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1.0  INTRODUCTION 

 This Sampling and Analysis Plan addendum (SAP) has been prepared by The Johnson 

Company, Inc. (JCO) under contract with the U.S. Army Corps of Engineers (USACE) (Task 

Order 0004 of Contract W912WJ-05-D-0006).   The SAP addendum has been prepared to address 

the “Statement of Work (SOW) for Groundwater Monitoring in Support of Site Closeout at 

Former Atlas Site S-11, Ellenburg, New York” issued by the United States Army Corps of 

Engineers (USACE) in February 2007, and revised March, 2007.  The Atlas S-11 Site (the Site) 

location is shown on Figure 1-1. This document will serve as an addendum to the existing “Final 

Remedial Investigation Sampling and Analysis Plan” (Weston, July 2000) and “Draft Proposed 

Long-Term Monitoring Sampling and Analysis Plan” i.e., the Weston 2006 SAP (Weston, 

2006a). 

 

 The February 2007 SOW consists of sampling two monitoring wells (MW-03 and MW-06) 

and four residential potable supply wells (locations 11, 35, 79, 80).  However, access to MW-06 

and to potable water supply wells 11 and 79 could not be obtained during the initial, July, 2006 

long term groundwater monitoring event.  The draft report of that event recommended sampling 

potable water supply wells 24, 68, and 118 in lieu of the inaccessible wells (Weston, 2006b).  

For that reason, this SAP includes those three wells in the monitoring program as shown in 

Figure 1-2.  

 

 A second change in this document from the Weston 2006 SAP, is the correction of the EPA 

Method 376.1 analysis to sulfide instead of sulfite.  Sulfite was referenced incorrectly in the 

Weston document.  Additionally, the holding time specified for this analysis was corrected from 

eight hours to seven days. 

 

 A third change in this document from the existing SAP prepared by Weston is a 

modification in the sampling schedule.  The initially proposed schedule proposed the first 

monitoring round to be conducted in May, 2006 and for subsequent rounds to be collected on a 
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staggered schedule over the next three years to ensure that seasonal variation was taken into 

account during the long term monitoring program.  However, the initial long term monitoring 

event did not occur until July 27, 2006 instead of May, and a second round was conducted on 

January 10, 2007.  As a result, the seasonally staggered schedule of monitoring events has been 

altered as described below.   

 

 The six locations will be sampled six times over a period of approximately three years 

(Long-Term Monitoring [LTM]) utilizing the July 2006 and January 2007 events as the first two 

events.  Results of each round will be summarized in groundwater summary reports after they are 

received. The rounds of sampling will be staggered so as to represent each season of the calendar 

year (e.g., July of 2006, January, May/June and October of 2007, and February and August of 

2008).  After the sixth round of sampling, the groundwater data will be evaluated to determine if 

additional monitoring is necessary. 
 

 The planned field work will be performed in accordance with the USACE SOW (USACE 

2007) except for variations in the sample locations and dates as described above.  Specific 

procedures for each element of the field program are provided in the Standard Operating 

Procedures (SOPs) and Site Specific Methods (SSMs), and clarified in the body of this document.   

At the direction of the US ACE, a large portion of this document was copied directly from the 

Weston 2006 SAP prepared under contract to the US ACE, Contract No. W912DR-05-D-0022. 

 

 The remainder of this Section 1.0 provides a brief summary of Site conditions, previous 

investigations and remedial actions.  Section 2.0 provides the project objectives, and Section 3.0 

the roles and responsibilities of the project team.  The other sections of this SAP provide the field 

and analytical laboratory methods and procedures that will be implemented for this phase of field 

data acquisition. 
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1.1 SITE DESCRIPTION AND BACKGROUND 

 Atlas S-11, shown in Figure 1-1, is located in the hamlet of Ellenburg Depot, in the town 

of  Ellenburg, New York and was originally acquired in 1960 by the Department of Defense 

(DOD) for the purpose of constructing a missile launching facility. By September 1965, all Atlas 

intercontinental ballistic missile (ICBM) sites in what was known as the Plattsburgh complex 

(including Atlas S-11) were deactivated. Environmental studies conducted to date have indicated 

the presence of trichloroethene (TCE) in groundwater on and off site. Weston Solutions, Inc. 

(Weston®), under contract by the USACE New England District (NAE), carried out a remedial 

investigation (RI) involving environmental evaluations of soil, sediment, surface water, and 

groundwater associated with Atlas S-11. The focus of this investigation was to evaluate the 

extent of TCE contamination and its potential impact to downgradient areas. 

 

 The RI activities were conducted by Weston between December 1998 and September 

2003. The investigation consisted of the following: 
•  Four quarterly rounds of residential water supply well sampling in the hamlet of 

Ellenburg Depot. The purpose was to characterize the nature and extent of contamination 
in areas within the hamlet and provide information to support planning of additional field 
investigations. 

•  Geophysical surveys conducted at Atlas S-11 and within Ellenburg Depot to identify 
potential source areas/materials and provide other information regarding subsurface 
conditions at the site. 

•  A soil gas survey conducted at the site to identify potential sources and further aid in the 
placement of test pits and groundwater monitoring wells. 

•  A test pit investigation of the anomalies identified during the geophysical surveys at 
Atlas S-11 and potential sources of TCE detected during the soil gas investigation. 

•  Installation of a groundwater monitoring well array across Atlas S-11 and Ellenburg 
Depot followed by two rounds of groundwater sampling to better understand the direction 
of groundwater flow, determine migratory pathways, and establish the distribution of 
contamination in the aquifer. Four additional rounds of sampling were collected from the 
array to determine the seasonal variation and supplement information regarding the low 
concentrations of TCE detected during the initial two rounds. 
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2.0  PROJECT OBJECTIVES 
 The overall objectives of this phase of the project are to complete field data requirements 

necessary to:  

1. Determine if contamination is present in groundwater above Maximum Contaminant 
Levels (MCLs); 

 
2. Determine if conditions suitable for in-situ natural attenuation by biodegradation are 

present in groundwater. 
 

 The new tasks included in this addendum consist of the re-establishment of the well 

sampling program (semi-annually for three years) and preparation of groundwater monitoring 

reports.  These additional tasks are necessary to ensure no unacceptable public health risks exist 

due to TCE contamination found in the fractured bedrock at Atlas S-11. The sampling program 

will consist of six rounds of sampling from the one monitoring well and five residential supply 

wells identified in Figure 1-2. 
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3.0  PROJECT ORGANIZATION AND RESPONSIBILITIES 
 The project is being performed for the USACE New England District.  The USACE will 

provide execution and technical oversight as well as administrative support and review.  USACE 

team members and contact information are provided in Table 3-1.  

Table 3-1  
USACE Team Members 

Title Name Phone Number Email 

Project Manager James Kelly 978-318-8227 
Fax  978-318-8614 

James.A.Kelly@nae02.usace.army.mil 

Project Chemist David Lubianez 978-318-8311  David.J.Lubianez @nae02.usace.army.mil 
Field Geologist Paul Young 978-318-8597 Paul.J.Young@nae02.usace.army.mil 
Health & Safety Officer Sheila Harvey 978-318-8504 Sheila.Harvey@nae02.usace.army.mil 
Risk Assessor Cliff Opdyke, 

Ph.D 
502-315-6314 Cliff.Opdyke@lrl02.usace.army.mil 

NY Project Manager Helen Kim 732-435-0079 Helen.Kim@usace.army.mil 
 

 

 The project is being performed under the authority of the New York State Department of 

Environmental Conservation (NYS DEC).  The NYS DEC project manager is Russell Mulvey 

(518-897-1241).  The New York State Department of Health (NYS DOH) and the Clinton 

County Health Department also have an interest in the project.  The NYS DOH contact is Justin 

Deming, Public Health Specialist.  The Clinton County Health Department contact is John Kanoza, 

P.E., C.P.G., Director/Engineer of Environmental Health. 

 

 The following paragraphs describe the project team, consisting of selected representatives 

from the Johnson Company, Inc. 

3.1 THE JOHNSON COMPANY 
 Key personnel for field operations and their specific responsibilities are discussed below. 

Table 3-2 includes names and contact information. 
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Table 3-2 
Project Organization 

Title SSO Name Phone Number 
Office/Cell 
Number Email 

Project Manager  Donald Maynard 802-229-4600 802-272-8868 dmaynard@jcomail.com 
Corporate QA Officer  James Bowes 802-229-4600 Not Available jbowes@jcomail.com 
Health & Safety Officer  Joel Behrsing 802-229-4600 Not Available j-behrsing@jcomail.com 
Field Task Manager X Thomas Osborne 802-229-4600 802-249-2630 TRO@jcomail.com 
Senior Technician X Warren Davey 802-229-4600 802-223-4502 WPD@jcomail.com 
 

Project Manager (PM) 

 The PM organizes the assigned project staff and initiates project planning and 

implementation activities at the Task Order level.  The PM controls the budget and schedule 

ensuring that contract requirements are met.  Mr. Maynard is responsible for managing all field 

activities related to the requirements of the project, including subcontractors.  The PM is 

responsible for ensuring that all project activities conform to USACE requirements and 

specifications and that field data acquisition conforms to data needs.  PM duties also include the 

assignment of responsibilities for the preparation of the various reports and the review of each 

form/report for accuracy and content.  The PM also has primary responsibility of tracking any 

proposed changes in the scope of work (SOW) for the overall project and will report any proposed 

changes to USACE. 

 

Field Task Manager (FTM) 

 The FTM is responsible for desktop planning, equipment procurement, scheduling, 

subcontracting, and mobilization for this field program including planning and coordination of 

sampling activities.  The FTM has overall responsibility for completion of all field activities in 

accordance with this SAP.  With the oversight of the QAO, the FTM is also responsible for 

ensuring that field personnel properly implement SAP procedures as they apply to field 

sampling, monitoring, and analysis processes. Specific responsibilities of the Field Task Manager 

include: 



 

 
Final Sampling and Analysis Plan Addendum  August 2007 
Atlas S-11 Site, Ellenburg, New York             Page 7 

 

• Coordinating activities in the field; 
• Assigning specific duties to field team members; 
• Mobilizing and demobilizing of the field team and subcontractors; 
• Directing the activities of subcontractors in the field; 
• Resolving any logistical problems that could potentially hinder field activities, such as 

equipment malfunctions or availability, or weather dependent working conditions; and 
• Coordinating with the QAO (see below) in implementing field quality control (QC) 

including issuance and tracking of measurement and test equipment; proper equipment 
calibration and sampling procedures, the proper labeling, handling, preservation, storage, 
shipping, and chain-of-custody procedures used at the time of sampling; and control and 
collection of all field documentation. 

 
Quality Assurance Officer (QAO) 

 The QAO is responsible for the project quality assurance/quality control (QA/QC) in 

accordance with this SAP and appropriate management guidance.  The QAO will ensure that the 

project field activity readiness review is conducted; approve variances during field activities before 

work continues; approve, evaluate, and document the disposition of non-conformance reports 

(NCRs).  He will also oversee and approve any required project training, design audit/surveillance 

plans, and subsequently supervise these activities.  The QAO will be responsible for coordinating 

the analytical services, the acquisition and delivery of sample bottles to the site, and validation of 

the analytical data.   

 

Health & Safety Officer (HSO) 

 The HSO will be responsible for ensuring that health and safety procedures designed to 

protect personnel are maintained throughout the field activities conducted for this project. This will 

be accomplished by strict adherence to the project specific Health and Safety Plan (HASP).   The 

HSO will also be responsible for the coordination and communication of health and safety issues 

for field personnel. 
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Site Safety Officer (SSO) 

 All field personnel are responsible for implementing the safety requirements specified in 

the HASP for field activities. However, one person will be designated to serve as the SSO on each 

field day. The SSO will be appointed by the PM. The SSO will be on-site during all JCO activities 

covered by this SAP. The SSO is responsible for enforcing the requirements of the HASP once 

work begins. The SSO has the authority to immediately correct all situations where noncompliance 

with the HASP is noted and to immediately stop work in cases where an immediate danger is 

perceived. Additional responsibilities are outlined in the HASP. 

 

Field Staff 

The field staff reports directly to the FTM.  The responsibilities of the field team include: 

• Collecting samples, conducting field measurements, and decontaminating sampling 
equipment according to documented procedures stated in this SAP; 

• Ensuring that field instruments are properly operated, calibrated, and maintained, and that 
adequate documentation is kept for all instruments; 

• Collecting the required QC samples and thoroughly documenting QC sample collection; 
• Ensuring that field documentation and data are complete and accurate;  
• Ensuring that all health and safety protocols are followed for JCO field activities, in 

accordance with the project specific HASP; and 
• Communicating any nonconformance or potential data quality issues to the FTM and QAO. 
 

3.2 OTHER (NON-JCO) CONTRACTORS 
 JCO has retained subcontractors in order to complete the requirements of the SOW.  A 

description of these subcontractors and their responsibilities is presented below.  JCO will also 

provide support as directed by USACE in coordinating with and participating in any work 

performed by the USACE and its contractors for field activities coincident with and independent of 

the effort discussed in this SAP.  The roles of the JCO subcontractors are as follows:  
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Laboratory Contractor 

 Severn Trent Laboratories (STL), Burlington, South Burlington, Vermont and STL 

Chicago will be the contract laboratories for analysis associated with Atlas S-11.  Both STL 

laboratories have been validated by the USACE, Hazardous, Toxic and/or Radioactive Waste-

Center of Expertise (HTRW-CX), Omaha, Nebraska, and are approved to perform the analyses 

required under this SAP, where applicable. The prime subcontractor laboratory contact for this 

project is Mr. Ron Pentkowski, (802) 660-1990 [RPentkowski@stl-inc.com] in Burlington, 

Vermont. STL Burlington will perform the majority of the analysis, with STL Chicago performing 

the sulfate, sulfide, nitrate and nitrite analyses.  The laboratory contact information is:   

STL Burlington, 30 Community Drive, Suite 11  
South Burlington, VT 05403  
Telephone: 802-660-1990  Fax: 802-660-1919  
 
The Chicago STL point of contact is: 
  
Ms. Bonnie Stadelman - Project Manager 
bstadelman@stl-inc.com 
STL Chicago, 2417 Bond Street 
University Park, IL  60466 
Phone:708-534-5200 
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4.0  TASK SCOPES AND OBJECTIVES 
 The field activities conducted and chemical data collected during this effort will be used 

for the following purposes: 

• Ensure that no unacceptable public health risks are present due to TCE contamination in 
the fractured bedrock at Atlas S-11. 

• Evaluate natural attenuation processes that may be occurring in groundwater to determine 
if monitored natural attenuation (MNA) is a viable long-term groundwater remedy. 

• Form a basis for evaluating remedial alternatives. 
 

 Groundwater sampling will be conducted to further understand the existence of 

contamination and to generate data of known and defensible quality. A summary of the proposed 

sampling locations and objectives is provided in Table 4-1.  The sampling and analytical 

program is designed to achieve the objectives discussed above and to ensure consistency with 

applicable regulations and guidance documents.  

Table 4-1 
Laboratory analysis methods and expected numbers of samples per monitoring event 

QA/QC Samples Totals Parameters Preparation /  
Analysis Method 

#Field 
Samples 

Duplicate 
/Replicate 

Field Blank/ 
Trip Blank 

MS/ 
MSD 

 

VOCs EPA Method 524.2 1 1/1 1/1 11 

ammonia  
 
 

methane/ethane/ethene  
 

nitrate/nitrite  
 
total phosphorous   

 
sulfate  

 
sulfide  

EPA Method 350.2 
 
Method RSK-175 
 
EPA Method 353.2 
 
EPA Method 365.2 
 
EPA Method 375.4 
 
EPA Method 376.1 

SIX 
TOTAL 
PW-68 
PW-80 
PW-35 
MW-3 
PW-118 
PW-24 
 

1 1 1/1 10 
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4.1 CHEMICAL DATA QUALITY OBJECTIVES 
 The desired data quality will be attained through compliance with the quality 

assurance/quality controls protocols described in this SAP.  A description of the data to be 

collected and required minimal data quality is provided below. 

 Field measurements of groundwater parameters will be performed to assess if in-situ 

conditions are suitable for the natural attenuation of chlorinated solvents.  Results of these tests, 

in conjunction with laboratory analysis of additional monitored natural attenuation (MNA) 

parameters will be compared to the EPA Technical Protocol for Evaluating Natural Attenuation 

of Chlorinated Solvents in Ground Water (US EPA, 1998) in order to determine the likelihood of 

TCE undergoing significant degradation in the subsurface.   

 Groundwater parameters will be monitored in the field during low-flow purging using a 

calibrated water quality meter until stabilization is achieved.  Field test kits will be used to 

measure the MNA parameters alkalinity, carbon dioxide and ferrous iron following stabilization.  

The following detection limits/precision are required for these analyses based upon the results of 

previous monitoring events and the EPA Technical Protocol (EPA, 1998) cited above (Tables 2.2 

and 2.3): 

• dissolved oxygen (DO)      0.2 milligrams per Liter (mg/L), +- 0.2 mg/L; 
• oxidation-reduction potential (ORP)   +-50 millivolts (mV); 
• pH         +- 0.1 standard units 
• temperature      0 degrees C, +- 1 degree C 
• Conductivity      50 micro siemens per square centimeter (uS/cm2), 

+- 50 uS/cm2 
• alkalinity        10 mg/L, +- 20 mg/L 
• carbon dioxide      10 mg/L, +- 10 mg/L 
• ferrous iron       0.5 mg/L, +- 20% 

 

 A sample will be collected from each location for laboratory analysis for the MNA 

parameters listed below.  The following method detection limits/precision are required for these 

analyses based upon the results of previous monitoring events and the EPA Technical Protocol 

(EPA, 1998) Table 2.2: 
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• ammonia by EPA Methods 350.2     25 micrograms per Liter (ug/L);  
            +- 20% 
• methane/ethane/ethene by Method RSK-175   1 ug/L +-20%; 
• nitrate/nitrite by EPA Method 353.2    100 ug/L, +- 100 ug/L; 
• total phosphorous by EPA Method 365.2   100 ug/L; +- 20% 
• sulfate by EPA Method 375.4     5 mg/L, +- 20% 
• sulfide by EPA Method 376.1      500 ug/L, +- 20% 

 
 A sample will be collected from each location for laboratory analysis for Target 

Compound List (TCL) Volatile Organic Compounds (VOCs) by United States Environmental 

Protection Agency (EPA) Method 524.2.  Detections of TCE and associated breakdown products 

considered to be DOD-related contaminants of concern (COCs) will be compared to the both 

EPA Code of Federal Regulations (CFR) Title 40, Part 141.61, National Primary Drinking Water 

and NYSDEC Rule and Regulations (NYCRR) Part 703, Chapter X, Surface Water and 

Groundwater Quality Maximum Contamination Levels (MCLs).  

 All laboratory method detection limits (MDLs) are required to be below the respective 

standards of each compound. Table 4-2 lists both EPA and NYSDEC criteria as well as the 

required MDLs. Guidance values set by the NYSDEC Technical Operations Guidance Series, 

Part 1.1.1 (TOGS) are non-enforceable and are listed for reference.  Note that concentrations 

present below the detection limits (PQLs) will be reported by the laboratory as estimated values.   



 

 
Final Sampling and Analysis Plan Addendum  August 2007 
Atlas S-11 Site, Ellenburg, New York             Page 13 

 

 
Table 4-2 

Summary of EPA and NYSDEC Criteria for VOC in Groundwater 
Long-Term Monitoring, Former Atlas Site S-11, Ellenburg, New York 

Target Compound List CAS 
Number 

EPA MCL 
Criteria 
(ug/L) 

NYSDEC Rule and 
Regulation Criteria 
(ug/L) 

NYS 
TOGS 
Values1 
(ug/L) 

Practical 
Quantitation 
Limit (ug/L) 

Method 
Detection 
Limit 
(ug/L) 

Acetone   67-64-1   50 5.0 2.22 
Benzene   71-43-2 5 1  1.0 0.21 
Bromodichloromethane  75-27-4   50 1.0 0.13 
Bromoform  75-25-2   50 4.0 0.21 
Bromomethane  74-83-9  5  5.0 0.42 
2-Butanone  78-93-3   50 5.0 1.03 
Carbon Disulfide   75-15-0   60 5.0 0.64 
Carbon Tetrachloride  56-23-5 5 5  5.0 0.16 
Chlorobenzene  108-90-7 100 5  2.0 0.16 
Chloroethane   75-00-3  5  5.0 0.32 
Chloroform  67-66-3  7  5.0 0.20 
Chloromethane  74-87-3  5  5.0 0.36 
Dibromochloromethane  124-48-1   50 5.0 0.12 
1,1-Dichloroethane   75-34-3  5  5.0 0.16 
1,2-Dichloroethane   107-06-2 5 0.6  2.0 0.29 
1,1-Dichloroethene  75-35-4 7 5  2.0 0.21 
cis-1,2-Dichloroethene  156-59-2 70 5  5.0 0.22 
trans-1,2-Dichloroethene   156-60-5 100 5  5.0 0.16 
1,2-Dichloropropane  78-87-5 5 1  1.0 0.18 
cis-1,3-Dichloropropene   10061-01-5  0.4 (cis & trans)  5.0 0.13 
trans-1,3-Dichloropropene   10061-02-6  0.4 (cis & trans)  5.0 0.17 
Ethylbenzene   100-41-4 700 5  4.0 0.12 
2-Hexanone  591-78-6   50 5.0 1.21 
Methylene chloride  75-09-2 5 5  3.0 0.26 
4-Methyl-2-pentanone   108-10-1    5.0 0.94 
Styrene  100-42-5 100 5  5.0 0.18 
1,1,2,2-Tetrachloroethane  79-34-5  5  1.0 0.20 
Tetrachloroethene 127-18-4 5 5  1.0 0.22 
Toluene 108-88-3 1,000 5  5.0 0.20 
1,1,1-Trichloroethane 71-55-6 200 5  5.0 0.27 
1,1,2-Trichloroethane  79-00-5 5 1  3.0 0.29 
Trichloroethene 79-01-6 5 5  1.0 0.14 
Vinyl chloride  75-01-4 2 2  5.0 0.29 
o-Xylene  10,000 total  5.0 0.26 
m,p-Xylene  

95-47-6 
10,000 total 

5 (each, o, m and p) 
 5.0 0.42 

1
 Non-enforceable guidance value published in NYSDEC Division of Water Technical Operational Guidance Series 1.1.1 “Ambient Water Quality Standards and 

Guidance Values and Groundwater Effluent Limitations” 
Blank cells indicate criteria for that compound not available for that regulation or rule.
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4.2 SCHEDULE 
 Field activities are anticipated to commence in May/June 2007.  The following outline is 

an estimate of time requirements for implementation of this work plan. 

• Notifications: Notifications to the USACE Engineering Manager and New York State 
Department of Environmental Conservation (NYSDEC) Point of Contact (POC; Russell 
Mulvey, 518-897-1241) will be made at least one week in advance of all on-site 
activities. The USACE Engineering Manager and the NYSDEC POC will also be 
provided at least a 24-hour notice if any activity is cancelled. 

• Mobilization and Site Preparation: Prior to site activities, mobilization activities 
including planning and scheduling, subcontracting, subcontractor coordination, 
equipment procurement, and other preparatory tasks will be performed. 

• Groundwater Sampling: The first round of monitoring well sampling following the July 
2006 and January 2007 events is scheduled to be completed in May/June 2007.  
Subsequent rounds will be conducted in October of 2007, and February and August of 
2008. 

• Groundwater Analytical Results: Analytical results from groundwater sampling activities 
will be received within three weeks of completion of field activities. 

• Draft Groundwater Monitoring Report: The draft groundwater monitoring report will be 
submitted to USACE within 45 days of sample collection following completion of each 
sampling event round.  The report will describe the field activities conducted, present 
findings in narrative, tabular and graphical form, and provide an interpretation of the data 
with conclusions and recommendations including: 1) a discussion of the significance of 
the analytical results; 2) a data evaluation ; 3) a table summarizing the results of each 
sample (this table shall include each round of sample results and be successively updated 
with each sample round so that a comparison of results from each sample round can be 
made with all previous rounds); 4) a copy of the primary laboratory report; 5) a map 
showing sample locations and results, including figures or plots of TCE versus breakdown 
/daughter products for each of the 6 groundwater sample locations; and 6) A discussion of 
natural attenuation and indicator results.   

• Final Draft Groundwater Monitoring Report: The final draft groundwater monitoring 
report will be submitted to USACE, NYSDEC and NYS DOH three weeks after receipt 
of USACE comments on the draft report. 

• Final Groundwater Monitoring Report: The final groundwater monitoring report will be 
submitted to USACE, NYSDEC and NYS DOH three weeks after receipt of all 
comments on the final draft report.
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5.0  FIELD ACTIVITIES 
This section specifies procedures for the following field activities: 

• Groundwater Sampling 
• Laboratory Analysis and Field Testing 
• Decontamination  
 
 Proposed sampling locations are depicted in Figure 1-2.  Site Specific Methods (SSMs) and 
Standard Operating Procedures (SOPs) are provided in Appendix 1.  Contact information for the                       
property owners of the six sampling locations is provided below: 
 
PW-24 
 Poulin Grain Hardware 
 Jim Dominic (owner/operator) 
 33 Canaan Road 
 Ellenburg Depot, NY 12935 
 (518) 594-3922 
 Sample at spring at gazebo (flowing well) 
 
PW-35 
 Mr. and Mrs. LaFave 
 5076 Route 11 
 Ellenburg Depot, NY 12935 
 (518) 594-7042 
 Sample at bypass spigot in basement 
 
PW-68 
 Varin’s Market 
 Derrick Varin (Owner/Operator) 
 5047 Route 11 
 Ellenburg Depot, NY 12935 
 (518) 594-3972 
 Sample at bypass spigot in basement right next to the pump 
 
PW-80 
 Baker Commodities – Division of Ellenburg Recycling 

(former Northland Hides) 
Mark Rowe and Jane Rowe  
Ellenburg Depot, NY 12935 
24 Station Hill Road 
518-594-3900 
Sample at kitchen tap in main office building.  
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PW-118 
 PW-118 is owned by Cynthia Rowe, however, the house is rented out.  
 29 Station Hill Road 
 Ellenburg Depot, NY 12935 
 Sample at bypass spigot in basement 
 

MW-3 
Cynthia Rowe (Property Owner, also owns property for PW-118) 
18 Grace Avenue 
Plattsburg, NY 12901 
(518) 561-8175 
Low-Flow Sampling after Parameter Stabilization 

 

5.1 SAMPLING FOR LABORATORY ANALYSIS AND FIELD TESTING 
 All samples will be collected, stored and transported in accordance with SOP-JCO-007 

Chain of Custody (COC) procedures.  Records of sample collection will be maintained in a bound 

field book in accordance with SOP-JCO-034, Use of Field Log Books.   

5.1.1. Sample designation 
 Samples collected under this work plan will be uniquely identified according to the round 

number, type of sample, and location number using the following scheme: 

GW#-A-CCCCC-XXX 

# - Sequential number indicating the round of groundwater sampling beginning at 9 in 
May/June, 2007 to account for the previous eight rounds already collected. 

A -  0 for field sample, 1 for duplicate, matrix spike, or matrix spike duplicate sample, and 2 for 
a field rinsate blank sample. 

CCCCC - Location of sample (e.g. MW-03 or PW-11). 

XXX - FB for field rinsate blanks, MS for matrix spike samples, MSD for matrix spike 
duplicates, DP for duplicate samples (VOCs) and RP for replicate samples (metals only) 

For example, a monitoring well sample collected from MW-03 during the proposed May/June, 
2007 sampling event would have a designation GW9-0-MW-03. The sample collected during the 
same round for a duplicate from the potable supply well number 68 (Figure 1-2) would be 
labeled GW9-2-PW-68-DP. 
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Trip blank samples will be denoted with “TB” after the GW# designation followed by the date 
that the first sample was added to the associated cooler. For example, the trip blank for samples 
collected June 1, 2007 would be identified as GW9-TB-060107. 

5.1.2 Equipment Use, Calibration and Maintenance 
 All monitoring equipment used on-site will be maintained, calibrated and operated in 

accordance with the manufacturer’s specifications, the National Field Manual for the Collection of 

Water-quality Data (USGS various dates), EPA Region 1 Guidelines, USGS Techniques of Water-

Resources Investigations, Book 9, Chapters A1-A9, and the JCO SOPs and SSMs included in 

Appendix 1.  All field water quality measurements and related instrument calibrations will be 

performed in accordance with: 

• http://pubs.water.usgs.gov/twri9A.  [Chapter updates and revisions are ongoing and are 
summarized at http://water.usgs.gov/owq/FieldManual/mastererrata.html] 

• Manufacturer recommendations 

• EPA Region I Guidelines 

 The Standard Hydrogen Electrode conversion will be done for final ORP measurements in 
accordance with the manufacturer’s documentation, with constants and equations documented in 
the report. 

5.1.3 Groundwater sampling 
 Groundwater samples will be collected from five water supplies and from the monitoring 

well MW-3.   The field sheets from the July, 2006 sampling event of these wells are included in 

Appendix 2.  The existing pumps and plumbing will be used to sample the water supply wells.  A 

2-inch Grundfos Redi-flo 2 pump will be used with dedicated tubing to sample MW-3.  MW-3 is 

reported to be 136.7 feet deep below the top-of-casing.  The depth of the sample pump intake in 

MW-3 will be approximately 136 feet below the top of PVC casing.  The order of sampling (based 

upon sampling the least likely contaminated to the most likely contaminated well) is preferred to 

be: 

PW-68 Varin market 
PW-80 Baker Commodities 
PW-35 LaFave 
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MW-3 Rowe/LaFountain 
PW-118 Rowe/LaFountain 
PW-24 Poulin Grain 
 

Because the historical detections of TCE in all of these wells have been below 3 ug/L, it is 

permitted to change the preferred order of sampling in the field if conditions (such as access) 

warrant.   

 
 The hydraulic head, i.e., depth to static water level, will be measured in MW-3 immediately 

prior to purging and sampling.  The measurement of hydraulic head will be performed with an 

electronic water marker in accordance with SOP-JCO-009 (For Water Level Measurements).  No 

attempt will be made to measure the hydraulic head in the water supplies, due to the likelihood of 

snaring the water marker on the well pump pipe, electrical wires and/or stabilizers.   

 Monitoring well MW-3 will be purged and sampled in accordance with SSM-JCO-053 

Slow Purge Groundwater Sampling using a downhole pump and dedicated polyethylene tubing.  

Prior to use, the pump will be decontaminated in accordance with the July 30, 1996, Revision 2, 

US EPA Region 1 Low Stress (Low Flow) Purging and Sampling Procedure for the Collection of 

Groundwater Samples from Monitoring Wells and SSM-JCO-027 for Decontamination of 

Equipment (included in Appendix 1), including pumping the decontamination fluids through the 

pump, with AlconoxTM and water, followed by a triple rinse with distilled water.  Samples will be 

collected with the pump after purging is complete and groundwater field parameters have reached 

equilibrium. 

 For all wells, field measured indicator parameters (pH, temperature, specific conductance, 

oxidation-reduction potential, and dissolved oxygen) will be monitored during purging using a YSI  

Multi-Parameter Probe.  Turbidity will be separately monitored using a HF Scientific Model DRT-

15CE or Lamotte 2020 turbidimeter, or its equivalent.   The parameters will be monitored for 

stabilization in accordance with the EPA Region 1 Low Stress (low flow) Purging and Sampling 

Procedure for the Collection of Ground Water Samples from Monitoring Wells, July 30, 1996, 
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Revision 2, prior to collection of the sample.  All field measured data will be recorded on form 

JCO-HYDRO-10 (included with EPA Low Purge Method in SSM-JCO-053). 

 Stabilization is considered to be achieved when three consecutive readings, measured at 3 

to 5 minute intervals, are within the following limits: 

• Turbidity = +/- 10% for values between 1 and 100 NTU or less than 1 NTU 
• DO = +/-0.3 mg/L  
• Specific conductance =+/-3%  
• Temperature = +/- 0.2 degrees C  
• pH = +/- 0.1 units 
• ORP = +/- 10 millivolts 
• Drawdown = minimum drawdown with linear rate of head decline 
 
 The low-flow guidance suggests a maximum drawdown of 0.3 feet.  However, in fractured 

bedrock, it is not uncommon to observe greater drawdown under low flow pumping conditions.  

JCO will carefully monitor hydraulic head in MW-3 and seek a purge rate that will minimize 

drawdown.  If head continues to decline the JCO will calculate the rate of decline.  Once this rate 

has stabilized for 3 consecutive readings, and a minimum of three well volumes of water has been 

removed, JCO will consider this criterion to be satisfied.  This criteria does not apply to the water 

supply wells. 

 All field water quality parameters will be collected in accordance with USGS parameter-

specific protocols and SSM-JCO-053.  Final water quality testing results for groundwater will be 

reported as field results and Standard Hydrogen Electrode adjusted values (equations and constants 

used will also be reported).   

 Field test kits will be used to measure the MNA parameters alkalinity, carbon dioxide and 

ferrous iron following stabilization.  Details of the methods to be used are provided in SSM-

JCO-053.  Total alkalinity will be measured using the CHEMetrics K-9810 titration method 

(MDL = 10 mg/L) which is based upon ASTM D 1067-92, Acidity or Alkalinity of Water; 

APHA Standard Methods, 19th ed., p. 2-26, method 2320B (1995); and EPA Methods for 

Chemical Analysis of Water and Wastes, Method 310.1 (1983).  Dissolved carbon dioxide will 
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be measured using the CHEMetrics K-1910 titration method (MDL = 10 mg/L) which is based 

upon APHA Standard Methods, 19th ed., p. 4-17, Method 4500-CO2 C (1995); and ASTM D 

513-82, Total and Dissolved Carbon Dioxide in Water, Test Method E.  Ferrous iron will be 

measured using a HACH DR890 colorimeter and the Hach Iron Ferrous Reagent, 1,10 

Phenanthroline, AccuVac® Ampules (detection limit of 0.3 mg/L). 

 Water supply wells will be sampled from the existing plumbing as close to the well head 

as possible using available bypass spigots or faucets. Whenever possible, the same locations and 

flow rates described above and in the field sheets included in Appendix 2 will be used to collect 

the samples.  Every reasonable effort will be made to bypass treatment systems or aerators inline 

with the supply well without jeopardizing the safety of personnel or integrity of the supply 

systems. Wells will be purged for a minimum of 15 minutes. Water will be continually 

monitored for the same parameters and using the same methods as those used in monitoring well 

sampling. After purging is complete, samples will be collected for the parameters listed in Table 

4-1 from a slow stream of water in order to minimize turbulence. 

 

 In July, 2006, the potable wells were purged, via the holding tank/filtration bypass spigots 

except for PW-80 and PW-24.  Location PW-80 was the only well sampled using a sink faucet 

being that it did not have a tank/filtration system or bypass.  In the case of PW-24, the well is under 

positive pressure naturally (flowing artesian) so a sample was collected at the spring outfall pipe 

along Canaan Road (Figure 1-2).   

 

5.2 LABORATORY ANALYTICAL TESTING 
 All laboratory testing will be performed by Severn Trent Laboratories (STL).  All of the 

analyses will be performed at the Burlington, Vermont lab except wet chemistry methods including 

Sulfide by Method 376.1, Sulfate by Method 375.4 and Nitrate/Nitrite-N by Method 353.2.  These 

methods will be tested at STL Chicago, as were the previous long term monitoring samples.   
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 Both STL Burlington and STL Chicago are considered in compliance with the DoD 

Quality Systems Manual for Environmental Laboratories and hold an unexpired USACE 

Environmental Laboratory validation and are therefore grandfathered as meeting this policy, until 

such time as their validation term expires.   Tables 4-1 and 4-2 provide details of the required 

chemical testing.  
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6.0  FIELD OPERATIONS, DATA DOCUMENTATION AND MANAGEMENT 
 This section describes the required elements of daily record keeping and project tracking. 

6.1 DAILY REPORTS AND MEETINGS 
 JCO will conduct a daily project briefing and health and safety meeting with on-site 

personnel.  At the conclusion of each day, a short meeting will be held to coordinate activities and 

schedules for the next day.  Daily reports of work performed will be faxed or E-mailed to the US 

ACE Engineering Manager within 24 hours during the field activities outlined in this SAP. The 

reports will include a summary of each day’s activities including the number of analytical 

samples collected. Completed chain-of-custody forms will be attached to the report as 

appropriate. Departures from the approved SAP will be documented in the reports. Significant 

problems and corrective actions taken will be reported to the US ACE within 24 hours of 

occurrence. 

6.2 FIELD RECORDS 
 Field logbooks will provide the means of recording the data collection activities performed 

during the investigation.  As such, entries will be described in as much detail as possible so that 

persons going to the site could reconstruct a particular situation without reliance on memory.  Field 

logbooks will be bound field survey books or notebooks.  Logbooks will be assigned to field 

personnel.  Each logbook will be identified by the Site name and a unique sequential number (e.g. 

the first log book will be Atlas S-11 #1).  Further discussion of field log book requirements is 

presented in Section 9.2.  Field logbooks will be supplemented by standardized field measurement 

and sample collection forms where appropriate. Sample collection forms are provided in SOPs and 

SSMs included in Appendix 1. 

 All entries will be made in permanent ink, signed, and dated and no erasures or 

obliterations will be made.  If an incorrect entry is made, the information will be crossed out with a 

single strike mark which is initialed and dated by the sampler.  Whenever a sample is collected, or 

a measurement is made, a detailed description of the sampling location will be recorded or 

referenced.  The number and direction of photographs taken of the sampling location, if any, will 
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be noted.  The equipment used to make measurements will be identified, along with the date of 

calibration (unless otherwise documented on applicable forms).  

6.3 HEALTH AND SAFETY 
 A Site Specific Health and Safety Plan (HASP) has been prepared and will be made 

available to, and reviewed with, all on-site personnel.  It is anticipated that all work will be 

conducted under Level D.  Site work will not commence until US ACE acceptance of the HASP 

has been received. 

6.3.1 Accident Prevention  Plan 
 An Accident Prevention Plan (APP) specific to the activities being performed has been 

prepared and is included in the Site Specific Health and Safety Plan. It includes an Activity Hazard 

Assessment (AHA) as described below. All work shall be conducted in accordance with the APP, 

USACE Safety and Health Requirements Manual (EM 385-1-1, most recent edition), and all 

applicable federal, state, and local safety and health requirements.   

 The APP shall detail how safety and health will be managed during the project.  The APP 

shall address the requirements of applicable Federal, State and local safety and health laws, rules, 

and regulations.  The Site Health and Safety Officer shall conduct a safety meeting at the project 

site on each day of work.  All safety meetings shall be documented.   

6.3.2 Activity Hazard Assessment 
 An AHA has been prepared for each major phase of work and is included in the Site 

Specific Health and Safety Plan (HASP).  A major phase of work is defined as an operation 

involving a type of work presenting hazards not experienced in previous operations or where a new 

subcontractor or work crew is to perform the work.  The analysis defines all activities to be 

performed, identifies the sequence of work, the specific hazards anticipated, and the control 

measures to be implemented to eliminate or reduce each hazard to an acceptable level.   
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 A preparatory meeting shall be conducted by the Site Health and Safety Officer to discuss 

the AHA contents with all engaged in the activity. The preparatory meeting will include any on-

site subcontractors and Government on-site representatives. The AHA shall be continuously 

reviewed and revised to address changing site conditions or operations as appropriate.  

6.3.3 Accident Reporting 
 All accidents and near misses (near hits) shall be investigated by the Site Health and Safety 

Officer.  All work-related recordable injuries, illnesses and property damage accidents (excluding 

on-the-road vehicle accidents), in which the property damage exceeds $2,000.00, shall be verbally 

reported to the US ACE within 24 hours of the incident.  Serious accidents as described in EM 

385-1-1 Section 01.D.02 shall be immediately reported to the US ACE.  
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7.0  ANALYTICAL METHODOLOGY, DATA QUALITY LEVELS, AND REPORTING 
 Groundwater samples are proposed to be collected from six selected wells and analyzed for 

the parameters listed in Table 4-1.  Trip blanks, equipment blanks, injection water, field duplicates, 

replicates and matrix spike/matrix spike duplicates (MS/MSDs) associated with the groundwater 

samples will also be collected and submitted for analysis at the frequency discussed below.   

 Non-detect results for all parameters will be reported at the laboratory’s practical 

quantitation limit (PQL).  Estimated values (J flagged) will be reported for concentrations detected 

between the PQL and the method detection limit (MDL).   

 Laboratory data reduction procedures will be performed according to the following 

protocol.  Information related to analysis will be documented in controlled laboratory logbooks, 

instrument printouts, or other approved forms.  All entries that are not generated by an automated 

data system will be made neatly and legibly in permanent, waterproof ink.  Information will not be 

erased or obliterated. Corrections will be made by drawing a single line through the error and 

entering the correct information adjacent to the cross-out.  All changes will be initialed, dated, and, 

if appropriate, accompanied by a brief explanation.  Unused pages or portions of pages will be 

crossed out to prevent future data entry.  Analytical laboratory records will be reviewed by the 

supervisory personnel on a regular basis, and by the Laboratory QA Coordinator periodically, to 

verify adherence to documentation requirements. 

 Analytical data deliverables will be provided to JCO within standard turnaround time (not 

to exceed three weeks) from date of sample receipt at the laboratory.  The laboratory will provide 

at least one copy of hard copy report and one copy of an electronic data deliverable (EDD).  The 

hard copy data package will be equivalent to a Contract Laboratory Program (CLP) deliverable, 

i.e., consisting of all the information presented in a CLP package, including CLP-like summary 

forms.  This information is summarized below: 

• Cover page including title of report; name and location of laboratory; contact information; 
name and location of any subcontractor laboratories; contract number; unique ID for the 
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report; client name and address; project name and site location; statement of authenticity 
and signature/title of person releasing report; and total number of report pages  

• Table of contents 
• Case narrative (see description below) 
• Cross reference of field sample IDs and laboratory IDs with associated test methods 
• Method numbers and summary 
• Chain-of-custody documentation including shipping documents 
• Sample receipt checklist 
• Telephone conversation and email records for the project 
• Dates of sample extraction and analysis 
• Sample results for all neat and diluted runs, including units, matrix, qualifiers, dilution 

factors and percent solids 
• Sample preparation information, including batch numbers 
• Raw data for initial and continuing calibrations 
• GC/MS tuning results 
• Run logs 
• Method detection limits and method/practical quantitation limits 
• Results, true values, and/or acceptance limits for MS/MSDs, method or 

preparation/calibration blanks, LCSs, internal standard areas, surrogate spikes, interference 
checks, and serial dilutions 

• Raw data for samples and laboratory QC samples, including labeled and dated 
chromatograms/ spectra 

 

 The case narrative will include the client name, project name and number, date of issuance, 

and a discussion of any deviations from analytical strategy (e.g., samples received but not 

analyzed), sample receipt issues (e.g., incorrect preservatives, air bubbles in VOC vials), missed 

holding times, definition of data qualifiers or flags, identification of manually integrated data, 

technical problems, and QC failures or nonconformances and associated corrective actions.  The 

report will be signed by the Laboratory Project Manager. 

  

 Once the electronic data files have been received from the laboratory, the data will be 

electronically reviewed using qualified personnel to check project data quality.  All electronic data 

submitted by the contract laboratory is required to be error-free, and in complete agreement with 

the hardcopy data.  The electronic CD of the data must be submitted with a transmittal letter from 

the laboratory that certifies that the file is in agreement with hardcopy data reports and has been 

found to be free of errors. 
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8.0  QUALITY CONTROL 
8.1 FIELD QUALITY CONTROL 
 The quality control (QC) measurements for field measurements will be limited to the 

calibrations described in Section 5.1.2.  Field QC samples will be collected during groundwater 

sampling to assess the accuracy and precision of the laboratory data.  These samples include trip 

blanks, equipment blanks, field duplicates, and MS/MSDs.  The collection of QC samples and the 

acceptance criteria for these samples is described below. 

 Trip blanks – Trip blanks will be included with each shipment of VOC samples.  Trip 

blanks associated with aqueous VOC samples will originate in the laboratory and will be prepared 

by filling two 40-mL VOA vials with laboratory deionized water and preservative and sealing the 

vials with septum-lined caps (allowing no headspace).  Trip blanks associated with soil samples 

will contain deionized water for low level analyses.  Trip blanks will accompany the sample bottles 

to the site and will remain (unopened) in the shipping container until the sample bottles are 

received back at the laboratory.  Analytes in the trip blanks, if detected, should be <1/2 the 

laboratory reporting limit. 

 Equipment (field or rinsate) blanks – Equipment blanks will be prepared by routing 

analyte-free water (provided by the laboratory) through or over non-dedicated sampling equipment 

after equipment decontamination and before field sample collection.  Equipment blanks will be 

collected for samples collected with non-dedicated equipment (at a frequency of one per day) and 

will be analyzed for the same compound list as the primary samples.  Analytes in the equipment 

blanks, if detected, should be <1/2 the laboratory reporting limit. 

 Field duplicates – Field duplicates (replicates for metals analysis) will be collected at a 

frequency of one field duplicate for every 20 or less samples of each matrix (solid or liquid) 

submitted for analyses.  Sample containers for aqueous field duplicates will be filled consecutively.  

Field duplicate relative percent differences (RPDs) are considered acceptable if they are <30% for 

aqueous samples and <50% for solid samples. 
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 MS/MSDs – MS/MSD samples and Replicates (metals) will be collected at a frequency of 

one for every 20 or less samples of each matrix submitted for analyses.  For those samples 

designated as MS/MSDs, sufficient additional volume will be provided as required for analysis.  

Acceptance criteria for the percent recoveries of spiked compounds and RPDs for the laboratory 

duplicate analyses are 40% for Method 524.2.  

8.2 LABORATORY QUALITY CONTROL 
 The analytical laboratory has a QC program in place to ensure the reliability and validity of 

the analysis performed at the laboratory.  All analytical procedures are documented in writing as 

SOPs and each SOP includes the minimum requirements for the procedure.  Additional specifics 

regarding quality control are also provided in Section 12.  In general the QC requirements include 

the following: 

• Blanks (method, reagent/preparation, instrument) 
• MS/MSDs (replicates for metals) 
• Surrogate spikes 
• Laboratory control standards (LCSs) 
• Internal standard areas and retention times (GC/MS analysis) 
• Interference checks (metals analysis) 
• Serial dilutions (metals analysis) 
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9.0  SAMPLE DOCUMENTATION, PACKAGING AND CUSTODY REQUIREMENTS 
 This section describes the sample collection protocols required to satisfy the data quality 

objectives for this field effort. 

9.1 SAMPLE COLLECTION DOCUMENTATION 
 During field work, field logbooks will be maintained by the field team. Logbooks and 

chain-of-custody (COC) records will be employed to maintain a comprehensive record of sample 

collection, transfer between personnel, shipment, and receipt by the laboratory.     

9.2 FIELD NOTES 
 Bound field logbooks will be used to document all field activities and will contain 

sufficient data and information to reconstruct field activities for a specific day.  Field notes will be 

recorded pursuant to SOP-JCO-034, Use of Field Log books.  Pages in the logbook will be bound 

and sequentially numbered.  All entries will be in indelible ink.  At the end of the day, the last page 

will be initialed and dated by the author(s) and a line drawn through the remainder of the page.  At 

the end of the day, the daily log will contain, at a minimum, the following information regarding 

the project sampling operations: 

• Site name and location; 
• Date and time the field work started and finished; 
• Names of sampling personnel; 
• Location and description of the samples and sample sites including site sketches or 

diagrams; 
• Sample identification and description; 
• Date, time and COC number for each sample was collected; 
• Any deviations from this document; 
• Meteorological conditions and changes in these conditions; 
• Record of any field measurements made (unless otherwise recorded on applicable field 

sheets); 
• Calibration and decontamination procedures and/or adjustments (unless otherwise recorded 

on applicable field sheets); 
• Packaging information (unless recorded on COC); and 
• Sample destination (unless recorded on COC). 
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 Errors on field documents, including logbooks, will be corrected by drawing a line through 

the error and entering the correct information.  All corrections will be initialed and dated. 

9.3 SAMPLE PACKAGING AND SHIPPING 
 Samples for laboratory analysis will be placed in containers and preserved as described in 

Table 9-1.  The samples will be packaged for shipment in protective media, i.e., bubble-wrap, and 

individual sealed plastic bags, etc., and chilled by adding ice or freezer packs in each cooler, along 

with a temperature blank.  Custody seals will be attached to the outside of the shipping container in 

such a manner that the seal must be broken to allow access to the container.  Refer to JCO SOP 

“Chain-of-Custody Procedures” as provided in Appendix 1 for a detailed description of custody 

procedures.   

Table 9-1 
Containers, Preservatives, and Holding Times 

Parameter Container Preservative Holding 
Time* 

Groundwater Parameters 
VOCs 524.2 3 x 40-ml VOA vials w/septa HCl to pH<2; Cool to 4ºC 14 days 
Methane/Ethane/Ethene 
RSK-175 

3 x 40-ml VOA vials w/septa H2SO4 to pH <2; Cool to 4ºC 14 days 

Sulfate 375.4 250 ml plastic Cool to 4ºC 28 days 
Sulfide 376.1 250 ml plastic Cool to 4ºC 7 days 
Nitrate/Nitrite 353.2 500 ml plastic Cool to 4ºC 48 hours 
Ammonia 350.2 
Total Phosphorous 365.2 

250 ml plastic H2SO4 to pH <2; Cool to 4ºC 28 days 

  
*Advisory holding times 
 

 

 All samples sent to the laboratory for analysis will be hand delivered or shipped overnight 

via commercial carrier.  The carrier air-bill number will be included on the COC in the box on the 

lower right labeled: Shipper ID#.  Nitrate, nitrite, sulfate and sulfide samples will be shipped to 

STL Chicago.  All other laboratory samples will be sent to STL Burlington. 
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STL Burlington 
30 Community Drive, Suite 11   
South Burlington, VT 05403  
Telephone:  802-660-1990    
 
STL Chicago 
417 Bond Street 
University Park, IL  60466 
Telephone:  708-534-5200 
 
The following checklist should be checked prior to shipping. 

SHIPPING CONTAINER CHECKLIST SUMMARY 

• Is the project clearly identified on the Chain-of Custody (official project name, project 
location, project phase)?   

• Are all enclosed sample containers clearly labeled with waterproof (permanent) ink and 
enclosed in a plastic bag? 

• Are the desired analyses indicated on the bottle labels and chain-of-custody?   
• Are the sample labels complete, including method numbers for both preparatory and 

analysis procedures? 
• Does the information on the Chain-of-Custody match the sample containers labels? 
• Is the Chain-of-Custody in a plastic bag and attached it to the inside of the cooler lid? 
• Have the samples been properly preserved (acid or base and cooling to 4O C+ 2 OC)? 
• Is there a Contractor point of contact including name and phone number clearly shown on 

the Chain-of-Custody? 
• Is there sufficient ice (double bagged in zip-locks) or “blue ice” in the cooler? It is 

recommended that the samples be placed on ice as soon as possible after sampling and 
repacked on new ice in the shipping cooler. 

 

9.4 CUSTODY PROCEDURES 
 Custody is one of several factors that are necessary for the admissibility of environmental 
data as evidence in a court of law.  Custody procedures help to satisfy the two major requirements 
for admissibility: relevance and authenticity.  Sample custody is addressed in two parts:  1) field 
sample collection; and 2) laboratory analysis.  A sample is considered to be under a person's 
custody if: 

• the item is in the actual possession of a person; 
• the item is in the view of the person after being in actual possession of the person; 
• the item was in the actual physical possession of the person but is locked up to prevent 

tampering; 
• the item is in a designated and identified secure area. 
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9.4.1 Field Custody Procedures 
 The field sampler is personally responsible for the care and custody of the samples until 

they are transferred or dispatched properly.  Field procedures have been designed such that as few 

people as possible will handle the samples. 

 Sample containers will be identified by the use of sample labels with sample numbers, 

sampling locations, date/time of collection, and type of analysis.  Sample labels will be completed 

for each sample using waterproof ink unless prohibited by weather conditions.  For example, a 

logbook notation would explain that a pencil was used to fill out the sample tag because the pen 

would not function in rain or freezing weather. 

 Samples will be accompanied by a properly completed COC form.  The sample numbers 

and locations will be listed on the COC form.  When transferring the possession of samples, the 

individuals relinquishing and receiving will sign, date, and note the time on the record.  This record 

documents the transfer of custody of samples from the sampler to another person, to the laboratory, 

or to/from a secure storage location.  An example COC form is presented in Appendix 4, SOP-

JCO-007. 

 Sample shipments will be accompanied by the COC record identifying the contents.  The 

original record will accompany the shipment, and the pink and yellow copies will be retained by 

the sampler and placed in the sampler and project files.  

 Samples will be packaged on ice at <4°C for shipment and dispatched to the laboratory for 

analysis, with a separate signed custody record enclosed in and secured to the inside top of each 

sample box or cooler.  Shipping containers will be locked and secured with strapping tape and 

custody seals for shipment to the laboratory.  The custody seals will be covered with clear plastic 

tape after being signed by field personnel.  The cooler will be strapped shut with strapping tape in 

at least two locations. 
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 If the samples are sent by common carrier, the waybill will be used.  Waybills will be 

retained as part of the permanent documentation.  Commercial carriers are not required to sign off 

on the custody forms since the custody forms will be sealed inside the sample cooler and the 

custody seals will remain intact.  Commercial carrier air-bill numbers will be included on the COC 

in the box on the lower right labeled: Shipper ID#.   

 Samples are expected to be transported to the laboratory within 24 hours of the time the 

samples are collected in the field.  All efforts will be made to ship the samples on the same day as 

collection, but in some instances it may not be possible due to sample collection and sample 

delivery schedule conflicts.  Samples will be hand delivered, shipped by overnight commercial 

carrier or will be transported by same-day courier. 

9.4.2 Laboratory Custody Procedures 
 Samples will be received and logged in by a designated sample custodian or his/her 

designee.  Upon sample receipt, the sample custodian will: 

• Examine the shipping containers to verify that the custody tape is intact, 
• Examine sample containers for damage, 
• Determine if the temperature required for the requested testing program has been 

maintained during shipment BY MEASURING THE TEMPERATURE BLANK and 
document the temperature on the COC form, 

• Compare samples received against those listed on the COC, 
• Verify that sample holding times have not been exceeded, 
• Examine shipping records for accuracy and completeness, 
• Determine sample pH (if applicable) and record on the COC, 
• Sign and date the COC immediately (if shipment is accepted) and attach the waybill, 
• Note any problems associated with the coolers and/or samples on the cooler receipt form 

and notify the Laboratory Project Manager, who will be responsible for contacting the 
client, 

• Attach laboratory sample container labels with unique laboratory identification and test, 
• Place the samples in the proper laboratory storage. 
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Following receipt, samples will be logged in according to the following procedure: 

• The samples will be entered into the laboratory information management system (LIMS).  
At a minimum, the following information will be entered: project name or identification, 
unique sample numbers (both client and internal laboratory), type of sample, required tests, 
date and time of laboratory receipt of samples, and field ID provided by field personnel.   

• The appropriate laboratory personnel will be notified of sample arrival.    
 
• The completed chain-of-custody, waybills, and any additional documentation will be 

placed in the project file. 
 
 Specific details of laboratory custody procedures for sample receiving, sample 

identification, sample control, and record retention are described in the laboratory SOPs.   
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10.0  INVESTIGATION DERIVED WASTE 
10.1 SOLID WASTE 
 Solid investigation-derived waste (IDW) for this program is anticipated to include sampling 

equipment and personal protective equipment (PPE).    The plastic, glass, and personal protective 

equipment IDW will be double bagged in plastic trash bags and placed into a dumpster for 

eventual disposal at a lined landfill.   

10.2 LIQUID WASTE 
 Liquid IDW for this program is anticipated to include purge water from sampling activities, 

equipment and field rinse water, and decontamination water.  Based on analytical data collected 

on the project to date, and the NYSDEC prior approval of the Weston Solution Sampling and 

Analysis Plan and IDW disposal practices, all investigation-derived waste (IDW) will be treated 

as non-hazardous and disposed of accordingly. Previous results show that purge water produced 

by the six wells sampled will have VOC results below both federal and state MCLs. Purge water 

from the monitoring wells will be discharged to an impervious surface (asphalt, concrete, plastic 

sheets, etc.) to facilitate evaporation/volatilization. Water purged from the residential supply 

wells taken at the faucet or spigot will be allowed to drain normally through the associated 

plumbing. 
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11.0  CORRECTIVE ACTION 
11.1 FIELD CORRECTIVE ACTION 
 Corrective action in the field may be needed when the sample network is changed (i.e., 

more/less samples, sampling locations other than those specified in the SAP, etc.), or when 

sampling procedures and/or field analytical procedures require modification, etc. due to 

unexpected conditions.  The field team may identify the need for corrective action.  The FTM will 

approve the corrective action and notify the PM.  The PM, in consultation with the QAO, will 

approve the corrective measure.  The FTM will ensure that the corrective measure is implemented 

by the field team. 

Corrective actions will be implemented and documented in the field record book. Documentation 

will include: 

• A description of the circumstances that initiated the corrective action, 
• The action taken in response, 
• The final resolution, and 
• Any necessary approvals. 
 
No staff member will initiate corrective action without prior communication of findings through 

the proper channels. 

11.2 LABORATORY CORRECTIVE ACTION 
 Corrective action in the laboratory may occur prior to, during, and after initial analyses.  A 

number of conditions such as broken sample containers, multiple phases, low/high pH readings, 

and potentially high concentration samples may be identified during sample log-in or analysis.  

Following consultation with laboratory analysts and supervisory personnel, it may be necessary for 

the Laboratory QA Coordinator to approve the implementation of corrective action.  If the 

nonconformance causes project objectives not to be achieved, the QAO will be notified.  

 These corrective actions are performed prior to release of the data from the laboratory.  The 

corrective action will be documented in both the laboratory’s corrective action files, and in the 

narrative data report sent from the laboratory to the QAO.  If the corrective action does not rectify 
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the situation, the laboratory will contact the QAO, who will determine the action to be taken and 

inform the appropriate personnel. 
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12.0  DATA VALIDATION/DATA USABILITY 
  A completeness goal of 95% shall be used for the project.  That is, more than 95% of the 

data must be usable (not qualified as “rejected” during the data review) with the exception of serial 

dilutions where the result for one dilution is rejected and replaced by that of another. 

 Acceptable limits for laboratory quality control tests are described in the Department of 

Defense (DoD) Quality Systems Manual – Version 3 Final.  Laboratory specific standard operating 

procedures (SOPs) are also included in Appendix 3.  Table 4-2 provides the PQL/MDL 

requirements for the Method 524.2 target analytes.  Table 12-1 provides a summary of Method 

524.2 quality control limits, which are also provided on page 18 of the STL SOP (including 

corrective actions) in Appendix 3.  Corrective actions are provided in Table 1 of the attached 

laboratory SOP. 

Table 12-1  
Method 524.2 Quality Control Limits 

Quality Control Check Minimum Frequency Acceptance Criteria 

Check mass spectral ion 
intensities using BFB 

Prior to initial calibration and 
calibration verification 

Response Factor (RF) relative standard deviation 
(RSD) less than or equal 20% 

Five point calibration for all 
analytes of interest 

Initial calibration prior to 
sample analysis 

RF for all analytes of interest within 30% (%D) of 
the average initial multi-point RF 

Internal Standard (IS) Once every 12 hours, prior to 
sample analysis 

Retention time within 30 seconds and extracted ion 
current profile (EICP) area within 50% to 100% of 
previous 12-hour calibration for each IS. 

Method Blank Once per 12-hour window No analytes of interest detected above practical 
quantitation limit (PQL) 

Lab fortified blank (LFB) 
analytes spiked at 1 ppb 

One LFB per 12-hour window Reported concentrations within 70-130% of actual 
values 

Surrogate Spike Every sample, control 
standard and method blank 

Reported concentrations within statistically derived 
limits  

Lab fortified sample matrix 
(LFM) 

Only if IS acceptance criteria 
are not met, or if matrix 
effects are observed in 
samples 

Reported concentrations within 70-130% of actual 
values 

Method Detection Limit 
(MDL) Study 

Once per year PQL of at least three times the MDL 

Demonstrate acceptable P & 
A using four replicate 
analyses of a QC check 
standard 

One time per analyst initially, 
and annually thereafter 

All recoveries within  70-130% of actual values 
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  All data packages will be reviewed to confirm compliance with the comprehensive data 

package requirements outlined in the Chemical Quality Assurance for HTRW Projects, EM 200-

1-6, Chapter 2, Section 2-1, Item (c). Although EPA Contract Laboratory Program (CLP)-type 

data validation will not be performed for this project, a comprehensive data package allows 

complete data reconstruction in the future, if required. At a minimum, the laboratory data 

package must include the following information:  
• A cover sheet with laboratory name and location, project name, and statement of data 

authenticity and official signature of release; 

• Table of Contents; 

• A case narrative describing the procedures performed by the laboratory, any deviations 
from the methods, problems encountered during sample receiving and analysis, definition 
of all data qualifiers or flags, and any other factors that could affect the sample results; 

• A cross-reference between the field sample identification numbers and the laboratory 
sample identification numbers; 

• Tabulated sample results with proper field and laboratory sample identification numbers; 
analytical method numbers; dates of collection, receiving, extraction/preparation, and 
analyses; dilution factors; matrix; sample weight/volume used for sample 
preparation/analysis; final extract volume; units specified by each methods; and detection 
limits for compounds/analytes reported with ND and/or less than; 

• Raw data for samples, standards, and QC analyses in the form of instrument printouts, 
chromatograms, strip chart recordings, and quantitation reports; 

• Spectra of positively identified compounds by Gas Chromatography/Mass Spectrometry 
(GC/MS); 

• Tabulated results of QC analyses with respective acceptance criteria for initial 
calibration, continuing calibration, method blank, surrogate spike recovery, MS/MSD, 
laboratory control samples (LCS) (if any) and laboratory duplicate (if any), and internal 
standard performance (Gas Chromatography/Mass Spectrometry [GC/MS] only); and 

• Copies of sample documentation such as chain-of-custody and lab log-in sheets, and 
correspondences between Weston and the contract laboratory. 
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A limited data validation will be conducted on the sample analysis performed by the contract 
laboratory. The data validation will consist of the following activities: 

• Review of chain-of-custody documents to verify sample identities; 

• Review of sample log-in documents to identify any potential problems with custody 
seals, container integrity, sample preservation, labeling, etc; 

• Review of trip blank data to identify any potential problems with sample container 
contamination, preservative contamination, laboratory reagent water contamination, or 
cross-contamination between samples during transport; 

• Review of method blank data to determine the presence of any sources of contamination 
in the analytical process; 

• Review of the MS data to evaluate the potential for matrix effects as a measure of 
analytical accuracy. MS recoveries will be compared against laboratory acceptance 
criteria to determine if they are within or outside of warning and control limits for percent 
recoveries; 

• Review of MS/MSD data to evaluate sample homogeneity and as a measure of analytical 
precision. MS/MSD data will be compared to laboratory acceptance criteria for the 
maximum relative percent difference (RPD); 

• Review of blank spike (BS) data (if available) as a measure of analytical accuracy. BS 
recoveries will be compared against laboratory acceptance criteria to determine if they 
are within or outside of warning and control limits for percent recoveries; 

• Review of blank spike and blank spike duplicate (BS/BSD) data (if available) as a 
measure of analytical precision. BS/BSD data will be compared to laboratory acceptance 
criteria for the maximum RPD; 

• Review of standard reference material (SRM) or LCS data (if available) as a measure of 
analytical accuracy. SRM and LCS data will be compared to the certified acceptable 
ranges of analytical values; 

• Review of sample and sample duplicate data (if available) as a measure of sample 
homogeneity and as a measure of analytical precision. Sample and sample duplicate data 
will be compared against the laboratory acceptance criteria for the maximum RPD; 

• Review of surrogate recovery data to access extraction efficiency (if applicable) of 
sample introduction, and possible loss during cleanup activities. Surrogate recoveries will 
be compared to laboratory acceptance criteria to determine if they are within or outside of 
acceptable limits; 

• Review of sample data, extraction/digestion dates (if applicable), and analysis dates to 
determine if maximum holding times were met or exceeded; and  
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• Determine completeness as a percentage of measurements made which are judged to be 
valid measurements compared to the total number of measurements planned. 

 Review of initial calibration results will be conducted in terms of percent standard 

deviation (%RSD) to ensure acceptable instrument linearity has been achieved before sample 

analysis. Review of continuing calibration results will be conducted in terms of percent 

difference (%D) of compound response factors between initial and continuing calibrations to 

verify the validity of the initial calibration. 
 

12.1 DATA REVIEW 
12.1.1 Field Data 
 Field data will be reviewed by the FTM to verify that the records are complete, accurate, 

and legible and to verify that the sampling procedures are in accordance with the protocols 

specified in this SAP.   

12.1.2 Internal Laboratory Review 
 Prior to the release of any data from the laboratory, the data will be reviewed and approved 

by laboratory personnel.  The review will consist of a tiered approach that will include reviews by 

the person performing the work, by a qualified peer, and by supervisory and/or QA personnel. 

12.2 VERIFICATION AND VALIDATION METHODS 
12.2.1 Field data verification 
Field records will be reviewed by the FTM to ensure that: 

• Logbooks and standardized forms have been filled out completely and that the information 
recorded accurately reflects the activities that were performed. 

• Records are legible and in accordance with good recordkeeping practices, i.e., entries are 
signed and dated, data are not obliterated, changes are initialed, dated, and explained. 

• Sample collection, handling, preservation, and storage procedures were conducted in 
accordance with this SAP and that any deviations were documented and approved by the 
appropriate personnel. 
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12.2.2 Laboratory Data Verification 
 Prior to being released as final, laboratory data will proceed through a tiered review 

process.  Data verification starts with the analyst who performs a 100 percent review of the data to 

ensure the work was done correctly the first time.  The data reduction and initial verification 

process must ensure that: 

• Sample preparation and analysis information is correct and complete, 
• Analytical results are correct and complete, 
• The appropriate SOPs have been followed and are identified in the project records, 
• Proper documentation procedures have been followed, and  
• All nonconformances have been documented. 
 
 Following the completion of the initial verification by the analyst performing the data 

reduction, a systematic check of the data will be performed by an experienced peer or supervisor.  

This check will be performed to ensure that initial review has been completed correctly and 

thoroughly and will include a review of:  

• Adherence to the requested analytical method SOP, 
• Correct interpretation of chromatograms, mass spectra, etc., 
• Correctness of numerical input when computer programs are used (checked randomly), 
• Correct identification and quantification of constituents with appropriate qualifiers, 
• Numerical correctness of calculations and formulas (checked randomly) 
• Acceptability of QC data, 
• Documentation that instruments were operating according to method specifications 

(calibrations, performance checks, etc.), 
• Documentation of dilution factors, standard concentrations, etc., 
• Sample holding time assessment. 
 
 A third-level review will be performed by the Laboratory Project Manager before results 

are submitted to clients.  This review serves to verify the completeness of the data report and to 

ensure that project requirements are met for the analyses performed.  A narrative to accompany the 

final report will be prepared by the Laboratory Project Manager. 
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APPENDIX 1 

STANDARD OPERATING PROCEDURES 

AND SITE SPECIFIC METHODS 

 

SOP-JCO-007  Chain of Custody 

SOP-JCO-009  Water Level Measurement 

SSM-JCO-027  Decontamination of Equipment 

SOP-JCO-034  Use of Field Log Books 

SOP-JCO-041  Calibration and Operation of PID 

SSM-JCO-053  Low Stress Groundwater Sampling 

SSM-JCO-055  Calibration and Use of YSI Model 6210XL, The DRT-15CE and Lamotte 2020 
Turbidimeters, the HACH DR890 Colorimeter, and CHEMetrics Field Analysis 

















































































































































































7. After each addition, rock the entire assem-
bly to mix the contents of the ampoule.
Watch for a color change from PINK to
BRIGHT GREEN.

8. Repeat steps 6 and 7 until a permanent
color change occurs.

9. When the color of the liquid in the ampoule changes to
GREEN, remove the ampoule from the Titrettor. Hold the
ampoule in a vertical position and read the scale opposite the
liquid level (fig. 6). Results are expressed in ppm (mg/Liter)
calcium carbonate (CaCO3).

Test Method
The Total Alkalinity Titrets®1 test method employs an acid titrant
and a mixed pH indicator.2,3,4 Results are expressed as calcium car-
bonate (CaCO3).
1. Titrets is a registered trademark of CHEMetrics, Inc. U.S. Patent No. 4,332,769
2. ASTM D 1067 - 92 (1996), Acidity or Alkalinity of Water
3. APHA Standard Methods, 20th ed., p. 2-27, method 2320 B (1998)
4. EPA Methods for Chemical Analysis of Water and Wastes, method 310.1 (1983)

Safety Information
Read MSDS before performing this test procedure. Wear safety glasses.

Reorder Information Cat. No.

Test Kit, complete  . . . . . . . . . . . . . . . . . . . . . . . . . . . . K-9810
Kits are available for total alkalinity analysis at other levels.

CHEMetrics, Inc., 4295 Catlett Road, Calverton, VA 20138-0214 U.S.A.
Phone: (800) 356-3072; Fax: (540) 788-4856; E-Mail: orders@chemetrics.com

0492-7

Figure 6

Total Alkalinity Titrets®

10 - 100 ppm

Test Procedure
1. Fill the sample cup to the 20 mL mark

with your sample (fig. 1).
2. Add 6 drops of A-9800 Activator Solu-

tion to the sample (fig. 2). Stir briefly to
mix the contents of the sample cup.
NOTE: The sample should now be green.  If it is

pink, total alkalinity is 0 ppm.  There is no
need to continue.

3. Gently snap the tip of the glass ampoule
at the white ring nearest the end of the
tapered tip (fig. 3).
NOTE: When the tip is snapped, the flexible tubing

will remain in place on the tapered neck of
the ampoule.

4. Lift the control bar and insert the Titret
assembly into the Titrettor (fig. 4).
NOTE: The rigid sample pipe will extend approxi-

mately 1.5 inches beyond the body of the
Titrettor.

5. Hold the Titrettor with the sample pipe in
the sample and press the control bar firm-
ly, but briefly, to pull in a small amount
of sample. The contents will turn a PINK
color (fig. 5).
NOTE: NEVER press the control bar unless the

sample pipe is immersed in the sample.

6. With the sample pipe in the sample, press
the control bar again briefly to allow
another small amount of sample to be
drawn into the ampoule.

Figure 1

Figure 2

Figure 3

Figure 4

Figure 5



7. After each addition, rock the entire assem-
bly to mix the contents of the ampoule.
Watch for a color change from PINK to
COLORLESS.

8. Repeat steps 6 and 7 until a permanent
color change occurs.

9. When the color of the liquid in the ampoule changes to
COLORLESS, remove the ampoule from the Titrettor.
Hold the ampoule in a vertical position and read the scale
opposite the liquid level (fig. 6). Results are expressed in
ppm (mg/Liter) carbon dioxide as CO2.

Test Method
The Carbon Dioxide Titrets®1 test method employs a caustic titrant
with pH indicator method.2,3 Results are expressed in ppm
(mg/Liter) carbon dioxide as CO2. Sulfide will not interfere up to
0.4 ppm. However if the sulfide concentration is >0.4 ppm, the fol-
lowing formula is used to calculate the volume of A-1905
Neutralizer solution that should be added to 20 mL of the sample
prior to performing the Test Procedure:

mL of A-1905 Solution = ppm sulfide ÷ 10
1. Titrets is a registered trademark of CHEMetrics, Inc. U.S. Patent No. 4,332,769
2. APHA Standard Methods, 20th ed., p. 4-31, method 4500-CO2 C (1998)
3. ASTM D 513 - 82, Total and Dissolved Carbon Dioxide In Water, Test Method E

Safety Information
Read MSDS before performing this test procedure. Wear safety glasses.

Reorder Information Cat. No.
Test Kit, complete  . . . . . . . . . . . . . . . . . . . . . . . . . . . K-1910

CHEMetrics, Inc., 4295 Catlett Road, Calverton, VA 20138-0214 U.S.A.
Phone: (800) 356-3072; Fax: (540) 788-4856; E-Mail: orders@chemetrics.com

1521-7

Figure 6

Carbon Dioxide Titrets®

10 - 100 ppm

Test Procedure
1. Fill the sample cup to the 20 mL mark

with your sample (fig. 1).
2. Add 2 drops of A-1900 Activator Solu-

tion to the sample (fig. 2). Stir briefly to
mix the contents of the sample cup.
NOTE: If the sample turns pink, carbon dioxide is 0

ppm.  There is no need to continue.

3. Gently snap the tip of the glass ampoule
at the white ring nearest the end of the
tapered tip (fig. 3).
NOTE: When the tip is snapped, the flexible tubing

will remain in place on the tapered neck of
the ampoule.

4. Lift the control bar and insert the Titret
assembly into the Titrettor (fig. 4).
NOTE: The rigid sample pipe will extend approxi-

mately 1.5 inches beyond the body of the
Titrettor.

5. Hold the Titrettor with the sample pipe in
the sample and press the control bar firm-
ly, but briefly, to pull in a small amount
of sample. The contents will turn a PINK
color (fig. 5).
NOTE: NEVER press the control bar unless the

sample pipe is immersed in the sample.
6. With the sample pipe in the sample, press

the control bar again briefly to allow
another small amount of sample to be
drawn into the ampoule.

Figure 1

Figure 2

Figure 3

Figure 4

Figure 5



















 

 

APPENDIX 2 

Field Forms from July, 2006 Monitoring Event 















 

 

APPENDIX 3 

Laboratory Standard Operating Procedures and Quality Control 
Requirements 

Note: The laboratory SOPs are uncontrolled copies, so they cannot be printed 
out in a legible fashion.  Adobe Acrobat PDF files are provided on the 

attached CD for the following methods: 

376.1 sulfide 

353.2 nitrate nitrogen 

RSK-175 dissolved gases in groundwater 

524.2 VOCs in potable water 

350.2 ammonia nitrogen 

365.2 total phosphorous 

300.0 inorganic ions by ion chromatography 
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SOP CIPA 
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STL BURLINGTON 
SOP CHANGE-IN-PROGRESS ATTACHMENT (CIPA) 
SOP Title:    DISSOLVED GASES IN GROUNDWATER 
SOP Number:    LM-GC-RSK175 
SOP Revision:   9 
SOP Date Effective:   04/28/06 
CIPA Date Effective:    12/29/06 
 
Change Approval Signatures:     
 
 
QA Manager:   ________________________ Date: 12/29/06 
    Kirstin McCracken 
 
 
Department Manager: _________________________ Date: 12/29/06 
    Jacob L. Bailey 
 
 
 
The following revisions or additions in BOLD TEXT were made to the referenced SOP.  
These changes were implemented on the CIPA Date Effective indicated above.  

 
Section 7.1, Page 3 of 15, insert the following table(s) and text: 
 
Primary Source Matheson Micromat 14 Mix Gas 

Concentration Component 
% PPMV 

Methane 1 10,000 
Ethane 1 10,000 
Ethene 1 10,000 
Hydrogen 1 10,000 
Carbon Dioxide 1 10,000 
Acetylene 1 10,000 
Carbon Monoxide 1 10,000 
Nitrogen Balance NA 

 
Primary Source Matheson Micromat 14 Bone Dry CO2

Concentration Component 
% PPMV 

Carbon Dioxide 99.8 998,000 
 
Second Source Standards:  Purchase a different manufacturer lot of the primary source 
standard.   
 
Primary Source CO2 Working Standard (5% / 50,000 ppmv): Using a gas tight syringe 
transfer 912.2 mL of the primary source stock CO2 standard into a 6 L Summa Canister.  
Pressurize the canister with nitrogen to 29.99976 psig, which corresponds to a final 
volume of 18.2448 L.   
 Where:  
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Second Source CO2 Working Standard (5% / 50,000 ppmv): Using a gas tight syringe 
transfer 912.2 mL of the second source stock CO2 standard into a 6 L Summa Canister.  
Pressurize the canister with nitrogen to 29.99976 psig Pressurize the canister with 
nitrogen to 29.99976 psig, which corresponds to a final volume of 18.2448 L.    
 
Section 11.1, Page 6 of 15:  
 
To prepare a MS/MSD for carbon dioxide prepare two additional aliquots of the parent sample 
and add 1 mL of Matheson Micromat 14 Gas Mix of the primary source 5% CO2 working 
standard into the headspace to yield a spike concentration equivalent to the mid-level 
calibration standard.   
 
Section 11.2, Page 7 of 15: 
 
For GC/TCD analysis (carbon dioxide), manually inject 300 500 uL of the standards and 
samples directly onto the column.   
 
Table 1, Section 18.0, Page 11 of 15: 
 
Table 1: Target Analyte List and Reporting Limit  

Compound CAS Number Reporting Limit (ug/L) 
Methane 000074-82-8 2 
Ethane 000074-84-0 4 
Ethene 000074-85-1 3 

Carbon Dioxide 000124-38-9 500 1000 
 
Appendix A: Section 18.0. Page 13 of 15:  
 
The standard formulations contained in this appendix are recommended and are subject to 
change. If the concentration or volume of any of the stock standard changes, the standard 
preparation instructions must be adjusted accordingly. See laboratory SOP LP-QA-002 
Standard Preparation for further guidance.  
 
Prepare separate calibration curves for methane, ethane, ethene and carbon dioxide.  A 
separate calibration curve and source calibration standard must be prepared for carbon 
dioxide because the Matheson Micromat 14 gas mixture contains hydrogen which co-
elutes with carbon dioxide on the column.   
 
Calibration Standard GC/FID (Methane, Ethane, Ethene) 

Primary Source 
Matheson        

Micromat 14 Gas Mix 
(10,000 PPMV) 

Level  
1 

Level 
2 

Level 
3 

Level 
4 

Level 
5 

Volume Added (uL) 1.3 50 200 600 1000 
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Final Concentration (ug/L) Calibration Level 1-5 (Methane, Ethane, Ethene) 

Analyte Level 1 Level 
2 

Level 
3 

Level 
4 

Level 
5 

Methane 0.47 18 73 218 363 
Ethane 0.89 34 136 409 681 
Ethene 0.83 32 127 381 636 
Carbon Dioxide 500 2500 5000 75000 10000
Acetylene 0.77 30 118 354 590
 
Calibration Standard GC/TCD (Carbon Dioxide) 
Matheson        
Micromat 14 Gas Mix 

Primary Source 
CO2 Working Standard 

(50,000 PPMV) 
 

Level 
1 

Level 
2 

Level 
3 

Level 
4 

Level 
5 

Volume Added (mL) 0.1 0.2 0.5 1.0 1.5 2.0 
 
Final Concentration (ug/L) Calibration Level 1-5 (Carbon Dioxide) 

Analyte Level  
1 

Level 
2 

Level 
3 

Level 
4 

Level 
5 

Carbon Dioxide 500 
1000 

2500 5000 75000 10000

 
ug/L= PPMV of Parent Standard x (molecular weight (g) / 24.47) x (volume added (mL) /18 mL) 
 

Compound Molecular Weight (g) 
Methane 16 
Ethane 30 
Ethene 28 

Acetylene 26
Carbon Dioxide 44 
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1.0 SCOPE AND APPLICATION 
 
1.1 This SOP describes the laboratory procedure for the determination of dissolved gases 

(methane, ethane and ethene) in groundwater.  This procedure may also be used for the 
determination of carbon dioxide.  This procedure is applicable to the concentration of 
dissolved gas in headspace.  This procedure is not applicable to the determination of 
total sample concentration (concentration in headspace + concentration in water).   

 
1.2 The target compounds that can be determined by this procedure and their associated 

Reporting Limits (RL) are listed in Table 1, Section 18.0. 
 
2.0 SUMMARY OF METHOD 
 
2.1. Samples are collected without headspace in 44 mL VOA vials.  Samples for methane, 

ethane and ethane are preserved with hydrochloric acid at the time of collection. 
Samples for carbon dioxide are not preserved.  Prior to analysis the sample is 
transferred to a 22 mL serum vial with a crimp cap and headspace is created using.  
Nitrogen.  Samples for methane, ethane, ethene are loaded onto a headspace 
autosampler and analyzed by GC/FID.  Samples for carbon dioxide are manually 
injected and analyzed by GC/TCD.  

 
3.0 DEFINITIONS 
 
3.1 Definitions are included in Appendix B. 
 
4.0 INTERFERENCES 
 
4.1. Non-target compounds from the sample matrix can cause interference, which may result 

in positive identifications of non-target compounds with retention times similar to those of 
target compounds.  The extent of these interferences will vary depending on the nature 
of the samples.   

 
5.0 SAFETY 
 
5.1 Employees must abide by the policies and procedures in the Corporate Safety Manual 

and this document.    
 
5.1. Specific Concerns or Requirements  
 

The gas chromatograph contains zones that have elevated temperatures.  The analyst 
needs to be aware of the locations of those zones, and must cool them to room 
temperature prior to working on them. 
 
There are areas of high voltage in the gas chromatograph.  Depending on the type of 
work involved, either turn the power to the instrument off, or disconnect it from its source 
of power. 
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5.2. Primary Materials Used 
 

Table 2, Section 18.0 lists those materials used in this procedure that have a serious or 
significant hazard rating along with the exposure limits and primary hazards associated 
with that material as identified in the MSDS.  The table does not include all materials 
used in the procedure. A complete list of materials used can be found in Section 7.0.  
Employees must review the information in the MSDS for each material before using it for 
the first time or when there are major changes to the MSDS.  Any questions regarding 
the safe handling of these materials should be directed to the laboratory’s Environmental 
Health and Safety Coordinator.   

 
6.0 EQUIPMENT AND SUPPLIES 
 
6.1. 22 mL serum vials with crimp cap tops.   
 
6.2. Computer Hardware/Software:  GC Acquisition Platform- VAX 4505 (GVAX) Multichrom 

V2.11.  Data Processing- Hewlett-Packard 9000-series computers, an HP9000 D250 
(Chemsvr4) and an HP 9000 K200 (Chemsvr5)/HP-UX 10.20 and Target V3.5. 

 
6.3. GC/FID/TCD: with dual columns, headspace autosampler, or equivalent. 
 
6.4. GC Columns: 
 

� FID- Rt-UPLOT, (30m x 0.53 mmID) 
� TCD- CTR 1, (6 feet inner with porous polymer and 6 feet outer with molecular 

sieve). 
 

6.5. Syringes-10 uL to 5.0 mL gas tight syringes with Luer-Lok tip. 
 
6.6. Supply of ultrahigh purity argon, helium, hydrogen, and nitrogen. 
 
7.0 REAGENTS AND STANDARDS 
 
7.1 Reagents 
 
 VOA Free Reagent Water  
 
7.1. Standards 
 

Stock gaseous standards are purchased from commercial vendors.  To prepare each 
standard, 18 mL of reagent water is added to a 22 mL serum vial.  The vial is capped 
and 4 mL of headspace is generated before an appropriate volume of gaseous standard 
is added to the vial.  The recommended formulation for the preparation of the calibration 
standards is provided in Appendix A.   The procedures for the preparation of continuing 
calibration verification standard (CCV) and QC samples are provided in Sections 10.0 
and 11.0. 
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8.0 SAMPLE HANDLING AND PRESERVATION 
 
8.1. Samples for analysis of methane, ethane and ethane should be collected in 44 mL VOA 

vials preserved with 1:1 HCl to a pH of less than 2.   Samples for analysis of carbon 
dioxide should be collected unpreserved in 44 mL VOA vials.   

 
8.2. Immediately following collection, samples must be cooled and stored at 4º C ± 2º C until 

the time of analysis.  The holding time is 14 days from time of collection. 
 
8.3. Unless otherwise specified by client or regulatory program, after analysis, samples are 

retained for a minimum of 30 days after provision of the project report and then disposed 
of in accordance with applicable regulations.  

 
9.0 QUALITY CONTROL 
 
9.1. The minimum frequency requirements, acceptance criteria and recommended corrective 

action for QC samples are summarized in Table 3, Section 18.0. Below is a summary of 
each type of QC sample that is analyzed with the method. 

 
9.2. A Method Blank (MB) and Laboratory Control Sample (LCS) are prepared with each 

analytical batch.  These samples show that the laboratory is in control, independent of 
the sample matrix.   

 
9.3. A Matrix Spike and Matrix Spike Duplicate (MS/MSD) should be analyzed with each 

analytical batch if sufficient sample volume is provided.  Project specific MS/MSD and 
Sample Duplicates (SD) are performed per client request. These samples show the 
effect of the sample matrix on the accuracy and precision of the method. 

 
9.4. Instrumental QC standards include a five-point calibration (ICAL), an Initial Calibration 

Verification (ICV) standard, also referred to as a second source standard, that contains 
all target analytes, is analyzed to verify the ICAL standard formulation. Continuing 
Calibration Verification (CCV) standards are analyzed every 24 hours and at the end of 
each analytical sequence.   

 
10.0 CALIBRATION AND STANDARDIZATION 
 
10.1. Instrument Operating Conditions  
 

The recommended instrument operating conditions are as follows: 
 
FID: 
Temperature Program:  40º for 3.5 minutes 
FID Temperature: 200ºC 
Injection Port Temperature: 50ºC 
Carrier gas:  Helium, 30 mL/min 
Hydrogen (FID):  30 mL/min 
Air (FID):  300 mL/min 
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TCD: 
Temperature Program:  75º for 3.5 minutes 
TCD Temperature: 150ºC 
Injection Port Temperature: 50ºC 
Filament Temperature:  185ºC 
Injection Port Temperature: 
Carrier gas:  Argon, 60 mL/min 
    

10.2. Initial Calibration 
 

Prepare a five-point calibration by adding a volume of gas standard into a 22 mL vial that 
contains 18 mL of deionized water and 4 mL of headspace. Use UHP nitrogen to create 
the headspace.  The volumes of standard required to prepare each calibration level is 
provided in Appendix A along with the final concentration of each prepared standard.  

  
Analyze the calibration standards following the procedure that begins in Section 11.2.  
The data processing system calculates the Calibration Factor (CF), mean CF and 
Percent Relative Standard Deviation (%RSD). The % RSD for all target analytes must 
be ≤ 30% for the calibration to be considered acceptable.  If the %RSD is outside criteria 
for any target compound, investigate the cause of the problem and correct prior to the 
analysis of samples.   

 
10.3. Initial Calibration Verification  
 

Immediately following initial calibration, verify the calibration with a second source (ICV) 
standard.   
 
To prepare the ICV for methane, ethane and ethene, inject 200 uL of the second source 
gaseous standard into a 22 mL vial that contains 18 mL of VOA free water and 4 mL of 
headspace to yield an ICV concentration equivalent to CAL Level 3.  To prepare the ICV 
for carbon dioxide, inject 1 mL of the second source gaseous standard into a 22 mL vial 
that contains 18 mL of VOA free water and 4 mL of headspace to yield an ICV 
concentration equivalent to CAL Level 3.   
 
Analyze the standard following the procedure that begins in Section 11.2. The percent 
recovery of the ICV must be 70%-130% recovery of the expected value.   

 
10.4. Continuing Calibration Verification (CCV) 
 

Following the procedure in Section 11.0, prepare and analyze the mid-level CCV every 
24 hours and at the end of the analytical sequence.  The percent difference of the CCV 
must be ±30% as compared to the initial calibration. Samples must be bracketed by 
passing CCVs, and samples before and after CCV failure must be reanalyzed, unless 
the CCV is high and there are no detects in the associated samples.  

 
10.5. Troubleshooting:  The following items can be checked in case of calibration failures: 
 



SOP No.LM-GC-RSK175  
Revision:9  

Revision Date: 04/14/06 
Effective Date: 04/28/06  

Page 6 of 15 
 

COMPANY CONFIDENTIAL AND PROPRIETARY 

ICAL Failure:  Perform instrument maintenance.  In extreme cases, install new columns. 
 
CCV Failure: Perform instrument maintenance. 
 
Auto-sampler failure: Reset the auto-sampler. 
 
Power Failure: Reset run in Multichrom and re-acquire or re-initiate run sequence.  

 
11.0 PROCEDURE 
  
11.1. Sample & QC Preparation 
 

Remove the samples from refrigerated storage and allow them to warm to room 
temperature.  Transfer the sample into a 22 mL vial with a crimp cap.  Insert a 22-gauge 
needle into the septum.  Using a 5 mL gastight syringe, inject 4 mL of nitrogen with 
acetylene into the vial.  For carbon dioxide, use UHP nitrogen to create the headspace.  
The nitrogen forces out an equal amount of sample through the 22-gauge needle to 
create a headspace volume of 4 mL.  Withdraw the needle and syringe from the vial and 
shake the vial vigorously for several seconds.   

 
To prepare a MS/MSD for methane, ethane and ethane, prepare two additional aliquots 
of the parent sample and add 200 uL of Matheson Micromat 14 Gas Mix into the 
headspace to yield a spike concentration equivalent to the mid-level calibration standard.   

 
To prepare a MS/MSD for carbon dioxide prepare two additional aliquots of the parent 
sample and add 1 mL of Matheson Micromat 14 Gas Mix into the headspace to yield a 
spike concentration equivalent to the mid-level calibration standard.   

 
To prepare the method blank for methane, ethane and ethene transfer 22 mL of VOA 
free reagent water into a 22 mL vial and seal with a crimp cap.  Insert a 22-gauge needle 
into the septum.  Using a 5 mL gastight syringe, inject 4 mL of nitrogen with acetylene 
into the vial.    The nitrogen forces out an equal amount of water through the 22-gauge 
needle to create a headspace volume of 4 mL. 
 
To prepare the method blank for carbon dioxide free, transfer reagent 22 mL of VOA free 
reagent water into a 22 mL vial and seal with a crimp cap.  Insert a 22-gauge needle into 
the septum.  Using a 5 mL gastight syringe, inject 4 mL of UHP nitrogen into the vial. 
The nitrogen forces out an equal amount of water through the 22-gauge needle to create 
a headspace volume of 4 mL. 
 
To prepare the LCS for methane, ethane and ethene, inject 200 uL of the second source 
gaseous standard into a 22 mL vial that contains 18 mL of VOA free water and 4 mL of 
headspace to yield an ICV concentration equivalent to CAL Level 3.   
 
To prepare the LCS for carbon dioxide, inject 1 mL of the second source gaseous 
standard into a 22 mL vial that contains 18 mL of VOA free water and 4 mL of 
headspace to yield an ICV concentration equivalent to CAL Level 3.   
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11.2 Analysis 
 

Arrange the samples in a sequence that begins with the calibration standards (ICAL if 
necessary or CCV) followed by the analysis of QC samples, field samples and 
continuing calibration verification standards (CCVs). 

 
Establish the instrument operating conditions and calibrate the instrument(s) in 
accordance with Section 10.0.  If an acceptable initial calibration already exists, begin 
the sequence with analysis of the continuing calibration verification standard.    
 
For GC/FID analysis (methane, ethane, ethane), place the standards, samples, and 
blanks onto the Tekmar headspace autosampler and initiate the analytical sequence.  
The autosampler equilibrates the sample’s water and headspace phases at 40°C and 
injects 100 uL of sample headspace onto the GC column, where target analytes if 
present are detected by the FID.   
 
For GC/TCD analysis (carbon dioxide), manually inject 300 uL of the standards and 
samples directly onto the column.   

 
The data system identifies the target analytes by comparing the retention time to the 
retention times of the mid-point of the initial calibration.  The data system calculates the 
concentration for each target analyte from the calibration curve.  If the data system does 
not properly integrate a peak, perform manual integration.  All manual integration must 
be performed and documented in accordance with laboratory SOP LP-LB-0006 Manual 
Integration.   
 
After analysis is complete, evaluate the results against the performance criteria given in 
Section 10 and Table 3, Section 18.0 and perform corrective action as necessary.  
 
Dilute and reanalyze samples whose results exceed the calibration range.  The diluted 
analysis should ideally result in a determination within the upper half of the calibration 
curve.   

 
12.0 CALCULATIONS 
 
12.1 Percent Recovery (%R) 
 

%R = 100×
n

s

C
C  

 
Where:  
Cs = Concentration of the Spiked Field or QC Sample 
Cn = Nominal Concentration of Spike Added 
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12.2 Percent Recovery for MS/MSD (%R) 
 

%R = 100×
n

us 

C
C- C  

 
Where:  
Cs = Concentration of the Spiked Sample  
Cu = Concentration of the Unspiked Sample 
Cn = Nominal Concentration of Spike Added 
 

12.3 Relative Percent Difference (RPD) 
 

RPD = 100×
⎟
⎠
⎞

⎜
⎝
⎛ +

2
CC
C-  C

21

21  

 
Where:  
C1 = Measured Concentration of First Sample 
C2 = Measured Concentration of Second Sample 

 
12.4 Calibration Factor (CF) 
 

CFi =    Peak area or height (x)  
  Standard concentration (ug/L) 
 
12.5 Mean Calibration Factor 
 

CF  =
n

CF
n

i

i∑
= 1  

 
Where:  n = number of calibration levels 

 
12.6 Standard Deviation of the Calibration Factor 
 

SD = 
1-n

2CF -CF
n

1i

  i∑
=

⎟
⎠
⎞

⎜
⎝
⎛

 

 
Where: n = number of calibration levels 
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12.7 Relative Standard Deviation of the Calibration Factor (%RSD) 
 

%RSD= 100
CF
SD

×  

 
12.8 Percent Difference (CCV) 
 

%D = 100×
CF

CF- CF   v  

 
Where: CFv = Calibration Factor from the Continuing Calibration Verification (CCV) 
 

12.9 Sample Concentration 
 

DF
CFav

Ax   ionConcentrat ⊗=  

 
 Where: 
 Ax = Peak area of analyte 
 CFav = Mean calibration factor 
 
13.0 DATA ASSESSMENT, CORRECTIVE ACTION & REPORTING 
 
13.1 Data Review and Corrective Action 
 

Review the samples, standards and QC samples against the acceptance criteria in 
Table 3. If the results do not fall within the established limits, perform the recommended 
corrective action. If corrective action is unsuccessful, document the situation with a 
nonconformance report and/or qualify the data using an appropriate data qualifier (see 
Appendix C for data qualifier definitions). For additional guidance regarding the 
laboratory’s protocol and required elements for each level of data review refer to 
laboratory SOP LP-LB-003 Data Review.  

 13.2 Data Reporting 
 

The laboratory’s RL for each target analyte is provided in Table 1.  Report the data to the 
RL adjusted for sample dilution/concentration.  The reporting limit is the threshold value 
below which results are reported as non-detected. Report sample results that have 
concentrations for a target analytes less than the RL with a  “U” qualifier.  
 
Some projects may require reporting positively identified target analytes less than the 
RL. In this case, the analyte can be qualitatively detected but not accurately quantified. 
Flag all results less than the RL with a “J” data qualifier (Appendix C). 
 
Some projects may require RLs that are less than the laboratory’s routine RL. Sample 
results may be reported to the project RL if the project RL is greater than the 
Quantification Limit (QL) and above the MDL. In this context, the QL is defined as the 
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concentration of the low calibration standard. If the project RL is less than the QL, all 
values less than the QL must be reported as estimated and qualified with a “J”. 
 
Further guidance on the application and use of the MDL, RL, and QL is provided in 
laboratory SOP LP-LB-009 Determination of Method Detection Limits. 

 
13.3 Data Management and Records: All electronic and hardcopy data is managed, retained, 

and archived as specified in laboratory SOP LP-QA-0014 Laboratory Records. 
 

14.0 METHOD PERFORMANCE 
 
14.1 A Method Detection Limit (MDL) Study is performed at initial method set-up and 

subsequently once per 12 month period. The procedure and acceptance criteria for MDL 
studies are given in laboratory SOP LP-LB-009 Method Detection Limits.  

 
14.2 A demonstration of analyst capability (IDOC) is required before use of this SOP and any 

time there is a significant change in instrument type, personnel or test method.  
 
14.3 Employee Training, and IDOC procedures are further described in laboratory SOP LP-

QA-011, Employee Training. 
 
15.0 POLLUTION PREVENTION & WASTE MANAGEMENT 
 
15.1 Where reasonably possible technology changes have been implemented to minimize the 

potential for pollution of the environment. Employees will abide by this SOP and the 
policies in Section 13 of the Corporate Safety Manual for “Waste Management and 
Pollution Prevention.”  

 
The following waste streams are produced when this method is carried out.   

 
� Acidic Sample Waste / Satellite Container: 5 Gallon Plastic Bucket 
 

15.2 Transfer the waste stream to the satellite container(s) located in your work area. Notify 
authorized personnel when it is time to transfer the contents of the satellite containers to 
the hazardous waster storage room for future disposal in accordance with Federal, State 
and Local regulations, The procedures for waste management are further given in the 
laboratory SOP LP-LB-001 Hazardous Waste. 

 
16.0 REVISION HISTORY 
 
16.1 Title Page: Revised to reflect current management structure.  The SOP number was 

changed from LM-AT-RSK175 to LM-GC-RSK175.  
 
16.2 Sections 1.0 to 15.0:  All sections were revised to describe current laboratory practice. 
 
16.3 Section 16.0: Renamed revision history (formerly references) 
 
16.4 Section 17.0: Renamed references (formerly tables, diagrams, flowcharts) 
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16.5 Section 18.0: Inserted as tables, diagrams and flowcharts.  
 
17.0 REFERENCES 
 
17.1. Method RSK-175, Revision 0, August 1994. 
 
18.0 TABLES, DIAGRAMS,FLOWCHARTS. 
 
18.1 Table 1:Target analyte list, Reporting Limits 
18.2 Table 2: Primary Materials Used. 
18.3 Table 3: QC Summary, Frequency, Acceptance Criteria and Corrective Action 
18.4 Appendix A: Standard Preparation Tables 
18.5 Appendix B: Definitions 
18.6 Appendix C: Equations 

 
 

Table 1: Target Analyte List and Reporting Limit  
Compound CAS Number Reporting Limit (ug/L) 

Methane 000074-82-8 2 
Ethane 000074-84-0 4 
Ethene 000074-85-1 3 

Carbon Dioxide 000124-38-9 500 
 
Table 2: Primary Materials Used 
Material (1) Hazards Exposure 

Limit (2) 
Signs and symptoms of exposure 

Hydrochloric 
Acid 

Corrosive 
Poison 

5 ppm-Ceiling Inhalation of vapors can cause coughing, 
choking, inflammation of the nose, throat, 
and upper respiratory tract, and in severe 
cases, pulmonary edema, circulatory 
failure, and death. Can cause redness, 
pain, and severe skin burns. Vapors are 
irritating and may cause damage to the 
eyes. Contact may cause severe burns 
and permanent eye damage. 

1 – Always add acid to water to prevent violent reactions. 
2 – Exposure limit refers to the OSHA regulatory exposure limit. 
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Table 3: QC Summary 
QC Item Frequency Acceptance Criteria Recommended  

Corrective Action 

ICAL 

Before sample analysis, when 
CCVs indicate calibration is no 
longer valid, after major 
instrument maintenance.  

CF: RSD < 30% Correct problem, reanalyze, 
repeat calibration. 

ICV After each initial calibration %R (70-130) 
Correct problem and verify 
second source standard.  If that 
fails, repeat initial calibration. 

CCV Every 24 hours and at the end of 
the sequence %D ± 30% 

Re-analyze once, if still outside 
criteria perform corrective action, 
sequence can be re-started if two 
successive CCVs pass, otherwise 
repeat ICAL and all associated 
samples since last successful 
CCV, unless CCV is high and 
bracketed samples are non-
detects. 

MB Every 20 samples 
< RL 
 
DoD: < ½ RL  

Examine project DQO’s and take 
appropriate corrective action, 
which may include re-analysis of 
MB, re-extraction of batch, and/or 
non-conformance report (NCR).  
Corrective action must be 
documented on NCR. If there are 
no detects in samples, or if all 
detects are > 10 X MB level, re-
prep and reanalysis may not be 
required. 

LCS Every 20 samples %R (70-130) 

Examine project DQO’s and take 
appropriate corrective action, 
which may include re-analysis of 
LCS, re-extraction of batch, 
and/or non-conformance report 
(NCR).  Corrective action must be 
documented on NCR. Flag all 
reported values outside of control 
limits. 

MS/MS
D 
SD 

Every 20 samples if sufficient 
sample volume is available.  
Project specific MS/MSD and SD 
per client request 

%R (70-130) 
RPD < 30 

Examine project DQO’s and take 
appropriate corrective action, 
which may include re-analysis of 
LCS, re-extraction of batch, 
and/or non-conformance report 
(NCR).  Corrective action must be 
documented on NCR. Flag all 
reported values outside of control 
limits. 
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Appendix A:  Calibration Standard Preparation Tables 
 
The standard formulations contained in this appendix are recommended and are subject to 
change. If the concentration or volume of any of the stock standard changes, the standard 
preparation instructions must be adjusted accordingly. See laboratory SOP LP-LB-002 Standard 
Preparation for further guidance.  
 
Calibration Standard GC/FID (Methane, Ethane, Ethene) 
Matheson        
Micromat 14 Gas Mix 

Level 
1 

Level 
2 

Level 
3 

Level 
4 

Level 
5 

Volume Added (uL) 1.3 50 200 600 1000 
  
Calibration Standard GC/TCD (Carbon Dioxide) 
Matheson        
Micromat 14 Gas Mix 

Level 
1 

Level 
2 

Level 
3 

Level 
4 

Level 
5 

Volume Added (mL) 0.1 0.5 1.0 1.5 2.0 
 
Final Concentration 
Compound Level 

1 
Level 

2 
Level 

3 
Level 

4 
Level 

5 
Methane 0.47 18 73 218 363 
Ethane 0.89 34 136 409 681 
Ethene 0.83 32 127 381 636 
Carbon Dioxide 500 2500 5000 75000 10000
Acetylene 0.77 30 118 354 590 
 
Formula :  ug/L= PPMV x (MW/24.47) x (mL injected/18mL) 
 
Where: 
MW = Molecular Weight 
 

Compound Molecular Weight (g) 
Methane 16 
Ethane 30 
Ethene 28 

Acetylene 26 
Carbon Dioxide 44 

 
 
 

 
 

 
 
 
 
 



SOP No.LM-GC-RSK175  
Revision:9  

Revision Date: 04/14/06 
Effective Date: 04/28/06  

Page 14 of 15 
 

COMPANY CONFIDENTIAL AND PROPRIETARY 

Appendix B: Terms and Definitions 
 
Acceptance Criteria:  specified limits placed on characteristics of an item, process or service 
defined in requirement documents. 
 
Accuracy:  the degree of agreement between an observed value and an accepted reference 
value.  Accuracy includes a combination of random error (precision) and systematic error (bias) 
components which are due to sampling and analytical operations; a data quality indicator.  
 
Analyte:  The specific chemicals or components for which a sample is analyzed.  (EPA Risk 
Assessment Guide for Superfund, OSHA Glossary).  
 
Batch: environmental samples that are prepared and/or analyzed together with the same 
process, using the same lot(s) of reagents.  A preparation/digestion batch is composed of one to 
20 environmental samples of similar matrix, meeting the above criteria.  An analytical batch is 
composed of prepared environmental samples (extracts, digestates and concentrates), which 
are analyzed together as a group.   
 
Calibration:  a set of operations that establish, under specified conditions, the relationship 
between values of quantities indicated by a measuring instrument or measuring system, or 
values represented by a material measure or a reference material and the corresponding values 
realized by the standards.   
 
Calibration Curve: the graphical relationship between the known values or a series of 
calibration standards and their instrument response. 
 
Calibration Standard: A substance or reference used to calibrate an instrument.   
  
Continuing Calibration Verification (CCV): a single or multi-parameter calibration standard 
used to verify the stability of the method over time. Usually from the same source as the 
calibration curve. 
 
Corrective Action: the action taken to eliminate the cause of an existing nonconformity, defect 
or other undesirable occurrence in order to prevent recurrence.   
 
Data Qualifier:  a letter designation or symbol appended to an analytical result used to convey 
information to the data user.  (Laboratory) 
 
The qualifiers that are routinely used for this test method are:   
 
U:  Compound analyzed for but not detected at a concentration above the reporting limit. 
B: Compound is found in the sample and the associated method blank. 
E: Compound whose concentration exceeds the upper limit of the calibration range. 
D: Concentration identified from a dilution analysis. 
X,Y,Z: Laboratory defined flags that may be used alone or combined as needed.  If used, 
provide a description of the flag in the project narrative.   
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Demonstration of Capability (DOC): procedure to establish the ability to generate acceptable 
accuracy and precision. 
 
Holding Time: the maximum time that a sample may be held before preparation and/or 
analysis as promulgated by regulation or as specified in a test method. 
  
Initial Calibration: Analysis of analytical standards for a series of different specified 
concentrations used to define the quantitative response, linearity and dynamic range of the 
instrument to target analytes. 
 
Intermediate Standard: a solution made from one or more stock standards at a concentration 
between the stock and working standard. Intermediate standards may be certified stock 
standard solutions purchased from a vendor and are also known as secondary standards. 
 
Laboratory Control Sample (LCS): a blank matrix spiked with a known amount of analyte(s) 
processed simultaneously with and under the same conditions as samples through all steps of 
the procedure. 
 
Matrix Spike (MS): a field sample to which a known amount of target analyte(s) is added. 
 
Matrix Spike Duplicate (MSD): a second replicate matrix spike  
 
Method Blank (MB): a blank matrix processed simultaneously with and under the same 
conditions as samples through all steps of the procedure. Also known as the preparation blank 
(PB).  
 
Method Detection Limit (MDL): the minimum amount of a substance that can be measured 
with a specified degree of confidence that the amount is greater than zero using a specific 
measurement system.  The MDL is a statistical estimation at a specified confidence interval of 
the concentration at which relative uncertainty is ±100%.  The MDL represents a range where 
qualitative detection occurs.  Quantitative results are not produced in this range.  
 
Non-conformance: an indication, judgment, or state of not having met the requirements of the 
relevant specification, contract or regulation. 
 
Precision: the degree to which a set of observations or measurements of the same property, 
obtained under similar conditions, conform to themselves.   
 
Preservation: refrigeration and/or reagents added at the time of sample collection to maintain 
the chemical, physical, and/or biological integrity of the sample. 
 
Quality Control Sample (QC): a sample used to assess the performance of all or a portion of 
the measurement system.    
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1.0 SCOPE AND APPLICATION 
 
1.1 This SOP describes the laboratory procedure for the determination of Ammonia as 

Nitrogen (Ammonia as N) in non-potable water and solids.   
 
1.2 The routine reporting limit (RL) for water is 0.10 mg/L and 5.0 mg/kg for solids.  
 
 
2.0 SUMMARY OF METHOD 
 
2.1 Samples submitted for analysis are buffered at a pH of 9.5 with a borate buffer in order 

to decrease hydrolysis of cyanates and organic nitrogen compounds and then distilled 
into a solution of boric acid. The ammonia in the distillate is then determined 
colorimetrically by nesslerization.    

 
2.2 This procedure is based on EPA Method 350.2, Nitrogen, Ammonia (Colorimetric, 

Titrimetic, Potentiometric Distillation Procedure), Editorial Revision 1974. 
 
3.0 DEFINITIONS 
 
3.1 Definitions are included in Appendix A. 
 
4.0 INTERFERENCES 
 
4.1 A number of aromatic and aliphatic amines, as well as other compounds, both organic 

and inorganic, will cause turbidity upon the addition of the Nessler reagent, so distillation 
to eliminate these is required. 

 
4.2 Samples are pretreated with sodium thiosulfate before distillation to remove residual 

chlorine. 
 
5.0 SAFETY 
 
5.1 Employees must be trained on and they must abide by the policies and procedures in 

the Corporate Safety Manual and this document.  
 

5.2 Specific Safety Concerns 
 
There are no special safety concerns associated with this method.  
 

5.3 Primary Materials Used 
 
Table 1 in Section 18.0 lists those materials used in this procedure that have a serious 
or significant hazard rating along with the exposure limits and primary hazards 
associated with that material as identified in the MSDS. The table does not include all 

COMPANY CONFIDENTIAL AND PROPRIETARY 
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materials used in the procedure. A complete list of materials used can be found in 
section 7.0. Employees must review the information in the MSDS for each material 
before using it for the first time or when there are major changes to the MSDS. Any 
questions regarding the safe handling of these materials should be directed to the 
laboratory’s Environmental Health and Safety Coordinator.  

 
6.0 EQUIPMENT AND SUPPLIES 
 
6.1 Analytical Balance: capable of accurately measurement to 0.01 g. 
 
6.2 Volumetric Flasks, Class A: 10, 50, 100, 500 & 1000 mL sizes.   Wash all glassware 

after use with 10% HCl solution and rinse thoroughly with reagent water.  
 
6.3 Spectrophotometer for use at 425 nm with a 2 cm cuvette. 
 
6.4 Distillation System: WestCo “Easy-Dist” distillation system w/100 mL distillation flasks; 

20 position or equivalent.  
 
6.5 Pipettes: 1.0 & 5.0 mL sizes, Finpipette or equivalent.   
 
6.6 Graduated Cylinders; 50 & 500 mL sizes. 
 
6.7 Narrow Range pH paper.   
 
7.0 REAGENTS AND STANDARDS 

 
7.1 Reagents 
 

Ammonium Chloride (NH4Cl): Reagent grade; J.T. Baker or equivalent 
 
Concentrated Sulfuric Acid (H2SO4):Reagent grade; J.T. Baker or equivalent 
 
Sodium Borate (Na2BB4O7 - 10H2O): Reagent grade; J.T. Baker or equivalent 
 
Boric Acid: Reagent grade (H3BO3): J.T. Baker or equivalent 
 
Nessler Reagent: Thomas Scientific or equivalent.  The reagent should exhibit a pale 
yellow color. Do not use if the reagent is cloudy, is orange in color, or has a noticeable 
orange precipitate. 
 
Sodium Thiosulfate (Na2S2O3 5H2O): Reagent Grade, J.T. Baker or equivalent 
 
Sodium Hydroxide (NaOH): Reagent Grade, J.T. Baker or equivalent 

 
Borate Buffer: Measure 179.55 g sodium borate into a 5-gallon plastic carboy and adjust 
to volume with reagent water. Adjust the pH of the solution to pH 9-10 using saturated 
NaOH.  Assign an expiration date of six months and store at room temperature. 

COMPANY CONFIDENTIAL AND PROPRIETARY 
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Boric Acid Solution: Measure 76 g boric acid into a one-gallon plastic container and 
adjust to volume with reagent water.  Assign an expiration date of six months and store 
at room temperature. 

 
 

 
Sodium Thiosulfate, 1/70N: Measure 3.5 g Na2S2O3 5H2O into a 1L volumetric flask and 
adjust to volume with reagent water.  Assign an expiration date of six months and keep 
refrigerated. 

 
Sodium Hydroxide Solution, Saturated: Add ~500 mL of reagent water to a 1L volumetric 
flask.  Add 1000 g NaOH pellets and mix to dissolve.  Dilute the solution to volume with 
reagent water.  Assign an expiration date of six months and store at room temperature. 

 
Sulfuric Acid, 1N:  Add 300 mL of reagent water to a 1L volumetric flask.  Slowly add 28 
mL of concentrated sulfuric acid to the flask then dilute to volume with reagent water.  
Assign an expiration date of six months and store at room temperature. 
 

 
7.2 Standards 

 
Unless otherwise specified assign an expiration date of six months from date of 
preparation unless the expiration date of the parent standard solution expires sooner, in 
which case use the earliest expiration date.  Store all standards and reagents in the 
refrigerator at a temperature of 2-6oC. 
 
Primary Source Ammonia as N Stock Standard, 1000 mg/L: Measure 3.819g of 
ammonium chloride into a 1L volumetric flask that contains ~ 500 mL of reagent water.   
Add three drops of concentrated sulfuric to preserve and adjust to volume with reagent 
water.   Assign an expiration date of six months and store refrigerated. 

 
Ammonia as N Working Standard, 2 mg/L: Measure 2 mL of 1000 mg/L Ammonia as N 
stock into a 1L volumetric flask that contains ~ 500 mL of reagent water.  Add three 
drops of concentrated sulfuric to preserve and adjust to volume with reagent water.   
Assign an expiration date of six months and store refrigerated. 

 
Second Source Ammonia as N Stock Standard, 1000 mg/L, SCP Science or equivalent.    
 
Second Source Ammonia as N ICV Working Standard, 50 mg/L: Measure 5 mL of the 
1000 mg/L second source Ammonia as N Stock Standard into a 100 mL volumetric flask 
that contains ~ 50 mL of reagent water. Add three drops of concentrated sulfuric to 
preserve and adjust to volume with reagent water.   Assign an expiration date of six 
months and store refrigerated. 
 
 

8.0 SAMPLE COLLECTION, PRESERVATION, SHIPMENT AND STORAGE 

COMPANY CONFIDENTIAL AND PROPRIETARY 
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8.1 For waters, collect a minimum sample volume of 100 mL in plastic or glass containers 

and that contain sufficient sulfuric acid to preserve the sample to a pH <2.    For soils, 
collect a minimum sample size of 50 g in plastic or glass containers. Immediately 
following collection ice all samples to 4°C (±2˚C) and maintain the samples at that 
temperature until sample preparation and analysis.  

 
8.2 The holding time for water and soils samples is 28 days from date of collection. 
 
8.3 Unless otherwise specified by client or regulatory program, following analysis, samples 

are retained for a minimum of 30 days after date of submission of the data report and 
then disposed of in accordance with all applicable regulations. 

 
9.0 QUALITY CONTROL 
 
9.1 The following QC samples are analyzed with each batch of 20 or less samples: Method 

Blank (MB), and two Laboratory Control Sample (LCS) of varying concentration.  A 
Matrix Spike (MS) and Sample Duplicate (DP) are prepared with each sample batch 
when sufficient sample volume is available.  Client specific MS/MSD and sample 
duplicates are performed per client request. The initial calibration curve is checked with 
a second source Initial Calibration Verification standard (ICV), Continuing Calibration 
Verification standards (CCV), and Continuing Calibration Blanks (CCB). The minimum 
frequency requirements, acceptance criteria and recommended corrective action for all 
QC samples are summarized in Table 2, Section 18.0.  

 
10.0 CALIBRATION AND STANDARDIZATION 
 
10.1 Initial Calibration 
 

Using the 2 mg/L Ammonia as N Working Standard (7.1.3), prepare the following 
calibration standards in 50 mL volumetric flasks: 
 

Curve 
Standard 

2mg/L Standard 
(mL) 

Reagent 
Water (mL) 

Final 
Volume (mL)

Final Concentration 
(mg/L) 

Blank 0 50.0 50 0.000 
Level 1 2.5 47.5 50 0.100 
Level 2 5.0 45.0 50 0.200 
Level 3 10.0 40.0 50 0.400 
Level 4 15.0 35.0 50 0.600 
Level 5 20.0 30.0 50 0.800 
Level 6 30.0 20.0 50 1.20 
Level 7 40.0 10.0 50 1.60 
Level 8 50.0 0 50 2.00 

 
Add 2 mL of Nessler reagent to each curve standard and allow the color to develop for 
15 minutes. Read the absorbance of each calibration level using the spectrophotometer 
at 425 nm.  See Section 11.4 for the analysis procedure.  
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Prepare a calibration curve by plotting the absorbance values of the calibration 
standards against their known concentrations using a linear regression analysis. The 
correlation coefficient must be > 0.995 for the calibration to be considered acceptable. If 
this criterion is not met, the calibration procedure must be repeated before sample 
analysis.  
 

10.2 Initial Calibration Verification (ICV) – 1.0 mg/L 
 
Immediately following the initial calibration, analyze an ICV.  To prepare the ICV 
standard, measure 2.0 mL of the second source 50 mg/L Ammonia as N ICV Working 
Standard into a 100 mL volumetric flask and adjust to volume with reagent water. Add 2 
mL of Nessler reagent and swirl to mix.  Allow 15-20 minutes for color development. 
Analyze the standard and calculate the concentration of Ammonia as N in mg/L from the 
calibration curve using linear regression.  Calculate the percent recovery. The percent 
recovery of the ICV must be 90-110%. If it is outside of this range, corrective action may 
be taken and it may be re-analyzed once. If it is still outside of the range, the calibration 
procedure must be repeated prior to sample analysis. 
 

10.3 Continuing Calibration Verification (CCV) – 0.60 mg/L and 1.20 mg/L 
 
Analyze CCV standard at the beginning of the run, every 10 samples, and at the end of 
the run.  Vary the CCV concentrations between 0.60 mg/L and 1.20 mg/L alternately 
through the analytical sequence.   
 
To prepare the 0.60 mg/L CCV, measure 15 mL of the 2 mg/L Ammonia as N Working 
Standard  into a 50 mL volumetric flask and adjust to volume with reagent water.   To 
prepare the 1.2 mg/L CCV, measure 30.0 mL of the 2 mg/L Ammonia as N Working 
Standard (7.1.3) into a 50 mL volumetric flask, and adjust to volume with reagent water.   
Add 2 mL of Nessler reagent to each standard and swirl to mix.  Allow 15-20 minutes for 
color development.  
 
Analyze the CCV standards and calculate the concentration of Ammonia as N in mg/L 
from the calibration curve using linear regression.  Calculate the percent recovery. The 
percent recovery of the CCV must be 90-110%.  If this criterion is not met, perform 
corrective action and repeat analysis of the failing CCV unless the recovery of the CCV 
is high and ammonia is not found in any field samples in which case, the data is 
acceptable and corrective action is not required.  If the CCV fails after reanalysis, 
perform additional corrective action then repeat initial calibration.  Alternatively, analyze 
two consecutive CCVs at differing concentrations.  If these CCV samples are within 
acceptance criteria analysis may continue, otherwise initial calibration must be repeated.  
If the initial calibration must be repeated, re-analyze all bracketed samples (samples run 
just prior to and just after the failing CCV).  
 

10.4 Continuing Calibration Blanks (CCB) 
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Analyze a CCB consisting of 50 mL of reagent water immediately after each CCV.  To 
prepare the CCB, add 2 mL of Nessler reagent to a 50 mL flask that contains 50 mL of 
reagent water. Mix well and allow 15-20 minutes for color development.  
 
For analysis to proceed, the CCBs must not contain Ammonia at greater than the RL.   
For Department of Defense analyses, Ammonia in the CCB must be < 0.05 mg/L for the 
analysis to proceed. If however, all resulting analyses are greater than 10 times the 
blank analysis, the data is acceptable. 

 
11.0 PROCEDURE  
 
11.1 Preliminary Glassware Preparation 
 

After each use, wash the boiling tubes, caps, sloped T joints, 50 mL graduated cylinders, 
and condensing stems in the dishwasher.  Rinse the condensers and test tubes with 
10% HCl and then rinse well with reagent water. 
 
Prior to use, inspect glassware for weakness and dirt or film residue.  The glassware 
must be scrupulously cleaned to prevent contamination.  If necessary, re-rinse with 10% 
HCl and reagent water. Rinse the condenser stems with reagent water and ensure that 
the water runs freely through them, that the stems are not blocked, and that they drain 
well. 

 
11.2 Water Sample Preparation 
 

Add 5-10 boiling chips to each boiling flask. 
 

Using a graduated cylinder, measure 50 mL of each sample into a 100 mL distillation 
tube.  
 
Prepare the QC samples as follows:  

 
Method Blank: Measure 50 mL of reagent water into a distillation tube. 

 
LCS#1 0.40 mg/L Ammonia as N: Measure 10.0 mL of the 2.0 mg/L Ammonia as N 
Working Standard into a 50 mL volumetric flask and adjust to volume with reagent water. 
Mix well and add to a distillation tube.  

 
LCS#2 0.80 mg/L Ammonia as N: Measure 20.0 mL of the 2.0 mg/L Ammonia as N 
Working Standard into a 50 mL volumetric flask and adjust to volume with reagent water. 
Mix well and add to a distillation tube.  

 
Sample Duplicate and 0.80 mg/L Ammonia as N Matrix Spike (MS): Measure additional 
50 mL aliquots for each sample duplicate and MS into distillation tubes. To prepare the 
MS, add 0.5 mL of 1000 mg/L Ammonia as N Stock Standard into a 10 mL volumetric 
flask and adjust to volume with reagent water. Prepare fresh daily. Add 0.8 mL of the 50 
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mg/L Ammonia as N Working Standard to the MS aliquot.  This preparation is equivalent 
to a matrix spike concentration of 0.80 mg/L Ammonia as N. 
 
Add 1 mL of (1/70 N) sodium thiosulfate to each field and QC samples to remove any 
residual chlorine. 
 
Proceed to the distillation procedure described in section 11.4. 
 

11.3 Soil Sample Preparation 
 

Add 5-10 boiling chips that have been pre-soaked in 10 N NaOH to each distillation tube. 
 
Measure ~1.0 g of each sample into a 100 mL distillation tube and add 50 mL of reagent 
water using a graduated cylinder. 
 
Prepare the QC samples as follows: 
 
Method Blank: Measure ~1.0 g of Teflon chips into a labeled distillation tube and add 50 
mL of reagent water using a 50 mL graduated cylinder. 
 
LCS#1 20 mg/kg Ammonia as N: Measure approximately 1.0 g of Teflon chips into a 
labeled distillation tube. Measure 10.0 mL of the 2.0 mg/L Ammonia as N Working 
Standard into a 50 mL volumetric flask and adjust to volume with reagent water. Mix well 
and add to a distillation tube. This is equivalent to 0.40 mg/L in solution and 20 mg/kg in 
the final distillate. 

 
LCS#2 40 mg/kg Ammonia as N: Measure approximately 1.0 g of Teflon chips into a 
labeled distillation tube. Measure 20.0 mL of the 2.0 mg/L Ammonia as N Working 
Standard into a 50 mL volumetric flask and adjust to volume with reagent water. Mix well 
and add to a distillation tube. This is equivalent to 0.80 mg/L in solution and 40 mg/kg in 
the final sample. 
 
Sample Duplicate and 80 mg/kg Ammonia as N Matrix Spike (MS): Measure additional 
1.0 g aliquots for a sample duplicate and each MS into 100 mL distillation tubes and add 
50 mL of reagent water using a graduated cylinder.  To prepare the MS, measure 0.5 mL 
of 1000 mg/L Ammonia as N Stock Standard into a 10 mL volumetric flask and adjusting 
to volume with reagent water. Prepare fresh daily. Add 0.8 mL of the 50 mg/L Ammonia 
as N Working Standard to the MS aliquot. This is equivalent to an MS concentration in 
solution of 0.80 mg/L Ammonia as N, and 80 mg/kg Ammonia as N in sample.  

 
Add 1 mL of (1/70 N) sodium thiosulfate to each field and QC sample to remove any 
residual chlorine. 
 
Proceed to the distillation procedure described in section 11.4. 
 

11.4 Distillation Procedure 
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Add 5 mL of boric acid to each graduated cylinder that is to be used for distillate 
collection. 
 
Assemble the glassware in the micro-distillation unit. Take care to ensure that all 
connections are tight and the clips are used where appropriate.  Ensure that all joints are 
seated and that the condenser stem tips are submerged in the boric acid solution, but 
that they do not touch the bottom of the collection tube. If necessary, place cardboard 
shims under the collection tubes to ensure submersion. 
 
Turn on the condensers, and check the water flow using the clear loop attached to the 
chilled water loop. The water flow should create approximately 1 revolution of the red 
indicator ball per second.  Let the chilled water loop run for approximately 5-10 minutes 
before turning on the distillation heating program to ensure that the condensers are cool. 
 
To each sample, including QC samples, add 10N NaOH drop-wise to a pH of 9.5, using 
narrow range pH paper to check the sample pH then add 5.0 mL of borate buffer to each 
sample. 
 
To begin the distillation, turn on the Easy-Dist keypad. The temperature program is pre-
set as follows: Ramp 10oC per minute to 190oC, 0.4 hour hold, then 1oC per minute to 
210oC, 0.5 hour hold.  Press “start” to begin the distillation process.  
 
Observe the samples as they begin to boil. The samples may “pop”; if this occurs, more 
boiling chips may be needed. If the distillation stems in the collection tubes fill up, quickly 
remove the cap on the slope-T to allow draining of stems and replace caps immediately. 
Take care during this step, as hot steam will be released. Watch for condensate on the 
outside of the condensers, and wipe when needed to prevent condensate from dripping 
into the collection tubes. Samples should distill in approximately 45 minutes – 1 hour. 
 
Some samples will distill more quickly than others so it is important to monitor the 
distillation and stop at the appropriate time. Monitor each distiller set up and remove the 
collection tube when between 30 and 35 mL of distillate has been collected.  Note: this is 
in addition to the 5 mL of Boric Acid already in the collection tube, so the goal is to 
collect a total volume, including Boric Acid, of between 35 and 40 mL.  Note that a 
certain volume collects in the distillation stem, and this will drain when the distillation is 
stopped.  Therefore, try not to distill more than 40 mL as this will elevate the final 
reporting limit.  If more than 50 mL of total distillate is collected, make sure to note this in 
the Ammonia logbook. 
 
To stop an individual distillation: using heat resistant gloves, release the cap from the 
slope-T joint and lift the boiling flask, making sure that the condensing stems are still 
submerged. The graduated cylinder may then be removed.  
 
Once all samples have reached the final volume, turn off the heat and the chilled water 
loop and disconnect the condensers. If the condensers are not disconnected the boiling 
tubes could break. 
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Adjust the distillate volume in each graduated cylinder to 50 mL with reagent water.  
 

11.5 Colorization Procedure  
 

Transfer 10 mL of each sample distillate to a unique reaction vessel.  Add 0.4 mL of 
Nessler reagent. Mix well and allow 15 minutes for color development. 

 
11.6 Spectrophotometer Analysis 
 

Turn the spectrophotometer on and set it to absorbance. Adjust the wavelength to 425 
nm. Then let the spectrophotometer warm up for 15 minutes.  
 
A 2 cm cuvette is used for analysis. When using the cuvette, ensure it is clean, has no 
scratches on the glass, and no fingerprints. Fill it with nanopure water and press the 
100% T button. The spectrophotometer is then zeroed. 
 
For each new run, calibrate the spectrophotometer with a CCV and CCB as outlined in 
Section 10.3-10.4. 
 
For each reading, fill the 2 cm cuvette and read the % absorbance (%A) at 425 nm. 
Record the %A in the Ammonia logbook.  
 
Between runs, dump the sample/standard in the cuvette and rinse well with reagent 
water. Wipe the outside with a Kimwipe if any droplets of sample, fingerprints, or 
smudges get on the outside walls of the cuvette. 
 
An example analytical sequence is given below: 
CCV 
CCB 
Method Blank 
LCS#1 
LCS#2 
10 samples 
CCV 
CCB 
10 samples 
CCV 
CCB 
 
Calculate the concentration of Ammonia as N in mg/L in each sample by entering the 
absorbance readings, dilution factor, sample volume/mass and percent solids for each 
sample ID into the document controlled EXCEL spreadsheet created for this purpose.  
 
The concentration of the target analyte is then determined from the entered values using 
linear regression analysis using the linear regression equation generated in the initial 
calibration (10.1). Samples with concentrations that exceed the linear range must be 
diluted with reagent water and the colorization step repeated. Adjust the results for solid 
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samples for % solids and reported on a dry weight basis. 
 

12.0 CALCULATIONS 
 
12.1 Aqueous Sample Concentration 
 

(mL)  VolumeSample
(mL)  VolumeDistillateN as  Ammoniamg/LN as  Ammoniamg/L distillate ×

=  

  
12.2 Solid Sample Concentration  
 

(g)  VolumeSample
(mL)  VolumeDistillateN as  Ammoniamg/LReceived) (As N as  Ammoniamg/kg distillate ×

=  

 

Solids Percent(g)  VolumeSample
(mL)  VolumeDistillateN as  Ammoniamg/Lt)(Dry Weigh N as  Ammoniamg/kg distillate

×
×

=  

 
12.3 Percent Recovery (%R) (ICV, LCS, CCV) 

 

100%
SA
SR=%R ×  

 
Where:  
SR= Sample Result 
SA=Concentration of Spike Added 

 
12.4 Percent Recovery (%R) MS 

 

100%
SA

SR-SSR=)Recovery(% MS ×  

 
Where:  
SR= Sample Result 
SSR= Matrix Spike Result 
SA=Concentration of Spike Added 

 
12.5 Relative Percent Difference (RPD) 
 

100

2
D+D

|D-D|=RPD
21

21 ×  

Where: 
D1 = Sample result 
D2 = Matrix duplicate result 
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13.0 DATA ASSESSMENT, CRITERIA & CORRECTIVE ACTION 
 

Primary review of the data is performed by the analyst(s) that performed the procedure 
and secondary review is performed by a senior analyst or a data review analyst to 
ensure that samples, standards and QC samples meet performance criteria given in 
Table 1, Section 18.0. If the results do not fall within the established limits or criteria, 
corrective action should be performed. If corrective action is not taken or unsuccessful, 
the situation should be reported in the project narrative. All data that does not meet 
established criteria must be flagged with the appropriate data qualifier(s). 

 
14.0 METHOD PERFORMANCE 
 
14.1 An Initial Demonstration of Capability is required for each analyst before unsupervised 

performance of this method.  
 

14.2 A Method Detection Limit (MDL) determination for each test method referenced in this 
SOP is performed following the procedure described in the laboratory SOP for MDL 
determination.   

 
15.0 POLLUTION PREVENTION & WASTE MANAGEMENT 
 
15.1 Where reasonably possible technology changes have been implemented to minimize the 

potential for pollution of the environment. Employees will abide by this SOP and the 
policies in section 13 of the Corporate Safety Manual for “Waste Management and 
Pollution Prevention.”  

 
15.2 Waste streams produced  

 
 The following waste streams are produced when this method is carried out.   
 
� Caustic waste – 2.5 L glass satellite container. 
 
Transfer the waste stream to the appropriate satellite container(s) located in your work 
area. Notify authorized personnel when it is time to transfer the contents of the satellite 
containers to the hazardous waster storage room for future disposal in accordance with 
Federal, State and Local regulations, The procedures for waste management are further 
given in the laboratory SOP LP-LB-0010 Hazardous Waste. 

 
16.0 REVISION HISTORY 
 
 
16.1 Title Page:  Changed to reflect current management team. 
 
16.2 Section 6.0: removed recommendation to use AMK glassware for distillation. 
 
16.3 Section 6.0: AMK glassware added as recommended glassware. 
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16.4 Section 6.7: changed pH paper specified for use as narrow range instead of wide. 
 
16.5 Section 7.0: Changed Standard Preparation to include addition of Sulfuric acid before 

adjusting to final volumes. Changed LCS and LLS source to same standard as curve 
source. Changed Normality of Sodium Hydroxide used to adjust sample pH. Corrected 
error from pH 7 to 9.5.  

 
16.6 Section 7.1: added detail; expiration date and storage conditions to reagents. 
 
16.7 Section 10.1: revised calibration points; starting calibration at 0.10 mg/L and added a 

0.60 mg/L.  Changed transmittance to absorbance. 
 
16.8 Section 11.0: Changed procedure for adjusting pH of sample from using phenolphthalein 

to pH paper. Changed the length and operating conditions of micro-distillation procedure 
and added detail. Corrected spectrophotometer readings from transmittance to 
absorbance. 

 
16.9 Section 15.0: Added caustic waste as a waste stream. 
 
16.10 Section 18.0, Table 2.0: Widened ICV/CCV criteria to 85-115% and QC outage errors 

corrected, additional corrective action direction provided. 
 
16.11 Entire document: Removed reference to, and procedures for, macro distillation and low 

level calibration check standard. 
 
16.12 Entire Document: Added Ammonia as N to clarify that standard concentrations and 

final reporting are expressed as Nitrogen rather than ammonia 
 
17.0 REFERENCES 
 
17.1 EPA Method 350.2, Nitrogen, Ammonia (Colorimetric, Titrimetic, Potentiometric 

Distillation Procedure), Editorial Revision 1974. 
 
18.0 TABLES, DIAGRAMS, FLOWCHARTS 
 
18.1 Table 1: Primary Materials Used, Exposure Limits and Hazards 
18.2 Table 2: QC Summary and Recommended Corrective Action 
18.3 Appendix A: Terms & Definitions 
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Table 1: Primary Materials Used 
Material 

(1) 
Hazards Exposure 

Limit (2) 
Signs and symptoms of exposure 

Ammonia Corrosive 
Poison 

50 ppm-TWA Vapors and mists cause irritation to the 
respiratory tract. Causes irritation and burns 
to the skin and eyes 

Sodium 
Hydroxide 

Corrosive 2 mg/m3-
Ceiling 

Severe irritant. Effects from inhalation of dust 
or mist vary from mild irritation to serious 
damage of the upper respiratory tract, 
depending on severity of exposure. 
Symptoms may include sneezing, sore throat 
or runny nose. Contact with skin can cause 
irritation or severe burns and scarring with 
greater exposures. Causes irritation of eyes, 
and with greater exposures it can cause 
burns that may result in permanent 
impairment of vision, even blindness. 

Sulfuric 
Acid 

Corrosive 
Oxidizer 
Dehydrator 
Poison 
Carcinogen 

1 mg/m3-
TWA 

Inhalation produces damaging effects on the 
mucous membranes and upper respiratory 
tract. Symptoms may include irritation of the 
nose and throat, and labored breathing. 
Symptoms of redness, pain, and severe burn 
can occur. Contact can cause blurred vision, 
redness, pain and severe tissue burns. Can 
cause blindness. 

1 – Always add acid to water to prevent violent reactions. 
2 – Exposure limit refers to the OSHA regulatory exposure limit. 
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Table 2: QC Summary and Recommended Corrective Action 

QC Sample 
 

Frequency Acceptance 
Limits 

Corrective Action 

ICAL 
 

As needed, as 
indicated by LCS 
and CCVs. 

 r > 0.995 Check standards, re-calibrate 

Initial Calibration Verification 
(ICV) 

After initial 
calibration. 

%Recovery  
85-115% 

Check formulation of standards and ICV, re-
prepare standards and/or ICV and re-
analyze associated samples if required 

Method Blank (MB) 1 per batch of 20 
samples or less. 

< RL 
½ RL (DoD) unless 
samples are all 
greater than 10 
times blank level 

Re-analyze: if still above RL, re-prepare and 
re-analyze batch. Report data if samples > 
10 times blank level. 

Continuing Calibration 
Verification (CCV).  Note: 
CCV concentrations are 
varied throughout the 
analytical sequence. 

Every ten (10) 
samples and at the 
beginning and end 
of analysis 

%Recovery  
85-115% 

Take corrective action, re-analyze once, 
if still outside limits, further corrective 
action may be taken, however, two 
consecutive passing CCVs must pass in 
order for the analysis to proceed, or an 
initial calibration curve must be 
performed. Report data if CCV high and 
all sample results Not Detected. 

Continuing Calibration Blank 
(CCB) 

After CCV < RL 
½ RL (DoD)  

Re-analyze once, if still outside limits, check 
reagents, glassware, and instrument for 
possible contamination and/or drift. Re-
analyze previous 10 samples. Report data if 
samples > 10 times blank level. 

Laboratory Control Sample 
(LCS #1) 

1 per batch of 20 
samples 

85-115% Re-analyze: if still outside limits, re-prepare 
and re-analyze batch. If samples are Not 
Detected and LCS high, report data. 

Laboratory Control Sample 
(LCS #2) 

1 per batch of 20 
samples 

85-115% Re-analyze: if still outside limits, re-prepare 
and re-analyze batch. If samples are Not 
Detected and LCS high, report data. 

Method Blank (MB) 1 per batch of 20 
samples 

< RL 
½ RL (DoD) 
 

Re-analyze: if still above RL, re-prepare and 
re-analyze batch. Report data if samples > 
10 times blank level. 

Matrix Duplicate (DP) 1 per batch of 20 
samples 

RPD < 20 The DP is used to assess the effect of the 
sample matrix on the precision of the 
method. Evaluate any DP outside limits and 
note a non-conformance if a matrix effect is 
indicated. 

Matrix Spike (MS) 1 per batch of 20 
samples 

85-115% The MS is used to assess the effect of the 
sample matrix on the accuracy of the 
method. Evaluate any MS outside limits and 
note a non-conformance if a matrix effect is 
indicated. 
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Appendix A: Terms & Definitions 
 
Accuracy: the degree of agreement between a measurement and the true or expected value, 
or between the average of a number of measurements and the true or expected value. 
 
Batch: environmental samples, which are prepared and/or analyzed together with the same 
process, using the same lot(s) of reagents. A preparation/digestion batch is composed of one to 
20 environmental samples of similar matrix, meeting the above criteria.  
 
Calibration: the establishment of an analytical curve based on the absorbance, emission 
intensity or other measured characteristic of known standard.  

 
Calibration Blank (ICB/CCB): a volume of reagent water acidified with the same acid matrix as 
in the calibration standards.  
 
Calibration Curve: the graphical relationship between the known values or a series of 
calibration standards and their instrument response.  
 
Calibration Standards: a series of known standard solutions used to calibrate the instrument 
response with respect to analyte concentration. 
 
Continuing Calibration Verification (CCV): a single or multi-parameter calibration standard 
used to verify the stability of the method over time. Usually from the same source as the 
calibration curve. 
 
Corrective Action: action taken to eliminate the causes of an existing non-conformance, defect 
or other undesirable situation in order to prevent recurrence. 
 
Demonstration of Capability (DOC): procedure to establish the ability to generate acceptable 
accuracy and precision. 
 
Holding Time: the maximum time that a sample may be held before preparation and/or 
analysis as promulgated by regulation or as specified in a test method. 
 
Initial Calibration: Analysis of analytical standards for a series of different specified 
concentrations used to define the quantitative response, linearity and dynamic range of the 
instrument to target analytes. 
 
Initial Calibration Verification (ICV): solution prepared from a separate source from that which 
is used to prepare the calibration curve.  
 
Intermediate Standard: a solution made from one or more stock standards at a concentration 
between the stock and working standard. Intermediate standards may be certified stock 
standard solutions purchased from a vendor and are also known as secondary standards. 
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Laboratory Control Sample (LCS): a blank matrix spiked with a known amount of analyte(s) 
processed simultaneously with and under the same conditions as samples through all steps of 
the procedure. 
 
Matrix: the substrate of a test sample. 
 
Matrix Duplicate (MD): duplicate aliquot of a sample processed and analyzed independently; 
under the same laboratory conditions; also referred to as Sample Duplicate. 
 
Matrix Spike (MS): a field sample to which a known amount of target analyte(s) is added. 
 
Method Blank (MB): a blank matrix processed simultaneously with and under the same 
conditions as samples through all steps of the procedure. Also known as the preparation blank 
(PB).  
 
Method Detection Limit (MDL): the minimum amount of a substance that can be measured 
with a specified degree of confidence that the amount is greater than zero using a specific 
measurement system. The MDL is a statistical estimation at a specified confidence interval of 
the concentration at which relative uncertainty is ±100%. The MDL represents a range where 
qualitative detection occurs. Quantitative results are not produced in this range.  
 
Non-conformance: an indication, judgment, or state of not having met the requirements of the 
relevant specification, contract or regulation. 
 
Percent Solids (%S): the proportion of solid in a soil sample. 
 
Preservation: refrigeration and/or reagents added at the time of sample collection to maintain 
the chemical, physical, and/or biological integrity of the sample. 
 
Quality Control Sample: a control sample, generated at the laboratory or in the field, or 
obtained from an independent source, used to monitor a specific element in the sampling and/or 
testing process. 
 
Reporting Limit (RL): the level to which data is reported for a specific test method and/or 
sample. The RL must be minimally at or above the MDL. 
 
Stock Standard: a solution made with one or more neat standards usually with a high 
concentration. Also known as a primary standard. Stock standards may be certified solutions 
purchased from a vendor. 
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1.0 SCOPE AND APPLICATION 
 
1.1 This SOP describes the laboratory procedure for the determination of total 

phosphorus (P) in non-potable water and solid and chemical materials.  This 
procedure is based on the reactions that are specific for the orthophosphate ion. 
This SOP describes the persulfate digestion procedure, which results in the 
measurement of total phosphorus. 

 
1.2 The reporting limit is 0.010 mg/L for waters and 2.00 mg/Kg for solids. 
 
2.0 SUMMARY OF METHOD 
 
2.1 Ammonium molybdate and antimony potassium tartrate react in an acid medium 

with dilute solutions of phosphorus to form an antimony-phospho-molybdate 
complex.  This complex is reduced to an intensely blue-colored complex by 
ascorbic acid (persulfate digestion) that is proportional to the phosphorus 
concentration.   

 
2.2 This procedure is based on EPA Method 365.2, Phosphorous, All Forms 

(Colorimetric, Ascorbic Acid, Single Reagent, Issued 1971. 
 

Modifications made to the procedure by the laboratory are listed below: 
 

� Water samples with particulates are filtered after the addition of reagents and 
color development has taken place. 
 

� Potassium persulfate is used in place of ammonium persulfate. 
 
� A 100 mL sample volume is used with the addition of 2 mL of 30% H2SO4, 

and 1 scoop of potassium persulfate.  The sample is split into two 50 mL 
portions, one of which is subject to color development.  If dilutions are 
required, then the other 50 mL portion is used. 

 
� Neutralization of samples and standards is performed with the addition of 

saturated base, phenolphthalein (3 drops), and 1N H2SO4.  The pH is 
checked with pH paper instead of a pH meter. 

 
� 10% HCL is used to clean glassware instead of hot 50% HCL. 
 
� The test method recommends the analysis of calibration standards at the 

following concentrations in mg/L: 0.00, 0.01, 0.03, 0.05, 0.10, 0.20, 0.30, 
0.40, and 0.50.  The concentration of the calibration standards used by the 
laboratory is: 0.00, 0.01, 0.02, 0.05, 0.10, 0.30, 0.50 and 0.70 mg/L.   

 
� 1.06 g of ascorbic acid (crystal) is used in the combined reagent rather than 2 

portions of 30 mL 0.1M Ascorbic acid. 
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3.0 DEFINITIONS 
 
3.1 Definitions are included in Appendix A. 
 
4.0 INTERFERENCES 
 
4.1 Interferences may be caused by contaminants in the reagent water, reagents, 

and glassware. To minimize interferences, high purity reagents must be used 
and all glassware prepared following the procedures described in this SOP. 

 
4.2 Sample turbidity must be removed by filtration prior to analysis for 

orthophosphate. Samples for total phosphorus may be filtered only after 
digestion. Sample color that absorbs in the photometric range used for analysis 
will also interfere. 

 
5.0 SAFETY 
 
5.1 Employees must be trained on and they must abide by the policies and 

procedures in the Corporate Safety Manual and this document.   
 

5.2 Specific Safety Concerns or Requirements 
 
None 
 

5.3 Primary Materials Used 
 
Table 1 provided in Section 18.0 lists those materials used in this procedure that 
have a serious or significant hazard rating along with the exposure limits and 
primary hazards associated with that material as identified in the MSDS.  The 
table does not include all materials used in the procedure. A complete list of 
materials used can be found in Section 7.0.  Employees must review the 
information in the MSDS for each material before using it for the first time or 
when there are major changes to the MSDS.  Any questions regarding the safe 
handling of these materials should be directed to the laboratory’s Environmental 
Health and Safety Coordinator.   
 

6.0 EQUIPMENT AND SUPPLIES 
 
6.1 Balance, Top Loading; capable of accurately weighing to the nearest 0.01 g. 
 
6.2 Balance, Analytical: capable of accurately weighing to the nearest 0.0001 g. 

 
6.3 Hot plate. 
 
6.4 Spectrophotometer suitable for measurements at 650 nm. 
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6.5 Cuvette: 2cm path length. 

 
6.6 Erlenmeyer Flasks, 250 mL: used only for this test.  Wash after use with 10% 

HCl solution, rinse with distilled water, and fill with a 10% HCl solution (2 L HCl to 
18 L Reagent water). Segregate the glassware and use it only for this procedure.  
Never use commercial detergents.   

 
6.7 Volumetric Flasks, Class A: 50, 100, 500 and 1000 mL 
 
6.8 Pipettes, Class A: 1.0, 2.0, 5.0, 10.0, 50.0 mL 
 
6.9 pH paper: pH range 1-14 
 
7.0 REAGENTS AND STANDARDS 
 

Unless otherwise specified assign an expiration date of six months from date of 
preparation to prepared reagent or standard unless the expiration date of the 
parent component expires sooner, in which case the earliest expiration date must 
be assigned.  Store all standards at room temperature unless otherwise noted.   

 
7.1 Reagents 
 

Reagent Water 
 

Potassium di-Hydrogen Phosphate (KH2PO4): Reagent Grade, J. T. Baker or 
equivalent 

 
Phenolphthalein: Reagent Grade, Fisher brand or equivalent 

 
Ammonium Molybdate ([NH4]6Mo7O24.4H2O): Reagent Grade, J. T. Baker or 
equivalent 

 
Antimony Potassium Tartrate (K(SbO)C4H4O ½ H2O): Reagent Grade, J. T. 
Baker or equivalent 

 
Potassium Persulfate (K2S2O8): Reagent Grade, J. T. Baker or equivalent 

 
Isopropyl Alcohol: Reagent Grade, J. T. Baker or equivalent 

 
Ascorbic Acid Crystals or Powder (C6H8O6): Reagent Grade, J. T. Baker or 
equivalent 

 
Sulfuric Acid (H2SO4): Concentrated, Reagent Grade, J. T. Baker or equivalent 
 

 Hydrochloric Acid (HCl): Concentrated, Reagent Grade, J. T. Baker or equivalent 
 

COMPANY CONFIDENTIAL AND PROPRIETARY 
STL BURLINGTON 



SOP No: LM-WC-365.2 
Revision: 9 

Revision Date: 11/06/06 
Effective Date: 11/20/06  

Page 5 of 17 
 

Sodium Hydroxide Pellets (NaOH): Concentrated, Reagent Grade, J. T. Baker or 
equivalent 
 
10% HCl: Add 2L of concentrated HCl to a carboy containing 18L of reagent 
water 
30% Sulfuric acid: Slowly and carefully add 600 mL concentrated sulfuric acid, 
H2SO4, to approximately 1200 mL reagent water.  Bring to 2 liters with reagent 
water.  Cool before using. 
 
Sulfuric Acid, 5N: Slowly and carefully add 257g (140 mL) of concentrated H2SO4 
to approximately 700 mL of reagent water.  Adjust volume to 1000 mL with 
reagent water. 
 
Sulfuric Acid, 1N: Slowly and carefully add 28 mL of concentrated H2SO4 to 
approximately 900 mL of reagent water.  Adjust volume to 1000 mL with reagent 
water. 
 
Phenolphthalein Indicator: Measure approximately 1.0 g of phenolphthalein and 
mix with 100 mL of isopropyl alcohol.  Allow phenolphthalein to dissolve before 
using. 

 
Saturated Base: Weigh 1000 g NaOH pellets and slowly add to 1000 mL of 
reagent water.  Allow pellets to dissolve, and cool before using. 
 
Ammonium Molybdate Reagent: To a 500mL volumetric flask containing 
approximately 200mL of reagent water, add 20.0 g of ammonium molybdate 
(NH4)6Mo7O24.4H2O).  Bring to volume with reagent water and mix well. Transfer 
to a plastic bottle and stored in the refrigerator.   
 
Antimony Potassium Tartrate Reagent:  Measure 1.3715 g antimony potassium 
tartrate (K(SbO)C4H4O ½ H2O) into a 500 mL volumetric flask.  Bring to volume 
with reagent water.  Transfer to amber glass bottle and store in refrigerator.   
 
Combined Color Reagent: Measure and combine the following reagents in the 
listed order: 60 mL reagent water, 100 mL of 5N H2SO4, 10 mL Antimony 
Potassium Tartrate Reagent, 30 mL Ammonium Molybdate Reagent, and 1.06 g 
of Ascorbic Acid.  Mix together until all Ascorbic Acid is dissolved.  Combined 
Color Reagent is good for 2-3 hours, and will treat 24 samples.   

 
7.2 Standards 

 
Phosphorus Stock Standard (50 mg): Measure 0.2195 g of KH2PO4 into a 1000 
mL volumetric flask.  Adjust to volume with reagent water.  

 
Phosphorus Intermediate Standard (1.0 mg): Dilute the 50 mg/L Phosphorus 
Stock Standard by adding 5.0 mL of the 50 mg/L standard into 250 mL of reagent 
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water. This standard is used to prepare the calibration curve, CCV, and the MS 
spike solution. 

 
ICV/LCS Solution: The ICV/LCS solution is commercially obtained from a source 
separate from the standards used to make the calibration curve. The ICV/LCS is 
prepared at a difference concentration level than the CCV. A recommended 
standard is obtained from ERA and has a concentration of 0.40 mg/L 

 
8.0 SAMPLE HANDLING AND PRESERVATION 
 
8.1 A minimum volume of 100 mL sample should be collected in 500 mL plastic or 

glass containers and preserved to a pH < 2 with sulfuric acid.  For soils, collect a 
minimum of 10 g in plastic or glass containers.  Immediately following collection 
all samples should be cooled to 4˚C (±2) and maintained at that temperature until 
sample preparation and analysis.   

 
8.2 The holding time for samples is 28 days from date of collection. 
 
8.3 Unless otherwise specified by client or regulatory program, after analysis, 

samples are retained for 30 days and then disposed of in accordance with 
applicable regulations.  

 
9.0 QUALITY CONTROL 
 
9.1 A method blank (MB), laboratory control sample (LCS), matrix spike (MS), and 

sample duplicate (DP) are analyzed with each batch of 20 or less samples.  For 
this test, the ICV serves as the LCS.  The acceptance criteria for QC samples is 
provided in Table 2, Section 18.0 along with recommended corrective action.   

 
9.2 Samples whose analytical results exceed the calibration range are diluted and 

reanalyzed.   
 
 
10.0 CALIBRATION AND STANDARDIZATION 
 
10.1 Standard Curve 

 
A calibration curve is prepared with each batch of samples processed. 

 
Prepare the calibration standards by adding a known volume of phosphorus 
standard to a known volume of reagent water using the volumes specified in the 
following table: 
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Level Phosphorus Standard (1 mg/L) 

(mL) 
Reagent water

(mL) 
Concentration 

(mg/L) 
Blank NA 100 0.000 

1 1.00 99.0 0.010 
2 2.00 98.0 0.020 
3 5.00 95.0 0.050 
4 10.0 90.0 0.100 
5 30.0 70.0 0.300 
6 50.0 50.0 0.500 
7 70.0 30.0 0.700 

 
Digest and colorize the calibration standards following the procedures described 
in Section 11.0. Read the transmittance of each calibration level using the 
spectrophotometer.  Prepare a calibration curve by plotting the transmittance 
against final concentration.  Using linear regression, calculate a correlation 
coefficient (r). The correlation coefficient must be ≥ 0.995 for the calibration to be 
considered acceptable.  If this criterion is not met, the calibration procedure must 
be repeated and re-digested along with all associated samples. 

 
11.0 PROCEDURE 
 
11.1 Equipment Preparation 

 
Assemble and prepare the glassware that is designated for phosphorus analyses 
only.  Rinse the glassware with 10% HCl solution, followed by reagent water.  

 
11.2 Sample Preparation 

 
Note: If digesting water and soil samples together, add the same amount of 30% 
sulfuric acid and potassium persulfate to the standards as added to the soil 
samples. 

 
11.2.1 Water Preparation  

 
Transfer each calibration standard to a labeled Erlenmeyer flask. 

 
Transfer 100 mL of each sample into labeled Erlenmeyer flasks. Use 100 mL of 
reagent water for the method blank.  Add 1.0 mL of the 50 mg/L phosphorus 
stock solution to each matrix spike, to result in a MS spike concentration of 0.5 
mg/L P.  Transfer an additional aliquot of the sample for which a duplicate 
analysis will be performed to a separate flask. 
 
To prepare the ICV/LCS, transfer 100 mL of the ICV/LCS stock standard (0.40 
mg/L) to a flask.  An alternate concentration and source may be used for the 
ICV/LCS provided that the source is different than the source used for the 
calibration standards.   
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Add 2 mL of 30% sulfuric acid solution and 0.3 g (1 scoop) of potassium 
persulfate to each flask and swirl to mix.     

 
11.2.2 Soil Preparation  

 
Transfer each calibration standard to a labeled Erlenmeyer flask. 

 
Measure 0.5 g of each sample into a labeled Erlenmeyer flask.  Add 100 mL of 
reagent water to the flask and swirl to mix.  Add 1.0 mL of the 50 mg/L 
phosphorus stock standard solution to the MS, to result in a MS spike 
concentration of 0.5 mg/L / 100 mg/kg P.  Transfer an additional aliquot of the 
sample for which a duplicate analysis will be performed to a separate flask. 
 
To prepare the ICV/LCS, transfer 90 mL of reagent water into a labeled 
Erlenmeyer flask and add 10.0 mL of the ICV/LCS stock standard (1.26 mg/L) to 
the flask.  An alternate concentration and source may be used for the ICV/LCS 
provided that the source is different than the source used for the calibration 
standards.  Use 100 mL of reagent water for the method blank.  

 
Add 6 mL 30% sulfuric acid solution and 0.9 g potassium persulfate to each flask 
and swirl to mix. 

 
11.3 Digestion 
 

Place flasks on hot plates in the fume hood and adjust the temperature of the hot 
plate to maximum heat.  Bring the samples to a boil and evaporate until the 
volume is ~50 mL or less. Ensure that flasks do not touch each other or splatter 
while on the hot plate.  If excessive “bumping” occurs, reduce the heat.  Monitor 
the digestion to ensure samples do not evaporate to dryness.  

 
After the sample volume has been reduced to ~50 mL, remove the flask from 
heat and rinse the inner surface of the flask with reagent water.  Allow the 
digestate to cool.   

 
11.4 Colorization 

 
Check the pH of each sample. Neutralize the sample with sodium hydroxide to 
pH 7 using 2-3 drops of phenolphthalein solution as an indicator.  After the 
addition of phenolphthalein add single drops of saturated sodium hydroxide 
solution to each sample until a permanent pink color develops.  After which, add 
single drops of 1N sulfuric acid solution until the pink color disappears.  Add a 
single final drop of 1N sulfuric acid solution and swirl to mix.  Note: The color of 
soils samples may slowly return to pink again.  If this occurs, add single drops of 
1N sulfuric acid solution until the pink color disappears, then add a single final 
drop and swirl to mix.   
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Transfer the digested sample from the Erlenmeyer flask to a 100 mL graduated 
cylinder and adjust the volume to 100 mL with reagent water.  Transfer the 
sample back to the corresponding flask and swirl to mix. 

 
Pour 50 mL of the sample digestate into the graduated cylinder and transfer the 
remaining 50 mL to a labeled tri-corner beaker.  Repeat for each sample.  After 
this step, there should be an Erlenmeyer flask and a tri-corner beaker for each 
sample digestate containing 50 mL each. Note: For soil samples that may 
require dilution, pour 90 mL of digestate into the tri-corner beaker leaving only 10 
mL in the Erlenmeyer.  Then add 40mL Reagent water to the Erlenmeyer flask to 
yield a five-fold dilution that can be used if dilution is determined to be necessary.   

 
Add 8 mL combined color reagent to each Erlenmeyer and swirl to mix.  Allow 
the color to develop for 10 minutes. 

 
11.5 Analysis 

 
Centrifuge and decant sample digestates that exhibit turbidity or contain 
suspended particulate matter.   If it is necessary to filter a sample to remove 
material that will interfere with analysis, do so before colorization.  Document 
these steps on the benchsheet. 

 
Using the spectrophotometer, read the percent transmittance at 650 nm using a 
2 cm cuvette.  Start by zeroing the instrument, then read DI Water, the calibration 
curve, the ICV/LCS, the Method Blank, and the samples. Re-read the 0.100 mg/L 
calibration curve standard as a CCV and reagent water as CCB following every 
10 samples and at the end of the run.  
 
Record the readings on the bench sheet designated for this purpose. Samples 
must be read at least 10 minutes after color development and before 30 minutes 
have passed. 

 
Samples with concentrations that exceed the linear range must be diluted and 
the colorization step repeated on the diluted aliquot.  Sample digestates may be 
diluted up to one hundred fold.  If the sample digestate requires a greater 
dilution, it is possible that the acid and persulfate were exhausted before 
complete digestion occurred and the digestion should be repeated using a 
smaller sample volume. 

 
After analysis is complete, rinse the glassware with Reagent water and fill the 
Erlenmeyer flasks with 200 mL Reagent water.  Add a sufficient volume of 10% 
HCl solution to fill the flask and cover with clean tri-corner beakers.  Place the 
glassware in the designated storage area.  
 
Calculate the concentration of target analyte in each sample by entering the 
transmittance readings, dilution factor, sample volume/mass and percent solids 
for each sample ID into the document controlled EXCEL spreadsheet created for 
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phosphorus calculations.  Sample concentration is then determined from the 
entered values using linear regression analysis. 

 
Quantitative results should be reported in appropriate units and significant figures 
and must be corrected for dilutions and percent solids.   

 
12.0 CALCULATIONS 
 
12.1 Aqueous Sample Concentration 
 

(mL)  VolumeSample
)(mL  VolumeDigestateP mg/LP mg/L digestate ×

=  

 
12.2 Solid Sample Concentration  
 

(g)  VolumeSample
)(mL  VolumeDigestateP mg/LReceived) (As P mg/kg digestate ×

=   

 

Solids Percent (g)  VolumeSample
)(mL  VolumeDigestateP mg/Lt)(Dry Weigh P mg/kg digestate

×
×

=  

  
 
12.3 Percent Recovery (%R)  

 

100%
SA
SR=%R ×  

 
Where:  
SR= Sample Result 
SA=Concentration of Spike Added 

 
12.4 MS Percent Recovery 

 

100%
SA

SR-SSR=)Recovery(% MS ×  

 Where: 
 SSR=Matrix Spike Result 
 SR=Sample Result 
 SA=Concentration of Spike Added 

 
12.5 Relative Percent Difference (RPD) 
 

100

2
D+D

|D-D|=RPD
21

21 ×  
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Where: 
D1 = Sample result 
D2 = Matrix duplicate result 

 
13.0 DATA ASSESSMENT, CRITERIA & CORRECTIVE ACTION 
 
13.1 Review the samples, standards and QC samples against the acceptance criteria 

specified in Table 2, Section 18.0.  If the results are not within criteria, corrective 
perform the recommended corrective action.  If corrective action is not taken or 
unsuccessful, the situation should be documented and reported in the project 
narrative. All data that does not meet established criteria must be flagged with 
the appropriate data qualifier and noted in the project narrative. 

 
14.0 METHOD PERFORMANCE 
 
14.1 An Initial Demonstration of Capability is required for each analyst before 

unsupervised performance of this method.  
 

14.2 A Method Detection Limit (MDL) determination for each test method referenced 
in this SOP is performed following the procedure described in the reference 
method, 40CFR, Part 136, Appendix B and laboratory SOP LP-QA-005.  The 
MDL is verified or repeated when a significant change to the method occurs.  
Significant changes include the use of alternate reagents or standard reference 
materials, new instrumentation or the use of alternate sample preparation 
procedures.   

 
15.0 POLLUTION PREVENTION & WASTE MANAGEMENT 
 
15.1 Where reasonably possible technology changes have been implemented to 

minimize the potential for pollution of the environment. Employees will abide by 
this SOP and the policies in section 13 of the Corporate Safety Manual for 
“Waste Management and Pollution Prevention.”  

 
15.2 The following waste streams are produced when this method is carried out.   
 

� Acidic Waste – 2.5L glass satellite container 
� Contaminated disposable plastic ware – general trash stream 

 
Transfer the waste stream to the appropriate satellite container(s) located in your 
work area. Notify authorized personnel when it is time to transfer the contents of 
the satellite containers to the hazardous waster storage room for future disposal 
in accordance with Federal, State and Local regulations, The procedures for 
waste management are further given in the laboratory SOP LP-LB-0010 
Hazardous Waste. 

 
16.0 REVISION HISTORY 
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16.1 Cover Page:  Changed to reflect current management team. 
 
16.2 Section 7.1: Added HCl (concentrated and 10%). 
 
16.3 Section 12.0: Added calculations for sample concentration. 
 
16.4 Section 16.0: Changed to Revision History 
 
16.5 Section 17.0: Changed to References 
 
16.6 Section 18.0: This section was added. 
 
16.7 Throughout document: changed absorbance to transmittance 
 
17.0 REFERENCES 
 
17.1 Guidelines Establishing Test Procedures for the Analysis of Pollutants Under the 

Clean Water Act, 40 CFR Part 136, USEPA Office of Water. 
 
17.2 EPA Method 365.2,Phosphorous, All Forms (Colorimetric, Ascorbic Acid, Single 

Reagent, Issued 1971. 
 
18.0 TABLES, DIAGRAMS, FLOWCHARTS 
 
18.1 Table 1: Primary Materials Used, Exposure Limits and Hazards  
18.2 Table 2: QC Summary and Recommended Corrective Action 
18.3 Appendix A: Terms and Definitions 
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Table 1: Primary Materials Used, Exposure Limits and Hazards 
Material (1) Hazards Exposure 

Limit (2) 
Signs and symptoms of exposure 

Potassium 
Persulfate 

Oxidizer None Causes irritation to the respiratory tract. Symptoms 
may include coughing, shortness of breath. Causes 
irritation to skin and eyes. Symptoms include redness, 
itching, and pain. May cause dermatitis, burns, and 
moderate skin necrosis.   
 
 

Sodium 
Hydroxide 

Corrosive 2 Mg/M3-
Ceiling 

Severe irritant. Effects from inhalation of dust or mist 
vary from mild irritation to serious damage of the 
upper respiratory tract, depending on severity of 
exposure. Symptoms may include sneezing, sore 
throat or runny nose. Contact with skin can cause 
irritation or severe burns and scarring with greater 
exposures. Causes irritation of eyes, and with greater 
exposures it can cause burns that may result in 
permanent impairment of vision, even blindness. 

Sulfuric Acid Corrosive 
Oxidizer 
Dehydrator 
Poison 
Carcinogen 

1 Mg/M3-
TWA 

Inhalation produces damaging effects on the mucous 
membranes and upper respiratory tract. Symptoms 
may include irritation of the nose and throat, and 
labored breathing. Symptoms of redness, pain, and 
severe burn can occur. Contact can cause blurred 
vision, redness, pain and severe tissue burns. Can 
cause blindness. 

1 – Always add acid to water to prevent violent reactions. 
2 – Exposure limit refers to the OSHA regulatory exposure limit. 
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Table 2: QC Summary and Recommended Corrective Action 
QC Sample Frequency Acceptance 

Limits 
Corrective Action 

ICAL   Beginning of 
analytical 
sequence 

r > 0.995 Standards check, re-calibration. 

ICV/LCS After ICAL %R (85-115) Check formulation of standards and 
ICV, re-prepare standards and/or 
ICV and re-analyze associated 
samples if required. 

CCV Every 10 
samples and at 
the end of the 
analytical run. 

%R (85-115) Re-analyze once, if still outside 
limits bracketed samples are rerun 
with new ICAL. 

CCB Every 10 
samples and at 
the end of the 
analytical run. 

< Reporting Limit  
< ½ RL (DoD) 

Re-analyze, if still above re-prepare 
and reanalyze batch. 

Method 
Blank 

Each batch of 20 
samples or less. 

< Reporting Limit 
< ½ RL (DoD)  

Re-analyze, if still above re-prepare 
and reanalyze batch. 

Matrix Spike 
(MS)  

Every 20 sample 
batch 

%R (85-115) The MS is used to assess the effect 
of the sample matrix on the 
accuracy of the method. Evaluate 
any MS outside limits and note as a 
non-conformance if a matrix effect 
is indicated. 

Matrix 
Duplicate 
(DP) 

Every 20 sample 
batch 

RPD < 20 The DP is used to assess the effect 
of the sample matrix on the 
precision of the method. Evaluate 
any DP outside limits and note as a 
non-conformance if a matrix effect 
is indicated. 
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Appendix A: Terms & Definitions 
 
Batch: environmental samples, which are prepared and/or analyzed together with the 
same process, using the same lot(s) of reagents.  A preparation/digestion batch is 
composed of one to 20 environmental samples of similar matrix, meeting the above 
criteria.   
 
Calibration Curve: the graphical relationship between the known values or a series of 
calibration standards and their instrument response.  
 
Continuing Calibration Verification (CCV): a single or multi-parameter calibration 
standard used to verify the stability of the method over time.  
 
Demonstration of Capability (DOC): procedure to establish the ability to generate 
acceptable accuracy and precision. 
 
Holding Time: the maximum time that a sample may be held before preparation and/or 
analysis as promulgated by regulation or as specified in a test method. 
 
Initial Calibration: Analysis of analytical standards for a series of different specified 
concentrations used to define the quantitative response, linearity and dynamic range of 
the instrument to target analytes. 
 
Initial Calibration Verification (ICV): solution prepared from a separate source from 
that which is used to prepare the calibration curve.  
 
Intermediate Standard: a solution made from one or more stock standards at a 
concentration between the stock and working standard.   Intermediate standards may be 
certified stock standard solutions purchased from a vendor and are also known as 
secondary standards. 
 
Laboratory Control Sample (LCS): a blank matrix spiked with a known amount of 
analyte(s) processed simultaneously with and under the same conditions as samples 
through all steps of the procedure.  
 
Matrix Duplicate (DP): duplicate aliquot of a sample processed and analyzed 
independently; under the same laboratory conditions; also referred to as Sample 
Duplicate. 
 
Matrix Spike (MS): a field sample to which a known amount of target analyte(s) is 
added. 
 
Method Blank (MB): a blank matrix processed simultaneously with and under the same 
conditions as samples through all steps of the procedure. Also known as the preparation 
blank (PB).  
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Method Detection Limit (MDL): the minimum amount of a substance that can be 
measured with a specified degree of confidence that the amount is greater than zero 
using a specific measurement system.  The MDL is a statistical estimation at a specified 
confidence interval of the concentration at which relative uncertainty is ±100%.  The 
MDL represents a range where qualitative detection occurs.  Quantitative results are not 
produced in this range.  
 
Non-conformance: an indication, judgment, or state of not having met the requirements 
of the relevant specification, contract or regulation. 
 
Preservation: refrigeration and/or reagents added at the time of sample collection to 
maintain the chemical, physical, and/or biological integrity of the sample. 
 
Reporting Limit (RL): the level to which data is reported for a specific test method 
and/or sample. The RL must be minimally at or above the MDL. 
 
Stock Standard: a solution made with one or more neat standards usually with a high 
concentration.  Also known as a primary standard. Stock standards may be certified 
solutions purchased from a vendor. 
 
Total Phosphorus (P): all of the phosphorus present in the sample as measured by the 
persulfate digestion procedure. 
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