••••••••••••••• mL. 

Decimal places ••••••.••••••.••..•••••••.••.••••• _ .•.• _ . • • . • • • . • 2 

Assignnwnl .••••••••••••••...••••••••••••.. _ .•••••••• _ ••.•••. R~ 

Statistics ••••••••.••••••••••••••••••••••••••••••••..•••••••••• off 

O..artpllon ••••••••••••••••• ___ ••••••••••••••••••••••••••••••••• 

Result monftoring •••••••••.••••••••••••• _ •••• _ ••••••••••.•••••••• off 

Save rHult as common variable • • • • .. • • • .. • ........... - .............. off 

Name •••••••••••••••••••••••••••••••..•••••••••••••• ___ ••••• 

Save result H tit..- ••••••••••••••••••••••••••• _ •••• _ ••••••••• _ •••• off 

Salutlonnarne ••••••••••••.•••••••••••••••••••••••••••••••••••• 

Rnultname •••••••••••••••••••••••••••••..•••••••••••••• mlsto4-a 
Formula .......................................... o= 'ID 8-3.FP(1}.VOL.> 

Unit •••..••••••••••••.• · ••••••••••••••.•••••••••••••• · ••••••• mL 

Decimalpi- ••••••.••.••••••..•...•.•.•••••••.•..•••.••••••.• 2 

Assignment .••••••••••••••••••••••••••••••• _ •••••••••••••• - •• RSOCI 

Statistics ..................................................... olf 

O~llon .•••••••••••••••.••••••••••••••.••••••••••••••••••••• 

Resultmoni1oring •••••••••••••••••••••.••••••••••••••.••••••••••• olf 

Save result as oommon variable • • • • • • • • • • • • ••••••••••••••••••••• - •••• elf 

Nilme ••••••••••••••••••••••••••••••••• _ •••••••.• _ •••• _ •••••• 

Save result asutN .••••••••••••••.••••••••••• _ ••••••••••••••••••• olf 
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UcenseiD 

Client name 

User 

83BZ1!1 

halbcp 

bdh 

Progran1 verslan tlama 1.2.1 -43 

2CD9-02..Q33:27:17 PM UTC-

Solutianname ••••••••••••••••••••••••••••••••••••••••••••••••• 

RuuH name .•..•..•••••.••...•.••.•••••••.•....•.••••••• mu to 4·2 

Formula •••••••••••••••••••••••••••••••••••••••••• • 'to 8-3.EP{2}.VOL' 

Unit ••••..•••••••••••••••••.•••••••••••••••.•••••••••••••.. ml 

Decimal places .•••.••.•••••••••••••••• _ .••.••••• _ •••••.••••••.• 2 
Assignm•nt ••••••••••••••••• _ ••••••••••••••••••••••••••••••. RS11 

Statistics .••••••••••..••••.•••••••••.•••.•••••••••••••.••••••• oil 

OltSClriptlOJl •••••••• -· •• ·-· •• ·-·.- --- ••••••••••• - •••••••••••••• -

Resultmoniloring .•••••••••.••••••••••••••••.•••••••••••••••••••• ICH 

Save result as OQJ11mon variable • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • otr 

Name .•••••••••••••.••.•••••••••••••.•••.••••••.••••••..•••. 

Savel'fiultntitiiT .•••••••••••••••••••••••••••.•••••••••••••••••• otr 

Solution name ••••••••••••• __ ••••••••••••••• _ .•••••••••• _. _ .• _. 

Result nama •••••••••••••••.. _ ••••••••••••. __ .•••••••••••• Total Atk 

Formula .. • • • .. • • • • • • • • • • • • • .. • • • .. • ('to B-3.FP{1).VOLn 0.02 .. 50000) I 
!10 

Unit •..••••••••••••••...••.••••••••••••.•.•.••••••••••.•.• mg.ll 

Oecimalplaan •••..•••••••••.••... __ ••••••••••••••••••••••••••• 2 

~nment •••••••••••••••••••••••••••.•.•••••••••••••.••••• RS07 
Statistics •••••••••••••••••••••••••••• _ ••••••••• ___ •••••••••••• ort 

Desoripllon •••••••• _ ••••• __ •••••••••••• RS.'Result muna"{. VAL] Resuh value. 

ResuHmonilorinll .••.•••••••••••••••••••••••••••••••••••••••••••• orr 

Save result as oornmGn variable • • • • • • • • • • • • • • • • • • • , • • • • • • • • • • • • • • • • • • orr 
Name ••••••••••..•.•••.••. --·---················-··········· 

Save.resultastlte.r ••••••.•••••••••••••••••••• _. __ . _ ••••••••• _ ••.. olf 

Solutlon.name ••••••• ___ •••••••••••••• __ .•••••••••••••••••••••• 

Resultnanw ••••••••••••.••••••••••••••••••••••••••••••.••• OHraw 
Farmula ........................... "' ( (( 2 • Case( 'to 8-3.EP(1).VOL'; 'to 8-

3.EP{1}.VOl' ;0;0 ) ) - 'to 8-3.FP{1J. 
VOL' ) • 50000 • .02 ) I !10 

Unit •••••••••••••.•••.•••••••••••••••••••••••••••••••••••• mulL 
OIICimalplaoH ••••. · ••••••••••••••.•.•.••••••.•••••••.•..••••••• 2 

~11nm11nt ••••••••••••••••••••••••••••••..••••••••••••••.•• none 

Slatistics •••••••••••••••••••••••••• _ •••••••••••••• _ ••••••••••• orr 
O.Soriptlon • • • • • • • • CalCUlates OH value from (2P.t)•IMKJDO"HN for any P not equal to 

Zlln:l. 

Res.uH monitoring ..•••••••••••••••••••••••••••••••••••••••••••••• oiJ 

Save r.suH as common variable • • • • • • • • • • • • • • • _ • • _ • • • • • • . • • • . _ _ _ • • • • • olf 

Name ... _ .••.....•......... __ ..•••.... _ •.•• _ ••..••••••••••.. 

SlverMUitastiteT .••••••••••••••••••••••••••••••••••••••• __ ••••• olf 

Solution name ••••••••••••••••• __ •••••••••••••••••••••••••••• _. 

RuuH nllllle _ •..••••••••••••••••••••••••••••• _ • _ •••••••••••••• OH 

Formula • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •Case( 'RS.OH raw'< O;O;'RS.OH raw") 

Unit •••••••••••.•.•••••••••••••••..••••••••••••...•••••••• mgiL 
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UaanaiO 

Client name 

User 

6369515 

halbrp 

bdh 

Program v.rslan tlamD 1.2. t -43 

20DN2-033:27:17 PM UTC· 

Deolm.alplaces •••••••••••••••••••••••• - •••••••••••••• - ••••••••• 2 

A5!1ignmttnt. . ••••••••••••••••••••••••••••••••••• - •••• - •••• - •• RS08 

stetistics ..•••..•••.•...••..•..•••••••••...•.•••••••••.••••••. oH 
DHCriptfon • • • • • • • • If 'OH raYI is r.u than zero (negative numbv). then 'OH' equals 

D. H 'OH ravl is zero or PDsitllle, lht!n 'OH' J&sull is equal Ia "'H 
raw'vlllu•. 

Result monitoring • • • • • • • • • • • • • • • • • • • • • • • _ • • • • _ • • • • • • • • • _ • • •• _ • • • • oH 

Save I'NUH as common variable ••.•••••••••• _ ••••••.•• _ ••••••••• _ •••• olf 

N.me ••••.••••••••••••••••••••••••••••••.••••••.••••••••..•• 

S.Veresultastitw .••••••••••••.•••••••••••••••••• - •••••••••••••• off 

Solution, name ••••••••••••••••••••••••••• _ ••••••••• - •••• - •••••• 

Ruuttname •••••••••••••••••••••••••• _ •••• _ •••• _ ••••••••• _.· •• C03 

Formula • • • • • .. • • • • • • • • • • • • • • • • • • .. • (2 • Case( 'ta 8-3.EP{1}.VOL' : 'to 8-3. 
EP{1}.V0t..' ;0;0 ) • ~000 • 0.02 ) /150 

Unit •••••••••••••••••.•••.•••••••••••••.•.••••••••••••••.. mgll 

DIICIIYNII plllaes • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • - • • • • - • • • • - • • • • 2 

Assignment ••••••••••••••••••••••••••••••.••.••••••••••••••• RS09 

Statistics • • • • . • • • • • • • • • • • • • • • • • • • • • • • • • • • • _ • • • • • • • • • • • • • • • • • • • off 

Description ••••••••••••• - •••••••••••••• - •••••••••••••••••••••••• 

Result manifaring. • • • • • • • • • • • • • • • . • • • • • • • • • • • • • • • • _ • • • • _ • • • • • • • • • olf 

Save result as common variable • • • • • • • • • • • • • _ • • . • _ • • • • _ • • • • • • • • • • • • • • olf 

N~~mtt .•••..•••••••.•..••••••....•••.•.•.••••....••...•....•• 
Save result as titer • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • _ • • • • • • • • • _ • • • • off 

SoluHon name ••••••••••••••••••••••••••••••••••••••••••••••••• 

Ruult name • • . • • • • • • • • • • • • • • • • • • . . • • • • • • • • • • • • • • • • • • • • • • HC03 ,_ 

Formula • • • • • • • • • • • • • • • • • • • • • • • • • • • • ( ( 'to 8-3.FP{1}.VOL'- ( 2 • Case( 'lo 
8-3.EP{1}.VOL' ; 'to 8-3.EP{1}.VOL' ;0;0) ) 

) .. 50000 • 1).02 ) 150 

Unit ••••••••••••••••.••••••..••••.••••..••.•••.••••••••••• maiL 
Oecinu'llplaan ••••••••••••••••••••••••••••••••••••••••••••••••• 2 

Assignment •••••••••••••.•••••••••••••••••••••••••• -~- •••••• non• 
stati511C5 ••••••••••••••••••••••••••••••••••••••••••••••••••••• off 

D•soriplion • • • • • • • • Ca!eulates H003 value from (T-2P)"5000G-NI\f for any P not equal 
.to zero. 

Res.ult monifaring , • • • • • • • • • • • • • .. • • • • • • • _ • • • • • • • • • _ • • • • _ • • • • • • • • • olf 

Save result as commDII variable • • • • • • • • • • • • • • • • • • • • • • • • • • • • • . . • • • • • • • off 

Name ••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

Save result as titer . • • • • • • . • • • • • • • • • • • • • • • • • • • _ • • • • • • • • • • • • • • • • • • • olf 

Solutioruaame • • • • • • • • • • • • • • . • • • • • • • _ • • • • _ • • • • • • • • • • • • • • • • • • • _ • 

Ruullname •••••••••••••••••••••••••••••••••••••••••••••••• HC03. 

Fonnula • • • • • • • • • • • • • • • • • • • • • • • • • • • "'C.w('RS.HC03 raw'<O;O:Rs.HC03 
raW') 

unit •••••••••••.•••••.•.•••.•••.••••••..•..••••••••••.•••• maiL 
Daolmalplaoas ••••••••••••••••••••••.•••••••••••••••••••••••••• 2 

Aslignm1nt .••••••••••••••••••.••••••••••• _ ••••••••••••••••• FIS10 

st•U•tlcs •••••••••••••••••••••••••••••••••••••••••••••.•.••••• olf 
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LklenseiD 

Cliantname 

User 

CI3B-951! 

halbcp 

bdh 

Program version ti~~ma 1.2.! - -43 

2009-02..003:27:17 PM UTe-

Desoription • • • • • • • • If 'HC03 raW' is less them zero {neaative number), than 'H003' 
equals O.lf 'KC03 raw' is ZRO or pasltive, then 'HC03' result Ia 

equal to 'HC03 raw'. 

R .. uHmonitoring, ••••••••••••••••••••••••••••••••••••• _ ••••••••• off 

SllverMult as oomman vlll"'abJe •••••.••••••• _ ••••••••••••.••••••••••• art 

Name ••••.•••••••••••••••••••••.•••••••••.• _ .•••••••• _ •••• _ • 

SllverHultastlter ••••••••••••••••••••••••••••••••••••••••••••••• off 

Solutlonnam• •.•••••••••.••••••.•• ___ ••••••••••••••••••••••••• 

RHuH name ••••••••••••••••••••••••••••••••••••••• Low Level Tib"alion 

Formula • • • • • • • • • • • • • • • • • • • • • • • • • .. .. (( ( 2 • 'lo 8-3.FP{1}.VOL' ) ·'to 8-
3.EPf.!}.V0l'} s 0.02 • !IGODO ) /50 

Unit ••••••••••••••••••••••••••••••••.••••••••••••••••••••• mgiL 

Decinulllplaa&5 ••••••••••••••••••••••••••••••••••••••••..••••••• 2 

Assignment •.•••.•••••••••..•••••••••..••••••••..••••••••••. RS12 

Stlllistics ••••••••••••••••••••••••••••••••••••••••••••••••••••• off 

Dnodpllon •••••••••••••••••••••••••••••••••••••••••••••••••.••• 

Result manitortng .•.••••••.•••••••••••••••••• _ .•••••••••••••••••• off 

Save n.sult as oomman variable ••••••••••••• _ •••• _ •••• _ •••• _ •••• _ •••• off 

N~~me ••••.••••••••••••••••.••••••••••. _ ••••••••. _ ••••••••••• 

Saveresultastiter ............................................... off 

Solution name ••••••••••••••••••••••••••• _ ••••••••••••••••••••. 

Resultname ............................................... estTDB 

Formula • • • • • • • • • • • • • • • • • • . • • • • • • • • • • • • • • • • • • • • • • • • -o.eo .. 'RS.Cond' 

Unit •••••.•.•••••••••••••••••••••••••••• _ ••••••••• _ •••••.. mgiL 

DRimalplaae• ••••.•.•••••••.•••••••••••••••••••••••••••••••••• 0 
Assignment •••••••••••••••.•••••••••• _ •••••••••••••• _ ••••••. RS13 

Slatisti05 ••.••••••••••••••••••••••••••••••••••• _ •••• _ ••••••••. otr 

D~llon •••• _ • • • estimeled Total Dissolved So6ds (TDS) from Electioal Condudivily 
(EC) 

Result monitoring, ••••••••••••••••••••••••••••••••••••••••••••••• off 

Save ruuH as co.mman vatlable ............................ _ •••• _ •••• olf 

Name ••••••••••••••.••..•••••.•••••••••..••••••••••••••••••• 

Save result as titer .••.•••••••.•.••• ; •••••.•••••••. _ ..•••••••••••• otr 

Solution. name ••••••••••••••••••••••••••• _ ••••••••• _ •.••••••••• 

Result name ••••••••••••••••••.••••••••••••••••••••••••• FrH C02JL 

Formula ........................... "'2.0 • 'RS.HC03' • ( 10"' ( 8-'RS.pH') 

Unit ••••.••••••.•.•••••••••.••••••••••.••••••••...•..••••• mgll 

Decimal plaoes • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 2 

Assignment. • ••••••••••••••••••••••••••••••••••••••••••••.••. RS1G 

statistics ••••••••••••••••••••••••••••••••• _ •.••••••• _ •••• _ •••• off 

Desoriptlon •••• _ ••• _ .••• _ •••• _ •.••••••• _ •••• _ •••• _ •••• _ •••• _ •••• 

Ruult monitoring .•••••••••••••••••••••• _ ••••••••••••••••••• _ •••• off 

Save result •• common varlabJa • • • • • • • • • . • • • • • • • • _ • • • • • • • • • • • • • • • • • • • off 

·Name • • • • • • • • • • • • • • . • • • • • . . • • • • • •••••••••••••••• _ •••• _ •••.•• 
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Save result as titer . • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • off 

Solution name •••••••••••••••.•••.••••••• _ ••••••••• _ •••• _ •••• _. 

R .. ult name •••••••••••••••••••••••••• _ •••• _ •••• _ •••• _ •• Totat C021L 

f"otmula • • • • • • • • . • • • • • • • • • • • • • • • • • • • 'RS.Free OO:VL' + ( .44 • ( ( 2 • 'RS. 
HCOS') + 'RS.C03') ) 

Unit •••••.•••.•••••••.••..•.••••••••••••••.••••••••••••••• mgll 

·Decimal plaoes . • • • • • • • • • • • • • • • • • • • • . • • • • • • • • • • • • • • • • • • • • • • • • • • • 2 

Assignment •••••••••••••••••••••••••• _ •••• _ •••• _ •••• _ •••• _ •• RS2G 

statlsli116 •••••••••••••••••••••••••••• _ •••• _ •••• _ •••• _ •••• _ •••• off 

Oesorfpllan ••••••••••••••••••••••••••••••••••••••••.•••••••••••• 

Resuftmonitaring ............................ _ ••••••••••••••••••• off 

Save resuH as oommcn variable • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • off 

Name .•••.••••••••••..••.•••••••••••••••...••••••••••••••.•• 

Saveruuftutltu ..................... ___ ..••..••••••••••..•.•.. off 

Salullonname ••••••••••••.•••••••••••••••••• ___ ••••••••••••••• 

ResuH name • • • • • • • .. • • • • • • • • .. • • • .. • • .. • • . mls 8-3 to 4-5 (mls 4-5 exa.J) 

Formula _ ..••••••••••••••••••. ___ • • • .... = 'RS.mls lo 4-6' • 'RS.mlslo 8-3' 

Unit ............................. ··-·········-····-····-··· ml 
DIIOinYIIplaaes ••••••••••••••. __ •••••••••••••••• ___ ••••••••••••• 2 

Assjgnment ••••••• _ ..••••••.•••••.••• _ • __ • _ •••• _ •••• _ •.•• __ . RS21 

Slatl!.tiCIS- .•••••••••••••••••••• -- ••• ·-· •• ·-· •• ·-· •• --- •• ·-· ••• off 
Description • • • • • • • • total mL to 4.5- ml to 8.3. This glves you the ami. oltilrant used to 

get t-om 8.3 to 4.6 pH units. This value c:qan a plugged into the 
excel&haet as a double ch"ok-

RHuH monitorillg .••••••••.••........••••••••••••••.•.. _ •• : •••••• off 

Save result as oomman variable • • • • • • • • • • • • • _ • • . . _ _ • • • _ • • • • _ • • • • _ • • • • olf 

Name ••••.• _ •••••••••••••••••••••••••.•••••••••••••••••••••• 

Saveresultastiter .•••••••••• _ .••••••••••••••••. _ •••••••••••••••• off 

Solutiofliname ••••••••••••••••••••••••••••••••••••••••• ___ •.••• 

RRf)Drl233 

Repent template 

Report temJ)Jil1e •••• _ • • • _ •••• __ ..• _ •••• _ •••• _ •••• _ New ResuHs Report 

Report output 

Printer •••••••••••••••••••• _ ••••••••••••••••••• _ ••••••••• ~. on 

Printer ••.••.•••.••.•••••••••••.•••.• _ •..• _ ••••••••• Deraultprinter 

PDF file ••••••••••••••••••. _ ••••••••••••••••••• _ • • • • • • • • • • • off 

DATABASE liamo 

I ERIES 
START 

RACK 

Datab11se 

Result. 

Series slart ltack 

lnitlallu rack 
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Device name • • • • • • • • • . • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 866_1 

Racktelt ···-····-·· ••••• ·-····-····-····-·· ··-····-····-···· olf 

SEQUENCE In it Rinse Sequenue 

PUMP PumpOn 

Deviaa 

Device name • • • • • • • • • • • • • • • • • • • . • • • • • • • • • • • • • . • • • • • • • • • • • 855,_1 

Pumps 

Tower ••••••••••••.•••••••••.•••••••••••••••••••••••••••••. 1 

Pump(s) •••••••••••••••••••••••••••••••••••••••••••••••••••. 2 

Action 
swttoh an • • • • • . • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • on 

Switchoff •••••••••••••••••••••.••••••••••.••••••••••••••••• otr 
Durati011 • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • . • olf 

WAIT WallBs 

Wait 

Stop ltac:k and waiting for [Cantinue] • • • • _ • • • • _ • • • _ • • • • .. • • • _ • • • • _ • • • off 

stop all tract. and waling for (Continue] ••••••• _ ••• - ••••••••• _ •••••••• off 

Walllna time • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • on 

nme ··-····-····-····-· ··-····-····-·········-····-···· 8 
Unit •••••••••••••••••••••••••••••••••••••••••••••••••••• 1 

MellaQ8 

R-d message • • • • • • .• • • • • • ••••••••••••••••••••••••••••••••• alf 

Me11age by e-mail • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • off 

Acoustic llgnlll • • • • • • • • . • • • • • • • • • . . • • • • • • • • . . • • • • • • • • • . • • • • ••• off 

LQH Milke room In Doslno 

OenerafiHardwan! 

Dwtce 

O&vice name •• _ •••• _ •••• _ ••• _ ••••••••• _ ••••••••• _ •••• _. 855_1 

Dosing device 

Doaingdavioe ............. ··--···-····-····-····-····-···· ·1 
Solution _ • • • • _ • • • • _ • • • • _ • .. _ • • • • _ • • • • _ • • • • _ • • • • Transt.r Pipette 

Parameters 

Function • • • • • • • • • • • • • • • • . • • • • • • • • • • • • • • • • • • • • • • Eject to end volume 

Port •••••••••••••••.•••••••••.•••••••••.•••••••••.••••••••. 3 

Rate. • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • DJaldmum mUm In 

LQH Fill W· air 
OenerafiHardware 

Device 

Davtce name •• _ •••••••••••••••••• _ •••••••.. _ ••••••••• _. 885_t 

Dosing devioe 

ODSing davloe • _ •••• _ •••• _ •••••••• _ ••••••••• _ •••• _ •••• _ • • • • 1 

SoluUon _ • • • • _ • • • • _ • • • • • • • • • • • • • _ • • • • • • • • • _ • • • • Transfer Plpa1te 

Parameters 
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Funallon • • • • • • • • • • • • • • • • • • • • • • . • • • • • • • • • • • • • . • • • • _ • • • • • Aspirate 

Por-1 ••••••••••••••••••••••••••••••••••••••••••••••••••••••. 1 

Volume • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 15.00 ml 

Rate. • • • • • • • . • • • • • • • • • • • • • . • • • • • • • • • • • • • • • • • • • • • • • • • • maximum mUmin 

LQH Ejaot to EV 
GeneraVHanlware 

Device 

Oelliae name • • • • • • • • • • • • • • • •••••••••••••••••••.•••••••• 868_1 

DDilng device 

Oosingdevloe ••••••••...•••••••••••••••••••••••.•••.•••••• ·1 

Solution ••••••••••••••••••••••••••••••••••••••• TransferPipele 

Parameters 

Function • • • • .. • • • .. • • • .. • • • • • • • .. • • • .. • • • • • • • • • Ejeotlio end volume 

Port •••••••••••••••••••••••••••••••••••••••••••••••••.••••• s 
Rate. • • . . • • • . • • . . . . . • • . . . . . • • • • • . . . . • . . . . • . . • • . • • . . • . maximum mUmln 

WAIT Walt3s 

PUMP 

Wllit 

Stop track and waiting far [Continual •••• _ •••••••. __ ••• _ •••• __ .• __ ••• off 

Stop a1111adcs and v1alling for (Continue J • .. . . . • • • • .. • • . .. • • . .. • . • .. . • • off 

WaillniJ lime • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • . • • • • • • • • en 

Time ••••••••••••••••••••••••••••••••••••••••••••••••••• 3 

Unit ••••••• ·-·.-·-· •• ·-·.·-- •• ·-· •• ·-·-.·-· •• ·-· •• ·-· ••• 5 

Message 

RIIODid massage • • • • • • • • • • • • • • • • • • • . • • • • • • • • • • • • • • • • • • • • • • ••• off 

Messqe by e-mail • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • off 

AcousUaslgnllf .•.••••••••••.•••••••••••.••••••••••••••••••••• off 

Rinse3s 

Device 

Device name ••••••••••••••••••••••••••.•••••••••••••••••• 85!5_1 

Pumps 

Tower • • • • • . . . . • • • . • • . . . . •••••••.•..••••••.•••...•••••••... 1 

Pump{s) • • • • • • • • • • . • • • • • • • ••••••••••••••••••••• _ ••••.••••••. 1 

Aclfon 

Switch on •• _ ••••..••• _ •••••••••••.••••••.•••.•••••.••.••••• off 

Svtilchoff •••••••••••••••••••••••.••.•••• __ •••• _ •••••••• _ •.• olf 

Duration ••••••••••••••••.••••...••.••.••..••••••••••..••••• on 
Time • • • • • • • . • • • • • • • • • . • • • • • • • • • • • • • • • • • • • • • • • . • • • • • • • • • • 3.0 s 

WAIT Walt8s 
Wait 

Stop llade and waiting for [Continue) • • • __ • • • • • _ _ _ __ • • __ • • • .. _ • • • _ • • • olf 

Stop all tracks and wailing for (ContinueJ ••••••• _ ••• _ ......... _ •••••••• off 

Walling time • • • • • • • • • • • • • • • ••••••••••••••••••••••••••••••••• on 

Tlnle ••••••••••••••••••••••••••••••••••••••••••••••••••• 8 

Unit ••••••••••••••••••••••••••••••••••••••••••••••••••• _ 11 
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Recold massage - •.•••••••••••• _ ••••• - ••••••••• - - •••••••••• - -off 

Ue!15age ·by e-mail • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • _ • • • - - • off 

AcousticsignaL .••••••••••••••••••••••••••••.•••••••••••••••• off 

Asp Pump Oil 
Device 

Device name ••.•••• _ ••• _ ••...••••••••••••••.••••••••.•... 8155_1 

Pumps 

Tower • ___ •••..•••• __ ••• _ ••..•••••••••••• _ •.••••••••••••••. 1 

Pump(s) • _ ••••••••••••••• _ ••••••••• _ ••••••••••••• - •.•••• - - •. 2 

Aotion 
.Switch on • __ .•••••••••••••••••••••••••••••••••••••••••••••• off 

Swltohoff ••••••••••••• - ••••••••••••••••••••..••.••••••••••• on 

Duralfan ••••••••••••••••••••••••••••••••••••••••••••••••••• ort 

Series end track 

Lift to Home 

Device 

Device name ••••••...••••••••••....••••••••••...••••••••• 866_1 

Target 

Tower ••••••••••••..•••••••••••••••••••••.•••.••••••..••.•. 1 

Liftpo1ilion •••••••••••••••••••••••••••••••.••••••••• Home p05iticrl mm 

Parameters 

Lift rate ••••••••••••••••••••••••••••••••••••.••••••••••••••• 25 mmls 

Fill Vessel with water 

Device 

Device name •••••••.••••••••••••..••••••.•••••••••••.•••• M!l_1 

Pumps 

Tower • . . • • . • • • • • • . • • • . • • .•••.••.•••••••••••••.•••••••••••. 1 

Pump(s} •••••••••••••••••••••••••••••••••••.•••••••••••••••. 1 

Action 

Switch an • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • off 

SWIIchoft •••••••••••••••••••••••••••••••••••••••••••••••••• off 

Duration ••••••••••••••••••••••••.•••••••••••••••••••••••••• on 

Time • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • . • • • • • • • • • • • • • • • • • • • 4.0 s 

LQH Fill Doslno 

OenerafiHanfware 

Device 

Oellioe name •• _ •••• _ •••• - ••• _ ••••••••••••.• _ ••••••••• _ • 865_1 

0Ming device 

Oo5ingdavfce ••••••••••••••••••••••••••••• --· ••••••• ·-- ••• 1 

Solution ••••••••••••••• _ ••••••••••••• _ •••• _ • • • • Transfer Pipette 

Parameters 

FuneUon • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • . • • • • • • • • • • • • • • • • Fill 
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Port ••••••••••••••••••••••.•••••••••••••••••••••••••••••••. 2 

Rate. . • • • • • • . • • • • • • . . • • • • • • • • • • • . • • • • • • • • • • • • • . • • • • • • maximum mUmin 
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Common Name: 

Hall Environmental 
Analysis Laboratory 

S.O.P. Number: 
Standard Methods 2320B S-SM2320-6 

Method: . 
Automated and Manual Methods for Total Alkalinity, Low Level Alkalinity, Carbonate. 
Bicarbonate, and H droxide in A ueous Sam les 
Effective Date: Supersedes: 
August 29, 2011 S-SM2320-5 

Quality Assurance/Quality Control Officer: 

1.0 Scope and Application 

1.1. This SOP describes the procedure for detennining the total alkalinity and its three common 
forms found in most waters (carbonate, bicarbonate, and hydroxide). This SOP is 
applicable to drinking, surface, and saline waters, domestic and industrial wastes. 

1.2. There are two processes that can be used for alkalinity determination. 

1.2.1 Titration of alkalinity by the automated system, Poseidon. 

1.2.1.1 The automated titration system is the preferred procedure for the 
determination of alkalinity. Before use of the automated system, the 
analyst must have read and understood this SOP and the current pH and 
eC SOPs within proven demonstration of capability. 

1.2.1.1.1 This SOP relies heavily on information already included in the 
current pH SOP. Any change in the current pH SOP must be 
adhered to when using this SOP. 

1.2.1.2 Appendix B contains a comparison study of automated titration versus 
manual titration. This is included to show that there is no significant 
difference between the two procedures. 

1.2.2 Manual titration using a SOmL and or 1 OmL micro-burette, and Memphis a pH 
meter. 

1.2.2.1 The manual titration system is used as a back up system should the auto
titrator system be temporarily out of service, or if analyzing samples that 
have a difficult matrix with an extreme buffering capacity. 

1.3. This SOP also includes the procedure for determining low level alkalinities (alkalinities 
that are less than 20m~). 
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2.1. A 50mL aliquot of sample is titrated with 0.02N H2S04 to the pH 8.3 endpoint (if possible) 
and the pH 4.5 endpoint. Carbonates, bicarbonates, and hydroxides are calculated from the 
titration volumes to both the pH 8.3 and 4.5 endpoints. 

2.1.1 The automated system (Poseidon) titrates to all pH endpoints and calculates all 
results. 

2.1.1.1 All method parameters and calculations used by the Tiamo software are 
included in Appendix C. 

2.2. For low level alkalinities 50mL of sample is titrated with 0.02N H2S04 using a 10mL micro 
burette to pH 4.5 ±0.20 endpoint. Additional titrant is added to lower the pH an additional 
0.3 pH units. Low level alkalinity is then calculated from the titration volumes to pH 4.5 
and 0.3 pH unit's lower endpoints. 

2.2.1 The automated system titrates each sample to a final endpoint of 4.2pH units. 

2.2.2 The automated system calculates the low level alkalinity result. 

3.0 Detection Limits 

3.1. The PQL for total alkalinity and bicarbonate is 20 mg/L as CaC03. The PQL for carbonate 
and hydroxide is 2.0 mg/L as CaC03. 

3.2. The PQL for low level alkalinity is 2.0 mg!L as CaC03. 

3.3. MDLs shall be empirically established annually and are subject to change. The current 
MDL can be located in the LIMS. See HEAL QAP for more information on the appropriate 
determination of the MDL. 

4.0 Definitions 

4.1. Analytical batch- up to 20 samples and including a MB, LCS, MS, and MSD; i.e. 24 
individual determinations. 

4.2. Blank spike- A blank spike is a know amount ofDI H20 fortified with a known 
concentration of desired spike. Different than the LCS due to concentration(s). 

4.3. DI H20 (DI)- De-ionized water/reagent free water. Water that is passed through a 
purification system and is free from interferences. 

4.4. Laboratory Control Spike (LCS) - Laboratory fortified blank that is spiked at a 
concentration of 80mg/L. 

4.5. Matrix Spike (MS)- A sample fortified, at 80mg/L, in the laboratory. 

4.6. Matrix Spike Duplicate (MSD)- A duplicate sample fortified, at 80mg/L, in the laboratory. 
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4. 7. Method Blank (MB)- A blank analysis of DI H20 analyzed prior to LCS and samples. 
The calculated value must be less than that of the necessary PQL for samples being 
determined. Used to show that the automated system is clean prior to sample analysis. 

5.0 Interferences 

5.1. Salts of weak organic acids and inorganic acids, present in large amounts, may cause 
interference in electrometric pH measurements. 

5.2. Oil and grease present in samples may coat the electrode and hinder the electrometric 
response. 

5.3. Temperature ofthe sample(s) being analyzed can cause interference with the pH electrode. 

6.0 Safety 

Samples should be allowed to equilibrate to room temperature prior to analysis. The pH 
electrode used must correct for temperature differences. 

6.1. For handling procedures and exposure information always refer to the MSDS. To keep 
exposure to reagents and standards to a minimum, analysts must wear appropriate laboratory 
safety attire when working in the laboratory. 

6.2. Refer to the current HEAL Health and Safety Manual. 

7.0 Apparatus and Materials 

7 .1. Poseidon- 855 Robotic Titrosampler equipped with: 1-50mL 807 Dosino dosing unit, l-
20mL 807 Dosino dosing unit with 2L bottle, 772 peristaltic pump unit, pH combination 
electrode, Conductivity combination electrode, and Tiamo software for operation and data 
collection. 

7.1.1 50mL graduated cylinder. 

7.1.2 50mL disposable digestion vessels from Environmental Express. 

7 .1.3 60mL disposable plastic cups. 

7.1.4 DI H20. 

7.1.5 Sulfuric Acid, Standardized, 0.02000N. 

7.1.5.1 The concentration of the sulfuric acid may change. 

7 .1.5.2 The Technical Director must be notified of change so that software can 
be configured to calculate appropriately due to new normality of sulfuric 
acid. 

7 .1.6 Sulfuric Acid, Standardized, 0.2N. 
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7.1. 7 Spike solution 

7.1.7.1 Stock Alkalinity solution: Dissolve 0.848g ofNa2C03 (dried at 250°C 
for two hours and cooled in a desiccator) into 200mL DI water. This is a 
4000 mg/L as CaC03 stock solution. 

7.1.7.2 Spike 1mL into LCS, MS, and MSD samples. Report spike results as 
total alkalinity only. In LCS, MS, and MSD the spike concentration is 
80 mg/L as CaC03. 

7.1.8 pH Buffers 1.68, 4.00, 7.00, 10.00, 12.45 for calibration of pH meter. 

7 .1.8.1 See current pH SOP for further detailed discussion of pH calibration 
and requirements. 

7.2. Memphis- pH meter. See current HEAL SOP for determination of pH for detailed 
calibration procedures and QC requirements. 

7.2.1 50mL graduated cylinder. 

7.2.2 Magnet stirrer and Teflon stir-bars. 

7.2.3 Class A 50mL burette - Cartman. 

7.2.4 Class A lOmL micro-burette- Kyle. 

7.2.5 Class A 200mL volumetric flask 

7.2.6 Disposable plastic 4oz Solo cups. 

7.2.7 Glass 150mL beakers. 

7.2.9 Sulfuric Acid, Standardized, 0.02000N. 

7.2.1 0 Spike solution 

7.2.10.1 Stock Alkalinity solution: Dissolve 0.848g ofNa2C03 (dried at 250°C 
for two hours and cooled in a desiccator) into 200mL DI water. This is a 
4000 mg/L as CaC03 stock solution. 

7 .2.1 0.2 Spike 1 mL into LCS, MS, and MSD samples. Report spike results as 
total alkalinity only. In LCS, MS, and MSD the spike concentration is 
80 mg/L as CaC03. 

8.0 Sample collection, Preservation, and Storage 
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8.1. Samples are to be collected in unpreserved plastic or glass containers. Samples are stored at 
above freezing to 6°C until analysis. 

8.2. Holding time is 14 days. 

8.3. Samples should be removed from the storage refrigerator at least 2 hours prior to analysis 
to allow samples to equilibrate to room temperature. 

9.0 Quality Control 

9.1. An analytical batch consists of a MB, LCS, MS, MSD, and up to 20 samples. 

9.2. See the current HEAL pH SOP for calibration procedure for pH electrode and acceptance 
criteria. 

9.3. A bracketing pH CCV must be analyzed at the end of each batch and in between every 20 
new samples. Not including MB, LCS, DUP, and MS/MSD samples. 

10.0 Procedure for 20mg/L and 2mg/L PQL alkalinities - automated 

1 0.1. Poseidon- automated titration 

1 0.1.1 Remove samples from refrigerator and set them out on the counter for at least 
two hours before analysis. 

1 0.1.2 Follow procedure outlined in current HEAL pH SOP for instrument preparation 
and calibration of the pH electrode. 

1 0.1.2.1 Make certain that the pH calibration is verified to be acceptable prior to 
continuing. 

1 0.1.3 If more than 5 minutes has passed since the ICY buffer has been analyzed, i.e. 
the instrument has been idle due to review of pH calibration and pH ICY results, 
prepare, load, and analyze a pH buffer according to the current HEAL pH SOP. 

10 .1.3 .1 The acceptance criteria for this pH buffer is listed in the current HEAL 
pH SOP. 

1 0.1.4 Obtain clean 60mL auto-sampler cups. 

10.1.5 Login to the Tiamo software using the secure login. 

1 0.1.6 Select the Workplace icon. Click on the Determination Series tab. 

10.1.6.1 Double click on the first line and choose the Cond.-pH-alk 50mL 
method from the scroll down menu. 

10.1.6.2 Enter the HEAL sample ID on ID1line. 
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I 0.1.6.3 Enter additional notes for sample on 102 line. 

10.1.6.4 Enter the sample position number. 

10.1.6.5 Click the right scroll arrow on the bottom left of the window to advance 
to the next sample position. 

I 0.1.6.5.1 Repeat I 0.1.5.2 to load additional samples into list. 

I 0.1.6.6 Click Apply, and then Close when finished entering IDs for all desired 
analyses. 

10.1.7 After sample list has been filled appropriately, and prior to analysis, the list 
should be printed. The list shall be used to ensure that samples are located in 
appropriate positions on the auto-sampler rack. 

I 0.1.7.1 Click on Sample table and select Print (PDF). This will generate a 
temporary PDF file. 

I 0.1. 7.2 Print the PDF file. Save the PDF file to the Sample list directory 
located on the desktop with the file name corresponding to the analysis 
date. 

I 0.1.8 Once sample list is complete and has been printed, prepare and load samples 
according to the sample list. Using this sequence should reduce analyst error of 
loading the auto-sampler incorrectly. 

I 0.1.9 Measure 50mL of sample in a graduated cylinder. Pour this into a 60mL 
disposable plastic beaker. Place samples in the auto-sampler tray in the 
appropriate sample positions. 

I 0.1.9.1 Always load a MB and LCS prior to sample analysis. 

10.1.9.1.1 

10.1.9.1.2 

Use 50mL DI H20 for the MB. 

Follow Section 7.1.7.2 for the spiking procedure ofthe 
LCS. 

I 0.1. 9.2 A void floating particulates as they can cause interferences with the 
electrode and causes blockages in the instrumentation plumbing. 

I 0.1.1 0 Remember to load and analyze a MS and MSD for up to every twenty samples. 

I 0.1.11 Click Start to begin analysis. 

I 0.1.12 The auto-sampler rinses between each sample. 

I 0.1.13 The aspiration line and conductivity probe on the robotic arm are rinsed three 
times between sample analyses. 
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10.1.14 Samples may require a "dilution" to prevent over flow from the titration 
beaker. 

10.1.14.1 Use 20mL ofsamp1e instead ofthe routine SOmL of sample. 

1 0.1.14.2 If over flow is still a concern, discuss with Technical Director the 
changing of the 0.02N H2S04 to a higher normality, 0.2N H2S04. 

10.1.14.3 When changing to a different normality, the system must be prepped 
again to make certain lines are flushed. The analysis of an additional 
LCS is also required. 

11.0 Procedure for 20mg/L and 2mg/L PQL alkalinities - manual 

11.1. Memphis - manual titration with SOmL and 1 OmL burettes 

11.1.1 Calibrate the pH meter according to current HEAL pH SOP. 

11.1.1.1 All acceptance criteria listed in the current HEAL pH SOP must be 
meet. 

11.1.2 20mg!L PQL alkalinity 

11.1.2.1 Pour out old 0.02N H2S04 titrant from SOmL burette and refill with 
fresh solution. Remove bubbles from burette tip and record volume in 
logbook. 

11.1.2.2 For MB measure SOmL DI H20 using graduated cylinder. 

11.1.2.2.1 Add magnetic stir bar and gently stir sample. 

11.1.2.2.2 Immerse pH probe in solution. Be sure the bulb (and 
thermocouple if present) is fully immersed in solution. Do 
not allow the stir bar to hit probe tip. 

11.1.2.2.3 Allow pH to stabilize, record starting pH, burette volume, 
and titrate to pH 4.5 ±0.20 pH units. (For MB proceed very 
slowly, this will be a very small volume). 

11.1.2.2.4 Record ending pH and burette volume. 

11.1.2.3 For LCS measure SOmL DI H20 using a graduated cylinder and pour 
into a clean plastic Solo cup. 

11.1.2.3.1 Using the 1mL pipette, remove 1mL ofDI H20 from Solo 
cup, get a new tip for the pipette, then spike 1 mL of Stock 
Alkalinity solution (this will be the LCS). 
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11.1.2.3 .2 Add magnetic stir bar and gently stir sample. 

11.1.2.3.3 Immerse pH probe in solution. Be sure the bulb (and 
thermocouple if present) is fully immersed in solution. Do 
not allow the stir bar to hit probe tip. 

11.1.2.3 .4 Allow pH to stabilize, record starting pH, burette volume, 
and titrate to pH 4.5 ±0.20 pH units. 

11.1.2.3 .5 Record ending pH and burette volume. 

11.1.2.4 For samples, measure 50mL of un-mixed sample in graduated cylinder, 
and pour into plastic 4oz Solo cup. 

11.1.2.4.1 Samples with very high alkalinities may be diluted prior to 
titration. DO NOT dilute the sample in DI H20. Simply 
titrate less sample. Be sure there is enough sample to allow 
pH probe tip to be completely submerged. 20mL of sample 
is appropriate. 

11.1.2.4.2 If a sample with a very high alkalinity has not reached the 
pH 4.5 endpoint but the Solo cup is full, transfer Stir bar and 
sample to a clean 150mL beaker and continue titration to the 
endpoint. 

11.1.2.4.3 Add stir bar, begin mixing, and immerse probe. 

11.1.2.4.4 Allow pH to stabilize. Record pH. 

11.1.2.4.5 If pH is above 8.30, titrate to pH 8.30 ±0.05 pH units. 
Record pH and burette volume. 

11.1.2.4.6 Continue titration of sample until pH 4.5 end-point is 
reached (±0.20 pH units). Record pH and burette volume. 

11.1.2.4. 7 Dump sample down the drain, dispose of plastic solo cup 
and rinse Teflon stir-bar with DI. Continue with the next 
sample. 

11.1.2.5 ForMS and MSD samples, measure 50mL of an un-mixed sample into 
a 50mL graduated cylinder, and pour into 4oz solo cup. 

11.1.2.5.1 Using the 1mL pipette, remove 1mL ofMS sample from 
Solo cup, get a new pipette tip, and then spike 1mL of Stock 
Alkalinity solution. Begin titration immediately. 

11.1.2.5.2 Follow procedure above for the titration of a LCS. Repeat 
with MSD sample. 
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11.1.3 2.0mg/L PQL (low level alkalinity) 

12.0 Calculations 

11.1.3.1 Low level alkalinity procedure is only used when requested by client. 
If low level alkalinity is requested the MB and any sample with a total 
alkalinity <20mg/L must be titrated using low level alkalinity 
procedure. 

11.1.3.2 Pour out old 0.02N H2S04 titrant from 10mL micro burette and refill 
with fresh solution. Remove bubbles from burette tip and record 
volume in logbook. 

11.1.3.3 Measure SOmL DI H20 in graduated cylinder and pour into a Solo cup 
(this will be the MB). 

11.1.3 .4 Add magnetic stir bar and gently stir sample. 

11.1.3.5 Immerse pH probe in solution. Be sure the bulb (and thermocouple if 
present) is fully immersed in solution. Do not allow the stir bar to hit 
probe tip. 

11.1.3.6 Allow pH to stabilize, record starting pH, and titrate to pH 4.5 ±0.20 
pH units. 

11.1.3. 7 Allow pH to stabilize and record ending pH and burette volume. (Be 
very careful, this is a very small volume). 

11.1.3.8 Continue titration to reduce the pH exactly 0.30 pH units. Record final 
pH and burette volume. 

11.1.3.9 Repeat procedure using 50 mL of sample for any client samples that 
have <20 mg!L CaC03 (require less than 1 mL of titrant to reach 
endpoint pH 4.5) 

12.1. Total Alkalinity 
. . TxNx50,000 

Total Alkalzmty, mg I L CaC03 = ----
mLof sample 

Where: 

T=Total mL of standard acid used for titration to pH 4.5 endpoint 
N=Normality of standard acid 

12.2. 2mg/L PQL- Low Level Alkalinity 

Ti l Alkal . . IL C CO ((2B)-C)xNx50,000 ota m1ty, mg a 3 = -'---------
mL of sample 
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Where: 

B = mL titrant to first recorded pH (± 0.2 pH units from pH 4.5) 
C =total mL titrant to reach 0.30 pH units lower (mL to approx. pH 4.5 plus 0.30 

ph units lower) 

12.3. Calculation of Alkalinity Relationships 

12.3 .I Alkalinity relationships are calculated with the assumption that the total 
alkalinity only consists ofthe sum of bicarbonate, carbonate, and hydroxide 
alkalinities. Other weak acids that may contribute to the total alkalinity are not 
included in the calculation of the alkalinity relationships. 

12.3.2 These relationships are determined by examining the relationship between the 
volume of titrant used to reach the pH 8.3 endpoint (also known as the 
phenolphthalein endpoint or P) and the total volume of titrant (including the 
volume used to reach pH 8.3 endpoint) used to reach the pH 4.5 endpoint (also 
known as T). 
P = mL titrant to reach pH 8.3. 
T =total volume of titrant used to reach pH 4.5. 

12.3.3 In this SOP the alkalinity relationships shall be called: Bicarbonate/Carbonate, 
Carbonate, and Carbonate/Hydroxide. 

12.3.4 The sum of bicarbonate, carbonate, and hydroxide alkalinities must always equal 
that of the total alkalinity calculated in 12.1. 

12.3 .5 Calculation of Bicarbonate/Carbonate Alkalinity 

Where P = 0 or P < 1/2 T. 

Hydroxide: 

Carbonate: 

Bicarbonate: 

Where: 

OH- (mg CaC03 I L)= 0 

co3 2- (mg CaC03 I L) = (2 X p X 50,000 X N) 
v 

HC03-(mgl L CaC03 I L)= (T-2xP)x50,000xN 
v 

P = mL of titrant to pH 8.3 
T =Total mL of titrant to pH 4.5 
N = normality of titrant 
V = volume of sample in mL 

12.3 .6 Calculation of Carbonate Alkalinity 
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Where P = Y2 T. 

Hydroxide: 

Carbonate: 

Bicarbonate: 

Where: 

OH-(mg CaC03 I L)= 0 

C0
3
2-(mg CaC0

3 
I L)= 2x Px50,000x N 

v 
HC03-(mg CaC03 I L)= 0 

P = mL of titrant to pH 8.3 
N =normality of titrant 
V =volume of sample in mL 

12.3. 7 Calculation of Carbonate/Hydroxide Alkalinity 

Where P > Yz T or P = T 

Hydroxide: 

Carbonate: 

Bicarbonate: 

Where: 

OH-(mg CaC0
3 

I L)= (2xP-T)x50,000xN 
v 

CO/-(mg CaC0
3 

I L)= 2(T -P)x 50,000x N 
v 

HC03 -(mg CaC03 I L)= 0 

P = mL of titrant to pH 8.3 
T =Total mL of titrant to pH 4.5 
N =normality of titrant 
V =volume of sample in mL 

13.0 Method Performance 

13 .1. PT or "blind study" samples are routinely analyzed to check the accuracy of the total 
alkalinity analysis. 

13.2. MDL studies are done at a minimum ofyearly. MDLs are completed for both the manual 
and automated procedures, and must be prepared and analyzed over a minimum of three 
days. Additional procedural requirements and the associated formulas can be found in the 
QAP. 

13.3. Control Charting ofLCS recoveries shall be done for all LCS analyses. 

14.0 Estimation of Uncertainty 

14.1. Estimation of uncertainty is to be done on an annual basis. 
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14.1.1 Collect, at least, 20 of the most recent LCS data points. Calculate the standard 
deviation (s) and the average of all the readings. Calculate the 95% confidence 
interval (2 times the standard deviation). Report the estimated uncertainty as 
±2(s). Uncertainty data is kept on file in the method folders in the quality control 
office. See current revision of QAP for the formulas required to calculate 
uncertainty. 

15.0 Demonstration of Capability (DOC) 

15.1. Demonstration of Capability (DOC) samples are analyzed before an analyst is able to 
independently generate data. 

15.2. DOCs for total alkalinity consist of four replicate spikes. 

15.3. A detailed description of DOCs can be found in the HEAL QA Plan. 

15.4. See the current HEAL QAP for necessary calculation and statistical requirements for DOC 
studies. 

15.5. Annual Documentation of Continued Proficiency (ADOCP) is performed annually after 
acceptable DOC has been established. See HEAL Quality Assurance Plan. 

16.0 Pollution Prevention 

16.1. Standard 0.02N H2S04 titrant comes pre-made and standardized. No preparation or 
standardization is necessary. 

16.2. The automated titration system uses more pH buffer volume. However, using this system 
currently allows for at least three determinations to be done on a single aliquot of sample. 

17.0 Data Assessment and Acceptance Criteria for Quality Control Measures 

17 .1. See Appendix A for a summary of batch QC requirements. 

I 7.2. Total alkalinity value can be found on the generated report. The software calculates all 
necessary values. These values are based on a 50mL sample size. If a different sample 
volume was used, the value must be corrected. 

17.3. pH Endpoints 

17.3. I The acceptable range for pH 8.3 endpoint is ±0.05 pH units. 

I 7.3.2 The acceptable range for pH 4.5 endpoint is ±0.20 pH units 

17.3.3 The acceptable range for additional 0.30 pH units for low level alkalinities is 
±0.05 pH units. 

17.4. Batch QC 
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17.4.1 The MB must calculate to :S20mg/L when reporting to the 20mg!L PQL. 

17.4.1.1 Use the Total Alk value from the report. 

17.4.2 The MB must calculate to :S2mg!L when reporting to the 2.0mg!L PQL. 

17.4.2.1 Use the Low Level Titration value from the report. 

17.4.3 The LCS must be recovered to within ±20% of the assigned value, until control 
chart limits are established. 

17.4.4 The MS and MSD must be recovered to within ±20% of the assigned value. 

17.4.5 The RPD for the MSD must be :::;:20%. 

17.5. Continuing Calibration Verification 

17.5 .1 pH CCV must pass within ±0.1 pH units. 

18.0 Corrective Actions for Out-of-Control Data 

18.1. pH Endpoint 

18.1.1 If sample is titrated to a pH greater than the required endpoint, add additional 
titrant to bring pH into the acceptable range. If the sample has been titrated to 
less than the required endpoint (pH overshot), the sample must be discarded and 
re-titrated. 

18.1.2 Ifthe MB calculates >2 mg CaC03, reanalyze using fresh DI from a different 
location (i.e. any DI pump dispenser or wash bottle containing Dl) when the 
2.0mg!L PQL is required. This may be an indication that the DI water system 
may not be producing ultra-pure water. Notify the Inorganic manager 
immediately. If MB continues to fail discontinue analysis until to source of the 
problem is fixed. 

18.2. Batch QC 

18.2.1 If the LCS fails, re-spike and reanalyze. If the spike continues to fail, remake 
stock spiking solution, spike and reanalyze. If it continues to fail discontinue 
analysis until the source of the problem can be fixed. The LCS value must be 
blank corrected. 

18.2.2 If MS or MSD fails, re-spike and reanalyze. If spike continues to fail, flag data 
and report. 

18.2.3 If RPD for MSD fails. Re-s pike and reanalyze both MS and MSD, report 
reanalysis. If RPD is still out flag data and report. 

18.3. Continuing Calibration Verification 
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18.3 .1. If pH CCV fails, all alkalinity samples to the surrounding the failing CCV must 
be reanalyzed to the next acceptable CCV. 

19.0 Contingencies for Handling Out of Control Data 

19 .1. All out of control data is flagged and reported to the client. 

19.2. Corrective actions shall be filled out when there are deviations from the method or this 
SOP. 

20.0 Waste Management 

20. I. Analytical results are used to characterize their respective sample contamination level(s) 
so that the proper disposal can be performed. These wastes will be disposed of according 
to their hazard as well as their type and level of contamination. Refer to the Hall 
Environmental Analysis Laboratory Chemical Hygiene Plan for details regarding waste 
disposal. 

21.0 References 

21.1. Standard Methods 201
h Edition, Method 2320B. 

21.2. Quality Assurance Plan, HEAL. 

21.3. Chemical Hygiene Plan, HEAL. 

21.4. Health and Safety SOP, HEAL. 

21.5. Tiamo Software, Online Help, Metrohm. 
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Sample 1 

Sample 2 

Sample 3 

Sample 4 

Sample 5 

Sample 6 

Sample 7 

Sample 8 

Sample 9 

Sam_ple 10 

Sample 11 

Sample 12 

Sample 13 

Sample 14 

Sample 15 

Sample 16 

Sample 17 

Sample 18 

Sample 19 

Sample 20 

Appendix B. 
Comparison Data. Automated 
titration using Poseidon versus 
Manual titration. 

Poseidon Burette 

64.17 63 

424.12 433 

419.32 433 

346.12 374 

536.48 554 

521.73 542 

132.02 136 

148.47 153 

29.63 32 

14.82 15 

119.83 128 

120.41 127 

699.30 742 

246.61 258 

170.92 180 

10.12 12 

64.20 56 

91.00 95 

185.53 190 

493.20 544 
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%RPD 

1.84% 

2.07% 

3.21% 

7.74% 

3.21% 

3.81% 

2.97% 

3.01% 

7.69% 

1.21% 

6.59% 

5.33% 

5.93% 

4.51% 

5.17% 

17.00% 

13.64% 

4.30% 

2.38% 

9.80% 
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Software Method Parameters 

Software Method Calculations 
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tiamo 1.2.1 Build 43 

License 10:6369515 

Method run 

Method name: 

Method version: 
Method group: 

l --l 
I ft'tiJI•'*'Gilnl:l 

l 
I 

... _ 
1 1--l 

1-·--l 
c•N....._ ,._ 

• ,._ 
CGMCtldl., • ""'"'-l -.... 

l 
I .. 

l 
I ..... 

l .... 
... <Jf 

l 1-... -. ..... , 
l 

l ""''"' I 

PC designation: HALLXP 

Cond.-pH-Aik- 50 ml updated 

5 
Main group 

Page 1 of 1 

User (short name): bdh 

Printed: 2009-02-03 15:26:40 UTC-7 



License 10 

Client name 

User 

6369515 

hallxp 

bdt1 

Program version tiamo 1.2.1 - 43 

2001l-02-033:27:17 PM UTC-

Method parameters 

START 

Method •• _ •••• _ •••• _ •••• _ •••• _ •••• _ •••• _ • • Cond.-pH-Aik- 50 mL updated 

Method saving date •••• _ •••• _ •••• _ •••• _ •••• _ •••• 2001l-02-03 14:48:03 UTC-7 

Method version •• _ •••• _ •••• _ •••• _ •• _ • _ •••• _ ••• ______ •••• _ ••• ____ . 5 

Method group ••• _ •••• _ •••• _ •••• _ •••• _ •••• _ ••• _ •••• _ •••• _. Main group 

Method status •• ___ ••••••• ___ •• ___ •• ___ •• __ •• ___ •• ___ •• ___ ••. original 

Method saved by (full name) ••• _ •••• _ •••• _ •••• _ ••• _ •• Benjamin De~k Harmon 

Method saved by (shon name) •• _ •••• _ •••• _ •••• _ ••• _ •••• _ •••• _ •••• _. bdh 

Main track 

General 

Workplace view 

Cu~ntYM!w ---------------------------------------------on 
Track view for live window 

Livedisplay1. ___ •• ___ •• ___ •••••• ___ •• ___ •• ___ •• ___ •• Main track 

Uve display 2 •• _ •••• _ •••• _ • • • _ •••• _ •••• _ •••• _ •••• _ • • • Main tracl! 

Statistics •• _ •••• _ •••• _ •••• _ ••• __ ••• _ •••• _ •• _ • _ •••• _ •••• _ • • • off 

Conditioning 

Automatic conditioning • _ •••• _ • • • _ •••• _ •••• _ •••• _ •••• _ •••• _ • • • off 

Application note 

Method variables 

Name Type Assignment Value Comment Monitoring 

Sample size Number Sample size Sample size 

Sample size unit Text Sample size unit Sample size unit 

Sample position Number Sample position Sample position number 

101 Text 101 Sample identiblion 1 

102 Text 102 Sample identification 2 

103 Text 103 Sample identification 3 

cond Text 

temp Text 

Name _ •••• _ •••• _ •••• _ •••• _ ••••••••••••••••••••••••••. Sample size 

Type • - •••• _ •••• _ •••• _ •••• _ • • •••••••••••••••••••••••••••• Number 

Assignment ••••• ___ •• ___ ............. ore •••••• ___ •• ___ •. Sample size 

Value _ •••• _ •••• _ •••• _ •••• _ ••••••••• off.. •• _ •••• _ •••• _ •••• _ •••• _ • 

Check at start _ •••• _ •••• _ •••• _ • • •••••••••••••••••••••••••••••••• off 

Comment ••• _ •••• _ •••• _ •••• _ • • • • • • • • • • • • • • • • • • • • • • • • • • • Sample size 

Variable moni'loring • _ •••• _ •••• _ •••••••••••••••••••••••••••••••••• off 

Lower limit •• _ •••• _ •••• _ •••• _ •••••••••••••••••••••••••••••••••••• 

Upper limit •• _ •••• _ •••• _ •••• _ • • •••••••••••••••••••••••••••••••••• 

Message ••• _ •••• _ •••• _ •••• _ •••••••••••••••••••••••••••••••••••• 

Display message ••• _ •• ________ ••••• _______ •••••• _____ ••••••• ___ .on 

RI!COI'd message ••• _ •••• _ •••• _ • • •••••••••••••••••••••••••••••••• on 
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Client narre 
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hallxp 
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Program version tiamo 1.2. 1 - 43 
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Message bye-mail •• _ •••• _ .••• _ •••••••••••••••••••••••••••••••••• off 

Mail to •• _ •••• _ •••• _ •••• _ ••••••••••••••••••.••.•••••••••••••• 

Subject • • • • • • • • • Message from tiamo - Method 'New method 2' - Command 'Main 
track' 

User .••• _ .••• _ •••• _ •••• _ • • ••••• _ ••• _____ • ___ .••• _____ •• ____ _ 

Mail from • _ .••• _ ••.• _ •••. _ • • •••••••••••.•••••••••••••••••••••• 

SMTP Server ••• _ ••.• _ •••• _ ••••••••.•.••••••••••••••••• _ ••••• _ . 

POP3 Server ••• _ •••• _ •••• _ • . •••.•••••••••••••••••••••••••••••• 

Acoustic signal •••• _ •••• _ •••• _ •••••••••••••••••••••••••••••••••• off 

Ac1ion _ •••• _ •••• _ •.•• _ •••• _ •••••••••••••••••••••••••••••••••• off 

Stop determination •• _ •••• _ •••• _ ••••••••••••••••.••••••••••••••••• on 

Stop determination and series .••• _ • • •••••••••••••••••••••••••••••••• off 

Name _ •••• _ •••• _ •••• _ •••• _ • • •••••••••••••••••••••• Sample position 

Type • _ •••• _ •••• _ •••• _ •..• _ •••••••••••••••••••••••••••••• Number 

Assignrrent • _ •••• _ •••• _ •••• _ • • ••••••• OF\ •• _ •••• _ •••• _ Sample position 

Value _ •••• _ •••• _ •••• _ •••• - • • ••••••• off.. •• _ •••• - •••• - •••• _ •••• - • 

Check at start _ •••• _ •••• _ •••• _ • • •••••••••••••••••••••••••••••••• on 

Comment •••••••• _ •••• _ •••• _ • • • • • • • • • • • • • • • • • • • Sarrple position number 

Variable moniroring • _ •••• _ •••• _ •••••••••••••••••••••••••••••••••• off 

LowerHmit •• _ •••• _ •••• _ •••• _ •••••••••••••••••••••••••••••••••••• 

Upper limit •• _ •••• _ •••• _ •••• _ •••••••••••••••••••••••••••••••••••• 

Message ••• _ •••• _ •••• _ •••• - • • •••••••••••••••••••••••••••••••••• 

Display message ••• _ •••• _ •••• _ •••••••••••••••••••••••••••••••••• on 

Record message ••• _ •••• _ •••• _ •••••••••••••••••••••••••••••••••• on 

Message by e-mail •• _ •••• _ .••• _ •••••••••••••••••••••••••••••••••• off 

Mail to •• _ •••• _ •••• _ •••• _ • • •••••••••••••••••••••••••••••••••• 

Subject • • • • • • • • • Message from tiamo - Method 'New method 2' - Command 'Main 
track' 

User .••• _ •••• _ .••• _ •••• _ • • •.•••••.•••••••••••••••..••••••••• 

Mail from • _ •••• _ •••• _ •••. _ • • •••••••••••••••••••••••••••••••••• 

Sl\.fTP Server ••• _ •••• _ •••• _ •••••••••••.•••••••••••••••••••••••• 

POP3 Server ••• _ •••• _ •••• _ •••••••••••••••••••••••••••••••••••• 

Acoustic signal •••• _ •••• _ •••• _ • • ••••••••••••••••••••••••••••••.• off 

Ac1ion _ •••• _ •••• _ •••• _ •••• _ •••••••••••••••••••••••••••••••••• off 

Stop determination •• _ •••• _ •••• _ • • •••••••••••••••••••••••••••••••• on 

S:op determinatiOn and series •••• _ • • •••••••••••••••••••••••••••••••• off 

Name _ •••• _ •••• _ •••• _ •••• _ • • • • • • • • • • • • • • • • • . • • • • • Sample size unit 

Type • _ •••• _ •••• _ •••• _ •••• _ •••••••••••••••••••••••••••••••• Text 

Assignrrent • _ •••• _ •••• _ •••• _ • • ••••••• OF\ •• _ •••• _ •••• _ Sample size unit 

Value _ •••• _ •••• _ •••• _ •••• _ ••••••••• oft' ••• _ •••• _ •••• _ •••• _ •••• _ • 

Check at start _ •••• _ •••• _ •••• _ •••••••••••••••••••••••••••••••••• off 

Comment ••• _ •••• _ •••• _ •••• _ • • • • • • • • • • • • • • • • • • • • • • • • Sample size unit 

Name _ •••• _ •••• _ •••• _ •••• _ •••••••••••••••••••.••••••••••••• 101 

Type • _ •••• _ •••• _ •••• _ •••• _ •••••••••••••••••••••••••••••••• Text 

Pa~ 2 of 25 

Effective Date: August 29,2011 
S.O.P. Number: S-SM2320B-6 

Page 20 of43 



License 10 

Client name 

User 

636Q515 

hallxp 

bdh 

Program version tiamo 1.2.1 - 43 

2009-02-033:27:17 PM UTC-

Assignment • _ ••••••••• _ •••• _ ••••••••• on. ••••••• __ ••• _ •••• _. • • 101 

Value _ •••• _ •••• _ •••• _ •••• _ ••••••••• off. •• _ •••• _ •••• _ •••• _ •••• _ • 

Check at start _ •••• _ •••• _ •••• _ • • •••••••••••••••••••••••••••••••• on 

Comment ••••••••••••• _ •••• _ •••••••••••••••••••• Sample identification 1 

Name _ •••• _ •••• _ •••• _ •••• _ ••••••••••••••••••••••••••••••••• 102 

Type • _ •••• _ •••• _ •••• _ •••• _ •••••••••••••••••••••••••••••••• Text 

Assignment ___ •• ___ •••••••••••••••••• on.. ___ ••••••••••••••••• 102 

Value _ •••• _ •••• _ •••• _ •••• _ • • ••••••• off ••• _ •••• _ •••• _ •••• _ •••• _ • 

Check at start _ •••• _ •••• _ •••• _ •••••••••••••••••••••••••••••••••• off 

Comment ••• _ •••• _ •••• _ •••• _ • • • • • • • • • • • • • • • • • • • • Sample identification 2 

Name _ •••• _ •••• _ •••• _ •••• _ • • ••••••••••••••••••••••••••••••• 103 

Type • _ •••• _ •••• _ •••• _ •••• _ •••••••••••••••••••••••••••••••• Text 

Assignment --- ••••••• ___ •• ___ •••••••• on. •••••• ___ •• ___ ••••••• 103 

Value _ •••• _ •••• _ •••• _ •••• _ ••••••••• off ••• _ •••• _ •••• _ •••• _ •••• _. 

Checlt at start _ •••• _ •••• _ •••• _ •••••••••••••••••••••••••••••••••• off 

Comment ••• _ •••• _ •••• _ •••• _ • • • • • • • • • • • • • • • • • • • • Sample identification 3 

Name _ •••• _ •••• _ •••• _ •••• _ •••••••••••••••••••••••••••••••. cond 

Type •••••••••••••••• _ •••• _ •••••••••••••••••••••••••••••••• Text 

Assignment • _ •••• _ •••• _ •••• _ ••••••••• off ••• _ •••• _ •••• _ •••• _ •••• _. 

Value _ •••• _ •••• _ •••• _ •••• _ • • ••••••• on. •• _ •••• _ •••• _ •••• _ •••• _ • 

Check at start _ •••• _ •••• _ •••• _ •••••••••••••••••••••••••••••••••• off 

Comment ••• _ •••• _ •••• _ •••• _ •••••••••••••••••••••••••••••••••••• 

Name _ •••• _ •••• _ •••• _ •••• _ • • •••••••••••••••••••••••••••••. temp 

Type ••••••••••• _ •••• _ •••• _ •••••••••••••••••••••••••••••••• Text 

Assignment • _ •••• _ •••• _ •••• _ ••••••••• off ••• _ •••• _ •••• _ •••• _ •••• _. 

Value _ •••• _ •••• _ •••• _ •••• _ • • ••••••• on. •• _ •••• _ •••• _ •••• _ •••• _ • 

Check at start _ •••• _ •••• _ •••• _ •••••••••••••••••••••••••••••••••• off 

Comment ••• _ •••• _ •••• _ •••• _ •••••••••••••••••••••••••••••••••••• 

SEQUENCE Prepare for Cond 

MOVE Move to Sample Pos 

Device 

Device name ••••••••••••••••••••••••••••••••••••••••••••• 855_1 

Target 

Towef" .••••••••••••••••••••••••••••••••••••••••••••••••••••. 1 

Move •••••••••••••••••••••••••••••••••••••••••••• Sample po~>ilion 

Beaker test 

Display message • • • • • • • • • • • • ••••••••••••••••••••••••••••••••• on 

Stop determination •••••••••••••••••••••••••••••••••••••••••••• off 

Stopdeterminationandseries ••••••••••••••••••••••••••••••••••••• off 

Parameters 

Shift rate ....•.••••••••••.............••••••........•......• 20 "Is 

Shift direction • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • auto 
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Swing rale •••••••••• _ ••••••••••••••••• __ •••••••••••••••••••• 55 •1s 

LIFT Lift Down 

Device 

Device name ••••• _ •••••••••••• _ •••• __ -· ••••••••••••••• _._ 855_1 

Target 

Tower •••••••••••••• ____ ••••••••••••• _ • __ •••••••••••••••••. t 

Lift position ••••••• _ • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • Work position mm 

Paramelers 

Lift rate •••••••••••••••••••••••••••••••••••••••••••••••••••• 25 mmJs 

LIFT LiftUp 

Device 

Device name ••••••••••••••••••••••••••••••••••••••••••••• 85!5_1 

Target 

Tower ••••••••••••••••••••••••••••••••••••••••••••••••••••. 1 

Lift position ••••••••••••••••••••••••••••••••••••••••• Rinse position mm 

Paramelers 

Lift rate • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 25 mmJs 

LIFT Lift Work 

Device 

WAIT 

Device name ••••••••••••••••••••••••••••••••••••••••••••• 85!5_1 

Target 

Tower ••••••••••••••••••••••••••••••••••••••••••••••••••••. 1 

Lift position • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • Work position mm 

Paramelers 

Lift rate • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 25 mrnls 

30s pause 

Wait 

Stop track and wai1ing for [Continue] •••• _ •••• _ ••• _ •••• _ •••• _ •••• _ ••• off 

Stop all tracks and waiting for (Continue] •• _ •••• _ ••• _ •••• _ •••• _ •••• _ ••• off 

Waiting time •••••••••••••••••••••••••••••••••••••••••••••••• on 

Time··-····-····-····-···-····-····-····-····-····-··· 30 
Unit ••••••••••••••••••••• ·-· •••••••••••••••••••••••••••• s 

Message 

Record message ••••••••••••••••••••• _ ••••••••••••••••••••••• off 

Message by e-mail • • • • • • • • • • • ••••••••••••••••••••••••••••••••• off 

Acoustic signal • • • • • • • • • • • • • • ••••••••••••••••••••••••••••••••• off 

TRANSFER Read conductivity-temp 

Device 

Device name • • • • • • • • • • • • • • • •••••••••••••••••••••••••••••••• 712 

Transfer commands 

Name 

conductivity 

Command Variable 

Read &i.a.m.c$q MV.cond 
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Variable Comparison 

MV.temp (\c:l+l. \d+} 

Timeout _____________________________________________________ off 

SEQUENCE 50mL Sample Transt.r 

LQH Fill Dosino with Sample 

WAIT 

GeneraUHardware 

Device 
Device name ___________________________________________ 855_1 

Dosing device 
Dosing device _____________________________________________ t 

Solution _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ Transfer Pipette 

Parameters 
FunC'Iion _______________________________________________ Aspirate 
Port ______________________________________________________ . 1 

Volume ________________________________________________ 50.000 ml 

Rate ___________________________________________________ . 100.0 mUmin 

Wait3 

Wait 
Stop track and wai1ing for [Continue] ________________________________ off 

Stop all tracks and waiting for [Continue]_ _____________________________ off 

Waiting time ________________________________________________ on 
Time ___________________________________________________ 3 

Unit ____________________________________________________ s 

Message 
Record message _ _ _ _ _ _ _ _ _ _ _ _ _________________________________ off 

Message by e-mail ____________________________________________ off 

Acoustic signal _______________________________________________ off 

LIFT Lift to Shift 

Device 
Device name _____________________________________________ 855_1 

Target 
To-r _____________________________________ ---- ___________ .1 

Lii\ position _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __________________________ Shift position mm 

Parameters 
Lift rate ____________________________________________________ 25 mmfs 

LQH Dispense Sample 

GeneraUHardware 

Device 
Device name ___________________________________________ 855_1 

Dosing device 
Dosing device _____________________________________________ 1 

Solution 
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Funcdon ••••••••••••••••••••••••••••••••••••••• Eject to end volume 

Pon ....................................................... 3 
Rate ••••••••••••••••••••••••••••••••••••••••••••••••• mall:imum mUmin 

LQH Get remaining sample 

General/Hardware 

Device 

Device name ••••••••••• ·- ••• _ •••••••• ·- •••• _ •••• _ •••• _. 855_1 

Dosing device 

Dosingclevice ·-····-····-· ··-····-····-····-····-····-···· 1 
Solution _ •••• _ •••• _ •••• _ ••• _ •••• _ •••• _ •••• _ • • • • Transfer Pipette 

Parameters 

Funcdon ••••••••••••••••••••••••••••••••••••••••••••••• Aspirate 

Pon ....................................................... 1 

Volume ••••••••••••••••••••••••••••••••••••••••••••••••. 15.00 mL 

Rate •••••••••••••••••••••••••••••••••••••••••••••••••••. 100.0 mUmin 

LQH Dispense remaining sample 

General/Hardware 

CALL 

Device 

Device name ••••••• - ••• ·- ••• - •••• _ •••• _ ••• ·- •••• - •••• _. 855_1 

Dosing device 

DosingclevW!! ······-····-· ··-····-····-····-····-····-···· 1 
Solution _ •••• _ •••• _ •••• _ • • • _ •••• _ •••• _ •••• _ • • • • Transfer Pipette 

Parameters 
Funcdon • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • Eject to end volume 

Pon ....................................................... 3 

Rate ••••••••••••••••••••••••••••••••••••••••••••••••• maximum mUmin 

Call Fill Dosino 

Call text 

Fill Dos.tno 

Cond Cell Clean 

Track name 

Fill Dosino 

Cond Cell Clean 

Condition 

off 

off 

Condition 

STIR StirOn 

Device 

Device name ••••••••••••••••••••••••••••••••••••••••••••• 855_1 

Stirrer 

Stirrer ••••••••••••••••••••••••••••••••••••••••••••••••••••. 3 

S:irrer type • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 801 Magnetic stirrer 

Stirring rate • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • . 15 

Ac1ion 

Switch on • • • • • • • • • • • • • • • • • ••••••••••••••••••••••••••••••••• on 
Switch off • • • • • • • • • • • • • • • • • ••••••••••••••••••••••••••••••••• off 

Duration • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • off 
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MEASpH pH 

SET pH 

Generai/HMdware 

Device 
Device name _ • __ ••• _ •••• _. ______ • _ •••• _ •• _. _________ • _. 855_1 

Sensot" 
Measuring input ____________ • __________________ •• ___ • ____ • __ 1 

Sensor _________________________________ • ___ •• ___ .pH electrode 

Temperature measurement 

Stirrer 

automatic 

Stirrer • _______ ••• _ •••• _____ •••• _ •••• _ •••• _ • _ •• _ •••• ___ • off 

Measuring parameters 

Measurement 

Measurementwimdriftcontrol •••• --- •• --- •• --- •• --- •• --- •• ----.on 
Signal drift _________ •••• _____________ • _ •• _____________ ••• 2.0 mVImin 

Min. waiting time. _ _ _ _ _ _ _ _ _ _ _ •• _ • ____________ • _ •••• __ • ___ • • • 20 s 

Max. waiting time •• _ _ _ _ _ _ _ _ _ _ __ •••• _____________ •• _ •••• _ _ _ _ 60 s 

Measuring interval • ___ ••• _ _ _ _ _____ • _ •••• _ •• _________ •• __ • • • • 1 s 

Stop measured value pH ••• ___ • _________ • ___ •• _____________ •• off 

Measurementwithootdriftcontrol. •• _ •••• _ •••• _ •••• _. _ •• _ •••• -- •• off 

Temperature 
Temperature •• _ • _________ • _ • _ ••• _________ •• _ •••• __ • ___ •• 25.0 •c 

Evaluations 
Fix end point evaluation ________ • • • _ • __________ ••• _ •• _________ • • off 

Minimum evaluation __ •• ________ • ___ •• _____________ •• ____ • _____ off 

Maximum evaluation ••• --- •• ---.--- •• --- •• ---_.--- •• ---._--- •• off 

Break point evaluation __ • _ •••• _ _ •• - •••• _ •••• _ • _ - - - •••• _ •••• - • • • off 

Additional measured v~ues 

Additional calculated measured values. __ •••• _ •••• _ ••• ___ • _ • _ •••• _ ••• off 

Additional external measured values _____ ••• _ •••• _ •• ______ • _ •••• _ • _ _ off 

to 8-3 

General/Hardware 

Device 
Device name. _____________ • ______________ • ___ • _________ 855_1 

Dosing device 
Dos4ng del/lee ___ • _ _ _ _ _ _ _ _ _ _ __ •• __________ •• _ ••• _______ • • • • 2 

Solution __ ••• _ •••• _ •••• _ ••• _ •••• __ • ___ •••• _ •••• _ •••• _ H2S04 

Sensor 

Measuring input ••• _ • __ • _ • _ • • __ •••• _ •••• _ •• _ • _ •••• _ ••• __ • • • • 1 

Sensor---. ______ ---_.--- ____ .. --- .. --- •• --- .. --- .pHele<:trode 
Temperature measuremen: •• _ • ______ • _ •••• _ •••• _ •• ___ •• _ automatic 

Stirrer 

Stirrer • _ •••• _ •• ___ •••• _ • ___ •••• _ •••• _ ••• ___ ••• _ •• ___ • • • off 

Sun conditions 

Initial measured value 
Signal drift ______ •• _ •••• _ _ _ ____ •• _ •••• _________ • _ •••• _ _ _ _ off mVo'min 

Page 7 of 25 

Etlective Date: August 29, 20 11 
S.O.P. Number: S-SM2320B-6 

Page 25 of 43 



License 10 

Client name 

User 

636Q515 

hallxp 

bdh 

Program version tiamo 1.2. 1 - 43 

2009-02-033:27:17 PM UTC-

Min. waiting time ••••• _ .... _ . . . _ .... _ •••• _ •••• _ •••. _ •••• _ . . . • 0 s 

Max. waiting time ..•• _ •••• _ • • . _ .... _ .••. _ ...• _ .••• _ •••• - • • • • 1 s 

Pause 1 

Pause 1 _ ••.. _ .... _ ...• _ ••• _ .•.. _ ...• _ .•.. _ .... _ ...• - • • . • 0 s 

Stan volume 

Start volume .• _ .... _ ..•• _ ••• _ ...• _ .... _ .••• _ .... _ •••• _ • . . • 0 mL 

Dosing rate.··-· ••.•... ·-···-····-· .. ·-····-····-· .. maximum mUmin 

Pause 2 
Pause 2 _ .... _ •.•. _ .... _ ... _ .... _ .... _ ..•. _ .... _ .... - . . . . 0 s 

Control paramet.rs 

End point 1 

EP 1 at pi-! •••• _ •••• _ •••• _ • • • _ •••• _ •••• _ •••• _ •••• - •••• - ••• 8.3 

Titration rate 

Titrationrate ··-····-····-···-····-····-····-····-····-··user 
Control 

Dynamics pH •• _ •••• _ •••• _ ••• _ •••• _ •••• _ •••• _ •••• _ •••• _ • 4.000 

Max. rate •••• _ •••• _ •••• _ . . . _ .... _ •••• _ •••• _ •••• _ •••• _ ••• 8.0 mUmin 

Min. rate _ .... _ .... _ .•.. _ • • • _ •••. _ .••. _ .... _ ..•. _ •••• _ ••• 5.0 IJ'lfmin 

Stop crite.rion 

Stop criterion .. _ •••• _ ••.. _ ... _ .... _ ...• _ .••• _ •••. _ .•.. - ... drift 

Stopdrift .....•..••••••••••••....•..•.•...••••••••••••••• 20 IJLimin 

End point 2 _ .... _ .... _ .... _ . . . _ •... - .... - .... - .... - ..•. - . . • on 

EP2 at pi-! •••• _ •••• _ •••• _ • • • _ •••• _ •••• _ •••• _ •••• _ •••• _ ••• 4.2 

Titration rate 

Titrationrate ··-····-····-···-····-····-····-····-····-··user 
Control 

Dynamics pH •• _ •••• _ •••• _ ••• _ •••• _ •••• _ •••• _ •••• _ •••• _ ••• 4.0 

Max. rate •.•• _ •... _ .... _ .•. _ ..•• _ •••• _ •••• _ •••• _ •... _. 10.00 mUmin 

Min. rate _ •••• _ •••• _ ••.• _ • • . _ ..•. _ .... _ .... _ •••. _ •••• _ • • 25.0 jlllmin 

Stop criterion 

Stop criterion •• _ •.•• _ •.•. _ .•• _ .... _ .... _ ...• _ ...• _ •••• _ ••. drift 

Stopdrift •••..•...••••..•...•.••••....•..•.•....••••••••. 20 IJLimin 

Titntion parameters 

Titrationdirection ·-····-····-···-····-····-····-····-····-····

Extrae1iontime ···-····-····-· ··-····-····-····-····-····-···· 0 s 
Temperature •••• _ •••• _ ••.. _ ••• _ •••• _ •••• _ •••• _ •••• _ •••• _ •• 25.0 •c 
Time interval measuring point • • • _ • • • _ • . • • _ . • . . _ . . . • _ . . . . _ . . . . _ • . • • 1 s 

Stop conditions 

Stop voklme _ ..•. _ .... _ ...• _ ••• _ •••• _ •••• _ •••• _ •••• _ .••• _. 60.00 mL 

Stoptime •.••••.•....•....••..•••..•....•..•••••..••••••••• off s 

Filllng rate • _ •••• _ .•.. _ .... _ •.. _ ..•. _ .... _ ..•• _ .... _ . . . maximum mUmin 

Conditioning 

Conditioning_ ••.• _ •••• _ •••• _ ••• _ .•.. _ .... _ ...• _ •... _ .... _ . . . off 

Additional !!Valuations 

Fix end point evaluation ............•••........••••••••• _ •••• _ • • on 

Fixed quantity . _ .... _ .... _ . . . _ .... _ .... _ .••• _ • • • • Measured value 
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Fix EP1 at pH . _ •••• _ •••• _ ... _ ...• _ •••. _ •.•• _ •.•• _ •••• _ •.. 4.5 

Fix EP2 at pH . _ ••••••••. _ . . . _ .•••••••• _ •...••••••••.. _ . . . off 

Fix EP3 at pH • - •... _ ...• - • • • _ •••• _ •••• - •••• _ •..• _ •..• _ • • • off 

Minimum evak.lation ••• _ •••• _ •••• _ •••• _ •••• _ •••••••• _ •••• _ •••• _ off 

Maximum evaluation ••• _ •••• _ •••• _ •••• _ •••• _ ••• _ •••• _ •••• _. ____ off 

Additiomal measured values 

Additional calculated measured values • _______ ••• _ ••• _______ ••• _ •• _ • _ off 

Additional external measured values •• _ •••• _ •••• _ •••••••• _ •••• _ •••• _ off 

STIR StirOff 

Device 

Device name ••••••••••••••••••••••••••••••••••••••••••••• 855_1 

Stirrer 

Stirrer ••••••••••••••••••••••••••••••••••••••••••••••••••••. 3 

Stiner type ....•••••...........•••••••••.•..•.•• 801 Magnetic stirrer 

Stirring rate .....................••.............••.......••... 8 
Action 

Switchoo •••••••••••••••••••••••••••••••••••••••••••••••••• off 

Switch off •.••••••••••••••••••.••••••...••••••••••..••.••••• on 

Duration ••••••••••••••••••••••••••••••••••••••••••••••••••• off 

SEQUENCE Rinse and Clean Vessel 

PUMP Asp Pump On 

Device 

WAIT 

MOVE 

Device name ••••••••••••••••••••••••••••••••••••••••••••• 855_1 

Pumps 

Tower ......•••••............•••...........•.•••.•...••.... l 

Pump(s) •••••••••••••••••••••••••••••••••••••••••••••••••••. 2 

Action 

Switchoo ___ •• _ •••••• _______ •••••••• ________ ••••• ______ •••• on 

Switch off ••••••••••••••••••••••••••••••••• __ ••••••••••• _._.off 

Duration • • • • • • • • • • • • • • • • • • ••••••••••••••••••••••••••••••••• off 

Wait12s 

Wait 

Stop track and waiting for [Continue] •••• _ •••• _ ••• _ •••• _ •••• _ •••• _ ••• off 

Stop all tracks and waiting for [Continue) •• _ •••• _ ••• _ •••• _ •••• _ •••• _ ••• off 

Waiting time •••••••••••••••••••••••••••••••••••••••••••••••• on 

Time •• _ •••• _ •••• _ •••• _ ••• _ •••• _ •••• _ •••• _ •••• _ •••• _. • • 12 

Unit •• ·-· •• --- •• --· •• ·-·.--- •• ___ •• ·-· •• ___ ···-· •• ·-· ••• s 
Message 

Record message • • • • • • • • • • • • ••••••••••••••••••••••••••••••••• off 

Message bye-mail •••••••••••••••••••••••••••••••••••••••••••• off 

Acoustic signal ••••••••••••••••••••••••••••••••••••••••••••••• off 

MoveSpec5 

Device 

Device name ••••••••••••••••••••••••••••••••••••••••••••• 855_1 
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To- ••••••••••••••••••••••••••••••••••••••••••••••••••••. ! 

Move • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • Special beaker 

Number •••••••••••••••••••••••••••••••••••••••••••••••••••. 5 

BeakeT test 

Display message • • • • • • • • • • • • ••••••••••••••••••••••••••••••••• on 

s•.op determination • • • • • • • • • • • ••••••••••••••••••••••••••••••••• off 

Stop determination and series • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • off 

Parameters 

Shifl rate . • • • • • • • • • • • • • • • • • ••••••••••••••••••••••••••••••••• 20 "Is 

Shif! direction • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • auto 

Swing rate •••••••••••••••••••••••••••••••••••••••••••••••••• 55 "/s 

LQH CINn Port 1 Tubing 

GeneraiJHardware 

Device 

Device name •• _ •••• _ •••• _ ••• _ •••• _ •••• _ •••• _ •••• _ •••• _. 855_1 

Dosing device 

Dosing device·-· •••••...••..•••..•... ·-····-· ...•••• ·-· ... 1 

Solution _ •••• _ •••• _ •••• _ ••• _ •••• _ •••• _ •••• _ • • • • Transfer Pipette 

Parameters 

FunCiion •••••••••••••••••••••••••••••••••••••••••••••••• Dosing 

Pon ••••••••••••••••••••••••••••••••••••••••••••••••••••••. 1 

Volume • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 3.25 ml 

Rate. • • • • • • • • • • • • • • • • • • • • •••••••••••••••••••••••••••• maximum mUmin 

LQH CINn port 3 tubing 

GeneraiJHardware 

Device 

Device name ••••••• _ •••• _ •••••••• - •••• _ ••••••••• _ •••• _. 8!55_1 

Dosing device 

Dosingdevice ·-····-····-· ··-····-····-····-····-····-···· 1 
Solution _ •••• _ •••• _ •••• _ ••• _ •••• _ •••• _ •••• _ • • • • Transfer Pipette 

Parameters 

FunCiion ••••••••••••••••••••••••••••••••••••••• Ej&ct to end volume 

Pon ••••••••••••••••••••••••••••••••••••••••••••••••••••••. 3 

Rate •••••••••••••••••••••••••••• _ •••••••••••••••••••• maximum mUmin 

LIFT Shift Pos 

Device 

Device nam& ••••••••••••••••••••••••••••••••••••••••••••• 855_1 

Target 

Tower ••••••••••••••••••••••••••••••••••••••••••••••••••••. 1 

Lifl posltion • _ . . . • • • • • . . . . . • •••.••..•••••...••••• _ ..•. Shift position mm 

Param&ters 

Lifl rat& • • • • • • • • • . • • • • • • • • • ••••••• _ ••••••••••••••••••••••••• 25 mmJs 

LQH Fill with air 
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Device name •• _ •••• _ •••• _ ••• _ •••• _ •••• _ •••• _ ••••••••••• 855_1 

Dosing device 

Dosing device·-····-····-· ..................... ·-· ...•.... 1 
Solution _ •••• _ •••• _ •••• _ ••• _ •••• _ •••• _ •••• _ • • • • Transfer Pipette 

Parameters 

FunCiion ••••••••••••••••••••••••••••••••••••••••••••••• Aspirate 

Port ••••••••••••••••••••••••••••••••••••••••••••••••••••••. 1 

Volume ••••••••••••••••••••••••••••••••••••••••••••••••. 15.00 ml 

Rate .............••••...............•••••••.......... maximurr mUmin 

LQH Dispense Air 

PUMP 

WAIT 

Generaii'Hardware 

Device 

Device name •• _ •••• _ •••• _ ••• _ •••• _ •••• _ •••• _ •••• _ •••• _. 855_1 

Dosing device 

Dosing device ••••••••••••••••••• ·-· ••••••• ·-····-· •••••••• 1 

Solution _ •••• _ •••• _ •••• _ ••• _ •••• _ •••• _ •••• _ • • • • Transfer Pipette 

Pal"ill'rll!ters 

FunCiion ••••••••••••••••••••••••••••••••••••••• Eject to end volume 

Port ••••••••••••••••••••••••••••••••••••••••••••••••••••••. 3 

Rate ••••••••••••••••••••••••••••••••••••••••••••••••• maximum mUmin 

Rinse Pump-On 

Device 

Device name • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 855 _1 

Pumps 

Tower ••••••••••••••••••••••••••••••••••••••••••••••••••••. 1 

Pump(s) •••••••••••••••••••••••••••••••••••••••••••••••••••. 1 

ACiion 

Switch on . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . off 

Switch off • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • off 

Duration • • • • • • • • • . • • • • • . • • ••...........•••••.......•••.•••• on 

Time •••••••••••••••••••••••••••••••••••••••••••••••••••• 4.0 s. 

Wait7s 

Wait 

Stop track and waiting for {Continue] •••• _ •••• _ ••• _ •••• _ •••• _ •••• _ ••• off 

Stop all tracks and waiting for [Continue) •• _ •••• _ ••• _ •••• _ •••• _ •••• _ ••• off 

Waiting time •••••••••••••••••••••••••••••••••••••••••••••••• on 

Time··-····-····-····-···-····-····-····-····-····-···· 7 
Unit ••• _ •••• _ •••• _ •••• _ • • • _ •••• _ •••• _ •••• _ •••• _ •••• _ • • • • s 

Message 

Record message • • • • • • • • • • • • ••••••••••••••••••••••••••••••••• off 

Mes.s.age by e-mail • • • • • • • • • • • ••••••••••••••••••••••••••••••••• off 

Acoustic signal • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • off 
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PUMP 

WAIT 

PUMP 

TRACK 

Pump on 

Device 

License ID 

Client name 

User 

6369515 

nallxp 

bdh 

Program version tiamo 1.2.1 - 43 

200Q-02-033:27:17 PM UTC-

Device name ••••••••••••••••••••••••••••••••••••••••••••• 85!5_1 

Pumps 

Tower ••••••••••••••••••••••••••••••••••••••••••••••••••••. 1 

Pump(s) •••••••••••••••••••••••••••••••••••••••••••••••••••. 1 

AC1ion 

Switch on . . . • • • . . . • • • . • • • • ........••.......•.••..........•• off 

Switch off • • • • • • • • • • • • • • • • • ••••••••••••••••••••••••••••••••• off 

Duration ••••••••••••••••••••••.••••••••••.••••••••••••••••• on 

Time •••••••••••••••••••••••••••••••••••••••••••••••••••• 4.0 s 

Wait 10s 

Wait 

Stop track and waiting for [Continue] •••• _ •••• _ ••• _ •••• _ •••• _ •••• _ ••• off 

Stop all tracks and waiting for [Continue] •• _ •••• _ ••• _ •••• _ •••• _ •••• _ ••• off 

Waiting time •••••••••••••••••••••••••••••••••••••••••••••••• on 

Time •• _ •••• _ •••• _ •••• _ ••• _ •••• _ •••• _ •••• _ •••• _ •••• _. • • 10 

Unit ••• _ •••• _ •••• _ •••• _ • • • _ •••• _ •••• _ •••• _ •••• _ •••• _ • • • • s 

Message 

Recotd message • • • • • • • • • • • • ••••••••••••••••••••••••••••••••• off 

Message by e-mail • • • • • • • • • • • ••••••••••••••••••••••••••••••••• off 

Acoustic signal • • • • • • • • • • • • • • ••••••••••••••••••••••••••••••••• off 

Pump Off 

Device 

Device name ••••••••••••••••••••••••••••••••••••••••••••• 855_1 

Pumps 

Tower ••••••••••••••••••••••••••••••••••••••••••••••••••••. 1 

Pump{s) •••••••••••••••••••••••••••••••••••••••••••••••••••. 2 

Action 

Switch on . . . • • . . . . . . . . . . . . .................•••............. off 

Switch off •••••••••••••••••••••••••••••••••••••••••••••••••• on 

Duration • • • • • • • • • • • • • • • • • • ••••••••••••••••••••••••••••••••• off 

Fill Dosino 

Retum immediately • • • • • • • • • • • ••••••••••••••••••••••••••••••••• on 

De-lete all data • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • off 

LQH Fill Transfer Pipette 

General/Hardware 

Device 

Device name •• _ •••• _ •••• -· •• _ ••••••••• _ •••••••• ·- •••••• 85!5_1 

Dosing device 

Dosingdevice ·-····-····-···-····-····-····-····-····-···· 1 
Solution 

Parameters 

Transfer Pipette 

Funelion • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • Fill 
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TRACK 

MOVE 

LicenH ID 

Client name 

User 

636g515 

halbcp 

bdh 

Program version tiamo 1.2. 1 - 43 

2009-02-033:27:17 PM UTC-

Port ••••••••••••••••••••••••••••••••••••••••••••••••••••••. 2 

Rate ••••••••••••••••••••••••••••••••••••••••••••••••• maximum mUmin 

Cond Cell Clean 

R.tum immediately •••••••••••••••••••••••••••••••••••••••••••• on 

Delete all data . . . . . . . . . . . . . . . . • • • • • • • • • • . . . . . . . . . . . . . • . . • • • • • off 

Move to Spec Bkr 9 

Device 

Device name ••••••••••••••••••••••••••••••••••••••••••••• 855_1 

Target 

Tower ...•..••.•.•.•••••••.•.•••••......•..•........•.••.•. 1 

Move • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • Special beaker 

Number •••••••••••••••••••••••••••••••••••••••••••••••••••. 9 

Beaker test 

Display message • • • • • • • • • • • • ••••••••••••••••••••••••••••••••• on 

Stop determination • • • • • • • • • • • ••••••••••••••••••••••••••••••••• off 

Stop determination and series • • • • ••••••••••••••••••••••••••••••••• off 

Paramelers 

Shift rate . • • • • • • • • • • • • • • • • • ••••••••••••••••••••••••••••••••• 20 "Is 

Shift direction • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • auto 

Swing rate •••••••••••••••••••••••••••••••••••••••••••••••••• 55 "Is 

LIFT Lift to work 

Device 

WAIT 

MOVE 

Device name ••••••••••••••••••••••••••••••••••••••••••••• 855_1 

Target 

Tower •••••••••••••••••••..•.............•.•••••••••••••••. 1 

Lift posltion •••••••••••••••••••••••••••••••••••••••••••••••• 218 mm 

Parameters 

Lift rate •••••••••••••••••••••••••••••••••••••••••••••••••••• 25 mmls 

Wait5s 

Wait 

Stop track and waiting for [Continue] •••• _ •••• _ ••• _ •••• _ •••• _ •••• _ ••• off 

Stop all tracks and waiting for [Continue]. • _ • • • • _ • • • _ • • • • _ • • • • _ • • • • _ • • • off 

Waiting time •••••••••••••••••••••••••••••••••••••••••••••••• on 

Time··-····-····-····-···-····-····-····-····-····-···· 5 

Unit •• ·-····-····-····-···-····-····-····-····-····-···· s 
Message 

Record message ••••••••••••••••••••••••••••••••••••••••••••• off 

Message by e-mail • • • • • • • • • • • ••••••••••••••••••••••••••••••••• off 

Acoustic signal • • • • • • • • • • • • • • ••••••••••••••••••••••••••••••••• off 

MoveSP Bkrl 

Device 

Device name ••••••••••••••••••••••••••••••••••••••••••••• 855_1 

Target 

Tower •.•..•.••••••••••••••••••••••••••••••••••••....••••.. 1 
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License ID 

Client name 

User 

6369515 

halbcp 

bdh 

Program version tiamo 1.2. 1 - 43 

2009-02-033:27:17 PM UTC-

Move • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • Special beaker 

Number •••••••••••••••••••••••••••••••••••••••••••••••••••. 8 

Beaker test 

Display message • • • • • • • • • • • • ••••••••••••••••••••••••••••••••• on 

Stop determination • • • • • • • • • • • ••••••••••••••••••••••••••••••••• off 

Stop determination and series • • • • ••••••••••••••••••••••••••••••••• off 

Parameters 

Shifl rate . • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 20 "Is 

Shift direction • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • auto 

Swing rate •••••••••••••••••••••••••••••••••••.•••••••••••••• 55 "Is 

LIFT Lift 226 

Device 

WAIT 

MOVE 

Device name ••••••••••••••••••••••••••••••••••••••••••••• 855_1 

Target 

Tower ••••••••••••••••••••••••••••••••••••••••••••••••••••. 1 

Ufl position •••••••••••••••••••••••••••••••••••••••••••••••• 218 mm 

Parameters 

Lifl rate •••••••••••••••••••••••••••••••••••••••••••••••••••• 25 mmJs 

Wait5s 

Wait 

Stop track and waning for [Continue] •••••••••••••••••••••••••••••••• off 

Stop all tracks and waiting for [Continue] •• _ •••• _ •••••••• _ ••••••••• _ ••• off 

Waiting time • • • • • • • • • • • • • • • ••••••••••••••••••••••••••••••••• on 

Time ••••••••••••••••••• ·······-····-·········-····-···· 5 
Unit ••• _ •••• _ ••••••••• _ • • •••••• _ •••• _ •••• _ •••• _ •••• _ • • • • s 

Message 

Record message • • • • • • • • • • • • ••••••••••••••••••••••••••••••••• off 

Message by e-mail •••••••••••••••••••••••••••••••••••••••••••• off 

Acoustic signal ••••••••••••••••••••••••••••••••••••••••••••••• off 

Move Spec Bkr 7 

Device 

Device name ••••••••••••••••••••••••••••••••••••••••••••• 855_1 

Target 

Tower ••••••••••••••••••••••••••••••••••••••••••••••••••••. 1 

Move • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • Special beaker 

Number •••••••••••••••••••••••••••••••••••••••••••••••••••. 7 

Beaker tes: 

Display message • • • • • • • • • • • • ••••••••••••••••••••••••••••••••• on 

Stop determination •••••••••••••••••••••••••••••••••••••••••••• off 

Stop determination and series • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • off 

Parameters 

Shifl rate .•••••••••••••••••••••••••••••••••••••••••••••••••• 20 "Is 

Shifl direction • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • auto 

Swing rate. • • • • • • • • • • • • • • • • ••••••••••••••••••••••••••••••••• 55 •ts 
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License ID 

Client name 

User 

C36Q515 

hallxp 

bdh 

Program version tiamo 1.2.1 - 43 

2009-02-033:27:17 PM UTC-

UFT Lift235 

Device 

Device name ••••••••••••••••••••••••••••••••••••••••••••• 855_1 

Target 

Tower • . . • . . . . . . . . . • • • • • • •••...........•.••••••••••..••.... 1 

Lift posflion ..•.••••••••........••.••••••••••••••••••....••. 218 mrr 

Parameters 

Lift rate • • • • • • • • • • • • • • • • • • • ••••••••••••••••••••••••••••••••• 25 mrrJs 

WAIT Wait/Message 236 

Wait 

Stop track and waiting for [Continue] •••• _ •••• _ ••• _ •••• _ •••• _ •••• _ ••• off 

Stop all tracks and waiting for [Continue] •• _ •••• _ ••• _ •••• _ •••• _ •••• _ ••• off 

Waiting time •••••••••••••••••••••••••••••••••••••••••••••••• on 

Time •• _ •••• _ •••• _ •••• _ ••• _ •••• _ •••• _ •••• _ •••• _ •••• _ •••• 5 

Unit ••• _ •••• _ •••• _ •••• _ • • • _ •••• _ •••• _ •••• _ •••• _ •••• _ • • • • s 

Message 

Record message ••••••••••••••••••••••••••• __ •••••••••••••••• off 

Message bye-mail •••••••••••••••••••••••••••••••••••••••••••• off 

Acoustic signal ••••••••••••••••••••••••••••••••••••••••••••••• off 

UFT Lift Shift 
Device 

Device name ••••••••••••••••••••••••••••••••••••••••••••• 855_1 

Target 

Tower ••••••••••••••••••••..•........•••••••••.....•••••••. 1 

Lift posflion .••.••••••••••••••••....••••••••••••...... Shift position mrr 

Parameters 

Lift rate •••••••••••••••••••••••••••••••••••••••••••••••••••• 25 mrr/s 

EXIT Exit track 

CALC Calculations 

Result name formula Unit Decimal Assignment Sta1istics 
places 

Cond =1000000 • TextToNurrber( 'MV.concf) ~JS/cm 2 RS01 off 

CoodTemp =TextToNumber( 'MV.temp' ) •c RS02 off 

pH ='pH.EME' pH units 2 RS03 off 

pH Temp ='pH.ETE' •c 1 RS04 off 

mLs to 8-3 =Case( 'to 8-3.EP{1}.VOL'; 'to 8-3.EP{1}. mL 2 RS05 off 
VOL' ;0;0} 

mLsto4-5 ='to 8-3.FP{1}.VOL' mL 2 RS06 off 

mLsto4-2 ='to 8-3.EP{2}.VOL' mL 2 RS11 off 

Total Alk = ('to 8-3.FP{1}.VOL' • 0.02' 50000) /50 mgll. 2 RS07 off 

OH raw = ( ( ( 2' Case( 'to 8-3.EP{1}.VOL'; 'to 8-3. mgA. 2 none off 
EP{1}.VOL' :0;0 ) } -'to 8-3.fP{1}.VOL')' 
50000 ' .02 ) I 50 

OH =Case( 'RS.OH raw'< O;O;'RS.OH raw') mgll. 2 RSOB off 
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~mo·· 
License ID 636Q515 Program version tiamo 1.2. 1 - 43 

Client name hallxp 

User bdt1 2009-02-033:27:17 PM UTC-

Result name Formula Unit Decimal Assignment 
places 

C03 = ( 2 'Case( "to 8-3.EP{1}.VOL'; "to 8-3.EP mgJt. 2 R909 
{1}.VOL' ;0;0 ) ' 50000' 0.02} I 50 

HC03 raw = ( ("to 8-3.FP{1}.VOL'- ( 2' Case( 'to 8-3. mgl\.. 2 none 
EP{1}.VOL': '1o 8-3.EP{1}.VOL' ;0;0} ) ) ' 
50000 ' 0.02 ) I 50 

HC03 =Case('RS.HC03 raw'<O;O;'RS.HC03 raw') mgl\.. 2 RS10 

Low Level = ( ( ( 2 • 'to 8-3.FP{1}.VOL')- 'to 8-3. mgl\.. 2 RS12 
Titration EP{2}.VOL')' 0.02 '50000 ) I 50 

estTOS =0.66 ' 'RS.Cond' mgl\.. a RS13 

Free C021L = 2.0 • 'RS.HC03'' { 10 • { 6- 'RS.pH')) mgl\.. 2 RS19 

Total C02/L = 'RS.Free C02/\..' + { .44 ' ( ( 2 ' 'RS. mgl\.. 2 RS20 
HC03'} + 'RS.C03')) 

mLs 8-3 to 4- = 'RS.mLs to 4-5'- 'RS.mLs to 8-3' mL 2 RS21 
5 (mLs4..5 
excel) 

Result name _ ••• _ ••••••••••••••••••••• _ •••• _ •••• _ •••• _ •••• _ • Cond 

Formula. __ •••• ___________ •••• ___ ••. =1000000 • TextToNumber( 'MV.cond') 

Unit ____ • _______________ • _ • ____ • _ • ____ • _ ••••• _ •••• _ •••• _ • ~o~Sicm 

Decimal places ___ • ________ ••• __ ._ •••••••••••••••••••••••••••••• 2 

Assignment •••••••••••••••••••••••••• _ •••• _ •••• _ •••• _ •••• _ •. R901 

Statistics ••••••••••••••••••••••••••••••••••••••••••••••••••••• off 

Description ••••••••••••••••••••••••••• ___ ••••••••••••••••• ___ ••• 

Result monitoring . • • • • • • • • • • • • • • • • • • • • • • _ •••• _ •••• _ •••• _ •••• _ •••• off 
Save result as common variable _ • _ ••• ___ • • • _______ •••• __ • ___________ • off 

Name ••••••• _ •• _______ ••••• __ • • _ • ______ •••• ___ •• ___________ • 

Save result as titer . • • • • • • • • • • • • • • • • • • • • •••••••••••••••••••••••••• off 

Solution name ••••••••••••••••••••••••••••••••••••••••••••••••• 

Result name •••••••••••••••••••••••••• _ •••• _ •••• _ •••• _ •• Cond Temp 
Formula _____________ ••••• ____________ ••• __ :TextToNumber( 'MV.temp' } 

Unit __ •••••••••••••••••••••••••••••••••••••••••••••••••••••. ·c 
Decimalplaces -----·········-----·-- ---····-··--------····-···· 1 
Assignment ••••••••••••••••••• _ ••••••••••••••••••••••••••••. RS02 

Statistics •• __ •• _ •••••••••••••• _ •••• _ •••••••••• _____ ••••••••••• off 

Description ___ •••• _ •••••••• ____ ._ ••• _ ••••••••• _______ ••••••••• __ 

Resultm1Nlitoring, •• _ ••• _________ ••• __ •••• __________ ••••••• ______ off 

Save result as common variable • • • • • • • • • • • • • _ • • • • _ • • • • _ • • • • _ • • • • • • • • • off 

Name ••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

Saveresultastiter .•••••••••••••••••••••••••••••••••••••••••••••• off 

Solution name ••••••••••••••••••••••••••••••••••••••••• ___ ••••• 

Result name _____________ •••• _ _ _ _ _ _ _ _ _____ • _ •••• _ •••• __ • ___ •• _ pH 

Formula ••••••••••••••••••••••••••••• _ •••• _ ••••••••• _ ••• = 'pH.EME' 

Unit • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • _ •••• _ ••••••••••••••• pH units 

Decimalplaces ••••••••••••••••••••••••••••••••••••••••••••••••• 2 
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Assignment . . . . . . • • • • • • • • • • • • • • • • • • • • _ •••• _ .•.. - .... _ ••.• _ •. RS03 

Statistics •••••••••••••••••••••••••••• _ •••• _ •••• _ •••• _ •••• _ •••• off 

Description •••• _ ••• _ •••• _ •••• _ •••• _ •••• RS.'Res.ult name'(.VAL] 'Result value. 
Result monitoring .••• ___________________________ •• _ •••• _ •••• _. _ •• off 

Save res.ult as common variable ••••••••••••• _ •••• _ •••• _ •••• _ •••• _ •••• off 
Name. ____ • _______________________ • ____ •• _._ •••• _ •••• _ ••• __ _ 

Save result as titer .••••••••••••••••••••• _ •••• _ •••• - •••• - •••• _ •••• off 

Solution name •••••••••••••••••••••• _ •••• _ ••••••••• - •••• - •••• -. 

Result name •••••••••••••••••••••••••• _ •••• _ •••• _ •••• _ •••• pH Temp 

Fom~ula ••••••••••••••••••••••••••••• _ •••• _ •••• - •••• - ••• = 'pl-i.ETE' 
umt • ______________ ............ _ . . . ____ • ____ ...... _ .... _ .... •c 

Decimalplaces ------------------------------------------------- 1 
Assignment ______ •••••••••••• _________________ • _ .••• _ •••• _ •. RS04 

Statistics _______ ••• _ ••••••• _ • _________________________ ••• _ •••• off 

Description __________ ••• _ •••• _ •••• _ •• ___ • ___________________ •••• 

Result monitoring .•••• _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _____ • _ •••• _ •••• _ ••• ______ off 

Save result as common variable _ _ _ _ _ _ _ _ _ _ _ _ _________ •• _ •••• _ •••• _ •• _ • off 

Name •••••••••••••••••••• - - - - -- - --- - - --- - - --- - - --- - - --- - - --
Save result as titer . • • • • • • • • • • • • • • • • • • • • • _ •••• _ •••• _ •••• _ •••• _ •••• off 

Solution name ••••••••••••••••••••••••••• _ •••• - •••• _ •••• _ •••• _. 

Result name •••••••••• _____________ • • • _ •••• _ •••• _ •••• _ ••• mls to 8-3 

Fom~ula ••••••••••••••••••••••••••• =Case( 'to 8-3.EP{1}.VOL': 'to 8-3.EP{1}. 
VOL':O:O) 

Uoit • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • _ •••• _ •••• - •••• - •••• - • • • mL 
Decimal places •• __________________ • ____ ••• __ • _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 2 

Assignment ___ •••••••••• _________________ • _ •••• _ •••• _ ••• ___ . RS05 

Statistics •••••••••••••••••••••••••••• _ •••• _ •••• _ ••••••••• _ •••• off 

Description •••• _ ••• _ •••• _ •••• _ •••••••••••••• _ •••• _ •••• _ •••• _ •••• 

Result monitoring . • • • • • • • • • • • • • • • • • • • • • • _ ••••••••• _ ••••••••• _ •••• off 

Save result as common variable • • • • • • • • • • • • • _ •••• _ •••• _ •••• _ •••• _ •••• off 

Name ••••• _______ •••••••••••••••• _ •••• _ •••• - •••• -. - - --- ••• --
Save result as titer .••• _______________ ••• _ •••• _ •••• _ ••• __ • ________ off 

Solution name •••••••••••••••••••••• _ •••• _ •••• _ •••• _ •••• _ •••• _. 

Result name _______________ •••• _ • ________________________ mls to 4-6 

Fom~ula ••••••••••••••••••••••••••••• _ •••• _ •••• _ •• ='to 8-3.FP{1}.VOL' 

Uoit ••••••••••••••••••••••••••••••• _ •••• _ •••• _ •••• _ •••• _ ••• mL 
Decimal places _____ •••••••••• ______________________ •• _ •••• _ ••• _ 2 

Assignrr~t •••••••••.•......••••••••• _ •••• _ •••• _ •••• _ •... _ •. RS06 

Statistics •••••••••••••••••••••••••••• _ •••• _ •••• _ •••• _ •••• _ •••• off 

Description •••• _ ••• _ •••• _ •••• _ •••• _ •••• _ •••• _ •••• - •••• _ •••• _ •••• 

Result monitoring .••••••••••••••••••••• __ •••• _ •••• _ •••• _ •••• _ •••• off 

Save result as common variable • • • • • • • • • • • • • _ •••• _ •••• _ •••• _ •••• _ •••• off 

Name_ • __________ •••••••••••••••• _ •••• _ •••• - •••• -. - - --- ••• --

Save result as titer . • • • • • • • • • • • • • • • • • • • • • _ •••• _ •••• _ •••• _ •••• _ •••• off 
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Solution name •••••••••••••••••••••• _ •••• _ •••• _ •••• _ •••• _ •••• _. 

Result name •••••••••••••••••••••••••• _ •••• _ •••• _ •••• _ ••• mls to 4-2 

Fonnula •••••••••••••••••••••••••••.• _ •••• _ •••• _ •• ='to 8-3.EP{2}.VOL' 

Unit ••••••••••••••••••••••••••••••• _ •••• _ •••• _ •••• _ •••• _ • • • mL 
Decimal places _______________________________ ••• _ •••• _ •••• _ •• _ • 2 

Assignment •••••••••••••••••••••••••• _ •••• __ •• ___ • ________ •. RS11 

Statistics •••••••••••••••••••••••••••• _ •••• _ •••• _ •••• _ •••• _ •••• off 

Description •••• _ ••• _ •••• _ •••• _ •••• _ •••• _ •••• _ •••• - •••• - •••• - •••• 

Result monitoring . • • • • • • • • • • • • • • • • • • • • • • _ •••• _ •••• _ •••• _ •••• _ •••• off 

Save result as common variable • • • • • • • • • • • • • _ •••• _ •••• _ •••• _ •••• _ •••• off 

Name ••••••••••••••••• - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Save result as tite-r .••••••••••••••••••••• _ •••• _ •••• _ •••• _ •••• _ •••• off 
Solution name ________________________________________________ _ 

Result name __________ • ____________________________ •• _. ___ Total Alk 

Fonnula.. • • • • • • • • • • • • • • • • • • • • • • • • • = ('to 8-3.FP{t}.VOL' • 0.02 • 50000 ) I 
50 

Unit • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • _ •••• _ •••• _ •••• _ •••• _ • • mgiL 
Decimal places _____ • _________ • _ _ _ _ _ _ •• _ • _ • __ • _ •• _ •••• _ •••• _ • • • • 2 

Ass~gnment __ • __ ••••• __ •••••• _ • • • • • • • _ •• _ • _ •••• _ •••• _ •••• _ •. RS07 

Statistics _______________________ • __ •• __ • _. _ •••• _ •••• _ •••• _ •••• off 

Description •••• _ ••• _ •••• _ •••• _ •••• _ •••• RS.'Resutt name'(. VAL] Result value. 

Result monitoring . • • • • • • • • • • • • • • • • • • • • • • _ •••• _ •••• _ •••• _ •••• _ •••• off 

Save result as common variable ••••••••••••• _ •••• _ •••• _ •••• _ •••• _ •••• off 

Name •••••••••••••••••••••••••••• _ •••• _ •••• _ •••• _ •••• _ •••• _. 
Save result as tite-r . _____________________________________________ • off 

Solution name _______ • _____ • ______ • ____ • __ •••• _ •••• _ •••• _ •••• _. 

Result name •••••••••••••••••••••••••• _ •••• _ •••• _ •••• _ •••• _ OH r;nv 

Formula ••••••••••••••••••••••••••• = ( ( { 2' Case( 'to 8-3.EP{1}.VOL'; 'to 8-
3.EP{1}. VOl' ;0;0)}- 'to 8-3.FP{1}. 

VOL' ) • !50000 • .02 ) 1 !50 

Und • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • _ •••• _ •••• _ •••• _ •••• _ • • mg/L 

Decimal places •••••••••••••••••••••••• _ •••• _ •••• _ •••• _ •••• _. • • • 2 

Assignment •••••••••••••••••••••••••• _ •••• _ •••• _ •••• _ •••• _ • • none 
Statistics ___________________________ • _. _ •• _ •••• _ •••• _ ••• __ •••• off 

Description •••• _ • • • Calculates OH value from (2P-t)'50000'NJV for any P not equal to 
zero. 

Result monitoring .•••••••••••••••••••••• _ •••• _ •••• _ •••• _ •••• _ •••• off 

Save result as common variable off 

Name ____ •••••••••••••••••• __ • _____________________________ _ 

Save result as titer . ____________________________ ••• _ •••• _ •••• _ •••• off 

Solution name •• __ •• ___ • _______________________________ • _ •••• _. 

Result name ___________________________________ • __ ••• _ •••• _ ••• OH 

Formula • • • • • • • • • • • • • • • • • • • • • • • • • • • • • =Case( 'RS.OH raw'< O;O;'RS.OH raw') 

Unit • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • _ •••• _ •••• _ •••• _ •••• _ • • mgiL 
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Oecimalplaces ••••••••••••••••••••••••••••••••••••••••••••••••• 2 

Assignment ••••••••••••••••••••••••••••••••••••••••••••••••. RS08 

Statistics •••••••••••••••••••••••••••••••• ·-- •••••••••••••••••• off 

Description •••• _ • • • If 'OH raw' is less !han zero {negative number}. then 'OH' equals 
0. If 'OH raw' is zero or pasitive, then 'OH' result is equal to -oH 

raw' value. 

Result moni1Dring . • • • • • • • • • • • • • • • • • • • • • • _ • • • • _ • • • • _ • • • • _ • • • • _ • • • • off 

Save result as common variable ••••••••••••• _ •••• _ •••• _ •••• _ •••• _ •••• off 

Name ••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

Save result as titer .••••••••••••••••••••• _ •••• _ •••• _ •••• _ •••• _ •••• off 

Solution name ••••••••••••••••••••••••••••••••••••••••••••••••• 

Resultname ••••••••••••••••••••••••••••••••••••••••••••• ·-·. C03 

Formula • • • • • • • • • • • • • • • • • • • • • • • • • • • = ( 2 ' Case( 'to 8-3.EP{1 }.VOL' : 'to S-3. 
EP{t}.VOL' ;0:0)' 50000 ' 0.02 ) i 50 

Unit • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • _ •••• _ •••• _ •••• _ •••• _ • • mg/L 

Decimal places ••••••••••••••••••••••••••••••••••••••••••••••••• 2 

Assignment ··························-····-····-····-····-··RSOQ 

Statistics •••••••••••••••••••••••••• ··-····-····-····-····-····off 

Oescriplion •••••••• -· •••••••••••• --· •••••••••••••••••••••••••••• 

Result moni1Dring . • • • • • • • • • • • • • • • • • • • • • • _ •••• _ •••• _ •••• _ •••• _ •••• off 

Save result as common variable • • • • • • • • • • • • • _ •••• _ •••• _ •••• _ •••• _ •••• off 

Name •••••••••••••••••••••••••••• _ •••• _ •••• _ •••• _ •••• _ •••• _ • 

Save result as titer .••••••••••••••••••••• _ •••• _ •••• _ •••• _ •••• _ •••• off 

Solutionname •••••••••••••••••••• ··-····-····-····-····-····-· 

Result name • • • • • • • • • • • • • • • • • • • • • • • • • • _ •••• _ •••• _ •••• _ • • • HC03 raw 

Formula.. • • • • • • • • • • • • • • • • • • • • • • • • • = ( ('to 8-3.FP{t}.VOL'- ( 2' Case( 'to 
8-3.EP{1}.VOL'; 'to S-3.EP{1}.VOL' ;0:0)) 

} ' 50000 ' 0.02 ) I 50 

Unit • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • _ •••• _ •••• _ •••• _ •••• _ • • mgiL 

Decimal places ••••••••••••••••••••••••••••••••••••••••••••••••• 2 

Assignment ••••••••• _ • • • • • • • • • • • • • • • • _ •••• _ •••• _ •••• _ •••• _ • • none 

Statistics •••••••••••••••••••••••••• ··-····-····-····-····-····off 

Description •••• _ ••• calculates HC03 value from (T-2P)"5DOOO'NN for any P not equal 
to zero. 

Result moni1Dring . • • • • • • • • • • • • • • • • • • • • • • _ •••• _ •••• _ •••• _ •••• _ •••• off 

Save result as common variable • • • • • • • • • • • • • _ •••• _ •••• _ •••• _ •••• _ •••• off 

Name •••••••••••••••••••••••••••• _ •••• _ •••• _ •••• _ •••• _ •••• _ • 

Save result as titer .••••••••••••••••••••• _ •••• _ •••• _ •••• _ •••• _ •••• off 

Solutionname •••••••••••••••••••• ··-····-····-····-····-····-· 

Result name • • • • • • • • • • • • • • • • • • • • • • • • • • _ •••• _ •••• _ •••• _ •••• _ • HC03 

Formula ••••••••••••••••••••••••••• =Case('RS.HC03 raw'<O;O:'RS.HC03 
raw') 

Unit • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • _ •••• _ •••• _ •••• _ •••• _ • • mgiL 

Oecimalplaces ························-····-····-····-····-···· 2 
Assignment •••••••••••••••••••••••••• _ •••• - •••• _ •••• _ •••• - •. RS10 

Statistics ••••••••••••••••••••••••••••••••••••••••••••••••••••• off 
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Description •••• _ ••• If 'HC03 raW' is less than zero (negative number), then 'HC03' 
equals 0. If 'HC03 raW' is zero or positive. then 'HC03' result is 

equal to 'HC03 raW'. 

Result monitoring .••••• __ • • • • • • • • • • • • • • • _ •••• _ •••• _ •••• _ •• _ • _ •••• off 

Save result as common variable • • • • • • • • • • • • • _ • • • • _ • • • • _ • • • • _ • • • • _ • • • • off 

Name •••••••••••••••••••••••••••• _ •••• _ •••• _ •••• _ •••• _ •••• _. 

Save result as titer . • • • • • • • • • • • • • • • • • • • • • _ •••• _ •••• _ •••• _ •••• _ •••• off 

Solution name •••••••••••••••••.•••.••••••••••••••••••••••••••• 

Result name • • • • • • • • • • • • • • • • • • • • • • • • • •••••• _ •••• _ •• Low Level Titration 

Formula • • • • • • • • • • • • • • • • • • • • • • • • • • • = ( ( ( 2 ' 'to 8-3.FP{1). VOL'}- 'to 8-
3.EP{2}.VOL')' 0.02' 50000} /50 

Unit ••••••••••••••••••••••••••••• ··-·········-····-····-·· mg/L 

Decimal places • • • • • • • • • • • • • • • • • • • • • • • • _ ••••••••• _ • • • • • • • • • • • • • • 2 

Assignment •••••••••••••••••••••••••• _ •••••••••••••• _ ••••••. RS12 

Statistics ••••••••••••••••.•••••••••••••••••••••••••••••••••••• off 

Description ••••••••••••••••••••••••••••••••••••••••••••••••••••• 

Result monitoring . • • • • • • • • • • • • • • • . • • • • • • _ • • • • _ • • • • _ • • • • _ • • • • _ • • • • off 

Save result as common variable • • • • • • • • • • • • • _ •••• _ •••• _ •••• _ •••• _ •••• off 

Name •••••••••••••••••••••••••••• _ •••• _ •••• _ •••• _ •••• _ •••• _. 

Save result as titer .•••••••••••••••••••••••••••••••••••• _ ••••••••• off 

Solution name ••••••••••••••••••••••••••••••••••••••••••••••••• 

Result name • • • • • • • • • • • • • • • • • • • • • • • • • • _ •••• _ •••• _ •••• _ •••• _ est TDS 

Fonnula ••••••••••••••••••••••••••••• _ •••• _ •••• _ ••• =0.66 • 'RS.Coi'Kl' 

Unit • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • ••••••••••• _ ••••••••• _ • • mgiL 

Decimal places ••••••••••••••••••••••••••••••••••••••••••••••••• 0 

Assignment ••••••••••••••••••••••••••••••• _ •.•••••••••••• _ •. RS13 

Statistics ••••••••••••••••••••••••••••••••••••••••••••••••••••• off 

Description •••• _. • • estimated Total DissOO/ed Sotids {TDS} from Eleetical Conductivity 
{EC) 

Result monitoring . • • • • • • • • • • • • • • • • • • • • • • _ •••• _ •••• _ •••• _ •••• _ •••• off 

Save result as common variable • • • • • • • • • • • • • _ •••• _ •••• _ •••• _ •••• _ •••• off 

Name •••••••••••••••••••• · •••••••• _ •••• _ •••• _ •••• _ •••• _ •••• _. 

Save result as titer .••••••••••••••••••••• _ •••• _ •••• _ •••• _ •••• _ •••• off 

Solutionname •••••••••••••••••••• ··-····-·········-····-····-· 

Result name • • • • • • • • • • • • • • • • • • • • • • • • • • _ ••••••••• _ • • • • • • • Free C021t.. 

Fonnula ••••••••••••••••••••••••••• = 2.0 • 'RS.HC03' • ( 10 A ( 6- 'RS.pH') 

Unit • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • _ •••• _ •••• _ •••• _ •••• _ •• mg/L 

Decimal places ••••••••••••••••••••••••••••••••••••••••••••••••• 2 

Assignment ••••••••••••••••••••••••••••••• _ ••••••••• _ •••• _ •. RS1Q 

Statistics •••••••••••••••••••••••••••• _ •••• _ •••• _ •••• _ •••• _ •••• off 

Description ••••••••••••••••••••••••••••••••••••••••••••••••••••• 

Result monitoring . • • • • • • • • • • • • • • • • • • • • • • _ • • • • _ • • • • _ • • • • _ • • • • _ • • • • off 

Save result as common variable • • • • • • • • • • • • • _ •••• _ •••• _ •••• _ •••• _ •••• off 

Name • • • • • • • • • • • • • • • • • • • • • • • • • • • • _ •••• _ •••• _ •••• _ •••• _ •••• _ • 
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Save result as titer . • • • • • • • • • • • • • • • • • • • • • _ •••• _ •••• _ •••• _ •••• _ •••• off 

Solution name ••••••••••••••••••••••••••••••••••••••••••••••••• 

Result name •••••••••••••••••••••••••• _ •••• _ •••• _ •••• _ •• Total C021L 

Formula.. • • • • • • • • • • • • • • • • • • • • • • • • • = 'RS.Free C02/L' + ( .44' ( ( 2' 'RS. 
HC03') + 'RS.C03')) 

Unit • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • mgiL 

Decimal places ••••••••••••••••••••••••••••••••••••••••••••••••• 2 

Assignment ••••••••••••••••••••••••••••••••••••••••••••••••. RS20 

Statistics ••••••••••••••••••••••••••••••••••••••••••••••••••••• off 

Description ••••••••••••••••••••••••••••••••••••••••••••••••••••• 

Result monitoring . • • • • • • • • • • • • • • • • • • • • • • _ • • • • _ • • • • _ • • • • _ • • • • _ • • • • off 

Save result as common variable ••••••••••••• _ •••• _ •••• _ •••• _ •••• _ •••• off 

Name •••••••••••••••••••••••••••• _ •••• _ •••• _ •••• _ •••• _ •••• _. 

Save result as titer .••••••••••••••••••••• _ •••• _ •••• _ •••• _ •••• _ •••• off 

Solution name ••••••••••••••••••••••••••••••••••••••••••••••••• 

Result name • • • • • • • • • • • • • • • • • • • • • • • • • • _ •••• mls 8-3 to 4-6 (mls 4-6 exoef) 

Formula ••••••••••••••••••••••••••••• _ •. = 'RS.mLs to 4-5'- 'RS.mLs to 8-3' 

Unit • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • _ •••• _ •••• _ •••• _ •••• _ • • • mL 

Decimal places ••••••••••••••••••••••••••••••••••••••••••••••••• 2 

Assignment •••••••••••••••••••••••••• _ •••• _ •••• _ ••• ·- ••••••. RS21 

Statistics ••••••••••••••••••••••••••••••••••••••••••••••••••••• off 

Description • • • • • • • • total mL to 4.5- mL to 8.3. This gives you the amt. of titrant used to 
get from 8.3 to 4.5 pH units. This value can be plugged into the 

excel sheoet as a double che-ck. 

Result monitoring . • • • • • • • • • • • • • • • • • • • • • • _ • • • • _ • • • • _ • • • • _ • • • • _ • • • • off 

Save result as common variable ••••••••••••• _ •••• _ •••• _ •••• _ •••• _ •••• off 

Name •••••••••••••••••••••••••••• - •••• - •••• - •••• - •••• - • • • ·- • 

Save result as titer . • • • • • • • • • • • • • • • • • • • • • _ •••• _ •••• _ •••• _ •••• _ •••• off 

Solution name •••••••••••••••••••• ··-····-····-····-····-····-· 

Report233 

Report template 

Report template •••• _ ••• _ •••• _ •••• _ •••• _ •••• _ •••• _ New Results Report 

Report output 

Printer._ •••• _ •••• _ ••• _ •••• _ •••• _ •••• _ •••• _ •••• _ •••• _ •••• _. on 

Printer •••••• _ •••• _ •••••••• _ •••••••••••••• _ ••••••••• Default printer 

PDF file ••••• - •••••••••••••••••••••••••••••••••••••• -. • • • • • off 

DATABASE tiamo 

SERIES 
START 

RACK 

Databas. 

Results 

Series sbrt track 

lnitiiillize rack 
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Device name •••••.•••••••.•.•........•................•.• 855_1 

Rackt.est ···-····-····-···-····-····-····-····-····-····-····off 

SEQUENCE lnit Rinse Sequence 

PUMP PumpOn 

WAIT 

Device 

DI!'Vice name .....•.••••••••••••••..•....••............... 855_1 

Pumps 

Tower ••·······•··•························••••·••••••••••· 1 

Pump(s) .......•.•••........................................ 2 

Ac1ion 

Switch on .•..••••••..................................•..•.. on 

Switch off . . • . . . . . . . . . . . . . . .......•..........••••........... off 

Duration . . . . . . . . . . . . . • . • • • • • • • • • • . • . . . . • . . • • . • . . . . . . . . . . . . . off 

WaitBs 

Wait 

Stop track and waiting for {Continue] •••• _ •••• _ ••• _ •••• _ •••• _ •••• _ ••• off 

Stop aU tracks and waiting for [Continue]. • _ • • • • _ • • • _ • • • • - • • • • _ • • • • _ • • • off 

Waiting time •••••••••••••••••••••••••••••••••••••••••••••••• on 

Time··-····-····-····-···-····-····-····-····-····-···· 8 
Unit •.. _ ••.• _ .... _ .•.• _ ••• _ •••• _ •••• _ •••. _ •••. _ •... _ . . . . s 

Message 

Reccml message ••••••••••••••••••••••••••••••••••••••••••••• off 

Message by e-mail •••••••••••••••••••••••••••••••••••••••••••• off 

Acoustic signal • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • off 

LQH Make room in Dosino 

General/Hardware 

DI!'Vice 

Device name .. _ .... _ ..•• _ ••• _ •••• _ •••• _ ..•. _ .... _ .... _. 855_1 

Dosing device 

Dosingclevlce ·-····-····-· ··-····-····-····-····-····-···· 1 
Solution _ .... _ .... _ .... _ ... _ .... _ .... _ .... _ . . . . Transfer Pipette 

Parameters 

Function ••••••••••••••••••••••••••••••••••••••• Eject to end volume 

Port ....................................................... 3 

Rate ••...................••...•.•.................... maximum mUmin 

LQH Fill w- air 

General/Hardware 

Device 

Device name .. _ ...• _ •••• _ ••• _ .... _ ...• _ ..••••••• _ •... _. 85!5_1 

Dosing device 

Dosingclevlce ·-····-····-· ··-····-····-····-····-····-···· 1 
Solution _ .... _ ...• _ .... _ ... _ .... _ .... _ .... _ . . . . Transfer Pipette 

Parameters 
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Function _ •••••••••••••••••••••••••••••••• ______________ Aspirate 

Port ••••••••••••••••••••••••••••••••••••••••••••••••••••••. 1 

Volume ••••••••••••••••••••••••••••••••••••••••••••••••. 15.00 ml 

Rate ••••••••••••••••••••••••••••••••••••••••••••••••• maximum mUmi<l 

LQH Eject to EV 

Geneni/Hardware 

Device 

DeVICe name ••••••••••••••••••••••••••••••••••••••••••• 865_1 

Dosing device 

Dosingdevice --------------------------------------------- 1 
Solution • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • Transfer Pipette 

Parameters 

Function • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • Eject to end volume 
Port ___________ • _____ •••••••••••• _________________________ . 3 

Rate ••• _ ••• _______________________ ••• _ ••••••••••••••• maximum mUmm 

WAIT Wait3s 

PUMP 

Wait 

Stop track and waiting for [Continue] ____ •• _ ••••••••••••••••••••••••• off 

Stop all tracks and wai1ing for [Continue) ••••••••••••••••••••• _ •••••••• off 

Waiting time •••••••••••••••••••••••••••••••••••••••••••••••• on 

Time ••••••••••••••••••••••••••••••••••••••••••••••••••• 3 

Unit •••••••••••••••••••••••••••••••••••••••••••••••••••• s 

Message 

Record message • • • • • • • • • • • • ••••••••••••••••••••••••••••••••• off 

Message by e-mail •••••••••••••••••••••••••••••••••••••••••••• off 

Acoustic signal ••••••••••••••••••••••••••••••••••••••••••••••• off 

Rinse3s 

Device 
Device name _________________________________ • ___ •••• _ ••• 855_1 

Pumps 
Tower ___ • _ • _ • ___ • __ •• _______________________________ • __ • _ . 1 

Pump{s) •••••••• __ • __ ••••••••••••••••••••••••• _. ___________ . 1 

Action 

Switch on ____ • ________ • _____ •• _ ••••••••••••••••••••• _______ off 

Switch off ••••••••••••••••••••••••••••••• __ ••• _. ___________ .off 

Duration ••••••••••••••••••••••••••••••••••••••••••••••••••• on 

Time • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 3.0 s 

WAIT Wait8s 

Wait 

Stop track and waiting for [Continue] •••••••••••••••••••••••••••• _ ••• off 

Stop all tracks and wai1ing for [Continue] •••••••••••••••• _ ••••••••••••• off 

Waiting time •••••••••••••••••••••••••••••••••••••••••••••••• on 
Time _______________________________ • _ •••••••• _ ••••••••• 8 
Unit ___ • ________________________________________ • __ • _ ••• s 

Page23 of 25 

Eflective Date: August 29, 2011 
S.O.P. Number: S-SM2320B-6 

Page 41 of 43 



PUMP 

SERIES 
END 

LIFT 

PUMP 

Message 

License ID 

Client name 

User 

6369515 

hallxp 

bdh 

Program wrsion tiamo 1.2.1 - 43 

2009-02-033:27:17 PM UTC-

RI!CIIfd message • • • • • • • • • • • • ••••••••••••••••••••••••••••••••• off 

Message by e-mail • • • • • • • • • • • ••••••••••••••••••••••••••••••••• off 

Acoustic signal • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • off 

Asp Pump Off 

Device 

Device name • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 855 _ t 

Pumps 

Tower ••••••••••••••••••••••••••••••••••••••••••••••••••••. t 

Pump(s) •••••••••••••••••••••••••••••••••••••••••••••••••••. 2 

Action 

Switch on • • • • • • • • • • • • • • • • • ••••••••••••••••••••••••••••••••• off 

Switch off • • • • • • • • • • • • • • • • • ••••••••••••••••••••••••••••••••• on 

Duration • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • off 

Series end track 

Lift to Home 

Device 

Device name ••••••••••••••••••••••••••••••••••••••••••••• 855_1 

Target 

Tower ••••••••••••••••••••••••••••••••••••••••••••••••••••. t 

Lift position . . . . . . . . . . . • . . . . .•.•••••••••••••......... Home position mm 

Parame~rs 

Lift rate • • • • • • • • • • • • • • • • • • • ••••••••••••••••••••••••••••••••• 25 mmls 

Fill Vessel with water 

Device 

Device name ••••••••••••••••••••••••••••••••••••••••••••• 855_1 

Pumps 

Tower ••••••••••••••••••••••••••••••••••••••••••••••••••••. 1 

Pump(s) •••••••••••••••••••••••••••••••••••••••••••••••••••. 1 

Action 

Switch on • • • • • • • • • • • • • . • • • ••••••••••••••••••••••••••••••••• off 

Switch off • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • off 

Duration • • • • • • • • • • • • . • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • on 

Time •••••••••••••••••••••••••••••••••••••••••••••••••••• 4.0 s 

LQH Fill Oosino 

GeneraiiHiU'dware 

Device 

Device name •••••••••••••••• _ ••••••••••••••••••• _ •••••• 855_1 

Dosing device 

Dosingdevice ••••••••••••••••••••••••••••••••••••••••••••• 1 

Solution • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • Transfer Pipette 

Parameters 

Function • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • Fill 
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Port _____________ .•. ______________________ •. ______________ . 2 

Rate .•....••••••••••.••••••••••••••••••.•••......•••• maximum mLimin 
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Hall Environmental 
Analysis Laboratory 

SOP Acknowledgement Sheet 
SOP Name-SM2540C 

SOP Number- S-SMl540C-5 

I state that I have read the above referenced SOP. I understand all portions of the docwnent as they 
apply to me and my responsibilities at Hall Environmental Analysis Laboratory. I further recognize 
this as the most current application of the SOP and that it supersedes any previous docwnents that I 
may have utilized. 

Name 

Tiffany Shaw 

Tom Francish 

Ian Cameron 

Kevin Sangster 

Shelley Vogler 

Signature 

,~ 
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Common Name: 
Total Dissolved Solids 

Method: 
SM2540C 

Effective Date: 
March 4, 2011 

1. Scope and Application 

Hall Environmental 
Analysis Laboratory 

S.O.P. Number: 
S-SM2540C-5 

Supersedes: 
S-SM2540C-4 

Quality Assurance/Quality Control Officer: 

~- ;2.-----

1.1. The method is applicable to drinking, surface and saline waters, and domestic and industrial 
wastes. 

1.2. The practical range of the determination is 1 OmgiL to 20,000mgiL. 

2. Summary of Method 

2.1. A well-mixed sample, usually l OOmL, is filtered through a glass fiber filter. The filtrate is 
evaporated and dried to constant weight at 180° C. 

3. Detection Limits 

3.1. The PQL for TDS is 20 mgiL 

3.2. An MDL study is conducted annually. MDLs are updated in LIMS. 

4. Definitions 

4.1. Practical Quantitation Limit (PQL) - Minimum detectable amount that can be reported with the 
appropriate precision. 

4.2. Matrix blank (MB) - DI water taken through the filtration and drying process. 

4.3. Laboratory Control Spike (LCS)- DI spiked with NaCI spike solution and taken through the 
filtration and drying process. 

4.4. Matrix Spike (MS) -Unknown sample spiked with NaCl spike solution and taken through the 
filtration and drying process. 

4.5. Matrix Spike Duplicate (MSD)- Duplicate of an unknown sample spiked with NaCl solution 
and taken through the filtration and drying process. 

4.6. Method detection limit (MDL) - The constituent concentration that when processed through the 
complete method, produces an analyte concentration with a 99% probability that it is different 
from the blank. 

4. 7. DI Water (DI)- De-ionized water/reagent free water. Water that is passed through a purification 
system and is free from interferences. 

5. Interferences 

Effective Date: March 4, 2011 
S.O.P Number: S-SM2540C-5 

Page 1 of8 



Hall Environmental 
Analysis Laboratory 

5.1. If the samples contain high levels of suspended solids it may be difficult to filter. Dilute the 
sample into DI water. SX. 1 OX, or 20X are generally most appropriate. However extremely 
difficult samples may require a higher dilution. Always dry a few extra beakers in case a 
difficillt sample is encountered. 

5 .2. Highly mineralized waters containing significant concentrations of calcium, magnesium, 
chloride, and /or sulfate may be hygroscopic and may require prolonged drying, desiccation, and 
rapid weighing. 

5.3. Samples containing high concentrations of bicarbonate will require careful, and possibly 
prolonged, drying at 180° C to insure that all the bicarbonate is converted to carbonate. 

5.4. Too much residue in the evaporating dish will crust over and entrap water that will not be driven 
off during the drying. When practical, total residue should be limited to about 2000mg. Most 
samples will require dilution to make it easier to dry the samples to a constant weight. 
Appropriate dilution factors can be determined by looking up historical data in LIMS or by 
calculating an estimated TDS value from the EC values. The auto-titrator will calculate the 
estimated TDS value for you from EC results. 'Est. TDS value = EC value in ,...s x 0.66. 

5.5. To gauge the effectiveness of the filtration in removing suspended solids, the spike standard is 
prepared using a soluble salt (NaCl) and an insoluble material (diatomaceous earth). 

6. Safety 

6.1. For handling procedures and exposure information, always refer to the MSDS. To keep exposure 
to reagents and standards to a minimum, analysts must wear appropriate laboratory safety attire 
when working in the laboratory. 

7. Apparatus and Materials 

7.1. VWRglass microfiber filter, 696.4.7 em 

7 .2. Filtration Apparatus 

7.3. Drying oven, for 104 °C and 180°C ± 2°C. Calibration checked monthly. 

7.4. Desiccator with color indicating desiccant or an Auto-dessicator. 

7.5. Analytical balance, capable ofweighing to O.OOOlg. 

7.6. Vacuum Pump 

7.7. lOOmL graduated cylinder 

7.8. Forceps for handling filters 

8. Reagents and Standards 

8.1. DI water 

8.2. TDS Spike 

8.2.1.A combined lOO,OOOmg/L NaCI/SO,OOOmgiL diatomaceous earth standard is used as a 
spike. · 

8.2.1.1. Prepare standard by dissolving 10.00 g ofNaCI salt and S.Og diatomaceous earth 
into lOOmL Dl. Mix standard thoroughly. Diatomaceous earth will not go into 
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solution. A lmL spike is equivalent to l,OOOmg/L dissolved solids and 500mg/L 
suspended solids. 

9. Sample Collection, Preservation, and Storage 

9 .1. Samples are to be collected in unpreserved plastic containers. Samples are stored at above 
freezing to 6°C until analysis. 

9.2. Holding time until sample filtration is seven days. 

10. Quality Control 

1 0.1. A QC batch consists of an MB, LCS, MS, and MSD per 20 samples. 

11. Procedure 

11.1. See Appendix A for a copy of the bench sheet. 

11.2. Preparing Beakers 

11.2.1. Beaker's IDs are re-written if necessary after being cleaned and before being dried. 

11.2.2. Clean beakers are placed in aluminum trays (holds 12 beakers) and are dried for 1 hour 
at 180°C±2°C. 

11.2.3. Once dried, beakers are placed in a dessicator to cool. Warm beakers will drop in mass 
rapidly as they are being weighed. Shou~d this occur, additional time in the dessicator is 
required. 

11.3. Batch Preparation 

11.3.1. Remove samples from the refrigerator and allow them to come to room temperature (a 
minimum of2 hours). 

11.3.2. A "2540C _PREP" prep batch is set up in LIMS. All pertinent information is included 
(reagents, spike, samples, and QC etc.) · 

11.3.3. The Solids Bench Sheet is filled out using the sample IDs from the prep batch in LIMS 

11.3.4. Beakers are weighed with clean, dry gloves, and their IDs and masses recorded (to 
0.0001 g) on the Solids Bench Sheet. 

11.4. Filtration 

11.4.1. The filtration apparatus is cleaned prior to every sample. The filter may be reused until 
it is clogged or poses a risk of tearing. 

11.4.2. Assemble the filtration apparatus by placing the glass fiber filter on the apparatus with 
the smooth side facing down. 

11.4.3. Condition a new filter by assembling the filtration apparatus, applying vacuum, and 
washing the filter with three successive 10 to 20mL volumes ofDI water. Apply 
vacuum until no traces ofDI are visible on filter disc. Disassemble and discard 
washings. Rinse vessel thoroughly with Dl. 

11.4.4. For MB, measure lOOmL DI water in a graduated cylinder, pour into filtration 
apparatus, and start vacuum. 

Effective Date: March 4, 2011 
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11.4.5. For LCS sample, measure lOOmL DI in a graduated cylinder, spike with 1ml of the 
well-mixed Spike solution, pour into filtration apparatus, and start vacuum. 

11.4.6. For client samples, shake vigorously until all sediment is suspended. Using a graduated 
cylinder, decant 1 OOmL of sample, or appropriate amount of sample for your dilution. 
Dilute sample to a final volume of 1 OOmL (with Dl), pour into filtration apparatus, and 
start vacuum. 

11.4.7. For MS/MSD samples, pour 100mL (or a dilution there of) of a well-mixed sample 
into a graduated cylinder. Spike with 1 mL of spike solution and pour into filtration 
apparatus. Start vaccuum. 

11.4.8. Record volumes used, if other than 100mL, on the Solids Bench Sheet. 

11.4.9. Rinse graduated cylinder 3 times with DI from a squirt bottle and filter rinsate. Try to 
use approximately IOmL ofDI. 

11.4.1 0. Apply vacuum until the entire sample (including rinsate from graduated cylinder) has 
been filtered. 

11.4.11. Rinse the filter with a small amount of DI from squirt bottle. Apply vacuum until no 
traces of moisture are visible. 

11.4.12. Pour filtrate from the filtration apparatus into the appropriately labeled beaker. Rinse 
the filtration apparatus with a small amount ofDI and pour rinsate into beaker. 

11.4.13. Rinse the filtration apparatus and graduated cylinder thoroughly with DI water at the 
sink. 

11.4.14. If filter is clean enough to filter another sample, re-assemble the apparatus and filter 
another sample. There is no need to use a new filter. If, however, the filter is heavily 
laden with suspended solids, a new conditioned filter (see 11.6)must be used. 

11.4.15. Place beakers in the oven at 104°C ± l"C overnight. 

11.5. Drying of Samples 

11.5.1. The following morning, check the beakers to make sure all the moisture has evaporated. 
If not, continue drying at 104 c· ± r·c until all moisture has evaporated. 

11.5.2. Once the samples are dry, adjust the oven temperature to 180° C ± 2• C and heat the 
residue for 2 hours (allow additional drying time if there is a large amount of residue 
present). 

11.5.3. Using the cotton autoclave gloves, remove samples from oven and allow them to cool for 
a few seconds (:::: 15-30 seconds- only long enough so they do not melt/warp the shelves 
of the desiccator). Allow beakers to cool in desiccator for at least 2 hours They must be 
cool to the touch before you can weigh them. 

11.5.4. Using a fresh pair of dry gloves, remove the samples from the desiccator and promptly 
weigh them on the analytical balance to the nearest 0.0001g. Check the beaker number to 
make sure the beaker plus residue weight is being recorded in the correct place on the 
Solids Bench Sheet. · 

11.5.5. Re-dry the samples at 180" ± 2" for 1-2 hours. Cool in the desiccator for at least 2 hours. 
They must be cool to the touch before you can weigh them. The weights must be within 
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0.0020g since the PQL for TDS is 20 mg/L. If not, repeat the drying, cooling, and 
weighing. Limit re-dzying to 3 times. 

11.5.6. Fill out tare weights, sample volumes, and final tare+ residue weights in Excel 
spreadsheet. Key final calculated results into LIMS. 

12. Calculation 

12.1. Calculate filterable residue as follows: 

Total Solids residue in mg/L = (x
1
t81 - x

2
(g)) x 1 OOO(mg) x _ 1_ x 1 OOO(mL) 

1(g) x3rmiJ l(L) 

Where: 

X1= Final mass of dried beaker and sample (g) 
X2= Mass of clean dry beaker (g) 
X]= volume of sample used in mL 

13. Method Performance 

13 .1. Method Performance 

13.1.1. PT or "blind study" samples are routinely analyzed to check the accuracy of the IDS 
procedure. 

13.2. Estimation ofUncertainty 

13.2.1. Estimation of uncertainty is to be performed on an annual basis. 

13 .2.1.1. Collect the most recent 25 LCS percent recoveries. See HEAL Quality Assurance 
Plan for details on the calculation of uncertainty. 

13.3. Demonstration of Capability (DOC) 

13.3.1. Demonstration of Capability (DOC) samples are analyzed before an analyst is able to 
independently generate data. 

13.3.2. DOCs for TDS consist of four replicate LCS analyses. Average percent recovery and 
relative standard deviation are then calculated and must pass within ::1:20% and 20%, 
respectively. A detailed description of DOCs can be found in the HEAL QA Plan. 

13.3.3. ADOCP are done to ensure the analyst is continually proficient. This is outlined in the 
HEAL QA Plan. 

14. Pollution Prevention 

14.1. To minimize waste, the filter may be reused if the filter appears to be clean enough to allow 
another sample to pass through it. 

14.2. Beakers used for drying samples are cleaned and reused. 

14.3. Sample volume is limited to lOOmL of sample. 
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1 S. Data Assessment and Acceptance Criteria for Quality Control Measures 

15.1. See Appendix B for a summary of the batch QC requirements. 

15.2. MB not to exceed 20mg/L. 

1 S .3. LCS recovery must be between 80-120%. 

15.4. MS and MSD recoveries must be between 80-120%. 

15.5. The RPD between MS and MSD samples must be less than 20%. 

15.6. The difference between consecutive dry weights must be within 0.0020g. 

16. Corrective Actions For Out Of Control Data 

16.1. If MB exceeds acceptable limit, the samples must be re-filtered, if possible. 

16.2. IfLCS fails high or low, all samples must be re-filtered, if possible. 

16.3. If dried samples do not come within the 0.0020g after the 3 dryings at 1so·c flag data and 
report. 

16.4. If the MS or MSD fails high or low, re-prep, if possible. Otherwise flag data and report. 

16.5. Ifthe RPD between MS and MSD is greater the 20%, re-prep, if possible. Otherwise flag data 
and report. 

17. Contingencies for Handling Out-of-Control Data 

17 .1. All out-of-control data is flagged and reported to the client. 

17.2. Re-prepare samples out of holding time, compare results, and notify client. 

18. Waste Management 

18.1. All IDS residues are disposed of down the drain. 

19. References 

19 .1. Standard Methods for the Examination of Water and Wastewater, 201
h Edition, 

Method 2540C, (1999). 

19.2. EPA Method 160.1- Residue, Filterable (Gravimetric, Dried at 180°C). NPDES Editorial 
Revision 1971. 

19.3. Hall Environmental Quality Assurance Plan 
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Solids Bench Sheet 
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Appendix A 

Solids Bench Sheet 

SM2540C (TDS) SM2540B (TS) PREP: ____ _ 

·~:.:-:.- · mla Beaker +8ample Mass 2nd Final 3rd Final 4th Final 
tu:s Samola Beaker Ill Beaker Maaa la' l1at Final Maaa\ · Mau la\ Maaa la\ Ma88 Cal 

~r-------~~-----·----~---~------~~---·---------·-~-----+-···-------·~-------~ 
31-------t··-----+------~+------1-· ------·-···+----·--·-··1- ---······· •·•· 

4~-----~~---+----·-+--··---~---------·4----·------·--·-- ··--
11 

~~------~~--~----+----4-------~-----------~------~----- .. --~--------
7.1--------~f---·-+··--.. ·-+--·--+-------1---·-------------l·-------- ,_ _________ +-----·--·· ... 

~~---------4---+---J __ , ___ --····----=-··--·· -·--t----·--··-1 
II 
1-------1·-·----1--··---+-··---- ·4·----- ....... ~-·-·!··· _ .. ___ , _________ - "•-1-·---·-··-·1---------·-· .................. 

10.~------~~---~-----+----4---------~------------·---+---------+---------+-·-·-----l 
11.1--------~r-----+·--~---~----+--------~----
12. 

l--------~r-----r---+--·-~--~----·-·----l-------------~-----+·--·--·---11. t---------1-·····--+----·--+---+-----···--+-··-........... ___ .... ··---·f......... .......... . .................. -·~- .......... _, __ ., 
1

~1--------t----~·--4----4--.. --------1 .. ··----·-·-
::~-----~f----+-··-·-l-·- _. .. _, ___ -------· ~--- .. --------·--··+----------·-1------· .. --.. ---'~---·· -- ........ -

~------~~-----+·-----+-·------+-------~-----------~------+--------~------··--

~~~--------~~---~--~------·~---------·--·+------ ------~---------~~-.............. ; .... --·----.. 
11.~------~-----+---~----~---------~----------~--------1~---------·.l.! ....... ___ ~----~ 
1Q 1 J--------t-----l·---·--+----·-+·----·--...... ,_ .. _________________ 4-·---·-----·1--·-"·•---1- --··----

m,._ ________ t------r·---~------+-------·4-·-·· ---········-·-----~----------~------···--~----------~ 
211---....;.._--t-·----1· 

==========:~~-~~~·~+~-----.... -... ~ ..... -_._--.~ ---i-~~=--~~-~-~-~·~---J~----~---------=~~~= -~~-~-~--. =-·~--~:·_-_, -_-.--.. -·--__ -_ .. -.... _t~--~-~~~-~--~-~-
Pipet tntbnMIIan 

Pipet No.:----

Spike Vol1111111: ----

WelghtDI (g): __ _ 

Room Temp .. ._· _____ •c 

Date: ____ ....,_ 

Oven 10:~:::;.._-;:::,., 

Thermometer 10:·~::;...__......:~ 

Temp:~:;;,._---=~ 

Start Time:~:;;,._......;;:::.., 

r.-~~~--------~ 

'

Analyst/Date:-------- !StoP Time: 

t.:QA:..:.:'d:::/D:at:e·:.::· ==========-Jibarance 10: ----
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Common Name: 

M''~llall Environmental 
~ Analysis Laboratory 

.S.O.P. Number: 
Total Dissolved Solids S-SM2540C-6 

Method: 
SM2540C 

Effective Date: Supersedes: 
September 14, 2011 S-SM2540C-5 

Laboratory Manager: Quality Assurance/Quality Control Officer: 

a--?~--- ~- ~ 

/ 
1. Scope and Application 

1.1. The method is applicable to drinking, surface and saline waters, and domestic and industrial 
wastes. 

1.2. The practical range ofthe determination is 10mg/L to 20,000mg/L. 

2. Summary ofMethod 

2.1. A well-mixed sample, usually 1 OOmL, is filtered through a glass fiber filter. The filtrate is 
evaporated and dried to constant weight at 180° C. 

3. Detection Limits 

3.1. The PQL for TDS is 20 mg/L 

3 .2. An MDL study is conducted annually. MDLs are updated in the LIMS. 

4. Definitions 

4.1. Practical Quantitation Limit (PQL) -Minimum detectable amount that can be reported with the 
appropriate precision. 

4.2. Matrix blank (MB) - DI water taken through the filtration and drying process. 

4.3. Laboratory Control Spike (LCS) - DI spiked with NaCl spike solution and taken through the 
filtration and drying process. 

4.4. Matrix Spike (MS) - Unknown sample spiked with NaCl spike solution and taken through the 
filtration and drying process. 

4.5. Matrix Spike Duplicate (MSD)- Duplicate of an unknown sample spiked with NaCl solution 
and taken through the filtration and drying process. 

4.6. Method detection limit (MDL) - The constituent concentration that when processed through the 
complete method, produces an analyte concentration with a 99% probability that it is different 
from the blank. 

4.7. DI Water (DI)- De-ionized water/reagent free water. Water that is passed through a purification 
system and is free from interferences. 

S. Interferences 

Effective Date: September 14, 2011 
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5.1. If the samples contain high levels of suspended solids it may be difficult to filter. Dilute the 
sample into DI water. 5X, 1 OX, or 20X are generally most appropriate. However extremely 
difficult samples may require a higher dilution. Always dry a few extra beakers in case a difficult 
sample is encountered. 

5.2. Highly mineralized waters containing significant concentrations of calcium, magnesium, 
chloride, and /or sulfate may be hygroscopic and may require prolonged drying, desiccation, and 
rapid weighing. 

5.3. Samples containing high concentrations of bicarbonate will require careful, and possibly 
prolonged, drying at 180° C to insure that all the bicarbonate is converted to carbonate. 

5.4. Too much residue in the evaporating dish will crust over and entrap water that will not be driven 
off during the drying. When practical, total residue should be limited to about 2000mg. Most 
samples will require dilution to make it easier to dry the samples to a constant weight. 
Appropriate dilution factors can be determined by looking up historical data in LIMS or by 
calculating an estimated TDS value from the EC values. The auto-titrator will calculate the 
estimated TDS value for you from EC results. Est. TDS value= EC value in 11S x 0.66. 

5.5. To gauge the effectiveness of the filtration in removing suspended solids, the spike standard is 
prepared using a soluble salt (NaCl) and an insoluble material (diatomaceous earth). 

6. Safety 

6.1. For handling procedures and exposure information, always refer to the MSDS. To keep exposure to 
reagents and standards to a minimum, analysts must wear appropriate laboratory safety attire when 
working in the laboratory. 

7. Apparatus and Materials 

7 .1. VWR glass micro fiber filter, 696. 4. 7 em 

7.2. Filtration Apparatus 

7.3. Drying oven, for 1 04 ° C and 180°C ± 2°C. Calibration checked monthly. 

7.4. Desiccator with color indicating desiccant or an Auto-dessicator. 

7.5. Analytical balance, capable of weighing to O.OOOlg. 

7.6. Vacuum Pump 

7.7. lOOmL graduated cylinder 

7.8. Forceps for handling filters 

8. Reagents and Standards 

8.1. DI water 

8.2. TDS Spike 

8.2.l.A combined 1 OO,OOOmg!L NaCl/50,000mg!L diatomaceous earth standard is used as a 
spike. 

8.2.1.1. Prepare standard by dissolving 10.00 g ofNaCl salt and 5.0g diatomaceous earth 
into lOOmL DI. Mix standard thoroughly. Diatomaceous earth will not go into 
solution. A 1 mL spike is equivalent to 1 ,OOOmg/L dissolved solids and 500mg!L 
suspended solids. 

Effective Date: March 4, 2011 
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9. Sample Collection, Preservation, and Storage 

9.1. Samples are to be collected in unpreserved plastic containers. Samples are stored at above 
freezing to 6°C until analysis. 

9.2. Holding time until sample filtration is seven days. 

10. Quality Control 

1 0.1. A QC batch consists of an MB, LCS, MS, and MSD per 20 samples. 

11. Procedure 

11.1. See Appendix A for a copy of the bench sheet. 

11.2. Preparing Beakers 

11.2.1. Beaker's IDs are re-written if necessary after being cleaned and before being dried. 

11.2.2. Clean beakers are placed in aluminum trays (holds 12 beakers) and are dried for 1 hour at 
180°C±2°C. 

11.2.3. Once dried, beakers are placed in a dessicator to cool. Warm beakers will drop in mass 
rapidly as they are being weighed. Should this occur, additional time in the dessicator is 
required. 

11.3. Batch Preparation 

11.3.1. Remove samples from the refrigerator and allow them to come to room temperature (a 
minimum of2 hours). 

11.3.2. A "2540C_PREP" prep batch is set up in LIMS. All pertinent information is included 
(reagents, spike, samples, and QC etc.) 

11.3.3. The Solids Bench Sheet is filled out using the sample IDs from the prep batch in LIMS 

11.3.4. Beakers are weighed with clean, dry gloves, and their IDs and masses recorded (to 
0.0001 g) on the Solids Bench Sheet. 

11.4. Filtration 

11.4.1. The filtration apparatus is cleaned prior to every sample. The filter may be reused until 
it is clogged or poses a risk of tearing. 

11.4.2. Assemble the filtration apparatus by placing the glass fiber filter on the apparatus with 
the smooth side facing down. 

11.4.3. Condition a new filter by assembling the filtration apparatus, applying vacuum, and 
washing the filter with three successive 10 to 20mL volumes ofDI water. Apply 
vacuum until no traces ofDI are visible on filter disc. Disassemble and discard 
washings. Rinse vessel thoroughly with Dl. 

11.4.4. For MB, measure 1 OOmL DI water in a graduated cylinder, pour into filtration 
apparatus, and start vacuum. 

11.4.5. For LCS sample, measure lOOmL DI in a graduated cylinder, spike with lml of the 
well-mixed Spike solution, pour into filtration apparatus, and start vacuum. 

11.4.6. For client samples, shake vigorously until all sediment is suspended. Using a graduated 
cylinder, decant 1 OOmL of sample, or appropriate amount of sample for your dilution. 

Effective Date: March 4, 2011 
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Dilute sample to a final volume of IOOmL (with or), pour into filtration apparatus, and 
start vacuum. 

Il.4.7. For MS/MSD samples, pour IOOmL (or a dilution there of) of a well-mixed sample into 
a graduated cylinder. Spike with ImL of spike solution and pour into filtration 
apparatus. Start vaccuum. 

II.4.8. Record volumes used, if other than I OOmL, on the Solids Bench Sheet. 

Il.4.9. Rinse graduated cylinder 3 times with or from a squirt bottle and filter rinsate. Try to 
use approximately I OmL of Dl. 

II.4.I 0. Apply vacuum until the entire sample (including rinsate from graduated cylinder) has 
been filtered. 

II.4.II. Rinse the filter with a small amount of or from squirt bottle. Apply vacuum until no 
traces of moisture are visible. 

II.4.I2. Pour filtrate from the filtration apparatus into the appropriately labeled beaker. Rinse 
the filtration apparatus with a small amount of or and pour rinsate into beaker. 

II.4.I3. Rinse the filtration apparatus and graduated cylinder thoroughly with or water at the 
sink. 

II.4.I4. If filter is clean enough to filter another sample, re-assemble the apparatus and filter 
another sample. There is no need to use a new filter. If, however, the filter is heavily 
laden with suspended solids, a new conditioned filter (see II.6) must be used. 

Il.4.15. Place beakers in the oven at 104°C ±I OC overnight. 

II.5. Drying of Samples 

II.5.I. The following morning, check the beakers to make sure all the moisture has evaporated. 
If not, continue drying at I04 C ±I OC until all moisture has evaporated. 

Il.5.2. Once the samples are dry, adjust the oven temperature to I80°C ± 2° C and heat the 
residue for 2 hours (allow additional drying time if there is a large amount of residue 
present). 

II.5.3. Using the cotton autoclave gloves, remove samples from oven and allow them to cool for 
a few seconds (::::: I5-30 seconds- only long enough so they do not melt/warp the shelves 
of the desiccator). Allow beakers to cool in desiccator for at least 2 hours They must be 
cool to the touch before you can weigh them. 

II.5.4. Using a fresh pair of dry gloves, remove the samples from the desiccator and promptly 
weigh them on the analytical balance to the nearest O.OOOig. Check the beaker number to 
make sure the beaker plus residue weight is being recorded in the correct place on the 
Solids Bench Sheet. 

II.5.5. Re-dry the samples at 180° ± 2° for I-2 hours. Cool in the desiccator for at least 2 hours. 
They must be cool to the touch before you can weigh them. The weights must be within 
0.0020g since the PQL for TDS is 20 mg/L. If not, repeat the drying, cooling, and 
weighing. Limit re-drying to 3 times. 

Il.5.6. Fill out tare weights, sample volumes, and final tare+ residue weights in Excel 
spreadsheet. Key final calculated results into LIMS. 

Effective Date: March 4, 2011 
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12. Calculation 

12.1. Calculate filterable residue as follows: 

Total Solids residue in mg/L = (x
1
(g) - x

2
(g)) x 1 OOO(mg) x _ 1_ x 1 OOO(mL) 

1(g) x3(mLJ 1(L) 

Where: 

X 1= Final mass of dried beaker and sample (g) 
X2= Mass of clean dry beaker (g) 
X3= volume of sample used in mL 

13. Method Performance 

13.1. Proficiency Testing Sample (PT) 

13.1.1. PT or "blind study" samples are routinely analyzed to check the accuracy of the TDS 
procedure. 

13.2.Method Detection Limits (MDLs) 

13.2.1. MDLs are conducted annually in accordance with the procedure and calculations outlined 
in the current QAP 

13.2.2. MDLs must be analyzed over a minimum of three days. 

13.3. Estimation of Uncertainty 

13.3 .I. Estimation of uncertainty is to be performed on an annual basis. 

13.3.1.1. Collect the most recent 25 LCS percent recoveries. See HEAL Quality Assurance 
Plan for details on the calculation of uncertainty. 

13.4. Demonstration of Capability (DOC) 

13.4.1. Demonstration of Capability (DOC) samples are analyzed before an analyst is able to 
independently generate data. 

13.4.2. DOCs for TDS consist of four replicate LCS analyses. Average percent recovery and 
relative standard deviation are then calculated and must pass within ±20% and 20%, 
respectively. A detailed description of DOCs can be found in the HEAL QA Plan. 

13.4.3. ADOCP are done to ensure the analyst is continually proficient. This is outlined in the 
HEAL QA Plan. 

14. Pollution Prevention 

14.1. To minimize waste, the filter may be reused if the filter appears to be clean enough to allow 
another sample to pass through it. 

14.2. Beakers used for drying samples are cleaned and reused. 

Effective Date: March 4, 2011 
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14.3. Sample volume is limited to I OOmL of sample. 

15. Data Assessment and Acceptance Criteria for Quality Control Measures 

15 .1. See Appendix B for a summary of the batch QC requirements. 

15.2. MB not to exceed 20mg/L. 

15.3. LCS recovery must be between 80-120%. 

15.4. MS and MSD recoveries must be between 80-120%. 

15.5. The RPD between MS and MSD samples must be less than or equal to 5%. 

15.6. The difference between consecutive dry weights must be within 0.0020g. 

16. Corrective Actions For Out Of Control Data 

16.1. If MB exceeds acceptable limit, the samples must be re-filtered, if possible. 

16.2. IfLCS fails high or low, all samples must be re-filtered, if possible. 

16.3. If dried samples do not come within the 0.0020g after the 3 dryings at 180'C flag data and 
report. 

16.4. If the MS or MSD fails high or low, re-prep, if possible. Otherwise flag data and report. 

16.5. If the RPD between MS and MSD is greater the 5%, re-prep, if possible. Otherwise flag data 
and report. 

17. Contingencies for Handling Out-of-Control Data 

17 .1. All out-of-control data is flagged and reported to the client. 

17.2. Re-prepare samples out of holding time, compare results, and notifY client. 

18. Waste Management 

18.1. All TDS residues are disposed of down the drain. 

19. References 

19.1. Standard Methods for the Examination of Water and Wastewater, 201
h Edition, 

Method 2540C, (1999). 

19.2. EPA Method 160.1- Residue, Filterable (Gravimetric, Dried at 180°C). NPDES Editorial 
Revision 1971. 

19.3. Hall Environmental Quality Assurance Plan 

Effective Date: March 4, 20 II 
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Appendix A 

Solids Bench Sheet 

Solids Bench Sheet 
Analysis: SM25400 (TSS) SM2540C (TDS) SM25408 (TS) 

Pipet lnfonnlltlon 

Pipet No.:----

Spike Volume: __ _ 

Weight Dl (g): __ _ 

Room Temp.: ___ ·c 

Date:...::::-------:::

Oven 10: <!"::__--=~ 

Thermometer 10: <"';:...__-~> 

Temp:<"::__--=~ 

Start Time: ..:::!"::__--=~ 

I
...,An---,aly:-s-:-tJ=o,....at:-e-: ::::::::=:======-----.bstop Time: ....,.:::___-=._ 
QA'd/Date: 
c.=:=::::=======-.Baalance 10: ___ _ 

Effective Date: March 4, 2011 
S.O.P Number: S-SM2540C-5 

Page 7 of8 

PREP: ____ _ 



cP 
' 

rnt'I'l 
0~ 
>-cg. z :;:-
s:: (\) 

'"1:130 
$>) 0" $>) 

(JQ (1) (t 
(1) .., •• 

00~:7 
0 • """ 
'""Vl~» 
oo~(l 

tv::T 
Vl""" -""• 
ON no ....... 
Vl ...... 

~ 

Ana~cal Method Par11meter 

SM2540C ~et 
Chemlslry 

ac Element 
Molhod Blank 

Appendix 8 

SM2540C: Total Dissolved Solids 
Corrective Action Procedures 

Frequency 
1 per preperationfanalysis balch (S 20 <POl 
samples) 

Acceptance Criteria 

labcralofy Control Sample (LCSJ 1 per preperationfanalysls batch (s 20 % ReCO!efY +/- 20% of actual value 
samples) 

Malrix Spike (MSJ 1 per preperationFanalysls balch (S 20 % ReCOIIefY +/- 20% of a dual value 
samples) 

Malrix Spike Duplicate (MSO) 1 per preperationfanalysis batch (S 20 % ReCO!efY +/- 20% of actual value 
samples) Relative percent difference (RPO) S5% 

Dried to a constant weij;lt within 3 All samples and ac sa~es Weights 1111st be wulhin +/- 0.0020 g 
re-<tyings 

Corrective Action 
1. Reprep all sa""* In balch (if enough sa~e is 

available) 
2. AU samples must be lagged 
1. Reprep all samples In balch (if enough sample is 

ava~able) 

2. AU samoles must be laaoed 
1. Flag failures and repcrt. 

1. Flag failures and repcrt. 

1. If unable to get weights within range after 3 re-
~ngs, nag data and report. 
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Common Name: 
SM2540D 

Method: 
Total Suspended Solids 

Effective Date: 
March 4, 2011 

Hall Environmental 
Analysis Laboratory 

S.O.P. Number: 
S-SM2540D-3 

Supersedes: 
S-SM2540D-2 

Laboratory ~ger: Quality Assurance/Quality Control Officer: 
/ ....... 4;" 

/. -·-~. 
....... 

1. Scope and Application 

1.1. This SOP. covers the determination of non-filterable residue in groundwater, domestic, and 
industrial wastes. Non-filterable residue is defined as those solids that are retained by a glass fiber 
filter and dried to a constant weight. 

1.2. The practical range of the determination is 10 mg/L to 2,000 mg/L. 

2. Summary of Method 

2.l.A well-mixed sample, usually 100mL, is filtered through a glass fiber filter. The residue retained 
on the filter is dried to a constant weight at 1 03-1 05°C 

2.2. If Filterable Residue is to be determined, the filtrate may be dried according to SM2540C. 

3. Detection Limits 

3.1. The PQL for TSS is 10 mg/L. 

3.2.A MDL study is not performed. 

4. Definitions 

4.1. Practical Quantitation Limit (PQL) - Minimum detectable amount that can be reported with the 
appropriate precision. 

4.2. Matrix blank (MB) - DI water taken through the filtration and drying process. 

4.3. Sample Duplicate (DUP)- A preparation and analysis of a client sample to assess precision. 

4.4.Laboratory Controlled Sample- 100 mL aliquot ofNSI ™ Mid-Level Solids Standard used to 
assess recovery and precision. 

4.5. Method detection limit (MDL)- The constituent concentration, that when processed through the 
complete method, produces an analyte concentration with a 99% probability that it is different 
from the blank. 

4.6. DI Water (DI)- De-ionized water/reagent free water. Water that is passed through a purification 
system and is free from interferences. 

5. Interferences 

S.l.Ifthe samples contain high levels of suspended solids it may be difficult to filter. Dilute the 
sample into DI water. Sx or 1 Ox dilution are generally most appropriate. However, extremely 

Effective Date: March 4, 2011 
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difficult samples may require a higher dilution. Always dry a few extra filters in case a difficult 
sample is encountered. 

5.2. Samples containing suspended solids greater than 2000 mg!L must be re-prepared at dilution. 

6. Safety 

6.1. To keep exposure to reagents and standards to a minimum, analysts must wear appropriate laboratory 
safety attire when working in the laboratory. For handling procedures and exposure information 
always refer to the MSDS. 

7. Apparatus and Materials 

7 .I. Pre-weighed 4 7 mm glass fiber filters and aluminum dish, Environmental Express Pro-Weigh ™ 
Filters. 

7.2. Filtration Apparatus 

7.3. Drying oven, for 104 ° C. Calibration checked monthly. 

7.4. Desiccator with color indicating desiccant or an Auto-Desiccator 

7.5.Analytical balance, capable of weighing to O.OOOlg 

7.6. Vacuum Pump 

7.7. lOOmL graduated cylinder. 

7.8. Tweezers 

8. Reagents and Standards 

8.1. DI water 

8.2. NSI Mid-Level Solids Standard 

9. Sample Collection, Preservation, and Storage 

9.1. Samples are to be collected in unpreserved plastic containers. Samples are stored at above 
freezing to 6°C until analysis. 

9 .2. HEAL holding time till sample filtration is seven days. 

10. Quality Control 

1 O.l.A QC batch consists of an MB, DUP, and a Laboratory Controlled Sample for every 10 samples. 

11. Calibration 

11.1. Calibrate the Analytical Balance as per the HEAL Analytical Balance Calibration SOP. 

11.2. The Drying Oven is to be calibrated quarterly and recorded in the Drying Oven Calibration Log. 

12. Procedure 

12.1. See Appendix A for a copy of the Solids Bench Sheet. 

12.2. Filter Preparation 

12.2.1. Label aluminum filter dishes with a marker. 

12.2.2. A filter must be prepared for each sample, MB, DUP, and Laboratory Controlled Sample. 
(Prepare additional filters in case a difficult sample is encountered). 

12.2.3. Dry filters in their aluminum dishes in oven for one hour at 104° ± 1 °C 

Effective Date: March 4, 2011 
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12.2.4. Place filters in desiccator and allow them to cool for at least 15 minutes. Avoid putting 
hot beakers or other glassware in desiccator with filters as it will increase the time it takes 
the filters to cool. 

12.3. Sample Filtration 

12.3 .1. Remove samples from the refrigerator and allow them to come to room temperature (a 
minimum of2 hours). 

12.3.2. With fresh DRY gloves, remove the filters from the desiccator and promptly weigh them 
to the nearest 0.0001g. Record the ID and tare weight of the filter and aluminum dish on 
your Solids Bench Sheet. 

12.3.3. Thoroughly rinse the filtration apparatus with DI water. Gently remove the filter from 
the aluminum dish and place on the filtration apparatus (smooth side facing down). 
GENTLY twist on the receiving cup. Be careful. Twisting it too tightly will tear the filter 
and result in inaccurate weights. 

12.3 .4. Start vacuum. Wet filter with a small amount of DI from the squirt bottle. Tum off 
vacuum. Filter is now ready for sample. 

12.3.5. For MB, measure lOOmL DI water in a graduated cylinder, pour into filtration apparatus 
and start the vacuum. 

12.3.6. For client samples, shake vigorously until all sediment is suspended. Using a graduated 
cylinder, decant IOOmL of sample (dilute sample ifthe amount of suspended solids may 
hinder filtration). Dilute sample to a final volume of 100mL (with DI) and pour into 
filtration apparatus and start vacuum. 

12.3.7. For DUP sample, pour lOOmL (or a dilution there of) of a well-mixed sample into a 
graduated cylinder, pour into filtration apparatus, and start vacuum. 

12.3.8. For your Laboratory Controlled Sample, vigorously shake the Mid-Level Solids Standard 
bottle and invert several times. Pour I 00 mL into filtration apparatus and start vacuum. 

12.3 .9. Record the volume used on TSS Bench Sheet. You will also need to enter these into 
LIMS after you complete your batch. 

12.3.1 O.Rinse graduated cylinder 3 times with DI from a squirt bottle and filter rinsate. Try to use 
approximately 10mL ofDI. 

12.3.11.Apply vacuum until the entire sample (including rinsate from graduated cylinder) has 
been filtered. (NOTE: if filtration time exceeds 1 0 minutes discard filter and re-filter 
sample at dilution). 

12.3.12.Rinse the sides ofthe filtration apparatus and the filter with a small amount ofDI from 
squirt bottle. Apply vacuum until no traces of moisture are visible. 

12.3.13.Gently remove filter from filtration apparatus with tweezers and return to the aluminum 
dish. 

12.3.14.BE CAREFUL! Transfer the entire filter and residue from the filtration apparatus to the 
aluminum dish. Filter material left on the filtration apparatus will significantly affect the 
results. 

12.3.15.Filtrate may be used for SM2540C (TDS) if appropriate glassware has been prepared. 
Otherwise discard filtrate. 

12.3.16.Rinse the filtration apparatus thoroughly with DI water. 

12.4. Drying the samples 

Effective Date: March 4, 2011 
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12.4.1. Place aluminum dishes with filters in the oven at 104°C ±1°C. Dry for one hour. Record 
the oven temperature and the start and stop times on the Solids Bench Sheet. 

12.4.2. Remove samples from oven and allow them to cool for at least 15 minutes in the 
desiccator. 

12.5. Using a fresh pair of dry gloves, remove the samples from the desiccator and promptly weigh 
them on the analytical balance to the nearest 0.0001g. Check the ID number to make sure the 
weight is being recorded in the correct place on your Solids Bench Sheet. 

12.6. Place the filters back in the oven for 1 hour and then back in the desiccator for at least 15 
minutes to cool. Record the oven temperature and the start and stop times on the Solids Drying 
Temperature Cover Sheet. 

12.7. Re-weigh the filters and record the weights on the bench sheet. The difference between the 
weights must be within 0.0005 gm. If not, repeat the drying and weighing process until the 
weights are within range. Limit re-drying to 3 times. 

12.8. Record your final weights on your Solids Bench sheet and enter them into your Excel sheet. 
Hand key result into LIMS. 

13. Calculation 

13.1. Calculate non-filterable residue as follows: 

Non-filterable residue, mg/L= (A-B) x 1,000,000 

c 
Where: 
A= weight of residue+ filter+ aluminum dish (g) 
B= weight of filter + aluminum dish (g) 
C= volume of sample used in mL 

14. Method Performance 

14.1. Method Performance 

14.1.1. PT, or "blind study", samples are routinely analyzed to check the accuracy ofthe TSS 
procedure. 

14.2. Estimation of Uncertainty 

14.2.1. Estimation ofuncertainty is to be preformed on an annual basis. 

14.2.2. Collect the most recent 25 LCS percent recoveries. Calculate the average percent 
recovery and standard deviations. Calculate 95% confidence interval (2 times the 
standard deviation). Report the estimated uncertainty as+/- 2s. For details on estimation 
of uncertainty See HEAL QAP. 

14.3. Demonstration of Capability (DOC) 

14.3.1. Demonstration of Capability (DOC) consists of four replicate samples of Mid-Level 
Solids Standard. The acceptance range is given on the current Certificate of Analysis 
located in the Wet Chemistry Spikes and Standard Notebook. (The acceptance range 
may change each time new standards are ordered.) 

14.3.2. Analyst is considered proficient after close supervision by a senior analyst and by 
examination ofRPD results from DOC samples (RPD <15). 
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14.3.3. ADOCP are done to ensure analyst is considered to be continually proficient. This is 
outlined in the HEAL QAP. 

15. Pollution Prevention 

15.1. Filters are thrown away and aluminum dishes are recycled. Sample size is limited to 100 mL. 

16. Data Assessment and Acceptance Criteria for Quality Control Measures 

16.1. See Appendix B for a summary of the batch QC requirements. 

16.2. MB not to exceed 1 Omg/L or be less than -5mg/L. 

16.3. The RPD between sample and DUP samples must be less than 15%. 

16.4. All samples must not have a concentration less than -5mg!L. 

16.5. The difference between consecutive dry weights must be within 0.0005g. 

17. Corrective Actions For Out Of Control Data 

17.1. Matrix Blank 

17 .1.1. If MB has a concentration less than -5mg/L, all samples in the batch must be re-prepared 
(out of holding time if necessary). If there is not enough sample, flag data and report. 

17 .1.2. If the MB concentration is greater than 1 Omg/L, first re-dry the samples in the oven at 
104 °C 1 for an hour, allow them to cool in the desiccator, and re-weigh. If still greater 
than lOmg!L, re-prep all samples (out of holding time if necessary). If there is not enough 
sample, flag data and report. 

17.2. If the RPD between sample and DUP is greater than 15%, assess data in the following manner: 

17.2.1. If the sample or DUP concentration is less than 2 times the PQL, the concentrations must 
agree to within 3 mg/L. If they do, generate corrective action addressing RPD failure. If 
they do not, re-prep all samples from the same set of HEAL numbers. Due to sample 
volume limitations, it may be necessary to select a different sample to DUP. Re-prep out 
of holding time if necessary. Ifre-prep is not an option or if re-prepped samples do not 
agree to within 3mg/L, generate corrective action, flag, and report failure. 

17.2.2. If the sample and DUP concentrations are greater than 2 times the PQL, re-prep all 
samples from the same set of HEAL numbers. Due to sample volume limitations, it may 
be necessary to select a different sample to DUP. Re-prep out of holding time if 
necessary. Ifre-prep is not an option, generate corrective action, flag, and report failure. 

17.3. If the Laboratory Control Sample concentration does not fall between the acceptance range 
specified in the corresponding Certificate of Analysis for the lot # being used, re-prep the 
entire batch including the MB, DUP, and Laboratory Controlled Sample. Due to sample 
volume limitations, it may be necessary to select a different sample to DUP. Re-prep out of 
holding time if necessary. 

17.4. If consecutive dry weights are not within 0.0005 g after 3 re-dryings, generate corrective 
action, flag data, and report. 

18. Contingencies for Handling Out-of-control Data 

18.1. All out-of-control data is flagged and reported to the client. 

18.2. Re-prepare samples out-of-holding time, compare results, and notify client. 

19. Waste Management 

Effective Date: March 4, 2011 
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19.1. All TSS filters are disposed of in the trash. The Aluminum dishes are recycled. 

20. References 

20.1. Standard Methods for the Examination of Water and Wastewater, 201
h Edition, 

Method 25400, (1999). 

20.2. HEAL Quality Assurance Plan 

20.3. HEAL Balance Calibration SOP 
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Solids Bench Sheet 
Analysis: SM2540D (TSS) 

Pipet Information 

Pipet No.: 

Appendix A 

Solids Bench Sheet 

SM2540C (TDS) SM2540B (TS) 

Date: 

Oven ID: 

Spike Volume: Thermometer ID: 

Weight Dl (g): 

Room Temp.: •c 

'Analyst/Date: 
QA'd/Date: 

Temp: 

Start Time: 

btopTime: 

alance ID: 

Effective Date: March 4, 2011 
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AppendixB 

SM2540D: Total Suspended Solids 
Corrective Action Procedures 

Frequency Acceptance Criteria 
1 par preparation/analysis batch (s 10 >-5mgll. and <PQL 
samples) 

1 per preparallon/analysis batch (S 10 Relative percent difference (RPD) S15% 
samples) 

1 per preparation/analysis batch (s 1 0 See the current Ceritflcate of Analysis 
samples) located in the Spikes and Standards 

Logbook for the Acceptance Limns. 

Corrective Action 
1. If <-5mgll. reprep aH samples in batch (If enough 

sample is available) 
2. If >PQL dry samples for an additional hour in 

I 
OYell, cool in desiccator, and reweigh. Reprep If I 
still out. 

3. All samples must be flagged and a correctMI 
action generated. 

1. If DUP concentration is greater than the PQL but 
is less than 2x the PQL the results must be within 
3mgll of each other. If they are generate 
correciNe action addressing falure, do not reprep. 
If however they are not, all of the samples from 
the same HEAL number set and DUP must be re-
prepared. (Due to sample volume limitations K 
may be necessary to select a different DUP 
sample for reprep). 

2. If greater than 2x PQL reprep all samples from 
the same HEAL number set (Due to sample 
volume lirnKations H may be necessary to select a 
different DUP sample for reprep). 

1. If Laboratory Conrtolled Sample fallS outside 
current Acceptance Limits for the lot II being 
used re-prepare all samples including the 
Laboralory Contolled Sample, MB, and DUP. 
(Due to sample volume limKalions H may be 
necessary to select a different DUP sample for re-
prep). 
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SOP Aclmowledgement Sheet 
SOP Na1De-SM5310B/9060 

SOP Number~ S~TOC-4 

I state that I have read the above referenced SOP. I understand all portions of the document as they 
apply to me and niy responsibilities at Hall Environmental Analysis Laboratory. I further recognize 
this as the most current application of the SOP and that it supersedes any previous documents that I 
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Hall Environmental 
Analysis Laboratory 

Common Name: 
SM531 OB Total Organic Carbon (Combustion 
Infrared Method) 
EPA9060 Total Or anic Carbon 
Method: 
Total Organic Carbon 

Effective Date: 
14 December2010 

S.O.P. Number: 
S-TOC-4 

Supersedes: 
S-TOC-3 

Quality Assurance/Quality Control Officer: 

~"-----

1. Scope and Application 

1.1. This S.O.P. covers the determination ofthe concentration ofNon-purgeable Organic Carbon (NPOC) in 
ground water, surface and saline waters, drinking water, and domestic and industrial wastes. 

2. Summary of Method 

2.1. A 5-ml sample aliquot is drawn out of a 40mL, thin septa amber vial, acidified by HCI or H2S04 to a 
pH<2, and sparged for 1.5 minutes. A SOul aliquot of the sample is then injected onto a high sensitivity 
oxidation catalyst inside of the combustion chamber at 680°C .. The sample is burned in the combustion 
chamber to produce C02 and other combustion products which are then swept through a dehumidifier 
and halogen scrubber to a non-dispersive infrared (NDIR) gas analyzer, where the C02 is detected. The 
analog detection signal of the NDIR forms a peak, and the area of this peak is measured by a data 
processor. 

3. Detection Limits 

3.1. MDLs shall be empirically established annually. MDL is subject to change. See LIMS for current MDL. 

3.2. The current PQL is l.Omg/L 

4. Definitions 

4.1. Calibration Blank (CalibBiank)- Blank Solution of DI water to "zero" the instrument. 

4.2. Initial Calibration Verification 5 mg/L (ICVS)- Second source standard@ 5 mg/L analyzed after the 
initial calibration of the Low-level curve. It is also analyzed every 15 samples to check the stability of 
the instrument during analysis. 

4.3. Initial Calibration Verification SO.mg/L (ICVSO)- Second source standard@ 50 mg/L analyzed after the 
initial calibration of the Med-level curve. It is also analyzed every 15 samples to check the stability of 
the instrument during analysis. 

4.4. Initial Calibration Blank (ICB)- Analysis of Calibration blank solution aftet· initial calibration to check 
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the cleanliness of blank. Should report below PQL. 

4.5. Laboratory Control Spike (LCS)- Laboratory fortified blank. 

4.6. Matrix Spike (MS)- Laboratory fo11ified sample. 

4.7. Matrix Spike Duplicate (MSD)- Laboratory fortified sample duplicate. 

4.8. Matrix Blank (MBLK)- Laboratory blank. 

4.9. Method Detection Limit (MDL)- The constituent concentration that when processed through the 
complete method, produces a signal with a 99% probability that it is different than the blank. 

4.1 O.Practical Quantitation Limit (PQL)/Reporting Limit- The minimum limit to which an analyte can be 
routinely reported. 

5. Interference 

5 .1. Carbonate and bicarbonate carbon (inorganic carbon) represent interferences and are removed by 
acidification and purging of the sample. An LCS fortified with Na2C03 is analyzed to show that the 
inorganic carbon is removed. 

5.2. Method interference may be caused by contaminants in the reagent water, sample processing chemicals 
or analysis apparatus. 

5.3. This procedure is applicable only to homogeneous samples which can be injected into the apparatus 
reproducibly by means of a syringe. The opening ofthis syringe limits the maximum size of particle 
which may be included in the sample. If necessary, allow the sample to settle, decant liquid into a fresh 
VOA. Label with sample ID and HEAL number. Retain decanted sample with original sample 
containers. 

5.4. Samples that are not drawn into the syringe easily may require dilution into DI water. This is evidenced 
by a large variance of replicate combustion readings during sample analysis. 

6. Safety 

6.1 At minimum, latex gloves. a lab coat, and safety glasses must be worn to avoid any unnecessary contact 
with samples and standards. Refer to the MSDS before handling any standards for safety concerns. 

6.2 When the analysts are done with standard vials they need to be disposed of in the appropriate manner. 
All standards, analytical vials, samples, and other laboratory-generated waste will be disposed in 
accordance with the HEAL Chemical Hygiene Plan. 

6.3 Refer to the safety/warning section of the instrument manual before running or maintaining the 
instrument to avoid bums or electrical shock. 

7. Apparatus, Materials 

7.1. Shimadzu TOC-V- Total Organic Carbon Analyzer. 
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7.1.1. NDIR: non-dispersive infrared gas analyzer detector. 

7.2. Operating Conditions 

7.2.1. Furnace Temperature: 680°C 

7.2.2. Carrier gas set to 150 psi. 

7.2.3. Purge time set to 1.5 minutes 

7.2.4. Acid addition to 1.5% of2.0 N HCI 

7 .2.5. Injection volume set to SOuL. 

7.2.6. Method programmed to accept best 4 of 5 injections. 

7.2.7. Shimadzu combustion tube (part no. 638-41323) with platinum mesh. 

7.2.8. Shimadzu high sensitivity catalyst (part no. 630-00996). 

7.3. Shimadzu ASI-V Automated Sampler with 40mL VOA auto sampler rack. 

7.3.1. The ASI-V Automated Sampler powers on and off through the instrument. It is important to note 
that the auto sampler will not operate while the cover is off; and that removal of the cover during 
analysis will result in the halting of the analysis. 

7.4. Analytical balance capable of weighing to the nearest O.OOOlg 

7.5. pH strips that measure to the nearest 0.5 of a pH unit. 

7.6. Sample vials (40mL) thin septa VOA vials. 

7.7. Hand-held re-pipettors of various dispensing volumes. 

7.8. Volumetric flasks- SOmL, 100mL, 200mL, 250mL, and 500mL volumes. 

7.9. Micro-syringes- 250mL and 500mL. 

7.10. Variable volume 1mL handheld pipette. 

7.11. Environmental Express Digestion Tubes- SC475. 

8. Reagents and Standards 

8.1. De-ionized water, free from organic carbons. 

8.2. 2N HCI- Made from high purity OmniTrace Concentrated HCI. Add 41.2SmL Cone. HCL to 1 OOmL DI 
water in a 250mL volumetric flask. Bring to 250mL fmal volume with DI water. Reagent must be logged 

Effective date 14 December2010 
S.O.P. Number: S-TOC-4 

3 of 12 



Hall Environmental 
Analysis Laboratory 

into LIMS and recorded in TOC maintenance logbook. 

8.3. Stock Standards 

8.3 .1. Primary source standard is a certified TOC standard purchased from Accustandard @ l OOOmg/L. 

8.3 .2. Secondary source standard (ICV) is purchased from Ultra Scientific at a concentration of 
lOOOmg/L. 

8.3.3. Low Cal Stock (lOmg/L): Pipette 5mL of primary source standard (lOOOmg/L) into a 500mL 
volumetric flask. Fill to the mark (QS) with reagent water and invert 3 times. 

8.3 .4. Med Cal Stock (1 OOmgiL): Pipette 50mL of primary source standard ( 1 OOOmgiL) into a SOOmL 
volumetric flask. Fill to the mark (QS) with reagent water and invert 3 times. 

8.3.5. Inorganic carbon spiking standard (480mg/L C): Prepare using 0.848g Na2C03 (dried for 2hrs@ 
250°C and cooled in a desiccator) into 200mL DI. lmL of standard will be used for LCS. This is 
equivalent to 11.7mg/L C after spiking into 40mL VOA. 

8.4. Calibration Standards 

8.4.1. Calibration standards are generated by the auto-sampler. Calibration concentrations are 
programmed into a calibration template in the software and the instrument performs the appropriate 
dilutions from either the Low Cal or Med Cal Stock solutions. 

8.5. Second Source Standards 

8.5.1. ICVS and ICVSO secondary source standards are diluted from lOOOmgiL second source stock 
solution (ICV). 

8.5.2. ICVS- pipette 2.5mL of stock solution (ICV) into SOOmL volumetric flask containing DI water. 

8.5.3. ICVSO- pipette 25mL of stock solution (ICV) into SOOmL volumetric flask containing DI water. 

9. Sample Preservation and Handling 

9.1. Field samples are taken in amber vials containing 1:1 HCI (H2S04 can also be used). Samples should be 
acidified to a pH < 2 and stored at <6°C. 

9.1. 1. The pH of the samples is taken after analysis. All samples with a pH >2 will be H flagged and 
reported out of holding time. 

9 .2. Holding time for preserved samples is 28 days. 

10. Quality Control 

10.1. Initial Calibration as needed (Dictated when major maintenance occurs or through QC failures): 

10.1.1. A five point low level and med level curve. 
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I 0.1.2. An ICV at 50mg/L. 

10.1.3. An ICV at 5mg/L. 

10.1.4. An ICB. 

l 0.2. Continuing Calibration 

l 0.2.1. An ICV5 (used to validate the low level curve), ICV50 (used to validate the med. Level curve), 
and ICB are run every 15 samples. 

10.2.1.1. It is not necessary to analyze both ICVs if the analytes of interest are going to be found in 
only one curve range. (If the concentration of a known sample is going to be Smg!L then 
only the ICV5 needs to be analyzed as a continuing standard). 

I 0.3. Batch QC Requirements 

10.3.1. A MB and LCS are analyzed every20 samples. 

1 0.3 .2. A MS and MSD are analyzed every 10 samples. 

10.3.3. A MB is prepared in a 40mL VOA that contains DI water only. 

10.3.4. Prepare LCS sample in the following manner: 

1 0.3 .4.1. Measure 40mL DI and pour into a new VOA. 

10.3.4.2. Using 250uL syringe, spike 200uL of the lOOOmgiL primary source standard into the 
VOA. Spike concentration 4.85mg/L. 

10.3.4.3. Be sure to submerge the needle in the DI water. 

10.3.4.4. Using calibrated pipette, spike lOOOuL oflnorganic Cat·bon Spiking Standard into the 
VOA. Fortifying the LCS with this spike shows that the inorganic carbon is being 
purged. 

10.3.4.5. Cap and invertVOA 3 times. 

10.3 .4.6. Clean syringe 3 times with DI water. 

10.3.5. Prepare MS/MSD samples in the following manner. 

l 0.3.5.1. A single sample VOA, analyzed twice is used for both the MS/MSD. 

10.3.5.2. If possible use a VOA without any headspace. 

10.3.5.3. Prepare MS/MSD VOA without headspace in the following manner. 
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10.3.5.3.1. Carefully open VOA. 

10.3.5.3.2. Using 250uL syringe, spike 200uL of the 1000mg/L primary source standard. 

10.3.5.4. Be sure to submerge the syringe needle below the surface of the sample. 

10.3.5.5. Spike concentration is 4.65mg/L. 

10.3 .5.6. Do not add inorganic carbon spiking standard to MS/MSD. 

10.3.5.7. Cap and invert 3 times. 

10.3.5.8. Clean syringe 3 times with DI water. 

10.3.6. Prepare MS/MSD with headspace in the following manner. 

10.3 .6.1. Open sample VOA and measure 40mL of sample into a clean 50mL beaker. 

10.3.6.2. Transfer the 40mL sample from the beaker into a clean labeled VOA vial. 

10.3.6.3. Spike 200ul of the lOOOmg/L primary source standard into the VOA vial. 

10.3.6.4. Be sure to submerge the syringe needle below the surface of the sample. 

10.3.6.5. The spike concentration will be 4.98mg/L. 

10.3 .6.6. Swirl to mix and transfer to a fresh 40mL VOA. 

10.3.6.7. Cap and mix three times. 

10.3.6.8. Clean syringe 3 times with DI water. 

11. Calibration 

11.1. Initial calibration 

11.1.1. Initial calibration consists of a Low Cal Curve, Med Cal Curve, ICV5, ICV 50, and an 
ICB. 

11.1.2. The calibration is based upon the peak area vs. the analyte concentration. The calibration 
equations are linear including the calibration blank response (zero point). See current 
HEAL Quality Assurance plan for details on the calibration equation. 

11.1.3. At the start of every analytical run the ICV S.Oppm and 50ppm are analyzed to verify the 
low and med calibration curve. They must pass within 10% of the expected concentration. 

11.1.3.1. If either ICV fails to meet these criteria they may be reanalyzed one more time. 
If they pass continue running samples.lfboth ICVs fail a new calibration must 
be analyzed for both the low and medium curve. If only one ICV fails to confirm 
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the curve, then reanalyze the curve which corresponds to the failed ICV. 

11.1.4. Each curve is based on a minimum of five levels. 

11.1.5. The calibration concentrations in mg/L for the Low Cal Curve are as follows: 0, 0.5, 1.0, 
5.0 and 10.0. The instrument dilutes down to these concentrations using the 10 mg/L Low 
Cal Curve stock. 

11. 1.6. The calibration concentrations in ppm for the Med Cal Curve are as follows: 0, 10, 25, SO 
and 100. The instrument dilutes down to these concentrations using the 100mgiL Med 
Cal Curve stock. 

11.1. 7. Two second source standards are analyzed to validate both the Low and Med-level cmves 
and an ICB to verifY the cleanliness of the system. 

11.1.7.1. ICV5- 5mgiL TOC. 

11.1.1.2. iCV50- 50mg/L TOC. 

11.1.7.3. ICB- Initial Calibration Blank 

' 

11.2. Continuing Calibration 

11.2.1. An ICVS, ICV50, and an ICB must be run every 15 samples and at the end of the 
analysis. 

12. Sample Analysis 

11.2.1.1. It is not necessary to analyze both ICV s if the analytes of interest are going to 
be found in only one curve range. (If the concentration of a known sample is 
going to be SmgiL then only the ICVS needs to be analyzed as a continuing 
standard). 

12.1. Check that the humidifier, drain container, rinse and dilution bottles are full with DI water, and 
HCI bottle adequately full of2.0N HCI. · 

12.2. Prepare standards by filling sample vials with varying standard solutions. 

12.3. Samples are received from the field in amber 40mL VOAs. These are placed directly on the 
instrument. 

12.4. Power on insttument via the power button on lower right front of instrument. Allow the 
instrument about 45 minutes to heat the furnace and stabilize. 

12.5. While the instrument stabilizes, open the TOC-Control V software, choose the sample table 
editor, and log in. 

12.6. Connect the instrument to the computer by right clicking the TOCV icon in the left column of the 
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screen. Choose connect. 

12. 7. Open a new sample run and auto-generate your run for the day, making sure to include your 
cm·rent method, cal curves and QC. Fill in the appropriate columns with the sample name and 
vial position. The instrument can be programmed to shut down at the end of analysis. 

12.8. The instrument must be reconnected via the yellow Icon before the run can be started. 

12.9. Note: The auto sampler will not operate while the cover is off; and that removal ofthe cover 
during analysis will result in the halting of the analysis. 

12.1 0. Arrange sample vials in the auto sampler tray according to their vial positions on the sample run 
list. The MB, LCS and samples should follow the primary ICV(5)/ICV(50)/ICB. 

12.11. After the instrument has stabilized, start the run with the stoplight icon. Once started the 
analytical batch can not be altered or added to. 

12.12. Be sure to save the batch file with the analysis date. 

12.13. After successful analysis open sample vials and check pH using pH strip. Record pH on run log. 

13. Calculations 

13.1. The result is taken directly from the data sheet. If any of the samples are off-scale the auto-sampler 
auto-dilutes them and brings them on scale. The NPOC result from the data sheet is the final result 
unless the analyst manually diluted the sample. Then the sample result from the data sheet needs to be 
multiplied by the dilution made by the analyst to con-ectly calculate the total TOC t·esult. See HEAL 
QAP for formula. 

14. Method Performance/Measurement ofUncertainty 

14.1. Method Performance 

14.1.1. Proficiency testing is conducted bi-annually. 

1 4.1.2. IDOCs (Initial Demonstration of Capability) are to be analyzed by all new analysts before 
handling client samples. ADOCPs (Annual Documentation of Continued Proficiency) are to be 
analyzed every year by all analysts working on the instrument. See HEAL QAP for more 
information. 

14.2.Estimation of Measw-ement Uncertainty 

14.2.1. Estimation of measurement uncertainty is to be conducted on an annual basis. 

14.2.2. Collect the most recent 20 LCS results, calculate the standard deviation (s) and the 95% confidence interval 
(2 times the standard deviation). Report the uncertainty as ±2(s). See current HEAL QAP for details on 
uncertainty calculation. 

14.2.3. See current HEAL QAP for details on calculating uncertainty. 
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14.3. MDLs must be empirically established annually. Refer to the HEAL QAP for more details. 

14.3.1. MDLs must be established for both the low and med. level curves. 
14.3.1.1. To accurately establish that the PQL of 10 based on the med. level curve can be achieved the analyst 

~ill reprocess the MDLs from the low level curve using the med. level curve. The c.alculated MDL 
from the med. level curve is not updated in LIMS and will not be reported to the client. 

15. Pollution Prevention 

15 .1. This technique only requires a small amount of sample. Traditional wet chemistry methods for TOC 
require SOOmL of sample. This method generally requires only 20mLs. 

1 5 .2. Less glass is required for the bottle kit. 

16. Data Assessment and Acceptance Criteria for Quality Control Measures 

16.1. The instrument is set up to take 4-5 replicate reading per sample. A fifth reading is only required if 
there is an outlier reading. 

I 6.1.1. Initial Calibration 

16.1.1.1. Both a low and mid-level five point calibration curve is analyzed. The r (correlation 
coefficient) must be>/= 0.995 

16.1.1.2. Both the ICVS and ICVSO must agree within 10% ofthe expected value. 

16.1.1.3. An ICB must be analyzed and quantitate to less than the PQL. 

16.1.2. Continuing Calibration 

16.1.2.1. An ICVS, ICVSO, and ICB must be analyzed every 15 samples. The ICVS and ICVSO must 
agt-ee to within 10% ofthe expected value. The ICB must quantitate to less than the PQL. 

16.1.3. Batch QC 

16.1.3 .1. An MB and LCS must be analyzed every 20 client samples. 

16.1.3.2. An MS/MSD must be analyzed every 10 client samples. 

16.1.3 .3. The MB must quantitate to less than the PQL. 

16.1.3.4. The LCS must agree to within 10% ofthe expected value. 

16.1.3.5. The MS and MSD samples must agree to within 25% of the expected value. The RPD 
between the MS and MSD must be less than 20%. 

16.1.4. Client Samples 

16.1.4.1. Client samples must be preserved to a pH <2. 
Effective date 14 December 2010 
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16.1.4.2. If the sample is ~2 then the analyst must notate in LIMS that the sample is out of 
holding time by typing an "H" in the qualifier TAB of data entry. 

17. Corrective Actions for Out-of-Control Data 

17 .1. See Appendix A for a summery of the Calibration, Continuing Calibration, and Batch QC 
requirements, acceptance criterion, and corrective actions. 

17 .2. Initial Calibration 

17.2.1. If the?- for either of the curves is unacceptable, recalibrate or prepare new standards and 
recalibrate the curve that fails the?- criteria. 

17.2.2. If the ICVS, ICVSO, or ICB are unacceptable the standard may be re-prepped and analyzed one 
additional time. If the standard is still out-of-control conduct instrument maintenance and re
calibrate the instrument. 

17.3. Continuing Calibration 

17.3.1. Ifthe ICVS, ICVSO, or ICB is unacceptable, reanalyze affected samples back to the last passing 
continuing calibration (ICVS, ICVSO, and ICB). 

17.3.2. For example: If only the ICVSO was failing, then only the samples with hits calculated by the 
med. level calibration need to be reanalyzed. If the ICVS fails then only the samples with hits 
calculated by the low level calibration need to be reanalyzed. 

17 .4. Batch QC 

17.4.1. lfthe MB contains TOC above the PQL the MB may be analyzed one additional time. If the 
result is still greater than the PQL all samples in the analytical batch must be re-analyzed. 

17.4.2. If the LCS recovery is unacceptable, it may be re-analyzed one additional time. If result is still 
unacceptable all samples in batch must be re-analyzed. 

17.4.3. If the MS or MSD recovery is unacceptable do a Sx dilution of both the sample and the MS/MSD 
and reanalyze. Narrate all outliers. 

17.4.4. If the RPD for MSD sample is unacceptable reanalyze one additional time. Narrate if 
unacceptable. 

18. Contingencies for Handling Out-of-Control Data 

18.1. All out-of-control data is flagged with the appropriate qualifier, and documented appropriately. 

18.2. The client is notified about the out-of-control data. 

19. Waste Management 
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19.1. Analytical results are used to characterize their respective sample contamination Ievel(s) so that the 
proper disposal can be performed. These wastes will be disposed of according to their hazard as 'well as 
their type and level of contamination. Refer to the Hall Environmental Analysis Laboratory Chemical 
Hygiene Plan for details regarding waste disposal. 

20. References 

20.1. USEPA Method 9060 Total Organic Carbon, US EPA Revision 0, ( 1986). 

20.2. Standard Methods for the Examination of Water and Wastewater, 20111 Edition, Method 531 OB (1999). 

20.3. Shimadzu Total Organic Carbon Analyzer TOC-V CSH/CSN, User Manual (2001). 

20.4. Quality Assurance Plan (QAP), HEAL. 

20.5. Chemical Hygiene Plan, HEAL. 
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Appendix A 

Total Organic Carbon Combustion Procedure Using Methods SM5310BIEPA9060 
Calibration Specification And Corrective Action Procedures 
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Common Name: 
SM531 OB Total Organic Carbon (Combustion 
Infrared Method) 
EP A9060 Total 0 ic Carbon 
·Method: 
Total Organic Carbon 

Effective Date: 
3 June 2011 

1. Scope and Application 

S.O.P. Number: 
S-TOC-5 

Supersedes: 
S-TOC-4 

Quality Assurance/Quality Control Officer: 

~- ,-8~ 

1.1. This S.O.P. covers the determination of the concentration ofNon-purgeable Organic Carbon (NPOC) in 
ground water, surface and saline waters, drinking water, and domestic and industrial wastes. 

2. Summary of Method 

2.1. A 5-ml sample aliquot is drawn out of a 40mL, thin septa amber vial, acidified by HCl or H2S04 to a 
pH<2, and sparged for 1.5 minutes. A SOul aliquot of the sample is then injected onto a high sensitivity 
oxidation catalyst inside of the combustion chamber at 680°C. The sample is burned in the combustion 
chamber to produce C~ and other combustion products which are then swept through a dehumidifier 
and halogen scrubber to a non-dispersive infrared (NDIR) gas analyzer, where the C~ is detected. The 
analog detection signal ofthe NDIR forms a peak, and the area of this peak is measured by a data 
processor. 

3. Detection Limits 

3.1. MDLs shall be empirically established annually. MDL is subject to change. See LIMS for current MDL. 

3.2. The current PQL is l.Omg/L 

4. Definitions 

4.1. Calibration Blank (CalibBlank) -Blank Solution of DI water to "zero" the instrument. 

4.2. Initial Calibration Verification 5 mg/L (ICVS)- Second source standard@ 5 mg/L analyzed after the 
initial calibration of the Low-level curve. It is also analyzed after every tenth analysis to check the 
stability of the instrument during analysis. 

4.3. Initial Calibration Verification 50 mg!L (ICVSO)- Second source standard@ 50 mg/L analyzed after the 
initial calibration of the Med-level curve. It is also analyzed after every tenth analysis to check the 
stability of the instrument during analysis. 

4.4. Initial Calibration Blank (ICB)- Analysis of Calibration blank solution after initial calibration to check 
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the cleanliness of blank. Should report below PQL. 

4.5. Laboratory Control Spike (LCS)- Laboratory fortified blank. 

4.6. Matrix Spike (MS) - Laboratory fortified sample. 

4.7. Matrix Spike Duplicate (MSD)- Laboratory fortified sample duplicate. 

4.8. Matrix Blank (MBLK)- Laboratory blank. 

4.9. Method Detection Limit (MDL)- The constituent concentration that when processed through the 
complete method, produces a signal with a 99% probability that it is different than the blank. 

4.1 O.Practical Quantitation Limit (PQL )/Reporting Limit- The minimum limit to which an analyte can be 
routinely reported. 

5. Interference 

5.1. Carbonate and bicarbonate carbon (inorganic carbon) represent interferences and are removed by 
acidification and purging of the sample. An LCS fortified with Na2C03 is analyzed to show that the 
inorganic carbon is removed. 

5.2. Method interference may be caused by contaminants in the reagent water, sample processing chemicals 
or analysis apparatus. 

5.3. This procedure is applicable only to homogeneous samples which can be injected into the apparatus 
reproducibly by means of a syringe. The opening of this syringe limits the maximum size of particle 
which may be included in the sample. If necessary, allow the sample to settle, decant liquid into a fresh 
VOA. Label with sample ID and HEAL number. Retain decanted sample with original sample 
containers. 

5.4. Samples that are not drawn into the syringe easily may require dilution into DI water. This is evidenced 
by a large variance of replicate combustion readings during sample analysis. 

6. Safety 

6.1 At minimum, latex gloves, a lab coat, and safety glasses must be worn to avoid any unnecessary contact 
with samples and standards. Refer to the MSDS before handling any standards for safety concerns. 

6.2 When the analysts are done with standard vials they need to be disposed of in the appropriate manner. 
All standards, analytical vials, samples, and other laboratory-generated waste will be disposed in 
accordance with the HEAL Chemical Hygiene Plan. 

6.3 Refer to the safety/warning section of the instrument manual before running or maintaining the 
instrument to avoid bums or electrical shock. 

7. Apparatus, Materials 

7 .1. Shimadzu TOC-V- Total Organic Carbon Analyzer. 
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7 .I. I. ND IR: non-dispersive infrared gas analyzer detector. 

7.2. Operating Conditions 

7.2.1. Furnace Temperature: 680°C 

7.2.2. Carrier gas set to 150 psi. 

7.2.3. Purge time set to 1.5 minutes 

7.2.4. Acid addition to 1.5% of2.0 N HCl 

7.2.5. Injection volume set to SOuL. 

7.2.6. Method programmed to accept best 4 of5 injections. 

7.2.7. Shimadzu combustion tube (part no. 638-4I323) with platinum mesh. 

7.2.8. Shimadzu high sensitivity catalyst (part no. 630-00996). 

7.3. Shimadzu ASI-V Automated Sampler with 40mL VOA auto sampler rack. 

7.3.1. The ASI-V Automated Sampler powers on and off through the instrument. It is important to note 
that the auto sampler will not operate while the cover is off; and that removal of the cover during 
analysis will result in the halting of the analysis. 

7.4. Analytical balance capable of weighing to the nearest O.OOOig 

7.5. pH strips that measure to the nearest 0.5 of a pH unit. 

7.6. Sample vials (40mL) thin septa VOA vials. 

7.7. Hand-held re-pipettors of various dispensing volumes 

7.8. Volumetric flasks- SOmL, IOOmL, 200mL, 250mL, and 500mL volumes. 

7.9. Micro-syringes- 250mL and SOOmL. 

7.10. Variable volume ImL handheld pipette. 

7.II. Environmental Express Digestion Tubes- SC475. 

8. Reagents and Standards 

8.I. De-ionized water, free from organic carbons. 

8.2. 2N HCl- Made from high purity OmniTrace Concentrated HCI. Add 4I.25mL Cone. HCL to I OOmL DI 
water in a 250mL volumetric flask. Bring to 250mL final volume with DI water. Reagent must be logged 
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into LIMS and recorded in TOC maintenance logbook. 

8.3. Stock Standards 

8.3.1. Primary source standard is a certified TOC standard purchased from Accustandard @ 1 OOOmg/L. 

8.3.2. Secondary source standard (ICY) is purchased from Ultra Scientific at a concentration of 
1000mg!L. 

8.3.3. Low Cal Stock (IOmg/L): Pipette 5mL of primary source standard (IOOOmg!L) into a 500mL 
volumetric flask. Fill to the mark (QS) with reagent water and invert 3 times. 

8.3.4. Med Cal Stock (lOOmg/L): Pipette 50mL of primary source standard (IOOOmg/L) into a 500mL 
volumetric flask. Fill to the mark (QS) with reagent water and invert 3 times. 

8.3.5. Inorganic carbon spiking standard (480mg/L C): Prepare using 0.848g Na2C03 (dried for 2hrs@ 
250°C and cooled in a desiccator) into 200mL Dl. 1mL of standard will be used for LCS. This is 
equivalent to 11.7mg/L C after spiking into 40mL YOA. 

8.4. Calibration Standards 

8.4.1. Calibration standards are generated by the auto-sampler. Calibration concentrations are 
programmed into a calibration template in the software and the instrument performs the appropriate 
dilutions from either the Low Cal or Med Cal Stock solutions. 

8.5. Second Source Standards 

8.5.1. ICY5 and ICY 50 secondary source standards are diluted from 1 OOOmg/L second source stock 
solution (ICY). 

8.5.2. ICY5- pipette 2.5mL of stock solution (ICY) into 500mL volumetric flask containing DI water. 

8.5.3. ICY 50- pipette 25mL of stock solution (ICY) into 500mL volumetric flask containing DI water. 

9. Sample Preservation and Handling 

9.1. Field samples are taken in amber vials containing I: 1 HCl (H2S04 can also be used). Samples should be 
acidified to a pH < 2 and stored at <6°C. 

9 .1.1. The pH of the samples is taken after analysis. All samples with a pH >2 will be H flagged and 
reported out of holding time. 

9.2. Holding time for preserved samples is 28 days. 

10. Quality Control 

1 0.1. Initial Calibration as needed (Dictated when major maintenance occurs or through QC failures): 

10.1.1. A five point low level and med level curve. 

Effective Date 3 June 2011 
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10.1.2. An ICY at 50mg/L. 

10.1.3. An ICY at 5mg/L. 

10.1.4. An ICB. 

1 0.2. Continuing Calibration 

10.2.1. An ICY5 (used to validate the low level curve), ICY 50 (used to validate the med. Level curve), 
and ICB are run after every tenth analysis. 

1 0.2.1.1. It is not necessary to analyze both ICY s if the analytes of interest are going to be found in 
only one curve range. (If the concentration of a known sample is going to be 5mg/L then 
only the ICY5 needs to be analyzed as a continuing standard). 

10.3. Batch QC Requirements 

1 0.3.1. A MB and LCS are analyzed every 20 samples. 

10.3.2. A MS and MSD are analyzed every lQ samples. 

10.3.3. A MB is prepared in a 40mL YOA that contains DI water only. 

10.3.4. Prepare LCS sample in the following manner: 

10.3 .4.1. Measure 40mL DI and pour into a new YOA. 

10.3.4.2. Using 250uL syringe, spike 200uL ofthe lOOOmg/L primary source standard into the 
YOA. Spike concentration 4.85mg/L. 

10.3.4.3. Be sure to submerge the needle in the DI water. 

10.3.4.4. Using calibrated pipette, spike 1000uL oflnorganic Carbon Spiking Standard into the 
YOA. Fortifying the LCS with this spike shows that the inorganic carbon is being 
purged. 

10.3.4.5. Cap and invert YOA 3 times. 

10.3.4.6. Clean syringe 3 times with DI water. 

10.3.5. Prepare MS/MSD samples in the following manner. 

1 0.3.5.1. A single sample YOA, analyzed twice is used for both the MS/MSD. 

10.3.5.2. If possible use a YOA without any headspace. 

1 0.3.5.3. Prepare MS/MSD YOA without headspace in the following manner. 

Effective Date 3 June 2011 
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10.3.5.3.1. Carefully open YOA. 

10.3.5.3.2. Using 250uL syringe, spike 200uL ofthe 1000mg!L primary source standard. 

1 0.3.5.4. Be sure to submerge the syringe needle below the surface of the sample. 

10.3.5.5. Spike concentration is 4.65mg/L. 

10.3.5.6. Do not add inorganic carbon spiking standard to MS/MSD. 

10.3.5.7. Cap and invert 3 times. 

10.3.5.8. Clean syringe 3 times with DI water. 

10.3.6. Prepare MS/MSD with headspace in the following manner. 

1 0.3.6.1. Open sample YOA and measure 40mL of sample into a clean 50mL beaker. 

10.3.6.2. Transfer the 40mL sample from the beaker into a clean labeled YOA vial. 

10.3.6.3. Spike 200ul of the 1000mg/L primary source standard into the YOA vial. 

10.3.6.4. Be sure to submerge the syringe needle below the surface of the sample. 

10.3.6.5. The spike concentration will be 4.98mg!L. 

1 0.3.6.6. Swirl to mix and transfer to a fresh 40mL YOA. 

10.3.6.7. Cap and mix three times. 

10.3.6.8. Clean syringe 3 times with DI water. 

11. Calibration 

11.1. Initial calibration 

11.1.1. Initial calibration consists of a Low Cal Curve, Med Cal Curve, ICY5, ICY 50, and an 
ICB. 

11.1.2. The calibration is based upon the peak area vs. the analyte concentration. The calibration 
equations are linear including the calibration blank response (zero point). See current 
HEAL Quality Assurance plan for details on the calibration equation. 

11.1.3. At the start of every analytical run the ICY 5.0ppm and 50ppm are analyzed to verify the 
low and med calibration curve. They must pass within 10% of the expected concentration. 

11.1.3 .1. If either ICY fails to meet these criteria they may be reanalyzed one more time. 
If they pass continue running samples. If both ICYs fail a new calibration must 
be analyzed for both the low and medium curve. If only one ICY fails to confirm 
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the curve, then reanalyze the curve which corresponds to the failed ICV. 

11.1.4. Each curve is based on a minimum of five levels. 

11.1.5. The calibration concentrations in mg/L for the Low Cal Curve are as follows: 0, 0.5, 1.0, 
5.0 and 10.0. The instrument dilutes down to these concentrations using the 10 mg/L Low 
Cal Curve stock. 

11.1.6. The calibration concentrations in ppm for the Med Cal Curve are as follows: 0, 10, 25, 50 
and 100. The instrument dilutes down to these concentrations using the 100mg/L Med 
Cal Curve stock. 

11.1.7. Two second source standards are analyzed to validate both the Low and Med-level curves 
and an ICB to verify the cleanliness of the system. 

11.1.7.1. ICVS- Smg/L TOC. 

11.1.7.2. ICVSO- 50mg/L TOC. 

11.1.7.3. ICB- Initial Calibration Blank 

11.2. Continuing Calibration 

11.2.1. An ICVS, ICVSO, and an ICB must be run after every tenth analysis and at the end of the 
analysis. 

12. Sample Analysis 

11.2.1.1. It is not necessary to analyze both ICVs if the analytes of interest are going to 
be found in only one curve range. (If the concentration of a known sample is 
going to be Smg/L then only the ICVS needs to be analyzed as a continuing 
standard). 

12.1. Check that the humidifier, drain container, rinse and dilution bottles are full with DI water, and 
HCl bottle adequately full of 2.0N HCI. 

12.2. Prepare standards by filling sample vials with varying standard solutions. 

12.3. Samples are received from the field in amber 40mL VOAs. These are placed directly on the 
instrument. 

12.4. Power on instrument via the power button on lower right front of instrument. Allow the 
instrument about 45 minutes to heat the furnace and stabilize. 

12.5. While the instrument stabilizes, open the TOC-Control V software, choose the sample table 
editor, and log in. 

12.6. Connect the instrument to the computer by right clicking the TOCV icon in the left column of the 
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screen. Choose connect. 

12.7. Open a new sample run and auto-generate your run for the day, making sure to include your 
current method, cal curves and QC. Fill in the appropriate columns with the sample name and 
vial position. The instrument can be programmed to shut down at the end of analysis. 

12.8. The instrument must be reconnected via the yellow Icon before the run can be started. 

12.9. Note: The auto sampler will not operate while the cover is off; and that removal of the cover 
during analysis will result in the halting of the analysis. 

12.10. Arrange sample vials in the auto sampler tray according to their vial positions on the sample run 
list. The MB, LCS and samples should follow the primary ICV(5)/ICV(50)/ICB. 

12.11. After the instrument has stabilized, start the run with the stoplight icon. Once started the 
analytical batch can not be altered or added to. 

12.12. Be sure to save the batch file with the analysis date. 

12.13. After successful analysis open sample vials and check pH using pH strip. Record pH on run log. 

13. Calculations 

13.1. The result is taken directly from the data sheet. If any of the samples are off-scale the auto-sampler 
auto-dilutes them and brings them on scale. The NPOC result from the data sheet is the final result 
unless the analyst manually diluted the sample. Then the sample result from the data sheet needs to be 
multiplied by the dilution made by the analyst to correctly calculate the total TOC result. See HEAL 
QAP for formula. 

14. Method Performance/Measurement of Uncertainty 

14.1. Method Performance 

14.1.1. Proficiency testing is conducted bi-annually. 

14.1.2. IDOCs (Initial Demonstration of Capability) are to be analyzed by all new analysts before 
handling client samples. ADOCPs (Annual Documentation of Continued Proficiency) are to be 
analyzed every year by all analysts working on the instrument. See HEAL QAP for more 
information. 

14.2.Estimation ofMeasurement Uncertainty 

14.2.1. Estimation of measurement uncertainty is to be conducted on an annual basis. 

14.2.2. Collect the most recent 20 LCS results, calculate the standard deviation (s) and the 95% confidence interval 
(2 times the standard deviation). Report the uncertainty as ±2(s). See current HEAL QAP for details on 
uncertainty calculation. 

14.2.3. See current HEAL QAP for details on calculating uncertainty. 
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14.3. MDLs must be empirically established annually. Refer to the HEAL QAP for more details. 

14.3.1. MDLs must be established for both the low and med. level curves. 
14.3.1.1. To accurately establish that the PQL of 10 based on the med. level curve can be achieved the analyst 

will reprocess the MDLs from the low level curve using the med. level curve. The calculated MDL 
from the med. level curve is not updated in LIMS and will not be reported to the client. 

15. Pollution Prevention 

15.1. This technique only requires a small amount of sample. Traditional wet chemistry methods for TOC 
require 500mL of sample. This method generally requires only 20mLs. 

15.2. Less glass is required for the bottle kit. 

16. Data Assessment and Acceptance Criteria for Quality Control Measures 

16.1. The instrument is set up to take 4-5 replicate reading per sample. A fifth reading is only required if 
there is an outlier reading. 

16.1.1. In the NPOC tab of the instrument method the criteria for replicate acceptability is set to a SO 
max of 0.1 and CV Max of 2.0%. Any reading failing to meet these requirements is flagged as an 
outlier and excluded by the instrument software. 

16.1.2. Initial Calibration 

16.1.2.1. Both a low and mid-level five point calibration curve is analyzed. The r 
(correlation coefficient) must be>/= 0.995 

16.1.2.2. Both the ICV5 and ICV50 must agree within 10% ofthe expected value. 

16.1.2.3. An ICB must be analyzed and quantitate to less than the PQL. The ICB must not have a 
negative value reported less than negative the PQL. 

16.1.3. Continuing Calibration 

16.1.3.1. An ICV5, ICV50, and ICB must be analyzed after every tenth analysis. The ICV5 and 
ICV50 must agree to within 10% of the expected value. The ICB must quantitate to less 
than the PQL. 

16.1.4. BatchQC 

16.1.4.1. An MB and LCS must be analyzed every 20 client samples. 

16.1.4.2. An MS/MSD must be analyzed every 10 client samples. 

16.1.4.3. The MB must quantitate to less than the PQL. The MB must not have a negative value 
reported less than negative the PQL. 

16.1.4.4. The LCS must agree to within 10% of the expected value. 
Effective Date 3 June 2011 
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16.1.4.5. The MS and MSD samples must agree to within 2S% of the expected value. The RPD 
between the MS and MSD must be less than 20%. 

16.1.S. Client Samples 

16.1.S .1. Client samples must be preserved to a pH <2. 

16.l.S .2. If the sample is ::::_2 then the analyst must notate in LIMS that the sample is out of 
holding time by typing an "H" in the qualifier TAB of data entry. 

17. Corrective Actions for Out-of-Control Data 

17 .1. See Appendix A for a summery of the Calibration, Continuing Calibration, and Batch QC 
requirements, acceptance criterion, and corrective actions. 

17.2. Initial Calibration 

17 .2.1. If the r2 for either of the curves is unacceptable, recalibrate or prepare new standards and 
recalibrate the curve that fails the r2 criteria. 

17.2.2. If the ICVS, ICVSO, or ICB are unacceptable the standard may be re-prepped and analyzed one 
additional time. If the standard is still out-of-control conduct instrument maintenance andre
calibrate the instrument. 

17.3. Continuing Calibration 

17.3.1. Ifthe ICVS, ICVSO, or ICB is unacceptable, reanalyze affected samples back to the last passing 
continuing calibration (ICVS, ICVSO, and ICB). 

17.3.2. For example: If only the ICVSO was failing, then only the samples with hits calculated by the 
med. level calibration need to be reanalyzed. If the ICVS fails then only the samples with hits 
calculated by the low level calibration need to be reanalyzed. 

17.4. Batch QC 

17.4.1. If the MB contains TOC above the PQL the MB may be analyzed one additional time. If the 
result is still greater than the PQL all samples in the analytical batch must be re-analyzed. 

17 .4.2. If the LCS recovery is unacceptable, it may be re-analyzed one additional time. If result is still 
unacceptable all samples in batch must be re-analyzed. 

17.4.3. If the MS or MSD recovery is unacceptable do a Sx dilution of both the sample and the MS/MSD 
and reanalyze. Narrate all outliers. 

17.4.4. If the RPD for MSD sample is unacceptable reanalyze one additional time. Narrate if 
unacceptable. 

18. Contingencies for Handling Out-of-Control Data 

Effective Date 3 June 2011 
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18.1. All out-of-control data is flagged with the appropriate qualifier, and documented appropriately. 

18.2. The client is notified about the out-of-control data. 

19. Waste Management 

19.1. Analytical results are used to characterize their respective sample contamination level(s) so that the 
proper disposal can be performed. These wastes will be disposed of according to their hazard as well as 
their type and level of contamination. Refer to the Hall Environmental Analysis Laboratory Chemical 
Hygiene Plan for details regarding waste disposal. 

20. References 

20.1. USEPA Method 9060 Total Organic Carbon, US EPA Revision 0, (1986). 

20.2. Standard Methods for the Examination of Water and Wastewater, 20th Edition, Method 531 OB (1999). 

20.3. Shimadzu Total Organic Carbon Analyzer TOC-V CSH/CSN, User Manual (2001). 

20.4. Quality Assurance Plan (QAP),' HEAL. 

20.5. Chemical Hygiene Plan, HEAL. 
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Appendix A 

Total Organic Carbon Combustion Procedure Using Methods SM5310B/EPA9060 
Calibration Specification And Corrective Action Procedures 

Param«er QC Element Frequency Acceptance Criteria 

Wet Chemist~ lntial Calbrallon low-LIM!I (5 points When ICVs Fail Correlation coelllcient r 2: 0.995 
+ blank mininum) 

lnlial Calibration Mi<HIMII (5 points 'Nhen ICVs Fail Correlation coelllcient r l:: 0.995 
+ blank minimum) 

tntial Calbration Veritlcalions (ICV5 Alter tow~evel and ~eve! calibration, ResuRs <1 0% from calibrelion standard 
andiC\150) prior to sample analysis 

lnHiat Calibration Blank (tCB) Alter calibralkln. prior to sample analysis <Practical quantitation lmil (POL); The 
ICB must not have a negative \llllue 
reported less than negative the POL 

Method Blank 1 per preperalion/anal)'sis batch (:S 20 <POL: The MB rrost not hiM> a negative 
samples) value reported less than negatille the POL. 

Laboratory Control Sample (lCSJ 1 per preperationlanal)'sis belch (S 20 % Recovery+/· 20% of actual value 
samples) 

Malrix Spike (MSJ 1 per preperation/anal)'sis batch (:S 10 % Recovery+/- 25% of actual value 
samples) 

Malrix Spike ~plicate (MSDJ 1 per preperation/analysis belch (s 10 % Recovery+/- 25% of actual value 
samples) Relative percent difference (RPO) <~ 

Continuing Calibration Verificalkln Every 10 injections and the end of the Resuls +/-1 0% hm calbration standard 
(ICV5 and IC\/50) analytical sequence 

Continuing Ca~bration Blank (ICB) Every 10 injections after both the ICV5 and <Practical quanlitatiOn lmil (POL); The 
ICVSO and at the end ollhe run ICB must not have a negative .,.lue 

reported less than negative the POL. 

Corrective Action 

• Recalbrate 

• Recalibrate 

• Re-prep, recalibrate. and reanalyze 

• Clean system perfrom maintenance 

• Re-prep, recalibrate. and reanalyze 

• Reprepkeanatyze anat)ltical balch as 
appropriate 

• Reprepkeanatyze anat)ltical balch as 
appropriate 

• Dilute sample. MSil\ASD 5x and reanalyZe 
• Narrate all outliers 
• Dilute sample, MSil\ASD 5x and reanalyZe 
• Narrate all outliers 
• Reanalyze a1fected samples back to the last 
acce!llabte ICV511CV50 
• Reanalyze all semples back to test acceptable 
ICB 
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Hall Envlronmentai.An•lyslslaboratory, Inc .. 

co;reetlve Action· Report 

Date Initiated: · 1 0-May-11 Corrective Action Report ID: 3533 ...... '""-~~~ 

Department: ad Initiated By: Sarah.f. Edwards .. --· .. _. ·- . -· _ 

CAR. Summary: 

CorrOOtive AOtlon Deaerlpdon :.·. ~: _;_ _': ___ ·~ -.:.~-. _._ .... .. . 
......... - ---------~------- --- -

AS a result of the 2011 ORE LAP Audit: analysts are now required to link calibration · •· 
information to each run. 

-.,. :· '·.· . ~ 

Description of Quality Systems; 2011 ORELAP Audit Finding: Although the laboratory does keep their 
Nonconformance: calibration data In the run that Is calibrated, the indlvi~ual runs only reference where the 

calibration records are kept and do not Include pertinent Information for accurately 
analyzing the data. Documentation of the relevant calibration, such as a checkUst, or the 
ealibration Itself must be Included In data packets in methods that do not calibrate for 
every run. 

Description of All staff has been retrained to link the calibration information to each run. Each 
Corrective Action: Technical Director or Section Supervisor will select the most appropriate way to do this . 

Performed By: 

. A training document has been read and signed by all analysts and a copy Is attached. 
Calibration summaries have been created for 8260, 8270, 9060/SM631 OB, 604.1/8011, 
and 8310. Copies of these summaries will be attached to this CAR and scanned Into the 
current SOPs. Effective 6/6/2011, these sheets will be generated and reviewed after 
each calibration event and analyst will place a copy of the approved sheet In the data 
folder with each subsequent batch of data. The sheets show a summary of Pass/Fail for 
the ICV and whether or not there were any Calibration Points excluded. There is also a 
section for additional comments to be made that may be pertinent to the calibration. At 
the next due revisions the calibration summaries will be added to the SOP appendices 
and discussed In the text. The 8260 SOP will be ·updated on or before 6/29/2011, the 
8270 on or before 11/01/2011, the SM5310BJ9060 on or before 6/312012, the 504.1/8011 
on or before 11/17/2011, and the 8310 on or before 12/8/2011. 

Andy Freeman Completion Date: 03-Jun-11 

Client Notlncatlon 

Client Notification Required: No 

Comment: 

Notified By: 

Quality Assurance R8\llew 

ApproVal and Closure' 

Technical Director/ ~. ...-·-·~-.. --... 
Deputy Tech. Dir.: 6. .-· __ __... \ 

-,. 

Close Date: 

QA Officer Approval: QA Date: 06-Jun-11 

carolyn Swanaon 

Laet Updated BY iarah ' Updated: Olh.lun-2011 '11 :32 AM Reported: 06-Jun-2011 11 :33 A 
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Method: 9060/SM5310B 
----~~~~------

Calibration Name: 
____ ............. .. 

------------------
Analyte 

Total Organic Carbon(LOW) 

Total Organic Carbon(MED) 

Additional Notes: 

ICV 

Pass Fall 

0 0 

0 0 

..... Calibration Curve ... __ .. ___ ...... 
Points Removed . 
Yes .. · .. :··, ... ,~.:'"·NQ'=-7=--=·:;:::.: 

0 0 

0 0 

Analyst: _______ ~----------

QA: ---------------------

Page 1 of 1 



Common Name: 
SM450Q..H+ 

Method: 

Hall Environmental 
Analysis Laboratory 

S.O.P. Number: 
S-SM4500-H+-6 

The pH of Aqueous Samples and Aqueous Extracts of Soil/Waste Samples 

Effective Date: Supersedes: 
August 29, 2011 S-SM4500-H+-5 

Quality Assurance/Quality Control Officer: 

1. Scope and Application 

1.1. This Standard Operating Procedure (SOP) is applicable to the analysis of pH for aqueous 
samples, Including domestic, surface, and saline water, and acid rain. It is also applicable to 
aqueous extracts of soil and waste samples. 

2. Summary of Method 

2.1. pH of a sample is measured electrometrically by use of a glass electrode. Aqueous samples are 
analyzed directly. Soil and waste samples are analyzed by immersing the pH probe directly into a 
1:1 {DI water: sample) sample slurry. 

2.1.1. The process for pH determination using the automated analysis is discussed herein as a 
single entity. However, analysis can be done conjointly with eC and alkalinity determination 
without any procedural deviation based pn this SOP. 

2.1.2. Samples for pH determination can also be analyzed using the SympHony SB70P. AIJ·soils 
should be analyzed using this instrument. 

2.1.3. Appendix A contains a method flow chart and method parameters for Poseidon .. 

3. Detection Limits 

3.1. The pH should be reported to within 0.01 pH units for all samples. 

4. Definitions 

Effective Date: August 29, 2011 
S.O.P Number: S-SM4500H"-6 
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4.1. Analytical batch -a group of samples not to exceed 20 plus a sample duplicate that are analyzed 
consecutively. 

4.2. Dl Water (DI) - De-ionized water/reagent-free water. Water that is passed through a purification 
system and is free from interferences. 

4.3. Continuing Calibration Verification (CCV) -A standard analyzed from the same source as the 
calibration to check instrument stability. 

4.4. Initial Calibration Verification (ICV) -A pH buffer from a different manufacturer than those standards 
used for calibration. Used as a Second Source verification. 

4.5. Sample Duplicate (DUP) -Identical split of a sample that is analyzed to determine reproducibility of a 
method in a given matrix. 

5. Interferences 

5.1. Oily or particulate matter may impair electrode response and can be eliminated by mild detergent 
rinsing followed by rinsing with copious amounts of Dl. 

5.2. Suspended solids may interfere with the electrode responsiveness and should be allowed to settle 
if time permits. Suspended solids in soil sample extracts can be remedied by centrifuging the 
sample. 

5.3. Temperature fluctuations will increase stabilization time. Make certain to allow the electrode to 
stabilize. Samples shall be allowed to equilibrate to room temperature prior to analysis. 

5.4. Magnetic stir bars should not be used for the analysis of acid rain samples. The sample should be 
gently swirled. 

5.5. Samples with very low or very high pH may give incorrect readings. Samples with a pH>10 may 
give a result that is biased low. Samples with a pH<1, may give a result that is biased high. 

6. Safety 

6.1. For handling procedures and exposure information always refer to the MSDS. To keep exposure 
to reagents and standards to a minimum, analysts must wear appropriate personal protective 
equipment (PPE) when working in the laboratory. Gloves, lab coats, and safety glasses must be 
worn when handling samples, standards, or reagents. 

7. Apparatus and Materials 

Effective Date: August 29, 2011 
S.O.P Number: S-SM4500H+-6 
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7.1. Poseidon- 855 Robotic Titrosampler equipped with a pH glass electrode using 3moi/L KCL as 
electrolyte. 

7.1.1. Temperature is determined using the combination electrode. 

7.1.2. Electrode storage solution- 3M KCL. 

7.1.3. Electrode filling solutions- use 3M KCI. Do not use storage solution as filling solution. 

7.1.4. 60ml disposable plastic cups for Titrosampler. 

7.1.5. Dl dispenser- squirt bottle 

7.2. Memphis- VWR SympHony pH/Temp Meter with a SympHony Ag/AgCI pH Gel Electrode and a 
separate ATC temperature probe. 

7.2.1. Electrode filling solutions- SympHony Ag/AgCI pH Gel Electrode use VWR Cat. no 14002-
824. 

7.2.2. Electrode storage solution- SympHony Storage Solution- VWR Cat. No. 14002-828. 

7.2.3. Magnetic stirrer and Teflon stir bars. 

7.2.4. Plastic 4oz disposable solo cups. 

7.2.5. Plastic squirt bottle w/ Dl water. 

7.2.6. Spatulas. 

7.2.7. Kim-wipes. 

8. Reagents and Standards 

8.1. Certified calibration pH buffer solutions: 1.68, 4.00, 7.00, 1 0.00, and 12.45. 

8.2. Certified second source (ICV) pH buffer solution: 7.00. 

9. Sample Collection, Preservation, and Storage 

9.1. Aqueous samples are to be collected in unpreserved plastic containers. Aqueous samples are 
stored at above freezing to 6°C until analysis. All Drinking Water complicate samples have a 
holding time of 15 minutes from the time of collection. All non-drinking water compliant samples 
have a holding time of 24 hours. 
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9.2. Soil/waste samples are to be collected in glass jars, plastic containers, or Ziploc bags. Soil 
samples do not require refrigeration. 

9.3. Soil/Waste samples must be analyzed as soon as possible. Current HEAL hold time is 180 days. 
Soil extracts are analyzed immediately after preparation with Dl water. 

10. Quality Control 

1 0.1.1nitial Calibration 

1 0.1.1. Poseidon 

1 0.1.1.1. The pH meter is calibrated at least daily prior to sample analysis or more frequently 
as needed due to interferences or changes in ambient conditions. 

10.1.1.2. Calibration consists of pH buffers 1.68, 4.00, 7.00, 10.00, 12.45. 

1 0.1.1.3. A certified ICV pH buffer of 7.00 is used to verify calibration. 

1 0.1.1.3.1. The calibration slope must be 96-102%. 

1 0.1.1.3.2. The ICV must be within ±0.1 pH units. 

1 0.1.2. Memphis 

1 0.1.2.1. The pH meter is calibrated at least once daily prior to sample analysis or more 
frequently if needed due to interferences or changes in ambient conditions. 

10.1.2.2. Routine calibration consists of pH buffers 4.00, 7.00, and 1 0.00. All samples 
reported from the routine calibration must have pH values between pH buffers 4 
and 10. Otherwise a separate non-routine calibration must be performed. 

10.1.2.3. Non-routine low pH calibration is required when sample pH values fall below the 
pH 4 buffer. Low pH calibration consists of pH buffers 1.68, 4.00, and 7.00. 

1 0.1.2.4. Non-routine high pH calibration is required when sample pH values fall above the 
pH 10 buffer. High pH calibration consists of pH buffers 7, 10, and 12.45. 

10.1.2.5. A certified ICV pH buffer 7.00 is used to check meter calibration. 

1 0.1.2.5.1. The calibration slope must be 92-102%. 

1 0.1.2.5.2. The ICV must be within ±0.1 pH units. 

1 0.2. Continuing Calibration 
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1 0.2.1. A CCV is analyzed at a minimum of one per analytical batch. 

1 0.2.1.1. The CCV must be within ±0.1 pH units of its known value to be acceptable. 

10.2.1.2. For Poseidon, CCV analysis rotates between the 4.00, 7.00, and 10.00 buffers. 

1 0.2.1.3. For Memphis, CCV analysis rotates between the 4.00, 7 .00, and 10.00 buffers. 

1 0.2.1.3.1. For non-routine low calibrations using Memphis, rotate between 1.68, 
4.00, and 7.00 buffers. For non-routine high calibrations using the 
Memphis, rotate between 7.00, 10.00, and 12.45 buffers. 

10.2.2. The CCV analysis should be more frequent when analyzing samples that are viscous. A CCV 
should be analyzed following any samples which are suspected to cause interference with the 
pH electrode. 

1 0.2.3. If the pH meter has previously been calibrated on the day of use, an ICV is used to check 
calibration before sample analysis begins. The ICV must pass acceptance criteria prior to 
sample analysis 

1 0.2.3.1. The ICV must be within ±0.1 pH units to be acceptable. 

10.3.Batch QC requirements 

10.3.1. A sample duplicate must be analyzed every 20 samples. 

1 0.3.1.1. The value of the DUP must be within ±0.1 pH units of the sample 

11. Calibration Procedures 

11.1. Poseidon 

11.1.1. Empty the waste container into the sink if container is more than half full. Dilute waste with 
copious amounts of tap water. 

11.1.2. Fill Dl reagent container with Dl water. 

11.1.3. Remove pH probe for storage container and rinse with Dl water. 

11.1.4. Remove plug in electrode fill hole and add 3moi/L KCL filling solution. 

11.1.5. Place pH probe into glass beaker on instrument. 

11.1.6. Log into the Tiamo software. 

Effective Date: August 29, 2011 
S.O.P Number: S-SM4500H+-6 

Page 5 of37 



11.1. 7. Select Workplace icon. 

11.1. 7 .1. Select the Determination Series tab. 

11.1.7.2. Click the Sample Tab and select New. 

11.1.7.2.1. This will reset the table (sequence list). 

11.1.7.3. Double click on the first line and choose the Prep System method from the scroll 
down menu. Click Apply, and then Close. 

11.1.7.4. Double click on the next line and select pH Calibration method from the scroll 
down menu. 

11.1. 7.4.1. On ID1 line, enter the unique standard identification numbers of the standards 
being used for the calibration. The system is setup to sample specific 
positions on the auto-sampler rack. The calibration will be sampled starting 
with the lowest buffer, 1.68, and finish with the highest buffer, 12.45. 

11.1.7.5. Double click on the next line and select pH only method from the scroll down 
menu. 

11.1.7.5.1. Type the sample position number for the location of the sample. 

11.1.7.5.2. On ID1 line, enter Dl H20 This will serve as a blank to further clean the 
system after analysis of the 12.45 buffer. 

11.1.7.6. Double click on the next line and select the pH on(ymethod to program the ICV. 
The pH ICV must be run by the pH only method and never by a titration method. 

11.1. 7 .6.1. Type the sample position number for the location of the sample. 

11.1.7.6.2. On ID1 line, enter the unique standard identification number and 7.00pH ICV. 

11.1.7.6.3. Click Apply, and then Close. 

11.1.7.7. Place pH buffers used for calibration in the appropriate, labeled positions on the 
auto-sampler rack. 

11.1.7 .8. Place Dl H20 and 7.00 ICV in correct posttions on auto-sampler rack. 

11.1. 7. 9. Click the Start button. 

11.2. Memphis 
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11.2.1. Check the condition of the probe. Fill probe with the appropriate filling solution if 
necessary. Check to be sure there is not excessive crystal build up on the inside of the 
probe (clean if necessary). Record any maintenance in the maintenance logbook. 

11.2.2. Check buffer solutions. Periodically change all buffer solutions (approximately every 4 
weeks). Or change if they show any signs of degradation. 

11.2.3. Check the calibration logbook for the Beckman to see if the meter has been calibrated on 
the day of use. Calibrate if necessary. If calibration has been performed earlier during the 
day, it is possible to skip meter calibration by analyzing the ICV. 

11.2.4. If necessary turn on the pH Meter and allow it to warm up. 

11.2.5. Using the pH Meter Daily Calibration Log record the date of calibration, meter name, and 
ID numbers of the calibration and second source buffers. 

11.2.6. Remove the electrode from the storage solution and rinse thoroughly with Dl-water. 
Gently shake, using a vertical motion to remove any excess water. 

11.2.7. Follow instructions in the instrument manual on page 27 for appropriate steps to be used in 
pH electrode calibration. 

11.2.8. After calibration, the slope will be displayed. Record slope in the Daily Calibration Log. 

11.2.8.1. The slope must be 92-102% to meet acceptance criteria. 

11.2.9. Analyze the ICV and record the pH of the solution in the Daily Calibration Log. 

11.2.9.1. The resultant value must be 7.00 ±0.1 pH units. 

12. Sample Analysis 

12.1.1f necessary calibrate the pH meter according to the outlined procedures dependant on instrument 
of choice. Otherwise continue analysis by analyzing an ICV. 

12.2.Aqueous Samples 

12.2.1. Poseidon 

12.2.1.1. Remove samples from refrigerator and set them out on the counter for at least two 
hours before analysis. 

12.2.1.2. Obtain clean 60mL auto-sampler cups. 

12.2.1.3. Select the Workplace icon. Click on the Determination Series tab. 
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12.2.1.3.1. Double click on the first line and choose the pH ONL Ymethod from the scroll 
down menu. 

12.2.1.3.2. Enter the HEAL sample ID on ID1 line. 

12.2.1.3.3. Enter additional notes for sample on ID2 line. 

12.2.1.3.4. Enter the sample position number. 

12.2.1.3.5. Click the right scroll arrow on the bottom left of the window to advance to the 
next sample position. 

12.2.1.3.5.1. Repeat 12.2.1.3.1 to load additional samples into list. 

12.2.1.3.6. Click Apply, and then Close when finished entering IDs for all desired 
analyses. 

12.2.1.4. Sample Reports will print after each determination is complete. 

12.2.1.5. After sample list has been filled appropriately, and prior to analysis, the list should be 
printed. The list shall be used to ensure that samples are located in appropriate positions 
on the auto-sampler rack. 

12.2.1.5.1. Click on Sample table and select Print (PDF). This will generate a temporary PDF 
file. 

12.2.1.5.2. Print the PDF file. Save the PDF file to the Sample list directory located on the 
desktop with the file name corresponding to the analysis date. 

12.2.1.6. Once sample list is complete and has been printed, prepare and load samples according 
to the sample list. Using this sequence should reduce analyst error of loading the auto
sampler incorrectly. 

12.2.1.7. Pour sample into beaker to% volume. Place samples in the auto-sampler tray in 
the appropriate sample positions. 

12.2.1.7.1. Avoid floating particulates as they can cause interferences with the electrode. 

12.2.1. 7 .2. Never load samples that have large amounts of suspended solids onto 
Poseidon. This could lead to fouled plumbing and extensive repairs. 

12.2.1.8. Remember to load and analyze a sample duplicate for up to every twenty 
samples. 

12.2.1.9. Click Startto begin analysis. 
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12.2.1.1 0. A passing CCV must also be analyzed at the end of each analytical batch. 

12.2.1.1 0.1. Resultant value must be ±0.1 pH units of expected value to be acceptable. 

12.2.1.11. The auto-sampler rinses between each sample. 

12.2.1.12. The aspiration line and conductivity probe on the robotic arm are rinsed three times 
between sample analyses. 

12.2.1.13. When the analysis of aqueous samples that have less than 20ml of volume, use the 
instrument method, pH manual. Any analyst using this method must be trained on the 
use of this method and refer to the appropriate training document. 

12.2.1.13.1. The samples, when analyzed using pH manual, shall be analyzed individually, not 
using a sequence table. This allows time for analyst to thoroughly clean the 
electrode prior to the following sample. No sample is aspirated into the titration 
vessel. The electrode is attached to a "stand" and used similarly to Memphis. 

12.2.2. Memphis 

12.2.2.1. Pour enough of the sample into a disposable Solo cup to fully immerse the tip of 
the electrode (approximately 50ml). 

12.2.2.2. Add a Teflon stir bar and place sample on stirrer. Gently stir samples. 

12.2.2.3. Do not use a stir bar for acid rain samples. Gently swirl the sample. 

12.2.2.4. Immerse probe and allow the meter to stabilize and record the pH and 
temperature. The glass bulb on the probe must be completely immersed in the 
sample (Memphis has an external thermocouple, be sure it is immersed in the 
sample as well). 

12.2.2.5. Rinse with Dl and blot the electrode with a Kim-wipe between samples. 

12.3.Soii/Waste Samples 

12.3.1. Soils should not be analyzed on Poseidon when other options are viable. 

12.3.1.1. When it is necessary to analyze soils using Poseidon, follow the appropriate training 
document. Use the appropriate instrument method, pH manual. This method has 
been created to analyze soil pH and aqueous matrices where sample volume is less 
than 20ml. Only analysts that have received training using this instrument method 
can analyze soil pH on Poseidon. 

12.3.2. Place 25g of soil sample and 25ml Dl water into a disposable Solo cup. 
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12.3.3. Add a Teflon stir bar and place on stirrer. Gently stir samples for 5 minutes 

12.3.4. Allow any suspended soil or waste to settle for 1 hour if time permits or centrifuge if 
necessary. 

12.3.5. Immerse probe, making certain it is only in the aqueous phase, and allow the meter to 
stabilize and record the pH and temperature to the nearest 0.01. The glass bulb on the 
probe must be completely immersed in the sample (Mephis has an external thermocouple, 
be sure it is immersed in the sample as well). 

12.3.6. Rinse with Dl-water. Gently shake, using a vertical motion to remove excess water. 

13. Method Performance 

13.1. Method Performance 

13.1.1. PT or "blind study'' aqueous samples are analyzed semi-annually to check the accuracy of the 
pH meters. 

13.2. Estimation of Uncertainty 

13.2.1. Estimation of Uncertainty is to be performed on an annual basis. 

13.2.2. Collect at least 20 of the most recent LCS recoveries. Calculate the average percent 
recovery and standard deviation s. Calculate 95% confidence interval (2 times the 
standard deviation). Report the estimated uncertainty as+/- 2s. 

13.2.3. Calculate standard deviation (s) and 95% confidence interval according to the formulas 
outlined in the HEAL QAP. 

13.3. Demonstration of Capability (DOC) 

13.3.1. After every new analyst has been trained, and before he/she is able to report pH results, an 
acceptable DOC must be completed. 

13.3.2. DOC for pH consists of four replicate analyses of a pH buffer; 4, 7 or 10. Each buffer must 
fall between ±0.1 pH units of the true value to be deemed acceptable. 

13.3.3. Annual Documentation of Continued Proficiency (ADOCP) is performed annually after 
acceptable DOC has been established. See HEAL Quality Assurance Plan for the 
appropriate procedure and calculations 

13.3.4. I DOCs are required for the two procedures. 

14. Pollution Prevention 
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14.1. Small amounts of standards are used during calibration of Memphis. Standards are used until 
degradation is observed or they reach their designated expiration (approximately 4 weeks). 

14.2.Buffers with longer expiration dates are ordered in bulk. Buffers with short expiration dates are 
only ordered as needed to reduce waste. 

14.3.Using the automated system requires the use of higher volumes of buffer, however up to three 
determinations can be done using a single aliquot of sample. 

15. Data Assessment and Acceptance Criteria for Quality Control Measures 

15.1.1nitial Calibration 

15.1.1. Poseidon 

15.1.1.1. The resultant slope must be 96% - 101%. 

15.1.1.2. The ICV result must be ±0.1 pH units of the assigned value. 

15.1.1.3. Sample analysis cannot proceed until these requirements have been meet. 

15.1.2. Memphis 

15.1.2.1. The slope of the calibration must be 92-102% to be acceptable. 

15.1.2.2. ICV must read to within ±0.1 pH units of assigned value. 

15.2. Continuing Calibration 

15.2.1. The CCV must read to within ±0.1 pH units of assigned value. 

15.3.Batch QC 

15.3.1. DUP must read to within ±0.1 pH units from original sample. 

16. Corrective Actions For Out of Control Data 

16.1.1nitial Calibration 

16.1.1. Poseidon 
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16.1.1.1. If the slope is not within the specified range, reattempt calibration. Next replace 
buffer solutions and recalibrate. Finally, perform probe maintenance and 
recalibrate. 

16.1.1.2. If the ICV standard fails, replace ICV solution and reanalyze. Perform probe 
maintenance, recalibrate and reanalyze if ICV continues to fail. Analysis cannot be 
performed if the ICV is unacceptable. 

16.1.2. Memphis 

16.1.2.1. If the slope of the calibration curve is not between 92-1 02% the probe icon will be 
flashing and samples may not be analyzed. First attempt recalibration. Next 
replace buffer solutions and recalibrate. Finally perform probe maintenance and 
recalibrate. 

16.1.2.2. If the ICV standard fails, replace ICV solution and reanalyze. Perform probe 
maintenance, recalibrate and reanalyze if ICV continues to fail. Analysis cannot be 
performed if the ICV is unacceptable. 

16.2. Continuing Calibration 

16.2.1. If the CCV is unacceptable, reanalyze. If CCV continues to fail perform probe maintenance 
recalibrate meter and reanalyze all samples to the previous acceptable CCV. 

16.3.Batch QC 

16.3.1. If sample DUP is unacceptable, reanalyze. If DUP continues to fail, reanalyze both sample 
and DUP, and report reanalysis. If DUP is still unacceptable, report as is and flag duplicate 
sample. 

17. Contingencies For Handling Out of Control Data 

17.1.AII out-of-control data is flagged, a corrective action generated, and reported to the client. 

18. Waste Management 

18.1.After analysis all samples, sample rinsates, and standards are disposed of in accordance with the 
HEAL Chemical Hygiene Plan. 

19. References 

19.1. Standard Methods for the Examination of Water and Wastewater, 20th Edition, Method 4500H+ B, 
1999. 
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19.2.EPA Method150.1 -pH (Eiectrometric). NPDES Editorial Revision 1978; 1982. 

19.3.SW-846 Method 9045C- Soil and Waste pH. Revision 3, 1995. 

19.4.HEAL Quality Assurance Plan- Current Version. 

19.5.HEAL Chemical Hygiene Plan- Current Version 

19.6. Tiamo Software Help section. 
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Appendix A 

Method Flow Charts and Method Parameters 

The method flow chart and method parameters for pH sample analysis are included in the current SOP for 
alkalinity determination. These two tests can be done conjointly. 
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Comment _______ ••••••••••••••••••••••••• ___ ••• Sample posibcn numtM!r 
Variable monitoring _____________ ••••••••••••••••••••••••• _ ••••• _ . off 

Lowerlim1 •••••••••••••••••••••••••••••••••••••••••••••••••••••• 
UpperlirNt ______ •••••••••••••••••••••••••••••••••••••••••••••••• 

Message ••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

Display message ..................•.•••••••••••••••.•.••......•. en 

Reocrcl message •••••••••••••••••••••••••••••••••••••••••••••••. en 
Message by e-mail ••••••••••••••••••••• _________ ••••••••••••••••. off 

Mail to •••••••••••••••••••••••••••••••••••••••••••••••••••••• 

~ • • • • • • • • • Message from t1amo - Method 'New method 2' - Command 'Main 
1r3cil' 

User .••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
Mailfrom •••• _ •••••••••••••••••••••••••••••••••••••••••••••••• 

g.rrp Senter-------------------------------------------------
POP3Senft!t' •••••••••••••••••• - ••••• -.-----------.- ••••••••••• 

Acou!llic s;gn.a• _____________ •••• _______________________________ .off 

Acbon --------------------------------- -· ........ -.- ... -----.off 
Stop~on ••••••••••••••••••••••••••••••••••••••••••••••. cn 
S1opele'lermrlalion~seroes ••••••••••••••••••••••••••••••••••••••. off 

Name ............................................ S<mplesizeumt 

Type •••••••••••••••••••••••••••••••••••••••••••••••••••••• Text 

Assognment •••••••••••••••••••••••••• en •••••••••••••• Sample sim unit 

Villue •••••••••••••••••••••••••••••• off ••••••••••••••••••••••••• 
Checilatstart •••••••••••••••••••••••••••••••••••••••••••••••••. off 
Comment ••••••••••••••••••••••••••••••••••••••••••• Samplesizeunit 

Name _ •••••••••••••••••• ____ • _ ......... _ ................... 101 

Type •••••••••••••••••••••••••••••••••••••••••••••••••••••• Text 

As~ •••••••••••••••••••••••••• en •••••••••••••••••••••• IDT 

Effective Date: August 29, 2011 
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L<:enseiD 

Clientnarre 

User 

Program versron 1iamo 1.2.1 -43 

2009-02.()33:21:20 PM UTC-

Value •••••••••••••••••••••••••••••• off •••••••••.•••.••••....•.. 
Check at stan ______________________________________________ ••.. off 

Comment--.-- •••••••••••••••••• -- •• -.---------- Sample l!Ciel!lliftcabcn 1 

Name -----···-·······-----···················-·····---·-···'02 
Type ••••••••• _ ••• _________ •••• __ •• _ ••••• __ •••••••••••••••• Text 

Ass:gnment •••••••••••••••••••••••••• on.. ••••••••••••••••••••• 102 

Value •••••••••••••••••••••••••••••• off .....•••••••••••••••••... 
Check at stan •••••••••• _ •••••• _. _ ••• _____ • __ • _ ••••••• _ ••••••••. off 

CDIT'ment _ •••••• _______ • • • • • • • _ • • • • • • • • • • • • • • • • • Sample ·-oentiflcilbcn 2 

Name. ____________ .•.... ________ . ____ .••..•.......... __ .... 103 

Type •••••••••••••••••••••••••••• __ •••••••••••••••••••••••• Text 

Ass.qwnent -----------···---- ________ on.. ••••••••••••••••••••• 103 

Value················-----· •••••••• off •.............•..•••••••• 
Check at stan ....• _ •... _______ • _______ ..... _ .. ___ . _____ . ___ . __ .off 

Corrment. ________ .•.•. ______________ ..... __ .... Sample dentfficilt<cn 3 

CAL LOOP Calibration loop pH 
pH Sllffers 

Number of buffers •• _________ ••••••••••••• ___ • ____ •••••••••••••. 5 
Bvffertype ••••• __________ ••••••••••• __________ ••••••••• Special 

S..ffer1 pH •••••••••••••••••• - ••••• -.-------·--···· ••••••• 1.680 

Bvffer 2 pH ••••••••••••••••••••••• - - - •• - - • - ••••••••• - ••• - -4.000 

S..ffer 3 pH ••••••••••• - ••••••••••••••• - •• -- •••• -.--.------ 7.000 

S..ffer4 pH ---------.- •••••• --- ••• --.---- •••••••••••••••• 10.000 

B..ffer 5 pH •••••••••••••••••••• - • - • - - - - - ••••• - - - - - - - - - • - - 12.450 
Requestforb..fferexchange .••••••••••••••• _ •••• _________________ off 

Slbsequent ccmrranc .•••••••••••••••••••• _ •• ____________ Main 1rilck 

MOVE Move to Buffer 
Dev<:e 

De~ree name ••••••• _ •• ____ •••• __ ••••••• ________ ••• _ •••••• 8:55_1 

Target 
TDYNr _ • _____________ •••• ____ ••• ___________ •••••••••••••••. t 

Move ••••• __________ •••• _____ • ____ • _____ • __ •••••• Special beaker 

Number • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • = 'Caalriltion loop pH.LCO' 

Sea«erteS1 
Display message _ ••••.... ________ .. ___ ••.••••••••••••••••• __ • oo 

Stopdeterm.nalion ······---------------·······················off 
S!op~onan<lser.s ____ •• _. __ ••••••• _ •• _. __ • __ •••••••••• off 

Parameters 

S~1trate .• ~ ............................................................................................. 20 •,·s 
Sllrltdirection .••••••• ___ •••• ____ •••••••• _ ••••••••••••••• _. _ au10 

.swing rate ................................................................................................. f6 •rs 

LIFT Lift to Wort! 
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Uc:enseiO 
Client name 

User 

Program versocn 1iamo 1.2.1 - 43 

200Q.02-033:21:20 PM UTC-

Value _____________________________ .off. ____________________ - __ _ 

Chectatstart _________________________________________________ .off 
Comment _______________________________________ Sample t<len1if!Ciltlctl1 

Name ______________________________________________________ 102 

Type ______________________________________________________ Text 

Ass.gnment --------------------------<ln.--------------------- 102 
Value ______________________________ off ________________________ _ 

Chect ill start _________________________________________________ .off 

Comment-------------------- ------------------- Sample t<len1if!Ciltlc 2 
Name _______________________________________________ ---- __ .103 

Type ____________________________________ •• __ •••••••••••••• Text 

Ass.gnment --·-----·--------- ________ on ______________________ 103 
Value ______________________________ off ________________________ _ 

Chectillstart _________________________________________________ .off 

Comment _______________________________ • _______ Sample t<len1if!Ciltlc 3 

CAL LOOP Ciilibralion loop pH 
pH IMferl; 

Number of buffers _____________________________________________ . 5 

Buffer type _____________________________________________ Special 
Buffer 1 pH _________________________________ ---- _______ --- 1.680 

Buffer 2 pH - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -4.000 Buffer 3 pH ______________________________________________ .7.DDD 

Buffer 4 pH ______________________________________________ tO.DDD 

8~ 5 pH - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 12.450 
Reques.tforbufferexchange. _____________________________________ off 

~quentccmrrand. ___________________________________ Main tract 

MOVE Move to Buffer 

Dew:e 
Dev-ce name _____________________________________________ S.."\5_1 

Target 

T~----------------------------------------------------·1 
Move ______________________________________ ---- __ Specialbeaker 

Number ________________________________ - _ = "Cafba1ion loop pH.LCO" 

Beater test 
Display message _____________________________________________ on 

Slop cleterrrlna1ion ____________________________________________ off 
Stop cle'lerrrina1ion illld 5el1e'5 __________________ • __________________ off 

Parameters 

SNit rate . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 20 "I!; S'!l'ftdirection. _____________________________________________ iiiAO 

Swing rate ..................................................................................... M •,'s 

LifT Lift to Wort 
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License ID 
Client name 
User 

6369515 

hallxp 
bdh 

Program version tiamo 1.2.1 - 43 

2009-02-033:21:20 PM UTC.. 

Dosing device • . . • • . . • • . • • . . • • . • • • • • • . • • • • • • • • • • . • • • • • • • • • . 1 

Solution • • • • • . . • • . . • • . • • . . • • . • • . . • • . • • • • • • . • • . . Transfer Pipette 

Parameters 

Function ••.••..••.••••••••••••••••..••••••.•••••••••••• Aspirate 

Port •..••.•••••••••..•••••••••.••..••.•••.••..•••••..••.••. 1 

Volume ••.••..•••••..•••••.•••.••..•••••••••..•••••..••• 15.00 mL 
Rate . . . • • . • • . . • • . • • . . • • . • • • . • • . • • . . • • . • • • • • • . . • • • • • . . maximum mUmln 

LQH Dispense remaining sample 

GeneraUHardware 
Device 

Device name ••.••••••••••••••.••••••.•••••••••.•••••••• 855_1 

Dosing device 

Dosing device • . . • • . . • • . • • . . • • . • • • • • • . .. • • • • . .. . . .. • • • • • • • . 1 

Solution • • • • • • • • • • • • • . • • • • • • . • • . . • • . • • . . • • . • • . . Transfer Pipette 
Parameters 

Function • • • • • • • • • • • • . • • • • • • • • • • • • • • . • • • . • • • • • • • Eject to end volume 

Port •••••.••••••••••.••.••..••.••..••..••.••••••••••••••••. 3 

Rate ..•••.••••••••••.•••••••••.••..••..••••••••••••.. maximum mUmin 

CALL can Fill Dosino 

Call text 

FiiiDosino 

Cond Cell Clean 

STIR Stlron 

Device 

Track name 

FiiiDosino 

Cone1 Cell Clean 

Condition 

off 

off 

Condition 

Device name • • • • • • • • • . . • • . • • • • • • . • • . . • • . . • • • • • . • • • . • • . . • • 855 _1 

Stirrer 

Stirrer ••••••..••.••..•••••..•••••..••..••••••••••••.•••.••. 3 

Stirrer type • • • • . • • • • • . . • • • • • . • • • • • • • • • • • • • • • • • . • 801 Magnetic stirrer 

Stirring rate • • • • • • • • • • . . • • . • • . . • • . • • . . • • . • • • • • • • • • • • • • . • • • • • • . 5 
Action 

Switch on •.••..••.•••••••••••••.••..•••.••.••••••.••..••••• on 

Switch off • . • • . . • • • • • . . • • • • • • • • • . • • . . • • . • • • . • • . . • • . • • . . • • • • • off 

Duration • • • • • • • • • . • • . . • • . • • • . • • . • • . . • • • • • • • • • . . • • . • • . . • • . • • off 

CALMEAS CALMEASpH 
pH GeneraUHardware 

Device 

Device name ••..••.••••••..••.••..•••••.••••••••••..••. 855_1 

sensor 

Measuring input • . • • • • • • • • • • • • • • • • • . • • . • • . . • • • • • • • • • • • • • • • • • 1 

sensor .••.•••••••••••••••••.••..••.••..•••••••••. pH electrode 
Temperature measurement automatic 

Stirrer 

Stirrer .•••••..••..••.••..••.•••••••••..••.••..••..••••• off 
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License ID 

Client name 

User 

Measuring parameters 

Measurement with drift control 

6369515 

hallxp 

bdh 

Program version tiamo 1.2.1 - 43 

2009-02-033:21:20 PM UTC-

Signal drift ••••••••.•••••..•••••..••.••..••.••••••••••.•• 2.0 mV/min 

Min. waiting time. • • • • . • • • • • • . • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 30 s 

Max. waiting time ••••.••••••.•••••••••••••••••••••••••••••• 60 s 

Measuring interval ••.••••••..•••••..••.••.••••••••••••••••• 2.0 s 
Temperature 

Temperature ••••••••••••••••••••.••••••••••••••••••••••• 25.0 •c 

STIR Stir off 
DeVice 

DeVice name • • • • • • • • • • • • • • • • • • • • • • • . • • • • • • • • • • • • • • • • • • • • • 855 _ 1 

Stirrer 

Stirrer ••••••••••••••••••••••••••••.•••••••••••••••••••••••. 3 

Stirrer type • • • • • • • • • • • . • • • • • • • • • • • • . . • • • • • • • • • • • • • • • • • • unknown 

Stirring rate • • • • • • • • • • . . • • • • •..••.••..•••••••••••••••••••••••. 8 

Action 

Switch on • • • • • • • • • • • • • • • • • • • • • • • • • • . • • • • • • • • • • • • • • • • • • • • • • • off 
SWitch off _ • __ .. __ . _ •.. __ • __ .. _ •. __ .. __ •. __ . __ .. __ . __ .. __ • __ on 

Duration ••.••..••.••..••.••..••.••..•••.••.•••.••.••••••••• orr 

SEQUENCE Rinse and Clean Vessel 

PUMP Asp Pump on 
DeVice 

Device name • • • • • • • • • • • • • • • • . . • • • • • • • • • • • • • • • • • • • • • • • . • • • 855 _1 

Pumps 

Tower •••••••.••.•••.••.••..•••••••••••••••••.••••••••••••. 1 

Pump(s) ••••••••••••..•••••..••••••••••••••••..•••••..••.••. 2 

Action 

SWitch on •.••..••.•••.•••••..•••••.••••••••••..••.••.•••.•• on 

Switch off • • • • • • • • • • • • . • • • • • • • • • • • • . • • • • • • • • • • • • • • • • • • • • • • • • orr 

Duration ••.•••.••.••..•••••..•••••..••..•••••..••••••.••••• orr 

WAIT Walt 125 

MOVE 

Wait 

Stop track and waiting for (Continue] •••••••••••••••••••••••••••••••• off 

Stop all tracks and waiting for (Continue] •••••••••••••••••••.•••••••••• off 

Waiting time • • • • • • • • • • • • • . • •..••.••..••..••.••.••••••••••••• on 

Time • • • • • • • • • • • • . • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 12 

Unit •..•••••.•••..•••••..••••••••••••••••••••••••••••••• s 

Message 

Record message •••••••••••••.••••••..••..•••••..•••••..••••• off 

Message by e-mail • • • • • • • • • • • • • • • • • • • . . • • • • • • • • • • • • • • • • • • • • • • • orr 

Acoustic signal • • . • • • • • • • • • • • ••••••••••••••••••••••••••..••••• off 

MoveSpec5 

Device 

Device name • • • • • • • • • • . • • • • • • . • • . • • . . • • • . • • • • • • • • • • • • • • • • 855 _1 
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Target 

License ID 

Client narN! 

User 

6369515 

hallxp 

bdh 

Program version tiamo 1 .2. 1 - 43 

2009-02-033:21:20 PM UTC-

TDWE!f ••••••••••••••••••••••••••••••••••••••••••••••••••••. 1 

Move • • • • • • . • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • Special beaker 

Number .••••••••••••••••••••••••••••••••••••••••••••••••••. 8 

Beake~test 

Display message •••••• ________ • _ ••••••••• _______ • _ ••••••••••• on 

Stop determination _________ ••••• ___________ ••••••••• _ • _ ••••••• off 

Stopdeterminaoonandseries ••••••••••••••••••••••••••••••••••••• off 

Parameters 

Shift rate . • • • • • • • • • • • • • • • • • ••••••••••••••••••••••••••••••••• 20 •ts 

Shift dill!-Ction • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • auto 

Swing rate •••••••••••.•••••••••••••••••••••.•••••••••••••••• 55 •ts 

LQH Clean Port 1 Tubing 

Gener.tiiHilrdware 

Device 
Device name _________ • _ • _ ••• ___________ •••• _ ••• ____ •• _. 855_1 

Dosing device 
Dosing device __ •••• _. _____________ •••• _ ••• _________ •• _ •••• 1 

Solution _ •••• _ •••• _ •••• _ ••• _ •••• _ •••• - •••• _ • • • • Transfer Pipette 

Para~ters 

Function •••••••••••••••••••••••••••••••••••••••••••••••• Dosing 
Pon _____ •• ________________ ••••• ____________ ••••• _________ . 1 

Volume • _____________ • • • • _ • __________ ••••• _________ • • • • • 3.25 mL 

Rate ______ ••••••••• _ _ _ _ _ _ ____ ••••••• ______ •••••••••• _ maximum mtJmin 

LQH Clean port 3 tubing 

GeneraiiH<~rdware 

Device 

Device name.--- •• --- •• ---.--- •• --- •• --- •• --- •• --- •• --- 85!5_1 

Dosing device 

Dosing device • _ •••• _ •••• _ ••• _ •••• _ •••• - •••• _ •••• _ •••• - •••• 1 
Solution ______________ • _ •• ____________ •••• _ _ _ _ _ Transfer Pipette 

Parameters 
Function •••• ____________ ••••• _______ • _ ••••• _ _ _ _ Eject to end volume 

Pon ••• ___________ ••• ____________ •••• _____ • ____ ••••• ______ . 3 

Rate _____ •••• _ _ _ _ _ _ _ _ _ _ _ _ •••• _ • ______ ••••• ________ • _ • mal(imum mtJmin 

LIFT Shift Pos 

Device 

Device name ••••••••••••••••••••••••••••••••••••••••••••• 85!5_1 

Target 

Tower ••••• ____________ ••••••• ________ •••••• _______ •••••••. 1 

Lift pos4tion • • • • • • • • • • • • • • • • •••••••••••••••••••••••••• Shift position mm 

Parameters 

Lift rate •••••••••••••••••••••••••••••••••••••••••••••••••••• 25 mm/s 

LQH Fill with air 
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GeneraiiHardware 

Device 

License tO 

Client name 

User 

6369515 

hallxp 

bdh 

Program version tiamo 1.2o1 - 43 

2009-02-033:21:20 PM UTC-

Device name ••••••• _ •••• _ ••• _ •••• _ •••• _ •••• _ •••• _ •••• _. 85!5_1 

Dosing deVICe 

Dosing device • _ •••• _ •••• _ ••• _ •••• _ •••• _ •••• _ •••• _ •••• _ •••• 1 

Solution _ •••• _ •••• _ •••• _ ••• _ •••• _ •••• _ •••• _ • • • • Transfer Pipette 

Parameters 

Func-1ion ••••••••••••••••••••••••••••••••••••••••••••••• Aspirate 

Port •••••••••••••••••••••••••••••••••••••••••••••••••••••• 0 1 

Volume •••••••••••••••••••••••••••••••••••••••••••••••• 0 15.00 ml 

Rate. • • • • • • • • • • • • • • • • • • • • •••••••••••••••••••••••••••• maximum mUmin 

LQH Dispense Air 

PUMP 

WAIT 

GeneraiiHardware 

Device 

Devicename. ___ •• ___ •• ___ • ___ •• ___ ••••••• --··. ___ •• ___ 85!5_1 

Dosing device 

Dosing device • _ •••• _ •••• _ ••• _ •••• _ •••• _ •••• _ •••• _ •••• _ •••• 1 

Solution _ •••• _ •••• _ •••• _ • • • _ •••• _ •••• _ •••• _ • • • • Transfer Pipette 

Parameters 

Func-1ion • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • Eject to end volume 

Port •••••••••••••••••••••••••••••••••••••••••••••••••••••• 03 

Rate ••••••••••••••••••••••••••••••••••••••••••••••••• maximum mUmin 

Rinse Pump-On 

Device 

Device name ••••••••••••••••••••••••••••••••••••••••••••• 855_1 

Pumps 

Tower • • • • • • • • • • • • • • • • • • • •••••••••••••••••••••••••••••••••. 1 

Pump(s) •••••••••••••••••••••••••••••••••••••••••••••••••••. 1 

Ac1ion 

Switch on •••••••••••••••••••••••••••••••••••••••••••••••••• off 

Switch off ••.•••••••••••••••••••••••...•.••••......••••••••• off 

Duration ••••••••••••••••••••••••••••••••••••••••••••••••••• on 

Time • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 4o0 s 

Wait 7s 

Wait 

Stoptrac«andwaitingfor[Continue] •••••••• __ •••••••••••• --· •• --- •• off 

Stop all trac«s and waiting for [Continue] •• _ •••• _ ••• _ •••• _ •••• _ •••• _ ••• off 

Waiting time •••••••••••••••••••••••••••••••••••••••••••••••• on 

Time •• _ ••• __ •••• _ •••• _ ••• _ •••• _ •••• _ •••• _ •••• _ •••• _ •••• 7 

Unit ••• _ •••• _ •••• _ •••• _ ••• _ •••• _ •••• _ •••• _ •••• _ •••• _ • • • • s 

Message 

Reocord message ••••••••••••••••••••••••••••••••••••••••••••• off 

Message by e-mar,l •••••••••••••••••••••••••••••••••••••••••••• off 

Acoustic signal • • • • • • • • • • • • • • ••••••••••••••••••••••••••••••••• off 
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Device name ••••••••••••••••••••••••••••••••••••••••••••• 85!5_1 

Pumps 
Tower • ______________________ ••••••••••••• ________________ . 1 

Pump(s) _______ • ___ • __ ••••••••• _ • __________________________ . 1 

Action 

Switch on •••••••••••••••••••••••••••••••••••••••••••••••••• off 

Switch off •••••••••••••••••••••••••••••••••••••••••••••••••• off 

Duration ••••••••••••••••••••••••••••••••••••••••••••••••••• on 

Time • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 4.0 s 

Wait 10s 

Wait 
Stop track and waiting for [Continue) •••• ____________________________ off 

S:op all tracks and waiting for [Continue) •• ________ • ___________________ off 

Waiting time _______________ • __ ••• _ ••••••••••••••••• ___ • _____ on 

Time _________________________ • _ •••• _ •••• _ •••• _ •••• _. _ _ 10 

Unit ••• _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _________ •• _ •••• _ •••• _ •••• _ • • • • s 

Message 

Reccml message • • • • • • • • • • • • ••••••••••••••••••••••••••••••••• off 

Message by e-mail ••••.••••••••••••••••••••••••••••••••••••••• off 
Acoustic signal __________ • _ •••••••••••••• __ • _____________ ••••• off 

Pump Off 

Device 

Device name ••••••••••••••••••••••••••••••••••••••••••••• 8!5!5_1 

Pumps 

Tower ••••••••••••••••••••••••••••••••••••••••••••••••••••. 1 
Pump(s) _____________ ••• __ •• _ ••••••• _. _____________________ . 2 

Action 

Switch on •••••••••••••••••••••••••••••••••••••••••••••••••• off 
Switch off _________ •• _ ••• _ •••••••••••• __________ • __ ••••••••• on 

Duration _________ • ____ • • • • •••••• _________________ •••••••••• off 

Fill Dosino 
Return immediately. _ • ___________________ • __ ••• ________________ on 

Delete all data ••••••••••••••••••••••••••••••••••••••••••••••• off 

LQH Fill Transfer Pipette 

Generai/Hantware 

Device 

Device name. __ •••• _ •••• _ ••• _ •••• _ •• ____ • ________ • _ • __ • 85!5_1 

Dosing device 

Dosing device ___ •• --- •• ---.--- •• --- •• --- •• --- •• --- •• --- ••• 1 

Solution 

Parameters 

Transfer Pipette 

Funaion ____ •••••••••••• __ • __________ ••••••••• _ _ _ _ _ _ _ _ _ _ _ _ Fill 
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Port •• _ •• ____ • __ • _ ••••••••••••••••••••••••••••••••••••••••. 2 

Rate ••••••••••••••••••••••••••••••••••••••••••••••••• maximurr mL/min 

Cond Cell Clean 

Return immediately ••••••••••••••• __ • _ • __ • _ •••••••••••••••••••• on 

Delete all data ••••••••••••••••••••••••••••••••••••••••••••••• off 

Move to Spec Bkr 7 

Device 

Device name ••••••••••••••••••••••••••••••••••••••••••••• 855_1 

Target 

T- ..................................................... 1 

Move • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • Special beaker 

Number • • • • • • • • • • • • • • • • • • •••••••••••••••••••••••••••••••••. 7 

Beaker test 

Display message ••••••••••••••••••••••••••••••••••••••••••••• on 

Stop determination •••••••••••••••••••••••••••••••••••••••••••• off 

Stopdeterminationandseries ••••••••••••••••••••••••••••••••••••• off 

Parameters 

Shift rate .•••••••••••••••••••••••••••••••••••••••••••••••••• 20 •1s 

Shift direction •••••••••••••••••••••••••••••••••••••••••••••• auto 

Swing rate •••••••••••••••••••••••••••••••••••••••••••••••••• 55 ".Is 

LIFT Lift to work 

Device 

WAIT 

MOVE 

Device name ••••••••••••••••••••••••••••••••••••••••••••• 855_1 

Target 

Towef ••••••••••••••••••••••••••••••••••••••••••••••••••••. 1 

Lift position ••••••••••••••••••••.••....•.••••.......•.•....• 218 mrr 

Parameters 

Lift rate •••••••••••••••••••••••••••••••••••••••••••••••••••• 25 mrrls 

Wait5s 

Wait 

Stoptrackandwaitingfor[Continue] ••••••••••••••••••••••••••• ___ •• off 

Stop all tracks and waiting for [Continue] •• _ ••••••••••••••••••••••• _ ••• off 

Waiting time •••••••••••••••••••••••••••••••••••••••••••••••• on 

Time •• _ •••• _ •••• _ •••• _ ••• _ ••••••••• _ •••••••••••••• _ •••• 5 

Unit • • • • • • • • • • • • • • • • • • • • • • _ •••• _ •••• _ •••• _ •••• _ • • • • • • • • • s 

Message 

Record message • • • • • • • • • • • • ••••••••••••••••••••••••••••••••• off 

Message bye-maiJ •••••••••••••••••••••••••••••••••••••••••••• off 
Acoustic signal ••••••••• ___________________________ • __ •••••• _ • off 

Move Spec Bkr 8 

Device 

Device name ••••••••••••••••••••••••••••••••••••••••••••• 855_1 

Target 

Tower _______________________ • ___ • __ •• _ ••• _ •••••••••••••••. 1 
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Move _ • __________________ • _ ••••••• _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ Special beaker 

Number •••••••••••••••••••••••••••••••••••••••••••••••••••. 8 

Beaker test 

Display message • • • • • • • • • • • • ••••••••••••••••••••••••••••••••• on 
Stop determinabon ••••••••••••• ____________ ••••••••••••••••••• off 

Stop determination and series ____________ • _ •••••• ___ • _____________ off 

Parameters 

Shift rate . • • • • • • • • • • • • • • • • • ••••••••••••••••••••••••••••••••• 20 •ts 

Shift direction • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • auto 

Swi"'9 rate •••••••••••••••••••••••••••••••••••••••••••••••••• 55 •Js 

LIFT Lift 226 

Device 

WAIT 

MOVE 

Device name •••••••••••••••••••••••••••••••••••.••••••••• 855_1 

Target 

Tower ____ •••••••••••••••• _____________ •••••••••••••••••• _ . 1 

Lift position • ______________ • __ ••••••••••••••• _______________ 218 mm 

Parameters 
Lift rate __________________ •••••••••• _________________ • _ ••••• 25 mmls 

Wait5s 

Wait 

Stop track and waiting for [Continue} •••• _ •••• _ ••• _ •••• _ •••• _ •••• _ ••• off 

Stop all tracks and waiti"'9 for [Continue] ________ • ___ •••• _ • ____________ off 

Waiting 1ime ••••• __________________ •••••••••• _______________ on 

Time •• _ •••• _ •••• _ •••• _ ••• _ •••• _ •••• _ •••• _ •••• _ •••• _ •••• 5 

Unit ••• _ •••• _ •••• _ •••• _ • • • _ •••• _ •••• _ •••• _ •••• _ •••• _ • • • • s 

Message 

Reoord message • • • • • • • • • • • • ••••••••••••••••••••••••••••••••• off 

Message by e-mail • • • • • • • • • • • ••••••••••••••••••••••••••••••••• off 
Acoustic signal ••••• __ • ______________ •••••••••••• _____________ off 

Move Spec Bkr 9 

Device 
Device name ••••••• _______________ ••••••••••• _________ • _. 855_1 

Target 

ToWfl ----------------------------------------------------·1 
Move •••• _______________ • _ •••••••• ______________ • Special beaker 

Number • • • • • • • • • • • • • • • • • • •••••••••••••••••••••••••••••••••. g 

Beaker test 

Display message ••••••••••••••••••••••••••••••••••••••••••••• on 
Stop determination ____________________ ••••••••• _______________ off 

Stopdeterminationandseries •• _____________________ •••••••••• ____ off 

Parameters 

Shift rate . • • • • • • • • • • • • • • • • • ••••••••••••••••••••••••••••••••. 20 "Is 

Shift direction •••••••••••.•••••••••••••••••••••••••••••••••• auto 
Swi"'9 rate. _____________ • _ •••••• __________ •• _ •••••• _________ 55 •ts 
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UFT lift195 

Device 

Device name ••••••••••••••••••••••••••••••••••••••••••••• 85!5_1 

Target 

Tower ••••••••••••••••••••••••••••••••••••••••••••••••••••. 1 

lift position •••••••••••••••••••••••••••••••••••••••••••••••• 218 mm 

Parameters 

Lift rate • • • • • • • • • • • • • • • • • • • ••••••••••••••••••••••••••••••••• 25 mmls 

WAIT Wait5s 

Wait 

Stop track and waiting for [Continue} ••••••••••••••••••••••• _ •••• _ ••• off 

Stop all tracks and waiting for [Con1inue) •• _ •••• _ ••• _ •••• _ •••• _ •••• _ ••• off 

Waiting time • • • • • • • • • • • • • • • ••••••••••••••••••••••••••••••••• on 

Time··-····-····-····-···-·········-····-····-····-···· 5 
Unit •••••••••••••••••••••••••••••••••••••••••••••••••••• s 

Message 

Record message ••••••••••••••••••••••••••••••••••••••••••••• off 

Mess.age by e-mail • • • • • • • • • • • ••••••••••••••••••••••••••••••••• off 

Acoustic signal • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • off 

UFT lift Shift 

Device 

Device name ••••••••••••••••••••••••••••••••••••••••••••• 855_1 

Target 

Tower ••••••••••••••••••••••••••••••••••••••••••••••••••••. 1 

Lift position . . . . . . . . . . • • • • • • •••••••••••••.•......•.•.• Shift position mm 

EXIT 

CALC 

Parameters 

Lift rate • • • • • • • • • • • • • • • • • • • ••••••••••••••••••••••••••••••••• 25 mm.ls 

Exit track 

Calculations 

Result name Formula Unit Decimal Assignment 
places 

pH Slope ='Calibration loop pH.SLO' 2 RS24 

pH( as) = 'Calibration loop pH.ENP' 2 RS25 

Result name •••••••••••••••••••••••••• _ •••• _ •••• _ •••• _ •••• pH Slope 

Formula ••••••••••••••••••••••••••••• _ •••• _ • • = 'Calibra1ion loop pH .SLO' 

Unit ••••••••••••••••••••••••••••••• _ •••• _ •••• _ •••• _ •••• _ •••• _ • 

Decimalplaces •••••••••••••••••••••• ··-····-····-····-····-···· 2 
Assignment • • • • • • • • • • • • • • • • • • • • • • • • • • _ •••• _ •••• _ •••• _ •••• _ •. RS24 

Stalistics ••••••••••••••••••••••••••••••••••••••••••••••••••••• off 

Description •••• _ ••• _ •••• _ •••• _ •••• _ •••• RS.'Result name'[. VAL} Result value. 

Result rY'onitoring . • • • • • • • • • • • • • • • • • • • • • • _ • • • • _ • • • • _ • • • • _ • • • • _ • • • • off 
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Saveresultascommonvariable •••• __ ••• __ • --- •• --- •• --- •• --- •• --- ••• off 

Name ••••••••••.••••••••••••••••• _ •••• _ •••• _ •••• _ •••• _ •••• _. 

Save result as titer . • • • • • • • • • • • • • • • • • • • • • _ •••• _ •••• _ •••• _ •••• _ •••• off 
Solution name • _______________________________________________ _ 

Result name _________________ • __ • • • • ___ • _ •• _ •••• _ •••• _ •••• _ • pH(as) 

Formula_ •••• __ • __ •• _________________________ = 'Calibralion loop pH.ENP' 

Unit ••••••••••••••••••••••••••••••• _ •••• _ •••• _ .••• _ •••• _ •••• _ • 

Decimal places •••••••••••••••••••••••• _ •••• _ •••• _ •••• _ •••• _ • • • • 2 

Assignment •••••••••••••••••••••••••• _ •••• _ •••• _ •••• _ •••• _ •. RS25 

Statistics •••••••••••••••••••••••••••• _ •••• _ ••.• _ •••• _ •••• _ •••• off 

Description •••• _ ••• _ •••• _ •••• _ •••• _ •••• RS.'Result name'(.VAL] Result value. 

Result moni1oring . • • • • • • • • • • • • • • • • • • • • • • _ •••• _ •••• _ •••• _ •••• _ •••• off 

Save result as common variable • • • • • • • • • • • • • _ •••• _ • __ • _ •••• _ •• ____ • __ off 

Name • _ • _ • _ • • • • • • • • • • • • • • • • • • • • • • _ •••• _ •••• _______ • ________ _ 

Save result as titer . ____ • ___ • ___ ••• __ • • • • _ •••• _ •••• _ •••• _ •••• _ • __ • off 
Solution name ________________________________________________ _ 

Rt!90rt 193 

Report template 
Repon template ___ • _ _ _ _ __________________ •• __ ••• pH Calibration Repor:. 

Report output 
Printer ____________________________________________________ on 

Printer ___ •• ___ •• ___ • ___ •• ___ •• _____________ • _______ Defaultprinter 

PDF file ••••• _ •••• _ ••• _ •••• _ •••• _ •••• _ •••• _ •••• _ •••• _ •••• _. off 

DATABASE tiamo 

SERIES 
START 

RACK 

Database 

Results 

Series start track 

Initialize rack 192 

Device 

Device name ____________ • ___ •• __ •••••••••••••••••• __ • _ ••• 855_1 

Rack test ___________________ •• ________ •• __ •••• _ •••• _ •••• __ ••• off 

SEQUENCE lnit RinSl! Sequence 

PUMP PumpOn 

Device 

Device name ••••••••••••••••••••••••••••••••••••••••••••• 855_1 

Pumps 
Tower ••• _ • _ • ____________________________ • _ •••••••••••••••. 1 

Pump(s) •••••••••••••••••••••••••••••••••••••••••••••••••••. 2 

Ac1ion 
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WAIT 

License ID 

Client name 

User 

6369515 

hallxp 

bdh 

Program version tiamo 1.2.1 - 43 

2009-02-033:21:20 PM UTC-

Switch on • • • • • • • • • • • • • • • • . •••.•••.............•••....•••..• on 

Switch off • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • off 

D~.~tation . . . . . . . • • . • • • • • • • • • • • • • • • • • • • • • • • . • • . • • • . • . . . • • . . . . off 

Wait8s 

Wait 

Stop tract~ and waiting for [Continue] ...• _ •..• _ •••••••••••••••••••••• off 

Stop all tradls and waiting for [Continue). • • . . . . • . • • • • • • • _ • • • • _ • • • • _ • • • off 

Waiting time ••••••.••...........•.........•.•.••..•••••••••• on 

Time·······-····-····-···-····-····-····-····-····-···· 8 
Unit ... _ •••• _ •••• _ • . . . • . . .•••.• _ ....•.... _ ..•. _ .... _ • . . . s 

Message 

Record message • • • • • . • . • . . . ....•..•.••••••........•••.....•• off 

Message by e-mail •••••••••••••••••••••••••••••••••••••••••••• off 

Acoustic signal • • • . . • • . . . . . . . ........•...••••........••...•.•• off 

LQH Make room in Dosino 

GeneraiiHardware 

Device 

Device name .• _ .•.. _ .... _ ... _ .••• _ ••.. _ .... _ .••• _ .... _. 855_1 

Dosing device 

Dosingdevice ·-····-····-· ·················-····-····-···· 1 
Solution _ •••• _ •••• _ •.•. _ •..••••• _ •••.•.... _ . . • • Transfer Pipette 

Parameters 

Funcdon ••....................••••••••••••••••• Eject to end volume 

Pon •.••.•..•......•.••.•••••••••••••••.••••.••••.....•.... 3 

Rate. • • . • . • . . • . . . . . . . . . . . ....•..•••••.•........•••..• maximul?' mLimin 

LQH Fill w- air 

GeneraiiHardware 

Device 

Device name .. _ .... _ .... _ ... _ .... _ .••• _ .•.. _ .•.• _ •.•• _. 855_1 

Dosing device 

Dosingdevice ·-····-····-· ··-····-····-····-····-····-···· 1 
Solution _ •••• _ •••• _ .... _ ... _ •.•• _ •••• _ .... _ . • . • Transfer Pipette 

Parameters 

Funcdon ••••••••••.......•...................•••••...•• Aspirate 

Pon ...••••••••••••••••••••••.••••••••••••••••••••••••••••. 1 

Volume •••..................................•••......••. 15.00 mL 

Rate . . . . . • • • • • • • • • • • • • • • • •••••••••••••••••••••••••••• maximul?' mLimin 

LQH Eject to EV 

GeneraiiH.ardware 

Device 

Device name .. _ .... _ .•.••..••.••. _ •••••••••••..• _ •••• _. 855_1 

Dosing device 

Dosingdevice ·-····-····-···-····-····-····-····-····-···· t 
Solution _ ..•• _ •.•• _ •••• _ ••• _ .... _ ...• _ •.•. _ . . . . Transfer Pipette 
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WAIT 

PUMP 

WAIT 

PUMP 

Parameter.; 

License ID 

Clfl!nt name 

User 

6369515 

hallxp 

bdh 

Program version tiamo 1.2.1 - 43 

2009-02-033:21 :20 PM UTC-

Function • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • Eject to end volume 

Port ••••••••••••••••••••••••••••••••••••••••••••••••••••••. 3 

Rate ••••••••••••••••••••••••••••••••••••••••••••••••• maximum mUmin 

Wait3s 

Wait 
Stoptrackandwailingfor[Continuej ________________________________ off 

Stop all tracks and waiting for [Contmue] •• _ •••• _ ••• _ •••• _ •••• _ •••• _ ••• off 

Waiting time ••••.••••••••••••••••••••••••••••••••••••••••••• on 
Time •• _ •••• _ •••• _ •••• _ •••••••• _ •••• _ •••• _ •••• _ •••• _ •••• 3 

Unit ••• _ •••• _ •••• _ •••• _ ••• _ •••• _ •••• _ •••• _ •••• _ •••• _ •••• s 

Message 

Record message ••••••••••••••••••••••••••••••••••••••••••••• off 
Message by e-mail _ _ _ _ _ _ _ _ _ _ _ _________________________________ off 

Acoustic signal ••••••••••••••••••••••••••••••••••••••••••••••• off 

Rinse 3s 

Device 
Device name ______________________ • ______ • ______ • _. _. __ • _ 855_1 

Pumps 

Tower ••••••••••••••••••••••••••••••••••••••• __ •••••••••••. 1 

Pump(s) •••••••••••••••••••••••••••••••••••••••••••••••••••. 1 

Action 

Switch on ____________________ •• ______ •••••••••••••••••••••• off 

Switch off •••••••••••••••••••••••••••••••••••••••••••••••••• off 

Duratiofl • • • • • • • • • • • • • • • • • • ••••••••••••••••••••••••••••••••• on 

Time • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 3.0 s 

Wait Is 

Wait 
Stoptrackandwailingfor[Continue] ••• ___ •• __ •• ____ • _______________ off 

Stop all tracks and waiting for [Contmue] •• _ •••• _ ••• _ •••• _ •••• _ •••• _ ••• off 
Waiting time •• _____________________________ • _ ••••••••••••••• on 

Time _________________________________ ••• _ •••• _ •••• _ •• _ • 8 

Unit ____________ • _ •••• _ • • • _ •••• _ •• _ • __ • _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ s 

Message 

Record message _________ • _ _ • _ •• __ ••• _ ••••••••••••••••••••••• off 

Message by e-mail •••••••••••••••••••••••••••••••••••••••••••• off 

Acoustic signal ..••.........•.•••..•••••••••••••••.••••.••...• off 

Asp Pump Off 

Device 

Device name ___ ••••••••••••••••••••••• __ • ________________ 855_1 

Pumps 

To-r------------------ ----------------------------------·1 
Pump{s) ••••••••••••••••••••••• _. ______________________ • _. _ . 2 

Action 
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SERIES 
END 

UFT 

PUMP 

License tO 

Client name 

User 

6369515 

hallxp 

bdh 

Program version tiamo 1.2.1 - 43 

20011-02.{)33:21:20 PM UTC-

Switch on • • • • • • • • • • • • • • • • • ••••••••••••••••••••••••••••••••• off 

Switch off • • • • • • • • • • • • • • • • • ••••••••••••••••••••••••••••••••• on 

Duration • • • • • • • • • • • • • • • • • • ••••••••••••••••••••••••••••••••• off 

Series end track 

Lift to Home 

Device 

Device name ••••••••••••••••••••••••••••••••••••••••••••• 855_1 

Target 

Towet" ••••••••••••••••••••••••••••••••••••••••••••••••••••. 1 

Lift positioo • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • Home position mrr 

Parameters 

Lift rate • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 25 mrrls 

Fill Vessel with water 

Device 

Device name • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 855_1 

Pumps 

Tower ••••••••••••••••••••••••••••••••••••••••••••••••••••. 1 

Pump{s) •••••••••••••••••••••••••••••••••••••••••••••••••••. 1 

Action 

Switch on • • • • • • • • • • • • • • • • • ••••••••••••••••••••••••••••••••• off 

Switch off • • • • • • • • • • • • • • • • • ••••••••••••••••••••••••••••••••• off 

Duration • . . . • • • • • • • • • • • • • • .••..•.•••.•••.....•.•••••••••••• on 

Time •••••••••••••••••••••••••••••••••••••••••••••••••••• 4.0 s 

LQH Fill Dosino 

Gener.aiiHMdware 

Device 

Device name •• _ •••• _ •••• _ ••• _ •••• _ •••• _ •••• _ •••• _ •••• _. 855_1 

Dosing devH:e 

Dosingdevice ·-····-····-· ··-····-····-····-····-····-···· 1 
Solution _ •••• _ •••• _ •••• _ ••• _ •••• _ •••• _ •••• _ • • • • Transfer Pipette 

Parameter.; 

Fundion •••••••••••••••••••••••••••••••••••••••••••••••••• Fill 

Port ••••••••••••••••••••••••••••••••••••••••••••••••••••••. 2 

Rate. . . . . . . . . . . . . . • . . . • . . .•...............•••......•• maximurr mUmin 
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tiamo 1.2.1 Build 43 

License 10: 6369515 

Method run 

Method name: 

Method version: 
Method group: 

pH manual 

3 
Main group 

Wait/Message 237 

Main track 

PC designation: HALLXP 

Page 1 of 1 
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User (short name): bdh 

Printed: 2009-10-05 14:25:46 UTC-6 

Exit track 

Exit track 



---tiamo~ License 10 

Client name 

User 

6369515 

hallxp 

bdh 

Program version tiamo 1.2.1 - 43 

~'',-,.,,,. 
2009-10-052:26:09 PM UTC-

Method parameters 

START 

Method • • • • • • • • • • • • • • • • • • • • • • • • • • • . • • • • • • • • • • • • • • • • • . • • pH manual 

Method saving date •.•••.••••••••••••••••••••••• 2009-10-05 14:25:36 UTC-6 

Method version • • • • . • • . . • • . • • • . • • . • • . • • • • • • • • • • • • • • • • • • . • • • • • • • • • 3 
Method group • . • • . . • • . . • . . • • . . • • . • • . . • • • • • • . • • . • • • . • • • • • • Main group 

Method status . • • • • . • • • • • • • • • • • • • • • • • • • • • • • • ••••••••••••••••• original 

Method saved by (full name) • • • • • • • • • • • • • • • • • • • • ••••• Benjamin Derek Harmon 

Method saved by (short name) • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • . • • . • • • • bdh 

Main track 

General 

Workplace View 

Current View • • • . • • . . • • • • • . • • • • • • • • • • • • • . . • • • • • . • • • • • • • • • • on 

Track view for live window 

Live display 1. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Main track 

Live display 2 • • . • • • . . • • . • • . . • • . • • . . • • • • • . . • • • • • . . • • . . Main track 

statistics . • • • • • • . . • • . . • • . • • . • • • • • • • • • • • • • • . • • • • • . • • • • • • • • • • off 
Conditioning 

Automatic conditioning . . • • . • • . . • • • • • • • • • • • • . . • • • • • • • • • • • • • • • • off 

Application note 

Method variables 

Name Type Assignment value comment Monitoring 

sample size Number Sample size sample size 

Sample size unit Text Sample size unit sample size unit 

sample position Number Sample position sample position number 

101 Text 101 sample identification 1 

102 Text 102 Sample identification 2 

103 Text 103 sample Identification 3 

Cond Text 

temp Text 

Name • • • • • • • . • • • . • • • • • • • • • • • ••••••••••••••••••••••••• sample SIZe 

Type • • • • • • • • • • • • • • • • • • • • • • . • • . . • • . . • • . • • . . • • . • • • . • • • • • • • Number 

Assignment • • • • • • • . • • . • • . . • • . • ••.•••• on ................ Sample size 

value •••••••••••••••••.•••••••••••• off ••••••••.•••••••••••••••• 

Check at start. • • • • • • • • • • • • • • • • • • • • • • • • • • • . • • . . • • . • • . . • • . • • • • • • • . off 

Comment • • • • • . • • • • • • • • • • . • • • • • • . • • • • • • • • • • • • • • • • • • • • . • Sample size 

variable monitoring • • • • • . • • • . • • . • ••.••.••••••..••.••..••.••..•••. off 

Lower limit ..•••••••••••••.•••••••••••••••••••••••••••••••••••••• 

Upper limit •••••••••••••••••••••••••••••.•••••••••••••••••••••••• 

Message ••••••••••••••••••••••••••.•••.•••••••••••••••••••••••• 

Display message . • • . . • • . • • • . • • . • •..••..••.••••••.••..••.•••••••. on 

Record message • • • • • • • • • • • • • • • • • • • • • . • • • • • • • • • • . • • • . • • • • • • • • • • . on 
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hallxp 

bdh 

Program version tiamo 1.2.1 - 43 
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Message by e-mail • • . . • • . • • . • • • • • •••••••••.••..••.•••.••••••••••. off 

Mail to •••••••••••••••.••.••..••.•••.••••••••••.••.••..•••••• 

Subject • • • • • • • • • Message from tiamo - Method 'New method 2' - Command 'Main 
track' 

User ••••••.••..••••••.•••••••••••••.••••••.•••.••••••••••••• 

Mail from •••.•••.••.••..••.•••.••..••.••••••.•••••••••..••..•• 

SMTP Server . • • • . • • • • • • • • • • • • • . • • . . • • . • • • • • • . • • • • • • • • • • . • • . . • • 

POP3 Server • • • • • • • . • • • • • • • • • . . • • . . • • • • • • • • • • • • • • • • . • • • . • • • . •• 

Acoustic signal • . • • . . • • . • • . . • • • • •••••.••••••••••.•••.••.••..•••. off 

Action ••••••••••..••.••..•••••••••••••••••••••••..••.••..•••. off 

stop determination • • • . • • . • • • . • • • • ••••••••••••••••.••..••.••..•••. on 

stop determination and series • • . • • . • ••••••••••••••••••••••••••..•••. off 

Name • • • • • • • • • • • . • • • • • • . • • • • ••••••••••••..••.•••.. Sample position 
Type • . • • • • • • • • • • . • • • • • • . • • • • • • . • • • . • • . • • • • • • . • • • . • • • • • • • Number 

Assignment • • • . • • . . • • • • • • . • • • • ••.•••• on. • • • . • • . . • • . • • Sample position 

\tcllue • • • • • • • • • • • • • • . • • • • • • • • • • . • • . . off. • • • • • • • • • • • • • • • • • • • • . . • • 

Check at start • • • • • • • • • . • • • • • • • • • • • • • . • • • • • • . • • • . • • • • • • . • • • . • • • . on 

Comment . • • • • • • • • • • • • • • • • • • • • • • . • • . • • • • • • • • • • • Sample position number 

\tclrlable monitoring • • • • • • • • • • • • • • • • • • • • • • • . • • • • • • • • • • • • • . • • • • • • • . off 

Lower limit •••••••••••••••.•••••..••..•••••••••••••••••••••••..•• 

Upper limit ••••.•••.••.•••.••••••••••••••••••••.•••.••.••••••.••• 

Message •••••.•••.••••••.••••••••••.••.••••••••••.••••••••••••• 

Display message . • • • . • • • • • • . • • • • ••.••..••.••••••.•••.••••••••••. on 

Record message . • • . . • • • • • • • • • • • ••.••••••.••..•••••••••.•••.•••. on 

Message by e-mail • • • . • • . • • . . • • • • • • . • • . • • • • • • • • • • • • • . . • • . • • • . • • • . off 

Mail to ••••.•••.••.••..••••••.••••••.••••••.••..••.•••••••••• 

Subject . • • • . • • . . Message from tlamo - Method 'New method 2' - Command 'Main 
track' 

User ••••••••••.••••••••••••••••••••.•••••••••••••••••••••••• 

Mail from •••••••.••••••.•••••••••..•••••••••••••.••••••.••.••• 

SMTP Server ••••.•••••..•••••••••••••.••••••.•••.••••••••••••• 

POP3 Server . • • • • • • . • • . . • • • • • • . • • • • • • • • • • • • • . • • . . • • . • • • • • • • • • • 

Acoustic signal • . • • • • • • . • • . . • • . • •••••.••••••••••.••..••.•••.•••. off 

Action .•••••••••••••••••••••••..••.•••••••••••••••••••••.•••. off 

stop determination • • • • • • • • • • • • • • • •..••••••••••••••••••••••••.•••. on 

stop determination and series • • . • • • • •.•••••••••••••••••••••.•••••••. off 

Name • • • • • • • • • • • . • • • • • • . • • • • • • • • • • • • • • • • • • • • . • • • . sample siZe unit 
Type •.••..••.••••••.•••••••••..••.•••••••••••••..••.•••••• Text 

Assignment • • • • • • • . • • . • • • • • • • • •••••.• on. .•••••••••••• Sample size unit 

\tcllue • • • • • • • • • • . • • • • • • • • • • • • • • . • • • • off. • • • • • • • . • • • • • . . • • • • • • • • • 

Check at start • • • • • • . • • • • • • • • • • • • • • • • • • • • . • • • • • • • • • • • • • . • • . • • • • . off 

Comment . • • • • • • • • • • • • • • • . • • . • • . • • • • • • • • • • • . • • . • • • • • Sample size unit 

Name •••..••••••.••••••.•••••••••.•••.••••••••••.••••••.••• 101 
Type ••••••••.•••.••.•••.••••••.••••••.••••••.••••••••••.•• Text 
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Assignment • _ •.•••••••••••••••••.•••• on . . . . . . . . . . . . . . . • . . . . . 101 

\lalue .•••••••••••••••••••••••..••.. off •••••••••••.•••••••••..•• 

Check at start • • • • • • • • • • • • • • • • • • • • . • • • • • • • • • • . • • • • • • • • • . • • • • • • • . on 

Comment • • • • • • • • • • • • . • • . . • • • • • • • • • • • • • • • • • • • • • • sample identification 1 

Name •••••••••••••••••••••••••••••••••••••••••••••••••••••• 102 

Type •••••••••••••••.••••••••••.••••••••••.••••••.••.•••••• Text 

Assignment • • • . • • • . • • . • • • . • • • • • • • • • • • on . . . . . . . . . . . . . . . . . . . . . I 02 

\lalue •••••••.••••••••••••••••..••.. off ..••.••..••.••..••••••••• 

Check at start • • . • • • • • • . • • . . • • . • • . . • • . . • • • • • • • • • • • • • • • • • • • • • • • • . off 

Comment . • • • • • • • • • • • . • • . . • • . • • . . • • . . • • . • • • • • • • • Sample ldentiflcation 2 

Name •••..••.•••••••••••••••••••••••••••••••••••••••••••••• 103 

Type •••••••••••••••••••.••.••..••..••.••.•••••••.••.•••••• Text 

Assignment • • • . • • • . • • • • • • • • • • • • • . • • • • Ol\ • • • . • • . . • • . • • . . • • . • • . 103 

\lalue •••••••.•••.••.••..••.••..•••• off ••••••••.••.•••••••••..•• 

Check at start • • . • • • • • • • • • • • • • • • • • . • • • • • • • • • • • • • • • • • • • • • • • • • • • . . off 

Comment • • • • • • • • • • • • • • • . . • • . • • . . • • . • • • • • • • • • • • • Sample ldentiflcation 3 

Name •••..••.•••.••••••••••••••••••••••••••••••••••.•••.•. cond 

Type •.••..••.••..•••••••••••••••••••••••.•••••••.••.•••.•• Text 

Assignment • • • . • • • • • • • • • • . • • . • • . . • • . . off. • • • • • • • • • • • • • • • • • • • • • • • • 

\lalue •••..••.•••.•••••••••••••••••• on. ....••.....•...........• 
Check at start • • . • • • . • • • • • • • • • • • • • • • • • . • • • • • • • • • • • • • • • • • • • • • • • • . off 

Comment ••.••.•••••••••••••••••••••••••••••••••••.••.••••••.••• 

Name •••••••.••••••••••••••••••••••••••••••••••••••••••••• temp 
Type ••••••••.••••••••••••••••••••.••••••••••.•••.••••••••• Text 

Assignment • • • . • • • • • • • • • • • • • • • • • . • • . . off. • • • . • • • . • • • • • • • • • • • • • . • • 

\lalue •••••••.••••••••••.••••••••••• on. •••••••.•••••.•••••••••• 

Check at start • • . • • • . • • • • • • • • • • • • • • • • . • • • . • • . • • • . • • . . • • . • • • • • • • . off 

Comment •••••.•••.••.••..•••••••••••••••••••••••••••••••.•••••• 

WAIT Wait/Message 237 

Walt 

stop track and waiting for [Continue] •••..••.••..•••••.•••.•••••••••• off 

Stop all tracks and waiting for (Continue] ...••.•••.•••••••••.•••••••••• off 

Waiting time • • . . • • • • • • • • • • • •..••.••..•••.••••••••••••••••••• on 

Time . . • • . • • • • • • • • • • • • • • • • • • • • • • • • • • • . . • • . • • . . • • • • • • • • • 60 

Unit •..••••••••••••••••.•••.••..•••••••••••••••••••••••• s 
Message 

MEASpH pH 

Record message • • • • • • • • • • • • ••••••••••••••••••••••••••••••••• off 

Message by e-mail • • • • • • • • • • • •..•••••••••••••.••.••••••..••.•• off 

Acoustic signal. . . • • • • • • • • • • • • . . • • • • • • • • • • • • • • • • . • • • • • • . . • • . • • off 

General/HardWare 

Device 
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Device name • • • • • • . • • • . • • . . ••.••..••.•••••••••.•••.•••. 855 _1 

Sensor 

Measuring input . • • • • • • • . • • . • • • • • • • • • • • • • • • • • • • • • • • • . . • • . • • . 1 

Sensor • • • • • • . • • • . . • • • • • • . •••••••••••••.•••••.•••. pH electrode 

Temperature measurement automatic 

stirrer 

Stirrer • • • • • • . • • • . . • • . • • . . • • • • • • • • • • • • • • • • • • • . . • • . . • • . • • off 

Measuring parameters 

Measurement 

Measurement with drt1't control. • • • • • • • • . . • • • • • . • • • • • • . • • • . . • • • • • on 

Signal drift •••••••..•••••..••.••..••.••..•••••.••••.••••• 1.0 mV/min 

Min. waiting time. • • • • • • • . • • . . • • . • • • • • • • • • • • • • • • • . • • • • • • • • • • 60 s 

Max. waiting time • • • • • • • • • • • . •••••••••••••••••••••••••••••. 180 s 

Measuring interval • • • • • • • • • • • •••••..••••••••••••••••••••••• 2.0 s 

Stop measured value pH • • • • • • • • • • • • . • • • • • • . . • • • • • • • • • • • • • • • • off 

Measurement without drift control. • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • off 

Temperature 

Temperature ••••••..••.••..••••••.•••••.•••••••••••••••• 25.0 •c 
Evaluations 

Fix end point evaluation • . • • • . • • . . • • . • • . . • • • • • . . • • • • • • • • • • . • • • • • off 

Minimum evaluation . • • • • • • • . • • . . • • • • • . • • • • • • • • • • • • • • • • • . • • • • • • off 

Maximum evaluation • • • • • • • • • • • . • • . • • . . • • • • • • • • • • • • • • • • • • • • • • • off 

Break point evaluation • • • • • • • • • . . • • . • • . . • • • • • • • • • • • • • • • • • • • • • • • off 

Additional measured values 

Additional calculated measured values. • • • • • . . • • • • • • • • • • • • • • • • • • • • • • • off 

Additional external measured values • • • • • • • • • • • • • • • • • • • • • . • • • • • • • • • • off 

Exit track 

Calculations 

Result name Formula Unit Decimal Assignment statistics 
places 

pH ='pH.EME' pH units 2 RS03 

pH Temp = 'pH.ETE' ·c RS04 

Result name • • . • • • • • • . • • • • • • • • • • . • • • • • • • • • • • • • . • • • • • • • • • • • . • • . pH 

Formula ••••••••••••.••••••••••..••.••.••••••••••••••••• = 'pH.EME' 

Unit • • • • • • • • • • • . • • . • • • • • • • • • • • • • • • ••••••.••.•••••••••••• pH units 

Decimal places • • • • • • • • • • • • • • • • • • . . • • • • • • • • • • • • • • • • • • • . • • • . • • • • • 2 

Assignment • • • • • • • • • • • • • • . • . • • • . . • • • ••••••••••••••••..••.••• RS03 

Statistics • • • • • • • • • • • • • • • • • • • • • • . • • • • • • • • • • • • • • • • • • • • • • • • • • • • • . off 

Description ••..••.••••••••••.••.••.•••. RS.'Result name'[. VAL] Result value. 

Result monitoring . • • • • • . . • • . . • . . • • • • • • • • • • • • • . • • . • • • . • • • • • • • • • • • • off 

Save result as common vartable • • • • • • • . • • • • ••••••••••••••••.••••••••• off 

Name ••••.•••.•••••••••••••.••••••..•••••••••••••••••.••.••. 

Save result as titer . • . • • • • • • • • • • • • • . • • • • ••..••••••••••••••••••••.. off 
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Solution name ••.••..••..••.•••.••.••..••.••.••••••..••..••.••. 

Result name • • . . • • . • • . . • • . . • • . • • • . • • . ••..••.••..•••••..••. pH Temp 
Formula • • . • • . . • • . • • . . • • . . • • . • • • . • • . • • . . • • . • • . . • • • • • . . • • = 'pH .ETE' 

Unit . . • • . • • • . • • . • • . . • • . . • . . • • • . • • . ••.•••.••••••••••••••.••.. ·c 
Decimal places ..••. __ . . • • . . • • . • • • . • • . ••..••.••..•••••..• _ .. __ . • 1 

Assignment • • . . • • . • • . . • • . . • • . • • • . • • . • • . . • • • • • . . • • • • • . . • • . . • . RS04 

Statistics • . • • . . • • . • • . . • • . . • • . • • • . • • . • • • • • • • • • . . • • • • • . . • • . . • • . . off 

Description ••..••.••..••.••..••.••..••..••.••..••.••..•••••..••. 
Result monitOring . • • . • • . . • • . . • . . • • . • • • . • • • • • • • • • • • • • • • • . . • • . . • • . . off 

Save result as common variable . . • . . • • . . • • . ••..••.••••••.••..••..••.. off 

Name •.•••.••.••..••..•..••..••.••..••.••..••.••..••..••.••. 

Save result as titer . • . • • . . • • . . • . . • • • . • • . • • . . • • . • • . . • • . • • . . • • . . • • . . off 

SOlution name • • • • • . . • • • • • • . • • • • • • . • • . . • • . • • • • • • • • • • . • • • • • • • • • • 

Report233 

Report template 

Report template • • • • • • • • ••••••••.•••.••..••.••.••• New Results Report 

Report output 

Printer .•.••..••.•••.••.••..••.••..••..••.••..••.••..••.••. on 
Printer . • . • • . . • • . • • . . • • . • • . . • • . • • . . • • . • • • • • • • • • • . • • . Default printer 

PDF file. . • • . • • • . • • . . • • . • • . . • • . • • . . • • . . • • • • • . • • • . • • . . • • • • • . off 

DATABASE tlamo 

Database 

090309 starting 
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ALI -A-315.06 Trace Metal Analysis by EPA Method 6020A 
Effective Date: 22 Aug 2011 Last Reviewed Date: 16 Aug 2011 

Trace Metal Analysis by EPA Method 6020A 
Applicable Matrices: Non-Potable Water, Sludges, Soils, Paint, Oil, Fertilizers 

MDL: The Instrument Detection Limit must be evaluated quarterly (see procedure below). See individual 
instrument activity logbook and/or MDL file on server for data. 

Scope and Application: This method provides procedures for determinationtjftotal recoverable element 
concentrations in soils, sludges, oil, fertilizers and paint. 

Summary of test method: Prior to analysis samples that require t' 
digested using appropriate sample preparation methods, EPA 1311 or 13 

le) values must be 

EPA 6020A describes the multi-element determination of trace elep1e~Ss~ I<;p.~;2~ Plf, material in solution is 
introduced by pneumatic nebulization into a radio frequency induct~eJ:Y C()npled~ ere energy transfer 
processes cause desolvation, atomization, and ionization. The ions are e~d . . p asma through a 
differentially pumped vacuum interface and separated on thl!ibasi.§. ~a:s~ to Clinrge ratio by a quadrupole 
mass spectrometer having a minimum resolution capabilit'' · ' ' ,., ·· · ·· · i);t 5% peak height. An electron 
multiplier detects the ions transmitted through the quad ormation is processed by a data 
handling system. Interferences related to the technique .... l:lJldt:orrected for. Such corrections must 
include compensation for isobaric elemental interferenc ·. ~A-om polyatomic ions derived from the 
plasma gas, reagents, or sample matrix. Instrumental dr· II'·~~s~ions or enhancements of instrument 
response caused by the sample matrix must be eorrect }he use of Internal standards. 

brief description of some interferences ... 
Isobaric elemental interferences - Are \au 
charged ions of the same nominalllJ.ii:SS-t 
use. 

The following is a 

, erent elements which form singly or doubly 
~ ieh cannot be resolved by the mass spectrometer in 

+; •''\,1 

Abundance sensitivity- Is a propert)',~~~the·4epe to which the wings of a mass peak contribute to adjacent 
masses. · ·;·; •· i::.: , 

Isobaric polyatomic ion interfere1fi(S 
nominal mass-to-charge r~o as 1tJe'iSo 

ions consisting of more than one atom which have the same 
t, and which cannot be resolved by the mass spectrometer in 

use. . .... 
Physical interferences-.. ~~i~ with' tl\e physical processes which govern the transport of sample into the 
plasma, sample conversion proc~ iii'the Rlasma and the transmission of ions through the plasma-mass spectrometer 
interface. . 
Memory interferences- Result'~~1Scitopes of elements in a previous sample contribute to the signals measured 
in a new sample. · · 

> 
\t 

Safety: The toxicity and carcinogenicity of reagents used in this method have not been fully established. 
Concentrated nitric and hydrochloric acids present various hazards and are moderately toxic and extremely irritating 
to the skin and mucus membranes. Use these reagents in a fume hood whenever possible and if eye or skin contact 
occurs, flush with large volumes of water. 
The acidification of samples containing reactive materials may result in the release of toxic gases, such as cyanides 
or sulfides. 

Equipment and Supplies: 

a. Agilent 7500 ICP-MS with an Integrated Sample Introduction System and CETAC ASX-510 Autosampler. 
b. CPI MOD-BLOC digestion apparatus with accompanying graduated digestion vessels and watchglasses. 
c. Milli-Q 50 water purification system. 

Reagents and Standards: 

The listed grade of reagents is the minimum that may be used for metals analysis. 

SOP ALI-A-315.06 
QA: 

Page 1 of 4 
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ALI -A-315.06 Trace Metal Analysis by EPA Method 6020A 

a. Trace Metal Grade Nitric Acid. 
b. Trace Metal Grade Hydrochloric Acid. 
c. Hydrogen Peroxide 30%. 
d. 18 MQ deionized water. 

Calibration Solutions 

*Use 1% HN03 and 0.5% HCL for preservation of all solutions and standards. 

Auto Tune Solution- 10 ppb Co, Li, Y, Ce, Tl. Dilute 1 mL 10 ppm Auto Tune Standard and 1 mL Co Stock 
Standard into 1000 mL volumetric flask and bring to volume with 18 MQ deionized water. 

PIA Factor Solution- 100 ppb multi element standard (Use unused 100 ppb CAL from previous day). 

Tune Solution- 100 ppb Be, Mg, Co, In, Ph. Dilute 10 mL 10 ppm Tun,e§tandard into 1000 mL volumetric flask 
and bring to volume with 18 MQ deionized water. . ' 

Internal Standard- 0.5 ppm Ho, 1 ppm Sc & Rh, 2 ppm Li 6,'~ 4pp · 
0.500 mL 1000 ppm Sc & Rh, 1.00 mL Li, and 2 mL 1000 ppm Ge st · 
to volume with Milli-Q H20. 

Dilute 0.250 mL lOOOppm Ho, 
_, 500mL volumetric flask and bring 

Dilution Standard -100 ppb Ce. Dilute 100 uL 1000 ppm Ceil\. IOOOmLvoluntttric flask and bring to volume 
with 18 MQ deionized water. -~.;rc: 

Calibration Blank- 18 MQ deionized water. 

Metals Calibration Standards- Analytes at &nc 
and Hg at 0.05, 1.25, 2.50, and 5.00 ppb). 

:f 1, , &, and 100 ppb (Fe & AI at 2.0, 50, 100, 200 

.·. · .. \~~~lj 
Caat.OO.OOn.trations of 100, 1000,5000, 10000,25000 ppb. Cation Calibration Standards- Na, Mg, Si, K. 

ICV- Concentration of 40 ppb (Fe & AI at 8£); ppb ancttifNt 4ppb) 

Cation ICV 12,500- Concentration of 12,500 pp · ,:Mg, Si, K, and Ca. 

LCS/MS/MSD- For Metals analysis dilut ,.:stock standards to 50 ppb in lOmL. (i.e., 0.050 mL lOppm 
solution into 1 OmL of sample.) Cation L ' ·i~ prepared from a 500 ppm stock standard prepared from 
certified standards to achieve a 5 ppm spike I}; mL "Of sample. 

ICS-A Standard- Dilute 5 mLt""St~ld:CS-A stand_ard to a final volume of 50 mi. 

ICS-AB Standard-Di~~mL,~k ICS-A srifudard and 0.05 mL of Stock ICS-B standard to a final volume of 
50 mi. 

Sample Colledion, Pff~li(~,Shipment and Storage: 
Soils, oils, pai~~rtiliz*St'7and slu<lgeSihave an established holding time of 180 days, but must be kept refrigerated 
below 4 degrees Celsius. 

,;,\ :.f~' ,'1'y, 

Quality Control: 
IS - Internal standard~- Monitor for all analyses, use CALB as reference. 

~F, \Y~ 

All samples: '·· 
CALIB 
All Other 

70% - 130% ofCALB 
80% - 120% of CALB 
70% - 130% ofCALB 

TUNE- A tune solution must be run every 8 hours to verify the RSD is< 5.00% and the peak location is+/- 0.1 
amu for Be, Mg, Co, In, and Ph. 

ICS_A- Analyze ICS_A every 12 hours and assess the data for potential interference with analytes of interest. 

ICS_AB- Quantify the following every 12 hours: As, Cd, Co, Cr, Cu, Mn, Ni, Se, Ag, V, and Zn at 16 to 24 ppb. 

* DO NOT run a full metals list with an ICS because the high concentrations of interferences causes 
instability and can cause a sequence to be aborted due to the inability to recover the calibration to 
acceptable limits. 

SOP ALI-A-315.06 Page 2 of4 
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ALI -A-315.06 Trace Metal Analysis by EPA Method 6020A 

LRB- One blank per 20 samples for each matrix must be prepared and analyzed. For waters the results for each 
analyte may not exceed 2.2 times the MDL or IO% of the sample concentration, whichever is greater. For soils, the 
concentration may not exceed 3 times the MDL. 

MS/MSD - Once every 20 samples or I per batch, which ever is less. Spike and digest at 50 ppb (2.5 ppb for Hg). 
All metals that were less than 200 ppb in unspiked digest should give recovery of±25 %. For those over 200 ppb, 
dilute five fold and re-analyze. Results for over 200 ppb metals must agree within I 0 %. 

LCS- Once every 20 samples for each sample matrix. Spike a blank at 50 ppb target metals and 2.5 ppb Hg. 
Acceptable recovery is 85-115%. 

ICV- Once after every CALIB. Sample must be near the mid point of the calibration curve. All target metals must 
agree to within 10% for analysis to continue. 

CCB- Once every IO samples. CCB values must not exceed 1.0 ppb fOii tuly metal. (100 ppb for cations) 
<.- ,\· %", 

CCV- Once every 10 samples. CCV (50 ppb CAL) values mustagre&,~-in IO% or the instrument must be re
calibrated and the samples in the previous analytical block re-analyzedr:~ centration analyzed for a CCV must 
change once quarterly to verify the validity of all points on the curve. 

Dilution Standard - The dilution standard must be analyzed e~«;' 20 . v,erify it is within 20% of the 
original dilution standard set just after the calibration and must,also be ~~J;and 12 fold. 

DUP - Perform a duplicate analysis every 20 sam'*s. Al:f~;over 2h ppb. in the digest must agree to within 
20% RPD, or a cause must be determined. "' , ... :.·f":. ' 

Instrument Detection Limit (IDL): 
Estimate the IDL by calculating the average of 
from the analysis of a reagent blank solution 
be performed as though it were a separate 
and/or any other procedure normally narti-.nn• 

at least every three months and kept wi~ 

Calibration and Standardization: 

of three runs on three non-consecutive days 
measurements per day. Each measurement must 

measurement must be followed by a rinse 
th'l!~ltltal)rsis of separate samples). IDLs must be determined 

Refer to Calibration Standards andpmcedure for calibration information. Follow recommended operating 
conditions provided by the manufa(ftllfef· · 

a. Solid Sample Hot 
Solid samples (soils, S;a'ttd biosolids) typically contain moisture and thus the percent solid of all 
solid samples seeds t · ,)percent solids is performed by drying about 5.00 g of wet solid in an oven 
set at 110 oc for ri1!.$1.ti ls recorded in the percent solids logbook. The dry weight divided by the 
wet weight is taken \ids; Prepare soils by weighing approximately 5 grams (soil, sludge, biosolid) (2.5 
grams compost) i ''digestion vessel. Add 10 mL I8 MQ water, IO mL cone. Nitric acid, and 5 mL 
cone. HCL. Gently pies before placing them on the MOD BLOC digester. Allow the samples to 
digest for 2 hours ( T THE SAMPLES GO DRY) then remove and allow the samples to cool. Add 10 
mL I8 MQ water and . Yo H20 2 one mL at a time (CAUTION) until effervescence has ceased or 4 mL has 
been added, whichever is~fess. Allow samples to digest for an additional hour then remove and allow the samples 
to cool. Bring the samples up to 50 mL with I8 MQ water, cap, and gently shake. Allow the samples to settle on 
the bench-top overnight before analysis. Dilute soil samples 50 fold from the digestion vessel for analysis. A 
multiplier must be calculated for these samples as follows. 

2500 
M=--------------

weight of sample x%soilds (decimal ) 

b. Preparation of TCLP Samples 
TCLP extracts should be diluted I 0 fold in order to overcome interferences from extraction fluid. Refer to 
Method I3II TCLP Extraction SOP for extraction. 
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ALI -A-315.06 Trace Metal Analysis by EPA Method 6020A 

c. Fertilizers. Special care must be taken when dealing with fertilizers so as to not contaminate the ICP with 
analytes such as Fe, K, Mg, etc. Consult inorganic supervisor for procedure. In general, dilute liquid fertilizers 
500x into a digestion vessel and treat like a waste-water. Solid samples should use about I gram and be treated 
like a soil. Final dilutions should be 5000 for liquids and 10,000 for solids. 

Calculations: 
Interference Equations: 

"v (51)= M (51)- 3.127 x {M (53) -0.113 x M (52)} 

**As (75) = M (75)- 3.132 x M (77) +2.736 x M (82) -2.761 x Kr (83) 

**Mo (98) = M (98)- 0.146 x M (99) 

**cd (114) = M (114)- 1.628 X M(l08) + 1.115 X Cd (106) + 1.934 X Pd (105)- 0.026 xM (118) 

Cd (Ill)= M (Ill)- 1.074 X M (108) + 0.736 X M (106) +O.l{' X Pd (105) 

Pb (208) = M (208) + (207) + (206) 

U (238) = M (238) + (234) + (235) 

** Equations not needed for 7500 ICP-MS when using reaction ~l'ode 
"~<, 

Method Performance: Refer to MDLIIDL and EPA Metlio 20A 

Pollution Prevention: Refer to EPA Method 66loA 

Data Assessment and Acceptance Criteri 

Corrective Actions for Out-Of-Contrm ~ 
of Anatek QA Plan 

ores: Refer to QC above. 

le Data: Refer to 'Corrective Action' section 

Waste Management: Refer to BPA. 6026A 811(·· .· •waste Disposal' section ofQA Plan 

References: I. EPA Method 6020A 
2. EPA Method 3051A 
3. EPA MetliOO 305~B 
4. EPA MethodiJli(:. 
5. current A~ l:.abs QA Plan 
(http:/ /www.anateklabs.'!Qm/Content/Documents/Current%20QA %20Plan. pdf) 

References: Refer toEP t\;M~hq<l 6020A, Method 3051A, Method 3050B, Method 1311 

Tables, Diagrams, ~·ad Validation Data: Refer to EPA 6020A 
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