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Section A.4: Project Organization and Responsibility 
The Minnesota Pollution Control Agency (MPCA) will conduct project management for the 
hydroponic experiments with wild rice. The organizational structure of the MPCA is shown in the 
Minnesota Pollution Control Agency’s Quality Management Plan (2013) . The following sections 
will detail the organization, responsibilities, and lines of communications for each of the 
personnel involved with the project.  

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

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

 With guidance from the MPCA Project Manager, design, develop, and implement the 
hydroponic study, 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 his discretion, publish results from the project in a peer-reviewed journal. 
 

Section A.4.2:  University of Minnesota – Duluth Project Staff 
The University of Minnesota – Duluth’s project staff will: 

 Ensure test procedures are followed. 

 Document the test procedure and observations. 

 Identify and report any problems to the Principal Investigator.  

Section A.4.3:  University of Minnesota – Duluth Biology Laboratory Staff 
The University of Minnesota - Duluth Biology Laboratory staff will: 

 Ensure analytical procedures for the analysis of metals in plant tissue are followed. 

 Document the analysis and observations. 

 Identify and report analytical problems to the Laboratory Manager 
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Section A.4.4:  MPCA Program Administrator   
The Program Administrator will: 

  Approve the QAPP including subsequent revisions. 

 Provide administrative direction to assigned staff and to the MPCA Quality 
Assurance/Quality Control (QA/QC) coordinator as needed. 

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

 Oversee the preparation of a project summary to include measurable benchmarks, 
problems encountered regarding QA/QC, and recommended changes in procedures. 

 Provide direct supervision and project assignment to assigned staff. 
 

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

 Review and approve the QAPP including subsequent revisions. 

 Provide technical 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.  

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

 Prepare a project summary to include interpretation of the data, measurable 
benchmarks, and problems encountered regarding QA/QC, and recommended 
changes in procedures. 

 Review all project deliverables and strategies. 

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

 Represent the MPCA in meetings. 
 

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

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

 Review and approve the QAPP including subsequent revisions. 

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

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

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

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

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

 Update and distribute the Hydroponics Wild Rice QAPP. 

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

 Section A.4.8:  The MDH Environmental Laboratory Section Manager 
The MDH Environmental Section Manager is:  

 Responsible for all analytical work performed by MDH. 

 Responsible for all MDH Environmental Laboratory section staff and facilities. 

 Responsible for the QA function associated with duties performed by the MDH 
Environmental Laboratory 

 Review and approve the QAPP including subsequent revisions.  
 

Section A.4.9:  The MDH Environmental Inorganic Laboratory Unit Supervisor 
The MDH Inorganic Chemistry Unit Supervisor will: 

 Provide administrative direction to assigned staff as needed. 

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

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

 Review and approve the QAPP including subsequent revisions. 
 

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

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

 Conduct and document internal audits of MDH Environmental laboratory 
procedures. 

 Review laboratory SOPs. 

 Schedule and document pertinent Method Detection Limit studies. 

 Maintain staff training records. 

 Maintain the laboratory corrective action program. 

 Review and approve the laboratory elements of the QAPP. 
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Section A.4.11:  The MDH Laboratory Staff 
The MDH Environmental Laboratory staff will: 

 Ensure analytical procedures for the analysis of aqueous samples are followed 

 Document the analysis and observations. 

 Identify and report analytical problems to the Inorganic Chemistry Unit Supervisor. 
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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 striving to clarify current and future implementation of the wild rice sulfate 
standard, which recently has come under increased questioning and contention. Based on a 
review of available studies and information, MPCA believes that additional wild rice plant toxicity 
studies are needed to evaluate the effects of sulfate and other variables on wild rice, across the 
full life cycle of the plant, before a revision to the numeric standard can be considered. This QAPP 
is associated with the part of the overall study that seeks to determine the effects of sulfate 
exposure on wild rice seed germination and seedling growth via a hydroponic experimental 
design. The outcomes of this part of the study are listed in Table 1 and Table 2, with target 
analytes to be quantified in Table 3. The results and interpretation of the outcomes from this 
specific experiment will be considered in cooperation with the other parts of the overall Wild 
Rice Sulfate Standard study to inform a decision about the adequacy of the current sulfate water 
quality standard to protect wild rice. 
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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 MPCA 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. 
All of the specific values pertaining to precision and accuracy will be refined in the method 
development phase of the project. These results will be used to amend and modify the values in 
Table 3 so that the final QAPP reflects specific laboratory derived data quality objectives. This 
QAPP falls under all requirements of the MPCA’s QMP which is approved by U.S. Environmental 
Protection Agency (EPA) Region 5. 

Section A.6.2:  Scope 
To test how wild rice responds to sulfate, sulfide, and assorted cations and metals, we will grow 
wild rice seedlings in hydroponic solutions in which the concentrations of sulfur species and 
cations will be controlled independently. The purpose of these experiments is to provide an 
experimentally controlled measurement of wild rice growth that can then be compared to 
observed wild rice distribution in relation to measured pore water concentrations of these 
chemical parameters in lake sediments. This particular QAPP is concerned solely with the QA/QC 
activities associated with the section of the experiment that seeks to determine the effects of 
sulfate exposure on germination and seedlings growth in oxic (oxygen present) conditions.  

The hydroponic experiments will be conducted by procedures modified from Li et al. (2009), who 
examined the responses of cattail (Typha domingensis) and sawgrass (Cladium jamaicense) to 
sulfate and sulfide concentrations. All experiments will be conducted in a Percival growth 
chamber at a photon flux density of 1000 micromol m-2 sec-1. Wild rice photosynthesis is thought 
to reach maximum rates at this photon flux density (Zhao et al. 2004; Sims, Pastor, Dewey, 
Hildebrandt, unpublished data). 

Characteristics of wild rice growth 

Wild rice is a native plant of Minnesota and a member of the grass family of plants. Its growth 
habits are as an annual aquatic plant, which means that its entire life cycle is completed in an 
aquatic environment. Briefly, each year’s new plants come from seeds preserved in the sediment 
from a previous year’s production. The growth of the new plants follows a pattern of seed 
sprouting, roots that grow into the sediment, and leaves that grow toward the water surface and 
establish a “floating-leaf” stage where the leaves lay flat along the air/water interface. Additional 
growth from the root base establishes a “tiller” stage that is quite rigid and grows above the 
water surface. More than one tiller may develop in each plant. This is the main stem that 
eventually, after about four months of growth, develops the flowering portion of the plant. The 
flowers, once fertilized, produce the seed for subsequent generations of the plant.  
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It is within this context that these toxicity tests will be performed in efforts to better describe 
effects of sulfate, sulfide, and other parameters on growth and survival of wild rice.  

Method Development Objectives 

This was an operational guideline used to develop appropriate methods for implementing 
exposures using wild rice under a hydroponic test strategy. The intent of this test strategy was to 
investigate the best approach for exposures of wild rice grown in control media and under 
experimental test conditions using the experimental apparatus anticipated to be used in 
subsequent toxicity tests. The intended output of these wild rice hydroponic studies is to 
describe dose-response relationships for two intended toxicants tested separately: sulfate and 
sulfide. Methods developed will be incorporated into the Appendix of this QAPP.   

Table 1: Wild Rice Sulfate Standard Hydroponic Germination Study – Sulfate (Oxic conditions) Measurements 

Measurement Unit Standard Operating Procedure  

Observations of seeds every 2 days Date, Time, Treatment Level, 
Replicate Number 

Appendix C: Germination Test: 
Oxic Conditions 

Length of Plant Growth – Mesocotyl Growth Nearest millimeter  Appendix C: Germination Test: 
Oxic Conditions 

Count of Seeds that Germinated Count Appendix C: Germination Test: 
Oxic Conditions 

 

Table 2: Wild Rice Sulfate Standard Hydroponic Juvenile Seedling Study – Sulfate (Oxic conditions) Measurements 

Measurement  Unit StandardOperating Procedure 

Observation of Sprouts Observations and abnormalities noted 
with date, time, treatment level, and 
replicate number 

Appendix C: Juvenile Seedling 
Growth Test: Oxic Conditions 

Measures of stem/leaf length 
(mesocotyl growth)  

nearest mm Appendix C: Juvenile Seedling 
Growth Test: Oxic Conditions 

Individual Whole Plant Biomass 
(dry) 

nearest 0.1 mg Appendix C: Juvenile Seedling 
Growth Test: Oxic Conditions 

Individual Plant Root Area and 
Length – Scan  

Nearest mm
2
/mm Appendix C: Juvenile Seedling 

Growth Test: Oxic Conditions 

Individual Plant Component 
Weight (Dry)- Roots and 
Stems/Leaves 

nearest 0.1 mg Appendix C: Juvenile Seedling 
Growth Test: Oxic Conditions 

 

 

 

 

Table 3: Proposed Project Target Analytes and Chemistry Characteristics in Water to be analyzed by the MDH 
Inorganic Environmental Laboratory 
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Target Analyte in 
Solution 

Report Level 
(mg/L) 

Standard Operating 
Procedures 

Analytical Method 
Reference 

Holding Time 

Alkalinity, Total 10 mg/L Appendix B SM 2320 B 14 Days 

Ammonia 0.050 mg/L Appendix B EPA 350.1 28 Days 

Arsenic 0.00100 mg/L Appendix B EPA 200.8 180 Days 

Boron 0.0200 mg/L Appendix B EPA 200.7 180 Days 

Calcium 2.00 mg/L Appendix B EPA 200.7 180 Days 

Chloride 0.0500 mg/L Appendix B EPA 300.1 28 Days 

Cobalt 0.00100 mg/L Appendix B EPA 200.8 180 Days 

Copper 0.0100 mg/L Appendix B EPA 200.8 180 Days 

Conductivity 0.2 micromhos/cm Appendix B EPA 120.1 28 days 

Dissolved Organic 
Carbon 

1.00 mg/L 
Appendix B 

SM 5310 C 28 Days 

Iron 5.00 mg/L Appendix B EPA 200.8 180 Days 

Magnesium 2.00 mg/L Appendix B EPA 200.7 180 Days 

Manganese 0.0100 mg/L Appendix B EPA 200.8 180 Days 

Molybdenum 0.00100 mg/L Appendix B EPA 200.8 180 Days 

Nitrate + Nitrite 0.050 mg/L Appendix B EPA 353.2 28 Days 

Nitrogen, Total 0.050 mg/L 
Appendix B QuikChem 10-107-04-3-

D 
28 Days 

Phosphorous, Total 0.0100 mg/L Appendix B EPA 365.1 28 Days 

Potassium 0.500 mg/L Appendix B EPA 200.7 180 Days 

Selenium 0.00100 mg/L Appendix B EPA 200.8 180 Days 

Silica, Total 
Reactive 

0.500 mg/L 
Appendix B 

SM 4500 SiO2 C 28 Days 

Sodium 0.500 mg/L Appendix B EPA 200.7 180 Days 

Sulfate 0.0500 mg/L 
Appendix B and 
Appendix C 

EPA 300.1 28 Days 

Sulfide 0.0100 mg/L 
Appendix B  QuikChem 10-116-29-3-

A and Standard Method 
4500-S2– D Equivalent 

14 Days 

Zinc 0.0100 mg/L Appendix B EPA 200.8 180 Days 

 

Table 4: Proposed Target Analytes and Chemistry Characteristics in Water to be analyzed by the U of M Duluth 
Biology Laboratory 

Target Analyte in 
Solution 

Report Level (mg/L) Standard Operating 
Procedures 

Analytical Method 
Reference 

Holding Time 

Sulfate 2.5 mg/L Appendix C QuikChem Method 
10-116-10-1-A 

28 days 

Project Schedule Timeline 

Method development began in June 2012. Preliminary tests were conducted to determine 
practicality of test design in preparation for full test implementation. Subsequent tests were 
performed based on hypotheses to be tested and information observed from test outcomes, as 
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determined in consultation between the Principal Investigator and the Project Manager. Final 
experimental procedures were completed in early July, 2013 and the primary wild rice sulfate 
toxicity experiments, with the goal of producing conclusive and defensible results, are to be 
conducted at the end of July and beginning of August, 2013.  

Section A.6.4:  Intended Data Usage 
The data is used to determine the effects of sulfate concentration on the growth of wild rice.  

Section A.6.5: Technical Reports 
The principal investigator will provide a draft report to the MPCA on the wild rice hydroponics 
method development and research completed by December 2012. The MPCA project manager 
and wild rice team will review and provide comments to the principal investigator.  After revising 
the report to reflect MPCA comments, the principal investigator will deliver a final report on the 
hydroponics research completed in 2012 to the MPCA by January 15, 2013. This report will be 
shared with MPCA management and distributed to interested parties in advance of a mid-project 
review meeting that will be held on February 28-March 1, 2013. The Principal Investigator will 
provide a final report on the protocol, results and raw data from the hydroponics research 
completed in 2012 and early 2013 to the MPCA by March 29, 2013. Upon review, this report will 
be shared with management at MPCA, MDH, the Wild Rice Standards Study Advisory Committee 
and other interested parties. Subsequent toxicity testing results and data completed in 2013 will 
be reported to the MPCA by October 31, 2013.A final report on the results of these experiments, 
including spreadsheets with pertinent data, will be provided to the MPCA by November 27, 2013. 
These reports will be distributed to the appropriate managers at the MPCA.  The MPCA project 
team also updates management about project process on a routine basis.
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Section A.7: Quality Assurance Objectives and Criteria 

Section A.7.1: Overview 
Research Directions and Decisions  

The construct and need for these hydroponic tests are based on information received as part of a 
scoping process that included participation by technical professionals with experience in wild rice 
research, aquatic chemistry, aquatic ecology, and other interests pertinent to these studies to 
test effects of sulfate on wild rice. A final protocol (The Sulfate Standard to Protect Wild Rice 
Study Protocol found on the MPCA website) was developed as part of this endeavor, which laid 
out a series of hypotheses used to provide questions to guide the direction of actual and 
potential scientific research. In this series of hypotheses are elements of test design suited for 
using water only (hydroponic) test media, which are amenable to controlled manipulations of the 
test parameters.     

Inputs to the Decisions 

The project management team (Shannon Lotthammer, Edward Swain and Patricia Engelking) 
along with the Principal Investigator (John Pastor) will be responsible for final decisions on the 
project. These decisions will be informed by results of the hydroponics tests, 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.  

Laboratory Analysis 

The Minnesota Department of Health’s (MDH) Environmental Laboratory will provide the 
majority of the analytical testing for the project. The analytes of concern from an aqueous 
medium (with Report levels and analytical methodologies) are detailed in Table 1. The MDH 
Environmental Laboratory’s Quality Assurance Manual (QAM) appears in Appendix A while their 
Standard Operating Procedures appear in Appendix B. The MDH QC acceptance criteria are listed 
in Table 7. The University of Minnesota Duluth Biology Laboratory will run analyses on sulfate 
concentrations to be cross checked for accuracy by the MDH. University of Minnesota Duluth 
Biology Laboratory SOPs are listed in Appendix C. 

Section A.7.2:  Blanks  
The samplers will use field blanks while sampling. Field blanks are submitted at a 5 percent rate 
to the laboratory. Field blanks results verify that the field sampling and laboratory procedures are 
free of contamination and do not contaminate blank samples.  

The laboratory uses method blanks to verify the extraction procedures, glassware, and 
instrument conditions have background below the laboratory reporting limits. The method 
blanks are reported with MPCA samples to allow the project manager to determine that 
laboratory contamination or analytical error could cause a false positive. The laboratory performs 
method blanks at a rate of one for each analytical batch of twenty samples (5 percent) or less to 
ensure a contaminant-free environment. 
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Section A.7.3:  Duplicate Samples  
As is the case for field blanks, duplicate samples are collected as necessary to protect the 
integrity of the sampling investigation. Duplicates are collected by co-locating samplers. 
Duplicate sample analyses provide a check on sampling and analytical reproducibility, or 
precision. The laboratory also prepares and analyzes replicate samples to gain a measure of 
reproducibility. MPCA has a relative percent difference (RPD) goal for duplicates of 50 percent. 

Section A.7.4:  Spike Samples 
Spiked samples will not be collected in the field, but MPCA does submit adequate samples to 
ensure the laboratory has enough sample to allow for a spike analysis. MPCA policy allows a 
maximum recovery of 150 percent and a minimum recovery of 30 percent. The laboratory uses 
Municipal Section (MS) recoveries to measure accuracy in the analyses. Laboratory-generated 
limits for spike recoveries are used in validation of data (when required). MPCA policy requires a 
10 percent rate of spikes. 

Section A.7.5:  Laboratory Activities 
The quality assurance objectives for accuracy, precision, completeness, representativeness, 
reporting limits, and comparability to be met by the laboratory are described in the laboratory’s 
Quality Assurance Manual (QAM) (If available). 

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

Section A.7.6.1: Precision 
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 < 50 percent for the 
data to be acceptable.
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Section A.7.6.2: 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 spiked 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 (unspiked) sample concentration. The formula for 
determining percent recovery is as follows: 

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

 
Acceptable data falls between 30 percent and 150 percent recovery. 

Section A.7.6.3: Representativeness 
Representativeness of the data set is the measure that expresses the degree to which the data 
accurately represents the population as a whole. The methods for sample collection in the field, 
sample preservation, transportation to the laboratory, sample preparation, and sample analysis 
are reviewed to determine if appropriate procedures were followed. If the procedures as 
described in this QAPP were followed, sample results are considered representative of the site. 

Section A.7.6.4: 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.7.6.5: 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: 

          % Complete =  (# of Valid Results) * 100 
                                          (# of Samples Tested) 

 
A completeness of 90 percent 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 percent completeness, the data 
are rejected. If the laboratory is at fault, they will be responsible for securing the re-collection 
and re-analysis of samples.
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Section A.8: Specialized Training/Certifications 
University of Minnesota, Duluth (UMD Department of Biology) lab personnel have been trained 
for proper sample handling, preparation, and analytical techniques and safety. 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 by UMD. 

The Minnesota Department of Health Environmental Laboratory personnel have been trained for 
proper sample handling, preparation, and analytical techniques and safety. 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 by the Laboratory’s Quality 
Assurance Office. 

Section A.9:  Record Keeping 
The water samples collected will be documented using established tracking methods of the 
Pastor lab.   

 All records will be kept in the laboratory. 

 All data will be entered for statistical analysis in Excel spreadsheets. 

 The lab coordinator for the Principal Investigator will oversee data entry and proof 
checking. 

 All data files will be sent to the MPCA project managers and coordinator. 

 The effect of sulfate levels on wild rice seed, shoot, and root growth will be tested using a 
randomized complete block analysis of variance. 

The approved QAPP will be recorded and submitted those indicated on the distribution list.  The 
records are retained for a period of not less than five years. 
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Section B: Data Generation and Acquisition 

Section B.1: Sampling Design 
 

This section describes the methods used for conducting toxicity tests using various wild rice 
growth endpoints to examine effects of sulfate under oxic (aerobic) conditions. Toxicity tests use 
a hydroponic (aqueous) exposure media to deliver selected concentrations of sulfate that provide 
the conditions adequate for the normal growth of the wild rice test organism. Wild rice in two 
different stages of growth is used for initiating the experiments either as a germinating seed 
(Germination Test) or as seeds that have sprouted (Juvenile growth test). Specific details of each 
test design are provided in the methods titled: 1) ”Germination Growth Test: Oxic Conditions”, 
and 2) “Juvenile Seedling Growth Test: Oxic Conditions” found in Appendix C. 

Section B.2: Sampling Methods 
 

Parameters of plant growth to be measured 

This section describes the procedures of obtaining samples and performing specific 
measurements of plant growth as described in the methods titled: 1) ”Germination Growth Test: 
Oxic Conditions”, and 2) “Juvenile Seedling Growth Test: Oxic Conditions” found in Appendix C.    

Plant sampling  

Following the 10 day experimental period plants will be measured for total length and total 
weight (biomass) as described in the methods titled: 1) ”Germination Growth Test: Oxic 
Conditions”, and 2) “Juvenile Seedling Growth Test: Oxic Conditions” found in Appendix C. The 
methods used for obtaining these physical measurements are cited in the test methods.   

Growth media sampling 

The toxicity tests described in the methods titled: 1) ”Germination Growth Test: Oxic Conditions”, 
and 2) “Juvenile Seedling Growth Test: Oxic Conditions” found in Appendix C require the 
exposure solutions to be renewed every two days. Both the new solutions and 2 day old solutions 
are sampled for analysis of water chemistry. The procedure for sampling and methods used for 
chemical analysis are cited in the test methods (Appendix C) 
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Parameters of plant growth to be measured 

This section describes the procedures of obtaining samples and performing specific 
measurements of plant growth as described in the methods titled: 1) ”Germination Growth Test: 
Oxic Conditions”, and 2) “Juvenile Seedling Growth Test: Oxic Conditions” found in Appendix C.    

Plant sampling  

Following the 10 day experimental period plants will be measured for total length and total 
weight (biomass) as described in the methods titled: 1) ”Germination Growth Test: Oxic 
Conditions”, and 2) “Juvenile Seedling Growth Test: Oxic Conditions” found in Appendix C. The 
methods used for obtaining these physical measurements are cited in the test methods.   

Growth media sampling 

The toxicity tests described in the methods titled: 1) ”Germination Growth Test: Oxic Conditions”, 
and 2) “Juvenile Seedling Growth Test: Oxic Conditions” found in Appendix C require the 
exposure solutions to be renewed every two days. Both the new solutions and (2 d) old solutions 
are sampled for analysis of water chemistry. The procedure for sampling and methods used for 
chemical analysis are cited in the test methods (Appendix C) 

 Analytical Endpoints: Both Experiments 

For both germination and seedling experiments newly made test solution and old test solutions 
used throughout the experiment are stored in labeled bottles for analysis of various compounds 
listed in Table 3. The analytical procedures used in the analyses of these various chemical 
parameters are provided through the MDH inorganic environmental laboratory SOPs located in 
Appendix B of this QAPP.  Analytical holding times, preservation methods, and volumes required 
for each analyte are listed below in Table 5. They are also listed in the U of M Duluth Biology 
Laboratory Analytical SOPs (Appendix C) and MDH analytical SOPs (Appendix B).  

Table 5: Sulfate Concentration Endpoints 

Analyte/Endpoint Minimum Volume 
Needed 

Holding Time Preservation 
Method 

New Test Solutions 
– Sulfate  

5 ml Stored for a  
maximum of 25 

days 

Stored at 4 ºC 

Old Test Solutions 
– Sulfate  

5 ml Stored for a 
maximum of 25 

days 

Stored at 4 ºC 

 

All corrective actions taken during the experimental processes are documented by Dr. John 
Pastor and Brad Dewey of the University Of Minnesota-Duluth Biology Department, and 
appropriate MPCA personnel are notified.  All corrective actions in analyte analysis conducted at 
the MDH are documented by Jeff Brenner and appropriate MPCA personnel are notified. 
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Section B.3: Sample Handling and Custody 
All samples collected will be labeled to identify the sample for the database record. The labels 
will include location, data, time, and other information documents as required. Sample labels 
must be properly completed to include the sample’s identification number. Labels shall be 
printed and affixed to the outside wall of the sample container in the lab, prior to going to the 
field. 

All laboratory-identified samples will be labeled for the database record. The labels will include 
the abbreviation of date, method, location, size, and media. 

The MDH Inorganic Environmental Laboratory QA Manual – Appendix 4, 5, and 6 and Sample 
Receiving Procedure Manual outline the procedures for custody within the laboratory. These 
manuals are found in Appendix A of this QAPP.   

Section B.4: Analytical Methods 
Information on the analytical methods to be employed by the Minnesota Department of Health is 
detailed in Table 3. University of Minnesota - Duluth - Biology Department analytical methods are 
available in Appendix C of this QAPP.  
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Section B.5: Quality Control 
Field and laboratory QC checks are identified in Table 6. The frequency of analysis and the control 
limits are also listed. If the results do not meet the QC acceptance criteria, corrective actions are 
defined. Table 7 lists the quality control acceptance criteria for the aqueous analytical chemistry 
conducted by the MDH Inorganic Environmental Laboratory. A description of Dr. John Pastor’s 
Lab and the U of M - Duluth’s Biology Lab quality control activities are described in this section 
below and in Table 8. 

Table 6: Quality Control Elements require by all laboratories performing analytical work for this study 

QC Type Water 

Blanks 

Laboratory Blanks 

Method Blanks 

 

1 per analytical batch* 

1 per analytical batch 

Spikes 

Matrix Spike 

Laboratory Control Sample 

Surrogates (as appropriate) 

 

 1 per analytical batch 

 1 per analytical batch 

 1 per analytical batch 

Calibration Checks  1 per analytical batch 

Duplicates 

Matrix Spike Duplicates 

Laboratory Duplicates 

 

 1 per analytical batch 

 1 per analytical batch 

*An analytical batch is considered to be no more than 20 samples, not including the QC elements 

 
Table 7: Aqueous Quality Control Acceptance Criteria 

Target Analyte 
Matrix Spike 
(% Recovery) 

Laboratory Control Spike 
(% Recovery) 

Relative Per Cent 
Difference (%) 

Alkalinity, Total 90-110 90-110 15 

Ammonia 90-110 90-110 10 

Arsenic 85-115 85-115 20 

Boron 85-115 85-115 20 

Calcium 85-115 85-115 20 

Chloride 90-110 90-110 10 

Cobalt 85-115 85-115 20 

Copper 85-115 85-115 20 

Dissolved Organic Carbon 90-110 90-110 10 

Iron 85-115 85-115 20 

Magnesium 85-115 85-115 20 

Manganese 85-115 85-115 20 
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Molybdenum 85-115 85-115 20 

Nitrate + Nitrite 90-110 90-110 10 

Nitrogen, Total 90-110 90-110 10 

Phosphorous, Total 90-110 90-110 10 

Potassium 85-115 85-115 20 

Selenium 85-115 85-115 20 

Silica, Total Reactive 90-110 90-110 10 

Sodium 85-115 85-115 20 

Sulfate 90-110 90-110 10 

Sulfide 80-120 90-110 10 

Zinc 85-115 85-115 20 

 
Dr. John Pastor’s Laboratory Quality Control Elements 
Germination Growth Test: Oxic Conditions Acceptability of Test Results 

1. At least 90% of germinated seeds in control jars are living at test termination. 
2. Seed are considered germinated when mesocotyl length from control exposures will 

be at least 2.0 cm at the end of the 10 days duration of growth. 
3. Control germinated seeds should not indicate any visible phytotoxic or 

developmental symptoms at any time during the test. 

Juvenile Seedling Growth Test: Oxic Conditions Acceptability of Test Results 

1. At least 90% of control juvenile seedlings are living at test termination 
2. Mesocotyl length of living juvenile seedlings from control exposures will be at least 

5.0 cm at the end of the 10 d duration of growth. 

3. Control juvenile seedlings should not indicate any visible phytotoxic or 
developmental symptoms at any time during the test. 

Plant Biomass QA Control Acceptance Criteria: Germination and Juvenile Seedling Growth Test  

1. Determination of stable dry weight is achieved by placing three individual weighing 
pans plus plant material into the desiccator jar. Once cooled, the weight of each pan 
is recorded, and the pans are placed back into the drying oven for one half hour. 
After this, the pans are removed, placed into the desiccator jar to cool and weighed 
once again. If the dry weight of each pan differs by less than 0.5 mg or 4%, whichever 
is less, the weight is stable and the weighing of all individual weighing pans with plant 
matter can be completed. 

 

Area and Length QA Acceptance Criteria: Germination and Juvenile Seedling Growth Test using the Epson 
Perfection 4990 photo scanner controlled by the image acquisition component of Regent Instruments, 
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WinFOLIA software 

1. The root image is observed and accepted or determined to be not acceptable (roots 
extending outside of scanned area, fuzzy image due to roots “drifting”, air bubbles along root 
surface) 

2. Roots are scanned until an acceptable image is produced 
 

U of M Duluth Biology Quality Control Acceptance Criteria 

The University of Minnesota- Duluth’s Biology Laboratory, managed by Brad Dewey, will conduct 
sulfate analysis on new renewal solutions and old renewal solutions via a Lachat Quik Chem 8000 
flow injection autoanalyzer (QuikChem Method 10-116-10-1-A, Determination of Sulfate by Flow 
Injection). The quality control elements for this analysis are listed in Table 6. Quality control 
acceptance criteria are listed below in Table 8.  All values are based upon the current laboratory 
acceptance criteria and shall not exceed these values, otherwise the system will be deemed to be 
out of control and corrective actions will need to be taken before the analytical batch is 
reanalyzed.  

Table 8: UMD Biology Lab Quality Control Acceptance Criteria 

Target Analyte 
Matrix Spike 
(% Recovery) 

Laboratory Control 
Spike (% Recovery) 

Relative Per Cent 
Difference (%) 

Sulfate 80-120 80-120 30 
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Section B.5.1: QC Type 

Section B.5.1.1: Method Blanks 
One method blank is extracted and analyzed with each batch of up to 20 samples to demonstrate 
that there are no interferences from the glassware, reagents, and analytical system. If any 
method blank shows target analytes above ½ the report level, a solvent blank should be injected 
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-
extracted and re-analyzed. 

Section B.5.1.2: Matrix Spikes and Duplicates (MSs/MSD) 
Matrix spikes are used to determine if there are any effects related to the sample matrix. One 
spike should be spiked, extracted, and analyzed per batch of up to 20 samples. A matrix spike 
duplicate should also be analyzed once per batch of up to 20 samples. The percent recoveries of 
the MS are used to measure accuracy of the analysis. The percent recoveries should be 30-150 
percent. 

Section B.5.1.3: Laboratory Control Sample and Duplicate(LCS/LCSD) 
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 percent 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 percent recoveries should be 30-150 percent for all matrices. 

Section B.5.1.4: Laboratory Duplicates 
Laboratory duplicates are used to measure precision. One pair should be extracted and analyzed 
per twenty samples or less. The relative percent difference (RPD) should be ≤50 percent for 
acceptability of results.  

Section B.5.1.5: Out-of-Control Situations 
When the out-of-control situations listed in Sections B.5.1.1 through B.5.1.4 occur, the failing 
analysis should be re-injected into the analytical system. If the re-analysis meets QC criteria, 
report the second analysis. If the re-injection still does not meet criteria, the affected samples 
should be re-extracted and re-analyzed. If the results of the re-analysis of the MS still fail to meet 
criteria and the result of the LCS is acceptable, then the problem is related to matrix and the QC 
batch requirements are considered to have been met. Report the results of the batch and qualify 
the result of the environmental sample chosen for QC purposes as estimated. If the results for 
the LCS fail again, instrument maintenance is required. After the maintenance has been 
completed, another initial calibration must be performed.
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Section B.6: Instrument/Equipment Testing, Inspection, and Maintenance 

Section B.6.1:  Field Equipment 
Delays in project schedules, poor output in performance, and erroneous results in investigative 
operations can result from improperly maintained equipment. Therefore, preventative 
maintenance of field equipment is performed routinely before each sampling event. More 
extensive maintenance is performed based on hours of use and manufacturer recommendations. 
Spare parts for all field equipment as well as back up instruments are kept at the laboratory. The 
laboratory staff performs preventative maintenance on a routine schedule on all field equipment. 
Standardized field sampling equipment (bailers, scoops, bowls, push probes, etc.) will be 
maintained by the field staff.   

Section B.6.2:  Laboratory Equipment 
The protocols for testing, inspection, and maintenance of laboratory equipment are addressed in 
the laboratory QAMs. Additionally, the laboratory’s standard operating procedures (SOPs) 
present the specific protocols to be followed as part of the analysis. The preventative 
maintenance plan employed by the laboratory is described in the laboratory QAM. In general, the 
preventative maintenance is performed on a scheduled basis on all instruments in the laboratory. 
The preventive maintenance performed is documented in the instrument maintenance logbooks 
kept at the instrument. Irregularities noted during operations are traced through the 
maintenance logbook to allow for efficient corrective action to solve problems. Analysts are 
trained in preventive maintenance of their assigned instruments. The laboratory utilizes in-house 
service technicians in the event of instrument failures. Contracts are maintained on the computer 
hardware and software. Backup instrumentation is generally available if a specific analytical 
system becomes unavailable.     
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Section B.7: Instrument/Equipment Calibration and Frequency 

Section B.7.1: Overview 
This section discusses calibration procedures laboratory instruments to be used for the 
Hydroponics Wild Rice Project for Effects of Sulfate in oxic conditions. 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 frequency and procedures used to calibrate equipment including incubators, shakers, water 
baths, spectrophotometers, pipettes and lasers are described in the manufacturing instructions 
and/or dictated by the University of Minnesota laboratory Standard Operating Procedure 
(Appendix C). The calibration procedures followed by the laboratory are outlined in the 
Laboratory QAMs and SOPs.   

Section B.8: Inspection/Acceptance of Supplies and Consumables 
Standard procedure for inspection/acceptance requirements for supplies will be routinely 
performed by trained technical personnel in John Pastor’s laboratory. The 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. 

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.   

Section B.9: Non-direct Measurements 
Historical data may be used to initiate an investigation.  However, all decisions are based on data 
collected during the project.
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Section B.10: Data Management 
The samples will be recorded as they are collected. The water samples collected will be 
documented using established tracking methods of the Pastor lab. All records will be kept in the 
laboratory. All data will be entered for statistical analysis in Excel spreadsheets. The UMD lab 
coordinator for J. Pastor will oversee data entry and proof checking. Internally, the MPCA will 
store all analytical data in their own database. 

Section B.10.1: Data Transmittal 
Data and laboratory experiment 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 Program Manager. 

Section B.10.2: Data Rejection 
Analytical data that does not meet the established QA/QC criteria defined in this QAPP is 
rejected. Data is evaluated by the technical staff to ensure that it is compliant with the QAPP. 
Data collected that is judged to be out of compliance are qualified, rejected, or re-collected if 
possible. 

Section B.10.3: Data Tracking 
MPCA staff will contact the Principal Investigator on a regular basis regarding the status of 
project work. 

Section B.10.4: Data Storage and Retention 
For MPCA, data storage and retention is dictated by Minnesota statute and department policy.  
Official laboratory records are managed using an inventory of records with a schedule 
establishing retention periods and disposal requirements.
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Section C: Assessment and Oversight 

Section C.1: Response Actions 

Section C.1.1: Field Audit Project 
A field audit is not scheduled for the project.   

Section C.1.2: Laboratory Audits 
Section C.1.2.1: Internal Audits 

The laboratory QA staff conducts internal audits of all departments involved with the 
handling/analysis of the project samples. These 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 its operations before 
data are affected. All audits are documented. If problems occur or corrective action is initiated, 
the Quality Assurance Coordinator 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.   

Section C.1.2.2: External Audits 
If external audits of the laboratories are performed, 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. 
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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 is found to be out of control, Corrective 
Action (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 project manager (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 laboratory project record. 
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. 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.  

Section C.2.3: Laboratory Reports 
The MDH Inorganic Environmental 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,  
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h. Signature of a laboratory officer, 

i. Chain of custody, 

j. Results of spike, 

k. Spike duplicates, 

l. Results of surrogate samples (if applicable), 

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 MDH QAM 
found in Appendix A. 

Section C.2.4: Reports to Management 
The Principal Investigator will provide a draft report to the MPCA on the wild rice hydroponics 
method development and research completed by December 2012. The MPCA project manager 
and wild rice team will review and provide comments to the principal investigator.  After revising 
the report to reflect MPCA comments, the principal investigator will deliver a final report on the 
hydroponics research completed in 2012 to the MPCA by January 15, 2013. This report will be 
shared with MPCA management and distributed to interested parties in advance of a mid-project 
review meeting that will be held on February 28-March 1, 2013. A final report on the protocol, 
results and raw data from the hydroponics research completed in 2012 and early 2013 will be 
given to the MPCA by March 29, 2013. After review, this report will be shared with management 
at MPCA, MDH, the Wild Rice Standards Study Advisory Committee and other interested parties. 

Subsequent toxicity testing results and data completed in 2013 will be reported to the MPCA by 
October 31, 2013. A final report on the protocols and results of these experiments, including 
spreadsheets with pertinent data, will be delivered to the MPCA by November 27, 2013. 

These reports will be distributed to the appropriate managers at the MPCA.  The MPCA project 
team also updates management about project process on a routine basis.
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Section D: Data Validation and Usability 

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

Section D.1.1: Data Reduction 
All data will be entered for statistical analysis in Excel spreadsheets. The UMD lab coordinator will 
oversee data entry and proof checking. The effect of sulfate levels on wild rice seed, shoot, and 
root growth will be tested using a randomized complete block analysis of variance. Photographs 
will also be taken periodically during the growing season to visually document growth and 
condition of the stems and overall experimental design. 

Section D.1.2: Data Verification/Methods 
The laboratory manager or designated experienced chemist verifies data is correct as reported. A 
manager reviews 100 percent 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 a laboratory are 
described in that laboratory’s QAM. The laboratory stores all raw data in their archives for five 
years. Raw data is available to MPCA staff as needed.



Section No.:     D.1  

Revision No.:   0  

Date:        08/01/2013  

Effective Date: Date of Last Signature 
Page:  37 of 39 

 

Wild Rice Sulfate Standard Hydroponic Experiment on Response of Wild Rice to Sulfate – Quality Assurance Project Plan 

Appendix A: MDH Environmental Laboratory - QA Manual 
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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 B: MDH Environmental Inorganic Laboratory - Standard 
Operating Procedures 
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Appendix C: University of Minnesota Duluth Dr. John Pastor’s 
Research Group - Standard Operating Procedures 
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Juvenile Seedling Growth Test: Oxic Conditions 

     Standard Operating Procedure for Test Methods using Wild Rice, Zizania palustris 

 

1.1 Scope and Application 

1.1.1  This method describes procedures to perform a toxicity test using wild rice in 
exposures of solutions containing elevated sulfate or cation concentrations under 
aerobic conditions.  

1.1.2  This method consists of a test using a dilution series of at least four concentrations of 
a test chemical and a control. 

 

1.2  Summary of Method 

1.2.1  Germinated seeds of the aquatic macrophyte Zizania palustris are exposed in a static- 
renewal system to a dilution series of concentrations of sulfate or cations. The 
exposure duration is 10 days. The response of the germinated seeds is measured in 
terms of changes to growth in control plants vs. treatment as measured using biomass 
(weight) and measures of vegetative growth of the plant.  

 

1.3  Quality Control Considerations 

1.3.1  Toxic substances may be introduced by contaminants in dilution water, sampling 
hardware, or testing equipment. 

1.3.2  Adverse effects of pH changes and cationic constituents in test media may augment 
or mask adverse effects of toxic substances. 

1.3.3  Improper sampling of test solutions may adversely affect test results (see section 1.5, 
Standards and Reagents, and section 1.6, Toxicity Test Procedures) 

1.3.4 Additional details are found in the document titled: “Hydroponic Experiment on 
Response of Wild Rice to Sulfate - Quality Assurance Project Plan” 

 

1.4  Necessary Apparatus and Materials 

1.4.1  Seeds of Zizania palustris are prepared in the laboratory for germination (see section 
1.7, Wild Rice Seed Preparation). To initiate exposures of germinating seeds, 
sufficient numbers of conditioned seed must be available. 

1.4.2  Environmental Growth Chamber: with lamps of maximum light intensity of  800 or 
greater µmol m-2 sec-1 (measured 6 inches below the lamps) produced by either 
fluorescent lamps or an LED light system and temperature control range of 15° C to 
30° C ± 1°C).  

1.4.3  Light meter: quantifies intensity as photosynthetic photon flux (PPF).  

1.4.4  Test chambers: 70 mL Kimax (Kimble Chase Life Science and Research Products 
LLC) or Pyrex (Corning, Inc.) glass tubes with screw caps. 
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1.4.5  Meter: pH for routine physical measurements. 

1.4.6  Volumetric flasks and graduated cylinders: class A, 10 – 2000 mL borosilicate glass 
for preparation of test solutions. 

1.4.7  Volumetric pipets 

1.4.8  Pipet bulbs and fillers 

1.4.9  Balance: analytical, capable of accurately weighing 0.1 mg. 

1.4.10  Magnetic stirrer and stir bars: for mixing test and growth media solutions 

1.4.11  Filtering apparatus: for membrane and /or glass fiber filters 

1.4.12  Tape: for labeling test chambers and containers for solutions 

1.4.13  Water purification system: deionized water or equivalent  

 

1.5  Standards and Reagents  

1.5.1  Reagent-grade chemicals are used to prepare hydroponic growth media. 

1.5.2      25 liters of a modified 1/5 strength Hoagland’s stock solution (Table 1) is prepared 
using a ½ strength stock solution daily or more often as needed from 1.0 M stock 
solutions. 

1.5.3  Stock SO4 solution (3.200 g/L) is prepared daily as needed by adding 4.73 g anhydrous 
Na2SO4 (Fisher S421) or 8.22 g MgSO4*7H2O (Fisher M63) to 800 mL deionized water 
and filling to 1 liter. Mixtures of Na2SO4 and MgSO4 are determined by solving 2 
equations with known Mg:Na ratios and known SO4 final concentration.  

1.5.4  Reagent water: defined as deionized water that does not contain substances that are 
toxic to the test organisms.  

1.5.5 Appropriate amounts of each test solution (70 mL times number of replicates plus extra 
for analysis sample, i.e. 1600 mL for 20 replicates and ~200 mL sample) are made up 
immediately before use. Pre-determined amounts of 1/5 strength Hoagland’s, PIPES 
buffer (Piperazine-N,N'-bis(2-ethanesulfonic acid) sesquisodium salt, Fisher 
Scientific/Acros Organics # AC32778-5000) , N, and P stock solution, and SO4 stock 
solution are mixed and made to volume. The pH is adjusted to 6.8 +/- 0.2 with 1 M 
HCl.   
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Table 1.   Composition of 1/5 Hoagland’s Solution 

       

Compound Molar concentration in 1/5th strength 

growth solution 

MgCl 0.4 mM 

CaCl2 ·2 H2O 2 .0 mM 

KCl 1.0 mM 

NH4Cl 0.08 mM 

NaNO3 0.08 mM 

KH2PO4 0.026 mM 

H3BO3 22.5 µM 

MnCl · 4 H2O 4.5 µM 

ZnSO4 ·7 H2O 0.5 µM 

CuSO4 ·5 H2O 0.15 µM 

MoO3 0.07µM 

Fe-EDTA 45.0 µM 

Na2SiO3*9H2O 1.5 mM 

PIPES buffer 5.0 mM 

 

1.6  Toxicity Test Procedures: Toxicant Exposures 

1.6.1  Twenty 70 mL Kimax tubes are used for each test concentration prepared. Each tube 
is considered a replicate for the corresponding test concentration. 

1.6.2  Each toxicity test will consist of at least four test concentrations of the toxicant (e.g., 
sodium sulfate) and a control (hydroponics medium). 

1.6.3  Germinated wild rice seed (sprout) as described in section 1.7, Wild Rice Seed 
Preparation, are used to initiate the toxicity test. 

1.6.4  Each Kimax tube is labeled with tape using a unique descriptor for the particular 
concentration of test solution and replicate for that tube. Each tube also is numbered 
from 1 to 120 and a table of these integers (1 – 120) randomized is prepared.  

1.6.5  Each labeled tube is filled to the top with the particular solution as identified on its 
label. 

1.6.6  Germinated seeds (sprouts) are removed from the pool of initial seeds (see section 
1.8, Test Organisms) using a light forceps and put into the tube corresponding to the 
first integer read from the random integer table. This is done for all test tubes 
prepared for testing.   
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1.6.7. The filled tubes (solution and seed) are placed into every other opening in holding 
racks so that light can penetrate to all sides of each tube. A total of six 40-tube racks, 
each containing 20 tubes, are used to hold the test tubes.  See Image 1.  

1.6.8  Screw caps are placed loosely on the tubes. 

1.6.9  All racks are placed in the growth chamber so that the spaces between the racks are 
the same as the spaces within the racks and the tops of the tubes are within 30 cm of 
the bottom of the lights. The location of each rack in the growth chamber remains the 
same for the test duration. 

1.6.10  Test solutions in the tubes are renewed every two (2) days. 

1.6.11  Solution renewals are accomplished by gently decanting or siphoning off the old 
solution leaving approximately one vertical cm of solution in the tube bottom. See 
Image 2.  

1.6.12  New solutions are added by gently pouring into the tube until it reaches the top of the 
tube. The screw cap is then replaced on the tube. 

1.6.13  Old solutions are retained for chemistry as described in the section 1.12, Analytical 
Chemistry. 

1.6.14  Duration of the exposure is 10 days. 

 

1.7  Wild Rice Seed Preparation  

 Wild rice seed must undergo a conditioning phase following its harvest from the field. 
In the wild, wild rice drops into the water after the seed has ripened, and sinks to the 
sediment. This seed, if left undisturbed, stays on or just below the surface of the 
sediment over the winter. This cold phase serves to condition the seed to enable it to 
germinate once water temperatures increase in the spring.   

1.7.1  The following is a procedure that describes the method and handling of wild rice seed 
from initial harvest to its use in juvenile seedling toxicity tests.  

1.7.2  Freshly harvested seed should be kept cool and moist and be placed into storage as 
soon as possible after field collection.  

1.7.3  Harvested seed prepared for storage can be kept a) in plastic zip lock bags in a cooler 
set at just above freezing (4° C), or b) submerged in water just above freezing in the 
dark. Seed stored in either manner can have satisfactory germination rates for one to 
two years. 

1.7.4  To begin the seed conditioning for germination, an aliquot of seed (approximately 
2000 seeds) is removed from this ‘dry’ cold storage (as described in option (a) in 
1.7.3) and placed into a container with water kept submerged at near freezing 
temperatures for at least one month. Following this time period, seed is ready (or 
conditioned) for germination for at least several months. For purposes of use in 
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laboratory testing, seed set in this conditioning phase is kept for up to two months 
before a fresh aliquot of seed is brought into the conditioning phase. Use of storage 
option (b) keeps the seed in this wet, cold conditioned phase until needed for testing. 
See Image 3.  

 

1.8  Test Organisms, Germinated Wild Rice Seed 

1.8.1  As seed is needed for testing, a smaller aliquot from the wet-stored (conditioned seed) 
is removed and placed into a container with water and placed in the dark incubator at 
20+/- 1C. Germination tests (see Germination Growth Tests: Oxic Conditions)  are 
initiated using this conditioned seed and placed immediately from the cold, 
submerged condition onto an open tray (see Image 3) to be placed into the test 
chambers. Seed used for initiating a toxicity test is visually screened for viability 
based on the color of the seed coat and fullness of the seed body. Seeds that float, are 
misshaped, or are otherwise malformed are not used for testing.   

1.8.2  For this method, the seed will begin to sprout in about 2 to 3 days. Germinated seeds 
(referred to as a sprout) are selected with 1-2 cm of mesocotyl growth. A germinated 
seed (sprout) is described as growth of the mesocotyl that is longer than the seed coat. 
See Image 4.  

1.8.3 Sprouts are selected from the pool of available seeds and placed into a separate 
container with water. A total of 150 sprouts are selected with 120 sprouts used for 
initiating the toxicity tests, and 20 sprouts put aside to be dried and weighed to 
measure initial weight.  

  

1.9   Light, Photoperiod, Temperature and Humidity Test Conditions   

1.9.1  Tests are performed under a 16h:8h light:dark schedule. 

1.9.2  Light intensity is 350 µmol m-2 sec-1 as measured at the mid-point of the exposure 
tube. 

1.9.3  Temperature is maintained at 21o C during lighted periods and 19o C during dark 
period. 

1.9.4  Test growth chamber is maintained at 85% humidity. 

 

1.10  Phytotoxic Effects 

1.10.1  Observations of sprouts should be made during test solution renewal every 2 days. All 
abnormalities should be recorded.  

1.10.2  Observations should include the date, time, treatment level, and replicate number. 

1.10.3 After the duration of the test, exposure tubes are kept in the random order as placed 
initially.  
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1.1.4 Solutions are decanted into labeled sample bottles in the same manner as described 
for solution renewal. 

1.10.5   Once the solution is removed, the sprout is removed from the tube for subsequent 
measurements. The sprout has three distinct sections: stem/leaf, root and seed. See 
Image 5. 

1.10.6  Measures of stem/leaf length (mesocotyl growth) is performed by placing the 
stem/leaf stretched out on a flat surface next to ruler with the zero mark aligned with 
the point of stem-root transition. The length from the stem-root transition to the tip of 
the stem/leaf is measured and recorded to the nearest millimeter. See Image 6.  

1.10.7  The stem/leaf growth is cut from the plant at the point of the stem-root transition and 
placed into pre-weighed drying tin. See Image 7.  

1.10.8 Plant biomass is measured as follows: Each seedling is placed into a numbered, 
weighed aluminum weighing dish (Fisher 08-732-101). The dishes are placed on 
trays, and the trays are put into a drying oven at 100° C for at least 48 hours. Each dry 
sample and dish is placed into a desiccator until room temperature, and is weighed to 
the nearest 0.1 mg. 

1.10.9 Roots are separated from the remaining seed material, placed in a labeled plastic bag 
and refrigerated. See Image 8.   

1.10.10 The remaining seed material is placed into a pre-weighed drying pan.  

1.10.11 Pans containing stem/leaf, and seed material are placed in the drying oven at 100o C  
for at least 48 hrs. 

1.10.12 Length and area of root material is determined using a flatbed scanner and imaging 
software using the method titled: Determination of Wild Rice Total Root Length 
Using Scanning Hardware and Software found in Appendix C of the document titled: 
“Hydroponic Experiment on Response of Wild Rice to Sulfate - Quality Assurance 
Project Plan” 

1.10.13 After all root samples are scanned, each root sample is removed from its storage bag 
and placed into separate pre-weighed pans and dried for at least at 100o C for at least 
48 hrs. 

1.10.14 All dried plant materials are weighed on a Sartorius 2700 balance to 0.1 mg following 
the method titled “Total Plant Biomass (Dry Weight) Methods” found in Appendix C 
of the document titled: “Hydroponic Experiment on Response of Wild Rice to Sulfate 
- Quality Assurance Project Plan”. See Image 9.   
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1.11  Acceptability of Test Results 

1.11.1  At least 90% of control juvenile seedlings are living at test termination. 

1.11.2  Mesocotyl length of juvenile seedlings from control exposures will be at least 5.0 cm 
at the end of the 10 d duration of growth. 

1.1.3  Control juvenile seedlings should not indicate any visible phytotoxic or 
developmental symptoms at any time during the test. 

 

1.12  Analytical Chemistry 

1.12.1  Sampling and analysis of chemical solutions used for initiating and renewing test 
exposures will use the following procedures.  

1.12.2  New test solutions –Immediately after adding the new test solution into the jars an 
aliquot (approximately 250 ml) of the remaining unused portion is poured directly 
into a pre-labeled sample bottle.  

1.12.3  Old test solutions – When exchanging solution or before decanting the final solution 
the Kimax tube is inverted once to mix the solution and is poured directly into a pre-
labeled sample bottle. Depending on the analyses required, it may be necessary to 
make a composite of the solution in multiple replicate tubes from a given treatment. 

1.12.4 Sulfate concentration is measured following the method titled, “Determination of 
Sulfate By Flow Injection Analysis” found in Appendix C of the document titled: 
“Hydroponic Experiment on Response of Wild Rice to Sulfate - Quality Assurance 
Project Plan” 

 

References 
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Germination Growth Test: Oxic Conditions 

    Standard Operating Procedure for Test Methods using Wild Rice, Zizania palustris 

 

1.1 Scope and Application 

1.1.1  This method describes procedures to perform a toxicity test using wild rice in 
exposures of solutions containing elevated sulfate or cation concentrations under 
aerobic conditions.  

1.1.2  This method consists of a test using a dilution series of at least four concentrations of 
a test chemical and a control. 

 

1.2  Summary of Method 

1.2.1  Seeds of the aquatic macrophyte Zizania palustris are conditioned for germination 
and exposed in a static- renewal system to a dilution series of concentrations of 
sulfate or cations. The exposure duration is 10 days. The response of the germinating 
seeds is measured in terms of changes to germination rate and growth in control 
plants vs. treatment.   

 

1.3  Quality Control Considerations 

1.3.1  Toxic substances may be introduced by contaminants in dilution water, sampling 
hardware, or testing equipment. 

1.3.2  Adverse effects of pH changes and cationic constituents in test media may augment 
or mask adverse effects of toxic substances. 

1.3.3  Improper sampling of test solutions may adversely affect test results (see section 1.5 
on Standards and Reagents and section 1.6 on Toxicity Test Procedures) 

1.3.4 Additional details are found in the document titled: “Hydroponic Experiment on 
Response of Wild Rice to Sulfate - Quality Assurance Project Plan” 

 

1.4  Necessary Apparatus and Materials 

1.4.1  Seeds of Zizania palustris are prepared in the laboratory for germination (see section 
1.7 on wild rice seed preparation). To initiate exposures, sufficient numbers of 
conditioned seed must be available. Each exposure jar contains 50 conditioned seeds. 

1.4.2  Environmental Growth Chamber: Temperature control range of 15° C to 30° C ± 
1°C). Germination growth tests are performed in the dark. 

  

1.4.3  Test chambers: One pint (470 mL) glass jars with lids. 

1.4.4  Meter: pH for routine physical measurements. 
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1.4.5  Volumetric flasks and graduated cylinders: class A, 10 – 2000 mL borosilicate glass 
for preparation of test solutions. 

1.4.6  Volumetric pipets 

1.4.7  Pipet bulbs and fillers 

1.4.8  Balance: analytical, capable of accurately weighing 0.1 mg. 

1.4.9  Magnetic stirrer and stir bars: for mixing test and growth media solutions. 

1.4.10  Filtering apparatus: for membrane and /or glass fiber filters. 

1.4.11  Tape: for labeling test chambers and containers for solutions. 

1.4.12  Water purification system: deionized water or equivalent. 

 

1.5  Standards and Reagents  

1.5.1  Reagent-grade chemicals are used to prepare hydroponic growth media. 

1.5.2      25 liters of a modified 1/5 strength Hoagland’s stock solution (Table 1) is prepared 
using a ½ strength stock solution daily or more often as needed from 1.0 M stock 
solutions. 

1.5.3  Stock SO4 solution (3.200 g/L) is prepared daily as needed by adding 4.73 g anhydrous 
Na2SO4 (Fisher S421) or 8.22 g MgSO4*7H2O (Fisher M63) to 800 mL deionized water 
and filling to 1 liter. Mixtures of Na2SO4 and MgSO4 are determined by solving 2 
equations with known Mg:Na ratios and known SO4 final concentration.  

1.5.4  Reagent water: defined as deionized water that does not contain substances that are 
toxic to the test organisms.  

1.5.5 Appropriate amounts of each test solution (one pint (approximately 400 mL) times 
number of replicates plus extra for analysis sample, i.e. 1400 mL for 3 replicates and 
~200 mL sample) are made up immediately before use. Pre-determined amounts of 1/5 
strength Hoagland’s, PIPES buffer (Piperazine-N,N'-bis(2-ethanesulfonic acid) 
sesquisodium salt, Fisher Scientific/Acros Organics # AC32778-5000) , N, and P stock 
solution, and SO4 stock solution are mixed and made to volume. The pH is adjusted to 
6.8 +/- 0.2 with 1 M HCl. 
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Table 1.   Composition of 1/5 Hoagland’s Solution 

       

Compound Molar concentration in 1/5th strength 

growth solution 

MgCl 0.4 mM 

CaCl2 ·2 H2O 2 .0 mM 

KCl 1.0 mM 

NH4Cl 0.08 mM 

NaNO3 0.08 mM 

KH2PO4 0.026 mM 

H3BO3 22.5 µM 

MnCl · 4 H2O 4.5 µM 

ZnSO4 ·7 H2O 0.5 µM 

CuSO4 ·5 H2O 0.15 µM 

MoO3 0.07µM 

Fe-EDTA 45.0 µM 

Na2SiO3*9H2O 1.5 mM 

PIPES buffer 5.0 mM 

 

1.6  Toxicity Test Procedures: Toxicant Exposures 

1.6.1  Each toxicity test will consist of at least four test concentrations of the toxicant (e.g., 
sodium sulfate) and a control (hydroponics medium). 

1.6.2  Each test concentration and control exposure solution is replicated using three - one 
pint glass jars. 

1.6.3  Conditioned wild rice seed as described in section 1.7, Wild Rice Seed Preparation, 
are used to initiate the toxicity test. 

1.6.4  Each jar is labeled with tape using a unique descriptor for the particular concentration 
of test solution and replicate for that jar. Each jar also is numbered from 1 to 18 and a 
table of these integers (1 – 18) randomized is prepared.  

1.6.5  Each labeled jar is filled to close to the top with the particular solution as identified 
on its label. 

1.6.6  Conditioned seeds (50) are removed from the pool of initial seeds (section 1.8, Test 
Organisms) using a light forceps and put into the jar corresponding to the first integer 
read from the random integer table. This is done for all jars prepared for testing.   
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1.6.7. The jars (solution and seed) are placed onto a tray.    

1.6.8  Screw caps are placed loosely on the jars. 

1.6.9  The tray of jars is placed in the growth chamber and covered with aluminum foil to 
exclude light. 

1.6.10  Test solutions in the jars are renewed every two (2) days. 

1.6.11  Solution renewals are accomplished by gently decanting or siphoning off the old 
solution leaving approximately one vertical cm of solution in the jar bottom. 

1.6.12  New solutions are added by gently pouring into the jar until it reaches the top of the 
jar. The screw cap is then replaced on the jar. 

1.6.13  Old solutions are retained for chemistry as described in the section 1.12, Analytical 
Chemistry. 

1.6.14  Duration of the exposure is 10 days. 

 

1.7  Wild Rice Seed Preparation  

 Wild rice seed must undergo a conditioning phase following its harvest from the field. 
In the wild, wild rice drops into the water after the seed has ripened, and sinks to the 
sediment. This seed, if left undisturbed, stays on or just below the surface of the 
sediment over the winter. This cold phase serves to condition the seed to enable it to 
germinate once water temperatures increase in the spring.   

1.7.1  The following is a procedure that describes the method and handling of wild rice seed 
from initial harvest to its use in the germination growth toxicity tests.  

1.7.2  Freshly harvested seed should be kept cool and moist and be placed into storage as 
soon as possible after field collection.  

1.7.3  Harvested seed prepared for storage can be kept a) in air tight bags in a cooler set at 
just above freezing (4° C), or b) submerged in water just above freezing in the dark. 
Seed stored in either manner can have satisfactory germination rates for one to two 
years. 

1.7.4  To begin the seed conditioning for germination, an aliquot of seed (approximately 
2000 seeds) is removed from this ‘dry’ cold storage (as described in option (a) in 
1.7.3) and placed into a container with water kept submerged at near freezing 
temperatures for at least one month. Following this time period, seed is ready (or 
conditioned) for germination for at least several months. For purposes of use in 
laboratory testing, seed set in this conditioning phase is kept for up to two months 
before a fresh aliquot of seed is brought into the conditioning phase. Use of storage 
option (b) keeps the seed in this wet, cold conditioned phase until needed for testing.  
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Germination Growth Test: Oxic Conditions 

      Standard Operating Procedure for Test Methods using Wild Rice, Zizania palustris 

 

1.1 Scope and Application 

1.1.1  This method describes procedures to perform a toxicity test using wild rice in 
exposures of solutions containing elevated sulfate or cation concentrations under 
aerobic conditions.  

1.1.2  This method consists of a test using a dilution series of at least four concentrations of 
a test chemical and a control. 

 

1.2  Summary of Method 

1.2.1  Seeds of the aquatic macrophyte Zizania palustris are conditioned for germination 
and exposed in a static- renewal system to a dilution series of concentrations of 
sulfate or cations. The exposure duration is 10 days. The response of the germinating 
seeds is measured in terms of changes to germination rate and growth in control 
plants vs. treatment.   

 

1.3  Quality Control Considerations 

1.3.1  Toxic substances may be introduced by contaminants in dilution water, sampling 
hardware, or testing equipment. 

1.3.2  Adverse effects of pH changes and cationic constituents in test media may augment 
or mask adverse effects of toxic substances. 

1.3.3  Improper sampling of test solutions may adversely affect test results (see section 1.5 
on Standards and Reagents and section 1.6 on Toxicity Test Procedures) 

1.3.4 Additional details are found in the document titled: “Hydroponic Experiment on 
Response of Wild Rice to Sulfate - Quality Assurance Project Plan” 

 

1.4  Necessary Apparatus and Materials 

1.4.1  Seeds of Zizania palustris are prepared in the laboratory for germination (see section 
1.7 on wild rice seed preparation). To initiate exposures, sufficient numbers of 
conditioned seed must be available. Each exposure jar contains 50 conditioned seeds. 

1.4.2  Environmental Growth Chamber: Temperature control range of 15° C to 30° C ± 
1°C). Germination growth tests are performed in the dark. 

  

1.4.3  Test chambers: One pint (470 mL) glass jars with lids. 

1.4.4  Meter: pH for routine physical measurements. 
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1.11  Acceptability of Test Results 

1.11.1  At least 90% of germinated seeds in control jars are living at test termination. 

1.11.2  Mesocotyl length of germinated seeds from control exposures will be at least 2.0 cm 
at the end of the 10 d duration of growth. 

1.1.3  Control germinated seeds should not indicate any visible phytotoxic or developmental 
symptoms at any time during the test. 

 

1.12  Analytical Chemistry 

1.12.1  Sampling and analysis of chemical solutions used for initiating and renewing test 
exposures will use the following procedures.  

1.12.2  New test solutions –Immediately after adding the new test solution into the jars an 
aliquot (approximately 250 ml) of the remaining unused portion is poured directly 
into a pre-labeled sample bottle.  

1.12.3  Old test solutions – When exchanging solution or before decanting the final solution 
the jar is swirled to mix the solution and is poured directly into a pre-labeled sample 
bottle.  

1.12.4 Sulfate concentration is measured following the method titled, “Determination of 
Sulfate by Flow Injection Analysis” found in Appendix C of the document titled: 
“Hydroponic Experiment on Response of Wild Rice to Sulfate - Quality Assurance 
Project Plan” 

 

References 

U.S. EPA. 2012. Ecological Effects Test Guidelines. OCSPP 850.4230: Early Seedling Growth 
Toxicity Test. EPA 712-C-010. 

U.S. EPA. 2012. Ecological Effects Test Guidelines. OCSPP 850.4100: Seedling Emergence and 
Seedling Growth. EPA 712-C-012. 

U.S. EPA 2012. Ecological Effects Test Guidelines. OCSPP 850.4400: Aquatic Plant Toxicity 
Test Using Lemna spp. EPA 712-C-008. 

U.S. EPA. 2002.  Short-term Methods for Estimating the Chronic Toxicity of Effluents and 
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DETERMINATION OF SULFATE BY FLOW INJECTION 

ANALYSIS 
 

 

1. SCOPE AND APPLICATION 
 

1.1. This method covers the determination of sulfate in aqueous lab samples, ground and 
surface waters.  If the sample is filtered through a 0.45 micron pore size filter, the result 
is termed dissolved sulfate. 

1.2. The applicable range is 3 to 100 mg SO4/L.  The method detection limit is 0.95 mg 
SO4/L as determined in our laboratory. 

1.3. The method throughput is 52 injections per hour. 
 

 

2. SUMMARY OF METHOD 
 

2.1. Sulfate in the sample is precipitated with barium chloride.  The precipitate scatters 
light at 420 nm to produce a signal proportional to sulfate concentration.  The 
precipitate is suspended as a colloid with gelatin and polyvinyl alcohol. 

 
3. INTERFERENCES 
 

3.1. Color and suspended particulates will interfere. 
3.2. Silicate in excess of 500 mg SiO2/L and large quantities of organic matter interfere. 
3.3. Sulfites and sulfides may oxidize and then precipitate as barium sulfate. 

 

 

4. SAFETY 
 

4.1. The toxicity or carcinogenicity of each reagent used in this method has not been 
fully established.  Each chemical should be regarded as a potential health hazard and 
exposure should be as low as reasonably achievable.  Cautions are included for 
known extremely hazardous materials. 

4.2. The laboratory  is  responsible  for  maintaining  a  current  awareness  file  of  the 
Occupational Health and Safety Act (OSHA) regulations regarding the safe handling of 
the chemicals specified in this method.  A reference file of Material Safety Data 
sheets (MSDS) should be made available to all personnel involved in the chemical 
analysis. The preparation of a formal safety plan is also advisable. 

4.3. MSDS for all chemicals are at hand in the lab. The reagent waste stream from the 
autoanalyzer is collected and disposed of through the UMD Hazardous Waste 
Management Program. 

4.4. The following chemicals have the potential to be highly toxic or hazardous.  For 
detailed explanations, consult the MSDS. 

 

4.4.1. Hydrochloric acid 
4.4.2. Barium Chloride 
4.4.3. Poly (vinyl alcohol) 

 
 
 
 
 
 
 



5. EQUIPMENT AND SUPPLIES 
 

5.1. Sartorius 2700 balance capable of accurately weighing to the nearest 0.0001 g. 
5.2. Mettler PE3600 balance capable of weighing to the nearest 0.01g. 
5.3. Class A volumetric flask to make primary standard. 
5.4. Eppendorf Reference 100-1000 uL pipettor used to make up calibration standards.  
5.5. Samples are stored in plastic bottles. 
5.6. Lachat Quik Chem 8000 flow injection autoanalyzer designed to deliver and react 

sample and reagents in the required order and ratios. 
5.6.1. Lachat Random Access Sampler. 
5.6.2. Lachat Multichannel Proportioning Pump. 
5.6.3. Lachat QuikChem Sulfate Manifold. 
5.6.4. Lachat QuikChem 8000 Automated Ion Analyzer. 
5.6.5. Lachat Omnion Data System (Version 3.0.220.04 FIA software). 

 

 

6. REAGENTS AND STANDARDS 
 

6.1. PREPARATION OF REAGENTS 
 

Lab reagent and calibration standard water source is a Millipore  Milli-Q Academic 
system, fed from a reverse osmosis system.  

 

Reagent 1.  Stock Hydrochloric Acid Solution, 6M 
 

By Volume: To a 100 mL volumetric flask containing 40 ml of water, add 50 mL 

conc. hydrochloric acid (HCl).  Dilute to the mark and invert to mix. 
 
 

Reagent 2.  Working Hydrochloric Acid, 0.10 M 
 

By Volume:   In a 1 L volumetric flask containing approximately 700 mL water, 

add 16.7 mL of hydrochloric acid stock (Reagent 1). Dilute to the mark and invert to 
mix. 

 
 

Reagent 3.  Barium Chloride Solution 
 

The barium chloride reagent should be prepared the day before it is used since it must 
be cooled slowly to room temperature for the next day’s analysis.  Use the barium 
chloride reagent for only two days and then discard it.  If the barium chloride reagent 
is used beyond two days, sensitivity of the method will be decreased. 

 

In a 50 mL beaker place 2.0 g Gelatin from Bovine Skin ~225 g bloom (Aldrich 
G9382-100) and 20 mL water. Allow this mixture to soften for 15 minutes.  The 
water will be completely taken up by the gelatin. 

 

In a 250 mL beaker suspend by stirring, 0.6 g PVA [poly(vinyl alcohol)], 98-99% 
hydrolyzed, molecular weight 124,000-186,000, (Aldrich 36,316-25) in 50 mL water. 
Allow to stir for at least 15 minutes.  The PVA will not completely dissolve at this 
point. 

 

 
 
 

  



In a 500 mL erlenmyer flask with graduations, place about 400 mL water.  Bring 
to a boil using a flame, hotplate or microwave.  The water should be hot enough to 
produce steam above the beaker.   Add the PVA suspension.   The PVA in the small 
beaker will not be completely dissolved.   Transfer the dissolved and undissolved 
PVA to the hot water while the hot water is stirred. Add the softened gelatin 
to the hot water.   It is not necessary to transfer these quantitatively.  Continue to 
heat and stir until all of the solid material dissolves.  This may take as long as one 
hour.  Make the volume up to 500 mL using flask graduations. 

 

Filter through rinsed glass wool into a 500 ml container.   (The glass wool is 
placed in the bottom of a funnel. It is important to rinse the glass wool in the funnel 
with several volumes of DI water before use.) Add 25.0 g barium chloride 

dihydrate (BaCl2 2H2O) (Aldrich 21756-500, ACS Reagent Grade) and stir to 
dissolve.  At this point the solution should be slightly turbid. The barium chloride 
reagent should be allowed to cool slowly to room temperature before use. 
 

 

6.2. PREPARATION OF STANDARDS 
 
 
 

Standard 1. Stock Standard 100 mg SO4/L 
 

In a 1 L volumetric flask dissolve 0.1479 g anhydrous sodium sulfate (Na2SO4)  

(Fisher S421-1 ACS Certified) that has been dried for two hours at 105º C and 
stored in a lab desiccator in about 800 mL of m i l l i Q  water.   Dilute to the mark 
and invert to mix. The volumetric flask is sealed and stored at 4° C in the lab 
refrigerator. 
 
Working standards are prepared daily.  Approximately 50mL of Stock SO4 standard 
is poured into a 100mL beaker and allowed to come to room temperature. The 
standards are made up in Lachat 15 mL plastic standard vials with an Eppendorf 
Research 100-1000uL pipette according to the following dilutions: 
 
Std 1 - 100 mg/L = Stock solution 
Std 2 - 50 mg/L = 6mL water + 6 mL Stock solution 
Std 3 - 25 mg/L = 9mL water + 3 mL Stock solution 
Std 4 - 10 mg/L = 9 mL water + 1 mL Stock solution 
Std 5 - 5 mg/L = 9 mL water + 1 mL Std 2 
Std 6 – 2.5 mg/L = 9.5 mL water + 0.5 mL Std 2 
Std 7 - 0 mg/L = water blank 

 



7. SAMPLE COLLECTION, PRESERVATION AND STORAGE 
 

7.1. No chemical preservation is required.  Cool the samples to 4º C. 
 

7.2. Samples are collected in 60  mL plastic bottles.  All bottles are p r e - w a s h e d  
w i t h  D e c o n  N e u t r a d  d e t e r g e n t ,  rinsed with reagent water, placed 
in 1N HCl acid bath, then rinsed at least twice with reagent water and allowed to 
dry before use.  

 

7.3. Samples should be analyzed as soon as possible after collection.  If storage is 
required, samples maintained at 4º C may be held for up to 28 days. 

 

 

8. QUALITY CONTROL 
 
8.1. Lab batches consist of up to 20 environmental samples.  A set of laboratory 

prepared standards standards is run before each batch with 25 mg/L check standards 
run after every 10 samples and at the end of a batch.  The standards are fitted by the 
Omnion software to a 3rd order polynomial calibration curve.  The minimum 
acceptable r2 for the calibration is 0.995.  If this calibration fit is not achieved the 
standards are re-run and/or standards are re-made and re-run until acceptable.  A 
Quality Control Sample (QCS) is prepared using a source different from the source 
routinely used to prepare the Calibration Standards.  The QCS is used to verify the 
accuracy of the calibration curve.  The reported concentrations for the QCS and for 
the check standards must be within +/- 5% of the “true” concentration or the 
standards and preceding samples are re-run.  The reagent lines are flushed with 
alkaline EDTA solution (65 g NaOH plus 6 g disodium EDTA per liter) for several 
minutes after every batch analyzed to prevent deposition of BaSO4 on the flow cell 
walls.  

 
8.2. The Method Detection Limit (MDL) was established at 0.95 mg/L SO4.  

 
8.3. The Lower Reportable Limit is 2.5 mg/L SO4. 
 
8.4. The upper detection limit is 100 mg/L SO4.  Samples which are reported to be 

greater than 100 mg/L are run again after appropriate dilution.  Samples from 
mesocosms with SO4 treatments greater than 100 mg/L SO4 are diluted with 
MilliQ water before analysis (150 mg/L SO4 treatment samples are diluted by a 
factor of two, 300 mg/L treatment samples are diluted by a factor of four). 

 
8.5. On 6/20/2013, the mean and standard deviation for 10 replications of 100 mg/L 

standard was 100.85 +/- 1.52 (RSD = 1.51%).  For 10 replications of 10 mg/L SO4 
standard, the mean and standard deviation was 9.99 +/-0.28 (RSD = 2.80%). 

 
8.6. Analyses of laboratory blanks are required to demonstrate freedom from 

contamination.  Analyze a reagent water blank, initially, and with each analytical 
batch.   The blank must be subjected to the same procedural steps as a sample.  If  
analyte  is  detected  in  the  blank  at  a  concentration  greater  than  the  RL, 
analysis of the samples is halted until the source of contamination is eliminated and 
a blank shows no evidence of contamination.  All samples must be associated with 
an uncontaminated method blank before the results may be reported. 

 



8.7. Analysis of a Laboratory Control Sample (LCS) is required to demonstrate method 
accuracy in a matrix-free environment.  The laboratory must spike a reagent blank 
water sample for each batch of up to 20 samples.  The sample aliquot shall be 
spiked to yield a final concentration of about 25 mg/L SO4. 

 

8.7.1. Compute the percent recovery using the following equation: 
 
% Recovery= ((S1-D1)/K)*100 
 
Where S1 = the determined concentration of the analyte in the LCS sample, 
D1 = the determined concentration of the analyte in the method blank, and  
K = the actual concentration of the analyte in the spiked sample. 
 

8.7.2. The % Recovery for the LCS shall meet the current laboratory 
acceptance criteria of +/- 20% of the actual concentration of the analyte in 
the spike.  If the criteria are not met, the analytical system is judged to be 
out of control and the problem must be immediately corrected.  After 
corrective action, the analytical batch is reanalyzed.  

 
8.8. Analyses of matrix spike and matrix spike duplicate samples are required to 

demonstrate method accuracy and precision and to monitor matrix interferences 
(interferences caused by the sample matrix).  The laboratory must spike, in 
duplicate, one sample in each batch of up to 20 samples.  The two sample 
aliquots shall be spiked to yield a final concentration of about 25 mg/L SO4. 
 
8.8.1. Compute the percent recovery using the following equation: 

 
% Recovery= ((S1-D1)/K)*100 
 
Where S1 = the determined concentration of the analyte in the MS sample, 
D1 = the determined concentration of the analyte in the background 
environmental sample, and K = the actual concentration of the analyte in the 
spiked sample. 
 
The % Recovery for the MSs or  MSDs shall meet the current 
laboratory acceptance criteria of +/- 20% of the actual concentration of the 
analyte in the spike.  If the criteria are not met, the analytical system is 
judged to be out of control and the problem must be immediately corrected.  
After corrective action, the analytical batch is reanalyzed. 
 

8.8.2. Compute the Relative Percent Difference using the following equation: 
 
RPD = (((D1 – D2)*2)/(D1 + D2))*100 

 

Where, D1 = Concentration of analyte in the sample and  
D2 = Concentration of analyte in the second (duplicate) sample. 
 
The RPD for duplicates shall meet the current laboratory acceptance 
criteria of ≤30%.  If the criteria are not met, the analytical system is 
judged to be out of control and the problem must be immediately 
corrected.  After corrective action, the analytical batch is reanalyzed. 



9. PROCEDURE 
 

9.1. SYSTEM START UP PROCEDURE: 
 

9.1.1. Prepare reagent and standards as described in Section 6. 
 

9.1.2. Set up manifold as described in QuikChem Method 10-116-10-1-A.  
 

9.1.3. Input data system parameters as described in QuikChem Method 10-116-10-
1-A. 

 

9.1.4. Pump DI water through all reagent lines and check for leaks and smooth 
flow.  Switch to reagents and allow the system to equilibrate until a 
stable baseline is achieved. 

 

9.1.5. Place samples and/or standards in the autosampler.  Input the information 
required by the data system, such as concentration, replicates and QC 
scheme.  

 

9.1.6. Calibrate the instrument by injecting the standards. The data system 
will then associate the concentrations with the instrument responses for 
each standard. 

 
9.2. SYSTEM NOTES 

 

9.2.1. The calibration fits a third order polynomial. 
 
 

 
10. DATA ANALYSIS AND CALCULATIONS 
 

10.1. Calibration is done by injecting standards.  A calibration curve is created by 
plotting response versus standard concentration.  Sample concentration is calculated 
from the regression equation. 
 

10.2. Report only those values that fall between the lowest and highest calibration 
standards.  Samples exceeding the highest standard should be diluted and 
reanalyzed. 

 
10.3. Report results in mg SO4/L. 

 
11. WASTE MANAGEMENT 
 

11.1. It is the laboratory’s responsibility to comply with all federal, state, and local 
regulations governing waste management, particularly the hazardous waste 
identification rules and land disposal restrictions, and to protect the air, water and 
land by minimizing and controlling all releases from fume hoods and bench 
operations.  Compliance with all sewage discharge permits and regulations is also 
required. 

 



12. REFERENCES 
 

12.1. U.S. Environmental Protection Agency, Methods for Chemical Analysis of 
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13. TABLES 
 

13.1. Data System Parameters for QuikChem 8000 
 

The timing values listed below are approximate and will need to be optimized 
using graphical events programming. 

 

Sample throughput: 52 samples/hour, 65 seconds/sample 
Pump Speed: 35 
Cycle Period: 65 
 

Analyte Data: 
 

Concentration Units: mg SO4/L Peak Base Width: 22 seconds 
% Width Tolerance: 100 
Threshold: 16000 
Inject to Peak Start: 15 seconds 
Chemistry: Direct 
 

Calibration Data: 
 
Calibration Rep Handling: Average 
Calibration Fit Type: 3rd Order Polynomial 
Weighting Method: None 
Force through zero: No 
 

Sampler Timing: 
 

Min. Probe in Wash Period: 7.8 seconds 
Probe in Sample Period: 20.6 seconds 
 

Valve Timing: 
 

Load Time:  0 seconds  
Load Period:  14 seconds 
Inject Period: 48 seconds 
 

 
 
 
 
 
 
 



Total Plant Biomass (Dry Weight) Methods 
 
1. Application  
This method covers the procedure for measuring the total weight of plant matter. 
 
2. Summary of Methods 
Total biomass of plant matter is determined by drying a sample at 100-105°C. 
 
4. Potential Interferences 
4.1 Care must be taken to avoid loss of plant material during drying and weighing process. 
 
5. Sample Collection, Preservation and Handling 
5.1 Plant material is collected following measurements of length on fresh plant removed following the 
termination of toxicity test exposures. 
5.2 Plant samples are placed into pre-weighed weighing pans and dried at 100-105°C.  
 
6. Equipment and Analytical instruments 
6.1 Oven (force draft or circulating) capable of constant temperature of 100-105°C ±5°. 
6.2 Weighing pans (aluminum). 
6.3 Scale accurate to weighing 0.1 mg.  
6.4 Glass desiccator jar containing desiccant (gypsum or silica gel). 
 
7. Consumable Supplies, Reagents and Standards 
7.1 Aluminum weighing pans. 
 
8. Procedure for Analysis 
8.1 Plant matter is placed into pre-weighed weighing pans following termination of toxicity tests exposures. 
8.2 Record weight of weighing pan containing the plant material to the nearest 0.1 mg. 
8.3 Place weighing pan with weighed plant material in drying pan and put into drying oven for at least 48 h. 
8.4 After 48 hours or when stable reading is obtained, remove weighing pan from oven. Place in desiccator to 
cool. 
8.5 Record weight of weighing pan and dry sample to the nearest 0.1 mg. 
 
9. Calculations 

Total (%) Dry Weight = [(weight dry sample + weighing pan) - (weight empty weighing pan)] X 100 
 
10. Quality Control 
10.1 Determination of stable dry weight is achieved by placing three individual weighing pans plus plant 
material into the desiccator jar. Once cooled, the weight of each pan is recorded, and the pans are placed back 
into the drying oven for one half hour. After this, the pans are removed, placed into the desiccator jar to cool 
and weighed once again. If the dry weight of each pan differs by less than 0.5 mg or 4%, whichever is less, the 
weight is stable and the weighing of all individual weighing pans with plant matter can be completed. 
 
11. Data Reviewing and Reporting 
Data are reviewed by the senior analyst for completeness and correctness before being sent out. Report results 
in total dry weight of plant matter. 
 
12. References 
12.1 Adapted from Standard Methods (SM2540 Solids).  
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DETERMINATION OF TOTAL ROOT LENGTH OF JUVENILE 
SEEDLING BY ROOT SCANNING HARDWARE AND SOFTWARE 

 
 

1. SCOPE AND APPLICATION 
1.1. This Standard Operating Procedure was developed as a document to support the hydroponic 

sulfate and sulfide toxicology studies conducted at the University of Minnesota – Duluth 
Biology department by Dr. John Pastor, on behalf of the MPCA Wild Rice Sulfate Standard 
Study. This SOP will also be included in the Hydroponic – Sulfate and Sulfide Quality Assurance 
Project Plan (QAPP) as an appendix.  

 
2. SUMMARY OF METHOD 

2.1. This standard operating procedure outlines the activities associated with the determination of 
root length of juvenile seedlings sprouted as one endpoint of the hydroponic sulfate toxicology 
experiment. The following sections detail: 1) Sample Collection, Preservation, and Storage 
Procedures. 2) Scanning Procedure 3) Quality Control Activities and 4) Data Analysis and 
Calculation of length procedures.  

 

3. SAMPLE COLLECTION, PRESERVATION AND STORAGE 
3.1. After the plant parts are separated, the root segments of each plant are placed in small (3 by 5 

inch) plastic bags, sealed, and labeled accordingly. 

3.2. The root samples are immediately placed in a lab refrigerator and stored at 4C until scanned. 
Holding time is up to 3 days. 

3.3. Roots are returned to the appropriate plastic bag after scanning procedures are complete and 
the results pass the minimum quality control elements. When scanning is complete, all root 
samples are placed into pre-weighed tins to be dried and weighed. 
 

4. PROCEDURES 
4.1. The roots from each test plant are removed from the plastic bag and placed into a clear plastic 

scanning tray (approx. 8”w x 10”l x 1”d). 

4.2. The roots are covered with deionized water, approximately 1cm. 

4.3. The roots are positioned to minimize crossing and overlap. 

4.4. The tray is covered with a flat black cover. 

4.5. Root segments are scanned using an Epson Perfection 4990 photo scanner controlled by the 
image acquisition component of Regent Instruments, WinFOLIA software. 
 

5. QUALITY CONTROL 
5.1. The root image is observed and accepted or determined to be not acceptable (roots extending 

outside of scanned area, fuzzy image due to roots “drifting”, air bubbles along root surface). 

5.2. Roots are scanned until an acceptable image is produced. 
 

6. DATA ANALYSIS AND CALCULATION 

6.1. Acceptable root images are saved to a designated external hard drive with the file name derived 
from the date, the test conducted, the sample treatment, and the replicate number. 

6.2. The root images are analyzed using Regent Instruments WinRHIZO software. 



6.3. The analysis parameters are set to pale root on dark background, manual pixel threshold which 
optimizes root recognition, and a minimum individual area of 0.05 cm

2
 which removes any 

background debris. 

6.4. The roots are analyzed and the calculated root length, and associated root parameters and the 
scanned image are saved to the designated external hard drive with ANZ added to the original 
image file name. 

6.5. All original root scans will be saved on a computer hard drive until the values derived from the 
scans are reported elsewhere. The original root scans may then be copied to other file storage 
options. 
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