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Section A.3: Distribution List 
  
The listed individuals will receive copies of the approved Quality Assurance Project Plan (QAPP) and 
subsequent revisions: 
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Section A.4: Project Organization and Responsibility 

Section A.4.1: UMD Work Order Coordinator – Nathan Johnson, Ph.D. 

The UMD Work Order Coordinator will: 

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

 With guidance from the MPCA Project Manager and Principle Investigator, design, 
develop, and implement the sediment incubation experiment, 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.4.2: Graduate Researcher – Will Derocher 

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

 With guidance from the MPCA Project Manager, Work Order Coordinator, and Principle 
Investigator design, develop, and implement the sediment incubation experiment, 
maintaining project notebooks and recording data in an appropriate database. 

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

 Make preliminary interpretations of the data. 

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

 In coordination with the Work Order Coordinator and at their discretion, publish results 
from the project in a peer-reviewed journal. 

Section A.4.3:  The University of Minnesota – Duluth Principal Investigator – John Pastor, Ph.D. 

The Principal Investigator will: 

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

 Work in a collaborative capacity with Work Order Coordinator and Graduate 
Researcher to support all aspects of the experiment described within.  

Section A.4.4:  The MPCA Division Manager - Shannon Lotthammer 

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. 
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 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 – Edward Swain, Ph.D. 

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. 

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

Section A.4.6:  The MPCA Contract Manager – Patricia Engelking 

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 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. 

Section A.4.6:  MPCA QA Coordinator – William Scruton 

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

Section A.4.7:  MDH Inorganic Unit Supervisor – Jeff Brenner 

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.4.8:  MDH Public Health Laboratory Manager – Paul Moyer 

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 QA Officer – Shane Olund 

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. 

Section A.4.10:  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.  

 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.4.11: University of Minnesota LacCore/LRC Laboratory Manager – Amy Myrbo, Ph.D. 

 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. 
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 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. 
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Section A.5:  Definition/Background 
 

Minnesota currently has a water quality standard of “10 mg/L sulfate - applicable to water used 
for 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 standard was adopted into 
the MPCA water quality standards in 1973 to protect wild rice. Wild rice is an important component 
of aquatic communities in parts of Minnesota, particularly northern Minnesota. It provides food for 
waterfowl, and shelter for animals and fish. Wild rice is also a very important cultural resource to 
many Minnesotans, and is economically important to those who harvest and market wild rice. 
Based on testimony presented at public hearings leading to the adoption of the sulfate standard, it 
was intended to apply both to waters with natural wild rice stands and to waters used for paddy 
rice production.  
 
The MPCA is presently undertaking a study to investigate the potential effects of elevated sulfate 
on the growth of wild rice.  One high-priority hypothesis is that the conversion of sulfate to sulfide 
in anoxic subsurface sediment may harm the roots of wild rice, either directly, or indirectly.  
Sulfide reacts with many metals, including iron, which may play a major role in controlling sulfide 
in the sediments of wild rice habitat. The rate at which sulfate from overlying water diffuses into 
and is converted to sulfide within different types of sediments (at high and low temperatures) is 
presently unknown. Additionally, the feasibility of maintaining environmentally relevant sulfide 
concentrations in laboratory experiments is also unknown. To address these issues, sediment 
from two different sampling sites with different characteristics will be collected and incubated at 
two different environmentally relevant temperatures in a laboratory setting based on an 
experimental design described in this document. The tasks described herein will examine depth 
and time dependent concentrations of sulfate, sulfide, and iron in two types of sediments and in 
two different temperature environments in a controlled laboratory setting. This experimental 
design will generate results to (a) provide a basis for comparing results from hydroponic studies to 
container mesocosms and field sites, (b) help identify the importance of oxygen release from wild 
rice roots, and (c) quantify the rate of diffusive transport of environmentally important chemicals 
into and out of sediment. As part of the larger Wild Rice Sulfate Standard Study, the results of this 
experiment, will inform and support the MPCAs decision as to whether or not a change to the 
existing sulfate standard is necessary to protect wild rice, and if so, what the revised standard 
should be. Such a change, if warranted, would be proposed in accordance with the provisions and 
requirements of Minnesota’s Administrative Procedures Act.  
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Section A.6:  Project Descriptions 

Section A.6.1:  Objective 

The quality objectives will generally follow the guidance outlined on the 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. Environmental Protection Agency (EPA) Region 5. The objective of this 
experiment is to measure, interpret, and then model, sulfide, sulfate, oxygen, and iron in the 
rooting environment of wild rice. 

Section A.6.2:  Scope 

Sediment will be collected from two wild rice environments with contrasting sediment quality 
and then incubated in laboratory microcosms (8 inch diameter; at least 20 vertical cm of 
sediment). Six microcosms will be incubated from each of two sites chosen in consultation with 
the MPCA Project Manager (12 microcosms total); six microcosms from one site with higher 
organic sediment and six microcosms from a second site with coarser, less organic, sediment. 
Half of each set (three from each site) will be incubated at room temperature (approximately 21 
degrees C and half at approximately 4 degrees C to investigate the effects of temperature on 
sulfate flux and conversion to sulfide. Initially, overlying water with relatively low sulfate (similar 
to site water) will be maintained over sediment microcosms.  Subsequently, overlying water 
sulfate concentrations will be increased to a concentration of 300 mg/L (consistent with 
concentrations discussed by permitting personnel at the MPCA) for a period of about two 
months.  Finally, overlying water sulfate concentrations will be reduced back to ambient 
concentrations for a period of about two months, during which time the temperature of the 4 °C 
treatments may be increased to 21 °C. Flux of sulfate into (and out of) sediment will be quantified 
by carefully monitoring concentrations of sulfate and an inert tracer in the overlying water 
sulfate and by extracting sub-cores from microcosms and/or porewater with Rhizon filters at key 
time points (when treatments are altered). Geochemical calculations will be made to test 
assumptions about the chemical speciation of sulfur, iron, and other metals. The project timeline 
schedule is from March 25th 2013 to December 23rd 2013. 

 Section A.6.3:  Analytical Samples 
Samples that are to be sent to the MDH Environmental Inorganic Laboratory are brought under 
chain of custody procedures.  The samples are labeled to allow identification of each sample 
specific to the site where the sample was taken. Samples are labeled and identified 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 records 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. All analytical 
methods that are to be used are identified in these tables by the laboratory performing them, 
along with their location in the appendices of this document. 
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Table 1: Experimental Target Analytes in Overlying Water 

Target Analyte Report Level (RL)  
Analytical Method 
Reference Laboratory 

Location of 
Method 

Dissolved Oxygen 
0 to 50 mg/L with 0.01 
mg/L resolution 

Hydrolab 
Multiparameter Sonde 

UMD Civil 
Engineering 

Appendix D 

Conductivity 
0 to 100 mS/cm with 
0.0001 unit resolution 

Hydrolab 
Multiparameter Sonde 

UMD Civil 
Engineering 

Appendix D 

pH 
0 to 14 units with 0.001 
unit resolution 

Hydrolab 
Multiparameter Sonde 

UMD Civil 
Engineering 

Appendix D 

Temperature 
-5 to 50 °C with 0.01°C 
resolution 

Hydrolab 
Multiparameter Sonde 

UMD Civil 
Engineering 

Appendix D 

Sulfate 0.05 mg/L Modified EPA 300.1 
UMD Civil 
Engineering 

Appendix D 

Chloride 0.05  mg/L Modified EPA 300.1 
UMD Civil 
Engineering 

Appendix D 

Bromide 0.05 mg/L Modified EPA 300.1 
UMD Civil 
Engineering 

Appendix D 

Fluoride 0.05 mg/L Modified EPA 300.1 
UMD Civil 
Engineering 

Appendix D 

Dissolved Phosphate 0.01 mg/L 
QuikChem Method 10-
115-01-3-E 

MDH 
Environmental 

Appendix C 

Dissolved Nitrogen 0.05 mg N/L 
QuikChem Method 10-
107-04-3-D 

MDH 

Environmental 

Appendix C 

 

Table 2: Experimental Target Analytes in Porewater 

Target Analyte Report Level (RL)  
Analytical Method 
Reference Laboratory 

Location of 
Method 

Dissolved Oxygen 
0 to 50 mg/L with 0.01 mg/L 
resolution 

Hydrolab Multiparameter 
Sonde 

UMD Civil 
Engineering 

Appendix D 

Conductivity 
0 to 100 mS/cm with 0.0001 
unit resolution 

Hydrolab Multiparameter 
Sonde 

UMD Civil 
Engineering 

Appendix D 

pH 
0 to 14 units with 0.001 unit 
resolution 

Hydrolab Multiparameter 
Sonde 

UMD Civil 
Engineering 

Appendix D 

Temperature 
-5 to 50 °C with 0.01°C 
resolution 

Hydrolab Multiparameter 
Sonde 

UMD Civil 
Engineering 

Appendix D 

Ferrous Iron 0.75 mg/L SM3500 Fe 
UMD Civil 
Engineering 

Appendix D 

Sulfate 0.05 mg/L Modified EPA 300.1 UMD Civil 
Engineering 

Appendix D 

Chloride 0.05  mg/L Modified EPA 300.1 
UMD Civil 
Engineering 

Appendix D 

Bromide 0.05 mg/L Modified EPA 300.1 
UMD Civil 
Engineering 

Appendix D 

Fluoride 0.05 mg/L Modified EPA 300.1 
UMD Civil 
Engineering 

Appendix D 

Sulfide 0.15 mg/L SM4500 S
-2

 D 
UMD Civil 
Engineering 

Appendix D 
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Table 3: Experimental Target Analytes in Sediment 

Target Analyte 
Report Level 
(RL)  

Analytical Method 
Reference Laboratory Location of Methods 

Sediment - Acid 
Volatile Sulfide (AVS)  

0.01 mg/kg SM4500-S2 J MDH Environmental  Appendix C 

ICP-MS for Extractable 
Metals 

0.3 ug/L EPA 6020 A UMD Civil Engineering Appendix D 

Total Sulfur TBD TBD LacCore/LRC Appendix E 

Total Carbon TBD TBD LacCore/LRC Appendix E 

Total Nitrogen TBD TBD LacCore/LRC Appendix E 

Percent Solids 0.01 mg/kg SM4500-S2 J MDH Environmental Appendix C 

Section A.6.4:  Intended Data Usage 
Data will be interpreted based upon the data produced, geochemical calculations and computer 
modeling. From this data, a simple reactive-transport model will be created and calibrated to 
model the rate of sulfate diffusion and transformation in sediment, as constrained by observed 
changes in the concentrations of sulfate and inert tracers in overlying water, porewater sulfide, 
AVS, and other supporting analyses. To the extent scientifically defensible, the effects of oxygen 
release by roots on concentrations of sulfide in sediment may be modeled.  

Section A.6.5: Technical Reports 
The Work Order Coordinator will provide updates to the MPCA Wild Rice Sulfate Standard Study 
staff, summarizing the experiment progress and analytical data during weekly phone 
conversations or meetings. The Work Order Coordinator will provide a technical report to the 
MPCA providing and interpreting all data as well as creating a reactive-transfer model for sulfate 
diffusion and reaction in sediment by December 15th, 2013.These reports will be distributed to 
the appropriate managers at the MPCA. The MPCA Project Team also updates management 
about project progress on a routine basis.

Section A.7: Quality Assurance Objectives and Criteria 

Section A.7.1: Overview 

Quality assurance objectives are developed for sampling in the sediment incubation microcosms, 
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 information to be in the 
project. 

The work order coordinator or graduate researcher will be responsible for microcosm 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. 
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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 per cent 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 analytical QC acceptance criteria are detailed in Tables 4, 5 
and 6. 

Section A.7.1.1: Research Directions and Decisions 

The construct and need for these temperature-dependent tests are based on a desire to better 
understand the potential seasonal variation in susceptibility of wild rice to sulfate exposure.  

Section A.7.1.2: Inputs to the Decision 

The project management team (Shannon Lotthammer, Edward Swain and Patricia Engelking) 
along with the Work Order Coordinator, Nathan Johnson Ph.D. and Principal Investigator, John 
Pastor, PhD,  will be responsible for final decisions on the project. These decisions will be 
informed by input from MPCA permitting personnel, scientific technical expertise, outputs from 
other investigations associated with this study, such as the field studies, comments from the Wild 
Rice Standards Study Advisory Committee, and other sources of technical information.  

Section A.7.1.3: Laboratory Analysis 

Due to the small volumes associated with many of the porewater samples collected in these 
experiments, most porewater and overlying water analyses will take place in the UMD Civil 
Engineering Laboratory in the labs of Drs. Johnson and Pastor. Quality assurance guidelines and 
SOPs for the Johnson lab are included in Appendix C.  The analytes of concern from an aqueous 
and sedimentary medium (with Report levels and analytical methodologies) are detailed in tables 
1,2 and 3 above. Due to the constraints presented by low sample volume, the MDH Inorganic 
Environmental laboratory will not be the lab of primary analysis, although cross checks of results 
between the U of M – Duluth Civil Engineering lab and MDH Inorganic Environmental lab are 
done frequently as a quality control activity.  

Section A.7.2 Blanks  

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. 

 Section A.7.3:  Duplicate Samples  

The laboratory also prepares and analyzes duplicate 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 
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Section A.7.4:  Matrix Spike and Laboratory Control Samples 

A laboratory may use Matrix Spike (MS) and duplicate (MSD) or Laboratory Control Sample (LCS) 
and duplicate (LCSD) recoveries to measure accuracy in the analyses depending on their 
laboratories QA/CQ procedures. Laboratory-generated limits for spike recoveries are used in 
validation of data (when required).  Refer to the laboratory’s Quality Assurance Manual (QAM) (if 
available) or specific analytical method located in the appendix of this QAPP for details of this QC 
activity. 

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 
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 
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 
laboratory, sample preservation and storage, sample preparation, and sample analysis are 
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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:  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: Experimental Design and Sampling Process Design 
 

Field Collection of Sediment 
 
Approximately the top 10cm of sediment was collected through the ice using a modified screen 
shovel.  Approximately 90 liters of bulk, wet mud was collected from each site: North Bay in the 
St. Louis River (1/19/13, 46 39.1731N, -92 14.2168W), and the Partridge River (1/18/13, 47 
31.2705N, -92 11.4350W) just upstream from Second Creek.  Fifty liters of water was also 
collected through the ice prior to disturbing the sediment.  Replicate 2.5 ” diameter cores were 
collected from each site with a piston corer in order to characterize in-situ physical and 
geochemical conditions.  All mud, core, and water samples were transported back to UMD and 
stored at 5.5 °C until the initiation of experiments.  
 

Lab Sample Analysis of Initial (In-Situ) Cores 
 
Field collected 2.5 ” cores were immediately (within 24 hours) sectioned into 6 depth intervals (0-
1 cm, 1-2 cm, 2-4 cm, 4-6 cm, 6-10 cm, 10-15 cm) and replicate cores were composited into 500 
mL plastic sample jars.  Composite (2 or 3 cores) sections from each site were immediately 
(within 20 minutes) placed into an oxygen-free (95 % N2, 5 %H2) atmosphere after measuring pH 
with a glass pH electrode.  Samples were homogenized in the oxygen-free atmosphere and a 
representative subsample was removed to measure water content (as an estimate of porosity).  
Rhizon filters (0.2 um polyethersulfone) were used to collect approximately 35 mL of water from 
composite sections into polypropylene syringes.  The filters/syringes were left overnight to 
collect sample and filled completely.  A quantitative volume (~10 mL, by mass) of filtered water 
sample was transferred into 20 mL glass serum bottles preloaded with Zinc Acetate (20 uL of 1 M 
ZnAc) and Sodium Hydroxide (100 uL of 0.6 N NaOH) in the oxygen-free atmosphere for sulfide 
analysis.  Of the remaining filtered pore water, 2.5 mL was used to quantify ferrous iron 
(phenanthroline method), and 10-15 mL was stored at 4 °C until analysis for sulfate and other 
anions by Ion Chromatography.     
 
Microcosm Preparation 
 
Sediment handling: Within 3 weeks of collection, bulk sediments from each site were composited 
while attempting to minimize oxidation. Large plant material (>3 ” length, >2 mm diameter) was 
removed by pouring aliquots of the material into a plastic bin, picking any large articles by hand 
then gently raking with a garden rake to remove smaller plant material and begin to homogenize 
the sediment.  The final mixing was completed by compositing all material from a site into a 
rubber garbage can and using a paint mixer attached to an electric drill at low RPM to gently fold 
the sediment over itself to provide a thorough yet temperate blending.
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Microcosm Construction 
 
Custom fabricated microcosms consisted of either polycarbonate or acrylic rigid 8” I.D. tubing 
with a polypropylene bottom cap with either Buna-N or silicone O-rings for sealing.   Silicone 
caulk (100% silicone) was used to ensure a thorough seal between the bottom plate and the rigid 
tubing.   Vinyl (Scotch Super 88) electrical tape was used as a final barrier between the tubing, 
the bottom plate and steel t-bolt hose clamps which were used to induce a compression seal 
between the O-ring and the tubing. Figures 1-4 show the components of the microcosm and its 
assembly.  
 
Microcosm Filling 
 
Homogenized sediment was transferred to microcosms and consolidated. To minimize soil 
disturbances, the Rhizon filters were pre-installed into tapped holes made in the microcosms.  
Pre-installing the filters allowed the microcosms to be thoroughly tested for leaks so as to 
prevent advection of fluid through the duration of the testing and allow for uniform 
consolidation of the sediment surrounding them. A plastic trowel was used to quickly transfer the 
sediment from the large mixing container to the microcosm to reduce exposure to the air.  The 
sediment was consolidated using a concrete consolidation table with a variable frequency 
rheostat. For each site, an extra microcosm was prepared identically in order to measure solids 
density after an initial settling period by extracting a sub-core.  Solids density in this extra 
microcosm will be used to provide a comparison of the test conditions with those measured in-
situ.   
 
Overlying Water Mixing/Aeration 
 
 A slow stream of air bubbles were introduced into the overlaying water through ¼ ” PTFE tubing 
at approximately 10-25 % of the water depth (from the sediment) to provide a well-mixed, 
oxygenated system, similar to what would be experienced in-situ.  Aquarium pumps (70 
liters/min at 13.8 kPa) were used to push air through two filters and a saturation chamber.  A 
HEPA filter in series with an activated carbon filter was used to ensure contaminants were not 
introduced into the microcosms through the air stream.  The air was then pushed through a filter 
flask filled with site water in order to saturate the air with water vapor prior to bubbling through 
the microcosm overlying water and reduce evaporation within the microcosm.  The air line runs 
out of the saturation flask, through a flow controller and into a polycarbonate gas manifold from 
which it was distributed to six microcosms through 1/8” ID Tygon lab tubing and PTFE tubing into 
the microcosm overlying water.  
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Initial Characterization  
 
Subsamples of sediment for the characterization of initial conditions will be collected after the 
first (initial equilibration) phase of the experiment from sacrificial microcosms using 1-2 ” 
diameter polycarbonate tubes.  Sacrificial microcosms were treated identically to experimental 
microcosms during Phase I but not sampled for pore water chemicals.  Sediment samples will be 
sectioned analyzed for the same parameters as previously collected field cores (SO4, pH, iron, 
sulfide, DOC, AVS). 
 
Microcosm Experiment Design 
 
Experimental treatments: The experimental treatments will consist of incubating replicate (3) 
microcosms from each site at 21 degrees C and 4 degrees C with overlying water amended with 
sulfate and a tracer.  An overlying water depth of ~10 cm will be carefully monitored and 
recorded in order to facilitate accurate flux measurements.  An initial 1-month laboratory 
equilibration phase will take place with site water maintained at in-situ sulfate concentrations 
and chloride as a tracer.  The second phase will be a 2-month sulfate dosing phase with overlying 
water amended and maintained with 300 mg/L sulfate plus bromide as a tracer.  The third 
experimental phase will involve a 2-month return and maintenance of in-situ sulfate 
concentrations in the overlying water and fluoride as a tracer.  Figure 5 includes a schematic of 
the experimental phases and timeline for measuring flux with overlying water measurements.   
 
Overlying water composition: Overlying water amendments consist of a mixture of magnesium 
sulfate, sodium sulfate, and calcium sulfate designed to mimic water composition of mining-
impacted streams on the Mesabi Iron Range.  Tracers in the form of sodium chloride, sodium 
bromide, or sodium fluoride will be added for each respective phase of the experiment.  Sulfate 
and chloride, bromide, and fluoride in site water immediately after collection was used to define 
in-situ sulfate concentrations and tracer levels for each phase of the experiment sufficiently large 
to be clearly identified above background in pore water samples. During each experimental 
phase, concentrations of sulfate and tracers in the overlying water will be monitored and may be 
amended with appropriate volumes of magnesium sulfate and sodium- tracer stock solutions 
when concentrations drop below 80-90% of their target values.  Additional water will be 
collected from the site when necessary to periodically replace overlying water (minimum of once 
per experimental phase).
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Section B.2: Sampling Methods 
 
Overlying Water Collection 
 
Method: Samples from the overlying water will be collected from the PTFE tube used to bubble 
air into the overlying water into polypropylene syringes and filtered for analysis of anions 
(sulfate, chloride, bromide, fluoride) via Ion Chromatography. Sulfate and tracer concentrations 
will be carefully monitored in the well-mixed overlying water during each experimental phase in 
order to quantify the flux of chemicals into the sediment.  The way in which a sample is 
processed, preserved, stored, and transported is determined by the laboratory and specific 
analytical procedure to be done on the sample. See Table 1 for what analyses are to be done on 
overlying water samples, the laboratory to do the analyses, and location in the Appendix of the 
analysis specific sampling requirements as defined in the laboratory’s SOP.  
 
Timing: Replicate samples (~5mL) will be collected from each microcosm and filtered 
approximately weekly during each experimental phase.  It is expected that two-three sulfate flux 
estimates based on concentrations in the overlying water will possible during each experimental 
phase in order to quantify the transient changes in response to the treatment. 
 
Porewater Collection 
 
Method: Porewater samples will be collected with 5cm long Rhizon filters (0.2 µm) and 3 mL 
syringes.  The Rhizon filters were installed prior to the microcosms being filled with sediment.  Six 
filters were installed in a helix pattern around the perimeter of the tubing. The goal of this 
arrangement was to reduce the influence of sampling on the surrounding filters. Figures 3 and 4 
illustrate the arrangement of the pre-installed filters.  Filter assemblies consisted of a modified 
Rhizon filter sealed in a 1/8 ” ID barbed to NPT fitting which was inserted into tapped holes in the 
microcosm body.  The Rhizon sample line was sealed to the fitting using epoxy to seal a 1/8 ”ID 
Tygon tubing sheath around both Rhizon sample line and NPT fitting. See Table 2 for what 
analyses are to be done on sediment porewater, the laboratory to do the analyses, and location 
in the Appendix of the analysis specific sampling requirements as defined in the laboratory’s SOP. 
 
Timing: It is expected that porewater samples will be extracted 2 times during each experimental 
phase, 2-5 days after the initiation of the phase and near the end of the experimental phase.  
Less than 4mL of water will be extracted in order to minimize the disturbance of the porewater 
profiles.  The limited pore water volume will be prioritized for analysis of sulfate and other anions 
(Ion Chromatography), pH, sulfide, and ferrous iron. 

 
Final Sediment Collection and Characterization 
 
Method: In each microcosm, one 2 ½” diameter sediment core will be taken to identify and 
enumerate the various types of benthic microorganisms that may contribute to variations in flux 
of target analytes into and out of the sediment. Organisms will be filtered out of sediment 
samples using 500 micron sieves. Organisms are then immediately preserved in a solution of 70% 
alcohol (90% ethanol, 5% propanol, 5% methanol) and stored at 4° C in glass or plastic bottles 
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that are labeled by treatment and replicate number to be analyzed by MPCA aquatic organism 
experts for identification and quantification. The volume of sediment in each 2 ½” diameter core 
will be recorded to calculate concentration of organisms per given volume of sediment. 
 
In addition, three or four 1” diameter sediment cores will be taken and composited per 
treatment replicate for analysis of total sulfur, AVS, total carbon and nitrogen, and % solids. 
Samples will be preserved based on the QA/QC requirements of the lab contracted to conduct 
the analyses. This information can be found in Table 3 of this document 
 
Timing: The final microcosm coring for sediment collection and characterization will take place 
during the 2 to 3 days of the deconstruction phase of the experiment.  
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Figure 1: Acrylic Tubing, Polyester base and steel hose 
clamp 

 

Figure 2: Assembled microcosm base 

 

 

Figure 3: Side view of microcosm 

 

 

Figure 4: Top view of microcosm 
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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: Microcosm Sampling Custody Procedures 

The microcosm sampling 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 copy of the chain of custody 
is maintained at all times to ensure the samples can be used in for enforcement.  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.  
The chain of custody form is signed by the sampler and double zip-locked and taped to the inside 
lid of the cooler.  The cooler is custody taped on two corners and shipped if laboratory analyses 
are to be performed at the MDH.  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. 

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 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.  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 
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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 experiment is detailed in Tables 1, 2, and 
3. Their corresponding analytical methods and SOPs are identified by laboratory and their 
location in the Appendix of this QAPP. Corrective actions taken in the process of microcosm 
sampling and analyzing samples are documented by the laboratory managers or staff and are 
ultimately reported to Dr. Johnson and the appropriate MPCA Project management staff for the 
final decision. 
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Section B.5: Quality Control 
 
Laboratory  QC checks are identified in Table 2.  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 4: Quality Control Elements 

 
QC Type Surface Water Porewater Sediment 

Blanks    

Method Blanks 1 per batch 1 per batch 1 per batch 

Spikes    

Laboratory Control Sample (LCS) 1 per batch 1 per batch 1 per batch 

Matrix Spike (MS) 1 per batch 1 per batch 1 per batch 

Calibration Checks 1 per batch 1 per batch 1 per batch 

Duplicates    

           Laboratory Duplicates  1 per batch 1 per batch 1 per batch 

Matrix Spike Duplicate (MSD)(if conducted)  1 per batch 1 per batch 1 per batch 

Laboratory Control Sample Duplicate  (LCSD) (if conducted)  1 per batch 1 per batch 1 per batch 

 
Table 5: QC Acceptance Criteria for Target Analytes in Surface Water and Porewater 

Target Analyte 
 
Blanks LCS (%R) 

 
MS (%R) 

Laboratory 
Duplicates 
(RPD) Laboratory Appendix 

Dissolved Oxygen N/A N/A N/A N/A 
UMD Civil 
Engineering 

Appendix D 

Conductivity N/A N/A N/A N/A 
UMD Civil 
Engineering 

Appendix D 

pH N/A N/A N/A N/A 
UMD Civil 
Engineering 

Appendix D 

Temperature N/A N/A N/A N/A 
UMD Civil 
Engineering 

Appendix D 

Ferrous Iron <RL 85 – 115 85 – 115 25 
UMD Civil 
Engineering 

Appendix D 

Sulfate <RL 90 – 110 90 – 110 25 
UMD Civil 
Engineering 

Appendix D 

Chloride <RL 90 – 110 90 – 110 25 
UMD Civil 
Engineering 

Appendix D 

Bromide <RL 85 – 115 85 – 115 25 
UMD Civil 
Engineering 

Appendix D 

Fluoride <RL 85 – 115 85 – 115 25 
UMD Civil 
Engineering 

Appendix D 

Sulfide <RL 85 – 115 85 – 115 25 
UMD Civil 
Engineering 

Appendix D 

Sulfide <RL 85 - 115 85 – 115 25 
UMD Civil 
Engineering 

Appendix D 

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

Nitrogen <RL 85 – 115 85 – 115 25 MDH Appendix C 
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Table 6: QC Acceptance Criteria for Target Analytes in Sediment 

Target Analyte 
 
Blanks LCS (%R) 

 
MS (%R) Duplicates (RPD) Laboratory Appendix 

Acid Volatile 
Sulfide (AVS) 

<RL 70-130 80-120 50 MDH Environmental Appendix C 

ICP-MS for 
Extractable 
Metals 

<RL 70-130 80-120 50 UMD CE Appendix D 

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

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

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

Percent Solids <RL 70-130 80-120 50 MDH Environmental Appendix C 

 

Section B.5.1.1: 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.5.1.2: Matrix Spikes (MSs) 

 
Matrix spikes may be used by a laboratory 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 4, 5, or 6. Refer to the laboratory’s QAM (if 
available) or specific analytical method located in the appendix of this QAPP for details of this QC 
activity. 

Section B.5.1.3: Laboratory Control Sample (LCS) 

 
A laboratory control sample (LCS) is an aliquot of clean 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 5 and 6. Refer to 
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the laboratory’s QAM (if available) or specific analytical method located in the appendix of this 
QAPP for details of this QC activity. 

Section B.5.1.4: Laboratory Duplicates 
 
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 4, 5, 
and 6. 

Section B.5.1.5: 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:  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. 
 

Section B.7: Instrument/Equipment Calibration and Frequency 

Section B.7.1: Overview 

 
This section discusses calibration of 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 Laboratory Procedures 
 

The calibration procedures followed by the laboratory are outlined in the laboratory QAM (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 in a specific laboratory’s SOP) 
with a calibration verification check standard. All calibration standards must have a percent 
difference (%D) of <15%. 
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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’s QAM, if available. 

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 a Microsoft Access database at MPCA for data processing and analysis. 

Section B.9.1: Data Recording 

 
Data and information collected in the lab will be recorded in dedicated notebooks and forms.  
Data recording procedures to be followed by the laboratory are discussed in individual 
laboratory’s QAM, if available. 

Section B.9.2: Data transformation 

 
Data and laboratory information is transformed in the MPCA offices.  Procedures for data 
transformation by the laboratory are discussed in the laboratory QAM, if available. 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 laboratory 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.  A report of Project activities is prepared by 
the MPCA and summaries of the project activities will be presented at the February 2013 
Conference. 

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. 
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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.



 
Section No.: C.1 

Revision No.:0  

Date: 12/9/2013 

Effective Date: Date of Last Signature 

Page: 35 of 44 

 

Wild Rice Sulfate Standard Sediment Incubation Experiment – Quality Assurance Project Plan 

 

Section C: Assessment and Oversight 

Section C.1: Response Actions 

Section C.1.1: 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.1.2: 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 laboratory 
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.4.
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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 laboratory 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 
 
AVS Acid Volatile Sulfide 
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) 
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 
UMD University of Minnesota – Duluth 
UMN University of Minnesota – Twin Cities
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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
Page 1 of 1
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Appendix C: MDH Environmental Laboratory Standard Operating 
Procedures 
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Appendix D: University of Minnesota Civil Engineering Laboratory QA 
Procedures and Standard Operating Procedures



UMD Civil Engineering QA Procedures 
 

Quality Assurance / Quality Control (QA/QC) procedures for Johnson Research Group 

N Johnson 
Updated: 9/19/12 

 
In order to ensure the quality of analytical data from a variety of techniques used to quantify chemicals in our lab, this 
document lays out procedures for how to ensure that the analytical equipment is giving consistent results and 
functioning as we expect for samples.  These guidelines apply to:  

- Anions and cations by Ion Chromatograph 
- Ferrous iron by phenanthroline method 
- Sulfide by ISE 
- Sulfide by methylene blue spectrophotometric method 
- Metals by ICP-MS 
- Sulfate by turbidometric method 
- pH & ORP by electrodes 
- DOC on TOC analyzer 
- Total elemental analysis on CHNS analyzer 

The principle of QA/QC is to run checks with the instrument, at the beginning and periodically throughout the samples, 
to ensure that the instrument is functioning accurately and consistently and that there are no abnormal matrix effects 
that may compromise the analytical results.  At least four or five types of QA/QC checks should be performed: 

- MB - Method Blanks (approx. every 10 samples) 

o Water blank (usually DI water) with the exact composition of reagents as samples and calibration 

solutions and prepared using the same method (transfers, vials, dilutions, etc.) as samples;  should be 

run more frequently (and after high concentration samples) if instrument carryover is experienced  

- OPR - Ongoing precision and recovery (approx. every 10 samples) 

o A check of one of the calibration standards to make sure equipment is still performing as expected.  For 

destructive analysis, if enough standard volume is prepared initially, this can be taken from the same 

bottle. 

- REF - Quality control sample, or reference material (min. once per batch) 

o This is a sample of known concentration (typically analyzed by another lab) which can be used to check 

our own method against someone else’s 

 
- DUP - Duplicates (min. once per batch, or every 20 samples) 

o An exact replicate of one sample, prepared from the beginning in exactly the same way (not just back to 

a sample vial that was analyzed previously) to test method precision/reproducibility. 

- MET SPK - Method Spike (min. once per batch, or every 20 samples) 

o This is typically performed for samples which require complex extraction procedure.  A known amount 

of analyte is spiked into a blank matrix similar to the initial sample.  This spike is then taken through all 

extraction/dilution/etc. steps and analyzed like a sample.   

- MS/MSD - Matrix Spike & duplicate (min. once per matrix) 

o A sample which was analyzed alone should be split and prepared in exactly the same way.  A known 

amount of analyte is then spiked into the duplicate sample.  The original replicate will have a known 

amount of the analyte and can be subtracted from the spiked replicate to ensure recovery and or 

linearity of instrument response.   



o Many times a sample is split into three replicates and two are spiked to check precision/reproducibility 

and recovery at the same time. 

- Detection limit (once for the method) 

o Established by analyzing many samples (>~7) at a concentration expected to be near the detection limit; 

the standard deviation of these analyses is used to establish a method detection that is known to be 

above zero with confidence according to a standard procedure.   

  



Typical analytical sequence 

As a result of the need for these quality assurance checks, a typical analytical sequence (for 30 samples) in a new matrix, 
might involve the following: 

- An analytical blank 
- Two to five non-zero calibration standards spanning the range of expected sample concentrations 
- Ongoing Precision Recovery sample 
- Quality Control or reference sample 
- An analytical blank 
- Seven samples 
- A method blank 
- Ongoing precision Recovery sample 
- Three samples 
- Duplicate sample(s) 
- Four samples 
- A method blank 
- Matrix spike / matrix spike duplicate 
- Five samples 
- Ongoing Precision Recovery sample 
- Four samples 
- Method spike 
- An analytical blank 
- Seven samples 
- Ongoing precision recovery 
- An analytical blank 

Although the above sequence involves 48 analytical runs for only 30 samples, the quality of the data will be much higher 
if these QA guidelines are followed and results can be reported with confidence.   

A typical analytical sequence for a matrix that we have tested before and had reliable results for matrix spikes, could 
leave out matrix spikes.  If OPR results consistently come out within 10% of expected values over a period of months of 
performing analysis, subsequent batches of samples (run on the same instrument) can proceed without a full calibration, 
but maintaining blanks and OPR checks. 



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
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Standard Operating Procedure for Analysis of sulfide by the methylene blue method 

(spectrophotometry)  
Johnson Research Group 

UMD-Civil Engineering 

Updated 4/1/2013 

 

The methods outlined in the Standard Methods for the Analysis of Water and Wastewater Method 4500 S2- D 

as implemented in Hach Sulfide method 8131 are followed on a Hach DR 2800 portable UV/VIS 

spectrophotometer.   
 

Briefly, an appropriate volume of sulfide Reagent I (5%) is added to a clean sample vial to which sample is 

carefully delivered with a pipette.  Sulfide reagent II is immediately (within 30s) added to the vial, capped, and 

gently mixed.  Absorbance is read at 660nM within 30 minutes and compared to absorbance of blanks and 

standards.  For low concentrations, blanks and standards are prepared in deoxygenated (but formerly oxidized) 

matrix water.   
 



Standard Operating Procedure for Analysis of anions by Ion Chromatograph  
Johnson Research Group 

UMD-Civil Engineering 

Updated 4/1/2013 

 

The methods outlined in EPA Method 300.1 are followed on a Dionex ICS-1100 Integrated IC system (AS-DV 

Autosampler).   

 

Each sample is injected into the 25 μL sample loop, and separated using a Thermo Scientific AS22 IonPac 

4x250 mm anion exchange column, after which each anion passes through the conductivity cell for detection. 

The eluent is 4.5 mM sodium carbonate and 1.4 mM sodium bicarbonate pumped at a rate of 1.2 mL min-1. The 

suppressor current is set at 31 nA and the column is continuously heated at 30º C. 

 

In general (and especially when high sulfide is present), samples are filtered with 0.45uM polyethersulfone 

(PES) filter membranes and acidified to < pH 4.5 with concentrated HCl to convert all dissolved sulfide species 

(H2S , HS-, and S2-) to H2S, which reduces the amount of sulfide available to oxidize to sulfate prior to 

analysis.  When chloride analysis is desired, the sample is split and analyzed separately for chloride.  After 

acidification, samples are stored at 4C until analysis.  Samples are diluted with Millipore water (18.2MΩ 

resistance) if necessary and placed in new 5 mL or 0.5mL Dionex polyvials with 20 μm-pore filter caps and 

loaded into the autosampler.  If excessive iron has precipitated out of samples, they are re-filtered with 0.45 um 

PES filters.   

 

A Thermo Scientific Anion Standard is used for preparing calibration standards, ongoing recovery checks, and 

matrix spikes. 



 

Standard Operating Procedure for Analysis of ferrous iron by the 

phenanthroline method (spectrophotometry)  
Johnson Research Group 

UMD-Civil Engineering 

Updated 4/1/2013 

 

The methods outlined in the Standard Methods for the Analysis of Water and Wastewater 

Method 4500 Fe- D are followed on a Hach DR 5000 UV/VIS spectrophotometer.   

 

Briefly, an appropriate volume of reagents (HCl, Acetate buffer, Phenanthroline, DI 

water) are added to a clean sample vial to which sample is carefully delivered with a 

pipette.  If concentrations are expected to be in excess of 200uM, a smaller sample volume 

is added and diluted to the expected sample volume with DI water.   

 

The vial is then capped and gently mixed.  Absorbance is read at 510nM within 30 

minutes and compared to absorbance of blanks and standards.  For low concentrations, 

blanks and standards are prepared in deoxygenated (but formerly oxidized) matrix water. 

 



UMD Civil Engineering Standard Operating Procedures 
 

Standard Operating Procedure for Hydrolab Sonde Calibration  
Johnson Research Group 

UMD-Civil Engineering 

Updated 4/1/2013 

 

Sonde calibration is to be conducted at the beginning of each use and the calibration status is to be 

checked whenever conditions change (e.g. going from the warm storage into the cooled storage rooms) 

  

(a) Charge sonde overnight 

The evening prior to use, remove the handheld part of the sonde and plug into the RS232 charger 

which is located in the case. The handheld unit needs to be turned on for charging to commence.  

(b) Unplug the handheld from the charger and plug the sonde into the handheld using the same RS232 

port on the back which the charger was plugged into.  

(c) pH Calibration 

 Rinse the probes with DI water 

 Submerge the probes within the proper pH calibration fluid 

 Press the “Setup/Cal” button on the handheld, then press “Calibrate” and press “Sonde” 

and wait for several seconds until the calibration menu appears. 

 Navigate the menu on the handheld using the up and down arrow keys until “pH : Units” 

is highlighted and press the “Select” Button 

 Enter the target pH of the calibration fluid by navigating with the left and right arrow 

keys to highlight different numbers. Press “Select” to enter that number within the new 

standard.  Once the new standard value is entered, press “Done” and wait for several 

seconds. 

 A message should come across the bottom of the handheld screen stating “Calibration 

successful” if this message does not display, or if the message reads “Calibration Failed” 

recheck the calibration fluid, make sure the standard was properly entered or obtain fresh 

calibration fluid.   

 Repeat this process for calibration fluid at pH 4, 7 and 10 

 

(d). Conductivity Calibration 

 Thoroughly rinse the probes and plastic tubing with DI water. 

 Make a Calibration solution using the solution within the sonde case. (2000 µS/cm) 

o e.g. Typical values of conductivity for the WD Wild rice/Sulfate Project_2013 fall 

between 300 and 500 µS/cm so a 400µS/cm calibration is appropriate. To make 

this, 50mL is required, mix 10 mL of the (2000µS/cm) solution from the case and 

combine it with 40 mL of DI water. 

 Navigate to the “SpCond: µS/cm” item on the calibration menu. 

 Using the left and right keys, enter the concentration of the calibration fluid that you 

made.   

 Submerge the Sonde probes in the calibration fluid that you made, and press “Done” on 

the handheld device.   

 A message should come across the bottom of the handheld screen stating “Calibration 

successful” if this message does not display, or if the message reads “Calibration Failed” 

recheck the calibration fluid, make sure the standard was properly entered or obtain fresh 

calibration fluid  

 



(e). Dissolved Oxygen Calibration 

 Rinse the probes and plastic tubing with DI water 

 Fill the plastic case 1/3 full with DI water, replace the black plug, loosely screw the 

calibration tube into place on the end of the sonde, and turn the sonde upright (case 

down).\ 

o The probes need not (and should not) be submerged during oxygen calibration 

 Wait 5 min or until condensation begins to appear on the probes and tubing.   

 Navigate to the “LDO%” on the sonde calibration menu and press “Select”.  Enter the 

current barometric pressure ( typically near 760 mmHg) and press “Done” 

 “Calibration successful” should appear across the bottom of the screen on the handheld; 

if not, recheck the current barometric pressure and attempt to recalibrate; if the problem 

persists, contact Dr. Nathan Johnson for assistance.   

 

NOTE: A simple method of submerging the probes of the sonde is to simply pour the calibration fluid 

into the clear plastic tubing and hold the sonde upside down (so the corded end of the sonde is facing the 

ground).  By using this method, approximately 50 mL of fluid is required to submerge the probes 

(excluding turbidity) and perform the calibration.  
 



 1 

University of Minnesota Duluth – Civil Engineering  

Standard Operating Procedure for using ICP-MS (ELAN6000)  
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1. A basic mindset  
a. An appropriate mindset of using the Elan6000 ICP MS  in the Research Instrumentation 

Laboratory of  MWAH at UMD include 

i. Plan several days in advance and contact Bryan Bandli at MWAH 55 to ensure 

argon is present and equipment is functioning normally 

ii. Plan at least 2 hours to starting and warming up the ICP MS system. 

iii. Make a clear plan on how many samples to run and an estimation of the range 

of concentration of your samples (including dilutions if necessary). 

2. Before turning on the system, here is the system checkup list 
a. Power  

i. If the system has been used normally, the lab manager Bryan Bandli will 

maintain it powered and should be ready to use. 

ii. If the system is shut down, consult Bryan to power it up.   

b. Argon  

i. Monitor the Argon pressure and be sure the tank is not empty, if the gage show 

less than one quarter of argon left, inform Bryan for new order. A full small tank 

of argon can last 8 hours and a big tank of argon can last about 40 hours for 

normal operation. However, the process of igniting plasma can consume extra 

amount of argon, especially when you have to try many times for ignition 

process.  

ii. Make sure the valves of argon flowing system are opened all the way. Check for 

green signs on “ Instrument-front panel” on software interface.  

c. Tubing 

i. Replace the tubing (the small one) of clamped by peristaltic pump with new 

tubing daily (or every 8 hours of running), remember to stretch it when you 

release the tubing from peristaltic pump.  Replace the drain pump tubing (The 

large one) weekly. 

ii. Install sampling and draining tubing on peristaltic pump. Connect sampling tip to 

sampling tube, submerse sampling tip in Milli-Q water and turn on peristaltic 

pump,  to make sure the flowing directions are correct and they drain (If needed, 

consult manual P4-13 for detail of reconnecting the Peristaltic Pump).  
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iii. Check and make sure the tubing at the back side of autosampler works well, 

otherwise replace it. 

d. Cleaning skimmer cones and torch 

i. Flip open the cover of main chamber, carefully slide the vacuum chamber and 

main interface to the left (Detail and pictures in Manual P5-14). 

ii. Remove the two skimmer cones special special tool in the door (slide out for the 

first cone, and unscrew out for the second one). 

iii. Clean the cones by immersing the tips only in soapy water and sonicating for 30 

min. 

iv. Rinse thoroughly with Milli-Q water and allow dry. 

v. Reinstall cleaned, dry sampler and skimmer cones. 

vi. Inspect torch and load coil for damage or contamination. 

1. If torch has dirty spot, open the torch box, uninstall  the torch, clean it 

by immersing it in 2% HNO3 for at least 3 hours (If the spot is not 

washed out, put it in 5% HNO3 or allow extra time) and rinse it with 

Milli-Q water. While a torch is being washing, ask Bryan for another one 

to use. 

2. Reinstall the cleaned torch, make sure to use the black alignment tool to 

alight the torch according to the directions of the manual. There are two 

steps to alighn the torch, consult Manual P5-16-21 for detail. This is a 

very important step, the plasma will not turn on if the torch has not 

been well alighted and installed.  

vii. Slide back the vacuum chamber and main interface to position, be sure to hear 

the ‘click’ sound for locking, cover back the main chamber. 

e. Tuning solution 

i. Be sure to have unexpired tuning solution and Milli-Q water ready and handy 

when the system is warming up. 

f. Check the washing solution and waste tank 

i. Make sure there is enough washing solution (2% HNO3) in the tank, refill as 

needed. 

ii. Make sure the tubing connects the washing solution and peristaltic pump is 

working well,  
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1. Make sure the end of the hose inserted in washing tank is submersed in 

the solution.  

2. Be sure to pump that pumping washing solution is working well. This 

pump is located at the back of the auto sampler.  Check the rubber 

tubes clamped at in the pump, replace it if you see any damage. This 

pump only operates when the autosampler is used.  

iii. Make sure the tank containing waste solution has enough space to receive 

waste during your sample run, empty it as needed (Ask Bryan for help).  

iv. Both tanks containing washing solution and waste are sitting on the floor, 

underneath the auto sampler.    

3. Turning on Plasma 
a. Submerse sampling tip in Milli-Q water, check it occasionally when system is warming 

up, refill Milli-Q as needed. 

b. Double click to start the ELAN6000 software and enter the service mode using 

password ”Elan6000” (Options/Enter service Mode). 

c. Click on the “Devices” / “Peristaltic pump” / “Connect” buttons to connect the system to 

peristaltic pump.  

i. Start the pump with rotating counterclockwise at 24 rpm by clicking the button 

showing right direction. 

ii. Double check the flowing direction and make sure the tubes drain.   

d. Click on the “Instrument” button. 

i. Ensure the instrument is ready (No part of the system model indicates red on 

the front panel!)  

ii. Start the plasma ignition sequence by clicking the ‘start plasma’ button or 

pressing the green button on interface of Elan6000.  

e. Switch to the Service tab and click “plasma” tab located at the bottom of the interface. 

f. Closely watch the plate voltage and when it jumps to 3899 V (this takes about 60 s from 

the time the “start” button is pressed) press the grill ignitor button.  

i. If everything works well, the plasma will pup on when the igniter button is 

clicked and you can see the bright blue plasma from the viewing window;  
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ii. If the plasma is not on, wait till this ignition sequence end by observing the 

values on ‘plasma’ tab turn back to normal (this process normally takes about 1-

2 minutes), switch back to front panel tab and check everything is green.  

iii. Repeat steps d – f to ignite the plasma, if fail more than 5 times, consult Bryan 

for help. If Bryan is not here, run trouble shutting according to manual P6-3. 

g. Once the plasma is started, allow the instrument to warm up for 30-45 min. I normal use 

this time to prepare for standard solutions. 

4. Optimizing and Tuning the system  
a. After system warm up, place the end of the sampling tube into the tuning solution. 

(Don’t put the sampling tip into the whole bottle of tuning solution as it will 

contaminate it, but to pour some out into a second container, such as a 50 ml centrifuge 

tube, and put sampling tip in it) 

b. X-y alignment. The target of this step is to find the strongest signal that the system can 

produce by alighting the position of sampling introducing system, the torch and coil, 

with the sampling receiving system, the skimming cones.   

i. On main menu of ELAN6000 software, click ‘file’, ‘Open workspace’, select ‘x-

y.wrk’ and ‘open’. 

ii. In sample tab, click ‘analyze sample’ or ‘analyze blank’ 

iii. Switch to ‘real time’ tab, select ‘signal’ in the box from the dropdown menu.   

iv. Watch the change of the signals. 

v. Flip open the main chamber cover, adjust the X and Y spectrometer alignment 

knobs located right outside of the torch box (adjust the rear knob first) to 

maximize the signal. 

vi. If the maximizing process has not been completed by one run of ‘analyze 

sample/blank’, repeat steps 5b i-v to complete the process. 

vii. Cover back the main chamber. 

c. Tune the system. The purpose of this step is to tune and optimize the instrument by 

automatically run a series of selected procedures. 

i.  Click on the “SmartTune” button on main interface of software. 

ii. Click ‘file’ and ‘open’, select the desired tuning files from the list of pop-up 

window.  
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1. If the ICPMS has not been used for some days, I use the full tuning 

procedure by selecting “smart tune full UMD.swz” file; if the system has 

been used normally (daily), it is not necessary to run the full tune 

procedure, I run ‘smart tune daily’ for saving some time and tuning 

solution, watch and be sure the centrifuge tube containing tuning 

solution is not empty while the tuning procedure is running, refill if 

needed.  

2. You can (normally don’t need to) select and edit the optimization 

procedures by clicking the ‘edit list’ button at the left hand side of the 

window and choose the way and procedures to run for tuning. But for 

the beginning, I will just run the ‘Smart tune daily’ file, or ‘Smart tune 

full UMD’ file. 

3. On the right hand side of the window, select the right number of 

position of the sampler at which you put your tuning solution, or select 

the choice of ‘Use manual sampling (without autosampler)’, no need to 

worry about right setting of the position of the tuning solution in auto 

sampler.  

a. Using auto sampler allowing automatic run of the tuning 

procedures, no need to interfere the system during the process 

and you can use this time to work on your standard solution and 

preparation of samples. But still need to click and save the 

results of daily performance check before the system can 

automatically run the rest of the procedures. Some tuning 

procedures scheduled ‘daily performance check’ at the 

beginning and the end, be sure to check and save the results of 

this step, since the tuning procedure will not continue until you 

save the daily check result.  

b. By selecting ‘Use manual sampling (without autosampler)’, you 

don’t need to worry about where to put your tunning solution, 

you can put it anywhere, but it requires active interaction with 

the system during the tuning procedure, by clicking ‘OKs’ after 

each tuning step.  

iii. Click the ‘optimize’ button ( the one on the smarttune window, not the button 

on the main menu) and wait for the system to complete the optimization. 

1. The results of the tuning procedure is stored and can be viewed at the 

default optimization file which is used in the process of running the 

sample later on. 
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2. The result of daily performance check is reported as a picture file and 

required timely save, we save them in ‘My document/Daily 

performance report’, put the date at the end of the report before saving 

your report so you can keep track of them later.  

3. The results of smart tune, especially the process of the ‘AutoLen’, may 

not pass and the daily performance check may indicate fail if the default 

parameters are used for the tuning procedure. It is said that the default 

setting set by the manufacturer was pretty strict and after several years 

of running the system may not meet the criteria. Making sure the X-Y 

alignment has been done well and the system is running OK,  It is OK to 

adjust the parameter to an acceptable level, or accept the results with a 

little bit lower performance(Judge this by consulting the software 

manual and comparing your performance check result with the past 

performance check results stored it the computer and recorded in the 

log book.) 

iv. Once the optimization is complete, record the results of daily performance 

check and save a copy of the report to the “Optimization records” folder in My 

Documents. 

 

5. Defining Method files (Consult ElAN6000 Software Guide P47 - 62) 
a. A method file has to be pre-defined before any sample can be analyzed.  A sample file 

should be defined based on the target elements of your samples. There are defined 

quantitative method files, such as ‘quantitative analysis_Johnson_LowConc.mth’,  

stored in the computer, which include analytes of of Ag, Al, B, Ba, Bi, Ca, Cd, Co, Cr. Cu, 

Fe, K, Li, Mg, Mn, Mo, Na, Ni, PB, Sr, Ti, Zn. I use ‘quantitative 

analysis_Johnson_LowConc.mth’ for low concentration (0.3ppb to 100 ppb) and 

‘quantitative analysis_Johnson’ for high concentration (40ppb – 5000bbp) analysis. 

b. Switch to Method window by clicking ‘Method’ tab 

i. Time Tab 

1. Make sure your target elements are included it the list of the analytes, 

also of course, they should be included in your standard solution.  

2. The factors of ‘Sweeping/reading time’, ‘Reading/Replicating’, and 

‘Replicate’ are changeable, the selection of 40, 1, and 3 respectively for 

the three parameters are reasonable and working well in past 

measurement. Change of these selections affect the volume of the 

sample needed for the measurement.     
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ii. Processing Tab 

1. Define how the instrument should detect and process the elements in 

the samples. The selection in the previous method files worked well. 

They are changeable as needed.  

iii. Equation Tab 

1. List the same element you selected in the Time tab. Here you can select 

different isotopes of each element or use equation for reducing 

interference in the process of measurement.  

iv. Calibration Tab (This is important for setting up your file) 

1. In this window you need to define the concentrations of each elements 

in your standard solution. 

2. This information is used by the system to automatically calculate the 

results of your sample. 

3. Make sure the list of analytes and their Mass numbers in calibration 

window are the same as they are in the Processing and Time Tabs. 

4. Double check and make sure sample unit and calibration unit are 

consistent for each element. 

v. Sampling Tab 

1. Here to define the criteria of sampling process, such as the time for 

sample flush, read delay, washing time. If you see any contamination 

between samples from the results of your measurement, you can come 

back here to adjust the time of washing and speed of the pump. 

vi.  Report Tab 

1. This Tab located at the right hand side of the method window. 

2. On report view, you can define the template of report for measurement 

results.  I defined and use two template files,’ Johnson report.rop’ and 

‘Johnson report_simple.rop’, you are welcome to use or to adjust them. 

Don’t check ‘sent to Printer’ or ‘Generate NetCDF file’.  

3. On Report to file, check ‘report to file’, select the right report template 

file in the box of ‘Report options template’,  define the report file name, 

otherwise the results of a new run or reprocess will overwrite the report 

file that you have defined before and you will lose the previous results if 

you select overwrite the result under ‘file write option’.    
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4. If you select the ‘Append’ under the ‘file write option’ , you will have 

new results append at the end of previous defined file, resulting a long 

files, but maybe useful if you split a batch of sample into several parts 

and run in different times. 

5. Under report format, select all options of ‘use titles’, ‘use delimiter’, and 

‘use separator’, they are important for viewing the result later in Excel. 

6. Defining sample file 
a. A sample file has to be defined before a sample, or a batch of samples can be analyzed. 

b. Switch to Sample Tab by clicking Sample on main menu. 

i. Select ‘batch’ tab unless you are to measure only one or two samples or bear to 

switch the sampling tip every 4 minutes for a batch of samples. 

ii. Under ‘Batch’, put all of your standard solutions, samples, spike samples, 

replicates in auto sampler. 

iii. Clearly label and define the sample IDs and record the location (A/S Loc., this 

information will be detailed in the following ‘auto sampler’ section) for each 

sample, fill this information in the sampling table, or you can use sample 

template to build the sample file. 

iv. In column of measuring action, I select ‘run sample’ for all samples listed under 

A/S Loc., including blanks, standard solutions, spikes, and replicates, for the 

analyze process, then to define calibration standards and blanks when I come 

back to reprocess the data after a run has completed. I tried to define the blanks 

and calibration solutions beforehand the analysis process, it turned out repeat 

running the sample three times and need to use three times of the sample 

volume of a single run, and the results were confusing to me as well. The 

process of one time run and reprocess at the end seemed work and plain to me, 

so I prefer to use this method.  

v. In Method column, select your predefined method file. Fill down and copy to 

each sample, unless you are intend to use different method for various samples. 

vi. In Sample Type column, I select ‘sample’ for each sample, unless you want to 

use auto QC/QA function, you may want to select various sample type, i.e., QC 

spike, QC dilution etc. to have the system automatically calculate QC for you, 

but then you need to enable QC function when you define your method file. I 

have not tried that. 

vii. Information in columns of Aliquot volume and Dilution to Volume are very 

useful when you have to dilute your samples. I found it very helpful when I 
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reprocess my data as these values are always there, and in the report of results 

this function save me quite some time in calculating back the original 

concentration of the samples.  So use it with care as needed. 

viii. On the upper part of the sampling window, click button of ‘Summary’, you can 

define a file receiving a summary report of each reprocessing of the data.  

c. Auto Sampler 

i. Autosampler is important part for running a batch of sample. 

ii. Switch to device tab by clicking ‘Device’ on main menu. 

iii. Switch to autosampler tab 

iv. Select autosampler  ‘Cetac ASX-500’, Tray name ‘ceasx500\as500d.try’. 

v. Select Port ‘GPB1’ 

vi. Initialize the sampler by clicking ‘Initialize’ 

vii. Numbering the location of the sampler 

1. The first row on the top fit for 50 ml centrifuge tube is numbered as one 

to ten, from left to right. Standard solutions are used to put in these 

locations. 

2. There are four sampling trays sitting on the floor of the auto sampler, 

each tray holds 24 sample tubes (3 columns and 8 rows), from left to 

right, the sample tubes located at the first tray are numbered as 11 to 

18 for the first column, 19 to 26 for the second column, 27 to 34 for the 

third column; in the second tray, from left to right, the first column is 

number as 35 to 42, the second column is number as 43 to 50, and so 

on. Total 106 samples (including standard solutions) can be put in the 

auto sampler at the same time. The table below shows the setup of the 

tray in auto sampler. 

1 2 3 4 5 6 7 8 9 10 

11 19 27 35 43 51 59 67 75 83 91 99 
12 20 28 36 44 52 60 68 76 84 92 100 
13 21 29 37 45 53 61 69 77 85 93 101 
14 22 30 38 46 54 62 70 78 86 94 102 
15 23 31 39 47 55 63 71 79 87 95 103 
16 24 32 40 48 56 64 72 80 88 96 104 
17 25 33 41 49 57 65 73 81 89 97 105 
18 26 34 42 50 58 66 74 82 90 98 106 
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d. After defining sampling file, putting samples in the appropriate location in the auto 

sampler, and initializing the auto sampler, you can click the button of ‘Analyze Batch’ in 

sampling window. The batch of samples will be analyzed automatically.   

e. You can also use schedule function by click ‘schedule’ on main menu, to define and 

schedule auto analysis, wash, and shutdown procedures. So you can be sure the plasma 

will be shut down after the bath measurement is done. However, it is crucial for 

occasional check and to be sure the sequences are running appropriately when one or 

more batches of measurement are scheduled. If a response to the system is asked for by 

the software during a run, the system will stop the analyzing process until the respond 

has been received, while the pumps and plasma are still running. 

7. Shutdown 
a. At the end of sample runs, place the end of the sample pump tubing in milli-Q water and 

allow to run for 10 min. 

b. Stop the plasma by clicking on the stop button in the plasma section of the instrument 

front panel window.  The instrument will go through an internal shutdown procedure 

and continue making noises for about a minute. 

c. Stop the peristaltic pump. 

d. Release the pump clamps and remove the pump tubing. 

e. Open the cover of the auto sampler to allow the acid gas to release. 

8. Preparing standard solutions and samples 
a. Standard solution 

i. Never insert a pipette tip directly into the bottle containing original stock 

solution, always use a second contained to hold a small amount of stock 

solution and work with it.  

ii. Standard calibration need to be made every day. Typically when you restart the 

plasma and retune the system, you need a new standard calibration for a new 

run.  

iii. Use 2% HNO3 to dilute the stock  and make standard solution. As a stock 

solution contains multiple elements that are of interest in your sample, multiple 

calibrations for different elements can be create at the same time, given that 

the appropriate concentration settings in each step of standards for each 

element is well defined. Table 1 and 2 below are examples to prepare 

calibration solutions, for both low and high concentrations.   
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iv. The target concentrations of the elements in each standard solution were 

calculated based on one specific element, e.g., concentration of Ag is used as 

base in this example to calculate concentrations for other elements. I set up a 

spreadsheet to quickly calculate the corresponding element concentrations for 

each level of standard solution. This information is necessary to fill in the 

Method file. 

v. A spreadsheet is also helpful on calculating the volume of stock solution and 2% 

HNO3 for making standard solutions. Table 3 and 4 are examples for it. The 

calculation is based on the concentration of Ca. 

Table 1. Example of standard concentration for multiple elements (High concentration).  

Elements 
Target Concentration, ppb 

Original 
Stock Std 1 std 2 std 3 std 4 std 5 std 6 

Ca 10000 40 100 300 750 1700 5000 

Mg 10000 40 100 300 750 1700 5000 

Na 50000 200 500 1500 3750 8500 25000 

Fe 10000 40 100 300 750 1700 5000 

K 100000 400 1000 3000 7500 17000 50000 

Mn 10000 40 100 300 750 1700 5000 

Mo 50000 200 500 1500 3750 8500 25000 

Ag 10000 40 100 300 750 1700 5000 

Al 50000 200 500 1500 3750 8500 25000 

B 50000 200 500 1500 3750 8500 25000 

Ba 10000 40 100 300 750 1700 5000 

Bi 100000 400 1000 3000 7500 17000 50000 

Cd 10000 40 100 300 750 1700 5000 

Co 10000 40 100 300 750 1700 5000 

Cr 50000 200 500 1500 3750 8500 25000 

Cu 10000 40 100 300 750 1700 5000 

Li 50000 200 500 1500 3750 8500 25000 

Ni 50000 200 500 1500 3750 8500 25000 
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Pb 100000 400 1000 3000 7500 17000 50000 

Sr. 10000 40 100 300 750 1700 5000 

Ti 50000 200 500 1500 3750 8500 25000 

Zn 10000 40 100 300 750 1700 5000 

  

Table 2. Example of standard concentration for multiple elements (Low concentration).  

Elements 
Target Concentration, ppb 

Original 
Stock Std 1 std 2 std 3 std 4 std 5 std 6 

Ca 20000 0.3 1 3 10 30 100 

Mg 20000 0.3 1 3 10 30 100 

Na 20000 0.3 1 3 10 30 100 

Fe 20000 0.3 1 3 10 30 100 

K 20000 0.3 1 3 10 30 100 

Mn 20000 0.3 1 3 10 30 100 

Mo 20000 0.3 1 3 10 30 100 

Ag 20000 0.3 1 3 10 30 100 

Al 20000 0.3 1 3 10 30 100 

B 20000 0.3 1 3 10 30 100 

Ba 20000 0.3 1 3 10 30 100 

Bi 20000 0.3 1 3 10 30 100 

Cd 20000 0.3 1 3 10 30 100 

Co 20000 0.3 1 3 10 30 100 

Cr 20000 0.3 1 3 10 30 100 

Cu 20000 0.3 1 3 10 30 100 

Li 20000 0.3 1 3 10 30 100 

Ni 20000 0.3 1 3 10 30 100 

Pb 20000 0.3 1 3 10 30 100 
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Sr. 20000 0.3 1 3 10 30 100 

Ti 20000 0.3 1 3 10 30 100 

Zn 20000 0.3 1 3 10 30 100 

 

Table 3. Example of calculation for needed volumes of stock and 2% HNO3 for preparing 

calibration solutions. 

Standards Target conc., 
ppb 

Volume of 
final 

solution, ml 

Stock conc. 
ppb 

Volume of stock 
solution needed, ul 

Std1 40 10 10000 40 

std2 100 10 10000 100 

Std3 300 10 10000 300 

Std4 750 10 10000 750 

Std5 1700 10 10000 1700 

Std6 5000 10 10000 5000 

 

Table 4. Example of calculation for needed volumes of stock and 2% HNO3 for preparing 

calibration solutions. 

Standards Target conc., 
ppb 

Volume of 
final 

solution, ml 
Stock conc. 

ppb 
Volume of stock 

solution needed, ul 

Std1 0.3 10 10 300 

std2 1 10 100 100 

Std3 3 10 100 300 

Std4 10 10 100 1000 

Std5 30 10 100 3000 

Std6 100 10 20000 50 
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b. Samples 

i. All samples to analyze metal concentrations are needed to preserve with 2%-5% 

HNO3. Since we are using 2% HNO3 for washing solution and for preparing 

calibration standards, we should be consistently using 2% HNO3 to preserve and 

dilute samples. 

ii. If your original samples have not been preserved with 2% HNO3, i.e., your 

solution is not containing 2% HNO3, the concentration of HNO3 in your samples 

(diluted) are necessary to be adjusted to 2% HNO3 using 100% HNO3.  The 

amount of 100% HNO3 needed to add to samples is calculated based on the 

final volume of your sample and the content of HNO3 originally contained in 

your sample. 

iii. To be sure a smooth analysis process, put no less than 3 ml of each sample in 

vials that are set in trays of auto sampler. If you need replicate from the same 

vial, consider to double the sample volume. 

9. Data processing  
a. After running a batch of sample, with the plasma shut down, the data can be processed 

and reprocessed. 

b. Go to ‘Dataset’ tab on main menu, from the list of the analyzed samples; select the ones 

you are to process.  

c. In the column of ‘Read type’, define the selected samples as blank, sample, standard, 

spike, etc. by right click and make appropriate selection on the pop out window.   

d. Double check the columns of ‘Aliquot Volume’ and ‘Dilute to Volume’ for each selected 

sample, correct it if necessary. This can save you quite some time in reporting the 

results. 

e. Click the button of ‘Summary Report’ to set up a file to receive a summary result of your 

processing.  

f. Check ‘Use original Conditions’ if nothing change from the original conditions, e.g. 

aliquot volume, method file, etc.. Uncheck this option if you made any change from the 

original condition for this reprocess.  

g. Check ‘Save Reprocessed Data’ if you want to save a copy of the reprocessed data which 

is useful for you to view back how and which reprocess have been done, otherwise, 

leave it there.   

h. The data can be reprocessed many times with various conditions. If you want to save a 

report of the results differ from the report generated from previous reprocess, go to 
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‘Method’ tab and click the ‘Report’, and defile a different name. otherwise,  the new 

results will overwrite or append at the end of the old one, depending on the selection 

you have made before in ‘Report’ tab.   

i. Click ‘Reprocess’ data, the software will reprocess your data. 

j. Save your new standard calibration with a new name with current date if you just have 

done a calibration by assigning the standard solutions. This new calibration will be used 

to calculate the actually concentration of the samples that you will be reprocessing. 

k. Be sure the currently opened method file is the same as the method file that you have 

defined on the ‘Method file’ column on ‘dataset’ window, corresponding to the data 

that you are to reprocess. The system read the method file that is currently open as the 

method to reprocess you data, if your opened method file is no consistent with the 

method file you are suppose to use for reprocessing the data, the results will be 

confusing.   

10. Viewing the result reports 
a. The result report can be viewed and converted to Excel file.  

b. In Excel, click ‘Open’, look in C:\Elandata\ReportOutput, select your result file, ‘Open’.  

c. In Text Import Wizard, select ‘Delimited’, ‘Next’; in step 2, select ‘Tab’,’Space’, and 

‘Comma’; ‘Next’, and ‘Finish’.  

d. From the report, you can see the detail information based on options that you have 

defined in the report template. If desired, You can change the template and reprocess 

the data for other forms of results.  

e. For a short and quick report that only shows the resulted cpt for each sample, open the 

summary report you just defined before reprocess process.   

f. Once you open your text report file in Excel, save it as Excel file so that it can be easily 

open next time.  
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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. 
 



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 500 C. Heat the furnaces 
        slowly. Increment in 100 C steps to set-point temperatures. The right furnace setpoint 
        is 1050 , the left furnace set-point is 825 C. 

 
   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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