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Amy Myrbo, Ph.D., University of Minnesota -Twin Cities - LacCore/LRC, (612) 626-7889 
Nathan Johnson Ph.D., University of Minnesota - Duluth, (218) 726-6435 
John Pastor Ph.D., University of Minnesota - Duluth, (218) 726-7001 
Shannon Lotthammer, MPCA, (651) 757-2537 
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Section A.4: Project Organization and Responsibility 

Section A.4.1:  The University of Minnesota – Twin Cities Principal Investigator 
The Principal Investigator will: 

 Review and approve the Quality Assurance Project Plan (QAPP) including subsequent 
revisions. 

 With guidance from the MPCA Project Manager, design, develop, and implement the 
2013 Field Survey, maintaining project notebooks and recording data in an appropriate 
database. 

 Provide administrative direction to assigned staff as needed. 

 Critically examine all data generated for the project and annotate the data with any 
concerns. 

 Transfer all final data, including annotations, to the MPCA Project Manager. 

 Make preliminary interpretations of the data. 

 Prepare reports to the MPCA that summarize the experiments, results, preliminary 
interpretations, and include an attachment of all final data in electronic database 
format. 

 At their discretion, publish results from the project in a peer-reviewed journal. 

Section A.4.14: University of Minnesota – Duluth: Nathan Johnson Ph.D. - Civil Engineering 
Assistant Professor 
The Assistant Professor will: 

 Communicate frequently with the PI and MPCA Project Manager to facilitate research 
responsibilities and study goals as outlined in project work order. 

 Provide direct supervision and project assignment to assigned staff. 

 Implement the elements of the Project as well as any required quality control 
measures.  

 Manage the budget to assure that goals are met and funds and resources are 
responsibly allocated. 

 Provide direction for the daily work activities. 

 Provide technical representation at meetings. 

 Prepare reports. 

 Review the QAPP including subsequent revisions. 

 At his discretion, publish results from the project in a peer-reviewed journal. 

Section A.4.3: University of Minnesota – Duluth: Dr. John Pastor Ph.D. – Department of Biology 
Assisting Researcher 
The Principal Investigator will: 

 Review and approve the Quality Assurance Project Plan (QAPP) including subsequent 
revisions. 

 Collaborate with Dr. Nathan Johnson and assigned staff as outlined in the project work 
order. 

 Critically examine all data generated for the project and annotate the data with any 
concerns. 
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Section A.4.4:  The MPCA Division Manager 
The MPCA Division Manager will:  

 Provide administrative direction to assigned staff as needed. 

 Implement the elements of the Project as well as any required quality control 
measures.  

 Manage the budget to assure that goals are met and funds and resources are 
responsibly allocated.  

 Review and approve the QAPP including subsequent revisions. 

 Conduct annual performance appraisals of assigned staff specific to their position 
description relating to the Sulfate and Wild Rice Project.  

Section A.4.5:  The MPCA Project Manager 
The MPCA Project Manager will:  

 Provide administrative direction to assigned staff and to the MPCA QA/QC coordinator 
as needed. 

 Implement the elements of the Project as well as any required quality control 
measures.  

 Review and approve the QAPP including subsequent revisions. 

 Manage the budget to assure that goals are met and funds and resources are 
responsibly allocated. 

 Oversee the preparation of all Project reports to include measurable benchmarks, 
problems encountered regarding QA/QC, and recommended changes in procedures. 

 Review all project deliverables and strategies. 

 Provide direct supervision and project assignment to assigned staff.  

 Provide technical direction for the preparation of work plans and the tasks to be 
performed. 

 Review invoices to ensure proper billing for services provided by the contractor(s). 

 Interpret analytical data generated for the project. 

 Represent the data using modeling procedures approved for use in the project. 

 Represent the MPCA in meetings. 

 Publish the results from the project in peer-reviewed journals. 

Section A.4.6:  The MPCA Contract Manager 
The MPCA Contract Manager will:  

 Implement the elements of the project as well as any required quality control 
measures.  

 Manage the budget to assure that goals are met and funds and resources are 
responsibly allocated. 

 Review and approve the QAPP including subsequent revisions. 

 Provide technical direction for the preparation of work plans and the tasks to be 
performed. 

 Review invoices to ensure proper billing for services provided by the contractor(s). 

 Represent the MPCA in meetings. 
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Section A.4.7:  MPCA QA Coordinator 
The MPCA QA Coordinator will: 

 Represent the MPCA with the contractor(s) ensuring adequate exchange of information 
regarding Project responsibilities and effective functioning of the analytical Project. 

 Coordinate analytical needs and projections, analytical data reports from the 
contractor, and resolution of problems arising from contract provisions with the 
analytical laboratory and MPCA staff. 

 Review and approve the QAPP including subsequent revisions. 

 Notify the contractor of updates and changes in analytical techniques or requirements 
of federal and state regulatory Projects. 

 Update and distribute the Sulfate and Wild Rice QAPP when deemed necessary. 

 Provide an overview to the Project Manager of analytical results and quality control 
data to ensure the laboratory has met Project requirements. 

Section A.4.8:  MDH Public Health Laboratory Manager 
The MDH Public Health Laboratory Manager will:  

 Provide administrative direction to assigned staff and to the MDH QA Officer as 
needed. 

 Implement the elements of the Project as well as any required quality control 
measures.  

 Manage the budget to assure that goals are met and funds and resources are 
responsibly allocated.  

 Review the QAPP including subsequent revisions.  

Section A.4.9:  MDH Inorganic Unit Supervisor 
The MDH Inorganic Unit Supervisor will: 

 Ensure that the analytical requirements of the QAPP are implemented. 

 Provide direct supervision and project assignment to assigned staff. 

 Provide direction for the daily work activities. 

 Provide technical representation at meetings. 

 Provide direction for analytical requirements.  

 Perform final review of analytical data reports to ensure requirements are met.  

 Review and approve the QAPP including subsequent revisions. 

Section A.4.10:  MDH QA Officer 
The MDH QA Officer will: 

 Monitor and evaluate laboratory analytical activities as they pertain to this QAPP. 

 Conduct and document internal audits of laboratory procedures. 

 Review laboratory SOPs. 

 Schedule and document pertinent Method Detection Limit studies. 

 Maintain staff training records. 

 Maintain the laboratory corrective action program. 

 Review the laboratory elements of the QAPP. 
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Section A.4.11:  MDH Laboratory Staff 
The MDH Laboratory Staff will: 

 Ensure analytical procedures are followed. 

 Document the analysis and observations. 

 Identify and report analytical problems to the Unit Supervisor and QA Officer.  

Section A.4.12:  University of Minnesota LacCore/LRC Laboratory Manager 
The Laboratory Manager will: 

 Provide direct supervision and project assignment to assigned staff. 

 Implement the elements of the Project as well as any required quality control 
measures.  

 Manage the budget to assure that goals are met and funds and resources are 
responsibly allocated. 

 Provide direction for the daily work activities. 

 Provide technical representation at meetings. 

 Prepare reports.  

 Review and approve the QAPP including subsequent revisions. 

Section A.4.13:  The Science Museum of Minnesota Field Station Director 
The Field Station Director will:  

 Provide administrative direction to assigned staff as needed. 

 Implement the elements of the Project as well as any required quality control 
measures.  

 Manage the budget to assure that goals are met and funds and resources are 
responsibly allocated.  

 Review and approve the QAPP including subsequent revisions 

Section A.4.14:  The Science Museum of Minnesota Laboratory Manager 
The Laboratory Manager will: 

 Provide direct supervision and project assignment to assigned staff. 

 Implement the elements of the Project as well as any required quality control 
measures.  

 Manage the budget to assure that goals are met and funds and resources are 
responsibly allocated. 

 Provide direction for the daily work activities. 

 Provide technical representation at meetings. 

 Prepare reports.  

 Review the QAPP including subsequent revisions. 

Section A.4.15:  Gustavus Adolphus Faculty and Chemistry Laboratory Manager 
The Laboratory Researcher will: 

 Provide direct supervision and project assignment to assigned staff. 

 Implement the elements of the Project as well as any required quality control 
measures.  

 Manage the budget to assure that goals are met and funds and resources are 
responsibly allocated. 
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 Provide direction for the daily work activities. 

 Provide technical representation at meetings. 

 Prepare reports.  

 Review the QAPP including subsequent revisions. 
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Section A.5:  Definition/Background 
 

In the Minnesota Rules Chapter 7050 water quality standards and use classification rule, the 
MPCA assigns a series of use classifications to all waters of the State of Minnesota. Water use 
classifications, and their accompanying narrative and numeric criteria and non-degradation 
provisions, make up the state’s set of water quality standards. Aquatic life and recreation, 
industrial uses, agriculture and wildlife, and domestic consumption are some of the beneficial 
uses these standards are intended to protect. 

 
Minnesota’s Class 4 Agriculture and Wildlife use classification covers agricultural uses (crop 
irrigation and livestock uses) as well as wildlife uses. Under the Class 4A use classification, 
Minnesota currently has a water quality standard of “10 mg/L sulfate - applicable to water 
used for the production of wild rice during periods when the rice may be susceptible to 
damage by high sulfate levels.” (Minn. R. 7050.0224, subpart 2). 

 

This 10 mg/L sulfate wild rice standard (reported as SO4) was adopted into the MPCA water 

quality standards rule in 1973. Based on testimony presented at public hearings leading to the 
adoption of this sulfate standard, it was intended to apply both to waters with natural wild rice 
stands and to waters used for paddy wild rice production. The standard was based on field 
observations and water chemistry correlations made by John Moyle primarily in the late 1930s 
and early 1940s. Dr. Moyle was a highly respected biologist with the then Minnesota 
Department of Conservation, and later the Minnesota Department of Natural Resources, who 
concluded that “No large stands of rice occur in water having sulfate content greater than 10 
ppm (parts per million), and rice generally is absent from water with more than 50 ppm.” The 
wild rice rule was based on sound scientific evidence and, to date, the MPCA has not been 
presented with evidence that would support amending the rule. 

 
The next set of wild rice-related rule amendments occurred around 1997. It was during that 
time that the MPCA initiated rulemaking proceedings that led to the adoption of new rules 
governing water quality standards, standards implementation, and non-degradation 
standards for Great Lakes Initiative (GLI) pollutants in the Lake Superior Basin. This rule was 
codified as Minn. R. ch. 7052 and is now informally referred to as the “Lake Superior Basin” or 
the “GLI” rule. The 1997 rulemaking also included two major changes to Minn. R. ch. 7050: 1) 
A portion of the Lake Superior shoreline waters in the vicinity of the Grand Portage Indian 
Reservation was designated as Outstanding Resource Value Waters—Prohibited, in 
accordance with the provisions of Minn. R. 7050.0180. 2) and 22 lakes and two river 
segments located in the Lake Superior watershed were listed as wild rice waters (Minn. R. 
7050.0470, subp. 1) and narrative language was included pertaining to wild rice under the 
Class 4 Agriculture and Wildlife use class (Minn. R. 7050.0224, subp. 1). 

 
The 1997 rulemaking record reveals that originally there were 124 lake or river segments 
identified as wild rice waters within the 1854 Ceded Territory that were suggested for listing in 
Minn. R. ch. 7050 as wild rice waters. These waters were considered to be some of the more 
important existing and/or potential wild rice waters identified by the Fond du Lac, Bois Forte, 
and Grand Portage Bands. Since the provisions of the new GLI rule were specific to the Lake 
Superior Basin, in 1997 MPCA staff chose to limit assignment of the wild rice designation to 
those waters identified and agreed upon that were within the Lake Superior Basin (Minn. R. 
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7050.0470, subp. 1). The listing of a select number of waters as wild rice waters was intended to 
be part of a broader process to provide greater protection for, and greater public awareness of, 
the ecological importance of wild rice. These listings were also viewed as an affirmation of the 
MPCA's commitment to work cooperatively with Tribal governments and others concerned 
about wild rice waters. Inclusion of the wild rice narrative language and the rule listings were 
considered "first steps" toward a future statewide identification and listing of wild rice waters 
and the development of wild rice-related best management practices. 

 
The 1997 rulemaking post-hearing comments noted that the 10 mg/L wild rice sulfate 
standard was not proposed for revision during the 1997 proceedings. In addition, the 10 mg/L 
sulfate standard was never intended to apply only to the 24 wild rice waters that were 
specifically listed in Minn. R. Ch. 7050.0470. Rather this numeric standard was intended to 
continue to have statewide applicability to those waters used for production of wild rice. 

 

The MPCA is currently striving to clarify current and future implementation of the wild rice sulfate 
standard, which recently has come under increased questioning and contention. Based on a 
review of available studies and information, MPCA believes that additional wild rice plant toxicity 
studies are needed to evaluate the effects of sulfate and other variables on wild rice, across the 
full life cycle of the plant, before a revision to the numeric standard can be considered. 

 
The research, data, and reports developed from this 2013 survey will be used by the MPCA in 
its decision as to whether or not a change to the existing sulfate standard is necessary, and if 
so, how it should be amended. In addition, the findings of this survey will also serve to 
enhance the overall scientific understanding of the complex ecology of natural wild rice in 
Minnesota, which may in turn help to guide how to more effectively protect and manage this 
natural asset in the future. 
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Section A.6:  Project Descriptions 

Section A.6.1:  Objective 

 
The goal of this project is to collect and analyze various types of environmental samples, as well 
as to document observations of the environment from selected lake, stream, and wild rice paddy 
field sites across a spectrum of sulfate concentrations and wild rice abundance. In particular, the 
selected sites for the 2013 field survey are focused on those sites where wild rice has been noted 
as to naturally grow now or in the past but in the presence of higher sulfate concentrations. The 
process by which sites were selected is beyond the scope of this QAPP. The quality objectives will 
generally follow the guidance outlined on the MPCA’s Quality System webpage: 
(http://www.pca.state.mn.us/index.php/about-mpca/mpca-overview/agency-strategy/mpca-
quality-system.html?expandable=1&menuid=&redirect=1). The Quality System for MPCA’s 
environmental data describes the agency’s general policy for data quality assurance. This QAPP 
falls under all requirements of the MPCA’s quality management plan (QMP) which is approved by 
U.S. EPA Region 5. 
 

Section A.6.2:  Scope 

 
The objective of the QAPP is to define the Quality Assurance and Quality Control (QA/QC) 
elements, procedures and responsibilities to be followed by project researchers and 
administrative participants of the Wild Rice Sulfate Standard 2013 Field Survey as defined in 
section A.4. These QA/QC elements, procedures and responsibilities are to guide the collection, 
transport, analysis, and data management of samples and sample results to assure sufficient 
precision and accuracy of results in order for them to be used for their intended purpose. The 
field sampling collection, preparation, and transportation procedures are described below in the 
body of the QAPP as well as provided in Appendix I (Dr. Myrbo’s Field Sampling SOP) and 
Appendix E (Dr. Johnson’s Peeper Sampling SOP). Analytical methods used are identified in tables 
1, 2, and 3 by the chemistry performed, specific laboratory performing the analysis and the 
location they can be found in the Appendix of this QAPP. Analytical QA/QC elements and 
acceptance criteria are described below in section B.  Section C documents the assessment and 
oversight of QA/CQ elements, and section D outlines activities for the reduction, verification, and 
validation of data generated throughout the field survey. 
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Section A.6.3:  Analytical Samples 

 
The samples are brought under chain of custody procedures to the MDH Environmental 
Laboratory, the University of Minnesota LacCore/LRC Laboratory, the Science Museum of 
Minnesota St. Croix Watershed Research Station Laboratory (SCWRS), or UMD Department of 
Civil Engineering.  The samples are labeled to allow for identification of each sample specific to 
the site where the sample was taken and by the type of analyses being requested.  This 
information allows the laboratory to use the proper method when analyzing these samples and 
to produce identifiable record of results.  Specific instructions on sampling procedures including 
collection, preservation and transportation, are provided in Section B.1. The lists of target 
analytes are provided below in Tables 1, 2, and 3. Table 4 lists all non-analytical sample analyses 
or sample collections.   

 
Table 1: Proposed Target Analytes in Surface Water 

Target Analyte 

 
Method 
Reference 

 
Report Limit  Responsible Laboratory  Method Location 

Alkalinity as CaCO3 SM2320B 10.0 mg/L MDH Inorganic Appendix C 

Ammonia-Nitrogen EPA 350.1 0.050 mg/L MDH Inorganic Appendix C 

Chloride EPA 300.1 0.050 mg/L MDH Inorganic Appendix C 

Conductivity EPA 120.1 
0.200 
micromhos/cm MDH Inorganic Appendix C 

Nitrate + Nitrite Nitrogen EPA 353.2 0.050 mg/L MDH Inorganic Appendix C 

Sulfate EPA 300.1 0.050 mg/L MDH Inorganic Appendix C 

Total Nitrogen SM4500N B 0.050 mg/L MDH Inorganic Appendix C 

Total Phosphorus SM4500P I 0.010 mg/L MDH Inorganic Appendix C 

Dissolved Calcium EPA 200.7 2.00 mg/L MDH Inorganic Appendix C 

Dissolved Iron EPA 200.8 0.005 mg/L MDH Inorganic Appendix C 

Dissolved Magnesium EPA 200.7 2.00 mg/L MDH Inorganic Appendix C 

Dissolved Potassium EPA 200.7 0.500 mg/L MDH Inorganic Appendix C 

Dissolved Sodium EPA 200.7 0.500 mg/L MDH Inorganic Appendix C 
 

Table 2: Target Chemical Analytes in Sediment 

Target Analyte 
 

Method Reference Report Limit 

 
Responsible 
Laboratory Method Location 

Acid Volatile Sulfides SM4500-S2J 0.657 mg/kg dry 
MDH 
Inorganic Appendix C 

Loss-on-Ignition (Water 
Content, Organic Matter, 
Carbonate Content, 
Inorganic Matter) N/A 0.1 mg/kg LacCore/LRC Appendix H 

% Dry Weight SM4500-S2J 0.0001 g MDH Appendix C 

Total Carbon N/A TBD LacCore/LRC Appendix H 
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Total Nitrogen N/A TBD LacCore/LRC Appendix H 

Total Sulfur N/A TBD LacCore/LRC Appendix H 

Total Inorganic Carbon N/A TBD LacCore/LRC Appendix H 

Total Phosphorus 

QuikChem method 10-
115-01- 
1A 0.0125 mg/L SCWRS Appendix F 

Phosphorus Fractionation 

QuikChem method 10-
115-01- 
1A 0.0125 mg/L SCWRS Appendix F 

Extractable Metals for ICP-
MS (Al, Sb, As, Ba, Be, Cd, 
Ca, Cr, Co, Cu, Fe, Pb, Mg, 
Mn, Hg, Ni, K, Se, Ag, Na, 
Ti, V, Zn) EPA 6020A TBD 

SCWRS and 
Gustavus Appendix F and G 

  
 

Table 3: Proposed Target Analytes in Sediment Porewater – MDH Environmental Inorganic Laboratory and UMD Civil 
Engineering 

Target Analyte 
 

Method Reference 
 

Report Limit  
Responsible 
Laboratory 

Method 
Location 

Ammonia-Nitrogen EPA 350.1 0.050 mg/L MDH Inorganic Appendix C 

Chloride EPA 300.1 0.050 mg/L MDH Inorganic Appendix C 

Dissolved Organic Carbon SM5310C 1.00 mg/L MDH Inorganic Appendix C 

Nitrate + Nitrite Nitrogen EPA 353.2 0.050 mg/L MDH Inorganic Appendix C 

Sulfate EPA 300.1 1.00 mg/L MDH Inorganic Appendix C 

Sulfate EPA 300.1 1.00 mg/L UMD Civil Engineering Appendix D 

Sulfide 
 
 SM4500-S2E 0.010 mg/L MDH Inorganic Appendix C 

Sulfide 
 SM4500-S2D 0.010 mg/L UMD Civil Engineering Appendix D 

Total Nitrogen SM4500N B 0.050 mg/L MDH Inorganic Appendix C 

Total Phosphorus SM4500P I 0.010 mg/L MDH Inorganic Appendix C 

Calcium EPA 200.7 2.00 mg/L MDH Inorganic Appendix C 

Iron EPA 200.8 0.005 mg/L MDH Inorganic Appendix C 

Iron 
EPA Method 200.8 Using 
the ELAN 6000 ICP-MS 0.005 mg/L UMD Civil Engineering Appendix D 

Magnesium EPA 200.7 2.00 mg/L MDH Inorganic Appendix C 

Potassium EPA 200.7 0.500 mg/L MDH Inorganic Appendix C 

Sodium EPA 200.7 0.500 mg/L MDH Inorganic Appendix C 

Arsenic EPA 200.8 0.001 mg/L MDH Inorganic Appendix C 

Boron EPA 200.7 0.020 mg/L MDH Inorganic Appendix C 

Cobalt EPA 200.8 0.001 mg/L MDH Inorganic Appendix C 

Copper EPA 200.8 0.010 mg/L MDH Inorganic Appendix C 

Copper 
EPA Method 200.8 Using 
the ELAN 6000 ICP-MS 0.010 mg/L UMD Civil Engineering Appendix D 
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Manganese EPA 200.8 0.010 mg/L MDH Inorganic Appendix C 

Molybdenum EPA 200.8 0.001 mg/L MDH Inorganic Appendix C 

Selenium EPA 200.8 0.001 mg/L MDH Inorganic Appendix C 
 
Zinc EPA 200.8 0.010 mg/L MDH Inorganic Appendix C 
 
Zinc 

EPA Method 200.8 Using 
the ELAN 6000 ICP-MS 

 
0.010 mg/L 

 
UMD Civil Engineering 

 
Appendix D 

Silica SM4500 SiO2 C 0.500 mg/L MDH Inorganic Appendix C 

 

Table 4: Non-Analytical Sample Analysis and Characterizations 

Target Environmental 
Measurement 

Responsible Laboratory Method Location 

Wild Rice Phytolith Analysis in 
Sediment 

LacCore/LRC Appendix H 

Organic Grain Size in Sediment LacCore/LRC Appendix H 
On site surface water Sonde 
Readings (conductivity, 
temperature, pH, DO) 

LacCore/LRC Appendix H 

Surface Water Transparency LacCore/LRC Appendix H 
Sediment Temperature Profile LacCore/LRC Appendix H 
Mature Wild Rice Plant 
Pressings 

LacCore/LRC Appendix H 

Aquatic Vegetation 
Identification at field site 

LacCore/LRC Appendix H 

 

Section A.6.4:  Intended Data Usage 

 
The data will be used to aid the MPCA in deciding whether or not to recommend a change to the 
existing sulfate standard and how the standard should be revised if a change is recommended.  

Section A.6.5: Technical Reports 
 

Within one week of each site visit, the PI will provide MPCA study staff with: a list of sites visited 
including dates, GPS coordinates, access issues and other site visit notes. The PI is responsible for 
producing analytical results in database format to be delivered to the MPCA by Oct 16th, 2013 or as 
the contracted laboratories make the data available. The PI will produce a final report that 
documents field and laboratory methods, any changes in methods over time, cross-calibration of 
data between 2011 and 2012 field seasons, sites sampled, data collected, database developed, 
populated content of the database, summary data statistics, quality assurance data, outlier data as 
the result of human error, and maps showing the distribution of sites from all of the MPCA-
sponsored wild rice field surveys (2011 preliminary survey, 2012 reconnaissance, 2012 field survey, 
and 2013 field survey) by December 19th, 2013 as indicated in the 2013 Wild Rice Sulfate Standard 
Field Survey Category 4 Project Work Plan.  Two to three draft reports will be submitted to MPCA 
staff for commenting at agreed upon times before a final report is produced. The PI will also 
present results at one or more meetings as requested by the MPCA project manager.  
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Along with the integration of data and additional considerations produced from other areas of 
the Wild Rice Sulfate Standard Study, MPCA project staff will use the data produced by the 2013 
Field Survey to assess the appropriateness of the current 10mg/L sulfate standard in protecting 
wild rice, in order make a recommendation as to if and how it should be amended. A technical 
support document will be developed to support this decision. 
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Section A.7: Quality Assurance Objectives and Criteria 

Section A.7.1: Overview 

 
Quality assurance objectives are developed for field sampling, chain of custody, laboratory 
analysis and reporting (see detailed procedures in Section B.2 and B.3).  Meeting these objectives 
will provide the MPCA with defensible data and results. 
 
The sample collection technicians will be responsible for field sampling and chain of custody until 
the laboratory accepts samples.  Specific procedures to be used for sampling, quality control, 
audits, preventive maintenance and corrective actions are described in other sections of this 
document.  The purpose of this section is to define quality assurance goals for precision, accuracy 
and completeness.  Establishing these goals allows the State to judge the adequacy of the results 
and whether corrective actions are necessary. 
 
The quality assurance objectives to be met for both field operations and laboratory activities are 
discussed below.   
 
Laboratory reports include the date of sampling, the date of analysis, the signed Chain of Custody 
form, a narrative of the analysis which notes items that are outside the laboratory QC limits, and 
the analytical results for the collected sample. In addition to the analytical results, the reports 
include the percent recoveries (% R) of laboratory control sample/laboratory control sample 
duplicates, matrix spikes, and standard reference material and the relative per cent differences 
(RPD) between duplicates. 
 
Laboratory QC elements and acceptance criteria are detailed in Tables 5, 6, 7 and 8. 

Section A.7.2:  Blanks  

 
The samplers will use field blanks (sample bottles and laboratory DI water) while sampling.  Field 
blanks are submitted at a 5% rate to the laboratory.  Field blanks results verify that the field 
sampling and laboratory procedures are free of contamination and do not contaminate blank 
samples.  
 
The laboratory uses method blanks to verify the extraction procedures, glassware, and 
instrument conditions have background below the laboratory reporting limits.  The method 
blanks are reported with MPCA samples to allow the project manager to determine that 
laboratory contamination or analytical error could cause a false positive.  The laboratory 
performs method blanks at a rate of one for each analytical batch of twenty samples (5%) or less 
to ensure a contaminant-free environment. 
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Section A.7.3:  Duplicate Samples  

 
As is the case for field blanks, duplicate samples are collected as necessary to protect the 
integrity of the sampling investigation.  Duplicates are collected by co-locating samples.  
Duplicate sample analyses provide a check on sampling and analytical reproducibility, or 
precision.  The laboratory also prepares and analyzes replicate samples to gain a measure of 
reproducibility.   MPCA has a relative percent difference (RPD) goal for duplicates of 25% in 
waters and 50% in sediments 
 

Section A.7.4:  Matrix Spike Samples 

 
Spiked samples will not be collected in the field but MPCA does submit adequate samples to 
ensure the laboratory has enough sample to allow for a spike analysis.  The laboratory uses 
Matrix Spike (MS) recoveries to measure accuracy in the analyses.  Laboratory-generated limits 
for spike recoveries are used in validation of data (when required).  MPCA policy requires a 10% 
rate of spikes for environmental samples. 
 
Section A.7.5:  Laboratory Activities 

 
The quality assurance objectives for accuracy, precision, completeness, representativeness, 
reporting limits, and comparability to be met by the laboratory are described in the laboratory’s 
Quality Assurance Manual (QAM), if available.  
 

Section A.7.6: Definitions of Precision, Accuracy, Representativeness, Comparability, and Completeness 

 
Where possible, laboratory precision is measured through the collection and analysis of duplicate 
samples.  The result for the duplicate sample is compared to the result of the known sample.  The 
relative percent difference (RPD) between the known sample result and the duplicate sample 
result is calculated according to the following formula: 

 
RPD = (Sample Conc. – Duplicate Conc.)*200 

          (Sample Conc. + Duplicate Conc.) 
 

Precision can also be determined between the results of a laboratory control sample 
(LCS)/laboratory control sample duplicate (LCSD) pair. RPD results should be <25% for water 
samples and <50% for sediment samples for the data to be acceptable. 
 

Section A.7.6.1: Accuracy 

 
The accuracy of the measurement is gauged through the analyses of surrogate spikes, matrix 
spike (MS), and/or laboratory control sample (LCS)/laboratory control sample duplicate (LCSD).  
Surrogate compounds are spike into every sample prior to extraction and analysis. Where 
possible, a MS sample is collected.  If a MS cannot be analyzed, an LCS/LCSD pair may be used to
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 measure accuracy.  The percent recovery is determined by comparing the spiked sample 
concentration to the environmental (un-spiked) sample concentration.  The formula for 
determining percent recovery is as follows: 
 

%R = (Spiked Sample Conc. – Environmental Sample Conc.)*100 
Spiked Concentration Added 

Section A.7.6.2: Representativeness 

 
Representativeness of the data set is the measure that expresses the degree to which the data 
accurately represents the population as a whole.  The methods for sample collection in the field, 
sample preservation, transportation to the laboratory, sample preparation, and sample analysis 
are reviewed to determine if appropriate procedures were followed.  If the procedures as 
described in this QAPP were followed, sample results are considered representative of the site. 
 

Section A.7.6.3: Comparability 

 
Comparability is the degree of confidence that one data set can be compared to another data set 
and whether the data sets can be combined and used for decision-making purposes.  The level of 
comparability between data sets is determined by reviewing sample collection and handling 
procedures, sample preparation and analytical procedures, holding times, and quality assurance 
protocols.  When a large difference in one of the methods or procedures exists, the comparability 
of the data is considered low.  If all of the procedures were followed, data from the same site is 
considered comparable. 
 

Section A.7.6.4: Completeness 
 
Completeness is measured by determining the ratio of valid sample results compared to the total 
number of samples for a specific matrix.  During data verification, the data completeness is 
determined by the following equation: 
 

%Completeness = Number of Valid Results * 100 
                               Number of Samples Tested 

 
A completeness of 90% in a year must be obtained in order for a laboratory report to be 
considered acceptable.  If the data set does not meet at least 90% completeness, the data are 
rejected.  If the laboratory is at fault and they will be responsible for securing the re-collection 
and re-analysis of samples.
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Section A.8: Specialized Training/Certifications 

Section A.8.1:  Field 

 
Personnel assigned to the Wild Rice Project will meet the educational, work experience, 
responsibility and training requirements for their positions. At a minimum, field personnel will 
have been instructed in field safety training, the monitor manufacture’s operational manuals, 
field standard operating procedures (SOPs), a Defensive Driving course, and the Project QAPP. 
Records on personnel qualifications and training will be maintained in personnel files and will be 
accessible for review during audit activities.  
 

Section A.8.2:  Laboratory 
 
Laboratory personnel have been trained in proper analytical techniques.  They also receive 
annual refresher training on such items as laboratory safety, right to know, and emergency 
procedures.  The documentation of this training is maintained in the Laboratory Manager’s office 
or in the laboratory’s QA Office. 
 

Section A.9:  Record Keeping 
 
The State of Minnesota has a structured record management retrieval system that allows for the 
efficient archive and retrieval of records. All information considered as documentation and 
records will be retained for 10 years from the date of generation. However, if any litigation, 
claim, negotiation, audit or other action involving the records has been started before the 
expiration of the 10-year period, the records must be retained until completion of the action and 
resolution of all issues which arise from it, or until the end of the regular 10-year period, 
whichever is later. The laboratory SOP for records retention indicates that all data 
documentation, records, protocols, and final reports are stored either on-site at the laboratory or 
off-site in secure storage.  The records are retained for a period of not less than 10 years. 
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Section B: Data Generation and Acquisition 

Section B.1: Sampling Design 

 
In consultation with the MPCA project manager, sites for the 2013 field survey were selected 
based on considerations of previous field survey work conducted in 2011 and 2012, a preliminary 
field survey and the field and lab data collected as part of the reconnaissance project conducted 
May-June 2012. The process by which sites were selected for the 2013 field survey is beyond the 
scope of this QAPP

Section B.2: Sampling Procedures 
 
Prior to sample collection, field personnel coordinate with the laboratory to assure that 
appropriate equipment and supplies are available to meet the sampling need. After collection, 
the samples will be shipped or delivered to the laboratory for analysis. 
 
As part of the overall project, approximately 35 to 40 sites will be visited. Just under half of these 
sites will be visited and sampled intensively (three times during the summer/ early fall of 2013). 
An additional 21 sites will be sampled once in late summer/early fall of 2013.  Samples of surface 
water, sediment, mature wild rice plants (if available), sediment porewater, and temperature 
profile will be collected and analyzed to determine various characteristics. Figure 1 below lists 
the names, general locations and numbers of times each of the sites are to be sampled by Dr. 
Myrbo and her field crew during the summer/fall of 2013 
 
Teams of two technicians will make approximately 75 total visits during the 2013 survey to sites 
across Minnesota to collect data and samples from selected surface water bodies (see Figure 1), 
including lakes, rivers, and commercial wild rice paddies. Crews will locate access to sites using 
information and contacts developed during the 2011 Preliminary Field Survey and 2012 
reconnaissance, displayed on base maps on project iPads.  Using a canoe or motorboat, crews will 
sample water, sediment, mature wild rice plants, and sediment porewater within a wild rice bed 
or, in the absence of wild rice, in a location that could support wild rice based on the presence of 
aquatic plants that have similar habitat requirements to wild rice.  Crews will follow the sampling 
procedures established in the QA/QC documentation. Crews will record the GPS position at each 
sampling site, and measure conductivity, temperature, pH, and dissolved oxygen using a sonde; 
collect a surface water sample; collect six sediment cores of ~50 cm length; and survey and 
identify aquatic vegetation.  On shore, water samples will be filtered (except for TP/TN) and split 
for various water chemistry analyses to be conducted by the MDH Environmental Laboratory.  
The pH of the surface sediment will be measured. Two of the sediment cores will be used to 
produce two porewater samples using Rhizon-brand samplers connected to an evacuated, 
anaerobic serum vial, one of which will be pre-loaded with zinc acetate (vials supplied by MDH).  
Three sediment cores will be extruded from the top to a depth of 10 cm, and the extruded 
portions immediately combined under a nitrogen atmosphere and homogenized together, and 
subsampled for acid-volatile sulfide (AVS) sample analysis and immediately frozen using dry ice, 
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and the remainder of the sample placed on water-ice for other sediment analyses as described 
below (“sample analysis”). One sediment core will be archived for possible future analysis. If 
found at the site, two mature wild rice plants will be pressed according to guidance from  the 
University of Minnesota Herbarium. Crews will log samples and assign ID numbers, and fill out an 
MDL and UMN chain of custody paperwork. As appropriate and as indicated in the QA/QC 
documentation or as requested by the MPCA project manager, crews will return samples to 
University of Minnesota laboratory and transfer samples to MDHL or other lab within established 
holding time requirements. Field survey expenses shall conform to the 2013 Wild rice sulfate 
standard field survey Category 4 Master Work Contract. The field sampling methods to be 
implemented by Dr. Myrbo and her field crew described above are documented in the “Field 
Protocol for MPCA-SO4 Field Sampling by LacCore/LRC” located in Appendix I 

Additional sediment porewater sampling will be conducted by Dr. Nathan Johnson of the 
University of Minnesota Duluth’s Civil Engineering Department. This porewater sampling will use 
a sampling instrument called a “peeper” that allows for the development of a stratigraphic 
profile of various analytes in porewater located around the rooting zone of wild rice plants. This 
will compliment Dr. Myrbo’s porewater sampling using the Rhizon-brand sampler that provides 
an integrated porewater sample rather than one stratified by depth. Peepers will be deployed 
once a month at two of the sites that are sampled by Dr. Myrbo’s field crew throughout the wild 
rice growing season, from May through September. The sampling method is provided in 
Appendix E, with the duties and responsibilities of Dr. Johnson are detailed in the Wild Rice 
Categories 1 & 2 study: UMD Project Work Plan. 
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Figure 1: Potential 2013 Field Sampling Locations – Intensive (Red) and Single Visit (Green) Sites 
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Section B.3: Sample Custody 

Section B.3.1: Overview   
Sample possession must be traceable from the time samples are collected until they are disposed 
of. To maintain and document sample possession, chain of custody (COC) procedures are 
followed. 
 

Section B.3.2: Field Custody Procedures 

Trained field personnel collect the samples (see Section B.1).  The field personnel either have the 
samples in their possession, in their view, in a secured area that only they have access to, or turn 
custody over to another individual who has signed the chain of custody (COC) form (See 
Attachment 3 for an example COC form).  The COC is the record of all individuals who come in 
contact with the samples. A COC has the following information present:  
 

A. Date and time of sampling, 
B. Name of sampler, 
C. Identification number of the samples, 
D. Analytical methods requested, 
E. Project name, 
F. Signature of the sampler, and 
G. MPCA contact name and phone number. 
 

Sample custody is maintained from collection through analysis.  The samples are cooled on ice, or 
are frozen with dry ice, in a cooler. The chain of custody form is signed by the sampler and 
double zip-locked and taped to the inside lid of the cooler. The sampler and the laboratory keep a 
copy of the bill of lading as proof of custody in shipment.  Records of custody are maintained by 
the MPCA within the site files.
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Section B.3.3: Laboratory Custody 

 
Laboratory custody procedures are usually described in the laboratory QAM, if available. The 
laboratory signs the COC when the samples are received.  The laboratory verifies the COC is 
correctly filled out and all samples are accounted for (and not broken).  Any problems that occur 
upon receipt of the samples will cause the sample clerk at the laboratory to immediately contact 
the MPCA Project Manager or QA Coordinator. The MPCA will decide if the samples are to be run 
depending on the problem.  The laboratory logs in the samples into the laboratory LIMS system.  
The system assigns a unique number to each sample.  The log-in numbers are then used to track 
the sample at the laboratory. 
 
The laboratory stores the samples in a secure refrigerated area that maintains the samples at 4° 
+/- 2° C. Frozen samples remain frozen until sample analysis is performed. The sample holding 
area is secure from unauthorized personal having access to the samples. The samples are 
removed by an analyst for extraction/digestion, the extraction/digestion performed, and any 
remaining sample placed back in the refrigerator.  The laboratory disposes of the samples, except 
in case of very hazardous samples, which are then returned to the site or lab-packed for disposal 
at an appropriate facility. 
 

Section B.4: Analytical Methods 
 
Information on the analytical methods to be used in this study is detailed in Tables 1, 2, and 3. 
Their corresponding analytical methods are identified by laboratory and their location in the 
Appendices of this QAPP. Corrective actions taken in the process of field sampling and analyzing 
samples are documented by the laboratory managers or staff and are ultimately reported to Dr. 
Myrbo and the appropriate MPCA Project management staff for the final decision. 
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Section B.5: Quality Control 

 
Field and laboratory QC checks are identified in Table 5.  The frequency of analysis and the 
control limits are also listed.  If the results don’t meet the QC acceptance criteria, corrective 
actions are defined. 

Section B.5.1: QC Types 
 
Table 5: Quality Control Elements 

QC Type Surface Water Sediment Sediment Porewater 

Blanks    

Field Blanks 1 per batch 1 per batch 1 per batch 

Method Blanks 1 per batch 1 per batch 1 per batch 

Spikes    

Laboratory Control Sample 1 per batch 1 per batch 1 per batch 

Matrix Spike 1 per batch 1 per batch 1 per batch 

Calibration Checks 1 per batch 1 per batch 1 per batch 

Duplicates    

Matrix Spike Duplicates 1 per batch 1 per batch 1 per batch 

Laboratory Control Sample 
Duplicates 

1 per batch 1 per batch 1 per batch 

 
Table 6: QC Acceptance Criteria for Target Analytes in Surface Water 

 
Target Analyte 

 
Blanks 

 
LCS (%R) 

 
MS (%R) 

Duplicates 
(RPD) 

Laboratory Appendices 

Alkalinity as CaCO3 <RL 90 – 110 85 – 115 25 MDH Appendix C 

Ammonia-Nitrogen <RL 90 – 110 90 – 110 25 MDH Appendix C 

Chloride <RL 85 – 115 85 – 115 25 MDH Appendix C 

Nitrate + Nitrite Nitrogen <RL 90 – 110 90 – 110 25 MDH Appendix C 

Sulfate <RL 85 – 115 85 – 115 25 MDH Appendix C 

Total Nitrogen <RL 90 – 110 90 – 110 25 MDH Appendix C 

Total Phosphorus <RL 90 – 110 90 – 110 25 MDH 
Appendix C 

Dissolved Calcium <RL 85 – 115 85 – 115 25 MDH Appendix C 

Dissolved Iron <RL 85 – 115 85 – 115 25 MDH Appendix C 

Dissolved Magnesium <RL 85 – 115 85 – 115 25 MDH Appendix C 

Dissolved Potassium <RL 85 – 115 85 – 115 25 MDH Appendix C 

Dissolved Sodium <RL 85 – 115 85 – 115 25 MDH Appendix C 
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Table 7: QC Acceptance Criteria for Target Analytes in Sediment 

Target Analyte Blanks LCS (%R) 
 

MS (%R) 
Duplicates 
(RPD) Laboratory Appendix 

Acid Volatile Sulfides <RL 70-130 80-120 50 MDH Appendix C 

Loss-on-Ignition (Water 
Content, Organic Matter, 
Carbonate Content, 
Inorganic Matter) 

<RL 70-130 80-120 50 LacCore/LRC Appendix H 

Total Carbon <RL 70-130 80-120 50 LacCore/LRC Appendix H 

Total Nitrogen <RL 70-130 80-120 50 LacCore/LRC Appendix H 

Total Sulfur <RL 70-130 80-120 50 LacCore/LRC Appendix H 

Total Inorganic Carbon <RL 70-130 80-120 50 LacCore/LRC Appendix H 

Total Phosphorus <RL 70-130 80-120 50 SCWRS Appendix F 

Phosphorus 
Fractionation 

<RL 70-130 80-120 50 SCWRS Appendix F 

Extractable Metals for 
ICP-MS (Al, Sb, As, Ba, 
Be, Cd, Ca, Cr, Co, Cu, Fe, 
Pb, Mg, Mn, Hg, Ni, K, 
Se, Ag, Na, Ti, V, Zn) 

<RL 70-130 80-120 50 SCWRS/Gustavus Appendix F 
and G 

  
Table 8: QC Acceptance Criteria for Target Analytes in Porewater 

Dissolved 
Organic Carbon 

 
Blanks 

 
LCS (%R) 

 
MS (%R) 

Duplicates 
(RPD) Laboratory Appendix 

Sulfide 
 

<RL 90 – 110 85 – 115 25 MDH Appendix C 

Sulfate <RL 85 – 115 85 – 115 25 MDH Appendix C 

Potassium 
 

<RL 85 – 115 85 – 115 25 MDH Appendix C 

Dissolved 
Magnesium 

<RL 85 – 115 85 – 115 25 MDH Appendix C 

Dissolved 
Calcium 

<RL 85 – 115 85 – 115 25 MDH Appendix C 

Chloride <RL 85 – 115 85 – 115 25 MDH Appendix C 

Boron <RL 85 – 115 85 – 115 25 MDH Appendix C 

Total 
Phosphorus 

<RL 90 – 110 90 – 110 25 MDH Appendix C 

Dissolved 
Sodium 

<RL 85 – 115 85 – 115 25 MDH Appendix C 

Total Nitrogen 
 

<RL 90 – 110 90 – 110 25 MDH Appendix C 

Ammonia-
Nitrogen 

<RL 90 – 110 90 – 110 25 MDH Appendix C 

Nitrate + Nitrite 
 

<RL 85 – 115 85 – 115 25 MDH Appendix C 

Metals Fe, Cu, 
Zn, Co, Ni, Mn, 

Mo, Se, As 

<RL 85 – 115 85 – 115 25 MDH Appendix C 
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Section B.5.1.1: Field Blanks 

 
Field blanks are collected to show any bias that is related to collection equipment or transport of 
samples from the field to the laboratory.  Field blanks are collected throughout the season at 5% 
of the total sites visited. If there is contamination in the field blank but not in the samples, no 
action is required.  Any positive result in an environmental sample which is associated with a 
positive result detected in a field blank is evaluated.  If the environmental sample result is less 
than X5 the concentration detected in the field blank, the report level is raised to the 
concentration found in the sample.  If the environmental sample result is greater than X5 the 
concentration found in the field blank, no qualification is necessary.  However, an explanation of 
the rational should be provided in the narrative accompanying the report.  
 

Section B.5.1.2: Method Blanks 

 
One method blank is prepared and analyzed with each batch of up to 20 samples to demonstrate 
that there are no interferences from the glassware, reagents, and analytical system.  Target 
analytes of concern should not be present in the method blank at the report level concentration.  
If any method blank shows target analytes above the report level, an instrument blank should be 
analyzed to demonstrate that there was no carry-over from standards or samples.  If there was 
carry-over, clean the analytical system and re-inject the method blank.  If the method blank 
contamination cannot be attributed to carry-over, the samples that were associated with the 
blank should be re-prepared and re-analyzed. 
 

Section B.5.1.3: Matrix Spikes (MSs) 

 
Matrix spikes are used to determine if there are any effects related to the sample matrix.  One 
spike should be spiked, prepared, and analyzed per batch of up to 20 samples.  The % recoveries 
of the MS are used to measure accuracy of the analysis.  The % recoveries should be within the 
ranges listed in Tables 6, 7, and 8. 
 

Section B.5.1.4: Laboratory Control Sample (LCS) 

 
A laboratory control sample (LCS) is an aliquot of clean matrix, the same matrix as the 
environmental samples.  One LCS is prepared with each batch of up to 20 samples.  The LCS is 
spiked with the same target analytes and at the same concentration as the MS.  The % recoveries 
of the LCS are used to show that the analysis is in control if there is a matrix effect associated 
with the analysis of the sample matrix in the MS.  The % recoveries should be within the ranges 
listed in Tables 6, 7, and 8.  
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Section B.5.1.5: Field or Laboratory Duplicates 

 
Field and laboratory duplicates are used to measure precision.  One pair should be extracted and 
analyzed per ten samples or less.  The RPD should be less than or equal to the values listed in 
Tables 6, 7, or 8. 
 

Section B.5.1.6: Out-of-Control Situations 

 
When the out-of-control situations listed in Sections B.5.1.3 through B.5.1.5 occur, the failing 
analysis should be repeated.  If the re-analysis meets QC criteria, report the second analysis.  If 
the re-analysis still does not meet criteria, the affected samples should be re-prepared and re-
analyzed.  If the results of the re-analysis of the MS still fail to meet criteria and the result of the 
LCS is acceptable, then the problem is related to matrix and the QC batch requirements are 
considered to have been met.  Report the results of the batch and qualify the result of the 
environmental sample chosen for QC purposes as estimated.  If the results for the LCS fail again, 
instrument maintenance is required.  After the maintenance has been completed, another initial 
calibration must be performed.
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Section B.6: Instrument/Equipment Testing, Inspection, and Maintenance 

 

Section B.6.1:  Field Equipment 

 
Delays in project schedules, poor output in performance, and erroneous results in investigative 
operations can result from improperly maintained equipment.  Therefore, preventative 
maintenance of field equipment is performed routinely before each sampling event.  More 
extensive maintenance is performed based on hours of use and manufacturer recommendations.  
Spare parts for all field equipment as well as back up instruments are kept at the University of 
Minnesota or in the field vehicle.  The field staff perform preventative maintenance on a routine 
schedule on all field equipment for the MPCA.  Standardized field sampling equipment will be 
maintained by the field staff.   

 

Section B.6.2:  Laboratory Equipment 

 
The protocols for testing, inspection, and maintenance of laboratory equipment are addressed in 
the laboratory QAMs, if available.  Additionally, the laboratory’s standard operating procedures 
(SOPs) present the specific protocols to be followed as part of the analysis for the program.  
Preventative maintenance steps employed by the laboratory are described in the laboratory 
QAM, if available.  In general, the preventative maintenance is performed on a scheduled basis 
on all instruments in the laboratory.  The preventive maintenance performed is documented in 
the instrument maintenance logbooks kept at the instrument.  Irregularities noted during 
operations are traced through the maintenance logbook to allow for efficient corrective action to 
solve problems.  Analysts are trained in preventive maintenance of their assigned instruments.  
The laboratory utilizes in-house service technicians in the event of instrument failures.  Contracts 
are maintained on the computer hardware and software. Backup instrumentation is generally 
available if a specific analytical system becomes unavailable.
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Section B.7: Instrument/Equipment Calibration and Frequency 

Section B.7.1: Overview 

 
This section discusses calibration procedures for field and laboratory instruments to be used for 
the Project.  All laboratory equipment used for analytical determinations is subject to periodic 
inspection and calibration.   Frequency of calibration is based on the type of equipment, inherent 
stability, manufacturer recommendations, and intended use. 

Section B.7.2: Field Procedures 

 
 The field equipment used by the Project staff is calibrated according to procedures described in 
the manufacturing instructions and/or Project SOPs. 

Section B.7.3 Laboratory Procedures 
 

The calibration procedures followed by the laboratory are outlined in the Laboratory QAMs (if 
available) and SOPs.  The basic procedure for the analyses is to calibrate the analytical 
instruments at five levels.  One of the levels must be at or below the report level for the 
individual target analyte. The initial curve must have a coefficient of ≥0.99 or a %RSD of ≤20%.  
The five-point initial calibration curves are verified with an external source calibration standard 
and then routinely (as specified in the MDH Certification Rule or laboratory SOP) with a 
calibration verification check standard.   All calibration standards must have a percent difference 
(%D) of <15%.  
 

Section B.8: Inspection/Acceptance of Supplies and Consumables 
 
A Project staff person inspects all supplies and consumables for integrity and suitability for use.  
Any supply or consumable judged to be of inferior quality or not suitable for the intended use is 
rejected.  Sample containers are pre-certified as clean by the laboratory. 
 
All chemicals and solvents used in the laboratory are inspected to verify that they are of the 
appropriate grade for their intended use.  All consumables found to be contaminated are 
removed from use.  The laboratory has a tracking system that incorporates the date of receipt, 
the date the container is opened, and the assigned expiration date of the chemical or standard.  
The procedures are documented in the individual laboratory Quality Assurance Manual. 
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Section B.9: Data Management 
 
Internally, each agency will store all data in their own specific StarLIMS database (Laboratory 
Information Management system). Data will be transferred from the laboratories to the MPCA. 
Data will be stored in the MPCAs Environmental Quality and Information System (EQuIS) 
database. 

 

Section B.9.1: Data Recording 

 
Data and information collected in the field will be recorded in dedicated notebooks and forms.  
Data recording procedures to be followed by the laboratory are discussed in individual laboratory 
Quality Assurance Manual. 

Section B.9.2: Data transformation 

 
Data and field information is transformed in the MPCA offices.  Procedures for data 
transformation by the laboratory are discussed in the laboratory Quality Assurance Manual.  Data 
are input into various computer Projects for storage.  The Projects utilized include Microsoft 
Access®, Excel® and Word®. 

Section B.9.3: Data Transmittal 

 
Data and field information are delivered to the MPCA using raw data notebooks and forms.  
Analytical data are submitted to the MPCA as final analytical reports.  These reports have been 
reviewed and approved by the laboratory’s technical, QA/QC, and project management staff.  
Data are then entered into a database by MPCA staff.  

Section B.9.4: Data Rejection 

 
Analytical data which does not meet the established QA/QC criteria defined in this QAPP is 
verified and either flagged as estimated or rejected.  Field data is evaluated by the technical staff 
to ensure that it is compliant with the QAPP. 

Section B.9.5: Data Tracking 

 
MPCA staff contact the analytical laboratory on a regular basis regarding the status of sample 
analysis. 

Section B.9.6: Data Storage and Retention 

 
For MPCA, data storage and retention is dictated by Minnesota statute and department policy.  
Official laboratory records are managed using an inventory of records with a schedule 
establishing retention periods and disposal requirements.
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Section C: Assessment and Oversight 

Section C.1: Response Actions 

Section C.1.1: Field Audit Project 

 
An audit of the field sample collection activity may be made.  This audit reviews equipment, 
personnel, training, field documentation (photographs, daily field logs, and checklists), and chain-
of-custody records to ensure compliance to the QAPP.  The results of the audits (and any 
identified corrective actions) are summarized in a report to management.   

Section C.1.2: Laboratory Audits 

 
Internal audits take place on an annual basis.  These audits review the quality policies and 
implementation of the policies at the laboratory.  The reports of these audits are sent to the 
laboratory manager and quality assurance officer for review and improvement in operations.  
The audit concentrates on the specific SOPs in each section, quality assurance practices, sample 
handling, documentation, and follow-up on prior audits.  These audits are used by the laboratory 
to identify any problem in their operations before there is an effect to the data.   All audits are 
documented and kept in the QA office.  If problems occur or corrective action is initiated, the 
QAC from MPCA is contracted immediately for assistance in corrective actions.  Copies of the 
internal audit findings (along with any required corrective actions) are submitted to the MPCA’s 
QA Coordinator.  As a result of the internal audits, the MPCA may audit at its discretion.   
 
External audits of the laboratory may be performed by other accreditation bodies.  Copies of the 
findings of these external audits (and any identified corrective action) are submitted to the 
MPCA’s QA Coordinator.  As a result of these external audits, the MPCA may audit at its 
discretion. 

Section C.1.3: Performance Evaluation (PE) Studies 

 
The laboratory analyzes Performance Evaluation Samples (PE Samples) which are blind samples 
prepared by external companies and shipped directly to the laboratory.  The samples are logged 
in and analyzed as standard samples with the results being reported back to the independent 
company for scoring.  The laboratory receives these scores and reports them to regulatory 
authorities (or states requiring PE samples for certification).  Satisfactory performance must be 
maintained over the effective time of the QAPP.  Copies of the results of the PE studies must be 
supplied to the MPCA’s QA Coordinator.
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Section C.2: Corrective Action/Reports to Management 
 
For each analytical activity employed in this Project, the laboratory regularly tracks the overall 
quality assurance issues.  When a quality control sample or QA issue is found to be out of control, 
Corrective Actions (CA) are implemented.  Corrective action includes re-analysis of samples, re-
sampling, flagging of data, or rejection of the data.  MPCA is informed of any major CA that is 
performed on any Project sample.  
 

Section C.2.1: MPCA Corrective Actions 

 
The individual identifying a potential issue first documents the problem in the field notebook.  
The project manager who has final sign-off authority on any problem or issue tracks the problem. 
The project manager tracks all CA.  The PM is responsible for identifying the problem, verifying 
proper documentation is written and implementing the correct action.  The project manager will 
place final documentation into the site record.  Any major CA involving the laboratory is tracked 
by the both the laboratory QAO and the MPCA project manager.  The MPCA project manager has 
final sign-off authority on issues dealing with Project samples. 
 

Section C.2.2: Laboratory Corrective Actions 

 
Laboratories have a corrective actions system that is described in the laboratory QAM, if 
available.  Generally, an individual involved in the analysis of the samples or review of the data 
discovers the problem.  The problem is identified and documented.  The documentation is 
important to allow tracking of the problem and ensure a proper solution is implemented.  All 
analysts, QA staff, and managers/supervisors must agree to the solution to the problem.  The QA 
staff will go back and verify that the solution corrected the problem.  The documentation is 
archived with the client project folder.   
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Section C.2.3: Laboratory Reports 

 
The laboratory sends a complete report to the MPCA that includes the following information: 

a. A narrative discussing overall issues with the data (e.g. calibration, holding times, 
internal QC, etc.), 

b. Extraction date, 
c. Sampling date, 
d. Analysis date, 
e. Alphabetical list of compounds, 
f. Reporting limits, 
g. Method of analysis and extraction, 
h. Signature of a laboratory officer, 
i. Chain of custody, 
j. Results of spike, 
k. Spike duplicates, 
l. Results of surrogate samples, 
m. Blanks, and 
n. Concentrations found of each analyte.    
 

The laboratory report is given a final review by the laboratory project manager, then signed, and 
sent to the MPCA.  Specific procedures used by the laboratory will be found in the QAM, if 
available. 
 

Section C.2.4: Reports to Management 

 
Reports to management will summarize the Project’s sampling and analytical activities for the 
previous time period, the findings of the audits, any required corrective actions, the results of PE 
studies, any data quality problems (along with purposed solutions), any major changes in 
personnel, and an overall evaluation of the laboratory’s quality assurance.  The report is sent to 
all individuals identified in Section A.3.
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Section D: Data Validation and Usability 

Section D.1: Data, Reduction, Verification, and Validation 

Section D.1.1: Data Reduction 

 
In general, instrument response for the quantitative analytical procedures described in the 
laboratory SOPs is converted to concentrations or absolute amounts of analyte by use of a 
multipoint calibration curve which relates instrument response to the quantity of the analyte 
introduced to the instrument.  The analyst reduces the raw data produced by the instrument 
using equations found in the laboratory SOP or QAM (if available).  Technical expertise of the 
analyst is needed for evaluation of the data, reviews of the report produced from the raw data, 
and verification that the QC checks are within required limits (e.g. spikes, surrogates, blanks, 
duplicate spikes, etc.).  The raw data and final report are submitted for verification.   
 

Section D.1.2: Data Verification/Methods 

 
The laboratory manager or designated experienced chemist verifies data is correct as reported.  A 
manager reviews 100% of the raw data against the report (to verify data interpretation made by 
the chemist and that QC checks are correct) and makes sure no transposition errors were made.  
The laboratory QA Officer reviews a percentage of all reports to verify that data meets all 
requirements of the QAPP.  The specific procedures to be followed by the laboratory are 
described in the laboratory QAM, if available.  The flags used on the data will be consistent with 
those used by EPA for CLP data (J, R, U, B, etc.).  The laboratory stores all raw data in their 
archives for five years.  Raw data is available to MPCA staff as needed. 
 
The MPCA Project staff does a data review when the analytical report is received.  MPCA staff 
review data to verify all QC is acceptable, the project requirements are met (holding times and 
reporting limits), and that all required information is present in the report.  The MPCA project 
manager reviews the data to ensure that all quality control requirements are met.  The project 
manager also reviews the field duplicates, calculates the RPD, and compares the data to past 
data from the site to verify consistency.  When all the data points have been reviewed, the 
project manager compares the data which is acceptable to the data which was planned for the 
site and verifies that the completion rate goal has been met.  Any problems with the data or 
laboratory issues are immediately brought to the attention of the MPCA QAC who contacts the 
laboratory to assess the problems and find a solution.  If the problem is particularly severe, a data 
audit or full laboratory audit may be conducted. 
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Section D.1.3: Data Validation/Methods 
 
At least 10% of the data are validated by the MPCA QA Coordinator from the raw data.  The 
validation process is consistent with the National Functional Guidelines for Inorganic Data 
Review.  If any data problems are identified, more data packages are validated.  If data does not 
meet the QAPP requirements and are judged to be unusable, the analyses are not paid for and 
the samples are re-collected. 
 

 Section D.2: Reconciliation with User Requirements 

 
Data quality objectives have been met when a complete report (with all data qualifiers) has been 
provided to the MPCA Senior Management Team.  The report includes any data issues identified 
by the laboratory or the MPCA.  The report points out any limitations on the use of the data to 
decision makers. 
 

Section D.3: References 
 
1. U.S. Environmental Protection Agency, 2001.  EPA Requirements for Quality Assurance 

Project Plans (QA/R-5), EPA/240/B-01/003, Office of Environmental Information. 
 
2. U.S. Environmental Protection Agency, 2002.  Guidance for Quality Assurance Project Plans 

(QA/G-5), EPA/240/R-02/009, Office of Environmental Information. 
 

3. US EPA Contract Laboratory Project, January, 2010, National Functional Guidelines for 
Inorganic Superfund Data Review, USEPA-540-R-10-011, OSWER 9240.1-51.
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Appendix A 
 

Table of Acronyms 
 
CA Corrective Action 
COC Chain of Custody 
CFR Code of Federal Register 
%D Percent Difference 
DQO Data Quality Objectives  
EPA Environmental Protection Agency 
FOC Field Operations Center 

LacCore/LRC National Lacustrine Core Facility/Limnological Research Center 
LIMS Laboratory Information Management System 
MDH Minnesota Department of Health 
MPCA Minnesota Pollution Control Agency 
MS Matrix Spike 
PE Performance Evaluation (sample) 
PI Primary Investigator 
PM Project Manager 
QAC Quality Assurance Coordinator 
QAO Quality Assurance Officer 
QAM Quality Assurance Manual 
QAPP Quality Assurance Project Plan 
QA/QC Quality Assurance/Quality Control 
QMP Quality Management Plan 
RSD Relative Standard Deviation 
RPD Relative Percent Difference 
SAP Sampling and Analysis Plan 
SOP Standard Operating Procedure 
SRF Sample Receipt Form 
SCWRS St. Croix Watershed Research Station 
UMN University of Minnesota – Twin Cities 
UMD University of Minnesota - Duluth
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Appendix B 
 

MDH Environmental Laboratory QA Manuals









































































































































Minnesota Department of Health
Environmental Laboratory

Sample Acceptance Policy

The Operations Unit of the MDH Environmental Laboratory is responsible for the use and updating of this 
policy. In general, the staff attempts to resolve issues before the laboratory must reject a sample. 

When we note a sample does not meet the conditions for acceptance for accurate testing, we will contact 
the responsible party for instructions. We define our minimum level of acceptability by the terms required 
in federal law, state laws and regulations, or agreements established for particular projects. 

When we are not certain of the category for acceptance (CWA, SDWA, RCRA, etc.) for a particular sample 
(i.e. the collector did not provide the project identification or indicate specific tests), we will use the most 
stringent criteria to assure that the data are usable. For missing items not affecting the outcome of the 
analysis (e.g. collector name, collection year), we will leave the information blank or, in the case of the 
collection year, we will document the sample was collected within the past twelve months, a reasonable 
assumption. We will retain records of these discrepancies but will not contact you so please be sure you 
maintain your sampling logbook should questions arise.

The following items will prevent us from analyzing your samples and supplying valid results:
•	 The sample containers were broken in shipment or the containers are leaking. 
•	 The samples were preserved, but they require no preservation for accurate testing. 
•	 The samples submitted for volatile organics analysis have headspace (i.e. air bubbles larger than pea 

size).
•	 We did not receive enough sample volume to perform the tests you requested. 
•	 The sample container cap is loose and allows extraneous water or materials to seep into the samples.

We consider the following items crucial to valid testing. We may be able to test the samples after 
we obtain more information from you. The samples will be placed on hold in our sample receiving area 
until our staff receives the necessary information and authorization from you to proceed.

•	 The paperwork submitted with the samples does not match the information on the sample container.
•	 The laboratory receives the samples after the method specified holding time.
•	 A sample submission form or chain-of-custody was not provided, or the form supplied is incomplete.
•	 The labels on the bottles do not have a unique identifier that matches a corresponding item on the 

form.
•	 We cannot read the sample labels. 
•	 The collector did not use the correct sample containers for the tests requested. 
•	 The samples were not maintained at the proper temperature to prevent deterioration. 
•	 Legal chain-of-custody samples received with evidence of tampering (e.g., the custody seals are 

broken). 

If you have questions or comments about this policy or about samples you have submitted to our 
laboratory, please contact our Operations Unit at 651-201-5300. 

Environmental Laboratory
601 Robert Street N.

St. Paul, MN 55164
651-201-5300

ops010 Sample Acceptance Policy
rev. 1, revised: September 19, 2011
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Appendix C 
 

MDH Environmental Laboratory Standard Operating Procedures 
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Appendix D 
 

University of Minnesota Duluth: Civil Engineering Laboratory – Standard Operating 
Procedures 



Sulfide, 8131

How to use instrument-specific information
The Instrument-specific information table displays requirements that may vary between 
instruments. To use this table, select an instrument then read across to find the corresponding 
information required to perform this test.

Sulfide DOC316.53.01136

USEPA1 Methylene Blue Method2

1 USEPA approved for reporting wastewater analysis. Procedure is equivalent to Standard Method 4500-S2– D.
2 Adapted from Standard Methods for the Examination of Water and Wastewater. 

Method 8131
(5 to 800 µg/L)
Scope and Application: For testing total sulfides, H2S, HS–, and certain metal sulfides in groundwater, 
wastewater, brines and seawater.

Test preparation

Table 393 Instrument-specific information

Instrument Sample volume Sample cell Cell orientation

DR 6000 10 mL 2495402 Fill line faces right

DR 5000 10 mL 2495402 Fill line faces user

DR 3900 10 mL 2495402 Fill line faces user

DR 3800, DR 2800, DR 2700 10 mL 2495402 Fill line faces right

Before starting the test:

Analyze samples immediately. Do not preserve for later analysis.

Avoid excessive agitation of samples to minimize sulfide loss.

Some sulfide loss may occur if dilution is necessary.

Sulfide 2 reagent contains potassium dichromate. The final solution will contain hexavalent chromium (D007) at a 
concentration that is regulated as a hazardous waste by Federal RCRA. Refer to the current MSDS for safe handling and 
disposal instructions.

Collect the following items:

Description Quantity

Sulfide 1 Reagent 1–2 mL

Sulfide 2 Reagent 1–2 mL

Water, deionized 10–25 mL

Pipet, serological, 10-mL 1

Pipet Filler, safety bulb 1

Sample Cells (see Instrument-specific information) 2

Stoppers 2

See Consumables and replacement items for reorder information.
Sulfide
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Sulfide 
Methylene Blue Method

1. Select the test.
Insert an adapter if 
required (see Instrument-
specific information). Refer 
to the user manual for 
orientation.

2. Blank Preparation: 
Measure 10 mL of 
deionized water in a 
sample cell.

3. Prepared Sample: 
Use a pipet to add 10 mL 
of sample to a second 
sample cell. Do not mix 
the sample more than 
necessary to prevent 
sulfide loss.

4. Use the dropper to 
add 0.5 mL Sulfide 1 
Reagent to each cell. 
Swirl to mix. 

5. Use the dropper to 
add 0.5 mL Sulfide 2 
Reagent to each cell.

6. Cap or stopper the cell 
and immediately invert to 
mix.
The solution will turn pink 
initially and then turn blue 
if sulfide is present.

7. Start the instrument 
timer.
A five-minute reaction time 
will begin.

8. When the timer 
expires, wipe the blank 
and insert it in the cell 
holder.

9. ZERO the instrument.
The display will show:

0.00 µg/L S2–

10. Wipe the prepared 
sample and insert it in the 
cell holder.

11. READ the results in 
µg/L S2–. 

690 Sulfide

Stored Programs

Start

Zero Read
Sulfide
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Sulfide 
Soluble sulfides
Complete the following steps to measure soluble sulfides. 

1. Centrifuge a sample in completely filled, capped tubes.

2. Use the supernatant in place of the sample and follow the Methylene Blue Method procedure.

To estimate insoluble sulfides, subtract the soluble sulfide concentration from the total sulfide 
concentration.

Interferences

Sample collection, preservation and storage
Collect samples in clean plastic or glass bottles. Fill completely and cap tightly. Prevent excessive 
shaking or prolonged exposure to air. Analyze samples immediately.

Method performance

Summary of method
Hydrogen sulfide and acid-soluble metal sulfides react with N,N-dimethyl-p-phenylenediamine 
sulfate to form methylene blue. The intensity of the blue color is proportional to the sulfide 
concentration. High sulfide levels in oil field waters may be determined after proper dilution. Test 
results are measured at 665 nm.

Table 394 Interfering substances
Interfering substance Interference level

Strong reducing substances such as 
sulfite, thiosulfate and hydrosulfite. Interfere by reducing the blue color or preventing its development.

Sulfide, high levels High concentrations of sulfide may inhibit full color development and require sample 
dilution. Some sulfide loss may occur when the sample is diluted.

Turbidity

For turbid samples, prepare a sulfide-free blank as follows. Use this blank in place of 
the deionized water blank in the Methylene Blue Method test procedure.
1. Measure 25 mL of sample into a 50-mL Erlenmeyer flask.
2. Add bromine water by drops with constant swirling until a permanent yellow color 

just appears.
3. Add phenol solution by drops until the yellow color just disappears. Use this 

solution to replace the deionized water in step 2 of the procedure.
This pretreatment procedure removes sulfide from the sample, but the turbidity and 
any color will remain. The interference from turbidity or color will be corrected when 
the instrument is set to zero with this solution (step 9).

Program Instrument Standard
Precision

95% Confidence Limits of 
Distribution

Sensitivity
Concentration change
per 0.010 Abs change

690 DR 5000 520 µg/L S2– 504–536 µg/L S2– 5µg/L S2–
Sulfide
Page 3 of 4



Sulfide 
Consumables and replacement items

Required reagents

Description Quantity/Test Unit Catalog number

Sulfide Reagent Set, includes: — — 2244500

Sulfide 1 Reagent 1 mL 100 mL MDB 181632

Sulfide 2 Reagent 1 mL 100 mL MDB 181732

Water, deionized 10 mL 4 liters 27256

Required apparatus

Description Quantity Unit Catalog number

Pipet, serological, 10-mL 1 each 53238

Pipet Filler, safety bulb 1 each 1465100

Stopper, for 18-mm Tube 2 6/pkg 173106

Optional reagents and apparatus

Description Unit Catalog number

Bromine Water, 30 g/L 29 mL 221120

Phenol Solution, 30 g/L 29 mL 211220

Stopper, for 18-mm Tube 25/pkg 173125

Flask, Erlenmeyer, 50 mL each 50541
HACH COMPANY
WORLD HEADQUARTERS
Telephone: (970) 669-3050
FAX: (970) 669-2932

FOR TECHNICAL ASSISTANCE, PRICE INFORMATION AND ORDERING:
Call 800-227-4224

Contact the HACH office or distributor serving you.
www.hach.com techhelp@hach.com

In the U.S.A. –
Outside the U.S.A. –
On the Worldwide Web – ; E-mail –

toll-free

© Hach Company, 2007, 2010, 2012. All rights reserved. Printed in the U.S.A. Edition 7
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Peeper Sample Collection and Analysis

Standard Operating Procedure

Johnson Lab

Summer 2013

Revised: 6/24/2013

Table of Contents

● List of analytes, vials, reagents, quantification methods

● Packing list

● Procedure

Analyses for Peeper samples
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This table outlines the details of the sample analyses for peeper porewater samples.

Large Cuvette Sample Size:  ~4mL (down to 4.5) metals, 2.5mL sulfide, up to 1.25mL for iron,

remainder (~1.5mL) for sulfate

Analyte Vials Pre-loaded

reagents/mass

Sample to

add

Post processing

methods

Quantification

Metals (Zn,

Cu, Fe)

6mL

poly

vial

N/A (just clean) ~4mL measure pH

immediately and acidify

with 0.5% HNO3

ICP-MS

pH In-situ

or in

metals

bottle

N/A Also measure pH in

mud at two different

depths (~2.5cm, 7.5cm)

Direct with pH

meter

Sulfide

(HS- + H2S)

6mL

poly

Reagent 1 (5% or 125uL for

2.5 mL sample) (to be

added the morning of)

2.5mL Add reagent 2 (5% or

125uL for 2.5 mL sample)

immediately after

sample is added; weigh

sample after

Spectrophotom

eter at 660 nm

Iron

(Ferrous

iron, 2+)

6mL

poly

vials

Reagent mix:

0.5mL DI water,

0.5mL phenanthroline,

0.25mL Acetate buffer,

0.025mL concentrated HCl

up to

1.25mL,

0.25mL at a

time (stop

when red

color first

appears)

Weigh sample after,

add enough DI water to

make 1.25mL of sample

+ dilution water

Spectrophotom

eter at 510 nm

Sulfate

(SO4-2)

1.5mL

amber

poly

vials

N/A (just clean) Remainder

of sample

(~1.5mL)

Filter through iron

cartridge into sample

vial and acidify with HCl

immediately; purge with

N2 gas if evidence of

sulfide

Ion

Chromatograph

y
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Small Cuvette Sample Size:  1.5mL sulfide, 1.5mL sulfate, 1.5mL for iron, remainder for (1.5mL metals)

Some trouble was encountered for reproducibility with small volume cuvettes.  As such, the small

sample size should only be used for very high concentrations with expected absorbances of greater

than 0.2 on the spectrophotometer.

Analyte Vials Pre-loaded reagents/mass Sample to

add

Post processing methods Quantification

Metals (Zn,

Cu, Fe)

20 mL

Scint

vials

N/A (just clean) ~4 mL (leave

5mL for

other

analyses)

measure pH (see

below) and acidify with

0.5% HNO3

ICP-MS

pH In-situ

or in

metals

bottle

N/A Also measure pH in

mud at two different

depths (~2.5cm, 7.5cm)

Direct with pH

meter

Sulfide

(HS- + H2S)

2mL

vials

Reagent 1 (5% or 75uL for

1.5 mL sample) (to be

added the morning of)

1.5mL Add reagent 2 (5% or

75uL for 1.5 mL sample)

immediately after

sample is added; weigh

sample after

Spectrophotom

eter at 660 nm

Iron

(Ferrous

iron, 2+)

20mL

Scint

vials

Reagent mix:

1mL DI water,

1mL phenanthroline,

0.5mL Acetate buffer,

up to 2.5mL,

0.5mL at a

time (stop

when red

Weigh sample after,

add enough DI water to

make 2.5mL

Spectrophotom

eter at 510 nm
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0.05mL concentrated HCl color first

appears)

Sulfate

(SO4-2)

2mL

vials

N/A (just clean) 2mL (fill to

brim or

whatever is

left)

Acidify with HCl

immediately (or after

measuring pH); purge

with N2 gas

Ion

Chromatograph

y

Sulfide Calibration & Matrix spike

Stock preparation (in lab):

Prepare ~20x dilution of primary stock by degassing 4.75 mL of DI water +0.5 % 10 N NaOH for 15

minutes in 5 or 20 mL serum bottle.  Carefully  transport (minimizing splashing) to glovebox and add

0.25mL sulfide primary stock (typically ~37,000 uM) to degassed, alkaline working stock water.  Cap

and crimp in glove box.

Std Vstd Cstk Vstk

0

3.7 uM 5 mL 1850 uM 10 uL

7.4 uM 5 mL 1850 uM 20 uL

11.1 uM 5 mL 1850 uM 30 uL

Matrix spike 5 mL (in syringe) 1850 uM 20 uL (or appropriate
volume 1-5x larger
than expected sample
concentration)

Blank (beginning of each peeper):

Prepare a blank for each peeper at the beginning of extraction using an unused bottom well and

4



7.5mL sample (triple preload Reagent 1).  DO NOT ADD REAGENT 2.

Calibration (for each set of 2 peepers):

Prep 5mL sulfide standards during first peeper extraction using the volumes above and deaerated

water used for peeper colection.

Matrix spike (once per trip):

extract 7.5mL from bottom well not being used for other analyses.  use first 2.5mL exactly like any

other sample.  Spike volume in above table into extraction syringe barrel and gently mix.  Dispense

2.5mL of spiked sample to each of Matrix Spike (MS) and Matrix Spike Duplicate (MSD) preloaded

with reagent 1 and immediately add Reagent 2.

Iron Calibration & Matrix spike

Std Vstd Cstk Vstk

0

30 uM 2.5mL 3000uM 25 uL

60 uM 2.5mL 3000uM 50 uL

180 uM 2.5mL 3000uM 150 uL

Matrix spike 5mL 3000uM 600 uL

Packing List:

● Paper towels

● Wash Basin (+ clean water if no on-site source)

● Props to hold peepers out of water

● 10ml syringes + needles

● Kim wipes (2 boxes)

● squirt bottles (x2)

● pre loaded, labeled and massed sample vials

● Notebook & pens & markers

● scissors, exacto knives

● labels

5



● gloves,  safety glasses

● waste bottle,  Sharps container

● extra bottles/vials/reagents

● DI water (1L)

● portable scale

● Spectrophotometer (& stock solutions)

● Cuvettes

● Split samples

● Pipette (1-20 uL & 100uL & 1mL)

● pipette tips

● pH meters (Field & lab) & calibration solution

● Beaker/electrode stand

● first aid kit

● Trash bag

● Batteries

● Iron filter

● HCl

● Nitric acid

● Phenanthroline

● Acetate Buffer

● Sulfide Reagent 1

● Sulfide Reagent 2

● Large Nitrogen bags,  tank,  regulator,  tubing,  wrench,  tether strap,  flow meter

● Table

● Tent,  walls, clamps

● Buckets (at least 4 or 5)

● Cooler, Blue ice

● Bug spray,  sunscreen

Additional Field supplies

● Diffuser

● Canoe, paddles, life jackets

● anchors and rope

● GPS Coordinates

● Extra nitrogen tank

6



● Jumbo Nitrogen Bags

● TP

● Knee boots or sandals

● Meals

● Rain gear

● (charged boat battery, power inverter, battery charger)

Field Deployment Packing list:

● Sealed peeper keeper

● Fence posts

● Nuts,  bolts,  washers

● Drive rod

● Canoe,  paddles,  life jackets

● Outriggers,  anchor

● Rope

● Wrench

● Nitrogen tank,  regulator,  tubing, flow meter,  tether strap

● Diffuser

● Nitrogen bags  -- > jumbo

● Tray

● Extra DI water

● Peeper Keeper space fillers

● Press n Seal cling wrap

● Electrical tape

● Duct tape

● GPS coordinates

● Bug Spray

● Sunscreen

● Boots, Rain Gear

● Lunch

7



Procedure:

● Collect water from peeper wells (3 people required, minimum – one to handle sample vials,
one to dry peeper wells and measure pH/acidify SO4 samples, one to draw sample from

peeper wells and allocate to sample vials)

○ Fill rinse tub with water (does not need to be DI)

○ Assemble all materials necessary for upcoming steps in order to minimize time
between peeper retrieval and placing samples in preserved sample vials

○ Remove peeper from sediment noting (with finger) which well is the first above the
sediment water interface

○ Make note in lab notebook which well appeared to be the first above the S-W
interface (based on finger method and based on visual observation of typical

iron-oxide layer on first peeper well exposed to oxygenated overlying water).  Write

both down.

○ Submerge peeper in rinse tub and wipe excess mud off with kim-wipe (oxygen
diffuses faster through air than water, so keeping peeper submerged in even

oxygenated water minimizes oxygen intrusion).

○ Spray remaining sediment particles off with a squirt bottle filled with DI water.
Remove as many particles as possible recognizing that the time required is a tradeoff

between performing a thorough cleaning and introducing oxygen to peepers.  I

typically only spend ~5-10sec on each well to remove most loose particles.  Some

sediment particles will remain trapped between mesh and filter paper and it would

take too long to try to get them all.

○ Place peeper into nitrogen filled plastic bag, seal bag (except for small vent hole) and
purge with a slow stream of nitrogen to maintain positive pressure

○ Start extracting samples from peeper wells beginning with the most strongly reduced
conditions and working your way towards progressively more oxidized conditions.

Experience in sulfate-amended, high-organic mud has shown that the top 3-5cm of

sediment has significant dissolved sulfide while deeper sediment has predominately

dissolved iron.  Wells in equilibrium with oxygenated overlying water can be sampled

last.

■ Dry wells to be sampled first and the adjacent wells with several kimwipes to
soak up water.  Tipping the peeper slightly to one side while pressing a few

kimwipes (balled up) against the mesh removes most water.  Once the well to

be sampled plus the two adjacent wells are fairly dry, sample extraction can

commence.

8



■ With peeper tipped slightly to one side (to allow water to drain to needle)
pierce bag+mesh+filter paper with 18g+ needle attached to syringe and

position needle tip in the bottom corner of peeper well.

■ Ensure that water is not leaking into needle hole from the surface and place
kimwipe on needle hole if necessary.

■ draw sample into syringe quickly (but not so quickly that a vacuum is formed
in the barrel or significant splashing occurs) and stop filling immediately (or

just before) air bubbles are seen (~8-9mL should be possible).

■ Allocate sample to pre-loaded sample vials.

● First metals to brim (so that pH measurement is not compromised)

● Secpmd sulfide

● Third iron

● Fourth sulfate

■ Minimize splashing during this process to preserve redox state of sample as
much as possible and minimize the loss of dissolved gas (which can affect pH

measurement).

■ Sample for sulfide analysis should be added as close as possible to the
specified volume.  Exact sample volume will be recorded based on mass back

in lab so precise volume is not critical.

■ Sample for iron analysis should be added only until pink/red color appears in
phenanthroline-loaded sample vials.  Sample volume will be recorded based

on mass back in lab so exact volume is not critical.

■ The remainder of the sample is used for pH and sulfate analysis.  To avoid
degassing of CO2 / H2S and consequent change in pH, care should be taken to

minimize sample splashing/mixing while putting this last aliquot into a vial.

Discharge below the solution surface and/or do not discharge sample fast &

mix/agitate.

■ Change to new needle prior to extracting the next sample well

■ Move to next peeper well to be sampled (should already be dried) and
extract next sample (again ensuring minimal water leaks into needle hole).

Continue until all peeper wells have been completed.

○ As quickly as possible (within 1 minute), unpreserved samples for metals should be
measured for pH (using fast-responding pH meter, rinsing/wiping between samples)

■ Measure pH with lab pH meter and record in lab notebook.  Rinse probe with
DI water between samples to minimize carryover between samples.

■ If accurate Cl measurements are necessary, an aliquot of sample for chloride

9



analysis should be removed prior to acidifying.

○ As quickly as possible, sulfate sample should be acidified with HCl to convert all
sulfide to volatile H2S prior to quantifying sulfate)

■ Add HCl to lower pH to <3.  Experience has shown that ~0.1% (~1uL per mL
sample) concentrated HCl is sufficient.  Samples with excess H2S or CO3 could

require additional acid.

■ Close vial and shake gently to mix in acid and partition H2S into headspace.
Remove cap to let gaseous H2S evade.  Either leave cap off or loosely cap to

let sample continue to purge of H2S.  Remember to tighten cap before

transporting samples. Further active purging can take place in lab with a

stream of N2.

10
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Extractable Metals SOP for Non-Point Source Sediments 
8/6/98  D.R. Engstrom  (Revised 02/27/2002 JC) 

 
1. Dry sediments in freeze-drier; grind to a fine powder. 
 
2. Make labels for 60ml  acid-washed, PP bottles; record weight of bottle+ label. 
 
3. In a dispenser bottle, make up 1L of 0.5N HCl from concentrated, high purity,    

HCl .  Include lot # of acid on benchsheet.  When making up acid, anything coming into 
contact with the acid must be extremely  clean.  Volumetric should be acid washed, triple 
rinsed with DI water, and rinsed with a small amount of high purity acid before using.   

 
4.  Weigh out 0.25 +/- 0.02 g dry sediment into a 50-ml, acid washed centrifuge tube on  
      analytical balance; record exact weight. 
 
4. Add 25ml high purity 0.5 N HCl using a dispenser bottle and record exact weight of  

acid used.  Loosely cap vials and allow carbonates to react for a few minutes before 
proceeding.  Include in set 10% duplicates and blanks of just 25ml HCl.   

 
6. Heat in a hot-water bath at 80-85 degrees C for 30 minutes, plus time for samples to  

arrive at temperature (determine this using a thermometer in a water blank); place samples in 
refrigerator to stop reaction.  Allow to cool 5 minutes. 

 
7. Dry outside of tubes and centrifuge for 10 minutes at 1000 rpms (until solution is  

clear). 
 
8. With an auto-pipettor, pipette 10.0 ml of sample supernatant into pre-weighed, 60ml,  

acid-washed, PP bottles; record solution weight.   
 
9. Dilute sample solution with 40 +/- 0.5g DI H2O on top-loading balance; record exact  

weight of water added. 
 
Reagents 

0.5 N high purity HCl 
      42g conc. HCl to 1.0 kg 

Analytical 
Analysis  Method    DF  Matrix  2nd Dilution 
Trace Metals   ICP-MS   500  0.1 N HCl none 
Majors    ICP-MS   5000  0.01 N HCl 1:10 
 
Table of Results       _______________ 
Sample No. Vial No.    Sed. Wt.     HCl Wt.    Bottle Wt.     Extract Wt.    DI H2O Wt. 
 
Notes  
 

Include 250ml 0.5 N HCl lab to make up standards 
Sample matrix will be 0.1 N HCl 
Include 5-10% duplicates and blanks 

 



Lachat analysis of aqueous sediment phosphorus extractions  
0.01—2.0 mg P/L 

(This SOP was developed by Kelly Thommes, SCWRS, in conjunction with Angela 
Craft-Reardon, Metropolitan Council, Environmental Services.  It is modified from 

Lachat’s Quikchem Method 10-115-01-1-A) 
 
1. There are 3 phosphorus fractions to be analyzed for this set of extractions (plus a 

background color analysis for the NaOH-P fraction): 
1.1. Total P (TP) = Total phosphorus 
1.2. Apatite P (HCl-P) = Inorganic phosphorus (Ca-bound P) 
1.3. NAIP/Inorganic P (NaOH-P) = Non-apatite inorganic phosphorus (Al-P, Fe-P) 

 
2. The analyst performing the sediment extractions should include 5-10% method 

duplicates, blanks, lab-fortified blanks, and spikes.  Also, when selecting the HCl and 
NaOH samples for the method duplicates and spikes, it is helpful if the same sample 
is used for each fraction (i.e. if selecting sample A in the HCl fraction for a spike, 
select its counterpart in the NaOH fraction for that fraction’s spike).  This keeps 
confusion to a minimum when extracting the different fractions, pouring out samples 
prior to the Lachat analysis, and setting up trays in the Lachat software. 

 
3. TP fraction (seems to be the most problematic for the Lachat) 

3.1. All TP fraction samples may possibly contain residual H2O2 from the extraction.  
Adding a small amount of sodium metabisulfite (Na2S2O5) to each sample 
neutralizes the H2O2.  To correct for this dilution, one can either recalculate the 
Lachat results, or dilute the calibration standards by the same factor as the 
samples so the Lachat results are correct as they are output.  We have 
successfully used the latter.   

3.2. The TP samples can display double peaks at low analyte concentrations.  This 
may be a matrix effect due to changes in pH resulting from the addition of 
Na2S2O5. 

*In order to make QA/QC calculations it is imperative to record weights for 
calibration standards, samples, spikes, and bisulfite additions for each QA/QC sample 
in each fraction.* 
  
 
 
 
 

Lachat Analysis 
1.  Prior to analysis, pour out 15mL (by weight) of each calibration standard. 
2.  Pipette 0.3mL of Na2S2O5 into each cal standard vial.  Invert to mix. 
3.  The actual concentration of the calibration standards should be calculated accounting   
for the dilution.  These values MUST be entered into the analyte table prior to running 
the calibration curve. 
4. Run the calibration curve. 
5. Pour out 6mL, by weight, of each sample in test tubes. 



6. Pipette 0.12mL of Na2S2O5 into each test tube.  Invert to mix. 
7. Make up a 0.5mg P/L check standard using Ampule 1 stock nutrient solution. 

7.1. The check standard can have Na2S2O5 added to it in the same ratio as the 
samples and calibration standards (Measure 6mL of check standard into tube and 
add 0.12mL of Na2S2O5.  Invert to mix.).   However, this may not be necessary.  

8. Make up instrument spikes by pouring out 6mL of the intended spike sample, adding 
0.12mL of 1 mg P/L phosphorus calibration standard to the spike, and then adding 
0.12mL of Na2S2O5. Invert several times to mix well. 

9. Make up instrument Lab Fortified Blanks by following the procedure in step 8 using 
an extraction blank instead of sample. 

10. Other QA/QC samples are as follows: 
10.1. Run a check standard at the beginning, middle, and end of a tray. 
10.2. Run a DI water blank before each check standard. 
10.3. Run at least 5-10% instrument duplicates at the end of each tray. 

 
After the TP run, a new calibration curve must be run using fresh calibration standards.  
The HCl fractions and NaOH fractions do not have the extra bisulfite additions. 
After the second calibration curve is finished, run the HCl tray first, followed by the 
NaOH fraction.  NO BISULFITE should be added to any of the HCl or NaOH samples, 
spikes, check standards, or lab-fortified blanks.  However, the same general QA/QC 
procedures and guidelines should be followed (steps 8-10). 
 
Once the HCl fraction is finished, run the NaOH fraction.  If the QA/QC samples are the 
same for the two fractions (as recommended above), the Lachat tray file used for the HCl 
fraction may be used for the NaOH fraction.   
 
The NaOH fraction samples have a yellow/brownish color to them, and it should be 
determined if this color being read by the Lachat detector.  After the NaOH fraction is 
finished, pull the Lachat line out of the color reagent bottle and place it in the DI (carrier) 
bottle.  Next rerun the NaOH tray to obtain background color/interference results.  This 
set can be difficult for the software to integrate properly because the peaks are so small.  
Look for suspicious values such as numbers in the ten-thousandths range (e.g. 0.0006).  
Also, double check that each peak is integrated with a start and an end tick mark located 
properly about the peak.  If a peak is not integrated properly, or has a suspicious result, 
then the analyst may need to rerun those samples (either by tacking them onto the end of 
a tray, or by rerunning them in a new run).  If simply rerunning them does not fix the 
integration problems, then the Peak Base Width may need to be changed, the calibration 
curve reanalyzed with the new PBW changes, and the background tray reanalyzed under 
the new parameters. 
 
Standard preparation 
Dry ACS grade anhydrous potassium phosphate monobasic (KH2PO4) at 105 degrees C 
for at least one hour.   
 



Stock Standard (250ppm P) 
In a 1L volumetric dissolve1.099g KH2PO4 in approximately 800mL of DI water.  
Dilute to mark and invert to mix.  Good for 6 months. 
 
Working Stock Standard (20ppm P) 
In a 1L volumetric dilute 80mL of stock standard to mark and invert to mix.  Good for up 
to 6 months.  
 
Set of 7 Working Standards 
2.0 1.0  0.5 0.2 0.05 0.01 0.00 mg P/L 
 
 By Volume: To 6, 250mL volumetric flasks add 

25 12.5 6.25 2.5 0.625 0.125 mL 
of 20ppm working stock standard respectively (the 0.00ppm 
standard is fresh DI water).  Dilute each working standard to the 
mark and invert to mix. 

  
 By weight: To 6, 250mL volumetric flasks add 
   25 12.5 6.25 2.5 0.625 0.125 g 

of 20ppm working stock respectively (the 0.00ppm standard is 
fresh DI water).  Record the exact weight of standard in each flask.  
To get the final weight of the solution after dilution, divide the 
exact weight of added standard by  
0.1 0.05 0.025 0.01 0.0025 0.00005 
respectively.  Dilute each working standard up to its respective 
calculated weight with DI water. 



Sediment Phosphorus Extraction Procedure 
High Sample Throughput 

Jan 12, 2010 D. R. Engstrom SCWRS 

All Fractions 

1. Freeze-dry and powder sediments. 

Total-P  

1. Weigh out 0.1 ± 0.01 g dry sediment into pre-weighed 50mL NUNC centrifuge tube 
on analytical balance; record exact weight of sediment. 

2. In a fume hood: add 10 ml of 30% H2O2, and place in hot water bath (85-90°C); 
allow reaction to proceed one hour taking care that contents do not boil out during the 
early stages of the reaction (use stream of MeOH to control bubbles). 

3. Remove samples from heat and bring weight to 30 g with d-H2O on top-loading 
balance; add 10 ml of 2.0 N HCl and return to hot water bath for 30 min. 

4. Cool samples in cold water bath and record final weight on top-loading balance; 
centrifuge for 10 minutes at 3500 rpm. 

5. Pipette 5.0 ml of extract with pipet into pre-weighed 60-ml pp. bottle; record extract 
weight and dilute to 50 g with d-H2O on top-loading balance; label with sample 
number and code TP. 

6. Add 6.25 mL of 1 M Na2S2O5 (sodium meta bisulfite) to each bottle.  Record weight 
added. 

Ex-P  

(The two exchangeable-P extracts can be combined one bottle—use 2.5 mL aliquots from 
each extraction period instead of 5 mL and dilute to 50 g final weight with DI water) 

1. Weigh out second aliquot of 0.1± 0.02 g dry sediment into labeled, pre-weighed 
50-ml centrifuge tube on analytical balance; record exact weight of sediment. 

2. Label two 60 mL PP bottles for each sample, one set with code Ex-P 1st and the 
other with Ex-P 2nd (or label one bottle Ex-P if combining aliquots) 

3. Add 40 mL of 1 M NH4Cl to centrifuge tube and record total weight.  Cap tubes 
tightly. 

4. Shake on shaker tray for 2 hours at 120 RPM.  Position tubes so that sediment is 
disturbed during shaking. 



5. Centrifuge for 10 minutes at 3500 RPM. 

6. Pipette 5 mL of supernatant into a pre-labeled, Ex-P 1st 60 mL PP bottle.    Record 
weight of extract.  

7. Bring weight extract weight to 50 g with d-H2O and record final solution weight. 

8. Sip off remaining supernatant in centrifuge tube with sipper and vacuum pump 
taking care that no sediment is lost.   

9. Repeat steps 2-7 for a second extraction this time using the Ex-P 2nd bottles. 

10. Add ca. 25 ml d-H2O, swirl contents and centrifuge for 10 min; remove 
supernatant with vacuum "sipper" and discard. 

NaOH-P 

1. Using sediment already extracted with NH4Cl add 25 ml of 0.1 M NaOH and record 
total weight; cap tubes tightly and shake for 16 hr at room temp on rotary shaker 120 
RPM. 

2. Centrifuge for 10 minutes at 3500 rpm. 

3. Pipette 5.0 ml of extract with pipet into pre-weighed 60-ml pp. bottle; record extract 
weight and dilute to 50 g with d-H2O on top-loading balance; label with sample 
number and code NaOH-P. 

4. Drain as much remaining supernatant from centrifuge tube with a vacuum "sipper" 
into waste container, taking care that no sediment is lost. 

5. Add ca. 25 ml d-H2O, swirl contents and centrifuge for 10 min; again remove 
supernatant with vacuum "sipper". 

HCl-P 

1. Bring contents of centrifuge tube containing residual sediment to 18.75 g with d-H2O 
water on top-loading balance. 

2. Add 6.25 ml 2.0 N HCl; cap tubes tightly and shake on rotary shaker for 20 hr at 
room temp. (Keep shaker RPMs at highest level that does not cause sample to slosh at 
top of centrifuge tube—only need to keep sediment lightly agitated.) 

3. Centrifuge for 10 minutes at 3500 rpm. 

4. Pipette 5.0 ml of solution with pipet into pre-weighed 60-ml pp. bottle; record 
solution weight and dilute to 50 g with d-H2O on top-loading balance; label with 
sample number and code HCl-P. 



Reagents 

1. 30% (low-P) hydrogen peroxide H2O2 

2. 1 M NH4Cl  
 53.5 g NH4C dissolved in 1 L DI 

3.  0.1 M sodium hydroxide NaOH 
 4 g solid NaOH to 1 L 

4. 2.0 N hydrochloric acid  HCl 
 165 mL conc. HCl to 1 L 
 
5. 1.0 M sodium metabisulfite  Na2S2O5 
 19.01 g solid Na2S2O5 to 100 g DI 

Analytical 
Analysis Method DF Expected 

Conc. 
Matrix 

Total-P Ascorbic Acid 2500 400 ppb 0.05 M HCl 
NaOH-P Ascorbic Acid 2500 200 ppb 0.01 M NaOH 
HCl-P Ascorbic Acid 2500 80 ppb 0.05 M HCl 

Phosphorus Analysis 

• Analyze on a Lachat QuikChem 8000 using method  QuikChem method 10-115-01-
1A 

• use 5-cm flow-through cell (200 ppb = ca. 0.4 Abs) 

• standards for all fractions (0, 10, 50, 200, 500, 1000, 2000 ppb) 

• spike Total-P samples (50 ml) and standards with 6.25 ml of 1 M Na2S2O5 prior to 
addition of color reagent to remove any remaining peroxide 

• split NaOH-P fraction into two 50-ml aliquots; add complete color reagent to one 
aliquot and color reagent w/o ascorbic acid to the other; read the second aliquot as 
background correction for absorbance from extracted DOC. 



 

Subsample-1 Subsample-2

Sediment Sample

Freeze-Dry

Extract

HCl-PTotal-P 

Extract

Extract

30% H-Peroxide
1 hr, 85  °C

0.5 M HCL
30 min, 85 °C

0.1 M NaOH
16 hr, 25 °C

0.5 M HCl
20 hr, 25 °C NaOH-P

Residual-P (Organic-P) = Total-P – (NaOH-P + HCl-P)

HCl Extractable-P (Apatite-P) represents Ca-bound P

NaOH-P (NAIP) represents Exchangeable-P + Fe/Al-bound P

Flow Diagram for
Phosphorus Fractionation

1 M NH4Cl 2 hrs X 2 Extract 
Ex-P 

     Ex-P represents exchangeable-P 

Fe/Al-bound P 



 
Section No.: Appendix G 

Revision No.: 0 

Date: 08/01/2013 

Effective Date: Date of Last Signature 

Page 48 of 50 

 

Minnesota Wild Rice Sulfate Standard 2013 Field Survey - Quality Assurance Project Plan 

 

Appendix G 
 

Gustavus Adolphus College Chemistry Department Laboratory – Standard Operating 
Procedures 
 



6020A - 1 Revision 1
February 2007

METHOD 6020A

INDUCTIVELY COUPLED PLASMA-MASS SPECTROMETRY

 SW-846 is not intended to be an analytical training manual.  Therefore, method
procedures are written based on the assumption that they will be performed by analysts who are
formally trained in at least the basic principles of chemical analysis and in the use of the subject
technology.

In addition, SW-846 methods, with the exception of required method use for the analysis
of method-defined parameters, are intended to be guidance methods which contain general
information on how to perform an analytical procedure or technique which a laboratory can use
as a basic starting point for generating its own detailed Standard Operating Procedure (SOP),
either for its own general use or for a specific project application.  The performance data
included in this method are for guidance purposes only, and are not intended to be and must
not be used as absolute QC acceptance criteria for purposes of laboratory accreditation.
   

1.0 SCOPE AND APPLICATION 

1.1  Inductively coupled plasma-mass spectrometry (ICP-MS) is applicable to the
determination of sub-µg/L concentrations of a large number of elements in water samples and in
waste extracts or digests (Refs. 1 and 2).  When dissolved constituents are required, samples
must be filtered and acid-preserved prior to analysis.  No digestion is required prior to analysis
for dissolved elements in water samples.  Acid digestion prior to filtration and analysis is
required for groundwater, aqueous samples, industrial wastes, soils, sludges, sediments, and
other solid wastes for which total (acid-soluble) elements are required.

1.2 ICP-MS has been applied to the determination of over 60 elements in various
matrices.  Analytes for which EPA has demonstrated the acceptability of this method in a multi-
laboratory study on solid and aqueous wastes are listed below.

Element CASRNa 
Aluminum (Al) 7429-90-5
Antimony (Sb) 7440-36-0
Arsenic (As) 7440-38-2
Barium (Ba) 7440-39-3
Beryllium (Be) 7440-41-7
Cadmium (Cd) 7440-43-9
Calcium (Ca) 7440-70-2
Chromium (Cr) 7440-47-3
Cobalt (Co) 7440-48-4
Copper (Cu) 7440-50-8
Iron (Fe) 7439-89-6
Lead (Pb) 7439-92-1
Magnesium (Mg) 7439-95-4
Manganese (Mn) 7439-96-5
Mercury (Hg) 7439-97-6
Nickel (Ni) 7440-02-0



Element CASRNa 
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Potassium (K) 7440-09-7
Selenium (Se) 7782-49-2
Silver (Ag) 7440-22-4
Sodium (Na) 7440-23-5
Thallium (Tl) 7440-28-0
Vanadium (V) 7440-62-2
Zinc (Zn) 7440-66-6

aChemical Abstract Service Registry Number

Acceptability of this method for an element was based upon the multi-laboratory
performance compared with that of either furnace atomic absorption spectrophotometry or
inductively coupled plasma-atomic emission spectrometry.  It should be noted that one multi-
laboratory study was conducted in 1988 and advances in ICP-MS instrumentation and software
have been made since that time and additional studies have been added with validation and
improvements in performance of the method.  Performance, in general, exceeds the multi-
laboratory performance data for the listed elements.  It is expected that current performance will
exceed the multi-laboratory performance data for the listed elements (and others) that are
provided in Sec. 13.0. The lower limit of quantitation and linear ranges will vary  with the
matrices, instrumentation, and operating conditions.  In relatively simple matrices, quantitation
limits will generally be below 0.1 µg/L.  Less sensitive elements (like Se and As) and
desensitized major elements may be 1.0 µg/L or higher.

1.3  If this method is used to determine any analyte not listed in Sec. 1.2, it is the
responsibility of the analyst to demonstrate the accuracy and precision of the method in the
waste to be analyzed.  The analyst is always required to monitor potential sources of
interferences and take appropriate action to ensure data of known quality (see Sec. 9.0).  Other
elements and matrices may be analyzed by this method if performance is demonstrated for the
analyte of interest, in the matrices of interest, at the concentration levels of interest in the same
manner as the listed elements and matrices (see Sec. 9.0).

1.4  An appropriate internal standard is required for each analyte determined by ICP-
MS.  Recommended internal standards are 6Li, 45Sc, 89Y, 103Rh, 115In, 159Tb, 165Ho, 74Ge, and
209Bi.  The lithium internal standard should have an enriched abundance of 6Li, so that
interference from lithium native to the sample is minimized.  Other elements may need to be
used as internal standards when samples contain significant native amounts of the
recommended internal standards.

1.5 Prior to employing this method, analysts are advised to consult the each
preparative method that may be employed in the overall analysis (e.g., a 3000 series method)
for additional information on quality control procedures, development of QC acceptance criteria,
calculations, and general guidance.  Analysts also should consult the disclaimer statement at
the front of the manual and the information in Chapter Two for guidance on the intended
flexibility in the choice of methods, apparatus, materials, reagents, and supplies, and on the
responsibilities of the analyst for demonstrating that the techniques employed are appropriate
for the analytes of interest, in the matrix of interest, and at the levels of concern.  

In addition, analysts and data users are advised that, except where explicitly specified in a
regulation, the use of SW-846 methods is not mandatory in response to Federal testing
requirements.  The information contained in this method is provided by EPA as guidance to be
used by the analyst and the regulated community in making judgments necessary to generate
results that meet the data quality objectives for the intended application.
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1.6 Use of this method is restricted to use by, or under supervision of, properly
experienced and trained personnel, including spectroscopists who are knowledgeable in the
recognition and in the correction of spectral, chemical, and physical interferences in ICP-MS. 
Each analyst must demonstrate the ability to generate acceptable results with this method. 

2.0 SUMMARY OF METHOD

2.1 Prior to analysis, samples should be solubilized or digested using the appropriate
sample preparation methods (see Chapter Three).  When analyzing groundwater or other
aqueous samples for dissolved constituents, acid digestion is not necessary if the samples are
filtered and acid preserved prior to analysis (refer to Sec. 1.1).

2.2 This method describes the multi-elemental determination of analytes by ICP-MS in
environmental samples.  The method measures ions produced by a radio-frequency inductively
coupled plasma.  Analyte species originating in a liquid are nebulized and the resulting aerosol
is transported by argon gas into the plasma torch.  The ions produced by high temperatures are
entrained in the plasma gas and extracted through a differentially pumped vacuum interface and
separated on the basis of their mass-to-charge ratio by a mass spectrometer.  The ions
transmitted through the mass spectrometer are quantified by a channel electron multiplier or
Faraday detector and the ion information is processed by the instrument’s data handling
system.  Interferences must be assessed and valid corrections applied or the data qualified to
indicate problems.  Interference correction must include compensation for background ions
contributed by the plasma gas, reagents, and constituents of the sample matrix.

3.0 DEFINITIONS

Refer to Chapter One, Chapter Three, and the manufacturer's instructions for definitions
that may be applicable to this procedure.

4.0 INTERFERENCES

4.1 Solvents, reagents, glassware, and other sample processing hardware may
 yield artifacts and/or interferences to sample analysis.  All these materials must be
demonstrated to be free from interferences under the conditions of the analysis by analyzing
method blanks.  Specific selection of reagents and purification of solvents by distillation in
all-glass systems may be necessary.  Refer to each method to be used for specific guidance on
quality control procedures and to Chapter Three for general guidance on the cleaning of
glassware.  Also refer to the preparative methods to be used for discussions on interferences.

4.2 Isobaric elemental interferences in ICP-MS are caused by isotopes of different
elements forming atomic ions with the same nominal mass-to-charge ratio (m/z).  A data system
must be used to correct for these interferences.  This involves determining the signal for another
isotope of the interfering element and subtracting the appropriate signal from the analyte
isotope signal.  Since commercial ICP-MS instruments nominally provide unit resolution at 10%
of the peak height, very high ion currents at adjacent masses can also contribute to ion signals
at the mass of interest.  Although this type of interference is uncommon, it is not easily
corrected, and samples exhibiting a significant problem of this type could require resolution
improvement, matrix separation, or analysis using another verified and documented isotope, or
use of another method.
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4.3 Isobaric molecular and doubly-charged ion interferences in ICP-MS are caused by
ions consisting of more than one atom or charge, respectively.  Most isobaric interferences that
could affect ICP-MS determinations have been identified in the literature (Refs. 3 and 4). 
Examples include 75ArCl+ ion on the 75As signal and MoO+ ions on the cadmium isotopes.  While
the approach used to correct for molecular isobaric interferences is demonstrated below using
the natural isotope abundances from the literature (Ref. 5), the most precise coefficients for an
instrument can be determined from the ratio of the net isotope signals observed for a standard
solution at a concentration providing suitable (<1%) counting statistics.  Because the 35Cl natural
abundance of 75.77% is 3.13 times the 37Cl abundance of 24.23%, the chloride correction for
arsenic can be calculated (approximately) as follows (where the 38Ar37Cl+ contribution at m/z 75
is a negligible 0.06% of the 40Ar35Cl+ signal):

Corrected arsenic signal (using natural isotopes abundances for coefficient approximations) = 
(m/z 75 signal) - (3.13) (m/z 77 signal) + (2.73) (m/z 82 signal), 

where the final term adjusts for any selenium contribution at 77 m/z.

NOTE: Arsenic values can be biased high by this type of equation when the net signal at m/z
82 is caused by ions other than 82Se+, (e.g., 81BrH+ from bromine wastes [Ref. 6]).

Similarly: 

Corrected cadmium signal (using natural isotopes abundances for coefficient approximations) = 
(m/z 114 signal) - (0.027)(m/z 118 signal) - (1.63)(m/z 108 signal), 

where last 2 terms adjust for any 114Sn+ or 114MoO+ contributions at m/z 114.

NOTE: Cadmium values will be biased low by this type of equation when 92ZrO+ ions
contribute at m/z 108, but use of m/z 111 for Cd is even subject to direct (94ZrOH+) and
indirect (90ZrO+) additive interferences when Zr is present.  

NOTE: As for the arsenic equation above, the coefficients  could be improved.  The most
appropriate coefficients for  a particular instrument can be determined from the ratio of
the net isotope signals observed for a standard solution at a concentration providing
suitable (<1%) counting precision.

The accuracy of these types of equations is based upon the constancy of the observed
isotopic ratios for the interfering species.  Corrections that presume a constant fraction of a
molecular ion relative to the "parent" ion have not been found (Ref. 7) to be reliable, e.g., oxide
levels can vary with operating conditions.  If a correction for an oxide ion is based upon the ratio
of parent-to-oxide ion intensities, the correction must be adjusted for the degree of oxide
formation by the use of an appropriate oxide internal standard previously demonstrated to form
a similar level of oxide as the interferent.   For example, this type of correction has been
reported (Ref. 7) for oxide-ion corrections using ThO+/Th+ for the determination of rare earth
elements.  The use of aerosol desolvation and/or mixed gas plasmas have been shown to
greatly reduce molecular interferences (Ref. 8).  These techniques can be used provided that
the lower limits of quantitation, accuracy, and precision requirements for analysis of the samples
can be met.

4.4 Additionally, solid phase chelation may be used to eliminate isobaric interferences
from both element and molecular sources.  An on-line method has been demonstrated for
environmental waters such as sea water, drinking water and acid decomposed samples.  Acid
decomposed samples refer to samples decomposed by methods similar to Methods 3052,
3051, 3050 or 3015.  Samples with percent levels of iron and aluminum should be avoided.  The
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method also provides a method for preconcentration to enhance quantitation limits
simultaneously with elimination of isobaric interferences.  The method relies on chelating resins
such as imminodiacetate or other appropriate resins and selectively concentrates the elements
of interest while eliminating interfering elements from the sample matrix.  By eliminating the
elements that are direct isobaric interferences or those that form isobaric interfering molecular
masses, the mass region is simplified and these interferences can not occur.  The method has
been proven effective for the certification of standard reference materials and validated using
SRMs (Refs. 13 through 15).  The method has the potential to be used on-line or off-line as an
effective sample preparation method specifically designed to address interference problems.  

4.5  Physical interferences are associated with the sample nebulization and transport
processes as well as with ion-transmission efficiencies.  Nebulization and transport processes
can be affected if a matrix component causes a change in surface tension or viscosity. 
Changes in matrix composition can cause significant signal suppression or enhancement (Ref.
9).  Dissolved solids can deposit on the nebulizer tip of a pneumatic nebulizer and on the
interface skimmers (reducing the orifice size and the instrument performance).  Total solid
levels below 0.2% (2,000 mg/L) are recommended (Ref. 10) to minimize solid deposition.  An
internal standard can be used to correct for physical interferences, if it is carefully matched to
the analyte so that the two elements are similarly affected by matrix changes (Ref. 11).  When
intolerable physical interferences are present in a sample, a significant suppression of the
internal standard signals (to less than 30% of the signals in the calibrations standard) will be
observed.  Dilution of the sample fivefold (1+4) will usually eliminate the problem (see Sec. 9.5).

4.6    Memory interferences or carry-over can occur when there are large concentration
differences between samples or standards which are analyzed sequentially.  Sample deposition
on the sampler and skimmer cones, spray chamber design, and the type of nebulizer affect the
extent of observed memory interferences.  The rinse period between samples must be long
enough to eliminate significant memory interference.

5.0 SAFETY

5.1 This method does not address all safety issues associated with its use. The
laboratory is responsible for maintaining a safe work environment and a current awareness file
of OSHA regulations regarding the safe handling of the chemicals specified in this method.  A
reference file of material safety data sheets (MSDSs) should be available to all personnel
involved in these analyses.

5.2 Concentrated nitric and hydrochloric acids are moderately toxic and extremely
irritating to skin and mucus membranes.  Use these reagents in a hood and if eye or skin
contact occurs, flush with large volumes of water.  Always wear safety glasses or a shield for
eye protection when working with these reagents.  Hydrofluoric acid is a very toxic acid and
penetrates the skin and tissues deeply if not treated immediately.  Injury occurs in two stages;
first, by hydration that induces tissue necrosis and then by penetration of fluoride ions deep into
the tissue and by reaction with calcium.  Boric acid and other complexing reagents and
appropriate treatment agents should be administered immediately.  Consult appropriate safety
literature and have the appropriate treatment materials readily available prior to working with
this acid.  See Method 3052 for specific suggestions for handling hydrofluoric acid from a safety
and an instrument standpoint.

5.3 Many metal salts are extremely toxic if inhaled or swallowed.  Extreme care must
be taken to ensure that samples and standards are handled properly and that all exhaust gases
are properly vented.  Wash hands thoroughly after handling.
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5.4 The acidification of samples containing reactive materials may result in the release
of toxic gases, such as cyanides or sulfides.  For this reason, the acidification and digestion of
samples should be performed in an approved fume hood. 

6.0 EQUIPMENT AND SUPPLIES

6.1 Inductively coupled plasma-mass spectrometer -- A system capable of providing
resolution, better than or equal to 1.0 amu at 10% peak height is required.  The system must
have a mass range from at least 6 to 240 amu and a data system that allows corrections for
isobaric interferences and the application of the internal standard technique.  Use of a
mass-flow controller for the nebulizer argon and a peristaltic pump for the sample solution is
recommended.

6.2 Argon gas supply -- High-purity grade (99.99%).

7.0 REAGENTS AND STANDARDS             

7.1 Reagent- or trace metals-grade chemicals must be used in all tests.  Unless
otherwise indicated, it is intended that all reagents conform to the specifications of the
Committee on Analytical Reagents of the American Chemical Society, where such
specifications are available.  Other grades may be used, provided it is first ascertained that the
reagent is of sufficiently high purity to permit its use without lessening the accuracy of the
determination.

7.2  Acids used in the preparation of standards and for sample processing must be of
high purity.  Redistilled acids are recommended because of the high sensitivity of ICP-MS. 
Nitric acid at less than 2% (v/v) is required for ICP-MS to minimize damage to the interface and
to minimize isobaric molecular-ion interferences with the analytes.  Many more molecular-ion
interferences are observed  when hydrochloric and sulfuric acids are used (Refs. 3 and 4). 
Concentrations of antimony and silver between 50-500 µg/L require 1% (v/v) HCl for stability; for
concentrations above 500 µg/L Ag, additional HCl will be needed.  Consequently, accuracy of
analytes requiring significant chloride molecular ion corrections (such as As and V) will degrade.

7.3 Reagent water -- All references to water in the method refer to reagent water,
unless otherwise specified.  Reagent water must be free of interferences.

7.4 Standard stock solutions for each analyte may be purchased or prepared from
ultra-high purity grade chemicals or metals (99.99 or greater purity).  See Method 6010 for
instructions on preparing standard solutions from solids.

7.4.1 Bismuth internal standard stock solution (1 mL = 100 µg of Bi) -- Dissolve
0.1115 g of Bi2O3 in a minimum amount of dilute HNO3.  Add 10 mL of conc. HNO3 and
dilute to 1,000 mL with reagent water.

7.4.2 Germanium internal standard stock solution (1 mL = 100 µg of Ge) --
Dissolve 0.2954 g of GeCl4 in a minimum amount of dilute HNO3.  Add 10 mL of conc.
HNO3 and dilute to 1,000 mL with reagent water.

7.4.3 Holmium internal standard stock solution (1 mL = 100 µg of Ho) --
Dissolve 0.1757 g of Ho2(CO3)2C5H2O in 10 mL of reagent water and 10 mL of HNO3.  After
dissolution is complete, warm the solution to degas.  Add 10 mL conc. of HNO3 and dilute
to 1,000 mL with reagent water.
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7.4.4 Indium internal standard stock solution (1 mL = 100 µg of In) -- Dissolve
0.1000 g of indium metal in 10 mL of conc. HNO3.  Dilute to 1,000 mL with reagent water.

7.4.5 Lithium internal standard stock solution (1 mL = 100 µg of 6Li) -- Dissolve
0.6312 g of 95-atom-% 6Li, Li2CO3 in 10 mL of reagent water and 10 mL of HNO3.  After
dissolution is complete, warm the solution to degas.  Add 10 mL conc. of HNO3 and dilute
to 1,000 mL with reagent water.

7.4.6 Rhodium internal standard stock solution (1 mL = 100 µg of Rh) --
Dissolve 0.3593 g of ammonium hexachlororhodate (III) (NH4)3RhCl6 in 10 mL reagent
water.  Add 100 mL of conc. HCl and dilute to 1,000 mL with reagent water.

7.4.7 Scandium internal standard stock solution (1 mL = 100 µg of Sc) --
Dissolve 0.15343 g of Sc2O3 in 10 mL (1+1) of hot HNO3.  Add 5 mL of conc. HNO3 and
dilute to 1,000 mL with reagent water.

7.4.8 Terbium internal standard stock solution (1 mL = 100 µg of Tb) -- Dissolve
0.1828 g of Tb2(CO3)3C5H2O in 10 mL (1+1) of HNO3.  After dissolution is complete, warm
the solution to degas.  Add 5 mL of conc. HNO3 and dilute to 1,000 mL with reagent water.

7.4.9 Yttrium internal standard stock solution (1 mL = 100 µg of Y) -- Dissolve
0.2316 g of Y2(CO3)3C3H2O in 10 mL (1+1) of HNO3.  Add 5 mL conc. of HNO3 and dilute to
1,000 mL with reagent water.

7.4.10 Titanium interference stock solution (1 mL = 100 µg of Ti) -- Dissolve
0.4133 g of (NH4)2TiF6 in reagent water.  Add 2 drops of conc. HF and dilute to 1,000 mL
with reagent water.

7.4.11 Molybdenum interference stock solution (1 mL = 100 µg of Mo) --
Dissolve 0.2043 g of (NH4)2MoO4 in reagent water.  Dilute to 1,000 mL with reagent water.

7.4.12  Gold preservative stock solution for mercury (1 mL = 100 µg) --
Recommend purchasing as high purity prepared solution of AuCl3 in dilute hydrochloric
acid matrix.

    
7.5 Mixed calibration standard solutions are prepared by diluting the stock-standard

solutions to levels in the linear range for the instrument in a solvent consisting of 1% (v/v) HNO3
in reagent water.  The calibration standard solutions must contain a suitable concentration of an
appropriate internal standard for each analyte.  Internal standards may be added on-line at the
time of analysis using a second channel of the peristaltic pump and an appropriate mixing
manifold.  Generally, an internal standard should be no more than 50 amu removed from the
analyte.  Recommended internal standards include 6Li, 45Sc, 89Y, 103Rh, 115In, 159Tb, 169Ho, 74Ge
and 209Bi.  Prior to preparing the mixed standards, each stock solution must be analyzed
separately to determine possible spectral interferences or the presence of impurities.  Care
must be taken when preparing the mixed standards to ensure that the elements are compatible
and stable together.  Transfer the mixed standard solutions to freshly acid-cleaned FEP
fluorocarbon or previously unused polyethylene or polypropylene bottles for storage.  For all
intermediate and working standards, especially low level standards (i.e., <1 ppm), stability must
be demonstrated prior to use.  Fresh mixed standards must be prepared as needed with the
realization that concentrations can change on aging.  (Refer to Sec. 10.3.1 for guidance on
determining the viability of standards.)

7.6 Blanks -- Three types of blanks are required for the analysis.  The  calibration
blank is used in establishing the calibration curve.  The method blank is used to monitor for
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possible contamination resulting from either the reagents (acids) or the equipment used during
sample processing including filtration.  The rinse blank is used to flush the system between all
samples and standards.

7.6.1 The calibration blank consists of the same concentration(s) of the same
acid(s) used to prepare the final dilution of the calibrating solutions of the analytes [often
1% HNO3 (v/v) in reagent water] along with the selected concentrations of internal
standards such that there is an appropriate internal standard element for each of the
analytes.  Use of HCl for antimony and silver is cited in Sec. 7.2.  

7.6.2 The method blank must contain all of the reagents in the same volumes
as used in the processing of the samples.  The method blank must be carried through the
complete procedure and contain the same acid concentration in the final solution as the
sample solution used for analysis (refer to Sec. 9.9). 

7.6.3 The rinse blank consists of 1 to 2% of HNO3 (v/v) in reagent water. 
Prepare a sufficient quantity to flush the system between standards and samples.  If
mercury is to be analyzed, the rinse blank should also contain 2 µg/mL (ppm) of AuCl3
solution.

7.7 The interference check solution (ICS) is prepared to contain known concentrations
of interfering elements that will demonstrate the magnitude of interferences and provide an
adequate test of any corrections.  Chloride in the ICS provides a means to evaluate software
corrections for chloride-related interferences such as 35Cl16O+ on 51V+ and 40Ar35Cl+ on 75As+. 
Iron is used to demonstrate adequate resolution of the spectrometer for the determination of
manganese.  Molybdenum serves to indicate oxide effects on cadmium isotopes.  The other
components are present to evaluate the ability of the measurement system to correct for various
molecular-ion isobaric interferences.  The ICS is used to verify that the interference levels are
corrected by the data system within quality control limits.  

NOTE: The final ICS solution concentrations in Table 1 are intended to evaluate corrections
for known interferences on only the analytes in Sec. 1.2.  If this method is used to
determine an element not listed in Sec. 1.2, the analyst should modify the ICS
solutions, or prepare an alternative ICS solution, to allow adequate verification of
correction of interferences on the unlisted element (see Sec. 9.7).

7.7.1 These solutions must be prepared from ultra-pure reagents.  They can be
obtained commercially or prepared by the following procedure.

7.7.1.1 Mixed ICS solution I may be prepared by adding 13.903 g of
Al(NO3)3C9H2O,  2.498 g of CaCO3 (dried at 180 EC for 1 hr before weighing),
1.000 g of Fe, 1.658 g of MgO, 2.305 g of Na2CO3, and 1.767 g of K2CO3 to 25 mL
of reagent water.  Slowly add 40 mL of (1+1) HNO3.  After dissolution is complete,
warm the solution to degas.  Cool and dilute to 1,000 mL with reagent water.

7.7.1.2 Mixed ICS solution II may be prepared by slowly adding
7.444 g of 85 % H3PO4, 6.373 g of 96% H2SO4, 40.024 g of 37% HCl, and 10.664 g
of citric acid C6O7H8 to 100 mL of reagent water.  Dilute to 1,000 mL with reagent
water.

7.7.1.3 Mixed ICS solution III may be prepared by adding 1.00 mL
each of 100-µg/mL arsenic, cadmium, selenium, chromium, cobalt, copper,
manganese, nickel, silver, vanadium, and zinc stock solutions to about 50 mL of
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reagent water. Add 2.0 mL of concentrated HNO3, and dilute to 100.0 mL with
reagent water.

7.7.1.4 Working ICS solutions

7.7.1.4.1 ICS-A may be prepared by adding 10.0 mL of
mixed ICS solution I (Sec. 7.7.1.1), 2.0 mL each of 100-µg/mL titanium
stock solution (Sec. 7.4.9) and molybdenum stock solution (Sec. 7.4.10),
and 5.0 mL of mixed ICS solution II (Sec. 7.7.1.2).  Dilute to 100 mL with
reagent water.  ICS solution A must be prepared fresh weekly.

7.7.1.4.2 ICS-AB may be prepared by adding 10.0 mL of
mixed ICS solution I (Sec. 7.7.1.1), 2.0 mL each of 100-µg/mL titanium
stock solution (Sec. 7.4.9) and molybdenum stock solution (Sec. 7.4.10),
5.0 mL of mixed ICS solution II (Sec. 7.7.1.2), and 2.0 mL of mixed ICS
solution III (Sec. 7.7.1.3).  Dilute to 100 mL with reagent water.  Although
the ICS solution AB must be prepared fresh weekly, the analyst should be
aware that the solution may precipitate silver more quickly.

7.8 The initial calibration verification (ICV) standard is prepared by the analyst (or a
purchased second source reference material) by combining compatible elements from a
standard source different from that of the calibration standard, and at concentration near the
midpoint of the calibration curve (see Sec. 10.4.3 for use).  This standard may also be
purchased.

7.9 The continuing calibration verification (CCV)  standard should be prepared in the
same acid matrix using the same standards used for calibration, at a concentration near the
mid-point of the calibration curve (see Sec. 10.4.4 for use).

7.10 Mass spectrometer tuning solution.  A solution containing elements representing all
of the mass regions of interest (for example, 10 µg/L of Li, Co, In, and Tl) must be prepared to
verify that the resolution and mass calibration of the instrument are within the required
specifications (see Sec. 10.2).  This solution is also used to verify that the instrument has
reached thermal stability (see Sec. 11.4).

8.0 SAMPLE COLLECTION, PRESERVATION, AND STORAGE

8.1 See the introductory material in Chapter Three, "Inorganic Analytes."

8.2 Only polyethylene or fluorocarbon (TFE or PFA) containers are recommended for
use in this method.

9.0 QUALITY CONTROL

9.1 Refer to Chapter One for additional guidance on quality assurance (QA) and
quality control (QC) protocols.  When inconsistencies exist between QC guidelines, method-
specific QC criteria take precedence over both technique-specific criteria and those criteria
given in Chapter One, and technique-specific QC criteria take precedence over the criteria in
Chapter One.  Any effort involving the collection of analytical data should include development
of a structured and systematic planning document, such as a Quality Assurance Project Plan
(QAPP) or a Sampling and Analysis Plan (SAP), which translates project objectives and
specifications into directions for those that will implement the project and assess the results. 
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Each laboratory should maintain a formal quality assurance program.  The laboratory should
also maintain records to document the quality of the data generated.  All  data sheets and
quality control data should be maintained for reference or inspection. 

9.2 Refer to a 3000 series method (Method 3005, 3010, 3015, 3031, 3040, 3050,
3051, or 3052) for appropriate QC procedures to ensure the proper operation of the various
sample preparation techniques.

9.3 Instrument detection limits (IDLs) are a useful tool to evaluate the instrument noise
level and response changes over time for each analyte from a series of reagent blank analyses
to obtain a calculated concentration.  They are not to be confused with the lower limits of
quantitation, nor should they be used in establishing this limit.  It may be helpful to compare the
calculated IDLs to the established lower limit of quantitation, however, it should be understood
that the lower limit of quantitation needs to be verified according to the guidance in Sec. 10.2.3.

IDLs in µg/L can be estimated by calculating the average of the standard deviations of
three runs on three non-consecutive days from the analysis of a reagent blank solution with
seven consecutive measurements per day.  Each measurement should be performed as though
it were a separate analytical sample (i.e., each measurement must be followed by a rinse and/or
any other procedure normally performed between the analysis of separate samples).  IDLs
should be determined at least every three months or at a project-specific designated frequency
and kept with the instrument log book.  Refer to Chapter One for additional guidance.

9.4 Initial demonstration of proficiency

Each laboratory must demonstrate initial proficiency with each sample preparation (a 3000
series method) and determinative method combination it utilizes by generating data of
acceptable accuracy and precision for target analytes in a clean matrix.  If an autosampler is
used to perform sample dilutions, before using the autosampler to dilute samples, the laboratory
should satisfy itself that those dilutions are of equivalent or better accuracy than is achieved by
an experienced analyst performing manual dilutions.  The laboratory must also repeat the
demonstration of proficiency whenever new staff members are trained or significant changes in
instrumentation are made.

9.5 Dilute and reanalyze samples that exceed the linear dynamic range or use an
alternate, less sensitive calibration for which quality control data are already established.

9.6 The intensities of all internal standards must be monitored for every analysis.   If 
the intensity of any internal standard in a sample falls below 70% of the intensity of that internal
standard in the initial calibration standard, a significant matrix effect must be suspected.  As an
example, if the initial calibration internal standard response is 100,000 cps, anything below
70,000 cps in the sample would be unacceptable.  Under these conditions, the established
lower limit of quantitation has degraded and the correction ability of the internal standardization
technique becomes questionable.  The following procedure is followed -- First, make sure the
instrument has not drifted by observing the internal standard intensities in the nearest clean
matrix (calibration blank, Sec. 7.6.1).  If the low internal standard intensities are also seen in the
nearest calibration blank, terminate the analysis, correct the problem, recalibrate, verify the new
calibration, and reanalyze the affected samples.  If drift has not occurred, matrix effects need to
be removed by dilution of the affected sample.  The sample must be diluted fivefold (1+4) and
reanalyzed with the addition of appropriate amounts of internal standards.  If the first dilution
does not eliminate the problem, this procedure must be repeated until the internal-standard
intensities rise to the minimum 70% limit.  Reported results must be corrected for all dilutions. 
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9.7 To obtain analyte data of known quality, it is necessary to measure more than the
analytes of interest in order to apply corrections or to determine whether interference
corrections are necessary.  For example, tungsten oxide moleculars can be very difficult to
distinguish from mercury isotopes.  If the concentrations of interference sources (such as C, Cl,
Mo, Zr, W) are such that, at the correction factor, the analyte is less than the limit of
quantification and the concentration of interferents are insignificant, then the data may go
uncorrected.  Note that monitoring the interference sources does not necessarily require
monitoring the interferant itself, but that a molecular species may be monitored to indicate the
presence of the interferent.  When correction equations are used, all QC criteria must also be
met.  Extensive QC for interference corrections are required at all times.  The monitored masses
must include those elements whose hydrogen, oxygen, hydroxyl, chlorine, nitrogen, carbon and
sulfur molecular ions could impact the analytes of interest.  Unsuspected interferences may be
detected by adding pure major matrix components to a sample to observe any impact on the
analyte signals.  When an interference source is present, the sample elements impacted must
be flagged to indicate (a) the percentage interference correction applied to the data or (b) an
uncorrected interference by virtue of the elemental equation used for quantitation.  The isotope
proportions for an element or molecular-ion cluster provide information useful for quality
assurance.

NOTE: Only isobaric elemental, molecular, and doubly charged interference corrections
which use the observed isotopic-response ratios or parent-to-oxide ratios (provided
an oxide internal standard is used as described in Sec. 4.2) for each instrument
system are acceptable corrections for use in Method 6020.

9.8 For each  batch of samples processed, at least one method blank must be carried
throughout the entire sample preparation and analytical process, as described in Chapter One. 
A method blank is prepared by using a volume or weight of reagent water at the volume or
weight specified in the preparation method, and then carried through the appropriate steps of
the analytical process.  These steps may include, but are not limited to, prefiltering, digestion,
dilution, filtering, and analysis.  If the method blank does not contain target analytes at a level
that interferes with the project-specific DQOs, then the method blank would be considered
acceptable.  

In the absence of project-specific DQOs, if the blank is less than 10% of the lower limit of
quantitation check sample concentration, less than 10% of the regulatory limit, or less than 10%
of the lowest sample concentration for each analyte in a given preparation batch, whichever is
greater, then the method blank is considered acceptable.  If the method blank cannot be
considered acceptable, the method blank should be re-run once, and if still unacceptable, then
all samples after the last acceptable method blank should be reprepared and reanalyzed along
with the other appropriate batch QC samples.  These blanks will be useful in determining if
samples are being contaminated.  If the method blank exceeds the criteria, but the samples are
all either below the reporting level or below the applicable action level or other DQOs, then the
sample data may be used despite the contamination of the method blank.

9.9 Laboratory control sample (LCS)

For each batch of samples processed, at least one LCS must be carried throughout the
entire sample preparation and analytical process.  The laboratory control samples should be
spiked with each analyte of interest at the project-specific action level or, when lacking project-
specific action levels, at approximately mid-point of the linear dynamic range.  Acceptance
criteria should either be defined in the project-specifc planning documents or set at a laboratory
derived limit developed through the use of historical analyses.  In the absence of project-specific
or historical data generated criteria, this limit should be set at ± 20% of the spiked value. 
Acceptance limits derived from historical data should be no wider that ± 20%.  If the laboratory
control sample is not acceptable, then the laboratory control sample should be re-run once and,
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if still unacceptable, all samples after the last acceptable laboratory control sample should be
reprepared and reanalyzed.

Concurrent analyses of standard reference materials (SRMs) containing known amounts
of analytes in the media of interest are recommended and may be used as an LCS.  For solid
SRMs, 80 - 120% accuracy may not be achievable and the manufacturer’s established
acceptance criterion should be used for soil SRMs. 

9.10 Matrix spike, unspiked duplicate, or matrix spike duplicate (MS/Dup or MS/MSD)

Documenting the effect of the matrix, for a given preparation batch consisting of similar
sample characteristics, should include the analysis of at least one matrix spike and one
duplicate unspiked sample or one matrix spike/matrix spike duplicate pair.  The decision on
whether to prepare and analyze duplicate samples or a matrix spike/matrix spike duplicate must
be based on a knowledge of the samples in the sample batch or as noted in the project-specific
planning documents.  If samples are expected to contain target analytes, then laboratories may
use one matrix spike and a duplicate analysis of an unspiked field sample.  If samples are not
expected to contain target analytes, laboratories should use a matrix spike and matrix spike
duplicate pair.

For each batch of samples processed, at least one MS/Dup or MS/MSD sample set should
be carried throughout the entire sample preparation and analytical process as described in
Chapter One.  MS/MSDs are intralaboratory split samples spiked with identical concentrations
of each  analyte of interest. The spiking occurs prior to sample preparation and analysis.  An
MS/Dup or MS/MSD is used to document the bias and precision of a method in a given sample
matrix. 

Refer to Chapter One for definitions of bias and precision, and for the proper data
reduction protocols.  MS/MSD samples should be spiked at the same level, and with the same
spiking material, as the corresponding laboratory control sample that is at the project-specific
action level or, when lacking project-specific action levels, at approximately mid-point of the
linear dynamic range.  Acceptance criteria should either be defined in the project-specifc
planning documents or set at a laboratory-derived limit developed through the use of historical
analyses per matrix type analyzed.  In the absence of project-specific or historical data
generated criteria, these limits should be set at ± 25% of the spiked value for accuracy and  20
relative percent difference (RPD) for precision.  Acceptance limits derived from historical data
should be no wider that ± 25% for accuracy and 20% for precision.  Refer to Chapter One for
additional guidance.  If the bias and precision indicators are outside the laboratory control limits,
if the percent recovery is less than 75% or greater than 125%, or if the relative percent
difference is greater than 20%, then the interference test discussed in Sec. 9.11 should be
conducted.  

9.10.1 The relative percent difference between spiked matrix duplicate or
unspiked duplicate determinations is to be calculated as follows:

where:

RPD = relative percent difference.
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D1 = first sample value.
D2 = second sample value (spiked or unspiked duplicate).

9.10.2 The spiked sample or spiked duplicate sample recovery should be within
± 25% of the actual value, or within the documented historical acceptance limits for each
matrix.

9.11 If less than acceptable accuracy and precision data are generated, additional
quality control tests (Secs. 9.11.1 and 9.11.2) are recommended prior to reporting concentration
data for the elements in this method.  At a minimum these tests should be performed with each
batch of samples prepared/analyzed with corresponding unacceptable data quality results. 
These test will then serve to ensure that neither positive nor negative interferences are affecting
the measurement of any of the elements or distorting the accuracy of the reported values.  If
matrix effects are confirmed, the laboratory should consult with the data user when feasible for
possible corrective actions which may include the use of alternative or modified test procedures
so that the analysis is not impacted by the same interference.

9.11.1 Post digestion spike addition

If the MS/MSD recoveries are unacceptable, the same sample from which the
MS/MSD aliquots were prepared should also be spiked with a post digestion spike. 
Otherwise another sample from the same preparation should be used as an alternative.   
An analyte spike is added to a portion of a prepared sample, or its dilution, and should be
recovered to within 80% to 120% of the known value.  The spike addition should produce
a minimum level of 10 times and a maximum of 100 times the lower limit of quantitation.  If
this spike fails, then the dilution test (Sec. 9.11.2) should be run on this sample.  If both
the MS/MSD and the post digestion spike fail, then matrix effects are confirmed.

9.11.2 Dilution test

If the analyte concentration is sufficiently high (minimally, a factor of 10 above the 
lower limit of quantitation after dilution), an analysis of a 1:5 dilution should agree within ±
10% of the original determination.  If not, then a chemical or physical interference effect
should be suspected.

9.12 Ultra-trace analysis requires the use of clean chemistry preparation and analysis
techniques.  Several suggestions for minimizing analytical blank contamination are provided in
Chapter Three.

10.0 CALIBRATION AND STANDARDIZATION

10.1 Set up the instrument with proper operating parameters established as detailed
below.  The instrument should be allowed to become thermally stable before beginning (usually
requiring at least 30 min of operation prior to calibration).  For operating conditions, the analyst
should follow the instructions provided by the instrument manufacturer. 

10.2 Conduct mass calibration and resolution checks in the mass regions of interest. 
The mass calibration and resolution parameters are required criteria which must be met prior to
any samples being analyzed.  If the mass calibration differs more than 0.1 amu from the true
value, then the mass calibration must be adjusted to the correct value.  The resolution must also
be verified to be less than 0.9 amu full width at 10% peak height.
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10.2.1 Before using this procedure to analyze samples, data should be available
documenting the initial demonstration of performance.  The required data should
document the determination of the linear dynamic ranges; a demonstration of the desired
method sensitivity and instrument detection limits; and the determination and verification
of the appropriate correction equations or other routines for correcting spectral
interferences.  These data should be generated using the same instrument, operating
conditions, and calibration routine to be used for sample analysis.  These data should be
kept on file and be available for review by the data user or auditor. 

10.2.2 Sensitivity, instrumental detection limit, precision, linear dynamic range,
and interference corrections need to be established for each individual target analyte on
each particular instrument.  All measurements (both target analytes and constituents
which interfere with the target analytes) need to be within the instrument linear range
where the correction equations are valid. 

10.2.3   The lower limits of quantitation should be established for all isotope
masses utilized for each type of matrix analyzed and for each preparation method used
and for each instrument.  These limits are considered the lowest reliable laboratory
reporting concentrations and should be established from the lower limit of quantitation
check sample and then confirmed using either the lowest calibration point or from a low-
level calibration check standard.

10.2.3.1 Lower limit of quantitation check sample

The lower limit of quantitation check (LLQC) sample should be analyzed
after establishing the lower laboratory reporting limits and on an as needed basis
to demonstrate the desired detection capability.  Ideally, this check sample and the
low-level calibration verification standard will be prepared at the same
concentrations with the only difference being the LLQC sample is carried through
the entire preparation and analytical procedure.  Lower limits of quantitation are
verified when all analytes in the LLQC sample are detected within ± 30% of their
true value.  This check should be used to both establish and confirm the lowest
quantitation limit. 

10.2.3.2 The lower limits of quantitation determination using reagent
water represents a best case situation and does not represent possible matrix
effects of real-world samples.  For the application of lower limits of quantitation on
a project-specific basis with established data quality objectives, low-level matrix-
specific spike studies may provide data users with a more reliable indication of the
actual method sensitivity and minimum detection capabilities.

10.2.4 Specific recommended isotopes for the analytes noted in Sec. 1.2 are
provided in Table 2.  Other isotopes may be substituted if they can provide the needed
sensitivity and are corrected for spectral interference.  Because of differences among
various makes and models of mass spectrometers, specific instrument operating
conditions cannot be provided.  The instrument and operating conditions utilized for
determination must be capable of providing data of acceptable quality for the specific
project and data user.  The analyst should follow the instructions provided by the
instrument manufacturer unless other conditions provide similar or better performance for
a given task. 

10.3 All masses which could affect data quality should be monitored to determine
potential effects from matrix components on the analyte peaks.  The recommended isotopes to
be monitored are listed in Table 2.  
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10.4 All analyses require that a calibration curve be prepared to cover the appropriate
concentration range based on the intended application and prior to establishing the linear
dynamic range.  Usually, this means the preparation of a calibration blank and mixed calibration
standard solutions (Sec. 7.5), the highest of which would not exceed the anticipated linear
dynamic range of the instrument.  Check the instrument standardization by analyzing
appropriate QC samples as follows.

10.4.1 Individual or mixed calibration standards should be prepared from known
primary stock standards every six months to one year as needed based on the
concentration stability as confirmed from the ICV analyses.  The analysis of the ICV, which
is prepared from a source independent of the calibration standards, is necessary to verify
the instrument performance once the system has been calibrated for the desired target
analytes.  It is recommended that the ICV solution be obtained commercially as a certified
traceable reference material such that an expiration date can be assigned.  Alternately,
the ICV solution can be prepared from an independent source on an as needed basis
depending on the ability to meet the calibration verification criteria.  If the ICV analysis is
outside of the acceptance criteria, at a minimum the calibration standards must be
prepared fresh and the instrument recalibrated prior to beginning sample analyses. 
Consideration should also be given to preparing fresh ICV standards if the new calibration
cannot be verified using the existing ICV standard.

NOTE: This method describes the use of both a low-level and mid-level ICV standard
analysis.  For purposes of verifying the initial calibration, only the mid-level ICV
needs to be prepared from a source other than the calibration standards.

 10.4.1.1 The calibration standards should be prepared using the same
type of acid or combination of acids and at similar concentrations as will result in
the samples following processing.

10.4.1.2 The response of the calibration blank should be less than the
response of the typical laboratory lower limit of quantitation for each desired target
analyte.  Additionally, if the calibration blank response or continuing calibration
blank verification is used to calculate a theoretical concentration, this value should
be less than the level of acceptable blank contamination as specified in the
approved quality assurance project planning documents.  If this is not the case, the
reason for the out-of-control condition must be found and corrected, and the
sample analyses may not proceed or the previous ten samples need to be
reanalyzed.

10.4.2 For the initial and daily instrument operation, calibrate the system
according to the instrument manufacturer’s guidelines using the mixed calibration
standards as noted in Sec. 7.5.  The calibration curve should be prepared daily with a
minimum of a calibration blank and a single standard at the appropriate concentration to
effectively outline the desired quantitation range.  Flush the system with the rinse blank
(Sec. 7.6.3) between each standard solution.  Use the average of at least three
integrations for both calibration and sample analyses.  The resulting curve should then be
verified with mid-level and low-level initial calibration verification standards as outlined in
Sec. 10.4.3.

 Alternatively, the calibration curve can be prepared daily with a minimum of a
calibration blank and three non-zero standards that effectively bracket the desired sample
concentration range.  If low-level as compared to mid- or high-level sample concentrations
are expected, the calibration standards should be prepared at the appropriate
concentrations in order to demonstrate the instrument linearity within the anticipated
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sample concentration range.  For all multi-point calibration scenarios, the lowest non-zero
standard concentration should be considered the lower limit of quantitation.

NOTE: Regardless of whether the instrument is calibrated using only a minimum number
of standards or with a multi-point curve, the upper limit of the quantitation range
may exceed the highest concentration calibration point and can be defined as the
"linear dynamic" range, while the lower limit can be identified as the "lower limit of
quantitation limit" (LLQL) and will be either the concentration of the lowest
calibration standard (for multi-point curves) or the concentration of the low level
ICV/CCV check standard.  Results reported outside these limits would not be
recommended unless they are qualified as estimated.  See Sec. 10.4.4 for
recommendations on how to determine the linear dynamic range, while the
guidance in this section and Sec. 10.4.3 provide options for defining the lower
limit of quantitation. 

10.4.2.1 To be considered acceptable, the calibration curve should
have a correlation coefficient greater than or equal to 0.998.  When using a multi-
point calibration curve approach, every effort should be made to attain an
acceptable correlation coefficient based on a linear response for each desired
target analyte.  If the recommended linear response cannot be attained using a
minimum of three non-zero calibration standards, consideration should be given to
adding more standards, particularly at the lower concentrations, in order to better
define the linear range and the lower limit of quantitation.  Conversely, the extreme
upper and lower calibration points may be removed from the multi-point curve as
long as three non-zero points remain such that the linear range is narrowed and
the non-linear upper and/or lower portions are removed.  As with the single point
calibration option, the multi-point calibration should be verified with both a mid- and
low-level ICV standard analysis using the same 90 - 110% and 70 - 130%
acceptance criteria, respectively. 

10.4.2.2 Many instrument software packages allow multi-point
calibration curves to be "forced" through zero.  It is acceptable to use this feature,
provided that the resulting calibration meets the acceptance criteria, and can be
verified by acceptable QC results.  Forcing a regression through zero should NOT
be used as a rationale for reporting results below the calibration range defined by
the lowest standard in the calibration curve.

10.4.3 After initial calibration, the calibration curve should be verified by use of
an initial calibration verification (ICV) standard analysis.  At a minimum, the ICV standard
should be prepared from an independent (second source) material at or near the mid-
range of the calibration curve.  The acceptance criteria for this mid-range ICV standard
should be ±10% of its true value.  Additionally, a low-level initial calibration verification
(LLICV) standard should be prepared, using the same source as the calibration standards,
at a concentration expected to be the lower limit of quantitation.  The suggested
acceptance criteria for the LLICV is ±30% of its true value.  Quantitative sample analyses
should not proceed for those analytes that fail the second source standard initial
calibration verification, with the exception that analyses may continue for those analytes
that fail the criteria with an understanding these results should be qualified and would be
considered estimated values.  Once the calibration acceptance criteria is met, either the
lowest calibration standard or the LLICV concentration can be used to demonstrate the
lower limit of quantitation and sample results should not be quantitated below this lowest
standard.  In some cases depending on the stated project data quality objectives, it may
be appropriate to report these results as estimated, however, they should be qualified by
noting the results are below the lower limit of quantitation.  Therefore, the laboratory’s
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quantitation limit cannot be reported lower than either the LLICV standard used for the
single point calibration option or the low calibration and/or verification standard used
during initial multi-point calibration.   If the calibration curve cannot be verified within these
specified limits for the mid-range ICV and LLICV analyses, the cause needs to be
determined and the instrument recalibrated before samples are analyzed.  The analysis
data for the initial calibration verification analyses should be kept on file with the sample
analysis data. 

10.4.4 Both the single and multi-point calibration curves should be verified at the
end of each analysis batch and after every 10 samples by use of a continuing calibration
verification (CCV) standard and a continuing calibration blank (CCB).  The CCV should be
made from the same material as the initial calibration standards at or near the mid-range
concentration.  For the curve to be considered valid, the acceptance criteria for the CCV
standard should be ±10% of its true value and the CCB should contain target analytes less
than the established lower limit of quantitation for any desired target analyte.  If the
calibration cannot be verified within the specified limits, the sample analysis must be
discontinued, the cause determined and the instrument recalibrated.  All samples following
the last acceptable CCV/CCB must be reanalyzed.  The analysis data for the CCV/CCB
should be kept on file with the sample analysis data.  

The low level continuing calibration verification (LLCCV) standard should also be
analyzed at the end of each analysis batch.  A more frequent LLCCV analysis, i.e., every
10 samples may be necessary if low-level sample concentrations are anticipated and the
system stability at low end of the calibration is questionable.  In addition, the analysis of a
LLCCV on a more frequent basis will minimize the number of samples for re-analysis
should the LLCCV fail if only run at the end of the analysis batch.  The LLCCV standard
should be made from the same source as the initial calibration standards at the
established lower limit of quantitation as reported by the laboratory.  The acceptance
criteria for the LLCCV standard should be ± 30% of its true value.  If the calibration cannot
be verified within these specified limits, the analysis of samples containing the affected
analytes at similar concentrations cannot continue until the cause is determined and the
LLCCV standard successfully analyzed.  The instrument may need to be recalibrated or
the lower limit of quantitation adjusted to a concentration that will ensure a compliant
LLCCV analysis.  The analysis data for the LLCCV standard should be kept on file with the
sample analysis data. 

 
10.5 Verify the magnitude of elemental and molecular-ion isobaric interferences and the

adequacy of any corrections at the beginning of an analytical run or once every 12 hr, whichever
is more frequent.  Do this by analyzing the interference check solutions A and AB.  The analyst
should be aware that precipitation from solution AB may occur with some elements, specifically
silver.  Refer to Sec. 4.0 for a discussion on interferences and potential solutions to those
interferences if additional guidance is needed.

NOTE: Analysts have noted improved performance in calibration stability if the instrument is
exposed to the interference check solution after cleaning sampler and skimmer cones. 
Improved performance is also realized if the instrument is allowed to rinse for 5 or 10
min before the calibration blank is run.  

10.6 The linear dynamic range is established when the system is first setup, or
whenever significant instrument components have been replaced or repaired,  and on an as
needed basis only after the system has been successfully calibrated using either the single or
multi-point standard calibration approach. 
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 The upper limit of the linear dynamic range needs to be established for each wavelength
utilized by determining the signal responses from a minimum of three, preferably five, different
concentration standards across the range.  The ranges which may be used for the analysis of
samples should be judged by the analyst from the resulting data.  The data, calculations and
rationale for the choice of range made should be documented and kept on file.  A standard at
the upper limit should be prepared, analyzed and quantitated against the normal calibration
curve.  The calculated value should be within 10% (±10%) of the true value.  New upper range
limits should be determined whenever there is a significant change in instrument response.  At a
minimum, the range should be checked every six months.  The analyst should be aware that if
an analyte that is present above its upper range limit is used to apply a spectral correction, the
correction may not be valid and those analytes where the spectral correction has been applied
may be inaccurately reported.

NOTE: Some metals may exhibit non-linear response curves due to ionization and self-
absorption effects.  These curves may be used if the instrument allows it; however the
effective range must be checked and the second order curve fit should have a
correlation coefficient of 0.998 or better.  Third order fits are not acceptable.  These
non-linear response curves should be revalidated and/or recalculated on a daily basis
using the same calibration verification QC checks as a linear calibration curve.  Since
these curves are much more sensitive to changes in operating conditions than the
linear lines, they should be checked whenever there have been moderate equipment
changes.   Under these calibration conditions, quantitation is not acceptable above or
below the calibration standards.  Additionally, a non-linear curve should be further
verified by calculating the actual recovery of each calibration standard used in the
curve.  The acceptance criteria for the calibration standard recovery should be ±10%
of its true value for all standards except the lowest concentration.  A recovery of ±30%
of its true value should be achieved for the lowest concentration standard.

 
10.7 The analyst should (1) verify that the instrument configuration and operating

conditions satisfy the project-specific analytical requirements and (2) maintain quality control
data that demonstrate and confirm the instrument performance for the reported analytical
results. 

11.0 PROCEDURE 

11.1 Preliminary treatment of most matrices is necessary because of the complexity and
variability of sample matrices.  Groundwater and other aqueous samples designated for a
dissolved metals determination which have been prefiltered and acidified will not need acid
digestion.  However, all associated QC samples (i.e., method blank, LCS and MS/MSD) must
undergo the same filtration and acidification procedures.  Samples which are not digested must
be matrix-matched with the standards.  Solubilization and digestion procedures are presented in
Chapter Three, "Inorganic Analytes."

CAUTION: If mercury is to be analyzed, the digestion procedure must use mixed nitric and
hydrochloric acids through all steps of the digestion.  Mercury will be lost if the
sample is digested when hydrochloric acid is not present.  If it has not already
been added to the sample as a preservative, Au should be added to give a final
concentration of 2 mg/L (use 2.0 mL of 7.4.12 per 100 mL of sample) to preserve
the mercury and to prevent it from plating out in the sample introduction system.

11.2 Initiate appropriate operating configuration of the instrument’s computer according
to the instrument manufacturer's instructions.
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11.3 Set up the instrument with the proper operating parameters according to the
instrument manufacturer's instructions.  

11.4 Operating conditions -- The analyst should follow the instructions provided by the
instrument manufacturer.  Allow at least 30 min for the instrument to equilibrate before analyzing
any samples.  This must be verified by an analysis of the tuning solution (Sec. 7.10) at least four
integrations with relative standard deviations of #5% for the analytes contained in the tuning
solution.

CAUTION: The instrument should have features that protect itself from high ion currents.  If
not, precautions must be taken to protect the detector from high ion currents.  A
channel electron multiplier or active film multiplier suffers from fatigue after being
exposed to high ion currents.  This fatigue can last from several seconds to hours
depending on the extent of exposure.  During this time period, response factors are
constantly changing, which invalidates the calibration curve, causes instability, and
invalidates sample analyses.

11.5 Calibrate the instrument following the procedure outlined in Sec. 10.0.

11.6  Flush the system with the rinse blank solution (Sec. 7.6.3) until the signal levels
return to the DQO or method's levels of quantitation (usually about 30 sec) before the analysis
of each sample (see Sec. 10.0).  Nebulize each sample until a steady-state signal is achieved
(usually about 30 sec) prior to collecting data.  Flow-injection systems may be used as long as
they can meet the performance criteria of this method.

11.7 Regardless of whether the initial calibration is performed using a single high
standard and the calibration blank or the multi-point option, the laboratory should analyze an
LLCCV (Sec. 10.4.4).  For all analytes and determinations, the laboratory must analyze an ICV
and LLICV (Sec. 10.4.3) immediately following daily calibration.  It is recommended that a CCV 
LLCCV, and CCB (Sec. 10.4.4) be analyzed after every ten samples and at the end of the
analysis batch.

11.8 Dilute and reanalyze samples that are more concentrated than the linear range for
an analyte (or species needed for a correction) or measure an alternate but  less-abundant
isotope.  The linearity at the alternate mass must be confirmed by appropriate calibration (see
Sec. 10.2 and 10.4).  Alternatively apply solid phase chelation chromatography to eliminate the
matrix as described in Sec. 4.4.

12.0 DATA ANALYSIS AND CALCULATIONS

12.1 The quantitative values must be reported in appropriate units, such as micrograms
per liter (µg/L) for aqueous samples and milligrams per kilogram (mg/kg) for solid samples.  If
dilutions were performed, the appropriate corrections must be applied to the sample values.   All
results should be reported with up to three significant figures. 

12.2 If appropriate, or required, calculate results for solids on a dry-weight
basis as follows:

(1) A separate determination of percent solids must be performed.

(2) The concentrations determined in the digest are to be reported on
the basis of the dry weight of the sample.
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Concentration (dry weight)(mg/kg) '
C x V
W x S

Where,

C = Digest Concentration (mg/L)
V = Final volume in liters after sample preparation
W = Weight in kg of wet sample

S = % Solids
          100

Calculations must include appropriate interference corrections (see Sec. 4.2 for
examples), internal-standard normalization, and the summation of signals at 206, 207, and 208
m/z for lead (to compensate for any differences in the abundances of these isotopes between
samples and standards).

12.3 Results must be reported in units commensurate with their intended use and all
dilutions must be taken into account when computing final results.

13.0 METHOD PERFORMANCE

13.1 Performance data and related information are provided in SW-846 methods only as
examples and guidance.  The data do not represent required performance criteria for users of
the methods.  Instead, performance criteria should be developed on a project-specific basis,
and the laboratory should establish in-house QC performance criteria for the application of this
method.  These performance data are not intended to be and must not be used as absolute QC
acceptance criteria for purposes of laboratory accreditation.

13.2 In an EPA multi-laboratory study (Ref. 12), twelve laboratories applied the ICP-MS
technique to both aqueous and solid samples.  Table 3 summarizes the method performance
data for aqueous samples.  Performance data for solid samples are provided in Table 4.  These
data are provided for guidance purposes only.

13.3 Table 5 summarizes the method performance data for aqueous and sea water
samples with interfering elements removed and samples preconcentrated prior to analysis. 
Table 6 summarizes the performance data for a simulated drinking water standard.  These data
are provided for guidance purposes only.

14.0 POLLUTION PREVENTION

14.1 Pollution prevention encompasses any technique that reduces or eliminates the
quantity and/or toxicity of waste at the point of generation.  Numerous opportunities for pollution
prevention exist in laboratory operation.  The EPA has established a preferred hierarchy of
environmental management techniques that places pollution prevention as the management
option of first choice.  Whenever feasible, laboratory personnel should use pollution prevention
techniques to address their waste generation.  When wastes cannot be feasibly reduced at the
source, the Agency recommends recycling as the next best option.
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14.2 For information about pollution prevention that may be applicable to laboratories
and research institutions consult Less is Better: Laboratory Chemical management for Waste
Reduction available from the American Chemical Society’s Department of Government
Relations and Science Policy, 1155 16th St., N.W. Washington, D.C. 20036, http://www.acs.org.

15.0 WASTE MANAGEMENT

The Environmental Protection Agency requires that laboratory waste management
practices be conducted consistent with all applicable rules and regulations.  The Agency urges
laboratories to protect the air, water, and land by minimizing and controlling all releases from
hoods and bench operations, complying with the letter and spirit of any sewer discharge permits
and regulations, and by complying with all solid and hazardous waste regulations, particularly
the hazardous waste identification rules and land disposal restrictions.  For further information
on waste management, consult The Waste Management Manual for Laboratory Personnel
available from the American Chemical Society at the address listed in Sec. 14.2.
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17.0 TABLES, DIAGRAMS, FLOWCHARTS, AND VALIDATION DATA

The following pages contain the tables referenced by this method.  A flow diagram of the
procedure follows the tables.
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TABLE 1

RECOMMENDED INTERFERENCE CHECK SAMPLE COMPONENTS 
AND CONCENTRATIONS

Solution
Component

Solution A
Concentration (mg/L)

Solution AB
Concentration (mg/L)

Al 100.0 100.0
Ca 300.0 300.0
Fe 250.0 250.0
Mg 100.0 100.0
Na 250.0 250.0
P 100.0 100.0
K 100.0 100.0
S 100.0 100.0
C 200.0 200.0
Cl 2000.0 2000.0
Mo 2.0 2.0
Ti 2.0 2.0
As 0.0 0.100
Cd 0.0 0.100
Cr 0.0 0.200
Co 0.0 0.200
Cu 0.0 0.200
Mn 0.0 0.200
Hg 0.0 0.020
Ni 0.0 0.200
Se 0.0 0.100
Ag 0.0 0.050
V 0.0 0.200
Zn 0.0 0.100

             These data are provided for guidance purposes only.
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TABLE 2
RECOMMENDED ISOTOPES FOR SELECTED ELEMENTS

Element of Interest Mass(es)
Aluminum 27
Antimony 121, 123
Arsenic 75
Barium 138, 137, 136, 135, 134
Beryllium 9
Bismuth (IS) 209
Cadmium 114, 112, 111, 110, 113, 116, 106
Calcium (I) 42, 43, 44, 46, 48
Chlorine (I) 35, 37, (77, 82)a

Chromium 52, 53, 50, 54
Cobalt 59
Copper 63, 65
Germanium (IS) 74
Holmium (IS) 165
Indium (IS) 115, 113
Iron (I) 56, 54, 57, 58
Lanthanum (I) 139
Lead 208, 207, 206, 204
Lithium (IS) 6b, 7
Magnesium (I) 24, 25, 26
Manganese 55
Mercury 202, 200, 199, 201
Molybdenum (I) 98, 96, 92, 97, 94, (108)a

Nickel 58, 60, 62, 61, 64
Potassium (I) 39
Rhodium (IS) 103
Scandium (IS) 45
Selenium 80, 78, 82, 76, 77, 74
Silver 107, 109
Sodium (I) 23
Terbium (IS) 159
Thallium 205, 203
Vanadium 51, 50
Tin (I) 120, 118
Yttrium (IS) 89
Zinc 64, 66, 68, 67, 70

                                                                 
a These masses are also useful for interference correction (Sec. 4.2).  
b Internal standard must be enriched in the 6Li isotope.  This minimizes interference from
indigenous lithium.

NOTE:  Method 6020 is recommended for only those analytes listed in Sec.1.2.  Other elements are
included in this table because they are potential interferents (labeled I) in the determination of
recommended analytes, or because they are commonly used internal standards (labeled IS).  Isotopes
are listed in descending order of natural abundance.  The most generally useful isotopes are underlined
and in boldface, although certain matrices may require the use of alternative isotopes.                             
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      TABLE 3

EXAMPLE ICP-MS MULTI-LABORATORY PRECISION AND ACCURACY DATA 
FOR AQUEOUS SOLUTIONS

Element Comparabilitya 
Range %RSD Range Nb Sc

Aluminum 95 - 100 11 - 14 14 - 14 4
Antimony d 5.0 - 7.6 16 - 16 3
Arsenic 97 - 114 7.1 - 48 16 - 16 4
Barium 91 - 99 4.3 - 9.0 16 - 16 5
Beryllium 103 - 107 8.6 - 14 13 - 14 3
Cadmium 98 - 102 4.6 - 7.2 18 - 20 3
Calcium 99 - 107 5.7 - 23 17 - 18 5
Chromium 95 - 105 13 - 27 16 - 18 4
Cobalt 101 - 104 8.2 - 8.5 18 - 18 3
Copper 85 - 101 6.1 - 27 17 - 18 5
Iron 91 - 900 11 - 150 10 - 12 5
Lead 71 - 137 11 - 23 17 - 18 6
Magnesium 98 - 102 10 - 15 16 - 16 5
Manganese 95 - 101 8.8 - 15 18 - 18 4
Nickel 98 - 101 6.1 - 6.7 18 - 18 2
Potassium 101 - 114 9.9 - 19 11 - 12 5
Selenium 102 - 107 15 - 25 12 - 12 3
Silver 104 - 105 5.2 - 7.7 13 - 16 2
Sodium 82 - 104 24 - 43 9 - 10 5
Thallium 88 - 97 9.7 - 12 18 - 18 3
Vanadium 107 - 142 23 - 68 8 - 13 3
Zinc 93 - 102 6.8 - 17 16 - 18 5

Data obtained from Ref. 12.
a Comparability refers to the percent agreement of mean ICP-MS values to those of the
reference technique (ICP-AES or GFAA). 
b N is the range of the number of ICP-MS measurements where the analyte values exceed the
limit of quantitation (3.3 times the average IDL value).  A larger number gives a more reliable
comparison.  
c S is the number of samples with results greater than the limit of quantitation.  
d No comparability values are provided for antimony because of evidence that the reference
data is affected by an  interference. 
                                                                              
These data are provided for guidance purposes only.
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TABLE 4

 EXAMPLE ICP-MS MULTI-LABORATORY PRECISION AND ACCURACY DATA 
FOR SOLID MATRICES

Element Comparabilitya 
Range %RSD Range Nb Sc

Aluminum 83 - 101 11 - 39 13 - 14 7
Antimony d 12 - 21 15 - 16 2
Arsenic 79 - 102 12 - 23 16 - 16 7
Barium 100 - 102 19 - 34 15 - 16 7
Beryllium 50 - 87 8.6 - 14 12 - 14 5
Cadmium 93 - 100 6.2 - 25 19 - 20 5
Calcium 95 - 109 4.1 - 27 15 - 17 7
Chromium 77 - 98 11 - 32 17 - 18 7
Cobalt 43 - 102 15 - 30 17 - 18 6
Copper 90 - 109 9.0 - 25 18 - 18 7
Iron 87 - 99 6.7 - 21 12 - 12 7
Lead 90 - 104 5.9 - 28 15 - 18 7
Magnesium 89 - 111 7.6 - 37 15 - 16 7
Manganese 80 - 108 11 - 40 16 - 18 7
Nickel 87 - 117 9.2 - 29 16 - 18 7
Potassium 97 - 137 11 - 62 10 - 12 5
Selenium  81 39 12 1
Silver 43 - 112 12 - 33 15 - 15 3
Sodium 100 - 146 14 - 77 8 - 10 5
Thallium 91 33 18 1
Vanadium 83 - 147 20 - 70 6 - 14 7
Zinc 84 - 124 14 - 42 18 - 18 7

Data obtained from Ref. 12.
a Comparability refers to the percent agreement of mean ICP-MS values to those of the
reference technique.  
b N is the range of the number of ICP-MS measurements where the analyte values exceed the
limit of quantitation (3.3 times the average IDL value).      
c S is the number of samples with results greater than the limit of quantitation.  
d No comparability values are provided for antimony because of evidence that the reference
data is affected by an  interference.
                                                                              
These data are provided for guidance purposes only.
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TABLE 5

EXAMPLE METHOD PERFORMANCE DATA FOR AQUEOUS AND SEA WATER SAMPLESA 
WITH INTERFERING ELEMENTS REMOVED 

AND SAMPLES PRECONCENTRATED PRIOR TO ANALYSIS

ELEMENT ISOTOPE
CONCENTRATION (ng/mL)B

9.0 mL 27.0 mL CERTFIED
Manganese 55 1.8±0.05 1.9±0.2 1.99±0.15
Nickel 58 0.32±0.018 0.32±0.04 0.30±0.04
Cobalt 59 0.033±0.002 0.028±0.003 0.025±0.006
Copper 63 0.68±0.03 0.63±0.03 0.68±0.04
Zinc 64 1.6±0.05 1.8±0.15 1.97±0.12
Copper 65 0.67±0.03 0.6±0.05 0.68±0.04
Zinc 66 1.6±0.06 1.8±0.2 1.97±0.12
Cadmium 112 0.020±0.0015 0.019±0.0018 0.019±0.004
Cadmium 114 0.020±0.0009 0.019±0.002 0.019±0.004
Lead 206 0.013±0.0009 0.019±0.0011 0.019±0.006
Lead 207 0.014±0.0005 0.019±0.004 0.019±0.006
Lead 208 0.014±0.0006 0.019±0.002 0.019±0.006

Data obtained from Ref. 12.
A The dilution of the sea-water during the adjustment of pH produced 10 mL samples containing 9 mL of sea-water and 30
mL samples containing 27 mL of sea-water.  Samples containing 9.0 mL of CASS-2, n=5; samples containing 27.0 mL of
CASS-2, n=3.
B Concentration (ng/mL) ± 95% confidence limits.

These data are provided for guidance purposes only.
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TABLE 6

ANALYSIS OF NIST SRM 1643b, TRACE METALS IN WATERA

AND SAMPLES PRECONCENTRATED PRIOR TO ANALYSIS

ELEMENT ISOTOPE
CONCENTRATION (ng/mL)B

DETERMINED CERTFIED
Manganese 55 30±1.3 28±2
Nickel 58 50±2 49±3
Cobalt 59 27±1.3 26±1
Nickel 60 51±2 49±3
Copper 63 23±1.0 21.9±0.4
Zinc 64 67±1.4 66±2
Copper 65 22±0.9 21.9±0.4
Zinc 66 67±1.8 66±2
Cadmium 111 20±0.5 20±1
Cadmium 112 19.9±0.3 20±1
Cadmium 114 19.8±0.4 20±1
Lead 206 23±0.5 23.7±0.7
Lead 207 23.9±0.4 23.7±0.7
Lead 208 24.2±0.4 23.7±0.7
Data obtained from Ref. 12.

A 5.0 mL samples, n=5.
B Concentration (ng/mL) ± 95% confidence limits.

These data are provided for guidance purposes only.
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TABLE 7

COMPARISON OF TOTAL MERCURY RESULTS IN HEAVILY CONTAMINATED SOILS

Soil Sample
Mercury in µg/g

ICP-MS CVAA

1 27.8 29.2

2 442 376

3 64.7 58.2

4 339 589

5 281 454

6 23.8 21.4

7 217 183

8 157 129

9 1670 1360

10 73.5 64.8

11 2090 1830

12 96.4 85.8

13 1080 1190

14 294 258

15 3300 2850

16 301 281

17 2130 2020

18 247 226

19 2630 2080
Source:  Ref. 16.
These data are provided for guidance purposes only.
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Total Inorganic Carbon (TIC, Carbonate) Coulometry 
 
Total Inorganic Carbon coulometry (TIC) measures the amount  of inorganic carbon 
contained in lake sediments or water samples. The TIC content of sediments can be 
related to a number of factors such as rates precipitation of carbonate minerals or 
introduction of detrital carbonates into the system.  The LRC CO2 Coulometer can be 
used to rapidly determine TIC from either water or sediment samples. 
 
Principles 
 
Carbon dioxide gas evolved by dissolution in acid from carbonates in the sample is swept 
by a gas stream into a coulometer cell.  The coulometer cell is filled with a partially 
aqueous medium containing ethanolamine and a colorimetric indicator.  Carbon dioxide 
is quantitatively absorbed by the solution and reacts with the ethanolamine to form a 
strong, titratable acid which causes the indicator color to fade.  The titration current 
automatically turns on and electrically generates base to return the solution to its original 
color (blue). 
 
Equipment and Procedure 
 
To measure TIC, carbon contained within carbonate minerals such as calcite, dolomite, 
siderite, etc., we use a UIC model 5030 Carbonate Carbon apparatus.  Five mL of acid 
(we prefer HCl) serves to evolve CO2 from the sample which is swept into the Carbon 
Coulometer where it is detected and displayed on a digital screen in terms of micrograms 
(or any other operator-selectable units) of carbon. 
 
 
Cell Preparation 
 
The coulometer cell is typically left set up (a change from the older procedure), so unless 
you are getting bad numbers, you should rarely have to clean or refill the cell.  
 
Note:  you must wear appropriate gloves when handling coulometry solutions.  A pair of 
butyl rubber gloves hangs in the cabinet with the columetry solutions.  For the rest of this 
procedure, you must wear regular lab gloves to protect your hands from the acid.  Cell 
filling and cleaning must be done in a fume hood. 
 

1. Fill the main chamber of the coulometer cell with 50-75 mL of cathode solution 
(large plastic bottle). 

 
2. Place the magnetic stir bar in the bottom of the cell body and insert the cell top 

with the coiled platinum electrode into the cell.  The electrode should be opposite 
the fritted arm. 
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3. Add 0.25 cm (enough to cover the bottom) potassium iodide (KI) to the bottom of 
the side arm (anode compartment) of the cell. 

 
4. Fill the side arm with 10 or more mL of anode solution so as to cover the filter 

and submerge at least 0.5 cm of the silver anode in solution; the amount of liquid 
will vary as the anode is consumed (over a period of months) in the analysis. 

 
5. Place the solid silver electrode into the side arm with the silver submerged in the 

solution. 
 

6. Make sure the glass of the cell is clean and free of grease, fingerprints, water 
spots, etc., which affect transparency (and thus %T).  Wipe/polish with a paper 
towel or Kim-Wipe, or wash if necessary. 

 
7. Place the assembled cell into the coulometer cell holder.  The side arm should 

extend out the front and against the right wall of the holder, with the platinum 
electrode and gas inlet tube toward the back of the holder, out of the light path.   

 
Set Analysis Parameters.  Check these parameters but most should be already set. 

 
8. Rotate the MODE selection thumb wheel to the 1 position which gives the display 

of units of micrograms (µg) of carbon to 0.1 units. 
 

9. Rotate the TIME SET thumb wheel until the desired analysis time is displayed 
(generally 4-7 minutes for TIC). 

 
10. Set the RUN/LATCH switch to the RUN position for continuous analysis. 

LATCH freezes the display at the time set. 
 

11. Set the COUNTS/TIME switch to COUNTS position so that you can watch the 
counts of carbon on the display. 

 
Operation 

 
12. Make sure coulometer cell current is OFF. 

 
13. Turn ON the main power switch. 

 
14. Set air flow for internal and adjust to 75-100 cc/min. 

 
15. Connect the cell to the cell to the Carbonate Carbon Apparatus using a one-way 

(check) valve.  Only inset the gas tube in the cell when air is flowing, to avoid 
coulometer cell solution being siphoned back into the KI scrubber. 

 
16. Attach the electrodes to the cell outlet terminals - red to red, black to black. 
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17. Turn ON coulometer cell current. 

 
18. Allow cell current to titrate the cell solution to its endpoint (solution color 

becomes blue with %T at 29.  If it is lower than 29%, check that the light path is 
unobstructed and adjust the arrangement of the tube and electrode to correct).   

 
19. (Heater control is broken - do not use.) 

 
You are now ready to begin the analysis. 
 
Analysis Procedure 
 

1. Run a blank sample using an empty sample container.  The blank is normally less 
than 10 µg C in five minutes. 

 
2. Follow the blank by one or more standards (standard CaCO3 is found in a 

desiccator near the balance).  For best precision, material for each analysis should 
contain 1-3 mg of C.  For our standard calcite, this means that you should use 
about 10-20 mg of standard. 

 
3. Weigh a sample or standard into a clean, dry, tared test tube and attach to 

apparatus.  Sample should contain 1-3 mg of C; adjust the quantity as you begin 
to see how much carbon tends to be in your samples.  Record sample weight in 
spreadsheet. 

 
4. Pump 5 mL of acid into the reaction tube. RESET the coulometer. 

 
5. When all of the CO2 is evolved and titrated, (recognized by a stable coulometer 

display and a %T of 29), record the value in the spreadsheet. 
 

6. Remove the sample tube, pour residue into a waste container, begin next analysis.  
Wash tubes and rinse in DI water; let dry completely (can use 100 C oven) before 
reusing. 

 
7. Neutralize the waste acid with soda ash as you go. 

 
8. Run one standard and one duplicate analysis every ten samples (or more if 

desired). 
 
 
Calculations 
 
There is a spreadsheet to calculate %TIC (ccoul.xls on the desktop).  The calculation is as 
follows: 
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%TIC = {(µg C[display value] - per minute µg C[blank value]) / µg sample weight} x   
100 
 
Note: the formula subtracts the per minute blank value (blank value/minutes of counting). 
 
For pure calcium carbonate the value should should be 12.00%. (We accept values from 
11.75%-12.25%.) Other carbonates will have varying carbon percentages according to 
the table below. 
 

Mineral 
 

Cation(s) 
 

C 
 

O3 
 

mw 
 

%C 
 

CaCO3 
 

40.08 12.01 
 

48.00 
 

100.09 
 

12.00% 
 

MgCO3 
 

24.31 
 

12.01 
 

48.00 
 

84.32 
 

14.24% 
 

(Ca,Mg)CO3 
 

64.39 
 

12.01 
 

48.00 
 

184.41 
 

13.03% 
 

FeCO3 
 

55.85 
 

12.01 
 

48.00 
 

115.86 
 

10.37% 
 

ZnCO3 
 

65.38 
 

12.01 
 

48.00 
 

125.39 
 

9.58% 
 

MnCO3 
 

54.94 
 

12.01 
 

48.00 
 

114.95 
 

10.45% 
 

 
 
 
Shut-down (Carbonate Carbon Apparatus) 
 
The Carbonate Carbon Apparatus should be shut down during periods of non-use. 
 
Remove the tube from the cell. 
Turn off main power switch. 
 
Note: To prevent residual acid from marring the exterior of the apparatus, keep a sample 
tube connected to the apparatus when the system is not in use. 
 
Shut-down (Coulometer) 
 
Short periods (during the day) 
 
Before turning off air flow, disconnect inlet gas flow line into the colometer cell. This 
prevents coulometer solution from being siphoned out of the cell. 
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Overnight or longer 
 
Turn OFF the cell current and main power supply. 
 
Cell Changing and Clean-up 
 
Note:  Solutions should also be replaced when over 100 mg of carbon have been titrated 
(for 100 mL of cathode solution). 
 
Turn OFF cell current and main power supply. 
 
Unplug electrodes and remove cell from holder.  Replace jumper strap between cell 
current terminals to protect them. 
 
Dispose of the main chamber solution (cathode solution) into the cathode waste solution 
bottle.    Be sure to remove the stir bar first or be prepared to retrieve it from the waste 
bottle with a magnetic stir bar retriever. Start a new waste bottle (and label correctly) if 
necessary. 
 
Dispose of the side arm solution (anode solution) and residual KI into the anode waste 
solution bottle.  Start a new waste bottle (and label correctly) if necessary. 
 
Rinse both cell body and the electrodes thoroughly with DI water. 
 
Clean the glass frit in the anode compartment by pulling acetone through the frit with a 
vacuum. 
 
Rinse and dry all components. 
 
Store cleaned cell in cell holder and return other components to the drawer. 
 
Periodic Mainetenance and Scrubber Changing 
 
Changing Scrubbers 
 
Air Scrubber (40% KOH) 
 
The KOH solution removes CO2 from the carrier gas, and should be changed once every 
week during regular use or when the solution becomes thick and foamy.  If a fresh KOH 
solution is foamy, it should be diluted with DI water. 
 
    Preparation 
 
Weigh out 40-45 g of KOH and dilute to 100 mL with DI water.  Note: Use caution when 
adding water to KOH as the reaction is exothermic. 
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    Filling 
 
Remove the dispersion tube, bushing and O-ring from the air scrubber assembly. 
Place 15-20 mL of KOH solution in the body of the air scrubber. 
Replace the dispersion tube, O-ring and bushing.  Slide the dispersion tube through the 
bushing and O-ring so the fritted end is near the bottom of the scrubber. 
Hand-tighten the bushing/O-ring seal and place the filled scrubber in its clamp. 
 
Sample Scrubber (50% KI, pH=3) 
 
    Preparation 
 
Weight out 50g of KI and dilute to 100 mL with DI water. 
Use H2SO4 to acidify to approximately pH = 3. 
Fill the fritted sample scrubber with 10-15 mL of the scrubbing solution. 
Acid Solution 
 
One can use a variety of acids to react with the carbonates.  Originally we used a 2N 
HClO4 solution but have since switched to using 2N HCl.  The procedure for mixing 
these solutions is given below. 
 
2N HClO4       Dilute 109 mL of 9.2 N HClO4  in 391 mL of DI water. 
2N HCl Dilute 172 mL of 37% HCl in 328 mL of DI water 
 
Note: Always add the acid to the water, not the water to the acid. 
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Loss-on-Ignition 
 
Purpose 
Water, organic matter, carbonate mineral, and siliciclastic+diatom content are estimated by sequentially 
measuring weight loss in sediment core subsamples after heating at selected temperatures. 
 
A compositional profile can be generated rapidly and for very low cost.  This profile is sufficient to develop a 
general sense of core stratigraphy and often is sufficient for correlation between cores. 
 
The results are accurate to 1-2% for organic matter and carbonate in sediment with over 10% organic matter. In 
clay- or diatom-rich sediment, water of hydration is lost during the carbonate burn, resulting in errors of up to 
5% for carbonate analyses (and “false positive” carbonate content in carbonate-free sediments).  If high 
precision (0.1%) is needed, or if sediment is in short supply, coulometric analysis is recommended. 
 
A nonprogrammable Lab Line L-C oven is used for the 100ºC drying step. Other drying ovens are also available 
in the lab.  A drying oven rather than a furnace is used for the 100°C step because the furnaces ramp up to 
temperature quickly and may overshoot 100°C by an amount that could affect the analysis.   
 
A Fisher Scientific Isotemp programmable muffle furnace is used for the 550°C and 1000°C steps.  This is a 
multiple mode instrument capable of reaching 1125°C and controlling temperatures to better than ± 15ºC with a 
± 10ºC temperature uniformity.  The programmable circuit will provide the necessary corrections to maintain 
temperatures at established set point.  This furnace holds 200 samples at a time. Another furnace, the Lindberg 
Blue M, is available for use as a backup, but only holds 50 samples. This is a 2 mode instrument capable of 
controlling temperatures to better than ± 10ºC. The automatic reset circuit will provide the necessary corrections 
to maintain temperatures at established set point.  
 
Procedure Summary 
Subsamples are placed in weighed crucibles and weighed.  Weight loss is measured after heating at 100ºC 
overnight to remove water, at 550ºC for four hours to remove organic matter, and at 1000ºC for two hours to 
remove carbonates.  After each heating step, the firebrick holding crucibles is allowed to cool completely in the 
oven or furnace before weighing, or placed in a desiccator if crucibles cannot be weighed immediately. Samples 
must be cool so that convection currents do not affect the balance, and kept in the oven, furnace, or desiccator 
so that they do not absorb atmospheric water. Samples must not be placed in a non-venting desiccator when 
warm. 
 
Ash left at the end of the procedure can be saved for analysis of remaining elements as oxides. 
 
Only one heating step can be accomplished each day, because the 100°C drying time, and the ramp-up and cool-
down times of the furnaces are all >8-10 hours.  The user should thus plan five days, ideally consecutively: 
Day 1 Weigh crucibles (if necessary), subsample, and weigh (initial or wet weightt); place samples in drying 
oven at 100°C (allow several hours for these steps, depending on subsampling complexity). 
Day 2 Turn off oven, let samples cool, weigh (100°C, dry weight, or water loss); place samples in furnace at 
550°C for 4 hr (about 0.5-1 hour per tray of 25 samples). 
Day 3 Weigh (550°C or organic matter loss); place samples in furnace at 1000°C for 2 hr (about 0.5-1 hour per 
tray of 25 samples). 
Day 4 Weigh (1000°C or carbonate loss), discard or save sample residues, wash crucibles, place crucibles back 
in trays, place trays of crucibles in furnace at 1000°C for 2 hours to completely clean the crucibles. 
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Day 5 Turn off oven, allow crucibles to cool completely, remove trays from drying oven, cover with foil, and 
place in desiccator for reuse (1-2 hr). Label these trays as clean and ready to be reused. 
 
Equipment 
Ceramic crucibles 
Firebricks drilled to accept crucibles 
Sampling device (spatula, syringe) 
Desiccator(s) 
Drying oven 
Muffle furnace capable of reaching 1000°C 
Balance weighing in grams to 4 decimal places 
 
Safety 
The most obvious hazard in LOI is being burned by hot samples fresh out of the furnace.  Be patient.  The high-
temp gloves and mitts are only good to about 350°C and can be awkward to use. 
 
The muffle furnaces each have a thermocouple (looks like a white stick with metal protruding from the end) 
which penetrates in through the back of the chamber.  It is easily damaged, so be careful not to bump it when 
adding or removing samples. 
  
Procedure Detail 
1. Select and weigh 25 crucibles per fire brick tray.  You can prepare up to 200 samples (eight trays) for 

analysis at a time.  
a. Never touch crucibles with your hands.  Skin oils will add weight and introduce error to your results.  

Always use a pair of tweezers when handling crucibles. 
b. The crucibles are numbered with permanent glaze. Check to see that they are in order in the brick 

(see below) and that you are starting with the lowest numbered crucible in your tray. Keep good 
notes! As soon as you’ve mixed things up the data are useless. 

c. When not burning or being weighed, the crucibles and the samples they contain must be stored in a 
desiccator.  Make sure there is enough desiccator space for the number of samples you hope to 
analyze.  Wait until the samples are cool (<30°C) before putting them in the desiccator:  the decrease 
in pressure upon cooling of the air in the desiccator will vacuum-seal the desiccator shut and it’ll be 
very difficult to open.   

d. Always remove aluminum foil before placing trays in drying oven or furnace  
2. Record your crucible weights in the LOI template spreadsheet [saved in transfers/SOPs/ as 

LOI.Template.xls].  This new template will highlight (in red) any weights entered that are clearly incorrect 
(i.e., less than or equal to the empty crucible weight or greater than or equal to the weight of the preceding 
burn).   

3. Place some sample (~1-5 cc) in each crucible and weigh.  Weighing should be done as soon as each tray is 
filled, do not wait to fill multiple trays before weighing.  This is your wet weight.  Record in LOI 
spreadsheet.  Note:  if you use the LOI macro (more about which later), the samples do not have to be 
volumetric.   

4. Heat these samples at 100-105°C overnight or for at least 12 hours in the drying oven.  This will 
evaporate water and the resulting weight will be your 100°C weight.  Let samples cool in the oven, until 
<30°C, before weighing.  If you cannot weigh the samples immediately after they cool, place in a desiccator 
with aluminum foil between each tray until you can weigh them.   
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5. After weighing and recording your 100°C weight, return the samples to the furnace for a 4-hour burn at 

550°C.  This will burn off organic matter. The following day, after samples have cooled in the furnace, 
samples can be weighed.  If you cannot weigh the samples immediately after they cool, place in a desiccator 
with aluminum foil between each tray until you can weigh them.  This will allow samples to take in air 
moisture and throw off your weights.  See furnace directions below. 

6. Record your post-550 burn weights in the spreadsheet and return the samples to the oven for a 2-hour 
1000°C burn.  This will burn off a combination of carbonate material and some of the water stored in the 
lattice of clay minerals and diatom silica. See furnace directions below.      

7. After cooling, record this weight as your final measurement.  You may discard the sample remaining in the 
crucible, or save it for another analysis.   

8. Run the LOI Macro. See directions below.  
9. Clean the crucibles for the next user. 

a. Two buckets are needed and should be in or near 
the sink in room 680A.  Fill one bucket with 
warm tap water and add soap from the bottle 
labeled “Lab Soap” above the sink.  Fill the other 
bucket with low-purity deionized water from 
carboy above the adjacent sink. 

b. Remove any remaining residue and place the 
crucibles in the warm tap-water bath. 

c. Using a brush found above the sink, scrub the 
crucibles until all baked on residue is gone.  Some 
discoloration will remain. 

d. Rinse the crucibles in the DI water bath, shake dry 
and place in the firebrick tray following the 
numbering system designated in the figure on the 
right. 

e. Place all washed trays of crucibles in the furnace 
and burn at 1000°C for two hours (in the same manner as the carbonate burn). 

f. The following day, remove all trays from the furnace, cover with aluminum foil and place in 
appropriate desiccators. Use the “Cleaned 1000°C” crucible icons or label the trays “Cleaned and 
burned at 1000°C” between each tray so that the next person knows they are ready to be used.   

 
 

How to use the Lab Line L-C oven 
1. Open the oven and place your trays on the shelving in the oven.  Load in the top trays first to prevent 

contamination of the samples. Close the oven door 
2. Turn on the oven using the switch on the front panel. 
3. Set the temperature knob about ¾ of the way between a setting of 4 and 5 to heat the oven to 100°C.  
4. The oven does not have a temperature feedback control system, it is a good idea to periodically check the 

temperature on the oven to make sure it reaches 100°C but does not greatly exceed 100°C.   
 
How to use the Isotemp muffle furnace in Ramp and Soak mode 
1. Open the flue on top of the furnace. 
2. Turn on the Furnace using the switch on the front control panel. 
3. Open the furnace and place your trays on the shelving in the furnace. Load in the top trays first to prevent 

contamination of the samples.  The muffle furnace has a thermocouple (looks like a white stick with metal 
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protruding from the end) which sticks in through the back of the chamber.  It is easily damaged, so be 
careful when adding or removing samples not to bump it. Close the furnace door. 

4. Verify that the Run LED is not on.  If it is on, press Run until the light goes out.  
5. Press the following sequence of buttons in the left most column.   
 
Button  Top Display  Lower Display  Description 
Menu  No   program  Furnace is not in program mode. 
UP  Yes   program  Select yes to set program parameters 
Menu  1   step   The first step in the program 
Menu  SP (Set Point)  styp (step type) is a set point. 
Menu  (550 or 1000)°C sp   This is the temp from the last time the program ran.  
Up/Down (550 or 1000)°C sp   Use the up or down keys to set to 550 or 1000°C. 
Menu  20° C   rate   The ramp up rate should always be 20°C for LOI. 
Menu  No   retn (return)  No return for this step, 
Menu  2   step   move on to step two in the program, 
Menu  Soak   styp   a soak step. 
Menu  (4 or 2)  hour   This is the length from the last time the program ran 
Up/Down (4 or 2)   hour   Use the up or down keys to set to 2 or 4 hours, 
Menu   0   min   0 minutes,  
Menu  0   sec   0 seconds,  
Menu  No   retn   No return for this step. 
Menu  3   step   Move on to step three in the program, 
Menu  end   styp   to end the program, 
Menu  off   end   by letting the furnace cool to room temp. 
Menu   yes   save   Save the program. 
Menu  actual temp  set temp  You have exited the program parameters. 
 
6. Press run twice to run the program, the run light should be solid (not flashing) and the program will 

automatically start to ramp up to temperature. You can see the set temperature and the actual temperature on 
the display.  

7. Once the furnace has cooled down, you can close the flue and turn off the furnace.  If the alarm LED is lit 
up on the control panel please notify staff, this means that the actual furnace temperature exceeded the set 
temperature by more than 25°C 

8. Remove the bottom shelf of samples first, to prevent contamination.  
 
How to use the LOI Macro 
To use the macro [saved in transfers/SOPs/LOI as LOI.Macro.xls], the spreadsheet that contains your LOI data 
must be in the following format (column titles):  
 
Depth, Crucible Weight, Wet Weight, Weight (100°C), Weight (550°C), Weight (1000°C) 
or 
Depth (Top), Depth (Bottom), Crucible Weight, Wet Weight, Weight (100°C), Weight (550°C), Weight (1000°C). 
 
These columns and the data within them are the ONLY cells that may be filled in on the page, or the macro will 
malfunction.  If you have supplementary data such as crucible number, core names, notes to self, etc., cut them 
from this spreadsheet and put them in another sheet in the same workbook. 
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Save the data spreadsheet as a new file (the macro overwrites the opened file) and close it.  Open up the 
LOI.Macro.xls file.  (Click “enable macros” in the warning window that pops up.)  Go to Tools--> Macro--> 
Macros (or press Alt-F8).  The "macro name" line should read "A1" and be highlighted.  The first line of the 
section below A1 should read "LOI." Click "Run."   
 
The next box that pops up asks for the file name (as saved on the spreadsheet), some info about the coring site 
(nonessential), whether your depth intervals are single or you've used two columns for top and base depths 
(determined by which format for column titles you used above), and whether you did a CaCO3 (1000°C) burn.  
Once you've filled in and selected the appropriate options, click "OK" and the macro will perform its magic.  It 
will probably not find your file at first, but you have the option of browsing for it.  
 
The resulting data will be placed in columns to the right of your original data. 
 
*For a comprehensive review of best practices and comparative LOI methods, please see Heiri et al, Journal of 
Paleolimnology 25, p. 101-110. 



STANDARD OPERATING PROCEDURE: TOTAL CARBON/TOTAL NITROGEN (TC/TN) 
 
Preparation and analysis of MN lake sediments submitted to the LLO for TC/TN analysis 
 
Sample condition – 
 
Samples were received from the LRC freeze-dried and ground (Myrbo) in snap-top plastic 
containers. Some samples contained visible vegetative material. Some samples contained small 
pebble sized material. Inhomogeneity may result in greater analytical variability or misleading 
results. 
 
Preparation – 
 
Samples were mixed with a metal spatula before subsampling. Milligram quantities of sample were 
packed into tin capsules and weighed on a microbalance. Sample FS-63 Caribou was not stable 
weight-wise. The entire sample was placed in a 60°C oven for 3 hours and cooled in a desiccator 
before subsampling. 
 
Instrumentation, Analysis and Quality Assurance – 
 
Acetanilide was used as a calibration standard and as a quality assurance sample. A MN Lake 
Sediment sample prepared in duplicate and a QA sample were run at least every tenth sample. All 
QA samples were within ±5% of the known Carbon/Nitrogen weight percent for that material. 
 
Elemental analysis was performed using a Costech 4010 ECS. 
 
Paraphrasing from Costech literature: At the start of an analytical cycle, helium carrier gas was 
switched to a volume of oxygen. Samples were dropped sequentially into a combustion reactor at 
1020°C prior to the arrival of oxygen. The sample and tin capsule reacted with oxygen and 
combusted at 1700-1800°C. The sample was broken down into elemental components, N2, CO2, and 
H2O. High performance copper wires at 700°C absorbed excess oxygen not used for sample 
combustion. The gases flowed through a water trap and then through a gas chromatography (GC) 
separation column at 35°C. As the gases passed through the GC column, they were separated and 
detected sequentially by a thermal conductivity detector (TCD). The TCD generated a signal 
proportional to the amount of element in the sample. Costech EAS software compared the 
elemental peak to a known standard material (after calibration) and generated a report for each 
element on a weight basis. 
 
Each sample chromatogram was visually inspected. Manual integration was performed as 
necessary to use only the area of the element of interest in calculations. 
 
Results were manually transferred to the spreadsheet provided by Amy Myrbo and reported via 
email. 
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Abbreviations 
 

AVS – acid volatile sulfide 

DNR – Minnesota Department of Natural Resources 

LacCore – National Lacustrine Core Facility of the University of Minnesota 

LLO – Large Lakes Observatory of the University of Minnesota-Duluth   

LRC – Limnological Research Center of the University of Minnesota-Twin Cities 

MDHL – Minnesota Department of Health Laboratory 

MDL – method detection limit 

MPCA – Minnesota Pollution Control Agency 

PI – principal investigator 

QAQC  – Quality Assurance/Quality Control 

RL – reporting limit 

SCWRS – St. Croix Watershed Research Station of the Science Museum of Minnesota 

SO4 – sulfate 

UMN – University of Minnesota 
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Introduction 

Overview of the 2011 and 2012 Field Surveys 

Under contract from the Minnesota Pollution Control Agency (MPCA), the University of Minnesota 

(UMN) conducted a survey of water bodies across Minnesota in the summers of 2011 and 2012, to 

assist the evaluation of the State’s sulfate water-quality standard to protect wild rice waters (also 

known as the “wild rice sulfate standard”).  This activity, henceforth referred to as the “survey” (or 

“2011 survey” and “2012 survey”) is intended to provide (1) information to the MPCA about 

correlations between wild rice presence and environmental parameters, and (2) data to be used in 

development of other phases for the study, including composition of a medium for experimental 

hydroponic wild rice growth and composition of sediments for experimental wild rice growth in 

containers (known as mesocosms or microcosms). The 2011 survey was a preliminary effort to 

collect initial data on wild rice stands and to develop the methods for a larger field survey in 2012.  

Team Structure, Management, and Duties 

Lead personnel of this ongoing project are:  Principal Investigator Dr. Amy Myrbo, Research 

Associate, LacCore and Limnological Research Center (LRC), Department of Earth Sciences, UMN; 

Dr. Daniel Engstrom, Director, St. Croix Watershed Research Station (SCWRS); and Dr. Nathan 

Johnson, Assistant Professor, Department of Civil Engineering, UMN-Duluth.  This team works 

closely with Dr. John Pastor, Professor, Department of Biology, UMN-Duluth.  Field technicians for 

the surveys are drawn from the staff of LRC/LacCore.  Laboratory technicians are employees of 

LRC/LacCore, SCWRS, the Department of Civil Engineering, or the Large Lakes Observatory (LLO), 

UMN-Duluth, as appropriate for the lab at which analyses were conducted.  The Minnesota 

Department of Health Laboratory (MDHL) conducted analyses of some samples collected in 2012.  

The research team developed and conducted the survey in close contact with MPCA personnel. 

The 2012 Field Survey 

The 2011 field survey was described in a previous report to the MPCA (Myrbo 2012).  Except where 

noted, methods remained the same for the 2012 survey. 

Duration of the 2012 Field Survey  

The 2012 Field Survey began with on-site training of the field crew with MPCA personnel on July 3, 

2012.  Six field technicians and two lab staff (the PI and the logistics supporter) were trained in 

boat operation, sampling and sample processing methods, QAQC (quality assurance/quality 

control) procedures, chain of custody forms, and identification of the wild rice plant.  The field 

survey itself began July 22 and ended September 21, 2012.  When the survey was terminated, wild 

rice plants were beginning to senesce,  air and water temperatures were cooling, and the waterfowl 

hunting season was about to start. 
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Site Selection 

The goal of the 2012 survey was to sample 100 sites.  Myrbo worked with MPCA staff to select 

potential sample sites within lakes, rivers, wetlands, and cultivated wild rice paddies using 

information provided by stakeholders, and data on the chemistry and distribution of wild rice 

waters and other shallow water bodies.  Figure 1 shows the locations of approximately 1300 wild 

rice sites identified by the Minnesota Department of Natural Resources (DNR) in its report Natural 

Wild Rice in Minnesota (2008), along with contours of surface water sulfate (SO4) concentrations 

based on data in the DNR database.   

 

Figure 1.  Dissolved sulfate (SO4) concentrations measured in surface water (left) and distribution of identified 
wild rice water bodies (right), overlain on interpolated contours of surface water sulfate.  Datasets from DNR.  
Figures prepared by Shawn Nelson, MPCA. 

For statistical purposes of investigating the purported relationship between sulfate and wild rice 

growth, the team sought sites with a range of values in both parameters (i.e., low-sulfate/low-rice, 

low-sulfate/high-rice, high-sulfate/low-rice, and high-sulfate/high-rice).  The team also strove to 

sample widely across the state, and to sample sites that had a history of past or present drainage of 

waters high in sulfate into wild rice waters.  The MPCA gained permission for the field teams to 

sample some wild rice waters of the Red Lake, White Earth, and Fond du Lac Reservations 

accompanied by Tribal resource management personnel; additional permissions allowed sampling 

in wildlife management areas, State parks, cultivated rice paddies, and access across private land.  

The sites sampled in the 2011 survey were selected from a large list of waters for which there were 

historical reports of wild rice growth. In contrast to site selection in the 2011 survey, the 2012 
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survey included sites without a known history of wild rice presence.  Figure 2 presents the sites 

sampled in the 2011 and 2012 surveys.  Appendix D provides details of the sites sampled in the 

2011 and 2012 surveys. 

 

Figure 2. Locations of sites sampled in the field surveys:  2011 survey (left), 2012 survey (right), overlain on 
surface water sulfate contours as in Figure 1. Figures prepared by Shawn Nelson, MPCA. 

 

Field Campaign 

Field protocols were developed in collaboration with MPCA staff.  The field sampling protocol is 

included as Appendix A.  The data sheet completed by field crews for each site is provided in 

Appendix B.  In 2012 field crews sampled 112 unique sites (i.e., locations in water bodies) during 

the survey (see Fig. 2).  The complete field and currently available analytical datasets are presented 

in Appendix D, along with the associated 2011 data.  LacCore developed a relational database for 

this project as part of its existing database system.  All data, after being quality checked, are entered 

into this database. 

A team of two persons sampled each site.  Two teams were typically deployed at any time.  From a 

canoe or motorboat, depending on access conditions, the team sampled surface water and collected 

seven or eight short (~50 cm) core samples around the boat.  Water and sediment were collected at 

the same site, unlike in the 2011 survey where water was collected in open water and cores were 

collected in a wild rice bed.  Also in contrast to the methods of the 2011 survey, field crews were 
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instructed to collect cores at all sites, not only those with wild rice present.  In the absence of wild 

rice, field crews were instructed to collect cores at a site selected using a schema developed by the 

MPCA and included at the end of the field protocol (Appendix A).  At the sampling site the team also 

conducted a plant survey using 1 m diameter rings placed at four locations around the boat.  Plant 

taxa present were identified, and the percent coverage and number of stems of wild rice were 

recorded.  Plant voucher specimens were collected in some cases.  Each 2012 sampling site was 

assigned a unique “LacCore ID” number beginning with “FS-“ for “field survey 2012.”  In 2011 

samples were assigned LacCore IDs beginning with “P-“ for “preliminary field survey 2011.” 

Water and core samples were returned to shore and processed as described in Appendix A.  

Individual cores were sampled for porewater using 10 cm long Rhizon™ samplers with 0.2 m 

nominal pore size (Shotbolt 2010), inserted vertically into the core tops after overlying water was 

extruded, drawing into evacuated (and pre-treated where appropriate) serum vials.  Three other 

cores at each site were extruded to remove overlying water, then further extruded to a depth of 10 

cm below the sediment-water interface, placed in a bowl together under a nitrogen atmosphere, 

and composited by vigorous stirring.  A subsample of this composite sediment was immediately 

frozen on dry ice for acid volatile sulfide (AVS) analysis and the remainder was refrigerated for 

later analysis. A nitrogen atmosphere was not employed in 2011.  In 2012 the sample for AVS 

analysis was preserved with zinc acetate prior to freezing. 

Field data were recorded on paper copies of the field data sheet similar to that provided in 

Appendix B.  Field technicians entered data into the LacCore database in the evenings as possible 

given internet connectivity.  Data were quality-checked by a different field technician at LacCore.  At 

the end of each day, each field crew sent an email reporting on the day’s activities, providing 

observations on the site(s) sampled and reporting any equipment problems.  Site information from 

these emails is included in the database. 

Laboratory Analyses 

Sample Handling and Analyses 

Water samples were kept frozen or refrigerated, as appropriate, and were transferred to MDHL 

within seven days of collection.  Sediment samples were kept refrigerated and returned to LacCore, 

where they were thoroughly homogenized, subsampled, and treated as shown in Appendix C.  Some 

subsamples were transferred to SCWRS or the LLO, and the remainder were analyzed at LacCore.  

Summary statistics for completed analyses, including field measurements, are presented in Table 1.    

Remaining Tasks and Timeline for Completion 

As of mid-May 2013, the MPCA has not yet finalized the preliminary water chemistry data from the 

MDHL for the 2012 field survey.  In addition, some sediment analyses remain to be completed or 

finalized (anticipated date of completion follows each analysis in parentheses): 

 Phytolith analysis (July 30, 2013) (LacCore) 
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 Organic grain size analysis (May 30, 2013) (LacCore; completed but not finalized) 

 Total phosphorus (TP) (May 24, 2013), phosphorus fractions (June 30, 2013), extractable 

metals (June 30, 2013) (SCWRS) 

LacCore and the associated laboratories are in the process of establishing method detection limits 

(MDLs) and reporting limits (RLs) for certain analytical methods; therefore, as of mid-May 2013, 

some low values remain in the database and in the table of summary statistics that will be 

eliminated (i.e., replaced with a statement to the effect that they are below the RL) when RLs are 

established.   

Certain quantities, specifically alkalinity, charge balance, and ionic strength, will be calculated by 

the LacCore database but are not complete at this time. 

Field sampling sites have been established in the EquIS database by MPCA staff in collaboration 

with LacCore, and datasets are being uploaded to that database after they undergo QAQC.  

  

Table 1. Summary statistics for 2012 data. 

  unit Average Minimum Median Maximum 5th Pct 25th Pct 50th Pct 75th Pct 95th Pct 
surface water pH 

 
7.97 4.01 7.84 9.76 6.79 7.37 7.84 8.66 9.38 

surface water spC uS/cm 328.1 49.9 300.5 1136.0 107.1 233.8 300.5 363.0 565.4 
surface water T °C 23.06 11.30 23.45 32.90 14.90 20.28 23.45 26.43 30.61 
Pore water pH 

 
6.82 5.41 6.76 8.07 6.08 6.53 6.76 7.15 7.78 

LOI water content  % 72.6 14.7 81.1 95.4 28.5 62.6 81.1 89.3 93.1 
LOI organic  % 26.4 1.1 21.9 81.1 2.0 9.3 21.9 42.5 59.9 
LOI carbonate % 12.9 0.7 6.7 74.1 1.9 4.4 6.7 13.4 44.2 
LOI inorganic % 60.5 14.7 61.2 98.1 25.3 39.5 61.2 83.7 94.8 
Total C % 14.96 0.36 14.21 44.21 1.37 4.70 14.21 22.70 32.37 
Total inorganic C % 1.56 0.00 0.67 9.27 0.00 0.02 0.67 2.15 6.25 
Total N % 1.10 0.04 0.99 3.21 0.08 0.30 0.99 1.76 2.52 
Total S % 0.60 0.01 0.35 4.66 0.03 0.15 0.35 0.73 1.74 

 

Appendices 

Appendix A.  Field protocol SOP  

Appendix B.   Field data sheet template  

Appendix C.  Sediment subsampling flowchart  

Appendix D.  Summary data from the sites sampled in 2011 and 2012 

 Complete field data can be obtained from the Minnesota Pollution Control Agency.  
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Appendix E.  Standard operating procedures (SOPs)  

Loss-on-ignition (LOI) 

Total inorganic carbon (TIC) coulometry 

Total sulfur (TS) coulometry 

Total carbon and total nitrogen elemental analysis (TC/TN) 
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Appendix A 

 

Field protocol for MPCA-SO4 field sampling by LacCore 

1.0 Amy Myrbo, 8/14/11 

rev. 2.0 Amy Myrbo, 8/28/11 (adjusted protocol to reflect changes made during field trials with MPCA) 

rev. 3.0 Amy Myrbo, 9/11/11 (added pore water chemistry sample protocol and blanks/duplicates 

protocol; removed advice to re-pump serum bottle) 

rev. 4.0 Cindy Frickle 7/9/12; Ed swain 7/10/2012; Amy Myrbo 7/10/2012 (adjusted protocol to reflect 

changes made during field training) 

rev. 5.0 Cindy Frickle, 7/12/12 (adjusted protocol to reflect changes made during field crew meeting) 

rev. 5.1 Amy Myrbo, 7/19/12 (accepted most changes in document and made penultimate 

recommendations prior to beginning of 2012 field survey) 

Rev 5.2 Ed swain 7/19/12 used pages software on an iPad to add a few suggestions framed by double 

asterisks: **suggestion** 

Rev. 6 7/29/2012 Cindy Frickle made corrections based on first week’s sampling 

7/29/2012 Amy Myrbo made minor clarifications 

8/8/2012 Cindy Frickle made corrections and clarifications based on further feedback in field 

  

⇓ symbol indicates that data should be recorded at this point, or that a note should be made that a 

sample was taken.  

• Review equipment checklists and restock any required equipment. 

• Unload canoe/boat and load equipment (when using Kevlar canoe, load only on water). Lash 

equipment to boat. 

• Check for signage about invasive species and check box where appropriate. ⇓  

• Check for presence of a water level gauge (sometimes near boat ramps) and record water level 

if present.  Note the location of the gauge. ⇓ 

• Calibrate Hach meter: Complete calibration log that goes with the meter, noting date, time, 

calibration, and who completed it. ⇓ Insert pH probe into small, color-coded vial with pH 7.0 

solution. Take reading and record as “Before.” Calibrate, but do not record the value that 

appears on the screen. Take another reading and record as “After.” Dump used solution into 

hazardous waste container and re-fill vial from pH 7.0 bottle. Rinse probe with de-ionized 

water, then repeat process with pH 4.0 solution. Rinse probe again and re-cap in storage 

solution. Complete process similarly with 1001 μS conductivity solution—using small vial of 

solution, calibrate to 1001 μS spC. Dump used solution into hazardous waste container. Refill 

small vial of solution, rinse probe, and re-cap in storage solution. Ensure that calibration log was 

properly completed, leaving no fields blank. ⇓ 

• Lock vehicle. 



• Proceed to relatively dense wild rice bed (at the same GPS location as a previous crew had 

sampled the wild rice in this water body, if possible) or, if wild rice cannot be located, choose a 

site in a water lily bed (either yellow or white). If neither wild rice nor water lilies can be 

located, use the attached decision tree to decide where to take samples.   

• Run boat entirely into thickest part of wild rice bed. Avoid uprooting or otherwise destroying 

wild rice plants whenever possible. Caution: when wild rice seeds are ripe, the elongate part of 

the seed cover is sharp and barbed, and can pierce the eyeball. Use caution when moving 

through wild rice beds. Sunglasses and long sleeves are recommended.  

• Assess sediment matrix characteristics using soil probe, ⇓ then anchor boat by pushing 2 drive 

rods into sediment and lashing rods to canoe thwarts. Bottom (female) ends of drive rods that 

do not have a sediment probe attached must be duct taped over so that sediment does not get 

stuck up in the rod. Avoid resuspending sediment in the water column by pressing drive rods 

directly and firmly into sediment surface. Extend outriggers to stabilize canoe. 

• Deploy thermal stick and record time. ⇓ 

• Fill in site info. Record weather and flow conditions. Note which equipment you are using. ⇓ 

• Record orientation of boat relative to compass rose on data sheet using ball compass. ⇓ 

• Take site photos: First, photograph lake data sheet, making sure that lake name is visible. Then, 

in order, photograph toward north, east, south, and west, keeping the boat slightly in the frame 

at the bottom of each photo. Review photos to ensure that each has acceptable exposure and 

focus. Delete and re-take any that are unacceptable. ⇓ 

• Turn on GPS, wait until accuracy is optimal (Garmin 76 should be around ±3m), save waypoint, 

and then record latitude, longitude, elevation, accuracy, and waypoint number. ⇓ 

 

Water and sediment sampling: 

• Deploy Hydrolab so that probes are just below water surface on upwind side of boat and collect 

multiparameter data. Be sure that circulator is on. Record temperature (˚C), specific 

conductance (spC), and pH. Note spC units. ⇓ Rinse probes with de-ionized water before 

replacing caps containing storage solution. 

• Find Secchi depth on shady side of boat, without wearing sunglasses.  Then find water depth in 

the same location using Secchi disk. ⇓ 

• Put on nitrile gloves and rinse two master water sample bottles three times with subsurface 

water, filling on sunny side and dumping on shady side of boat (dumping in same location 

where Secchi disk was lowered). Hold bottle underwater and fill, being careful not to disturb 

sediment or collect submerged macrophytes or scum, etc., floating on surface of water. Do not 



touch any metals during sampling such as boat parts or sunscreened skin. ⇓ Cap bottles and 

place in cooler. 

• Rinse polycarb tubes. ⇓ Collect 8 cores using tabbed tubes: Retain tension on rope while 

pushing gravity corer deeper into sediment. Pull corer up and – keeping bottom end of core 

underwater and holding core upright – insert piston. Cores should be taken 1m apart from each 

other and from the thermal stick. Always hold cores upright. Avoid any area where sediment 

may have been disturbed, including area where Secchi disk was lowered. Place cores in core 

holder and cover with white paper bags. 

• Collect core for repository in an undisturbed location. Use polycarb without tabs—hold corer so 

that piston is not pushed all the way up and wrap duct tape around corer and tube to hold in 

place. After pulling up core, cut down to 5-10 cm above sediment/water interface and top 

thoroughly with Zorbitrol, cap, tape, label, and measure core sediment length and total core 

length. ⇓ On core tube, write lake name, site ID (FS - - -), and draw “up” arrow. Place in shade.  

• If a core is lost, spilling sediment that might contaminate the next core, record this, move 

position one boat length, record new position, and continue, taking remainder of cores as 

specified above. Take care not to core in any spoiled or previously cored location. ⇓ 

Vegetation sampling: 

• Use 1 m diameter hoop to characterize abundances of plant types. Place hoop even with seats 

on both sides at front and back of boat.  

• Estimate rice coverage in each hoop. ⇓ Count rice stems in each ring. ⇓ Note abundance of 

other plants within hoop area, including specific species (%sp) whenever possible, using plant 

guide for identification. ⇓ Look under floating leaves; sum can be over 100%.  Take a picture of 

each survey space. ⇓ 

• Describe the condition of the wild rice plants and general locations of stands. Estimate relative 

abundances of flowering rice plants and plants with seeds. Note overall abundance of wild rice 

(vs. open water) in representative rice stands on the lake, or as far as you can see. ⇓ 

• Collect voucher specimens: Pull out two wild rice plants (with flowers or seeds if possible), rinse 

sediment from roots, accordion fold and place into zippered plastic bags, noting site name and 

water depth. Put in cooler. [If rice is not present, collet other species as per decision tree 

instructions.] 

• Remove and rinse thermal stick. Record time. ⇓ Remove drive rods, cleaning off any sediment. 

Secure all equipment and return to shore. 

Shore processing: 



• Keep all samples either in the shade (repository core) or in the cooler (all other samples, 

including plants) at all times.  

• Wear gloves for all on-shore processing. 

• Pore water sampling: Extrude so that sediment surface is at top of core tube. Set up ring stand 

with core, in a secure spot in the shade. Place a piece of Saran wrap over the top of the core 

and poke a small hole in the center.  Evacuate serum bottle for 70 mL sample for TP/TN/DOC, 

first, using a needle and hand pump. Pump to approximately 25 inches Hg internal pressure, 

then remove needle slowly. Attach needle to Rhizon connection, sealing connection with Teflon 

tape. Seal any other connections between tubing pieces as well. Insert Rhizon sampler into 

sediment so that clear connector is just below the sediment surface.  Place serum vial upside-

down in ring stand clamp. Pierce septum with Rhizon needle, take out most of slack in Rhizon 

tubing, and tighten clamp rod on vertical rod so that tubing is as straight as possible. Leave to 

draw until fluid reaches the desired volume of 70 mL (bottle should be marked with 

approximate 70 mL line).  Insert additional Rhizon(s) if sipping becomes slow due to clogging of 

the porous part. Keep pushing Rhizon in if core surface lowers. When finished sipping, remove 

the needle from the bottle before removing the Rhizon from the core. Remove needle slowly to 

avoid air invasion.  If that core will not yield 70 mL, consider achieving the 70 mL goal by 

switching the serum bottle to the spare short core. Make a note on the field sheet if you do so. 

⇓  

• Meanwhile, set up second, third, and fourth short cores as described above. Evacuate the 

serum bottle for nitrate/metals, sipping 50 mL of pore water. Follow same procedure for 30 mL 

sample used for silica/chloride/sulfate. For sulfide bottle, (preloaded with zinc acetate, with 

nitrogen headspace), place Rhizon end into sediment then stick needle attachment into a 

evacuated “sacrificial” bottle to draw air out of the sipper. Once you see water pulling through 

into the bottle, remove needle and stick into sulfide bottle. (NB: Do not re-use needles from 

sulfide bottle in other bottles as this bottle contains zinc acetate and may contaminate other 

bottles.) Record start weight of sulfide bottle. ⇓ Sip 50 mL of pore water into sulfide bottle. 

• Take practical samples – as much as you can get until it gets slow and oxygen invasion is a 

concern. Ensure that top of Rhizon is always below the sediment surface, sipping pore water, 

and not above it, sipping air.  It is particularly important that air is not introduced into the 

sulfide sample. 

• Compositing cores: (This procedure and those below should be done while sulfide sample is 

sipping.) Turn on high-purity N2 gas to fill glove bag. Line bottom of glove bag with a piece of 

cardboard covered with plastic to make any necessary cleanup easier. Set up extruder. Place 

first core on extruder and push up piston until all water has been removed (i.e., sediment 

surface is at top of tube).  

• Porewater pH measurement: Using one of the cores that will be composited, insert the pH 

probe below sediment surface to 5 cm depth marked on probe. (If sand or gravel is present in 



core, use spatula to push aside sediment to make a narrow hole for the pH probe, to avoid 

scratching the electrode.) Hold there until reading stabilizes. Record reading. ⇓ 

• Place extruder tray on top of tube. Extrude top 10 cm of core, scraping mud into small, clean 

bowl bucket as necessary, mixing as little as possible. Discard remainder of core. Repeat with 

other two compositing cores, adding to the same bucket. Place sample into nitrogen glove bag. 

Seal bag that has been flushing with high-purity N2 for at least 10 minutes. Record observations 

of sediment texture, color, odor, etc. Stir composited sample vigorously to homogenize. Using 

rubber scraper, scoop enough subsample into glass AVS jar to fill approximately half full. Add 

zinc acetate preservative from vial (equivalent to 1 mL of 1N zinc acetate/50 mL sediment), then 

mix well to incorporate preservative. Fill headspace with N2 and close cap. Turn off nitrogen gas. 

Place AVS jar in cooler with dry ice, but not directly on the dry ice because rapid freezing at the 

bottom may cause breakage. Isolate the jar from the dry ice with a piece of cardboard. 

• Scoop remaining sediment into large jar. ⇓ Place large jar in cooler with ice. 

• Water sample splitting: Put on nitrile gloves. Shake bottle. If sample contains particulate matter, 

let settle prior to splitting and do not shake.  Split among the 3 subsample bottles; avoid direct 

contact between bottles while pouring. Add sulfuric acid to the “Nutrients” bottle, close tightly 

and invert to distribute acid.  Put empty acid vials into a Ziploc bag labeled with a hazardous 

waste label for disposal. DO NOT add acid to the “Metals” bottle—this will be done in the MDH 

lab. Tighten all caps again to ensure that samples are tightly sealed. Place all samples in cooler. 

Triple rinse amber sample bottles with deionized water. ⇓ 

• Hach water color: Fill outer test tube with clear water, either distilled water so that the 

meniscus is even with the upper line. Fill inner test tube to same level with unshaken water 

sample. Look through tubes towards sky and turn color wheel until the two tubes’ colors match. 

Record value. If water is too colored (>100), remove mirror and multiply value by 5. If still too 

colored, leave mirror out and dilute sample by half (empty to lower line and add distilled water 

to reach the second of the three lines), and then multiply the observed value by 10. Rinse lake 

sample tube with deionized water. ⇓ 

• Transparency: Shake second water sample bottle. Fill Secchi t-tube. In the shade, and without 

sunglasses, lower Secchi disk until it is no longer in view from above. Record depth. ⇓ Bring disk 

back up until just in view again. Record depth. ⇓ Average these two values and record as t-tube 

Secchi depth. ⇓ 

• Review data sheet to ensure that all fields have been entered. Do not leave any spaces blank.  

Make any necessary field notes. ⇓ 

• Decontamination: IF SITE HAS BEEN IDENTIFIED AS HAVING INVASIVE SPECIES PRESENT, while at 
the site, decontaminate all equipment using appropriate method (boiling water, alcohol, 
abrasion, etc.). At all other locations follow DNR protocol of removing aquatic plants from boat 
and trailer: rinse, drain, and dry. ⇓ 



• Complete MDH Chain of Custody form for samples: Using attached model, fill out one form for 
each site. Record names of both samplers, location ID, sample point, date, time when samples 
were collected (i.e., from lake, not time of shore subsampling), and lat/long of the site (under 
Sampler Comments). Sign form. All fields pertaining to Matrix code, quantity of 
containers/preservatives, and analyses should be already completed on the form. Direct any 
questions about form to Ed Swain. Place forms in Ziploc bag inside of cooler with samples. ⇓ 

• Do not take completed field data sheets back out onto boat. Enter data daily into database. 
• Upload and name photos in a new folder in Transfers. Folder name should contain Location ID 

(FS-xxx) and Sample Point (Site Name/DOW#). All files should include the Location ID in their 

names. 

• Press plants within two days of sampling (but preferably the same day of sampling), provided 

the plants have been kept cool and out of the sun. For each individual plant, arrange it 

accordion-like across the inside of a folded sheet of newspaper. With a waterproof Sharpie, 

write on the outside of the newspaper the type of plant (WR for wild rice, unknown for an 

unknown plant, etc.) location, date the plant was sampled, and your last name. You may put 

more information on paper with the plant, but the purpose of writing on the top of the 

newspaper is to be able to sort samples without opening the newspaper. Put the folded 

newspaper between blotting paper sheets, which are between ventilating cardboard pieces, 

within the plant press.  Compress the stack of plants and allow to dry. Change newspaper daily 

to avoid mold, especially in the first few days after collection, including weekends after 

returning from the field. 

• Re-freeze cold packs as needed and ensure that there is sufficient dry ice to keep AVS samples 

frozen. 

• Send brief report of day’s activities to SO4-project listserv. 

End of week: 

• Leave all equipment open in the garage so that it can air out.  

• Plug in boat batteries to charge. 

• Bill supplies and services for the week. 

• Upload all photos to the Transfers folder. Create a folder for each site, named “FS-###” and 

name each photo so that it includes the FS number. 

• When relinquishing samples to MPCA or MDH representative, complete “Relinquished 

by/Affiliation” along with date and time on lower part of Chain-of-Custody form. The accepting 

representative must complete the “Accepted by/Affiliation” portion of the form. 

Field duplicates (10% of sites): 



• Collect a complete duplicate set of cores and water samples from a site one canoe length away 

from your primary site. Treat as above, and label with a separate Location ID. 

Field blanks (5% of sites): 

• Rinse the brown plastic water sampling bottle three times with distilled or deionized water and 

then fill with the same water 

• Subsample into water bottles exactly as for regular water subsamples and label as BLANK  

• Record provenance of distilled water used (e.g., Civil Engineering Building low-purity DI, [brand 

name] commercial distilled water, etc.) 

• Set up four clean, empty core tubes and sipping apparatus on extruder and lab stand. Fill with 

water used above.  Sip as above and label with date, a separate Location ID, and BLANK in space 

for Site name/DOW number. 



Decision tree for determining location to take cores at wild rice study sites 

 Ed Swain draft July 17, 2012 
 

1 Site has wild rice.........................2 

 No wild rice evident....................3 

2 Is a previously-cored site that has GPS location........  
Core as close as possible to earlier site, in a wild rice bed. 

 Is not a previously-cored site that has GPS location....... 
Choose a wild rice bed to sample in. 

3 No aquatic macrophytes evident anywhere at the site (ignore cattails)........ 
Note lack of macrophytes and take reconnaissance samples (UA-1). Don’t take sediment samples. 

 Aquatic macrophytes evident at the site..............4 

4 White or yellow water lily pads present……………………. 
Core in midst of the lily pads, noting lily species. 

 White or yellow water lily pads not present……………5 

5 Other floating-leaved macrophytes (ignore duckweed) present……………. 
Choose a bed of such plants, sample, and take a voucher plant of the major type for 
identification. 

 Other floating-leaved macrophytes (ignore duckweed) not present……………..6 

6 Submerged macrophytes present………… 
Choose a site in about 3 feet of water or less and sample. Take a voucher plant of the major type 
for identification. 

 Submerged macrophytes not present………………7 

7 Only emergent macrophytes (ignore cattails) present………. 
Choose a site in about 3 feet of water or less and sample.  Take a voucher plant of the major type 
for identification. 

 

 

 

 

 

 

 



Field sampling data sheet MCPA/LacCore SO4 project Revision 2.7, 8/14/2012 CF

LacCore ID

DNR ID

AIS status Yes No

Date
(mm/dd/yyyy)

Time
(24 hr)

Crew member

Crew member

Others present

Air temp

Wind

Weather Flow conditions

Water level

Water quality sonde Hach 1 Hach 13 Quanta GPS_devic 1 2 3 Boat Canoe Motorboa

Boat orientation N NE E SE S SW W NW Photos_taken Map/Site N E S W

Latitude Longitude

Elevation_
core Accuracy Waypoint_c

ore
Temperature spC pH

Secchi depth Secchi water depth

Thermal stick deployed Yes No Time in: Time out:

surface

depth

Repository core total length Repository core sediment length

% Wild Rice

# wild rice stems

% submergent

% floating leaf

% emergent

% sp.:

Plant ring

mS/cm uS/cm

Water sample_taken Yes No

% sp.:

% sp.:

% sp.:

% sp.:

°C °F

m ft

m ft m ft

°C °F

m ft m ft

Name Name NameName

Photo 1 Photo 2 Photo 3 Photo 4

Location

Plant rings

Benchmark location

Hydrolab_calibrate Yes No

Sediment probe observations

Rinse core tubes Yes No Collect cores Yes No

Comments on
location

Ring 1 Ring 2 Ring 3 Ring 4

cm in cm in

Lake ID

Exact Approximat Generalat/long type



Field sampling data sheet MCPA/LacCore SO4 project Revision 2.7, 8/14/2012 CF

photo_taken

Commen
ts_taxa_s

ite

Rice
Notes

% Open water in sight

2 mature wild rice plants
collected for pressing

Yes No

Sulfide vial weight (g)

rhizons_used

composite
jar_FS_collected

Yes No

AVS stored on
dry ice

Yes No

Sediment description organic sand fine coarse shells gassy

Sediment color

Pore water pH

250 mL Metals Yes No

250 mL General Yes No

250 mL Nutrients (w/H2SO4) Yes No

(with mirror) value =

(no mirror) value (x5) =

T-tube bottle shaken Yes No T-tube Secchi depth disappear

T-tube Secchi depth appear

T-tube Secchi depth average

Decontamination AIS Label_added Yes No

Comments_ge
neral

File photo backup Yes No

Data_uploade Yes No Plants_pressed Yes NoDaily
report_sent

Yes No

Billed Yes No

Shore Processing

70 mL
50 mL

50 mL
30 mL

AVS preservative added Yes No

Water subsampling

Pore water sippers

Composite mud sample

Hach color wheel

(no mirror + dilution) value (x10) =

Complete MDH COC form Yes No

T-tube

cm in

cm in

Commen
ts_plant

cm in



Appendix C 

 

Overview protocol for SO4 sediment sample processing 
11/7/11 (original) 

10/18/12 Draft: revised by Amy to reflect 2012 protocol 

10/19/2012 revised by Amy after discussion w/lab staff 

11/3/12 revised by Amy to change protocol for freeze died samples 

IMPORTANT: 
Use FS- number AND site name on all labels 

Tare balance for sample container 

HOMOGENIZE FOR WATER CONTENT AND SEDIMENT TEXTURE BEFORE ALL SUBSAMPLING 

Record all information, including sample weights, into database 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Wet sample 

LOI 

LacCore 

TIC 

coulometry 

Phytoliths 

SCWRS 

TP 

P-frac 

metals 

Freeze dry, grind in mortar 

 
ship 

Weigh sample, 

about 5g, into 

50mL cent. tube 

Organic grain size 

sieving 

prep 

LOI on 

fractions 

analysis 

Weigh sample, 

about 20g, into 

specimen cup QC LOI 

data ASAP 

 

Smear slide 

Subsample into Poly-con 

 

LLO 

TC, TN, TS 

Subsample 11 sites for duplication of all analyses (same spls for all) (but see comment directly above 

to left) – Amy/Ed will select 

 

1g dry  

equivalent 

 

0.5g dry  

equivalent 

 

These samples don’t need to be pulled 

twice for duplicate analyses.  Duplicates 

can be run by subsampling from the 

same container. 

 



Appendix D. Summary data from the sites sampled in 2011 and 2012. 
 
Complete data can be obtained from the Minnesota Pollution Control Agency. 

Explanation of Field Names in Appendix D 

Site  Name: The name of the lake, stream, or wetland.  When possible, the name established by 
the Minnesota DNR is used that corresponds to the state location ID. If a cultivated rice 
paddy was sampled, the site name is listed as “Rice paddy.” 

County: The county in which the site is located, or if a lake is large, the county that the 
Minnesota DNR assigns to the state location ID. 

State Location ID:  The state’s location identification numbers correspond to lakes, wetlands, or 
streams.  Stream numbers start with an “S”.  Cultivated rice paddies were assigned a 
wetland ID, which starts with “WT”. 

LacCore Site ID: LacCore staff, who conducted the field surveys, assigned a site ID for each 
sample visit.  LacCore site IDs assigned during the 2011 preliminary survey start with a “P”. 
Site IDs assigned during the 2012 field survey start with “FS”. 

Collect cores?: If sediment cores were collected during a site visit, “Yes” is listed. 

Date Site Visit: The date of the site visit is given. 

Porewater pH: After sediment cores are transported to shore for processing, the pH of the 
porewater is measured by inserting a pH probe 5 cm into a core. 

Surface water pH: The pH of the water at the sampling site, just below the surface, as measured 
with a field Sonde. 

Surface water Conductivity (micro S/cm): The conductivity of the water at the sampling site, 
just below the surface, as measured with a field Sonde, corrected to 25°C. 

Surface water temp C: The temperature of the water at the sampling site, just below the surface, 
as measured with a field Sonde. 

Wild rice in plant rings (average % cover): The average percent cover, as estimated by the field 
crew in 4 1-m diameter rings dropped over the side of the boat at the sediment coring site. 

 



Site  Name County  State Location 

ID

LacCore 

Site ID

Collect 

cores?

Date Site  Visit Porewater 

pH

Surface 

water pH

Surface water 

Conductivity 

(micro S/cm)

Surface 

water 

temp C

Wild rice in 

plant rings 

(average % 

cover)

Anka Douglas 21-0353-00-202 P-34 09/16/2011 7.2 8.0 370 15.5 11

Anka Douglas 21-0353-00-202 FS-192 Yes 08/29/2012 6.8 8.4 441 32.9 1

Bass Itasca 31-0576-00-207 FS-134 Yes 09/18/2012 7.6 8.1 266 13.4 33

Bean Becker 03-0411-00-201 FS-85 Yes 08/21/2012 7.3 9.8 411 20.2 0

Bear Freeborn 24-0028-00-206 FS-178 No 07/25/2012 8.7 297 27.7

Bee Polk 60-0192-00-202 FS-87 Yes 08/23/2012 6.9 8.7 370 25.3 19

Big Mud Sherburne 71-0085-00-201 FS-193 Yes 08/30/2012 6.5 7.4 233 24.1 4

Big Sucker Itasca 31-0124-00-203 FS-216 Yes 09/12/2012 6.4 7.3 201 17.9 1

Big Swan Todd 77-0023-00-208 FS-204 Yes 08/10/2012 6.4 7.5 362 23.9 55

Big Swan Todd 77-0023-00-207 FS-205 Yes 08/10/2012 6.6 7.7 357 27.1 18

Birch Saint Louis 69-0003-00-205 P-12 08/30/2011 5.6 7.5 92 20.3 30

Birch Saint Louis 69-0003-00-205 FS-89 Yes 09/10/2012 6.9 7.0 104 19.0 26

Blaamyhre Kandiyohi 34-0345-00-203 FS-52 Yes 08/01/2012 6.9 8.2 326 28.5 15

Bowstring Itasca S007-219 FS-214 Yes 09/11/2012 6.7 7.3 226 17.3 28

Bray Otter Tail 56-0472-00-202 FS-126 Yes 08/20/2012 6.6 9.4 229 24.6 2

Caribou Saint Louis 69-0489-00-205 P-32 09/15/2011 8.7 120 18.2 0

Caribou Saint Louis 69-0489-00-206 FS-63 Yes 09/03/2012 6.1 8.7 130 28.1 0

Clearwater Clearwater S004-204 FS-88 Yes 08/24/2012 7.2 7.3 515 21.2 61

Clearwater Clearwater S002-121 FS-189 Yes 08/28/2012 7.6 8.0 490 20.9 2

Cloquet Lake 38-0539-00-201 P-31 09/14/2011 6.0 7.2 59 12.7 33

Cromwell Clay 14-0103-00-201 FS-128 Yes 08/22/2012 7.0 9.6 591 23.7 0

Dead Fish Carlton 09-0051-00-202 P-44 09/20/2011 6.3 7.7 196 12.8 21

Dead Fish Carlton 09-0051-00-202 FS-64 Yes 09/04/2012 7.5 7.4 156 23.8 0

Eighteen Polk 60-0199-00-202 FS-86 Yes 08/22/2012 6.8 8.6 395 24.8 24

Elk Clearwater 15-0010-00-204 P-6 08/25/2011 6.4 7.2 231 22.8 11

Elk Clearwater 15-0010-00-204 FS-137 Yes 09/19/2012 7.8 9.2 273 16.5 7

Embarrass Saint Louis 69-0496-00-202 P-9 08/29/2011 8.0 170 21.6 0

Embarrass Saint Louis 69-0496-00-203 FS-95 Yes 09/14/2012 7.8 8.0 196 17.1 0

Field Kandiyohi 34-0151-00-201 FS-76 Yes 07/25/2012 6.8 8.5 177 27.4 0

Fisher Scott 70-0087-00-201 FS-195 Yes 08/31/2012 6.5 8.3 564 28.5 25

Flowage Aitkin 01-0061-00-205 P-51 09/22/2011 6.4 7.3 155 11.7 70

Flowage Aitkin 01-0061-00-206 P-52 09/22/2011 54

Flowage Aitkin 01-0061-00-204 FS-81 Yes 08/07/2012 6.5 6.9 124 25.5 0

Gilchrist Wright 86-0064-00-201 FS-194 Yes 08/31/2012 6.5 7.4 337 22.9 0

Glesne Slough Kandiyohi 34-0353-00-201 FS-51 Yes 07/31/2012 6.7 7.2 513 25.6 23

Gourd Beltrami 04-0253-00-201 P-23 09/07/2011 6.7 7.0 235 20.7 17

Gourd Beltrami 04-0253-00-201 FS-104 Yes 06/27/2012 6.3 254 24.2

Grand Saint Louis 69-0511-00-203 P-39 09/17/2011 9.3 126 13.1 0

Gull Beltrami 04-0120-00-204 P-20 09/06/2011 6.9 7.0 177 19.4 7

Gull Beltrami 04-0120-00-204 FS-213 Yes 09/10/2012 6.3 7.3 226 14.9 5

Ham Anoka 02-0053-00-201 P-22 09/06/2011 7.6 290 21.8 0

Hay Itasca 31-0037-00-202 P-45 09/21/2011 6.6 8.3 388 13.1 0

Hay Itasca 31-0037-00-203 P-46 09/21/2011 6.7 0

Hay Itasca 31-0037-00-202 FS-130 Yes 09/06/2012 7.5 8.0 434 19.5 54

Hay Creek Flowage Pine 58-0005-00-202 FS-221 Yes 09/17/2012 6.4 7.1 258 17.8 59

Height of Land Becker 03-0195-00-210 P-1 08/22/2011 6.9 8.7 234 22.2 28

Height of Land Becker 03-0195-00-210 FS-127 Yes 08/21/2012 7.1 7.9 313 21.0 70

Hinken Creek Itasca S007-207 FS-131 Yes 09/05/2012 6.9 7.5 276 21.3 19

Hoffs Slough Swift 76-0103-00-201 FS-185 Yes 08/01/2012 6.7 7.8 1030 21.2 0

Holman Itasca 31-0227-00-202 FS-218 Yes 09/13/2012 6.7 7.7 355 15.9 0

Hunt Rice 66-0047-00-208 FS-182 Yes 07/27/2012 7.9 9.4 274 27.3 0

Ina Douglas 21-0355-00-201 P-37 09/16/2011 7.8 420 17.7 0

Ina Douglas 21-0355-00-202 FS-191 Yes 08/29/2012 6.7 8.6 379 23.3 9

Itasca Clearwater 15-0016-00-208 P-5 08/25/2011 6.8 8.7 266 22.9 20

Itasca Clearwater 15-0016-00-207 P-7 08/25/2011 6.5 9

Itasca Clearwater 15-0016-00-208 FS-136 Yes 09/19/2012 8.1 9.4 16.3 8

Kelly Lake Rice 66-0015-00-204 FS-207 Yes 08/13/2012 6.1 8.8 27.7 0

Lady Slipper Lyon 42-0020-00-204 P-55 09/22/2011 7.5 8.7 1082 13.6 0

Lady Slipper Lyon 42-0020-00-202 FS-78 Yes 07/27/2012 7.4 9.2 1136 25.1 0

Lady Slipper Lyon 42-0020-00-203 FS-79 Yes 07/27/2012 7.3 9.3 1125 26.4 0

Lax Lake 38-0406-00-203 P-18 09/02/2011 7.9 79 21.4 0

Lily Waseca 81-0067-00-203 P-61 09/28/2011 6.4 7.2 316 16.2 23

Lily Waseca 81-0067-00-203 P-62 09/28/2011 0

Lily Waseca 81-0067-00-202 FS-180 Yes 07/26/2012 6.2 6.9 305 26.8 19

Little Birch Todd 77-0089-00-208 P-47 09/21/2011 6.5 7.4 348 16.4 11

Little Birch Todd 77-0089-00-207 FS-54 Yes 08/03/2012 6.7 8.6 312 26.5 11

Little Flat Becker 03-0217-00-201 P-4 08/24/2011 6.5 8.1 392 23.1 36

Little Rice Saint Louis 69-0612-00-201 FS-250 Yes 09/20/2012 6.0 6.7 50 11.3 9

Little Round Becker 03-0302-00-204 P-3 08/24/2011 6.5 7.7 284 21.8 25

Little Round Becker 03-0302-00-203 FS-138 Yes 09/20/2012 7.8 8.7 467 13.7 46

Little Sucker Itasca 31-0126-00-202 FS-223 09/14/2012 6.7 7.2 261 16.0 0

Long Prairie Douglas S007-204 FS-202 Yes 08/09/2012 7.2 7.5 456 21.9 9

Long Prairie Douglas S007-203 FS-203 Yes 08/09/2012 7.3 7.7 465 22.8 46
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Louisa Wright 86-0282-00-205 FS-200 Yes 08/08/2012 6.6 7.6 427 22.3 0

Louise Douglas 21-0094-00-202 FS-226 Yes 08/14/2012 8.0 8.7 366 23.6 17

Lower Panasa Itasca 31-0112-00-202 FS-140 Yes 08/29/2012 6.6

Lower Panasa Itasca 31-0112-00-202 FS-60 No 08/29/2012 8.7 329 26.2 0

Lower Rice Clearwater S006-985 P-25 09/08/2011 7.2 7.2 323 18.1 50

Lower Rice Clearwater S006-985 P-26 09/08/2011 6.8 6.8 325 19.0 53

Maloney Wabasha 79-0001-00-201 P-63 09/29/2011 6.4 7.3 617 17.1 65

Maloney Wabasha 79-0001-00-201 P-64 09/29/2011 0

Maloney Wabasha 79-0001-00-201 FS-175 Yes 07/23/2012 6.7 7.2 435 30.6 0

McCormic Stearns 73-0273-00-203 FS-187 Yes 08/02/2012 7.4 9.5 274 27.5 1

Menomin Crow Wing 18-0126-02-201 FS-133 Yes 09/17/2012 7.1 9.0 349 18.1 0

Mill Pond Douglas 21-0034-00-202 FS-229 Yes 08/16/2012 6.7 7.6 495 21.1 30

Mill Pond Douglas 21-0034-00-202 FS-230 Yes 08/16/2012 6.9 7.7 491 22.3 22

Miltona Douglas 21-0083-00-205 FS-225 08/13/2012 8.5 326 24.8 0

Miltona Douglas 21-0083-00-205 FS-227 08/14/2012 6.9

Mink Wright 86-0229-00-206 FS-201 Yes 08/08/2012 7.0 9.6 262 24.9 0

Mink Wright 86-0229-00-207 FS-129 Yes 08/23/2012 6.3 7.5 267 23.1 0

Mission Pine S001-646 FS-80 Yes 08/06/2012 6.8 7.1 239 21.9 52

Mississippi Becker S007-163 P-14 09/01/2011 6.6 7.8 251 21.3 71

Mississippi Itasca S006-923 P-15 09/01/2011 6.6 7.6 255 22.2 44

Mississippi Itasca S006-923 FS-57 Yes 08/28/2012 7.4 7.6 293 25.6 0

Mississippi Becker S007-163 FS-58 Yes 08/28/2012 7.2 7.7 266 24.7 0

Mississippi (Crow Wing) Crow Wing S007-205 FS-83 Yes 08/08/2012 6.9 7.6 234 24.4 0

Mississippi Pool 4/Robinson Lake Wabasha 79-0005-02-202 FS-210 Yes 08/16/2012 6.7 7.1 339 21.3 21

Mississippi Pool 4/Robinson Lake Wabasha 79-0005-02-201 FS-211 Yes 08/16/2012 7.0 7.2 310 22.2 51

Mississippi Pool 5 / Spring Houston S007-221 FS-212 Yes 08/17/2012 7.9 9.2 292 21.2 18

Mississippi Pool 8 at Genoa Houston S007-222 FS-208 Yes 08/14/2012 7.1 8.1 342 27.6 44

Mississippi Pool 8 at Reno Bottoms Houston 28-0005-00-201 FS-209 Yes 08/15/2012 6.8 7.6 344 24.1 46

Monongalia Kandiyohi 34-0158-01-202 P-42 09/20/2011 6.5 6.9 680 13.0 3

Monongalia Kandiyohi 34-0158-02-204 FS-77 Yes 07/26/2012 7.4 8.2 347 28.4 39

Mortenson Kandiyohi 34-0150-02-201 FS-75 Yes 07/24/2012 6.9 7.9 262 27.9 0

Mud Otter Tail S004-735 P-2 08/23/2011 8.4 350 24.1 0

North Geneva Freeborn 24-0015-00-209 FS-176 Yes 07/24/2012 6.7 8.9 298 30.1 0

Ox Hide Itasca 31-0106-00-203 FS-132 Yes 09/07/2012 6.8 8.0 373 20.3 4

Ox Hide Itasca 31-0106-00-203 FS-198 Yes 09/07/2012 7.0 7.9 373 20.0 0

Padua Stearns 73-0277-00-203 P-29 09/13/2011 6.2 7.3 271 18.6 2

Padua Stearns 73-0277-00-202 FS-220 Yes 08/07/2012 6.4 9.2 314 25.3 0

Partridge Sibley S002-599 P-13 08/31/2011 6.6 6.4 191 19.4 29

Partridge Sibley S002-599 FS-92 Yes 09/12/2012 7.4 7.8 260 16.0 2

Pelican Grant 26-0002-00-219 P-8 08/26/2011 0

Pelican Grant 26-0002-00-219 P-33 09/15/2011 8.5 363 18.3 0

Pelkey Morrison 49-0030-00-202 FS-55 Yes 08/26/2012 6.7 9.4 208 29.6 0

Pike Sibley S006-927 P-10 08/30/2011 6.6 7.0 172 21.8 19

Pike Sibley S006-927 P-10 08/30/2011 6.6 7.0 172 21.8 19

Pike Sibley S006-927 FS-91 09/11/2012 6.8 7.5 215 19.9 24

Pine Clearwater 15-0149-00-205 FS-190 Yes 08/28/2012 6.6 8.6 369 26.4 48

Pleasant Cass 11-0383-00-207 P-27 09/09/2011 6.3 7.6 171 21.4 13

Pleasant Cass 11-0383-00-207 FS-84 Yes 08/10/2012 6.3 7.3 210 20.7 0

Pool 9 Anoka 02-0504-00-202 P-53 08/19/2011 6.5 6.8 187 23.5 19

Pool 9 Anoka 02-0504-00-202 FS-109 Yes 07/03/2012 5.9 5.9 200 27.7 24

Popple River Itasca S006-188 FS-215 Yes 09/11/2012 6.7 7.8 258 19.3 12

Prairie Itasca S007-209 FS-196 Yes 09/03/2012 6.4 7.7 196 26.6 16

Rabbit Crow Wing 18-0093-02-204 FS-82 Yes 08/08/2012 6.8 7.5 272 22.9 0

Raymond Stearns 73-0285-00-203 P-28 09/12/2011 7.3 7.6 333 22.8 30

Raymond Stearns 73-0285-00-203 FS-53 Yes 08/02/2012 7.0 4.0 284 30.8 19

Rice Crow Wing 18-0053-00-203 P-56 09/23/2011 7.6 276 11.6 0

Rice Crow Wing 18-0053-00-203 P-69 09/27/2011 6.4 7.2 224 17.7 19

Rice Steele 74-0001-00-201 FS-179 Yes 07/25/2012 7.2 9.3 204 31.0 0

Rice Rice 66-0048-00-203 FS-181 Yes 07/27/2012 6.9 7.1 330 23.3 0

Rice Stearns 73-0196-00-216 Fs-184 Yes 07/30/2012 6.6 9.5 278 31.5 0

Rice Crow Wing 18-0053-00-203 FS-56 Yes 08/27/2012 6.5 7.4 234 20.9 4

Rice Anoka 02-0008-00-206 FS-231 Yes 08/17/2012 6.7 9.3 351 23.1 0

Rice paddy Pennington WT00026 FS-101 Yes 06/25/2012 5.4 7.2 229 23.7 4

Rice paddy Pennington WT00027 FS-102 Yes 06/26/2012 6.2 6.4 897 21.4 39

Rice paddy Pennington WT00028 FS-103 Yes 06/26/2012 6.3 8.6 927 27.9 24

Rice paddy Clearwater WT00029 FS-106 Yes 06/28/2012 5.9 7.8 434 22.1 25

Rice paddy Clearwater WT00030 FS-107 Yes 06/28/2012 6.2 7.2 489 24.2 80

Rice paddy Crow Wing WT00031 FS-108 Yes 06/29/2012 5.9 7.3 132 23.0 34

Rice River Itasca S006-208 FS-199 Yes 09/05/2012 7.3 7.5 247 19.1 29

Sand Sibley S003-249 P-11 08/30/2011 6.5 6.5 228 19.6 6

Sand Sibley S003-249 FS-90 Yes 09/11/2012 7.2 7.7 322 15.7 1

Sandy Saint Louis 69-0730-00-203 FS-251 Yes 09/21/2012 7.0 6.5 120 12.0 1

Second Clearwater 15-0091-00-202 P-24 09/07/2011 6.6 7.7 252 24.1 16
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Second Clearwater 15-0091-00-202 FS-105 Yes 06/27/2012 5.8 8.1 265 32.4 13

Snowball Itasca 31-0108-00-202 FS-197 Yes 09/04/2012 6.2 8.4 211 22.3 0

South Geneva Freeborn 24-0015-00-208 FS-177 Yes 07/24/2012 6.4 8.7 306 32.0 0

St. Louis Sibley S006-929 P-16 09/01/2011 6.9 6.7 343 19.8 0

St. Louis Sibley S006-929 P-17 09/01/2011 6.0 6.4 11 19.0 30

St. Louis Sibley S007-208 FS-69 Yes 09/07/2012 6.5 6.9 75 17.7 0

St. Louis Sibley S006-929 FS-70 Yes 09/07/2012 7.8 349 16.2 0

St. Louis Estuary Sibley S006-926 P-40 09/19/2011 8.3 208 18.1 0

St. Louis Estuary Sibley S007-206 FS-66 Yes 09/05/2012 7.3 8.1 226 21.9 0

St. Louis Estuary Pokegama Bay Douglas Co., Wisconsin S006-928 P-41 09/19/2011 7.9 178 17.9 0

St. Louis Estuary Pokegama Bay Douglas Co., Wisconsin S006-928 FS-67 Yes 09/05/2012 6.9 8.1 211 25.4 0

Stella Meeker 47-0068-00-205 P-30 09/14/2011 5.9 7.9 374 20.5 14

Stella Meeker 47-0068-00-204 FS-188 Yes 08/27/2012 6.9 8.7 337 26.0 0

Stone Lake Saint Louis 69-0046-00-201 FS-224 Yes 09/19/2012 6.3 7.5 105 13.0 6

Sturgeon Saint Louis S004-870 FS-94 Yes 09/13/2012 6.9 7.0 98 15.0 14

Swan Kandiyohi 34-0223-00-203 FS-50 No 07/30/2012 8.1 429 28.4

Swan Itasca 31-0067-02-206 FS-61 Yes 08/30/2012 6.6 7.8 299 23.6 3

Swan Itasca 31-0067-02-206 FS-62 Yes 08/30/2012 6.5 8.3 301 26.8 1

Tamarac Otter Tail 56-0192-00-203 FS-125 Yes 08/19/2012 6.5 8.8 300 27.8 0

Trout Itasca 31-0216-00-212 FS-219 Yes 09/13/2012 6.6 8.7 325 19.7 0

Turpela Saint Louis 69-0427-00-201 FS-93 Yes 09/12/2012 7.3 7.7 176 18.8 1

Unnamed Kandiyohi 34-0611-00-201 P-57 09/23/2011 6.9 7.7 362 16.9 33

Unnamed Kandiyohi 34-0611-00-201 FS-183 Yes 07/30/2012 6.7 8.6 360 25.4 16

Upper Panasa Itasca 31-0111-00-202 FS-59 Yes 08/29/2012 7.4 8.7 345 23.1 0

Welby family farm Wright 86-0237-00-202 FS-139 Yes 09/21/2012 7.0 8.3 342 14.8 2

West battle Otter Tail 56-0239-00-204 FS-228 Yes 08/15/2012 6.9 8.6 330 25.8 35

Westport Pope 61-0029-00-204 FS-186 Yes 08/01/2012 7.5 8.9 311 27.2 0

Wild Rice Carlton 09-0023-00-201 P-43 09/20/2011 7.2 130 12.6

Wild Rice Carlton 09-0023-00-202 FS-65 Yes 09/04/2012 6.6 6.8 107 26.3 0

Wild Rice Reservoir Saint Louis 69-0371-00-203 P-36 09/16/2011 5.5 8.1 111 12.9 8

Wolf Saint Louis 69-0143-00-203 P-19 09/02/2011 5.8 6.5 18 20.8 56

Wolf Saint Louis 69-0143-00-101 FS-68 Yes 09/06/2012 6.3 6.8 57 20.7 2



 

Appendix E.  Standard operating procedures (SOPs)  

Loss-on-ignition (LOI) 

Total inorganic carbon (TIC) coulometry 

Total sulfur (TS) coulometry 

Total carbon and total nitrogen elemental analysis (TC/TN) 
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Loss-on-Ignition 
 
Purpose 
Water, organic matter, carbonate mineral, and siliciclastic+diatom content are estimated by sequentially 
measuring weight loss in sediment core subsamples after heating at selected temperatures. 
 
A compositional profile can be generated rapidly and for very low cost.  This profile is sufficient to develop a 
general sense of core stratigraphy and often is sufficient for correlation between cores. 
 
The results are accurate to 1-2% for organic matter and carbonate in sediment with over 10% organic matter. In 
clay- or diatom-rich sediment, water of hydration is lost during the carbonate burn, resulting in errors of up to 
5% for carbonate analyses (and “false positive” carbonate content in carbonate-free sediments).  If high 
precision (0.1%) is needed, or if sediment is in short supply, coulometric analysis is recommended. 
 
A nonprogrammable Lab Line L-C oven is used for the 100ºC drying step. Other drying ovens are also available 
in the lab.  A drying oven rather than a furnace is used for the 100°C step because the furnaces ramp up to 
temperature quickly and may overshoot 100°C by an amount that could affect the analysis.   
 
A Fisher Scientific Isotemp programmable muffle furnace is used for the 550°C and 1000°C steps.  This is a 
multiple mode instrument capable of reaching 1125°C and controlling temperatures to better than ± 15ºC with a 
± 10ºC temperature uniformity.  The programmable circuit will provide the necessary corrections to maintain 
temperatures at established set point.  This furnace holds 200 samples at a time. Another furnace, the Lindberg 
Blue M, is available for use as a backup, but only holds 50 samples. This is a 2 mode instrument capable of 
controlling temperatures to better than ± 10ºC. The automatic reset circuit will provide the necessary corrections 
to maintain temperatures at established set point.  
 
Procedure Summary 
Subsamples are placed in weighed crucibles and weighed.  Weight loss is measured after heating at 100ºC 
overnight to remove water, at 550ºC for four hours to remove organic matter, and at 1000ºC for two hours to 
remove carbonates.  After each heating step, the firebrick holding crucibles is allowed to cool completely in the 
oven or furnace before weighing, or placed in a desiccator if crucibles cannot be weighed immediately. Samples 
must be cool so that convection currents do not affect the balance, and kept in the oven, furnace, or desiccator 
so that they do not absorb atmospheric water. Samples must not be placed in a non-venting desiccator when 
warm. 
 
Ash left at the end of the procedure can be saved for analysis of remaining elements as oxides. 
 
Only one heating step can be accomplished each day, because the 100°C drying time, and the ramp-up and cool-
down times of the furnaces are all >8-10 hours.  The user should thus plan five days, ideally consecutively: 
Day 1 Weigh crucibles (if necessary), subsample, and weigh (initial or wet weightt); place samples in drying 
oven at 100°C (allow several hours for these steps, depending on subsampling complexity). 
Day 2 Turn off oven, let samples cool, weigh (100°C, dry weight, or water loss); place samples in furnace at 
550°C for 4 hr (about 0.5-1 hour per tray of 25 samples). 
Day 3 Weigh (550°C or organic matter loss); place samples in furnace at 1000°C for 2 hr (about 0.5-1 hour per 
tray of 25 samples). 
Day 4 Weigh (1000°C or carbonate loss), discard or save sample residues, wash crucibles, place crucibles back 
in trays, place trays of crucibles in furnace at 1000°C for 2 hours to completely clean the crucibles. 
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Day 5 Turn off oven, allow crucibles to cool completely, remove trays from drying oven, cover with foil, and 
place in desiccator for reuse (1-2 hr). Label these trays as clean and ready to be reused. 
 
Equipment 
Ceramic crucibles 
Firebricks drilled to accept crucibles 
Sampling device (spatula, syringe) 
Desiccator(s) 
Drying oven 
Muffle furnace capable of reaching 1000°C 
Balance weighing in grams to 4 decimal places 
 
Safety 
The most obvious hazard in LOI is being burned by hot samples fresh out of the furnace.  Be patient.  The high-
temp gloves and mitts are only good to about 350°C and can be awkward to use. 
 
The muffle furnaces each have a thermocouple (looks like a white stick with metal protruding from the end) 
which penetrates in through the back of the chamber.  It is easily damaged, so be careful not to bump it when 
adding or removing samples. 
  
Procedure Detail 
1. Select and weigh 25 crucibles per fire brick tray.  You can prepare up to 200 samples (eight trays) for 

analysis at a time.  
a. Never touch crucibles with your hands.  Skin oils will add weight and introduce error to your results.  

Always use a pair of tweezers when handling crucibles. 
b. The crucibles are numbered with permanent glaze. Check to see that they are in order in the brick 

(see below) and that you are starting with the lowest numbered crucible in your tray. Keep good 
notes! As soon as you’ve mixed things up the data are useless. 

c. When not burning or being weighed, the crucibles and the samples they contain must be stored in a 
desiccator.  Make sure there is enough desiccator space for the number of samples you hope to 
analyze.  Wait until the samples are cool (<30°C) before putting them in the desiccator:  the decrease 
in pressure upon cooling of the air in the desiccator will vacuum-seal the desiccator shut and it’ll be 
very difficult to open.   

d. Always remove aluminum foil before placing trays in drying oven or furnace  
2. Record your crucible weights in the LOI template spreadsheet [saved in transfers/SOPs/ as 

LOI.Template.xls].  This new template will highlight (in red) any weights entered that are clearly incorrect 
(i.e., less than or equal to the empty crucible weight or greater than or equal to the weight of the preceding 
burn).   

3. Place some sample (~1-5 cc) in each crucible and weigh.  Weighing should be done as soon as each tray is 
filled, do not wait to fill multiple trays before weighing.  This is your wet weight.  Record in LOI 
spreadsheet.  Note:  if you use the LOI macro (more about which later), the samples do not have to be 
volumetric.   

4. Heat these samples at 100-105°C overnight or for at least 12 hours in the drying oven.  This will 
evaporate water and the resulting weight will be your 100°C weight.  Let samples cool in the oven, until 
<30°C, before weighing.  If you cannot weigh the samples immediately after they cool, place in a desiccator 
with aluminum foil between each tray until you can weigh them.   
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5. After weighing and recording your 100°C weight, return the samples to the furnace for a 4-hour burn at 

550°C.  This will burn off organic matter. The following day, after samples have cooled in the furnace, 
samples can be weighed.  If you cannot weigh the samples immediately after they cool, place in a desiccator 
with aluminum foil between each tray until you can weigh them.  This will allow samples to take in air 
moisture and throw off your weights.  See furnace directions below. 

6. Record your post-550 burn weights in the spreadsheet and return the samples to the oven for a 2-hour 
1000°C burn.  This will burn off a combination of carbonate material and some of the water stored in the 
lattice of clay minerals and diatom silica. See furnace directions below.      

7. After cooling, record this weight as your final measurement.  You may discard the sample remaining in the 
crucible, or save it for another analysis.   

8. Run the LOI Macro. See directions below.  
9. Clean the crucibles for the next user. 

a. Two buckets are needed and should be in or near 
the sink in room 680A.  Fill one bucket with 
warm tap water and add soap from the bottle 
labeled “Lab Soap” above the sink.  Fill the other 
bucket with low-purity deionized water from 
carboy above the adjacent sink. 

b. Remove any remaining residue and place the 
crucibles in the warm tap-water bath. 

c. Using a brush found above the sink, scrub the 
crucibles until all baked on residue is gone.  Some 
discoloration will remain. 

d. Rinse the crucibles in the DI water bath, shake dry 
and place in the firebrick tray following the 
numbering system designated in the figure on the 
right. 

e. Place all washed trays of crucibles in the furnace 
and burn at 1000°C for two hours (in the same manner as the carbonate burn). 

f. The following day, remove all trays from the furnace, cover with aluminum foil and place in 
appropriate desiccators. Use the “Cleaned 1000°C” crucible icons or label the trays “Cleaned and 
burned at 1000°C” between each tray so that the next person knows they are ready to be used.   

 
 

How to use the Lab Line L-C oven 
1. Open the oven and place your trays on the shelving in the oven.  Load in the top trays first to prevent 

contamination of the samples. Close the oven door 
2. Turn on the oven using the switch on the front panel. 
3. Set the temperature knob about ¾ of the way between a setting of 4 and 5 to heat the oven to 100°C.  
4. The oven does not have a temperature feedback control system, it is a good idea to periodically check the 

temperature on the oven to make sure it reaches 100°C but does not greatly exceed 100°C.   
 
How to use the Isotemp muffle furnace in Ramp and Soak mode 
1. Open the flue on top of the furnace. 
2. Turn on the Furnace using the switch on the front control panel. 
3. Open the furnace and place your trays on the shelving in the furnace. Load in the top trays first to prevent 

contamination of the samples.  The muffle furnace has a thermocouple (looks like a white stick with metal 
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protruding from the end) which sticks in through the back of the chamber.  It is easily damaged, so be 
careful when adding or removing samples not to bump it. Close the furnace door. 

4. Verify that the Run LED is not on.  If it is on, press Run until the light goes out.  
5. Press the following sequence of buttons in the left most column.   
 
Button  Top Display  Lower Display  Description 
Menu  No   program  Furnace is not in program mode. 
UP  Yes   program  Select yes to set program parameters 
Menu  1   step   The first step in the program 
Menu  SP (Set Point)  styp (step type) is a set point. 
Menu  (550 or 1000)°C sp   This is the temp from the last time the program ran.  
Up/Down (550 or 1000)°C sp   Use the up or down keys to set to 550 or 1000°C. 
Menu  20° C   rate   The ramp up rate should always be 20°C for LOI. 
Menu  No   retn (return)  No return for this step, 
Menu  2   step   move on to step two in the program, 
Menu  Soak   styp   a soak step. 
Menu  (4 or 2)  hour   This is the length from the last time the program ran 
Up/Down (4 or 2)   hour   Use the up or down keys to set to 2 or 4 hours, 
Menu   0   min   0 minutes,  
Menu  0   sec   0 seconds,  
Menu  No   retn   No return for this step. 
Menu  3   step   Move on to step three in the program, 
Menu  end   styp   to end the program, 
Menu  off   end   by letting the furnace cool to room temp. 
Menu   yes   save   Save the program. 
Menu  actual temp  set temp  You have exited the program parameters. 
 
6. Press run twice to run the program, the run light should be solid (not flashing) and the program will 

automatically start to ramp up to temperature. You can see the set temperature and the actual temperature on 
the display.  

7. Once the furnace has cooled down, you can close the flue and turn off the furnace.  If the alarm LED is lit 
up on the control panel please notify staff, this means that the actual furnace temperature exceeded the set 
temperature by more than 25°C 

8. Remove the bottom shelf of samples first, to prevent contamination.  
 
How to use the LOI Macro 
To use the macro [saved in transfers/SOPs/LOI as LOI.Macro.xls], the spreadsheet that contains your LOI data 
must be in the following format (column titles):  
 
Depth, Crucible Weight, Wet Weight, Weight (100°C), Weight (550°C), Weight (1000°C) 
or 
Depth (Top), Depth (Bottom), Crucible Weight, Wet Weight, Weight (100°C), Weight (550°C), Weight (1000°C). 
 
These columns and the data within them are the ONLY cells that may be filled in on the page, or the macro will 
malfunction.  If you have supplementary data such as crucible number, core names, notes to self, etc., cut them 
from this spreadsheet and put them in another sheet in the same workbook. 
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Save the data spreadsheet as a new file (the macro overwrites the opened file) and close it.  Open up the 
LOI.Macro.xls file.  (Click “enable macros” in the warning window that pops up.)  Go to Tools--> Macro--> 
Macros (or press Alt-F8).  The "macro name" line should read "A1" and be highlighted.  The first line of the 
section below A1 should read "LOI." Click "Run."   
 
The next box that pops up asks for the file name (as saved on the spreadsheet), some info about the coring site 
(nonessential), whether your depth intervals are single or you've used two columns for top and base depths 
(determined by which format for column titles you used above), and whether you did a CaCO3 (1000°C) burn.  
Once you've filled in and selected the appropriate options, click "OK" and the macro will perform its magic.  It 
will probably not find your file at first, but you have the option of browsing for it.  
 
The resulting data will be placed in columns to the right of your original data. 
 
*For a comprehensive review of best practices and comparative LOI methods, please see Heiri et al, Journal of 
Paleolimnology 25, p. 101-110. 
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Total Inorganic Carbon (TIC, Carbonate) Coulometry 
 
Total Inorganic Carbon coulometry (TIC) measures the amount  of inorganic carbon 
contained in lake sediments or water samples. The TIC content of sediments can be 
related to a number of factors such as rates precipitation of carbonate minerals or 
introduction of detrital carbonates into the system.  The LRC CO2 Coulometer can be 
used to rapidly determine TIC from either water or sediment samples. 
 
Principles 
 
Carbon dioxide gas evolved by dissolution in acid from carbonates in the sample is swept 
by a gas stream into a coulometer cell.  The coulometer cell is filled with a partially 
aqueous medium containing ethanolamine and a colorimetric indicator.  Carbon dioxide 
is quantitatively absorbed by the solution and reacts with the ethanolamine to form a 
strong, titratable acid which causes the indicator color to fade.  The titration current 
automatically turns on and electrically generates base to return the solution to its original 
color (blue). 
 
Equipment and Procedure 
 
To measure TIC, carbon contained within carbonate minerals such as calcite, dolomite, 
siderite, etc., we use a UIC model 5030 Carbonate Carbon apparatus.  Five mL of acid 
(we prefer HCl) serves to evolve CO2 from the sample which is swept into the Carbon 
Coulometer where it is detected and displayed on a digital screen in terms of micrograms 
(or any other operator-selectable units) of carbon. 
 
 
Cell Preparation 
 
The coulometer cell is typically left set up (a change from the older procedure), so unless 
you are getting bad numbers, you should rarely have to clean or refill the cell.  
 
Note:  you must wear appropriate gloves when handling coulometry solutions.  A pair of 
butyl rubber gloves hangs in the cabinet with the columetry solutions.  For the rest of this 
procedure, you must wear regular lab gloves to protect your hands from the acid.  Cell 
filling and cleaning must be done in a fume hood. 
 

1. Fill the main chamber of the coulometer cell with 50-75 mL of cathode solution 
(large plastic bottle). 

 
2. Place the magnetic stir bar in the bottom of the cell body and insert the cell top 

with the coiled platinum electrode into the cell.  The electrode should be opposite 
the fritted arm. 
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3. Add 0.25 cm (enough to cover the bottom) potassium iodide (KI) to the bottom of 
the side arm (anode compartment) of the cell. 

 
4. Fill the side arm with 10 or more mL of anode solution so as to cover the filter 

and submerge at least 0.5 cm of the silver anode in solution; the amount of liquid 
will vary as the anode is consumed (over a period of months) in the analysis. 

 
5. Place the solid silver electrode into the side arm with the silver submerged in the 

solution. 
 

6. Make sure the glass of the cell is clean and free of grease, fingerprints, water 
spots, etc., which affect transparency (and thus %T).  Wipe/polish with a paper 
towel or Kim-Wipe, or wash if necessary. 

 
7. Place the assembled cell into the coulometer cell holder.  The side arm should 

extend out the front and against the right wall of the holder, with the platinum 
electrode and gas inlet tube toward the back of the holder, out of the light path.   

 
Set Analysis Parameters.  Check these parameters but most should be already set. 

 
8. Rotate the MODE selection thumb wheel to the 1 position which gives the display 

of units of micrograms (µg) of carbon to 0.1 units. 
 

9. Rotate the TIME SET thumb wheel until the desired analysis time is displayed 
(generally 4-7 minutes for TIC). 

 
10. Set the RUN/LATCH switch to the RUN position for continuous analysis. 

LATCH freezes the display at the time set. 
 

11. Set the COUNTS/TIME switch to COUNTS position so that you can watch the 
counts of carbon on the display. 

 
Operation 

 
12. Make sure coulometer cell current is OFF. 

 
13. Turn ON the main power switch. 

 
14. Set air flow for internal and adjust to 75-100 cc/min. 

 
15. Connect the cell to the cell to the Carbonate Carbon Apparatus using a one-way 

(check) valve.  Only inset the gas tube in the cell when air is flowing, to avoid 
coulometer cell solution being siphoned back into the KI scrubber. 

 
16. Attach the electrodes to the cell outlet terminals - red to red, black to black. 
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17. Turn ON coulometer cell current. 

 
18. Allow cell current to titrate the cell solution to its endpoint (solution color 

becomes blue with %T at 29.  If it is lower than 29%, check that the light path is 
unobstructed and adjust the arrangement of the tube and electrode to correct).   

 
19. (Heater control is broken - do not use.) 

 
You are now ready to begin the analysis. 
 
Analysis Procedure 
 

1. Run a blank sample using an empty sample container.  The blank is normally less 
than 10 µg C in five minutes. 

 
2. Follow the blank by one or more standards (standard CaCO3 is found in a 

desiccator near the balance).  For best precision, material for each analysis should 
contain 1-3 mg of C.  For our standard calcite, this means that you should use 
about 10-20 mg of standard. 

 
3. Weigh a sample or standard into a clean, dry, tared test tube and attach to 

apparatus.  Sample should contain 1-3 mg of C; adjust the quantity as you begin 
to see how much carbon tends to be in your samples.  Record sample weight in 
spreadsheet. 

 
4. Pump 5 mL of acid into the reaction tube. RESET the coulometer. 

 
5. When all of the CO2 is evolved and titrated, (recognized by a stable coulometer 

display and a %T of 29), record the value in the spreadsheet. 
 

6. Remove the sample tube, pour residue into a waste container, begin next analysis.  
Wash tubes and rinse in DI water; let dry completely (can use 100 C oven) before 
reusing. 

 
7. Neutralize the waste acid with soda ash as you go. 

 
8. Run one standard and one duplicate analysis every ten samples (or more if 

desired). 
 
 
Calculations 
 
There is a spreadsheet to calculate %TIC (ccoul.xls on the desktop).  The calculation is as 
follows: 
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%TIC = {(µg C[display value] - per minute µg C[blank value]) / µg sample weight} x   
100 
 
Note: the formula subtracts the per minute blank value (blank value/minutes of counting). 
 
For pure calcium carbonate the value should should be 12.00%. (We accept values from 
11.75%-12.25%.) Other carbonates will have varying carbon percentages according to 
the table below. 
 

Mineral 
 

Cation(s) 
 

C 
 

O3 
 

mw 
 

%C 
 

CaCO3 
 

40.08 12.01 
 

48.00 
 

100.09 
 

12.00% 
 

MgCO3 
 

24.31 
 

12.01 
 

48.00 
 

84.32 
 

14.24% 
 

(Ca,Mg)CO3 
 

64.39 
 

12.01 
 

48.00 
 

184.41 
 

13.03% 
 

FeCO3 
 

55.85 
 

12.01 
 

48.00 
 

115.86 
 

10.37% 
 

ZnCO3 
 

65.38 
 

12.01 
 

48.00 
 

125.39 
 

9.58% 
 

MnCO3 
 

54.94 
 

12.01 
 

48.00 
 

114.95 
 

10.45% 
 

 
 
 
Shut-down (Carbonate Carbon Apparatus) 
 
The Carbonate Carbon Apparatus should be shut down during periods of non-use. 
 
Remove the tube from the cell. 
Turn off main power switch. 
 
Note: To prevent residual acid from marring the exterior of the apparatus, keep a sample 
tube connected to the apparatus when the system is not in use. 
 
Shut-down (Coulometer) 
 
Short periods (during the day) 
 
Before turning off air flow, disconnect inlet gas flow line into the colometer cell. This 
prevents coulometer solution from being siphoned out of the cell. 
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Overnight or longer 
 
Turn OFF the cell current and main power supply. 
 
Cell Changing and Clean-up 
 
Note:  Solutions should also be replaced when over 100 mg of carbon have been titrated 
(for 100 mL of cathode solution). 
 
Turn OFF cell current and main power supply. 
 
Unplug electrodes and remove cell from holder.  Replace jumper strap between cell 
current terminals to protect them. 
 
Dispose of the main chamber solution (cathode solution) into the cathode waste solution 
bottle.    Be sure to remove the stir bar first or be prepared to retrieve it from the waste 
bottle with a magnetic stir bar retriever. Start a new waste bottle (and label correctly) if 
necessary. 
 
Dispose of the side arm solution (anode solution) and residual KI into the anode waste 
solution bottle.  Start a new waste bottle (and label correctly) if necessary. 
 
Rinse both cell body and the electrodes thoroughly with DI water. 
 
Clean the glass frit in the anode compartment by pulling acetone through the frit with a 
vacuum. 
 
Rinse and dry all components. 
 
Store cleaned cell in cell holder and return other components to the drawer. 
 
Periodic Mainetenance and Scrubber Changing 
 
Changing Scrubbers 
 
Air Scrubber (40% KOH) 
 
The KOH solution removes CO2 from the carrier gas, and should be changed once every 
week during regular use or when the solution becomes thick and foamy.  If a fresh KOH 
solution is foamy, it should be diluted with DI water. 
 
    Preparation 
 
Weigh out 40-45 g of KOH and dilute to 100 mL with DI water.  Note: Use caution when 
adding water to KOH as the reaction is exothermic. 



Limnological Research Center Core Facility  Draft v.3.0  
SOP series  3/16/04 
tic.pdf  A. Myrbo 
 

 

 
    Filling 
 
Remove the dispersion tube, bushing and O-ring from the air scrubber assembly. 
Place 15-20 mL of KOH solution in the body of the air scrubber. 
Replace the dispersion tube, O-ring and bushing.  Slide the dispersion tube through the 
bushing and O-ring so the fritted end is near the bottom of the scrubber. 
Hand-tighten the bushing/O-ring seal and place the filled scrubber in its clamp. 
 
Sample Scrubber (50% KI, pH=3) 
 
    Preparation 
 
Weight out 50g of KI and dilute to 100 mL with DI water. 
Use H2SO4 to acidify to approximately pH = 3. 
Fill the fritted sample scrubber with 10-15 mL of the scrubbing solution. 
Acid Solution 
 
One can use a variety of acids to react with the carbonates.  Originally we used a 2N 
HClO4 solution but have since switched to using 2N HCl.  The procedure for mixing 
these solutions is given below. 
 
2N HClO4       Dilute 109 mL of 9.2 N HClO4  in 391 mL of DI water. 
2N HCl Dilute 172 mL of 37% HCl in 328 mL of DI water 
 
Note: Always add the acid to the water, not the water to the acid. 
 
 
 
 
 
 



STANDARD OPERATING PROCEDURE: TOTAL SULFUR (TS) 

 

Purpose and Analysis Overview (after S. Grosshuesch) 

The analysis of total sulfur is accomplished by combustion using two furnaces aligned in sequence. 

A sample is weighed into a ceramic combustion boat and covered with V2O5. The boat is pushed 

inside the first furnace where sample ignition occurs at 1050°C.  In the presence of O2, sulfur is 

converted to SO2 and SO. These gas products are carried through to the second furnace, set at 

825°C, where they react with a mixture of granular copper oxide and reduced copper filings to 

ensure that all sulfur is converted to SO2. The SO2 is purged into the sulfur coulometer cell, where it 

is absorbed and titrated. 

 

The coulometer titration cell contains an anode and cathode compartment. The anode 

compartment contains platinum-detector and -generating electrodes. The cathode compartment 

contains a single platinum cathode. The anode compartment is filled with a solution containing 

methanol, pyridine, water, and tetrabutylammonium iodide; the cathode cell compartment contains 

a phosphoric acid solution. Inert carrier gas (N2), containing sample sulfur as SO2 or H2S, is 

delivered to the anode cell compartment. Free iodine is electrochemically produced in the anode 

cell and reacts with the sulfur gas, as illustrated in the following reactions: 

 

Anode reactions:  SO2 + I2 + 2H2O ↔ H2SO4 + 2I− + 2H+ 

     H2S + I2 ↔ 2H+ + 2I− + S0 

     2I− ↔ I2 + 2e− 

Cathode reaction:  2H2O + 2e− ↔ H2 + 2OH− 
 

The decrease in free iodine proportionally decreases the sulfur detector current, automatically 

activating the titration current and generating I2 stoichiometrically. Hydrogen gas is produced in 

the cathode cell at a rate equivalent to that of iodine generation. After the majority of the analyte is 

titrated, an increase in the detector current and free I2 occurs, ultimately stopping the titration 

when the initial iodine concentration is reached. The titration current is continuously monitored, 

integrated, and used to calculate the quantity of sulfur delivered to the anode cell. The significant 

advantage associated with the coulometric titration of sulfur is that the current is the titrant and as 

a result there is no need for generating and applying standard calibration curves. Most sample 

analyses for total sulfur can be completed within 10 min. Longer analysis times result if the sample 

contains more than about 3000 μg of sulfur or if sulfur-bearing compounds in the sample resist 

oxidation. Analysis times for AVS and CRS measurements are highly dependent on the sample type 



and reactivity of reduced sulfur compounds present in the sample.  (AVS= acid volatile sulfur, CRS= 

chromium reducible sulfur) 

 

Safety 

The following section regards sound laboratory techniques, safety practices, and manners. You are 

responsible for following these procedures. The chemicals, glassware, and equipment are 

potentially hazardous.  Lab staff must specifically train you before beginning the procedure.  

Required personal protective gear: gloves and safety glasses must be worn at all times. You must 

wear closed toe shoes and long pants. If you have long hair, make sure to tie it back.  If you are 

found without any of these required personal safety devices you will relieved of duties.  All sample 

prep work that involves vanadium penoxide should be conducted in a fume hood while wearing a 

lab coat, goggles, and nitrile gloves.    

 

Anode Solution (30% Pyridine): 

Acute and Chronic Effects: POISON Irritation to contact area, drowsiness, headache, 

unconsciousness, anorexia, fatigue, muscle cramps or incoordination, nausea, vomiting, dizziness, 

diarrhea, sweating, CNS depression, impaired vision, blindness, difficult breathing, cardiac 

depression, liver and kidney damage, dermatitis.  

- Inhalation: Irritant/narcotic 

- Skin Absorption: Irritant/sensitizer/narcotic 

- Eye Contact: Irritant 

- Ingestion: Narcotic/toxic 

- Signs and Symptoms of Exposure: Nasal and throat irritation with unpleasant taste 

in mouth.  Diziness, drowsiness, and headaches 

- Medical Conditions Aggravated by exposure: Liver, kidney, or central nervous 

system disorders 

Compound Specific PPE: Wear nitrile gloves, safety goggles or face mask, and lab coat when pouring 

anode solution in calibration cell.  While coulometer being used vent coulometer anode half-cell to 

fume hood. 

Storage: Store in tightly closed container, away from heat or flame.  Storage area should be well 

ventilated.  Store away from oxidizers, strong acids, and perchlorates. 

Disposal: Dispose of by means in compliance with all State, Local, and Federal Regulations  

Cathode Solution (Phosphoric Acid): 

- Inhalation:  Corrosive, causes irritation with coughing, choking and burns of mucous 

membranes.  Symptoms include dizziness, headache, nausea, weakness and 



pulmonary edema.  Repeated exposure can cause inflammation and ulcerative 

changes in the mouth and bronchial pneumonia 

- Skin Absorption:  Corrosive, causes pain or burns. Repeated exposure may cause 

dermatitis.  Studies show that skin adsorption may occur.  

- Eye Contact: Eye burns, pain, lacrimation, photophobia from corrosiveness.  Injury 

ranges from irritation to conjunctivitis to blindness, depending on the concentration 

and duration of exposure.   

- Ingestion: Corrosive, causes burns of mucous membranes of the mouth, throat, and 

esophagus.  Symptoms range from inflammation of respiratory distress to death, 

depending on the concentration and duration of exposure.  Symptoms may be 

immediate or delayed 

- Signs and Symptoms of Exposure: Any irritation or burning of the eyes, skin, or 

respiratory system, or violent gastroenteritis. 

- Medical Conditions Aggravated by exposure: Pre-existing skin disease or respiratory 

disorder. 

Compound Specific PPE: Wear nitrile gloves, safety goggles or face mask, and lab coat when pouring 

anode solution in calibration cell.   

Storage: Store in tightly closed container, away from heat or flame.  Storage area should be well 

ventilated.  Store away from strong bases. 

Disposal: Dispose of by means in compliance with all State, Local, and Federal Regulations  

 

Methanol: 

Acute Effects:  Hazardous in case of skin contacts: irritant if ingested, inhaled, or if in contact with 

eyes.  Slightly hazardous in case of skin contact (permeator).  Severe over-exposure can result in 

death.   

Chronic Effects:  Prolonged contact with skin can cause dermatitis or aggravate existing skin 

problems.  Methanol is readily absorbed into the body following inhalation and ingestion.  Skin 

absorption may occur if the skin is broken or exposure is prolonged. Once absorbed, methanol is 

rapidly distributed to body tissues. 

Compound Specific PPE: All sample prep work that involves methanol should be conducted in a 

fume hood while wearing a lab coat, goggles, and nitrile gloves.    

Storage: Store in a segregated and approved area.  Keep container in a cool, well-ventilated area.  

Keep container tightly closed and sealed until ready for use.  Avoid all possible sources of ignition 

(spark or flame). 

Small Spill: Dilute with water and mop up, or absorb with an inert dry material and place in an 

appropriate waste disposal container. 



Large Spill: Flammable and poisonous liquid.  Keep away from heat or sources of ignition.  Adsorb 

with dry earth, sand, or other non-combustible material.  Call for assistance with disposal.   

Disposal: Dispose of by means in compliance with all State, Local, and Federal Regulations  

 

Vanadium Pentoxide:  

Acute Effects: Very hazardous in case of ingestion or inhalation.  Hazardous in case of skin contact 

(irritant) or eye contact (irritant).  Slightly hazardous in case of skin contact.   

Chronic Effects: The substance may be toxic to gastrointestinal tract, upper respiratory tract, and 

skin.  Repeated or prolonged exposure to the substance can produce target organ damage.  

Repeated exposure to highly toxic material may produce general deterioration of health by an 

accumulation in one or many human organs. 

Compound Specific PPE: All sample prep work that involves vanadium penoxide should be 

conducted in a fume hood while wearing a lab coat, face mask, goggles, and nitrile gloves.    

Storage: Store in a tightly closed container.  Store in a cool, dry, well-ventilated area way from 

incompatible substances 

Small Spill: Use appropriate tools to put the spilled solid in a convenient waste disposal container. 

Large Spill: Poisonous solid.  Do not touch spilled material.  Prevent entry into sewers, basements, 

or confined areas.  Call for assistance for disposal.  

Disposal: Dispose of by means in compliance with all State, Local, and Federal Regulations  

Exposure Limits: 0.1 mg/m3 from OSHA (respirable) 

Record Keeping 

1. Make sure to record the date, number of blanks, number of standards, and number of 

samples for each batch of samples run in your lab notebook.  

2. Make sure to write down what you do at the time you do it.  The sulfur coulometer is a bit 

finicky and writing things down can reduce headaches later. 

3. Record any odd results or problems with the sulfur coulometer.  If you are unsure of a 

result or something seems odd, we encourage you to ask questions.   We want you to know 

that mistakes happen, even to those who have years of laboratory experience. The critical 

requirement is the mistakes be noted and discussed when they happen so corrections or 

adjustments can be made. It is generally best to start over. 

4. All sample mass and sulfur results should be entered into the 

“Sulfur_Coulometry_Template” to obtain the %Total Sulfur (%TS) for each sample. 

a. It is best to enter the samples while running the instrument to ensure duplicates 

and standards fall within an acceptable range for each batch of samples. 



Reagents Used 

Reagents used are dispensed using the original holding container holding containers, squeeze 

bottles, or stainless steel spatulas.  Reagents used as supplied by the manufacturer include anode 

solution (~30% Pyridine), anode solution (phosphoric acid), and vanadium pentoxide (neat solid).  

All reagents are pre-made by manufacturer, which requires no reagent preparation by lab 

technicians.  

 

 

 

 

Equipment List 

All necessary equipment is listed in the catalog with the exception of stainless steel spatulas and a 

squeeze bottles for methanol. 

Procedure 

 Instrument Set-Up 

1. Open the left furnace and check on the status of the reduced copper.  It should appear 
shiny and bright.  Blackened copper has been consumed.  Either replace the copper 
with fresh reduced copper or reduce the existing copper with the procedure detailed 
below.  Close the furnace. 

 

2. Turn on the left and right furnaces.  Resting temperature is 500C.  Heat the furnaces 
slowly.  Increment in 100C steps to set-point temperatures.  The right furnace set-
point is 1050, the left furnace set-point is 825C. 

 

3. Connect gas lines.  Nitrogen (Ultra-High Purity) should be delivered at a pressure of 7-

10 psi and then further adjusted to a flow of 100ml/min using the right hand regulator 

on the front of the combustion furnace.  Oxygen (Ultra-High Purity) should be 

delivered at a pressure of 7-10 psi and further adjusted to a flow of 100 ml/min using 

the left hand regulator on the front of the combustion furnace.  Hold the reset button in 

for three seconds while adjusting the oxygen flow.  

 

a. After setting the flow, the instrument will periodically admit oxygen to the 

combustion tube (you’ll hear a clicking sound).  Excess oxygen will consume the 

reduced copper prematurely! 

4. Set up the coulometer. 



a. Mode selection thumb wheel position: 1 (units in display will be ugS) 

b. Time Set thumb wheel: 10 (minutes) 

c. Run/Latch switch: RUN 

d. Counts/Time: Counts (although it is OK to switch during run to see time elapsed) 

e. Cell filling: 

Anode (large side) – place a magnetic stir bar in the cell and fill with 50-100 ml of 
sulfur anode solution, insert the cell top (platinum anode electrode and dual 
platinum detector electrode), position the electrodes so the anode electrode is 
closest to the frit.  The dual platinum detector electrodes should spaced about the 
width of a credit card apart from one another. 
 

Cathode (small side) – Fill with 12-20 ml sulfur cathode solution to the same 

level as the anode solution.  Place the platinum cathode in the side arm with the 

platinum submerged in the solution.  

f. Place the assembled cell in the coulometer cell holder. 

 Note: Mesh-type electrodes should be oriented parallel to the frit 

 

5. Turning On Coulometer 
a. Turn off the coulometer cell current 
b. Turn on the main power switch 
c. Attach the anode and cathodes to the cell outlet terminals (they are color coded) 
d. Plug in the detector electrode 
e. Turn on the coulometer cell current 
f. Allow the cell current to titrate the solution to its endpoint (~6  amps) 

i. The anode solution should be a slightly yellow color when the titration 
reaches its endpoint 

Note:  At this point, if the coulometer isn’t titrating, delicately adjust the electrodes until they begin 

to titrate. 

 

6. Blank Runs:  

a. Use an empty ceramic boat filled with a small amount vanadium pentoxide (as much 

as you would put on a regular sample). 

b. Put the ceramic boat with vanadium pentoxide in combustion tube and push into 

the combustion furnace using the medal sample rod.  Close combustion tube as 

quickly as possible to reduce the loss of combusted sulfur. 

c. Press the reset button on the sulfur coulometer 

d. Wait 10 minutes and record the μg S in the “Sulfur_Coulometry_Template” .  Blanks 

will range from 5 to 40 μg S  

7. Sample Runs:  



a. Weigh sample out on a clean ceramic boat (50 to 150 mg depending on sulfur 

content) 

b. Cover sample completely with vanadium pentoxide 

i. To reduce the likelihood of spilling vanadium, pre-weigh all the samples you 

plan to run and place them in order (make sure to write down the order!) in 

secondary containment. 

ii. Place pre-weighed samples in the fume hood.  

iii. Put a lab coat, nitrile gloves, and lab goggles on before handling vanadium. 

iv. Cover each pre-weighed sample completely with vanadium pentoxide. 

v. Bring the samples back into the coulometry room in the secondary 

containment  

c. Put your first ceramic boat with sample and vanadium pentoxide in combustion 

tube and push into the combustion furnace using the medal sample rod.  Close 

combustion tube as quickly as possible to reduce the loss of combusted sulfur. 

d. Press the reset button on the sulfur coulometer 

e. Wait 10 minutes (or until the μg S has changed less than 0.5% in 1 minute) and 

record the μg S in the “Sulfur_Coulometry_Template” as outlined in the Data 

Analysis section 

8. Standard runs: Precision and evaluation of the instrument set-up is determined by 

running sodium sulfate standard (Na2SO4: 22.5% S) or sulfanilamide standard (18.6 % 

S).  Accept results that are ± 5.0% of the expected S value.  Weigh 3-7 mg of sodium 

sulfate and cover completely with vanadium pentoxide.  Standards should be prepared 

in the same manner samples are prepared. 

9. Copper Reduction Method: 

a. disconnect the Teflon tubing from the combustion tube outlet fitting 

b. furnaces should be at 500ºC 

c. turn off the oxygen flow 

d. fill the scrubber tube with 2-5 ml MeOH 

e. Insert a piece of Teflon tubing through the top piece of the scrubber extending to the 

bottom of the scrubber 

f. Disconnect the Teflon tubing from both the breech block inlet and the nitrogen gas 

exit connection. 

g. Use ¼” or 1/8” unions and 1/8” od. Teflon tubing to complete the following 

connections: 

h. Connect the nitrogen gas line to the top of the scrubber 

i. Connect the exit of the methanol scrubber to the combustion tube outlet fitting 

j. Connect the breech block inlet to a container filled with water 

k. Set the nitrogen flow to 100-150 ml/min on the instrument regulator (7-10 psi on 

the tank regulator) and allow the N2 to flow through the methanol until the copper 

is completely reduced. 

l. Add more methanol as need to the scrubber tube 

m. Water will accumulate in the right side of the combustion tube.  Blot this away with 

a Kimwipe. 



10. Troubleshooting  

a. Low results? 

i. leaks? 

ii. bad sample wt ? 

iii. not enough vanadium pentoxide 

iv. portion of evolved SO2 missed ? (didn’t close combustion tube promptly?) 

v. copper oxide consumed? 

vi. Reduced copper consumed? 

b. High results? 

i. bad sample wt ? 

ii. Takes too long to finish titration? 

iii. One of the electrodes flaky?  Try very delicately touching the electrode 

wires. 

Clean Up 

1. Pour the used cathode and anode solutions into the appropriate waste container.  Make 

sure the stir bar does not fall into the waste container (this is easily avoided by using a 

small necked funnel to transfer the anode solution to the waste container). 

2. Rinse the cell and caps with water.  

3. Pour methanol into the anode cell compartment.  Use vacuum to pull the MeOH through 

the cell frit into the cathode compartment.  Rinse with large volumes of DI water. 

4. Keep S coulometry cell in dry storage area.   

a. Water left in glass frit will cause cathode solution to discolor during next use.  It may 

be helpful to place S coulometry cell (empty) in a desiccator overnight before the 

next use. 

5. Electrodes should be rinsed with DI water and blotted dry before storage. 

 

Data Analysis 

1. Enter your blank μg S reading and time into the “blank” column of the 

“Sulfur_Coulometry_Template”.  There will be no weight recorded for your blank. 

a. After you have blank entered into the spreadsheet, it will automatically correct each 

sample and standard. 

2. Enter standard and sample mass, resultant μg S, and sample run time (the sulfur 

coulometer displays the sample run times) in the coulometer into the 

“Sulfur_Coulometry_Template”.   

a. This spreadsheet will automatically calculate the %TS (equation below 

demonstrates the calculation the spreadsheet makes for you).  Make sure that your 



standards and duplicates are within the acceptable range.  If standards and 

duplicates are not within the acceptable range, samples must be run again.   
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STANDARD OPERATING PROCEDURE:  TOTAL CARBON/TOTAL NITROGEN (TC/TN) 

 

Preparation and analysis of MN lake sediments submitted to the LLO for TC/TN analysis 

Sample condition – 

Samples were received from the LRC freeze-dried and ground (Myrbo) in snap-top plastic 
containers.   Some samples contained visible vegetative material.  Some samples contained small 
pebble sized material.  Inhomogeneity may result in greater analytical variability or misleading 
results. 

Preparation – 

Samples were mixed with a metal spatula before subsampling.  Milligram quantities of sample were 
packed into tin capsules and weighed on a microbalance.  Sample FS-63 Caribou was not stable 
weight-wise.  The entire sample was placed in a 60°C oven for 3 hours and cooled in a desiccator 
before subsampling. 

Instrumentation, Analysis and Quality Assurance – 

Acetanilide was used as a calibration standard and as a quality assurance sample.  A MN Lake 
Sediment sample prepared in duplicate and a QA sample were run at least every tenth sample.  All 
QA samples were within ±5% of the known Carbon/Nitrogen weight percent for that material. 

Elemental analysis was performed using a Costech 4010 ECS.   

Paraphrasing from Costech literature:  At the start of an analytical cycle, helium carrier gas was 
switched to a volume of oxygen.  Samples were dropped sequentially into a combustion reactor at 
1020°C prior to the arrival of oxygen.  The sample and tin capsule reacted with oxygen and 
combusted at 1700-1800°C.  The sample was broken down into elemental components, N2, CO2, and 
H2O.  High performance copper wires at 700°C absorbed excess oxygen not used for sample 
combustion.  The gases flowed through a water trap and then through a gas chromatography (GC) 
separation column at 35°C.  As the gases passed through the GC column, they were separated and 
detected sequentially by a thermal conductivity detector (TCD).   The TCD generated a signal 
proportional to the amount of element in the sample.  Costech EAS software compared the 
elemental peak to a known standard material (after calibration) and generated a report for each 
element on a weight basis.  

Each sample chromatogram was visually inspected.  Manual integration was performed as 
necessary to use only the area of the element of interest in calculations. 

Results were manually transferred to the spreadsheet provided by Amy Myrbo and reported via 
email. 

 

 

 


	MDH Sample Receiving Manual
	Section A: Project Management Elements
	Section B: Data Generation and Acquisition
	Section C: Assessment and Oversight
	Section D: Data Validation and Usability
	Appendix A: Table of Acronyms
	Appendix B: MDH Environmental Laboratory  QA Manuals
	Appendix C: MDH Environmental Laboratory Standard Operating Procedures
	Appendix D: U of M Duluth: Civil Engineering Laboratory - Standard Operating Procedures 
	Appendix E: U of M Duluth: Dr. Nathan Johnson's "Peepers" Method Standard Operating Procedures
	Appendix F: Science Museum of Minnesota - SCWRS Laboratory Standard Operating Procedures 
	Appendix G: GA College Chemistry Dept Laboratory - Standard Operating Procedures
	Appendix H: LacCore/LRC Standard Operating Procedures
	Appendix I: LacCore Field Survey Sampling Procedures by Dr. Myrbo's Research Group



